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Introduction

It is easy to understand why so many of us are so fond of birds. They are lively; they are lovely; and they are everywhere. They have characters with which we can easily identify – cheeky and shy, gentle and vicious, faithful and faithless. Many enact the dramas of their lives in full view for all to see. They are part of our world yet, at a clap of our hands, they lift into the air and vanish into their own with a facility that we can only envy. And they are an ever-present link with the natural world that lies beyond our brick walls. It is hardly surprising that human beings have studied birds with a greater dedication and intensity than they have lavished on any other group of animal.

The first task of ornithology was to give names to birds. Every society, of course, has produced its own version, often in great detail. In the eighteenth century, the Swedish naturalist, Carl von Linné, proposed a uniform way of classifying all living things based on the names used by Greek and Roman naturalists. That, greatly refined and elaborated, remains the system used by scientists all over the world ever since. Today, two hundred and fifty years later, we have found names for some ten thousand different species of birds. Museums and other scientific institutions have accumulated cabinets full of bird specimens with dozens, sometimes hundreds of examples of each species, each one carefully prepared, meticulously measured with every tiny variation in coloration and size duly noted. The introduction of portable binoculars and, later, photography, allowed that high expertise to spread into the field. Now it is no longer necessary to shoot a bird to identify it. Now ornithologists have become so expert that they can identify a wild living bird from a snatch of song or the briefest glimpse of its plumage or silhouette. That is a skill which I greatly admire, but one, alas, that I do not possess.

But that is not what this book is about. My fascination with birds comes from watching how they behave. Ornithologists began to study this aspect of their subjects rather earlier than those working in many other branches of zoology. While big-game hunters were still shooting antelopes in the belief that establishing the maximum size of the horns of any species told us something important and were arguing, on the basis of skin patterns, how many species of giraffe exist, ornithologists were beginning to investigate the journeys birds make. To do this, they needed to identify individuals. One technique, which those working with other animals were somewhat slower to adopt, was to use tags or bands. Jean-Jacques Audubon, back in the early nineteenth century, is said to have tied coloured threads to the legs of the flycatchers that each summer visited his parents’ mill in Pennsylvania and so established that birds which nested there reappeared the following spring after their migration south and nested in exactly the same place. That in itself was an astonishing finding, but a mere hint of what would be discovered about the extraordinary abilities of birds.

Those discoveries, however, were a long time coming. Individual birds of the same sex and species tend to resemble one another more closely than do those of any other large animal. Scientists working with elephants quickly learn to distinguish individuals from the irregular shapes of their huge ears. Chimpanzees have faces that are as different from one another as those of human beings. Humpback whales have different white patterns on the flukes of their black tails. Lions, being of a quarrelsome disposition, tend to acquire characteristic scars on their muzzles – and even if they don’t, have whiskers that vary in their number and disposition. But it is virtually impossible to distinguish one fully fit male dunnock from another.

So watching one in our garden, we tend unthinkingly to make assumptions about its social arrangements. We assume that it is always the same one which collects a worm from the lawn and seldom question whether it is also always the same bird which devotedly supplies food for the chicks in the nest in the hedge. Until comparatively recently, it simply did not occur to anyone that there was any need to fit a ring on a bird that lived permanently in the garden to test such assumptions. But when an ornithologist caught dunnocks and did so, he discovered that the marital arrangements of these birds were of such a variety that had they been human beings they would have made headlines in the newspapers.

Once the use of leg rings extended beyond migration studies, other techniques soon came into use. Small devices were fitted on the backs of large birds which sent regular signals to a satellite high in the sky and relayed them down to a receiving station on earth. So it was discovered that a wandering albatross may travel 1,600 kilometres in order to gather a cropful of food and bring it back to its chick sitting by itself on a lonely Antarctic island. Penguins were persuaded to swallow tiny instruments that measure water pressure. These, carried in their stomachs, showed that king penguins regularly swim down to depths of 300 metres in the ocean in search of fish. Genetic fingerprinting was used to identify the exact parentage of young birds, and it was revealed that such was the complexity of the superb fairywren’s life that a male may not be the father of a single one of the chicks that he so devotedly feeds in his nest. The science of bird behaviour has now become a rich and fascinating subject.

