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Foreword


For the very first time, a global civilization is poised on the brink of collapse. As the scientific community has repeatedly warned, society faces escalating chances of a large-scale nuclear war, devastating disruption of the climate, rapid disappearance of populations of animals that are vital parts of human life-support systems, degradation of the seas, widespread destruction of soils, overexploitation of many mineral resources, global spread of toxic substances (including hormone mimics) that may be “dumbing down” humanity and causing plummeting sperm counts, and widespread failures of governance. The latter, of course, is seen in the persistence of “business as usual,” where leaders and other decision-makers continue to believe that economic growth, as fast as possible, is the cure to all social ills. In fact, it is the basic disease. This lethal mindset is also seen in the utter failure of school systems and universities to dramatically revise their curricula to prepare students to deal with existential threats.

At this critical junction in human history there is obviously a crying need to inform the public about the human predicament, and to do so in a way that engages its interest as the unadorned scientific facts clearly do not. That’s where superb books such as Obstinate Nature can play an important role. A collaboration by two outstanding marine biologists, Philippe Cury and Daniel Pauly, this small volume starts by bringing some unusual animals into your life. Sea turtles, salmon, and sharks are not cuddly, but they are marvels, denizens of a world whose slow pace of change human beings find difficult to comprehend. But they are denizens well worth knowing; their ability to find their way around puts ours to shame, making our treatment of them even more shameful.

Then the authors contrast the generally slow pace of nature with the outstanding exception of runaway Homo sapiens. The exploding population of that single primate species may have doomed its civilization and much of nature in an ecological blink of an eye – a period less than a thousandth of the time since life first evolved. It has done so with a rapidly evolving brain that has permitted it to develop powerful technologies that have expanded its destructive capabilities far beyond its capacity for self-control. Fast can be exhilarating, but slow can be much less hazardous.

Whether Homo sapiens can slow down enough to avoid a collapse is the question that Cury and Pauly take on in the final part of this book. Can the human enterprise be humanely reduced to a size that is sustainable for at least another millennium? Can population shrinkage be maintained as a policy goal for, say, a century? Can aggregate consumption by the rich be reduced dramatically while enabling the poor to consume more? Can politicians be trained to talk of the need for redistribution and to fight a war against growth?

Cury and Pauly do not answer these supremely challenging questions, but I hope they will start you thinking about them. And here fast is better than slow, since the situation is growing desperate and the time to start changing the trajectory of civilization is now. Obstinate Nature should be required reading for every college freshman.

– Paul R. Ehrlich






Translators’ note


The translation from the French of Mange tes méduses ! Réconcilier les cycles de la vie et la flèche du temps (Odile Jacob, 2013) and its updating proceeded in several steps. First, Sandra Pauly generated a rough translation using Google Translate, bilingual dictionaries, and lots of patience. This phase also involved checking against the English originals various quotes that had been back-translated from French to English, a more tedious task than it seemed at first.

The second phase, by Daniel Pauly, involved verifying the first draft and replacing the French colloquialisms with suitable analogs in English. This phase also involved removing anecdotes by and references to more obscure French authors.

The remaining French sources, however, will be enough to convince the readers that there is more to “French theory” than the puns of Jacko Derrida and other postmodernists so appreciated by the English departments of North American universities.

A third phase consisted of updating the content by almost a decade. This was done particularly in the section dealing with the emergence of Homo sapiens and the peopling of the earth, and in the section dealing with marine sciences, where developments have been rapid. The latter discipline, it should be noted, still receives great emphasis throughout the text, mainly because the two authors are marine scientists and have contributed to the field’s evolution.

We had to abandon the original title – which translates to Eat Your Jellyfish! Reconciling the Cycles of Life and the Arrow of Time – because it led to confusion in France and other francophone countries. Its admonition was meant to illustrate a future in which children are told to eat their jellyfish because there is no other (sea)food to eat. However, the title was too cute; potential readers and reviewers thought it was a book about jellyfish, or even a cookbook. Thus the English version has a more appropriate title.

Finally, we thank Jay Maclean, an old colleague and friend, for editing the text presented here, and Ms. Evelyn Liu for our updated figures.

– Daniel Pauly and Sandra Wade Pauly
March 2018
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        “He is the happiest man who can set the end of his life in connection with the beginning.”


        – Johann Wolfgang von Goethe1



      


    


    

      Philippe Cury and Daniel Pauly met thirty years ago through a common friend, Andy Bakun, an oceanographer in Monterey, California, and head of the Pacific Fisheries Environmental Group, a laboratory working on the relationship between fish populations and climate. Daniel came every year to visit his in-laws on the Monterey Peninsula and often stopped to chat with Andy. The Pacific Environmental Group was at the time a leader in fisheries science, one of the most original groups one could imagine: strong personalities, similar to the characters of John Steinbeck’s Cannery Row, working in a magical setting near the Pacific Ocean and not far from the laboratory of Ed Ricketts, the larger-than-life character of Steinbeck’s novel. Philippe spent a year working with this group of scientists, and there he met Daniel.


      After obtaining his doctorate in Germany in 1979, Daniel was based in the Philippines for many years, and then in Vancouver, British Columbia, while traveling all over the world. Philippe graduated in France and has since worked in Senegal, Côte d’Ivoire, California, and South Africa. Both of us have worked with researchers in developing countries and attempted to empower the scientists working there, who are often deprived of adequate resources to carry out their research.


      We had never formally worked together, but our paths had crossed many times at scientific events around the world. Gradually we developed a close relationship based, among other things, on a shared passion for the work of Charles Darwin. Also, as fisheries scientists, we both came to believe it was our duty to communicate to the public not only the scale of the global fisheries crisis, but also the concepts that shape the actions of governments when they address fisheries issues, or more generally the management of renewable resources.


      It was with great pleasure that we collaborated on the original French version of this book over several months in 2009. At the invitation of the IRD (French National Research Institute for Sustainable Development), an agency for research in the developing world, Daniel spent the year in Sète at the Center for Tropical and Mediterranean Research, of which Philippe was the director.


