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Three National Geographic magazine articles on animal intelligence, compiled in one easy ebook format, to read and reread:

In “Minds of Their Own,” Virginia Morell provides a fascinating overview of the science of animal intelligence. She introduces us to an African gray parrot named Alex, a bonobo named Kanzi, and a border collie named Betsy. Each of these animals tells us something interesting about the way they perceive and manipulate their world. The article also explores what scientists are learning about the intelligence of dolphins and crows, beyond mere communication.

In “Almost Human,” Mary Roach takes us to the savannas of Senegal to meet a group of 34 chimpanzees, whose behavior and social structures have given scientists some important clues to understanding their communication and intelligence as well as our own evolution.

In “The Genius of Swarms,” Peter Miller looks at the collective behavior of ants, bees, and other insects for what they can tell us about social organization and how sometimes intelligence lies outside of the individual brain. This article served as the basis for his book The Smart Swarm: How Understanding Flocks, Schools, and Colonies Can Make Us Better at Communicating, Decision Making, and Getting Things Done.




Minds of Their Own

By Virginia Morell


Animals are smarter than you think.



In 1977, Irene Pepperberg, a recent graduate of Harvard University, did something very bold. At a time when animals still were considered automatons, she set out to find what was on another creature’s mind by talking to it. She brought a one-year-old African gray parrot she named Alex into her lab to teach him to reproduce the sounds of the English language. “I thought if he learned to communicate, I could ask him questions about how he sees the world.”

When Pepperberg began her dialogue with Alex, who died September 2007 at the age of 31, many scientists believed animals were incapable of any thought. They were simply machines, robots programmed to react to stimuli but lacking the ability to think or feel. Any pet owner would disagree. We see the love in our dog’s eyes and know that, of course, Spot has thoughts and emotions. But such claims remain highly controversial. Gut instinct is not science, and it is all too easy to project human thoughts and feelings onto another creature. How, then, does a scientist prove that an animal is capable of thinking—that it is able to acquire information about the world and act on it?

“That’s why I started my studies with Alex,” Pepperberg said. They were seated—she at her desk, he on top of his cage—in her lab, a windowless room about the size of a boxcar, at Brandeis University. Newspapers lined the floor; baskets of bright toys were stacked on the shelves. They were clearly a team—and because of their work, the notion that animals can think is no longer so fanciful.

Certain skills are considered key signs of higher mental abilities: good memory, a grasp of grammar and symbols, self-awareness, understanding others’ motives, imitating others, and being creative. Bit by bit, in ingenious experiments, researchers have documented these talents in other species, gradually chipping away at what we thought made human beings distinctive while offering a glimpse of where our own abilities came from. Scrub jays know that other jays are thieves and that stashed food can spoil; sheep can recognize faces; chimpanzees use a variety of tools to probe termite mounds and even use weapons to hunt small mammals; dolphins can imitate human postures; the archerfish, which stuns insects with a sudden blast of water, can learn how to aim its squirt simply by watching an experienced fish perform the task. And Alex the parrot turned out to be a surprisingly good talker.

Thirty years after the studies with Alex began, Pepperberg and a changing collection of assistants were still giving him English lessons. The humans, along with two younger parrots, also served as Alex’s flock, providing the social input all parrots crave. Like any flock, this one—as small as it was—had its share of drama. Alex dominated his fellow parrots, acted huffy at times around Pepperberg, tolerated the other female humans, and fell to pieces over a male assistant who dropped by for a visit. (“If you were a man,” Pepperberg said, after noting Alex’s aloofness toward me, “he’d be on your shoulder in a second, barfing cashews in your ear.”)

Pepperberg bought Alex in a Chicago pet store. She let the store’s assistant pick him out because she didn’t want other scientists saying later that she’d deliberately chosen an especially smart bird for her work. Given that Alex’s brain was the size of a shelled walnut, most researchers thought Pepperberg’s interspecies communication study would be futile.

“Some people actually called me crazy for trying this,” she said. “Scientists thought that chimpanzees were better subjects, although, of course, chimps can’t speak.”

Chimpanzees, bonobos, and gorillas have been taught to use sign language and symbols to communicate with us, often with impressive results. The bonobo Kanzi, for instance, carries his symbol-communication board with him so he can “talk” to his human researchers, and he has invented combinations of symbols to express his thoughts. Nevertheless, this is not the same thing as having an animal look up at you, open his mouth, and speak.

Pepperberg walked to the back of the room, where Alex sat on top of his cage preening his pearl gray feathers. He stopped at her approach and opened his beak.

“Want grape,” Alex said.

“He hasn’t had his breakfast yet,” Pepperberg explained, “so he’s a little put out.”

Alex returned to preening, while an assistant prepared a bowl of grapes, green beans, apple and banana slices, and corn on the cob.

Under Pepperberg’s patient tutelage, Alex learned how to use his vocal tract to imitate almost one hundred English words, including the sounds for all of these foods, although he calls an apple a “ban-erry.”

“Apples taste a little bit like bananas to him, and they look a little bit like cherries, so Alex made up that word for them,” Pepperberg said.

Alex could count to six and was learning the sounds for seven and eight.

“I’m sure he already knows both numbers,” Pepperberg said. “He’ll probably be able to count to ten, but he’s still learning to say the words. It takes far more time to teach him certain sounds than I ever imagined.”

After breakfast, Alex preened again, keeping an eye on the flock. Every so often, he leaned forward and opened his beak: “Ssse … won.”

“That’s good, Alex,” Pepperberg said. “Seven. The number is seven.”

“Ssse … won! Se … won!”

“He’s practicing,” she explained. “That’s how he learns. He’s thinking about how to say that word, how to use his vocal tract to make the correct sound.”

It sounded a bit mad, the idea of a bird having lessons to practice, and willingly doing it. But after listening to and watching Alex, it was difficult to argue with Pepperberg’s explanation for his behaviors. She wasn’t handing him treats for the repetitious work or rapping him on the claws to make him say the sounds.

“He has to hear the words over and over before he can correctly imitate them,” Pepperberg said, after pronouncing “seven” for Alex a good dozen times in a row. “I’m not trying to see if Alex can learn a human language,” she added. “That’s never been the point. My plan always was to use his imitative skills to get a better understanding of avian cognition.”

In other words, because Alex was able to produce a close approximation of the sounds of some English words, Pepperberg could ask him questions about a bird’s basic understanding of the world. She couldn’t ask him what he was thinking about, but she could ask him about his knowledge of numbers, shapes, and colors. To demonstrate, Pepperberg carried Alex on her arm to a tall wooden perch in the middle of the room. She then retrieved a green key and a small green cup from a basket on a shelf. She held up the two items to Alex’s eye.

“What’s same?” she asked.

Without hesitation, Alex’s beak opened: “Co-lor.”

“What’s different?” Pepperberg asked.

“Shape,” Alex said. His voice had the digitized sound of a cartoon character. Because parrots lack lips (another reason it was difficult for Alex to pronounce some sounds, such as ba), the words seemed to come from the air around him, as if a ventriloquist were speaking. But the words—and what can only be called the thoughts—were entirely his.

For the next 20 minutes, Alex ran through his tests, distinguishing colors, shapes, sizes, and materials (wool versus wood versus metal). He did some simple arithmetic, such as counting the yellow toy blocks among a pile of mixed hues.

And, then, as if to offer final proof of the mind inside his bird’s brain, Alex spoke up. “Talk clearly!” he commanded, when one of the younger birds Pepperberg was also teaching mispronounced the word green. “Talk clearly!”

“Don’t be a smart aleck,” Pepperberg said, shaking her head at him. “He knows all this, and he gets bored, so he interrupts the others, or he gives the wrong answer just to be obstinate. At this stage, he’s like a teenage son; he’s moody, and I’m never sure what he’ll do.”

“Wanna go tree,” Alex said in a tiny voice.

Alex had lived his entire life in captivity, but he knew that beyond the lab’s door, there was a hallway and a tall window framing a leafy elm tree. He liked to see the tree, so Pepperberg put her hand out for him to climb aboard. She walked him down the hall into the tree’s green light.

“Good boy! Good birdie,” Alex said, bobbing on her hand.

“Yes, you’re a good boy. You’re a good birdie.” And she kissed his feathered head.

He was a good birdie until the end, and Pepperberg was happy to report that he had finally mastered the word seven before he died.

Many of Alex’s cognitive skills, such as his ability to understand the concepts of same and different, are generally ascribed only to higher mammals, particularly primates. But parrots, like great apes (and humans), live a long time in complex societies. And like primates, these birds must keep track of the dynamics of changing relationships and environments.

“They need to be able to distinguish colors to know when a fruit is ripe or unripe,” Pepperberg noted. “They need to categorize things—what’s edible, what isn’t—and to know the shapes of predators. And it helps to have a concept of numbers if you need to keep track of your flock, and to know who’s single and who’s paired up. For a long-lived bird, you can’t do all of this with instinct; cognition must be involved.”

Being able mentally to divide the world into simple abstract categories would seem a valuable skill for many organisms. Is that ability, then, part of the evolutionary drive that led to human intelligence?

