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To Robin Wootton, the best of mentors






PROLOGUE The Road to Nowhere


Many years ago, toward the end of an arduous walking tour of the French Pyrenees, my brother and I stumbled across an engineering feat that had helped change the course of human history and shape the modern world. As we made our way down from the peaks to the village of Etsaut, the route took us from alpine meadows to the conifer forests of the Vallée d’Aspe. The path, which had been broad and easy to follow, suddenly changed. As the river valley continued to drop, the path maintained its level, but only by cutting into the walls of an almost-sheer rock face. Soon we were walking along a narrow ledge perched precariously six hundred feet above the trees and foaming river in the Gorge d’Enfer below. The path continued like this for almost a mile before the gorge finally opened out, and we descended down to the level of the river and once again felt safe. Only then did a sign helpfully tell us that we had navigated the Chemin de la Mâture. Why had such a spectacular path been built in the middle of nowhere? And what was mâture?

The answer lies in the rivalry that developed in the eighteenth century between the two emerging superpowers of the Western world, France and Britain, and provides just one of the more striking examples of the way wood has helped shape the human story. With the two nations vying for power and influence over their developing colonies and territories in the Caribbean and North America, an arms race started as they built up their navies. Both nations strove to build bigger and more heavily armed ships of the line, capable of acting as firing platforms for up to a hundred huge cannons, which could batter other ships and shore defenses into submission. But both countries came up against the same problem; how could they access enough trees to build their ships? The problem was not the lack of wood itself. France in particular had large areas of forest, which covered around 30 percent of the country. The problem was the lack of trees tall and straight enough to make the 100-to-120-foot masts of the ships. Most forests in Europe were already being managed, and it was becoming harder to find areas of primary forest where tall trees could still be found. For France the answer lay in the wilds of the Pyrenees, where stands of huge fir trees still stood. The engineer Paul-Marie Leroy put forward his plan to extract trees from the previously inaccessible Vallée d’Aspe by cutting a daring path through the edge of the cliff. The path was completed in 1772 and named the Chemin de la Mâture (literally, the Mast Road). Soon masts and other timbers were being hauled down the new path, before being rafted down to the sea. France’s supply problems were fixed, at least temporarily.

In Britain the problem of obtaining masts was even more acute. The country had a tree cover below 10 percent, and its forests had long before been put under management. Few conifers grew there, and no trees tall and straight enough to be made into ships’ masts. Even by the sixteenth century, Britain had been forced to obtain almost all its masts from the countries adjoining the Baltic Sea. The problem was that the fleets of its northern rivals, Holland and Sweden, were always threatening to cut off this supply, and in any case tall trees were becoming scarcer and more expensive. Britain turned to its American colonies, where the old-growth forests of New England contained huge, straight-trunked eastern white pine trees in seemingly limitless numbers. From the mid-seventeenth century onward these trees, which could grow up to 230 feet tall with a diameter of over five feet, became the tree of choice for the British navy; Samuel Pepys, the naval administrator, mentions the trade several times in his famous diary, rejoicing on December 3, 1666, when a convoy carrying masts managed to evade a Dutch blockade:


There is also the very good news come of four New England ships come home safe to Falmouth with masts for the King; which is a blessing mighty unexpected, and without which, if for nothing else, we must have failed the next year. But God be praised for thus much good fortune, and send us the continuance of his favour in other things!



Unfortunately, in seeking to secure their supply of masts, the British government made a series of policy blunders that were to have disastrous consequences. They had difficulty buying tree trunks on the open market because the colonists preferred to saw them up for timber; this was after all a much easier way of processing them, considering their huge size, rather than hauling the unwieldy trunks for miles down to navigable rivers. The British could have bought up areas of forest and managed them themselves, but instead, in 1691 they implemented what was known as the King’s Broad Arrow policy. White pine trees above twenty-four inches in trunk diameter were marked with three strokes of a hatchet in the shape of an upward-pointing arrow and were deemed to be crown property. Unfortunately, this policy soon proved to be wildly unpopular and totally unenforceable. Colonists continued to fell the huge trees and cut them into boards twenty-three inches wide or less, to dispose of the evidence. Indeed wide floorboards became highly fashionable, as a mark of an independent spirit. The British responded by rewriting the protection act to prohibit the felling of all white pine trees over twelve inches in diameter. However, because trees were protected only if they were not “growing within any township or the bounds, lines and limits thereof,” the people of New Hampshire and Massachusetts promptly realigned their borders so that the provinces were divided almost entirely into townships. Many rural colonists just ignored the rules, pleaded ignorance of them, or deliberately targeted the marked trees because of their obvious value. The surveyors general of His Majesty’s Woods, employing few men and needing to cover tens of thousands of square miles, were almost powerless to stop the depredations of the colonists, and the local authorities were unwilling to enforce an unpopular law. The situation reached a crisis in 1772, exactly when the Chemin de la Mâture was being completed, with the event known as the Pine Tree Riot.

The event was precipitated when sawmill owners from Weare, New Hampshire, refused to pay a fine for sawing up large white pines, and Benjamin Whiting, sheriff of Hillsborough County, and his deputy, John Quigley, were sent to South Weare with a warrant to arrest the leader of the mill owners, Ebenezer Mudgett. However, before they could complete their task, Mudgett led a force of twenty to forty men to assault them at their lodgings, the Pine Tree Tavern. Their faces blackened with soot, the rioters gave the sheriff one lash with a tree switch for every tree being contested, cut off the ears and shaved the manes and tails off Whiting’s and Quigley’s horses and forced the two men to ride out of town through a gauntlet of jeering townspeople. Eight of the perpetrators were later punished, but their fines, twenty shillings each, were light, an indication of the weakness of British authority.

News of the riot spread around New England and became a major inspiration for the much more famous Boston Tea Party in December 1773. The Pine Tree Flag even became a symbol of colonial resistance, being one of those used by the revolutionaries in the ensuing War of Independence. Designed by George Washington’s secretary Colonel Joseph Reed, it was flown atop the masts of the colonial warships.

The start of the Revolutionary War cut off the supply of masts for the Royal Navy from New England. The British were forced to use smaller trees from the Baltic for their masts, and had to clamp together several trunks with iron hoops to construct “made masts.” This arrangement was at best unsatisfactory, and many British ships spent most of the ensuing war out of action in port with broken masts. To make matters worse, the colonists started to sell their pines to the French, who had opportunistically sided with the rebels. The French defeated the British in important naval conflicts—such as the Battle of Grenada in 1779, the most disastrous British naval defeat since Beachy Head in 1690—while British naval actions against the colonists themselves proved indecisive. Without Britain’s usual naval superiority, America prevailed and became independent in 1783. What would become the world’s most powerful nation had been born. Britain would soon regain its naval supremacy, managing to replace its supplies of masts by using trees from its other dominions, Canada and eventually New Zealand, but the world would never again be the same. Thus is a turning point in geopolitics glimpsed in a path hewn out of a cliff in the Pyrenees.