      This little book, translated into English and updated by Daniel Pauly and his wife, Sandra, tells a very simple story in three acts. In the first, Chapter 1, we show that nature, which ultimately produced us humans, tends to change very slowly – much too slowly for us to perceive its trends. Most of what we perceive as “change” is actually part of regular cycles, for example seasonal ones repeated over centuries and millennia. In nature, animals and plants reproduce in cycles that are hundreds of thousands or even millions of years old. (At least this was true before global warming.)


      In the second act, Chapter 2, we show that we humans have managed to weaken the natural constraints that kept our population in check: for example, by getting rid of large predators, controlling plant and animal resources, and fighting diseases. The resulting population explosion is impressive, and the entire world has since been colonized by humans who have access to all of the planet’s natural resources, be they arable land, aquifers, or remote fishing grounds. Thus, while nature is characterized by natural cycles, human beings can be characterized by an unwavering arrow of time (often called “progress”) and continual expansion.


      In the third and final chapter, we discuss the problems that arise when our arrow of time is imposed on the cycles of nature. As Paul Ehrlich notes in the foreword he kindly contributed, the cycles and the arrow are incompatible, which leads either to the destruction of nature – currently happening before our very eyes – or to finding ways to transform our economy to be compatible with natural cycles, to break the arrow of our blind expansion. If we can do the latter, we will have attained the sustainability we so badly need. If we do not, we will no longer have any need to write about sustainability.


    


  







CHAPTER 1

The Cycles of Life


“I wonder if I’ve been changed in the night. Let me think. Was I the same when I got up this morning? I almost think I can remember feeling a little different. But if I’m not the same, the next question is ‘Who in the world am I?’ Ah, that’s the great puzzle!”

– Lewis Carroll, Alice’s Adventures in Wonderland1






Animals spend huge amounts of energy to complete their life cycles. Marine turtles, salmon, cod, sharks, and birds travel thousands of kilometers to return to their place of birth to reproduce. Other animals, such as jellyfish, undergo various transformations to achieve the same goal. Careful study by pioneering naturalists has unveiled the complexity of these behaviors and the existence of slow cycles in nature, which are fragile despite appearances to the contrary. Our perception of nature is quite different: we perceive animals as belonging to a category of machines designed to satisfy human needs. This is the deadly misunderstanding between Homo sapiens and other living beings.

The millions of sardines that school in the oceans, the thousands of salmon migrating up a river, or the hundreds of sea turtles climbing laboriously onto a beach to breed all seem identical to the untrained observer, no matter how attentive. Yet, like us humans, each individual is different, its life not quite the same as that of its relatives or its immediate neighbors. Each individual differs in subtle ways from its conspecifics. But most of this diversity eludes us. To us, a salmon is a salmon, a sea turtle is a sea turtle, and a bird is a bird. This is how we perceive the living world: by the yardstick of resemblance. Yet, in the wild, all salmon, sea turtles, and birds are different, even when they belong to the same species or population.

Nature also sometimes seems baroque, in that it often takes very winding paths to reach its ultimate goal: reproduction. Solutions that we perceive as optimal are not always the ones that are favored. This is certainly one reason it took so long for us to realize that each individual animal has unique habits and preferences. Another reason was the difficulty of observing individuals and understanding their actions. For this, it was necessary to first give meaning to this diversity among individuals.2 What is it for? Is it really helpful? Why has nature created millions, often billions, of individuals differing only in the details of their shapes or behaviors? All these questions are fundamental but difficult, both in terms of observations and at the theoretical, even philosophical level. Naturalists have been perplexed by the sometimes confusing multitude of animals. Studying diversity among individuals of the same species has never really been at the heart of ecological studies,3 and only a few passionate naturalists have plumbed the depth of this mystery.


Our origins on land and sea

Charles Darwin opined that “the migration of young birds across broad tracts of the sea, & the migration of young salmon from fresh into saltwater, & the return of both to their birthplaces, have often been justly advanced as surprising instincts.” This quote, originally part of a draft of On the Origin of Species by Means of Natural Selection, was deleted before publication and published posthumously.4 However, similar observations appear in the various “notebooks” the great naturalist kept in order to stimulate his reflections.5 During his long voyage on the HMS Beagle, from December 1831 to October 1836,6 Darwin recorded all his field observations and theoretical reflections in such notebooks, when he was not scribbling thoughts about his projects on disparate pieces of paper – a habit he kept all his life.

Darwin loved life in all its forms and in all its complexity, considering each observation or reflection worthy of pursuit. As a careful naturalist, he knew that in order to develop a convincing, broad theory, he had to patiently and methodically resolve its difficulties, one after another. In the process, he would accumulate a mountain of facts to overcome doubters. Darwin’s notebooks from 1837 contain observations on animal behavior, which he planned to include in the major book of which On the Origin of Species was an “abstract” published in 1859.7 Later he thought the behavior of individuals, about which he had continued to collect information, was a topic too important for the amount of time he could devote to it, and contacted a colleague, the British naturalist and psychologist George John Romanes, encouraging him to orient his research toward the development of mental abilities in animals.

