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Praise for Superlative

“In Superlative, Matthew LaPlante takes us on a whiplash-paced journey around the globe to visit the biggest, smallest, quickest, slowest, and smartest creatures out there. In a string of short colorful vignettes, LaPlante explores a medley of superlative creatures one at a time, intertwining science and natural history with spirited storytelling and genuine affection. In the end, we learn that what makes each of these creatures superlative also makes them uniquely valuable—to their ecosystems, to science, and also to us.”

—BETH SHAPIRO, author of How to Clone a Mammoth

“Matthew D. LaPlante is a rising star. In his new book, Superlative, he travels to the ends of the Earth to find the smallest, hardiest, most unusual organisms, and the interesting people who study them. As a professor of biology, I was shocked there was still so much I did not know about our brethren at the extremes. Hail evolution.”

—DAVID A. SINCLAIR, professor of genetics at Harvard Medical School

“Superlative is one of the very best books that I have seen in quite a while (and I read a lot). This is one of those rare books that you want to show people while going, ‘Look at what it says here, did you know that?’ LaPlante writes in an engaging and clear style that perfectly communicates his delight for nature’s creativity while simultaneously lamenting the tragedy of extinction. As he describes astonishing examples of life’s extremes, he seamlessly combines the sense of wonder that these examples inspire in him with a precise exposition of how this aesthetic knowledge can lead to practical applications, along the way articulating an ironclad case for the value of conservation efforts. Superlative should not only be in the library of any science enthusiast, but it should also be required reading for high school students and beginning college students. Highly recommended.”

—ONÉ R. PAGÁN, PhD, professor of biology at West Chester University, and author of Strange Survivors

“Superlative displays a key scientific insight: It’s the exceptions, the unusual, and the extremes that teach us the most. Matthew LaPlante’s exploration of these exceptions is timely, fascinating, and exciting, giving us a chance to see what the future may—quite unexpectedly—offer us.”

—MICHAEL FOSSEL, author of The Telomerase Revolution
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Although the African bush elephant, L. africana, is the largest land animal, my publisher much preferred the attractive foot of the Asian elephant for the cover. I concur. E. maximus might not be the biggest, but its feet are the prettiest.
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Introduction

NATURE’S BEST AMBASSADORS

She was a month old and already heavier than me. But she was faster, too, and more energetic. And when Zuri the elephant bolted from her mother’s side, kicking up dust and hay, and losing her footing a few times before reaching her tiny trunk toward my camera, I couldn’t help but coo with delight.

This was exactly what I’d wanted, after all.

I had been covering national security issues for a newspaper in Salt Lake City for several years at the height of the wars in Afghanistan and Iraq. I’d made three trips overseas to write about the latter conflict. I’d witnessed death, despair, and desolation, and back home I was swimming in news about fraud, abuse, hopelessness, and ineptitude. There was the rash of suicides at a local military facility. There were the service members sickened by working at a former Superfund site. And there was military funeral after military funeral after military funeral.

I was sad and angry. All the time. And I needed to do something about it.

“Once in a while,” I asked my editor, “do you think I could write about something happier?”

“Something like what?” he asked.

“Something like baby animals,” I replied.

“Get the hell out of my office,” he said.

I tried again the next day, and the day after. Eventually I won him over. So long as I kept up with my existing workload, he agreed, I could cover the local zoo, too.

A year later I found myself face-to-face with an infant elephant.

“Hey there, little one,” I said, summoning the same lilting voice I used with my own baby daughter. “Welcome to the world.”

Zuri paused and posed for a few seconds. She stretched out her big gray ears and tilted her head, then bolted back to her place beside her mother’s sagging gray belly. A few moments later, she was back at it, slipping and somersaulting in the mud, and rolling about in the hay.1 I was smitten.

But then, I’ve always been enamored with elephants.

I can still recall my first trip to a zoo. Or rather, I can recall the elephants. One, in particular, was an African bull named Smokey, whose enormity was intensified by the tragic smallness of his concrete pen. I stood in awe of him, feeling at once exultant and terrified. How could anything so big be real? I dreamt of him for years to come. I drew pictures of him in my school notebooks. I wrote stories about him in my journal.

I’m certainly not the only child to be obsessed by something superlative. Children are naturally enchanted by extreme things; if you doubt this, just try to wrestle a copy of The Guinness Book of World Records from the hands of an elementary school student. I got my first edition of that book in the second grade. I ordered it from the Warwick Elementary School book club, read through it in a matter of days, and then went back to the beginning and started again. When my daughter was eight, she spent hours leafing through the version of the book that now sits on my desk.

Of course she did. It’s endlessly fascinating stuff.

Where is the world’s oldest rainforest?2 What insect produces the most painful sting?3 Which dinosaur had the longest tail?4 It’s all in there, along with a bunch of far-less-natural records, like that held by a guy named Josef Todtling, who in 2015 allowed himself to be lit on fire and dragged 500 meters behind a horse for the dubious honor of saying no one in the known history of humankind had been pulled farther while ablaze.

Why do we do things like this? Why do we even care? Other animals don’t even seem to notice when they encounter the biggest, fastest, strongest, or whatever-est of this quality or that. But we do. Almost as though it has been hardwired into us.

And maybe it was.

Cave drawings from around the world depict many of the largest animals our ancient forebears encountered, including mammoths, giraffes, bison, and bears. Our most ancient stories, and many of our newest ones, too, are replete with tales of tremendous giants, massive dragons, and colossal sea creatures—from Pangu, the giant horned deity who created the universe in ancient Chinese myths, to the many iterations of the gargantuan ape, King Kong, in modern American cinema.

Why has “biggest” always been such a big deal? Well, for ancient human hunters, the difference between killing an average antelope, gazelle, or wildebeest and killing the biggest of any of those creatures wasn’t simply a matter of bragging rights—it was a few more days of food. As the “small-brained apemen”5 who were our early hominoid ancestors struggled against a harsh and unforgiving world, the hunters who took down superlative game gave themselves and their families an edge on survival.

Not that bragging rights didn’t matter. The cave folk who showed they were able to take down the fastest, strongest, or deadliest creatures in their neck of the woods were the best bets for mates who wanted to survive. That’s a powerful selective force.

But while a fascination with extreme things seems intrinsic to who we are, science has often presented a rather adamant disinterest.

One example of this is the goliath frog of Middle Africa, which has been known to feast on turtles, birds, and bats.6 In Cameroon they call the frog “bebe,” because it’s the size of a human infant.

