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Introduction


Imagine an iceberg where not ninety per cent but all bar less than one-tenth of one per cent lies below the waterline. This tiny fraction represents what we term ‘recorded history’, or about six thousand years. The remaining six or seven million years is ‘prehistory’: a vast period that begins with the emergence of the first two-legged apes and ends with the rise of the first cities and states.


In my first book, Humans: from the beginning, I attempted to present a complete history of the human world up to the time of the first state-level societies. The result, inevitably, was a sizeable volume, which, although well-received, requires a significant commitment on the part of the reader and might not appeal to somebody who wants to just dip their toes into the field of human prehistory. It is for such a reader that this much shorter work is intended. Here, the human past is presented in fifty short chapters. Although they are arranged in roughly chronological order, they are more or less self-contained and may be read out of sequence. I felt that this was a better approach than trying to produce an abridged version of the earlier book. Inevitably, there is some overlap between the two works (which are, after all, dedicated to the same subject), but I have tried to keep them distinct.


Within my lifetime (which admittedly now spans 65 years), our knowledge of the distant past has been greatly increased by modern science. The invention of radiocarbon dating in the 1950s essentially rewrote the prehistory of Europe. More recently, genetic techniques have demonstrated our close evolutionary relationship to chimpanzees and the recent African origin of modern humans. It has confirmed that our ancestors interbred with Neanderthals and revealed the hitherto unsuspected existence of the Denisovans, an archaic human species that also interbred with modern humans. Much vital albeit less headline-making work is carried out using methods that would not be practical without computers. We should remember, though, that the study of prehistory is a fairly recent discipline. That there was even such a thing as prehistory was not widely recognised until the mid-nineteenth century.


Human evolution and prehistory is now a fast-moving and dynamic field. Even in the short time since Humans: from the beginning was published, there have been several epochal discoveries. The date for the emergence of the first humans has been pushed back to 2.8 million years ago; we now have stone tools that were made by our even more distant, more apelike ancestors; we have fossil evidence that modern humans were in Europe 210,000 years ago, finally putting paid to the notion that modern humans did not leave Africa until around 60,000 years ago. Not least of all, there has been the dramatic announcement of Homo naledi, a primitive human species discovered in the depths of the Rising Star cave system in South Africa. Homo naledi wasn’t even the only new hominin species announced in 2015. These discoveries were widely reported in the media, reflecting the level of public interest in our origins and our past.


This book, like its much longer predecessor, is concerned with a grouping of two-legged apes known as the hominins, of which modern humans (Homo sapiens) are but the most recent. The first hominins emerged in Africa around seven to eight million years ago, when our distant ancestors diverged from those of our closest living ape relatives, the chimpanzees. Although we are now the only hominin species in existence, for most of that long period, there were several. Even our species has shared the planet with Neanderthals and other archaic humans for much of its existence.


Not all of these hominins were our direct ancestors; many were evolutionary cul-de-sacs that died out completely. Rather than an orderly procession of ever-more ‘advanced’ species, leading inexorably towards Homo sapiens, the hominin family tree has been likened to a tangled bush. The exact number of hominin species within this ‘bush’ remains uncertain. The first and most obvious reason is that many hominin species almost certainly remain undiscovered. Less obviously, perhaps, palaeoanthropologists frequently disagree on just how many distinct species are represented by the fossil record. The two rival schools of thought are commonly known as ‘lumping’ and ‘splitting’: ‘lumpers’ try to shoehorn as many fossils into a single species, while ‘splitters’ do the exact opposite and proclaim new species and even new genera for each new fossil discovery. For example, a ‘splitter’ is likely to see Homo ergaster, Homo georgicus, and Homo antecessor as separate human species, but to a ‘lumper’ they are all regional varieties of Homo erectus.


What is becoming clear is that after the hominin line split off from the chimpanzees, it went through three main ‘phases’ of evolution. The first phase lasted from around seven until 4.2 million years ago, and the hominins of this period may be thought of as ‘dual-purpose’ apes. Their brains were no larger than those of chimpanzees, and they were adapted for both tree-climbing and two-legged walking. Fortunately, there is a remarkably complete hominin skeleton from this period, belonging to the species Ardipithecus ramidus. The 4.4 million-year-old skeleton of a female, popularly known as ‘Ardi’, was discovered in Ethiopia in 1994, and has greatly increased our knowledge of this period of hominin evolution. Ardi retained tree-climbing adaptations including an opposable big toe as well as our familiar opposable thumb. Subsequent discoveries included an earlier Ardipithecus species, Ardipithecus kadabba, which lived from 5.8 to 5.2 million years ago, and two even earlier species, Orrorin tugenensis and Sahelanthropus tchadensis. The latter may push the hominin fossil record right back to the split with chimpanzees.


The hominins of the second phase – which lasted from around 4.2 to 2.0 million years ago – are known as australopithecines. Their brains were still no larger than those of chimpanzees, and they probably still spent time in the trees, but they were now better adapted to walking upright. The opposable big toe was replaced by the modern in-line big toe. The foot was arched, and there were other adaptations to the modern striding gait. The australopithecines are now known to have made stone tools not too dissimilar to those of the first humans. They were widely distributed in Africa, though lumpers and splitters argue over just how many species there were. It is generally accepted that the first humans evolved from australopithecines, though from which species and where remains disputed.


The third and final phase lasted from 2.0 million to around 200,000 years ago, and it was during this period that the first humans emerged. In this work, I use the term ‘human’ to refer to any hominin belonging to Genus Homo, not just Homo sapiens. When I am referring specifically to the latter, I use the term ‘modern human’ as a synonym. Just how many human species there have been is an area in which the lumpers and splitters have had a field day, but there are probably at least eight: Homo habilis, Homo erectus, Homo heidelbergensis, Homo neanderthalensis (Neanderthals), Denisovans (known principally from their DNA), Homo floresiensis (the diminutive ‘hobbit people’ from the island of Flores), the surprisingly recent Homo naledi, and of course Homo sapiens (modern humans) Others include Homo georgicus, Homo antecessor, and Homo luzonensis. Non-modern humans are usually referred to as ‘archaic humans’. The brains of the earliest humans were larger than those of the australopithecines, but they were still far smaller than those of modern humans. It was not until around 600,000 years ago that brain size began to approach modern proportions. Humans are thought to have been the first hominins to leave Africa (though this is by no means certain), and by one million years ago, they were widely distributed throughout the Old World.


