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      When Colin Tudge was a small boy in South London he could recognize only five kinds of bird. Following a childhood spent at
         London Zoo and in conversation by the seaside with a bird-watching cousin, he began to perceive that ‘ordinary birds’ included
         pipits and wagtails, terns and kestrels, yellowhammers and robins, and a miscellany of crows, not all of which were black.
         So began a lifelong interest in birds and how they live.


      
      After studying zoology at Cambridge, Colin began writing about science, first as features editor at the New Scientist and then as a presenter of science programmes for BBC radio. Now a full-time writer, he appears regularly as a public speaker
         in all kinds of venues, including the University of Beijing and St Paul’s Cathedral. A Fellow of the Linnean Society of London,
         he also spent ten years as a visiting Research Fellow at the Centre of Philosophy at the London School of Economics. He is
         passionate about food and farming and is currently involved in the founding of The Landshare Trust for Enlightened Agriculture.
         His books include The Secret Life of Trees, The Variety of Life and So Shall We Reap.
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      Preface

      
      As a small boy in South London just after the Second World War I recognized only five kinds of birds. There were pigeons and
         sparrows, which were everywhere; the ducks and swans in the local parks; and a mixed category of ‘ordinary birds’ which flew
         overhead from time to time, and perched on roofs, for no particular reason, except that they were birds, and that’s what birds
         do. London Zoo soon broadened my horizons, with its Ostriches, Emus, and penguins, a statutory line-up of torpid owls like
         fluffy Russian dolls with revolving heads, and a huge array of parrots (London Zoo had two of each species in those days –
         or sometimes only one of each). There was also a mad-eyed creature in a tall Gothic cage labelled ‘Monkey-eating Eagle’, which
         opened its vast horny beak in a most suggestive fashion and frightened us all to death. Then my cousin Peter, out in Kent,
         conceived a passion for bird nesting – which boys were still encouraged to do in those days, along with the pinning of butterflies
         after giving them a quick whiff of chloroform (‘which may be had from your local chemist for a few pence’); and I began to
         perceive that ‘ordinary birds’ included pipits and wagtails, terns and Kestrels, Yellowhammers and Robins, and a miscellany
         of crows, not all of which were black.


      I went at the age of five to a Church of England primary school. It was my first taste of religion – and a very kindly taste
         it was too; the way that religion ought to be; songs and stories and being nice to people. The ‘nature table’ was a shrine:
         a fir cone, a twig of willow with catkins, a mushroom, and a couple of unidentified rodent skulls from a local bomb-site (there
         were three or four close by) of the kind that nowadays would bring in the disposal squad from Health and Safety, in jump-suits
         and welders’ masks, to drop them with long tongs into polythene bags. But although we all caught measles and sneezles and whooping cough and mumps – ‘common childhood
         ailments’ as they were called – we did manage to avoid Weill’s disease and bubonic plague, although I imagine only by a whisker.
         There was also a glossy magazine, a huge departure in those austere times, with a picture of shorebirds mysteriously labelled
         ‘Oystercatchers and Knots’.


      I was hooked. It isn’t formal teaching that gets you into things, or at least not necessarily. It’s the incidentals. I took
         it to be self-evident from about the age of six that everyone must be obsessed with ‘nature’, and am still shocked to find
         how far and how often that is from the case.


      The problem, once you are hooked, is how to get close to living creatures, how to engage with them. One way is simply to learn:
         I was lucky to go to a school where biology was taught brilliantly, and then to an ancient and therefore damp and crumbling
         university full of Nobel Prize-winning biologists. I never wanted to be a professional scientist myself. I just liked, and
         like, being with the creatures themselves, and the ideas, and matching words to the ideas. So I write books about them.


      The last such book was on trees – my other life-long indulgence – but as it progressed my friend Barrie Lees said, ‘I already
         know about trees’, as indeed he does. ‘What I really want to know about is birds. They keep coming into the garden. They fiddle
         about. What are they? What are they up to? Why are they doing whatever they do?’


      These are good questions. There really are more than five species of birds in London. Indeed the current list for London stands
         at 357. They all have names, too: none should be called an ‘ordinary bird’. I am sure that birds do many things for no particular
         reason – but the more you look, the more you find this isn’t necessarily so. The Starlings swirling overhead are returning
         from a hard day’s foraging in the surrounding fields. If agricultural practice changes, the Starlings suffer. The Blackbird
         that hops from twig to twig as it strips the cotoneaster berries is not a fidget with a low attention span. Its movements
         are strategic – designed, or evolved, to deny the cats and Sparrowhawks a sitting target. The female sparrow with her body
         to the ground, shivering her wings, is inviting the male to copulate. The flock of sparrows, twittering and apparently quarelling with no particular aim, are forming social bonds, and sussing each other out;
         showing all the others what they are made of. Among those others are potential mates, and it pays to make a good impression.
         It is all very serious, because life is serious. Life requires nourishment – which can be hard to arrange; whether you eat berries or Blackbirds
         you have to be skilled. Life requires mates, or the lineage comes to a stop – and that requires the ability to seduce, and
         the ability to see off rivals, and – in both cases – the ability to socialize: to know who’s who. Then you have to raise the
         babies, and in most cases you need to do all this before winter sets in. In short, life is complicated and it needs very good
         timing.


      So this is the book that Barrie said should be written. I’m glad he put me up to it. In many ways I’m sorry it’s finished.

