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			No wild animal lives so freely and in such variety and numbers among humans as do birds. For that reason alone, our relationship to them is unlike our connection to any other wild creature. But there are other reasons, too. The intellect of birds is arguably the closest in the animal world to our own. Birds charm us with their ethereal songs, which are profoundly different from the sound of any other animal; in fact, some of the natural world’s most beautiful sounds emerge from the tiniest of birds. They are found virtually everywhere, from the Arctic and Antarctic to the tropics and deserts to the concrete labyrinths at the heart of the world’s cities and the green patches of grass in front of our homes, and they are nature’s exclamation point, adding an unequaled burst of vibrancy to our lives. Birds came to the earth, an Australian legend has it, when a rainbow shattered and its shards of color turned into birds as they fell: the glowing, jewel-like reds, greens, and blues of the hummingbirds; the bold red, white, and black of the woodpeckers; the deep blue of bluebirds and indigo buntings; the slash of red on the shoulders of red-winged blackbirds and the full suit of red worn by cardinals.

			
			I am in awe of birds. I knew something about them going into this project, yet after more than two years of reading scientific studies, talking with scientists and laymen, and visiting winemakers, zookeepers, bird-watchers, falconers, artists, costume designers, Native Americans, and animal activists, I discovered that these feathered creatures play an almost unfathomably wide range of roles in the human enterprise.

			My interest lies in how we have interpreted birds, and how we might enhance our interpretation to help us understand more about ourselves and the world around us. For centuries, for example, birds have been used to help us understand flight and to create new designs for better and more efficient aircraft. Running and climbing baby partridges offer a glimpse into how the first flying dinosaurs left the ground, and the molecular tracings through the brain of a singing baby bird are a proxy for understanding the biology of the first babbles from a human infant. Want to know how Machiavellian power relationships among humans evolved? Look to the deceptions and alliances that take place within a flock of cunning ravens. Why are human stepfamilies more at risk for incest and other dysfunction than biological families? Families of white-fronted bee-eaters in the desert cliffs of Kenya, who are no strangers to illicit desire, can help answer this question. Murmurations, those mysterious and synchronous flying clouds of birds that mesmerize us as they swirl through a late afternoon sky in autumn, might hold the secret to an undiscovered fundamental force in physics.

			One of the most important things birds do is remind us of our deep and abiding emotional connection to nature. In Washington, D.C., I witnessed Harris’s hawks and bald eagles turn drug dealers and high school dropouts into passionate falconers. What is going on in our hearts and brains when we observe these creatures? What moves people to spend hundreds of dollars a year feeding birds in their backyard, or thousands to travel the world to watch them? Throughout history, birds have been strongly allied with mystical properties. Might birds, then, also have things to tell us that science has yet to consider? Birds push the boundaries of science, for example, by raising the big question of whether these highly complex beings have minds of their own. The idea of a sentient world beyond the human realm is not as far out as it has been thought to be. Panpsychism (literally, “mind everywhere”), the idea that the world and everything in it is conscious, is one of philosophy’s oldest doctrines. It held sway until the twentieth century, when “logical” thinking took over and asserted the notion of human exceptionalism. But some scientists are rethinking this notion.

			
			How can we divine an understanding of such a conscious world? Largely through birds. Ethno-ornithologists who study the relationship between the world’s indigenous people and birds, and also the few scientists whose work at times questions the fundamental assumptions that we believe control the workings of our universe, tell us tales of alternative worlds and radically different modes of perception in which people are woven into the fabric of nature and birds are not just objects but fellow travelers, and sometimes even family.

			Our society is unparalleled in understanding and appreciating material science, accumulating hard drives, clouds, and folders full of knowledge. But knowledge breaks the world into pieces, while wisdom makes it whole. Bird flight can be about air currents and velocity and wing loading, but it can also be about something unquantifiable, something transcendent and miraculous. We are sorely deficient in wisdom, lacking a view of how all of these pieces of knowledge connect to make the world a better place.

			“What we see is not nature,” the physicist Werner Heisenberg cautioned, “but nature exposed to our method of questioning.” Birds, as understood through the field of ethno-ornithology, tell us that the Western scientific model is only one narrow porthole through which to envision the world; there are many more radically different perspectives, each with its own validity. As Heisenberg suggests, we think we know how the world works, but that belief is a dangerous illusion. It’s time for us to stop laboring and debating solely within the framework of our own culture, our own model. It’s time to be more inclusive and more creative, to peer beneath the surface, to vastly broaden our scope, to consider other ways of seeing and being in the world, and to reframe our perspective of nature, which will ultimately make us a far more resilient species.

			
			“In the end we will only conserve what we love, we will love what we understand, and we will understand what we are taught,” wrote Baba Dioum, a Senegalese forester. This book is my humble attempt to write about how a wide range of people interpret birds and to offer a few interpretations of my own, to teach something about this marvelous planet we call home and the fellow travelers with whom we share it, creatures who are able to fly halfway across the globe nonstop, dive ten times deeper into the ocean than a human, or fly backward and upside down and do many other things we cannot begin to comprehend.

			My goal with this book is to help change the way we perceive birds, to move them from the background of our lives to the foreground, from the quotidian to the miraculous. In it I hope to share my own soul-stirring wonder, and I hope that that will be infectious. A shared wonder about the miraculous nature of birds may be the best strategy to reshape our relationship with these creatures, with the earth, and with ourselves.
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			What Birds Tell Us About the Natural World
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			Birds: The Dinosaurs That Made It

			
				What good is half a wing?

				—ST. GEORGE JACKSON MIVART

			

			Where did the first flying bird come from? Did it spring, fully formed, with perfect wings, from the mind of God? Or was the first act of flying carried out by a small dinosaur with feathers who leaped out of a tree, glided gently through the air, and landed on the ground like a child’s balsa airplane? Did a galloping feathered dinosaur chase so fast after a buzzing insect, leaping to gobble it, that it found itself airborne? How flight first happened is a mystery, but in the birds that surround us today, which are the only surviving dinosaur lineage, some have found a look back at how dinosaurs might have gone airborne and what these creatures from long ago were like.