Our own species, Homo sapiens, is now believed to have emerged in Africa at the end of this third phase and eventually replaced the archaic populations throughout the Old World. A rival point of view, now largely abandoned, stated that the archaic humans were actually early forms of Homo sapiens, and that modern humans emerged gradually from regional populations in different parts of the world. The two theories are known as the replacement (or Out of Africa) and multiregional continuity hypotheses, respectively. However, we now know that modern humans did interbreed with at least two archaic human species, and neither model should be thought of as wholly right or wrong.


It is important to realise that each phase of hominin evolution did not lead to a ‘new, improved model’. Hominins living four or five million years ago were as well-adapted to their environment as any of their successors. We should not take the conceited, human-centric view that large-brained, two-legged humans were an improvement upon small-brained tree-climbing apes. Even if that were so, evolution does not ‘plan ahead’. When the earliest hominins emerged, nobody was thinking about what features could be included in the second or third-generation models. Rather, hominin evolution has always been driven by competition from other species and changing environmental conditions; these are the same processes that shape all living organisms.


In the fifty chapters that now follow, I try to present each topic in the context of the overall big picture I presented in my previous book. The reader will gain an overview of the human past, but more importantly, I hope they will gain a sense of the richness and wonders of prehistoric times.
 





01: Establishing the ‘Antiquity of Man’


Had Boucher de Perthes really found conclusive proof that Man existed long before Biblical times?


The year 1859 is now chiefly remembered for the publication of Charles Darwin’s The Origin of Species. Earlier that year, however, there was an event that was no less pivotal in our understanding of prehistory when Joseph Prestwich and John Evans travelled to France to investigate the claims of a man whose work Darwin had dismissed as ‘rubbish’. Both were primarily businessmen rather than full-time scholars: Prestwich was a vintner, and Evans worked in his uncle’s papermaking business, John Dickinson Stationery Ltd. Nevertheless, the pair took an interest in scholarly matters, and their interests included geology, antiquaries, and coins from the Classical era.


In 1859, almost two centuries had passed since the publication of Newton’s Principia Mathematica. The second half of the seventeenth century saw great advances in the fields of mathematics, physics, and astronomy, but other sciences lagged behind. Most people continued to believe that the Earth and all life on it had been created from nothing by God. In 1650, Archbishop James Ussher of Armagh had deduced purely from Biblical sources that the Creation occurred on 23 October 4004 BC. It was widely held that the Bible and the works of Classical scholars contained everything there was to know about human origins. By definition, therefore, there was no such thing as prehistory.


It was not until the latter part of the eighteenth century that the creationist viewpoint began to face a serious challenge. The Scottish geologist James Hutton argued that the processes that shaped the surface of the Earth had remained constant throughout the planet’s history. He suggested that these processes occurred gradually and were driven by volcanic action, deposition of sediment, and erosion by wind and rain. Hutton realised that it would have required far longer than 6,000 years to shape the Earth as we know it. The final volume of the three-part An Investigation of the Principles of Knowledge and of the Progress of Reason, from Sense to Science and Philosophy was published in 1794 but – as may be hinted by the title – it was not the most accessible of works, and it attracted little interest in Hutton’s lifetime. It was not until the 1830s that his theories were popularised by fellow Scot Sir Charles Lyell. Hutton’s approach, for which Lyell coined the term ‘uniformitarian’, is now considered to be the foundation of modern geology.


Another problem for creationism was the growing realisation that the fossil record contained evidence for lifeforms that no longer existed. In 1795, the French naturalist Georges Cuvier demonstrated that fossil mammoths did not correspond to any living species of elephant. Why would God create a species only to allow it to become extinct? Cuvier proposed that extinctions were caused by periodic global catastrophes. In an attempt to hold on to Biblical explanations, some argued that Noah’s flood must have been the most recent of these catastrophes, and the only one where humans had been present. In each case, God had created new species to replace those that had been wiped out. No species contemporary with humans had ever become extinct, as breeding stock of all of these had been taken aboard Noah’s Ark.


It was against this background, in which the Ussher chronology was yielding only slowly to the weight of evidence, that Jacques Boucher de Perthes, a customs official from Abbeville in northern France, began collecting stone implements recovered from gravel pits in the Somme valley. Crucially, he noted that these were sometimes associated with the remains of elephants and rhinoceros, long extinct in France. There was only one possible explanation – humans were already in existence at that time. Boucher de Perthes was making use of what archaeologists now refer to as ‘context’ to attest to the great antiquity of prehistoric artefacts.  If artefacts and fossil remains are found in the same context, it simply means that they were buried at the same time and by implication are the same age. 


It was a ‘double whammy’ for creationism. Not only had now-extinct animals existed well before 6,000 years ago, but humans had also lived in these far-distant times. In 1847, Boucher de Perthes published his conclusions in a three-volume work entitled Antiquités celtiques et antédiluviennes (Antiquities of the Celtic and Antediluvian peoples). Antediluvian (literally ‘before the Flood’) refers to what geologists now term the Pleistocene – the geological epoch preceding the current Holocene. Unfortunately, Boucher de Perthes’ mystical speculations about reincarnation detracted from his more valuable findings, and the work attracted little interest from French academia. Across the Channel, Darwin is reputed to have been equally unimpressed.


One critic was Dr Marcel-Jérôme Rigollot, who lived a short distance away in Amiens. He nevertheless began to explore the river gravels in the suburb of Saint-Acheul and soon began to discover similar artefacts. Rigollot had a rather more scientific approach to his work, and his report, published in 1854, was straightforward and well-illustrated. The artefacts recovered by Boucher de Perthes and Rigollot included triangular hand-axes of a type now known as ‘Acheulean’, named for Saint-Acheul. Similar stone artefacts had been known for centuries, but their significance was not widely appreciated. Indeed, many people believed they were thunderbolts or the work of elves rather than of human origin. Unfortunately, Rigollot died in 1854, soon after the publication of his report.


