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Praise for Gifts of the Crow

[image: image]

“Full of clear and detailed accounts of research . . . remarkable.”

—The New York Times

“Angell's illustrations of birds are exquisitely detailed . . . the book will instill in many readers a sense of wonder and curiosity at what these birds can do. An insightful look at some of our surprisingly capable feathered friends.”

—Kirkus Reviews

“Amazing”

—The Seattle Times

“Delightful . . . a series of intriguing stories and stunning illustrations that together reveal the sophisticated cognitive abilities of crows and their relationship with humans.”

—Nature

“With its abundance of funny, awe-inspiring, and poignant stories, Gifts of the Crow portrays creatures who are nothing short of amazing. A testament to years of painstaking research and careful observation, this fully illustrated, riveting work is a thrilling look at one of nature's most wondrous creatures.”

—guardian.co.uk

“A great read, this book is a tribute to the little-known and underappreciated minds of the birds of the amazing corvid family. Serious and at times hilarious, it pulled me in with its telling anecdotes and scientific context. Most important, it acknowledges and explores the many complex similarities between crows' mental traits and our own.”

—Bernd Heinrich, author of Mind of the Raven

“In lucid, logical, and articulate prose, the authors carefully explain all the interrelated mechanisms involved in the fascinating behavior patterns of their corvid subjects and how these mechanisms relate to those of humans. Their book is indeed a gift.”

—Irene M. Pepperberg, author of Alex & Me

“Amazing, true stories of crows who rage, grieve, give gifts, work together, and even design and use tools would be enough to make this book a great read. But these maverick scientists go a step further and actually show how these birds' big brains, though different from our own, achieve many of the same feats.”

—Sy Montgomery, author of Birdology

“Stunning examples of crow emotionality and intelligence—a triumphant vindication for those who have known all along that animals are capable of much more than they're generally given credit for. Fascinating.”

—Stacey O'Brien, author of Wesley the Owl

“Crows are amazing birds. They're smart, crafty, emotional, inquisitive, and wise, and form complex social relationships with other crows and a wide variety of other animals, including humans. Gifts Of the Crow is a wonderful, informative, and insightful book, well-documented and an easy read. It's the best book to date on these iconic beings.”

—Marc Bekoff, University of Colorado Boulder, author of The Emotional Lives of Animals, Wild Justice, and The Animal Manifesto

“Throughout much of human history, crows have been our constant companions. In their exciting new book, Marzluff and Angell show us how crows' brains work, while providing the evidence that these cerebral birds have a lot more in common with us than we ever imagined. And Angell's illustrations alone make the book worth the price.”

—Paul R. Ehrlich, coauthor of The Birder's Handbook

“Gifts of the Crow is a compelling book. Filled with wonderful stories of regular people's interactions with ravens, crows, and jays, it also cites engrossing scientific studies, reports on the field work of biologists, and offers detailed explanations of how the brain of a corvid actually works. I was fascinated.”

—Suzie Gilbert, author of Flyaway: How a Wild Bird Rehabber Sought Adventure and Found Her Wings
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To crows, so often maligned, and the people whom they engage, so often ignored



Preface
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A BLUE-BLACK CROW PERCHES REGALLY on the cornice of a stone building on the University of Washington campus, where he is often found. Almost hourly, he delivers food to his mate and three fledglings, while also keeping watch for any threat to the nest. Suddenly he turns his head, caws softly, and glides away, landing on a lamppost directly above a blonde woman. The woman, Lijana Holmes, smiles and calls him “Bela” as she offers him a breakfast of eggs and meat, which she prepares daily. Bela, in turn, presents his special gift—recognizing Lijana and participating in this routine with her. His gift to Lijana is more abstract than what he provides his bird family, but it is powerful nonetheless—it is the ephemeral and profound connection to nature that many people crave.

Bela gives a slightly different gift this morning to my team as we walk through the same campus. For Bela knows us, and we know him. Five-and-a-half years ago we captured Bela and affixed light plastic rings to his legs for identification. So whenever he sees us, the old crow cocks his head, stares, takes flight and swoops low—right at us—screaming a harsh call that we immediately recognize as a bird scold. His family and neighbors hear the cry and join in, flying toward Bela to support his attack, and soon they, too, share his rage. The mobbing crows circle and scream above our heads just as they would do to a predator. Bela’s discriminating actions give us remarkable and invaluable information, proving that crows can recognize and remember human faces. We wonder when, or if, he will ever forget (or forgive) us.

The gifts of the crow are physical, metaphorical, and far-reaching. Some, like Bela, provide understanding and companionship. Others have delivered sparkling glass, plastic toys, and candy hearts to their human benefactors. Some have dropped from the sky and shocked strangers by saying, “Hello.” A raven, with its natural curiosity and conspicuous manner, can lead a hunter to game or alert a search party to the whereabouts of an injured person. A magpie or jay can brighten a cold day by pecking softly at a window to beg for its daily ration of food.

These birds are corvids, members of the avian family Corvidae, which includes nutcrackers, jays, ravens, magpies, and crows. We will consider many of the gifts with which corvids enrich the lives of people and the action of nature in the chapters ahead, and we will argue that a corvid’s ability to quickly and accurately infer causation is itself a natural gift. It has survival value. This and other demonstrations of its mental prowess are gifts that all birds—and most likely their dinosaur ancestors—gained through evolution.

Crows’ close association with humans has inspired art, language, legends, and myths. Corvids have their own form of eloquence as they exercise mischief, playfulness, and passion. They also lead us to reflect on their common behaviors with us and other sentient creatures and empower us with a deeper understanding of nature.

People from all walks of life eagerly recount the antics of their former pet crows or enthusiastically tell us authors about the fascinating, sometimes troubling behaviors perpetrated by their local jays, magpies, and ravens. In this book we celebrate their accounts along with others we have found in the scientific and popular literature, because these rare and exceptional behaviors cannot be limited to the few specialized researchers who study corvids.

