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This book is dedicated to Irene Hooper (1935–2014), founder and director of Seacamp Association (Big Pine Key, Florida), and Dra. María Elena Ibarra Martín (1932–2009), director of the Center for Marine Research at the University of Havana (Havana, Cuba). Each of these remarkable women, their desks just 125 miles apart on opposite sides of the Florida Straits, shared so much in common. With their selfless dedication to education and the oceans, they enriched the lives of thousands, engendering a love of and curiosity about the exquisite waters we share. I am privileged to have known, worked with, and had my life profoundly changed by each of them.





Plant a tree, have a child, and write a book.—José Martí (1853–1895),

Cuban poet, writer, philosopher, and nationalist leader





PREFACE

Tucked away in a hidden corner of Prague’s old town lies the Church of St. Martin in the Wall. On Wednesdays and Thursdays, you’ll find several dozen tourists milling about the entrance; a variety of languages and accents carry in the afternoon breeze. Once inside, the diverse group eagerly waits until the sublime strains of Mozart, Vivaldi, and Bach fill the modest church. As this rich musical tapestry unfolds, the barriers of place, race, and tongue are transcended by the universal language of music, uniting strangers in mutual love of a timeless and borderless art form.

A world away, biologists from the Caribbean watch the Gulf of Mexico swallow the sun at Guanahacabibes, Cuba’s unpronounceable westernmost point. They, too, are united by a mutual love of a timeless art form: the green sea turtle. They have come together to help this endangered reptile, whose journeys encompass thousands of miles of open ocean, crossing the maritime borders of dozens of countries. Here on this small beach, Americans and Cubans side by side, and in those moments, the tortured political history between their countries is a distant and irrelevant absurdity. Bathed in the sun’s fading golden light, the group silently awaits the first female turtle of the evening—having completed decades at sea to return for the first time to the very beach where she was born, feeling gravity’s pull for the first time since she was a hatchling scampering for the surf, as she hauls herself up the beach to carve a hole with her back flippers and, seemingly in a trance, she lays her eggs. Afterward, as she swims into the black, she will unknowingly cross many political borders, focused only on her ancient will to survive.

At its essence, this book is a story of unthinkable environmental tragedy—the loss of one of our planet’s most important and treasured ecosystems: coral reefs. But it is also the story of unexpected hope that offers a road map to guide our hand toward restoring the magic and beauty of an ecosystem so vital to the survival of our oceans, toward restoring the awe that has touched our hearts and sparked our imagination. Cuba’s remarkable reefs offer us real stories of genuine hope. But it’s impossible to tell this story without the context of the history of how we have managed to lose half of our coral reefs in the Caribbean. It’s impossible to tell this story without telling the story of Cuba—its history, its culture, its people, and its struggles. It’s impossible to tell this story without telling the inspirational story of collaboration of dedicated scientists from Cuba and the United States, working against a relentless tide of politics to learn from the sea and work to protect it. And it’s impossible to tell this story without sharing my personal experiences, the victories and failures, from the perspective of an American with no Latin heritage, groping his way through unfamiliar territory for more than two decades, and the unanticipated reward of the profound warmth, welcoming, and friendship of the Cuban people.

To convey so much in one book, my pen and my scalpel have necessarily sat side by side on my desk. In the end, this is far from a textbook on coral reef science and conservation. Nor is it anywhere near a comprehensive history of Cuba or a treatise on Cuba–U.S. relations and regulations. No doubt there are glaring omissions from each of these topics. Rather, it is an account not only about science and history, but also a collection of stories of real people, real challenges, and real work on the ground—or in the water. It is a journey through what I consider simultaneously the most rewarding work of my career and the most frustrating, a roller coaster screaming along the tracks from the heights of euphoria to the depths of despair.

A few notes about the contents: The book contains dozens of interviews of friends and colleagues, Cuban, American, Bajan, and Russian. For some, it also includes their eloquent words while guest lecturing to my graduate students at Johns Hopkins University. For clarification, the title of this book refers to “the Ocean Doctor,” a moniker given me by my daughter, Anna many years ago. In the body of the book, I sometimes refer to Ocean Doctor, which is also the name of the nonprofit organization I run. In some cases, I have changed the names of individuals to avoid bringing them unwanted attention or risk. I have worked under the umbrella of several organizations over the 20-year period covered by this book. For simplicity’s sake, I have not always specified which organization I was with at the time, opting instead for pronouns like “we.”

Telling “stories of hope,” as the title promises, requires understanding why hope is needed in the first place. I therefore must drag my readers through stories that are much less hopeful—some downright depressing—in order to set the stage of why Cuba’s coral reefs are truly remarkable and why they indeed offer hope. So when it seems that all hope may be lost, hang in there. I promise to leave you on a high note.