Owing to their status as indicator animals, ones that are particularly sensitive to changing climates, frogs in general are a popular subject of research. Want to know how to quickly and accurately pick out the call of one species of frog from a cacophony of dozens of others? You can learn that and more in a study called “Acoustic classification of Australian frogs based on enhanced features and machine learning algorithms.”7 Curious about how frog health is impacted by water tainted with metals like copper, mercury, lead, and zinc? That’s in “Antioxidative responses of the tissues of two wild populations of Pelophylax klepton esculentus frogs to heavy metal pollution.”8 All told, the ScienceDirect database of scientific, technical, and health publications includes more than 114,000 research articles about frogs.

How many of those publications so much as mention the world’s largest frog? Nineteen as of the moment I wrote this—and just one of those studies, an examination of the parasites in the goliath’s gut, is specifically about the goliath. In most of the other articles, the world’s biggest frog gets a passing mention—for nothing more or less than being the world’s biggest frog.

Upon detecting the first enchanting wisps of a novel research subject, many scientists are stricken with a bit of paranoia by the prospect of being scooped by another scientist. But when Claude Miaud set out to study the world’s biggest frog, he wasn’t worried about losing his place in line to another researcher. He was only worried about getting to the goliaths in time.

Miaud, one of the world’s foremost frog experts and one of the only scientists to have spent much time with the goliath in its native habitat, believes the world’s largest frog could very likely be pushed to extinction before any meaningful research has been conducted on it. At the time we began chatting about the goliath, in 2017, it had been more than a decade since anyone had so much as done an assessment of the frog’s population in the wild. Meanwhile, the goliaths, which only exist in low-to-medium altitudes in southwestern Cameroon and northern Equatorial Guinea, have been widely hunted for food, and are suffering under the pressures of agriculture, logging, human settlement, and the sedimentation of the frogs’ breeding streams.9

So while it was officially listed as “endangered” by the International Union for Conservation of Nature and Natural Resources (IUCN) in 2004, today it is likely Conraua goliath would garner “critically endangered” status—one precarious step above total elimination in the wild.

Extinction wouldn’t just be a tragedy for the goliath. Knowing what an order of animals is capable of in the extreme helps us better understand the order as a whole. Yet from egg and larval development to calling, mating, and spawning behaviors, and even basic information like how long it lives, there’s a lot we still don’t know about the goliath—and might never get to know. “There are many black boxes in the knowledge of the biology of this species,” Miaud told me. “Losing this species is limiting our current, and already limited, knowledge of biological phenomena.”

Nonetheless, we have done very little to save, let alone study, the world’s largest frog—which Miaud believes might be one of the longest-lived as well. If it is both very big and very old, that wouldn’t be a matter of coincidence; organisms superlative in one way are often superlative in another, offering additional opportunities to witness, and learn from, biology in the extreme.

But without even the most basic information, like average lifespans, it’s impossible to hazard a guess as to the goliath’s processes of biological aging and cellular senescence, the halt of cellular growth. “Knowing the mechanism of senescence in wild animals,” Miaud said, “is pertinent to understanding human aging biology.”

That’s not just speculative. As far back as the 1960s, researchers had noticed that the African clawed frog had a remarkably slow rate of aging,10 and some of the first studies demonstrating a link between the length of telomeres (chromosomal “caps” that protect against deterioration) and aging were conducted on that same species, also known as Xenopus laevis. Today, the role of telomeres in human aging is a significant focus of many researchers engaged in the battle against age-related illnesses like Alzheimer’s, osteoporosis, and cardiac disease.

Some people construct model railroads. Others paint with water colors. One of my hobbies is introducing scientists from different disciplines to one another.11 I recently arranged a conversation between herpetologist Grace DiRenzo, who studies frog populations in Central America, and biochemist Laura Niedernhofer, one of the world’s leading experts on the biology of aging. In a matter of minutes, the two scientists were geeking out about what frogs might be able to tell us about aging.

Because frogs appear to experience senescence quite slowly, it’s not all that easy to find an aged frog in the wild. “I’ve never seen an old frog,” DiRenzo told us. “I can’t even tell you what an old frog looks like, and I’ve been in the jungles for a while.”

Niedernhofer was instantly fascinated. She had just returned from a conference on aging at Xavier University, where she gave a presentation on mice, which age in similar ways to humans, right before Andrea Bodnar from the Gloucester Marine Genomics Institute gave a presentation on sea urchins, which don’t appear to age at all.

“We get a lot of information on why we age by looking between species,” she said. Mice and sea urchins, though, are separated by a whole lot of evolution. Mice and frogs? That’s a closer genetic match, allowing for an easier hunt for genes that might impact aging.

If frogs do become a model organism for aging, as some researchers have suggested they should be,12 what could the world’s oldest frog tell us? We might never know. And if we lose the goliath, Miaud said, we’ll lose a window into ourselves.

Consider the irony. There are few creatures humans have studied as much as those belonging to the order Anura. Hundreds of thousands of frogs are killed each year as part of a high school rite of passage intended to teach students musculoskeletal structure, cardiac physiology, and neurophysiology.

The frogs we study the most, like those from the genera Xenopus, Bufo, and Rana, exist right in the middle of a size spectrum that has the house-cat-sized Conraua goliath on one side and the pencil-tip-eraser-sized Paedophryne amauensis on the other.13 Our favorite frogs for research are right in the middle of the weight spectrum. The amount of food they need is in the middle of the metabolism spectrum. And so on. Pick a trait all frogs have, and chances are good the frogs we use for research are pretty darn average when it comes to that trait.

They also tend to be very easy to find in the natural world. One of the most frequently studied frogs, Rana temporaria, can be found all over Europe. Its common name is actually “the common frog.”

It’s not just the goliath frog that has been widely ignored by researchers. The world’s largest earthworm, the 10-foot Gippsland earthworm of Australia, is the titular subject in just three papers cataloged by ScienceDirect. The mammal with the smallest brain, the pygmy mouse lemur of Madagascar, isn’t the main subject of any article in that database.

In one way, science’s lack of focus on superlative organisms makes sense. Extreme phenomena are, by definition, outliers. And science has a very rational bias against data existing at the furthest, thinnest edges of the bell curve, which are often excluded to stabilize extreme variability that can cloud statistical analysis.

The predisposition to brush off outliers has also been justified by the sort of straight-up utilitarianism that guides much research. Penicillin has saved innumerable lives since it was discovered in the 1920s, but it has also taken a few lives along the way. That’s because some folks—like those who carry a variant in the gene for interleukin, a protein that stimulates the immune system—may have a significantly increased risk of an allergic reaction to penicillin, leading to rashes, fever, swelling, shortness of breath, anaphylaxis, and yes, in some very rare cases, death.14 For those people, Alexander Fleming’s gift to humanity isn’t much of a gift at all. But if doctors declined to prescribe antibiotics to anyone based on the idea they don’t work for everyone, a whole lot of us wouldn’t be here right now.15

Over the past few years, however, a lot of scientists have begun to recognize the long-sidelined potential of superlative organisms. There has been an explosion of scientific and conservationist activity around biological extremes, especially plants and animals at risk of extinction—organisms the Zoological Society of London calls “evolutionarily distinct and globally endangered,” or EDGE species. Since 2007, the society has been sending research fellows around the world to study animals like the Chinese giant salamander, which is the world’s largest amphibian; the olm, which can go longer without eating than any other known vertebrate; and the three-toed sloth, which has the lowest known metabolic rate of any mammal in the world.