And that is the subject of this book. Even though many of the investigative techniques are of such sophistication that they can only be used by full-time research scientists, there is still a great deal of research work that is done by dedicated amateurs. The ubiquity of birds and the devotion they inspire has produced a worldwide army of enthusiasts prepared to devote their spare time and endure the most uncomfortable of conditions in order to make observations and collect data. The literature recording all this work, both amateur and professional, is huge and widely scattered, much of it only found in specialised scientific journals. Without that great body of raw data and the distillations that have been made from it, barely a single page of what follows could have been written. My debt to such publications is huge. I have not, however, given individual references to all these sources in order not to clog the text. Nor, for a similar reason, have I used scientific names for the species I mention. Their precise identity, however, can be discovered by consulting the index in which their scientific name is listed beside the colloquial name I have used in the text.

It is my hope that the pages that follow will show something of the deep fascination to be found not only in naming birds but in discovering what they do and why they do it.
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ONE

To Fly or Not to Fly

A bird of prey circles high in the sky above a limestone cliff that rises sheer and white above the green forests 	of Borneo. Earlier in the day, it had been roosting in the trees so motionless that few other animals could have noticed it. As the evening sun started to sink and lose its brilliance, the bird had flapped lazily into the air to start its patrol. Now it looks down towards the black mouth of a cave that gapes in the face of the cliff. Deep inside, a million bats hang from the ceiling, packed together so tightly that the rock above them is hidden. Unlike the hawk, they cannot see the sinking sun to take a cue from its impending disappearance. Nor can they have detected a drop in temperature for the conditions inside the cave are remarkably stable. Yet somehow the bats know that outside the day is coming to an end and that soon they will be able to fly out into the darkening forest to gather their nightly harvest of insects. 

A few flutter uncertainly into the air and fly to and fro, navigating in the blackness by the echoes of their ultrasonic squeaks. Then, within a minute or so, they organise themselves into a column. Like a wavering black ribbon, it snakes across the ceiling only inches beneath the rock. It advances, winding round bumps and along crannies from one chamber into the next, until eventually it reaches the great hall that forms the cave’s entrance. Outside, the sun has vanished, but if you are sitting in the cave mouth there is still enough light for you to watch the black ribbon advancing diagonally across the ceiling until it reaches the highest point in the far corner. As it arrives, the bats break ranks and spill out into the open across the forest canopy.

The hawk watches. It does not seem to be in any hurry. There are so many bats in the cave that their exodus will last many minutes. It can choose its moment. Suddenly, it makes up its mind. It tips down, accelerates on rapidly beating wings and dives straight into the cloud of bats. Its feet come forward and it grabs a bat with its talons. Sometimes it rips its prey apart with its beak as it flies. On other occasions, it carries the crumpled bat back to its roost to feed. It may catch two or three bats before the last of them leaves the cave and darkness falls. The hawk has particularly large eyes but even so, after about half an hour, it can no longer see well enough to repeat its accurate high-speed pounce. However, it has gathered all it requires. Bats are certainly the most skilled and agile of all flying mammals but they are no match for the bat hawk. As long as there is light, the skies belong not to the mammals but to birds.

Perhaps that is to be expected. Birds have been flying for much longer than bats. The oldest bat fossils to be discovered date from around fifty million years ago and birds were flying at least a hundred million years earlier still, at the time of the dinosaurs. They were not, however, the first animals to colonise the air. Insects preceded them by some two hundred million years. Some of the first were giants with wings over 30 centimetres across. As the millennia passed, the descendants of these pioneer aviators evolved many different techniques for flying. Some had two pairs of wings, others just one. Some developed gyroscopic stability controls, others beat their wings faster than muscles could contract and managed to do so by hitching them to the vibrating shell of their thorax. But they did not grow very large. Insect bodies are constructed in such a way that they cannot operate above a certain size and no insect has ever exceeded those early giants. When birds appeared, the insects found themselves outflown and that superiority remains today.

If you are in doubt, watch a spotted flycatcher, that once common but now declining summer visitor to gardens all over Europe. It is a somewhat nondescript bird with no dramatic colour in its plumage, but it draws your eye immediately because of its actions. It usually sits, very upright, on a bare branch of a tree and every few seconds takes off in a swerving twisting flight before returning to its branch. Get nearer to it and you may hear a faint click in the middle of its excursions. That is the sound of its beak snapping shut on an insect. Dragonflies may zig-zag and dodge but they are lucky to escape if the bird gets anywhere near them. Flies and ichneumonid wasps are snatched from the air without any difficulty. The bird is so skilled that sometimes it returns to its perch with several small insects held deftly in its beak. Each victim is dealt with appropriately. Butterflies are stripped of their wings. Horse-flies are swallowed as they are, but bees and wasps, although they are of a similar size and general appearance, are recognised and made harmless by being rubbed vigorously against the perch so that their stings are discharged before the bird swallows them. The insects met their match in the air a long time ago.