Charles Darwin, who attempted to explain how human intelligence developed, extended his theory of evolution to the human brain: Like the rest of our physiology, intelligence must have evolved from simpler organisms, because all animals face the same general challenges of life. They need to find mates, food, and a path through the woods, sea, or sky—tasks that Darwin argued require problem-solving and categorizing abilities. Indeed, Darwin went so far as to suggest that earthworms are cognitive beings because, based on his close observations, they have to make judgments about the kinds of leafy matter they use to block their tunnels. He hadn’t expected to find thinking invertebrates, and remarked that the hint of earthworm intelligence “has surprised me more than anything else in regard to worms.”

To Darwin, the earthworm discovery demonstrated that degrees of intelligence could be found throughout the animal kingdom. But the Darwinian approach to animal intelligence was cast aside in the early 20th century, when researchers decided that field observations were simply “anecdotes” usually tainted by anthropomorphism. In an effort to be more rigorous, many embraced behaviorism, which regarded animals as little more than machines, and focused their studies on the laboratory white rat—because one “machine” would behave like any other.

But if animals are simply machines, how can the appearance of human intelligence be explained? Without Darwin’s evolutionary perspective, the greater cognitive skills of people did not make sense biologically. Slowly, the pendulum has swung away from the animal-as-machine model and back toward Darwin. A whole range of animal studies now suggests that the roots of cognition are deep, widespread, and highly malleable.

Just how easily new mental skills can evolve is perhaps best illustrated by dogs. Most owners talk to their dogs and expect them to understand. But this canine talent wasn’t fully appreciated until a border collie named Rico appeared on a German TV game show in 2001. Rico knew the names of some 200 toys, and acquired the names of new ones with ease.

Researchers at the Max Planck Institute for Evolutionary Anthropology in Leipzig heard about Rico and arranged a meeting with him and his owners. That led to a scientific report revealing Rico’s uncanny language ability: He could learn and remember words as quickly as a toddler. Other scientists had shown that two-year-old children—who acquire around ten new words a day—have an innate set of principles that guides this task. The ability is seen as one of the key building blocks in language acquisition. The Max Planck scientists suspect that the same principles guided Rico’s word learning, and that the technique he used for learning words was identical to that of humans.

To find more examples, the scientists read all the letters from hundreds of people claiming that their dogs had Rico’s talent. In fact, only two—both border collies—had comparable skills. One of them—the researchers call her Betsy—has a vocabulary of more than 300 words.

“Even our closest relatives, the great apes, can’t do what Betsy can do—hear a word only once or twice and know that the acoustic pattern stands for something,” said Juliane Kaminski, a cognitive psychologist who worked with Rico and is now studying Betsy. She and her colleague Sebastian Tempelmann had come to Betsy’s home in Vienna to give her a fresh battery of tests. Kaminski petted Betsy, while Tempelmann set up a video camera.

“Dogs’ understanding of human forms of communication is something new that has evolved,” Kaminski said, “something that’s developed in them because of their long association with humans.” Although Kaminski has not yet tested wolves, she doubts they have this language skill. “Maybe these collies are especially good at it because they’re working dogs and highly motivated, and in their traditional herding jobs, they must listen very closely to their owners.”

Scientists think that dogs were domesticated about 15,000 years ago, a relatively short time in which to evolve language skills. But how similar are these skills to those of humans? For abstract thinking, we employ symbols, letting one thing stand for another. Kaminski and Tempelmann were testing whether dogs can do this too.

Betsy’s owner—whose pseudonym is Schaefer—summoned Betsy, who obediently stretched out at Schaefer’s feet, eyes fixed on her face. Whenever Schaefer spoke, Betsy attentively cocked her head from side to side.

Kaminski handed Schaefer a stack of color photographs and asked her to choose one. Each image depicted a dog’s toy against a white background—toys Betsy had never seen before. They weren’t actual toys; they were only images of toys. Could Betsy connect a two-dimensional picture to a three-dimensional object?

Schaefer held up a picture of a fuzzy, rainbow-colored Frisbee and urged Betsy to find it. Betsy studied the photograph and Schaefer’s face, then ran into the kitchen, where the Frisbee was placed among three other toys and photographs of each toy. Betsy brought either the Frisbee or the photograph of the Frisbee to Schaefer every time.

“It wouldn’t have been wrong if she’d just brought the photograph,” Kaminski said. “But I think Betsy can use a picture, without a name, to find an object. Still, it will take many more tests to prove this.”

Even then, Kaminski was unsure that other scientists would ever accept her discovery because Betsy’s abstract skill, as minor as it may seem to us, may tread all too closely to human thinking.

Still, we remain the inventive species. No other animal has built skyscrapers, written sonnets, or made a computer. Yet animal researchers say that creativity, like other forms of intelligence, did not simply spring from nothingness. It, too, has evolved.

“People were surprised to discover that chimpanzees make tools,” said Alex Kacelnik, a behavioral ecologist at Oxford University, referring to the straws and sticks chimpanzees shape to pull termites from their nests. “But people also thought, ‘Well, they share our ancestry—of course they’re smart.’ Now we’re finding these kinds of exceptional behaviors in some species of birds. But we don’t have a recently shared ancestry with birds. Their evolutionary history is very different; our last common ancestor with all birds was a reptile that lived over 300 million years ago.

“This is not trivial,” Kacelnik continued. “It means that evolution can invent similar forms of advanced intelligence more than once—that it’s not something reserved only for primates or mammals.”

Kacelnik and his colleagues are studying one of these smart species, the New Caledonian crow, which lives in the forests of that Pacific island. New Caledonian crows are among the most skilled of tool-making and tool-using birds, forming probes and hooks from sticks and leaf stems to poke into the crowns of the palm trees, where fat grubs hide. Because these birds, like chimpanzees, make and use tools, researchers can look for similarities in the evolutionary processes that shaped their brains. Something about the environments of both species favored the evolution of tool-making neural powers.

But is their use of tools rigid and limited, or can they be inventive? Do they have what researchers call mental flexibility? Chimpanzees certainly do. In the wild, a chimpanzee may use four sticks of different sizes to extract honey from a bee’s nest. And in captivity, they can figure out how to position several boxes so they can retrieve a banana hanging from a rope.

Answering that question for New Caledonian crows—extremely shy birds—wasn’t easy. Even after years of observing them in the wild, researchers couldn’t determine if the birds’ ability was innate, or if they learned to make and use their tools by watching one another. If it was a genetically inherited skill, could they, like the chimps, use their talent in different, creative ways?

To find out, Kacelnik and his students brought 23 crows of varying ages (all but one caught in the wild) to the aviary in his Oxford lab and let them mate. Four hatchlings were raised in captivity, and all were carefully kept away from the adults, so they had no opportunity to be taught about tools. Yet, soon after they fledged, all picked up sticks to probe busily into cracks and shaped different materials into tools. “So we know that at least the bases of tool use are inherited,” Kacelnik said. “And now the question is, what else can they do with tools?”

Plenty. In his office, Kacelnik played a video of a test he’d done with one of the wild-caught crows, Betty, who had died recently from an infection. In the film, Betty flies into a room. She’s a glossy-black bird with a crow’s bright, inquisitive eyes, and she immediately spies the test before her: a glass tube with a tiny basket lodged in its center. The basket holds a bit of meat. The scientists had placed two pieces of wire in the room. One was bent into a hook, the other was straight. They figured Betty would choose the hook to lift the basket by its handle.

But experiments don’t always go according to plan. Another crow had stolen the hook before Betty could find it. Betty is undeterred. She looks at the meat in the basket, and then spots the straight piece of wire. She picks it up with her beak, pushes one end into a crack in the floor, and uses her beak to bend the other end into a hook. Thus armed, she lifts the basket out of the tube.

“This was the first time Betty had ever seen a piece of wire like this,” Kacelnik said. “But she knew she could use it to make a hook and exactly where she needed to bend it to make the size she needed.”

They gave Betty other tests, each requiring a slightly different solution, such as making a hook out of a flat piece of aluminum rather than a wire. Each time, Betty invented a new tool and solved the problem. “It means she had a mental representation of what it was she wanted to make. Now that,” Kacelnik said, “is a major kind of cognitive sophistication.”

This is the larger lesson of animal cognition research: It humbles us. We are not alone in our ability to invent or plan or to contemplate ourselves—or even to plot and lie.

Deceptive acts require a complicated form of thinking, because you must be able to attribute intentions to the other person and predict that person’s behavior. One school of thought argues that human intelligence evolved partly because of the pressure of living in a complex society of calculating beings. Chimpanzees, orangutans, gorillas, and bonobos share this capacity with us. In the wild, primatologists have seen apes hide food from the alpha male or have sex behind his back.

Birds, too, can cheat. Laboratory studies show that western scrub jays can know another bird’s intentions and act on that knowledge. A jay that has stolen food itself, for example, knows that if another jay watches it hide a nut, there’s a chance the nut will be stolen. So the first jay will return to move the nut when the other jay is gone.

