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CHAPTER 1 [image: Image]
SHARK FEVER


It was 1985—a decade after Jaws set box-office records across America—that I first saw a stunning predatory attack by a great white shark off the coast of California. It was early in the morning on a gray, cloudy October day. I was checking the motor on my boat, which sat on a concrete platform leading to the edge of a cliff at Southeast Farallon Island, 30 miles from San Francisco. In an hour, the boat would be lifted off the platform and lowered onto the water 25 feet below, and then I would commence my search for white sharks in the waters surrounding the island. But my first encounter came a great deal sooner than I expected!

The only sound that morning came from the waves breaking against the jagged rocks of the island as I stood there planning my day’s schedule. Suddenly, there was an almost explosive burst of activity among the gulls, which began flying in a circle close to shore. Then I noticed that the gray water 25 yards away had changed to a vivid crimson, stained by the blood of a struggling northern elephant seal. A huge shark, much of its body out of the water in clear view, swam vigorously back and forth in the pool of bloodstained water. Its animated movements made it seem as though it was enjoying its meal. This horrifying sight sent a chill down my spine and brought a cold sweat to my forehead. Although all of us regularly have the feelings of thirst, hunger, anger, and sexual arousal, we rarely experience the fear of being eaten by a predator. But I felt this heart-stopping emotion when watching that white shark devour a seal.

Since witnessing that first attack, I have analyzed more than a hundred video records of white shark attacks on seals and sea lions. In 1987, my colleagues and I established a continuous watch for these natural feeding events off the South Farallon Islands. Volunteer biologists, stationed at the peak of Lighthouse Hill, scanned the surface waters around the islands during daylight hours each fall for an explosive splash or bloodstained water at the surface that would alert them to a shark attack. The attacks that volunteers witnessed from 1988 to 1999 were recorded on videotape. I have listened to the voices of these people on the tapes trembling as they describe a shark feeding on a seal. The narrated videotapes are shocking—full of blood, guts, violent struggle, and death in the open water. And yet these accounts, combined with the results of other research on the white shark, reveal that our conception of the white shark’s feeding behavior, based largely on Jaws, is more fancy than fact. The white shark is not a dumb feeding machine, but a skilled and stealthy predator that feeds with both ritual and purpose—and may prefer not to eat human flesh.

Let me briefly describe a white shark predatory attack on a seal. Both the reports of observers and their videos of attacks show a pattern markedly different from popular myths about shark behavior. None of the observers witnessed or recorded the most frightening feature of a shark attack, that powerful, bone-crushing first bite. This suggests that the shark seizes the seal below the surface. Typically, an observer first spotted gulls circling over a large bloodstained area of the water. The bloodstain often elongated in one direction, and then the shark appeared with the seal beside it. Or the shark often swam with unusually wide and sweeping tail beats. Such beating would be necessary for the shark to propel itself forward if it was carrying a heavy seal in its jaws. After a prolonged interval the seal usually rose to the surface and floated there motionless with a sizable chunk of flesh torn out of it, although the wound was no longer bleeding. This last observation was puzzling because seals contain large amounts of blood, used to transport oxygen to their tissues. This plentiful supply of oxygenated blood enables a seal to dive as deep as 1,600 feet and stay down over twenty minutes.

The shark then surfaced quickly, swam to the carcass, and seized it. This scenario led me to believe that the white shark kills its prey by exsanguination—it allows the seal to bleed to death. The shark had to hold the seal tightly in its jaw until it was no longer bleeding, and only then would it bite into it and begin feeding.

The videotapes also provided answers to other puzzling questions—matters of more than academic interest to those who want to survive a shark attack. How does a shark decide what and when it is going to attack, and how does it determine what it is going to eat? While observing sharks feeding on seals in the waters at the Farallon Islands, only once was there an attack on a human being. The attack occurred at 2 P.M. on September 9, 1989. It began like many of the attacks on seals. The white shark seized the leg of Mark Tisserand, a commercial abalone diver, while he was maintaining a prone position and trying to clear his ears 25 feet below the surface, a couple of hundred yards from shore. According to Mark, the shark swam up from underneath, seized him, carried him, pulling him down for six seconds, and then suddenly let go and swam off. He said that he bled profusely while in the jaws of the shark. This pattern appeared to me consistent with the notion that the shark exsanguinates its prey, but what struck me as odd was that the shark released its human prey intact and swam off. A shark would have chased down a seal and promptly finished it off.

The fact that Mark hit the shark with the butt of a bang stick, a short metal pole with an explosive cartridge at one end, might have caused the massive shark to let go. But the pattern he reported, in which he was bitten and then released, is typical of white shark encounters with other human beings, usually those who were not lucky enough to have a weapon in hand. Could white sharks release people because they find them unpalatable? In another attack at the island, a shark seized and released a brown pelican, even though the bird was quickly disabled and unable to resist further attack. This tactic was consistent with another perplexing observation: many sea otters are found along the Santa Cruz coast each year with fragments of white shark teeth embedded in their open wounds. Sharks often lose their teeth when biting down on prey, and so they have many rows of teeth in their jaws that can move forward and replace those lost. A sea otter has yet to be found in the stomach of a white shark. Why didn’t the sharks eat these tasty morsels?

It struck me that there was a connection between these observations. Birds, sea otters, and people are composed mainly of muscle, whereas the preferred prey of the white sharks—seals, sea lions, and whales—are composed mainly of fat. Could the sharks prefer energy-rich marine mammals to other comparatively energy-deficient species? During the fall of 1985, I had repeatedly tried but failed to interest sharks in consuming sheep carcasses, which have little fat on them. These sheep carcasses had electronic beacons concealed within them that could be used to track the movements of the sharks, once the beacons had been swallowed. On the other hand, white sharks will swallow seal carcasses with beacons concealed within them. And, significantly, in one case a shark refused to eat the muscle of a seal with its fat removed. I became more confident of this preference for fat after viewing videotape of a shark scavenging on a dead whale floating at the surface. The shark opened its large mouth, propelled itself forward so that its upper jaw reached far up on the body of the whale, closed the upper jaw, and ripped a large amount of fat from the body. It left the muscle of the whale.