[image: Image Missing]
   
When, then, did the birds first achieve this dominance of the skies? The answer was discovered during the last century in Bavaria not far from Munich. The countryside there is studded with quarries where men extract a lovely cream-coloured limestone that has been used for building since Roman times. It is so smooth, uniform and fine-grained that, in the nineteenth century, it was used for lithographic printing. In some places, it splits into thin slabs. Separating them, one after the other, from the top of a block is like opening the pages of a book. Most of these pages, it must be said, are blank, but every now and then, lifting one reveals the perfectly printed record of an animal – a bewhiskered shrimp, a fish with its fins and ribs immaculately preserved, a horseshoe crab lying at the end of a trail of its last footprints. Sometimes there is a faint brown stain around these remains showing the position of soft parts that decayed and dissolved soon after death. Even such insubstantial creatures as jellyfish have been found delicately delineated.

From these fossils it is not difficult to deduce the sort of conditions under which the limestone was deposited. It was once mud on the floor of a warm tropical lagoon. Land lay a few kilometres to the north and to the south a coral reef separated the lagoon from the open sea. Because there was little flow in or out and the rate of evaporation in the warm sunshine was high, the waters became so saline that no animal could make the lagoon its permanent home. But periodically an unusually high tide would sweep over the reef, carrying with it creatures from the sea beyond. Occasionally animals from the mainland flew across the lagoon and crashed into its tepid salty waters. So there are fossils of insects – mayflies, dragonflies, locusts, beetles, wasps – ample evidence of how advanced and sophisticated insects had become in the air even at this remote period. There are also exquisitely preserved skeletons of small flying reptiles – pterosaurs, with the faint outlines of their skinny wings plainly visible around their elongated straw-thin fingers.

Such wonderful, beautiful fossils have been collected and treasured for centuries. But in 1860, a quarryman working near the small village of Solnhofen split a block and made an unprecedented and astonishing discovery – a feather. It is quite small, only 15 centimetres in length and less than 6 centimetres wide, but it is preserved in the greatest detail. In a couple of places the filaments of the blade are separated and at the base of the quill there is a little tuft of isolated ones. The vane on one side of the quill is only half the width that it is on the other. This asymmetry has particular significance. The feathers on a modern bird’s wing are shaped in just this way and positioned on the wing with the narrow stronger edge at the front. Such a shape makes it clear that this ancient feather had an aerodynamic function. It looks scarcely different from a wing feather that one might pick up today on a country walk. Yet it must have fallen from the wing of a creature that flew across the lagoon one day a hundred and fifty million years ago.

What kind of creature was it? No living creatures grow feathers except birds. Indeed, feathers are taken to be the defining characteristic of birds, so the Solnhofen feather, by definition belonged to a bird. But what kind of bird? Science did not have to wait long for the answer. The very next year, in 1861, in a quarry only a few kilometres from that where the feather had been found, a nearly complete skeleton was discovered. It was the size of a chicken and it was surrounded by the detailed impressions of feathers.

But this was a very strange bird indeed. It had a long bony tail; each foreleg had three separate digits, each of which ended with a curved claw; and its skull, as was revealed by later finds, carried not a beak but bony jaws studded with teeth. It was clearly part-reptile and part-bird. The scientist who described it called it Archaeopteryx, a name based on two Greek words meaning ‘ancient wing’. Since that time several more specimens have been identified so that now we know a great deal about this extraordinary creature’s anatomy. Yet the debate still continues about exactly how it lived.

The claws on its wing fingers give some clues. A few birds still retain such things even today. Some swans, ducks, jacanas and several other birds have them, hidden out of sight beneath their plumage. The screamers, goose-like birds that live in South America, carry two very prominent and easily visible ones on each wing which are displayed during territorial disputes and used as weapons during fights between males. But perhaps the most likely clue as to how Archaeopteryx used its wing claws comes from an odd bird living in northern South America, called the hoatzin.