“It’s some of the best evidence so far of experience projection in another species,” said Nicky Clayton in her aviary lab at Cambridge University. “I would describe it as, ‘I know that you know where I have hidden my stash of food, and if I were in your shoes I’d steal it, so I’m going to move my stash to a place you don’t know about.’ ”

This study, by Clayton and her colleague Nathan Emery, is the first to show the kind of ecological pressures, such as the need to hide food for winter use, that would lead to the evolution of such mental abilities. Most provocatively, her research demonstrates that some birds possess what is often considered another uniquely human skill: the ability to recall a specific past event. Scrub jays, for example, seem to know how long ago they cached a particular kind of food, and they manage to retrieve it before it spoils.

Human cognitive psychologists call this kind of memory “episodic memory,” and argue that it can exist only in a species that can mentally travel back in time. Despite Clayton’s studies, some refuse to concede this ability to the jays. “Animals are stuck in time,” explained Sara Shettleworth, a comparative psychologist at the University of Toronto in Canada, meaning that they don’t distinguish among past, present, and future the way humans do. Because animals lack language, she said, they probably also lack “the extra layer of imagination and explanation” that provides the running mental narrative accompanying our actions.

Such skepticism is a challenge for Clayton. “We have good evidence that the jays remember the what, where, and when of specific caching events, which is the original definition of episodic memory. But now the goalposts have moved.” It’s a common complaint among animal researchers. Whenever they find a mental skill in another species that is reminiscent of a special human ability, the human cognition scientists change the definition. But the animal researchers may underestimate their power—their discoveries compel the human side to shore up the divide.

“Sometimes the human cognitive psychologists can be so fixed on their definitions that they forget how fabulous these animal discoveries are,” said Clive Wynne of the University of Florida, who has studied cognition in pigeons and marsupials. “We’re glimpsing intelligence throughout the animal kingdom, which is what we should expect. It’s a bush, not a single-trunk tree with a line leading only to us.”

Some of the branches on that bush have led to such degrees of intelligence that we should blush for ever having thought any animal a mere machine.

In the late 1960s, a cognitive psychologist named Louis Herman began investigating the cognitive abilities of bottlenose dolphins. Like humans, dolphins are highly social and cosmopolitan, living in subpolar to tropical environments worldwide; they’re highly vocal; and they have special sensory skills, such as echolocation. By the 1980s, Herman’s cognitive studies were focused on a group of four young dolphins—Akeakamai, Phoenix, Elele, and Hiapo—at the Kewalo Basin Marine Mammal Laboratory in Hawaii. The dolphins were curious and playful, and they transferred their sociability to Herman and his students.

“In our work with the dolphins, we had a guiding philosophy,” Herman says, “that we could bring out the full flower of their intellect, just as educators try to bring out the full potential of a human child. Dolphins have these big, highly complex brains. My thought was, OK, so you have this pretty brain. Let’s see what you can do with it.”

To communicate with the dolphins, Herman and his team invented a hand- and arm-signal language, complete with a simple grammar. For instance, a pumping motion of the closed fists meant “hoop,” and both arms extended overhead (as in jumping jacks) meant “ball.” A “come here” gesture with a single arm told them to “fetch.” Responding to the request “hoop, ball, fetch,” Akeakamai would push the ball to the hoop. But if the word order was changed to “ball, hoop, fetch,” she would carry the hoop to the ball. Over time, she could interpret more grammatically complex requests, such as “right, basket, left, Frisbee, in,” asking that she put the Frisbee on her left in the basket on her right. Reversing “left” and “right” in the instruction would reverse Akeakamai’s actions. Akeakamai could complete such requests the first time they were made, showing a deep understanding of the grammar of the language.

“They’re a very vocal species,” Herman adds. “Our studies showed that they could imitate arbitrary sounds that we broadcast into their tank, an ability that may be tied to their own need to communicate. I’m not saying they have a dolphin language. But they are capable of understanding the novel instructions that we convey to them in a tutored language; their brains have that ability.

“There are many things they could do that people have always doubted about animals. For example, they correctly interpreted, on the very first occasion, gestured instructions given by a person displayed on a TV screen behind an underwater window. They recognized that television images were representations of the real world that could be acted on in the same way as in the real world.”

They readily imitated motor behaviors of their instructors, too. If a trainer bent backward and lifted a leg, the dolphin would turn on its back and lift its tail in the air. Although imitation was once regarded as a simpleminded skill, cognitive scientists in recent years have revealed that it’s extremely difficult, requiring the imitator to form a mental image of the other person’s body and pose, and then adjust his own body parts into the same position—actions that imply an awareness of one’s self.

“Here’s Elele,” Herman says, showing a film of her following a trainer’s directions. “Surfboard, dorsal fin, touch.” Instantly, Elele swam to the board and, leaning to one side, gently laid her dorsal fin on it, an untrained behavior. The trainer stretched her arms straight up, signaling “Hooray!” and Elele leaped into the air, squeaking and clicking with delight.

“Elele just loved to be right,” Herman said. “And she loved inventing things. We made up a sign for ‘create,’ which asked a dolphin to create its own behavior.”

Dolphins often synchronize their movements in the wild, such as leaping and diving side by side, but scientists don’t know what signal they use to stay so tightly coordinated. Herman thought he might be able to tease out the technique with his pupils. In the film, Akeakamai and Phoenix are asked to create a trick and do it together. The two dolphins swim away from the side of the pool, circle together underwater for about ten seconds, then leap out of the water, spinning clockwise on their long axis and squirting water from their mouths, every maneuver done at the same instant. “None of this was trained,” Herman says, “and it looks to us absolutely mysterious. We don’t know how they do it—or did it.”

He never will. Akeakamai and Phoenix and the two others died accidentally years ago. Through these dolphins, he made some of the most extraordinary breakthroughs ever in understanding another species’ mind—a species that even Herman describes as “alien,” given its aquatic life and the fact that dolphins and primates diverged millions of years ago. “That kind of cognitive convergence suggests there must be some similar pressures selecting for intellect,” Herman said. “We don’t share their biology or ecology. That leaves social similarities—the need to establish relationships and alliances superimposed on a lengthy period of maternal care and longevity—as the likely common driving force.”

“I loved our dolphins,” Herman says, “as I’m sure you love your pets. But it was more than that, more than the love you have for a pet. The dolphins were our colleagues. That’s the only word that fits. They were our partners in this research, guiding us into all the capabilities of their minds. When they died, it was like losing our children.”

Herman pulled a photograph from his file. In it, he is in the pool with Phoenix, who rests her head on his shoulder. He is smiling and reaching back to embrace her. She is sleek and silvery with appealingly large eyes, and she looks to be smiling too, as dolphins always do. It’s an image of love between two beings. In that pool, at least for that moment, there was clearly a meeting of the minds.
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Rico the border collie’s ability to recognize and remember the names of some 200 objects became apparent when he began helping one of his owners around the house. Other border collies have demonstrated similar abilities. Chaser, a border collie in South Carolina, is now able to recognize over 1,000 words.

(Fritz Reiss/Associated Press)
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The western scrub jay, a species of jay native to western North America, has been known to outwit neighboring birds by rehiding its own food after sensing that an original hiding place has been compromised.

(Lukich/Shutterstock)
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Dolphins often synchronize their movements in the wild, such as leaping and diving side by side.

(Studio 37/Shutterstock)


Almost Human

By Mary Roach

Daybreak is sudden and swift, as though an unseen hand had simply reached out and raised a dimmer switch. Cued by the dawn, 34 chimpanzees awaken.

They are still in the nests they built the previous night, in trees at the edge of an open plateau.

A wild chimpanzee does not get out of bed quietly. Chimps wake up hollering. There are technical names for what I’m hearing—pant-hoots, pant-barks, screams, hoos—but to a newcomer’s ear, it’s just a crazy, exuberant, escalating racket. You cannot listen without grinning.

These are not chimps you’ve seen before. They’re savanna-woodland chimps, found in eastern Senegal and across the border in western Mali. Unlike their better-known rain forest kin, savanna-woodland chimps spend most of their day on the ground. There is no canopy here. The trees are low and grow sparsely. It’s an environment very much like the open, scratchy terrain where early humans evolved. For this reason, chimpanzee communities like the Fongoli group—named for a stream that runs through its range—are uniquely valuable to scientists who study the origins of our species.

By 8 a.m., my chintzy key-chain thermometer says it’s 90 degrees. Our shirts are marked by the same white salt lines that appear on people’s boots in winter. Here, it’s salt from sweat. The plateau we’re crossing is a terrain of nothing, of red rocks and skin cancer, with no trees to break the fall of equatorial sun. In our backpacks, we each carry three liters of water. It was cool when we set out. By noon, it will be hot enough to steep tea.

I’m not complaining. I’m making a point. Life on the savanna—even so-called mosaic savanna, tempered by patches of lusher gallery forest along the streambeds—is exceptionally harsh. If you are a primate used to greener terrain, you must adjust your behavior to survive. Our earliest hominin (meaning bipedal ape) ancestors evolved more than five million years ago during the Miocene, an epoch of extreme drying that saw the creation of vast tracts of grassland. Tropical primates on the perimeter of their range no longer had plentiful fruits and year-round streams and lakes. They were forced to adapt, to range farther in their search for food and water, to take advantage of other resources. In short, to get creative.

