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Praise for Animalkind


“This is the book to buy, read, and give to others so that everyone finally sees why they should respect and cherish all animals.”


—Anjelica Huston, Oscar Award–winning actress


“A resourceful guide and a treasure of greater compassion, integrity, and awareness, Animalkind is both a moving compendium of animals’ remarkable intelligence and emotional complexity and a manual of all the ways we can stop accepting and contributing to their slaughter and exploitation.”	—Joy Williams, author of The Quick


and the Dead and The Changeling


“Animalkind is a much needed antidote to viewing other animals as second-class citizens and offers a fresh look into the cognitive and emotional lives of other animals. This thought-provoking and engaging book will change your view of who other animals are and how you should interact with them in respectful and compassionate ways. It could be a game-changer.” 	—Marc Bekoff, PhD, author


of The Emotional Lives of Animals


This book makes the spot-on case that the future of laboratory research will not be based on four-legged or tail-wagging models, but rather on sophisticated, human-relevant and high-tech animal-testing methods. As Newkirk and Stone point out, these modern technologies are delivering better human health outcomes and are benefiting patients, physicians, and researchers.


—John Pawlowski, MD, PhD, Harvard Medical Faculty Physician


“Buy this book for anyone you know who harbors even the slightest doubt that animals aren’t super-clever or that there aren’t many ways to help them—because Newkirk and Stone show that animals are, and that you can.”


—Edie Falco, Emmy Award–winning actress


“A fascinating look at animal behavior, as well as a treatise against cruelty toward animals… effectively nudges readers to think twice about their own use of products sourced, perhaps less than ethically, from the animal kingdom.”


—Publishers Weekly


“This emotional and informative book should be required reading for everyone! I urge you to pick it up and embrace its beautiful message of compassion and understanding. The time is now for all of us to fall in love with Animalkind!”


—Mike White, filmmaker, actor, producer


“This book takes you by the hand and leads you, enchanted, into the wonderful world of diverse animal life.”


—James Cromwell, Emmy-winning actor


“After a wide-ranging and enlightening overview of animal wonders, the authors devote several chapters to campaign against cruelty and exploitation.… An impassioned plea for preserving animals’ lives.”


—Kirkus Reviews


“Animals are our neighbors on this planet—this book shows how we can become better neighbors.”


—Alec Baldwin, Emmy-winning actor


“Like me, Ingrid believes in protecting all the creatures we love.”


—Sir Paul McCartney, musician
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To Nanci Alexander, who is responsible for the happiness of so many animals that it is impossible to count them, and to the memory of Gurudev Chitrabhanuji, the late Jain master, who asked everyone to regard all living beings as our brothers and sisters










Foreword


In the early 2000s, when I was working on my PhD in Neuroscience at UCLA, the world was a very different place. Our cell phones were just… phones. Pluto was still considered a full-sized planet (tough break, Pluto!). Ringling Bros. and Barnum & Bailey Circus was still in business.


Twenty years isn’t a long time in the grand scheme of the universe, but with technology and our 24-hour news cycle moving at warp speed, it feels as if we learn as much in a day as we once did in a year. And while it may sound trite, knowledge really is power—no matter how we receive it. Animalkind is a book that empowers readers with the knowledge to understand who animals are while dispelling the notion of “what” we assume animals are, and the power to change the way the world treats them.


As a neuroscientist and person who cares about animals, I seek to understand how we all think, feel, and communicate. Research in comparative neuroanatomy has fundamentally shifted the general scientific view of animals’ abilities, as well as the public conversation about animals. We share far more in common with our fellow animals than most of us are aware of. We once thought that advanced cognitive abilities were uniquely human, but we now know that’s actually not true. Animals have their own ways of communicating with each other, playing together, learning with each other, and—yes: loving each other.


The scientist in me appreciates Animalkind because it’s full of scientific studies, captivating data, and surprising facts about animal behavior. The vegan in me loves this book because it shows readers how easy and rewarding it is to navigate the world without harming animals. Eating decadent, rich food, sporting fashionable purses and clothing that look and feel like “real” leather, and experiencing entertainment on screen or under the big top can still be a part of your life. All without harming another living being in the process.


As a vegan mother who is also a scientist, I raise my boys to question things and not accept the world as it is simply because it’s convenient or easy or because everyone else is doing things a certain way. I teach them to be just and kind, and not complacent. I hope they grow up and continue to make life choices based on facts, but also on empathy. Animalkind is a book that can teach them—and all of us—how to live this way. Ingrid and Gene, thank you for teaching us how multifaceted animals are and showing us how simple it is to treat them with the kindness and respect they deserve.


—Mayim Bialik










Introduction


The dog who jumps for joy when you come home. The emperor penguin guarding his child through a subzero blizzard. The dolphin smiling at us from the water. The sleepy cat’s purr of contentment. The manta ray’s intricate underwater ballets. The lark’s exquisite song. Animals delight, fascinate, and enrich human lives and thoughts every day of the year.


Through science, observation, and sometimes just luck, we are constantly discovering more about our earth’s cohabitants. We learn that an albatross, not a sailor, was the first living being to circumnavigate the globe. We find that chimpanzees can defeat college students at computer games. We realize that a tiny desert mouse knows how to collect drinking water by placing a stone outside her burrow so as to drink the morning dew on a burning hot day.


We never seem to tire of our companion species and their antics. We watch documentaries that reveal the secret lives of urban street dogs, of river otters, and of ants who ford streams by making boats out of leaves or forming bridges with their own bodies. We visit wildlife parks, feed squirrels, go whale watching, and take camera safaris to Africa. Becoming a veterinarian is high on the list of young people’s career choices, having an animal in the home is considered a treat and a joy, and spending our hard-earned money on dog treats, cat trees, and comfy beds for our beloved animal companions is de rigueur.


The news we read every day is filled with animal stories from the cute and ridiculous to the serious and sublime. We circulate videos of animals rescuing other animals, including human beings, from storms, fires, and other dangers—and videos of firefighters and everyday heroes reciprocating. New York’s Museum of the Moving Image recently featured a wildly popular exhibit called “How Cats Took Over the Internet.” Some cat videos have been watched one hundred million times. But it’s not just cats—not long ago the Bat World Sanctuary posted a short video of an adorable orphaned bat being fed with a Q-tip—so many millions watched the video that the sanctuary’s site crashed from all the viewers.


We marvel at animals’ unique abilities, and as we’ve learned more in recent years, we’ve also come to marvel at all the things animals can do that we once thought were reserved for humans. For instance, animals can count: chickens and bears up to at least five; sheep can recognize at least sixty other sheep and can tell humans from other humans when shown photographs. The sheep’s nemesis, a border collie named Chaser, has been taught the names of over one thousand toys. Renowned scientist Neil deGrasse Tyson put Chaser to the test on national television. Chaser performed spectacularly.


The more we know about the other animals, and the more we understand their abilities, the more we begin to question our relationship with them. Perhaps you remember that party question you might have been asked as a child: “If you were an animal, which animal would you like to be?” How would you answer that today? A bird? A wolf? An elephant?


If that question had been asked centuries ago, it would not have been easy to answer because for the most part animals were seen as good only for their usefulness to humans, from canaries sent down into the coal mines to horses used in war. Dogs had “masters” back then, not guardians. When did you last hear that word?


