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  To the memory of Jerry Ohl—

  A heck of a brother-in-law,

  A hell of a friend!
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  Introduction

  I was training to be an electrician. I suppose I got wired the wrong way round somewhere along the line.

  —Elvis Presley

  IN 1965, A MUSICAL ROMANTIC COMEDY, STARRING Elvis Presley, was released in movie theaters all across America. Girl Happy was typical of many beach-party films produced in the sixties—a simple plot, lots of campus hijinks, wild parties, and a loud soundtrack. The story, such as it was, revolved around a group of college students going to Fort Lauderdale, Florida, for their annual spring break. Boy woos girl, boy loses girl, and boy gets girl again takes up the majority of this predictable ninety-six-minute movie.

  But, as was the case in all of Elvis’s movies, it wasn’t the plot that got moviegoers into the theaters, it was his singing. This was Elvis’s eighteenth movie and it, too, was packed with lots of rock-and-roll songs, including “Startin’ Tonight,” “Puppet on a String,” and the shake-’em-up dance “Do ‘The Clam.’”

  “Do ‘The Clam’” invited beachcombers to grab whomever was nearest to them and (with the appropriate background of bongo music) to really get the beach a-rocking. Dancers were encouraged to do some turning, some teasing, some hugging and some squeezing—the combination of which constituted the necessary and basic moves of this new dance sensation.

  I doubt whether the song’s lyrics ever endeared edible bivalves to the throngs of teenagers who flocked to see this film. Nevertheless, this song is one of the few musical numbers to highlight clams—albeit with a less than memorable melody.

  I initially grew up in Los Angeles. Then, a family move forty miles south to Newport Beach meant that a significant portion of my southern California childhood was spent body-surfing long cresting waves near the Newport Pier, slipping and sliding over the tidepools at Little Corona, water skiing behind super-charged motorboats in Back Bay, and laughing through endless summer volleyball games on the white sands of Beacon Bay. I also had the insufferable habit of collecting all manner of flotsam and jetsam that invariably washed up on the beach after a summer storm. However, I was particularly fascinated with sea creatures—including the sea anemones and sea stars hidden in the deep recesses of tidepools, the weird invertebrates I had to scrape off the underside of my tiny sailboat, or the remains of a strange fish washed up with the tide. I was also impressed with the occasional shark or two sighted off the Balboa Peninsula as well as the enormous albacore my parents would haul home after their various fishing ventures near Catalina Island.

  
    FAST FACT: Santa Catalina Island has been inhabited for at least 8,000 years. In the 1930s–1950s the Chicago Cubs baseball team held spring training on the island.
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  Newport Pier.

  But it was clams I loved the most. On occasional summer days my parents would send my two sisters and me out with buckets and shovels to dig along the beach fronting our house. We were on the prowl for clams in any size, any shape. And we found them . . . in droves. We invented games: who could find the most, who could find the biggest, or who would fill their bucket first. Then, it was a mad dash back to the house—our shouts and screams echoing down the bay—eventually dumping our caches into the kitchen sink.

  Our mother would place a large pot of water on the stove and bring it to a rolling boil. Nearby was a deep pan with two or three sticks of butter slowly melting away into a warm pool of delicious delight. Silverware would be set, large handfuls of napkins would be deposited in the middle of the table, and soon the feast would begin. Our plates crowded with clams, our chins dripping with long rivulets of melted butter, and our laughter punctuating the summer air would make for joyous memories I have kept for more than a half century.

  Clams, it seemed, brought out all the good things in life. It was a time for grown-ups and kids to share the stories of our summer and the familial camaraderie that is so much a part of slower days. Occasionally, we would eschew the beachfront clams and travel to one of our favorite seafood eateries. We’d pile into my father’s Buick and head over to the Balboa peninsula and The Crab Cooker—a venerable Orange County institution that’s been serving seafood delicacies since 1951. Hot platters piled with clams, large crocks of melted butter (with bulky slices of lemon), and a cloth napkin hanging under one’s chin made for an unforgettable meal. Occasionally we would tinker with sand dab fillets or planks of halibut, but we always came back to the clams—as appetizers or the main course—those savory, juicy, and oh so succulent clams. There were never enough!

  For my wife, the memories were no less sweet. Growing up in northern New Jersey, she and her family would make regular pilgrimages to The Clam Broth House, the iconic seafood restaurant that’s been dishing out clams in Hoboken, New Jersey, since 1899. (Jackie Gleason was a regular patron.) There, they would cram themselves into cramped booths, tuck enormous napkins into their shirts, and devour cascading platters of steamers. Conversation was muted, but the culinary satisfaction never was! Like The Crab Cooker, The Clam Broth House has become a gastronomic staple of many childhoods and many family memories over the generations.
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  The Clam Broth House.

  As I grew older I never lost my youthful fascination with the sea (and its denizens), for once saltwater courses through your veins you can never fully divorce yourself from any ocean for very long. Although I now live in a semi-rural region of south central Pennsylvania, I am still drawn to the sea . . . and especially to its food. My wife and I often escape to the bustling shores of New Jersey, the placid beaches of Delaware, the languid coastline of Virginia, the tranquil seashores of Florida, the booming surf of California, the misty shores of Washington and Oregon, and the vibrant volcanic sands of Hawaii on various vacations and journeys—much as Arctic terns are inexorably drawn from their Arctic breeding grounds to their wintering grounds off Antarctica in their annual migration of both body and spirit.

  
    FAST FACT: The Arctic tern has the farthest yearly journey of any bird—up to 56,000 miles round trip.