In 2007, Jill Pruetz, an anthropologist at Iowa State University, reported that a Fongoli female chimp named Tumbo was seen two years earlier, less than a mile from where we are right now, sharpening a branch with her teeth and wielding it like a spear. She used it to stab at a bush baby—a pocket-size, tree-dwelling nocturnal primate that springs from branch to branch like a grasshopper. Until that report, the regular making of tools for hunting and killing mammals had been considered uniquely human behavior. Over a span of 17 days at the start of the 2006 rainy season, Pruetz saw the chimps hunt bush babies 13 times. There were 18 sightings in 2007. It would appear the chimps are getting creative.

There are individuals who are uncomfortable with Pruetz’s tales of spear-wielding chimps, and not all of them are bush babies. Harvard professor of biological anthropology Richard Wrangham, who has studied chimpanzee aggression in Uganda’s Kibale National Park, has been skeptical. Wrangham is widely known for his “demonic male” theory, which holds that the savage murders male chimps carry out while policing their turf are suggestive of a violent nature at the core of man. Primatologist Craig Stanford, author of The Hunting Apes, also downplays the importance of Pruetz’s findings. “This behavior is fascinating, but the observations are so preliminary that it merits only a short note in a journal.”

The report ran in the major journal Current Biology, and people seemed to find it interesting. In the week that followed, Pruetz’s findings were featured in more than 300 news and science outlets, including New Scientist, the New York Times, the Washington Post, and NPR’s Science Friday. The Smithsonian Institution requested one of the spears. In short, it was the most widely talked about primatology news since the reports of infanticide and cannibalism at Jane Goodall’s site at Gombe in the 1970s.

Pruetz and I watch the chimps climb from their nests. A large male hangs from a low branch by one arm, swinging gently, in no hurry. The silhouette is utterly erect, arrestingly humanoid. He lets go, drops to the ground, and moves off across the plateau. The symbolism is impossible to miss. Here is a chimpanzee, thought by many to be the closest thing we have to a living model of our early hominin ancestors, literally dropping from the trees and moving out into the open expanses of the savanna. It is as though we are watching time-lapse footage of human evolution, the dawn of man unfolding in our binoculars.

Chimps that live on the ground, rather than in the safety of treetops, tend to be wary of large strangers. Jill Pruetz spent four years getting the Fongoli chimpanzees accustomed to the presence of humans—what primatologists call habituating them—and the past three summers observing them. Six days a week, from dawn to dusk, she follows the chimps.

It is not glamorous work. It’s hot and filthy and exhausting. Home is a mud-walled hut with a drop toilet shared with 30 Fongoli villagers. Dinner is peanut sauce over rice, except when it’s peanut sauce over millet. If the chimps wander unusually far, Pruetz gets back to the village so late that her portion has long ago been fed to the dogs. Sometimes, rather than hike the five miles back to camp, she curls up and sleeps on the ground (or takes a nap in an abandoned chimp nest). She has gotten malaria seven times.

Yet, you rarely meet people who love what they do as much as Pruetz does. Right now she is sitting on the ground, jotting notes with one hand and slapping sweat bees with the other. Blood from a blister has soaked through the heel of her sock. To listen to Pruetz, we might as well be in Paris. “Sometimes,” she says, scratching a bite, “I think I’m going to wake up and it’s all a dream.” The payoffs have been dramatic. In addition to using tools to hunt, Fongoli chimps have been exhibiting some other novel behaviors: soaking in a water hole, passing the afternoon in caves.

At 24 square miles, Fongoli is the largest home range of any habituated chimpanzee group ever studied. (Jane Goodall’s Gombe chimps, by comparison, roam over five square miles.) Craig Stanford likens foraging over a large range to knowing one’s way around an enormous supermarket. Like Pruetz, he believes the chimpanzees are not foraging at random, but moving with foresight and intent. “You don’t stroll down the aisles hoping to catch a glimpse of the broccoli. You know where each item is, and in which months seasonal foods are likely to be in stock.” The same, he thinks, holds true for chimpanzees.

“Ecological intelligence” is the name of the theory that some primates, including those of our lineage, have evolved larger, more complex brains because it helped them adapt to the challenges of surviving in a less giving habitat. “The first push toward a larger brain,” writes Stanford, “may have been the result of a patchily distributed, high-quality diet and the cognitive mapping capabilities that accompanied it.”

High-quality, meaning: meat. The shift toward eating more meat may have played an important role in the evolution of a larger, more sophisticated brain. Here’s how the thinking goes: Brains are, to use terminology coined by researchers Leslie Aiello and Peter Wheeler, “expensive tissue.” To keep a bigger brain functioning, some other organ or system needed to become more streamlined. A chimp doesn’t have to eat nearly as much of an energy-rich food like meat as he would of low-nutrient plant matter. Expending less energy on digestion means you can afford to apply it elsewhere, perhaps to power an expanded brain.

As if on cue, a female named Tia appears in our sight lines 20 feet ahead, sitting on a boulder pulling raw flesh off a limb like a picnicker with a comically huge drumstick. Pruetz raises her binoculars, then lowers them again. “Holy crap! It’s a bushbuck.” She can tell from the white markings on the hide, a long strip of which hangs from the leg. “That’s the biggest animal I’ve seen them eat.” She surmises it was a fawn. Gombe chimps have occasionally killed bushbuck fawns as well. They are the largest prey on record for a chimpanzee.

Hunting at Fongoli coincides with the rainy season, and Pruetz has some theories about why this is. As water holes fill and shoots and other greenery become more plentiful with the rain, the land provides enough sustenance to support a sizable group of chimps on the move. There are advantages to traveling in a large group. A single chimp or small group that heads out on its own can easily lose track of the community for days at a time. For a chimp, sociability is important. Pruetz points to an estrous female named Sissy, her pink swelling bobbing behind her like a bustle. “Otherwise you miss out on that.” She means, of course, the chance to mate, to pass along your genetic material.

Right now, two rains into the rainy season, there’s enough water and food for the group to travel together, but just barely. Pruetz believes that this scenario—a large crowd competing for limited resources—has pushed certain members of the community to try their hand at novel things.

Things like sharpening sticks to spear bush babies. It is a different kind of hunting than the organized colobus monkey raids documented at other sites. A chimp who comes across a dead, hollow tree limb—promising real estate for day-sleeping bush babies—will sometimes break off a branch from a nearby tree, remove the leaves and the flimsy ends, and then use its teeth to whittle one end to a point. This tool is then stabbed into an opening in the tree limb until the animal inside is out of commission. Whereupon it is eaten, head first, Pruetz says, “like a Popsicle.”

Adult female and juvenile chimps—the low rankers—have been seen hunting bush babies most often. This makes sense. Dominant males are not generous with food they find, and no one can force them to share. Fongoli females appear to have taken matters into their own hands.

Now here comes Farafa, her baby Fanta on her back and a bushbuck haunch in her jaws. It’s a complicated, messy piece of anatomy, with sinew and hide hanging off one end. Tia sees her and stands up to move away. My last glimpse of Tia is with her now bare bone brandished above her head, standing erect, as though reenacting the “dawn of man” scene from 2001: A Space Odyssey. Fongoli chimps have a flair for the dramatic.

The media ruckus spurred by Pruetz’s report of spear-wielding chimps made her absence as a speaker at the 2007 “Mind of the Chimpanzee” conference perplexing. She was in the audience but wasn’t invited to present a paper. On top of that, Pruetz’s postdoc adviser, Cambridge University primatologist William McGrew, made a passing reference to the Fongoli hunting behaviors but did not credit her with the work. He credited her co-author and former student Paco Bertolani, now a student of McGrew’s. Bertolani witnessed the first—of now 40—observed instances of the behavior, but scientific etiquette would call for the principal investigator to be mentioned. McGrew apologized afterward. Some primatologists took Pruetz to task for overstating the bush baby–spearing behavior. When your prey is smaller than your hand, are you really hunting? Male primatologists tend to make the distinction along gender lines: The traditional view has been that chimpanzee hunting—along with aggression and murder—is the domain of the male. “Small mammals that females and juveniles obtain are ‘gathered,’ ” Pruetz says, “while males ‘hunt.’ ” Females, the thinking goes, don’t hunt because they don’t need to; male chimps are thought by some to trade meat for sex, but Pruetz hasn’t seen this at Fongoli.

I’m going to weigh in, for what it’s worth. One day while accompanying Pruetz, I watched a young chimp named David at a bush baby tree hole. We heard him well before we saw him: a resounding THONK that caused Pruetz to stop in her tracks and go, “Hold on, hold the phone, that sounds like a spear!” We looked around, and there he was, standing on a branch in a kino tree, holding on with one hand and waving a thick, three-foot-long stick over his head. He slammed it down into the hole, and then examined the tip. Concluding that no one was home, he took off, leaving the spear protruding from the hole. The violence and foresight with which he undertook his task did not suggest an animal quietly foraging. His aim was unmistakable: to kill, or at least incapacitate, whatever was in there.