These organisms aren’t just biological Rosetta stones. They’re creatures people can’t help but pay attention to. That makes them great scientific ambassadors. And science is in dire need of ambassadors. For although it doesn’t always seem so, the broad movement of history is toward an increasingly democratized world, where leaders must make choices based, at least in ample part, on what they believe their constituents want. In such a world, a broad lack of familiarity with something—even something objectively important—can spell its doom.16

At Utah State University, where I teach news reporting, feature writing, and crisis journalism, I often tell my students that to get readers to pay attention to anything important, you have to make it interesting. Extreme organisms are unquestionably interesting, and that allows us to tell important stories about ecology, conservation, research, and scientific history to people who might not otherwise think they’re all that interested in science.

Fortunately, the ambassadors are all around us. There is no place in the world where, if you look hard enough, you cannot find an organism that is superlative in some way. You can find them living in the moss growing on the fence in your backyard, hanging out in the trees at the nearest park, and even darting about on the sidewalks near your home.

These life-forms don’t just help us understand organisms closely related to themselves. They can help us understand our very place in this universe.

Want to understand how big we are? It’s helpful to take a step back from biology, and wrap your mind around the idea of neutrinos, the smallest quantity of matter humans have ever dared to imagine—so small, in fact, that billions of them, moving at nearly the speed of light, are passing right through your body at this very moment.

Want to understand how small we are? It helps to know the observable universe is currently 93 billion light-years from end to end. To put this into context, the Voyager 1 space probe, which left our planet in 1977 and is moving away from us at about 40,000 miles per hour, is now approaching mile marker 14 billion on the cosmic highway to a region of space occupied by a star called Gliese 445. Assuming it avoids any interstellar catastrophes along the way, it will arrive in 40,000 years—at which point it will not have moved much at all in relation to our quickly expanding universe.17

When we think about things in this way, it accentuates our connection to every other living thing on planet Earth. It’s all constructed from the same tiny collection of 118 known elements. It all exists in this infinitesimally small place in time in the 4.5-billion-year history of this planet, “a speck, orbiting a speck, among still other specks”18 in our incomprehensibly big universe. And its genetic code is spelled out with the same four nucleic acids—often in long, shared sequences.

It’s precisely because everything we know on this planet is so similar that it’s so worthwhile to examine the stuff that, at a glance, seems so different from us and from others of its kind. The superlative phenomena of our natural world—from the fastest animals to the smallest life-forms to the slowest-evolving creatures to the oldest organisms—give us perspective on our parameters. That, in turn, helps us understand our potential.

That potential has been right in front of us for a very long time, not-so-well-hidden in the biggest, smallest, oldest, fastest, loudest, deadliest, toughest, and smartest things around us—things we’ve always been curious about, things we’ve always collected, things we’ve always told stories about.

I’m no longer a daily newspaper reporter, but I still do a considerable amount of journalistic work on some rather gloomy subjects. Ritual infanticide in Northeast Africa. The legacy of genocide in Southeast Asia. The deadly toll of gang warfare in Central America.19 And I still try to balance that misery by doing things that bring me joy and awe.

To that end, a few years back, I began taking short excursions during my travels to get a glimpse of superlative life-forms. The world’s biggest plants. The ocean’s smartest inhabitants. The planet’s deadliest predators. I didn’t always find them. But I did find a lot of scientists who were eager to help me understand these organisms. It didn’t take long for me to learn that the researchers who study these things often do so because they share my feelings of delight and amazement. By and large, they love talking about their work. And I love talking to people who love talking about their work.

I still visit Zuri, too. She’s a lot bigger these days,20 and a little less rambunctious, but we get together for lunch every now and then. I sit by her pen, she strolls over, and we have a chat.

I do most of the talking.

A few years ago, I dropped by with a large bandage covering the right side of my face. As Zuri sauntered over she seemed to stare a little longer at me than usual.

“Cancer,” I told her. “No worries. It’s all gone. The doctor cut it out and now I’m going to have a cool scar.”

Zuri tilted her head and raised her trunk.

“I know, I know,” I said. “Cancer isn’t a problem you’ll ever have, is it?”

She looked at me even more quizzically.

“OK,” I said. “Let me try to explain.”




Chapter I

ALL THINGS GREAT AND TALL

How the World’s Biggest Life-Forms Are Saving Human Lives

Mago National Park is an astoundingly beautiful place, where morning fog gives way to spectacular vistas, and acacia trees are playgrounds for birds and baboons, the occasional python, and a small group of park rangers who have, in recent years, been losing a war against elephant poachers in southwest Ethiopia.

In the fall of 2017 Mago’s game warden, who had asked park rangers for a census of the elephants in the park, invited me to join a foot patrol with a ranger named Kere Ayke, a member of the Kara tribe of the South Omo River Valley. Our hike began before dawn at a campsite along a rapid, muddy river, and twined through the mountains and valleys of the northeast quadrant of the park. But even before we’d left, Ayke was laughing off the task as rather pointless.

“There are elephants,” he told me as we waded through the thick and thorny bush. “We know because we still see their tracks sometimes. But we haven’t seen them in years. None of us have.”

Sure enough, on that day we saw kudu, waterbuck, dik-dik, baboons, and guinea fowl. At one point something big and dark and gray seemed to slink into the bush 100 yards ahead of us or so, causing the treetops to tremble, but by the time we caught up it was gone, a ghost in the forest. We walked for miles, then miles more, on a route where the world’s largest animals used to roam freely, and saw nothing more than trampled grass and hubcap-sized holes in the mud.

There are places in this world—some not far south from Mago even—in which elephants live in relative safety and where their numbers are stable or even growing. But that isn’t the case in South Omo.

“The ones who are left, the survivors, are hiding,” Ayke said. “They are terrified.”

Back at the ranger station, conservation officer Demelash Delelegn told me why. Pulling an old ledger from the drawer of his rickety desk, and opening its yellowing pages to a hand-drawn spreadsheet, Delelegn released a sigh that seemed much too big for his slight frame.

“This is my very own handwriting from 1997,” he said. “You see here? We found almost 200 elephants in Mago then.”