  

  As a writer of science (and a consumer of bivalves), my seashore journeys often bring me into contact with adventuresome folks—oceanic comrades with a penchant for culinary quests, seaside excursions, or off-the-grid discoveries. I am also honored by the company of marine biologists and conservationists with a keen eye for the mysteries and riddles of the sea. It is with the assistance, support, and expertise of these folks that I am able to maintain my obsession for sea life of every stripe and color, and I can continue my celebration of maritime discoveries (both epicurean and scientific) in myriad tropical waters, warm bays, languid harbors, or distant beaches.

  Thus, I was delightfully surprised to learn that the topic of clams was somewhat more complex and diverse than I had been led to believe as a child. In my youth, clams were dinnertime treats; yet, as I was to discover on this research venture, these burrowing critters were somewhat more complex in design, function, and influence than I had previously known. It is those discoveries that I share with you, dear reader. Indeed, for many, this book may well be a first in-depth exploration of these mysterious creatures—their first look at an animal that has beaten the environmental and evolutionary odds and survived for longer than 98 percent of all the animals that have ever been. You will find, as did I, that it is an animal that has influenced civilizations, changed history, become an economic indicator, and been established as a cultural and entertainment icon. Not bad for a bottom-feeding invertebrate!

  And so, I invite you, fellow explorer, to join me in this current love affair with a most incredible creature, one who will satisfy your scientific curiosity as well as your gastronomic desires.

  Or, as Elvis would say, let’s “dig right in and do ‘The Clam’.”
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  Prologue

  Q: Why don’t clams and oysters share their toys with each other?

  A: They’re two shellfish.

  WHEN I WAS AN UNDERGRADUATE STUDENT AT the University of Arizona in the late 1960s, there was (and continues to be) an intense rivalry between us and Arizona State University. This rivalry reached an incredible crescendo during football season, when thousands of students would gather in pep rallies and other pregame celebrations to denounce, criticize, and denigrate the other team in myriad creative ways (some G-rated, some not). We always thought we were better than our rivals (as they did of us), and the day of “The Big Game” was a day like no other. It was the game of all games! It was the defining moment of the entire football season. Irrespective of the win/loss record at that point in the season, the only thing that mattered was beating ASU. Beat them, and it was a great season. Lose, and suffer mightily for the next 364 days. Similar circumstances surround professional sports rivalries.

  Rivalries, as you might expect, spill over into our everyday lives as well. We are subjected to rivalries in what we imbibe (“The King of Beers” vs. “Brewed with Pure Rocky Mountain Spring Water”), in what we guzzle (Coke vs. Pepsi), in what we drive (Ford vs. Chevy), and even in the underwear we wear (Jockey vs. Fruit of the Loom).

  Those rivalries are also part of our culinary predilections (McDonald’s vs. Burger King; Outback vs. LongHorn; Chipotle vs. Qdoba). Some of those rivalries are the result of sustained and ubiquitous advertising; others are manufactured by competing epicurean interests bent on establishing their specific food items (or menu) as better than anything else procured, cooked, or served.

  So it is with clams and oysters.

  There are those who will dig their heels firmly in the mud (or a sandy beach at low tide) and argue that clams have got oysters beat six ways to Sunday. There are others who will hold their breath, stomp their feet, and demand that oysters are the crème de la crème of seafood and anyone who says differently doesn’t know their elbow from the ever-present hole in the ground. The arguments will escalate, the verbiage will get intense, and the accusations about someone’s ancestors will reach a fever pitch. It’s apparent things have gotten out of hand.

  I’ll not be responsible for inciting or propelling those clam vs. oyster disagreements. For me, it’s the proverbial “apples and oranges” argument. Some prefer one kind of shellfish; others prefer the other. Is one better than the other? I don’t know. Is one preferred more than the other—perhaps yes. I happen to be an aficionado of clams. I have tried oysters and found them wanting. Maybe it’s the “slime factor” or the fact that they are so expensive in the restaurants I visit. Maybe it’s because their shells look . . . well . . . look so misshapen. Maybe it’s because they are the ocean’s great filters, passing all manner of microscopic matter and human detritus through their systems. Or, maybe it’s just because I grew up with clams in my front yard and on my dinner table and in the coastal towns and villages I frequent that they have become so much a part of my existence—and so much a part of my menus.

  It’s not that I dislike oysters, it’s simply that I don’t prefer them. If given a choice at a restaurant, I’ll always select my shellfish alphabetically. I’ve eaten clams in a hundred different recipes and in a hundred different restaurants. I’m comfortable with them, they are my friends, and they make me (gastronomically) happy. Perhaps, some day, oysters might do the same . . . but, after considerably more than six decades of clam companionship, I’m inclined to stick with what I know. Clams are my friends.

  I am hoping that you, too, are an enthusiastic aficionado and diehard supporter of clams (a reason, I suppose, why you are reading this book). I hope they are your culinary cohorts, constant colleagues, and compatible compatriots—epicurean delights that have graced your table in innumerable ways. I’m hoping you are eager to learn about their character, their history, their lifestyles, and their influence. However, should you still be on the fence about your shellfish predilections, perhaps the following list may help you decide the debate (indeed, the rivalry) once and for all:

  •   Clams are bilaterally symmetrical; oysters are, well, odd.

  •   Elvis sang about clams; he never sang about oysters.

  •   A quite naked Venus (the goddess of sex and fertility) has been depicted on a clamshell by a famous Renaissance painter (Botticelli); oyster shells haven’t had the privilege of supporting any goddesses, naked or otherwise.

  •   Clams can be found worldwide; oysters are often associated with the United States.

  •   Clams have more iron than liver; oysters have less iron than eggs.

