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Praise for The Genius Bat 

‘A marvellous book. If you are at all curious about bats and the scientists who study them, this is the book for you.’

Nancy Simmons, Curator of Mammalogy,
American Museum of Natural History

‘You will never think of bats (or zoologists) in the same way. The book is a masterpiece of storytelling.’

Ron Milo, author of Biology by the Numbers

‘Fascinating... Yovel clearly explains bats’ vital contributions to a healthier planet... and provides an insider view of what motivates scientists to study bats.’

Merlin Tuttle, author of The Secret Lives of Bats
and founder of Bat Conservation International

‘In this excellent book, Yovel draws you into the lives of bats. He provides many astonishing details of what bats do and why.’

Brock Fenton, author of A Miscellany of Bats

‘Accessible, engaging and inspiring.’

Winifred Frick, Chief Scientist,
Bat Conservation International

‘Yovel’s passion and curiosity will leave readers with a greater appreciation for the wonders and mysteries of the bat world. This is a revelation.’

Publisher’s Weekly (starred review)

‘Yovel’s enthusiasm for these little creatures is infectious.’

Library Journal
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INTRODUCTION

The temperature in the Hula Valley in northern Israel often tops 40 degrees Celsius (104 degrees Fahrenheit) in the summer. The slopes on both sides of the valley are yellow, with a few jujube trees adding a touch of green here and there. From a climate perspective, it’s an extension of Africa. Over millions of years, numerous animals and plants migrated from Africa along this extended finger and wandered thousands of kilometers to the outskirts of Europe. Lions and elephants once romped here, until humans hunted them down to the last one. Their bones are the only evidence of this untamed past. But when I squint and surrender to the heat, I’m tempted for a moment to think that the cows grazing on the slope are a herd of buffalos.

It’s six o’clock in the morning, and the thermometer in our rental car already reads 32 degrees Celsius (about 90 degrees Fahrenheit). Last night, we conducted a first-of-its-kind experiment—we attached miniature GPS devices to the backs of eight greater mouse-tailed bats, Rhinopoma microphyllum (see photo 1 of insert). For three years, we’ve been developing these tiny devices and for the first time ever, we’ve attached them to bats in nature.

The greater mouse-tailed bats are also guests from Africa. They flock in large numbers to the Hula Valley every summer from parts unknown to fatten up for the winter. During a successful and bugrich summer, they can double their body weight. As their name suggests, they sport a long and very unbat-like tail. Most bats have only the trace of a tail tucked inside their wing membrane. Mousetailed bats use their splendid, body-length tail like a blind person uses a cane—twitching it left and right as they crawl backward up a narrow crevice to feel its boundaries. By virtue of this tail, researchers believe they’re similar to early bats, and so bat researchers from around the world are eager to see them up close.

But none of this interests us at 6 am as we drive through the sleepy valley with the windows wide open and a large Yagi antenna poking out. (We’re stopped by the police several times and asked to explain the antenna, but that’s a different story.) The antenna is connected to a radio receiver inside the car that constantly emits crackling sounds. The car is packed with students from the lab, and everyone is alert and tense, listening intently to these sounds. Every now and then someone jumps when they think they hear a beep amid the noise. The bats we fitted with transmitters yesterday did not return to the cave where we caught them, and now the beeps from the miniature transmitters on their backs provide our only chance of finding them and retrieving the precious data recorded by the devices. Near the Gome Junction, one of the students rouses everyone again—and this time it’s not a false alarm. The beeping is strong and clear, coming from the direction of the western slope of the valley.

We spread out with antennas in hand and start to climb toward the beeps. For about six hours, we arduously make our way up the slope. We completely lose the beeping signals a few times, but then hear them again after climbing higher. Out of breath and dripping with sweat, we finally converge around a proud carob tree. The signal is definitely coming from the tree, but we don’t see any bats. We walk around the tree, climb its branches, and move the antenna to and fro. After more than an hour of scouring the site, we finally detect a small white object at the base of the tree: a transmitter. It apparently fell from the bat as it fluttered above last night. The team is overjoyed to find the transmitter, and we go to celebrate with a meal of cheesecake at the only café in the area, at the nearby gas station.

We celebrate even though we don’t know whether the device contains data. We celebrate even though it’s only one of the eight devices we attached to bats, and even though we clearly understand that we were very lucky to find it—and that if we need to search like this for each device, we should probably terminate the research immediately.

Later that evening, we discover that the device does indeed contain data. We observe our bat’s GPS path with great delight. Together with our bat, we fly out of the crowded cave, soar southward along the valley’s eastern slopes, and then cross the valley at high speed. Thanks to the microphone on its back, we can listen to its echolocation while it hunts insects hundreds of meters above ground. It’s hard to describe the sense of satisfaction, the exhilaration of trailblazing discovery.

Most bats are small creatures. Mouse-tailed bats weigh less than 40 grams (1.4 ounces) and that’s why no one has been able to track their movement with GPS precision. After three years of developing the device, working through disappointments, and more development and testing, we are now witnessing, for the first time ever, a complete night in the life of a bat.

Since that first GPS we retrieved at the foot of the carob tree, we’ve attached more than one thousand GPS devices to more than ten species of bats in more than ten countries on every possible continent except Antarctica, all with one objective—to understand what it’s like to be a bat.

Bats are extraordinary animals.They’re the only mammals that can truly fly. Their wings are actually a pair of hands with five extremely long fingers and a flexible skin membrane stretched between them. Most bats are very small, but some are large: The smallest bat— the bumblebee bat—weighs only 2 grams, while the giant golden- crowned flying fox has a wingspan of over 1.5 meters (more than 3 feet). They’re considered the most diverse order among mammals. Researchers have identified nearly 1,500 species of bats, comprising over 20 percent of the world’s mammal species. They can be found everywhere on earth, from the hottest deserts to the Arctic Circle, with the exception of the poles. Many of them are social and live in colonies that can number millions of individuals. Others live alone in crevices. Most of them are insect eaters, but some dine on fruits and pollen. Some bats feed on vertebrates such as fish, frogs, birds, and even other bats. Three species drink blood.