Some scientists are dismissive of citizens’ reports, viewing them as unreliable or unexplainable, because of laypeople’s lack of formal training, lack of documentation, overinterpretation, and uncontrolled influences. To be sure, we have encountered descriptions of events laden with hyperbole and seasoned with more imagination than fact, but we were compelled to investigate them nonetheless and to interview the people who made the observations in order to verify the events. Taken individually, such stories are anecdotal, but collectively they provide a unique body of information that stimulates scientific exploration and becomes an assemblage of possibilities.

We draw from this cross-cultural collection to offer many intriguing stories about corvids’ fascinating behaviors as we explore the anatomy and physiology of the bird brain. We have tested these anecdotes, such as those of the crow that summoned dogs or the ravens that windsurfed. Putting them through the scientific process, we evaluated each report for believability, precedence in the scientific and cultural literature, and the mental ability a bird would need to act in such a manner. We came to know the bird and the citizen scientist behind the observation as we examined as completely as possible what causes people and birds to share such poignant moments.

We recognize the intelligence and adaptability of this unique group of birds and base every thesis about their humanlike behaviors on how the brain of a bird is known to function. Through brain-scanning technology, which allows us to see within the crow’s gray matter, we first glimpse how a crow’s brain works through a problem. To date, most of the understanding of the inner working of the crow brain was derived from what was known from a few mammals and detailed investigations of song-learning in birds. We hope you will find, as we have, that understanding some of the neurobiological processes of crows adds mightily to your appreciation of how these remarkable creatures operate so successfully in our dynamic world.
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Betty the New Caledonian Crow makes a tool to retrieve food.
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Amazing Feats and Deep Connections

BETTY, A New Caledonian crow, peers briefly into a tall, clear vertical tube at the small basket of food inside it and pecks quickly at the plastic to test if she can break through it. Her brain is lit with electrical and chemical energy as she contemplates the puzzle of reaching the treats. Drawing on her experience in the wild using stems and branches, she grasps in her beak one end of a straight length of wire that researchers have left nearby and plunges the business end down into the tube in an unsuccessful attempt to spear the food. When that doesn’t work, she tries to edge the food up and out by pressing the wire against the walls of the tube. After that doesn’t work, Betty next fiddles with her wire and bends it, turning it from a spear into a nicely serviceable hook. With this manufactured tool in her beak, she deftly fishes the handle of the basket and lifts the prize from the cylinder just as a person might heft a bucket full of water from the bottom of a well.

Betty’s fabrication of her fishing tool would easily best the efforts of other creatures that are widely considered to be her mental superiors. A dog, even a pooch of the cleverest breed, would probably paw the tube, shake it, chew at the top, and dig at the base and yet most likely fail to get any reward for its efforts. A human toddler also might rap on the container or try to muscle it over and eventually cry in frustration or pound the carpet with hands and feet. A concerned parent or older sibling might respond to the toddler’s tantrum, reinforcing the child’s inadvertent use of his social power and connections to acquire the prize and also perhaps reinforcing a learned helplessness or dependency. For this particular test, the crow was smarter than a dog or human toddler. But if we measured the ability of dogs, crows, and toddlers to learn voice commands, the dog would rule the day. Demonstrating mental prowess or the intelligence of a species requires a wide range of tests and knowledge of the animals’ ecology and physical ability. Dogs may fetch newspapers and retrieve ducks for hunters, but without opposable thumbs they can’t hold wire tools. Wild New Caledonian crows, on the other hand, regularly use their beaks to fashion hook tools from plant materials. This ingenuity—crafting a hook from a foreign material and using it to gain an unreachable reward in a new setting—requires thinking, appraisal, and planning, mental attributes that have rarely been associated with birds, until recently.

Most people consider birds to be instinctual automatons acting out behaviors long ago scripted in their genes, but Gifts of the Crow celebrates the fact that some birds—particularly those in the corvid family, which we generally call “crows”—are anything but mindless or robotic. These animals are exceptionally smart. Not only do they make tools, but they understand cause and effect. They use their wisdom to infer, discriminate, test, learn, remember, foresee, mourn, warn of impending doom, recognize people, seek revenge, lure or stampede other birds to their death, quaff coffee and beer, turn on lights to stay warm or expose danger, speak, steal, deceive, gift, windsurf, play with cats, and team up to satisfy their appetite for diverse foods whether soft cheese from a can or a meal of dead seal. You can think of these birds as having mental tool kits on a par with our closest relatives, the monkeys and apes. Like humans, they possess complex cognitive abilities. In fact, they have been called “feathered apes.”

Some of the crow’s achievements we discuss are well documented by credible observers. Most are plausible, albeit astonishing. And because these birds often live near people—in our gardens, parks, and cities—they often involve humans in their daring, calculated, emotional, and bizarre activities. Keenly aware of our habits and peculiarities, they quickly learn to recognize and approach those who care for or feed them and to avoid and even scold people who threaten or harm them. This important skill was learned and honed over millennia and enables crows to exploit friendly people and other animals and avoid the dangerous.

These birds are noteworthy in their ability to thrive in the midst of environmental challenges that discourage and even extinguish other species. The few exceptions are species that are isolated on islands: the Hawaiian crow and the Mariana crow, for instance, which are among the most endangered species on our planet. Other island crows, the majority of which are specialized members of diverse tropical-forest ecosystems, have also become rare; the Banggai crow of Indonesia, for instance, was even thought extinct until glimpsed in 2007 on small Peleng Island by intrepid local biologists.

The success of most crows has a lot to do with their flexible and complex social lifestyles, long life spans, and large brains, which are able to integrate and shape what they sense into reasoned action. In fact, corvids and our own species share qualities, which have enabled both of us to adapt to changing environments and to flourish.

The sophisticated behavior of crows overturns any lingering notions of a “birdbrain” as being unintelligent. Biologists have documented and explored corvids’ language, delinquency, insight, frolic, passion, wrath, risk taking, and awareness. In Gifts of the Crow, we explore each of these topics to learn how crows’ individual and collective social learning abilities enable them to craft tools, communicate subtle messages, plan for the future, intuit solutions, deceive others, and carefully adjust their boisterous lives to our unpredictable human nature.