The hoatzin is a swamp-living leaf-eater with a rather clumsy lumbering flight. It makes an untidy platform of twigs as a nest on which it lays two or three eggs. The young, when they hatch, have two well-developed claws on each wing. As the nestlings grow, they become venturesome and clamber about in the mangrove trees using these wing claws to help them cling to the branches. If they become alarmed, perhaps by some predator, they will dive into the water beneath and then, after a short time, use their claws to clamber back to their nest. Once the birds become adult, they lose their claws. Maybe Archaeopteryx which retained them throughout its life used them in the same way as the hoatzin chicks do. Although no fossil logs or substantial branches have been found in the Solnhofen limestone, there are occasional leaves of conifers, cycads and maidenhair trees so undoubtedly forests were not far away. The rarity of the Archaeopteryx fossils suggests that these creatures only appeared above the lagoon very infrequently. They must have strayed across from the mainland and the forests that were their true home.

There are other indications that Archaeopteryx lived in trees. The big toe on each foot points backwards, as it does in most modern birds, so enabling the animal to grasp a perch. Its long tail also seems to belong to a bird that lived up in trees. It is beautifully preserved in several of the specimens and shows no sign of being bedraggled at the tips as it might well be if the creature spent much time on the ground. And it is so long that it would be a grave encumbrance if its owner lived on water.

But did it use its wings merely to glide from one branch to a lower one, or was it capable of beating them and so powering its flight? If it could flap, then it must have had muscles connecting its wings to the bones of its chest. There was no evidence in the first specimens of any bone that might have provided such an attachment, but this does not mean that such muscles did not exist. They could have been fixed to a piece of cartilage which would have rotted and left no trace to be fossilised. So the question had to remain open. But in 1992 new evidence appeared. Yet one more specimen, the seventh, was found in a quarry only a few kilometres from that which produced the first. It is smaller than the first and differs sufficiently in other details for it to be regarded as a different species. It has been named Archaeopteryx bavarica and it has something the other specimens lack, a large bony breastbone. This is more than adequate as an anchor for wing muscles. So the likelihood is that these pioneering aviators did not just glide but flapped their way through the forest – and occasionally across the lagoon into which some of them crashed. More recent work, using special x-rays, has revealed the structure of Archaeopteryx’s wing bones to be similar to that of modern birds, the structure most closely matching that of quails and pheasants, which are capable of short bursts of powerful flight. 

Archaeopteryx could not have been the first backboned animal to have taken to the air. Its feathers have such a complex structure that they must be the product of a long evolutionary process that extended over many thousands of generations. But why should that process have started? Why should Archaeopteryx’s ancestors have found it advantageous to have feathers even of the simplest kind? The answer to that clearly depends on who those ancestors were.
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One possibility is that they were dinosaurs. Indeed, the similarity between Archaeopteryx and a small dinosaur is so close that one specimen lay for decades in a museum classified as a dinosaur until a more careful inspection revealed the faint impression of feathers around the forelimbs and made it clear that it was, in fact, an Archaeopteryx. Such small dinosaurs were probably active predators that chased after their prey. To be as active as that, an animal’s body must be warm so that its chemistry works vigorously and produces a lot of energy. Fast-moving reptiles of today, such as lizards and snakes, achieve this condition by warming themselves in the sun. But some argue that small dinosaurs such as the velociraptors were able to generate their own heat internally, as mammals do. Such a process is very expensive in terms of energy and uses up a significant proportion of the calories taken in as food, but it brings considerable advantages. It would, for example, enable an animal to be active in the early mornings and gather food when its competitors were still cold and torpid. A warm insulating coat would then be invaluable. Reptiles of the time were covered in scales, as modern ones like the Australian shingleback lizard are today. If those scales increased in length and became fibrous then they might well provide such beneficial insulation.

Now imagine such a creature using its abundant energy to pursue its prey, say a large insect. It might well rise on its hindlegs, as the frilled lizard of Australia does when it wants to move at speed. That would leave its forelegs free. If they were covered with long fibrous scales – proto-feathers – then stretching them out might lift the animal into the air and enable it to snatch at its prey with its mouth. Alternatively, if it was running to escape a bigger animal, then such a manoeuvre might take it out of range and into safety. So this warm-blooded reptile would have taken its first step towards flight. Disbelievers in this theory maintain that such an animal would not, when running on its hindlegs and seeking to put on a turn of speed, suddenly stick out its forelegs since such an action would instantly increase its drag through the air and thus inevitably slow it down.

