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Introduction




Color is a power which directly influences the soul.


Wassily Kandinsky





Long ago, when I was twenty, penniless, and hanging in London, looking for something free to do, I drifted into the city’s Tate Gallery—filled with some of the world’s best-known art—and walked straight into a staggering J. M. W. Turner masterpiece.


I was gobsmacked.


Knocked for a loop.


Brilliant and shimmering, shrieking with yellows and oranges and reds swirling around smoky-vague outlines of battling ships at sea, that painting owned me.


If you’ve seen Turner’s creations, you know why. His works tap into a secret crevasse in the human psyche, a down-the-rabbit-hole neural pathway from which, for some of us, there is no escape. It’s a biological thing. An evolutionary mandate. Only recently discovered by science but long understood intuitively by artists, this hidden desire elicits a unique kind of hypnotic trance—a craving for color.


Standing before Turner’s work, I was mesmerized.


I tried to wind my way through the mysteries of the thing. This was pure experience. I knew nothing about Art. I was an innocent. I had no idea who Turner was, no clue that he was considered a genius who paved the way for Impressionism. I had not been prepped to venerate his work. This was a once-in-a-lifetime thing.


A first kiss.


I was never again so deliciously, so exquisitely, so naively shocked.


Until …


I was sucker-punched once again. This time it was in Larry Gall’s Yale University offices. Interested in the crazy, titillating, and sometimes even deadly world of butterfly obsession, I had come to meet Gall, the university’s trim, bespectacled computer expert and keeper of more than a century’s worth of butterfly, moth, and caterpillar collections. Brought to Yale from locations worldwide were thousands upon thousands of boxes of carefully pinned and lovingly recorded specimens of Lepidoptera—butterflies and moths.


Like the Turner, these boxes were monumental works of art. But unlike the massive Turner seascapes I’d loved, these boxes had been squirreled away for decades in hundreds upon hundreds of protective climate-controlled drawers. Assembled by compulsive butterfly addicts who worked in isolation in rooms and jungles and labs worldwide, some boxes dated to the eighteenth century.


The artists who made them obviously combined a deep passion for color with a meticulousness for detail. These kaleidoscopic assemblages represented hundreds of lifetimes of devoted labor by men and women hunched over their desks, working with a steadiness of hand and of intention that I could only dream of.


More than four decades after my life-changing love-at-first-sight view of a Turner, I was stunned all over again. I wanted to see more.


And more.


There was a lot to see. Yale has literally hundreds of thousands of butterfly and moth specimens. The boxes are cosseted in drawers that run from floor to ceiling, in line upon line of cabinets, in the expectation that someday, somewhere in the universe, whether in our own Milky Way or beyond, some researcher, perhaps yet unborn, will need them for a study.


Neatly pinned in meticulous rows, entire trays were devoted to only one species. The best of these boxes also note when and where the samples were collected.


Gall patiently pulled tray after tray after tray of butterflies. Just as with Turner’s painting, I struggled to make sense of what I saw. Who knew that trays of dead insects could be so delicious, so sensuous, so entirely luscious?


Eventually Gall, himself an addict, wearied of me and my incessant “Why this?” and “Why that?” I was politely, gently, but definitively dismissed.


And so I learned that the butterfly effect (to repurpose a term) is real, that this craving for color so deeply hardwired in our brains could turn into an addiction. What had been an arms-length inquiry into the unusual desires of certain lepidopterists had exploded into a compulsion of my own: What exactly were these odd flying creatures, some so small as to be almost invisible but others with foot-wide wingspans?


Like most people, I was no stranger to butterflies. Butterflies had been my companions for most of my life, as I rode horses through high Rocky Mountain valleys or over rich wildflower-filled Vermont fields. They were common in the Pennsylvania meadows where I grew up, as they were when I lived in Senegal or traveled in Zimbabwe or Kenya or South Africa. Everywhere I walked among weeds and wildflowers, butterflies fluttered. As I hiked Appalachia’s mountain trails, or strolled the beaches of Cape Cod, butterflies were there.