Science is far from understanding the ways our own brains, let alone a bird’s, produce complicated behaviors. But in the last two decades, our understanding of how a bird’s cerebral equipment is organized, and how bits and pieces of it function, has made enormous strides. Now, we gain new insights every day.

The complexity of a bird’s brain becomes evident when we examine its many parts, which we do throughout Gifts of the Crow, in Tony’s original illustrations. Even phrenologists from the nineteenth century were enamored with the bumps and dents in the crow skull to which they attributed centers for caution, destructiveness, musicality, and imitation. The crow’s brain is indeed packed with ability, but our modern scientific view looks deep within the brain. There, relays from the eyes, ears, mouth, and skin transport their view of the world to the brain stem and into the brain, which uses emotion to integrate and shape diverse information and past experience to guide the crow’s behavior and enhance its survival and reproduction. Its brain allows the bird to learn quickly, to accurately associate rewards and dangers with environmental cues, and to then combine what it knows with what it senses and to draw conclusions leading to a more informed response.

Consider our drawing of the crow’s brain-activity centers, which shows capabilities that we humans once thought were unique to us.
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The complexity of the bird’s brain is evident when one considers some of the many interconnected and integrated functions preformed by its various regions. Information from the outside world enters the brain through the brainstem, hindbrain, and midbrain. These regions are critical to maintaining basic biological functions, but also exert considerable influence over other parts of the brain when synthesizing and releasing a variety of chemicals—including hormones, opioids, and dopamine. The forebrain of a crow assesses sensory information, integrates this view of the environment with context and emotion to form memories, and sends electrical and chemical instructions to motor control regions to command action. The phrenological bust is an early view of the crow’s brain from 1836. Rather than the distinct actions suggested by this image, modern views of the crow’s brain (see previous page) emphasize how different regions interact to affect behavior.

 

In exploring the neurobiology of crows, we tell a lot of stories that show that humans and crows have an ongoing connection, a cultural coevolution, that has shaped both our species for millions of years. Archeological evidence reveals that our earliest human ancestors shared the company of ravens and crows. Early hunter-gatherers noticed these birds and celebrated them in legends and myths around the world over thousands of years. Ancient spiritual connections are evident on the cave walls of Lascaux, France, where a crow-headed man has been interpreted as the soul of a fallen hunter. The writings of early Scandinavians celebrated ravens as useful informants. The First People of the Pacific Northwest saw them as creators and motivational forces, while in the oral histories of Eskimos, the abilities of ravens to prevail in lean times led these people to tie a raven’s foot around the neck of each newborn child to assure the survival of the next generation.

The Haida people of the Pacific Northwest placed their deceased shamans on elevated altars adorned with carved ravens, which symbolized the priests’ connection with the creator; there their bodies would be eaten by ravens, which would free their spirits and allow them to travel. In Tibet in a similar tradition, dead loved ones’ bodies were cut up and placed on tower platforms where revered ravens and vultures could eat them.

Throughout the world the mysterious, ingenious, and sometimes horrifying ways of crows and ravens have dramatically influenced our language, music, art, religion, and popular culture. A melancholy Edgar Allan Poe was moved to poetic fame by a talking raven. Corvids’ mysterious dark form appears in Alfred Hitchcock’s film The Birds and Vincent van Gogh’s final painting (Wheatfield with Crows, 1890). And of course contemporary film continues to employ the crow as a metaphor for the unknown.

From our interface with corvid culture, the English language includes words like “crow’s nest,” “crowbar,” “crow’s feet,” “rave,” and “ravenous” among many other terms inspired by corvids. Names on the land—more than four hundred in Britain alone, from high and lonely places like Corby’s Crag to those commemorating past transgression and execution like Ravenstone—reveal the species’ influence on our sense of place. Even our most personal adornments—clans and family names—like Bertram (wise raven), Crawford (crow foot), Ingram (the Norse god Ing’s raven), and Corbin (little crow)—commemorate corvids. The bold demeanor of these common birds is reflected in mascots chosen for sports teams (e.g., Baltimore Ravens and Adelaide Crows) and names of rock bands (e.g., Counting Crows and Black Crows). Repulsion at the sight of corvids scavenging human corpses produced public outcries to rid London of ravens after the fire of 1666, shaped the masks worn by doctors during the plague, and likely fostered taboos and colloquial sayings about eating crow. Continuing what is likely a relatively recent ritual, the British Crown ensures that there are always six ravens in residence at the Tower of London, where a Royal Keeper of the Ravens tends the six birds plus reserves, whose tenure is said to prevent the fall of the empire.
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Place names often reflect our associations with corvids. Crows Landing is in California.



As people were influenced by corvids, so, too, did people influence the birds. Our ancestors probably first encountered these abundant, bold, and wily scavengers where they fed together—messy places like animal kills, butchering rocks, and fish-cleaning sites—where the species still meet today. Over time the birds learned to exploit the agricultural resources our ancestors produced and the food supplies that we dried or stored. Crows scavenge what we provide, expand their ranges to colonize our cities, and track our farming practices. They adjust daily travels and migratory traditions to both avoid and exploit us as necessary. The supplements we provide—food, water, shelter, and safety—have increased the abundance, survival, and birth rates of many crows.

We human beings and our activities afford corvids numerous opportunities to innovate. They harvest tenderized, accessible roadkill and even place hard seeds in the road so our cars will crush the shells and make the kernels or nutmeats available. They use our garbage as food and nesting material. They incorporate our voices into their language. They compete mightily with us and routinely irritate us, but our attempts to dissuade them have favored the warier, more secretive birds, as have diseases we introduce that challenge their immune systems and weed the weakest from the flock.

