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Introduction


There can be no more profound question than ‘Where do we come from?’ Since our ancestors figured out how to think, we humans have wondered about our origins, but it is only within the last few centuries that we have tackled the question scientifically.


The story of the study of human evolution is an epic one, full of extraordinary discoveries, daring adventures and (often) spectacularly vehement arguments. It encompasses a swathe of technical disciplines, and forces us to ask deep questions about who we are as a species. This book is your introduction to the subject.


The first seven chapters tell the story of human evolution in chronological order, beginning with the earliest primates, moving through the earliest ape-like hominins, and concluding with the rise of modern civilization. The final three chapters then step back to ask the three biggest questions: what is so special about us, how did we get that way, and what do we still not know?


That last point is a crucial one. We should admit in advance, with apologies, that no reader will get to the end of this book and find that they understand how humanity evolved. Our understanding of human evolution has been upended, or at least seriously complicated, by a swathe of remarkable discoveries made since the year 2000. So you won’t find the ultimate truth here, but you will find plenty of facts, our best explanations for them and, we hope, the right questions to ask.


Michael Marshall, Editor
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Distant origins


The story of our origins begins tens of millions of years ago. In the wake of a mass extinction that wiped out all the dinosaurs – except for birds – and a host of other creatures, a new group of animals arose. They were small and probably seemed utterly insignificant at first. But they would spread to every continent and ultimately change the face of the planet. They were the primates.


The story of primate evolution spans 55 million years and hundreds of species. But from the point of view of our own evolution, there are four key steps:


  1  The original primates


  2  The ‘higher primates’ or ‘simians’ – the group that includes monkeys


  3  The apes, especially chimpanzees


  4  The rise of hominins like us.


In this chapter we will focus on the first three steps. The following six chapters will cover the hominins.


 


Meet Archie


Our distant ancestors most likely evolved in Asia, in a hothouse world newly free of dinosaurs. More than 55 million years ago, in the lush rainforests of what is now east Asia, a new voice was heard in the animal chorus: the cry of the first primate.


A fossil unveiled in 2013 might give us an idea of what this crucial ancestor looked like. Archicebus achilles is the earliest primate skeleton ever found (see Figure 1.1). It also strongly suggests that our lineage evolved in Asia, several million years earlier than we thought, and links the evolution of primates to the most extreme episode of climate change of the last 65 million years.
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FIGURE 1.1   The evolution of the primates, apes and hominins: Archicebus achilles is the oldest primate found so far. Analysis of the fossil places it in the tarsier lineage but it may yet turn out to be a human ancestor.


The American palaeontologist Christopher Beard and his colleagues found Archicebus in eastern China, just south of the Yangtze River. It dates from 55 million years ago, has the relatively small eyes of an animal active during the day and the sharp molar teeth of an insect-eater. Significantly, it also has the hind limbs and flexible foot of a primate that had already taken to leaping between branches and gripping them with its feet – characteristics that we lost only when our ancestors left the trees just a few million years ago. In fact, a 2013 study revealed that at least 1 in 13 of us still has a flexible foot – a trait, it seems, that may be traceable all the way back to an animal very like Archicebus.


The first analysis of Archicebus placed it, not on our direct line, but with our next-door neighbours, the tarsiers of south-east Asia. However, it is hard to say for sure which group it belongs to.


There is one main reason for believing that Archicebus is closer to home. Parts of its body are eerily similar to what we would expect to find in our oldest ancestor. Its ankle bone, in particular, looks just like a monkey’s – a feature that led the team to name the remarkable fossil after the Greek hero Achilles.


Perhaps most significantly, the fossil supports the idea that primates originated in South East Asia and suggests that the ancestors of all monkeys and apes had already split off from other primates 55 million years ago – millions of years earlier than textbooks suggest. This links the birth of our primate line to a major spike in global temperatures known as the Palaeocene-Eocene Thermal Maximum (PETM). It also puts our point of origin squarely in the heart of the PETM furnace: equatorial Asia. Primates are well adapted to the tropics, so it makes sense that they originated in a warm climate.


What’s more, South East Asia would have offered a refuge for tropical species to weather the storm of cooler times: while the Earth’s drifting tectonic plates dragged all major continents across the latitudes, this region remained where it was, right on the equator. Many ecological niches were open for the taking after the great mass extinction, and the hot climate would have produced plenty of insects and fruit.


However, this leaves us with a puzzle. As we will see in later chapters, Africa was the cradle of humanity, so at some point early monkey-like primates must have moved from Asia over to Africa: perhaps sometime around 40 million years ago. This is hard to explain, because at that time the vast Tethys Sea separated Asia and Africa.