Considering its historical importance, it is astonishing that the Great Mast Crisis is not better known. All schoolchildren are taught about the Boston Tea Party, even in Britain; none are taught about the Pine Tree Riot. But this is not an isolated instance; accounts of human evolution, prehistory, and history routinely ignore the role played by wood. For instance, anthropologists wax lyrical about the developments of stone tools, and the intellectual and motor skills needed to shape them, while brushing aside the importance of the digging sticks, spears, and bows and arrows with which early humans actually obtained their food. Archaeologists downplay the role wood fires played in enabling modern humans to cook their food and smelt metals. Technologists ignore the way in which new metal tools facilitated better woodworking to develop the groundbreaking new technologies of wheels and plank ships. And architectural historians ignore the crucial role of wood in roofing medieval cathedrals, insulating country houses, and underpinning whole cities.

When I stumbled across the Chemin de la Mâture thirty-five years ago, I too was largely ignorant of the importance of wood. I knew about its anatomy, its mechanical properties, and some of its structural uses. However, only when I turned to research the mechanics of root anchorage in plants and landed a permanent post in academia did I start to learn more about wood. One of the great benefits of being an academic (or it used to be) is that it gives you the opportunity to find out about a wide variety of topics, through your own research and teaching, and through discussions with your colleagues in (now sadly defunct) tearooms. In my case, I started to find out more about biomechanics by supervising a wide range of student projects. I set bright young students to study subjects such as the mechanical design of our own bodies, the mechanics of wood and trees, and latterly the benefits of urban forests. I wrote a book about trees and started to learn more about the uses of wood and the relationship between human beings and trees. My teaching also led me to think more about the relationship that our relatives the apes have with trees, and to learn about exciting new research that was uncovering the ways in which apes make and use a variety of wooden tools. I was lucky enough to become involved with researchers who studied how apes move through the canopy and build wooden nests. And I started to think about how early humans could have made effective woodworking tools and shaped their spears and ax handles.

All these discoveries tied in with my happy memories of visits I had made from childhood onward to a wide range of wood-related attractions: local archaeological museums with their rows of ax heads and reconstructions of the life of “early man”; Scandinavian open-air museums, filled with wooden farmhouses, water mills, windmills, and stave churches; Viking longboats; the roofs of Gothic churches and cathedrals, medieval barns and castles; and Palladian country houses. It became clear to me that wood has actually played a central role in our history. It is the one material that has provided continuity in our long evolutionary and cultural story, from apes moving about the forest, through spear-throwing hunter-gatherers and ax-wielding farmers to roof-building carpenters and paper-reading scholars. And knowing something about the properties of wood and the growth of trees, I started to work out why this was the case. The foundations of our relationship with wood lie in its remarkable properties. As an all-round structural material it is unmatched. It is lighter than water, yet weight for weight is as stiff, strong, and tough as steel and can resist both being stretched and compressed. It is easy to shape, as it readily splits along the grain, and is soft enough to carve, especially when green. It can be found in pieces large enough to hold up houses, yet can be cut up into tools as small as a toothpick. It can last for centuries if it is kept permanently dry or wet, yet it can also be burned to keep us warm, to cook our food, and drive a wide range of industrial processes. With all these advantages, the central role of wood in the human story was not just explicable, but inevitable.

So it is time to reassess the role of wood. This book is a new interpretation of our evolution, prehistory, and history, based on our relationship with this most versatile material. I hope to show that looking at the world in this fresh wood-centered way, what an academic might call lignocentric, can help us make far more sense of who we are, where we have come from, and where we are going.

Above all I hope to encourage the reader to look at the world in a way that is unhindered by the conventional wisdom that the story of humanity is defined by our relationship with three materials: stone, bronze, and iron. It refutes the common assumption that wood is little more than an obsolete relic from our distant past. I hope it will show that for the vast majority of our time on this planet we have lived in an age dominated by this most versatile material, and that in many ways we still do. And that for the benefit of the environment and our own physical and psychological health, we need to return to the Age of Wood.






PART 1 WOOD AND HUMAN EVOLUTION







CHAPTER 1 Our Arboreal Inheritance


In the Western world, we tend to stand aloof from nature and regard ourselves as superior beings who are quite separate from the animal world. Indeed in the Bible creation story, God said, “Let us make man in our image, after our likeness: and let them have dominion over the fish of the sea, and over the fowl of the air, and over the cattle, and over all the earth, and over every creeping thing that creepeth upon the earth.” It was natural for biblical writers to emphasize our uniqueness when the only mammals they saw—ungulates such as sheep, goats, camels, and horses; carnivores such as dogs and cats; and rodents such as mice and rats—all walked around on four legs and had limbs ending in hooves or claws. Things look quite different in tropical countries, where people live alongside monkeys and apes. There they stress our similarities to primates and our continuity with nature. Those primitive primates, the galagos of West Africa, are commonly known as bush babies, for instance, while in the Malay language, orangutan literally means “man of the forest.” Many religions have monkey gods, from the monkey king Sun Wukong in China, the monkey god Hanumen of India, and the ancient Egyptians’ baboon god Babi. The barrier between ourselves and other animals is most porous in Borneo, where the Dayaks have a legend that orangutans could talk if they wanted to but prefer to remain silent as they do not want to be forced to work: a mark, surely, of the profoundest wisdom!

The big divide between primates and other mammals stems from the ways in which primates are adapted to a life in trees. And despite our now being terrestrial animals, we resemble other primates because we have retained most of these arboreal adaptations. Surprisingly, we were preadapted to our life on the ground by the evolution of our relatives’ bodies and brains to live in the forest canopy: in a world made of wood.

Most of the physical changes that primates underwent occurred in the first 10 million years or so of their evolution, shortly after the first primates—small, shrewlike mammals—colonized the rain forests that sprang up 60 million years ago, following the demise of the dinosaurs. We know that because we share those adaptations with those most adorable creatures, the bush babies, which resemble nothing more than miniature, furry humans. Though they are similar to us in so many ways, bush babies are only distant relatives. Fossil evidence and DNA analysis show that their lineage split from ours around 50 million years ago. Yet they share with us many key derived characteristics: binocular vision, with the eyes both pointing forward; an upright body posture; differentiation of the limbs between hind legs and feet for locomotion, and arms and hands for gripping; and soft pads and nails on the tips of their digits, instead of claws. We usually think of these characteristics as being human adaptations, but they actually first evolved to help primates live in trees.