Bats aren’t blind, and some of them even have excellent eyesight. But most of them, including the sharp-sighted ones, use echolocation, just like a submarine’s sonar system: They emit loud sounds, virtually screaming, and their brain then processes the echoes from their environment to create a picture of the world that lies before them. And their ability to do this far surpasses that of any human machine.

Bats are excellent navigators. Many of them navigate for tens of kilometers every night in search of food, sometimes in almost complete darkness. Some traverse thousands of kilometers in migration. Their physiology is also unique. Their body temperature increases by up to five degrees within minutes of taking flight, and many of them hibernate in the winter and lower their body temperature to nearly 0 degrees Celsius (32 degrees Fahrenheit) to conserve energy. Relative to their weight, they live longer than any other mammal. Even the smallest bats can live for many decades, twenty or more times longer than mice of equivalent size. Their immune system knows how to fight off viruses very effectively, and researchers around the world are trying to understand how it does that.

Many bats provide important services to the ecological system and to human beings, too. Some can kill hundreds of mosquitoes per hour, and others hunt moths and other agricultural pests. Their contribution to agricultural pest control is assessed at billions of dollars per year in the United States alone. Many fruit bats pollinate plants and disseminate the seeds of various fruits, thus enabling the plants to reproduce and spread. They can remember the location of hundreds of trees and return to visit them each year in the relevant season. Without these pollinating bats, there’d be no durian fruit or tequila, for example. It’s no wonder they’re considered a symbol of good luck in China.

Despite all this, bats remain largely unknown to us. In this book, I set out to reveal the world of bats from the perspective of those who study them. If you think that bats are just scary flying creatures or, even worse, bloodthirsty carriers of disease, I am about to change your mind.
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SOCIALITY
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ON VAMPIRES AND SOCIALIZATION

An open secret among nature researchers is that many of the wildest nature studies are conducted in close proximity to five-star resorts. After all, even the most daring explorers appreciate easy access to electricity and Wi-Fi and won’t say no to a hot shower at the end of a long day of work. One such “wild” research site, particularly popular among bat researchers, is the Lamanai Outpost Lodge in Belize, where dozens of researchers from around the world convene for an annual “bat-a-thon.” Lamanai Lodge is situated in a patch of tropical forest near the spectacular Lamanai Archeological Reserve, one of the largest sites of Mayan temples in Belize. The Lodge is on the bank of the New River, and a refreshing dip in its clear water is a fitting finale after a day in the field. The river is swarming with crocodiles, but the hotel manager assures you that they’re small and their bite is nearly harmless. The food in Lamanai is excellent, and after some fresh scones, a guest can enjoy the Lodge’s famous Howler Monkey cocktail at the bar or, better yet, take the cocktail down to the bank of the river and record the echolocation sounds of the bats as they hunt above the water.

In 2012, I joined this yearly summer camp with the goal of studying bloodthirsty bats, aptly named “vampires.” I had never worked with vampires before but had read a lot about them and was curious to discover whether echolocation plays any role in their social communication. More specifically, I wanted to examine whether it helps them identify one another: Can a bat recognize another bat by the echo that bounces back from its face? The forests around Lamanai are full of bats, and I was told that I wouldn’t have any problem catching some. The Canadian researcher Brock Fenton, who organized this annual research camp, procured a big jar of cow blood from a nearby slaughterhouse so that we could feed the bats we caught; he advised me to put it in the minibar refrigerator in my hut to keep it from clotting. My roommate, a bat researcher from New Zealand, wondered what kind of jam the large jar in the fridge contained.

Most bats are pretty clumsy when they move on all fours, as they try to spread their wings and fly, but vampire bats are different. Using their wings as two front limbs, they are as quick as mice. If I let one out of my grip, it would scurry up my arm and within seconds be running across the back of my neck. No, it wasn’t looking for my jugular vein; it was simply trying to get as far away from my hands as quickly as possible.

Feeding the vampires was easier than I expected. I filled a couple of latex gloves with blood, punched a tiny hole in a finger of each glove, stuck it in their mouths, and they did the rest. But my fresh supply of cow blood clotted within forty-eight hours and turned into a crimson lump of jelly that I had to squeeze every night to extract a bit of reddish liquid. The bats’ bite was also different from anything I’d encountered with other bats. I had special gloves, extra thick but still flexible, so that I could gently hold the vampires without getting bitten. The gloves did the job, but holes started appearing in them, starting on the first day. They were perfect round punctures as if made by a machine, like the holes of a paper puncher. When the third hole appeared, I realized that the vampires were the culprits. The holes were so symmetrical—I couldn’t believe that an animal was capable of making them. Later, I read that the vampire bat’s teeth are impressively adapted for the task of obtaining blood: They have no enamel coating so they’re as sharp as a razor, and the bats use them to shave the fur of the animal whose blood they crave.

Together with one of my students who accompanied me, I spent many hours watching bats interact and recording their echolocation sounds in an effort to understand whether they use them for individual identification. We wondered whether bats that meet in the dark communicate by scanning each other with echolocation signals. As often in such preliminary research, the results were not clear enough for us to draw conclusions. However, I did have the dubious pleasure of spending my nights in the company of a female vampire: One evening, after cocktails, as I was feeding the vampires in my hut, one of them slipped my grip, scampered up to my shoulder, hopped to a nearby wall, and disappeared. I searched the hut for hours but to no avail. I finally had to retire to bed knowing that I might wake up with a perfectly round puncture hole in my face and a little less blood in my veins. My Kiwi colleague was even less pleased with our new roommate. He had gotten used to the crocodiles in the river but thought a vampire in bed was a little too much. We never found her. She might still be in that hut today, savoring the blood of scientists and tourists alike.