  •   Clams are economical (e.g., fried clams); oysters are expensive (e.g., Oysters Rockefeller).

  •   Clams are proud of both their shells; oysters would rather be served on the half-shell.

  •   Clams will have a positive effect on your libido; oysters will too . . . but do you really want to eat something cold and slimy before a night of incredible lovemaking?
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  PART I

  History and Lore
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  Chapter 1

  Leonardo and Ancient Clam History

  What’s past is prologue.

  —William Shakespeare, The Tempest

  WHEN I WAS GROWING UP, ONE OF MY CHILDHOOD heroes was Davy Crockett. I was enamored of his bravery, his ability to set a course of action and stick to it, and of his determination to face problems head on. I was an ardent fan of the TV series based on his life that ran 1954–1955 and starred Fess Parker.* In addition, I made absolutely sure I had a Davy Crockett lunch pail, an official Davy Crockett shirt (with authentic fringe), and the requisite coonskin hat (which, if I had kept it, would now be worth about a gazillion dollars on eBay). In so many ways, Davy Crocket epitomized what I believed a hero was—fearless, determined, and honest.

  Over the years, my heroes have evolved. I’ve admired many different women and men—not only for who they are, but also for what they believe or think. As I’ve grown older (and, hopefully, wiser) I’ve embraced intellectual heroes more than the action heroes of my youth. I’ve looked to artists, explorers, scientists, and inventors for their dynamic leadership, innate sense of curiosity, limitless imagination, and infectious creative spirit. I admire those who buck the status quo (intellectually speaking), those who think well “outside the box,” and those who chart thoughtful investigations far beyond their contemporaries.

  Take a few moments and think of some of your heroes—not the Supermen or Wonder Women of your youth, but rather those people, living or dead, who have shaped (or are in the process of shaping) who you are as a fully cognitive person. Who makes you think? Who sparks your creativity or stimulates your curiosity? Who asks the questions no one else is asking? Who are the intellectuals you admire most?

  In The Book of Genius, Tony Buzan and Raymond Keene apply some very objective criteria in order to rank the greatest thinkers of history. Using categories such as “originality,” “versatility,” “dominance-in-field,” “universality-of-vision,” and “strength and energy,” they present the following list as their “Top Ten” geniuses of all time:

  10. Albert Einstein*

  9. Phidias (architect of Athens)

  8. Alexander the Great

  7. Thomas Jefferson

  6. Sir Isaac Newton

  5. Michelangelo

  4. Johann Wolfgang von Goethe (German writer and politician)

  3. The Great Pyramid Builders

  2. William Shakespeare

  According to the exhaustive research conducted by Buzan and Keene, the greatest thinker, the greatest genius (#1), of all time was Leonardo da Vinci (1452–1519).

  By any and all accounts, Leonardo was the ideal Renaissance man, or uomo universale, a well-rounded, thoughtful, and inquisitive personality comfortable with both intellectual rigor and social graces. One need only look at a partial listing of some of Leonardo’s accomplishments and discoveries to appreciate the extent of his genius. Consider the following:

  •   As an artist, he painted two of the most famous masterpieces in the world, Mona Lisa and The Last Supper, along with the world’s most famous drawing: Vitruvian Man (which has been universally duplicated on items as diverse as coinage, biology textbooks, posters, and the T-shirts worn by some of my undergraduate students).

  •   As an architect, he designed the cathedrals in Milan and Pavia.

  •   As an inventor, he created plans for a flying machine, a helicopter, the bicycle, a snorkel, a horizontal waterwheel, the viola organista (a musical instrument), an adding machine, canal locks, an olive press, folding furniture, and a water-powered alarm clock.

  •   As a student of maps, he pioneered the use of cartographic perspective and map-making accuracy.

  •   As a mathematician, he studied linear perspective and promoted geometry.

  •   As an engineer, he drew up plans for an armored tank, machine gun, guided missile, double-hulled boat, and the submarine.

  •   As a scientist, he pioneered the study of comparative anatomy and modern botanical science, discovered the science of dendrochronology, wrote about the nature of light, observed geotropism in plants, outlined the human body, and noted that the earth was not in the center of the universe.*

  
    FAST FACT: Born on April 15, 1452, in Vinci, Italy, Leonardo da Vinci was the illegitimate son of a twenty-five-year-old notary, Piero da Vinci, and Caterina, a peasant girl. His parents married other people, and eventually Leonardo wound up with seventeen half-brothers and half-sisters.

  

  Leonardo da Vinci, Clams, and a Biblical Flood

  Leonardo may well be the “prototype” for today’s scientist—one who effectively and efficiently utilizes seven essential scientific processes to explore and understand the surrounding world: observing, classifying, measuring, inferring, predicting, communicating, and experimenting. That Leonardo was able to use these processes in a coordinated and effective system of thinking and imagining is a testament not only to his genius but also to the array of scientific discoveries and inventions he made throughout his life—including a revelation involving clams!

  You see, Leonardo was known as a copious note-taker. In his lifetime, he produced nearly thirty different scientific journals, each filled with drawings, notes, descriptions, and observations of the natural world. His best-known journal, the Codex Leicester, is a collection of eighteen sheets of paper, all folded in half and written on both sides. This seventy-two-page document is a random assortment of scientific writings about (among other things) astronomy, the movement of water, geology, the luminosity of the moon, geology, and paleontology.

  
    FAST FACT: The Codex Leicester was sold to Bill Gates by Christie’s Auction House in New York on November 11, 1994, for $30,802,500. (Yes, you read that amount correctly!)