Monkey archaeology


If you trace the family history of primates, monkeys are somewhere in the middle: further along than the oldest groups like lemurs but not as human-like as the apes. Yet they have achieved something truly remarkable.


In 2016 the first ‘monkey archaeology’ dig uncovered the tools used by previous generations of wild macaques – a group of primates separated from humans by some 25 million years of evolution. The discovery means that humans aren’t alone in leaving a record of past culture that can be pried open by archaeology.


All sorts of animals can use tools, but they are usually made from perishable materials like leaves and twigs. This makes the origin of this behaviour difficult to study, but Burmese long-tailed macaques are a rare exception. They are renowned for their use of stone tools to crack open shellfish, crabs and nuts, making them one of the very few primates that have followed hominins into the Stone Age.


Michael Haslam at the University of Oxford and his team conducted the dig on the small island of Piak Nam Yai in Thailand, one of the islands where the monkeys live and use stone tools. They sifted through the sandy sediments at the site and found ten stone tools attributed to macaques, based on their wear patterns. By dating the oyster shells found in the same sediment layers, they determined that the tools could be as old as 65 years, going back two macaque generations.


We know from eyewitness accounts that these monkeys have been using tools for at least 120 years, so the study doesn’t push the age of the behaviour back. But Haslam sees it as a first step towards digging deeper into the origins of the behaviour.


Exactly how far back in time the macaques’ Stone Age extends is anyone’s guess. A rare ‘chimpanzee archaeology’ dig in the early 2000s showed that chimps have been using stone tools for more than 4,000 years.





The dawn of the apes


Today, most apes are relatively rare and isolated. Chimpanzees (see Figure 1.2) and gorillas are confined to a few small patches of Africa, while orang-utans are found only on Borneo and Sumatra. Only gibbons roam more widely. Yet if you could look back in time to between 20 and 7 million years ago, science fiction was science fact: the Earth really was the planet of the apes.
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FIGURE 1.2   Apes may have originated in Africa but critical changes took place among European species.


At least a hundred species roamed the world before the first humans appeared. They were remarkable in number and diversity, but are more fascinating still for what they tell us about our own origins. Key human traits – including big brains, dexterous hands, erect posture and long childhood – can be traced back to this period. And the really surprising thing is that these features all evolved in European apes.


There is no doubt that apes originated in Africa, or that our more recent evolution happened there. But for a time between these two landmarks, apes hovered on the verge of extinction on their home continent while flourishing in Europe. What’s more, the transformation of European species during this time made us who we are.


The fossil record indicates that apes started out in Africa about 26 million years ago, and were firmly settled there 4 million years or so later in the form of Proconsul. A close relative of Proconsul named Ekembo, which lived 18 million years ago, paints an extraordinary picture of these early apes.


Remains of Ekembo were found preserved Pompeii-like in layers of volcanic ash on Rusinga Island, Kenya. What we have is an animal with arms and legs of equal length, a horizontally oriented backbone and a brain about the size of a modern baboon’s. In other words, Ekembo looks like a largish monkey, but with a key difference: no tail. Tails allow many monkeys to balance, but Ekembo compensated with more limber wrists and hips and more powerful hands and feet for grasping. This set apes on a different path from Old World monkeys.


A second momentous change arose in a contemporary of Ekembo called Afropithecus. The two look remarkably similar from the neck down, but have quite different jaws and teeth. Those of Afropithecus are far more robust, adapted for powerful crushing and grinding. Equipped like this, it could extract nutrients from foods with husks and shells impenetrable to the more slender jaws of Ekembo. It may not sound too impressive, but this ability had huge repercussions for apes. With the capacity to eat a wider variety of foods, they could expand their range out of Africa and into Europe and Asia.


The oldest apes we know of in Europe belong to the genus Griphopithecus and date from 17.5 million years ago. They inherited the powerful bite of Afropithecus but their teeth were a little different, more like those of our earliest direct ancestors in Africa. According to the fossil record, griphopiths were living in parts of what are now Germany and Turkey, about 17 million years ago. At this time much of Europe was in a subtropical zone. Seasonality was low and the climate was suitable for animals, like apes, that rely on a continuous year-round supply of fruit. However, as griphopiths migrated north, conditions would have proved more challenging, ultimately driving them to evolve new adaptations.


As well as moving northwards, griphopiths returned south, so that by some 15 million years ago their range covered an area from Europe to East Africa. One member of the family, Nacholapithecus, living in Kenya at around this time, had evolved limbs with larger elbows and wrists, perhaps anticipating the development of the longer arms found in living apes and the earliest humans. However, griphopiths seem to die out in Africa, though we don’t know why. In fact, the fossil record indicates that between 14 and 8 million years ago apes were a rarity there and most were from ancient lineages related to Ekembo and bound for extinction.