			The governing theories about how the first animal evolved the ability to fly—first proposed in the nineteenth century and still operable today—are divided into two main camps, the arboreal and the cursorial. Derived from the Latin word for “tree,” the arboreal theory holds that around 125 million years ago, small reptilelike creatures with four limbs were covered with something like feathers. The featherlike covering was used not for flying but as a cloak to keep the creatures warm, or as a way to look sexy and attract partners, or as camouflage, or all three. Perhaps these creatures leaped from tree to tree in a dense rainforest, the way a flying squirrel travels—not really flying, but gliding.

			
			Then one day, arborealists imagine, with its forelimbs stretched in front of it and its feather coverings spread out to the side, the first flying animal glided from a tree to the ground, and as it went on it added flapping to increase thrust. Perhaps the critter had a random genetic mutation that gave it larger forelimbs than others, which helped propel the animal forward. There are some sticky problems, however, that some argue shoot down the trees-to-ground theory, one of which is that there are no gliding animals today that flap for thrust.

			The cursorial, or ground-up, theory of the origin of flight refers to the animal’s ability to run. In this scenario, the first fliers were track stars with a yearning to take to the skies and soar. After zooming along the ground and making a series of leaps, to chase a dragonfly perhaps, or cross a creek, they somehow found themselves soaring with feathery forelimbs that had, perhaps through random mutations, grown large and light enough to keep them aloft. Left unexplained is where a heavy dinosaur would get the energy to run three times faster than modern birds in order to break the bonds of gravity and flap its way through the air, all with a developing wing. Perhaps, some have thought, they were half wings on a bipedal, or two-legged, creature, but why would an animal have a half wing if only a full wing would allow it to fly?

			It’s a good question, and one that’s often asked when it comes to the evolution of flight. “What good is half a wing?” was first asked in 1871 by St. George Jackson Mivart, an English biologist. Mivart was at first devoted to Darwin’s theory of natural selection—the idea that as creatures evolved, only those who were most fit survived. He turned against his mentor, though, and later became one of the theory’s most vehement critics—largely over the bird wing. There is no reason on God’s green earth for an animal to have half wings, because they are useless, he claimed. Ergo, the theory of evolution doesn’t make sense; God must have created birds fully formed. To this day, creationists hold fast to the argument that half a bird wing refutes evolution.

			
			This is where the first-flying-creature debate has stood for quite a while—two main schools of thought arguing about their respective ideas, with a separate school believing that a bird’s wing is a result of the act of divine creation, rather than meticulous and persistent shaping by eons of evolution.

			A new perspective that combined aspects of both evolutionary theories arose when Ken Dial weighed in in the early 2000s. While his distinguished career has been about studying bird flight mechanics, he found that his approach could also be uniquely applied to the evolution of flight. “Study the dinosaurs that made it—the birds,” he says. Understanding more about the evolution of flight by studying living animals provides a new perspective on the ecology and biology of birds and dinosaurs, information that can’t be gotten elsewhere. “These are things you would never get from studying fossils,” he says.

			With his shaved head, goatee, and glistening aviator sunglasses, the guitar-playing, jet-piloting Dial is perfect for the role of a renegade. He’s a bird nut, as many people who investigate birds are, energetic and excited when talking about his research. The fact that he’s an interloper on the subject, wading as a biologist into a field occupied largely by paleontologists, doesn’t bother him. The origin-of-flight theorists base their respective arguments on the study of fossilized dinosaur bones. This necessarily involves a lot of conjecture because the beasts are so long gone, and their bodies are very unbirdlike at this point because they are fossils frozen in stone. Dial’s work is based on videos of hundreds of live birds performing in his lab, doing things that no one knew birds did, as well as his study of their muscles, limbs, and other mechanics. I watched several of these films with Dial in his office at the University of Montana Flight Laboratory in Missoula, and I asked him how he thinks bird flight first took off. His is a fascinating idea, based in part, he told me, on something called “recapitulation theory,” a theory that is largely rejected by science but that Dial has resurrected.

			
			Recapitulation theory is a notion that goes back to ancient Egypt, though it was formalized in the nineteenth century by the German biologist Ernst Haeckel. It holds that the early development of a single animal mirrors the evolutionary history of the species. Very young human embryos look like fish, for example, as the theory poses that our human ancestors did long ago. Dial doesn’t agree that this is true all of the time, but he believes it sometimes appears to be true.

			Students in a graduate seminar he was teaching in the late 1990s, Dial tells me, helped set him on his path to investigate how flight may have first developed. As part of their assignment, they studied the origin of flight and interviewed published researchers in both the arboreal and cursorial schools. They concluded that there wasn’t a lot of good data for either theory. So at the end of the seminar, the students issued Dial a challenge. Why didn’t he, the functional morphologist, do some research and come up with a new take on this question of the origin of flight? Dial thought that was a fine idea, since the study of the subject is indeed “very limited by the fact that the animal has been replaced by stone. It’s not moving, just an anatomy left for us to try and interpret.” The two theories, based on fossils and very little concrete evidence, “constitute a lot of arm waving and little data,” according to Dial. “It’s easy to come up with a hypothesis with a simple dead structure you want to fit into your story. That’s just storytelling. My feeling was that we need to understand broadly and in depth the anatomy and physiology of the living.” Dial believed he could use his high-speed cameras and other sophisticated instrumentation to come up with some new ideas about the origin of flight.