The question of animals’ instincts and ability to learn is one that should be studied carefully before stirring up controversies.8 In Darwin a new type of naturalist was born: not someone who studied only dead animals in museums, but a traveler, an observer of nature, whose discoveries could lead to an understanding of nature’s intimate workings. However, the subject of affection – even love and solidarity and cooperation – among fish, birds, and mammals opened the door to comparisons between humans and animals, an idea that was barely tolerable in Darwin’s time – it inevitably implied that humans had instincts as well, another outrageous notion.9

Darwin saw individual variations in animal instinct as no more or less than the variation of other biological traits on which natural selection works, but he wanted his colleague Romanes, who worked on animal intelligence, to explore these variations in detail. Unable to take up this intellectual challenge, Romanes did not elaborate a theory of instincts and their variations. However, well after Darwin’s death, he published two essays entitled “Mental Evolution in Animals,” to which were appended Darwin’s notes on “instinct.”10

“But how a small and tender bird coming from Africa and Spain, after traversing the sea, find the very same hedge-row in the middle of England, where it made its nest last season, is truly marvelous,” noted Darwin, who continued to be amazed by animal habits. This “natural instinct,” he posited, not only allowed migratory birds to return to the place where they were hatched, but also allowed fish such as salmon to do the same. However, he observed, the “migratory salmon, also, often fails in returning to its own river.”11

The few facts reported in Notebook B and the attendant Darwinian research program bearing on our behavior can be said to have originated in the second half the twentieth century with ethology, or the study of animal behavior. With this emergence, instinct took on a deeper meaning, that of an ancestral legacy – a genetic, behavioral, and cognitive program resulting from a long evolutionary history. Since nature does not speak, it is necessary to follow individuals throughout their life cycle to understand that each one has its own survival solutions. Individuals do not seek an optimal solution valid for all individuals; rather, they make the best of the experience they have inherited from their parents and grandparents. The reality of individual life cycles that so intrigued Darwin has since been unveiled for species such as sea turtles, salmon, birds (figure 1), sharks, and cod, all by nature-loving naturalists who took the time to observe it.




Archie Carr’s sea turtles

The French author La Fontaine warned that we should never underestimate slowness. In his famous fable “The Tortoise and the Hare,” he tells us that perseverance, when combined with slowness, can be a quality that surpasses many others. However, slowness is often viewed as bad. Various dictionaries define it negatively: as “lack of rapidity in movement and in action,” for instance, or “the quality or state of lacking intelligence or quickness of mind.”12

Turtles, whether marine or terrestrial, share either a great defect or a special quality: slowness.13 While the overall shape and lifestyle of marine turtles remained unchanged for some two hundred million years, thousands of other groups appeared and/or disappeared, notably the non-avian dinosaurs. Such longevity is in itself worthy of consideration. However, the turtles’ pattern of persistence has not always been a source of wonder. Before they became a subject of study, especially among conservationists, turtles were often seen as repulsive, even frightening.

“The tortoise uttered horrible shrieks when its head was smashed with iron hooks; his screams could have been heard at a quarter of a league; and his mouth, foaming with rage, exhaled a very stinky vapor.” So said Monsieur de la Font, chief engineer of the French port city of Nantes, of an unusual catch in the area north of the estuary of the Loire River on August 4, 1729: a two- to three-meter “fish” that scholars identified as a leatherback turtle.14 On October 25, 1752, the herring fishers of Dieppe, a port city in Normandy, took into their net a “monstrous beast,” an “extraordinary fish.” Seized with terror, they managed to tie up the animal and bring it back alive to the harbor. At a length of 2.15 meters and weighing 416 kilograms, the animal attracted a crowd of curious onlookers. Twenty-four hours after its capture, it was bought for fifty crowns by the queen’s purveyor, who sent it immediately to the court at Fontainebleau to be served at the royal table.15

Turtles have always fascinated people. The shell that covers them is a feature that prevents them from ever going unnoticed. Pliny the Elder, a Roman naturalist and author of a monumental encyclopedia, the Natural History, wrote on the differences between terrestrial, marine, and freshwater turtles. He was the first to describe the biology of marine turtles,16 noting that “the turtle has no teeth; but the edges of the mouth are sharp, the upper jaw closing on the lower like the lid of a box. In the sea, it lives on shellfish, and has such hard jaws that it is able to break stones; when on land, it lives on herbage. The female turtles lay eggs like those of birds, one hundred in number; those, she buries on dry land and covers them with earth which she pats down with her breast; then having rendered it smooth, she sits on them during the night…”17

It was not until several centuries later that we came to understand the biology and ecology of these enigmatic animals, which disappear at sea for decades before returning to beaches to lay and bury their eggs.

The anonymous author of the 1878 book The Great Fisheries of the World18 mentions catches of sea turtles that came onto the beach at full moon to reproduce, whereupon they were taken by locals who ate their eggs and meat and made ornaments from the scales of their shells. Irish traveler Sir Emerson Tennent reported that, according to local lore, marine turtles return to the same place from one year to the next to lay eggs, which facilitates their capture. In 1826, he said, one of the scaled (or “caretta”) turtles recovered on a beach was found to have a mark on one of its legs made thirty years earlier by a Danish officer hoping to prove that the turtles returned to the same beaches. It took many years for researchers to demonstrate the validity of this observation, which established marine turtles’ “return to the fold” behavior.19

In the United States, herpetology (the study of reptiles and amphibians) has a rich history. The great explorers of the eighteenth and nineteenth centuries, such as John James Audubon and William Bertram, collected reptiles during their long explorations of North America. Drawings from that time represent alligators as monsters emerging from the waters with fish in their powerful jaws. It was not until the work of Louis Agassiz (1807–1873), a Swiss immigrant who taught zoology at Harvard, that knowledge of American reptiles developed systematically.

Still, in the early twentieth century, zoology professor Theodore H. Hubbell understood that the studies on Florida’s fauna published at the time were very incomplete, and that economic development required a better understanding of natural resources. He recruited several young students who “loved Florida and were passionate about field studies” to begin studying the state’s reptiles.

With turtle-like perseverance, Archie Carr – one of the first students from this group to obtain his doctorate, in 1937 – studied marine turtles throughout his life.20 The reasons for this passion date back to his childhood: Carr inherited a love for nature from his father, a Presbyterian minister who was also a knowledgeable hunter and fisher.21 When Archie was young, during holidays home in Georgia, he would spend whole days engaged in capturing the turtles going up the river in search of oysters and other food. He particularly remembered a giant turtle he had seen for six consecutive years, which weighed more than a quarter of a ton. He was able to identify it because, in addition to its size, the turtle bore a distinctive barnacle that had taken up residence on its shell above the right eye.