By contrast, in Europe, truly modern-looking great apes were emerging. Around 12.5 million years ago, the first ape with a more upright posture appeared. Pierolapithecus, sometimes called Dryopithecus, was unearthed in Catalonia, northern Spain. The partial skeleton has a more vertical backbone, a broad chest, arms longer than legs, very mobile wrists, and long, curved, powerfully grasping fingers. These features made Dryopithecus look more like today’s great apes. They also indicate a major transition from walking like a monkey on all fours to ape-like movement, hanging and swinging below branches.


Hispanopithecus, living in what is now Catalonia a few million years later, had longer arms and an even more upright back. So did Rudapithecus, its contemporary in what is now Hungary. More significantly, to our knowledge, Rudapithecus is the first ape to evolve two other key features of modern great apes: a big brain and extended childhood. In 1999 scientists recovered a well-preserved Rudapithecus skull from the site at Rudabánya. Structural details – including the braincase, jaw and base of the skull – all resemble the anatomy of living African apes, especially gorillas, only smaller. The brain was comparable in size to that of living chimpanzees. And evidence from dental growth studies indicates that Rudapithecus had a longer childhood than its ancestors.


The anthropologist David Begun has argued that these and other key developments in ape evolution were stimulated by the challenging ecological conditions apes encountered in Europe. Apes colonized the continent during the warmest phase of the Miocene, but by 14 million years ago it was cooling, and forests were becoming less dense and food scarcer. To survive, apes had to develop new strategies to find food both in the trees and on the ground. This led to physical and cognitive changes. Big brains and extended childhoods are associated with higher levels of intelligence, memory, complex learning and strategic thinking, important tools for apes living in challenging seasonal environments – and characteristic attributes of our own species.


Gradually, conditions in Europe became too tough for apes and about 10 million years ago they quit the continent for Africa. There, the separate lines of our closest living relatives evolved, the gorillas branching off first and then chimps and humans veering apart. But the anatomy and behaviour of the earliest humans make sense only in the light of the Miocene apes. It may be that, without the developments that happened in Europe, humans would never have evolved.


The missing link


What about the last common ancestor of humans and chimps? Despite dozens of new fossils being found every year, the original ‘missing link’ remains as elusive as ever. On the face of it, there is good reason to think that the last creature from which both humans and chimps – our closest cousins – can claim descent might eventually be found. After all, we have a pretty good idea when and where it was dragging its knuckles or swinging through the trees. Most palaeontologists have tended to accept that the last common ancestor of chimps and humans lived in Africa, probably around 7 million years ago.


The bad news is that any evidence of this animal will be very hard to find. After decades of searching, we have a reasonably rich collection of fossils of our hominin ancestors, stretching back 4 million years. But fossil evidence of anything earlier than that would barely fill a couple of shoe boxes. This is partly because hominins lived in places where animals are more likely to fossilize, like lake shores and caves. Earlier relatives may not have done so. We might not even know the remains of the human–chimp ancestor if we saw them. Different scholars have very different expectations of how this ancestor looked.


By comparing early hominin fossils, ape fossils and large numbers of living primates, Sergio Almécija of George Washington University in Washington, DC has concluded that our forebear had hands and thigh bones that were more human-like than chimp-like. It probably still walked on all fours, he says, but not in the way that chimps do. Nathan Young at the University of California, San Francisco and his colleagues have used a broadly similar approach to suggest that the animal’s shoulders were chimp-like – suggesting that it swung through the trees as chimps do today. Almécija thinks it is possible that this ancestor had a combination of features – and maybe even some seen in neither group today. One hope is that comparing the genomes of living apes might provide evidence that everyone can agree on.


There is a big caveat, however. All this assumes that there was a single ancestor. Genetic studies so far hint that some of our chromosomes diverged from the chimp versions much earlier than others, possibly indicating that there wasn’t a simple, clear split. Rather, primate-like populations separated for a time, then came back together and hybridized before splitting permanently – all over the course of millions of years. Try picking a single ancestor out of that tangled mess.


And there is another problem: we may have been looking at the wrong period of prehistory altogether.


Our true dawn


Line them up in your head. Generation after generation of your ancestors, reaching back in time through civilizations, ice ages, an epic migration out of Africa, to the very origin of our species. And on the other side, take a chimp and line up its ancestors. How far back do you have to go, how many generations have to pass, before the two lines meet?