Disregarding this objection, the question must still be asked if the dinosaurs that might have been Archaeopteryx’s ancestors were, in fact, warm-blooded? Some maintain that they were. They seek evidence from several sources – from the ratio between their numbers and those of the vegetarian-grazing reptiles on which they preyed; from the microscopic structure of their bones; and from the size of their brain. But none of this evidence is accepted by everyone as conclusive. Other research suggests that they, like reptiles alive today, were not able to maintain their bodies at a constant temperature. Such creatures grow at different speeds at different times of the year. In consequence, their bones develop concentric rings somewhat similar to the annual rings in a tree trunk. Such rings have been found in the bones of fossil birds that succeeded Archaeopteryx in the ancient skies. This suggests that Archaeopteryx itself did not generate its own body heat either. Archaeopteryx fossils are so rare and precious that no one has yet sectioned one of the limb bones to confirm that this is so, but if it is, then the theory that feathered flight originated with creatures that ran along the ground is greatly weakened. Clearly, a cold-blooded animal would be very unlikely to develop an insulating coat of fibrous scales since that would prevent or at least hamper its owner from warming itself in the sun.

There is an alternative hypothesis. Perhaps the ancestral reptile, with or without the benefit of internally generated warmth, started to clamber four-leggedly up into the trees. There are several reasons why it might have done so. Maybe it was taking refuge from larger predatory reptiles on the ground; maybe finding a safe place for its eggs; maybe pursuing insects that lived in the branches. Once it was up in a tree it would need to move about. It is much quicker and less energy-consuming to jump from one tree to a lower branch in a neighbouring one than to descend, run across the ground and climb back up again.

Several animals today leap around in trees and have developed structures to enable them to greatly increase the length of their jumps. In the forests of Borneo alone, at least four different techniques have evolved. The giant flying squirrel has a loose-fitting furry skin that is so voluminous that when it gallops up a tree trunk it appears to be wearing a floppy cloak. Just how big the garment is you can see when it decides to travel to a neighbouring tree. It leaps off a branch into the air, spread-eagles its legs and reveals that the cloak extends to its wrists and ankles so forming a huge rectangular parachute. This is so effective that the animal can easily glide for a hundred metres. What is more, it can steer, by flexing the long furry tail that streams out behind it and by changing the position of its legs to vary the tension in its parachute. So it can land with great accuracy on a chosen spot such as the entrance to its nest hole.

Small tree-living lizards in the genus Draco glide in a different way. Their ribs are hugely elongated. When one of these lizards is sitting quietly on a branch, the ribs lie close to its body, parallel to its spine to which they are hinged. When it jumps, its abdominal muscles contract, drawing the ribs forward so that they fan out and expose a wide flap of brightly coloured skin on either side of the body. These little lizards are so competent in the air that they constantly flit from one branch to another, pouncing on an insect that has incautiously settled within range, confronting a rival that has made a challenge for territory.

There is a frog which has webbed toes so elongated that when it launches itself into the air, each foot acts as a parachute. There is even a gliding snake. When it takes to the air, it pulls up its abdomen towards its spine so that its underside becomes concave, and bends its long body into zig-zags so that it forms a squarish rectangle that is surprisingly effective in catching the air.

All these Bornean creatures, and many more in forests elsewhere, make it quite clear that gliding is a valuable talent for tree-living animals and that they readily evolve modifications to their bodies that enable them to do so. What seems more likely, therefore, is that Archaeopteryx’s ancestors also developed this ability and that they did so, in this case, by modifying their scales into feathers.

Scales and feathers both originate as tiny pouches in the skin. Both are constructed of similar horny material. Even the tiniest extension of feathery scales would bring aerodynamic advantage, so it is not difficult to imagine scales on the arms and tail of an ancient reptile becoming increasingly elongated to extend the animal’s leaping range. Gradually the structures improved. A central strengthening quill appeared. The filaments on either side, the barbs, developed tiny hooks that linked them all together to form a single, air-catching surface which, if split, could be repaired by zipping the two together with a beak.
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For a century after the initial discovery of Archaeopteryx, the Solnhofen limestone remained the only source of evidence about the very early history of birds. Then in 1995, extraordinary fossils began to appear from China. They came from Liaoning Province in the northeast of the country. The mudstones in which they had been found had formed at the bottom of a large lake about a hundred and twenty million years ago, some thirty million years after the era of Archaeopteryx. They included a great range of fish, frogs, crocodiles and small primitive mammals. Among the reptiles was one, a small dinosaur, called Sinosauropteryx or ‘Chinese dragon-bird’, which had on its head, neck and along its spine what appear to be a line of downy filaments. These have been interpreted as being primitive feathers, though this view is not yet universally accepted. They do not, however, have either the asymmetry or the interlocking structures that would give them an aerodynamic function. Whether they were thick and abundant enough to serve as insulation for a warm-blooded creature, or whether Sinosauropteryx used them for display is still unclear. The animal may, perhaps, be taken as a direct descendant of one of the very earliest reptiles to have developed feathery scales, that may have evolved before Archaeopteryx and somehow outlived it.