Why should a white shark be a picky feeder, and why show a preference for fatty prey? The answer may be that surplus energy is needed to keep the shark’s body warm. I remember once placing my hand on the back of a large white shark as it moved like a locomotive alongside of my boat. Its body was warm, around 75°F in contrast to the cold water, often in the 50° range off Northern California. In the body of the shark are retes, or clusters of veins and arteries, which act as a heat-exchange mechanism to warm the brain and musculature, increasing the transfer of oxygen to the tissues and quickening the reaction times of the nervous system in the cold waters the sharks inhabit. Perhaps high-energy food contributes to the maintenance of the shark’s warm body temperature. It probably helps the shark grow fast. Adult white sharks increase their body size more than 5 percent a year. This growth rate is twice that of the porbeagle shark, a fish-eater in the same family that also inhabits cold, temperate waters, and three times that of the mako, another fish-eater from the same family that lives in warm, tropical waters. The white shark is actually a maverick among sharks, quite different in its behavior and physiology from the many tropical species. It has colonized the relatively shark-free cold, temperate waters where seals are abundant because by gorging on the layers of fatty seal tissue, the white shark derives thermal energy from the same insulating fat that enables seals to survive and thrive in cold waters.

I have devoted much of my adult life to finding out what the white shark and other species of sharks do and why they do it. I have discovered that sharks have a rich and complex repertoire of behaviors. Yet most people think they are simple and reflexive. This belief has arisen out of ignorance because people have avoided being in the water with them for fear of being attacked. Unlike most humans, I have sought to enter the water and observe sharks, not to rush out of the water onto a beach like the terrified swimmers in Jaws. In real life, the more you know about sharks, the more you respect them for what they really are. Yes, like any other animal, I have a core of fear of sharks in my more primitive animal mind, a fear that probably is as old as human consciousness. And I have a healthy respect for what sharks can do when I am on their turf, so to speak. But I swim with them and study them because I find them utterly fascinating.

Certain things that happened in the early years of my life made me increasingly interested in understanding the behavior of the creatures that inhabit the oceans—but I had no idea in those years that I would spend most of my life studying such formidable creatures.

I was born on March 7, 1947, in the city of White Plains, New York, 25 miles north of New York City. I spent most of my childhood in Lakeridge, a White Plains suburb. When I was very young, my family vacationed during the summer in a cottage on the sandy shores of Peconic Bay on eastern Long Island. During these formative years of my life, I developed a keen interest in marine life. I walked along the banks of the salt marshes at the edge of the bay with a net in hand looking for blue crabs and shuffled my feet along the shallows feeling for the hard shells of cherrystone clams buried in the sand.

When only eight years old, during spring 1955, I swam with mask and snorkle in the clear waters of the Mediterranean. I speared my first octopus and persuaded the cook at the hotel to cook it for me. This diving experience furthered my interest in the ocean.

As an adolescent in the 1960s when my friends were going to the beach and listening to surfing music, I was busily raising and watching tropical fish. I spent as much time staring at my half-dozen fish tanks in my bedroom as some of my friends did staring at their television sets. Here was this microcosmic society of fish exhibiting behavior just as diverse and complex as the behavior of family and friends.

I found the mating ritual of the Siamese fighting fish, native to the swamps of Southeast Asia, particularly mesmerizing. The male would bend his body and long, flowing fins around the female, squeeze to force eggs out through her vent, and release a cloud of sperm to fertilize them. As the eggs slowly floated toward the bottom, he would swim downward, gather the eggs in his mouth and rush to a nest of mucus-coated bubbles that he made at the surface of the water. He then would blow the eggs out of his mouth into the mucus nest. The eggs would hatch a few days later into tiny baby fish. Their bodies were clear with conspicuous yellow sacs of yolk on their bellies that provided essential nutrition during the first days of their existence. Remaining below the nest, the male would catch newly born fish that fell out of the nest and return them to their proper place. What an exemplary parent!

Another favorite of mine was the male African mouth-brooding cichlid. The male in these species inhales the fertilized eggs of the female and keeps them in its mouth for several days. Opening and closing his gill slits, he forces water past the eggs in order to ensure the ample supply of oxygen needed for the eggs to develop. Once they hatch, the young use the male’s mouth as a refuge. Twenty to thirty may come out searching for food and spread out within the tank, but when frightened, they immediately form a tight school and swim into Daddy’s mouth for protection.

Males of both these species are highly aggressive. Indeed, Siamese fighting fish earned their name because it was popular in Siam to wager on the outcome of fierce battles between two males placed in the same fishbowl. Initially, the males position themselves side to side and unravel and extend their long flowing fins, appearing twice their normal size, to intimidate their adversary into retreat. Often they beat their tails toward the other, driving water against the other fish’s sensitive body. Confined to a small container, the subordinate is unable to hide and the displaying is replaced by actual combat. The males ram each other, dislodging scales and tearing fins. African cichlids match them for aggression. They patrol a small area on the bottom of a lake and chase any intruders from their territories. These fish usually do not bite an intruder as do the Siamese fighting fish confined to a small fishbowl, but they do put on the same aggressive display, just as we might clench and raise our fists to show we are ready to fight. The male cichlid also turns its side toward another male and spreads its fins to appear large and formidable. Fish, I decided, were not dumb creatures after all, but displayed the rudimentary equivalents of many complex human behaviors. Peering into that aquarium hour after hour, I got hooked on fish. It was high time for me to learn how to function in their world.

When I turned thirteen in 1960, I joined the local swimming team, which practiced and competed in the muddy waters of our neighborhood lake. I won the fourteen-and-under butterfly race in the Westchester County Championship in my very first year of competition, and I continued to swim competitively in preparatory school and college.