Bats are very social creatures, but their sociality comes in many forms. Some species dwell in huge colonies in caves, where millions of bats cram together. Some species dwell in hollowed-out tree trunks in small groups of fewer than twenty. Some species live alone in crevices. In certain species, male and female bats congregate separately, meeting with the other sex only to mate. And in other species, individuals sleep in a different place every night, each time choosing their roost-mates anew.

Harvard entomologist E. O. Wilson’s Sociobiology: The New Synthesis, published in 1975, revolutionized the way biologists researched social behavior, a subject hitherto reserved primarily for sociologists. Wilson tried to apply evolutionary principles to social behaviors that puzzled researchers, such as altruism. He sought to explain why a certain animal would choose to help another, since such behavior seems to contradict the basic evolutionary principle asserting that all animal behavior is solely aimed at propagating the individual’s genes.

It’s hard to overstate the book’s influence. It sparked a lively debate between biologists and sociologists—mainly over the last chapter, which focuses on humans. Wilson’s book aroused such great interest that The New York Times ran a front-page review. One young biologist deeply influenced by Wilson’s book was Gerald S. Wilkinson, an undergraduate student when the book came out. Keenly interested in social behavior, he participated in a seminar on the book at the University of California, Davis. Wilkinson and his classmates learned how to conduct social research, observe a group of animals, and systematically document their interactions every ten minutes.

In no small measure thanks to that seminar, Wilkinson went on to complete a doctorate at the University of California, San Diego. Working at the university at the time was a husband-and- wife research team, Jack Bradbury and Sandra Vehrencamp, who studied the behavior of various animals, from sage grouse in California to bats in Costa Rica. Wilkinson really wanted to work in their lab, but they were less enthusiastic. “I simply showed up at their lab at the beginning of the year, and they were surprised. They asked me: ‘Who are you?’ ” he recalls. He was determined to be accepted into the lab and was ready to do almost anything to impress them. Vehrencamp was about to embark on a study of roadrunners, a common bird on campus, but was having difficulty catching them. Wilkinson, who had a lot of experience catching birds, built a trap and soon caught a roadrunner. When he presented the bird to the famous research couple, they realized that he could be helpful in the lab. Following a short trial period, Wilkinson became an official member of the lab’s research team and later joined Bradbury and Vehrencamp at the La Pacifica research station in Costa Rica.

With Wilson’s book in mind, Wilkinson sought to pursue research on animal sociality. After a few failed attempts with birds, he decided to study nectar-eating bats (Glossophaga—long-tongued bats) to see if there was a connection between their social structure and the food in their environment. This was one of the main research subjects in social biology at the time: how the food supply affects a species’ social structure. One theory was that dependence on food that is difficult to come by will lead to congregation—that is, the formation of groups that collaborate to search for food. This remains one of the most popular explanations for the existence of cooperative groups in nature and, some would say, the basis for human collaboration, too.

At the time, nectar bats were too small to track with transmitters, so Wilkinson started marking individuals with fluorescent plastic rings. He then mapped their roosting places, which were usually inside hollow trees. While immersed in observing nectar bats in Costa Rica, Wilkinson received a letter from Bradbury, now back in the US, that would change his life. Bradbury excitedly wrote that he had learned at a conference that vampire bats sometimes feed their pups with digested food, and maybe even feed other adult bats. That was all Wilkinson needed. Mutual feeding, mutual help, altruism, was the most fascinating subject in Wilson’s book. It was the biggest question: Why would one animal help another animal?

Vampire bats were common in Wilkinson’s research area, and he kept bumping into them inside hollow tree trunks while looking for nectar bats. He also began banding vampire bats with rings, and soon he discovered that they were much easier to work with than nectar bats, because they usually came back to the same spaces where they had been marked. Thus began a journey that is continuing today.

There are three species of blood-licking (sanguivorous) bats in Central and South America. All three of these “vampire” species belong to the Phyllostomidae family, the most diverse of bat families and one of the most diverse families among mammals. It includes bats that feed on insects; bats that eat fruit, nectar, and frogs; as well as bats that eat other bats; and, of course, vampire bats. All of these bats evolved from the same ancestor, an insect-eating bat, and within 30 million years, a short time in terms of evolution, they went through what we call divergent evolution and can be found thriving in all of the food niches in the New World. The consensus is that vampire bats evolved from an ancestor phyllostomid bat that specialized in hunting bloodsucking parasites on the bodies of other mammals. The evolutionary distance between picking blood-filled parasites off the skin of a mammal and drinking blood directly from that same mammal is a short one. This ancestor bat, upon tasting the blood of a deer, or some other large mammal, likely started licking the blood off the open wound caused by detaching the parasite.

Wilkinson started working on Desmodus rotundus (see photo 2 of insert), the most common of the three vampire species, a creature amazingly adapted to feeding on blood. Desmodus’s saliva contains an anticoagulant molecule aptly named draculin that keeps the victim’s blood from clotting while the bat is drinking. It has thermal sensors on both sides of the nose that help it locate warm blood vessels underneath the victim’s skin, and it also has, as I discovered in the resort in Lamanai, a wondrous ability to move swiftly on all fours, to practically run, while using its wings as front limbs. Desmodus can traipse across the body of its target in search of a blood vessel close to the skin, or scurry clear of a lashing tail. It should be noted that the amount of blood a vampire bat drinks in one meal is less than the amount drawn in a routine blood test, so it will not harm even a small mammal.