That’s how many they physically saw, Delelegn told me. Working from those numbers, the Ethiopian Wildlife and Natural History Society estimated there could have been as many as 575 elephants in Mago at that time.1 By 2014 the estimated number, based on new surveys, had fallen to about 170. Still, Delelegn said, even a population that small, if properly protected, could grow.

“But it wasn’t protected,” he said. “We didn’t do anything at all.”

“So how many are there now?” I asked.

Delelegn’s head dropped. “Not many,” he said, tears welling in his eyes. “Not many at all.”

He couldn’t bring himself to even hazard a guess at a specific number. It was just too hard.

Outside his office, over a game of bottlecap checkers, I asked Ayke and his fellow scouts how many elephants they thought the most recent census would find.

“Maybe fifteen?” Ayke guessed. The other scouts nodded.

“There were 170 just a few years ago and now there are fifteen?”

They nodded again.

Mago is surrounded on all sides by tribes including the Kara, Hamar, Mursi, and Ari. The warriors from these tribes have always hunted elephants, though not in tremendous numbers. One elephant goes a long way, after all.

But when the government sold off tribal lands and permitted foreign investors to open factories in the region, some members of the tribes rebelled by doing something they’d been told they were no longer allowed to do: They began killing more elephants, trading the ivory for cash and guns.

Delelegn was surprisingly sympathetic. The scouts with whom he works are all drawn from the surrounding tribes. He said the government came and made demands of the tribes and didn’t think of “how to talk to them in right and respectful ways.”

The scouts are helpless to protect the animals. “We have forty-two people to patrol this entire park, which is more than 2,000 square kilometers,” Delelegn said. “We don’t have any trucks. We have very few guns. We have no education or training for this.”

None of this came as a surprise to Nisha Owen, the manager of the Zoological Society of London’s EDGE species program. There aren’t enough game officers in the world to defend the species that need defending, she said. “Ultimately, protecting animals comes down to communicating with people,” she said. “If we do it right we can have a tremendous positive impact, but if we do it wrong we can make things worse.”

To do it right, though, requires understanding. And we got a very late start on that. It wasn’t until 1977, in fact, that anyone thought to bring together a society of researchers around the scientific exploration of African and Asian elephants.2

A review of that community’s work, in the first edition of the journal Elephant, shows just how poorly developed the field was in the 1970s. One zoo reported to the society that it was interested in the interbreeding of two separate species, an African bull and Asian cow—a futile biological enterprise and, today, a conservation anathema.3 A list of “selected recent literature” included references to some more sophisticated scientific explorations, but even that list was thematically dominated by questions related to basic attributes, such as how long elephants live, how much they eat, and where they dwell—all things scientists could have explored decades or even hundreds of years earlier.

Fifteen years after the journal was born, its editor, biologist Jeheskel Shoshani,4 was still lamenting just how much very basic information we had yet to gather about elephants. “We have just begun to understand elephant behavior and its role in the ecosystem,” he wrote in Elephants: Majestic Creatures of the Wild, a thoughtful examination of the social, economic, and ecological roles of the world’s largest land animal.5

Writing in the foreword to the book, the eminent zoologist Richard Laws marveled at a then-recent finding that elephants communicate over long distances by ultra-low frequencies called infrasound.

It’s not that such a discovery couldn’t have been made during those years; infrasound had, at that point, been detectable by human instrumentation for seventy-five years.6 But previously, no one had thought to even try. “There is no doubt,” Laws added, “that there are further significant discoveries to be made.”

Once we really started studying elephants, something became very clear: That was an understatement of gargantuan proportions.

HOW ELEPHANTS ARE LIKE MARTIAL ARTISTS

The African elephant is not so much an outlier as an outcome.

The largest living land mammal could be the poster creature for something called Cope’s Rule. That nineteenth-century postulate, named for paleontologist Edward Cope,7 suggests animals in a lineage tend to get bigger over time.8

From a long-term perspective, that’s obvious. When life first appeared on this planet, some 4 billion years ago, it arrived in the form of single-celled organisms. By about 230 million years ago, those tiny creatures had evolved into dinosaurs, which ruled the planet for 165 million years to come, gradually getting bigger and bigger until . . .

. . . BOOM . . .

. . . an asteroid delivered a calamitous do-over, leaving very few large creatures on our planet’s surface. The survivors were generally smaller burrowers that were able to wait out the upheaval. And, with those little animals as a launching point, Mother Nature started over again, rebuilding her creations, bigger and bigger with each passing millennium. Today our planet is once again walked upon by monsters. Giraffes and rhinoceroses. Hippopotamuses and elephants.

Cope’s Rule isn’t perfect. And within the vast fossil record it is certainly not hard to identify lineages that have reversed course in response to the conditions of the times and places in which they have lived. Over time, however, animals that don’t die out tend to chunk up again. In this way, plotting the Cope effect would generally give us a chart that looks less like a straight line than an inverted roller coaster—up and down and up and down, but ever more up over time.

Like humans and every other placental mammal, elephants likely evolved from a furry-tailed, insect-eating, rat-sized animal resembling a long-nosed shrew and weighing in at about 8 ounces.9 The following epochs gave us the 35-pound phosphatherium, which looked like a cross between a gerbil and a hippo. Later there was the 1,000-pound phiomia, which had a jutting jaw and thus looked more like a cross between an elephant and Jay Leno. Later still there was the 4,000-pound palaeomastodon, which looked like a modern elephant, but with a shorter trunk and tusks at all four corners of its mouth.

All of these creatures appear to be part of the lineage that gave us today’s African bush elephant, the largest animal to roam the surface of our planet since the dinosaurs left Earth about 65 million years ago. (The largest of the mammoths rivaled their modern cousins in height, but likely fell short of the 15,000-pound weight of the largest African bush bulls.) Among an estimated 6.5 million other terrestrial species on our planet,10 and the hundreds of millions of creatures that have lived on the Earth’s surface since the last major extinction, the elephant is truly a fantastic beast.

The Darwinian explanation for how tiny animals turn into giant ones over time is fairly commonsensical; it is natural selection at work. Mutations producing a little more size and strength result in individuals better adapted to competing for mates, winning the battle for food, and fighting off predators.

But perhaps the single biggest driver of Cope’s Rule is something so obvious it’s often overlooked. As evolutionary biologist John Bonner once explained to me, “there’s always room at the top.” Smaller animals, he pointed out, must compete with a lot of other animals in a similar niche. But once an animal finds itself at the top of the heap within its biome, Bonner said, “they escape the competition.” Thus, over time, a lot of animals get bigger.

