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Dedication

To Dorothy and Stanley Freeman

who have gone down with me into the low-tide world

and have felt its beauty and its mystery.
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Foreword

MY TREASURED COPY OF RACHEL CARSON’S The Edge of the Sea shares space on a bookshelf hosting black beach sand from Mooréa, shells from Sanibel Island, and a jar containing the beak of an octopus whom I knew personally. It’s a fifth printing of the 1955 hardback, still clad in the library’s protective plastic, covering the dustjacket, and bearing the Dewey decimal number 591.C. I bought it for twenty-five cents at a discard sale at the Somerset County Library in New Jersey in 1979. Back then, I could not have known how this book would help steer my life.

I read it the year I graduated from college, after I began working as a newspaper reporter. I wasn’t yet a science and environmental writer, but this was my aim. I was hungry for anything I could learn about the plants, animals, and ecosystems that thrive in the largely secret world between earth and ocean.

With this book, I gained much more than a precious window into the hidden dramas of snails and seaweed, barnacles and brittle stars. I discovered a heroine.

The book you now hold in your hands, and the example of the woman to whom it introduced me, has helped to guide me for more than forty-five years. The same impulse that led me to read her book, and later all her others, fueled my own life’s work writing about the natural world—including half a dozen books about creatures who live in, or at the edge of, the sea.

In considering Rachel Carson as one of my idols, I am in great company. Secretary of the Interior (under Presidents Kennedy and Johnson) Stewart Udall considered her “the fountainhead of the environmental movement.” (He was one of the honorary pallbearers at her funeral, held at the Washington National Cathedral in 1964.) In announcing historic federal hearings on pollution and pesticides sparked by her book, Connecticut Senator Abraham Ribicoff welcomed the author by echoing Abe Lincoln’s words to abolitionist Harriet Beecher Stowe. “You,” he said to Carson, “are the lady who started all this.”

“It is impossible to do justice today to Rachel Carson’s impact,” wrote former White House Press Secretary Bill Moyers. Her work affected everything from laws to industry to popular culture. Peanuts creator Charles Schulz deeply admired Carson and featured her in his comic strips as a role model for girls; Joni Mitchell took Carson’s work as inspiration for her 1970 chart-topper “Big Yellow Taxi.” (“Hey, farmer, farmer / put away that DDT now”) Folk rock/pop band Counting Crows’ version made the song a hit for a new generation in 2002.

“Carson still matters, fifty years after publication of Silent Spring,” writes Elizabeth Kolbert, whose book on mass extinctions won the Pulitzer Prize in 2015. Carson’s life and work have been the subjects of films, TV documentaries, excellent biographies, newspaper and magazine articles, art exhibitions, and even symphony performances. She has inspired hundreds of thousands of scientists, writers, activists, lawmakers, artists—and otherwise ordinary citizens—to speak out and act on behalf of our environment, and often to find courage they didn’t think they had.

Rachel Carson was an unlikely heroine: a child of poverty; a quiet and shy teen beset with disfiguring acne; a young female working in a field dominated by men; a woman who loved another (married) woman at a time when such love was forbidden; and, finally, a dying cancer patient who fought and defeated the most powerful scions of the chemical industry.

For the book she wrote after this one, Silent Spring, Rachel Carson will forever be lionized as perhaps the most powerful and eloquent environmental activist ever to speak for our planet. She is the force that led to the US, and later nearly worldwide, ban on the toxic but ubiquitous insecticide DDT, and many of its persistent, polluting kin. Silent Spring meticulously and passionately exposed the chemical industry’s poisoning of the natural world. Though that fight, of course, is far from won, Carson’s book was such a historic portent that one of her biographers, Linda Lear, calls Silent Spring no less than “the handbook of the future for all life on Earth.”

But the sea was Carson’s first and forever love. And here, at its kinetic edge, was the perfect place for me to meet her.

Long before she took on the chemical industry, Rachel Carson was the biographer of the ocean. This was a destiny that called to her since she was nineteen. One stormy winter night, at Pennsylvania College for Women, where she was studying to be a writer, she read “Locksley Hall,” the 1835 poem by Alfred, Lord Tennyson. It is a declamation of lost love, rejecting worldly prestige and material gain, appealing to the idealistic young student. The last line in particular spoke to her:



For the mighty wind arises, roaring seaward, and I go.