If you think about it, a tree is a tricky place in which to live. The wooden structure has a complex branching shape, with a vertical trunk that bifurcates successively into more horizontal and thinner boughs, branches, and twigs, structures that eventually end in the productive parts of the tree, the leaves. Having binocular vision helps primates judge distances and move about more quickly and more safely around the canopy. The upright body and grasping arms of primates, meanwhile, allow them to grip on to the trunk and clamber up and down the tree; but it is among the narrow branches and twigs at the ends of the canopy that the modifications of the hands and fingers come into play.

The sharp claws of modern-day squirrels, tree shrews, and woodpeckers are good at finding purchase in the bark of a tree’s trunk and branches but ill-suited to hold on to narrow twigs. These animals cannot therefore easily reach the ends of the canopy where most of the leaves and fruit are located. The early primates overcame this difficulty by evolving a key suite of features that are shared by all their descendants, and which have since been vital to our success as toolmakers: gripping hands (and in most other primates, feet) equipped with soft digital pads that are covered in prints and backed not by claws, but nails.

Despite our fingers being at the ends of our hands, few scientists have thought thought much about their design and why we have soft finger pads. Physics textbooks tell us that harder, rougher surfaces should provide the best grip because the projections interlock with those on the substrate. However, this is plainly untrue if the substrate you are trying to grip is smooth; think how easily hobnailed boots slip across smooth rocks. Counterintuitively, the key to getting a better grip on a smooth surface is not to use a hard material such as a claw, but a soft one, such as skin. This increases friction because a soft material deforms to the shape of the other surface, so a large area is in contact, maximizing the interatomic forces between the two surfaces. The softer the material, the more it can deform and the larger the contact area.

To improve our grip, we could cover our finger pads with a biological rubber such as elastin, but this would wear away too fast. The solution evolved by primates is more ingenious: we use a soft internal fluid within our finger pads and surround it by a stiffer lining—producing a structure rather like a partially deflated car tire. Beneath the tips of our fingers are pads of fat, which deform easily to allow a large surface area of the more rigid surrounding skin to make contact. You can see how effective this arrangement is by gripping a wineglass and looking through the other side; you’ll be able to see a large area of contact. This arrangement gives us an excellent grip on hard surfaces such as glass, ten times as good as that of hard hooves or claws—explaining why we remain sure-footed on smooth concrete and tiles, whereas horses are prone to slip in their stables, and panicking dogs often scrabble about on the kitchen floor without being able to move off.

Our finger pads and the palms of our hands and feet are also decorated by another characteristic feature: the pattern of ridges known as fingerprints. On smooth materials such as glass, this makes our grip worse, since it reduces the area of contact, just as grooved tires in racing cars have poorer grip in the dry than slicks. However, fingerprints do give some important advantages. They can improve our grip in the wet (just like grooved tires) since they can channel away the surface film of water, and also on rough surfaces, such as branches, since the ridges interlock with ones in the bark. And the skin ridges where our touch receptors are located can magnify strains and so improve the sensitivity of our fingers. Finally, the alternation of strong ridges with flexible troughs in the skin allow it to deform smoothly when we grip an object, preventing blistering. Skin ridges are so useful for improving grip that the totally unrelated koala bears of Australia have evolved similar ridges on their finger pads, while New World monkeys also have prints on the pads of their prehensile tails.

Since their finger pads allowed primates to hold on to narrow branches and twigs so well, they no longer had any need for claws; instead these were flattened into self-trimming nails, which act as a hard backing to the pads, just as the rims of wheels act as a backing to car tires, and help us pick up and manipulate tiny objects. We can even use the tips of our nails as tools themselves, for scratching or prizing small objects apart.

By 50 million years ago, therefore, primates had already made the physical changes that we have since found so helpful to master life on the ground, but the early primates were still very different from us. They were tiny, having a body weight well under a pound; in contrast, modern monkeys typically weigh in between 2 and 35 pounds, and great apes including ourselves weigh anything from 90 to 265 pounds. And they were nowhere near as intelligent. Bush babies have brains that are only slightly larger than those of other mammals of the same size, and only 47 percent of their brains is composed of the neocortex, the gray matter on the surface of the cerebral hemispheres that deals with higher-level thinking. This is large compared with the brain of an insectivore such as a hedgehog, in which this figure is around 18 percent, but small compared with 70 percent for a macaque, 76 percent for a chimpanzee, and 80 percent for us humans. It is starting to become clear that these three characteristics, body size, neocortical size, and intelligence, are actually linked—primates got smarter as they got bigger—and that these changes are related to their arboreal lifestyle.

Primatologists are learning that the reason monkeys increased in size as they evolved was related to changes in their diets. Bush babies and their relatives the lorises are insectivores; they eat insects and other invertebrates, which are hard to find, hard to catch, and rather small. Insects provide enough energy to support a bush baby. However, a larger creature would be no better at finding, catching, and eating insects, but the amount of energy it would have to expend moving about to do so would be much greater. A large insectivorous monkey would not be able to catch enough food to fuel its body. But there are other things that primates could eat in the canopy instead; they could become vegetarian and eat leaves or fruit. Depending on which of these two foods they eat, modern monkeys have evolved rather different body adaptations and have very different intellects.

Leaves are extremely plentiful and easy to find in a rain forest, where all the trees are evergreens, but they make rather unsatisfactory food. Leaves are made up largely of cellulose and so are hard to digest, and their cells contain little sugar. Trees understandably also try to protect these productive organs from herbivores. Once their leaves have expanded to their full size, they toughen them by adding extra cellulose and lignin to the ribs, which makes them harder to chew and protects their cell contents. Herbivores generally respond to this defensive strategy by eating only the young, expanding leaves at the tips of the branches. However, plants can retaliate by filling their young leaves with poisons, most commonly tannins and phenolics, which taste bitter and precipitate digestive enzymes in the guts of their consumers. So a leaf-eating primate has to eat huge quantities of young leaves and hold them for days in its stomach to detoxify and digest them; this limits its energy intake. Leaf-eating monkeys tend to be large, potbellied animals and have a slow metabolism and limited intelligence—they cannot afford to develop a large brain, but then again, as leaves aren’t hard to find, they don’t need to! The archetypal leaf-eating primate is the proboscis monkey of Borneo. These bizarre animals travel around in small groups, led by a dominant male whose weird looks give the creatures their name. They have long pink noses, markings like underpants around their groin, and most important a distended stomach. All of these reminded the local Indonesian people of Western colonialists, hence the common name orang Belanda or “Dutchman.”