Of course, many people loved their dogs, even then, but there were limits. Stray dogs plucked from the streets in New York City were drowned in the Hudson; whale blubber lighted our lamps and whale bones were made into women’s corsets; chicken was only what you ate, not a bird you sponsored in a farmed-animal sanctuary; a rabbit was “sacrificed” for every pregnancy test, and boys became men by being taken out with Dad to hunt. You can just imagine how else animals were used. The pickings were slim when it came to answering the question, “Which animal would you like to be?” Because for the most part, animals who had contact with humans suffered through difficult lives and came to a bad end.


Today, bad things still happen to good animals, but great changes have come about and more are in the offing. The biggest animal circus on earth has pulled up its tent pegs and the old beast wagon has been upgraded to showcase only terrific human talents and technical wizardry; the homing pigeon and the stagecoach horse have been replaced by electronic communications; beautiful animal sanctuaries for turkeys rescued from the holiday table and for bears liberated from roadside zoos are springing up all over the world; and that jacket collar is far more likely to be faux fur than real. Meanwhile, quite a few dogs and cats have their own luxury spas, day care centers, and even bakeries.


Thanks to animal behaviorists like Konrad Lorenz, primatologists like Jane Goodall, Biruté Galdikas, Frans de Waal, and Dian Fossey, undersea explorers like Jacques Cousteau and his family, and the thousands of animal rights activists who have been constantly and assiduously working to help animals, people’s eyes are now opened to who animals are—and we like what we see. We have come to feel love, understanding, and respect for all animals and our delight in caring for them has entered a new era.


The first part of this book is a celebration of that relationship, an exploration of who animals are—their many talents, languages, and complex cultures. The second part of the book takes us to the next logical step—given our newfound understanding of all that is animal, how can we treat them in ways that respect their individuality and talents? Or, in other words, how can we conduct our lives happily and efficiently without having to exploit animals?


Be ready to be enchanted as you learn about animals who have performed tasks that baffle the imagination, who invent games, who undertake remarkable journeys, who stump scientists, who can achieve feats no human could ever do. Then be ready to be inspired as you read about computer-generated movie chimpanzees that are indistinguishable from real ones (but far more malleable on the set); cruelty-free medicines developed virtually overnight with the help of high-speed computers programmed with relevant human data; and chicken drumsticks that don’t require any live chickens to produce them. Be ready to learn as you find out all the many ways that you can help all animals live the fulfilling and happy lives they deserve—or at least, to be left unmolested.


Perhaps, if all humans were to fully understand who and what animals really are, we may tread closer to the belief expressed by Jenny Leading Cloud of the White River Sioux, who once said:


“The buffalo and the coyote are our brothers; the birds, our cousins. Even the tiniest ant, even a louse, even the smallest flower you can find—they are all relatives. We end our prayers with the words mitakuye oyasin—‘all my relations’—and that includes everything that grows, crawls, runs, creeps, hops, and flies on this continent.”










SECTION I: Remarkable Discoveries about Animals








Researchers at Germany’s Max Planck Institute for Evolutionary Anthropology were dumbfounded. The excitement wasn’t over a new fossil, or the discovery of a previously unknown human ancestor. It was over Rico, a border collie. In experiments conducted in 2004, the very normal-seeming, ten-year-old canine had learned to fetch more than two hundred objects on command—and moreover, remember them all a month later. Determined to discover the limits of Rico’s abilities, the research team subjected him to a battery of cognitive tests that revealed astounding problem-solving abilities. Rico could easily retrieve from another room items he was familiar with, but when told to retrieve a new item—one he had never heard before—Rico correctly deduced that the unknown name must correspond with an unknown object and correctly retrieved it. The border collie’s cognitive abilities were consequently compared to that of apes, dolphins, parrots, and, eventually, human children.


Researchers often end up comparing their animal subjects’ intelligence to humans. But is intelligence truly easy to compare, animal to human, or even animal to animal? If Rico could use the process of elimination to correctly fetch a tennis ball, does that make him smarter than an arctic tern who journeys forty-four thousand miles each year between the north and south poles? Is a piano-playing cat more intelligent than a chimpanzee, who shares nearly 99 percent of her DNA with humans and can learn sign language?


Comparing the intelligence of animals is, in fact, no easier than comparing the intelligence of humans. Who’s smarter: Aristotle or Plato? Newton or Einstein? Monet or Manet? The red-lipped batfish or Chinese giant salamanders? The Indian elephant or the African elephant? In the end, ranking the relative intelligence of animals is a futile exercise. What’s more, a recent study found that less than 15 percent of the estimated nine million species on Earth have been discovered. Who knows what fantastical creatures reside at our oceans’ crushing depths, soar high in the stratosphere, or creep deep in the densest jungles? What fantastic intelligence do they display? Or more so, what fantastic intelligence we can’t even comprehend?


We often consider intelligence as the only factor in determining which animals deserve compassion and which don’t. Yet we’re still so limited in our understanding of human intelligence that it makes little sense to calibrate our animal brethren based on how similar their brains are to ours. Or, perhaps you could say, it’s simply not an intelligent way to determine importance.


The goal in this book is not to merely question that superiority, or to show how animals think and act like us; it’s also to show how they do not, and to honor those differences. How can anyone compare the mental faculties of a gibbon vaulting through the forest with a giant blue whale singing through the deepest oceans? Different animals excel at different actions. As we’ll see in this book, animals think, navigate, communicate, love, and play in extraordinarily unique ways.


However, for many years scientists believed that intelligence was, indeed, all that mattered when it came to animals, and that intelligence consisted of a continuum, with humans at the most developed end. Every other species could fit neatly into that spectrum—a concept heralded by the great naturalist Charles Darwin, who wrote in his 1871 book, The Descent of Man, that “the difference in mind between man and the higher animals, great as it is, certainly is one of degree and not of kind.” In essence, Darwin meant that because all animals share a common ancestor, they also share the same toolkit of mental abilities, but at different levels.


Not a new idea. Twenty-four hundred years ago, Aristotle presented his idea of a “Natural Ladder,” or Scala Naturae. Like Darwin, Aristotle advanced that all life could be conveniently ranked, with “lesser” animals like worms on one end, “intermediate” animals like dogs and cats in the middle, and “higher” animals such as monkeys and humans at the far end. During the Middle Ages, Christian theologians expanded on Aristotle’s teachings with the “great chain of being,” a hierarchical scale that began with God at the very top followed by angels, humans, other animals, plants, and then minerals. Each layer of the chain also had its own hierarchy. Among humans, for instance, kings, aristocrats, and other noblemen sat at the top while peasants were relegated to the bottom. The highest-ranking animals were large carnivores like lions and tigers, who were untrainable and therefore seen as superior to docile animals like dogs and horses. Even insects were subdivided, with honey-producing bees ranked higher than mosquitos and plant-eating beetles. Finally, at the very bottom sat snakes—their lowly station a result of the serpent’s deception in the Garden of Eden.


Even throughout the twentieth century, scientists clung to the notion that animals can be neatly ranked by their human intelligence. Scientists devised increasingly cruel experiments that could serve as universal tests for animal cognition, many of them led by University of Wisconsin–Madison psychologist Harry Harlow. Previously, Harlow was best known for a series of experiments from the 1950s, in which he removed infant rhesus monkeys from their mothers and provided them surrogate mothers made from wire. The traumatized monkeys’ desperate attempts to be caressed by their inanimate mothers during times of stress became the basis for research into maternal separation, dependency needs, and social isolation. (Many historians cite Harlow as a factor in the rise of subsequent animal liberation movements.) Later, Harlow developed experiments called “learning sets,” which effectively tested how well a subject could learn. For instance, an animal would be presented with two doors, one containing food. The test would be repeated until the animal learned the correct door. Much like Aristotle’s Scala Naturae, by devising experiments like these scientists created their own interspecies “IQ test” to rank the world’s animals.