Many years later, Carson would write that at that moment, this line seemed “to tell me that my own path led to the sea—which then I had never seen—and that my own destiny was somehow linked with the sea.”

In college, Carson switched the focus of her studies from writing to biology; she became a fisheries biologist—an extremely rare profession for a woman at that time—but continued writing. The sea was often her muse. I didn’t realize when I brought home the library discard that The Edge of the Sea was actually the third of her blue trilogy. Carson’s first book, Under the Sea-Wind, grew out of an essay she wrote for The Atlantic while she was working for the US Bureau of Fisheries as a scientist, editor, and writer. In sensuous and dramatic prose, the 1941 book explores the sea from the standpoint of a sandpiper, a gull, and an eel. Her second book, The Sea Around Us, published in 1951, describes the physical forces sculpting the world of the ocean—its geology and currents and tides—and the lives beneath its waves. The book became a smash hit and won the National Book Award for Nonfiction. The Edge of the Sea is its natural companion.

I would later read—and love—them all. Carson’s books are a rare blend of scientific rigor and poetic rapture. But both, she felt, were essential to capture the truth of her subjects. “If there is poetry in my book about the sea,” she said, in accepting the National Book Award for Nonfiction for The Sea Around Us, “it is not because I deliberately put it there, but because no one could write truthfully about the sea and leave out the poetry.”

But of her three books about the ocean, The Edge of the Sea was the ideal introduction for me. I, too, have always loved the sea. Before I was two, I crossed the Atlantic with my parents on an ocean liner from Germany, and, held in my father’s arms, would stare mesmerized at the water’s vastness. Later, like most children, I kept a collection of seashells, each carefully labeled. From a young age, I loved to swim. But until I finally learned, in my late fifties, to scuba dive, at those rare and precious moments when I personally met the ocean and its denizens face-to-face, it was almost always at its rocky or sandy edge.

Such is the case for most of us. As creatures of terra firma, our lungs demand we breathe air, not water. But as Carson knew well, the sea was once our home—back when our ancestors were nothing but a small collection of cells. No wonder to this day we carry the ocean within us: the composition of our lymph (our blood, if you remove the oxygen-carrying red cells) is remarkably similar to sea water. Our bodies are 60 percent water, our brains 75 percent.

The sea connects us with our origins. As a transition zone, the shore is a mixture of land and water, an exceptionally dynamic place. Here, sea creatures, to this day, reenact many of the steps all terrestrial animals took to be able to live on land. Here, at the sea’s edge, “is the place,” Carson realized, “where the dramatic process of evolution can actually be observed.”

And though the book seems a natural, near-at-hand companion to her wide-reaching The Sea Around Us, the book didn’t start out as her own idea.

For this book, we can thank horseshoe crabs. In Paul Brooks’s literary biography of Carson, The House of Life, he relates that his fellow Houghton Mifflin editor, Rosalie Wilson, was hosting some kind but ignorant guests at her home on the outer beaches of Cape Cod. Carson wasn’t even on the scene. On a beach walk, the guests found the sands covered with these ancient arthropods. (Horseshoe crabs are actually not crabs at all but arachnids, like spiders and ticks, that predate the dinosaurs.) Thinking them stranded, the visitors hurried to return the horseshoe crabs to the sea—unaware they had rudely interrupted the animals’ annual mating ritual. To prevent such future debacles, Wilson sent a memo to a more senior editor at the publishing company, suggesting a handbook to seashore life be written. Shortly after, and while she was still writing The Sea Around Us, Carson met with editors there who put the proposal to her. She was, of course, the obvious choice.

She began work on the new book in 1951. She spent much of the spring of 1952 observing and collecting on southern beaches from Charleston to the Florida Keys. She worked that summer at Woods Hole and made expeditions for the book to Beaufort, South Carolina, to various areas on the Cape, and to Maine. Because she felt behind on her book, Carson declined a two-month trip with Scripps Oceanographic Institute that year to the South Pacific. But 1953 brought a breakthrough: she bought a tract of land in West Southport, Maine, overlooking Sheepscot Bay, and built a wood-paneled one-story cottage on the rocks. From her window, she could watch loons and seals in the bay, observe a whale playing at the mouth of the harbor, and enjoy visits from a resident moose. Her new home was paradise, and she couldn’t have asked for a better place to write. “I can’t think of any more exciting place to be than down in the low-tide world,” she said, “when the ebb tide falls very early in the morning, and the world is full of salt smell, and the sound of water, and the softness of fog.”