  

  A significant portion of the Codex centers on a refutation of current (at the time) thinking regarding the reasons why clam shells (and their fossils) were found near the tops of European mountains. How did clams come to live at the tops of mountains when they were, most certainly, marine creatures whose natural habitat was the bottom of the sea? How clamshells and clamshell fossils were found at great elevations was a source of constant speculation, guessing, and outright conjecture by the scientists of the day—a mechanism of suppositions not unlike a random assembly of children’s party balloons flying off in all directions during a spring breeze.

  The persistent mystery was, how did fossil shells (and the remains of other former marine organisms) get caught in strata several thousand feet above current sea level? Thus, based purely on rampant and unsubstantiated guesswork, the scientists of the time concluded that the deposition of these shells was due to the high waters and violent currents of Noah’s flood. The answer, they insisted, was in religion, not science.

  Leonardo ridiculed this theory in the Codex by noting that the accumulation of clam and marine fossils in several different strata confirms the idea that their deposition occurred at different times in the history of the earth. He supported this conclusion with a classic piece of scientific observation (most obviously ignored by his contemporaries) regarding the position of clamshells:

  And we find the [clams] together in very large families, among which some may be seen with their shells still joined together, which serves to indicate that they were left there by the sea and that they were still living.

  Leonardo also inferred that the clamshells were subjected to extensive movement after the death of the organisms:

  In such locality there was a sea beach, where the shells were all cast up broken and divided and never in pairs as they are found in the sea when alive, with two valves which form a covering the one to the other.

  One of the major themes of the Codex was the explicit refutation and denouncement of Noah’s flood as a significant cause of fossil deposition. Two major sections of the document are titled “Of the Flood and of marine shells” and “Refutation of such as say that the shells were carried a distance of many days’ journey from the sea by reason of the Deluge.”*

  Leonardo further attacked a concurrent theory that fossils were not, in fact, the remains of ancient organisms, but rather that they “grew” (as a manifestation of some unknown plastic or cosmic force) within rocks precisely mimicking living creatures. This belief, otherwise known as Neoplatonic theory, although widely embraced by scientists and laypeople alike, could not explain why these apparently inorganic objects were not found in all strata, rather than just in those strata with evidence of oceanic remains. Leonardo was quite adamant (and very livid) about the ridiculousness and stupidity of this “scientific” precept:

  And if you should say that these shells have been and still constantly are being created in such places as these by the nature of the locality and through the potency of the heavens in those spots, such an opinion cannot exist in brains possessed of any extensive powers of reasoning because the years of their growth are numbered upon the outer coverings of their shells [the age of a fossil clamshell, the science of sclerochronology, can often be inferred from growth rings on the shell]; and both small and large ones may be seen, and these would not have grown without feeding or feed without movement, and here [that is, in solid rock] they would not be able to move. . . . Ignoramuses maintain that nature or the heavens have created [fossils] in these places through celestial influences.

  Leonardo’s observations of clamshells on European mountaintops and the resulting condemnation (nay, damnation) of medieval paleontological thought further cement both his scientific legacy as well as his genius. That bivalves were to play a significant role in the expansion of scientific thought (and the refutation of conjecture and supposition as “fact” or “reason”) cannot be undervalued or underappreciated. Clams helped one of the world’s greatest thinkers establish a cogent and defensible argument that modern paleontologists still embrace. That is reason enough to celebrate clams’ prominence in other arenas of scientific discovery.

  The Evolution of Clams

  Now, just for a moment, let’s consider a number . . . a very large number: 510,000,000.

  I think we can agree that 510 million is a very large number—particularly when we apply that figure to time, as in 510 million years.

  
    FAST FACT: 510 million years is equal to:

    •   6.1 billion months

    •   26.5 billion weeks

    •   186.1 billion days

    •   1,489.2 billion consecutive National Football League games (averaging three hours each)

  

  Now, let’s take a journey—a very brief narrative journey back in time—to examine some of the early “events” that took place on this ever-evolving planet. About 4.55 billion years ago our early Earth, such as it was, consisted of nothing more than ice and rock particles swirling around the young sun. Then, a cosmic force caused them to smash together to create the planet or proto-planet (what we now know as “The Big Bang Theory”—the real one, not the TV series). Then, the planet’s surface slowly cooled and for the next 700 million years or so, ours was a completely alien world without water, without oxygen, and certainly without life.

  The first part of our new planet’s life was known as the Precambrian era, an enormous chunk of time that makes up about seven-eighths of the Earth’s history, an expanse of approximately four thousand million years. As you might imagine, the length of the Precambrian era enabled several important biological, geological, and physical events to take place (albeit, very slowly). These included the rise and movement of the first tectonic plates, the evolution of eukaryotic cells (the cells that make up all animals, plants, fungi, and protists), and the infusion of oxygen into the atmosphere. It was only toward the end of the Precambrian era that complex multicellular organisms, including soft-bodied marine creatures, began to appear.

  
    FAST FACT: Here’s something that will demonstrate the incredible length of the Precambrian era: Get (or imagine) a two-by-four piece of lumber from your local lumber yard. Cut it to a length of six feet. That six feet represents the entire extent of earth’s history (from the Big Bang to the present day). Take a piece of sandpaper and sand one end of your two by four for about fifteen seconds. The amount of sawdust you just created represents the total time humans have been on the earth. Now, use a saw and cut about eight inches off one end of the two by four. The remaining length of your two by four (sixty-four inches) represents the length of the Precambrian era.