Carr was fascinated by slow animals. On field trips to Central America, he spent long hours in the sun watching chameleons and sloths. He studied the evolutionary implications of their behavior and of animal slowness in general. It is reported that he devoted five days of sustained attention to two sloths of opposite sex, slowly moving toward each other. They were less than two feet apart when a child came to tell him he had to resume his trip: his plane had been repaired and the crew awaited him. Imagine his frustration – five days of waiting, and still he had not seen how sloths mated! Nonetheless, he had to return to study the migrations of marine turtles.

The first approaches to tracking these migrations were bizarre by today’s standards. In the 1960s, Carr and his colleagues conducted their first marking experiments by inflating large, brightly colored helium balloons and attaching them to the shells of marine turtles. A photo taken by his wife, Marjorie, reminds us of this pioneering period: he can be seen on the beach surrounded by multicolored balloons pulled along by hapless sea turtles. The results were without scientific interest, and Carr quickly turned to other more effective techniques, replacing the balloons with small markers that could be followed by radio. The application of telemetry, which uses optical, acoustic, or electronic “tags,” allowed the turtles’ individual movements to be monitored remotely. This convinced Carr of a new era opening for the study of how turtles migrated and how they found their way from feeding to breeding areas.

Archie Carr loved turtles; he also loved the people for whom turtles were a resource, particularly in the Caribbean. Indeed, he loved life in all its forms, without value judgment. His books contain many descriptions of places and customs, immersing the reader in the atmosphere of the Caribbean. He was interested in myths about nature and the stories people tell about animals. He spent hours talking with and surveying turtle fishers and poachers, as well as sellers of souvenirs made from turtle shells, thus collecting valuable information on fishing areas, egg-laying periods, past abundances, and everything a naturalist needed to know about turtle biology. He had great respect for traditional knowledge.

When Carr returned to the United States after his long field trips to Central America, particularly Honduras, he published recommendations to develop research partnerships in these countries. Among other things, he recommended that scientists in the United States cease to underestimate the intelligence of the rural peoples of Central America, and begin helping their countries conduct campaigns for the conservation and restoration of renewable resources in general, turtles in particular. Carr knew the habits of the locals, especially those of the egg collectors with whom he spent a great deal of time (he often ate turtle eggs, which are reportedly delicious with salt and lemon). He learned from them where and when female sea turtles returned to lay eggs on beaches, which became the basis for his many discoveries on the biology and migrations of turtles.

Carr then realized it was necessary to write up his knowledge, so he rolled up his sleeves and described seventy-nine species and subspecies of turtles in the United States, Canada, and Mexico. During his field campaigns, which lasted more than six years, he collected more than fourteen thousand specimens and examined twenty-five thousand, a Herculean effort. Carr understood that biogeographic or occurrence records – which species occurred where and when – were central to ecological studies and also crucial for conservation, as opposed to studies concentrating on taxonomy.22

The biology of turtles is now well known, thanks to the efforts of Carr and many others who have had the patience to observe and collect information from the field. Marine turtles inhabit tropical and subtropical waters and are known for their very long migrations: more than five thousand kilometers can separate their nesting sites from their feeding areas. Each year, several times a season, females of reproductive age come to “their” beach to lay from ten to more than one hundred eggs. For species like the leatherback turtle, which can reach 2.7 meters and weigh one ton, a great deal of energy is needed to climb out of the water.

Turtles bury their eggs in a nest they dig in the sand; the eggs then develop by themselves. The hatchlings emerge several weeks later and crawl to the sea as quickly as possible to escape those predators who have patiently awaited their hatching: crabs, raccoons, seagulls, foxes, and birds. Usually only one hatchling out of thousands escapes this carnage. Once in the sea, the young turtles who have not been eaten by predatory fish move at the whim of the currents, trying to find floating objects on which to rest and drift. Thanks to their finlike forelimbs and their hindlegs that serve as rudders, they can move efficiently in water. They feed on algae, seagrass, shellfish, small fish, and jellyfish. Turtles grow slowly,23 and when they reach maturity at age nine (or more, depending on the species), they return to their birth beach, completing their life cycle. Leatherback turtles reach first maturity at fifty to sixty years; their lifespan is about one hundred.

Of the twenty-eight thousand turtles that Archie Carr tagged over the course of his long career, none appears to have laid its eggs on a beach different from that of its birth. Some turtles do lay their eggs on other beaches, but genetic studies indicate that on average fewer than one turtle out of ten thousand does so. The fidelity of female leatherback turtles to their place of birth is almost absolute: for seventeen years, a marked female returned twenty-six times to the same segment of the same beach to lay eggs, hundreds of kilometers from her feeding grounds. She became a mascot to Carr, who knew her as an old friend.

The behavior of male turtles, however, long remained an enigma, as they do not accompany the females to the beaches, and fertilization occurs at sea. A recent study shows that males do behave in the same way as females and return to the area of their birth, but do not climb onto the beach.24

The precision of the females’ “homing” behavior is troubling, and only very recently has its mechanism been elucidated. It was known that some marine animals use the earth’s magnetic field to navigate. A team led by Kenneth Lochmann of the University of North Carolina demonstrated that individuals memorize a unique magnetic signature at the place and time of their birth. At breeding time, each sea turtle searches for its birthplace using the angle of inclination and magnetic intensity that precisely define the beach in question.25 This is an extremely accurate and effective way to find home.

Sometimes a photo can summarize a career. For the naturalist Archie Carr, it is a snapshot taken in 1961: a middle-aged man kneeling on a beach, carefully and kindly watching hundreds of small marine turtles as they hatch and hurry to the ocean. Toward the end of his life, when asked why he had devoted his research career to studying the ecology and migrations of marine turtles, he offered the following simple answer: “I just liked the look on their faces. There is an old, wise, sort of durable, aboriginal look about turtles that fascinates people.”