There, right outside her window, she could find thirty anemones under one ledge at low level, some as large as five inches across. At night, with a flashlight, she would watch big crabs emerge from the crevices where they hide in the daytime and scamper about. And she discovered an entirely new fauna living in and under the Lithophyllum, a crinkled red algae encrusting the rocks.

Up to this point, the manuscript had evolved slowly. Its original title was Guide to Seashore Life on the Atlantic Coast. But it became far more than a field guide. “It is not enough,” she wrote in the book’s preface, “to pick up an empty shell and say ‘This is a murex,’ or ‘That is an angel wing.’” She wanted her book to bring the creature who inhabited the shell to life: “how it survived amid surf and storms, what were its enemies, how it found food and reproduced its kind, what were its relations to the particular sea world in which it lived.”

Great dramas unfold in these pages. The edge of the sea is “a place of compromise and conflict and eternal change,” she writes. The barnacle’s very existence in the punishing surf “takes on a touch of the miraculous” when we consider the fact that it was not the adult animal who cements its head to the rock, who first established itself in this hostile environment, but its tender larval form, so flimsy it is actually transparent. She is awed by this youngster’s accomplishment: “In the turbulence of heavy seas, the delicate larva had to choose its spot on the wave-washed rocks, to settle there, and somehow not be washed away during those critical hours while its tissues were being reorganized in their transformation to the adult form.” All this in a habitat where even the tough, leathery seaweed called rockweed cannot gain a footing.

She marvels at the sea urchins along the Maine coast. These spiny, globular animals are equipped, she tells us, with slender tube feet, each with a suction disc at the tip, with which they can clutch at their rocky stations and remain affixed during all but the most violent tides.

She even admires the sponges and algae, sea squirts and salps, for their abilities to endure the force of the waves. Equipped with neither external skeleton nor shell, they “have been able to invade the surf zone by reducing life to a thin creeping mat of cells.” But, she notes, “Once removed from the shaping and conditioning effect of surf, however, the same species may take on entirely different forms.” The pale green crumb-of-bread sponge “lies flat and almost paper-thin on rocks facing toward the sea,” but those who live in deep rock pools grow into the thickened, cratered masses that give the creature its common name. The beautifully named golden-star tunicate may look like only a sheet of jelly in surf—but in quiet water “it hangs down in pendulous lobes flecked with the starry forms of the creatures that comprise it.”

Carson’s affection and admiration for all these creatures radiates from every page. Shy among humans—her poverty, isolation, unfashionable clothes, and reticent manner won her few friends as a girl—at the edge of the sea, she felt finally at home, among her more-than-human neighbors.

Rachel Carson lived this book, and in it, you will see her heart at its happiest. While she was working on The Edge of the Sea, for the first time she was freed from financial strain, as royalties began to accumulate from her bestselling second book, which also gave new life to her first title (although immediately critically acclaimed, it at first sold poorly). While penning these pages, she fell wildly and deeply in love, and, with her beloved Dorothy Freeman, retreated joyously to her sea-edge refuge whenever they could. During this halcyon time, Carson was finally freed from the pressures of supporting her siblings and their families, her ailing mother, her sick niece, or her niece’s son, whom she later adopted. And she was not yet beset by the fury of her critics over Silent Spring, who tried to discredit her findings as the ravings of a “hysterical woman,” or struggling with the breast cancer that would eventually kill her.

Carson did struggle writing the book—what writer doesn’t? But among the rocky shores, the sandy beaches, and the coral coasts (the three habitats by which the book is organized), she was at once dazzled by wonders, bathed in peace, and connected with eternity.

Reading this book, you will be, too. Fortified by the power and promise we can find at the ocean’s edge, may you gather the courage we all need to fight, like Rachel Carson, to protect our increasingly beleaguered blue planet.

Sy Montgomery

2025




Preface

LIKE THE SEA ITSELF, the shore fascinates us who return to it, the place of our dim ancestral beginnings. In the recurrent rhythms of tides and surf and in the varied life of the tide lines there is the obvious attraction of movement and change and beauty. There is also, I am convinced, a deeper fascination born of inner meaning and significance.