Another species from these deposits, however, was most certainly even closer to a true bird than Archaeopteryx. It was about the size of a magpie. Its body was clothed in feathers and it had three clawed digits on each forelimb. But the column of bones in the tail is much shorter and, most significantly of all, instead of jawbones and teeth it has a horny beak. This must have been a most significant advance towards efficient flight for the change not only reduced the animal’s weight but brought its centre of gravity into its abdomen so that it would have no longer been nose-heavy in the air. It was called, in honour of the great Chinese sage, Confuciusornis. Several hundred specimens of this fascinating creature have now been found, some remarkably well preserved with a blackish haze around the bones showing the extent of the animal’s feathered flesh. Some even have a pair of extremely long quills projecting from the tail, suggesting that these were males and that there were now major differences between the sexes. The specimens occur in such numbers that it is tempting to suppose that the birds lived in dense colonies.

More recent rocks in Australia and Spain, Argentina and North America have now yielded bird fossils of a still more advanced kind. These later species now had all the weight-saving adaptations that are characteristic of true birds. The long bony tail had been reduced to no more than a small triangle of fused bones at the back of the pelvis. The long bones of their wings and legs had become hollow, supported internally by criss-crossing struts. Many had a keel on their breastbone to which large wing muscles were attached. Their ribs had flanges that bound them together and gave their chest strength. The great tribe of birds was clearly, by now, well established.

Then, sixty-five million years ago, a still mysterious catastrophe overwhelmed life on earth. It seems to have been associated with some body from outer space, an asteroid or a comet, which collided with the earth and created such a titanic explosion that debris blocked out the light of the sun and the earth, perhaps for months, was blanketed by continuous darkness. Whatever the cause, the last of the dinosaurs, whose numbers had in any case been diminishing for some time, vanished. So did many other great reptiles. Mosasaurs and plesiosaurs disappeared from the seas and pterosaurs from the skies. And so did a high proportion of the birds. A few groups, however, survived, among them the ancestors of ducks and geese, divers, gulls and shore birds such as plovers and other waders. They now faced great opportunities. Huge areas of the earth that had only recently supported vast and varied animal populations were almost empty and ready for re-occupation. In particular, the skies were no longer dominated by flying reptiles. The ancestors of modern birds evolved to colonise them and they did so at an astonishing speed. Within ten million years all the orders of the birds of today, except small perching birds, had appeared.

One remarkable site on the east coast of Britain at Walton-on-the-Naze in Essex has provided astonishing evidence of this swift and rich development. Here the London Clay, which was deposited some fifty million years ago, has yielded over six hundred specimens of ancient extinct birds. Among them are species that can be linked with today’s cuckoos, parrots, owls, swifts, hawks, gulls, kingfishers and many more groups. Similar evolutionary explosions were taking place all over the world. In North America, great colonies of water birds that appear to be ancestors of today’s ducks and geese, nested along the shores of a large lake that covered a great part of what is now the state of Wyoming. Their bones and fragments of their eggs protrude in thousands from the deposits of sand that were laid down at that time and have now solidified into sandstones.

Not far from this site are deposits that were formed in open grasslands and from these have come the remains of birds that exploited their new opportunities in a radically different way. The dinosaurs that had made the land such a dangerous place for the ancestral birds had gone. The birds could, therefore, once again become terrestrial – and they did. One kind stood over 2 metres tall and had a huge head 45 centimetres long with an immense heavy bill. Its wing bones are tiny and make it quite clear that the bird could not fly. Ever since its discovery over a century ago, this bird, named Diatryma, has been thought of as a fearsome predator that lived on smaller reptiles and other little creatures. Recently, some scientists have pointed out that its beak does not have a hooked tip and have suggested that maybe Diatryma was not an active hunter but fed instead on carrion or even leaves. But even if that were the case, it was not the only huge flightless bird stalking across the grasslands of the world. There were others in South America and these, certainly, were hunters. Some stood 3 metres tall and had heads as big as those of horses and beaks armed with formidable hooks. They have been called, not without reason, terror birds.
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But the birds’ bid for dominance of the land as well as the skies did not go unchallenged. Ever since the time of Archaeopteryx, small shrew-like animals had been running around on the floor of forests searching for insects. They had already acquired warm bodies which were insulated with hair. They lived in a modest way right through the age of the dinosaurs. They too, like the birds, survived the great extinction and now they too had a chance. They increased in size. Some, judging from their teeth, became ferocious and not dissimilar from today’s hyenas. It was with such creatures, the early mammals, that the flightless birds had to contest the dominance of the land. The mammals evolved into larger and more varied forms and, ultimately, they won. Twenty-five million years ago, Diatryma and the terror birds had all disappeared.