Those primates that changed their diet to eat fruit rather than leaves also tended to get bigger because fruit is plentiful in rain forests and is full of energy; however, a diet of fruit has also led to rather more profound changes in their brains. As a food, fruit has many advantages. Plants produce fruits as a reward—a way of persuading animals to ingest their seeds and eventually disperse them in their feces—so they fill them with sugars and soften them up as they ripen to make them easier to chew and digest. They even signal to animals that the fruit is ripe by changing its color and by developing an attractive odor for it. The only downside of eating fruit is that with so many different types of trees in tropical rain forests, each species is widely scattered through the forest. Moreover, because of the lack of seasonality, trees can fruit at any time. Trees that are in fruit are rare and hard to find. Fruit-eating primates not only have to be able to spot when fruits are ripe, but also have to be able to remember where fruiting trees are located within the forest, and to predict when they are likely to fruit, so they can get to them before the fruit is eaten by other animals.

Consequently fruit-eating animals have to hold a great deal of information in their heads, mapping the world in space and time. Field studies and experiments on captive fruit-eating primates have shown that they can remember the location of large numbers of fruiting trees and compute accurate routes to travel rapidly and economically to the next tree to ripen. So it is no surprise to find that fruit-eating primates such as macaques and spider monkeys have brains that are on average about 25 percent bigger than those of their leaf-eating cousins, the langurs and howler monkeys. This has enabled them to develop more sophisticated social behavior and live in more cohesive groups. Some monkeys, such as the capuchins, have even learned to make and use simple tools; they use stones as hammers to crack open nuts and shellfish.



But the intelligence of monkeys pales in comparison with that of our closest relatives, the great apes: orangutans, gorillas, chimpanzees, and bonobos, whose brains are twice as large relative to their body weight. Most primatologists believe the apes acquired their larger brains to help them communicate with and manipulate their peers. And they certainly do exhibit complex social interactions within their group; they seem capable of feeling empathy, have a self-image, and exhibit a degree of consciousness as they can recognize themselves in a mirror. But this “social hypothesis” does not explain why it was the great apes that became so clever, rather than monkeys or a group of terrestrial mammals. Nor does it explain why orangutans, who seldom encounter their neighbors, are so intelligent. It seems likely that some other factor must have been in play that caused apes to become more intelligent in the first place, and which could subsequently have enabled some members of the group to develop high-level sociality.

I first started to think about the evolution of ape intelligence many years ago when I was a young academic visiting the forests of Sabah, Borneo, for a quite different reason: to investigate why tropical rain forest trees develop huge platelike buttresses between their trunks and their roots. The research center where I was staying was also the base for some young British research students who were investigating what orangutans were doing with their huge brains. They were testing the hypothesis that the apes needed greater brainpower to map and predict when and where fruit would ripen across the forest.

I wasn’t convinced. The hypothesis had already been used to explain why fruit-eating monkeys were more intelligent than leaf-eating ones, so it was unlikely to explain why orangutans that lived in the same forest as macaques, and ate much the same food, would have even larger brains. I approached the problem from my quite different perspective: as a biomechanic—someone who studies the engineering of plants and animals. And the most obvious physical difference between monkeys and great apes, apart from apes not having tails, was size; all the great apes are much bigger and heavier than monkeys. It is not immediately apparent what effect this would have on intelligence; after all, tigers are not more intelligent than wild cats; and capybaras, the world’s largest rodents, are not more intelligent than mice. The difference, though, was where these primates lived: the forest canopy. A larger animal must have much greater difficulty moving around the canopy of trees, and in particular moving between trees, than a small one. The wooden branches would deflect more under their weight and would be more likely to break. The consequences of a fall for a larger animal would also be far more serious. As the great evolutionary biologist J. B. S. Haldane put it in his essay “On Being the Right Size”:

“You can drop a mouse down a thousand-yard mine shaft; and, on arriving at the bottom, it gets a slight shock and walks away, provided that the ground is fairly soft. A rat is killed, a man is broken, a horse splashes.”

An orangutan would probably be killed by a fall from the canopy that would scarcely harm a small monkey. It struck me then that the early apes might have evolved larger brains to help them navigate safely around their perilous arboreal environment and allow them to plan and follow the best routes through the trees. To do this they would also have had to develop a self-image; they would have to realize that their body weight altered their mechanical world by bending down the branches that were supporting them. In other words their intelligence had a physical basis, not a social one: a feeling for the mechanical properties of wood. I even wrote up my idea in a scientific paper, but was not surprised when it was rejected by a journal. After all, I was not a primatologist, I’d not been to the rain forest before, and I had no data on the actual behavior of apes. I was an outsider making an educated guess. I went back to looking at what I was meant to be studying, the anchorage of trees and other plants.

Many years later, though, I was surprised and pleased to learn that my idea was now a bona fide theory of the evolution of intelligence in apes—the “clambering hypothesis” of Daniel Povinelli and John Cant. These two American primatologists had also thought about orangutans, though in their case they had put in a good deal of time in the field observing these magnificent creatures. They had noticed the painstaking way in which orangutans travel between adjacent trees; they move slowly and gingerly, holding on to several branches at once with their hands and prehensile feet. Like me the two men reasoned that the apes could have developed a conception of self to allow themselves to move safely through the canopy. And since the publication of their hypothesis in 1995, other field-workers have built up evidence that orangutans, in particular, do have a high level of understanding of the mechanics of trees.

Susannah Thorpe, now at the University of Birmingham, has studied the locomotion of Sumatran orangutans over many years and has shown that they move quite differently when they travel along branches of different diameter. On a thick, rigid branch they walk on all fours on top of it or hang below the branch, swinging themselves along. In contrast, on branches less than 4 centimeters (1.6 inches) in diameter, they either clamber, holding their body horizontal and gripping several branches, or walk upright on their hind legs while holding on to branches above them with their hands. In both these cases, they distribute their weight between several branches, making their locomotion much safer. They can even exploit the flexibility of tree trunks by climbing high into the canopy and rhythmically shifting their body weight back and forth to make the tree sway so that they can reach across a gap to get to the neighboring tree.



Understanding the mechanics of tree branches gives the great apes another advantage: they can use them to construct a nest in which they can safely sleep. All the great apes are capable of making themselves complex cup-shaped nests in the tree canopy, though huge silverback male gorillas tend to stay on the forest floor. Such nest building provides unexpected benefits and opens up new opportunities.