Very little was known about the social structure of vampire bats when the excited letter made its way to Costa Rica. Wilkinson knew they lived in small groups of up to twenty individuals, mostly females. He knew that female vampire bats usually stay with the group they were born into, while males leave it upon reaching adulthood. He marked both males and females with colored bands and tried to identify mutual feeding, but he soon encountered a problem. He managed to obtain a night-vision device to observe the animals without interrupting them. But he needed light to see the colors of the rings and identify individual bats. The problem was that every time he tried to shine a flashlight into a hollow tree full of bats, they’d “stop behaving”—that is, they’d freeze in place. In a simple yet brilliant move, Wilkinson decided to leave a dim flashlight on in one of the crevices. He did this for a few months and the vampires grew accustomed to the light. It worked beautifully. Now he was able to observe the vampires and identify different relations between individuals in the colony.

Accompanied by a research assistant, Wilkinson watched several groups of vampires. Some of the hollow tree trunks were wide enough so that the two of them could lie on their backs and look up at the vampires. In total, they spent more than four hundred hours sprawled underneath the vampire communities of Costa Rica. They wore face masks to protect themselves from histoplasma, a fungus that grows in bat guano whose spores can cause severe lung infections. The chances of infections are generally small but have been on the rise recently due to the use of bat guano as a fertilizer by home cannabis growers. They became tree dwellers themselves. Hollow trees often serve as an entire micro-habitat. Many of these spaces contained at least five different species of bats, as well as the occasional snake. There were also countless insects and many nests of wasps who showed particular interest in the two researchers. “It wasn’t too hot, but I always showered thoroughly after every one of those observations,” Wilkinson recalls. “I have to admit I don’t miss it.” I know exactly what he means. I once stuck my head into a hollow tree with a vampire colony inside. The stench was harsh, and the ammonia fumes made it impossible to breathe.

Since vampire bats don’t have a specific breeding season, there were always several infants in the group, and soon Wilkinson was able to see mothers regurgitating food and feeding their pups. It also wasn’t rare to observe mothers feeding pups who were not their own. This was interesting, but helping pups who are not offspring had been observed and documented before in other bat species. It could always be explained by an occasional misidentification of the mother’s own pup in the commotion of the colony. What Wilkinson was really looking for was evidence of mutual help among adults, of one adult bat sharing food with another adult. But they were unable to identify such instances.

To appreciate the importance of food sharing among adults, we first have to learn a bit more about vampire bat physiology. Vampire bats leave the colony every night to find a victim. In the case of Desmodus rotundus in the twenty-first century, the victim is usually a cow, but vampires are not speciesists and a tourist napping on the deck of a cruise ship is also a wonderful opportunity for a feast. Vampires drink about 15 milliliters of blood every night, which is equivalent to half of their body weight. If possible—that is, if the cow doesn’t swat away the bat with its tail (or the tourist with a pillow)—the vampire will drink that entire amount in a single meal. Vampires must eat often due to their rapid metabolism. They start losing weight at an exponentially growing rate after every meal. An individual that fails to find food for three nights in a row may die of starvation. It is not uncommon for vampire bats to not find food. Wilkinson weighed the bats who returned to the colony after a night of hunting and estimated that 20 percent of them came home hungry. It was more likely to happen to the young, those less than two years old, who were not yet effective hunters. Thus, a food contribution from a group member may save a life.Wilkinson calculated that a few minutes of mutual feeding gives the recipient twelve extra hours in which it can still fly out and make what might be one final attempt to find food. That is, one vampire bat throws a lifeline to another.

Dwelling in hollow trees with swarms of wasps finally paid off. After three years of observation, Wilkinson was able to document 110 instances of mutual feeding, 33 of which were among adults. It was not a lot, but it was enough to determine that food sharing was not incidental. The next big question was who shares food. Who in the colony is willing to sacrifice food, worth precious life hours, for another individual? Are they relatives or friends? Wilkinson measured the social and familial proximity between the thirty-three pairs that participated in mutual feeding interactions. Familial proximity was measured using the genetic tools available at the time, and social proximity was measured by the probability of finding these two individuals sleeping together. Vampire bats frequently change sleeping roosts; they often spend the night in a different social setting. Wilkinson documented these swaps, so he knew who slept with whom and when. For three years, he insisted on scanning every hollow tree and documented the bats’ sleeping arrangement at least once a week. He found that food contribution was based equally on social proximity and familial proximity, meaning that two females might engage in mutual feeding whether they were relatives or bunk buddies.

Two female vampire bats might spend more than twenty years living in the same colony, but that does not necessarily mean they’re friends. Therefore, the next question that occupied Wilkinson was how long two female vampires need to roost together before forming a bond that is close enough for food sharing. In other words, how long does it take for vampires to establish friendship? To test this, he took two groups of bats from distant colonies that had probably never met and put them in the same cage. The first challenge was how to feed them. “I used to go to a nearby butcher and bring back a jar of blood,” he recalls. At first, he served the blood in small dishes, but the bats fought over the blood-soup, spilling a lot of it. Then he found that he could use water bottles that are usually found in mouse cages, and this worked much better. The experimental innovation wasn’t in feeding the bats, but in starving them. Each night, Wilkinson took one female vampire out of the cage, deprived her of food for the entire night, and then put her back in the morning to see who gave her food. Except for one case, all food sharing was done between individuals from the same colony; that is, the bats only gave food to peers they were familiar with.

This wasn’t the end of the story. Another finding was about to revolutionize the way we think about sociality in nature. Precise analysis of the sharing network in the colony showed that a female vampire will not share food with just anyone and that mutual acquaintance alone is not sufficient for food sharing. Rather, she will prefer to give blood to a fellow vampire who has previously given her blood. The two individuals must share a blood pledge. In other words, this isn’t just altruism; it’s reciprocal altruism. The results of Wilson’s research were published in the prestigious journal Nature in 1984 and stirred wide scientific and public interest. Even today, forty years later, vampire bats are considered the best-known example of reciprocal altruism.