Some people won’t even consider that the eight traits we examine—language, delinquency, insight, frolic, passion, wrath, risk taking, and awareness—can be characteristic of nonhuman species. But the science of bird intelligence and cognition has interesting, real stories that should compel a full examination of such an inflexible, antiquated view of humans as the center of the natural world.

By observing nature, we can bring a sharper focus to the picture of ourselves and how we fit into the system of life. Watching corvids in particular reveals some of the complexities involved in survival and the strategies other species employ to make their way in the world. We’ve found that when we reflect over what goes on in the lives of these birds, they give us ideas, insights, aesthetic inspiration, and, perhaps equally important, fresh considerations for our imagination.

We are hardly the first generation to benefit from watching the behavior of members of the corvid family. The author Charles Dickens, writing during the golden age of natural history in England, kept ravens as pets and was so inspired by their behavior that he included a raven as a principal character in one of his early novels, Barnaby Rudge. He named the raven character Grip, after a pet bird that he had taught to say: “Keep up your spirit,” “Never say die,” and “Polly put the kettle on, we’ll all have tea.”

Dickens’s description of Grip suggests that he understood animal behavior and employed his knowledge pointedly. The raven becomes the alter ego of the simple-minded Barnaby Rudge, who announces: “He’s my brother, Grip is—always with me—always talking—always merry.” Grip is referred to as “a knowing imp” and “sharpest and cunningest of all of the sharp and cunning ones.” Time and again the raven advances the plot or reveals information when the human characters are unable to do so.
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Charles Dickens consults his raven Grip.



The inspiration of Grip the raven continued after Barnaby Rudge was published. Appearing in America in 1840, the novel was reviewed favorably in Graham’s Lady’s and Gentleman’s Magazine by a critic from Philadelphia named Edgar Allan Poe. While he admired Dickens’s novel, he wrote that the character of Grip the raven could have been employed even more successfully, had the author given the bird a greater prophetic presence. Four years later, Poe composed his famous poem The Raven. It clearly echoes a scene in chapter 5 of Barnaby Rudge, where, inside an English country inn on a dark night, an acquaintance of Barnaby’s mother is attracted to a sound from outside and, thinking of the raven, asks: “What was that—him tapping at the door?” “No,” replies widow Rudge, “. . . Tis someone knocking softly at the shutter.” Poe expanded the use of the key word “tapping,” changed “knocking” to “rapping,” and intensified the prophetic possibilities of the bird.

 

While I nodded, nearly napping, suddenly there came a tapping, As of some one gently rapping, rapping at my chamber door. “’Tis some visitor,” I muttered, “tapping at my chamber door—Only this, and nothing more.”

 

Grip died prematurely, and Dickens was so saddened by the loss of his companion that he had the bird stuffed. Grip remained in the family until the writer’s death in l870, after which items from his estate were auctioned off, and was purchased by Colonel Richard Gimble, a collector of Poe paraphernalia. Gimble later gave Grip to the Free Library of Philadelphia, where, to this day, nearly a hundred and fifty years since Dickens’s death, the old bird remains on display, perhaps still bestowing some portion of its original gift of stirring the imaginations of those who see it.
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Birdbrains Nevermore
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A Clark’s nutcracker with his pouch full of pine seeds.



A CLARK’S NUTCRACKER named Hans, sharply dressed in bold gray, black, and white plumage, peeks through a portal into a small, featureless room in Russ Balda’s lab on the campus of Northern Arizona University. Hans dives to the sand floor and digs a neat hole, his beak flipping sand until he finds a cache of pinyon-pine seeds. A month earlier, he alone had cached those seeds in this barren room. Now, hungry, he is deliberate and exceptionally accurate as he finds his seeds. He digs only where seeds are buried and recovers every one.

Over thousands of years, Hans’s ancestors competed with the Anasazi, Hopi, and Navajo for this nutritious prize. A Southwestern tree of life, the pinyon adapted to having people and birds disperse its seeds. Birds and people learned when and where they could harvest seeds and how best to gather, transport, and store the piney propagules. The brains of Native Americans and nutcrackers expanded to remember what they learned. The rush for pinyon gold shaped body and mind.

Hans and Russ are pioneers in the study of avian cognition. Together, they showed the scientific world that an ordinary bird has an extraordinary brain. Nutcrackers and jays can remember for months the tens of thousands of locations where they cache pine seeds each year. This mental ability has enabled the birds to thrive in nature’s boom-and-bust seed economy. The avian mind mastered the challenges of deep snow, long distance, time, and competition and was not often thwarted.

Russ loved to pit bird against graduate student to make his point. As one of his students, I, John, would have to bury nuts in the same room that Hans used. A month later my fellow students and I would return to the room to recall where we’d stashed each morsel. We found most, but not without a fair number of errors—digging where no seed existed or forgetting a cache entirely. Hans and Russ’s other birds always kicked our brains. We grad students would assert that our accuracy would improve if we were given beer or money to cache, but when it came to pine seeds, the birds always won.

We human students prevailed in other arenas, however, and demonstrated how the über-social pinyon jay, a bird that lives in permanent flocks that may number hundreds of individuals, thinks about its social network. Pinyon jays do something that scientists previously ascribed only to monkeys—they infer their status relative to that of other flock members simply by watching others duke it out. The pinyon jays’ complex society requires individuals to keep track of others’ abilities, something that less social corvids are ill equipped to do. Knowing one’s physical ranking saves a jay from a needless fight. Awareness of other facts about a flock mate might also be useful: remembering how each individual fared in raising offspring, for example, provides critical information to a recent widow or widower suddenly in need of a new partner. With this information, a previously successful parent can find a new mate of like ability. When a successful parental male or female jay loses its lifelong mate, it remates with another available and successful parent. Conversely, duds mate with duds. Living with others stretches the jays’ minds, grad students’ minds, and the minds of any social group.