			
			Dial is well suited to take on the subject from a new angle. He’s observed hundreds of species of wild birds for decades and taught field courses on birds across Africa. As a researcher, he has long and meticulously studied the physiology of birds, every component part, muscle, nerve, and bone, and how this equipment determines how birds fly and run. As the host of the acclaimed series All Bird TV on the Discovery Channel, he has also traveled across North and Central America, filming birds in the field and interviewing a wide range of other bird experts.

			It was in an unlikely source that Dial found a glimpse into the likely origins of flight: baby birds, who, in those first few weeks of their existence, he believes, provide a detailed look at the millions of years it took for the ability to fly to evolve. It’s just one example of how modern-day birds inform our knowledge about the very distant past.

			It’s hard to fathom the notion that the feathery little creatures that flock to our feeders are modern-day dinosaurs, but it’s true. All birds are, though chickens and turkeys are genetically the closest dinosaur relatives. Researchers, in fact, have manipulated chicken genetics so chicks grow dinosaurlike beaks, feet, and legs. It took a scientific revolution to overthrow the notion that dinosaurs were reptiles, a revolution that purportedly arose in 1868, when the biologist Thomas Henry Huxley, so fierce an adherent to the idea of natural selection that he was known as Darwin’s bulldog, was eating dinner one evening while thinking about a dinosaur bone he had earlier been working with in the lab. As he nibbled on the bottom of a turkey drumstick, he was struck by its similarity to the anklebone of the dinosaur.

			There was also a peculiar fossil find in 1861 in Germany that fueled such thinking: the discovery of the archaeopteryx. About the size of a raven, the strange creature had broad wings and long feathers and could fly, or at least glide, but actually had more in common with small dinosaurs than birds, including sharp teeth and a long bony tail. Archaeopteryx was a theropod—Greek for “beast feet”—a group that includes small to gigantic dinosaurs, including Tyrannosaurus rex, with feet similar to birds. Theropods had numerous other birdlike features: They brooded their eggs, had bones filled with air pockets to make them lighter, and in many cases had feathers and a wishbone, or furcula.

			
			Birds and dinosaurs, Huxley thought, had to be related. It was a marked departure from the prevailing idea in the nineteenth century that birds were descended from a predinosaur reptile. It also implied that their ancestors had been warm-blooded, not cold. Huxley’s idea got little traction, and the notion of a bird-dinosaur connection was largely forgotten. In the 1960s, though, Yale University’s John Ostrom found twenty-two features in the skeletons of dinosaurs that were also found in birds, and he refloated the hypothesis. The “dinosaur wars” were underway, reaching a fever pitch in the 1980s as experts battled over whether dinosaurs were birdlike or reptilelike. By the 1990s, though, the matter was largely settled science.

			Because they are related to dinosaurs, birds have been enlisted by scientists to tell us something about their ancestors. Dial turned to an unlikely subject—a baby chukar partridge. “I’ve worked in the lab with everything from pigeons and starlings, parakeets, magpies, finches, ducks, geese, and swans,” he says, “but chukars fit the bill.”

			There are two forms in which birds are born into the world. One is altricial, which means “requires nourishment.” Altricial birds, such as the robin, are feeble, naked, and helpless after they burst through their eggshell, and they need days of doting care from parents, who keep them warm and stuff food into their perpetually wide-open mouths as they develop feathers and the ability to fly. The other radically different way birds arrive is precocial, mind-bogglingly mature at birth, able to walk or run, evade predators, and forage for food on their own. Precocialism occurs along a spectrum and is especially pronounced in ground birds, who are most susceptible to predators. Some unusual birds, such as the megapodes—“large foot”—of Australia and New Zealand, are superprecocial, which means they are the most mature birds at birth of all. And Australian brush turkeys are the champions of superprecocial behavior.

			
			Brush turkeys are bold, with no fear whatsoever of people. These days, they hang out in parks, near malls, and in other suburban settings. They look something like the wild turkeys found in North America—a deep blue-black color, with a bright head and flat tail. They forage through leaves and grass on the forest floor for seeds, fruit, mice, frogs, and other small animals, and they build unusual giant communal nests out of leaves and twigs that can be as large as twelve feet wide and six feet tall. They are known as incubator birds, because when the hens lay their customary eighteen to twenty-four large white eggs, the heat from a compost pile they build beneath the nest radiates up to keep the eggs warm. The males tend the eggs carefully, sticking their beaks into the compost to monitor its temperature and adjusting the mix to make it warmer or cool it down.

			As soon as the babies peck their way out of the shell they are ready to roll. At one day old—one day!—the fully feathered chick’s eyes are wide open, and it literally hits the ground running. With extremely powerful legs and feet, these little chicks are able to fly and climb vertically up trees and rocks, abilities that allow them to evade snakes, dingoes, and other predators. “The hatchlings are very comfortable on extraordinary slopes, with no panting or stress, doing it over and over again,” says Dial. On that magical first day, a baby brush turkey can fly and run up steep and rocky cliffs better than an adult, though that ability eventually diminishes.

			The chukar partridges that Dial studies are also precocial—though not superprecocial—ground birds. Chukar partridges are small and stocky, a member of the Galliform family, which also includes chickens and pheasants. They have a distinctive white face with a black gorget, or collar, of dark feathers. They favor dry, harsh terrain, and they eat a mixed diet, a buffet of insects, grass seed, roots, and whatever else they can scrounge. They were introduced to the United States from the deserts and mountains of their native Pakistan because they are fast and flap furiously when they take flight, which makes them an appealing quarry for bird hunters.

			
			Chukars, like pheasants and ostriches, lay their eggs in a depression in the ground. After a couple of weeks, the young hatch, and within twelve hours they run and start foraging for food, though they are still occasionally tended to by parents. There was something in the chukars, Dial thought, that was very dinosaurlike—it was the way they used their four appendages, something he calls “wing and leg cooperative use.” They also maintained a wildness about them when he brought them into the lab. The Japanese quail he was using, on the other hand, which are commonly used as lab animals, were docile and sat quietly in his hand as he stroked them. Chukars could be raised and handled, yet they remained skittish and fled when he came near them—a perfect combination of traits, he says, for studying how they learn to fly as a window into how the dinosaurs might first have learned to take to the air.