      In Britain, at least, there are three ranks of recognized birdwatchers. First there are the ‘twitchers’. They seek primarily
         to see as many different species as possible. In these internet days twitchers form a network that spreads nationwide, and
         is even international. If someone in the east of England spots some rarity – invariably a ‘vagrant’: some poor bewildered
         and half-starved creature blown off course by a cross-wind – then the buzz goes out and hundreds of twitchers in lurid hues
         of anorak, with cameras and field glasses of all shapes and sizes from pince-nez to howitzer, crowd in around it like a bullfight.
         In Dorset, in England’s south-west, I was recently caught in the frenzy around a Ring Ouzel – like a Blackbird but with a
         white ring around its neck. Twitchers may be mocked, in some circles, and they sometimes trample on the nests of native birds
         while they focus on the hapless stray (or so it is alleged). But largely through their efforts we know which birds go where,
         and to some extent how often. All in all they are a valuable group.


      Then there are the ‘birders’. They are not necessarily pros, but they may, like a fellow I met recently, spend three days
         waist-deep in an Irish bog for a glimpse of a Bluethroat; or weeks and weeks, their careers in jeopardy, watching the nest
         of an Osprey. They also help professionals in their national bird counts. Birders too are a very useful breed – and one of
         the most productive examples in all science of the pro–am connection.


      Top of the hierarchy are the professional ornithologists. They do the serious research. These days they are astonishing both
         in their persistence and in their ingenuity. There will be many examples in this book.


      For my part, to be truthful, I have stood apart from this hierarchy. I have not risked drowning and hypothermia and duck-lice
         in bogs, or dangled on strings from lonely cliffs to count the parasites of Kittiwakes, or led a skein of migrating geese
         in a microplane. But I have been privileged this past forty years to travel around the world (before the days when air travel
         was known to be wrecking the climate) and wherever I went I was keen to see what was what. Some of it has been pure indulgence.
         I saw my first Brown Pelicans from a jacuzzi in a hotel garden in California (paid for by a kind employer). The closest I
         have ever been to a kingfisher was on a hotel roof in Panama. It perched about two feet from my tea. I saw my first wild parrots
         from a hotel pool in Delhi – glowing grass-green in the low evening sun and flying in convoy straight as arrows, as parrots
         do. But I have also gone out wherever possible with local guides, more or less the world over. All of them were very fine
         – real enthusiasts with excellent knowledge who knew where to look. Best of all was John Butler in the Cota Doñana in south-west
         Spain – an ex-army man of the finest type, tireless, patient, extremely knowledgeable, and endlessly meticulous. (As noted
         in the acknowledgements, I was shocked to learn of John’s recent death. A great loss.)


      You may think it is foolish of me to acknowledge my own relative lack of direct involvement with the birding scene – you could
         after all be reading books by full-time ornithologists – but here, to a large extent, is my point. Nature is wonderful – it
         is the centre of everything – and if you take a serious interest, it changes your life. The word ‘jargon’, meaning meaningless
         jabbering, comes from the French for the twittering of birds. But in truth the twittering of birds is never meaningless. The birds twitter for a reason – and it won’t be a frivolous reason. As you become more aware you start to get
         a feel for the reason of things. All nature acquires meaning. You realize then – and it is perhaps the most important thing
         to realize – that simply to be alive and aware in such a world as this is a privilege. If people in high places felt this,
         the world would be very different. You don’t have to be a pro, or even spend a weekend in a swamp, to see the truth of it. You just have to take an interest, and be alert. The
         point of this book is to nudge people who feel in a general way that birds in particular and nature in general are kind of
         interesting to the point where they start to feel the meaning of it all. After that – well, life can never be the same again.


      So here’s the plan. The book is divided into four parts.

      Chapter 1, in Part I, points out how very brilliant birds are – an altogether superior class of creature – and also points
         to a puzzle: that birds do most of the things that mammals do and a few more besides – and yet they seem to differ from mammals
         in all details in which it is possible to be different. But what’s the basis for this claim – that birds are ‘superior’? And
       why should they be the same as mammals – the same as us – and yet so different? Chapter 2 provides the answer – or at least,
         as much of an answer as can be provided. It lies, of course, in evolution, for as the great Ukrainian-American biologist Theodosius
       Dobzhansky famously opined in an essay of 1973, ‘Nothing makes sense in biology except in light of evolution.’ Chapter 2 also
         looks at the still vexed issue of whether birds descended from dinosaurs. If they did, then strictly speaking birds are dinosaurs. The dinosaurs did not disappear when the putative asteroid struck, 65 million years ago. They are calling to us
         from every hedgerow.


    Chapter 3 – the first chapter of Part II – asks how many species of birds there really are in the world. To anticipate – it’s
         a lot, but nobody knows how many for sure and we never will, for reasons both practical and philosophical. This chapter also
         asks how we can possibly keep track of so many – to which the answer is: classify. The modern science of taxonomy takes us
         into some of the most subtle reaches of biology – and as DNA studies come on board they are producing some big surprises.
         Chapter 4 is an annotated cast list. It’s quite a long cast list, because there are a lot of birds. Without good classification,
         there would be no sense in such a list.


      The five chapters of Part III are the guts of the book. They ask what birds actually do – and why they do it, and how. Chapter 5 asks how they get their energy – feeding, in other words – and it’s a big question.
         There’s a lot to it. They need the right apparatus, of course (including the great talons and beak of the Monkey-eating Eagle),
         but they also need the right strategy. Strategy is all. The Blackbird’s fidgety feeding is part of life’s strategy. So too are the often vast migrations that a
         large proportion of birds undertake each year – sometimes from pole to pole – as they strive to take advantage of the tropics
         and subtropics when the high latitudes are cold, and of the long, long days of the polar summers when they have young to feed.
         How they do this is discussed in Chapter 6.


    Then to sex and reproduction in Chapters 7 and 8 – the most absorbing matter of all: because it demands such extravagant behaviour;
         and because, above all, it requires layer upon layer of sociality. One modern and very convincing theory says that the need
         to attract mates, to see off rivals, and to raise offspring, with all the social intricacies that this implies, was the prime
         reason why some animals – notably some birds and mammals – evolved such big brains. Reproductive success belongs not simply
         to the swift and the strong but to the clever (and amusing and sociable).