On the other side of the continent, Bernd Heinrich studied ravens. In a simple aviary beside Bernd’s Vermont house, food was hung on strings, and the grandest of all corvids retrieved the food by coordinating their gripping, pulling, and holding of the strings. Working with strings, the ravens seemed to be intuiting their way to a meal. After just a quick glance, they appeared to understand all the steps needed to retrieve the suspended prize. With Professor Heinrich, another of John’s mentors, we students discovered some astounding abilities of ravens that allowed them to survive New England winters; when they find rich food bonanzas, they share them.

Ravens even understand the intentions of others of their own species. Ravens will move stashed food items when potential thieves who witnessed the original caching are present, and they will leave their stashes alone when around ravens who don’t know that they’ve cached food. Ravens will also follow the gaze of a human to where foods are hidden just as a dog will. So ravens are also capable of some level of reading of other species’ intentions and moods. Certainly they are students of human body language.

Heinrich’s and Balda’s successes at probing the minds of jays, nutcrackers, and ravens encouraged others to investigate the mentality of corvids. In England, in the laboratories of Nicky Clayton and Nathan Emery, western scrub-jays have demonstrated a refined sense of time and appear to imagine possible scenarios before acting. For example, scrub-jays recover perishable worms sooner than nonperishable seeds. Like Heinrich’s ravens, scrub-jays also recache food items when pilferers can see or even hear them cache, which suggests that future rewards, not immediate hunger pangs, drive decisions.

Thinking about the future implies imagination, but mentally filling in the missing parts of a picture conclusively demonstrates it. Magpies are exceptionally imaginative. Like scrub-jays, these medium-size corvids remember what they did, and where, and they also can mentally represent a fully hidden object. German researchers played an extreme version of the shell game with black-billed magpies by hiding food under containers and moving the containers behind screens, and the birds were still able to track in their minds invisible objects among three different locations.
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Scrub-jay deceives others while caching.



While animal behaviorists have chronicled the mental abilities of birds, neurobiologists have been peering deep into the mechanics of the avian nervous system—its labyrinth of nerves, spinal cord, and brain. In labs around the world, scientists scan whole brains using the same magnetic-resonance-imaging machines that help medical doctors diagnose disease in human brains. They section and stain brain slices and even wire up and record the electrical activities of individual nerve cells in order to understand how a bird senses and conveys the information flooding in from the environment and then how it assesses and integrates all this knowledge into a behavioral response. Even though neurobiology has made tremendous strides toward these ends, our understanding of how birds decide to act still remains rudimentary. We know more about how birds fly, migrate around the globe, and sing than we do about how they think.

A BIRD SENSES AND REACTS TO ITS WORLD

Imagine the world from a bird’s perspective. Sounds that we cannot discern play in slow motion to a bird’s musical ears, enabling it to discriminate messages hidden to us. Most objects loom large to birds’ small bodies, but they can fly through, around, or over barriers, giving them unique perspective and the ability to explore fine detail. Their speed and agility make the living world seem slow, whether they are hovering to sip nectar, perching to spy a mouse, or sailing on a breeze as they eye a child fumbling with a sandwich. But, as a fellow vertebrate, a bird observes and reacts to its environment with much of the same equipment that we have. Birds don’t refer to books, cell phones, or wristwatches as we do, of course, but their eyes, ears, mouth, nose, and skin transmit sound, light, taste, smell, pressure, and temperature to nerve cells just as ours do. These cells, or neurons, convert this information to electricity or chemistry with a physiological technology that evolved 600 million years ago (see Appendix, pages 211–213, for an illustration of the neuron and how it works).

The bird’s sensory apparatus assesses its environment and conveys impressions that become a buzz of electrical pulses, which stream to the spinal cord for immediate reaction, or are transferred to the brain for central processing. As birds react, either reflexively and immediately or after some period of shaping by the integrative, memory, and emotional centers of the brain, a parallel set of nerves delivers electrical messages back to the muscles to control voice, movement, and general body functioning.

We will take a deeper look at what neurobiology has discovered about birds so that we can better put into perspective the fascinating behaviors of crows and ravens. And because we share an ancient common reptilian ancestor with birds, one who sensed the world much as we do today, we will also learn a bit about our own nervous system.

Neither we humans nor birds have to think about pulsing our hearts or digesting our food, because these jobs are done automatically in all vertebrates by nerve centers peripheral to our spinal cords and brains that join directly with our vital organs. Birds and people have some ability to control these actions because peripheral nerves connect to the spinal cord, and information from them is relayed to and from the brain stem and brain. But thinking before reacting takes time and energy, so basic life processes, many movements, and emergency responses are coordinated by our autonomic nervous system and its influence on our hormones and muscles. For example, when a robin detects a hawk streaking around your house intent on finding a meal, its autonomic nervous system stimulates the release of the hormone adrenaline, which revs up its heart and lungs to push oxygen-rich blood to feed skeletal muscles to act for a quick escape.

Watch a bird atop a tree swaying in a strong breeze. Simple nerve circuits between feet, muscles, and the spinal cord are automatically adjusting its body posture so that it remains firmly perched—all without conscious effort. Many other basic behavioral actions are controlled in a similar manner. Coordinating the various muscles that must be flexed and relaxed to walk and run on two legs, or take off, fly, and land, is done in the spinal cord. In fact, birds have special, enlarged junctions where the nerves controlling the wings and those controlling the legs join the spinal cord. These front and hind limb circuits are wired together by special nerve tracts in the spinal cord. The precise coordination of wings and legs allows birds to perform intricate behavioral displays and to move and work their lungs at the same time, something reptiles and amphibians cannot do. We provide an illustration of the bird’s central nervous system in the Appendix, pages 214–215.