Of course I had seen them. Of course I liked them. Who doesn’t? But I took them for granted. I hadn’t really looked at them. Not closely, that is. Where did they come from? Why were they here? What the heck do they get up to while they’re on our planet? And what is it about them that compels the human psyche so insistently that men and women have risked their fortunes and their lives and, on occasion, died in order to capture them?





My curiosity was about to take me around the world—sometimes literally, sometimes by reading or talking on the phone with a multitude of scientists who knew exactly what I meant when I told them about my lepidopteral epiphany. As the veil lifted from my eyes, an entire universe opened to me.


I learned that the language of butterflies is the language of color. They speak to each other using that flash and dazzle. I sometimes imagine them as the world’s first artists. Happily for us, humanity finds joy in that same language of color. We have an ancient partnership with these six-legged life-forms that has helped us survive throughout our 200,000-year planetary presence.


Butterflies continue to partner with us even today. I learned that the seventeenth-century study of butterflies revolutionized our understanding of nature and thus provided the foundation for the field of scientific research we now call ecology. I also learned that this foundation was laid down by the research of a highly methodical, meticulous thirteen-year-old girl.


I learned that unlocking the secrets of butterflies helped us understand how evolution works, that their partnership with other living things forms the basis of life on our planet, and that butterflies today are helping us in many practical ways, improving our own lives by providing surprising new models for medical technology. For example, butterfly scales are helping materials researchers biodesign devices to help asthma sufferers.


All these surprises whetted my curiosity. When I started this project, I thought that writing about butterflies would be a simple matter. I was wrong. Butterflies are wonderfully complex beings that have evolved for well over 100 million years. Excitingly, while we have recently made great strides in unlocking their secrets, some of their unique attributes have yet to be understood.


Sadly, I also learned that, for a multitude of reasons, butterfly and moth population numbers are dropping, sometimes precipitously. There are many reasons for this decline and many actions that can be taken to prevent further losses. I learned that the disappearance of butterflies would be a planetary disaster, and not just for esthetic reasons. Their essential services keep the entire system intact.


Luckily, science has already achieved a great deal when it comes to butterfly conservation—so there is hope for the future. Hundreds of researchers worldwide and thousands of dedicated butterfly groups are making a difference.


In this book, we’ll find out how.
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One THE GATEWAY DRUG





A lepidopterist will be as familiar with the speckles and dappling of a butterfly wing as he would be with the faces of his own family. One lepidopterist I knew was actually rather more aware of the former than he was of the latter.


Richard Fortey, Dry Storeroom No. 1





Herman Strecker was, by all accounts, a very odd man. He had a long face and a long neck and an even longer, out-of-control beard. He looked like Moses. He had deep-sunken grief-filled eyes. He lived the unkempt life of a zealot, going so far as to crawl in between his bedsheets with his pants and boots on.


By day, he was a poor stone carver who specialized in carving angels on children’s gravestones. But by night, Strecker descended into a deeper, darker lust—a greedy compulsion that eventually dominated his entire existence. Some people want to possess money. Others want to possess clothes or cars or stamps or houses or politicians.


Strecker wanted butterflies. Lepidoptera. (That’s Latin for butterflies and moths, lepidos being the Greek word for “scale”; more about this later.) He yearned to own at least one specimen of every butterfly species on Earth. He came close. By the time he died in 1901, having lived a life of intense emotional desperation, he had amassed 50,000 specimens. I can’t imagine having that many of any one thing in my home. There must have been precious little room for anything else.


That’s a small number compared to British banking scion Lord Walter Rothschild’s 2.25 million. Lord Walter, active at the same time, was one of the planet’s wealthiest men; he had special facilities built to house the collection and employees to look after them. Strecker was most definitely not among that 1 percent. Nevertheless, Strecker’s collection was then North America’s largest. Given his extreme poverty, I would imagine that pinned, dead butterflies must have been stashed throughout his not-particularly-large abode.