Though I tell this story from my own perspective, I do not want to give the impression I am by any means alone in collaborative marine science and conservation work in Cuba. I am joined by other capable, dedicated, and respected organizations from the United States and around the world. In the same vein, this book focuses on collaboration between the United States and Cuba, but my intent is that the material also connects with non-Americans and non-Cubans, as the story of coral reefs is a global one. But, hey, I’m an American…. Also, this book certainly involves science, but it is not written for scientists. My goal has been to ensure that the material is not only understandable by nonscientists, but also that they will not find such material dry and boring.

The coral reefs I grew up with—ecosystems of indescribable beauty and sanctuary that literally changed the path of my life at the age of 15—are rubble today. Ninety percent of the reefs I cherished in the Florida Keys have perished. But when I nearly gave up hope that coral reefs would survive to the end of the 21st century, Cuba came to my emotional rescue. I beheld thriving coral reefs even healthier than those I remember as a teenager. Along with the science, history, and politics framing this story, I hope I also am able to convey the emotion of this journey of hope. After more than 100 trips to Cuba, I find myself more and more tongue-tied to describe the magic of this island that draws me back again and again. It’s been described as a paradise. I resist using this word—it has been commandeered by travel marketers and overly boastful coastal resorts around the world. But the word certainly fits. Cuba is indeed a paradise, not only of incredible, stirring natural beauty, but also of an incredible, resilient, and gentle people, whose warm hearts have welcomed me again and again, and where I have forged some of the most meaningful friendships of my life. And now, at a time when all may seem lost, it is a paradise that offers us the most precious gift: hope.

Unlike the mother sea turtle plying the ocean’s waters, political borders are all too visible for our species, and working across those borders is frequently complicated, unpredictable, and often agonizingly slow. The hallmarks of international work are patience, curiosity, empathy, and humility. It’s not enough to know the science and speak the language. It’s critical to understand the culture and politics, which are inescapably intertwined with conservation. The oceans once stood as a forbidding, impenetrable divide that held civilizations apart for centuries. Today, we are united by our growing concern for the health of the oceans. And, like the beach at Guanahacabibes, it is more important than ever to find the common bond of conservation that will unite us in partnerships that will endure across languages, borders, and politics.





PROLOGUE

My tired eyes panned frantically but in vain for even the slightest evidence that I was in my lane—or any lane—as we sped toward an awaiting vessel in a tiny coastal village I had never heard of. Our deadline was nightfall, which had been ominously enveloping us. The Cuban Coast Guard officials at our destination would soon pack up and return home to their families, decreeing it was too late for the Reina to leave port.

We were hours late, stymied by typical Cuban obstacles, including trying to rent a pair of reliable cars for the journey from Havana, an ordeal that took fully half a day, punctuated by bursts of exhaustive negotiations, fists full of cash, and crosstown dashes to promised vehicles that didn’t exist. We were also slowed by the inevitable breakdown of one of our “reliable” vehicles along the highway. Thanks to a pair of tie wraps and Cuban-inspired ingenuity—ironically performed by American NPR reporter and Washington Post writer Nick Miroff—we were able to jury-rig a repair.

The six-hour drive east along Cuba’s major axis became increasingly harrowing with every minute as a determined sun slid steadily into the mountains behind us. My grip on the wheel tightened until my hands throbbed. In Cuba, darkness transforms a drive in the countryside from a mildly challenging sojourn into a nail-biting adventure, especially on this final stretch of highway leading into Ciego de Ávila Province.

As the pale gloaming gave way to darkness, oncoming headlights scattered across our filthy windshield, causing momentary night blindness, frustrating whatever hope I had of being sure I was in my lane. Such certainty would have provided a morsel of desperately needed comfort, though far from a guarantee of safety.

This stretch of the autopista had three narrow lanes, impossible to discern in the darkness. “Which direction is the middle lane?” I asked my Cuban friend and colleague, Dr. Fabián Pina, who lived somewhere beyond the far end of this highway. His matter-of-fact response confused and terrified me.

“It’s both directions. It’s a passing lane,” he replied.

I protested, “You’ve got to be kidding!”

Eighteen-wheelers with blinding headlights barreled toward us in the center lane, seemingly inches away, their explosive wake—together with my own instinctive reaction to steer away—lurching our small station wagon toward the dirt shoulder, where invariably our headlights would reveal the rapidly approaching rear end of a horse and the unlighted cart it was pulling. So I’d veer to the left and hold my breath, hoping we weren’t coming up on a slow-moving vintage 1950s Chevy without working tail-lights.

This maddening dance down the highway continued into the early evening as the autopista slowly gave way to the narrow two-lane secondary roads that wound through acres upon acres of sugarcane. When I finally released my death grip at a small-town service station, Nick observed the bizarre mix of horse-drawn buggies, bicycles, decrepit old American cars, rusted Russian Ladas and Moskvitches, and modern Asian and European vehicles we had encountered. “It’s like the whole history of human transportation on one road,” he said.