While wings and legs are mostly controlled by short neural circuits that do not involve the brain—which is why a chicken runs and flies even when its head is cut off—moving is not completely beyond thoughtful control. Special nerve tracts within the spinal cord carry neural messages from the wings and legs to the terminus of the spinal cord, the enlarged base of the brain known as the brain stem, and especially the cerebellum. In the cerebellum, that wrinkled ball that hangs like a ripe fruit just below the main part of our brains, independent processing of sensory information and its first integration with the complex forebrain takes place. To tilt a wing and bank left, the cerebellum modifies the electrical signals from the bird’s spinal cord with input from the forebrain and then sends it back down the spinal cord to the muscles to adjust wing shape and position, or down the cranial nerves to coordinate head and eye movements. The cerebellum’s shaping of electrical signals smoothes, coordinates, and calibrates the moves of people and birds. The important actions of the cerebellum can be disrupted by alcohol, for instance, which renders an intoxicated person unable to touch his nose, walk a straight line, or accurately steer a car. A bird can disrupt its cerebellum in the same way. We’ve seen crows gorge on fermented elderberries and wander into traffic or crash into buildings, drunk.

A bird’s feet, feathers, bill, and skin are in touch with the environment and register many of the same sensations that human body parts do, via similar receptors. Sound waves bend hair cells in the ear. Light waves excite color and brightness receptors in the retina. Pressure waves impress nerve endings in the bird’s skin; odor and flavor excite taste buds and cells in the mouth and nose. In addition, the chemical composition of cells in the bird’s eyes responds to the angle of the earth’s magnetic field.

The massive volume of raw sensory information streaming toward the brain cannot all be considered. Much of this is filtered away by a series of brain-stem relay junctions—intersections where many nerves converge. Filtering background chatter away from the brain allows animals to tune their attention to unusual and important sights, sounds, tastes, smells, and touches. Some of these sensations are novel enough or strong enough to discharge nearby nerve cells and send electrical energy rushing from the peripheral nervous system toward the bird’s central nervous system—its spinal cord and brain—where perception is considered and tempered by emotion and memory into action.

The brain, of course, does much more than filter and nuance automatic actions. As a crow works among narrow spaces between the long rows of parked cars waiting to board the ferry and cross Puget Sound, for instance, we see a decisive brain in action. Here in the Pacific Northwest, crows have learned to take their scavenging walks in the intervals of time when the passengers are sitting tight within their autos awaiting the signal to drive to the boat. The bird’s path is often festooned with the detritus of human meals and snacks. It approaches a wrapper, gives it a “lift” test to determine if there is food within, and promptly drops it if it’s too light. By contrast, the bird strides by a metallic object, giving it nothing more than a sideward glance. Undeniably the bird is making decisions within its brain that are based on experience it has stored and refined as memory. But wait, there is more here. The crow gives each car to its left and right a quick glance, verifying its own safety and determining if there appears to be movement in its direction. A car door slams in the distance, triggering perhaps a memory of past dangers in these circumstances; the crow crouches, ready to fly. But nothing follows the sound to suggest any imminent danger to the crow, so it quickly resumes its insouciant walk up the open corridor.

The bird makes no attempt at stealth, walking where it can be clearly seen. It pauses from time to time to briefly study the people in the cars, surely watching body language to determine if there is something to fear. The crow appears to be measuring the possibilities of approach and whether it can gain something by it. A passenger who sees the crow rolls down a window, and the bird, having integrated many experiences of this behavior in this safe environment, stands its ground only a yard or so distant. Its decision, far from being random, proves an informed one as the passenger tosses a cracker to the panhandling bird. Success! The crow snaps up the food and flies out from the corridor of cars to the lower branches of a tree where it picks the gift into small, consumable portions. Should a cracker prove too hard, the crow will fly to the shore to soften—and perhaps flavor—it in the shallows. In another minute, with the cracker consumed, it’s back at its work among the automobile passengers, making itself visible and looking for willing contributors to its welfare.
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Crows looking for a handout in the ferry line.




EVOLVING VIEWS OF THE BIRD’S BRAIN

Before we dig too deeply into the inner workings of the bird’s brain, we need some perspective on that brain’s evolution and development. The complexities of brain biology have caused more than a few undergraduates to shift career paths, so we’ll employ a common and apt metaphor as we present the science: the brain represented as an old-style filament light bulb.

The threaded base of the bulb represents the brain stem and cerebellum. The spinal cord attaches to the base, supplying some electricity to the convoluted basal filaments. Depending on inputs of power, filaments farther up in the glass bulb—the forebrain—glow and light the room. In the brain, the glowing filament doesn’t just light the room; it sends electricity back down the cord to the muscles and sense organs from which it came. We were struck by this metaphor on a cold and wintry evening in Seattle as we turned a heatsensitive video camera toward crows flocking to roost. The infrared sensor in the camera indicated which parts of the birds were using the most energy and, as a side product, producing the most heat. The massive flight muscles of their breasts glowed hot from working the wings. And the crows’ heads were lit up like holiday lights. The energy of thought and coordination illuminated a darkening sky like strings of flying light bulbs.

When you look at the brain of a vertebrate—pick your favorite fish, salamander, snake, bird, mouse, or human—you will see striking similarities and subtle differences. In general, brain size increases in more recently evolved lineages, the birds and mammals. But the basic shape is immediately recognizable—a spinal cord that bulges to form the hindbrain and swells farther into a midbrain and thalamus; nerves joining these lower portions of the brain directly from the ears, eyes, and mouth; a prune-like cerebellum; and finally a forebrain. These structures, excluding the forebrain, all look and work pretty much the same in all vertebrates. The light bulbs are interchangeable because of a standard base. Evolution doesn’t fix something that ain’t broke, and our nerves, spinal cords, and lower brain regions have needed little fixing.

But if you look farther up the bird’s brain at the forebrain, or cerebrum, you are confronted with the creative—and confusing—power of evolution, which modified the reptilian forebrain into functionally equivalent but different bulbs in birds and mammals.

Despite centuries of research, untangling just how the brain of a reptile evolved into the brain of a crow or human is challenging because the soft tissue of the brain does not fossilize. Because digging bones won’t help their cause, neuroscientists and geneticists look for similarities and differences in the structures of adult brains and the instructions that produce them within the developing brains of fetal lizards, chicks, and mice. Gross changes in the location, appearance, and function of brain regions provide some rough answers, but because birds and mammals share a very distant—300 million-year-old—common ancestor and each line evolved from quite distinct reptiles, the fine details have been slow to reveal themselves.