      Actually, it is not altogether obvious why animals have brains at all – since brains are, after all, such expensive organs
         to maintain. Trees live immensely complicated lives – it’s not just a matter of standing still with their arms out – and they
         get by without a brain. Even among animals, some have found it expedient to dispense with brains; such as barnacles, which
         stick themselves to a rock head down, so their head and what they had of a brain is reduced to a blob of blu-tack. It works
         for them: there are billions of barnacles in the world. Of course, animals that move around – as most do – need brains of
         a sort, to coordinate their movements. But why be as clever as a crow or a parrot? Social complexity may be the answer. But
         it leaves the highly intriguing question – addressed in Chapter 9 –of what actually goes on in the head of a crow or a parrot
         (or, for that matter, of a sparrow or a chicken)? What do they perceive? What do they think? Do they think like us – or are
         they as different from us in their cogitations as they are in their anatomy and physiology? In short – what is it like to
         be a bird?


      Part IV is about birds and us. Birds enhance our lives enormously, if we let them. We, in return, are killing them off. We
         need to understand why we are doing this. The same destructiveness that is killing them is killing us. Here again the birds
         can help us: by thinking about them, we can gain insight into ourselves – including insight into our own psychology. Again, it seems, the insights that are
         emerging are not as commonly expected.


      Jesus said, ‘Consider the fowls of the air’ (Matthew 6:26).* Indeed.




      I

      A Different Way of Being

      1

      
      What It Means to be a Flier

      
      [image: image]
         
         The courtship flight of the Hen-harrier is pure display: each bird shows its mettle as the male passes food to the female

         


      
      ‘All animals are equal,’ the ruling pigs declared in George Orwell’s Animal Farm. ‘But some animals are more equal than others.’


      
      All animals are equal no doubt in the eyes of God, and all that manage to survive at all in this difficult world are in some
         sense ‘equal’. But some, by all objective measures, are far more impressive than others; and none, not even the mammals, the
         group to which we ourselves belong, quite match up to the birds. Birds have their shortcomings, to be sure, as flesh and blood must. But
         they are, nonetheless, a very superior form of life.


      
      Above all, birds fly.

      
      They are not the only animals that have taken to the air, of course. There are many gliders. ‘Flying fish’ are remarkably
         adept, and various frogs and snakes and lizards contrive to parachute from tree to tree; and there is a variety of gliding
         mammals, including phalangers and squirrels and colugos (sometimes known as ‘flying lemurs’). But only four groups have managed
         powered flight – driving themselves through the air by flapping or whirring their wings. Many insects fly wonderfully. Bats
         fly well enough to catch insects in the air – and, for good measure, they do it at night. The ancient pterosaurs, contemporaries
         of the dinosaurs, included some of the biggest powered fliers of all time – and what a sight they must have been! Pelicans,
         returning home against the evening sun, might give us some idea of what they were like.


      
      But none of these creatures fly as well as the birds. Perhaps this is why birds are still with us and pterosaurs are not.
         Perhaps this is why bats fly mainly at night – if they are ever forced to fly by day, as they may do in cold weather when
         there are too few night-time insects, they quickly get picked off by hawks.


      
      Flight, indeed, is the key to birds. Many have abandoned flight of course, like penguins and Ostriches – and there are or
         have been flightless ducks and geese, many flightless rails and auks, at least one flightless ibis, flightless cormorants,
         and flightless parrots. The famous Dodo was a flightless pigeon and there was even one flightless passerine (a perching bird)
         – or so it’s said, though it is hard to tell, since the bird is extinct. But all of these flightless types had flying ancestors.
         Some birds fly but ineptly – including the superficially grouse-like tinamous of South America which hurtle along with huge
         bravado but little control, and sometimes end up killing themselves, like twelve-year-old joy-riders. On the whole, sensibly,
         tinamous prefer to stay on the ground.


      
      The fact that birds fly – or at least are descended from ancestors who were adapted to flight – dominates all aspects of their
         lives. Flight brings huge and obvious advantages but it is also immensely demanding and so has its downside too.


      
      
      
      WHAT IT MEANS TO BE A FLYING MACHINE

      
      
      As a mammal, I have often admired and envied birds – as who has not? I remember once, in southern Spain, struggling over the
         rocks to get to the base of some cliff to catch a glimpse of the Egyptian Vultures that in the evening appear over the edge,
         riding along the length of it on the up-currents – not for any obvious reason since it is too late to feed at that time of
         day but just, it seems, to keep an eye on things, like the squire riding his estate.


      
      After half an hour or so the vultures did turn up. Birds in general have big eyes – their skulls are built around the orbits
         – and in birds of prey they are particularly big. The eyes of a big eagle are as big as a human’s. In birds of prey (and in
         some other birds such as kingfishers and swallows) the retina has two foveas (particularly sensitive spots); and the eyes
         as a whole have a greater concentration of light-gathering, colour-sensitive cones than any other vertebrate. So the visual
         acuity of a hawk or a vulture is two or three times as great as ours. Australia’s huge Wedge-tailed Eagle has been shown to
         see rabbits clearly from a kilometre and a half (a mile) away. So I daresay that those Egyptian Vultures could see me and
         my companions more clearly with their unaided eyes than we could see them with all the technology of Zeiss; and it took them
         less time and almost zero effort to fly the 10 kilometres (6 miles) or so that they had doubtless travelled than it had taken
         us to struggle a few hundred metres from the road. As a heavyweight mammal land-bound and land-locked by gravity, I felt inferior.
         All animals may be equal according to the ideology – but here, truly, were the masters.