At first the tests seemed to support traditional beliefs about brain size. In learning sets, humans outperformed chimpanzees, who outperformed gorillas, who outperformed ferrets, who outperformed skunks, who outperformed squirrels, and so on. But the more animals that were tested, the less neatly everything seemed to fit. Then scientists studied blue jays and other birds, who performed better than half the mammals tested. As one researcher said, “Pigeons can blow the doors off monkeys in some tasks.”1 Soon, scientists realized that the animal kingdom is far too complex to rank animals. Eventually, more of these experiments, many of which were physically and emotionally traumatizing for the animals, were halted. As one 1969 paper concluded, “The concept that all living animals can be arranged along a continuous ‘phylogenetic scale’ with man at the top is inconsistent with contemporary views of animal evolution.… The widespread failure of comparative psychologists to take into account the zoological model of animal evolution when selecting animals for study and when interpreting behavioral similarities and differences has greatly hampered the development of generalizations with any predictive value.”2


Animal intelligence can only be understood, or at least studied, in the context of a particular species’ evolutionary path. It’s not just our upright posture and large brains that make us who we are; it’s our sense of individuality, our art, our music. Our inventiveness allowed us to discover language, fire, and cooking. As we’ll see in this book, however, many animals possess these skills too. And others rely on a far different set of traits that we cannot even comprehend.


Ants have evolved over more than 140 million years by honing their collective instincts. Have you ever watched time-lapse footage of an ant colony? Each ant has a specific role within a group, and each group has a distinct purpose. Anyone who has witnessed a session of Congress on CSPAN knows how easily communication between humans can devolve into a playground shouting match. Yet ant colonies can grow to hundreds of millions of ants, all working seamlessly together toward a collective good. Our six-legged insect friends may not be able to communicate with spoken words like humans do, but they coordinate reproduction, construction, resource gathering, and even war using a complex language of scent, touch, and sound. Who is to say the collective intelligence of an ant colony is any less profound than human individuality?


Even brain size is not a good indicator of intelligence. Humans’ brains rank fourth in size, behind sperm whales, elephants, and dolphins. As for our brain-to-body mass ratio, we’re a distant fifth behind ants, tree shrews, small birds, and mice. There is no obvious anatomical indicator to predict which animals are “smarter” than other ones—and if there is, there are far too many variables to study. It turns out that even with their relatively small brains, nerve cells, and neural connections, birds’ mental abilities are mighty impressive.


Some of the greatest abilities come from the most surprising creatures. Slime molds, for instance, might not be the first creature that comes to mind when you think “smart.” Not plants, not animals, and not fungi, slime molds are soil-dwelling amoebas containing a single cell. (For reference, the human body has an estimated thirty-seven trillion cells.) Slime molds can form exotic colors and shapes that resemble honeycomb lattices and rainbow popsicles, often growing into bulbous masses as long as ten feet. Then there’s a charmingly named slime mold called “dog vomit,” which, as you can guess, looks like its namesake. More than nine hundred species of slime mold exist on every continent, and scientists cannot stop studying them. (Says Frederick Spiegel, a biology professor at the University of Arkansas and a slime mold expert: “I thought they were the most beautiful, sublime things I’d ever seen.”3) Scientists have identified specimens in New Zealand genetically identical to those in the United States, meaning they traveled, somehow, halfway across the world without wings, paws, or feet. Even if they are ripped in half, slime molds can continue to grow and reproduce unabated. And, as one fascinating study revealed, slime molds can even solve mazes.


Mazes are often used by researchers to determine the cognitive abilities of various animals, as they require significant memory and problem-solving skills to complete. In particular, mazes test the hippocampus, which is located in one of the most evolutionarily ancient regions of the vertebrate brain and plays an important role in the consolidation of information from short-term to long-term memory as well as spatial awareness, used for navigation. The development of a species’ hippocampus is often considered a bellwether for its overall intelligence, and mazes are the easiest way to test this. Smidgens of slime mold at one end of a maze can actually reproduce and grow toward food placed at the other end. When the mold reaches a dead end, it retracts its branches, retraces its steps, and tries another way. Within hours, a slime mold can find the shortest possible path to its prize. In a later study, University of Sydney researchers found that slime molds even possess spatial memory, able to leave behind a trail of translucent slime so it can identify places it has already traveled. Who needs a brain when you have slime?


Slime molds may not be able to create art or fall in love (as far as we know), but their curious existence does makes us reconsider the definition of intelligence. By calling certain animals “smart,” we are implying that there are “stupid” animals without bothering to understand their particular evolutionary path. For an animal to be alive today, her ancestors endured suffering far beyond our comprehension, surviving against all the odds to pass on their DNA to the next generation. Like slime molds, jellyfish may not seem to be highly intelligent beings, but they have traveled the seas for over five hundred million years, long before fins evolved into feet and before the continents separated, surviving everything from extreme ice ages to massive volcanic eruptions that obliterated 96 percent of marine life. The next time you see an ant crawling in your pantry, a pig in a factory farm, or even bacteria under a microscope, you might be looking at the smartest organisms who have ever roamed the Earth, just for the simple reason that they have endured and prospered.


At the turn of the twentieth century, the British psychologist C. Lloyd Morgan stated, “In no case is an animal activity to be interpreted in terms of higher psychological processes if it can be fairly interpreted in terms of processes which stand lower in the scale of psychological evolution and development.” This declaration, known as Morgan’s Canon, meant that anthropomorphizing animal behavior—that is, attributing human emotions and intentions to animals—was counterproductive when determining the relative intelligence of Earth’s creatures. A human’s mind is different than a dolphin’s mind, which is different than a mouse’s—trying to compare them is fruitless because their habitats and lives are so different.


Even comparing the cognition of animals within the same family can be difficult. For instance, take gibbons: Small, slender creatures with powerful tree-swinging arms, gibbons were for years considered mentally inferior to other primates. In studies, chimps could learn to distinguish between various tools and quickly learn simple tasks, while gibbons appeared clueless. It wasn’t until the 1960s that the American primatologist Benjamin Beck, a researcher who helped tamarin monkeys prepare for release from zoos into nature, discovered why gibbons tested so poorly compared to their fellow apes. Unlike chimps, gibbons dwell exclusively in the trees. From their long, muscular arms to their hook-like hands meant to grasp branches, gibbons bear little physical resemblance to apes who live on the ground. The original set of experiments involved placing gibbons in cages and having them manipulate objects lying on a flat surface. Gibbons, with their hooked thumbs, were physically unable to pick anything up—behavior that scientists mistook for a lack of intelligence. When Beck repeated the experiment with the tools placed at shoulder height instead of the ground, the gibbons performed just as well as other apes.