New estimates for when our lineage and chimps went their separate ways suggest that some of our established ideas are staggeringly wrong. If these suggestions are correct, they demand a rewrite of human prehistory, starting from the very beginning.


Genetics is the key. DNA contains telltale traces of events in a species’ past, including information about common ancestry and speciation. In theory, calculating the timing of a speciation event should be straightforward. As two species diverge from a common ancestor, their DNA becomes increasingly different, largely because of the accumulation of random mutations. The amount of genetic difference between two related species is therefore proportional to the length of time since they diverged. To estimate when the human/chimp split occurred, geneticists can simply count the differences in matching stretches of chimp and human DNA and divide this number by the rate at which mutations accumulate. This is known as the molecular clock method.


But there’s a catch. To arrive at the answer you have to know how fast the mutations arise. And that leads you back to square one: you first need to know how long ago we split from chimpanzees. To get around this catch-22, geneticists turned to orang-utans. Fossils suggest that they split from our lineage between 10 and 20 million years ago. Using this fudge, geneticists arrived at a mutation rate of about 75 mutations per genome per generation. In other words, offspring of humans and chimps each have 75 new mutations that they did not inherit from their parents.


This number rests on several big assumptions, not least that the orang-utan fossil record is a reliable witness – which most agree it is not. Even so, it led to a guess that human ancestors split from chimpanzees between 4 and 6 million years ago. When fossil-hunters hear this number, they cry foul. The lower end of the estimate is particularly hard to swallow. Australopithecus afarensis – an early hominin from East Africa – already has distinctly human characteristics, yet dates back at least 3.85 million years. Its canines were small and it walked upright.


Both of these traits are considered to be characteristic of hominins, not chimps. And yet it is hard to see how they could have evolved so quickly, in perhaps as little as 150,000 years after the split. In the face of the fossil evidence, a 4-million-year divergence date seemed unlikely. Even a 5-to 6-million-year-ago split was met with scepticism. Again, certain fossils from Africa date from around the same period and bear unmistakable marks of humanity. Though the interpretation of the remains is controversial, many regard them as being post-split.


Simply put, the palaeontologists were sure there was little chance that the DNA results were accurate. Humanity, they affirmed, had to be older than the geneticists claimed. History looks set to prove them right: researchers studying human populations have now been able to observe mutations almost as they happen. And that makes all the difference. Instead of relying on an estimate based on rare fossils, we can watch the molecular clock ticking in real time.


In September 2012 Augustine Kong of Decode Genetics in Reykjavik, Iceland, and colleagues published one such groundbreaking study. After scanning the genomes of 78 children and their parents to count the number of new mutations in each child’s genome, they found that every child carries an average of 36 new mutations. Crucially, that is half what was previously assumed, meaning that the molecular clock ticks more slowly than we thought – pushing the human/chimp split further back in time.


How far back, exactly? That same year, Kevin Langergraber at Boston University and his colleagues solved another piece of the puzzle. Mutation rates in studies like Kong’s are measured per generation. To convert this into an estimate of when our ancestors split from chimps, you need to know how long a generation is – in other words, the average age at reproduction. We have a good handle on this for humans, but not in other primates. For chimps, estimates have ranged from 15 to 25 years.


Using data from 226 offspring born in eight wild chimp populations, Langergraber found that, on average, chimps reproduce when they are 24-and-a-half years old. Based on the new numbers, his team estimated that the human lineage went its separate way at least 7 million years ago, and possibly as far back as 13 million years ago.


Soon after Kong and colleagues published their new estimate, another team – including many of the same researchers – published another. They analysed DNA from more than 85,000 Icelanders, focusing on short stretches of DNA called microsatellites – which are a more reliable record of mutations. The rate they found was not quite as slow as Kong’s. As a result, their estimate of the timing of the split is a more constrained 7.5 million years.


Either way, our lineage is considerably older than we once thought.
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On to two legs


After our ancestors split from the ancestors of chimpanzees, they carried on changing. These earliest hominins were still very ape-like, but they soon evolved a few telltale traits. In particular, they seem to have started walking differently.


Throughout the twentieth century, the hominin fossil record did not extend very far back in time. There were plenty of fossils from the last 2 or 3 million years, but older periods revealed almost nothing. For the period from the putative split with chimpanzees (which we now suspect happened between 13 and 7 million years ago) to about 4 million years ago, there was a blank. But all that changed during the first few years of the twenty-first century.


 


Orrorin tugenensis


In December 2000 scientists working in Kenya announced that they had discovered fossil bones of the earliest human-like creature yet found. The remains were initially dubbed ‘Millennium Man’ and the species was formally named Orrorin tugenensis. The fossils are thought to be about 6 million years old – some 1.5 million years older than previous finds.