Many of Pruetz’s reviewers tripped over the word spear. For one thing, it suggests a projectile and a more Cro-Magnon-esque technique: something aimed and thrown. (Pruetz says she had spearfishing in mind when she chose the noun.) Stanford suggested bludgeon. But bludgeons are blunt, not sharpened. Another offered dagger. Someone else wanted bayonet. In the end, Pruetz took spear out of the title and worded her text more cautiously, making reference to a tool “used in the manner of a spear.” (The press picked up on it anyway. “Spear-Wielding Chimps Snack on Skewered Bushbabies” ran the giddy NewScientist.com headline.)

I asked Pruetz if perhaps she’s been the victim of an alpha male primatologist conspiracy. She laughed it off. “Yeah, maybe I’m not pant-grunting enough.” (The pant-grunt is an expression of submissiveness; a chimp that encounters a higher-ranked peer and fails to pant-grunt is asking for trouble.) It’s also possible that humans are simply resistant to the notion that anyone other than a human makes weapons for killing.

You would think that primatologists, more than other scientists, would be comfortable with the shifting boundaries between chimpanzee and human. Their gene sequences are around 95 to 98 percent the same. (This is less meaningful than it sounds. Humans share more than 80 percent of their gene sequence with mice, and maybe 40 percent with lettuce.) A recent exploration of the human and chimpanzee genomes, undertaken by David Reich and colleagues at the Broad Institute of MIT and Harvard in Cambridge, Massachusetts, suggests that chimpanzees and early hominins may have interbred after the two lines initially split. Yet there seems to be a lingering discomfort with findings that, as Pruetz puts it, “chip away at our superiority.”

Since the earliest days of primatology, discoveries of chimp behavior that threaten to undermine the specialness—the apartness—of human beings have met with rancorous resistance. Many anthropologists bristled at the first references to chimpanzee “culture”—a concept widely accepted today. Jane Goodall’s first reports of chimps making tools (for termite fishing) were as contentious in their day as more recent claims of teaching chimps to use language. At the Great Ape Trust, in Des Moines, Iowa, a bonobo named Kanzi has learned to communicate through symbols. Kanzi commands about 380 symbols and shows signs of understanding their meaning. When he was frightened by a beaver, an animal for which he had no symbol, he selected the symbols for “water” and “gorilla” (an animal that scares him). Critics say the communications are purely conditioned behavior. Novel uses of symbols—for example, “water gorilla”—are dismissed as coincidence.

An exception to these attitudes has long been found at the Primate Research Institute at Kyoto University. Japanese primatology is consistent with the Buddhist precept that humans are a part of the natural world, not above or separate from it. At the Mind of the Chimpanzee conference in Chicago last year, Tetsuro Matsuzawa spoke of primatology’s early years, when scientists “didn’t know how much close we are.” He added, with unabashed awe: “So close, like horse and zebra.” In the background of one Japanese researcher’s slides was what looked to be a chimp wearing glasses. I turned to the man next to me. “I’m sorry,” I said. “I must be losing my mind. Was that chimp wearing glasses?” The man told me the Japanese primatologists had noticed the chimp was nearsighted and had him outfitted with prescription lenses. (I later learned he was wrong: This chimp was just playing with the glasses. There once was a research chimp whose caretakers ordered her glasses, but that was in the United States, not Japan.)

No one around Fongoli is sending chimps to the optician, but locals do accord the animals a remarkable amount of respect. Kerri Clavette, Pruetz’s intern, interviewed villagers about their beliefs regarding chimpanzees and whether they hunted them. Among the region’s main tribes—the Malinke, Bedik, Bassari, and Jahanka—chimps, compared with monkeys, have an elevated, almost human status. “Chimpanzees came from man, as they have similar hearts,” a villager told Clavette. Behaviors normally associated with a baser nature—such as walking on all fours—were given a respectful spin: “Chimpanzees walk on their knuckles to keep their hands clean to eat with.” Chimpanzee origin myths feature humans running off into the woods for some reason—war, fear of circumcision, fear of being punished for fishing on Saturday—and staying there so long that they turn into chimpanzees.

Despite a local history of killing chimpanzees for medicinal reasons—the meat laid on a person’s arm or eaten for strength, the brains prepared with couscous to treat mental illness—villagers rarely hunt chimpanzees in eastern Senegal today. Sadly, the taboo against eating one’s almost kin has broken down in central Africa, where turmoil has worsened dire economic circumstances and chimps are sold as bush meat.

Attitudes in the West have been shifting gradually over the past few decades. The sequencing of the chimp genome, completed in 2005, has focused attention anew. New Zealand, the Netherlands, Sweden, and the United Kingdom have all passed legislation limiting experimentation on great apes, and the Balearic Islands in Spain passed a resolution in 2007, granting them basic legal rights. In 2006, an Austrian animal rights organization submitted an application to a district court in Mödling to appoint a legal guardian for a chimp named Hiasl. The strategy was to establish “legal person” status for the hairy defendant. (The judge was sympathetic but refused.) It is perhaps less problematic to view the situation as does The Third Chimpanzee author Jared Diamond: not that chimps are a kind of human, but that humans are a kind of chimp.

The chimp named Sissy sits motionless and hunched at a low termite mound 20 feet from us.

Only her right arm moves, pushing a saba vine probe into a hole and gently withdrawing it, with termites clinging to it. She raises it carefully to her mouth like a pensioner spooning soup. The mound is across an open lay of pebbly, brick-colored laterite that gives the ground the look of a clay tennis court.

Like fly-fishing, termite fishing is a meditative, deceptively nuanced activity. I tried it a few times and could not even find an active hole. My probe never sinks farther than an inch or so; the chimps regularly bury theirs a foot or more. They can find active holes by smell, inserting a probe and then sniffing the end of it for the smell of soldier termite pheromone.

Fongoli chimps eat termites year-round, not just in the dry season, when other foods are scarce. Termites make up, at bare minimum, 6 percent of the Fongoli chimps’ diet. We know this because most evenings at six o’clock, research assistant Sally Macdonald sits down with a set of sieves and buckets, and one or two ziplock bags of the chimp feces that the researchers bring back. She scans the fruit seeds, estimates the percentage of fiber from leaves and shoots, and takes note of bones and termite pincers. “Science in all its glamour,” deadpans Macdonald, whose mother sends ziplock bags but does not know their fate.

A quick glimpse into the bucket reveals that saba fruit is the chimps’ mainstay this time of year, an adult averaging 30 to 40 a day. The Fongoli record for saba seeds in a single fecal sample (499, compared with an average of 75) probably belongs to a male named Mamadou—which may explain why Mamadou is, quoting Pruetz, “especially gassy.”

Pruetz’s Ph.D. student Stephanie Bogart says part of the reason chimps fish for termites is that the insects are an exceptionally calorific food. A 3.5-ounce serving of termites has 613 calories, compared with chicken’s 166. But 3.5 ounces of soldier termites is hundreds of insects, fished piecemeal from a mound. It’s like eating cake one crumb at a time. The chimps must really like them.

Sissy gets up from her spot at the termite mound to select a new tool. She breaks off a length of vine, inspects it. Satisfied, she sticks it in her mouth and carries it back to the mound like a seamstress holding pins between her lips. Pruetz and others argue that female chimps are not only more skilled than males at crafting and using tools, but are also more diligent. Craig Stanford agrees that it might well have been our female ancestors who first steered the culture toward tool use. Early tools for foraging, he imagines, gave way to tools for scavenging meat from carcasses killed and abandoned by large carnivores. These tools in turn may have paved the way to using implements for killing prey, which makes Pruetz’s observations of chimps sharpening sticks and using them to whack bush babies all the more arresting: Fongoli’s females seem to have skipped ahead to the killing tools. Barbecue tongs cannot be all that far behind.

Pruetz and I are sitting along a forested ravine where the chimps rest during the day’s hottest hours. The vegetation is thicker here. We watch a slender green vine snake move through the grass. Birds are calling over our heads. One says cheerio; one actually says tweet. A third says whoop whoop whoop whoop whoop, like Curly of the Three Stooges. (When I ask what that one is, Pruetz replies, not at all sarcastically: “a bird.” She is a woman of singular interests.)

Pruetz directs my gaze to a tangle of saba vines. Where I see a dark mass, she is able to distinguish six animals. The woman has chimp vision. (It’s a condition that lingers long after she gets back to Iowa. “I get home and I’m looking for chimps on campus.”) The animals can be so well hidden and so quiet that even Pruetz has trouble finding them. She sometimes locates them by smell—“chimp” being a potent variant of B.O. “Yesterday I thought I smelled chimp,” Pruetz says, “but it was me.”

The scene in the vines is one of drowsy, familial contentment. Yopogon is grooming Mamadou. Siberut is leaning against a tree trunk, rubbing his two big toes together, as he often does. A pair of youngsters swing on vines, flashing in and out of an angled shaft of sun. One uses a foot to push off from a tree trunk, spinning himself around. The other swings from vine to vine, Tarzan-style. They are almost painfully cute.