This moment—and countless more throughout each of more than 100 visits to this unusual island—seemed to be the realization of a science fiction book I had enjoyed as a teenager. In Gordon Dickson’s Time Storm, swirling storms in time crisscross the planet, leaving in their wake a world divided into a patchwork of different time periods. The story’s protagonist must journey through the often-bizarre juxtaposition of different time periods in close proximity.

And so also to the outsider does Cuba seem to be caught in its own time storm, with relics of a century past coexistent with early 21st-century modernities: horse-drawn buggies stopped at a traffic signal alongside modern Hyundai sedans; 60-year-old rotary phones still in regular use alongside shiny new iPhones. It is disorienting to travel through an island where so much is still frozen in time, almost as it was more than a century ago, with more than half a century of isolation and crushing economic embargo from its nearest neighbor, the United States.

When I first set foot on this exotic island, little did I know what lay in store over the next two decades. I underestimated everything, including Cuba’s relentless gravitational attraction that would pull me back time after time, even after I had given up hope of succeeding there. Nor did I appreciate what difference I could possibly make, a gringo born in Philadelphia without a drop of Latin blood in my veins and little memory of the Spanish I had struggled with during my undergraduate studies decades earlier. But I would soon discover—and treasure—my newfound Latin soul.

Neither had I anticipated that I would be swept away within my own “time storm.” As we resumed our mad dash to the tiny coastal village of Jucaro before the Coast Guard officials left, the awaiting Reina, a converted fishing boat, was to be my shiny silver DeLorean, destined to take me on a journey through time that I can still barely believe, one that would bring me face-to-face with vibrant, healthy coral reefs, reefs I thought I would never lay eyes on again, reefs that were the inspiration of my career in marine science and conservation, reefs that would soon succumb to a tidal wave of humanity invading Florida and lethally warming seas. And so would go much of the Caribbean reefs as well. The coral reefs my colleagues and I had so cherished in the seventies were 80 to 90 percent dead. And in the Caribbean, the figure was roughly 50 percent.

At a time when I had come close to giving up hope for corals in the same way that many conservation groups abandoned the Caribbean as a lost cause, Cuba suddenly offered unexpected hope. Just like the dazzling carpet of schoolmasters, grunts, tang, and parrotfish spilling over the mustard walls of Florida’s Looe Key so transfixed me that summer in 1974 as a young teenager, so did my eyes widen and my heart race with joyful disbelief as I slipped below the surface from the stern of Reina into an underwater paradise as frozen in time as the rest of Cuba. Little had I suspected that an old, converted Cuban fishing vessel was the time machine that I and many others had fantasized about, to take us back in time to the days of flourishing reefs and with that journey, perhaps a second chance to do things right.

I beheld magnificent stands of healthy elkhorn coral, teeming with colorful grunts, snappers, and angelfish. I came face-to-face with Goliath groupers, a critically endangered species, more than triple my weight. I found myself surrounded by dozens of healthy Caribbean reef sharks, silky sharks, tarpon, and myriads of other sprightly fish and corals, all the while seeing no evidence of the decay and disease the rest of the Caribbean had suffered over the past half century.

The experience was so powerful it would inspire some of the most important work of my career. But it would also leave me humble and speechless, groping for adjectives that don’t exist, reminiscent of explorer Meriwether Lewis’s emotional encounter with the Missouri Falls in 1805 during the famed Lewis and Clark expedition, excitedly describing the falls in his journal as “the grandest sight I ever beheld.” But after rereading his words, he scrawled his exasperation and despondence in a rambling apology to the reader, punishing himself for offering words that so inadequately conveyed the grandeur of the wondrous sight he beheld. I would spend years searching for the right words to describe coral reefs, but, as with Meriwether Lewis, they continue to elude me.





PART ONE

CORAL’S LAST STAND


Success is survival.

—Leonard Cohen







CHAPTER ONE

SPINELESS


The last fallen mahogany would lie perceptibly on the landscape, and the last black rhino would be obvious in its loneliness, but a marine species may disappear beneath the waves unobserved and the sea would seem to roll on the same as always.

—G. Carleton Ray




The Shark Pit

The fourth graders—newly arrived and attending their first class—were unmistakably nervous, tightly clutching their towels, masks, fins, and snorkels that morning in late 1974. They had just been told that they would be swimming with sharks in a few minutes. Freshly arrived from a snow-swept Midwestern state, they stood pale and unsettled in the morning sun, smeared with fragrant suntan lotion as they quietly listened to Bob Beech, their instructor at Seacamp/Newfound Harbor Marine Institute, a nonprofit marine science camp and education institution in the Florida Keys.

Founded in 1966, Seacamp was among the first such marine education centers dedicated to teaching young students marine science and doing so with “experiential education,” that is, tossing kids into the water to behold coral reefs or leading them on a tromp through the muck of a subtropical marsh, all the while enduring the stings of Cassiopeia jellyfish from below and swarms of unrelenting mosquitoes from above. Experiential education means experiencing Mother Nature on her own terms, typically euphoric, occasionally terrifying, at times maddeningly uncomfortable, but always profoundly illuminating. Such experiences could be truly transformational, taking kids out of their day-to-day lives—often devoid of nature—and plunging them into a thriving natural world they had never before experienced. For many, like myself, it led to a lifelong love affair with the coral reef ecosystems of the Florida Keys and the life, color, and magic they harbored.