Strecker was a product of his Victorian world. Indeed, he died in the same year that Queen Victoria herself died. His tragic life was filled with dead babies and deprivation and women who died young and hunger and an acerbity so extreme that his tale sounds straight out of Edgar Allan Poe. In fact, the gravestone carver actually did sculpt a raven for the entryway of one Philadelphia client’s mansion, which seems fitting, given his character. Like the lover in Poe’s “The Raven,” slowly descending into madness, Strecker was a feverishly despondent man. The older he got, the more extreme he became.


He was “omnivorous,” he once wrote. Never satisfied, like Midas after gold. “My soul pines,” he told a friend, when seeking an exotic butterfly that proved difficult to acquire. When another person sent him a long-desired birdwing butterfly, he wrote: “There is no use trying to express my feelings at beholding the splendid ornithoptera. Only to think the dream of my childhood fulfilled for since I was five years old I coveted and fretted for the Green Ornithoptera.” And in yet another letter, he asked: “Why did God implant in us unquenchable desires, and then deny the means of gratifying them?”


As a child, Strecker had once been permitted to look at some expensive hand-painted books on butterflies in a Philadelphia natural history museum. In the early 1800s, northern cultures were monochromatic. Cities and towns were covered in soot and grime from woodsmoke and coal smoke. Even people, save for the ultrarich, wore blacks and grays. The world of print, too, was colorless.


These hand-painted books, in contrast, were remarkable in their lavish grandeur, with depictions of exotic butterflies that lived in faraway tropical countries. They were the early-Victorian equivalent of today’s grand epic films.


I imagine Strecker, the child, was as overwhelmed by those books as I was by the Turner. Into his drab world of soot, poverty, and hopelessness, the goddess of color had made her debut. He began netting butterflies near his home, pinning them to boards in order to preserve them. The infatuation infuriated his father. A slew of paternal beatings followed, but Strecker would not—or perhaps could not—give up his obsession with beauty and sunlight.


Strecker was not alone. During the Victorian era, collecting and naming God’s creatures was an approved endeavor shared by all classes of people. Even women were allowed to play. Throughout Europe and North America, insect collecting was considered not only a healthy activity, but a way to honor God and His earthly works—and was therefore acceptable even in dour cultures where play was frowned upon.


Indeed, humanity had a “duty to inventory,” writes paleontologist Richard Fortey in Dry Storeroom No. 1, a personal memoir about treasures that lay sometimes helter-skelter in the back rooms of London’s Natural History Museum even to this day.


That “duty” was based in Biblical texts. In Genesis, the Victorians read that God formed every living thing on Earth and then commanded Adam to name them. Before they could be named, of course, they had to be collected.


“Collecting was a Victorian passion,” writes Jim Endersby in Imperial Nature. ”From shells, seaweeds, flowers, and insects to coins, autographs, books, and bus tickets, Victorians of every class collected, classified, and arranged their treasures before exchanging unwanted finds with other enthusiasts.” (Bus tickets?)


This gave rise to the enjoyment of being outdoors just for the joy of being outdoors, of having what American Victorian poet Walt Whitman called “a butterfly good-time.” But for some, the collecting addiction went far beyond mere cultural expression, so much so that it might well have had a genetic basis.


In the last decades of the nineteenth century, the most proficient butterfly collectors—and there were many—knew each other. They corresponded regularly. Strecker, widely acknowledged as North America’s foremost expert, was part of that club. Eventually, though, other collectors began to suspect that when Strecker visited their collections, he departed with a purloined specimen or two. He was increasingly snubbed.


He became vituperative. He lashed out at colleagues, who returned fire. One called Strecker an “entomological spider.” In 1874, a collector and one-time friend, in what came to be called “the Central Park Affair,” accused him of stealing specimens from what is now the American Museum of Natural History. The accuser enjoyed high status in the butterfly world. He was widely believed.