When we go down to the low-tide line, we enter a world that is as old as the earth itself—the primeval meeting place of the elements of earth and water, a place of compromise and conflict and eternal change. For us as living creatures it has special meaning as an area in or near which some entity that could be distinguished as Life first drifted in shallow waters—reproducing, evolving, yielding that endlessly varied stream of living things that has surged through time and space to occupy the earth.

To understand the shore, it is not enough to catalogue its life. Understanding comes only when, standing on a beach, we can sense the long rhythms of earth and sea that sculptured its land forms and produced the rock and sand of which it is composed; when we can sense with the eye and ear of the mind the surge of life beating always at its shores—blindly, inexorably pressing for a foothold. To understand the life of the shore, it is not enough to pick up an empty shell and say “This is a murex,” or “That is an angel wing.” True understanding demands intuitive comprehension of the whole life of the creature that once inhabited this empty shell: how it survived amid surf and storms, what were its enemies, how it found food and reproduced its kind, what were its relations to the particular sea world in which it lived.

The seashores of the world may be divided into three basic types: the rugged shores of rock, the sand beaches, and the coral reefs and all their associated features. Each has its typical community of plants and animals. The Atlantic coast of the United States is one of the few in the world that provide clear examples of each of these types. I have chosen it as the setting for my pictures of shore life, although—such is the universality of the sea world—the broad outlines of the pictures might apply on many shores of the earth.

I have tried to interpret the shore in terms of that essential unity that binds life to the earth. In Chapter I, in a series of recollections of places that have stirred me deeply, I have expressed some of the thoughts and feelings that make the sea’s edge, for me, a place of exceeding beauty and fascination. Chapter II introduces as basic themes the sea forces that will recur again and again throughout the book as molding and determining the life of the shore: surf, currents, tides, the very waters of the sea. Chapters III, IV, and V are interpretations, respectively, of a rocky coast, the sand beaches, and the world of the coral reefs.

The drawings by Bob Hines have been provided in abundance so the reader may gain a sense of familiarity with the creatures that move through these pages, and may also be helped to recognize those he meets in his own explorations of the shore. For the convenience of those who like to pigeonhole their findings neatly in the classification schemes the human mind has devised, an appendix presents the conventional groups, or phyla, of plants and animals and describes typical examples. Each form mentioned in the book itself is listed under its Latin as well as its common name in the index.




The Marginal World
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THE EDGE OF THE SEA is a strange and beautiful place. All through the long history of Earth it has been an area of unrest where waves have broken heavily against the land, where the tides have pressed forward over the continents, receded, and then returned. For no two successive days is the shore line precisely the same. Not only do the tides advance and retreat in their eternal rhythms, but the level of the sea itself is never at rest. It rises or falls as the glaciers melt or grow, as the floor of the deep ocean basins shifts under its increasing load of sediments, or as the earth’s crust along the continental margins warps up or down in adjustment to strain and tension. Today a little more land may belong to the sea, tomorrow a little less. Always the edge of the sea remains an elusive and indefinable boundary.

The shore has a dual nature, changing with the swing of the tides, belonging now to the land, now to the sea. On the ebb tide it knows the harsh extremes of the land world, being exposed to heat and cold, to wind, to rain and drying sun. On the flood tide it is a water world, returning briefly to the relative stability of the open sea.

Only the most hardy and adaptable can survive in a region so mutable, yet the area between the tide lines is crowded with plants and animals. In this difficult world of the shore, life displays its enormous toughness and vitality by occupying almost every conceivable niche. Visibly, it carpets the intertidal rocks; or half hidden, it descends into fissures and crevices, or hides under boulders, or lurks in the wet gloom of sea caves. Invisibly, where the casual observer would say there is no life, it lies deep in the sand, in burrows and tubes and passageways. It tunnels into solid rock and bores into peat and clay. It encrusts weeds or drifting spars or the hard, chitinous shell of a lobster. It exists minutely, as the film of bacteria that spreads over a rock surface or a wharf piling; as spheres of protozoa, small as pinpricks, sparkling at the surface of the sea; and as Lilliputian beings swimming through dark pools that lie between the grains of sand.