			Dial and his research partners placed a covey of downy baby chukar partridges on the floor and moved one of the babies away from the rest of the brood. Using the same high-speed cameras he and Bret Tobalske, director of the Flight Lab, used to study hummingbirds, they then filmed the chukar to study how the bird deployed its legs and stubby developing wings to instinctually and hastily scramble back to its brothers and sisters. As the bird got older, it was moved farther and farther away from its siblings. One day the rancher who was selling Dial the baby chukars came in to observe the research operation. “What the hell are they doing on the floor?” the rancher asked, shaking his head in dismay. “You call yourself a doctor? They like to be off the ground.” This provided another piece of the puzzle—just as they would in the wild, the birds needed to be able to climb varying heights, on textured surfaces so they had traction. That could be a critical part of learning to fly. Dial brought some hay bales into the lab, replacing the slick boards he had been using. Each day he moved the bales a little farther apart, watching and filming the birds as they made their way between them, and placing foam padding on the floor in case they tumbled to the ground. The first day the hay bales were two inches apart, and within a week they were three yards apart. “We were trying to document on a daily basis how these animals develop performance in flying,” says Dial.

			
			It was Dial’s fourteen-year-old son, Terry, who provided the most surprising insight to support Dial’s theory that we can view bird babies as a proxy for dinosaurs. The young man was working for his dad in the Flight Lab in Missoula where Dial Senior had set up the bales. When Dial was back at Harvard, collaborating on research, he called to check in with his son, who was running the camera on the partridges in his absence. “How’s it going?” he asked Terry. “It’s going lousy,” his son answered. “They aren’t flying anymore, Dad. They’re cheating.”

			“Cheating?” Dial asked. Yep, his son told him, they weren’t trying to fly between the stacks of hay, but rather running straight up the side of the bale. Dial scratched his shaved head. How could they do that? No one had ever documented that type of climbing behavior in a bird.

			It became a key point in his theory and the focus of his bird research: running up vertical surfaces was how birds had first developed their flying performance. He brought different species to the hay bales and put them through all their paces and, lo and behold, it turned out that a wide range of birds effortlessly ran straight up the sides of the hay bales.

			Dial took other videos, of different bird species climbing trees, rocks, hay bales, and other inclines—babies, juveniles, and adults, including an owl that ran straight up the side of a tree trunk. And it was while watching this unusual behavior that “it dawned on me,” Dial said, “why it is that birds have half a wing.”

			Baby chukars flap their small, developing wing stubs as they run, he explained, in a way that improves the traction of their legs, or hind limbs. It allows them to climb up a steep slope, whether chasing a grasshopper or fleeing a fox. Animals strive mightily to find an elevated retreat for safety when they are fleeing, but if the slopes are more than sixty degrees they fall backward. A developing protowing, however, acts like a spoiler on a race car, and combined with powerful legs and feet, it keeps the bird firmly on the surface, allowing it to climb the most vertical slopes, and even to walk upside down on an overhang. No matter what the bird’s body is doing, the bird keeps the wing at an angle of about twenty degrees, and the wing both powers its running and provides stability. Then, as the bird grows up and begins to fly, it uses the same wing angle. Dial believes that what he calls wing-assisted incline running, or WAIR, is a fundamental and dramatic bird behavior that, until now, naturalists and ornithologists have missed.

			
			A half wing, then, was not a useless appendage, as Mivart and a host of others believed, but instead essential, because it turbocharged the climbing abilities of young dinos, increasing their chances of survival. Just like the baby chukar, precocial or superprecocial dinosaurs likely used their wings to power their running—away from predators or toward a fleeing meal—before they evolved the ability to fly. “If you are born with very little parental care, a kid has to do what it’s got to do, or it’s dinner,” Dial says.

			Moreover, his son Terry, now a Ph.D. student at Brown in life history biology, studied baby ducks as they learned to fly. It takes a long time for duck wings to grow to maturity, because they need to be especially strong for the birds’ long-distance migrations. While those wings are forming, the elder Dial says, babies still need to be safe from predators, so the growing wings power the ducks in their swimming to escape danger, in the same way that they help chukars run away.

			As Ken Dial’s partridges grew, not only did they climb the bales with their feet and wings, they started flying in the lab, flapping and gliding from the tops of the hay bales to the linoleum floor. This is what Dial thinks likely happened with dinosaurs as they began the early stages of flight. Early wings first powered the precocial dinosaurs’ running and climbing, and much later—perhaps millions of years later—as they climbed rocks and flapped back to the ground, these developed into flying wings, and those dinosaurs with the bigger and better wings could more effectively escape predators. Feathers were vital, too, as those dinosaurs with the biggest and lightest feathers—the best for escaping predators, for soaring, and for finding food—also survived.

			
			Dial gives this hypothesis the less than catchy name “ontogenetic transitional wing hypothesis,” or OTWH. And it has been well-received in the field.

			One of those who finds some common ground with this theory is Richard Prum, an ornithologist at the Yale Peabody Museum of Natural History who is in the arboreal, or flying-out-of-trees, camp. “Lift is always cheaper at speed,” he told me. “The aerodynamic force that makes flight possible is that air moves at different speeds over the top and bottom of the wing. Those forces are greater the faster the air is moving. Gliding animals—draco lizards, flying squirrels—plummet, and at the end of the plummet you have finally gone fast enough and you can really move. That means more lift. So, it’s much more likely that at the first moment at which lift was created with a feather, it was probably because of falling out of a tree, falling from a height.”