Izaak Walton’s salmon

In Welsh Celtic mythology, Mabon ap Modron (Mabon, son of Modron) is the “divine son” of Modron, the “divine mother,” and Gwynn ap Nudd is the “hunting god.” Mabon was kidnapped from his mother three days after his birth and sequestered in the Annwvyn, the Welsh “Other World,” until he was freed by King Arthur. The place where he was held prisoner, Caer Loyw, is described as an ayot, a river island. To reach Mabon ap Modron, one had to ride on the “shoulders” of Llyn Llyw’s salmon, the oldest animal in creation and the only creature to know the secret place. This legend shows just how mysterious the behavior of salmon was. Indeed, both Atlantic and Pacific salmon have fueled human curiosity for centuries. Great travelers, salmon have complex life cycles: they live in both freshwater and seawater, and undergo profound morphological and physiological changes as they move between these media.

One of the earliest ichthyologists, Guillaume Rondelet, observed as early as 155826 that small salmon (i.e., parr) bore an uncanny resemblance to small trout. To him, the parr was a small salmon that was born and lived in a river, while the oceans held large salmon and their offspring. At the time it was thought to be unlikely that a species could exist in both freshwater and seawater. Rondelet thought that small and large salmon represented two distinct species, and that the parr frequented the rivers to “refresh” themselves but could not grow there because of the cold temperatures.

In 1873, when James Bertram published his famous book The Harvest of the Sea,27 he reviewed what he called “the mystery of salmon growth.” He contradicted authors who had claimed that, after forty-eight hours of incubation, fifteen-centimeter salmon hatched from pea-sized eggs (almost a form of spontaneous generation!). If this fish story was easy to reject, there was another, far more important controversy about salmon to resolve. At the time, hundreds of thousands of small fish resembling small trout were caught in English rivers, so many that the farmers gave them to their pigs. These fish were considered a distinct species, although they were very similar physically to small trout. If they were transplanted into the sea, they would die almost instantly.

James Hogg, a Scottish poet and novelist in the early eighteenth century, started his career keeping sheep, which gave him many opportunities to observe the rivers in which salmon abounded. Sometimes he caught young, brightly trimmed salmon preparing to go to sea. Their scales were detached from the body and revealed flanks with blue-gray stripes. For Hogg, there was no doubt that these fish being caught in enormous quantities were none other than small salmon; it was thus necessary to stop this incredible waste. He marked a large number of small fish by notching their fins and offered a reward (whiskey at the local tavern!) to those who brought back fry transformed into salmon. A system of fraud soon took place in which Hogg’s notches were imitated to satisfy dry throats! The problem was solved in 1833 when Mr. Shaw, a forester by trade, developed a more rigorous approach: he captured the famous fry and put them in a fenced-off river arm to prevent them from escaping. There, after a year, all the fish put on their beautiful silver finery: they had become “smolt,” i.e. young salmon ready to face the oceans. Through this simple experiment, Shaw demonstrated that these fish were not a distinct species, simply young salmon.

The reproductive migrations of salmon from the ocean back into rivers were described by another Englishman, Izaak Walton, who owes his fame to a book entitled The Compleat Angler, written ten years after he left London for Staffordshire. A popular book full of songs, poems, quotations, and fascinating anecdotes, it gives a philosophical dimension to fishing, framing it as a communion with nature.28 After its first publication in 1663, Walton continued to work on subsequent editions for more than a quarter of a century. Passionate about fly-fishing, Walton tracked down what he called the king of fish: salmon. He had observed them spawning in gravel pits, and he knew young salmon went to sea before winter. As for their migration between the sea and rivers, he compared them to wealthy people who inhabit one house in summer and another in winter: the cool rivers for the summer and the temperate sea for the winter.29

To deepen his knowledge of these migrations, Walton had the idea to tie small ribbons around the tails of young salmon preparing to go to sea. Seeing them returning as adults, he concluded the following: “I have told you that Sir Francis Bacon observes, the age of a salmon exceeds not ten years; so let me next tell you, that his growth is very sudden: it is said, that, after he is got into the sea, he becomes, from a samlet not so big as a gudgeon, to be a salmon, in as short a time as a gosling becomes to be a goose. Much of this, has been observed; by tying a ribband, or some known tape or thread, in the tail of some young salmons, which have been taken in weirs as they have swimmed toward the salt water; and then by taking a part of them, again with this known mark, at the same place, at their return from the sea, which is usually about six months after; (and the like experiment hath been tried upon young swallows; who have, after six months’ absence, been observed to return to the same chimney, there to make their nests and habitations for the summer following:) which has inclined many to think, that every salmon usually returns to the same river in which it was bred; as young pigeons, taken out of the same dove-cote, have also been observed to do.”

In the eighteenth century, considerable catches of more than four thousand salmon per fishing season took place in Châteaulin in Brittany, in the northwest of France. In 1770, Gaspard Guillard de Beaurieu noted that salmon are active, smart fish “attached to a future that they do not know.” He also mentions that salmon “leave the seas when they are become real salmon, because then they move up the River Rhine, and travel to their native country to multiply their species.”30

In his Treatise on Salmon Fishing, André-François Boureau-Deslandes, wondering about the accuracy of stories of salmon seeking their river of birth, reported that he devised a method to test this idea in 1784: “I had instructed the fishers of Châteaulin to retain a dozen salmon among those descending the river, and after having attached to each a small copper ring near their tail, to put them back into the water, which they executed with great skill, and in three different years; I then learned from them that they had recovered some of these salmon, one after five years, another three, another two.”31 This experiment, carried out with the same simple methods Walton had used in England a century earlier, confirmed that the salmon returned to their river of origin to spawn.