Monkeys sleep on branches high in the forest canopy. This certainly keeps them safe from ground predators such as leopards and jaguars, but it must be precarious and uncomfortable. The monkeys sit on as thick a branch as they can find, resting their weight on pads of skin that develop on their buttocks, but even so they repeatedly wake up throughout the night. An ape, sleeping within a broad, cup-shaped nest, is far safer and can sleep for longer periods and more deeply. Studies by David Samson, now at the University of Toronto, and his coworkers, comparing neural activity in sleeping monkeys and sleeping apes, have shown that the apes have more frequent bouts of both NREM (non–rapid eye movement) and REM (rapid eye movement) sleep. These types of sleep are important in reordering and fixing memories, which can in turn help improve cognitive ability. Building nests could have helped apes get even cleverer.

It might seem to be a simple task to construct a nest, and that certainly appears to be what primatologists have thought, as they have given them scant attention. But it is not just a matter of breaking a few branches off and weaving them together. For a start, as any gardener knows, and as I was taught as a Cub Scout collecting wood for our campfire, it is nigh on impossible to snap a living branch off a tree by bending it. And this is not because the branches are too strong, but because the structure of wood affects how it breaks.

Wood is quite a complex material, but the main factor that affects the way it fails mechanically is the macroscopic arrangement of the wood cells. Most wood cells are oriented longitudinally up and down the trunk and branches: the long, narrow tracheids that give wood its strength; and the lines of broad open vessels that in broad-leaved trees conduct water. The only other cells are the ray cells, which form spindle-shaped rays that run radially from the pith to the bark, and which reinforce the trunk in this direction, effectively pinning the growth rings together, and preventing the trunk from falling apart.

This complex structure gives wood different mechanical properties in different directions. Wood is hard to break across the grain because this involves fracturing the tracheid walls, whereas it is easily split along the grain, as this just involves separating the tracheids from each other and breaking a few ray cells. Splitting a branch radially is particularly easy as the fracture runs between the rays. Wood is consequently eight to ten times stronger longitudinally than transversely, and most types of wood are also 20–50 percent stronger in the radial direction than in the tangential. This pattern matches the forces the wood has to withstand. The high strength and stiffness of wood along the grain enables it to withstand the bending forces to which tree trunks and branches are subjected by gravity and the wind. The longitudinal fibers are ideally arranged to resist the longitudinal tension and compression forces that the bending sets up within the branch.


[image: Image]
Structure of the trunk of a conifer. The tracheid cells run up and down the trunk, while the ray cells run radially from the center of the trunk to the bark through the growth rings.



But this structural arrangement also makes it almost impossible to detach a living branch. If you bend a branch of green wood, what you are doing is stretching the wood on the convex side, and compressing the wood on the concave side. In a typical branch the wood will fail first in tension, and the branch will start to break across, like a carrot or stick of celery. But it won’t break all the way. As the crack reaches the center of the branch, it gets diverted, traveling up and down the weak center line of the branch, between the tracheids and between the rays. Despite your best efforts, the branch will split along its length and remain half attached. A similar sort of failure occurs in the long bones of children, when it is known as greenstick fracture—coincidentally this often occurs when they fall out of trees! I tasked my PhD student Adam van Casteren, who was out in Sumatra studying how orangutans use the flexibility of branches to move through the trees, to investigate how these creatures overcome the problem of greenstick fracture to build their nests.


[image: Image]
How branches fail when you bend them. They break halfway across, but then split along their length, a process known as greenstick fracture.



Working in the rain forest of Aceh, Indonesia, Adam followed the apes during the day and observed them making their nests in the evening, returning the next morning to climb up to the nests, examine them, and perform mechanical tests on the structures. What Adam found—backed up by films of nest-building orangutans taken by Julia Myatt, Susannah Thorpe’s PhD student—was that an orangutan would find a good strong horizontal branch to rest on, then construct its nest around this support. First, it would lean out and with one hand draw thick branches in toward itself, breaking them in greenstick fracture and hinging them inward, before finally weaving the branches together. The result was a cup-shaped elliptical nest around four feet long and two and a half feet wide. Sitting in the completed structure, the ape would reach out to grab thinner branches and, holding them in two hands, first break them in greenstick fracture, then twist them to break the two ends apart. It then stuffed the broken branches, complete with twigs and leaves, into the nest, behind and around itself to produce a mattress and a pillow, and finally on its lap to produce a blanket. The whole process was remarkably rapid. In Julia’s film, the male ape took only five minutes to build his nest, and half of that time was spent resting between the two stages. Clearly, by the time they are adults—and it takes young orangutans years of observing their mothers and practicing by themselves for them to perfect their constructions—orangutans have an excellent working knowledge and “feel” for the mechanics of green wood.

Given the sophisticated nest-building behavior of apes, it is no surprise to find that they are also capable of making and using simple wooden tools, though primatologists have been reluctant to link these two capabilities. This reluctance may be due to their overreliance on strict definitions. Primatologists define tools as items used for a particular function that are detached from their environment and usually held in the hand. Nests are clearly not tools in these terms, though they require at least equal skill to make. Whatever the reason, it is unfortunate, as it has meant that until recently primatologists have failed to realize the importance of nest-building behavior in the evolution of toolmaking.

Compared with other apes, orangutans make rather few tools in the wild. They have often been observed breaking off twigs and using the ends to poke into holes to collect termites, and Carel van Schaik of the University of Zurich, Switzerland, found a dense population in the swamp forests of Suaq, Sumatra, that had developed two different sorts of wooden tool: one to extract honey from within hollow trees; and a second to prize open the shells of cemengang fruit to extract the nutritious seeds. Van Schaik even found that the orangutans changed their tool design through the season, choosing wider sticks later on as the fruit’s cases gradually opened up. Other populations of orangutans are not so innovative, probably because of a lack of incentive and opportunity: they have little need of tools to eat their normal diet of fruit, and being more solitary, there are few opportunities for a toolmaking culture to develop. In captivity, in contrast, orangutans are notorious for their manipulative skills: they can take scientific apparatus apart with ease and escape from the best-designed cages.

In the wild, chimpanzees are the most proficient and inventive users of wooden tools. Many groups of chimps make fishing sticks like those of orangutans to extract termites, and a chimp may use two different sticks for the purpose: a strong thick stick to make the hole, and a thinner stick with a frayed end to extract the termites from the hole. The honey-loving chimps of Gabon are even more sophisticated. Christophe Boesch of the Max Planck Institute for Evolutionary Anthropology, Leipzig, found that they have developed and carry around a whole wooden-tool kit to break into bees’ nests and raid them of honey. There are thin perforators to probe for the nests; blunt, heavy pounders to break inside; leverlike enlargers to widen the holes and access the different chambers; collectors with frayed ends to dip into the honey; and swabbers (elongated strips of bark) to scoop it out.