What does it take, and how long does it take, to establish a relationship of mutual trust, one that will allow reciprocity? Despite his great success, Wilkinson was never able to answer this question. He accepted a position at the University of Maryland and continued to research sociality in nature but abandoned the study of vampire bats, choosing instead to focus mostly on a strange-looking type of fly. Stalk-eyed flies are tiny; their bodies are less than a centimeter long, but their eyes are perched at the end of a stalk-shaped appendage that is as long as their bodies (see photo 3 of insert). The males, whose stalks are much longer than those of females, vie with each other over who has the longer eyes. During the mating season, the males conduct battles in which they compare the lateral distance between their eyes. The ones with the bigger distance get to mate with more females. This is one of the most extreme examples of sexual selection in nature: the evolution of unusual, some may say redundant, organs that play a part in females’ selection of partners. Wilkinson preferred the flies over the vampires because their high reproduction rate allowed him to observe how a female’s choice affected future generations.

Gerry Carter wasn’t even born yet when Wilkinson lay sprawled under the bat colonies in Costa Rica. For as long as he can remember, Carter was fascinated by bats. He had an almost mystical connection to them. When he was two years old, he traveled with his family to his mother’s native village in the Philippines to visit the Kalinga tribe. His parents had met in the Philippines when his father was serving there with the Peace Corps. Carter doesn’t remember much of that visit, but when he was five or six, while flipping through the local newspaper in his small hometown in upstate New York, he came across a picture of a bat. He remembers the moment vividly. “I came across that picture and suddenly experienced a flashback. I remembered seeing a huge fruit bat placed in front of me, its mouth tightly sealed with a rubber band,” he recalls. “I guess I ate that bat,” he says, smiling. As an undergraduate in the early 2000s, Carter happened upon Wilkinson’s research about food sharing in vampires in Richard Dawkins’s influential book The Selfish Gene.

Scientific support for the theory of reciprocal altruism was thin in those days. Many doubted Wilkinson’s story and offered alternative explanations for his findings. In 2009, Nature ran an article maintaining that there was insufficient evidence of reciprocity in nature. This scientific paper and others like it asserted that reciprocal feeding between unrelated female vampires had other explanations. Perhaps it was a result of misidentification or perhaps it was a response to harassment by the recipient, meaning that donors do not really donate but rather surrender to pestering. In other words, altruism in nature is either a mistake or a form of manipulation. Another frequent criticism of the reciprocity hypothesis was that it assumed the possibility of “cheating.” The problem of cheaters has long bedeviled theories of mutual help. If certain individuals within a group decide to “play dirty” and take advantage of the altruists—in this case, always receive food but never reciprocate—they will reproduce at a faster rate and, evolutionarily speaking, become more prevalent until finally the entire colony is composed of parasitic cheaters and altruism disappears. Theoretically, real reciprocity provides a solution to such cheating, because generous bats are rewarded and selfish bats are abandoned as partners. However, skeptics pointed out that Wilkinson never proved that the two-way food sharing he observed was not simply a case of two bats each mistakenly thinking they are related.

Even today, the problem of cheaters is considered one of the greatest challenges to the theories of mutual assistance in nature.

Carter was amazed by the story of the vampire bats and decided to research them. His dream was to discover how female vampire bats form a relationship of mutual trust. He contacted Wilkinson and applied for a PhD in his lab, but Wilkinson did not have funding for bat research. His lab focused on stalk-eyed flies, and he had not researched vampire bats in more than two decades. Carter was so eager that he agreed to work in Wilkinson’s lab despite the lack of funding and resources. He raised enough money from student grants to fly to Trinidad, where he captured a random group of vampire bats so he could repeat the starvation experiment. Each day he would isolate one female bat, starve her for the night, and return her to the colony in the morning. The starved vampires begged for food, approaching other individuals and making pleading noises, but no one would give them food. Over the next few months, the bats kept losing weight, but not once did they share food with each other. Carter returned home without a single observation of mutual feeding and was highly skeptical about the very existence of bat altruism.

But one small hope remained. Since he had randomly captured groups of bats in the forest for his experiment, the bats might not have known each other enough to share food. The vampires in Wilkinson’s experiments, on the other hand, were always from the same colony and selected because they had known each other for years. Carter decided to repeat the experiment with another captive vampire bat colony where the vampires were long acquainted and the full genetic relationships between them were known. “All of a sudden it was easy,” Carter says. “Everyone fed everyone.” Over the course of two years, Carter documented 950 cases of food sharing among individuals in the colony. With so many observations, he was able to convincingly show that altruism in the colony was indeed reciprocal, meaning that individuals donated food to others who had given them food before.

The numbers were astounding. Sixty-four percent of food-sharing events in the colony were among individuals who were not related, implying that friendship was more important than family ties. Since reciprocity was maintained over a long period of time, sometimes even years, Carter hypothesized that the chances of a cheater being able to cheat everyone all the time were very low. Partners will gradually expose a cheater until eventually no one gives it food anymore. Carter was also able to reject the hypothesis that food donation is a result of the donor surrendering to harassment from the starved recipient. To everyone’s surprise, he found that it was actually the donor who initiated the blood donation by approaching the starved individual. Carter hypothesized that expanding one’s social network by giving food to a colony mate is a kind of safety measure for the individual bat. Since vampires tend to switch colonies and since most of the individuals in a colony are not related, a female vampire would do well to make connections with as many individuals as possible who may help her in time of need, rather than depend on a small number of individuals who might one day vanish. Indeed, it is not uncommon for humans to adopt a similar social strategy.