Today, the life cycles of Atlantic salmon and of the seven species of Pacific salmon are known mainly because of their economic and recreational importance. Salmon are anadromous fishes – i.e., capable of living in both freshwater and seawater, changing environments in a puzzling way. When breeding in freshwater, the female digs a nest in the gravel of the river with her tail and deposits the ova. At the same time, the male at her side deposits his sperm. Sometimes other males try to fertilize the ova, although the male chosen by the female tries to repel them. The female covers the fertilized eggs with gravel to shelter them from predators. The eggs, laid in autumn, spend the winter buried in the gravel, oxygenated by the flowing water of the river. Hatching occurs in early spring, depending on the temperature. The fry then burrow a little deeper into the gravel, which prevents them from being carried away by the spring freshets; they remain there for several weeks, feeding on the reserves in their yolk sac. Then they emerge from the gravel and begin to feed on insect larvae.

Soon the fry turn into parr: their body grows (by about 5 centimeters) and bluish gray stripes interspersed with red dots appear on their flanks. Their mouth also enlarges, allowing them to swallow larger prey such as worms, insects, and even other fry. When they reach a size of fourteen to fifteen centimeters, parr gradually transform into smolt and profound changes occur: their body lengthens, their scales become silvery and more fragile, and their coloring loses its bands. Their gills also undergo great changes. The smolt are then ready to discover the ocean environment. After a minimum of twelve months in fresh water, they reach the sea to grow for one to two years. Their movements appear then to depend on currents and food sources, including jellyfish.32 By contrast, return migrations are focused, fast, and accurate. The return period for a given spawning area is fixed and the salmon gather at the river mouth before beginning their migration to their birth rivers. They swim up rivers and streams, expending considerable energy to return to the precise location of their ancestors’ spawning grounds, as if there were no other solution. Exhausted and emaciated, most Pacific salmon reproduce and die in the spawning ground, while Atlantic salmon can survive to migrate again.

Atlantic salmon breeding in the rivers of Maine, in the United States, travel more than four thousand kilometers between breeding and feeding areas. In France, Loire-Allier salmon travel almost a thousand kilometers to reach their spawning grounds in the Haut-Allier. Pacific salmon travel several thousand kilometers from feeding grounds in Alaska to their spawning grounds in British Columbia.

Why do adult salmon leave the ocean, so rich in food, to face the downstream flow of rivers? Why do they risk their lives to travel thousands of kilometers and move into small brooks to breed? Researchers have tried to discover the mechanisms by which salmon return to their natal river. They transplanted freshly spawned and fertilized eggs into a different river to see if the adult fish would return to their adoptive or original river. The result was unambiguous: the salmon returned to the watercourse to which they had been imprinted, i.e. the river where they spent thirty-six to forty-eight hours after hatching. This was enough to memorize the smell of the natal water and perhaps other characteristics of the spawning ground. Researchers moving young fish from one river to another found that the imprint did not fade away. These studies did not lead to an understanding of the mechanism salmon use to find their way back to where they were hatched. Salmon’s fidelity rate to their original river is about 90 to 98 percent, lower than that of turtles. The most disturbing fact remains individuals’ lack of adaptability in the face of adverse situations. One might think that salmon that detect abnormal conditions such as pollution or destruction of the spawning grounds, or that are unable to reach the spawning ground, would change their route to breed in a new location. This is not the case: salmon remain obstinate.

In 1924, a rockslide fell into the river at Hell’s Gate on the Fraser River in British Columbia, preventing millions of salmon from swimming upstream, and they died there. On March 27, 1964, an earthquake in Alaska caused the collapse of a segment of a river where a large number of salmon used to spawn. They continued to spawn there, even though the water had become unsuitable for the survival of the eggs.

In 1925, most of the streams in British Columbia were historically low, warmed to 17.6°C, and lacking oxygen: tens of thousands of salmon perished without breeding, to the delight of predators such as bears, foxes, eagles, and gulls. Elsewhere, salmon vainly attempted to cross the dams built on the rivers. Rather than changing course, the salmon died en masse. At other times, the number of salmon from the same spawning ground is so high that a “reproductive bottleneck” occurs; many die before they can reproduce, after fighting hard with other salmon for a site in which to build their nest.




Konrad Lorenz’s geese and other birds

“Great men go by foot,” Ludwig van Beethoven used to say before his daily inspirational walk. It seems this is common among great minds: Darwin paced every day to ponder new facts and work through his ideas.33 Konrad Lorenz, Austrian ethologist and winner of the Nobel Prize for Medicine and Physiology,34 also had a favorite route to walk to work.

Lorenz, an intuitive man guided by a great love of animals, had the temperament of a naturalist interested in everything about nature. According to his students, he was frequently late for his courses at the Max Planck Institute because he had taken advantage of his walk to make observations. One story goes that, having studied the map of Munich, where he lived, Lorenz’s students proposed a more “rational” route with fewer detours. Lorenz tried out the new route, but it turned out to his detriment and that of the students: he became morose until he returned to his original route, the one that inspired him. Like Darwin, whom he admired, Lorenz enjoyed living in the countryside and observing animals in their natural environment. Very early in life, he became passionate about studying animal behavior. At the age of six, his mother gave him a newly hatched duckling. The duckling uttered a cry of abandonment. Moved, the little boy replied, imitating the cry of the duck; the duckling followed him and became his friend. Later, Lorenz adopted a young jackdaw that he named Tschok, and observed a surprising phenomenon: as an adult, Tschok did not want to leave him, and stayed with him instead of joining the other jackdaws to breed. The young zoologist began raising jackdaws and geese to understand their behavior. He also conducted experiments with newly hatched goslings. He noticed that the chicks attached themselves to their mother and followed her unerringly, but also that they could attach themselves to the first moving object they perceived at hatching, as if it were their mother.

In the 1930s, via a series of experiments, Lorenz learned that goslings had the capacity for rapid and permanent acquisition of specific characteristics that guided their subsequent behavior: for example, the future choice of mate. He observed that chicks would follow him, while others would follow a simple colored balloon. The subsequent appearance of the true mother changed nothing: the birds were permanently attached to the first object they saw when they hatched, which left an indelible imprint. In the case of graylag geese, this imprint occurred exactly between thirteen and sixteen hours after hatching. The photos of the ethologist followed by his geese, who had identified him as a mother figure, are now famous. Since Lorenz’s discoveries on animal behavior, research has shown that geese are not the only birds to use imprinting as a structuring element.