A chimp called Mike lies on his back in a hammock of branches, legs bent, one ankle crossed atop the opposite knee. One arm is behind his head, the other is crooked at the elbow, the hand hanging slack from the wrist, in the manner of a cowboy slouched against a fence. We stare at each other for a full ten seconds. Partly because his pose is so familiarly human and partly because of the way he holds my gaze, I find myself feeling a connection with Mike.

I confess this to Pruetz, who admits to similar feelings. She cares about the Fongoli chimps as one cares about family. She sends excited emails when a baby is born and worries when the elderly and nearly blind Ross disappears for more than a week. But she does not reveal this side of herself at conferences. There, it’s all lingo and statistics, pairwise affinity indexes, and “blended whimper pouts.” “Especially with male chimp researchers,” she says.

One of the first things primatology students are taught is to avoid anthropomorphism. Because chimps look and act so much like us, it is easy to misread their actions and expressions, to project humanness where it may not belong. For example, I catch Siberut looking toward the sky in what I take to be a contemplative manner, as though pondering life’s higher meaning. What he’s actually pondering is life’s higher saba fruits. Pruetz points some out in the branches above Siberut.

Yet it is impossible to spend any time with chimpanzees and not be struck by how similar they are to us.

I’ve been keeping a list of things I have seen or read or heard Pruetz say that drive home this point in unexpected ways. I had not known that chimpanzee yawns are contagious—both among each other and to humans. I had known that chimps laugh, but I did not know that they get upset if someone laughs at them. I knew that captive chimps spit, but I hadn’t known that they, like us, seem to consider spitting the most extreme expression of disgust—one reserved, interestingly, for humans. I knew that a captive ape might care for a kitten if you gave one to it, but had not heard of a wild chimpanzee taking one in, as Tia did with a genet kitten. The list goes on. Chimps get up to get snacks in the middle of the night. They lie on their backs and do “the airplane” with their children. They kiss. Shake hands. Pick their scabs before they’re ready.

The taboo on anthropomorphizing seems odd, given that the closeness—evolutionary, genetic, and behavioral—between chimpanzees and humans is the very reason we study chimps so obsessively. Some thousand-plus studies have been published on chimpanzees. As a colleague of Pruetz’s once said to her, “A chimp takes a crap in the forest, and someone publishes a paper about it.” (No exaggeration. One paper has a section on chimpanzees’ use of “leaf napkins”: “This hygienic technology is directed to their bodily fluids (blood, semen, feces, urine, snot) … Their use ranges from delicate dabbing to vigorous wiping.”

As for the chimps, they are not nearly as intrigued by the ape-human connection. While we’ve been observing them, they have largely ignored us, occasionally shooting a glance over one shoulder as they move through the brush. There is no fear in this glance, but neither is there curiosity or any sort of social overture. It is a glance that says simply, Them again.

Even Mike. He just turned away from my gaze and pointedly, or so it seemed, rolled over to turn his back on me. In hindsight, I would have to say that the reason Mike had been looking at me was that I happened to be in his line of vision.

The chimps begin making their nests, breaking off leafy branches and dragging them into the treetops. Pruetz will wait until all are bedded down before turning to head back. We sit and listen to their “nest grunts”—soft, breathy calls that seem to express nothing more than the deep contentment one feels at the end of a day, in a comfortable bed.
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Primatologist Jill Pruetz holding a “spear” fashioned and used by a Fongoli chimpanzee. To make the weapon, the chimps sharpen a stick with their teeth and use it to hunt nocturnal bush babies, small primates that sleep by day in tree hollows.

(Frans Lanting/National Geographic Stock)
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Kanzi, a bonobo at the Great Ape Trust in Des Moines, Iowa, proudly holds a photographic display of one successful linguistic task. When asked to make a toy dog bite a toy snake, Kanzi correctly placed the dog’s mouth on the snake. When asked to make the snake bite the dog, he correctly reversed their positions.

(Michael Nichols/National Geographic Stock)
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Previously, humans had been thought to be the only species capable of making and using tools. In 1960, Jane Goodall first observed chimpanzees “termite fishing,” using straws, sticks, and vines to extract termites from termite mounds. As her project supporter Dr. Louis Leakey noted in a telegram, the discovery urged the scientific world to “… redefine tool, redefine man, or accept chimpanzees as humans.”

(Frans Lanting/National Geographic Stock)
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No ant is in charge in an ant colony. Not the queen, not the soldiers, not the workers. Instead, the colony functions as thousands of individuals informing one another of their surrounding conditions, a principle that humans have begun applying as potential solutions to complex business models.

(jokerpro/Shutterstock)
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A queen bee surrounded by drones and workers. Despite her role as the only bee to always remain in the hive, it is not the queen who decides where their next home will be, but the colony as a whole. Scouting parties try to convince the majority of their fellow scouts by dancing to indicate the most suitable location.

(JSseng/Shutterstock)
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Five swarm-bots communicate with one another during a test run. Equipped with sonar, cameras, and wireless Internet, the highly maneuverable robots were developed for such purposes as highly intelligent first-response units during house fires, military campaigns, or natural disasters.

(Mark Thiessen/National Geographic Stock)
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Porcupine caribou migrate annually from Canada’s Yukon Territory to their traditional calving grounds in Alaska’s Arctic National Wildlife Refuge. Herd instincts evolved over centuries have allowed the species to safely travel one of the longest migration routes of any land mammal, even under the threat of predators like wolves.

(Alaska Stock LLC/National Geographic Stock)




The Genius of Swarms

By Peter Miller

I used to think ants knew what they were doing. The ones marching across my kitchen counter looked so confident, I just figured they had a plan, knew where they were going, and what needed to be done. How else could ants organize highways, build elaborate nests, stage epic raids, and do all the other things ants do?

Turns out I was wrong. Ants aren’t clever little engineers, architects, or warriors after all—at least not as individuals. When it comes to deciding what to do next, most ants don’t have a clue. “If you watch an ant try to accomplish something, you’ll be impressed by how inept it is,” says Deborah M. Gordon, a biologist at Stanford University.

How do we explain, then, the success of Earth’s 12,000 or so known ant species? They must have learned something in 140 million years.

“Ants aren’t smart,” Gordon says. “Ant colonies are.” A colony can solve problems unthinkable for individual ants, such as finding the shortest path to the best food source, allocating workers to different tasks, or defending a territory from neighbors. As individuals, ants might be tiny dummies, but as colonies, they respond quickly and effectively to their environment. They do it with something called swarm intelligence.

Where this intelligence comes from raises a fundamental question in nature: How do the simple actions of individuals add up to the complex behavior of a group? How do hundreds of honeybees make a critical decision about their hive if many of them disagree? What enables a school of herring to coordinate its movements so precisely it can change direction in a flash, like a single, silvery organism? The collective abilities of such animals—none of which grasps the big picture, but each of which contributes to the group’s success—seem miraculous even to the biologists who know them best. Yet during the past few decades, researchers have come up with intriguing insights.

One key to an ant colony, for example, is that no one’s in charge. No generals command ant warriors. No managers boss ant workers. The queen plays no role except to lay eggs. Even with a half million ants, a colony functions just fine with no management at all—at least none that we would recognize. It relies instead upon countless interactions between individual ants, each of which is following simple rules of thumb. Scientists describe such a system as self-organizing.

Consider the problem of job allocation. In the Arizona desert where Deborah Gordon studies red harvester ants (Pogonomyrmex barbatus), a colony calculates each morning how many workers to send out foraging for food. The number can change, depending on conditions. Have foragers recently discovered a bonanza of tasty seeds? More ants may be needed to haul the bounty home. Was the nest damaged by a storm last night? Additional maintenance workers may be held back to make repairs. An ant might be a nest worker one day, a trash collector the next. But how does a colony make such adjustments if no one’s in charge? Gordon has a theory.

Ants communicate by touch and smell. When one ant bumps into another, it sniffs with its antennae to find out if the other belongs to the same nest and where it has been working. (Ants that work outside the nest smell different from those that stay inside.) Before they leave the nest each day, foragers normally wait for early morning patrollers to return. As patrollers enter the nest, they touch antennae briefly with foragers.

“When a forager has contact with a patroller, it’s a stimulus for the forager to go out,” Gordon says. “But the forager needs several contacts no more than ten seconds apart before it will go out.”

To see how this works, Gordon and her collaborator Michael Greene of the University of Colorado at Denver captured patroller ants as they left a nest one morning. After waiting a half hour, they simulated the ants’ return by dropping glass beads into the nest entrance at regular intervals—some coated with patroller scent, some with maintenance worker scent, some with no scent. Only the beads coated with patroller scent stimulated foragers to leave the nest. Their conclusion: Foragers use the rate of their encounters with patrollers to tell if it’s safe to go out. (If you bump into patrollers at the right rate, it’s time to go foraging. If not, better wait. It might be too windy, or there might be a hungry lizard waiting out there.) Once the ants start foraging and bringing back food, other ants join the effort, depending on the rate at which they encounter returning foragers.

“A forager won’t come back until it finds something,” Gordon says. “The less food there is, the longer it takes the forager to find it and get back. The more food there is, the faster it comes back. So nobody’s deciding whether it’s a good day to forage. The collective is, but no particular ant is.”