			Dial’s theory, in a sense, provides support for both the ground-up and trees-down schools of thought. It lays out a plausible way for the first flying prehistoric animals to have flapped their way up into the trees and glided down, as aborealists believe. But he thinks both camps are wrong. In today’s world there are absolutely no examples of gliding animals, anywhere, says Dial, that flap their flaps to stay airborne. So he doesn’t think that gliders became fliers back then, either. His studies also demonstrate that birds have strong running abilities, which supports the cursorialist argument. Dial, however, doesn’t believe the first fliers ran until they went airborne, again because there are no contemporary examples of it. “No bird today flaps to go faster,” he says. “Nowhere in the world. But birds flap up inclines and flap back to the ground. So the behavior I offer for the first fliers”—that is, birds climbing up a rock or a tree and flapping down—“is seen everywhere in all birds.”

			
			While wings get most of the attention when it comes to birds, Dial argues that the most overlooked part of their miraculous anatomy is their feet, even if they are not exactly elegant in appearance. “Bird feet are spectacular, a multifunctional tool like a Leatherman,” Dial says, after we watched the bird-climbing videos. “A bird foot can do whatever a bird wants it to.”

			Dial describes to me three types of walking. He holds up the first finger to further explain. “You and I and bears are plantigrade. In other words, we plant our heels and toes and walk off our toes.” He holds up a second finger. “Your cat and dog are digitigrades. They walk on their digits. Lastly a horse, wildebeest, or goat walks on its toenails. It’s called unguligrade,” he adds, raising a third finger. “Birds,” he concludes, with admiration, “do all of those things.”

			“My story is this,” Dial continues enthusiastically. “Look at this animal. The day it hatches it uses all four limbs to climb like a lizard up to safety. And six days later, though it can’t fly, the baby uses its wings to control descent and land perfectly. A week or so later it flaps down, getting better and better. And a week later it can get vertical and fly. I would argue that these stages are, metaphorically, how flight evolved. But while it may take thirty days for a bird, evolution probably took many millions of years.”

			To paleontologists and others who traffic in information about the deep past, Dial advises, “Study warm-blooded living dinosaurs, not only their cold stone remains. Let’s go with what the most compelling data are, and not just who can wave their arms around the best, and perhaps articulate their argument best. The best way to do that is to study the living. Don’t get me wrong, I am all for studying the past with fossils. I get down on my knees and thank God for paleontologists who are digging in the dirt. But everybody is caught up with the dinosaurs, because they see the tyrannosaurus or the velociraptor and they are sexy, while birds are tweety little annoyances. The researcher who studies birds is a bird nerd, and the other is a macho paleontologist. But birds are the dinosaurs that made it because they have been able to change with the times. That’s what makes them so extraordinary.” Birds can provide many other glimpses into the era of the dinosaurs, he says. From birds we can gather information on how dinosaur parents fed and nurtured their young, for example, or what their habitat was like. “This idea also says to the birders, look at the glorious information in the babies. Stop being so consumed with the adult form. They are cool, but look at the babies, they are really, really cool. They are telling us the most about evolution, about ecology, and form and function, because they are changing every single day and yet have to interface with their environment every day as they change and survive.”

			
			And though every day we see birds flying around our house, building a nest in the garage, or grabbing worms in our yard, we never suspect that those critters are the living, breathing descendants of the mysterious giants that walked the earth more than a hundred million years ago, and that they provide us a glimpse into that long-ago world.
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			Hummingbirds: The Magic of Flight

			
				If I had to choose, I would rather have birds than airplanes.

				—CHARLES LINDBERGH

			

			Why have people across the ages longed to leave the ground and soar? Birds and bird flight have stirred us at fundamental levels across the span of human existence, eliciting feelings of elevation and transcendence. Many of us ache to let go and leave our earthbound life behind, physically and emotionally, and birds can live out this dream for us. With an unimaginable lightness of being, their flight is universally stirring; the pleasure it offers the observer cuts to the core of one’s being.

			One of the first recorded human attempts to fly like a bird was that of the ninth-century Spanish Muslim polymath Abbas Ibn Firnas. At the ripe age of sixty-five, Ibn Firnas, inventor of such devices as a water clock and vision-corrective lenses he called “reading stones,” built a primitive wing suit, a wooden-framed contraption covered with vulture feathers that he fixed to his shoulders and arms. With a crowd looking on, he leaped off a high wall wearing this crude flying device. Accounts are varied, but most say it kept him airborne momentarily, and then he came down—hard. “His back was very much hurt,” wrote one historian, “for not knowing that birds when they alight come down upon their tails, he forgot to provide himself with one.”

			
			For his part, the eleventh-century “flying monk” Eilmer of the Malmesbury Abbey, in Wiltshire, England, was captivated by the story of mythical Daedalus, who fashioned wings for himself and his son Icarus out of wax and bird feathers. Icarus flew too close to the sun, melting the wax that bound the feathers on his wings, and so he fell to his death. Inspired also by a growing realization among thinkers at the time that bird flight was not magical but based on physical principles, the young monk fastened homemade wings to his hands and feet—after watching jackdaws fly—and leaped off the top of the abbey. He descended one hundred fifty feet and covered some two hundred yards before crashing into a swamp, where he “broke both his legs and was lame ever after,” according to one twelfth-century historian. “He used to relate as the cause of his failure, his forgetting to provide himself a tail.”

			Leonardo da Vinci, too, had a fever to fly and would do much in his life to capture the essence of bird flight, but as an artist and scientist he took a much more studied approach than Ibn Firnas or Eilmer. Leonardo would sit on a hilltop near his home in Florence and sketch the black kites and goldfinches that soared and flitted above him. These sketches eventually became Codex on the Flight of Birds, the first known written record of the study of avian aerodynamics. The codex is filled with five hundred or so elegant black-and-white pencil sketches of birds in flight, studies of their wings, and drawings of flying machines modeled after them.