And not just bigger, but different. For as a creature grows, the universal laws governing matter and energy begin to push and pull upon the forces that maintain life. In his book Why Size Matters, Bonner argues size is the driving force for all of biology, including evolution. It’s why elephants look like elephants, rather than really big versions of our common ancestor. They didn’t grow bigger because mutations like long snouts made them more fit, Bonner argues. Rather, such mutations were needed to accommodate their growth.

To explain how this works, Bonner likes to invoke the Brobdingnagians of Jonathan Swift’s Travels into Several Remote Nations of the World. In Four Parts. By Lemuel Gulliver, First a Surgeon, and then a Captain of Several Ships (which you likely know as Gulliver’s Travels). Like Swift’s Lilliputians, who looked precisely like humans but were much smaller, the Brobdingnagians are described as looking just like humans, but standing twelve times taller than we are, or nearly 70 feet tall. But a creature that tall poses a problem of physics, because an increase in height would correspond to an increase in width, which would correspond to an increase in depth. And the area within those dimensions, filled to the brim with tissue and bone, Bonner estimates, would weigh something on the order of 12 or 13 tons.

Supporting that weight wouldn’t be possible on legs simply scaled up from human dimensions. To have any hope of walking, the Brobdingnagians would have to have greatly thickened lower limbs, which Bonner says would give them the appearance of being “victims of advanced elephantiasis of the legs.”11 It’s not just that they wouldn’t look human—they couldn’t look human.

Elephants don’t simply offer us an opportunity to understand the colluding forces of physics and evolution, though. They also have much to teach us when it comes to survival. Because even though they have a lot going for them in that respect, as the most extreme land-dwelling example of Cope’s Rule, they also have a lot going against them.

While evolution seems to drive many creatures, and particularly mammals, to get bigger over time,12 it also eventually blows the biggest animals off the extinctionary edge—a phenomenon I’ve come to think of as “Cope’s Cliff.” Bigger animals take a lot more food and water to survive from day to day, and are thus more prone to starvation in times of scarcity. They have longer gestation periods and tend to birth single offspring at a time, meaning they don’t replace themselves, let alone grow their numbers, as quickly as smaller animals. As a result, they can’t evolve as quickly in response to changing climates.

It is for reasons like these that we are no longer sharing the Earth with animals like Castoroides, a genus of goliath prehistoric beavers that could reach 7 feet long and weighed more than 250 pounds. Castoroides likely bowed out of existence around 11,000 years ago, along with the genera Glyptodon, an armadillo the size of a Volkswagen Beetle, and Megalonyx, a 10-foot-tall sloth. Ahead of all of those genera on the great and lethal leap off Cope’s Cliff was the real Bigfoot—Gigantopithecus, a 10-foot and 1,000-pound fruit-eating ape that lived in what is now southern China.13

All huge. All gone now.

So bigger is better—until it isn’t. That’s what makes the world’s largest land animal so special. Elephants have managed to survive both because of and despite their size. Somehow, they’ve successfully balanced upon an evolutionary tightrope strung between their sheer enormity and pressures like cataclysmic environmental changes, hungry predators, and the necessity to evolve. Having come to the precarious edge of Cope’s Cliff, they’ve almost miraculously managed to keep from falling off.

And although elephants are the largest of all extant land animals, every life-form having achieved superlative size among its own lineage has walked a similarly incredible evolutionary path. Giraffes. Giant redwoods. Blue whales. These organisms are evolutionary jujitsu masters—the perfect combination of strength, balance, and fitness. Their size is a clue to us that they have tremendous knowledge to impart about surviving in this world, if we’d only just be willing to study at their enormous feet.14

WHY ELEPHANT CELLS ARE LIKE EMPATHETIC ZOMBIES

At first phenotypic blush, my friend Zuri and I don’t seem much alike. She has a trunk and I’ve got thumbs. She has crackly gray hide and I’ve got freckled peach skin. She can communicate over long distances via low-pitched rumbles detectable by vibrations in her trunk and feet, and I’ve got text messaging, email, and Twitter. And, not for nothing, there’s the whole size thing: She weighed far more as a 251-pound infant than I’ve ever weighed as an adult.

Physiologically speaking, it might appear as though you couldn’t find another mammal more different from Homo sapiens than Loxodonta africana.

But there’s also a tremendous amount of common ground. Both of our species live unusually long lives for mammals—decades after our last reproduction, a point at which a lot of other animals tend to knock off. We’re both social creatures who live in highly complex communities. We both have relatively big brains, even when adjusted for body size.

And in our genomes? There’s a lot of overlap. About three-quarters of elephant genes have human analogs—and hidden inside all of that shared genetic material is potential for deep understanding.

The genetic coding we share with elephants has been stressed and stretched in all sorts of different ways since our species diverged, but vast sequences in our DNA still perform markedly similar functions. So when we see something an elephant is doing with its genome, it’s not beyond reason that—given the right circumstances—we could do it with ours, too.

One example of this came by way of the legendary biological anthropologist Morris Goodman, a pioneer in the use of DNA to chart the course of evolution. Goodman wanted to know whether the human solution to addressing the needs of big, oxygen-ravenous brains was, in fact, uniquely human at all. After sorting through the genomes of fifteen animals, all of which diverged from one another at vastly different times in the past 310 million years,15 Goodman realized humans and elephants had both undergone an accelerated period of evolution in our “aerobic energy metabolism” genes, which impact how our mitochondria use oxygen.16

Here’s the crazy thing: That rapid period of change happened long after humans and elephants broke ranks on the evolutionary tree of life—resulting in a shared genetic trait that evolved separately, and at different times in history, as our two species confronted the common challenge of growing big brains.17 So it’s not just the traits we shared at the time we diverged that are important—it’s the potential within our genomes for those traits to develop when circumstances require it.

That potential is at the center of the burgeoning field of comparative genomics, and at the heart of the work of pediatric oncologist Josh Schiffman, a childhood cancer survivor who is growing more convinced, every day, that he might be unlocking the secret to curing cancer.

It all started in the summer of 2012, when Schiffman’s beloved dog, Rhody, passed away to histiocytosis, a condition that attacks the cells of skin and connective tissue. “It was the only time my wife has ever seen me cry,” he told me. “Rhody was like our first child.”

Schiffman had heard dogs like his had an elevated risk of cancer, but it wasn’t until after Rhody’s death that he learned just how elevated it was. Bernese mountain dogs who live to the age of ten have a 50 percent risk of dying from cancer.

“Suddenly it dawned on me there was this whole other world, this young field of comparative oncology,” he said, “and I was pulled into the idea of being a pioneer and maybe a leader to help move things along.”

Schiffman had long been intrigued by the fact that size doesn’t appear to correlate to cancer rates—a phenomenon known as “Peto’s Paradox,” named for Oxford University epidemiologist Richard Peto. But when Schiffman took his children on an outing to Utah’s Hogle Zoo—the same place I sometimes go to have lunch with my elephant friend, Zuri—everything came together.