The shore is an ancient world, for as long as there has been an earth and sea there has been this place of the meeting of land and water. Yet it is a world that keeps alive the sense of continuing creation and of the relentless drive of life. Each time that I enter it, I gain some new awareness of its beauty and its deeper meanings, sensing that intricate fabric of life by which one creature is linked with another, and each with its surroundings.

In my thoughts of the shore, one place stands apart for its revelation of exquisite beauty. It is a pool hidden within a cave that one can visit only rarely and briefly when the lowest of the year’s low tides fall below it, and perhaps from that very fact it acquires some of its special beauty. Choosing such a tide, I hoped for a glimpse of the pool. The ebb was to fall early in the morning. I knew that if the wind held from the northwest and no interfering swell ran in from a distant storm the level of the sea should drop below the entrance to the pool. There had been sudden ominous showers in the night, with rain like handfuls of gravel flung on the roof. When I looked out into the early morning the sky was full of a gray dawn light but the sun had not yet risen. Water and air were pallid. Across the bay the moon was a luminous disc in the western sky, suspended above the dim line of distant shore—the full August moon, drawing the tide to the low, low levels of the threshold of the alien sea world. As I watched, a gull flew by, above the spruces. Its breast was rosy with the light of the unrisen sun. The day was, after all, to be fair.

Later, as I stood above the tide near the entrance to the pool, the promise of that rosy light was sustained. From the base of the steep wall of rock on which I stood, a moss-covered ledge jutted seaward into deep water. In the surge at the rim of the ledge the dark fronds of oarweeds swayed, smooth and gleaming as leather. The projecting ledge was the path to the small hidden cave and its pool. Occasionally a swell, stronger than the rest, rolled smoothly over the rim and broke in foam against the cliff. But the intervals between such swells were long enough to admit me to the ledge and long enough for a glimpse of that fairy pool, so seldom and so briefly exposed.

And so I knelt on the wet carpet of sea moss and looked back into the dark cavern that held the pool in a shallow basin. The floor of the cave was only a few inches below the roof, and a mirror had been created in which all that grew on the ceiling was reflected in the still water below.

Under water that was clear as glass the pool was carpeted with green sponge. Gray patches of sea squirts glistened on the ceiling and colonies of soft coral were a pale apricot color. In the moment when I looked into the cave a little elfin starfish hung down, suspended by the merest thread, perhaps by only a single tube foot. It reached down to touch its own reflection, so perfectly delineated that there might have been, not one starfish, but two. The beauty of the reflected images and of the limpid pool itself was the poignant beauty of things that are ephemeral, existing only until the sea should return to fill the little cave.

Whenever I go down into this magical zone of the low water of the spring tides, I look for the most delicately beautiful of all the shore’s inhabitants—flowers that are not plant but animal, blooming on the threshold of the deeper sea. In that fairy cave I was not disappointed. Hanging from its roof were the pendent flowers of the hydroid Tubularia, pale pink, fringed and delicate as the wind flower. Here were creatures so exquisitely fashioned that they seemed unreal, their beauty too fragile to exist in a world of crushing force. Yet every detail was functionally useful, every stalk and hydranth and petal-like tentacle fashioned for dealing with the realities of existence. I knew that they were merely waiting, in that moment of the tide’s ebbing, for the return of the sea. Then in the rush of water, in the surge of surf and the pressure of the incoming tide, the delicate flower heads would stir with life. They would sway on their slender stalks, and their long tentacles would sweep the returning water, finding in it all that they needed for life.

And so in that enchanted place on the threshold of the sea the realities that possessed my mind were far from those of the land world I had left an hour before. In a different way the same sense of remoteness and of a world apart came to me in a twilight hour on a great beach on the coast of Georgia. I had come down after sunset and walked far out over sands that lay wet and gleaming, to the very edge of the retreating sea. Looking back across that immense flat, crossed by winding, water-filled gullies and here and there holding shallow pools left by the tide, I was filled with awareness that this intertidal area, although abandoned briefly and rhythmically by the sea, is always reclaimed by the rising tide. There at the edge of low water the beach with its reminders of the land seemed far away. The only sounds were those of the wind and the sea and the birds. There was one sound of wind moving over water, and another of water sliding over the sand and tumbling down the faces of its own wave forms. The flats were astir with birds, and the voice of the willet rang insistently. One of them stood at the edge of the water and gave its loud, urgent cry; an answer came from far up the beach and the two birds flew to join each other.