			Leonardo’s observations about bird flight were remarkably prescient in the 1400s, centuries ahead of other scientists. So little was known about birds at the time that many people believed that birds turned to stone and sank to the bottom of lakes to hibernate or went into a torpor or even migrated to the moon, instead of flying to warmer temperatures in the winter, because there was no way to know where they went. It wasn’t until nearly the turn of the eighteenth century, with the publication of Thomas Bewick’s A History of British Birds, that it began to be accepted that swallows and other birds migrate. And in 1822, the principle of migration was illustrated dramatically when a white stork was shot in Germany. When the hunter fetched the bird, he found that it had a spear in its neck—an African spear. It had flown, wounded, from Africa to Europe.

			
			Leonardo noticed the birds’ distinctive shape, how they moved through the air, and he observed that air behaves much like water, which is key to understanding how birds fly. He noted the flow of the air over and around a flying bird and how it exerts lift beneath the wings and tail. He realized that the pressure on top of the wing is less than the lift that pushes up on it from the bottom, which is the fundamental aerodynamic principle that keeps birds, and airplanes, aloft. And he recognized the importance of the tail. “He went straight to the heart of how birds fly,” says Prum, the ornithologist at Yale University. “It’s fantastic, almost eerie, how much progress he made.”

			A genius inventor, Leonardo even built some of the flying machines he sketched, the most famous of which was the ornithopter, a contraption with human-powered mechanical wooden wings that mimicked the up-and-down flapping of birds in flight. He launched them from a hill near Florence, but they failed to make it aloft.

			Humankind’s fervent wish to defy gravity would not be fulfilled until more than three centuries later, when real flight—twelve seconds’ worth—was achieved by Orville and Wilbur Wright, who had studied Leonardo’s codex (and his writings on birds) for hints on designing their flying machine. While watching buzzards soar along the Great Miami River near his home in Ohio, Wilbur realized that the birds maintained their position in the air by making slight adjustments to the angle and position of their unflapping wings. As a result, when the brothers designed their first plane, it had gliding wings that could be minimally adjusted with pulleys and cables. With this invention, humans realized that they were no longer bound to the earth.

			
			While research on bird flight has been going on for hundreds of years, researchers are just beginning to glimpse the full extent of birds’ aerial capabilities. “Birds can do some pretty spectacular things,” says Ken Dial, who has studied bird flight for more than thirty years. “They can go from forty miles an hour to zero and land on a branch that’s moving, all in a couple of seconds. It’s inspiring. And we still haven’t come anywhere close to that.”

			The most spectacular flier of all by far is the hummingbird. All of the world’s 350 species of hummingbird dwell in the Americas. They are a study of power in miniature. They range in size from two grams—the weight of two paper clips—for the calliope to twenty grams, the weight of the giant hummingbird in South America. The eggs of the average hummingbird, laid in a nest the size of a teacup, are smaller than kidney beans. Hummers have the broadest array of colors of any species of bird, and their feathers seem to glow from within. That’s because instead of a pigment in their feathers, as most birds have, their plumage is comprised of crystal-like cells that gather and reflect light, like tiny glass beads. The first European explorers to encounter the vividly colored birds whirring among the emerald green jungles of South America were entranced, and referred to them as joyas voladoras, flying jewels.

			For such a tiny, nearly weightless bird, hummingbirds are remarkably robust, often migrating extremely long distances in deeply adverse conditions. Calliopes fly nearly three thousand miles annually from the northern United States to Mexico, at speeds up to thirty miles an hour, dodging hurricane-force headwinds and wind-driven raindrops nearly as big as they are. They are the first birds to return to the northern states each spring, in late March or April, long before any flowers have bloomed, when they survive on spiders, mites, and other insects in the snow-shrouded landscape. In the Andes they are a symbol of resurrection, because on cold nights, they go into a state of torpor, dialing down their physiology to the point where they appear to be dead. Then, in a seeming miracle, when the sun warms the forest in the morning, they spring back to life and start buzzing among the flowers.

			
			The heart that powers this flying machine is the size of a pea, yet it is the largest in the animal world relative to the animal’s size. It beats hundreds of times per minute—the record number of heartbeats is a whopping 1,260 times a minute, measured in a blue-throated hummingbird. In torpor, hummingbirds’ heart rate oscillates between fifty and two hundred beats per minute.

			The little birds are incomparably and exquisitely light, fast, and maneuverable, able to fly upside down and backward, and, as nectarivores that gather as much as twelve times their own body weight in sugary nectar each day, they are masters of the sustained hover. They execute these midair refuelings more expertly than any aircraft, floating effortlessly in front of a flower and drinking its nectar without spilling a drop, even as they are buffeted by stiff breezes or driving rain.

			To accomplish these flying feats, hummingbirds beat their wings as much as ninety to one hundred times per second, even more when they are in the thrall of courtship rituals. In contrast, a common pigeon beats its wings about nine or ten times per second in flight. Hummingbirds flap so fast that as their wings are starting to go up, their brain is already generating the electrical signal for the downstroke. Bigger birds have more overall power, but the rapid speed of the hummer’s strokes makes the bird more powerful for its size than any other. “It’s the difference between a sports car and a truck,” says Dial.

			Hummingbirds have evolved specialized adaptations to make such virtuosic flight possible. Like all birds, they have pneumatic bone, which is either hollow or filled with air sacs, and instead of teeth, they have a very lightweight keratin bill. The brain’s cerebellum, which gives birds the excellent fine motor skills necessary to choreograph their complex ballet of flying maneuvers, is large for the hummingbird’s body size.