Encouraged by Rigollot’s findings, Boucher de Perthes published a second edition of his book in 1857.  It continued to attract little attention until he met the Scottish palaeontologist Hugh Falconer, who persuaded Prestwich and Evans to investigate the findings at Abbeville and Saint-Acheul. In April 1859, the pair met with Boucher de Perthes, and though initially sceptical, they were soon convinced by the evidence the customs official turned archaeologist showed them. On returning to London, Prestwich and Evans gave a series of presentations at the Royal Society and the Society of Antiquaries of London, in which they publicly supported Boucher de Perthes’ claim. The mainstream British scientific establishment finally came to accept what was termed the Antiquity of Man.


However, an ironic twist soon followed. Evans happened by chance to come upon a hand-axe on display at the headquarters of the Society of Antiquaries of London. He saw at once that it closely resembled the Acheulean hand axes he and Prestwich had examined in France. His enquiries revealed a missed opportunity more than six decades earlier. It turned out that in 1797, Norfolk-born John Frere had written to the Society and submitted five flint artefacts found in a clay pit at Hoxne, Suffolk. The Hoxne artefacts – now known to be 400,000 years old – had been found twelve feet (3.66 m) below the ground and were associated with bones of extinct animals. Frere realised the implications of the context of the finds, and suggested that the hand-axes were “weapons of war, fabricated and used by a people who had not the use of metals. The situation in which these weapons were found may tempt us to refer them to a very remote period indeed, even beyond that of the present world”. Unfortunately, this radical suggestion was almost entirely ignored. Had more people taken notice of Frere, the hand-axes would now be known as Hoxnian rather than Acheulean.


Regardless of what might have been, ‘prehistory’ was now firmly established as a valid concept. Science had revealed the existence of an eerie forgotten world that lay far beyond the comforting reach of the Old Testament and the texts of ancient Greek and Roman historians. In the century and a half that has followed, anthropologists, archaeologists and scientists from many other disciplines have all tried to piece together the events of this long, formative period. They have drawn together strands of evidence from many diverse sources. These include fossils, archaeological remains, indicators of ancient climate change, languages that have not been spoken for millennia, and even the atoms and molecules of which our bodies are composed. Their findings cover a period so vast that Ussher’s six-thousand-year chronology is but an instant in comparison.
 





02: Our place in the Animal Kingdom


God creates, Linnaeus arranges, Darwin explains.


The Scala Naturae or Great Chain of Being was the Theory of Everything of its time, envisaging a grand hierarchy of all things divine, living, and inorganic from God downwards. The concept can be traced back to Aristotle’s time, although it was further developed during the Middle Ages. Beneath God came the angels, followed in order by humanity, animals, plants, and finally, minerals. Within these basic divisions were subhierarchies: kings and princes outranked peasants; lions ruled the animal kingdom; oak trees held sway among the plants; and gold, diamonds, and marble were the top-ranking minerals. Animals were divided into three categories: those living on land, those living in water, and those living in the air. They were further categorised as those ‘with’ and those ‘without’ blood (the latter, broadly speaking, are what we would now term invertebrates). Everything had its appointed place – but there was just one problem. Where did apes and monkeys fit into the picture?


That apes and monkeys look very similar to people is inescapable. From our present-day perspective, it is also unremarkable, reflecting nothing more than the close evolutionary relationship between humans and other primates. But it would have been rather unwise to try and point this out in an era when few doubted that God had created humanity in His own image. In 1616, the Italian philosopher Lucilio Vanini was burned at the stake for doing just that. Aristotle’s not wholly incorrect view was that apes and monkeys represented a category situated between humans and quadrupedal animals. However, later authorities suggested that the ape was God’s final effort before making Adam, and He left this ‘deformed image of man’ as an example. Not for two and a half centuries would Vanini be vindicated.


While creationism remained largely unchallenged, knowledge of the natural world began to reach a point where Aristotle’s system was no longer adequate. The number of species known to science increased dramatically during the Age of Discovery, as European seafarers brought back exotic specimens from all over the world. With little or no consensus on how biological organisms should be classified, and with new animal and plant species being discovered all the time, the problem was getting steadily worse.


Enter Carl Linné, usually known by the Latinised version of his name, Carolus Linnaeus. The son of a Lutheran curate, he was born at Rashult, Sweden, in 1707. Although not the most promising of scholars, he became interested in botany (the study of plants) from an early age. In 1727, he enrolled at Lund University to study medicine, but soon transferred to Uppsala University where there were better opportunities for him to combine his medical studies with his interest in botany. His mentors included Olof Celsius, whose nephew Anders invented the Celsius (‘centigrade’) temperature scale. Anders’ scale was originally calibrated with the freezing point of water at one hundred degrees and the boiling point at zero degrees; it was Linnaeus who later reversed the convention to produce the scale now in use.


In 1735, Linnaeus published the first edition of Systema Naturae, the work for which he is now largely remembered. In it, he adopted binomial nomenclature, whereby a species is assigned a generic name and a specific name. The generic name refers to the genus, a group of species more closely related to one another than to any other group of species. The specific name represents the species itself. For example, lions (Panthera leo) and tigers (Panthera tigris) are different species, but they are similar enough to both be assigned to the Genus Panthera. Linnaeus did not invent this system: it had been proposed by the Swiss botanist Gaspard Bauhin over a century earlier, but it had failed to catch on. The most familiar example of this nomenclature is the term Homo sapiens, which Linnaeus introduced to categorise humans.


In Systema Naturae, Linnaeus also put forward his taxonomic scheme for the natural world. A taxonomy is a tree structure of classifications for any given set of objects. A taxon (plural taxa) is any item within such a scheme, and all objects within a particular taxon will be united by one or more defining features: ‘mammal’, ‘primate’, ‘insect’ and ‘beetle’ are all examples of taxa. Linnaeus subdivided the three Kingdoms of the Great Chain of Being (Animals, Plants and Minerals) by Class, Order, Genus, and Species. Each of these taxonomic categories is nested within the next category up; thus, for example, lions and tigers are two species within the Genus Panthera. This forms part of Order Carnivora (a group that also includes other cats, along with dogs and bears), which in turn forms part of Class Mammalia (mammals). In 1758, in the tenth edition of Systema Naturae, Linnaeus classified humans as Homo sapiens, a species within Order Primates. Note that by convention, only Genus and Species are italicised, and the latter is not capitalised; thus, our species is written Homo sapiens and not Homo Sapiens. Along with humans, Linnaeus included the Simians (apes and monkeys) and lemurs. For some reason, he also included bats, although these were soon given their own order. ‘Primate’ means ‘of first rank’, reflecting Linnaeus’s view that this group ranked first in God’s grand scheme of things. He saw no reason to depart from the orthodox view of creationism and – never the most modest of men – claimed that “God creates, Linnaeus arranges”. He was nevertheless criticised for daring to suggest any connection between humans and mere animals.