  

  After the Precambrian, the next era in the history of the Earth is known as the Paleozoic (542–251 million years ago). This era (also referred to as “The Time of Early Life”) was one of tremendous and incredible growth in the number, diversity, and complexity of animal life. The Paleozoic era comprised six separate time frames, or periods, as follows:

  •   Cambrian: 542–488 million years ago

  •   Ordovician: 488–444 million years ago

  •   Silurian: 444–416 million years ago

  •   Devonian: 416–359 million years ago

  •   Carboniferous: 359–299 million years ago

  •   Permian: 299–251 million years ago

  
    FAST FACT: At the beginning of the Paleozoic era (the Cambrian Period), today’s western coast of North America ran east-west along the Equator, while Africa was at the South Pole. What we now know as Europe was essentially an island located below the equator, two-thirds of the way to the South Pole.

  

  It is the Cambrian Period that should capture our attention, at least in a book about clams. It was during this time frame that several significant biological events took place. These included the following:

  •   Animals with hard skeletons first appeared.

  •   Plants had still not evolved yet—essentially the terrestrial world was devoid of any vegetation.

  •   Small, jawless, armored fish (known as ostracoderms) first appeared. These were the first marine creatures to use gills for respiration.

  •   Trilobites, small marine creatures, were the first to curl up into a ball—a most effective defensive move still being practiced by several other animals today (i.e., pill bugs, armadillos, pangolins).

  •   Clams show up.

  Scientific research has documented the earliest clam fossils in rocks dating to the middle of the Cambrian period, or about 510 million years ago. Later on, during the Devonian Period (416–359 million years ago), clams (and their relatives) became increasingly abundant. However, they really took off following the massive extinction at the close of the Permian Period (251 million years ago). Interestingly, this extinction affected many groups of organisms in many different environments, but it affected marine communities the most by far, causing the extinction of most of the marine invertebrates of the time—with the exception of our friends, the clams.

  Today, modern clams live in a variety of marine and freshwater environments, from shallow tidal waters near shore to great depths in the world’s oceans. Interestingly, ancient clam fossils indicate that clams have occupied most of these same environments for more than 450 million years. Imagine living in the same community, same neighborhood, and same region for that period of time.

  Now, if you were to look at some of those ancient fossil clams, you would note that they are incredibly small. Indeed, most Cambrian species are especially tiny; in fact, they are just large enough to see without magnification. However, over time, larger and larger species evolved. The largest, inoceramid clams, eventually grew to be as much as six feet in diameter. Consider, if you will, a clam twice as large as the tires on your car and you get a good idea of just how enormous those clams were.

  Now extinct, inoceramid clams lived in colonies in the shallow seas that once covered much of North America during the Cretaceous Period (from about 145–65 million years ago). They have been preserved in great numbers in the rocks of the Niobrara Chalk, a geologic formation laid down 87–82 million years ago. The chalk formed from the accumulation of billions of microorganisms living in what once was the Western Interior Seaway, an area that underlies much of the Great Plains region in the United States and Canada.

  Scientists have noticed that some of these huge fossil clams are covered with encrusting oysters and other organisms (Cretaceous hitchhikers, perhaps). Other inoceramids have been discovered with a variety of fish fossils lodged between their shells, indicating that the fish may have used the giant clams as safe havens or convenient feeding places.

  
    FAST FACT: Several species of inoceramids have been found in the Late Cretaceous rocks of Kansas. Amazingly, they also produced pearls (which have also been recovered).

  

  It is likely you have seen many of these ancient clams (and some of their marine neighbors)—albeit in ways and in locations you might find surprising. For example, if you were to walk around certain sections of New York City and kept your eyes open, you’d encounter the remains of ancient sea creatures trapped inside the facades, storefronts, and soaring stone walls of some of the most luxurious buildings in the city. For example, in the façade of the Sherry-Netherlands Hotel (781 Fifth Avenue) are cross sections of snails, tiny scallop shells, and oversize shells all encased in a stony tomb more than 40 million years old. Cast your eyes at Tiffany’s window (Fifth Avenue and 57th Street) and you’re likely to discover ancient sea lilies embedded in the surrounding stone, their “home” for more than 100 million years. In the marble of the Tishman Building (666 Fifth Avenue), in full view of any passersby, are the remnants of ancient relatives of the chambered nautilus, striking marine creatures that swam through prehistoric seas for some 365 million years. The cornices of Saks Fifth Avenue (611 Fifth Avenue) house a section of coral reef that once lay under a vast and ancient sea covering almost all of the American Midwest millions of years ago.

  Also awaiting your inspection are several “Big Apple” buildings constructed of limestone from northeastern Italy. Sprinkled throughout the walls and decorative adornments of these buildings are the distinctive impressions and fossil remains of ancient clams known as rudists. You see, rudists were a very common marine heterodont bivalve that arose in the late Jurassic and spread prolifically during the Cretaceous period. They are significant, due in large measure to their role as massive reef builders throughout the Tethys Ocean.* As shallow water inhabitants, rudists were known as epifaunal organisms, meaning they were usually attached to the sea floor sediment.

  [image: images]

  Cretaceous rudist bivalves from the Oman Mountains. (Scale bar is ten millimeters.)

  Current thinking is that the salinity and temperature of Cretaceous seas may have been responsible for the environmental success of rudists. Specifically, tropical waters during this time were considerably more saline and considerably warmer than today’s equatorial seas. As a result, rudists absolutely flourished in these waters.

  
    FAST FACT: Rudist reefs were sometimes hundreds of feet tall and often ran for hundreds of miles along the continental shelves. At one point in time, a rudist reef followed the curve of the North American coastline from the present-day Maritime Provinces down to the Gulf of Mexico.