      
      Yet evolution has not worked entirely in the birds’ favour. They pay a price for their magnificence and their skill; and they
         seem to pay an even higher price than seems strictly necessary. Even the birds that no longer fly – even the ones that have
         all but abandoned wings altogether, like the kiwi – deep down are built for flight. In general this means they have to be small.
         If you double the linear dimensions of a bird – or indeed of anything: a guinea-pig; a brick; a ship – yet retain the same
         proportions, then you will increase its weight eight times. A bird with a body that’s 20 centimetres (8 inches) long, like a fairly average thrush, weighs eight times as much as one of
         10 centimetres (4 inches), like a small finch or weaver. A 40-centimetre (16-inch) bird like a grouse is eight times heavier
         again – sixty-four times heavier than the finch; six football teams’ worth of people compared to a single person. Whether
         or not a bird can fly depends on its wing ‘loading’ – the mass that needs to be lifted per unit area of wing. But the area
         of a wing increases only four times as the body length is doubled, if the overall proportions remain the same. So a thrush
         that needs to fly as well as a finch needs wings that are twice as big, relative to its body size, as the finch’s – and so
         on and so on: the bigger the bird, the bigger the wing needs to be not only in absolute terms, but relative to the body size.


      
      If the bird actually wants to flap its wings to power itself along then it needs muscles for the task; and the bigger the
         area of wing, the bigger the muscles need to be. The power of the muscle depends (other things being equal) on its cross-sectional
         area. But when the linear dimensions double and the weight increases eight times the cross-sectional area of the muscle increases
         only four times. So the flight muscles of a big bird need to be bigger than a small bird’s not only in absolute size, but
         also proportionately.


      
      Then again, the wing-beat is complicated. It is not like rowing, where there is a power-stroke through the water and then
         a recovery stroke through the air that merely returns the oar to its starting point. The lift when a bird flaps its wings
         comes not merely from increased air-pressure below, but also from reduced air-pressure above – the flying bird is pushed upwards,
         and sucked upwards. Because of the way the bird angles its wings as it flaps the upstroke is a power-stroke too. So it needs
         not one but two sets of flight muscles – the bigger ones are for the downstroke, but the ones that power the upstroke are
         big too.


      
      The wing muscles are on the chest – they are the ‘breast meat’ of the Sunday chicken; and they are anchored to a ‘keel’, or
         ‘carina’ – a projection of the breast-bone. The bigger the flight muscles, the deeper the keel needs to be. So a very big
         flying bird with proportionately huge wings would need vast breast muscles to power it along – which would necessarily be
         heavy, and make the problem even worse. The great British biologist J. B. S. Haldane pointed out that if human beings wanted to fly like a bird, with flapping flight,
         in the style of Daedalus and Icarus, we would need a keel that protruded outwards from our chests by getting on for 2 metres
         to anchor the necessary muscles – although such muscles would themselves triple our weight so that then we would need even
         bigger muscles to provide the necessary power; and so on and so on.


      
      Clearly, the business of flying soon gets out of hand, once body size starts to increase. As things stand, among present birds,
         the flight muscles on the breast typically account for about a quarter of the total body weight, although in pigeons it can
         be more than 40 per cent. The biggest flying birds are the Mute and Trumpeter Swans, the Great Bustard, and the American condors
         – though there was once a South American vulture known as Tetrornis that had almost twice the wingspan of today’s biggest birds. But although eagles and swans are powerful fliers, they cannot
         begin to match the swallows or the pigeons for agility; and although they seem vast when they are on the wing, none have a
         body much bigger than a terrier. There are bigger birds than that, of course, such as the modern Ostriches and cassowaries,
         and there were many more giants in the past – but the very big birds are all land-bound. They have long since abandoned flight.


      
      Of course, being big is not the be-all and end-all, but survival on this Earth is all a matter of niches and large body size
         is a very handy niche for animals that can hack it. Little animals can duck and dodge and live on scraps – but big animals
         can eat littler animals, and little animals get eaten. Britain now seems to have Eagle Owls – though nobody seems quite sure
         how they got here – and the Eagle Owls among other things catch Hobbies; and Hobbies, only marginally smaller than a Kestrel,
         are formidable birds of prey in their own right. As we will see in Chapter 5, too, big animals find it easier to live on plants
         – which is a great advantage, since plants are so abundant. On the whole, mammals seem better at being big. The Ostrich has
         succeeded well enough – but it is the only truly huge terrestrial bird in the whole of Africa, while among the mammals there
         are dozens of kinds of antelope, plus wild cattle (buffalo), pigs, elephants, hippos, rhinos, and horses (in the form of zebras).
         Even on the smaller scale the mammals do better on the ground. Worldwide there are scores of small game birds and rails and others that fly very little or not at all but there are nearly a thousand kinds of rodents
         – mice, rats, porcupines, guinea-pigs – in the same kinds of niches.


      
      And there is worse. Small bodies mean small heads mean smallish brains. To be sure, intelligence is not just a matter of gross
         brain size, and some birds are extremely bright (notably crows and parrots). But no bird has quite the physical and physiological
         wherewithal to develop brains of our size. Birds might continue to evolve for another billion years (we may hope they have
         that opportunity!) but they surely will never produce great poets, or philosophers, or professors of jurisprudence.


      
      There is also another, more subtle reason why bird brains do not quite seem to match those of apes and people. The ancestors
         of modern birds adapted their forelimbs for flight and in doing so they lost two of their fingers, and the remaining three,
         at the ends of the wings, just provide scaffold for feathers, with the feathered thumb forming a separate ‘bastard’ wing at
         the front to increase manoeuvrability. Furthermore, birds seem on the whole to be more ‘modular’* in their construction than mammals – and this is another shortcoming. Birds are like several animals in one. Birds are running
         animals, and/or they are flying animals, but only a few, like baby Hoatzins, use their legs and wings in concert, as climbing
         mammals routinely do. The birds that have abandoned flight have also more or less given up on wings. Other birds have abandoned
         their legs; the scientific (generic) name of the Common Swift is Apus, which is Greek for ‘no foot’. Some swifts are therefore condemned to fly more or less full-time, except when they are raising
         young. They even copulate on the wing. But no bird ever did what our own, pre-human ancestors were able to do: stop using
         the forelimbs for locomotion and then use those liberated limbs for new and truly creative purposes.