The flats took on a mysterious quality as dusk approached and the last evening light was reflected from the scattered pools and creeks. Then birds became only dark shadows, with no color discernible. Sanderlings scurried across the beach like little ghosts, and here and there the darker forms of the willets stood out. Often I could come very close to them before they would start up in alarm—the sanderlings running, the willets flying up, crying. Black skimmers flew along the ocean’s edge silhouetted against the dull, metallic gleam, or they went flitting above the sand like large, dimly seen moths. Sometimes they “skimmed” the winding creeks of tidal water, where little spreading surface ripples marked the presence of small fish.

The shore at night is a different world, in which the very darkness that hides the distractions of daylight brings into sharper focus the elemental realities. Once, exploring the night beach, I surprised a small ghost crab in the searching beam of my torch. He was lying in a pit he had dug just above the surf, as though watching the sea and waiting. The blackness of the night possessed water, air, and beach. It was the darkness of an older world, before Man. There was no sound but the all-enveloping, primeval sounds of wind blowing over water and sand, and of waves crashing on the beach. There was no other visible life—just one small crab near the sea. I have seen hundreds of ghost crabs in other settings, but suddenly I was filled with the odd sensation that for the first time I knew the creature in its own world—that I understood, as never before, the essence of its being. In that moment time was suspended; the world to which I belonged did not exist and I might have been an onlooker from outer space. The little crab alone with the sea became a symbol that stood for life itself—for the delicate, destructible, yet incredibly vital force that somehow holds its place amid the harsh realities of the inorganic world.

The sense of creation comes with memories of a southern coast, where the sea and the mangroves, working together, are building a wilderness of thousands of small islands off the southwestern coast of Florida, separated from each other by a tortuous pattern of bays, lagoons, and narrow waterways. I remember a winter day when the sky was blue and drenched with sunlight; though there was no wind one was conscious of flowing air like cold clear crystal. I had landed on the surf-washed tip of one of those islands, and then worked my way around to the sheltered bay side. There I found the tide far out, exposing the broad mud flat of a cove bordered by the mangroves with their twisted branches, their glossy leaves, and their long prop roots reaching down, grasping and holding the mud, building the land out a little more, then again a little more.

The mud flats were strewn with the shells of that small, exquisitely colored mollusk, the rose tellin, looking like scattered petals of pink roses. There must have been a colony nearby, living buried just under the surface of the mud. At first the only creature visible was a small heron in gray and rusty plumage—a reddish egret that waded across the flat with the stealthy, hesitant movements of its kind. But other land creatures had been there, for a line of fresh tracks wound in and out among the mangrove roots, marking the path of a raccoon feeding on the oysters that gripped the supporting roots with projections from their shells. Soon I found the tracks of a shore bird, probably a sanderling, and followed them a little; then they turned toward the water and were lost, for the tide had erased them and made them as though they had never been.

Looking out over the cove I felt a strong sense of the interchangeability of land and sea in this marginal world of the shore, and of the links between the life of the two. There was also an awareness of the past and of the continuing flow of time, obliterating much that had gone before, as the sea had that morning washed away the tracks of the bird.

The sequence and meaning of the drift of time were quietly summarized in the existence of hundreds of small snails—the mangrove periwinkles—browsing on the branches and roots of the trees. Once their ancestors had been sea dwellers, bound to the salt waters by every tie of their life processes. Little by little over the thousands and millions of years the ties had been broken, the snails had adjusted themselves to life out of water, and now today they were living many feet above the tide to which they only occasionally returned. And perhaps, who could say how many ages hence, there would be in their descendants not even this gesture of remembrance for the sea.

The spiral shells of other snails—these quite minute—left winding tracks on the mud as they moved about in search of food. They were horn shells, and when I saw them I had a nostalgic moment when I wished I might see what Audubon saw, a century and more ago. For such little horn shells were the food of the flamingo, once so numerous on this coast, and when I half closed my eyes I could almost imagine a flock of these magnificent flame birds feeding in that cove, filling it with their color. It was a mere yesterday in the life of the earth that they were there; in nature, time and space are relative matters, perhaps most truly perceived subjectively in occasional flashes of insight, sparked by such a magical hour and place.