I discovered Seacamp perusing Boys’ Life magazine, where I spotted a small ad in the summer camp classifieds with the tantalizing tagline, “For all the sea has to teach us … and all the fun in learning it.” So, on June 24, 1974, I boarded Eastern Airlines flight 35 in Philadelphia and sat myself in seat 12A. The Boeing 727 rumbled down the runway close to our scheduled 9:00 a.m. departure, and three magical hours later, a 15-year-old teenager from Philly found himself in Miami, Florida, eager with anticipation of catching his first glimpse of the Florida Keys… wherever they were. I didn’t know. Donna Coffin, the thoughtful and kind redheaded counselor who met me at the Eastern Airlines gate, kindly drew a map on a napkin. I was astonished—and excited—that Florida continued south along a chain of islands that I never knew existed. I would eventually spend part of 11 summers at Seacamp, three as a camper, eight as an instructor.

The fourth graders were assembled adjacent to Seacamp’s dining hall where there was a small man-made saltwater pond the size of a large circular swimming pool. From the center of its dark green waters emerged a white sign on which was painted the menacing moniker: “SHARK PIT,” sporting a crudely painted silhouette of a shark. “We’d sit on the back seawall and catch sharks and throw them into the Shark Pit… small sharks,” recalls Bob. Lemon, nurse, and bonnethead sharks circled the pond. “Even those little sharks, they would cut the surface with their dorsal fin,” leaving a small wake behind them, just like their fully grown counterparts, “so getting fourth graders to go in and snorkel to see them firsthand was a psychological challenge,” Bob continues.

Bob was my marine ecology instructor at Seacamp, and a few years later, my colleague as I rose from the ranks of camper to become an instructor. Bob is as gregarious today as he was then. In the seventies he stood tall and tanned, his sun-drench curls streaked with highlights of blond beneath his ever-present white tennis visor and his beard framing a welcoming and often mischievous smile. In the mid-seventies, we were now squarely in the post-hippie era, but Bob still harbored all the spirit, energy, curiosity, and independent thinking of that period in his blood. We’d have long talks about life, often venturing into philosophy. But deep within Bob was an indomitable entrepreneurial spirit, and that was the force that took him into a career rich with startups and corporate leadership in biotech and other disciplines. He’s far from the Keys now—in Cincinnati, with his wife Christine, another Seacamper. Despite the passage of more than four decades, this particular day, with these fourth graders, still makes him wince.

“So, I had sort of developed this little schtick. I’d get down there and I would be the first in, and of course, this was after a little talk to them saying these are little tiny sharks, they can’t harm you and it’ll be fun.” For this group, it was going to take a bit more convincing. The students stood their ground, no doubt the theatrical release of Jaws a few months earlier fresh in their minds. “Usually you could tell who was going to be the brave kid. It was kind of like ‘me first’ as they were getting closer to me.”

The dark green, algae-rich waters of the Shark Pit made it challenging to see the sharks on a good day, and if the muddy bottom was kicked up, you could barely see your hand in front of your face. As he had done with many classes before, Bob instructed the students to follow his lead and not wear their fins. He left his fins at water’s edge and proceeded barefoot, mask and snorkel in hand.

The fourth graders stood silently and watched in a mix of fascination and horror as Bob edged closer to the water. “So, I went through my normal spiel… turned around, and I went to walk into the water. I walked… two or three steps and… stepped right on it—a fucking Diadema that somebody had thrown in there!” A Diadema, technically Diadema antillarum, is a jet-black, spherical sea urchin covered with thin, razor-sharp spines that can grow to more than a foot long. They’re not poisonous and are generally harmless to humans—unless you don’t have the good sense to not step on one with all of your body weight. Their spines can easily penetrate flesh and lodge themselves deep below the surface of the skin, inflicting the exquisite pain one might feel by stepping on a dozen thick hypodermic needles. However, while you can simply pull a hypodermic needle out, Diadema spines are practically impossible to remove. They’re brittle and break off, making extraction a nearly futile exercise, so victims must painfully wait the days or weeks until the spines gradually dissolve. Many of the Seacamp campers and instructors, myself included, bore the badges of Diadema encounters, little black specks peeking from beneath skin.

“I impaled myself, and I remember screaming and falling backward,” Bob continues. The students, unaware of the unseen Diadema, had come to the logical conclusion that any fourth grader would: A shark had decided to make Bob its breakfast. “And as I’m falling backward, it’s like these little smoke trails of kids were going up the property…. They were hightailing it out of there. They thought for sure that my leg had been taken off.”