As the physicist Werner Heisenberg wrote in his 1958 book, Physics and Philosophy, “We have to remember that what we observe is not nature herself, but nature exposed to our method of questioning.” Heisenberg was referring to measuring atoms in the field of quantum mechanics, but the principle can be applied to the study of animals as well. We are doomed to compare the behaviors of mice to rats, of albatrosses to gulls, of cats to dogs—and, ultimately, of all animals to ourselves. In this book, we do something different. We believe that the navigational abilities of the blind mole rat—a furry species who lacks eyes and gets around by parsing the Earth’s magnetic field—is every bit as amazing as the arctic tern who migrates more than forty thousand miles every year. The Adélie penguin dad who guards and keeps his unborn chick warm through the fiercest Antarctic weather is just as loving as a brown bear determined to protect her cubs at any cost.


In the following chapters we will explore the amazing, mysterious, and often incomprehensible ways that animals fly, crawl, slither, hop, swim, love, chat, and romp… in other words, how they live.


First we will take a look at the amazing ways animals navigate the world. Like humans, many animals use the sun and the stars to find their way, but they also rely on methods that humans are biologically incapable of using, from olfactory maps to internal compasses to echolocation.


Next we will explore the world of animal communication. Chirping birds, screeching owls, singing whales, burping frogs—this is the language of the animal kingdom. The latest science shows that what may appear to be a cacophony of random noise is actually an incredibly intricate system of communication.


We next dive into life’s most powerful and mysterious emotion: love. While we can never hope to truly understand how animals love and care for each other, we can record the ways they cuddle, court, mate, and protect each other.


Finally, we’ll examine perhaps the most universal activity on the planet: play. Like humans, animals love to play. From play-fighting to just a quick dip in the water, play transcends the species barrier in ways that scientists still cannot understand.


By learning about how animals move, chat, love, and romp, we learn more about who animals are—their many talents, languages, and fascinating cultures—and how we humans can benefit from our greater understanding of what makes animals tick.







The Mysteries of Navigation


How do animals find their way over apparently trackless country, through pathless forests, across empty deserts, over and under featureless seas? They do so, of course, without any visible compass, sextant, chronometer or chart.


—Ronald Lockley, naturalist and author of Animal Navigation


On a foggy night in Tobermory, Ontario, in May 2016, police responded to a distress call from a woman who had accidentally driven her Toyota into Lake Huron. After dutifully following directions from her GPS, she had taken a fateful turn onto a dock before plummeting into the murky waters below. (She escaped unharmed.)


A cursory Google search displays countless stories of navigationally challenged drivers blindly following their GPS onto train platforms, into oceans, down cliffs, into golf course sand traps, even through living rooms. The more sophisticated our technology becomes, the less we depend on our innate navigation abilities. Why read street signs when an app can tell you in which direction to walk? Better yet, why walk when you can Uber? Charles Lindbergh flew across the Atlantic using a compass. Today’s airline pilots rely on sophisticated autopilot systems that can find their way to any airport on Earth. One 2015 study found that nearly half of junior doctors admitted to getting lost on their way to treat a critically injured patient.


As humans continue to set new lows in the brave new world of smartphone-dependent navigation, animals continue to confound us with their ability to travel from point A to point Z. Consider, for instance, the story of a common house cat. In November 2012, Jacob and Bonnie Richter took a trip in their RV from West Palm Beach, Florida, to Daytona Beach, a distance of two hundred miles. When they arrived, the Richters’ cat, a four-year-old tortoiseshell named Holly, bounded out of the camper. She disappeared near the Daytona International Speedway. After a frantic search, the Richters abandoned hope and returned to West Palm Beach, assuming Holly was lost for good. Two months later they received a call: Holly had been found in a neighbor’s yard, barely a mile away from their home. She had traveled two hundred miles up the Florida coast, dodging cars, alligators, and humans to return home.


Some chalked Holly’s extraordinary journey up to coincidence: Perhaps she had hopped a ride in someone’s car and jumped out at precisely the right time. The evidence suggested otherwise. Holly’s paws were torn and bleeding, indicating a long journey by foot. Her claws were worn down to the nub. She had dropped from 13.5 pounds to just 7. According to the vet who treated her, Holly was barely standing when she reached West Palm Beach.


Holly was not the first cat to find her way home against all the odds. In 1989, a fellow tortoiseshell cat named Murka padded 325 miles from Voronezh, Russia, to her home in Moscow. In 1997, an eight-year-old Tabby named Ninja hoofed it 850 miles from a suburb of Seattle to his former home in rural Utah. And in 1978, Howie, a Persian who had always lived indoors, trekked more than 1,000 miles across the Australian Outback to return home.


How do animals navigate without the help of maps, GPS, and gas station directions? Achievements like Holly’s are not just routine in the animal kingdom, but normal. In fact, the survival of many species depends on their ability to return to the exact same spot from thousands of miles away. From celestial navigation to magnetoreception, animals rely on prodigious skills that put even the most deft human explorers to shame.



WINGED NAVIGATION


Meet Klepetan and Malena, two long-legged, beautifully plumed storks who live on a tiny red rooftop in the remote Croatian village of Slavonski. Storks are migratory birds who typically fly south during the winter months. They are also extraordinarily precise, invariably returning to the same place on the same day, year after year. Each winter, Klepetan departs his red rooftop and flies five thousand miles to South Africa. Sadly, Malena does not join him. Shot by a hunter in 1993, she was rescued and nursed back to health by a local schoolteacher, who even helped her build a nest on his roof—but she can no longer fly. (She lives indoors with the teacher during the winter months.) Malena was spotted on that roof by Klepetan and the two have remained together ever since. Every summer the two storks bring up chicks and Klepetan teaches them to fly. Klepetan and Malena have become local celebrities, via a live webcam feed documenting their lives. Once Klepetan caused mild panic among the townsfolk when he did not show up at his expected time—he eventually arrived six days later to the collective relief of the locals, who knew what obstacles he had to overcome. In an age of Google Maps and turn-by-turn GPS, storks like Klepetan—and countless other birds—venture tens of thousands of miles every year and return to the same spot, often on the same day.




 How Do Birds Fly?


For millennia, humans have marveled at birds soaring through the sky. From albatrosses who glide using their ten-foot wingspans to hummingbirds who propel themselves into the air by beating their tiny wings seventy times per second, birds vary dramatically in shape and size. But the same principles of flight keep them aloft.


The miracle of flight begins not in birds’ wings or feathers, but in their bones. Unlike mammals, whose bones are filled with marrow, bird bones are hollow. This makes birds lighter and easier to lift, but hollow bones have a second party trick: they’re pneumatic. They’re full of tiny air sacs that can take in oxygen independently of the lungs, allowing birds to sustain the immense energy required to flap their wings and generate lift. The rest of a bird’s body is aerodynamically shaped with no unnecessary parts, such as teeth. To grind their food, bird stomachs have a muscular, thick-walled component called a gizzard.


While the principles of flight remain the same, birds have many different ways of taking off. Loons—large aquatic birds with pointed bills and sleek, dark heads—charge furiously into the wind, sometimes for hundreds of feet. Peregrine falcons prefer to dive off cliffs and other high perches, allowing them to reach speeds as high as 200 mph—the fastest of any animal on the planet. On the other hand, hummingbirds, like helicopters, can take off vertically. But no matter how they reach the sky, all birds rely on a smooth, tapering layer of feathers that, like an airplane wing, serves as an airfoil.


Thanks to the feathers, air flows faster above the wing than below it, creating a pressure imbalance and “pushing” a bird higher into the sky. When a bird flaps her wings downward, she creates higher-pressure air below her wings and lower-pressure air above them, creating even more lift. Once airborne, birds rely on pockets of warm, lift-generating air, known as thermal air currents, as well as other natural phenomena like updrafts, which are generated when wind hits an obstruction and flows upward. The less a bird has to flap her wings, the more energy she conserves and the farther she can soar.