But it is in the most extreme environments where chimps make the most innovative tools, and the ones that remind us most strongly of the tools used by modern hunter-gatherers. The savanna chimps of Tanzania, East Africa, make and use digging sticks one to two feet long to probe into the soil during the wet season to excavate plant tubers. The savanna chimps of Senegal have even more disturbingly humanlike powers. Jill Pruetz of Texas State University has observed female chimps making and using spears. They break off two-to-four-foot-long branches, strip them of leaves, and sharpen the narrow end with their teeth. They use these tools to probe into hollow tree trunks, flushing out and even spearing bush babies, which they then eat to supplement their vegetarian diet.

The great apes have clearly made great advances in their mental abilities since they split from the monkeys. This has enabled them to cope with the flexibility and weakness of the branches among which they live, to build complex wooden nests, and to make wooden tools that are in many ways more sophisticated than the stone tools used by early humans. Our earliest ancestors, who split away from the line leading to the chimpanzees and bonobos some 5–7 million years ago, most likely shared these abilities; they would have been architects and artisans whose chosen material was wood.



But despite our similarity to the great apes, there is one ability we still regard as unique to ourselves: the ability to walk upright on two legs. Television films of bonobos walking waist-deep in water look uncanny and disturbing. Most apes can only walk bipedally for short distances, and then in a crouched posture with bent legs and a forward-leaning stoop. Chimps and bonobos tend to move across open ground on all fours, touching the ground with the knuckles of their hands, rather than with the palm, so-called knuckle walking. The one great ape that does walk more or less upright and with straight legs, just like ourselves, is surprisingly the most arboreal one, the orangutan.

And evidence is starting to build that the evolution of bipedalism did not take place on the ground or in the sequence depicted in the conventional picture, through the intermediate stage of knuckle walking. Instead, there is support for an alternative hypothesis put forward by Susannah Thorpe and by Robin Crompton of the University of Liverpool, that our ancestors gained their ability to walk bipedally when they still lived in the trees. Moreover, it is becoming clear that far from striding out immediately into the plains, our ancestors remained in well-wooded regions and stayed in the canopy long after they had become able to walk upright.

Much of the evidence for this hypothesis comes from studies on living apes, and in particular Susannah Thorpe’s investigations of the way orangutans move in the canopy. We have already seen that orangutans frequently walk upright along narrow branches, and that when they do so, they also cling to higher branches with their hands. This allows the animals to distribute their weight over more than one branch and so to travel more safely. But it could also allow the orangutans to take advantage of the springlike flexibility of the branches. As an animal puts its foot down, the branch moves downward under its weight, storing energy, before springing up again and returning that energy. The orangutan could therefore bounce along the branch almost effortlessly, like a person walking on a trampoline. Adam van Casteren tested this aspect of the arboreal bipedalism hypothesis by investigating the mechanical behavior of branches, and seeing whether orangutans could and did use them like springs to help them walk more efficiently. He measured the stiffness of large numbers of branches along their length and investigated how quickly they could spring back up again if an orangutan was standing on them. The behavior of the branches was complex, but Adam found that the thickness of a branch at any particular point predicted its stiffness well; an orangutan would be able to tell how stiff a branch was just by looking at how thick it was. The branches also swung back and forth quickly enough to return energy to walking orangutans. Adam even filmed a few occasions when orangutans were bouncing their way along a branch, something that Susannah was able to replicate more easily with captive orangutans at Chester Zoo, England, filming them walking along purpose-built beams.

Susannah and her research assistant Sam Coward also showed that holding on to branches could help an animal overcome another major difficulty of evolving bipedalism: keeping its balance. This time they used humans as a model species. Experimental subjects had to balance on a springboard while an image of trees swaying slightly in the wind was projected around them. Half the time the people had a flexible pole to hang on to, mimicking a handhold on a branch, while at other times they had no handhold. The people were filmed, and the neuronal activity in their thigh muscles was measured when the springboard was perturbed. The researchers found that following the perturbation people’s thigh muscles had to work harder to maintain balance, but having the handhold reduced this work by up to a third; it had helped the people balance more efficiently.

So being able to walk upright in trees had clear benefits, and the fossil evidence shows that our ancestors did show a gradual change in their lower limbs that allowed them to do so, even while the rest of their bodies were still adapted to arboreal life. For instance, Orrorin tugenensis, one of the earliest hominins on the fossil tree, which lived around 6 million years ago, had the head of its femur bent inward like that of a modern human, suggesting it was capable of bipedality. However, it still had fingers and toes that were curved inward, adaptations to holding on to the branches of trees. The hip and leg bones of the 4.4-million-year-old Ardipithecus ramidus were even better adapted to walking upright, but its feet still had opposable big toes, like a great ape, so it was also well adapted to quadrupedal walking and clambering in the forest canopy. And a recent find in Germany shows that this ability to walk upright in the tree canopy might have evolved much earlier. The 12-million-year-old fossil ape Danuvius guggenmosi had lower limbs like those of Ardipithecus, suggesting that bipedalism might repeatedly have evolved among the great apes.

Paradoxically, therefore, our ancestors developed the attributes, both physical and mental, they would need to succeed on the ground while they were still in the forest canopy. As we shall see, though, the move to the open was still not complete. The next chapter shows how we were able to use our relationship with wood to finally come down from the trees, keep our feet on the ground, and become truly human.






CHAPTER 2 Coming Down from the Trees


In 2016 the anthropological community was shocked to learn that one of its most famous daughters, Lucy, had met a violent death falling from a tall tree. Lucy was not herself an anthropologist, but the most celebrated of all early human fossils. She was a member of the early hominin species Australopithecus afarensis, and much of her skeleton had been found in 1974 among 3.2-million-year-old rocks in Ethiopia, by Donald Johnson of the Cleveland Museum of Natural History. Named Lucy, after the Beatles song “Lucy in the Sky with Diamonds,” which was playing at the anthropologists’ camp, she quickly became a star, as it became apparent that she was capable of walking upright just like us. She had humanlike hip bones with short iliac blades and a wide sacrum, and the top of her femur bent inward toward the hip joint, allowing her legs to point down vertically. Further biomechanical studies of Lucy over recent years have confirmed the initial interpretation that she could walk like a modern human. Bill Sellers of the University of Manchester reconstructed Lucy’s lower body in a computer and produced simulations of a walking gait that were essentially human. And in 2011 Robin Crompton of the University of Liverpool found that the footprints left in sand by even-earlier australopiths some 3.6 million years ago strongly resembled modern footprints. Clear impressions of the heel and the ball of the foot showed that these creatures had adopted our characteristic straight-legged walking gait. Combining such overwhelming evidence with the location of the fossil finds, the drought-ridden Afar Triangle of Ethiopia, it is not surprising that the earliest reconstructions of Lucy showed her striding across a barren landscape of grasses, with just the occasional bush in sight. Lucy, it seemed, was the first girl on the catwalk of human evolution; so the idea of her being in a tree, let alone falling from it, might seem unlikely.