There is a common thread that links these scenes and memories—the spectacle of life in all its varied manifestations as it has appeared, evolved, and sometimes died out. Underlying the beauty of the spectacle there is meaning and significance. It is the elusiveness of that meaning that haunts us, that sends us again and again into the natural world where the key to the riddle is hidden. It sends us back to the edge of the sea, where the drama of life played its first scene on earth and perhaps even its prelude; where the forces of evolution are at work today, as they have been since the appearance of what we know as life; and where the spectacle of living creatures faced by the cosmic realities of their world is crystal clear.





Patterns of Shore Life
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THE EARLY HISTORY OF LIFE as it is written in the rocks is exceedingly dim and fragmentary, and so it is not possible to say when living things first colonized the shore, nor even to indicate the exact time when life arose. The rocks that were laid down as sediments during the first half of the earth’s history, in the Archeozoic era, have since been altered chemically and physically by the pressure of many thousands of feet of superimposed layers and by the intense heat of the deep regions to which they have been confined during much of their existence. Only in a few places, as in eastern Canada, are they exposed and accessible for study, but if these pages of the rock history ever contained any clear record of life, it has long since been obliterated.

The following pages—the rocks of the next several hundred million years, known as the Proterozoic era—are almost as disappointing. There are immense deposits of iron, which may possibly have been laid down with the help of certain algae and bacteria. Other deposits—strange globular masses of calcium carbonate—seem to have been formed by lime-secreting algae. Supposed fossils or faint impressions in these ancient rocks have been tentatively identified as sponges, jellyfish, or hard-shelled creatures with jointed legs called arthropods, but the more skeptical or conservative scientists regard these traces as having an inorganic origin.

Suddenly, following the early pages with their sketchy records, a whole section of the history seems to have been destroyed. Sedimentary rocks representing untold millions of years of pre-Cambrian history have disappeared, having been lost by erosion or possibly, through violent changes in the surface of the earth, brought into a location that now is at the bottom of the deep sea. Because of this loss a seemingly unbridgeable gap in the story of life exists.

The scarcity of fossil records in the early rocks and the loss of whole blocks of sediments may be linked with the chemical nature of the early sea and the atmosphere. Some specialists believe that the pre-Cambrian ocean was deficient in calcium or at least in the conditions that make easily possible the secretion of calcium shells and skeletons. If so, its inhabitants must have been for the most part soft-bodied and so not readily fossilized. A large amount of carbon dioxide in the atmosphere and its relative deficiency in the sea would also have affected the weathering of rock, according to geological theory, so that the sedimentary rocks of pre-Cambrian time must have been repeatedly eroded, washed away, and newly sedimented, with consequent destruction of fossils.

When the record is resumed in the rocks of the Cambrian period, which are about half a billion years old, all the major groups of invertebrate animals (including the principal inhabitants of the shore) suddenly appear, fully formed and flourishing. There are sponges and jellyfish, worms of all sorts, a few simple snail-like mollusks, and arthropods. Algae also are abundant, although no higher plants appear. But the basic plan of each of the large groups of animals and plants that now inhabit the shore had been at least projected in those Cambrian seas, and we may suppose, on good evidence, that the strip between the tide lines 500 million years ago bore at least a general resemblance to the intertidal area of the present stage of earth history.

We may suppose also that for at least the preceding half-billion years those invertebrate groups, so well developed in the Cambrian, had been evolving from simpler forms, although what they looked like we may never know. Possibly the larval stages of some of the species now living may resemble those ancestors whose remains the earth seems to have destroyed or failed to preserve.

During the hundreds of millions of years since the dawn of the Cambrian, sea life has continued to evolve. Subdivisions of the original basic groups have arisen, new species have been created, and many of the early forms have disappeared as evolution has developed others better fitted to meet the demands of their world. A few of the primitive creatures of Cambrian time have representatives today that are little changed from their early ancestors, but these are the exception. The shore, with its difficult and changing conditions, has been a testing ground in which the precise and perfect adaptation to environment is an indispensable condition of survival.
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Basket sponge
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Amphitrite, a worm that inhabits muddy pockets among rocks.


All the life of the shore—the past and the present—by the very fact of its existence there, gives evidence that it has dealt successfully with the realities of its world—the towering physical realities of the sea itself, and the subtle life relationships that bind each living thing to its own community. The patterns of life as created and shaped by these realities intermingle and overlap so that the major design is exceedingly complex.