In the fall, migratory birds know the season is changing and depart for warmer climates where food is plentiful, and in the spring they return to more temperate regions. Of the world’s 10,000 bird species, approximately 1,800 follow this pattern. (Other species are sedentary and remain in the same place year-round.) Some birds are determined to travel as fast as possible, while others prefer a more leisurely sight-seeing trip. The great snipe reaches speeds as high as sixty miles per hour and travels more than four thousand miles in two days. The bar-tailed godwit soars more than seven thousand miles on a single tank of gas, not stopping to rest or eat. The plump, long-billed American woodcock also prefers leisurely migrations, choosing to fly at night at low altitudes. While their small flocks may occasionally reach respectable speeds of up to thirty miles per hour, woodcocks often slow themselves to a mere five miles per hour. (No species of bird flies slower.)


The distance birds travel during their migration differs drastically. North American blue grouse occupy the mountainous pine forests of the Pacific Coast Ranges during winter months. When springtime arrives they summon the energy for their three-hundred-yard migration to lower altitudes to nest and feast on fresh leaves and seeds. At the other extreme, tiny arctic terns dart and zigzag more than forty-four thousand miles between Greenland and Antarctica each year. While the four-ounce birds’ path might seem inefficient, they hopscotch from continent to continent following precise air currents so they never have to fly into the wind. Because they can live more than thirty years, arctic terns can end up flying the equivalent of three trips to the moon and back.


How are birds so precise? There are several possible answers. Science suspects hatching chicks imprint on the sun, stars, and local landmarks. Trace amounts of iron located in birds’ ears may also interact with neurons in their eyes to help them determine magnetic north. The beak is another crucial navigational tool. Scientists believe that a kind of olfactory map helps birds smell their way from place to place. In addition, the trigeminal nerve in the beak may also sense magnetic strength, enabling migratory birds to sense how far they are from the Earth’s poles.


The earth’s magnetic field is quite weak, around forty millionths of one tesla. (For comparison, an MRI machine emits up to three teslas of magnetism.) Some theories suggest that birds have an inner compass made up of light-sensitive substances, known as photochemicals, imprinted directly on their retinas. When they come into contact with light, these photochemicals become susceptible to minute changes in magnetic fields—in theory, allowing birds to navigate based on how they perceive light. This might explain why birds often behave strangely or navigate erratically around high-voltage and communication equipment. German researchers recently suggested that birds “see” magnetic fields with photochemicals in their right eye. Interacting with the left brain, these molecules produce light or dark shadings based on the strength of the earth’s magnetic field—essentially creating an easy-to-follow map to and from their destination.


Some birds likely use the sky as a navigational aid. While humans did not invent the sundial until about 3,500 years ago, and the sextant only 300 years ago, birds have long since mastered the art of celestial navigation. In the early 1950s, it was theorized that many species of birds navigate using a sun compass. After observing captive European starlings—beautiful birds with glossy black feathers and a shimmering metallic sheen—researchers noted the birds adjusted their migration patterns based on the position of the sun in the sky. Further research found that birds also rely on their internal circadian rhythms, allowing them to adjust for the sun’s arc throughout the day. While humans nowadays need an iPhone to determine not just the time but their location, starlings and other migratory birds need only glimpse the sun to pinpoint where they are on Earth.


Pigeons have even more remarkable navigational abilities. Able to reach speeds approaching 90 mph and find their way home from as far as a thousand miles away, they’ve long been prized by humans for their talents. Little is known as to how they do it, but recent research suggests homing pigeons can remember the ultrasonic signature of their surroundings and effectively “hear” their way home. “They’re using sound to image the terrain [surrounding] their loft,” says Jon Hagstrum, a geophysicist who studies pigeons extensively. “It’s like us visually recognizing our house using our eyes.”4


In September 1918, a group of five hundred American soldiers were trapped at the base of a hill, surrounded by German gunfire. Within a day, barely two hundred remained. Even worse, American artillery stationed many miles away had mistaken the battalion’s position for the Germans’ and were raining down explosive shells. Unable to establish radio connection, the besieged Americans dispatched two homing pigeons pleading their artillery to end the assault, but they were quickly shot down by the Germans. Finally, Major Charles Whittlesey turned to his sole remaining pigeon, an eight-year-old named Cher Ami, and affixed a desperate message to his leg: “For heaven’s sake, stop it.” As soon as Cher Ami took the sky, he was met by a torrent of German bullets. Despite being shot in the breast and leg and blinded in one eye, Cher Ami maintained a blistering pace and made it twenty-five miles to Allied lines in just twenty-five minutes. Dangling from his mangled leg was a tiny metal capsule containing the life-saving message. The Americans stopped their assault, and the battalion managed to escape back to Allied territory. The grateful troops patched up Cher Ami’s wounds and fashioned him a tiny prosthetic leg, and he was personally sent off home by General John J. Pershing, commander of the American Expeditionary Force.


While pigeons’ abilities still mystify science, other birds rely primarily on their eyes to navigate, just like us. Most birds of prey have eyes on the sides of their heads, but owls have human-like eyes that face forward, allowing for greater depth perception during low-light hunting. Unlike humans’ eyes, owls’ eyes are fixed in their sockets, hence why owls must constantly spin their heads—by as much as 270 degrees, thanks to their fourteen neck vertebrae (compared to humans’ seven). Their eyesight is also exceptionally sharp compared to ours.


Owls vary greatly in size, ranging from the five-inch, one-ounce elf owl to the twenty-eight-inch, nine-pound Eurasian eagle owl. Like humans, owls possess the ability to perceive a single three-dimensional image using two eyes, known as binocular vision. Until recently, however, scientists didn’t believe owl brains were capable of processing large amounts of visual information—for example, of finding a moving target among a shifting background. This requires a high degree of visual processing, something previously only seen in primates. But a new study suggests that owls, and other birds of prey, actually make sense of the world very much as humans do. Israeli researchers attached cameras to the heads of barn owls as they watched moving black dots on a gray background, measuring how long it took the owls to process the direction changes of a target dot. Owls, it turns out, are able to distinguish distinct objects from their background and perceive individual objects, such as a mouse running in a windy field or a bird breaking away from its flock, indicative of a high level of brain development.


All told, the avian brain is far more complex than previously thought. Recent studies have shown that, ounce for ounce, birds have far more brain cells than most mammals, while possessing comparable problem-solving abilities to primates. After studying birds in depth, we can now safely say that having a bird brain is a compliment, not an insult.




 Are Bats Truly Blind?


Contrary to popular myth, bats aren’t actually blind. There are more than 1,300 species of bat, each with different habits and dietary needs. Some prefer flowers, others eat insects. Some have very poorly developed eyes while some species, such as Pallas’s long-tongued bats, tiny creatures native to Central and South America who rely on their slithery tongues to extract nectar from plants, have special visual receptors enabling them to see daylight colors and even ultraviolet light. While many bat species can see as well as, or even better than, humans, they are predominantly nocturnal creatures who rely on echolocation to hunt.