In my junior and senior years of college at the State University of New York at Stony Brook, I began to concentrate on my science courses. At this time, I worked as a volunteer for Bill Rowland, a graduate student in the Biology Department (now professor of animal behavior at Indiana University), who was studying the behavior of stickleback fishes. I helped him collect fish and perform his experiments, and we became close friends. He rekindled my passion for observing the behavior of marine life.

A year and a half out of college, in spring 1972, I married Patricia McIntyre, whom I had first met in a swimming clinic when I was thirteen years old and she was fourteen. She had won the backstroke race in the Westchester County Championship the year before, and spent the practices swimming back and forth in the pool doing the backstroke. I had won the same competition in the butterfly, and later backstroke, and divided my time between both strokes during practice. I began to date her when I was sixteen. She was my first boss, head lifeguard at a local swimming pool. We dated off and on until we married. She has always been a strong supporter of my consuming ambition to study sharks, and it is unlikely that I would have succeeded in this crazy dream of mine without her constant encouragement.

She has participated as a volunteer in many of my studies (as she has a career of her own), and has learned not to fear sharks. When she first joined me in the water to observe schooling hammerheads, one of the cruise members remarked to me that she swam so close to me that her long snorkel tube seemed to intertwine around mine. By coincidence, we experienced some peril that day when a huge blue marlin, over 10 feet long, swam up to us and directed a threat display toward us. The marlin turned to the side, raising its dorsal (top) fin and depressing its pectoral (side) fins to reveal its full size, and rapidly opened and shut its mouth in an ominous fashion. We backed slowly away in order to reduce its stress (confronted with a choice between fight or flight), and prevent it from dashing toward us and skewering us on its long, sharp bill. There is some chance of pushing away an onrushing shark before it bites you, but little chance of deflecting a charging marlin with a swordlike 4-foot-long bill. Billfish vigorously defend a personal space around themselves, and I was well aware at the time that a stout bill had been removed from the hull of a submersible that ventured too close to a marlin.

I spent the 1972-73 school year teaching marine biology to teenagers aboard a square-rigged ship that sailed throughout the Caribbean. My first encounter with a live shark occurred while spear fishing for groupers, a common fish that inhabits the local coral reefs. I was swimming at the edge of a vertical submarine cliff dropping 1,000 feet into deep water off the island of Grand Bahama. I had speared two groupers and was swimming back to shore, dragging the fish behind me attached to a line around my waist. Suddenly, a slender gray shark with a slightly yellow hue—a lemon shark—less than 5 feet long, started circling me. I marveled at how it swam, sinusoidal waves slowly passing down its body and tail in a fashion reminiscent of the way a snake moves on land. But the shark always approached me from the rear, where I couldn’t see it easily and push it off with my hands, which made me a little uneasy. The shark was attracted either to the body fluids of the fish coming from the spear wound or the tiny water displacements created as I moved my feet. It eventually dashed toward the fish on the line behind me. Alarmed by this, I moved my arms back and forth while blowing air out my mouth in order to distinguish myself from ordinary “prey” such as the fish on the end of the string. This frightened the shark momentarily. However, it still followed me all the way to shore.

The lemon shark had approached a little too close for comfort, but it hadn’t tried to bite me as sharks’ sinister reputation had led me to fear. It just wanted a free lunch by stealing the fish I had speared. Thinking about it later, I realized this behavior made sense given that the shark’s mouth was less than 8 inches across, wide enough to swallow a fish but not big enough to manage to grip and rip an arm or leg off my body.

My second shark encounter occurred later that year while I was spear fishing off the coast of Panama. There was a dispute between the owners of the square-rigger and the school, and the ship was abandoned in the Panama Canal while litigation ensued between the two parties and teaching was suspended temporarily before continuing ashore. I joined the first mate and two other members of the crew and embarked on a voyage to the city of Cartagena, Colombia, on a small whaling boat. The first mate had converted this boat into a Viking ship by adding a mast with sails, gold-colored wooden shields along the sides, a dragon tail on the stern, and a dragon head on the bow.

We were running low on food by the time we passed the San Blas Islands off the southern coast of Panama. I volunteered to spear some fish for dinner. I lowered myself into the warm, clear water wearing a mask, snorkel, and fins and began searching for edible fish on the reefs below. It took less than ten minutes to spear two large groupers. I threaded the line attached to my weight belt through the mouth and gills of the two groupers, tied the end of the line to the base of the line, and began swimming back to the boat. Suddenly, two massive gray sharks approached; they probably weighed twice as much as I did and they were longer than I was by a good two feet. The sharks’ bodies were broad from the head to the base of the tail, so they swam more stiffly than the sinuous lemon shark. Both sharks had huge, blunt heads—hence the species is commonly called the “bull” shark. The sharks were hungry too, and were interested in the groupers on the line trailing from my belt. They continued to swim directly toward the fish on my stringer. This time I let go of the line. One of the monsters slowly swam up to a grouper on the end of the line, opened its large mouth, and swallowed the 20-pound fish whole. The shark’s partner quickly ate the second grouper on the line. The pair then lost their interest in me. Even these large sharks did not appear to be the menace that I had expected.

Before my first two shark encounters in the wild, my perception of sharks, like that of most people, had been shaped by nature film documentaries that almost invariably showed sharks in pools of blood, their gaping mouths filled with many rows of sharp teeth. The impression the films left was that sharks were dumb, instinctive feeding machines and humans were their favorite snack. But the sharks I encountered in the Caribbean didn’t seem to be man-eaters. I began to wonder if these beautiful creatures could exhibit complex behaviors just like the tropical fish back home in my aquariums. Did sharks have complex mating rituals? Did they fight to the death or settle disputes nonviolently with aggressive displays? I guessed they must have some form of ritual combat because otherwise both participants in any encounter would be mauled, given their formidable armament of sharp teeth.