			
			While the pectorals, or breast muscles, are the largest part of all birds’ anatomy—about 80 percent of their weight—which enables them to generate the tremendous power needed for flying, hummingbirds have, proportionally, the largest pectorals of all. And the little creature has another difference: While most birds flap with the equivalent of their whole arm, the hummingbird uses just the wing portion near its wrist, which allows it to create lift with its wings on the downstroke, as other birds do, but then, by turning the wing over, it also makes the most of the upstroke. Hummers have also evolved an unusually large number of mitochondria in their cells, which are essential to the engine that powers bird muscles. “They are like carburetors,” says Bret Tobalske, who studies bird flight with Dial, “and they have packed more into their tissue than any other bird.”

			The Flight Laboratory that Dial designed is one of the top institutions in the world for the study of animal locomotion. Headquartered in a remodeled nineteenth-century Mission-style cavalry barn, which is partitioned into more than a dozen rooms on two floors, it’s a warren of offices, a warehouselike laboratory full of electronic equipment, X-ray machines, laser equipment, two wind tunnels, and a small surgical room where birds can be implanted with devices to measure such things as their muscle performance and oxygen intake.

			Tall, thin, and athletic, with dark hair and a thick, dark beard, the soft-spoken Tobalske lives and breathes flight. He is an expert in the woodpecker’s novel type of “intermittent bounding flight”—the way the bird flaps rapidly and then tucks its wings to glide for a while. He has put rhinoceros beetles through their flying paces. Now he is happily focused on hummingbirds. “No other bird comes close to being able to fly like a hummingbird,” Tobalske says. “Their default setting is to fly. Whereas every other bird prefers to sit or perch as a reward for performing in the lab, hummingbirds are more energetic and they simply fly all the time and don’t seem interested in resting”—a great attribute for those who study flight.

			
			Their personality is another reason to work with the birds. Tobalske describes the hummingbird’s “incredible warmth and tractability,” which means they happily perform tasks on demand. “They’ve got that mammal brain,” he says. “They are very bright. We hold sugar water away from them and they learn, just like a dog or cat would, that pretty soon the food is going to be available, and they do just what we want them to do.”

			On one visit I watched an experiment with a calliope hummingbird, which Tobalske had trapped in his backyard. As the Rolling Stones played quietly on a boom box, Tobalske gently cupped the iridescent red and brown bird in his hand and then released it into a three-by-three-foot clear Plexiglas box that had been filled with a foglike mist made of extra-virgin olive oil. The newly caught bird seemed alarmed at first and tried to fly up, repeatedly bumping into the ceiling. Meanwhile, Tobalske aligned a green laser beam to shoot through the Plexiglas and strike an area in front of a feeding tube filled with sugar water, the bird’s favorite food. When the tube was uncapped and the bird zipped over to feed, it would be illuminated by the pulsing green beam.

			The hungry hummer quickly found the tiny glass feeding tube, plugged its beak into the nectar, and hovered, drinking in the sweet water. Tobalske laughed in amazement as he watched the bird do its thing over and over. “Just try to get an insect to do that!” he said. “You can’t. An insect just responds to chemical cues; they don’t respond like an animal. Hummingbirds are like robots. They’ll return again and again to the feeder. You can’t do that with any of the ten thousand other species of birds.”

			The laser was switched on, and for about four or five seconds the bird was enveloped in flashes of emerald green lightning. It continued to feed unperturbed. All the while, a special high-speed camera that shoots one thousand frames per second—the same type the military uses to film ordnance explosions to study blast physics—recorded the flight. Tobalske and his team of graduate students would later watch the films to distinguish the bird’s tiniest, fastest movements, far too fast to be seen with the naked eye. Leonardo da Vinci had to imagine the forces at work around the kites and finches he watched, but thanks to the laser-illuminated mist of atomized olive oil, all here is revealed. The incandescent mist travels around the hummer’s wings and body as the air would, and when captured by the camera, it clearly demonstrates the complex forces constantly at work as the bird flies.

			
			Later Tobalske placed the calliope in a wind tunnel—the equivalent of a bird treadmill. At one end was a feeding tube, and beyond that a giant fan. The bird headed straight for the feeder, and as the speed of the fan was slowly cranked up to a stiff twenty-mile-per-hour headwind, the hummingbird, intensely focused on the sweet juice, effortlessly ramped up its speed to keep its beak snugly in the tube. As a result, the bird was able to fly in place in a windstorm as the high-speed camera recorded its movements. “They are off the charts in terms of what they can do,” Tobalske said as the bird’s wings whirred away. “A hummingbird can hover like a helicopter for one and a half hours, nonstop, and no other bird can do that.”

			Hummingbirds at the Flight Lab are also subjected to an X-ray machine. Tobalske buys platinum jeweler “splatter,” tiny specks of metal left over from soldering, and glues them to muscles on the bird beneath the feathers. The X-rays pick up that metal as the bird flies. The scientists can see the skeleton through the X-ray and can understand the loads placed on the delicate bones, how they bend and support the force generated, and the tug of gravity the birds can endure during flight. Once they have flown their way through the experimental gauntlet, Tobalske releases the birds back into the wild.

			What have researchers learned with their battery of studies to add to what Leonardo and the Wright brothers knew? “That birds misled humans on what it took to fly, for a long time,” says Dial. “What appears to be simple and straightforward is anything but. The power and coordination of birds are far too advanced for humans to copy. A lot of people jumped off cliffs with wings and killed themselves, trying too hard to mimic birds. The act of flying is highly complex, is inherently unstable, and takes tremendous energy that we don’t have as humans. It wasn’t until people abandoned flapping flight and behaved more like a glider, like a soaring vulture as the Wrights did at Kitty Hawk, that we could do something useful.

			
			“We’ve come a long way in understanding how birds fly since Leonardo da Vinci,” he says. “But we still have a long way to go.”

			One thing is for sure, as the flying monk and flying Muslim both realized: Tails are very important. “A tail confers stability and aids maneuvering,” says Tobalske. “Tails are integral to coordinated flight.” One research hummingbird that had lost its tail is a case in point. Released to fly in a wind tunnel, it immediately corkscrewed to the floor. After a couple of attempts, though, it recovered and learned how to compensate without one, an act requiring far more strength and energy.