A keeper named Eric Peterson had just finished giving a talk to a crowd of visitors, mentioning in passing that the zoo’s elephants have been trained to allow the veterinary staff to take small samples of blood from a vein behind their ears. As the crowd dispersed, an angular, excited man approached him.

“I’ve got a strange question,” Schiffman said.

“We’ve heard them all,” Peterson replied.

“OK then—how do I get me some of that elephant blood?” Schiffman asked.

Peterson contemplated calling security. Instead, after a bit of explanation from Schiffman, the zookeeper told the inquisitive doctor he’d look into it. Two and a half months later, the zoo’s institutional review board gave its blessing to Schiffman’s request.

Things moved fast after that.

Cancer develops in part because cells divide. During each division the cells must make a copy of their DNA, and once in a while, for various reasons, those copies include a mistake. The more cells divide, the greater the odds of an error, and the more prone an error is to be duplicated again and again.

And elephant cells? Those things are dividing like crazy. Based on the number of cell divisions elephants need to get from Zuri’s size when we met to the size she is now, in just a few short years, it stands to reason they should get lots of cancer. Yet they almost never do.

“Going from 300 pounds as a calf to more than 10,000 pounds, gaining three-plus pounds a day, they’re growing so quickly, so big and so fast—baby elephants really shouldn’t make it to adulthood,” Schiffman said. “They should have 100 times the cancer. Just by chance alone, elephants should be dropping dead all over the place.” Indeed, he said, they should probably die of cancer before they’re even old enough to reproduce. “They should be extinct!”

Already, comparative oncologists suspected the exceptionally low rate of cancer in elephants had something to do with p53, a gene whose human analog is a known cancer suppressor. Most humans have one copy—two alleles—of the gene. Those with an inherited condition known as Li–Fraumeni syndrome, however, have just one allele—and a nearly 100 percent chance of getting cancer. The logical conclusion is more p53 alleles mean a better chance of staving off cancer. And elephants, it turns out, have twenty of them.

The big find that came from Schiffman’s exploration of the elephant blood he got at the zoo, though, was not just that there were more of these genes in elephants, but that the genes behaved a little bit differently, too.

In humans, the gene’s first approach for suppressing tumor growth is to try to repair faulty cells—the sort that cause cancer. So, at first, Schiffman’s team assumed having more p53 genes meant elephants had bigger repair crews. With the goal of watching those crews in action, the researchers exposed the elephant cells to radiation, causing DNA damage. But they noticed that, instead of trying to fix what was broken, the elephant cells seemed to grow something of a conscience.

To understand this, it’s helpful to think about how you’d respond in a zombie apocalypse. Of course you’d fight long and hard to keep from being infected, right? But if a zombie was about to chomp down on your arm, and there was nothing you could do to stop it, and if you had but one bullet remaining in your gun—and a few moments to consider what you might do to your fellow humans as a part of the legion of the undead—what would you do?

That’s what elephant cells do, too. Under the directive of p53, mutated cells don’t put up a fight. Upon recognizing the inevitability of malignant mutation, they take their own lives in a process known as apoptosis.

And they don’t just do this for one kind of cancer. The p53 gene apparently programs cells to do this in response to all kinds of malignantly mutated cells in elephants—a finding that flies in the face of the conventional assumption that there is no one singular cure for the complex group of disorders we call cancer.18

When I first met Schiffman in 2016, he was brimming with excitement about the potential elephants have to help us understand cancer. He was also very cautious not to suggest he was anywhere near a cure, nor that he ever would be.

Just a few years later, though, Schiffman was speaking openly about his intention to rid the world of cancer. And, to that end, what’s happening in his lab is encouraging, to say the least.

He and his team have been injecting cancer cells with a synthetic version of a p53 protein modeled on the DNA he’s drawn from Zuri and other elephants from around the world. Viewed on time-lapse video, the results are unmistakable and amazing.

Breast cancer. Gone.

Bone cancer. Gone.

Lung cancer. Gone.

One by one, each type of cancer cell falls victim to zombie-cell hara-kiri, shriveling and then exploding, and leaving nothing behind to mutate.19 Schiffman is now working with Avi Schroeder, an expert in nanomedical delivery systems at Technion-Israel Institute of Technology, to create tiny delivery vehicles to take the synthetic elephant protein into mammalian tumors.

If this was all the benefit we ever derived from studying elephants, it would be plenty.

But it’s not. Not at all.

WHY ELEPHANT AROUSAL IS GOOD FOR OTHER ANIMALS

It was a summer day at the Oakland Zoo, one of very few accredited animal parks caring for bull elephants in the United States.

There were dozens of visitors milling about near the elephant exhibit that afternoon but, up to that point, few of them were really looking at the twenty-three-year-old beast named Osh—not until he ambled, huge head bobbing up and down, closer and closer, and came to rest in the corner of his pen nearest to where visitors could stand. From there, the young bull’s enormity was appreciable, breathtaking. At the time he stood 10 feet, 9 inches tall and weighed 13,000 pounds. His legs were as big around as many of the trees lining his pen. His eyes were gleaming amber and his ears were like beating aortas; as they flapped, they clapped against his shoulders and sent great clouds of dust into the air. His rumble had the cadence of a cooing pigeon and the octave of a distant train.

The visitors watched with giggles and sighs and oh-my-Gods as Osh lifted his trunk over the fence and peered into an adjoining pen where the female elephants were kept. But then, from the gallery, came the gasps of horrified parents and the quick shuffling of children’s feet as they were turned and pulled away by their adult companions, as Osh’s penis appeared between his back legs, his erection growing larger as he stared at the cows.

That Osh was clearly interested in his female companions was a good sign. It had been just over a year since his first musth, a rutting period when male elephants become uncharacteristically aggressive, and his keepers were cautious but eager to get him in a pen with the cows. Every fertile new bull, after all, offers an opportunity to add to the diversity of genes in the captive population, a collection of animals zoo advocates argue are vital for species conservation.

At that point, in 2017, artificial collection of Osh’s semen had proven unproductive owing to urine contamination. Colleen Kinzley, the zoo’s animal care director, told me she was hoping a more “let nature take its course” approach might change the reproductive dynamics, but Osh needed to take the lead on that.20

The challenges Kinzley and her staff were facing with Osh aren’t unusual. As wild populations of elephants continue to plummet, the Association of Zoos & Aquariums has pressed its members to make breeding a priority, but captive breeding of just about any wild species is replete with challenges. Overcoming those challenges takes creativity, patience, luck, experience—and money.