That’s how swarm intelligence works: Simple creatures are following simple rules, each one acting on local information. No ant sees the big picture. No ant tells any other ant what to do. Some ant species may go about this with more sophistication than others. (Temnothorax albipennis, for example, can rate the quality of a potential nest site using multiple criteria.) But the bottom line, says Iain Couzin, a biologist at Oxford and Princeton Universities, is that no leadership is required. “Even complex behavior may be coordinated by relatively simple interactions,” he says.

Inspired by the elegance of this idea, Marco Dorigo, a computer scientist at the Université Libre in Brussels, used his knowledge of ant behavior in 1991 to create mathematical procedures for solving particularly complex human problems, such as routing trucks, scheduling airlines, or guiding military robots.

In Houston, for example, a company named American Air Liquide has been using an ant-based strategy to manage a complex business problem. The company produces industrial and medical gases, mostly nitrogen, oxygen, and hydrogen, at about a hundred locations in the United States and delivers them to 6,000 sites, using pipelines, railcars, and 400 trucks. Deregulated power markets in some regions (the price of electricity changes every 15 minutes in parts of Texas) add yet another layer of complexity.

“Right now in Houston, the price is $44 a megawatt for an industrial customer,” says Charles N. Harper, who oversees the supply system at Air Liquide. “Last night the price went up to $64, and Monday when the cold front came through, it went up to $210.” The company needed a way to pull it all together.

Working with the BiosGroup (now NuTech Solutions), a firm that specialized in artificial intelligence, Air Liquide developed a computer model based on algorithms inspired by the foraging behavior of Argentine ants (Linepithema humile), a species that deposits chemical substances called pheromones.

“When these ants bring food back to the nest, they lay a pheromone trail that tells other ants to go get more food,” Harper explains. “The pheromone trail gets reinforced every time an ant goes out and comes back, kind of like when you wear a trail in the forest to collect wood. So we developed a program that sends out billions of software ants to find out where the pheromone trails are strongest for our truck routes.”

Ants had evolved an efficient method to find the best routes in their neighborhoods. Why not follow their example? So Air Liquide combined the ant approach with other artificial intelligence techniques to consider every permutation of plant scheduling, weather, and truck routing—millions of possible decisions and outcomes a day. Every night, forecasts of customer demand and manufacturing costs are fed into the model.

“It takes four hours to run, even with the biggest computers we have,” Harper says. “But at six o’clock every morning we get a solution that says how we’re going to manage our day.”

For truck drivers, the new system took some getting used to. Instead of delivering gas from the plant closest to a customer, as they used to do, drivers were now asked to pick up shipments from whichever plant was making gas at the lowest delivered price, even if it was farther away.

“You want me to drive a hundred miles? To the drivers, it wasn’t intuitive,” Harper says. But for the company, the savings have been impressive. “It’s huge. It’s actually huge.”

Other companies also have profited by imitating ants. In Italy and Switzerland, fleets of trucks carrying milk and dairy products, heating oil, and groceries all use ant-foraging rules to find the best routes for deliveries. In England and France, telephone companies have made calls go through faster on their networks by programming messages to deposit virtual pheromones at switching stations, just as ants leave signals for other ants to show them the best trails.

In the United States, Southwest Airlines has tested an ant-based model to improve service at Sky Harbor International Airport in Phoenix. With about 200 aircraft a day taking off and landing on two runways and using gates at three concourses, the company wanted to make sure that each plane got in and out as quickly as possible, even if it arrived early or late.

“People don’t like being only 500 yards away from a gate and having to sit out there until another aircraft leaves,” says Doug Lawson of Southwest. So Lawson created a computer model of the airport, giving each aircraft the ability to remember how long it took to get into and away from each gate. Then he set the model in motion to simulate a day’s activity.

“The planes are like ants searching for the best gate,” he says. But rather than leaving virtual pheromones along the way, each aircraft remembers the faster gates and forgets the slower ones. After many simulations, using real data to vary arrival and departure times, each plane learned how to avoid an intolerable wait on the tarmac. Southwest was so pleased with the outcome that it may use a similar model to study the ticket counter area.

When it comes to swarm intelligence, ants aren’t the only insects with something useful to teach us. On a small, breezy island off the southern coast of Maine, Thomas Seeley, a biologist at Cornell University, has been looking into the uncanny ability of honeybees to make good decisions. With as many as 50,000 workers in a single hive, honeybees have evolved ways to work through individual differences of opinion to do what’s best for the colony. If only people could be as effective in boardrooms, church committees, and town meetings, Seeley says, we could avoid problems making decisions in our own lives.

During the past decade, Seeley, Kirk Visscher of the University of California, Riverside, and others have been studying colonies of honeybees (Apis mellifera) to see how they choose a new home. In late spring, when a hive gets too crowded, a colony normally splits, and the queen, some drones, and about half the workers fly a short distance to cluster on a tree branch. There, the bees bivouac while a small percentage of them go searching for new real estate. Ideally, the site will be a cavity in a tree, well off the ground, with a small entrance hole facing south, and lots of room inside for brood and honey. Once a colony selects a site, it usually won’t move again, so it has to make the right choice.

To find out how, Seeley’s team applied paint dots and tiny plastic tags to identify all 4,000 bees in each of several small swarms that they ferried to Appledore Island, home of the Shoals Marine Laboratory. There, in a series of experiments, they released each swarm to locate nest boxes they’d placed on one side of the half-mile-long island, which has plenty of shrubs but almost no trees or other places for nests.

In one test, they put out five nest boxes, four that weren’t quite big enough and one that was just about perfect. Scout bees soon appeared at all five. When they returned to the swarm, each performed a waggle dance urging other scouts to go have a look. (These dances include a code giving directions to a box’s location.) The strength of each dance reflected the scout’s enthusiasm for the site. After a while, dozens of scouts were dancing their little feet off, some for one site, some for another, and a small cloud of bees was buzzing around each box.

The decisive moment didn’t take place in the main cluster of bees, but out at the boxes, where scouts were building up. As soon as the number of scouts visible near the entrance to a box reached about 15—a threshold confirmed by other experiments—the bees at that box sensed that a quorum had been reached, and they returned to the swarm with the news.

“It was a race,” Seeley says. “Which site was going to build up 15 bees first?”

Scouts from the chosen box then spread through the swarm, signaling that it was time to move. Once all the bees had warmed up, they lifted off for their new home, which, to no one’s surprise, turned out to be the best of the five boxes.

The bees’ rules for decision making—seek a diversity of options, encourage a free competition among ideas, and use an effective mechanism to narrow choices—so impressed Seeley that he now uses them at Cornell as chairman of his department.

“I’ve applied what I’ve learned from the bees to run faculty meetings,” he says. To avoid going into a meeting with his mind made up, hearing only what he wants to hear, and pressuring people to conform, Seeley asks his group to identify all the possibilities, kick their ideas around for a while, then vote by secret ballot. “It’s exactly what the swarm bees do, which gives a group time to let the best ideas emerge and win. People are usually quite amenable to that.”

In fact, almost any group that follows the bees’ rules will make itself smarter, says James Surowiecki, author of The Wisdom of Crowds. “The analogy is really quite powerful. The bees are predicting which nest site will be best, and humans can do the same thing, even in the face of exceptionally complex decisions.” Investors in the stock market, scientists on a research project, even kids at a county fair guessing the number of beans in a jar can be smart groups, he says, if their members are diverse, independent minded, and use a mechanism such as voting, auctioning, or averaging to reach a collective decision.

Take bettors at a horse race. Why are they so accurate at predicting the outcome of a race? At the moment the horses leave the starting gate, the odds posted on the pari-mutuel board, which are calculated from all bets put down, almost always predict the race’s outcome: Horses with the lowest odds normally finish first, those with second lowest odds finish second, and so on. The reason, Surowiecki says, is that pari-mutuel betting is a nearly perfect machine for tapping into the wisdom of the crowd.

“If you ever go to the track, you find a really diverse group, experts who spend all day perusing daily race forms, people who know something about some kinds of horses, and others who are betting at random, like the woman who only likes black horses,” he says. Like bees trying to make a decision, bettors gather all kinds of information, disagree with one another, and distill their collective judgment when they place their bets.

That’s why it’s so rare to win on a long shot.

There’s a small park near the White House in Washington, D.C., where I like to watch flocks of pigeons swirl over the traffic and trees. Sooner or later, the birds come to rest on ledges of buildings surrounding the park. Then something disrupts them, and they’re off again in synchronized flight.

The birds don’t have a leader. No pigeon is telling the others what to do. Instead, they’re each paying close attention to the pigeons next to them, each bird following simple rules as they wheel across the sky. These rules add up to another kind of swarm intelligence—one that has less to do with making decisions than with precisely coordinating movement.

Craig Reynolds, a computer graphics researcher, was curious about what these rules might be. So in 1986, he created a deceptively simple steering program called boids. In this simulation, generic birdlike objects, or boids, were each given three instructions: (1) avoid crowding nearby boids, (2) fly in the average direction of nearby boids, and (3) stay close to nearby boids. The result, when set in motion on a computer screen, was a convincing simulation of flocking, including lifelike and unpredictable movements.