      
      In monkeys and apes the arms and hands are dual-purpose. They are used for locomotion – running or swinging or both – but
         also for manipulation: peeling fruit, grooming, and even in the case of chimps for using and making tools. Our own ancestors took the process one step further. Once they had come down from the trees and
         freed their arms and hands from the chores of locomotion, they could use them entirely for manipulation. Thus began an evolutionary,
         positive feedback loop, an exercise in ‘co-evolution’: the hands at the ends of the long flexible arms could manipulate the
         environment, and thus gave the brain an incentive for evolving further, to make the manipulations more adept and more rewarding.
         The evolving brain in turn provided evolutionary incentive for the hands to become more dexterous – and so the two organs
         worked in concert until we had hands that enable some people to play Beethoven’s violin concerto, and a brain that enabled
         Beethoven to write it in the first place. By contrast, a bird wing serves little purpose except for flying; it is often used
         in display and very occasionally in combat and sometimes to shade the babies or (as in some herons) to provide shade to cut
         out reflections in the water and make it easier to fish, but all these activities are ad hoc add-ons. Basically wings are
         for flying and are not much good for anything else – certainly not for making spears and clubs or playing the violin. So birds
         that gave up flight found themselves with spare forelimbs that were virtually useless for anything else – used by male Ostriches
         for sexual display but lost almost entirely in the kiwis, the Emu, the extinct moas and the long-extinct loon-like Hesperornis. No positive feedback loop could be set up between forelimb and brain as in monkeys and especially as in human beings, so
         there was never the internal driver to turn clever birds into intellectuals. Storybook owls are wise but real owls seem rather
         dim and the Secretarybird, a long-legged terrestrial hawk from Africa, may look like a bureaucrat in certain lights but it
         cannot in reality take company minutes. (The question still remains, however, of whether the brains of birds work in the same
         way as those of mammals, or would demonstrate quite new principles if only we had the means to find out.)


      
      
      Flying birds can be bigger, though, than a flying mammal can be because they are so beautifully engineered to reduce weight.
         We see this most obviously in the skeleton. Birds have lost a great many bones that mammals and most reptiles routinely possess,
         and some of the birds’ remaining bones are fused or partially fused together. The most ancient birds, known from their fossils,
         had jaws with teeth, like reptiles. In all modern birds the teeth and the hard and weighty bones needed to hold them are replaced by a beak made
         of horn, which is made of keratin and which, though often of horrendous strength – big parrots casually crush Brazil nuts
         – is light. The flying bird is not nose-heavy. (As we will see in Chapter 5, however, there is much more to beaks than meets
         the eye. Many are intricately engineered.)


      
      In mammals, the backbone with its attendant tendons and muscles is like a great spring that may extend into the tail; we see
         this in the sinuous bounds of the cheetah or the almost indiscernible flick of the dolphin’s tail that shoots it through the
         water. By contrast, the thorax of the bird is not a spring but a box: the vertebrae at the back are partially fused; the sternum
         at the front has a keel for attaching the flight muscles (though some flightless types like the Ostrich have no keel); and
         the peculiar collar-bones or clavicles at the front are fused at their ends to form the V-shaped ‘furcula’, or wishbone. The
         wish-bone acts like a spring in flight: the angle between the two arms widens and closes again as the wings beat, maintaining
         strength and rigidity without compromising flexibility. I know of no other instance in all of nature where a single bone acts
         as a spring in this way – another example of supreme adaptation and supreme inventiveness in the lineage of birds. Incidentally,
         the wishbone was once a prominent feature of the traditional roast chicken. The children vied to pull it apart – little fingers
         only! – and the one who finished up with the bigger portion got to make a wish. When chickens were raised in the traditional
         way the wishbone could put up a grand struggle. With only the little fingers it was often hard to break – and showed what
         strength and power this modest structure must have in the living bird, like sprung steel. But in modern broiler chickens,
         raced from the egg to puffed-up oven-weight in six weeks, the bones have no time to grow, and the wishbone typically breaks
         and then disintegrates as the bird is handled for slaughter, and many modern children are hardly aware of its existence, except
         as a few splinters.


      
      Apart from the flexible wishbone, the only movement in the whole trunk even in flight, or when the bird is running its fastest,
         is in the shoulder and hip joints. The bony tail that serves the dolphin so well, and serves the cheetah as steerage and the
         spider monkey as an additional limb, is all but lost, reduced to a few fused bones known collectively as the pygidium. To be sure, many birds
         rely upon their tails for steerage even more than a cheetah does: the long forked tails of swallows, swifts, frigatebirds
         and tropicbirds give them their aerial agility; without it, they could not function. But the tail is not bony. It is made
         entirely from feathers which grow from the skin around the pygidium (sometimes with additional feathers that grow from the
         back). The tail feathers in effect do the job of a bony tail – but they are much lighter; and, once grown, they need no blood
         supply and no internal nerves. To substitute feathers for flesh, blood, and bone is a marvellous piece of delegation. In some
         birds, including fowl, the tail feathers from the pygidium are enhanced by additional feathers from the back. The ‘tail’ of
         the peacock, which forms the wondrous fan, is constructed thus: it is not a tail at all.