I was twenty-three, and less than two years out of college, when I started on my pursuit of sharks while teaching marine biology to high school students aboard the square-rigger mentioned earlier. It was berthed at the Albury Docks on an island crossed by a freeway leading to South Beach in Miami. At this time, I was 6 feet 1 inch tall, with long brown curly hair and a pirate’s mustache. During the day, I wore blue jeans, a multicolored tie-dyed tee shirt, and a denim jacket, and in the evening, a long black cape. In other words, I was a typical hippie.

[image: Image]

The anatomy of a shark. (REDRAWN FROM CASTRO, J.I. 1983. The Sharks of North American Waters. TEXAS A & M UNIVERSITY PRESS, COLLEGE STATION)

One fall day, I took my class to the University of Miami’s Rosenstiel School of Marine and Atmospheric Science. The school is a cluster of buildings sitting on a small coral island, halfway between the coast of Miami and Key Biscayne. We marched into a building full of plastic pipes and large tanks for keeping marine animals and plants alive. Sonny Gruber, a recent graduate, showed us a little lemon shark peering out of a small wooden tank with a Plexiglas bubble at one end. We crowded around the tank. A blue-green beam of light was trained on the eye of this small shark and a mild shock was applied to its body by two electrodes inside the tank. It blinked its eyelid, but to the students’ astonishment the eyelid rose upward and covered the eye from below and not from above as in humans. Furthermore, the eye appeared to glow when the light was shined on it. Sonny explained that this was because there were mirrorlike granules in the back of the eye that reflected light back through the retina with its light-sensing cells. This improved the sensitivity of the eye and enabled lemon sharks to see really well at night. Eventually, the shark would learn to blink in response to just the beam of light; the shock wouldn’t be needed to elicit the response. Sharks could also learn1. Sonny found that the sharks reacted differentially to colors. The small lemon sharks were most sensitive to light of the blue-green wavelength. This was the wavelength that penetrated the ocean depths farther than such others as red or orange.

His face lighting up with excitement, Sonny said he was now trying to determine whether sharks saw colors as humans might see them. The U.S. Navy was underwriting his research. To Sonny, this was an interesting scientific pursuit, but it was hardly an abstract academic issue to the Navy, which worried that sharks might be attracted to lifejackets colored yellow to make them more visible to airmen in rescue helicopters. Sailors jokingly called the color “yum-yum yellow.”

I asked Sonny to have lunch with us on the sailboat, but he couldn’t because of a conflicting engagement. He suggested that as a replacement I invite his colleague, Arthur Myrberg, an expert on the hearing capacities of sharks. Art gave us a wonderful lecture. He had just completed a study focusing on the behavior of a small hammerhead shark, the bonnethead, in a shallow tidal pool exhibit at the Miami Seaquarium, a large aquarium next to the marine laboratory.

Art and I instantly hit it off. We were both keenly interested in animal behavior and sharks. Art had been a prize pupil of the great Konrad Lorenz, one of the first ethologists. (In Greek, the word “ethos” means “character” and the suffix “-ology” means “knowledge.” Thus scientists who study the character and behavior of animals in their own environment are called ethologists.)

Art had just completed an ethogram for the bonnethead, a species of shark possessing a laterally elongated head with a rounded edge resembling a lady’s bonnet. An ethogram in this case was a catalogue of swimming movements and postures for the species—the first step to understanding its social order. Art urged me to undertake graduate studies and learn from him the classical techniques used to describe animal behavior. Before I could even think about it, he was already outlining a research project for me—to describe the behavioral repertoire of one member of the species known as requiem sharks, so termed because they are known to attack humans. The blacknose, a small, slender gray shark with a black patch on the end of its snout, is one of thirty or so larger species of requiem sharks and a member of the scientific genus Carcharhinus. These species mainly live in tropical waters, often around reefs, and are also called reef sharks. This species was an ideal subject for a behavioral study because it was small enough to live in the confines of a shallow tidal pool exhibit at the Miami Seaquarium. So, with encouragement from this eminent scientist, I entered graduate school at the University of Miami in 1973 to begin work on my master’s degree.

I was never able to establish a colony of blacknoses in the tidal pool exhibit at the Miami Seaquarium. I spent much time fishing for them in their favored habitat, the shallow flats off Miami and the Florida Keys, with no success. I captured only one shark over a period of six months in the waters off Grassy Key, halfway down the Florida Keys between Miami and Key West. This shark died while being moved from the Keys to Miami despite my transporting it in a large circular rubber tank, perched on top of a flatbed truck. The water in the tank had been collected from the habitat of the shark, circulated with a bilge pump, and infused with oxygen to help the shark breathe during its trip to Miami. After a Herculean effort, and much frustration, I gave up my dream of keeping this species in captivity to study its behavior.

Art—brilliant, intense, and incredibly hardworking—had another Navy-sponsored project going during the early 1970s; its objective was to learn more about the low-frequency, prey-generated sounds that attracted sharks. Eventually, my role would be to investigate the reverse—to examine the nature of the fright response some sharks show to sudden loud sounds.

For extra income, I worked two days each week as a research aide at Sea Frontiers, a magazine about the animals in the sea, verifying scientific facts in the articles submitted to the magazine for publication. Part of this job was to identify the species shown in the photographs that accompanied the articles. It took me no time at all to identify the white sharks in four photographs sent to the magazine to accompany a story written by Ron and Valerie Taylor, two members of a film crew that had made a sensational film about sharks, Blue Water, White Death, two years earlier. This movie depicted the adventures of a film crew that searched the world for the species called the “man-eater.”

They finally found white sharks in the waters off Dangerous Reef, a small, flat island inhabited by sea lions several miles off the coast of South Australia. The first photo depicted a huge shark swimming in bloodstained water with its head and dark menacing eyes starting to come out of the water. The makers of this documentary first had to attract the sharks to the boat in order to photograph them. They accomplished this by pouring into the water a mixture of horse blood and macerated fish that Australians call “burley” and Americans term “chum.” The two parts were mixed together in a barrel of water and siphoned into the sea day and night to create a “chum line,” or chemical corridor, winding several miles away from the boat. With their keen sense of smell, white sharks quickly picked up this chemical trail—easy enough for them since the part of the white shark’s brain devoted to smell is proportionately larger than that in any other shark species.