At the time, Reynolds was looking for ways to depict animals realistically in TV shows and films. (Batman Returns in 1992 was the first movie to use his approach, portraying a swarm of bats and an army of penguins.) Today, he works at Sony doing research for games, such as an algorithm that simulates in real time as many as 15,000 interacting birds, fish, or people.

By demonstrating the power of self-organizing models to mimic swarm behavior, Reynolds was also blazing the trail for robotics engineers. A team of robots that could coordinate its actions like a flock of birds could offer significant advantages over a solitary robot. Spread out over a large area, a group could function as a powerful mobile sensor net, gathering information about what’s out there. If the group encountered something unexpected, it could adjust and respond quickly, even if the robots in the group weren’t very sophisticated, just as ants are able to come up with various options by trial and error. If one member of the group were to break down, others could take its place. And, most important, control of the group could be decentralized, not dependent on a leader.

“In biology, if you look at groups with large numbers, there are very few examples where you have a central agent,” says Vijay Kumar, a professor of mechanical engineering at the University of Pennsylvania. “Everything is very distributed: They don’t all talk to each other. They act on local information. And they’re all anonymous. I don’t care who moves the chair, as long as somebody moves the chair. To go from one robot to multiple robots, you need all three of those ideas.”

Within five years, Kumar hopes to put a networked team of robotic vehicles in the field. One purpose might be as first responders. “Let’s say there’s a 911 call,” he says. “The fire alarm goes off. You don’t want humans to respond. You want machines to respond, to tell you what’s happening. Before you send firemen into a burning building, why not send in a group of robots?”

Taking this idea one step further, Marco Dorigo’s group in Brussels is leading a European effort to create a “swarmanoid,” a group of cooperating robots with complementary abilities: “foot-bots” to transport things on the ground, “hand-bots” to climb walls and manipulate objects, and “eye-bots” to fly around, providing information to the other units.

The military is eager to acquire similar capabilities. On January 20, 2004, researchers released a swarm of 66 pint-size robots into an empty office building at Fort A. P. Hill, a training center near Fredericksburg, Virginia. The mission: Find targets hidden in the building.

Zipping down the main hallway, the foot-long red robots pivoted this way and that on their three wheels, resembling nothing so much as large insects. Eight sonars on each unit helped them avoid collisions with walls and other robots. As they spread out, entering one room after another, each robot searched for objects of interest with a small, Web-style camera. When one robot encountered another, it used wireless network gear to exchange information. (“Hey, I’ve already explored that part of the building. Look somewhere else.”)

In the back of one room, a robot spotted something suspicious: a pink ball in an open closet (the swarm had been trained to look for anything pink). The robot froze, sending an image to its human supervisor. Soon, several more robots arrived to form a perimeter around the pink intruder. Within a half hour, all six of the hidden objects had been found. The research team conducting the experiment declared the run a success. Then they started a new test.

The demonstration was part of the Centibots Project, an investigation to see if as many as a hundred robots could collaborate on a mission. If they could, teams of robots might someday be sent into a hostile village to flush out terrorists or locate prisoners; into an earthquake-damaged building to find victims; onto chemical-spill sites to examine hazardous waste; or along borders to watch for intruders. Military agencies such as DARPA (Defense Advanced Research Projects Agency) have funded a number of robotics programs using collaborative flocks of helicopters and fixed-wing aircraft, schools of torpedo-shaped underwater gliders, and herds of unmanned ground vehicles. But at the time, this was the largest swarm of robots ever tested.

“When we started Centibots, we were all thinking, this is a crazy idea, it’s impossible to do,” says Régis Vincent, a researcher at SRI International in Menlo Park, California. “Now we’re looking to see if we can do it with a thousand robots.”

In nature, of course, animals travel in even larger numbers. That’s because, as members of a big group, whether it’s a flock, school, or herd, individuals increase their chances of detecting predators, finding food, locating a mate, or following a migration route. For these animals, coordinating their movements with one another can be a matter of life or death.

“It’s much harder for a predator to avoid being spotted by a thousand fish than it is to avoid being spotted by one,” says Daniel Grünbaum, a biologist at the University of Washington. “News that a predator is approaching spreads quickly through a school because fish sense from their neighbors that something’s going on.”

When a predator strikes a school of fish, the group is capable of scattering in patterns that make it almost impossible to track any individual. It might explode in a flash, create a kind of moving bubble around the predator, or fracture into multiple blobs, before coming back together and swimming away.

Animals on land do much the same, as Karsten Heuer, a wildlife biologist, observed in 2003, when he and his wife, Leanne Allison, followed the vast Porcupine caribou herd (Rangifer tarandus granti) for five months. Traveling more than a thousand miles with the animals, they documented the migration from winter range in Canada’s northern Yukon Territory to calving grounds in Alaska’s Arctic National Wildlife Refuge.

“It’s difficult to describe in words, but when the herd was on the move it looked very much like a cloud shadow passing over the landscape, or a mass of dominoes toppling over at the same time and changing direction,” Karsten says. “It was as though every animal knew what its neighbor was going to do, and the neighbor beside that and beside that. There was no anticipation or reaction. No cause and effect. It just was.”

One day, as the herd funneled through a gully at the tree line, Karsten and Leanne spotted a wolf creeping up. The herd responded with a classic swarm defense.

“As soon as the wolf got within a certain distance of the caribou, the herd’s alertness just skyrocketed,” Karsten says. “Now there was no movement. Every animal just stopped, completely vigilant and watching.” A hundred yards closer, and the wolf crossed another threshold. “The nearest caribou turned and ran, and that response moved like a wave through the entire herd until they were all running. Reaction times shifted into another realm. Animals closest to the wolf at the back end of the herd looked like a blanket unraveling and tattering, which, from the wolf’s perspective, must have been extremely confusing.” The wolf chased one caribou after another, losing ground with each change of target. In the end, the herd escaped over the ridge, and the wolf was left panting and gulping snow.

For each caribou, the stakes couldn’t have been higher, yet the herd’s evasive maneuvers displayed not panic but precision. (Imagine the chaos if a hungry wolf were released into a crowd of people.) Every caribou knew when it was time to run and in which direction to go, even if it didn’t know exactly why. No leader was responsible for coordinating the rest of the herd. Instead, each animal was following simple rules evolved over thousands of years of wolf attacks.

That’s the wonderful appeal of swarm intelligence. Whether we’re talking about ants, bees, pigeons, or caribou, the ingredients of smart group behavior—decentralized control, response to local cues, simple rules of thumb—add up to a shrewd strategy to cope with complexity.

“We don’t even know yet what else we can do with this,” says Eric Bonabeau, a complexity theorist and the chief scientist at Icosystem Corporation in Cambridge, Massachusetts. “We’re not used to solving decentralized problems in a decentralized way. We can’t control an emergent phenomenon like traffic by putting stop signs and lights everywhere. But the idea of shaping traffic as a self-organizing system, that’s very exciting.”

Social and political groups have already adopted crude swarm tactics. During mass protests eight years ago in Seattle, antiglobalization activists used mobile communications devices to spread news quickly about police movements, turning an otherwise unruly crowd into a “smart mob” that was able to disperse and re-form like a school of fish.

The biggest changes may be on the Internet. Consider the way Google uses group smarts to find what you’re looking for. When you type in a search query, Google surveys billions of Web pages on its index servers to identify the most relevant ones. It then ranks them by the number of pages that link to them, counting links as votes (the most popular sites get weighted votes, because they’re more likely to be reliable). The pages that receive the most votes are listed first in the search results. In this way, Google says, it “uses the collective intelligence of the Web to determine a page’s importance.”

Wikipedia, a free collaborative encyclopedia, has also proved to be a big success, with millions of articles in more than 200 languages about everything under the sun, each of which can be contributed by anyone or edited by anyone. “It’s now possible for huge numbers of people to think together in ways we never imagined a few decades ago,” says Thomas Malone of MIT’s new Center for Collective Intelligence. “No single person knows everything that’s needed to deal with problems we face as a society, such as health care or climate change, but collectively we know far more than we’ve been able to tap so far.”

Such thoughts underline an important truth about collective intelligence: Crowds tend to be wise only if individual members act responsibly and make their own decisions. A group won’t be smart if its members imitate one another, slavishly follow fads, or wait for someone to tell them what to do. When a group is being intelligent, whether it’s made up of ants or attorneys, it relies on its members to do their own part. For those of us who sometimes wonder if it’s really worth recycling that extra bottle to lighten our impact on the planet, the bottom line is that our actions matter, even if we don’t see how.

Think about a honeybee as she walks around inside the hive. If a cold wind hits the hive, she’ll shiver to generate heat and, in the process, help to warm the nearby brood. She has no idea that hundreds of workers in other parts of the hive are doing the same thing at the same time to the benefit of the next generation.

“A honeybee never sees the big picture any more than you or I do,” says Thomas Seeley, the bee expert. “None of us knows what society as a whole needs, but we look around and say, oh, they need someone to volunteer at school, or mow the church lawn, or help in a political campaign.”

If you’re looking for a role model in a world of complexity, you could do worse than to imitate a bee.
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