Similar to the way naval ships emit sonar pulses to construct a map of the seafloor, bats send high-frequency calls and listen for echoes from nearby objects and animals. After calculating the time difference between their initial call and the subsequent echo, bats can pinpoint the exact distance to obstacles and prey. While humans generally cannot hear high-frequency sounds above 20 kHz, bats can hear sounds as high as 110 kHz. By emitting a full spectrum of calls, bats can detect and navigate around subtleties in their environment that humans easily miss even in daylight.





BRAVING THE SEAS


The oceans cover more than two-thirds of the Earth’s surface and are home to 15 percent of its species—at least, as far as we know. Humankind may have reached the moon and sent probes into interstellar space, but more than 80 percent of the oceans remain unmapped, unexplored, and unseen. Water is eight hundred times denser than air, swallowing light even at shallow depths. At fifteen feet, you can no longer see the color red. At twenty-five feet you cannot see orange. You lose yellow at thirty-five feet and green at seventy. At just over seven hundred feet, the ocean becomes as dark as the farthest reaches of space.


The estimated one million species who live in the ocean must navigate with extraordinary precision. Some sea creatures cruise near the surface, relying on the sun for guidance. Green sea turtles, who glide across tropical and subtropical seas, are renowned for journeying immense distances between feeding grounds and hatching beaches. Every two to four years, female sea turtles swim as much as 2,500 miles to breeding beaches in Southeast Asia, India, and secluded islands in the western Pacific Ocean. While human sailors routinely were lost at sea until the invention of the chronometer allowed precise longitude measurements, female sea turtles return to the exact same beach on which they hatched, dozens of years later and from thousands of miles away. These majestic creatures—now endangered due to hunting (both legal and illegal), egg harvesting, and boat strikes—are likely guided by crystals in their brains that can detect the Earth’s magnetic fields. But sea turtles might also rely on the sun to point them in the right direction. Researchers from Florida Atlantic University found that sea turtles likely monitor the sun’s height in the sky, known as the azimuth, to calculate their position.


Most fish species are content to stay in their corner of the ocean or lake, but a few hundred species travel hundreds or even thousands of miles a year. Some even migrate between freshwater and saltwater in search of food. Perhaps the most curious of these rituals belongs to Pacific salmon, whose lives are the stuff of Hollywood blockbusters: a thrilling race against the clock that involves a laborious upstream dash, hungry grizzly bears, a furious but fleeting romance—and a heroic death.


For the five species of Pacific salmon—chinook, chum, coho, pink, and sockeye—migration is a one-way ride. After spending the first months of their lives in freshwater streams, Pacific salmon grow into adolescent fish called smolts, distinguished by their delicate, silvery scales. Over time their body chemistry begins to change, and the young smolts crave saltier waters. When they are large enough, smolts leave their childhood rivers and head for vast feeding grounds of the open ocean. For several years these young salmon eat as much as possible to grow bigger and more powerful. They need all the energy they can muster, for they have one final trip ahead of them.


Despite wandering thousands of miles in the ocean, Pacific salmon eventually return to the very same rivers in which they were born. Scientists are not sure how their navigation is so precise, but one theory suggests that salmon navigate via the Earth’s magnetic field. Another idea is that every river has its own unique scent, and salmon can actually use their exceptional sense of smell to find their way home. Locating their river is the easy part. Rivers flow into the ocean, which means Pacific salmon must migrate against the current—a phenomenon known as a salmon run. By the beginning of their run, salmon have undergone dramatic physiological changes: their color has darkened, their tails have bulked up, and males have grown sharp teeth. Having developed strong muscles and high fat reserves during their time in the ocean, salmon use every ounce of energy to flop and dash upstream. They navigate rapids and waterfalls by leaping as high as twelve feet in the air while trying to avoid predators, including bears, eagles, and humans. Salmon swim nonstop and do not eat until their migration is complete, which can span hundreds of miles. Chinook and sockeye salmon from central Idaho must travel nearly nine hundred miles and climb seven thousand feet before they reach their home spawning grounds.


The Pacific salmon who manage to make it home are gaunt and depleted, with just enough energy for one last task. Female salmon build a spawning nest and lay up to five thousand eggs, known as roe, each about the size of a pea. Meanwhile, males bite and snap and chase each other, with the most dominant fish joining the females and depositing sperm alongside their roe. The adult salmon’s bodies are no longer accustomed to the freshwater of their youth and their bodies rapidly deteriorate after spawning. With broken bodies and few sources of food, these exhausted salmon die in the same places they were born, their task complete. While the vast majority of salmon species die after spawning, a small percentage of female Atlantic salmon—a species found in rivers flowing into the North Atlantic—manage to escape back to the salty ocean, regain their strength, and live to reproduce again.




 Longest Mammal Migration


Arctic terns hold the world record for the longest annual migration. They have the advantage of being able to fly. Among mammals, who are the current record holders? Researchers believe that title belongs to western gray whales (narrowly edging out their close relatives, humpback whales), who swim up to ten thousand miles annually between their breeding grounds near the equator and the food-rich waters of the Arctic and Antarctic oceans. These graceful, fifty-foot-long wonders travel nearly fourteen thousand miles from Russia to Mexico and back again.


The gray whale population was decimated by whaling until the International Whaling Commission granted them protection in 1949. Since then, their population has slowly rebounded, although certain subpopulations, particularly those in the northwest Pacific, are still considered critically endangered.





Most sea migrations have lower stakes than Pacific salmon. Great white sharks, found in all of the world’s oceans, migrate thousands of miles each year, although it’s less clear why. While films like Jaws have depicted great whites as ferocious man-eaters, great white attacks on humans are exceptionally rare. They don’t display the same restraint toward other sea creatures. They feast on anything from sea turtles to dolphins to seabirds, but their favorite meals are fat-rich, slow-moving seals.


Until recently, great whites were thought to be territorial fish who stuck close to coastal waters, only traveling a few hundred miles here and there to follow the seal population. However, a 2009 study published in the journal Proceedings of the Royal Society B proved that great whites are actually transoceanic sharks, routinely traversing the most remote waters on the planet. A research team out of Stanford University discovered that instead of staying in one location, great whites can travel as far as 3,100 miles across the open ocean, where prey is scarce. Some great whites even dive to depths approaching 4,000 feet, possibly feeding on a dense vein of fish and squid known as the deep scattering layer.


While scientists have trouble finding migration patterns among great whites, certain locations are known for repeat visits. In the Pacific, for instance, great whites often make a curious midwinter migration between central California and a barren swath of ocean between Hawaii and Baja California. For no known (to humans) reason, they leave the rich feeding grounds of coastal California to congregate in these remote waters, often referred to as the White Shark Café. Once there, great whites begin mysterious, energy-intensive dives into the deepest reaches of the ocean. “The sharks are moving between 50 meters and 250 meters very fast up and down, up and down, all day and all night—sometimes over 100 times a day, swimming faster than their terminal velocity in water,”5 said research scientist Sal Jorgensen, who has devoted enormous amounts of time tracking great whites. Scientists surmise they are looking for mates, or possibly a particularly delectable fish, but they don’t really know, and as of now, have no way of finding an answer.




 Are Fish Self-Aware?


One of the most specious myths about fish is that they cannot feel pain or feel emotions—and, therefore, that it’s not cruel to catch them with hooks and let them suffocate on land.


Fish do feel pain, and they are aware of themselves as individuals. One way to test whether an animal possesses self-recognition is to place her in front of a mirror with a small section of her body painted. If she gazes into the mirror and then touches or investigates the mark, she likely recognizes herself in the mirror and is therefore self-aware. (It’s worth noting that the mirror test is one of many tests for determining self-awareness; it’s generally agreed that animals can be self-aware in ways not measured by human tests. And animals who are not traditionally self-aware still experience pain, trauma, and other emotions.)