Other critics objected to the bizarre sexual imagery he used when categorising plants. For example, “The flowers’ leaves… serve as bridal beds which the Creator has so gloriously arranged, adorned with such noble bed curtains, and perfumed with so many soft scents that the bridegroom with his bride might there celebrate their nuptials with so much the greater solemnity…”. The botanist Johann Siegesbeck denounced this ‘loathsome harlotry’, but Linnaeus had the last word and named an ‘ugly little weed’ Siegesbeckia orientalis; a name which it retains to this day.


Linnaeus was elevated to the nobility in 1761 and continued his work until the early 1770s, when his health began to decline. He was afflicted by strokes, memory loss, and general ill-health until his death in 1778. In his publications, Linnaeus provided a concise, usable survey of all the world’s then-known plants and animals, comprising about 7,700 species of plants and 4,400 species of animals. The works helped to establish and standardise consistent binomial nomenclature for these many species. Biologists now recognise at least five kingdoms (though not the long-abandoned Mineral Kingdom), but the classification system in use today is very similar to that introduced by Linnaeus.


The Linnaean system assigns humanity a place in the animal kingdom, but it has nothing to tell us about how we got there. It is based on similarities between species and higher-level taxa, not on evolutionary relationships between them. It does not tell us that humans are closely related to apes and monkeys, only that we share many features with them. Creationism holds that species are immutable and, by definition, does not allow the concept that one species can evolve into another. Had Linnaeus believed in evolution, he might well have devised a different system.


It was not until 1859, just months after Prestwich and Evans endorsed the work of Boucher de Perthes, that the first edition of Charles Darwin’s The Origin of Species was published. Darwin was not the first to propose a theory of evolution: even while Linnaeus was still alive, evolutionists were beginning to propose alternatives to creationist orthodoxy, most notably the French biologist Jean-Baptiste Lamarck. Indeed, in early editions of The Origin of Species, Darwin avoided the word ‘evolution’ altogether, preferring the term ‘descent with modification’.


What Darwin proposed was ‘natural selection’, whereby differences between individuals of the same species mean that some are better at evading predators or more successful when competing for limited resources. Accordingly, such individuals will stand a better chance of reproducing and passing on their advantageous traits to their offspring. The classic example of natural selection is the Peppered Moth, which exists in speckled light grey and all-black forms. Before the Industrial Revolution, the speckled light grey form was the most common form, but the smoke and soot from the factories blackened many of the trees on which the moths rested. The previously rare all-black moths were now better camouflaged from predators, and were more likely to reproduce and pass their dark colour scheme on to their offspring. During the mid-nineteenth century, numbers of the all-black moths increased steadily, and by 1895, 98 per cent of moths in the Manchester area were of this form.


Darwin developed the theory of natural selection between 1844 and 1858, but the Welsh naturalist and explorer Alfred Russel Wallace was thinking along the same lines, and he wrote to Darwin with a short description of the same evolutionary mechanism. Darwin, whose infant son had just died from scarlet fever, was unable to give the matter much thought. He was persuaded to publish a synopsis of his work, which was jointly presented with Wallace’s paper to the Linnaean Society of London. To the credit of both men, neither wished to take sole credit for their work, and there were none of the unseemly squabbles over priority that have bedevilled many joint discoveries over the centuries. The Origin of Species was published a year later, and the first edition promptly sold out.


Nevertheless, the theory remained unpopular in clerical circles and controversial elsewhere. Darwin was even portrayed as an ape in some satirical publications. He was not the first to propose that humans evolved from apes, and The Origin of Species only hints that the theory may cast light on human origins. It was his friend and self-styled ‘bulldog’ Thomas Henry Huxley who first publicised the anatomical similarities between humans and apes, which culminated in the famous 1860 debate at the Oxford University Museum. Although it is usually referred to as the Huxley-Wilberforce debate, it was not a formal debate but an ad hoc discussion that took place following a presentation by the American academic John William Draper. Huxley is generally supposed to have prevailed against Bishop Samuel Wilberforce and Darwin’s former captain on the Beagle voyage, Admiral Robert FitzRoy. However, no transcript exists of the event, and there is uncertainty over exactly what was said and by whom.


Three years later, Huxley presented anatomical and other evidence for the evolution of humans and apes from a common ancestor in his 1863 work Evidence as to Man’s Place in Nature, which was the first book ever to be devoted to human evolution. It would be another eight years before Darwin proposed that humans were most closely related to African apes in his 1871 work The Descent of Man. Humanity’s demotion was complete: from beings created in 4004 BC in God’s image, to an ape that had evolved in Africa at some unknown time in the distant past.
 





03: Finding the Missing Link


The idea of a ‘missing link’ between apes and humans goes back to the nineteenth century, but when and where did it live?


The phrase ‘missing link’ is a familiar term, widely used in the popular media in the context of human evolution and conjuring up a vision of an as-yet-undiscovered fossil ape that links humans to our primate cousins. The term is something of a misnomer: there is no single species, undiscovered or otherwise, linking us to present-day apes. Instead, there are two diverging branches of evolution leading back to a common ancestor, which is often referred to as the Last Common Ancestor or LCA. Homo sapiens emerged from one branch; our closest living ape relatives (now known to be chimpanzees) emerged from the other. Anything on the human side of the split (including ourselves) is referred to as a ‘hominin’, although not all hominins were our direct ancestors. The hominin family tree has been described as more of a ‘tangled bush’ than a single branch, and most hominin lineages were evolutionary cul-de-sacs that simply died out. In the past, there were often several different hominin species living at the same time, but now only Homo sapiens remains. The total number of extinct hominin species is disputed but is probably somewhere in the twenties or even thirties.