The claim went like this: Strecker wore an Abe Lincoln–style stovepipe hat. Inside, rumors asserted, was a hidden corkboard on which he pinned his purloined samples. This was never proven. Still, many museums would not allow him to visit their collections. No evidence of his criminality has turned up in the century since his death. It’s possible that he was accused because of his unusual nature. The depth of his passion may have isolated him from his colleagues.


Strecker died a bitter man. His collection is now in Chicago’s Field Museum, along with 60,000 letters and books, testimony to a lifetime’s dedication or addiction, depending on your point of view.


Strecker’s biographer and the author of Butterfly People, William Leach, calls Strecker an “antinomian” (rule-breaker) of the butterfly world. Leach believes that Strecker was not guilty of the theft, but that his belligerent nature kept him from mingling well with other collectors, many of whom were from the wealthier classes. We talked on the phone and discussed whether Strecker’s yearning to collect butterflies might have involved a genetic predisposition.


“I have the same gene,” Leach told me. “I perfectly understand the man. It just overtakes them. It’s an unexpected kind of thing. It starts with the initial encounter of the child with this flying color. It produces something in the child: I want that. I want that.”


But that, warned Leach, is only the beginning.


The more you learn about butterflies, he said, and then moths—Lepidoptera—the more infatuated you are.


“Butterflies,” I was warned by several researchers, “are just the gateway drug.”


Down the rabbit hole.


So what is it about butterflies that so easily and so universally catches the fancy of Earth’s Homo sapiens? Is it merely that they are pretty little things? Or is it perhaps in part that they are a symbol of our planet’s always evolving story, a symbol of our partnership with all other living things, a symbol of the circle of life?





There may be as many as 1 trillion total species living on Planet Earth. Most remain undiscovered. Somewhere around 1.2 million species have been named and formally described. Given that Victorians only seriously began the task of naming all living things a little less than 200 years ago, that’s pretty good progress. But it will be many, many lifetimes before we truly have a handle on all species on just our own planet. And who knows what’s in the universe beyond our own tiny world? Molecular biologist Christopher Kemp sums it up this way: “How little we know about the natural world that thrums and vibrates all around us.”


By far the majority of Earth’s species are single-celled living things, both with and without a nucleus (the central structure in the cell housing DNA). But most people think in terms of plants and animals. Most animals are multicellular and mobile; most plants are multicellular but not mobile. (Although, of course, there are exceptions to the rule.)


Of plants, fewer than 400,000 species are known. Compare that to the number of named insects: currently roughly 900,000. Compare that to the number of known mammal species: about 5,400.


Ergo: Insects rule.


“Evolution begets diversity,” write entomologists David Grimaldi and Michael Engel in Evolution of the Insects, the go-to text for insect scientists. Since insects have been around for hundreds of millions of years—certainly longer than any mammals—and since many insect species have survived the planet’s relentless extinction events, it stands to reason that there would be a plethora of them.


An insect is a kind of arthropod, a being with an external skeleton. Its ancestry dates all the way back to the glamorous world of the Cambrian, when evolutionary experimentation ran amok and the sudden richness allowed life to explode in the seas. Beginning about 540 million years ago, arthropods ruled. They were the best idea around.


As arthropods, butterflies can trace their roots all the way back to this time, long before animals with skeletons on the inside were common. “By most measures of evolutionary success, insects are unmatched: the longevity of their lineage, their species numbers, the diversity of their adaptations, their biomass, and their ecological impact,” write Grimaldi and Engel.


Insects have been around for 400 million years. By contrast, the most primitive mammals seem not to have appeared until about 140 to 120 million years ago—around the time of the first flowering plants. We have no solid evidence that modern mammals, such as primates and horses, existed until about 56 million years ago. It is indeed as the great population scientist E. O. Wilson says: Little things run the Earth.