Researchers from Osaka City University in Japan decided to try the mirror test on the cleaner wrasse, a small fish found along coral reefs from East Africa and the Red Sea to French Polynesia. These fish form mutualistic relationships with larger fish by “cleaning” them, usually by nibbling off parasites. Cleaner wrasses are quite entrepreneurial: They band together to create “cleaning stations” for larger fish, attracting new clients by wriggling their rears up and down in a dance-like motion.


In their study, the Japanese researchers placed a mirror in front of cleaner wrasses. At first they acted skittish and territorial—meaning they regarded their reflections as foreign fish. But over the course of several days the fish began to calm down, and by the end of the study they could clearly recognize their own movements. The fish even used their reflection in the mirror to help remove tags affixed by the researchers to their bodies.





TINY TRIPS


Despite possessing small brains—a half-millimeter wide with barely a million neurons—bees meander up to two miles from their hives before buzzing home. Even when they are unwittingly captured, such as by a car window or a nefarious scientist, and released in a nearby location, bees can reorient themselves and fly hiveward. How can such tiny creatures who measure their life span in days while lacking hippocampi, entorhinal cortexes, and other advanced brain structures find their way home? Scientists have no idea. Their hunch is that bees imprint a map of their territory on their diminutive brains and buzz home by navigating to familiar landmarks. Other research has suggested that bees monitor the position of the sun to orient themselves in conjunction with an internal clock—the bee equivalent of computing longitude and latitude.


A similar method is used by sandhoppers, tiny crustaceans who can often be seen bounding along sandy beaches near the high-tide mark after twilight. They are often called beach fleas, an unfortunate misnomer because sandhoppers are not fleas, nor do they bite. These creatures, who from a distance resemble dancing brown beans, commute from damp sands where they hide during the day to forage for food near the shoreline. Sandhoppers generally orient their movements along an east–west axis—the same route the sun takes across the sky. At night, they use the moon’s rays as a guide.


Some insects navigate by the stars. The dung beetle, who prefers to go about his sordid business under the cover of darkness, uses the night sky to orient himself and return home with his bounty. Dung beetles spend their evenings rolling the excrement of other animals into balls and burying it in soft spots in the soil. They may not look particularly hardy, but according to researchers out of Queen Mary University of London, male dung beetles can haul more than 1,100 times their body weight—the equivalent of a human pulling six fully loaded double-decker buses.


Rolling a ball of poo is not quite as easy as it may seem to all of you who have never tried it. Dung beetles often have to shake off smaller organisms who try and hitch a ride on a dung ball. As a result, they can lose their way and must reorient themselves. Careful observations have found that dung beetles typically climb atop their freshly rolled scat and dance in circles before returning home—a complicated navigational process. “The dorsal (upper) parts of the dung beetles’ eyes are specialized to be able to analyze the direction of light polarization—the direction that light vibrates in,”6 researcher Marie Dacke told Live Science in 2013. Dung beetles use the polarization patterns of the night sky to avoid moving in circles. In fact, researchers believe that certain subspecies of dung beetles navigate much more efficiently on clear, starry nights when the spiraling Milky Way galaxy is distinct.


From the lowly dung beetle to the monarch butterfly—a creature hailed as “one of the most spectacular natural phenomena in the world”—insects have honed remarkable navigational habits. The latter possesses one of the most amazing annual migration patterns of any animal—one requiring four generations of butterflies to complete. Beginning in March and April, the first generation of butterflies hatch after four days into caterpillars, also known as larvae. For about two weeks the baby caterpillars crawl around and consume milkweed plants until they are ready to begin the process of metamorphosis. After attaching themselves to a stem or leaf, the caterpillars spin themselves into a hard silk casing called a chrysalis. The chrysalis might appear sedentary from the outside, but within hides a spectacular process as the caterpillar’s old body parts transform into wings. After about ten days, a monarch butterfly emerges, spreads her wings, and soars into the sky. Her life is as short as it is beautiful: She has just two to six weeks to lay as many eggs as possible before she dies.


The cycle repeats, and then again, with a second generation of butterflies born in May and June, and a third generation born in July and August. With each generation the butterflies follow the warm weather north, even as far as Canada. But the fourth generation, born in September and October, differs. Their journey is more arduous. As the weather turns colder, these butterflies must travel south to Mexico, and they must do it alone. Instead of two to six weeks, these butterflies live six to eight months, traveling up to 2,500 miles to over-winter sites—most notably the Monarch Butterfly Biosphere Reserve, about sixty miles northwest of Mexico City and home to nearly all of the wintering populations of eastern Monarch butterflies. (Monarch butterflies who live west of the Rocky Mountains generally spend colder months in southern California.) For the next few months they hibernate in oyamel fir trees until they are ready to commence the journey back north, to begin the four-generation cycle anew.


Scientists once believed that the monarch butterflies’ migration pattern was the longest of any insect, but recent research suggests that this distinction belongs to a special kind of dragonfly appropriately called the wandering glider. With their multifaceted eyes, muscular wings, and elongated body, dragonflies are one of the most recognizable insects on the planet—and among the most misunderstood. Naturalists have long known that certain dragonflies are migratory, but due to their size and darting speed, tracking them for long distances is difficult. Powerful fliers, dragonflies can propel themselves in six directions and fly at bursts of thirty miles per hour. Many dragonflies aren’t migratory, however, and don’t travel more than a few miles over the course of their one or two months of life. Wandering gliders are different.


It was only in 2009, when biologist Charles Anderson presented his research in the Journal of Tropical Ecology, that the secrets of these mysterious insects were revealed. Anderson learned about wandering gliders the old-fashioned way: He watched them. After correlating observations from India, East Africa, and other locations with seasonal weather patterns, he found that many wandering gliders complete epically long journeys that, like monarch butterflies, require several generations of dragonflies to complete. Anderson was initially curious why these unassuming yellow insects would show up to his home in the Maldives—an island nation of tropical coral islands located southwest of India and Sri Lanka—and then mysteriously leave. After observing them for more than fifteen years, he discovered that wandering gliders hopscotch their way across the Indian Ocean by following the seasonal monsoon rains. Wandering gliders, it turns out, love to mate in torrential rain—so much so that they’ll follow monsoons for nearly ten thousand miles.


Some animals don’t need wings or feet to find their way home. In 2009, a senior citizen in England named Ruth Brooks was exasperated: Her garden was being overrun by marauding bands of snails. “They had eaten her lettuce, ravaged her petunias and devastated her beans,”7 the BBC reported. Brooks was too compassionate to kill the tiny mollusks, so she relocated them to a nearby tract of land. It wasn’t the very next day—garden snails top out at about 0.029 mph—but Brooks’s hungry snails eventually returned to devour her petunias. No matter where she brought them, the snails found their way back. Brooks reached out to Dr. Dave Hodgson, a biologist at the University of Exeter, who devised an experiment involving sixty-five snails relocated to various corners of their home garden. The result: Nearly all the snails managed to navigate as much as eighty-five feet to return to their original location. Said Dr. Hodgson: “Now this needs some analysis, but as far as I am concerned this is quite spectacular evidence for homing instinct in the garden snail and it’s so much better than I could ever have wished.”8


LUMBERING ON LAND


It’s easy to imagine birds and fish and flying insects—creatures who travel far above or below us—migrating long distances, but even the largest, slowest-moving land mammals are capable of navigating hundreds, or even thousands, of miles each year. In the days before the ivory trade decimated Africa’s elephants—recent estimates suggest their population has declined by 97 percent since the early 1900s, from 12 million to just 350,000 today—these majestic animals would journey exceptionally long distances. Led by the oldest and wisest female of the herd, known as the matriarch, African elephants wandered hundreds of miles along tried-and-true migration paths, following the rains toward more fertile lands. Many of their routes were so trodden that they became the foundation of human roads. Today, elephant mobility is greatly hindered by human activity and poaching, and is generally restricted to protected reserves. But some elephant populations still retrace their ancestral routes.