That colony earned Carter his PhD, but he was still not satisfied. All of his insights had been gained through observations of caged bats. He knew that animals present all sorts of strange behaviors in captivity, so he wanted to confirm the results with wild bats. Scientists don’t often spend time repeating successful experiments, but Carter wanted to be sure. He went back to the tropics, to Panama, and once again captured a group of random bats, but this time he had the time and funding to wait until they socialized. He slightly altered the experiment to focus on his main question: How long would it take to create a blood pact among vampires? Instead of starving individuals who knew each other, he would introduce a new and unknown female vampire into the colony and monitor her integration into the society. He starved her periodically and waited to see when she would finally receive a food donation.

Carter concluded that, much like humans, the process of building trust in vampires is gradual. In the first few days, the female vampires of the colony pay little attention to a newcomer. They may allow her to cluster with them during sleep, which helps her maintain her body temperature but requires no great effort on their part. In the next stage, they offer grooming, which mainly includes licking the bat’s fur. Mutual grooming is important for the individual’s hygiene. It allows, for example, removal of parasites from places unreachable with one’s own tongue. Carter discovered that only if the newcomer establishes an initial reciprocity of grooming will some of the colony members move on to the highest level of closeness, which includes food sharing.

The first instance of food sharing may occur within weeks, or even months, of the arrival of a new individual. The time lapse between a new vampire’s arrival and the first time she is given food depends on the kind of relationships she forms. Vampires’ social system is much like a classroom when a new pupil joins it. Her integration will depend on the ties she forms with individual classmates as well as the prevailing social structure and social dynamics in the class. It’s not easy for vampires (or people) to form real bonds, and some bat relationships will never develop into food sharing. In Carter’s colony, only 15 percent of all possible female pairs actually shared food, but each vampire in the colony had at least one food-sharing partner. Like a new girl joining the classroom, a new vampire’s arrival in the colony is also an opportunity for individuals with a weaker social network to make new social connections and improve their social status. Carter later also showed that bats that take the time to form many new relationships are then better able to cope with the removal of their main food donor, suggesting that they benefit from both the quality and quantity of their friendships.

The vampire society described by Carter was much more complex than the simple mathematical models purported to account for altruism in nature. As it turns out, vampires are more generous than any known algorithm. Carter observed cases of females repeatedly donating food to other females based solely on their previous acquaintance, even without immediate compensation. But all in all, over the years, reciprocity is maintained.

Carter became the world’s preeminent researcher of vampire behavior. He founded his own vampire bat lab at The Ohio State University, later moving to Princeton University, to continue his efforts to decipher their complex social system. His great dream is to create a “cheater” vampire who never reciprocates, never returns a favor, not even to her friends. He expects that this type of individual will gradually begin to lose any social connections that are not reciprocated. The observation of such partner-losing behavior should convince anyone who is still skeptical about reciprocal altruism in vampires. One way to create a cheater vampire is to starve her before every encounter, so that she has no food to give, but Carter is not convinced that this would work.Vampires’ social senses are very acute, and he suspects that partners would immediately notice that she is starved and so is not to blame. Carter is still considering the right way to go about this. Such questions can take years, with no apparent progress, until one day, maybe while lying in the hollow trunk of a tree, watching a family of bats playing above you, an idea pops up.
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ON LIVING IN GROUPS IN HAMMER-HEADED AND FISH-EATING BATS

The worst punishment for a human being is social isolation, which is why solitary confinement is the harshest punishment meted out to prisoners. Indeed, studies show that two weeks of isolation are enough to cause lasting psychological harm. Humans are social creatures. We’ve been living in a group for at least hundreds of thousands of years, hunting in a group, and raising offspring in a group we call a family. We feel empathy toward group members, and we have strong social cognition that enables us to discern the intentions of other individuals. All this helps us to maintain close social relationships for decades. There are even theories claiming that our sophisticated brain developed thanks to our advanced social lives. Therefore, it’s no surprise that one of the most frequent questions I’m asked about bats pertains to their social habits. People want to know whether bats are monogamous or polygamous, whether they have a social hierarchy and leaders, and what their social fabric is like in general.

The sociality of bats is expressed in many forms and nuances. The vampires we met in the previous chapter, for example, live in groups of females ranging in size from ten to twenty members. They’re familiar with each other and maintain social relationships that last for years. The male vampires roost separately from the colony of females and establish control over large territories to convince the females to mate with them. In the case of vampires, size (of territory) matters in winning the hearts of females, and a male with a larger territory generally produces a greater number of offspring. Young female vampires generally remain in their birth group, while young males set off to try their luck in other places. This type of social structure is common in the animal world and among bats in particular, but there are also other types. There are mixed-sex bat colonies populated by millions of males and females that take flight every evening in a flock so dense that it looks like a billowing column of black smoke. There are bat species in which one male cohabitates with several females for years, even for decades, in a “harem.” And there are even bats that live alone. What determines an animal’s social structure?

The attempt to understand why bats live in groups and what they gain from this led me to work in one of the most remote places in the world, with one of the most intriguing bat species— the Mexican fish-eating bat (Myotis vivesi, see photo 4 of insert). There are several bat species that specialize in hunting fish, but almost all of them hunt in the still waters of rivers and lakes. Still waters are actually an acoustic mirror. The sound waves a bat emits while flying over the water hit the surface at an angle of about 45 degrees, so the echo doesn’t return to the bat but bounces off the water surface in the opposite direction—-just as a person looking at a mirror from the side will never see his own reflection. For bats, still waters apparently sound like silence, like nothing, like looking at an empty mirror. That’s why bats try to drink from smooth artificial surfaces like polyvinyl chloride (PVC), as demonstrated in a study by German researchers. This also explains why the bat that interrupted an NBA game in San Antonio in 2009 repeatedly swooped toward the floor before being swatted by Manu Ginobili: It was trying to drink from the smooth floor because acoustically it sounded like nothing, like still waters.