Whether the bottom of the shallow waters and the intertidal area consists of rocky cliffs and boulders, of broad plains of sand, or of coral reefs and shallows determines the visible pattern of life. A rocky coast, even though it is swept by surf, allows life to exist openly through adaptations for clinging to the firm surfaces provided by the rocks and by other structural provisions for dissipating the force of the waves. The visible evidence of living things is everywhere about—a colorful tapestry of seaweeds, barnacles, mussels, and snails covering the rocks—while more delicate forms find refuge in cracks and crevices or by creeping under boulders. Sand, on the other hand, forms a yielding, shifting substratum of unstable nature, its particles incessantly stirred by the waves, so that few living things can establish or hold a place on its surface or even in its upper layers. All have gone below, and in burrows, tubes, and underground chambers the hidden life of the sands is lived. A coast dominated by coral reefs is necessarily a warm coast, its existence made possible by warm ocean currents establishing the climate in which the coral animals can thrive. The reefs, living or dead, provide a hard surface to which living things may cling. Such a coast is somewhat like one bordered by rocky cliffs, but with differences introduced by smothering layers of chalky sediments. The richly varied tropical fauna of coral coasts has therefore developed special adaptations that set it apart from the life of mineral rock or sand. Because the American Atlantic coast includes examples of all three types of shore, the various patterns of life related to the nature of the coast itself are displayed there with beautiful clarity.

Still other patterns are superimposed on the basic geologic ones. The surf dwellers are different from those who live in quiet waters, even if members of the same species. In a region of strong tides, life exists in successive bands or zones, from the high-water mark to the line of the lowest ebb tides; these zones are obscured where there is little tidal action or on sand beaches where life is driven underground. The currents, modifying temperature and distributing the larval stages of sea creatures, create still another world.

Again the physical facts of the American Atlantic coast are such that the observer of its life has spread before him, almost with the clarity of a well-conceived scientific experiment, a demonstration of the modifying effect of tides, surf, and currents. It happens that the northern rocks, where life is lived openly, lie in the region of some of the strongest tides of the world, those within the area of the Bay of Fundy. Here the zones of life created by the tides have the simple graphic force of a diagram. The tidal zones being obscured on sandy shores, one is free there to observe the effect of the surf. Neither strong tides nor heavy surf visits the southern tip of Florida. Here is a typical coral coast, built by the coral animals and the mangroves that multiply and spread in the calm, warm waters—a world whose inhabitants have drifted there on ocean currents from the West Indies, duplicating the strange tropical fauna of that region.

And over all these patterns there are others created by the sea water itself—bringing or withholding food, carrying substances of powerful chemical nature that, for good or ill, affect the lives of all they touch. Nowhere on the shore is the relation of a creature to its surroundings a matter of a single cause and effect; each living thing is bound to its world by many threads, weaving the intricate design of the fabric of life.
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Cake urchin, a sand-dwelling animal.



The problem of breaking waves need not be faced by inhabitants of the open ocean, for they can sink into deep water to avoid rough seas. An animal or plant of the shore has no such means of escape. The surf releases all its tremendous energy as it breaks against the shore, sometimes delivering blows of almost incredible violence. Exposed coasts of Great Britain and other eastern Atlantic islands receive some of the most violent surf in the world, created by winds that sweep across the whole expanse of ocean. It sometimes strikes with a force of two tons to the square foot. The American Atlantic coast, being a sheltered shore, receives no such surf, yet even here the waves of winter storms or of summer hurricanes have enormous size and destructive power. The island of Monhegan on the coast of Maine lies unprotected in the path of such storms and receives their waves on its steep seaward-facing cliffs. In a violent storm the spray from breaking waves is thrown over the crest of White Head, about 100 feet above the sea. In some storms the green water of actual waves sweeps over a lower cliff known as Gull Rock. It is about 60 feet high.

The effect of waves is felt on the bottom a considerable distance offshore. Lobster traps set in water nearly 200 feet deep often are shifted about or have stones carried into them. But the critical problem, of course, is the one that exists on or very close to the shore, where waves are breaking. Very few coasts have completely defeated the attempts of living things to gain a foothold. Beaches are apt to be barren if they are composed of loose coarse sand that shifts in the surf and then dries quickly when the tide falls. Others
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