All young vertebrates start life along nearly identical pathways. Within a few days, a fused sperm and egg cell divides and proliferates into a solid, then hollow, ball of cells. Early stem cells that could give rise to the outer, middle, or inner layers of the ball acquire a more scripted destiny. Some in the outer layer, or ectoderm, are destined to become the nervous system. In the week-old vertebrate, the nervous system looks a bit like a squashed bean. This rudimentary structure, called the neural plate, is essentially a two-dimensional map of the entire brain in intricate detail—one part will become the cerebellum, another part the midbrain, another the hypothalamus, and so on. The future complexity is all there, and the rules that transform the two-dimensional plate into the three-dimensional, interconnected brain are generally known. Specific proteins produced by genes in particular places of the developing embryo act in an ordered way to guide development. And this is the same for a mammal, bird, or reptile (essentially it is the same for all animals more advanced than sponges). This specificity of fate is key to understanding what parts of the reptile brain begat what parts of the brain of mammals, like us, and birds, like crows.
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A dig about 350 million years back into the fossil record reveals the evolutionary history of vertebrates, starting with our common amphibian ancestor. Birds and mammals shared a common ancestor that lived about 300 million years ago, making the study of brain evolution challenging. Distinctive mammals first appeared about 200 million years ago and were derived from synapsid reptiles. Birds evolved only 160 million years ago from a different, highly divergent branch of the reptile family tree, the theropods that flourished as dinosaurs. Ancestral forms are diagramed below the evolutionary tree, or cladogram. Time is represented horizontally on this diagram, generally increasing from the common amphibian through the reptilian ancestors and from the slanted line representing this evolution up to modern forms of amphibians, mammals, reptiles, and birds. The diversity of size and shape of modern tetrapod brains is shown for a frog, human, crocodile, and raven.

 

Until recently, the genetic legacy of various parts of the bird’s brain could not be traced. In the late nineteenth century, based upon gross anatomical comparison, the German scientist Ludwig Edinger mistakenly claimed that the brains of birds were mostly built from the primitive layers seen deep within the mammalian brain. He concluded that such structures could not support thoughtful actions, a notion that matched his misperception of the behaviors of birds, which he considered stodgy, robotic, and largely instinctual. He believed the behavior of mammals to be more flexible than that of birds and was unimpressed by the many crows, ravens, rooks, and jackdaws that walked his native streets, probed the nearby agricultural fields, and soared among the wilder woodlands. Yet the purposeful, thoughtful behaviors we have documented would have challenged his view of avian brains as primitive and limited organs.

Edinger and other neurobiologists who followed him observed that the smooth forebrain of birds—the part consistently associated with sophisticated, thoughtful behavior—had little obvious internal structure. The histological stains that were available to early neuroscientists colored the inside of a pigeon’s brain uniformly. Even under the microscope, the stained pigeon brain seemed to be made up of the same type of cells that comprise the portion of the mammal forebrain that is below the convoluted gray matter, or neocortex. This lower part of the forebrain is crucial for motor control as well as the ability to improve movements through practice. It is composed of nerve centers collectively called the basal ganglia, which includes structures such as the striatum and globus pallidus. The neocortex, on the other hand, is derived from the pale, cloaking outer cover of the cerebrum known as the pallium. To Edinger and his intellectual descendants, bird brains appeared to lack a pallium and interconnections among brain regions that allowed thought, remembering facts and events, and reasoning. So, they concluded, birds could only express instinctual actions. To them, it was as if the bird’s light bulb was full of filament, but the entire filament was made of the same material.

Konrad Lorenz, a pioneer in the study of animal behavior, was born fifteen years before Edinger died and grew up a mere four hundred miles from Edinger’s Frankfurt, Germany, in Vienna, Austria. Lorenz’s schooling reflected Edinger’s contributions to the understanding of evolution and brain development. He would eventually share the Nobel Prize in medicine with Nikolaas Tinbergen and Karl von Frisch for their research that confirmed many of Edinger’s beliefs. For instance, these great scientists showed that very complex behaviors of bees and birds could often be explained by instinct or imprinting, learning that occurred for a brief moment early in the animal’s life. Ducklings learned whom their mother was simply by following the first thing that moved around their nest. Jackdaws, a common European corvid, instinctually mobbed owls or any animal caught possessing a dead bird. They even mobbed Lorenz when he carried a wet, shiny, black bathing suit that resembled a dead corvid. To Lorenz and the other pioneers, complex behavior did not require thought; it occurred whenever a simple stimulus in the environment was encountered. By providing the stimulus, or a mimic of it like the bathing suit, experimenters could trigger a bird’s simple brain to release a complex behavior.

While jackdaws confirmed many of Lorenz’s ideas, ravens provided an important challenge. Lorenz lived with a menagerie of wild animals, including a group of ravens. The dominant male raven was particularly fond of Lorenz and could not be tricked into mobbing a pair of black swimming trunks. Even holding another raven in distress would not guarantee mobbing. The male raven ferociously attacked a person who restrained his mate but flew up to Lorenz’s shoulder if he pretended to choke a known subordinate raven. Rather than mob, the raven used Lorenz to his advantage and poked at the restrained upstart. From these ravens, Lorenz learned that instinctual behavior could be modified with these birds’ personal experience. Lorenz’s association with smart, social animals led him to realize that many birds learned, played, and even used insight to solve new problems, be it walking down stairs or around barriers. His books for the general public and for the scientific community from the late 1950s to the 1980s taught that most organisms survived because of their ability to learn, and that a few groups of birds, notably the geese and crows, routinely modified instinct by learning in ways not unlike we humans learn.