“Without a doubt,” write Grimaldi and Engel, “the diversity of any other group of organisms has never been more than a fraction of that of insects.” Other than single-celled organisms, of course.





So how do butterflies fit in? They belong to the second-largest order of insects currently extant: Lepidoptera—insects with scales on their wings, including about 180,000 known species. (There are probably a whole lot more yet to be discovered and named.) Of those, only about 14,500 are butterflies. This figure reaches about 20,000 if you include a group of insects commonly called “skippers,” which some scientists classify as butterflies and some do not.


The other 160,000 or so flying insects with scales on their wings are called “moths.” What exactly, I wondered, was the difference between moths and butterflies? How is it that they are the same—but different?


In a lab at Yale, I talked about this with some volunteers who were helping organize the university’s extensive collections. The word “moth” elicited distaste. We made the classic “disgust” face while we talked about them: crinkled-up noses, slightly flared nostrils, and pulled-back, almost snarling lips. When we talked about “butterflies,” eyes lit up and smiles appeared. There is even an official name for our dislike of moths—mottephobia—while as far as I know, there is no official word for “fear of butterflies.” Many people who fear moths find butterflies delightful.


In our discussion, the two groups of Lepidoptera evoked distinct emotional responses. “Moths” were annoying and sometimes costly invaders that infested your baking flour and ate up your woolens and bothered you by flying around your electric lights at night. “Butterflies,” on the other hand, were whimsical, delicate, pure, virtuous, clean, in need of protection, ornaments that accentuate the beauty of your garden’s flowers.


These are prejudices. Not all cultures find moths repulsive. Some people enjoy them. Others are sustained by them. Aboriginal Australians traditionally hunted for large populations of semidormant bogong moths, which they then roasted and either ate immediately or ground up into a portable, edible protein paste that they could conveniently carry around with them, like pemmican.


Other cultures find moths useful in other ways. In Taiwan there are populations of the Atlas moth, or “snake’s head moth”—so called because when threatened the flying insect drops on the ground and writhes slowly, so that its wing tips look like the head of a writhing cobra. Female Atlas moths have a wingspan of up to twelve inches. When the Atlas moth emerges full-grown from the cocoon (moths emerge from “cocoons,” butterflies from “chrysalises”), local people use the silk-based, now-empty envelope as a purse.


I had never seriously thought about the differences between moths and butterflies. It had just seemed obvious to me. I decided to find out more.





In the butterfly collection at Harvard’s Museum of Comparative Zoology, curatorial assistant Rachel Hawkins walked me over to a box where several specimens were pinned. At only a few hundred thousand Lepidoptera, the collection is small compared to Rothschild’s, but is nevertheless eminent in that it contains Lepidoptera collected by a man later eaten by cannibals and a huge birdwing butterfly hunted by shotgun. This specimen was likely collected by one of the museum’s earlier directors, the antievolutionist Thomas Barbour, who as recently as World War II firmly believed that evolution and genetics were not connected.


“Tell me which are moths and which are butterflies,” Hawkins said.


In the box were eight specimens, arranged in two columns. In the top left-hand column was a large insect with iridescent wings, brightly colored in greens and yellows, and slender-bodied. It was dazzling. Next to it, in the top right-hand position, was a thick-bodied, clumsy-looking insect with a bloated abdomen that reminded me of a rather large and wicked-looking bee. The wings were mostly dark, with thin streaks of yellow. I guessed that the top left-hand insect was a butterfly, because of its slenderness and colorful wings. I guessed that the top right-hand insect was a moth, primarily on the basis of the thick body.


And so I went on, through the whole of the specimen box, using the rules of thumb I had been taught: Moth antennae are thick and hairy, while butterfly antennae are slim and slightly knobbed at their tips. Moth bodies are chunky while butterfly bodies are sleek. Moths fly at night and butterflies fly during the day. Moths are dull-colored; butterflies are beautiful.


Or so claims the common knowledge.


I was wrong every time.