Because of the acoustic mirror effect of still waters, a fish swimming close to the surface generates small ripples that send strong echoes easily detected through echolocation. Several bat species have learned this and specialize in hunting fish or bugs that float on the water. But the Mexican fish-eating bat is unlike any other fish hunter. It lives on small islands, sets off on long hunting expeditions over the sea, and manages to find fish even in turbulent waters. During my doctoral research, I encountered a thermal image of a fish-eating bat hovering above the sea, far from the coast. It was clear that the reddish winged blotch in the image, flying above the black waves, posed fascinating scientific questions such as: How can the bats spot food in the vast and dark sea? And how do they navigate above the sea when everything looks and sounds the same? One of the hypotheses was that fish-eating bats hunt in a group to enhance their ability to find food.

Animals congregate in groups for different reasons. Some do it to reduce the chances of being preyed upon and others to keep warm on cold nights. In the case of the fish-eating bat, we assumed their collaboration was designed to find food. Therefore, when Stefan Greif, a postdoctoral student working in my lab, suggested mounting our tiny GPS devices on these bats to study their behavior, it took exactly five minutes to persuade me. Several students and I began planning an expedition to Isla Partida, a small and wild island in the middle of the Sea of Cortés (also known as the Gulf of California) in western Mexico. The Mexican fish-eating bat is endemic to the Sea of Cortés, mainly living on small islands. Many of the islands lack caves or crevices suitable for nesting, so the fish-eaters have adapted in a singular way: They live on the ground, under rocks. Bats are clumsy on the ground, and their presence there is safe only as long as no predators are around. Seagulls occasionally try their luck in snatching a fish-eating bat from among the rocks, but they usually come up empty. However, rats that arrived along with human visitors changed the rules of the game on these pristine islands, wiping out complete populations of fish-eating bats. So today we can only find these bats on a few islands—such as Isla Partida. Thousands of fish-eating bats, perhaps tens of thousands, live among the rocks of Partida. Every evening, they all emerge from the rocks and fly off to the sea. No one knew their precise destination until we came to study them. To protect the bats, the authorities in Mexico prohibit tourists from anchoring on the island and strictly enforce this prohibition. During our visits there in the ensuing years, we saw them interrogating illegal fishermen several times. Researchers are allowed to visit the islands after receiving the relevant permits, which our Mexican partner, L. Gerardo Herrera, managed to obtain for us.

We began planning our trip to Partida with the aim of learning whether living in a group helps the fish-eating bats in their impossible mission: finding food in a dark and endless sea. Partida is a three-hour ride by speedboat from the nearest coastal town, Kino. The island is completely abandoned. There are no human-made structures to provide shelter from the merciless sun, no running water, and of course no electricity—only cactuses, plenty of centipedes, and thousands of Mexican fish-eating bats. We planned to stay on the island for almost a month and estimated we’d need about 200 kilograms (440 pounds) of equipment and about 300 liters of water. A large block of ice in a Styrofoam container was supposed to serve as a makeshift refrigerator—not for us, God forbid, but to preserve the shrimps we brought to feed the bats. In light of our heavy load, we decided that the group of students, including Greif, would sail to the island on a large Mexican navy ship that patrolled the area and that I’d join them about two weeks later via a small speedboat and bring additional supplies of water and food. We chose a large navy ship for safety: The Sea of Cortés is known for its turbulence, and several years earlier a small boat with a group of researchers capsized. Only one researcher survived.

After six months of planning, the students set sail for Partida on a slow navy boat in April 2014. The voyage took many hours: They left at dawn and arrived in the late afternoon, setting anchor a few hundred meters from the coast of Partida. The large ship could not get any closer, and the plan was to gradually transport the huge amount of supplies and equipment on a little boat. It was no small feat to reach the island, especially in the rough sea conditions that prevailed that afternoon. Ivailo Borissov, a doctoral student in the lab, volunteered to jump into the first boat that headed to the shore with two Mexican navy personnel and heaps of equipment. The boat set off for land, but within a few minutes communication ceased. The Mexican sailors did not respond to calls on the twoway radio, and darkness descended on the Sea of Cortés, swallowing them up. The navy men on board the large ship refused to send a second boat, insisting that it was too dangerous to sail in such rough seas in darkness.
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One of the first researchers to attempt to understand the determinants of bats’ social structure was Jack Bradbury, the same Bradbury we met in the previous chapter as Wilkinson’s mentor. Unlike rodents, bats reproduce slowly. Most bat species produce only one offspring per year, while some do this twice a year. The choice of a mating partner is thus critically important for bats. Bradbury was the first to discover that bats employ “lekking”—a reproduction strategy in which the males gather to strut their stuff before an audience of females intent on examining potential mating partners. A more familiar example of lekking is that of male frogs that congregate every evening in pools of water to hawk their goods (that is, their sperm) by serenading female passersby. An example closer to home is a boisterous group of teenage boys trying to impress their female counterparts in the neighborhood park. This common teenage ritual aptly fits the definition of a “lek,” a term derived from the Swedish word for “play.”

But why do males assemble in a lek? Why don’t they court the females as individuals? Such gatherings could pose a danger by attracting predators—as in the case of termites. Every year, right after the first rainfall, tens of thousands of termites take flight in a synchronized matchmaking ritual. Males and females scout each other in a slow and awkward flight. This matchmaking event is important for the termites, but it’s a real celebration for birds, who feast en masse on a meal of winged protein. Bulbuls, mynahs, and even pigeons (primarily vegetarians) congregate on lawns and roadsides and devour multitudes of termites. When I ride my bike in the Yarkon Park on the way to my lab at Tel Aviv University, I like to stop and watch this celebration taking place on the grass. So why gather together in a lek if it’s so dangerous?