However, in Darwin’s time, there was very little in the way of fossil evidence, and the existence of a single fossil species of ‘man-ape’ or ‘ape-man’ linking Homo sapiens directly to apes seemed entirely feasible. By the late nineteenth century, the search was on, but academic opinion took several wrong turns over the next few decades. Although evolution was now widely accepted, not everybody agreed with Darwin’s view that humans were most closely related to African apes. There was consensus that human ancestors must have lived in the tropics, where modern apes live, but some believed that humans were more closely related to Asian orangutans and gibbons than they were to African apes. Indeed, by the 1920s, the prevailing wisdom was that the Great Apes (chimpanzees, gorillas, and orangutans) were all far more closely related to one another than any of them were to humans.


Anthropologist Sir Arthur Keith and Henry Fairfield Osborn, President of the American Museum of Natural History in New York both believed that the divergence of humans from apes was a very ancient event, occurring in the Late Oligocene, 30 million years ago. Some proposed an even earlier split. In 1919, the British anatomist Frederic Wood Jones claimed that key features of the anatomy of apes and monkeys were absent from humans, and that the latter were most closely related to tarsiers. The tarsiers are a group of small primates characterised by their long tarsal bones (hence the name) and very large eyes. They are only distantly related to apes and monkeys, and the ‘tarsioid hypothesis’, as it was known, would place the split between humans and apes in the Eocene, 50 million years ago.


Radiometric methods used to date Earth’s geologic past were not as accurate as they are now, but it was still clear that even the Late Oligocene was too distant in time to allow the perceived similarities between humans and African apes to reflect a common evolutionary heritage. Instead, it was suggested that they were the result of parallel evolution. Although the two lineages had long been separate, they had followed similar evolutionary paths. Consequently, certain features had appeared in both.


By the 1920s, a fossil picture was beginning to emerge. Pithecanthropus erectus (‘erect ape-man’, later renamed Homo erectus) had been discovered by Dutch anthropologist Eugene Dubois on the island of Java in 1891. Although its brain was far smaller than that of a modern human, it clearly was human and had lived long after the time of the ‘missing link’. Conversely, Australopithecus africanus (‘Southern ape of Africa’), discovered by Australian anthropologist Raymond Dart in South Africa in 1925, was obviously a transitional form between apes and humans. Like a human, it walked on two legs, but its brain was no larger than that of a chimpanzee.


Unfortunately, this contradicted then widely held the ‘brains first’ model, which stated that the evolution of larger brains had preceded that of upright walking. We now know that it happened the other way around. Proponents of the ‘brains first’ view claimed support from Eoanthropus Dawsoni (‘Dawson’s Dawn Man), better known as Piltdown Man, a fragmentary humanlike skull with an apelike lower jawbone that was supposedly recovered in 1912 from a gravel pit at Piltdown, Sussex. From the start, some suspected that these now-notorious bone fragments were a hoax, but their conclusions were largely ignored. In the meantime, Dart’s find was dismissed by many as an ordinary ape, not relevant to human ancestry. He was even attacked for introducing the term Australopithecus, which critics complained was a mishmash of Latin and Greek.


Soon after the end of World War II, researchers did belatedly confirm that the australopithecines were bipeds, but the ‘ancient split’ view persisted. As late as the 1960s, the fossil ape Ramapithecus, discovered in the 1930s in the Siwalik Hills of India, was thought to be a possible human ancestor. Ramapithecus lived around 15 million years ago, and it was proposed that it was one of the earliest hominins, living soon after the split with the apes. However, it was around this time that the new science of molecular biology completely changed the picture.


Researchers found that the genetic material of all living organisms occasionally undergoes random changes. These changes, known as mutations, typically arise from DNA copying errors during cell division, though they can also be caused by exposure to sunlight, radiation, or certain chemicals. When mutations occur in reproductive cells, they are passed on to the next generation. Consequently, over many generations, mutations accumulate in genetic sequences. The resulting genetic variation within a population is known as genetic diversity. The genetic diversity of a large, well-established population tends to be higher than that of a small, recently established population.


When populations become separated, each begins to pick up its own distinct set of mutations. Thus, for example, Africans, Europeans, Asians, Aboriginal Australians, and Native Americans are all genetically distinct from one another. Mutations occur at a roughly constant rate, and differences between equivalent genetic sequences in two populations, or the ‘genetic distance’, will be related to the time since two populations last shared a common ancestor, or ‘divergence time’. This principle is known as the ‘molecular clock’. The same principle applies to species as well as populations, although the genetic differences are far greater between species. Again, though, the genetic distance will be related to divergence time.


Early researchers lacked the gene sequencing techniques now in use, so they focused on the immunological reactions of blood serum samples obtained from various primate species. The strength of a cross-reaction between a pair of blood serum samples is greater if the samples come from two more distantly related species. In 1963, by applying this principle, researcher Morris Goodman demonstrated that chimpanzees, gorillas, and humans were all closely related to each other – it was the Asian orangutans who were the outliers. In other words, Darwin had been right all along: humans are closely related to African apes.


This conclusion was supported by geneticists Vincent Sarich and Allan Wilson, who worked with blood serum albumin reactions. In 1967, the pair also obtained a date for when humans had diverged from African apes. Based on the reasonably well-supported assumption that apes had diverged from Old World monkeys 30 million years ago, they calculated that the split between humans and African apes had occurred just five million years ago. These results meant that Ramapithecus was now firmly out of the picture.


Unsurprisingly, this challenge to the ‘ancient split’ orthodoxy met with considerable scepticism, but subsequent work confirmed Sarich and Wilson’s findings. The findings raised the obvious question: which African ape was our closest relative – was it the chimpanzee or the gorilla? Protein studies could not provide the necessary resolution, but once gene sequencing techniques had made it possible to study DNA directly, it was found that we are slightly more closely related to chimpanzees than we are to gorillas.


Current estimates as to when we diverged from chimpanzees vary. Many are in the lower part of the range between five and seven million years ago, little changed from Sarich and Wilson’s initial estimate. However, the most recent work, relying on direct measurements of the mutation rate per generation, has suggested a slightly earlier date of seven to eight million years ago. What these results tell us is that around seven to eight million years ago, there was a species of ape whose descendants included every chimpanzee and human ever to have lived. We now know when and where the ‘missing link’ lived – but it remains missing.