It took some time for staff to locate the now even-paler, terrified students and convince them to return to the dreaded Shark Pit. “Then of course we herd them back and I’m there and I’ve got these spines stuck in the bottom of my foot,” Bob recalls. Being the good teacher he was, he desperately tried to improvise, trying to take mayhem and transform it into a teaching moment. “The Diadema was missing a third of its spines… and I was trying to educate them about it.” It was all but futile—the students could only stare at this man with black spines in his foot who had been shrieking just a few minutes earlier. “I don’t even remember if they ever got in the water.”

But Bob’s challenges with the fourth graders didn’t end there. Several days later he was assigned to teach the same group of students, this time to take them out by boat so, for the first time in their young lives, they’d be able to see corals. Bob boarded the students onto a flattop boat and took them a few miles to a small group of nearshore coral heads. “As soon as they got in the water they looked down; what did they see? All these Diademas!” Bob remembers. They rocketed out of the water. “They were scared to death, so the whole thing was just a mess.” Bob did not let it go. “I paraded around the property after digging those spines out trying to find out who the hell had thrown a Diadema in there. I still have memories of pain. When you get those things stuck in you far enough, it’s a major ordeal. I think I hobbled around for several weeks.”

Diadema normally don’t hang out in Shark Pits—they relish the clear, shallow waters of coral reefs and crowd around their edges, sometimes squeezing into crevices hidden beneath their ledges. They were loathed by snorkelers and divers who carelessly brushed up against them… or occasionally stepped on them. But little did we know, nor could we imagine, that in a few short years Diadema would go from reviled to revered.




Halo Makers

“The reefs were black!” Initially I didn’t quite understand what friend and colleague Dr. Don Levitan meant. Did he mean that the reefs were covered in oil or some other contaminant? Had they died? “You couldn’t even get into the water because the Diadema were so thick.” With lingering incredulity and marvel from what he observed as a budding scientist in 1982, Don described how the density of Diadema along the coast of St. John in the U.S. Virgin Islands was 15 to 30 urchins for every square meter. In less technical terms, that’s wall-to-wall urchins. Don continued, “The only way to get in the water was to jump off a boat or a dock… you couldn’t walk into the water.”

Don is another ex-Seacamper. With a mop of unkempt dark brown hair and a bushy beard, his typical Seacamp attire—much like the rest of us—was frayed jeans cutoffs and a soiled T-shirt. Don had boundless energy and intensity, tempered by a warmth and effusive sense of humor that endeared him to everyone. He taught scuba diving and several marine science classes, and I served as his scuba class assistant on a number of occasions. Later, Don steered his career in a straight line toward academia, landing him in graduate studies at the University of Delaware and eventually at Florida State University as a professor of biology.

“It’s a curious story because I was all set to go to graduate school to work on corals. I got this job teaching a School for Field Studies [a study-abroad program where students participate in research projects] course down in the Virgin Islands.”

But once Don got to St. John, his focus on corals became secondary to the incredible masses of Diadema he beheld. “It occurred to me, how can these urchins persist at such high population densities?”

To the casual snorkeler or scuba diver, Diadema appear to be im-mobile. It takes time-lapse photography to catch them in the act: They constantly graze algae—their favorite delicacy—that’s growing on the reef itself. At night they’ll even sneak away from the reef for dinner, making their way around the reef to munch on the algae. It grows relentlessly upon the sandy substrate, and the Diadema, like little lawn mowers, leave swaths of clean sand behind them. Don recalls the results of hordes of Diadema at work in 1982: “If you looked at the substrate it was about as polished white as you can imagine.”

Healthy coral reefs have a so-called halo around them, a pronounced perimeter of bare sand around the coral formations, devoid of algae thanks to algae-lovers like urchins and fish. They also keep the area clear of seagrasses, like turtle grass. These halos are so reflective that they’re visible from space. So, Diadema—eagerly fattening themselves up on a daily crop of algae—aren’t just self-serving. They’re halo makers, and halos matter. Don points out that by cleaning the sand, each Diadema “prepares the substrate for coral settlement.” If you’re a baby coral, you need that halo. Corals—whose larvae are free-floating, or planktonic, can travel great distances on ocean currents. If you’re a lucky larva, you’ll settle into the clean sands of these halos and get to grow up to be a big coral, unfettered by competition from other species—especially algae. In a battle royale between slow-growing corals and fast-growing algae, it’s the algae that handily win in the first round. Unchecked, algae can easily smother and kill a coral reef. Grazing by the Diadema “also reduces… nasty chemicals that algae can produce that can inhibit coral growth,” Don observes. But it doesn’t end there. It turns out that Diadema are also little coral reef paramedics. Don explains: “Urchins would graze over the corals and… if a coral was wounded, they would clean it. I think that also potentially helped against disease….”