Hawkins told me: “People think that moths are very drab things, little brown jobs that come to your light at night and they all look the same. That’s definitely not the case. There are plenty of moths that have bright coloration, and there are butterflies that are just little brown cryptic things.”


There are also, she continued, plenty of moths that fly by day and some butterflies that fly at dusk.


“People often look at body shape and characteristics,” she continued, “thinking that moths are stout and chubby and furry and butterflies are not. That’s definitely not true. Some of the butterflies that are more powerful fliers will have thicker bodies. There are certainly moths that are slender and graceful, even some that imitate wasps’ slender bodies.” Moths usually appear “fluffy” while butterflies appear sleek, but swallowtail butterflies are also “fluffy,” possibly because they can fly at high altitude and it’s colder up there. They need protective insulation.


It wasn’t the first time moths had confused me. One day shortly after I began working on this book, I looked out my living room window at my favorite shrubs that attract butterflies. I saw what seemed to be the smallest hummingbird I’d ever seen. In Cuba I’d once been fascinated by that island’s bee hummingbird, Mellisuga helenae, the world’s smallest bird and indeed about the size of a very (very) large bee, definitely not the kind of bee I’d want to meet in my flower garden.


My first and rather irrational thought was, “I wonder how that tiny bird has managed to fly all the way north to Cape Cod from Cuba?” I watched for quite a while. The hungry thing hovered over flower after flower, seeming to take a sip and then hover elsewhere, seeming to take another sip.


The more I watched, though, the more suspicious I became. This was not the behavior I’d expected to see. There was too much hovering going on. And not enough flitting. Hummingbirds are notorious for refusing to stay still, much to my frustration, since I love watching them. This little thing was just a bit too calm, staying on the same bush and moving almost methodically from flower to flower.


My eyes narrowed. I squinted, just to be sure. I had been fooled. This was no hummingbird.


This was a hummingbird moth, Hemaris thysbe. This guy was flying during the day, just like hummingbirds and butterflies. He was reddish-colored and stood out like a sore thumb on my purple bush. He did have a chunky body, but he was beautiful.


Some moths have evolved to look much like butterflies. But the Madagascan sunset moth behaves like a butterfly in many respects. When first named in the late 1700s, the sunset moth was classified as a butterfly, in part because it flies during the day rather than at night and because it is extremely colorful.


There is one fairly tried-and-true method for differentiating between moths and butterflies: the frenulum. Moths have them on their wings; butterflies do not. (Of course, there are exceptions.) Essentially, the frenulum is a hooking system. Moths have, on both sides, a forewing and a hind wing. The front and hind wings move in unison because they are hooked together. The formal terminology for this system is frenulo-retinacular wing coupling, but it’s easiest if you simply think of it as a kind of hook-and-eye system.


Butterflies do not have this system. Instead, they usually have powerful and large forewings, which, when flying, cover so much of the hind wings that the forewings simply push down the hind wings with what might most easily be described as brute force. (But again, there are exceptions to this rule. When you’ve been evolving for tens upon tens of millions of years, there are always going to be exceptions.)





On the other hand, moths and butterflies do share some important characteristics, including a remarkable proboscis. Pronounced “pro-BAH-sis,” this weird word has a simple meaning: “long snout.” Elephants have outstanding proboscises. So does Taff, my border collie, whose long proboscis is always out there, snuffling beneath leaves and surveying the ground for the presence of sheep or bad guys or girlfriends as we walk. The aardvark, an African mammal, has a burdensome-looking proboscis that sniffs out ants and termites. The proboscis monkey has a fantastic snout, although no one knows why.


But moths and butterflies have distinctive “snouts,” fantastical appendages that are not noses and are not used to take in oxygen and are not used to sniff things out. (To breathe, Lepidoptera have tiny holes called spiracles in their exoskeletons that take in oxygen. They detect aromas via their antennae.)