Giant flightless birds, however, do still stalk the earth – the ostriches in Africa, the rheas in South America, and the emu and the cassowaries in Australia and New Guinea. It is tempting to suppose that these too appeared, together with Diatryma and the terror birds, soon after the great extinctions. At that time, the continents of the world were not in the positions they are today. A hundred and fifty million years ago, they had all been part of one supercontinent. That over a very long period broke up and the fragments drifted apart to become isolated as today’s continents. Perhaps the ancestors of today’s flightless birds travelled with them and, over the millions of years since then, evolved into the separate species on different continents that we know today.
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The alternative explanation is that ostriches, rheas, emu and cassowaries evolved separately from flying forebears and that the resemblances between them are due to these huge flightless birds all becoming adapted to a similar lifestyle. It is certain, however, that none of them are immediately descended from reptiles. They are not, as it were, halfway stages to full flight. Many characteristics of their bodies indicate very clearly that they are descended from flying ancestors. The bones of their stunted wings are fused together, just as they are in the wings of a flying bird. The feathers on these wings are placed in just the same way as true flight feathers – a disposition that makes no sense if the birds had developed these feathers just to keep themselves warm. They also have the weight-saving beak, and the little triangle of bone at the rear that is all that remains of the reptilian tail.

Their feathers, however, have become degenerate. The hooks on the barbs which joined them together into an aerodynamic vane have disappeared. In the ostriches, the feathers have become soft and fluffy, and in the rheas, which live in a colder part of the world, long and shaggy. These modern flightless birds have survived in competition with mammals because their stature and their long legs enable them to run at great speed and give them a real chance of outpacing any mammal that might seek to attack them. It is not insignificant that the ostriches, rheas and emu live on open grasslands or in semi-deserts where the country is open enough for speed to be an effective defence. The cassowaries have a much stockier build but are essentially forest-living birds, and they have no need of long legs to give them great speed for there have never been large mammalian predators in the tropical forests of northern Australia and New Guinea where these birds live.
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Birds have repeatedly abandoned flight during their history. Flying is very expensive in terms of energy and birds do not travel by air if it is safe for them to do so by land. The change can be very swift. The Galapagos Islands, lying 1,300 kilometres west of the coast of Ecuador out in the Pacific, rose from submarine volcanoes not more than five million years ago. At various times since, birds from the mainland have managed to reach them, perhaps swept there by freak storms. Among them were cormorants. Once arrived, there was little need for the cormorants to fly. They could find all the food they needed simply by diving into the nearby sea. No mammals had reached the islands that might harry them. Nor did the ancestral cormorants need their wings to propel themselves underwater for all cormorants do that with their feet. As one generation succeeded another without ever flying, their wings dwindled. Today, the wings they hold out to dry after their fishing sessions can be seen to be stunted with tattered feathers that certainly would not sustain them in the air if they were reckless enough to try to fly.

The island of New Caledonia in the western Pacific is home to another flightless bird, the kagu. It is the size of a domestic hen with the general shape of a stockily built heron. Its plumage is pale dove-grey. And that is odd, for this is a forest-living bird that spends its life on the ground searching for insects and other small prey. Most birds elsewhere with such a lifestyle would be camouflaged. The pale kagu is immediately visible – an easy target for ground-living hunters. But there are none. Its wings are still fully feathered and appear at first sight to be quite adequate to support it in the air. Its muscles, however, are now not large enough to beat them. The greatest use it makes of its wings, aerodynamically, is to help it keep its balance as it moves around on the ground. If it is descending a slope it may even open them and glide a few metres. It also uses them when it displays, either to drive off rivals or to impress mates. Then, when it opens them, it reveals that it is not, after all, a plain pale bird. Its primary wing feathers, which are normally hidden, are strikingly barred with grey. How long ago it took advantage of its immunity from predators and abandoned flight we do not know. The most ancient remains of it to be found on the island are only around two thousand years old. Maybe its wings are not yet as reduced as those of the flightless cormorants on the Galapagos because its isolation on New Caledonia has been even shorter.
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Rails, as a family, seem to be particularly prone to abandoning flight. They are small relatives of the moorhen which live in dense vegetation around swamps and ponds and are widely distributed throughout the world. Their ancestors must have been capable of crossing the sea for they are found on many small islands and there, in isolation, each population has evolved its own characteristics that make it just slightly different from any other elsewhere. And over a quarter of the species that have done that have become flightless. Both Gough Island and nearby Tristan da Cunha in the South Atlantic have their own flightless rail. So, once, did Laysan in the Pacific. All three are small islands built by volcanoes erupting on the sea floor in comparatively recent times, like the Galapagos. Another member of the family reached New Zealand. It too lost its ability to fly and it still seems to have little fear of other ground-living creatures, even though mammals now live alongside it. The New Zealanders call it the weka, and one will appear on the beach of many offshore islands just as soon as your boat lands, clearly expecting that you, in one way or another, will be a source of food 