			Birds also frequently change their shape as they fly, a technique that will likely someday be a major element of advanced human-powered flight. “Birds are constantly morphing, and morphing on different levels,” Dial says. “The birds do this so eloquently, so elaborately, it’s humbling. With every wing beat they

			
			
			
			
			
			
			
			
			
		

	OEBPS/9780679645672_nav.xhtml

		
			Contents


			
						Cover


						Title Page


						Copyright


						Contents


						Epigraph


						Preface


						Part I: What Birds Tell Us About the Natural World
					
								Chapter 1: Birds: The Dinosaurs That Made It


								Chapter 2: Hummingbirds: The Magic of Flight


								Chapter 3: Canaries and Black-Backed Woodpeckers: Birds as Flying Sentinels


								Chapter 4: A Murmuring of Birds: The Extraordinary Design of the Flock


					


			


						Part II: The Gifts of Birds
					
								Chapter 5: The Power of a Feather


								Chapter 6: From Egg to Table, Part One: The Chicken


								Chapter 7: From Egg to Table, Part Two: Wild Birds


								Chapter 8: The Miracle of Guano


								Chapter 9: Nature’s Cleanup Crew


					


			


						Part III: Discovering Ourselves Through Birds
					
								Chapter 10: Bird Brain, Human Brain


								Chapter 11: The Surprisingly Astute Minds of Ravens and Crows


								Chapter 12: The Secret Language of Birds


								Chapter 13: The Bee-eaters: A Modern Family


								Chapter 14: Extreme Physiologies: Birds, the Ultimate Athletes


					


			


						Part IV: Birds and the Hope for a Better Future
					
								Chapter 15: Nature’s Hired Men: Putting Birds to Work


								Chapter 16: The City Bird: From Sidewalk to Sky


								Chapter 17: The Transformational Power of Birds


								Chapter 18: Birds as Social Workers


								Chapter 19: Expanding Our Senses


					


			


						Epilogue: The Future of Birds


						Dedication


						Acknowledgments


						Selected Bibliography


						Other Titles


						About the Author


			


		
		
			Landmarks


			
						Cover


						Cover


						Title Page


						Contents


						Start


						Copyright


			


		
		
			Print Page List


			
						iv


						v


						vi


						ix


						xiv


						xv


						xvi


						xvii


						xviii


						1


						2


						3


						4


						5


						6


						7


						8


						9


						10


						11


						12


						13


						14


						15


						16


						17


						18


						19


						20


						21


						22


						23


						24


						25


						26


						27


						28


						29


						30


						31


						32


						33


						34


						35


						36


						37


						38


						39


						40


						42


						43


						44


						45


						46


						47


						48


						49


						50


						51


						52


						53


						54


						55


						56


						57


						58


						59


						61


						62


						63


						64


						65


						66


						67


						68


						69


						70


						71


						72


						73


						74


						75


						78


						79


						80


						81


						82


						83


						84


						85


						86


						87


						88


						89


						90


						91


						92


						94


						95


						96


						97


						98


						99


						100


						101


						102


						103


						104


						105


						106


						108


						109


						110


						111


						112


						113


						114


						115


						116


						117


						118


						119


						120


						122


						123


						124


						125


						126


						127


						128


						129


						130


						133


						134


						135


						136


						137


						138


						139


						140


						141


						142


						143


						144


						145


						146


						148


						149


						150


						151


						152


						153


						154


						155


						156


						157


						158


						159


						160


						161


						162


						163


						164


						165


						166


						167


						168


						170


						171


						172


						173


						174


						175


						176


						177


						178


						179


						180


						181


						182


						183


						184


						185


						186


						187


						188


						189


						190


						191


						192


						193


						194


						195


						196


						197


						198


						199


						200


						201


						202


						203


						204


						205


						206


						207


						208


						209


						210


						211


						212


						213


						214


						215


						216


						219


						220


						221


						222


						223


						224


						225


						226


						227


						228


						229


						230


						231


						232


						233


						234


						235


						236


						237


						238


						239


						240


						241


						242


						243


						244


						245


						246


						247


						248


						249


						250


						251


						252


						253


						254


						255


						256


						257


						258


						259


						260


						261


						262


						263


						264


						265


						266


						267


						268


						269


						270


						271


						272


						273


						274


						275


						276


						277


						278


						279


						280


						282


						283


						284


						285


						286


						287


						288


						289


						290


						291


						292


						293


						294


						295


						296


						297


						298


						299


						300


						301


						302


						303


						304


						305


						307


						308


						309


						310


						311


						332


						333


			


		
	

OEBPS/images/Robb_9780679645672_epub3_007_r1.jpg






OEBPS/images/9780679645672_title_page.jpg
The Wonder of Birds

What They Tell Us About Ourselves,
the World, and a Better Future

JIMROBBINS

NEW YORK





OEBPS/images/Robb_9780679645672_epub3_003_r1.jpg






OEBPS/images/9780679645672_cover.jpg
Wonder
of Birds

What They Tell
Us About Ourselves,
the World, and

a Better Future

Jim Robbins

“It’s one for the birds—what a wonderful book! It will give you wings.”
—Rita Mae Brown, New York Times bestselling author of Rubyfruit Jungle

7





OEBPS/images/Robb_9780679645672_epub3_004_r1.jpg





OEBPS/images/Robb_9780679645672_epub3_009_r1.jpg





OEBPS/images/Robb_9780679645672_epub3_010_r1.jpg





OEBPS/images/Robb_9780679645672_epub3_008_r1.jpg





OEBPS/images/Robb_9780679645672_epub3_002_r1.jpg





OEBPS/images/Robb_9780679645672_epub3_005_r1.jpg