The second photograph showed a gaping mouth of a white shark, with its lower and upper jaws jammed between the heavy-duty metal bars of a protective cage in an apparent attempt to reach the person cowering inside the cage. Only after examining the picture closely did I recognize a piece of meat that had been attached to a metal bar in order to induce the shark to bite the cage. Clearly, this had been done to create the false impression that the shark was biting the cage in an attempt to seize the person within it.

The third photo was the most frightening of all because the shark, with its eyes opened wide, held a large chunk of meat in its menacing triangular teeth that jutted out of bloodred gums. The meat was attached to a rope, which was retrieved in order to induce the shark to swim beside the boat, where it could be photographed in a close-up view. This photograph was similar to one used to advertise Blue Water, White Death. On the poster, the gaping mouth of the white shark was accompanied by lettering in huge type that said, MAN-EATER. When you look at these photos, you imagine that you, instead of the meat, might be in the mouth of the shark—and that, of course, is exactly what the photographers intended.

During this same decade, the public’s image of white sharks was even further distorted by Peter Benchley’s book Jaws and the subsequent movie version, which drove home as relentlessly as the theme music the image of the great white shark as a dumb feeding machine. In the film, the shark’s size was greatly exaggerated. It was almost as large as a fishing trawler, 30 to 40 feet long. The shark was also portrayed as an indiscriminate and voluminous feeder, biting the boat and trying to swallow 55-gallon drums. And it was given a vindictive nature, which compelled it ceaselessly to pursue the boat, its captain, and the marine biologist on board.

These two movies created a horrific image of the white shark that most people accept to this day. But these movies had a very different impact on me. From what I knew of fish and my limited experience with sharks, I just didn’t believe this portrayal of the white shark. In fact, it struck me as almost a malicious libel and angered me.

It is unfortunate that we are often shown the white shark only during the brief, stunning moment when it is eating. Just imagine if a cinematographer wanted to make a documentary about your family banquet on Thanksgiving Day. He would remain in a corner of your dining room and record what you were doing using a video camera with a zoom lens. Every time a member of your family took a leg of turkey and raised it toward his or her mouth, he would zoom in on the item and the family member’s mouth. It would suddenly open wide, revealing pearly white teeth in upper and lower jaws that would vigorously seize the leg and rip off a piece of tissue. The jaws would quickly move back and forth, chewing the meat, and the neck would widen, then narrow as the meat passed down the throat. As the camera panned around the table, focusing on each person’s mouth, many humans would be shown feeding in the same way. Little other behavior would occur at the dinner table other than feeding. There would be little overt fighting among family members and little flirtation. This documentary about human beings eating at the dinner table might also be entitled Jaws.

In part because of my dawning awareness of the complexity of their behavior, I became more and more interested in learning about the real nature of sharks. I didn’t want to study them in the manmade, artificial habitat of aquariums, however; I wanted to swim with them in their own environment, the ocean, where I might discover their true nature. I wanted to emulate Dian Fossey, who had gotten close to gorillas in order to study them. I had read in an issue of National Geographic magazine how dominant male gorillas allowed Fossey to approach members of their families unharmed because she imitated the submissive postures and movements of subordinate gorillas. There had to be some way to get close enough to sharks to observe them in their own environment without being attacked. Because I was a good swimmer and interested in fish, I wanted to study the most fearsome and powerful fish in the oceans. As my graduate education progressed, I began thinking about some of the questions I wanted to answer in my career as a marine biologist. Are white sharks the insatiable and indiscriminate feeders suggested by film documentaries showing multiple sharks repeatedly biting a cage? Do sharks really seek out humans as frequently as depicted in Jaws? I decided to see for myself how sharks behaved in the wild instead of as “actors” in a film.



CHAPTER 2 [image: Image]CROSS-SPECIES DRESSING


I would spend a significant amount of my graduate education at the University of Miami in a shark cage. I was the observer for a research team, funded by the U.S. Navy, with the task of learning as much as possible about why large sharks were attracted to pulses of low-frequency sounds.

During my three years at the University of Miami, I spent four to six hours a day, two days each week, dressed in wet suit, fins, and mask in a shark cage floating at the surface and looking for sharks in the Gulf Stream off Miami. I kept my lower body inside the door that opened from the top of the cage and bent at the waist so that my upper torso extended out over the top. From this jackknife position, I could keep my head in the water and look into the crystal-clear blue waters below. I usually held the side of the cage with my hands and slowly moved my body around to periodically view a 360-degree panorama below me. There were times when two or three hours would go by, and all I would see were one or two masses of sargassum algae despite the sounds emitted by a speaker below me playing continuously during this period. Occasionally, I’d reach out and grasp a clump in my hand and bring it close to me to see what was inside. I was always surprised at the myriad species that lived in this microenvironment in the open ocean. If you looked hard, you could see a small brown shrimp whose coloration exactly matched that of the brown mottled seaweed. You could also often find, camouflaged as were all of these Lilliputian species, a sargassum fish. With its disproportionately wide jaw, it could swallow a shrimp whole.

Forty feet below me was a big cylindrical, shiny metallic underwater speaker, sending out low-frequency sound, attached to a cable leading up to the A-frame on the stern of the R/V Orca. This was a 40-foot research vessel (hence the initials “R” and “V”) of the University of Miami, used for daylong expeditions in local waters. The A-frame was a structure composed of two metal girders hinged to either side of the stern and welded together at the top to hold a pulley, through which passed the metal cable and electrical cord leading to the speaker. At the base of the girders were hydraulic supports that, when activated, extended outward, pushing the top of A-frame outward and over the stern. A nylon line from the shark cage was attached to a cleat on the stern of the boat so that I was floating on the surface no more than 60 feet away from the speaker. At the time, the research boat seemed much too far away and the rope much too thin. Aboard the boat were the skipper, our electronics technician, and a massive amount of equipment used to reproduce and amplify very low pitched sounds. When I leaned over the edge of the cage and put my head under the water, I could hear a monotonous, staccato drumming sound coming from the speaker: borum-bodum-bodum-borum-bodum….