But the evidence for the scenario of Lucy’s death is fairly compelling. It had always been assumed that the breaks in her fossilized bones had occurred in the millions of years since she died. However, when John Kappelman and his coworkers from the University of Texas scanned her skeleton in an MRI machine, they found fractures characteristic of the sort that are seen in adult fall victims. The leg and arm bones both had complex compression fractures, with breaks running at forty-five degrees to the long axis of the bones. They also found instances of the greenstick fractures that are seen in children who have fallen out of trees; the bones were fractured in bending, but had only broken halfway across before splitting lengthwise, just as when green twigs are bent. And Kappelman’s interpretation that Lucy had fallen from a tree fits in with a number of other discoveries that have suggested that far from being fully terrestrial, Lucy and her relatives were semiarboreal. For a start, the environment of East Africa was not then as arid as it has since become; in Lucy’s day the area would have been covered with savanna woodland.

There is also compelling anatomical evidence from the upper bodies of australopiths that Lucy was semiarboreal. She had strong chimplike arms and curved fingers that would have been ideal for a life involving a lot of tree climbing. In 2012 David Green of Midwestern University and Zeresenay Alemseged at the California Academy of Sciences also showed that she had apelike shoulder blades. And in 2016, CT scans of Lucy’s bones by Christopher Ruff of Johns Hopkins University and colleagues showed that she had thick-walled arm bones like those of chimpanzees and unlike the thin-walled bones in our own arms. She must have used them for climbing. Finally, a 2018 study of the foot bones of a juvenile Australopithecus afarensis from 3.3 million years ago showed that this youngster had even more curved metatarsal joints than Lucy, something that would have enabled it to move its big toe in and out, so it could have used it like a thumb to grip branches. It must have spent plenty of time climbing in the trees and clinging to its mother.

So, though early australopiths such as Lucy looked like us from the hips down, above the waist they would have resembled apes. The same seems to have been true for even more recent hominin species. Australopithecus africanus, which survived until just over 2 million years ago, also had the long arms and curved fingers of a tree climber. And even the first member of our own genus, Homo habilis, which lived between 2.1 and 1.5 million years ago, had relatively longer and stronger arms than us. It seems that it was only with the emergence of Homo erectus, less than 2 million years ago, that humans became fully adapted to a terrestrial lifestyle.

But if hominins had been able to walk upright like us 3.6 million years ago, why did they retain their ability to climb trees for a further 2 million years? To understand the human story we have to be able to explain not only why early hominins came down from the trees in the first place, but why they were so reluctant to make the descent permanent. And we also need to be able to explain how Homo erectus finally managed to break free to become truly terrestrial.

Recent studies of the history of the global environment have shown that the key to understanding why hominins came down from the trees is climate change. Over the last 20 million years, the world’s climate has been getting cooler, caused in large part by movement of the earth’s tectonic plates. As India has plowed into the Eurasian plate, it has forced the Himalayas upward, and the silicate rocks this exposed have absorbed carbon dioxide from the atmosphere, reducing the strength of the greenhouse effect. The climate has cooled, and the tropics and subtropics have become more seasonal, with wet seasons being interspersed with increasingly long dry seasons. This trend has been most evident in East Africa, where the mountains that have been pushed up by the formation of the Great Rift Valley have cut off the rainfall coming from the Indian Ocean. What previously was continuous tropical and monsoon forest has opened up, the trees unable to cope with the longer dry seasons except in the damper soils along river valleys.

The exposure of the forest floor to light has allowed a new type of ecosystem, savanna, which is dominated by grasses and other herbaceous plants, to take over. These plants only grow in the wet season and survive the dry season by dying back and storing their energy underground in fleshy bulbs, corms, or roots.

Clearly, this change in vegetation was bad news for forest-dwelling apes. Like the modern-day savanna chimps that we saw in the last chapter, they would have been forced to the forest floor, first of all to travel between the scattered trees, but also in search of other types of food to supplement their diet of fruit. They must have varied their diet, as modern-day chimps do, by eating the termites that abound in savannas, raiding honey from bees’ nests, and hunting small mammals such as bush babies. Like the chimps, they probably fashioned wooden tools, such as probes, chisels, and spears to do this, and maybe used stone hammers to break open the hard nuts and seeds that the new types of drought-tolerant plants produced. But their main source of food in the dry season, like modern-day hunter-gatherers such as the Hadza people of Tanzania, who live in similar savanna woodland, would have been underground roots and bulbs.

Unfortunately, eating roots presents difficulties because plants receive no benefit from their roots being eaten; unearthing a plant’s roots and eating them kills the plant! In contrast to fruits, therefore, which are adapted to be easy to eat, roots are strongly defended. First, plants protect them mechanically, by incorporating tough fibers within them. Both the early australopiths and Homo habilis developed their dentition to cope with these mechanical defenses; they replaced the pointed canines and cusped molars of fruit-eating apes with smaller canines and huge platelike molars coated with thick enamel: teeth more suited to breaking off and grinding up tough plant material. Later australopiths, such as Paranthropus boisei and Paranthropus robustus, also developed large sagittal crests on the top of their heads, rather like ones you can see on modern hyenas, which acted as the insertion points of huge jaw muscles. It is thought that this would have helped them grind up the tough roots and crack open hard nuts and seeds.

Plants also defend their underground storage organs chemically, by incorporating astringent chemicals to precipitate out digestive enzymes, and toxins to poison consumers. Australopiths developed large guts to help digest this difficult food, something shown by the expansion of their lower rib cage. They must have been potbellied, just like proboscis monkeys. But the main difficulty in eating roots is accessing this subsoil resource in the first place. Baboons, the only primates that currently live on the African plains, use their hands to dig in the soil, but they can only reach shallow bulbs and corms. Warthogs use their impressive tusks to dig a bit deeper. The hominins would have had to develop a new technology to access even longer, deeper roots. As we saw in the last chapter, some modern savanna chimps use digging sticks to do this, but these are seldom more than 0.6 inches thick and 12 inches long. With such short, spindly tools, which for some reason they hold at the thin, weak end, they are incapable of digging up anything but shallow roots and bulbs, and then only in the wet season when the soil is soft. Australopiths would have needed something better.