Don’s fascination with Diadema grew. “So, I switched my dissertation from thinking about corals to thinking about these urchins.” The timing of his decision was uncanny. Six months later, off the coast of Panama, something strange began to spread its way through the Caribbean, and it was happening at an alarming rate: Diadema were dying and dying en masse. A few months later, the Diadema had been virtually eliminated in the Caribbean. According to marine scientist and coral reef expert Dr. Nancy Knowlton at Smithsonian Institution, this event is still considered “the most extensive mass mortality ever reported for a marine organism.” The Diadema were gone, and to this day, we don’t know why.




Finding Ground Zero

Surrounded by lush mangroves and cradled by the warm Caribbean Sea, Panama’s Punta Galeta is home to the Galeta Point Marine Laboratory, part of Smithsonian’s Tropical Research Institute. Its striking natural beauty and rich wildlife stand in stark contrast to its dramatic backdrop a mile to the west: an unending parade of enormous ships from around the world. Punta Galeta marks the eastern edge of the Caribbean entrance to the Panama Canal.

It is in the waters of Punta Galeta that scientists first noted something odd about Diadema populations. They had good baseline numbers—the waters were adjacent to the research station. If you were a Diadema or any other marine creature, you could pretty much bet the bank that a scientist would eventually drift by with an underwater slate to count you. So, when Dr. Harilaos Lessios and his colleagues from the institute began to see Diadema vanishing, they could readily pull out the data from prior years and run the calculations to confirm the impossibility of what their eyes were seeing. Dead and dying Diadema lay everywhere. Strangely, they observed that only the Diadema and no other species were affected.

Over the course of just one year, the local Diadema population went into free fall, bottoming out at less than 1/100th of a percent of their former density (0.00357% to be exact), dropping from 14,000 animals per hectare in June 1982 to 0.5 animals per hectare in May 1983.

Lessios’s team made the first detailed observations of the gruesome way that Diadema were perishing. The first symptom was a loss of the spines’ ectoderm, the outer, protective covering. Without it, sediment began to accumulate on the spines. Soon, they began losing their distinctive black pigmentation. Their spines became brittle, many beginning to break off. Finally, the tiny hydraulic tube feet they use to cling to the bottom became flaccid and dysfunctional—they couldn’t move, and even worse, they could no longer hold fast on the bottom. Unable to hold on, they were powerless against the surging waters, rolling helplessly along the bottom, losing more and more of their protective spines until, recognizing their vulnerability, a variety of fish went in for the kill, eagerly feeding on this new delicacy in their diet.

Lessios referred to it as a “mass mortality” event, but just how massive was it, he wondered. He frantically began contacting his colleagues around the Caribbean, among them Nancy Knowlton. She and others began to confirm that Punta Galeta represented ground zero and that a dramatically larger event was already under way. It soon became clear that the phenomenon was spreading at lightning speed to the far reaches of the Caribbean Basin and even into the subtropical climes of the Gulf of Mexico and the Florida Keys.

“Reef scientists scattered across the region (in the days before email) so that they would be ready for it should the mortality spread. And spread it did…,” recalls Knowlton. Initially it spread relatively slowly, “reaching Costa Rica to the west and Columbia to the east…. But then the spread accelerated, all the way to Bermuda.” Populations were decimated to 2 to 7 percent of their former levels, sometimes within just days of the onset of the symptoms, decimating reefs that, as Don Levitan had observed, “used to be black with urchins.” Now, Nancy recounted that, incredibly, one could swim for an hour without seeing a single Diadema.

Scientists were caught off guard by the speed and extent of this mortality and scrambled to understand the cause. In the years since, most scientists have settled on the same conclusion: “The speed with which this mortality occurred is part of the reason why, to this day, we still do not know the agent responsible, although the pattern of spread (largely following currents) and specificity (no other urchin was affected) make a pathogen a near certainty,” concludes Knowlton. What that pathogen was remained a mystery.

Dr. James A. Bohnsack, recently retired as division director of the National Oceanic and Atmospheric Administration’s (NOAA’s) Southeast Fisheries Science Center in Miami, shed light on where much of the scientific community believes the mysterious pathogen originated and what it might have been. He described the theory in thoughtful and fascinating detail, as I remember he did when I took his classes in the seventies. Jim is yet another member of the Seacamp diaspora who launched his career on that small corner of Big Pine Key. More than my instructor, Jim was also my mentor. I was overwhelmed with pride when Jim asked me to be his lab assistant, cleaning test tubes, scraping fish guts off the floor, splashing coats of noxious epoxy paint onto drying racks—I was in scientist-wannabe heaven.

Jim has focused his career on fish—there’s even a fish-counting method named after him. But far more than a fish biologist, Jim understands how all the pieces fit together to make a healthy coral reef ecosystem work and knows how to make it understandable for the rest of us. Over the years, my colleagues and I marveled at how Jim survived working for a federal agency. He’d probably be the last person you’d pick out of the room at a symposium to be a high-level NOAA employee: Hawaiian shirt, curled mustache, and an ever-present infectious laugh. Most astonishing is that in all the years he served with a federal agency, Jim never minced his words, nor did he spit jargon at his audience or colleagues. He has always been honest, straightforward, and an independent thinker, unafraid to go off-script. He always delivers the unvarnished facts, unburdened of politics and always with irreverent humor. For the life of me I don’t know how he never got fired for such sins. Probably because he’s so damn capable… and lovable.