      
      Overall flexibility comes from the neck, which is always very versatile and sometimes very long. Anatomically speaking therefore
         a bird is like a snake in a box, with two sets of limbs added on (either one of which might at times be all but abandoned),
         and a rump to wag at the back, with the tail feathers to provide leverage. The beak at the end of the long flexible neck serves
         the same function as the human hand at the end of its long flexible arm. In many birds, from flamingoes to Shoveller ducks
         to finches to parrots to hummingbirds to woodpeckers, the tongue serves in many various ways as a limb within a limb, sometimes
         with wondrous dexterity.


      
      The bones on the whole are hollow and hence extremely light, with great strength relative to their weight. Struts within the
         long limb-bones add to the strength, like the cross-girders in the Brooklyn Bridge. For good measure, as we will see, some
         of the bones in most birds are filled with air. All in all, the individual bones and the skeleton as a whole is a supreme
         exercise in civil engineering.


      
      But the key to the whole design lies in one of nature’s most ingenious inventions. Feathers.

      
      
      
      
      THE PROS AND CONS OF FEATHERS

      
      
      In modern birds, feathers serve three main functions – for insulation, for display, and for flight. Chemically they are similar
         both to the scales of reptiles and to the hair of mammals – all are made from hardened protein known as keratin; though the
         keratin is slightly different in scales, hair, and feathers – but the structure of feathers is much more refined. All true
         feathers are branched – a central ‘rachis’ with rows of ‘barbs’ on either side. In feathers intended for insulation, and in
         some that serve for display (as in the sexual plumes of herons), the barbs remain loose and fluffy. In flight feathers the
         barbs hook together like a zip fastener to form a continuous vane, a strong, light aerofoil. Yet another supreme exercise
         in natural engineering.


      
      Common sense says that these different functions could not have evolved all together if only because different functions require
         different kinds of feathers. Some biologists have suggested that birds first acquired feathers when they began to fly – but
         since the flight of birds depends absolutely upon feathers, and since flight feathers are the most sophisticated kinds of
         feathers, fashioned as they are into aerofoils, this seems most unlikely. Besides, as described in the next chapter, non-avian,
         non-flying dinosaurs that also had feathers have now been discovered – and although the fossils of these non-flying dinosaurs
         are younger than the oldest known bird, this suggests that feathers evolved independently of flight. Indeed, the use of feathers
         for flying is just another (very good) example of evolutionary opportunism: natural selection making use of structures that
         had already evolved for some other purpose. Most biologists feel intuitively that the very first function of feathers was
         for insulation, since some ancient dinosaurs were almost certainly homeothermic, and needed to keep the warmth in – even in
         the tropics, deserts at night can be very cold.


      
      I reckon, though, that feathers could well have evolved first for display, and mainly for sexual display, for no lineage of
         creatures that reproduces sexually can survive for more than a generation if it fails to find mates and there is no doubt
         that in the mating game it pays to strut your stuff. Certainly many modern reptiles go to great lengths to put on displays
         with frills and dances – which feathers would have enhanced no end, as many a modern human dancer in dozens of cultures from Maori to Cherokee to the Royal Ballet have demonstrated.
         Feathers add the refinement of diffraction: the light-rays broken up into their different component colours so that the feather
         shimmers, and seems to change colour, now-you-see-it-now-you-don’t. Only a few other creatures can match this wonderfully
         illusory effect – like the scaly wings of some butterflies and moths. In truth we will never know how feathers first arose
         and what first drove their evolution, but, as discussed in Chapter 6, it does not pay to underestimate the driving power of
         sex.


      
      The feathered, non-avian dinosaurs have all disappeared; and so have the pterosaurs, the ancient reptiles that flew on leathery
         wings, without the aid of feathers. The birds survived because they had feathers and they flew – or this, at least, is how it seems. But flight requires a great deal more than feathers. Every aspect of a bird’s
         anatomy and physiology is geared to it.


      
      Nothing in nature is for nothing. Individual feathers are a metaphor for lightness yet the plumage as a whole typically weighs
         two or three times as much as the bones. Thus, though they are the key to flight, they add to the load. They need serious
         upkeep, too. Most birds (though by no means all) have a ‘preen gland’ on the small of the back, near the tail, which secretes
         oil, which they spread over the feathers with their beaks: ‘preening’. The feathers are subject to attack by lice, and provide
         a miniature tropical forest for other small creatures to lurk in. Birds are beset by parasites, which many contrive to remove
         in part by dust baths, by regular bathing, and sometimes by ‘anting’ – introducing ants into the plumage to clear out the
         parasites. My grandfather told me that he and his fellow squaddies adopted the same tactic during the Boer War in South Africa,
         at the turn of the twentieth century: they would place their clothes over an ants’ nest, and let the ants go to work on all
         the exoparasites that lurked within. Those species of swifts that spend months on the wing do not find it easy to preen or
         groom and cannot bathe in puddles or in the dust, and so they suffer mightily from parasites.


      
      Most birds, too, moult at least once a year (just a few moult less often that this) and replace their entire plumage. Peacocks
         lose their magnificent trains and grow them again. Guillemots and most geese lose all their primary flight feathers at once and so, for some weeks each year, are flightless – and guillemots migrate,
         in this flightless state, by swimming. Many birds take the opportunity, while moulting, to change their appearance: thus the
         guidebooks show the males in particular of many shorebirds and songbirds and ducks and others in their brightest mating fig
         in the winter and spring, when they are after mates, and in duller ‘eclipse’ plumage, often camouflaged (‘cryptic’), in the
         non-breeding season. Clearly, birds that change from mating to eclipse plumage and back again must moult twice a year. For
         all birds, the changing of feathers is a huge physiological burden. So birds play an enormous price for their feathers. But
         still they are worth it. Feathers – particularly in the form of flight feathers – are the secret of their great success.


      
      
      
      
      NOBODY’S PERFECT

      
      
      Beyond doubt, some birds fly better than others. It is also obvious that modern birds fly much better than Archaeopteryx, generally acknowledged as the first bird of all, which lived in the Jurassic, deep in dinosaur times. So flying has improved
         over time.


