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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 Missing]

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.
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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
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At 450,000 years old, the Clacton Spear, discovered in Essex, England in 1911, is the world’s earliest known wooden artifact. The point was sharpened with a stone blade, either when the wood was still green or after being charred in a fire. Archaeologists have interpreted the artifact’s intended use in myriad ways: it could be the broken end of a digging stick, lance, or a spear.

The Natural History Museum/Alamy; 
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The ability to fell trees enabled Mesolithic people to build roomy round houses. The turf covering this reconstruction of an eight-thousand-year-old hut in Howick, Northumberland, hides a complex structure underneath, with a ring of posts supporting the rafters.

Clearview/Alamy; 
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The first carpentry? In this 3-D rendering of a 7,300-year-old well lining from eastern Germany, the bottom of the frame features mortise-and-tenon joints, while the upper layers are joined by interlocking grooves. The rough ends to the planks show the difficulty Neolithic people had cutting wood across the grain before the advent of metal tools.

Tegel W. et al. 2012. “Early Neolithic Water Wells Reveal the World’s Oldest Wood Architecture.” Plos One 7 (12): e51374; 
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The tool innovations of the Neolithic LBK people allowed them to build long, narrow timber dwellings for multiple families. This reconstruction of a LBK longhouse from La Hougue Bie Museum in Jersey has a roof supported by five lines of poles, the outermost ones forming the walls, which are all dug into the ground, while the hurdle door is made from coppiced poles.

Philip Bishop/Alamy; 
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The 5,200-year-old Ljubljana Marshes Wheel is the world’s earliest surviving wheel and axle. The wheel is made from two planks joined by a series of battens (now broken) that fit snugly into grooves chiseled out of the planks. The square hole in the wheel fitted onto the axle and rotated with it.

Andrej Peunik/© Museum and Galleries of Ljubljana; 
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The reconstructed 4,500-year-old solar ship of Khufu, now in a museum next to the pyramids and sphinx at Giza, Egypt. Sealed disassembled in a pit at the foot of the Great Pyramid, the 143-foot long vessel was built to take the resurrected pharaoh across the sky. The short cedar planks were joined together with mortise-and-tenon joints as in many Bronze Age boats.

Stefan Lippmann/Oneworld Picture/Alamy; 




[image: Image Missing]

Statue of Ka-Aper, around 4,500 years old, from the Cairo Museum in Egypt. Carved from sycamore, the statue presents the priest with a distinctive personality, in contrast to the idealized stone statues of the pharaohs. One can even see his receding hairline.

Werner Forman Archive/Egyptian Museum, Cairo/Heritage Images; 
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The prow of the early-ninth-century Oseberg ship from the Viking Museum, Oslo. Note the fine carving, graceful lines, and clinker construction of the hull. The individual strakes were riveted together with iron nails before an internal frame was added to strengthen the hull.

Jorge Tutor/Alamy; 
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Detail of the Bayeux Tapestry from the eleventh century, showing the construction of William the Conqueror’s fleet for the Norman invasion of England. On the left, foresters fell trees, while in the center a carpenter shapes planks using a broadaxe. On the bottom right, workers shape the hull of a ship, while at the top right the shipwright assesses the alignment of the hull and a workman drills holes in it with an auger.

With special permission from the City of Bayeux; 
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Heddal Stave Church, built in the early thirteenth century near Telemark, Norway. In stave churches, the walls are made  from  lines  of vertical split logs, or staves, while the main structure is supported by a framework of logs and beams and the roof is covered with wooden shingles.

Andreas Werth/Alamy; 
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Harmondsworth Great Barn was built near London in the early fifteenth century and could store three thousand tons of grain. The oak pillars are mounted on stone supports to prevent the base rotting, while the roof is held up by a series of rough oak trusses.

Boris Baggs/Arcaid Images/Alamy; 
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Esslingen Town Hall, in southwest Germany, built in the early fifteenth century, is a typical wood-framed medieval building. The upper stories jut out from the ones below, helping prevent the floors from sagging, while the diagonal cross struts stabilize the structure against the wind.