Proboscises take in nourishment without chewing, slurping, lapping, or licking. Sometimes people liken lepidopteran proboscises to “tongues,” but that’s not truly the case, since a tongue sits in a mouth and neither butterflies nor moths have “mouths” in an everyday sense. Sometimes proboscises are described as “mouthparts,” but that’s just convention.


Lepidoptera proboscises are bizarre, outlandish, and even at times slightly grotesque, extensions of the insect head. They are unlike any other organ with which most of us are familiar. Lepidoptera proboscises are sometimes three, or four, or even five times the length of the insect’s body.


Only flying-stage Lepidoptera have these prodigious appendages. Caterpillars, eating machines that they are, have mandibles—jaw-like hardened parts of the exoskeleton operated by muscles—that are always at work, mashing up food and storing nutrients and toxins for use in their coming incarnations as flying insects. (“Chewing” is not truly accurate in the conventional sense, since they don’t have teeth.)


Inside the chrysalis, as the caterpillar changes into a butterfly, the mandibles disappear. The muscles that operated the mandibles dissolve in a bath of nature’s corrosive chemicals, a.k.a. “enzymes.” (Of course, there are a few moths that still have mandibles when they emerge. Exceptions, exceptions, always exceptions.)


At the same time, other clusters of cells become active, producing, among other organs, the lepidopteran proboscis. The proboscis develops in the chrysalis as two separate elongated halves of a tube. When the butterfly emerges, the two halves, each with its cross section in the shape of a C, come together to form an elongated O. This elongated O, this tube, may be only a few millimeters in length, or it may be considerably longer.


Lacking “mouths” to accomplish refueling, most Lepidoptera use their proboscises. This nourishment-acquisition instrument curls and uncurls repeatedly over the animal’s life span, an infinite number of times. Think of the paper horns children relentlessly blow and re-blow at parties.


The proboscis does just what its name implies: It probes. It explores. It hunts for food. If you sit quietly and watch closely, you can see a butterfly at a flower, probing the interior of the flower, looking for nectar. Normally, when the butterfly is simply flying, the proboscis is curled coil inside coil, like the tubing of a French horn. But when it’s time to uncurl the proboscis in order to do this exploring, two sets of muscles—one on each side of the curled tube—flex, stretching the tube out its full length, somewhat the way an elephant stretches out her trunk.


If you’ve watched a butterfly on a flower for any length of time, you’ve seen that with this uncurled tube they seem to be sipping from a pool of nectar that we imagine lies in wait inside the flower. (We’d be wrong, but we’ll get to that.)


The proboscis is where the rubber meets the road. Where insect and flower join together in joyful partnership. It’s a marriage not just of convenience, but of sustenance. Flowers, with their alluring scents and sweet nectary, tempt the insects to come hither. The insects, while obtaining nectar (or “nectaring,” in lepidopterist parlance), inadvertently also obtain pollen, which they obligingly but unintentionally carry to the next flower, so that the flower is fertilized by a new set of genes. The insects do not plan to facilitate flower sex, but that’s exactly what they do.


Because of the proboscis, the insect both gets something and gives something. Ditto for the flower. It’s a mutual exchange. It’s also essential, if life is to survive on our planet. Knowledge of this fact is something we take for granted these days, but for most of human history we did not understand this simple natural truth.


Until the early 1800s, Western thinkers explained flowers as God’s gift of beauty to humanity. Their purpose on the planet was to thrill us and thus impress upon us the presence of God in our lives. We can still think of them that way, certainly, but about 200 years ago horticulturists grasped a different level of truth: that flowers used sex (sex!) to reproduce. Flowers had male parts and female parts, and pollinators helped make the connection. Sex! The idea was so horrifying that it could not be discussed in the presence of women or children. But eventually, truth will out. We came to accept the awful fact of life: butterflies (and other insects) provide an important pathway for this sexual exchange of genes.


Indeed, this relationship between flower and proboscis eventually inspired a central insight into how evolution works.