Science changes slowly, although it has periodic revolutions that sweep away outdated theories, so the characterization of birds as simpletons persisted until the 1960s. Neurobiologists then discovered that the striatal portion of a mammal’s forebrain could be identified with new stains and tracers that highlighted the occurrence of specific chemical messengers like acetylcholinesterase and dopamine. These chemicals are abundant in the striatum, where they adjust electrical signals within and between nerve cells, but not in the pallium. Injecting these chemical markers into a bird’s brain and looking at the results under the microscope showed that the avian forebrain was anything but uniform, as Edinger and others had thought. Rather, as in mammals, it had a deep, inner core of striatal tissue topped by a much larger heap of pallial tissue. The deep core is homologous—derived by descent from a common ancestor—to the basal ganglia of mammals. This similarity in brain structure and chemistry clearly indicates that birds’ mental capacities are more complex than earlier scientists gave them credit for.

How the pallial tissue of birds and mammals evolved is more puzzling. There are big differences between this part of the brain in the two classes that were once thought to represent cumulative improvements in the “higher” evolutionary class of mammals. In mammals, for instance, the neocortex consists of six layers with distinctive cells and intricate interconnections that enable an integrated perception of the world. Adult birds, in contrast, have a pallium consisting of a small, three-layered “hyperpallium” and a larger area comprising distinct regions: the nidopallium, the mesopallium, the entopallium, and the arcopallium (we illustrate the basic parts of the bird’s brain in the Appendix, pages 216–217). The bulk of a bird’s forebrain functions like our neocortex, but its connections are among distributed, patchy centers rather than layers. Scientists agree that the neocortex of mammals and the hyperpallium of birds are homologous, both being derived from the upper surface of the ancestral reptile’s embryonic brain. Some scientists, who are impressed with the similar neural wiring that connects and distributes sensory information from the lower reaches of the brain through the mammalian neocortex and the avian pallium, suggest an even greater homology. Embryology, though, is telling a different story.

To crack some ancient evolutionary riddles, one must look deeply into the developing embryo of a new life and retrace evolutionary history. The influence of our common ancestor is plain to see in the first weeks of embryonic development where fish, salamanders, snakes, birds, and people all look like tadpoles with well-developed tails, budding limbs, and rapidly differentiating brains.

In birds and reptiles, most of the pallium is derived from the lower surface of the roof of the fetal forebrain. In mammals the neocortex is definitely derived from the developing brain’s upper surface. In a strict sense, then, the vast majority of the bird’s forebrain is not homologous with the human forebrain. Our similar wiring patterns and mental abilities are the result of convergent evolution, where birds and mammals evolved large and interconnected forebrains from different basic parts of our common reptilian ancestor’s brain.

This convergence is perhaps not so unlikely. Minor changes in the actions of a few powerful genes can construct radically different brains. In birds and mammals, the same genes in three critical regions around the embryonic forebrain produce proteins that proliferate and arrange neurons. It is as if the young forebrain is a battleground where proteins wage war for influence; in mammals, the victories occur on the upper surface of the pallium, but in birds victory is mostly on the lower surface. In each animal, a unique reptilian heritage comes to define what we recognize today as a distinctly mammalian or avian forebrain.

Our layered neocortex, once a signature of evolutionary “progress,” is now known to result from a minor change in an ancestral gene’s action. Layers arise in mammals when special neurons called Cajal-Retzius cells secrete a protein scaffolding along which newly formed neurons migrate over older ones to fashion successive layers, like the skins around an onion. The same cells work for a shorter period of time in birds to build a three-layer hyperpallium. Throughout the rest of a fetal bird’s forebrain, Cajal-Retzius cells also lay out guiding latticework, but in the hyperpallium they create dispersed points, not radial zones, of attraction. Young nerve cells follow the proteins into clumps rather than layers. Why genes act on one bit of pallium more than another in birds and mammals may have a lot to do with the habits of our early ancestors. Early mammals were primarily nocturnal, so natural selection favored those able to sniff out, rather than see, a meal, mate, or predator. Expansion of the dorsal pallium in our ancestors may have facilitated their nocturnal life by enhancing their olfactory center and its ability to coordinate with other senses. The reptiles that continued to evolve after mammals diverged—those that gave rise to yesterday’s dinosaurs and today’s lizards and birds—were active during the day. In these animals, natural selection apparently favored those best able to discern foods, mates, and dangers with their eyes, not their noses. Ancestral birds whose brains derived more from the bottom surface of the embryonic pallium would match these criteria. Expansion of this ventral portion where visual, emotional, and auditory centers occur benefited a flying diurnal dinosaur and the birds that evolved from it.

THE AVIAN BRAIN ENGAGES WITH THE WORLD

How does a bird use its modified reptilian brain to sort through the confusing sights and sounds of a parking lot to find an easy meal? We can find some answers by tracing the actions of nerve cells from the brain-stem filters and relays up into the various regions of the forebrain and back again to the muscles that execute behaviors. Sensory information tends to flow in parallel streams to the forebrain, where it is influenced by other centers in the brain that are directly and indirectly connected. The form, strength, and route of the information’s electrical signal may be changed before the streams are routed back to muscles and sensory organs.

Let’s get into the interconnected structures of the corvid brain here, which will carry us back into more astonishing stories of these feathered apes.

The patchy pallium of the crow’s forebrain works like our neocortex to assess and integrate the flood of information coming from its world. Some scientists suggest that either the extremely interconnected rear portion of the forebrain, the nidopallium caudolateral (or NCL for short), or an area toward the forebrain’s upper edge (the dorsolateral corticoid area, or CDL), acts as the bird’s executive center by selecting, scheduling, and adjusting neural responses from many sensory areas. Just as our layered prefrontal cortex orchestrates our behavior, so, too, do these areas of the bird’s brain oversee its behavior. Individual neurons in the NCL of a pigeon, for example, integrate information about the amount of food and expected wait to get it. Their firing rates are high when the bird anticipates big food rewards, but they drop as the delay to obtain the feast drags on. A pigeon can decide when to take a small, readily available bit of food rather than continue to wait for a big feast by reacting to the activity of these neurons. But, first, sensory information from the outside world must reach deep into the most cognitive areas of the bird’s brain.
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