      
      Some modern biologists regard such common-sense observations as heretical. It seems it is politically incorrect to suggest
         that evolutionary change over time brings about improvement. Such an idea is deemed to be ‘teleological’ – implying that evolution
         has some goal in mind; whereas, so some moderns insist, evolutionary change over time should be seen simply as a random walk,
         liable at any stage to go this way or that. We cannot speak of ‘improvement’ because there are no objective criteria to measure
         improvement by. Natural selection does not strive for technical perfection. It merely produces creatures that can survive
         in their own particular environment, and all creatures that do survive must therefore be considered equally successful. Thus
         some moderns agree with Orwell’s dictatorial pigs: all animals are equal.


      
      Whether or not the path of evolution leads living creatures towards some prescribed goal is a matter of metaphysics or indeed
         of theology, which, alas, are beyond the scope of this book. But improvement, not least in the form of technical proficiency,
         can be measured objectively, just as the performance of a car or an aeroplane can be measured. Some birds are more agile than others, or quicker, or can
         fly further. Perhaps more to the point, some get more flying hours, or speed, or distance, or aerobatics per unit of energy
         than others, which means that by the standard definition of physics they are more efficient.


      
      Yet in flying there can be no such thing as perfection. All flight, as an aero-engineer once pointed out to me, is compromise.
         If you do one thing particularly well, you will do other things less well. High-altitude spy-planes can stay aloft for days
         on very little fuel but they cannot go fast and are not good for aerobatics. Jumbo jets fly high and fast with a huge payload
         but again they are not built for agility and they use prodigious quantities of fuel. Modern fighter planes are wickedly fast
         and manoeuvrable but they are also unstable and without an on-board computer to make rapid micro-adjustments they could hardly
         be flown at all. Planes that are good all-rounders, like the Tiger Moths that still are used for training pilots, cannot do
         any one thing particularly well. It’s the same with birds.


      
      No-one was better equipped to discuss the mechanics of bird flight than the great engineer-turned-biologist John Maynard Smith.
         In a classic essay from the 1950s, ‘Birds as Aeroplanes’, he compared Archaeopteryx to a paper aeroplane. Paper planes have more than adequate wings designed for maximum lift – low wing-loading – and long
         tails. They are wonderfully stable – but they don’t do much. They travel in a straight line, not very fast, and stop when
         they run out of momentum. It is clear from its shape that, aerodynamically speaking, Archaeopteryx was like a paper plane: very stable but not manoeuvrable. Of course, Archaeopteryx had powered flight, which paper planes do not, but we can see from its solid bones and its bony jaws and tail that it must
         have been heavy, and must have expended a lot of energy even to do what it did.


      
      Contrast modern birds. The mighty Peregrine and the even mightier Gyr Falcon can dive or ‘stoop’ on their prey –a pigeon, in
         the case of Peregrines – at nearly 300 kilometres per hour (190 mph), or so it’s estimated: Formula 1 speed. Sparrows are
         aerodynamically unstable compared to Archaeopteryx but they make up for this with fabulous coordination, able to respond in microseconds to the smallest fluctuations in the
         air – like modern fighter jets. Storks, eagles, and vultures have long and broad wings yet find it difficult to take off from the ground in normal conditions and a grounded vulture in
         a northern zoo may not bother to take off at all. Instead these big birds rely on the up-currents of cliffs or – more generally
         – on thermals: rising columns of warm air from hot ground that can carry them upwards almost out of sight; human sight, that
         is, for these birds can see all they need to see from far above.


      
      Geese, as heavy as most eagles, are able to power themselves to great heights because their broad, long wings are commensurately
         muscled. Bar-headed Geese on migration fly over the Himalayas, almost at jumbo height. Swallows, swifts and nightjars with
         their long, scimitar wings and long, forked tails are wonderfully agile, able to pick off the swiftest and most elusive insects
         on the wing. Pheasants and other fowl with their short, wide wings and powerful legs take off like jump-jets, fast and nearly
         vertical – though they don’t on the whole fly far (although some quails, which are also fowl, migrate). Pigeons fly straight
         and true for hundreds of miles at 60–80 kilometres an hour (40–50 mph) – but not nearly fast enough to escape Peregrines.
         Albatrosses with their very long, narrow wings are not very manoeuvrable but they can fly for thousands of miles almost without
         effort, like gliders with extremely accomplished pilots, and their wings are locked in the stretched out position; it requires
         no muscular effort. Since albatrosses fly over the Southern Ocean there are no thermals to provide lift. But there is constant
         wind; and the wind high up is faster than the wind lower down, where the waves act as a break. So albatrosses gain speed at
         high altitudes and then sink slowly to wave-level under gravity; then they turn – still at high speed – to face the slow winds
         near the waves; and so they find themselves flying into the slow winds at high speed – and this gives them lift, just as a
         plane is lifted when it rushes along the runway into static air. Far below the soaring albatrosses, in the Southern Ocean
         itself, penguins ‘fly’ under water. Their wings are not mere paddles, or oars, just pushing the water backwards. They provide
         lift – true hydrofoils.


      
      Each of these birds does what it does brilliantly – but, as with aeroplanes, none can do everything. You cannot be as agile
         as a swallow or as fast as a Peregrine but also as effortlessly economical as an albatross. Each kind of manoeuvre requires
         its own technology, and different technologies are incompatible. In the same way, you can go very fast in a Ferrari – but you cannot use it to
         take the family on holiday. You just have to choose. Still, though, it remains the case that some machines do what they do
         better than others that are trying to do the same thing. Some birds are more equal than others.