No experimental studies have been carried out to investigate the best design for digging sticks; fortunately, though, the prizing out of soil is mechanically similar to the felling of taprooted plants, something that I myself have investigated. Simple mechanics tells us that to improve their digging performance, early hominins would have needed to break off and use longer, stouter sticks; a stick twice as thick is sixteen times as rigid and eight times as strong; when used for digging, such a stick would be able to prize out double the depth of soil. The hominins would also have had to sharpen the end of the stick to allow it to be pushed into the soil more easily. Bearing in mind the perishability of wood, it is not surprising that no digging sticks have been found from the period of early hominid evolution. Indeed the earliest digging sticks that have been found are only 170,000 years old and were made by our close relatives the Neanderthals at Poggetti Vecchi in southern Tuscany. They were forty to fifty inches in length, one inch to one and a half inches in diameter, and were sharpened by charring the narrow end in a fire and scraping off the burned wood. The digging sticks used by modern-day hunter-gatherers, such as the women of the Hadza tribe, are even larger and more sophisticated. They cut sticks that are over a yard in length, an inch and a half thick, and weigh anything from one to two pounds. And the roots the Hadza dig up using these tools are extremely impressive, putting our carrots and parsnips in the shade. Their favorite //ekwa hasa roots are around four feet long and highly nutritious. The Hadza women dig them up by pounding the pointed end of their sticks into the soil to break it up and levering out the loosened soil with a digging motion; the process is so efficient that the women can collect enough roots in a few hours for the daily needs of their band.

These sticks are quite sophisticated implements, but the Hadza have access to iron tools such as machetes, which they use to cut new sticks every week or so and to sharpen their tips. As they did not have access to metal or, in the earliest times, perhaps even stone tools, australopiths would have been unlikely to be able to make digging sticks as large as those of the Neanderthals or the Hadza. However, there must have been strong selection pressure in early hominins to learn how to break off and prepare thicker, longer, and stronger sticks. This may have driven them to develop new stone tools with sharp edges that could saw through wooden branches and whittle the ends into points. To do this, and to handle the digging sticks effectively, they would also have had to evolve stronger gripping hands with fully opposable thumbs.

In using digging sticks, early hominids would have made use of the superior mechanical properties of wood. We saw in the last chapter how the cellular structure of wood influences how a branch breaks when it is bent. But its strength, stiffness, and toughness is down to the molecular structure of the cell walls themselves. The cell walls are stiffened by crystalline microfibrils of cellulose, which are embedded in a softer matrix of hemicellulose that is stabilized by a polymer called lignin. The beauty of the design is the way that most of the fibrils coil around the cell at an angle of around twenty degrees to its long axis, reinforcing the cell along its length. And when the cell wall finally breaks, the fibrils uncoil like a stretched spring, creating a rough fracture surface with thousands of tiny hairlike fibrils projecting out of the wood. This process absorbs huge amounts of energy, making wood around a hundred times as tough as fiberglass, and giving wood its resistance to fracture. It’s the reason why trees stand up so well to hurricanes that can destroy more rigid man-made structures, and why wooden boats are far more resistant to bumps than fiberglass ones.

But the early hominins would also have been helped by the first of two incredibly fortuitous properties of wood, properties that are of no actual benefit to the trees that make it. If wood is broken off a tree and starts to dry out, its mechanical properties improve! This is most unusual for biological materials; bones, horn, and nails all get weaker and more brittle as they desiccate. As the cell walls of wood dry out, however, and water evaporates from within the hemicellulose matrix, the matrix stiffens up, preventing the cellulose fibrils from shearing past each other so easily. This stiffens the wood while leavings its strength and toughness, which depend on the cellulose fibrils themselves, unchanged. At the 60 percent relative humidity of the savanna dry season, the water content of wood typically drops from 30 percent to 12 percent and its stiffness triples. Early hominins would have made use of this transformation, just as people have been doing ever since. They could have sharpened the points of their digging sticks while they were still green, using either their teeth or sharp stones, and used them later when they had dried out and stiffened up. A fully dried stick would be able to dig a hole around 50 percent deeper than a green stick.


[image: Image]
Structure of a wood cell. The cellulose fibrils in the main S2 layer spiral up the cell at an angle of around twenty degrees to its long axis.



It is perhaps best, therefore, to visualize early hominins as essentially bipedal and semiarboreal apes. Their brains were not much larger than those of modern-day chimps; Lucy’s brain had a mass of around one pound, the later P. boisei and P. robustus had brains of around 1.2 pounds, and Homo habilis had a 1.4-pound brain. They must have behaved rather like modern-day savanna chimpanzees, eating a wide variety of vegetable matter, but with rather greater reliance on underground roots, and a greater ability to fashion and use wooden tools. Certainly, by 3.2 million years ago they were also using primitive stone chopping tools, the so-called Oldowan tools, which we will look at in more detail in chapter 4, and they had also evolved hands that were better for grasping these tools. However, they were almost certainly still covered in hair and had upper bodies that would enable them to climb back up into the forest canopy, with strong arms and shoulders and curved, grasping fingers. Lucy and her relatives must have lived in savanna regions, with the grassland interspersed by areas of forest, or single trees. But if they were foraging so much on and beneath the ground, it seems puzzling that they continued to return to the trees; there must have been a major problem that prevented them from coming down permanently.

Looking at the present-day African plains, it is clear what that problem must have been: they would have been extremely vulnerable to being eaten by predators such as saber-toothed cats, scimitar-toothed cats, and the ancestors of present-day lions and hyenas. Today, baboons are the only large primates that live on the plains of Africa, and they have real problems with predation. Compared to early hominins, they are physically far better able to defend themselves; they have huge canine teeth, and a fully grown male may weigh as much as ninety pounds, more than a match for many large cats. Even so, baboons have to live together in groups of twenty to two hundred individuals to protect one another, and yet they still get a rotten night’s rest. The sleep specialist David Samson and his colleagues have found that even when they are living in zoos, baboons wake up eighteen times a night, only sleep for 60 percent of their rest period, and get into deep REM sleep only around 10 percent of the time. This contrasts with 18 percent of the time for chimpanzees, which sleep in nests, and 22 percent for modern humans. Considering the importance of deep sleep for the functioning of a large brain, this would mean that for a relatively defenseless early hominin, being able to climb trees would have been vital to enable them to survive and evolve intelligent behavior. Like savanna chimps they must have carried on building nests and sleeping in the canopy. They would have climbed into the canopy not only in search of fruit, to break or saw off digging sticks, but also to make sleeping nests, where they could rest safely overnight. Lucy’s death was probably just an accident as she was going about her morning or evening chores.
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