The fossils were found in the Great Rift Valley, where many early hominid fossils have been uncovered. A local herdsman stumbled across the first specimen in October 2000, and joined the team of French and Kenyan archaeologists that excavated the site. The team went on to dig up remains from five individuals, including fragments of jaws with teeth and arm, leg and finger bones.


A beautifully preserved thighbone suggested that O. tugenensis had strong back legs and possibly walked upright, a key trait linking it to human-like animals, or hominids. This implied that bipedalism developed 2 million years earlier than thought. The sturdy arm bones suggested that the creature could also happily scramble around in the treetops.


But the key finding that linked O. tugenensis to modern humans was its teeth. It had relatively small canines and robust molars, meaning that it probably enjoyed a diet of fruit and vegetables, with occasional meat.


Later studies found stronger evidence that O. tugenensis was bipedal. In 2004 Robert Eckhardt of Pennsylvania State University in the US carried out a CT scan on the most complete of Orrorin’s three thighbones. He hoped that revealing its internal structure would indicate the biomechanical use of the bone.


Essentially, the thighbones are supporting a horizontal pelvic beam that takes the weight of the head and body. The precise load this places on the thighbones depends on body posture, and this determines the musculature and structure of the thighbones. In knuckle-walking chimps, the strong outer cortex is the same thickness at the top and bottom of the thighbone. However, bipedal, upright walking applies different forces, which means that the cortex in humans is thicker by at least a factor of four on the bottom part of the bone. Eckhardt found that the lower part of the thighbone in Orrorin is three times thicker than the upper – making its walking habits much closer to those of humans than chimps.


Then, in 2008, another group measured the shape of the thighbone, which reveals posture. Comparisons with thighbones of other fossils, and of modern great apes, suggest that Orrorin was bipedal. Orrorin’s particular walking style may have remained dominant for 4 million years, until the genus Homo evolved a stride that was better for long-distance walking and running.




The woman who found Orrorin: an interview


In 2000 Brigitte Senut discovered Orrorin tugenensis, the first human ancestor known to have walked upright, in the Tugen Hills of Kenya.


When did you know that the bones you unearthed in 2000 were important?


Immediately. The head worker at the site, Kiptalam Cheboi, found two fragments of a jaw. Other members of the team then uncovered two femurs and a humerus. We went on to study the femurs in more detail, but we could already see from their morphology that they belonged to a bipedal hominid. And from the geology of the site, we knew that it was 6 million years old. That put back the origins of bipedalism by about 3 million years, since the oldest biped known up to that point was the Ethiopian australopithecine Lucy (see Chapter 3).


The find was controversial. Why?


According to the dominant paradigm at the time, there were no hominids or human ancestors on Earth before the Pliocene, the geological epoch that began 5.5 million years ago. As soon as I laid eyes on Orrorin, I knew our problems were only just beginning. Sure enough, some people said we had unearthed chimpanzee remains. Everyone now acknowledges that Orrorin is of the human family, but there is still a debate over the relationship between Orrorin and Lucy. Are they both direct ancestors of modern humans, or did the australopithecines branch off at some point?


Do you consider Orrorin to be the notorious ‘missing link’?


No; the missing-link concept implies that a great ape of the modern kind is the common ancestor, but the ancestor of Orrorin bore no resemblance to modern chimpanzees.


What does the name mean?


It means ‘the original being’ in the Tugen language of Kenya. The Tugen people have long devoted songs and dances to this mythical creature.


What did Orrorin look like?


It was a young adult between 1.10 and 1.37 metres tall, that is, slightly taller than Lucy. Like Lucy, it climbed trees as well as walking on two feet. But while Lucy had a small skeleton and large teeth, Orrorin had small teeth and a relatively large skeleton. It seems unlikely to me that a microdont such as Orrorin gave rise to a macrodont like Lucy, which in turn gave rise to the microdonts that were later hominids – but others disagree.


Do you know how the first individual whose remains you found died?


Some of the bones were covered in a fine layer of sodium carbonate, which made me think initially that it may have ventured on to the fragile crust of a hot soda lake – the likes of which you still find in the Rift Valley today – and then fallen through it and become trapped. However, one of the bones, a femur, also has tooth marks on it, and the top part is missing as if the leg had been ripped away from the torso at its fleshiest part. That’s how a leopard tackles its prey. I think a leopard-like animal killed Orrorin and then carried its carcass up into a tree. From time to time, its bones dropped into the lake below. That’s just one possible scenario, but it fits the facts.
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