One day during the spring of 1975, I was watching six to eight slender gray silky sharks swimming around the speaker, slowly moving their long tail fins back and forth sinuously while gliding forward using their horizontal pectoral fins. Occasionally, one or two of these graceful animals would stop circling the speaker, accelerate upward toward me, and slowly start circling my cage, which was more like a large birdcage than those stout cages made of thick aluminum or stainless steel bars one sees in documentary films about white sharks. My forearms could extend over the edges of the cylindrical cage, which was 3 feet wide and 8 feet long and made by welding together wire, thinner than the power cable to your television, into a patchwork of squares about a hand-width in size. Despite the daintiness of my cramped cage and the fearsome nature of these sharks, I always felt quite secure, if sometimes a bit seasick. The sharks appeared more beautiful than terrible, moving gracefully below me with bright undulating light from the waves above reflecting off their backs.

My primary task was to count the number of sharks attracted to sounds of different bands of frequencies, some so low-pitched that they were barely audible to the human ear despite being broadcast from the speaker at powerful intensities. These shark-attracting sounds had been discovered by two of my University of Miami colleagues, Don Nelson and Sonny Gruber, during their research in 1963.

When he had been a graduate student at the Rosenstiel marine laboratory, Don had made extra money selling fish that he caught using a spear gun in the Florida Keys and the Bahamas. One day, he noticed that sharks usually appeared quickly when a fish was struggling at the end of his spear but were rarely seen at other times. Don hypothesized that the spasmodic movements of the dying fish generated a punctuated, staccato sound that not only consisted of pressure oscillations detectable by the inner ear of the shark but also miniscule jerking movements of water detected by the shark’s lateral line. This sensory organ is visible on most fish; it consists of a canal leading from head to tail on either side of the body with the many small openings, which give it the appearance of a line. These tiny holes permit water to enter and exert pressure on tiny fingerlike receptors inside.

Don and Sonny, his best friend and fellow graduate student, made a tape recording of drumming sounds similar to those made by a struggling fish. They used a switch to key on and off a stream of white noise and passed this sound through an acoustic filter to eliminate the high frequencies. White noise is similar to the roar of the ocean and is composed of the frequencies audible to humans, high and low. Sonny then alternated between playing back this pulsed low-frequency sound and playing control sounds, which were not pulsed and at higher frequencies, while Don watched from a cage to see when sharks were attracted to the speaker. The sharks appeared only when the drumming sounds were played; they were nowhere to be seen when a variety of unrelated sounds was played. Later, Don and Sonny’s degree supervisor circled above in his airplane while they played the sounds. He observed sharks, visible in the shallow waters, abruptly turning around and heading toward the speaker with great haste from distances close to half a mile away.

While floating in my cage, it occurred to me we should try a new experiment. There were so many sharks around the speaker that day that I felt we had surely collected enough data on how to attract sharks. Rarely did we attract more than three silkies at a time. Just a few days before, I had lost my usual alertness after spending four hours in the cage looking constantly for sharks and seeing none. My gaze had drifted downward toward the speaker. Suddenly, by chance I saw a shark propel itself upward like a rocket from directly below the speaker, bite the speaker, and accelerate downward out of my sight below the speaker. This all happened within a few seconds, and a shiver ran through my body as I realized that the attack directed at the speaker could have occurred while I was looking elsewhere. I might be bitten by a shark before I could react and defend myself unless I remained constantly vigilant on the job.

I wondered what would happen if instead of trying to attract sharks we tried to repel them by playing the shriek made by killer whales when collectively feeding on marine mammals. For someone who had been a graduate student for barely more than a year, it might seem a bit presumptuous for me to design an experiment. Art Myrberg, the project leader and my master’s degree supervisor, had recently had a heart attack and was slowly recuperating in the hospital, leaving me temporarily under my own guidance. Hopefully, he wouldn’t be offended if I took the liberty of playing back these piercing sounds to sharks even if he was absent and unable to oversee the experiment.

We had acquired a tape recording of this sound, which resembled a loud human scream, from a local whale biologist, who had broadcast it to gray whales as they migrated past San Diego in a large pod. He broadcast these sounds from his boat and observed how the whales reacted. The scream was three seconds long, and started with a constant tone of medium pitch, a wheee, followed by a brief tone rising in pitch, an oooh, and ending with an eardrum-piercing, high-pitched weeeeh. As soon as the sound commenced, the whales lifted their heads up out of the water and looked around for their feared predator, the killer whale, and for a safe refuge. The whales then rapidly swam as a group to the nearest forest of kelp, an underwater plant that forms dense forests of stems and leaves rising to the surface in shallow water. The whales remained there motionless until the sounds ceased. The biologists also broadcast other sounds, similar but not identical to the killer-whale scream. Apparently, the gray whales were unafraid of these sounds because they did not swim away and hide. One sound that had little effect was a tone of a constant single frequency, termed a “pure” tone, of the same narrow frequency and energy content of the first wheee. Another sound was white noise of the same frequencies as the scream. Significantly, a mirror image of the sound, starting high, gliding downward, and ending at a low pitch did not frighten the whales. Their inattention to this very similar sound indicated that the whales had in their minds a clear acoustic image of the sound that scared them. The whales were not simply startled by a loud and sudden sound, as a person might be if a car were to suddenly screech to a stop nearby.

Two days after my brainstorm, Charlie Gordon, our electronic technician, and I set up the equipment and I floated off in my shark cage in the usual way. Our plan was to alternate playing the scream with the pulsed attractive sound. I waited until six of the sharks were swimming near the speaker and signaled to Charlie to play the scream. To my utter amazement, the sharks around the speaker abruptly turned and accelerated away like rockets. I shouted to Charlie, “It’s incredible, they’ve gone!” Not only were sharks near the speaker frightened, but also two silkies swimming close to me near the surface turned and fled with such force that they produced huge swirls of water at the surface that impressed Charlie, who shouted, “Wow!”