A number of early fossil hominins are now known from the period five to seven million years ago. They include Ardipithecus, Sahelanthropus, and Orrorin, but their relationship to one another and to human ancestry remains uncertain. The fossil record remains frustratingly incomplete to this day. Whether palaeoanthropologists will ever succeed in finding their way through the ‘tangled bush’ of early hominin evolution and unequivocally locate the ‘missing link’ is doubtful. Even if its fossil remains were one day to be found, it would be very difficult to confirm their status. The missing link is likely to remain missing.
 





04: Four legs good, two legs better


The origins of an unusual way of getting about.


Though we don’t tend to give it much thought, how humans get about on two legs is unique. Nearly all bipeds – be they birds, kangaroos, or dinosaurs – have the same basic body shape, in which the back is close to the horizontal when in motion, and the tail is used as a counterweight. Humans, by complete contrast, lack a tail and walk upright. Although other apes can also walk upright, it is not their preferred form of locomotion, and they waddle rather than stride. Striding motion is a complex process requiring split-second timing. The legs alternate between a swing phase and a stance phase: assisted by the big toe, the leg in the swing phase pushes off from the ground, swings under the body while slightly flexed, and finally straightens out again prior to the foot hitting the ground heel-first. It then remains in the extended position for the stance phase, while the other leg goes through the swing phase, and so on.


The British anthropologist John Napier once remarked that human walking is a risky business, but that is only the beginning of the story. The anatomical adaptations required to get from a waddling ape to a striding human are not trivial. They include:







	•
	A curved lower spine.



	•
	A shorter, broader pelvis.



	•
	Thigh bones are angled inwards, allowing the legs to swing under the body.



	•
	Longer, more powerful lower limbs.



	•
	The ability to fully straighten the legs.



	•
	An enlarged, in-line rather than opposable big toe.








The foramen magnum (the hole in the base of the skull through which the spinal column enters) is repositioned from the rear to the centre of the skull. It is a radical set of transformations, and for it to have evolved at all, the advantages must have been considerable.


The most obvious possibility is that bipedalism freed our hands for other purposes, such as tool-making – but, as useful as our hands have proved, this cannot be the whole picture. Freeing up our hands was a useful spinoff, but regardless of how useful they might turn out to be, spinoffs are not the primary driver of evolutionary processes. Our forelimbs weren’t freed from locomotive duties to enable us to make better tools – or to build cities, drive motor cars, or use computers. The human hand was a useful spin-off from something else, but what?


Over the last fifty years, there has been no shortage of theories, many of which have focused on feeding rather than tool-making. The ‘Man the Hunter’ theory of the 1960s saw bipedalism as an adaptation for hunting. Although bipeds are slower and less energy efficient than quadrupeds at high speeds, at lower speeds, they possess greater stamina, which has obvious advantages when tracking prey. The similar ‘Man the Scavenger’ theory also saw advantages in the superior biped endurance, but this time for following migrating herds and scavenging carcasses. Both seemed plausible explanations, but it subsequently became apparent that the appearance of bipedalism had considerably predated large-scale consumption of meat.


In the 1980s, anthropologists Peter Rodman and Henry McHenry proposed the ‘efficient biped’ model, which suggests that bipedalism evolved as a means of improving energy efficiency. During the Late Miocene, from 11.6 to 5.3 million years ago, there was a trend towards a colder, dryer, and more seasonal climate. These changes resulted in the breakup of continuous forests and the appearance of more open woodland and grassland savannah. Consequently, sources of food became more thinly dispersed. Although early hominins lived in the remaining wooded areas, they would regularly have had to walk long distances between patches of woodland to find food. Rodman and McHenry noted that humans are at least as energy-efficient as quadrupeds at walking speeds and much more so than chimpanzees when the latter are on the ground. Even though the earliest hominins were less efficient walkers than humans, the ability to access otherwise unreachable food sources provided the evolutionary pressure for more efficient bipedalism.


At around the same time, evolutionary biologist Peter Wheeler suggested that bipedalism arose from the need to reduce exposure to the sun while foraging. An upright ape will have less body surface exposed to the sun than one going about on all fours and has less need to stay in the shade when the sun is high in the sky. Furthermore, being higher up off the ground, they can gain more benefits from cooling breezes. The theory dovetails neatly with the ‘efficient biped’ model: not only would biped apes use up less energy getting about, but they would be less exposed to the effects of the sun when out in the open, crossing between wooded patches. The two theories have the added attraction of suggesting that the switch to bipedalism was simply an evolutionary response to climate change.


Another theory dating back to the 1980s is the ‘Man the Provisioner’ model proposed by anatomist Owen Lovejoy, but unlike the other two, it was largely ignored until recently. Lovejoy followed Rodman and McHenry in proposing that bipedalism was an evolutionary response to more dispersed food sources during the Late Miocene, but he suggested that it also brought an important spin-off benefit. This was the freeing up of the forelimbs, which enabled males to bring back food and share it with females and their offspring. The advantages to females were three-fold: it ensured that they and their offspring were well-fed; it gave them more time to devote to parental care; and being well-nourished reduced the time between successive pregnancies. But what was in it for the males? They would only benefit in terms of reproductive potential if they were solely provisioning their own offspring – something they could only be reasonably confident of in a monogamous relationship.


Human reproductive biology differs from other primates and, indeed, most other mammals. In most mammal species, females are only fully sexually receptive when ovulating and able to conceive. At such times, they advertise their condition to males through visual, olfactory, or other cues. With chimpanzees, for example, the genitals turn bright red. There are no equivalent cues in our species, but as copulation occurs throughout a woman’s menstrual cycle, she has no need to advertise when she is ovulating. The typical primate cues probably disappeared from humans because there were no evolutionary pressures maintaining them, rather than because of a specific need to conceal ovulation. On-going sexual receptivity in women subsequently evolved to reduce the appeal of infidelity and so strengthen pair bonding.