Birds are tireless navigators, undertaking large-scale migrations between their feeding and breeding areas from one season to the next. Anders Hedenström of Lund University in Sweden has shown that migratory birds such as the bar-tailed godwit (Limosa lapponica) are able to cover more than eleven thousand kilometers during their autumn migration, from Alaska to New Zealand, in just eight days without stopping or feeding.35 Cuckoos, a migratory species, also travel great distances to their breeding grounds, where they reproduce in the nasty way that has made them famous: laying eggs in the nests of other, smaller bird species and having their young raised by “surrogate” or adoptive parents – a reproductive strategy that qualifies cuckoos as parasites. The European cuckoo (Cuculus canorus) is known to regularly parasitize eleven bird species, all with eggs of different colors and shapes. How do cuckoos find their hosts and deceive them?

Yvonne Teuschl and her colleagues at the Konrad-Lorenz Institute in Vienna attempted to better understand cuckoos’ reproductive ploys. Field observations showed that female cuckoos tend to parasitize a single bird species whose eggs have a similar appearance to theirs, which deceives the “adoptive” parents. Mimicry of the egg is indeed important. The chicks can be completely different; the adoptive parents will not notice anything untoward as long as the cuckoo’s eggs look like their own. The researchers were interested in how the cuckoo female selected the host species without mistaking the target. Among the hypotheses considered, the researchers favored the idea that the cuckoos first selected the geographical zones of their birth thanks to the imprint of the place they originally acquired, then selected the nest of the species they had parasitized as chicks.36 The trap set, the chick could grow at the cost of the deceived would-be parents.

Sexual imprinting, by which a chick memorizes the characteristics of potential future mates, is a frequent process that has now been observed in many bird species. Confusion will obviously occur when the chicks imprint on a species other than theirs and adults try to mate with that species.

The well-known documentary The March of the Penguins, whose characters are Emperor penguins (Aptenodytes forsteri), illustrates the difficult life cycles of animals living under extreme conditions. Penguins breed in one of the most inhospitable regions of the world, Antarctica, in winter, when temperatures can drop to –60°C and winds can exceed 160 kilometers per hour. Emperor penguins mature at three years old; their annual breeding cycle begins at the beginning of the austral autumn, March and April, when all adult Emperor penguins head for the nesting areas of their colonies. Risking their lives, they undertake a great journey on the ice from the periphery of the pack ice 50 to 120 kilometers inland to the place where they hatched, returning unerringly from year to year. The female lays a single egg, which the male incubates while she returns to the sea to seek food. Because the ground is covered with ice, Emperor penguins do not make a nest, but carry the egg on top of their feet, which are covered by a thick fold of skin that keeps the temperature above 30°C – i.e., a tropical temperature. By the time the egg hatches, the male has fasted for about 115 days since arriving at the colony. The female returns at the time of hatching, or up to ten days afterwards, in mid-July or early August. She finds her partner thanks to his and her unique calls, and feeds her child by regurgitating the food she has stored in her stomach. The male then returns to the ocean to feed and spends about twenty-four days there before returning. The two parents then take turns caring for their chick and going to the sea to feed.

It is estimated that one out of five chicks survives to adulthood and 1 percent reach the age of fifty. The life cycle of these birds illustrates that even in extreme environmental conditions reproduction cannot be improvised: it is necessary to remain faithful to solutions proven to work.




Gutteridge’s sharks

“This fish eats others, it is very greedy, it devours whole men, as we know from experience; for in Nice and Marseilles they have formerly taken sharks, in the stomach of which they have found an entire man and its weapons.” Guillaume Rondelet, like many other authors in the sixteenth century, saw in the shark a “bloody monster.”37 Indeed, the word for shark in French, requin, is a corruption of requiem, which in Latin denotes death and eternal rest. Sharks have always had a bad reputation. This reputation is not justified; the worldwide annual number of human deaths caused by sharks does not exceed a dozen.

Sharks are obviously much faster than turtles and are capable of speeds of up fifty kilometers per hour, as in the case of the mako shark, which belongs to the same family as the great white shark. Like sea turtles, sharks have evolved very slowly. They first appeared about 430 million years ago; most adopted their modern form during the Cretaceous Period, 100 million years ago, with little change since. Sharks possess fascinating reproductive behaviors and life cycles. They differ from most bony fishes in that they have copulatory organs that allow internal fertilization. Thus, sharks generally give birth to a small number of well-developed pups. In most shark species, the ratio of brain to body size exceeds that observed in mammals or birds, which also suggests complex behaviors.

Sharks gather in large numbers and in specific locations to breed. This allows the females to choose their partner, and for the males to compete to be chosen. Many species require nursery areas that provide suitable prey for their young. There are very few studies on the biology and reproductive behavior of sharks because they are frequent travelers with long lifespans, and it is often difficult to directly observe their breeding habits. Sharks migrate over very long distances and occupy a variety of habitats; they are found both on the surface and at depths of 2,500 meters. Some species, for example the bulldog shark (Carcharhinus leucas), can live in water with reduced salinity, such as estuaries, or even in freshwater, such as in tropical rivers and lakes.

Sharks are perceived by the general public as “killing machines” or “swimming noses”: wild, solitary, brutal, antisocial animals. In the nineteenth century they were considered “pirates of the seas” who tirelessly patrolled the oceans in search of prey, and daring and insatiable predators who combined “the ferocity of the tiger and the strength of the sperm whale.”38 It has been calculated that these “terrors of all the world’s oceans,” these most “incredible sea monsters,” could circle the globe in just 180 days if they swam without stopping. Sharks have long been perceived as ubiquitous in the seas, waiting “for sailors to fall into the water to devour them.” They are supposedly bloodthirsty animals with brains the size of a pea and memories that last but seconds. Yet sharks are able to learn complex tasks as quickly as other vertebrates, and to remember them for a long time. Still, marine scientists do not seem to have given this topic the attention it deserves.