  

  Early rudists, those of the Jurassic period, were elongated, with both valves (shells) being similarly shaped—often pipe- or stake-shaped. By contrast, Cretaceous rudists were odd-shaped. Unlike the two shells (or valves) of similar size and shape evidenced by either their predecessors or today’s bivalves, the Cretaceous rudists had dissimilar valves. The lower valve was typically large and conical in shape and was attached to neighboring rudists or the seafloor. It was this valve that served as the clam’s living space. The smaller valve (usually on top) formed a type of lid for the organism. This smaller valve was sometimes flat and simple, sometimes low and conical in form, occasionally spiral, and in rare cases star-shaped.

  Today, there are no known direct descendants of the rudists. The Cretaceous-Paleogene extinction event (K-Pg) effectively wiped out all the rudists 66 million years ago (as it also did with all nonavian dinosaurs). Rudist fossils, however, can be found throughout the equatorial latitudes, generally in the areas comprising the Mediterranean, the Middle East, the Caribbean, and Southeast Asia. And their remains are forever preserved in the facades of several soaring structures looming over the urban landscape.

  Early Clams Discovered in the Desert

  Just for a moment, let’s depart that urban environment and travel some 5,713 miles (via our own private jet) to the Negev Desert in southern Israel. This may seem a strange place to go clamming, but a quarter-billion years ago, this region was a shallow equatorial seacoast bordering the supercontinent of Pangaea.* Eventually the ocean receded and Pangaea fractured, its pieces drifting into the familiar configurations of present-day continents.

  However, over time, fissuring and erosion also uncovered a stretch of this ancient seabed in an area called Makhtesh Ramon, a geological feature that’s considered Israel’s Grand Canyon. (Makhtesh is Hebrew for “crater,” though the deep channel resulted from river drainage, not an astronomical impact.). On a visit to Israel in 2007, geologist Mark Wilson (from the College of Wooster in Wooster, Ohio) collected about a dozen unbroken clam fossils from a yellowish, sandy mound in the Makhtesh Ramon. Intrigued by what they might be, he sent the new samples, ranging from babies to full-grown adults, to a colleague in Texas.

  After a period of intensive research and laboratory investigation, the pair of scientists concluded that the strange-looking clams represented something new. It wasn’t just a novel species or an undescribed genus (the next-higher level of biological classification). Wilson’s find was actually the discovery of an entirely new clam family. In the world of invertebrate paleontology, that doesn’t happen often. Wilson christened the clam family the ramonalinids, incorporating the name of the locality where they were found.

  What was most interesting about these creatures was that the ramonalinids were an odd and apparently isolated species of ancient clam. As far as anyone knows, they only lived in a single coastal alcove of the vast prehistoric Tethys Sea. The ramonalinids formed a continuous mound of mud that accumulated over hundreds of thousands of years, eventually reaching a height of nearly twenty feet.

  “There were thousands of them in this one place, for a couple of miles,” Wilson said. “It was probably an environmental zone that was just right for them. But they’re not known anywhere else in the world. They seem to be a lineage that was exploring various ecological niches in which they had little competition.”

  Most modern clams bury themselves in sea-bottom sediment to hide from snails, crabs, whelks, and sea stars, who like to crack their armor or suck up their innards (more about this gruesome digestive activity in chapter 6). Ramonalinid clams eschewed subterranean habitats and not only sat on top of the seabed, they perched on edge, similar to how you place dinner plates in your dishwasher. To maintain this upright posture, ramonalinids modified a part of their shell, forming a large flat surface that functioned as sort of an underwater snowshoe on which they balanced themselves.

  The ramonalinids’ two hinged shell halves were nearly an inch thick, and they didn’t fully close, probably by design. The gap would have allowed the clams’ inner tissue, or mantle, to loll outside, where sunlight could reach it. That way, scientists think, algae and other photosynthetic microbes living in the clams’ mantle could convert sunlight into nutrients, which the clams could use as supplemental food. The metabolic boost from these tiny symbionts likely helped the clams make and maintain their massive shells. (We’ll see this again in a more modern clam—the giant clam of the South Pacific—which we will meet in chapter 3.)

  While this surface-dwelling, sunbathing lifestyle had benefits, it also carried risks. “To be a big, meaty organism and just sit on the seafloor was dangerous,” Wilson said. Though the ramonalinids’ chunky armor probably helped discourage attackers, it didn’t ensure long-term survival. Perhaps new predators with new attack strategies appeared, or further environmental changes proved too much to overcome. The ancient clam family appears to have no modern descendants; in a word, they became an evolutionary deadend.

  “All we know is that there’s this moment of time where they appear, and then disappear,” Wilson said.

  Finding Weather Patterns in Clamshells

  Now, let’s reboard our transoceanic private jet and travel 7,507 miles in a southwesterly direction to the fifth largest continent in the world, Antarctica. In one of the most fascinating research studies in modern times, an international team of researchers has been investigating 50-million-year-old clamshells from this vast and forbidding environment. What they have discovered has rewritten the book on climate change. Specifically, they found that the growth rings of ancient clam fossils demonstrate a predictable climate rhythm over the South Pacific, especially during the last prolonged interglacial phase of Earth’s history (which ended about ten thousand years ago). This rhythm resembles the present-day interplay of El Niño (a band of warm ocean water temperatures that periodically develops off the western coast of South America) and La Niña (the counterpart of El Niño, in which the sea surface temperature of the eastern central Atlantic Ocean is lowered by three to five degrees Celsius).