New Zealand is very different from the other comparatively recent islands where flightless rails are found. It is an ancient fragment of land, a piece of the ancient supercontinent that became separated from Australia and Antarctica at the critical time when the dinosaurs had disappeared and the mammals had not yet risen to power. It was in these islands that modern birds, from an early time in their history, eventually exploited flightlessness to the full.

Among them were the moas, a family, now extinct, that included the biggest bird that has ever existed. They looked somewhat like an ostrich and it is tempting to think that they were related to it. If that were so, then moas must have been wandering about New Zealand when it was still part of the supercontinent and stayed on board as passengers when the island split away and started its long voyage south. The alternative explanation is that the ancestors of the moas had functional wings and flew to the islands very soon after New Zealand’s isolation and that, in the absence of mammalian or reptilian competitors on the ground, they took to the flightless way of life and evolved into forms very similar to an ostrich because they lived in a very similar way. So far no fossil evidence has been found that would conclusively settle the question one way or the other.

We do know however that a thousand or so years ago there were as many as eleven different species. In one way they were the most thoroughly flightless birds of all, for whereas ostriches and emu and other flightless birds do have the relics of wings, the moas had lost them entirely. They did not even have the remnants of wing bones within their bodies. The biggest of them, which weighed over 200 kilograms, was once celebrated as the tallest bird that ever existed. That claim, however, is not as secure as it might seem. In the past many of the skeletons put together by museums and, doubtless, by collectors who wished to sell record-breaking finds to museums, contained vertebrae from several individuals so that the reassembled skeleton was considerably taller than any moa had been in life. But the claim is also based on a misunderstanding of the animal’s posture. The giant moas were forest-living creatures as cassowaries are today in the rainforests of tropical Australia and New Guinea. These birds, when they move through the forest, carry their necks more horizontally than vertically, stretched out ahead of them. The facets on the sides of the moas’ vertebrae confirm that they too had this posture. The opening at the rear of the skull, where the spinal cord enters the head and joins the brain, indicates the same thing. In a bird with a vertical neck, like an ostrich, this opening is on the underside of the skull. In forest-living moas, it lies at the rear. Nonetheless, it is probably true to say that the giant moa could, if it wished, reach higher than any other bird that has ever lived. It was clearly an immense and formidable creature.

Why should this moa have grown so extremely large? It was probably due to its diet. All the moas were vegetarian. The forest moa, as we know from preserved stomach contents, had a very fibrous diet – twigs and coarse leaves from native forest trees. Such food takes a great deal of digesting and in consequence must be left to stew for a considerable time. For that to happen, a bird needs a particularly capacious stomach and the bigger the stomach, the bigger the body needed to carry it.

The smallest of the family, that lived on the high moorlands, weighed only a tenth as much as the giant forest moas and was scarcely bigger than a large turkey. It presumably had to endure considerable cold up in the mountains for its shaggy hair-like feathers extended right down its legs to its feet. There were medium-sized species too, that stood about 150 centimetres high. That is about the same size as modern cassowaries, and from them one can get an idea of how formidable the moas must have been. During the breeding season, cassowaries hiss and growl and when rival males fight, they even produce extraordinary roars. If you alarm one – and you may do so even before you see it – it will crash away through the forest with such vigour that its feet thud like drum beats. If it happens to have chicks with it, it may not retreat and then it will be time for you to do so. An angry cassowary will attack and strike out with its feet which are so strong that one blow from them can easily rip open a man’s stomach.
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