One of the evolutionary explanations for the lekking strategy suggests that the abundance of males draws the females to the gathering site. Think of an open-air market where all of the vegetable stalls or butcher shops are situated side by side in a single crowded alley. The alley attracts shoppers because it enables them to easily compare the goods offered by the various merchants. This explanation for lekking sounds convincing, but if it’s correct, why doesn’t it apply to all animals? In some animal species, the male seizes an essential resource that the female needs to reproduce, such as a nesting place or territory where food is available, and thus wins over the female. In other species, the male appropriates the females themselves— that is, leads a group of females and doesn’t allow other males to approach them. In most cases, males court females as individuals. So, what determines a species’ reproduction strategy? That’s exactly what Bradbury sought to understand.

Bradbury is today one of the world’s best-known researchers of animal communication. As a child, however, he dreamed of being a marine biologist. He was born on the West Coast and his family lived close to the shore. He spent most of his spare time snorkeling and discovered a spectacular underwater world. Bradbury was enthralled by the sea’s special creatures. He still remembers collecting a sea snail on one of his snorkeling outings and placing it in his pocket, and how his mother spent hours trying to clean the snail’s mucus from his bathing suit.

After completing his undergraduate degree in 1963, Bradbury entered a PhD program at Rockefeller University. The field of biology was in the midst of a revolution. New molecular methods, which look for biological explanations at the cellular level, flooded the field and threatened to drown out traditional biology, which focuses on the entire organism. Extreme reductionism was the prevailing approach: The new biologists believed that everything should be examined on the molecular level; they regarded any biologist who failed to embrace this approach as an old-fashioned scientist engaged in inferior science. Publication of the double-helix structure of the DNA molecule about a decade earlier further boosted the prominence of this approach. Those were tough days for anyone interested in studying the behavior of animals, and Bradbury heeded his teachers’ advice and stayed away from organismal research. He began to study horseshoe crabs—ancient arthropods (invertebrates with jointed legs) whose simple system of vision makes it especially suitable for studying the fundamentals of sight.

Bradbury planned to devote his doctorate to the neurophysiology of the horseshoe crab’s photoreceptors, but everything changed when two eminent researchers joined Rockefeller. The first was Donald Griffin, the man who discovered echolocation in bats. Griffin was pushed out of his position at Harvard in the wake of the molecular revolution and found a safe harbor at Rockefeller. In 1965 Bradbury attended Griffin’s maiden lecture, which reawakened his childhood dreams. On the spot, Bradbury decided that he wanted to leave the laboratory and study animals in the field. The second researcher, who arrived soon afterward, was Peter Marler, one of the leading ornithologists of that era. Marler studied the courtship songs and behavior of birds. Griffin sparked Bradbury’s obsession with bats and Marler pulled him toward social behavior and sounds, and together the two would shape Bradbury’s research career.
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Meanwhile, with the navy ship anchored offshore the island of Partida, many anxious hours passed before a small reddish glow in the distance quieted the fears of the students on the ship. Someone had lit a bonfire on the beach. The next morning, the students landed on the island and joined their colleague. It turned out that the two Mexican sailors had insisted on approaching the coast from a suboptimal direction and the waves submerged the small boat in the sea. Borissov managed to save most of the equipment and pull it ashore. Acting with great resourcefulness, he found a semidry lighter, collected a few pieces of trash with the help of a flashlight, and started a fire. He instructed the shivering Mexican sailors to take off their wet clothes and huddle near the fire, and they docilely followed his directive.

The difficulties of the previous day were very quickly forgotten when the sun came out the next morning. There was too much to do. The group’s first tasks were to build a lean-to shelter to protect them from the sun, prepare their kitchen, and select a site for a bathroom. The bats would have to wait. The group soon coalesced; a collection of individuals became a team. One of the first challenges the team faced was deciding which clock to follow. Partida is smack in the middle of the Sea of Cortés, and there was a disagreement about whether to go by the hour on the continent or by the hour on the peninsula (Baja California) . In other words, was the current time noon or 1 pm? The team compromised on 12:30 and set their watches to a new international time zone: Partida time. Night falls swiftly on the island. The sun descends into the sea, the moon shines on the water, and the darkness is thick.

The team of students rose early the next morning. After a full day of getting organized, it was finally possible to do what they had come to do. They roamed the island with curiosity and very quickly discovered that it was teeming with bats. Their social twittering could be heard everywhere, but every time the students tried to dig them out from between the rocks, the bats disappeared. The team discovered that Mexican fish-eating bats know how to crawl at surprising speed, and when you try to catch them, they simply scamper to an adjacent cluster of rocks. The slopes of Partida are strewn with piles of large rocks, with an endless network of tunnels below them. The bats use these tunnels very skillfully.

But the students did not intend to give up so fast. Instead of digging straight at the bats, they decided to first dig around them, thus cutting off their escape route to adjacent rocks. The team developed a method: first, home in on a rock pocket from which bat noises are emanating; next, toss the surrounding rocks aside, isolating the bats; and only then, start to dig straight toward them. They had to work quickly, while being careful not to hurt the bats or the small terns that also slumber under the rocks. The team developed a special communication system for this task: They used hand gestures to direct each other, seized areas around the pocket, and slowly and quietly tiptoed toward the bats so that the bats wouldn’t hear them approaching. Then, when the signal was given, the team quickly switched into high gear, feverishly clearing rocks away. It worked: Several fish-eating bats were uncovered in each rock pocket, and the team was able to tag them with our tiny
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