  
    FAST FACT: During the Cambrian Period (541–485 million years ago), western Antarctica was partially in the northern hemisphere. Eastern Antarctica was at the equator, surrounded by tropical seas. Then, more than 170 million years ago, Antarctica became part of the supercontinent Gondwana. Over time, Gondwana gradually broke apart and Antarctica (as we know it today) was formed approximately 25 million years ago.

  

  This climatic phenomenon still changes regularly from its cold phase (La Niña) to the warm phase (El Niño) and back again. Thomas Brey, a biologist at the Alfred Wegener* Institute for Polar and Marine Research (in Germany), and his colleagues have succeeded in verifying this pattern as an ancient one. They have done so by observing the growth patterns of Antarctica fossil clams from the early Eocene epoch (about 56–34 million years ago).

  Brey and his colleagues investigated the shells from the bivalve species Cucullaea raea and Eurhomalea antarctica, shells that are 50 million years old. “Like trees, clams form growth rings. We measured their width and examined them for growth rhythms,” stated Brey.

  Whether clams grow ultimately depends on two significant factors—the availability of food and environmental warmth. “That means the change from ‘good’ and ‘poor’ environmental conditions at that time is still reflected in the width of the growth rings we find today,” said Brey. “And as we were able to show, this change took place in the same three to six year rhythm we are familiar with in connection with El Niño and La Niña today.”

  The shells are a real piece of paleontological luck. “To verify El Niño, we need climate archives that cover the largest possible period year by year. Back then, clams lived for up to 120 years. This is a good basis for our work,” he said.

  To examine the significance of the growth rings of clams, the researchers compared their measurement results with current El Niño data as well as with the El Niño–like fluctuations produced by a climate model of the Eocene. The result? All patterns correspond. “Our results are a strong indication that an [El Niño] phenomenon which fluctuated between warm and cold phases also existed in the warm Eocene,” concluded Brey.

  What the Antarctic clam fossils reveal is that climate tends to be cyclical in nature. Even more important is the fact that those cycles are permanently recorded by organisms that have been around for far longer than the considerately more intelligent beings studying them. While we might think of clams as innocent bystanders to the world’s evolutionary and climatic changes, they have certainly proven themselves as invaluable “stenographers” of the cycles of time.

  After traipsing around the frigid environment of our southernmost continent, it is now time to return to a considerably warmer clime. We’ll hop back onto our supersonic private jet and travel back to the Middle East. It is here that another significant bit of clam news has been unearthed—one that will put a fitting exclamation point to this chapter on the early history of our favorite shellfish.

  Clams of the Red Sea and Early Human Migration

  In 2008 an international team of researchers discovered a new species of giant clam (Tridacna costata) in an area surrounding the Red Sea. The fossils indicate that giant clams once dominated elevated reef terraces throughout the area. As a result, they were a ready source of food for the people who lived around the Red Sea. Unfortunately, it seems as though they began to be overharvested as early as 125,000 years ago, leading to the apparent near collapse of the species. But what is critical here is that those same researchers infer that this particular mollusk may hold clues to how and why humans migrated out of Africa more than a hundred thousand years ago.

  
    FAST FACT: The Red Sea is the world’s northernmost tropical sea.

  

  The scientists’ findings feed speculation that modern humans migrating out of Africa into the Red Sea region 110,000 years ago were motivated in part by disappearing seafood, specifically clams, which may be one of the earliest known examples of marine overharvesting. The discovery also illustrates humans’ ancient dependence on the natural environment, said the study’s lead author, Claudio Richter, a marine ecologist at the Alfred Wegener Institute.

  “The further we got back in time, the more T. costata we found. Also the shells were much larger than at present,” Richter said. He also stated, “The new giant clam is found exclusively in very shallow waters within easy reach of humans, which makes it much more vulnerable to overfishing than the other species.” “The striking loss of large specimens is a smoking gun indicating over-harvesting.”

  “That theory tracks with history,” said team member Marc Kochzius, who conducted genetic analysis on the new species. “The decline of T. costata coincided with humans migrating out of Africa,” he said. “We propose that giant clams, and especially Tridacna costada, were a valuable food resource, which was rather easy to collect on the shallow reef flat,” he said.

  That clams have been around for more than 500 million years, have diversified into so many different species, and exist in almost every corner of the world is a testament to their persistence as well as their evolutionary success. While we may often consider the lowly clam to be an innocent bystander to the events of history, here is at least one instance when these enigmatic creatures may have effectively influenced the course of human history. That they have determined the survival and ultimate migrations of humans across vast geographic distances is amazing in its own right; that they may have been influential in the fate of other cultures and other peoples will be left to additional explorations by paleontologists, anthropologists, and marine biologists in the future. At this point, however, it seems fair to state that clams may have influenced the course of human events in ways far more significant than how we can simmer them with some cream, butter, and potatoes to create a good-tasting chowder.

  Suffice it to say, ancient clams have left us with many secrets to decipher. Let’s take a look at some of those secrets in a little more detail.

  

  * Fess Parker would later achieve fame (and fortune) as a celebrated vintner and owner of the Fess Parker Winery in Los Olivos, California. Thus, I can continue to celebrate one of my childhood heroes; however, now with a glass of dry Riesling.

  * On the wall of my office hangs the following Albert Einstein quote: “The difference between stupidity and genius is that genius has its limits.”

  * A survey (of twenty-two hundred participants) conducted by the National Science Foundation in 2014 found that fully 25 percent of Americans still believe that the sun orbits the earth—a fact disproved way back in the sixteenth century by Nicolaus Copernicus.

  * Crafting pithy titles was not, apparently, one of Leonardo’s strong suits.