I returned from this trip with my mind full of ideas. If the sounds of an adult killer whale, an occasional predator of sharks, were frightening, perhaps the sight of a little killer whale, who might (as far as the shark knew) be accompanied by a shark-eating mom, would also scare the sharks.

During my animal behavior class I had studied the work of two ethologists, Konrad Lorenz and Niko Tinbergen, both of whom had won the Nobel Prize for their studies of animal behavior. Ethologists are keenly aware of the importance to animals of a “key stimulus”—an innate, or genetically ingrained, image contained within the mind of an animal at birth that will trigger specific actions when an animal confronts the object. Lorenz and Tinbergen developed the theory of the key stimulus, which I thought might explain why newly born sharks were attracted to the pulsed sounds of their prey, even though they had never heard nor seen them before. A student at the nearby Mote Marine Laboratory had shown, as part of his research for his doctoral thesis, that baby lemon sharks, which had yet been in contact with struggling fish, were attracted by similar sounds.

According to these two pioneering ethologists, these images were not always perfectly formed in the mind at birth. For example, a male red-breasted robin defending his territory might mistake a red mop for the red breast of another territorial male. A killer whale is certainly an easily recognizable creature given its shiny black body, huge white H-shaped patch conspicuous on its belly, and two large oval white patches on either side of its body near the head. Furthermore, these fearsome, predatory whales have a large erect fin on their backs, jutting upward with a straight-edged front and a sicklelike rear edge. There are small dolphins in the genus Lissodelphis that look almost identical to the killer whale with the same white H and oval markings. I wondered whether these species of dolphins might have evolved their color pattern because the disguise might confer immunity to attacks by sharks fearful of killer whales. The shark might mistake the dolphin for a juvenile killer whale and be uncertain whether Mom was around and whether she was hungry for a meal of shark. I headed to the library and looked through scientific literature on killer whales. There were a few recorded incidents of killer whales eating sharks, but it was not a common occurrence. The whales spend most of their time in temperate and polar waters inhabited by their preferred prey, seals and sea lions, rather than in the tropics, where most sharks live.

To test my theory, I decided to play the role of the killer whale in my first scientific experiment. This was less time-consuming and certainly much cheaper than building a model of a killer whale. The real thing was out of the question, since all the killer whales that might be used in my experiment were busy performing tricks throughout the day in shows at the Miami Seaquarium and SeaWorld.

I did know of the whereabouts of some adult lemon sharks on which I could test my theory. They were being kept in a shallow fenced-off enclosure in the Florida Keys by Gerry Klay, who collected them and maintained them in seminatural confinement before sending them off to sea parks around the world. Here was the ideal site to conduct my experiment. But first I must make my killer-whale costume.

Upon returning to my home, a large sailboat, I pulled out a beautiful new wet suit and hood I had recently bought, placed it on the dock, and outlined a large H on the stomach and ovals on the neck and head. My wife and I lived at this time on a 36-foot wooden sailboat that we were in the process of renovating. White paint left over from painting the sailboat was on hand as was some quarter-inch plywood piled on the dock for future repairs of the deck of my boat. I cut out a square piece to support the fin. With a picture of a killer whale in one hand, I used the other to carefully draw the shape of a fin on the remaining plywood. After cutting out the fin with a jigsaw, I stood the fin up on the flat plate and joined the two with screws. The next step was to make two holes on the top of the backpack and two on the bottom, through which a couple of black ropes could be passed and joined by knots in order to hold the fin on my back. The final step was painting the fin a glossy black to resemble the dorsal, or top, fin, of the killer whale.

That afternoon, I went over to the Miami Seaquarium and watched how the killer whales swam in their aquarium. The success of my experiment would rest on closely imitating their movements: porpoising up and down, rolling from side to side, and beating their huge horizontal tail flukes up and down to propel themselves forward. I decided to use my long black skin-diving fins to imitate the tail flukes of the whale, holding both fins together and moving my legs up and down in the “dolphin kick” used by competitive swimmers. Having been a varsity swimmer and captain of my team in college, I found this part easy and fun.

When I practiced swimming porpoise-style along the beach in front of the marine laboratory, the preoccupied scientists walking along the pier headed toward their research boats did a double take, first thinking they might have seen a bottlenose dolphin feeding near the beach and then realizing that it was only Art Myrberg’s new graduate student. They must have wondered what kind of lunatic Art had brought into their institution.

Once I had mastered the necessary techniques, I headed south to Gerry Klay’s place on Grassy Key, about halfway between Miami and Key West. Gerry was a tall, massive, and fearless Dutchman, who had become a shark collector only after working as a mercenary in New Guinea. Gerry loved to tell stories of his dangerous escapades, such as when he joined a band of headhunters in a war party. I could just imagine Gerry, a different skin color and twice the height of everyone else, shaking a spear in his hand as he stood in the line of warriors facing their adversaries. He could have frightened the enemy because of his size alone. He loved danger, and sharks fulfilled his need for it. They also provided him with a healthy income. We both loved sharks and happily talked about them for hours on end.

Gerry was obviously surprised when I arrived at his “Sharkquarium” with my killer-whale costume under my arm. He later admitted that my getup had struck him as a bit whimsical and that he had been astonished the United States Navy would actually pay a graduate student to do something as wacky and risky as this.

On the day of the experiment, Gerry was very eager to record the outcome of my meeting with three large and nasty lemon sharks that he now kept in the lagoon. He ran into the house to pick up his camera so that he could photograph me during the experiment. He surely did not want to miss getting a photo of me being attacked by one of his sharks! He could sell it to the Miami Herald and would have made the front page that Sunday.