The problem with Lovejoy’s theory was that it contradicted the long-standing view that these distinctive features of human reproductive biology emerged millions of years after the first bipedal hominins. In a sexually reproducing species, the term sexual dimorphism refers to the physical differences between the two sexes. With humans, for example, on average, males are larger than females and possess greater body strength. The most extreme example of sexual dimorphism among vertebrates is the angler fish: the small male attaches itself to the much larger female and lives out the remainder of its life as a parasite. It becomes incapable of independent existence, serving only to fertilise the female.


Sexual dimorphism is common in primates and typically manifests itself not just in body size but also in dental differences. In many species, males have enlarged canine teeth, which are used for threat displays to gain social dominance. There is a strong correlation between mating strategy and sexual dimorphism, which in turn is related to male-on-male aggression. In monogamous species, such as gibbons, there is little difference between the size and dentition of males and females, and only limited aggression between males. By contrast, in polygamous species, male-on-male aggression is common when competing for females, and sexual dimorphism is the rule[bookmark: _Hlk58485025]. Big, burly males will be at an advantage over smaller weaklings. For example, male gorillas are almost twice the size of females. Male chimpanzees are only about 35 per cent larger by body weight than females, but their canine teeth are enlarged compared to females.


When Lovejoy proposed his theory, the only non-human hominins known were the australopithecines, which, in terms of size, display considerable sexual dimorphism. For example, Henry McHenry estimated that Australopithecus afarensis males measured 1.51 m (5 ft 0 in) tall and weighed 45 kg (99 lb), whereas females measured just 1.05 m (3 ft 6 in) and weighed only 29 kg (64 lb). These figures have been questioned, but if they are correct, then Australopithecus afarensis was even more sexually dimorphic than chimpanzees. However, Lovejoy challenged the importance of body size dimorphism in primate mating strategies and claimed that canine size is the determining factor. He noted that chimpanzees are far less dimorphic in body size than gorillas, despite males being no less competitive. Also, in many primate species, male body size is related to factors other than mate competition. The canine dimorphism of the australopithecines is actually limited, and Lovejoy reasoned that their mating strategy was similar to that of humans.


Support for Lovejoy’s views came with the discovery of Ardipithecus, a very early hominin genus that preceded the australopithecines and lived from 5.8 to 4.4 million years ago. It retained primitive features such as opposable big toes, useful for climbing but less so for a life on the ground and replaced by in-line big toes in all later hominins. Its body size was minimally dimorphic, and its canine teeth were only slightly more dimorphic than those of modern humans. The male and female canines were similar in size, and the male canine was ‘feminised’ in shape. Rather than the pointed shape of male apes, the crown of the upper canine was a less threatening diamond shape, similar to that of the female. Overall, this suggested only limited male-on-male aggression and that Ardipithecus was largely monogamous, implying that the present-day human mating strategy emerged fairly early on in hominin history.


Despite the Ardipithecus findings, the ‘Man the Provisioner’ model is still not universally accepted, but further supporting evidence has come from comparative studies of the human and chimpanzee Y chromosomes. The Y chromosome is one of the two sex-determining chromosomes in most mammals, containing the MSY (male-specific region Y) genes responsible for the development of male gonads. Given that chimpanzees and humans are so closely related, it would be expected that there is little difference between the Y chromosomes of the two species. In fact, it was found that there are considerable differences. In comparison to the human MSY, the chimpanzee MSY had lost around a third of its genes, suggesting that the human version was closer to that of the Last Common Ancestor and hence the basal hominin conditions. Other changes had led to a complete restructuring of the chimpanzee MSY.


These changes may reflect the prominent role of the Y chromosome in sperm production, and its importance in the chimpanzee’s promiscuous mating strategy. The implication is that it is the chimpanzee rather than human mating strategy that is most changed since the time of the Last Common Ancestor, and that the mating strategy of the latter had more in common with that of humans than it did with that of chimpanzees. This would be consistent with Lovejoy’s suggestion that early hominins were monogamous in their mating habits.
 





05: Lucy


She was named for a Beatles song, but was she a human ancestor?


What is probably the best-known fossil ever found was discovered on 24 November 1974 by American anthropologists Donald Johanson and Tom Gray. They were part of a team of scientists investigating the Hadar Formation on the southern edge of the Afar region of Ethiopia. Johanson and Gray were returning to their camp in a Land Rover, having spent the morning mapping and surveying. On an impulse, they decided to double-check a small gully that other members of the team had previously surveyed without finding anything. This time, however, Johanson spotted a hominin elbow bone and the pair soon found other fragmentary remains dotted around on the surface. Understandably excited, they returned to camp. After two weeks of excavation, several hundred bone fragments had been recovered, representing 40 per cent of a single female hominin skeleton: one of the most complete ever found. Her remains were given the formal catalogue number AL-288-1 (denoting the first fossil to be discovered at Afar Locality 288), but she is far better known by her nickname ‘Lucy’. The name comes from the 1967 Beatles song Lucy in the Sky with Diamonds, which was played at a party held at the campsite to mark her discovery.


The story of Lucy’s discovery really began in 1968, when French geologist Maurice Taieb was studying the evolution of the Awash River valley, which runs through the south of the Afar region. Taieb discovered what is now known as the Hadar geological formation. It is named for the nearby Hadar River, a tributary of the Awash. The formation dates to the Late Pliocene period and was deposited between 4.2 and 2.4 million years ago. Donald Johanson learned about it from a conversation with Taieb, and he was intrigued by the possibility of finding early hominin remains there. Although genetic studies had recently shown that humans had diverged from African apes around five million years ago, the oldest fossil hominin known at that time was still the 2.8 million-year-old Australopithecus africanus. Johanson and Taieb worked with the French palaeontologist Yves Coppens to organise the International Afar Research Expedition, and a Franco-American team of scientists travelled to Hadar in the autumn of 1973. In November of that year, towards the end of the first season of excavation, the team discovered a fossil knee joint that had belonged to an upright-walking hominin. Encouraged by this discovery, they returned for a second season in 1974, and it was then that Lucy was found.


At 3.2 million years old, Lucy wrested the crown for the oldest hominin yet found from Australopithecus africanus. The diminutive female stood just 1.1 m (3 ft 7 in) tall and weighed an estimated 29 kg (64 lb). Although her brain was only a little larger than that of a chimpanzee, her pelvis and leg bones were almost identical in their functions to those of modern humans, confirming that she was a biped. Under an agreement with the government of Ethiopia, Johanson brought the skeleton back to the Cleveland Museum of Natural History in Ohio, where it was reconstructed by anthropologist Owen Lovejoy before being returned to Ethiopia.