Chief among these nomads are elephants who call home the Namib and Sahara Deserts in Africa. Known as desert elephants, these individuals spend their days migrating as many as thirty-five miles per day in search of water. As biologist Iain Douglas-Hamilton, founder of the nonprofit Save the Elephants, explains, desert elephants are “living on the edge, in the most extreme conditions.”9 Like all elephants, their primary threat is poachers. Although a massive conservation effort has helped the elephants rebound, Namibia’s and Mali’s desert elephant population stands around six hundred and four hundred respectively. Despite the risks, these elephants travel hundreds of miles per year, eating any sort of vegetation they can find including herbs, grass, shrubs, bark, leaves, seeds, and fruit. They can’t afford to be picky, as desert elephants require up to 550 pounds of food and 42 gallons of water daily.


Unlike other animals, such as birds, who are born with their navigational abilities, elephants must learn from experience. A herd’s survival is dependent on the matriarch, who has learned safe routes and reliable water sources in a landscape almost entirely devoid of either—knowledge that has been passed down for thousands of years. Over the years and decades, the matriarch remembers which routes are safe, which have become dangerous, and she can distinguish between friendly and unknown elephant calls. The wisest matriarchs can even tell the difference between male and female lion roars—a crucial difference as males are larger and more likely to hunt elephant calves. Matriarchs must navigate places like the northern Cunene Region of Namibia, where rainfall averages just four inches per year. When food is scarce, matriarchs must get resourceful; many herds, for instance, head to the Hoanib River in western Namibia to feed on the seedpods of Ana trees.


In one noteworthy study from 2008 led by the Tarangire Elephant Project, researchers followed twenty-one elephant families during an extended period of drought. Groups with the oldest matriarchs—those who had survived the previous major drought thirty years earlier—were much more likely to find food and water in far-flung locations that elephants rarely visited. Despite not visiting these places for decades, the matriarchs were able to summon ancient memories and navigate their families to safety.




 World Record Migration


Land animals do not have the luxury of soaring high in the air. They must make their seasonal treks by paw or hoof. The most arduous journey of all belongs to caribou. Native to northern regions of North America, Europe, Asia, and Greenland, every year three million of these antlered beings journey across the Arctic tundra, quite literally in search of greener pastures. During summer months they feed on the lush grasses of the tundra, feasting on as much as twelve pounds of plants each day. When snow begins to fall, they turn east toward more sheltered areas, where they feast on algae-like plants called lichens. Some caribou, notably woodland caribou found in Canada’s remote Northwest Territories, migrate up to three thousand miles a year—the farthest of any land mammal.





Near the eastern coast of Africa, another great navigational feat takes place each year. Hailed as “The Great Migration” or the “World Cup of Wildlife,” each year more than 1.5 million wildebeest, 200,000 zebras, and some 400,000 gazelle gallop from the Ngorongoro Conservation Area in Tanzania to Maasai Mara National Reserve in Kenya—the largest terrestrial mammal migration in the world. The bulk of the migration occurs in the Serengeti, a twelve-thousand-square-mile ecosystem spanning from northern Tanzania to southwestern Kenya. Wildebeest, who make up the bulk of the yearly migration, are even-toed and horned with broad muzzles and shaggy manes, weighing up to 550 pounds and able to sprint up to 50 mph. (In the movie The Lion King, Simba’s father, Mufasa, was killed during a wildebeest stampede.) The Great Migration begins generally in January and February in Tanzania, when female wildebeest give birth to approximately 350,000 calves, all born within several weeks of each other. The synchronized births offer wildebeests an evolutionary advantage, as their predators, mostly hyenas and lions, invariably engorge themselves all at once and leave the vast majority of calves alone.


Newborn wildebeest are on their feet and walking within minutes of birth—faster than any other hoofed mammal. They must be ready to move: By March the land begins to dry out and the wildebeest begin traveling north, following the rains and the growth of new grass. They then head to the heart of the Serengeti, toward small, freshwater lakes where they feed on the abundant grasses. By June, the wildebeest have arrived at the Grumeti Game Reserve, a picturesque park created in 1994 by the Tanzanian government to protect the path of the wildebeest migration. Perils remain: Throughout their journey the wildebeest are stalked by lions, hyenas, leopards, cheetahs, and other predators, and they must ford fierce and unpredictable rivers that can drown dozens of animals at a time. Finally, by August, the exhausted creatures have reached Maasai Mara National Reserve in southern Kenya, where they spend the next several months regaining their strength for the journey home. By late October, when the seasonal rains return, they begin the trek back to the Serengeti, this time traveling through its eastern woodlands. By the time they reach home, the females are heavily pregnant with the next generation of wildebeest who will complete the ancient migration path the following year.




 Magnetoreception


Middle East blind mole rats—tiny, furry rodents known for their extravagant subterranean tunnels—are able to monitor their location underground by parsing the Earth’s magnetic field. Blind mole rats are completely blind thanks to a layer of skin over their tiny eyes. This doesn’t stop them from making long journeys to scavenge for onions and tubers and methodically depositing them in a complex network of tunnels to be retrieved later. Over short distances, mole rats rely on their balance and sense of smell to stay oriented, but over longer routes they rely on a more sophisticated navigational system—they use the Earth’s magnetic field as a reference to help guide them. How mole rats use their magnetic compass is unclear, but it may be that mole rats have magnetite crystals embedded in their olfactory regions, allowing them to divine their way home.


Mole rats are likely not the only mammals who can sense the Earth’s magnetic waves. For example, red foxes have been found to overwhelmingly pounce on their prey facing northeast. And if you have a dog, start paying attention to his bathroom habits: A two-year study published in the journal Frontiers in Zoology comprising thirty-seven breeds and more than five thousand observations found that “Dogs preferred to excrete with the body being aligned along the North–South axis.”10





The ways in which animals fly, walk, swim, slither, gallop, and roll fascinate humans, because the more we learn about these complex processes, the more we realize how little we really know about them. How is it that birds with brains just a fraction of the size of our own can fly to the exact same place, thousands of miles away, year after year? How is it sea turtles can cross entire oceans to find the tiny, remote island on which they were born decades earlier? In short, how are animals so much better than humans are at navigating their way around this earth? Science keeps coming up with new explanations, but there are many mysteries we may never solve.


Humans will invent newer and greater smartphones that can lead us to any Starbucks on Earth. Self-driving cars will one day render road signs obsolete. Yet animals will continue to navigate the same way they always have—and as successfully as ever, without the downtimes or stoppages or battery failures. As for the estimated seven million species that have not yet been discovered, we can only guess what impressive ways they move about the planet—and perhaps learn from them as well.
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