I got into the wet suit on the concrete platform next to the lagoon. Putting on a wet suit always takes a bit of time and effort, but one with a killer-whale fin takes even longer. Gerry took my photograph as I stood in front of him, my fingers making the V symbolic of peace, as if to request that the three sharks behave nonaggressively. I grabbed a shark billy, a small two-foot-long broom handle with a nail driven into the end of the handle and ground down to a sharp tip. I would poke the nail into the snout of a shark if it tried to bite me. I then walked across the coralline rocks, sat at the edge while putting on my fins, pushed off, and began to swim toward the sharks at the far end of the lagoon.

Each time that I came to the surface after a shallow dive, I made a sound like hiss-shoo as if expelling air from my blowhole. This is what would be expected from a killer whale. All three sharks were resting on the bottom. The smallest one suddenly accelerated off the bottom, swam twice in a tight circle not more than 6 feet in diameter, and moved frantically alongside me while rocking back and forth and moving its jaws up and down in a menacing way. The second, slightly larger shark quickly followed the example of the first. However, it was the largest shark that, after circling twice, began to move back and forth in front of me in a looping pattern. His side fins were down, his back hunched, and his jaws were held wide open, revealing many rows of white teeth.

I understood this threat behavior well from previous encounters with other sharks (blacktips and bonnetheads) in a concrete tank in Gerry’s backyard, and slowly backed away, using my hands in a sculling motion until I reached the safety of the rocks, on which I could climb to get out of the water. The aggressive behavior of the sharks was puzzling, but upon reflection, I realized that the sharks might be attempting to defend themselves because their ability to escape was thwarted by the small confines of the enclosure.

This was the kind of aggressive display that my colleague Don Nelson and his graduate student, Richard Johnson, had observed in the gray reef shark in the western Pacific island of Eniwetok. The lemon shark was trying to communicate a message to me, and this was “Keep away!” It contorted its body into a posture that made it look larger and opened and closed its mouth, showing me the weaponry it had in its biological arsenal. This behavior was similar to what I had observed when a neighbor’s massive tabby cat cornered a small gray-haired cat of mine on the stairs leading to our house. My cat suddenly swelled to twice his normal size by erecting his hair and arching his back. He also opened his mouth to expose his teeth, hissed, and jutted his sharp claws out of his soft paws. The other cat’s response was quick: it turned around and ran away as fast as possible with my cat in close pursuit. My cat stopped when he reached the edge of the yard and marched triumphantly back to me. How similar was the “display” of the lemon shark to the behavior of my cat on our doorstep?

What we needed now was a “control” to the experiment. The “variable,” my killer-whale costume, had to be changed, but all other conditions had to be kept the same. I decided that the proper control was to take my killer-whale costume off and enter the lagoon with nothing on but my bathing suit. When I came close to the same three sharks, which were again resting on the bottom in the same spot, they ignored me and remained motionless on the bottom.

“Aha!” I thought, and donned my killer-whale costume again to demonstrate its obvious effect a second time. This time, only the largest shark was lying on the bottom on the far corner of the lagoon. When I approached, the shark again accelerated into tight circles and started coming at me, moving back and forth furiously in looping fashion until it unexpectedly dashed forward with lightning speed and tried to bite me on the head. I shoved my shark billy between the two of us and pushed him to the side. He tried to grab me a second time, however, so I wheeled around to keep the shark billy between the two of us. Eventually, I reached the rocks at the edge of the lagoon unscathed, but a shiver passed down my spine as I realized I had barely escaped being bitten by this shark.

When I got up on the rocks, I hastily explained to Gerry that my experimental design was all wrong. The problem here was that the three sharks were confined in the pen and had nowhere to go. Thus, when I intruded into their space, they were unable to flee. This was the classic situation of fight or flight, in which animals, including humans, if prevented from getting away from a dangerous intruder, will stop and fight furiously. It was obvious to me that I had forced the large shark into behaving the way he did because he was unable to flee outside the confines of the lagoon. What I needed to do was test the killer-whale costume in the open ocean where sharks would be unencumbered and free to escape from the killer whale.

My opportunity soon arose when Art—recovered from his heart attack—and I were playing back the killer-whale scream to sharks off the island of Andros in the Bahamas. In a body of water called the Tongue of the Ocean, there was a large metallic buoy, 10 feet in diameter, which was moored near the island in water a half mile deep. Not only were silky sharks always near this buoy, but also pelagic whitetips, easily recognized by their rounded white-colored side and top fins. These sharks most often appeared in pairs, a male and a female. They swam so close to each other that at a distance their white patches merged into a single bright object. At the same time, the rest of their bodies blended into the background. This was because their bodies were countershaded; their backs, which were lighted from above, were darker than their undersides, which were shaded. This made the shark, when viewed from the side, a uniform blue-gray that matched the color of the surrounding water. All that was visible was a bright white object of uncertain identity. This type of object tends to attract fish in the featureless open ocean.

To Art and me, it appeared that the white patches on these pairs of whitetips together were serving as the perfect lure to attract prey to them. When we approached these lazily swimming sharks, they would suddenly accelerate forward with the most unexpected rapidity. We could just imagine how small fishes seeking refuge in the featureless ocean might be surprised and easily consumed by these sharks, who had deceived their prey by effectively mimicking a distant inanimate object.

We had come to the Tongue of the Ocean many times before to determine how attractive the pulsed sounds were to the sharks at the buoy. We would tie off the boat to the buoy with a long line and then lower our heavy underwater speaker below the boat. We would then summon the sharks away from the buoy to the speaker. On this particular day, I slipped off the end of the boat into the water and then quickly swam over to the shark cage. This was always a moment of anxiety, because I never knew whether a shark might be near. The water was crystal-clear, and not a shark was in sight. Attached to the cage was a Styrofoam buoy holding a small microphone and speaker, which I could use in communicating with Art and Charlie.

Our plan for the trip was to determine just how effective the killer-whale sound was at repelling silky and whitetip sharks. For that reason, a bleeding fish was attached to the speaker below me so that the shark would not only be attracted to sounds of prey, but also to the scent of its body fluids. Soon, I could hear the familiar sounds—borum-bodum-bodum-borum-bodum—emitting from the speaker.
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