Jim explained that most scientists speculate that the mystery of the “Great Diadema Die-Off” leads to the Panama Canal. There, hidden deep in the ballast water of a ship transiting to the Caribbean from the Pacific, lurked an unknown pathogen. Ballast water is pumped into special tanks and cargo holds of ships, used to provide stability and maneuverability. Once a ship unloads its cargo, ballast water compensates for the lost weight, allowing the ship to ride lower in the water, increasing its stability. Ships entering the Pacific side of the Panama Canal take on water to maintain stability against high winds in narrow passages, and then dump the bilge water once they emerge on the Caribbean side. Ships also periodically flush their bilges to keep marine organisms from growing and fouling tanks and pumps.

According to its 2009 report, World Wildlife Fund International estimates that at any given moment, 7,000 marine organisms are crisscrossing the globe, tucked away out of sight in the ballast water tanks of ships, many able to survive journeys of thousands of miles. If released, some can be invasive, pushing out local flora and fauna, leading to “irreversible ecological change and economic loss.”

There are countless examples of such invasions by ballast water, such as the Chinese mitten crab, now found in the North Sea, the Baltic Sea, and the Atlantic and Pacific Coasts of North America. These crabs burrow into the sediment and have caused serious erosion of riverbanks as well as clogging of municipal water systems. The North American comb jellyfish helped decimate anchovy and sprat stocks in the Black Sea in the late 1980s. They have continued to spread to the Caspian, North, and Baltic Seas. In the waters of the Panama Canal itself is an unlikely resident: the Iraqi crab, which had only been reported previously inhabiting the Shatt Al-Arab River system at the confluence of the Tigris and Euphrates Rivers.

Perhaps even more chilling—especially considering the plight of the Diadema—ballast tanks can harbor far more than fish, jellyfish, and crabs. Trillions of microorganisms—including bacteria and viruses—may accumulate in a single tank of a single ship.

For decades, scientists have been locked in a heated battle over the possibility of a sea-level Panama Canal that would eliminate the lock systems and directly connect the Pacific and Caribbean. Of great interest to shipping and commerce, Congress began hearings on the topic in the sixties.

Such debates typically focused on species like fish, crabs, and clams, and it was thought highly unlikely that any of these species trying to invade the Caribbean would be successful, as the local critters had a head start of many millennia to adapt to those waters. The newcomers just wouldn’t be able to compete.

Ballast water occasionally made its way into those discussions. At one such hearing in 1971, a scientific paper published a few months prior by Ira Rubinoff was entered into the congressional record as written testimony and illustrated the thinking of the time, namely, that the possibility of a ballast water invasion was extremely unlikely. In the paper, Rubinoff explained that “the environment in most ballast tanks is remarkably inhospitable… particularly for the relatively planktonic organisms that are most likely to be taken into ballast systems. Anti-corrosion paints that are used to protect these tanks are extremely toxic, and a few minutes contact with them is sufficient to kill most marine organisms.” In the same paper, he may have sensed that the future would be different. He acknowledged that the next generation of tankers, equipped with tanks made of stainless steel, would help ensure “the successful carrying of marine organisms from ocean to ocean.” Meanwhile, the presence of pathogens in ballast water—bacteria and viruses—was typically just a footnote in those discussions.

Jim Bohnsack pointed out that regulations were established restricting bilge flushing or pumping in the Panama Canal. “They stopped the ships from ‘ballasting’ for environmental reasons; they didn’t want people putting this saltwater stuff in this freshwater lake.”

Jim was referring to Lake Gatún, the world’s largest man-made freshwater lake created in 1914 as part of the canal system. It sits between the Panama Canal’s two sets of lock systems—one on the Pacific side and one on the Caribbean side. The lock system is slow and inconvenient for crossing ships. The average crossing time is 8 to 10 hours. But the presence of an enormous freshwater lake in the middle of the transit is seen as an environmental plus—if you’re not the lake itself, that is. The fresh water serves as a buffer, so organisms hitching a ride on the hull of a ship cannot survive the hours immersed in fresh water that they’re subjected to (though it does nothing to affect those organisms living inside the ship in the ballast water). Ironically, the well-intentioned decision to protect Lake Gatún’s environment from saltwater ballast water dumping has likely come at the environmental expense of the Caribbean Sea.

“This is a theory now,” Jim qualified his remarks. “What happens is there’s a whole series of bacteria that forms cysts when they go anoxic—they lose oxygen and they make a cyst.” A microbial cyst is a resting or dormant stage of a microorganism, usually a bacterium. The cyst is something like a suspended animation chamber—it helps the organism to survive when environmental conditions are unfavorable, like in the ballast water of a ship when there’s little oxygen. Once things improve, the bacteria let loose.