Sharks also possess an extraordinary perception of color, along with the ability to detect the slightest vibrations transmitted by bodies of water and to trace odors well beyond any human olfactory capacity. Novel situations can thus be quickly assessed and reused for navigation. For example, the basking shark (Cetorhinus maximus), a planktivore, is capable of memorizing and actively seeking areas where plankton is concentrated,39 in essence memorizing a dynamic map of the best feeding areas. The great white shark (Carcharodon carcharias) can cross oceans to feed on young sea lions when they begin to swim in coastal waters. Sharks can memorize the precise date and place these inexperienced sea lions will take their first dip in the sea.

Sharks can thus be seen as nomads of the seas, perpetually in search of prey. The great white shark in particular has very sensitive hearing and smell. It can smell a drop of blood in more than 4.6 million liters of water (or over a million gallons), and hear prey one kilometer away. It reaches an impressive size, exceeding six meters and weighing more than two tons, and lives in specific places, sometimes extremely remote but carefully preserved in its memory.

In 2005, the passionate Mexican researcher Ramón Bonfil and his team published a study that caused a sensation by demonstrating sharks’ large-scale migrations.40 In South Africa, the team affixed electronic tags to white sharks, allowing their every movement to be followed. They marked a 3.8-meter female white shark in November 2003 and followed her movements in latitude, longitude, and depth, and recorded characteristics of her environment, notably including water temperature. They were surprised to discover that, in ninety-nine days of transoceanic movement between April 2003 and February 2004, the shark swam more than 11,100 kilometers from the tip of South Africa to Western Australia. During this long migration, she moved at an average speed of 4.7 kilometers per hour, the highest speed ever recorded for a shark over such a long distance. Most surprising was that the shark dove to great depths during its journey, sometimes up to 980 meters, then rose back to the surface. The shark spent 18 percent of her time at depths from 500 to 750 meters, at temperatures as cold as 3.5°C. This female white shark had undertaken her long journey to mate with male sharks in Western Australia; she went back to South Africa about three months later to give birth to her offspring in the place where she was born, having travelled an incredible 20,000 kilometers over nine months. Bonfil and his colleagues showed that she had spent more than 60 percent of her time on the surface of the oceans (with the upper part of her body within the first fifty centimeters), suggesting that white sharks use celestial benchmarks to orient themselves in the oceans.

Many international research programs based on marking sharks have recently been undertaken. These have provided a better understanding of individual reproductive habits. For instance, male blacktip sharks (Carcharhinus limbatus) return every year to mate with the females in specific places, while females return every two years only. Tags placed on blacktip sharks by United States researcher Bob Hueter and his team showed that the sharks reproduced in small bays in the Gulf of Mexico every two years.41 Hueter and his team tagged 3,200 juvenile blacktips in northern Florida and recaptured 154 for three consecutive years. They followed the sharks’ migrations over 1,100 nautical miles and found that they returned to give birth in the same place, Terra Ceia Bay, which is very small (5 by 1.5 kilometers). It was very unlikely that blacktips would congregate there every year by chance. Rather, they seemed to be programmed to return to this bay, as evidenced by genetic studies that demonstrated that the individuals belonged to the same population. Mortality due to fishing is considerable, but the surviving individuals return to Terra Ceia when they reach reproductive age.

Kevin Feldheim of the University of Illinois in Chicago coupled genetic analyses with tagging studies42 to solve some of the mystery surrounding the reproduction of lemon sharks (Negaprion brevirostris).43 He led a long-term study at Bimini, in the Bahamas, where a series of small mangroves surrounds a lagoon. Sharks 70 to 185 centimeters in length were marked to identify individuals. Between 1995 and 2000, more than nine hundred sharks were monitored and their migrations studied. Females reached maturity at around sixteen years of age, and after a gestation period of twelve months gave birth in a specific area, Bimini lagoon. If the young lemon sharks were moved several kilometers from their place of residence, they would return a few days later. The data reveal lemon sharks’ high fidelity to their nesting site. The females do not show the same fidelity to their partner, however, generally choosing a different one for each mating!

A synthesis by Tristan Guttridge and his colleagues shows that sharks, like most fish, are intelligent, curious, strangely capricious creatures whose social interactions and predatory behavior are much more complex and elaborate than one would ever have imagined.44 One of the earliest experiments to demonstrate that sharks can memorize training sequences involved training lemon sharks in search of food: an underwater sound alerted them to hit an immersed balloon in order to receive food. The sharks practiced this sequence for six weeks and then continued for ten consecutive weeks after the sound stimulus disappeared. Sharks also learn from the experience of others. Social learning is a common form of learning in animals that, by imitation, observation, and interaction, adopt new behaviors or capture information about other animals or their environment.

Sharks also gain experience during their search for food and improve their method of attack over time. In an environment as changing as the marine world, one must learn quickly and adapt continuously. Sharks sometimes swim in groups, when a social hierarchy is established, with the largest individuals dominating the others even if they are of a different sex. In hammerhead sharks, which live in schools of several hundred individuals, communication takes place through body movements. Each individual seems to have a definite place in a well-choreographed ballet. If the order is disturbed, the intruder is expelled by the displaced individual with a very special “corkscrew technique”: the hammerheads perform vertical rotations of the head in such a way as to bump the intruder.

Altogether, hammerhead sharks use nine different techniques to maintain their position, including rushing and shaking their head (perhaps to show dissatisfaction), then regaining their place in the group.

Researchers such as Bonfil, Hueter, Feldheim, Guttridge, and many others have been able to demonstrate that sharks, majestic dwellers of the sea, have, like sea turtles or salmon, an intelligence that sometimes surpasses our human capabilities, as well as – importantly in the present context – the habit of returning home.
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