  * This former ocean separated the supercontinent of Laurasia in the north from Gondwana in the south for much of the Mesozoic era (251 to 65.5 million years ago).

  * Pangaea was an enormous supercontinent that existed during the late Paleozoic and early Mesozoic eras. It formed approximately 300 million years ago and began to break up into today’s present continents about 100 million years later.

  * Alfred Wegener was the German scientist who first proposed (in 1912) the theory of continental drift—the theory that the continents were slowly drifting around the earth. Now referred to as tectonic plate theory, his views were not readily accepted until the late 1950s. (One prominent scientist in the 1920s emphatically stated that Wegener’s ideas were “Utter, damn rot!”) Today those ideas are established scientific fact, and Alfred Wegener is now recognized as the founding father of one of the major scientific revolutions of the twentieth century.
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  Chapter 2

  Secrets in the Middens

  One man’s trash is another man’s treasure.

  —popular saying

  IF YOU’VE EVER OWNED A CAT, YOU KNOW THEY often have personalities that are just a little bit short of strange or, shall we say, weird. They have a tendency to do weird things, act in weird ways, and just get plain weird—especially when they crave attention (which is always!). Perhaps that is part of their allure, or perhaps that is just part of their natural ability to weasel (another interesting animal) their way into our lives and our hearts.

  When my children were young, we had a cat with a most distinctive habit. It would constantly steal bits of paper, scraps of aluminum foil, a few chicken bones, old batteries, plastic kitchen utensils, and small toys and hide them in secret caches in corners of the living room or kitchen. These piles would be added to over the weeks—an assembly of potpourri, scraps, and the detritus of our life that had no order or logic. If it looked interesting and was easily portable, then it quickly became part of one of his caches. Every month or so, we would have to move the couch or reposition the kitchen hutch to locate and clean out his miniature storehouses of accumulated debris. His real name was Walter, but everyone in the family affectionately called him “Rat” simply because he had the habits of the common pack rat. Rat never met a bit of trash he didn’t like!

  Pack rats (often referred to as wood rats) can be found throughout the United States. The twenty-two species are quite diverse, living in ecosystems as varied as the deserts of the American southwest, to the deciduous forests of the East coast, to the cold, rocky habitats of the mountain states, and to the juniper woodlands of the western United States. Pack rats often build complex houses or dens containing several nest chambers, food storehouses, and, of course, debris piles.

  Pack rats are collectors of the first order, and it is these collections that are particularly interesting. Anything and everything is “fair game” for a pack rat (as it was for our “Rat”). Most of the materials gathered by a pack rat will come from an area extending out to several dozen yards from its nest. These may include items such as sticks, trash, leaves, paper, metal objects (especially coins), branches, wire, foil, rocks, animal dung, or anything else that looks interesting and that can be easily transported from one place to another. If a pack rat can move it, it usually gets moved.

  These debris collections are referred to as “middens.” To ensure that a pack rat’s “belongings” are his (or hers), and his (or hers) alone, he or she will frequently urinate on the debris pile. In so doing, he (or she) has effectively labeled or personalized that midden, preventing potential interlopers from scrambling away with items that don’t “belong” to them.*

  As the urine dries, sugar and liquids evaporate. This material is now known as amberat—a thick resinous substance that tends to cement midden materials together. Over time, the amberat dramatically slows the rate at which those materials decay or decompose. This, in combination with an often arid climate in the places where pack rats frequently live and their predilection of creating middens inside caves or under rocky overhangs, helps preserve those “urinated” debris over time. Interestingly, several pack rat middens, particularly in the American southwest, have been preserved for more than 50,000 years. The discovery of these ancient middens often sets archaeologists into a (scientific) frenzy for two primary reasons. First, the middens reveal a great deal of information about past climatic conditions (through an analysis of woody materials in the middens). Second, these middens often contain very convincing evidence about the prominent plant species that existed thousands of years ago in a particular geographic region. In so many ways, pack rat middens are “crystallized time capsules” of life from long ago.

  
    FAST FACT: Pack rats aren’t the only animals that create middens. Octopi do, too! Octopus middens are assemblies of debris the octopus piles up to conceal the entrance of its den. Octopus middens are commonly made of rocks, shells, and the bones of prey, although they also may contain anything the octopus finds that it can move (sounds familiar). In contrast to pack rats, however, octopi do not urinate on their stuff.

  

  Middens in Archaeology

  Now, imagine doing the following:

  Go into your kitchen and grab your trashcan—the one under the sink or next to the stove. Cover your kitchen table with several layers of newspaper and then dump your trash can out onto the table. What you will see before you is evidence of the events, experiences, and traditions your family has dealt with in the past several days (depending on how often you empty your can). Paw through the debris and you’ll discover evidence of the meals you’ve eaten, the type of mail you’ve received (particularly if you forgot to put your junk mail in the recycling bin), food packaging, discarded meals, Band-Aids®, broken shoe laces, as well as varied family items considered waste.

  Now, let’s take that activity to the extreme.

  Take all your trash from an entire year, load it into the largest rental truck you can find, and drive it over to your local high school football field. Now, dump all that trash onto the field from one end zone to the other. Gather your family members together and take some time (a whole day, for example) to examine all the bits of trash and garbage and waste you have tossed out in the past year. You will undoubtedly discover some of your dietary trends, evidence of your financial habits, some of the important things in your daily living (“to do” lists), how you communicate with the outside world (i.e., phone records, Internet service), trips you’ve taken or trips you wish you’d taken, as well as a variety of other habits, customs, and practices. In a sense, there would be a fairly accurate archaeological record of your family right there on the football field. (By the way, be sure to clean up the field before you leave.)
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