We might have gotten a late start on studying them, but these days hundreds of scientific reports are published each year on wild and captive elephants, with many of the studies focused on discoveries about breeding and reproduction. Among the leaders in this field is Wendy Kiso, who in the mid-2010s was a researcher at the Ringling Bros. Center for Elephant Conservation in Polk City, Florida, where dozens of former performing pachyderms were sent after the circus shut down its elephant act. Among other findings, Kiso has discovered novel ways to help ensure elephant sperm remains viable after freezing. Diluting the semen in an egg yolk–based solution, it turns out, helps in this regard.21 Kiso and her team have also discovered that variability in the quality of sperm in Ringling’s elephant herd can be predicted by an elephant’s levels of lactotransferrin, an antibacterial protein found in all mammals that helps transfer iron into cells.

These sorts of studies can seem esoteric. Here’s why they’re not: Just as we can learn a lot from elephants when it comes to fighting cancer in humans, we can learn a lot about how to save other animals by what we now understand about preserving pachyderms. The research Kiso’s team has conducted has been used again and again as the building blocks for scientists studying—and seeking to save—other animals, including those that don’t command nearly as much affection, public fascination, or funding as elephants do.22

There are more than 40,000 species on the IUCN’s Red List of Threatened Species. Thousands have been declared “critically endangered” and there are likely thousands of others that would garner that designation with an updated population assessment. Very few of these animals have captured the hearts and reached into the pocketbooks of people around the world in the way elephants have.

One of the key struggles in saving any endangered animal is preserving genetic diversity. That’s why conservationists have been working on developing genome resource banks—repositories of sperm, embryos, tissue, blood, and DNA that serve as an “insurance policy” that there is enough genetic material, from as many different sources as possible, to give us the best chance of saving animals on the brink of extinction.

Much of what we know about preserving the sperm of endangered animals has come from what we’ve learned from the billions of dollars we’ve spent on research into human fertility, and from livestock heavily bred for reproductive success. If it works for H. sapiens and it works for Bos taurus, we’ve generally assumed it’ll work for everything else. Kiso’s team showed that wasn’t the case. Even species as closely related as Elephas maximus and L. africana (which diverged about 7.5 million years ago) needed to be treated differently. Another of their studies, for instance, demonstrated the different ways the sperm of Asian and African elephants responds to various freezing techniques.23 Up to that point, the sperm of the largest and second-largest land animals in the world was generally handled the same.

Two years after that paper was published, prominent biologist Pierre Comizzoli, the director of the influential Smithsonian Consortia, used the Ringling team’s findings to help make the case for investment in reproductive research on other animals. Wild ones. Endangered ones. Ones that often have a lot more in common with fellow threatened species than people and cows do. Despite the fact that cryopreservation is a vital part of international conservation efforts, Comizzoli lamented, “virtually all other species . . . have gone unstudied.”24

Now that’s starting to change, thanks to the elephant’s very big coattails. And that’s not the only way in which animals that have captured our collective fancy with their immense size are changing long-held scientific assumptions.

WHY ALMOST EVERYTHING WE KNOW ABOUT GIRAFFES IS WRONG

It was the trademark example of Lamarckian inheritance—the theory, pushed forward in 1801 by Jean-Baptiste Lamarck, that more frequent and continuous use of any specific characteristic would gradually strengthen that characteristic, pushing an animal toward “the limit of its development.”25

“In places where the soil is nearly always arid and barren, it is obliged to browse on the leaves of trees and to make constant efforts to reach them,” Lamarck wrote in 1809 of giraffes and their exceptionally long necks. “It has resulted that the animal’s fore-legs have become longer than its hind legs, and that its neck is lengthened.”

Many of the ideas Lamarck espoused were supplanted as Charles Darwin’s evolutionary theories took hold following the publication of On the Origin of Species in 1859, and much of what did remain en vogue about “use and disuse inheritance” was abandoned when Mendelian inheritance became the core of genetic theory in the early 1900s.26 But the giraffes-got-tall-to-reach-the-leaves idea stuck around—with Darwin himself giving the hypothesis an added boost. Giraffes, he wrote, were “beautifully adapted for browsing on the higher branches of trees.”27

These days, even if they don’t know the difference between Lamarckism and Darwinism, most people will tell you that giraffes, however they evolved to be the tallest animal in the world, did so in order to reach the leaves on tall trees.

There’s just one problem with that theory: There isn’t much evidence to support it.

Back in 1991, Lynne Isbell, a veteran field researcher who is something of a specialist at making observations other scientists have missed, was among the first people to note that giraffes don’t often use their full height to feed. Most of the time, in fact, they bend down to eat.28 That’s an observation that was later confirmed by other scientists, who noted that in the dry seasons—when feeding competition should be most intense and thus offer the greatest selective pressure—giraffes are even more likely to eat from the same low shrubs as competing browsers.29

Isbell said the A-causes-B way we tend to think about evolution is, quite simply, too simplistic. “One of the things I love is selective pressures,” she told me, stressing the “s” in “pressures” to emphasize its plurality. “The environments in which animals live and in which they evolve are exceptionally complicated, so there are always multiple selective pressures going on at once.”

While it’s definitely possible that leaf-reaching was one of many factors that led giraffes to their superlative status, scientists like Isbell have offered a lot of compelling evidence that it wasn’t the main factor, let alone the only one, as so many people have been taught.

Giraffes don’t just use their long necks and legs to eat, after all. They also use their necks to fight. Males use their thick skulls as battering rams; the longer and heavier the neck, the more advantage a bull has when competing with rivals for cows. And they use those long legs to kick and run, two key survival skills for the fight-or-flight realities of life in the midst of some of the most ruthless carnivores on the planet.

Rather than being the product of simplistic cause-and-effect evolution, giraffes’ superlative height is more likely the result of a perfect storm of selective pressures—the ability to reach food, yes, but also the competition for sex, the need to outrun predators, and the ability to stand and fight when necessary to protect themselves and their calves. All of this would help explain why, when scientists at Penn State University compared several giraffe genomes to the genomes of the okapi—a much-shorter giraffe cousin whose hindquarters resemble a zebra—they found seventy different genes that had undergone significant changes in the relatively short 11 million years since the two lineages diverged.30

Genetic sequencing didn’t just lend evidence to the idea that giraffes evolved to be tall as the result of myriad selective pressures, though. It also put a hole in what now appears to be a foundational misunderstanding about the species—namely, that it’s a species.

Axel Janke understands why people were reluctant to believe him when he first suggested that we might have to change the way we think about giraffes. The pioneering geneticist said he didn’t even believe it himself, at first, when the DNA samples he tested from giraffes throughout Africa showed a surprisingly vast genetic diversity.31 “I said, ‘Something is odd here,’” he recalled. “I didn’t suspect different species at this point, but when we analyzed the data with different methods, you could see four groups.”