Lucy immediately became a household name worldwide, but in the meantime, discoveries at Hadar continued. At a single fossil bed known as Afar Locality 333, the team found over two hundred separate fossil bone fragments representing at least thirteen more of Lucy’s people. The group, which became known as the First Family, included adult males and females and four or more infants. It was originally believed that they were all members of a single, relatively large social group, which was overwhelmed by a flash flood. However, later reconstructions of the local environment suggested that the event was less dramatic than had been first thought. Although the bones were indeed deposited by the flooding of a dry channel, the site was found to be a shallow depression rather than a deep gully where the group could have become trapped. Consideration of sediments in the channel suggests that the flow of water was fairly gentle. How the remains reached the site is something of a mystery, as the individuals do not appear to have been attacked by a predator. One possibility is that they do not represent a single group and were transported to the site one at a time by floodwater after the individuals died from natural causes elsewhere.


Further discoveries were made in Kenya and Tanzania, including a set of hominin footprints preserved for 3.66 million years in volcanic ash at Laetoli in Tanzania. There was a hint of drama from the distant past – the hominins were walking through muddy ash following an eruption of a volcano 20 km (12 miles) away, and they would have been able to see the menacing sight of it smouldering on the horizon. The footprints of three individuals walking in a group were captured like a plaster casting, and the mud must then have had time to harden before further eruptions covered them in a layer of ash. They showed that these hominins had humanlike arched feet and in-line big toes, and deep heel impressions in relation to those made by the toes suggest that they were walking fully upright.


Despite these findings, it is thought that early australopithecines had not entirely forsaken the trees. Their carpal bones (the bones connecting the hand to the forearm) suggest a load distribution consistent with spending significant time in the trees. The relative strength of Lucy’s thigh bone and upper arm was intermediate between that of a human and that of a chimpanzee, suggesting that she relied far more on her upper body strength than a human. Despite being bipedal on the ground, early australopithecines might often have taken to the trees to forage for food and to escape predators. Lucy’s gait, when on the ground, could have differed slightly from that of a human, and it was probably less efficient.


In 1978, Johanson and American palaeoanthropologist Tim White described the finds as a new australopithecine species, Australopithecus afarensis. Similar fossils have since been found, dating from 4.2 to 3.0 million years ago. However, in 1995, the earlier examples were assigned to a separate species, Australopithecus anamensis (‘lake’ in local Turkana language), based on anatomical differences in the dentition and the upper and lower jawbones. Also assigned to its own species is ‘Abel’, a 3.5 million-year-old fossil discovered in Chad in Central Africa and nicknamed in memory of the French geologist Abel Brillianceau, who died of malaria in 1989. ‘Abel’ has been described as Australopithecus bahrelghazali, but it might simply have been a regional variety of Australopithecus afarensis. Even using the strict definition of the species, the habitats occupied by Australopithecus afarensis varied considerably. At Hadar, Lucy and her folk apparently lived in woodland, but at Laetoli the environment was a much more open grassland savannah. If they are all the same species, then Australopithecus afarensis was a long-lived, geographically widespread, and adaptable species – but was it a human ancestor?


The answer is that we simply don’t know. Even discounting the controversial possible hominin species Kenyanthropus platyops (thought by some to be the badly distorted skull of an australopithecine), Australopithecus afarensis was not the only hominin species in existence at that time. The recently announced Australopithecus deyiremeda was found in sediment dating from 3.5 to 3.3 million years old at the site of Woranso-Mille in Ethiopia, only a short distance away from where Lucy was discovered and is said to differ from Australopithecus afarensis in terms of the architecture of its lower jawbone, and several dental differences possibly indicating a different diet. Between 2.8 and 2.6 million years ago, further australopithecine species emerged: Australopithecus garhi in East Africa and Australopithecus africanus in South Africa, along with the bigger-jawed robust australopithecines in both East Africa and South Africa. They were followed two million years ago by another South African species, Australopithecus sediba. It is highly likely that further australopithecine species will be discovered.


It was during this critical period of hominin diversification that the first humans emerged. The earliest currently known example of Homo is LD-350-1, a 2.8 million-year-old partial lower jawbone also found in the Afar region, which would put Australopithecus afarensis in the right place at the right time to be a human ancestor. However, it is by no means certain that it actually was. The relationship between Homo and the various australopithecine species is far from clear, and some believe that the origins of Homo are to be found in South Africa rather than East Africa. For all their success as a species, Lucy’s people might ultimately have been just another evolutionary dead end.


As for Lucy herself, more than four decades after her discovery, it was suggested that she had died from multiple injuries incurred from falling out of a tall tree. The report attracted a degree of scepticism, but if it was correct, this would have been an ironic fate for an ape noted for living on the ground.
 





06: The technological ape


Experimental and archaeological evidence for toolmaking by pre-human hominins.



Until the end of the 1950s, it was generally believed that the ability to make and use tools was restricted to humans. ‘Man the Toolmaker’ was thought to be one of the defining characteristics of being human, and it was assumed that the apelike australopithecines could not have been toolmakers. Then, in the early 1960s, primatologist Jane Goodall discovered that chimpanzees use tools, often modifying objects for specific tasks. The best-known example of chimpanzee tool use is for ‘termite-fishing’, where small sticks or plant stems are inserted into a termite mound and then slowly removed, allowing any clinging termites to be eaten. Sometimes, chimpanzees fray the ends of the sticks or stems to increase the number of termites caught. Other tools include sponges made from leaves for extracting water from deep holes and hammerstones used to crack nuts. When provided with sticks and bark with a range of thicknesses, chimpanzees have been observed to spontaneously select and use pieces suitable for excavating a buried fruit reward; they are also capable of sourcing tools for themselves from local vegetation. Chimpanzees are also capable of learning new ways of making and using tools from their companions rather than having to reinvent everything for themselves. If such behaviours are shared between chimpanzees and humans, then the implication is that tool-making is very old, predating the emergence of the very first hominins.


Any termite sticks or leaf sponges made by early hominins will have long
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