      
      
      
      
      ENERGY AND POWER

      
      
      Flight requires tremendous energy – and eating is at a premium. As we will see in Chapter 5, there’s a lot to it: the right
         physical equipment, the right techniques, the right strategy, each and every day and over the whole lifetime. Eating raises
         physical problems. Birds that eat leaves need to eat a lot and so need big stomachs and diversions of the gut known as caeca
         (pronounced ‘seeker’) – and all of this is extra weight. Birds that eat seeds, which contain more energy than leaves, have
         a special need for gizzards – expansions of the gut commonly filled with gravel for crushing, like a mill; extra weight again.
         All birds need water and some are very thirsty creatures – more weight again (although some birds as we will see, like some
         gazelles, are adapted to live without drinking). Birds go to great lengths to conserve water; so whereas mammals, like us,
         excrete surplus nitrogen (from protein and amino acids) in the form of urea diluted in great quantities of water, birds excrete
         surplus nitrogen as uric acid, virtually in crystalline form, with almost no added water. Hence the characteristic white splashes;
         and hence the enormous value of guano, the accumulated excreta of nesting birds (usually seabirds), that once was collected
         for making gunpowder (saltpetre) and then was collected for fertilizer (and in both cases became a significant industry).


      
      But once the fuel is on board, safely packaged in the form of glycogen and particularly of fat, it needs to be ‘burned’ with
         maximum efficiency to satisfy the bird’s enormous appetite for energy, and of the flight muscles in particular. Birds achieve
         this by ensuring a through-put of oxygen that by mammalian standards is truly staggering. The lungs of mammals are mere bags
         (or sacs, as zoologists tend to say): the air goes in one way – and comes out the same way. With each breath a little residual
         air is left in each lung; not very efficient at all. In birds, the lung is a series of parallel tubes like the condenser of a boiler. The air rushes in one end of the
         lung and rushes out the other end – there is complete clear-out: all the air and the oxygen it contains can be brought into
         close contact with the blood vessels in the lung walls. From the lungs the air passes to a series of air-sacs distributed
         around the body – varying in number from seven in loons and turkeys to at least twelve in shorebirds and storks. Most birds
         have nine such sacs: two in the neck – which male frigatebirds dilate into huge red balloons for sexual display, as we will
         see in Chapter 6; two in the upper thorax; two more in the lower thorax; two in the abdomen. Finally, there is a single sac
         between the two clavicles (the interclavicular sac) – and this one extends into the bones of the wings and sternum. It’s the
         air from this sac that is forced at pressure past the syrinx, with such effect. Once the air has been into these air sacs
         it does exit the body by the same route it came in – via the trachea, like a mammal. The key difference is that the lungs
         in mammals are a cul-de-sac while in birds they are a thoroughfare.


      
      The system that increases efficiency of respiration also has another bonus. It makes birds even lighter than they would otherwise
         be. Real ducks float on the pond for the same reason that plastic ducks float in the bath. They are full of air.


      
      But even here, nothing is for nothing. Birds that hunt underwater need to be heavy. So it is that penguins, loons, grebes,
         anhingas, and cormorants go to various lengths to increase their weight, at least for the purposes of diving. Penguin bones
         are heavier than the average. Cormorants and anhingas do not waterproof their wings – and so they become heavy as they swim.
         Cormorants float low in the water. Penguins and particularly anhingas float even lower – the latter so low that sometimes
         only their heads and necks are above water; and so they are also known as ‘snakebirds’. When cormorants and anhingas emerge
         they have to dry themselves off, holding their wings out like scarecrows. Grebes draw their feathers tight to the body before
         they dive – the opposite of fluffing out – to squeeze the air from them.


      
      Birds, then, are unique. Indeed, as we will see in the next chapter, they seem so different from other creatures that some
         leading biologists in the nineteenth century said they could not possibly have evolved from any known creature – and they
         used the fact that birds exist as evidence that Darwin’s idea of evolution was wrong. (As we will see, may influential biologists
         in the nineteenth century were anti-Darwinians.)


      
      [image: image]
         
         
         One of the great sights of the Southern Ocean – diving petrels flying into waves and out the other side



      
      And yet, birds in many ways are remarkably similar to mammals. They are designed differently, and to some extent lead different
         lives, but they are parallel life forms. In their general approach to life they are much the same as us – it is just that,
         in every way in which it is possible to be different, they are.


      
      
      
      
      THE SAME ONLY DIFFERENT

      
      
      In almost all general ways birds are just like us – just like mammals, I mean. The biggest birds are nothing like as big as
         the biggest mammals but even the smallest are very big, as animals go – for most animals are insects, mites, or nematode worms,
         and all but a few moths and beetles and mega-stick insects are tiny. Birds and mammals are both warm-blooded, too. This does
         not mean that they are gratuitously hot. It does mean that on the whole (with some exceptions which we will look at as this
         book unfolds) they contrive to keep the core of the body around the vital organs and the brain at a more or less constant temperature which, except in the tropics
         in the daytime, is higher than their surroundings. The temperatures that both birds and mammals strive to maintain – around
         40°C (100°F) – is the best working temperature for most of their enzymes, so

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      


* The King James translation gives us ‘Behold the fowls of the air’; the New Jerusalem Bible offers ‘Look at the birds in the sky’; and other versions I have looked at offer one or the other. None says ‘consider’. However, according to the Greek–English New Testament Lexicon (as originally edited by W. Bauer), Matthew in the ‘original’ Greek (that is, the text from which modern versions are taken) uses the verb ‘embleppon’ (which I regret I don’t know how to render in Greek script). This verb recurs throughout the New Testament with many connotations, including: what can be seen; look at; fix one’s gaze upon; look for a way (to do something); note; and – consider.

The Oxford-based theologian I have consulted agrees that ‘consider the birds’ is a perfectly valid translation for Matthew 6:26 and indeed gives more of the intended flavour than ‘Behold’, or ‘Look at’. So I feel fully justified in offering this variant.
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