Even then, he said, he was hesitant to suggest something so clearly contradictory to the conventional wisdom about the giraffe “because—come on—everybody knows giraffes,” he said. “If you ask a four-year-old what a giraffe is, she can explain it to you.”

“Yeah, it’s the tall one,” I said.

“Precisely,” Janke said. “Everybody knows that. But not much else . . . and when we think of these animals based on one attribute, we tend to miss things.”

The decision to classify giraffes as a single species came in the 1700s, and was made unilaterally by a guy who had never actually seen a live one and who either didn’t realize or didn’t much care that giraffes come with a tremendous variety of body shapes, patterns, behavioral characteristics, geographic ranges, and mating behaviors. That guy, though, was Carl Linnaeus, the father of biological taxonomy. And the figurative shelves he created for the 12,000 species of plants and animals he classified have proved to be quite sturdy, even sacred. Even though it’s clearly an imperfect system, and substitutes have been proposed, we continue to use the binomial system of classification Linnaeus developed more than 250 years ago.32

Yet what Janke discovered, when he put Linnaeus’s single-species assumption to the genetic test, is that various groups of giraffes are as different from one another as polar bears are from grizzly bears. He’s identified four separate species, including the southern giraffe, the reticulated giraffe, the northern giraffe, and the Masai giraffe, the latter of which is the tallest of the four species and thus the tallest mammal in the world. Janke told me he thinks a genetic case might be made for other giraffe groups to be considered separate species as well, but that will take more time and research.

Now, if you’re thinking, “But wait—can’t these different groups of giraffes interbreed?” then you’re not alone. One of the most common beliefs about speciation is that it’s all about fertility. It’s not.

The definition of species most scientists use, at least when it comes to organisms that reproduce sexually, comes from the taxonomist Ernst Mayr, who suggested that speciation comes from reproductive isolation.33 While that isolation can certainly come from biological barriers, it can also come from geographic or behavioral barriers.

And the different groups of giraffes are indeed isolated. Very isolated. Janke said he knows of no hybrids in the wild and only one case in a zoo. Yes, two giraffes from different groups can potentially produce fertile offspring but, as the different giraffe populations evolved, they didn’t—not for more than a million years. That’s further back in time than the point at which most species of archaic humans, including Homo neanderthalensis and Homo rhodesiensis, split from our common ancestor.

All of this could fundamentally impact the way we approach giraffe conservation, because even though myriad factors affect whether an animal is declared to be endangered, sheer numbers are a big part of the calculus. As recently as 2010, the IUCN declared the giraffe to be a (single) species of “least concern” when it comes to the likely danger of extinction. When you split the 100,000 remaining wild giraffe into four separate species, though, things begin to look a lot more dire, especially since those groups aren’t split equally. The northern giraffe, for instance, has just a few thousand individuals remaining in the wild, and those animals are dispersed in groups across thousands of miles of Africa. Old assumptions die hard, though, and as of 2018 the union still hadn’t shifted its assessment that, as a singular species, the giraffe was vulnerable, but not endangered.34

The genetic evidence is compelling, so I think the union will change its tune—and soon. And, once that happens, there may be greater reason for hope for all of the different giraffes. Because the union’s listings carry moral and legal weight in nations around the world.

And when we get together as an international community we can have a really big impact on really big things.

WHY BLUE WHALES ARE SO HARD TO RESEARCH

I saw the breach off the port bow, perhaps 200 meters to the east of the boat.

“Whale,” I said, pointing through a foggy windshield. That was all I could manage, for I’d never seen anything like it.

I served in the US Navy when I was younger, and circumnavigated the globe on the USS Nimitz. But aircraft carriers are awfully big ships, and there were days and even weeks when I did not get topside, the hours marked by bells and duty changes instead of sunrises and sunsets. Occasionally, in the middle of the night, I’d sneak onto the aft deck and marvel at the bioluminescent trail our enormous ship left in its wake, a magical gift from some of the smallest inhabitants of the ocean, but I had never seen the biggest.

Twenty years later, on a much smaller vessel in California’s Monterey Bay, I was making my




























































































































OEBPS/text/nav.xhtml




Table of Contents







		Cover



		Title Page



		Copyright



		Dedication



		Contents



		Introduction: Nature’s Best Ambassadors



		Chapter I: All Things Great and Tall: How the World’s Biggest Life-Forms Are Saving Human Lives



		Chapter II: All the Small Things: Why Little Organisms Have Such a Big Impact on Our World



		Chapter III: The Old Dominion: How Our Biological Elders Are Offering Us New Knowledge



		Chapter IV: Fast Times: Why the Quickest Animals Probably Aren’t the Ones You Think



		Chapter V: Aural Sects: How Superlative Sound Helps Drive Life as We Know It



		Chapter VI: The Tough Get Going: How the World’s Strongest Organisms Might Lift Us to the Heavens



		Chapter VII: Deadly Serious: Why the World’s Most Efficient Killers Are Such Effective Lifesavers



		Chapter VIII: Smarter All the Time: Why the Most Intelligent Life-Forms Ain’t Us



		Conclusion: The Next Superlative Discovery Is Yours



		Acknowledgments



		Notes



		Index



		About the Author













Guide





		Cover



		Contents



		Chapter I: All Things Great and Tall: How the World’s Biggest Life-Forms Are Saving Human Lives


















		i



		ii



		iii



		iv



		v



		vi



		vii



		viii



		ix



		x



		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		220



		221



		222



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		248



		249



		250



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		280



		281



		282



		283



		284



		285



		286



		287



		288



		289



		290



		291



		292



		293



		294



		295



		296



		297



		298



		299



		300



		301



		302



		303



		304



		305



		306



		307



		308



		309



		310



		311



		312



		313



		314



		315



		316



		317



		318



		319



		320



		321



		322



		323



		324



		325



		326



		327



		328



		329



		330



		331



		332



		333



		334



		335



		336



		337



		338



		339



		340



		341



		342



		343



		344



		345



		346



		347



		348



		349



		350



		351



		352



		353



		354



		355



		356



		357



		358



		359



		360



		361



		362



		363



		364



		365



		366



		367



		368



		369



		370



		371



		372



		373



		374
















OEBPS/images/halftitle.jpg
SUPERLATIVE





OEBPS/images/title.jpg
SUPERLATIVE

The Biology of Extremes

Matthew D. LaPlante

==
{S\f-\é

BeNBELLA =
BenBella Books, Inc.

Dallas, TX






OEBPS/images/f0004-01.jpg





OEBPS/images/cover.jpg
Matthew D. LaPlante

The Biology of Extremes





OEBPS/images/copy.jpg
/;r E
il