Markus Lange/Alamy; 
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The hammer-beam roof of Westminster Hall, London, was built in the late fourteenth century and is the oldest part of the Houses of Parliament. The impressive-looking structure spans sixty-eight feet but the truss is actually rather inefficient. The curved elements do not act as arches but are merely decorative, and the walls have had to be buttressed from the outside to prevent collapse.

Adam Woolfitt/Alamy; 
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A brightly painted dougong, or roof bracket, from the memorial archways at the Mogao Grottoes, Dunhuang, Gansu Province, China. Dougongs support the roof of Chinese buildings, while their flexibility allows the building to sway harmlessly in earthquakes.

Zhang Shuo/TAO Images Limited/Alamy; 
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HMS Victory, here seen at the Portsmouth Historic Dockyard, England, was the ultimate wooden warship and Nelson’s flagship at the 1805 Battle of Trafalgar. The huge masts are made from the trunks of American white pine trees and the hull from oak beams and planks. The complex rigging was controlled with the help of large numbers of wooden blocks or pulleys.

Greg Balfour Evans/Alamy; 
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A Windsor chair made in England in the 1760s. The arms and back have been steam bent into graceful curves, allowing the chair to sport the Gothic arch that was fashionable at the time.

Courtesy of the Metropolitan Museum of Art, Purchase, Bequest of John L. Cadwalader, by exchange, and Peek Family Foundation Gift, 2016; 
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A serpent made in France in 1820. A predecessor of the tuba, the serpent was a bass cornett, and the last of the wooden “brass” instruments with a trumpetlike mouthpiece to be commonly used. Serpents formed part of church bands well into the twentieth century and were mentioned in Thomas Hardy’s novel Under the Greenwood Tree.

Courtesy of the Metropolitan Museum of Art, Purchase, Robert Alonzo Lehman Bequest, 2012; 
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Ten men constructing a balloon-framed house in the western United States, 1877. Note how narrow the timbers are compared with those in the medieval town hall in image 12. They were joined together using machine-cut nails and covered with boards inside and out.

National Anthropological Archives/Smithsonian Institution; 
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A train on the trestle TVRR Bridge at the head of Fox Gulch, Alaska, 1916. To bridge canyons, Americans preferred to build trestle bridges over stone viaducts or earthen embankments. They were made by joining logs together with wrought-iron bolts to build a complex braced structure. The funnel-shaped smokestack of the train shows it was burning wood, not coal.

Library of Congress; 
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A log raft on the Columbia River, Oregon, 1902, shows the huge scale of forestry operations even before the invention of chain saws and heavy logging equipment. Log rafts have been floated down rivers to cities around the world like this for centuries.

Library of Congress; 
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An Albatros DVa fighter flying at Duxford Air Museum, Cambridgeshire, England. This German World War I fighter had a plywood fuselage that was formed into a beautiful streamlined shape.

Antony Nettle/Alamy; 
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The Winter Gardens in Sheffield, England, was built in 2003 and is an example of the architectural possibilities of modern glulam construction. Here each laminated larch beam has been curved into a graceful parabola, bringing new life to the conventional glasshouse. Note how the beams are supported at the base with steel brackets.

eye35.pix/Alamy; 
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At 280 feet high, the eighteen-story Mjøstårnet mixed-use tower in Brumunddal, Norway, is currently the world’s tallest wooden building. It is supported internally by a framework of glulam and CFL beams rather like medieval halls and balloon-framed houses.

Nina Rundsveen/Courtesy of Wikimedia Commons






About this Book

When our ancestors came down from the trees, they brought the trees with them and remade the world.

Wood. We burned it to create fire. We fashioned it into tools. We built homes, roads, boats and cathedrals; became explorers, inventors, industrialists. We transformed the world.

This unique history of humanity tells the story of our evolution, our civilisations and our future through the lens of the material that made us.

Drawing together recent research and reinterpreting existing evidence from fields as far ranging as primatology, anthropology, archaeology, history, architecture, engineering and carpentry, Ennos charts for the first time how our ability to exploit wood’s unique properties has shaped our bodies and minds, societies and lives. He also charts the dislocating effects of industrialism and explains how rediscovering traditional ways of growing, using and understanding trees can help combat climate change and bring our lives into better balance with nature.
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