“Because they couldn’t flush out their tanks, when they got from the Pacific to the Atlantic, they released [their ballast water],” and the bacterial cysts within it, which “got loose there and killed the Diadema. It turns out echinoderms are notoriously vulnerable to this class of bacteria.”

The explanation is plausible and logical, but unfortunately, we may never know if it’s true. Not only did the scientific community fail to diagnose the disease at the time, but they didn’t properly preserve samples so they could be analyzed at a time in the future when it might be possible to divine the answer. If only there were, tucked away in the back of someone’s freezer somewhere, an afflicted Diadema from 1983, then modern, cutting-edge technology, unimagined in the early eighties, could be put to the task. Jim recounts, “Unfortunately, they didn’t freeze it; they used formaldehyde to preserve everything, which destroyed any bacteria material.”

We may never know what killed the Diadema, but decades later we know that they haven’t come back. In a 2014 scientific paper published in Oecologia, Don Levitan concludes, “We find no evidence to support the notion that this historically dominant species will rebound from this temporally brief, but spatially widespread, perturbation.” As a fellow scientist who has authored scientific papers, I’ll cut Don some slack. Dispassion is important when putting pen to paper. But calling the Diadema die-off a “perturbation” is reminiscent of the Challenger explosion being referred to as a “malfunction.” The Diadema die-off was a horror show. But as bad as it was, it triggered something far worse.




Death Blow

Scientists won’t always state it conclusively in scientific papers, but over a beer most would agree: the “Great Diadema Die-Off,” as it became known, marked the tipping point for many Caribbean corals, a death spiral that continues today.

Nancy Knowlton observes that “the consistency of ecological responses around the region leaves little doubt that [Diadema] was a keystone species at the time.” If you’re a keystone species, you’re kind of a big deal. A keystone species is one on which other species in an ecosystem are highly dependent. Removing that species invariably leads to major changes in the ecosystem. If it hadn’t been recognized before the die-off, it was now clear as day: A Diadema-less Caribbean would be a much different place. Diadema weren’t there to mow the lawn anymore and no one else stepped up to do it. So, in short order, reefs were overgrown by algae. The widely used colloquial expression of this phenomenon came from the recently released (at that time) film Ghostbusters: The reefs had been slimed. The term wasn’t far off. Some of the sticky, filamentous algae resembled the “ectoplasm” that covered Bill Murray’s face.

Dr. Patricia González, former director of the University of Havana’s Centro de Investigaciones Marinas, Center for Marine Research (CIM), whose passion is coral reefs, expressed her angst that once a reef has been slimed, it’s very hard for it to recover. Like Don Levitan, she observes that algae not only covers the reefs but also the sand and substrate around them. Young coral larvae can’t get a foothold. “So even if the reproduction process is successful, in the end the larvae can’t find a good substrate upon which to settle.” So the oceans are not only losing their live, mature corals, they’re also losing the capacity to make new corals.

Is the story of Caribbean corals this simple? No Diadema—no coral reefs? Hardly. Corals are exquisitely sensitive to all manner of stresses. The problem is that we’ve been unleashing those stresses for decades. The Diadema die-off was, as Don Levitan put it, simply the “final death blow” for many coral reefs that were already experiencing more stress than we had realized, even back in the seventies and prior. “That’s been my story going through the Caribbean now. Each place, something different comes and does the final death blow to that reef.” Sometimes it was the loss of Diadema, sometimes a bleaching event, sometimes a powerful hurricane. “So, the stresses are pretty much the same, but the thing that causes the death blow varies from site to site.”

There have been a lot of “death blows” for Caribbean corals. Roughly half of the Caribbean corals have died since 1970 and the prognosis for them surviving the balance of this century is chilling.




An Island of Hope?

As Caribbean coral reefs were unraveling, in the middle of the mayhem lay an island where little was known about the health of its coral reefs. This was especially strange as it is the largest island in the Caribbean. But this island was different. It was politically isolated, and contact with its scientific community was exceptionally rare. Over the years, Cuba has harbored many secrets, but lying at the confluence of the Atlantic, the Gulf of Mexico, and the Caribbean, the secrets it held beneath its waters were especially intriguing.

What was little known at the time outside Cuba is that it had not escaped the Diadema debacle. There, too, the Diadema populations plummeted. However, unlike nearly all its Caribbean neighbors, its corals remained remarkably healthy, almost as if nothing had happened. Cuba’s marine waters continue to flourish today—a “living time machine” that has somehow endured the four decades after the loss of Diadema, many areas nearly indistinguishable from a time when the decades-old Chevys, Fords, and Edsels that now roam Cuba’s streets sparkled as they rolled off the assembly line. The question I’m most often asked is, of course, “Why?”
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