Two DOWN THE RABBIT HOLE





Something as simple as a butterfly contains complicated mysteries that you and I will never understand, and that—that’s beautiful.


Destin Sandlin, Smarter Every Day





At the end of January 1862, when Herman Strecker was in his midtwenties, Charles Darwin, nearing his fifty-fourth birthday, was writing a letter to his best buddy, botanist Joseph Dalton Hooker. He was expounding on his dismay over the American institution of slavery, which he passionately abhorred. Then he complained that the British institution of primogeniture —the law requiring that estates be inherited by the oldest son—was also problematic, in that it interfered with the law of natural selection: “—suppose the first-born Bull was necessarily made by each farmer the begetter of his stock!”


At least fifteen members of his household (the quintessential family man, he had lots of kids and many servants) and Darwin himself were recovering from a nasty flu. Nevertheless, he was hard at work on a sequel to his 1859 best seller, On the Origin of Species. He had high hopes for his new soon-to-be-released tome: Fertilization of Orchids: On the Various Contrivances by Which British and Foreign Orchids Are Fertilized by Insects and on the Good Effects of Intercrossing. (Oh well. In those days it was thought that titles should tell readers exactly—exactly—what they were paying for. No cheapening clickbait allowed.)


Writing to Hooker was Darwin’s way of escaping the tribulations of an infected household and of unwinding after the hard work of creating his book. But his friendly ramblings, full of gossip and quips, were interrupted by the delivery of a package. We learn of this momentous incident also, jotted in haste at the bottom of the letter. Thank goodness Darwin loved to write letters.


The package contained a generous gift, something rare and precious—a spectacular six-petaled, star-shaped orchid, a marvelous flower native to Madagascar. Although he didn’t know it when the parcel arrived at the door of his chaotic household, the gift would play a major role in his forthcoming Orchids blockbuster. It would be an important reason why the book, today nicknamed Contrivances, would continue to be read well into modern times.


Darwin’s eyes opened wide not because of the flower itself, but because of the length of the appendage that hung down from its base.


It was huge, almost a foot long.


This enormity shocked Darwin.


He asked a question which, in various iterations, has kept scientists busy over the last 150 years.


“Good Heavens what insect can suck it” he wrote in a postscript to Hooker. He dashed this off in such excitement that he did not put a question mark at the end of the question.


The orchid was “astounding,” he commented. Later he referred to the green “whip-like” foot-long spur, at the bottom of which, he believed, was stored the flower’s nectar. If you’ve spent any time at all looking at orchids, you’ve seen such a spur. If you break open this spur, you’ll see that it’s hollow inside.


Darwin pondered this orchid. Why would a flower use so much energy to produce something that would make the flower’s nectar so inaccessible? It didn’t make sense. Wouldn’t this deter pollinating insects, and thus limit the flower’s reproductive options?


Finally Darwin realized: the flower wanted to lure not just any insect, but a particular, specific insect that wouldn’t misdeliver the flower’s pollen by carrying it off to the wrong flower species. By lengthening its spur, Darwin reasoned, this particular orchid was making itself alluring only to an insect species with an equally long proboscis.


It was a made-to-order situation, a hand-in-glove kind of thing. If the glove didn’t fit, you wouldn’t want to wear it.


And, he grasped, the insect, too, would benefit: it would be able to access the nectar without having to compete with other insect species. In other words, Darwin came up with a theory of pairing: with the theory, not just of evolution, but of coevolution, a theory that suggested a natural partnership among living things. In a win-win marriage, organisms sometimes evolve together in a reciprocal relationship.


Various living organisms, which we humans perceive as separate entities, sometimes fit together so well that they are almost one living thing. They need each other in order to survive.


Indeed, our entire planet can be thought of this way. This was not Darwin’s own unique idea; others, beginning with Maria Sibylla Merian in the 1600s (more about this long-ignored genius housewife later), had begun to show nature as a net of living things. But Darwin verbally codified this idea, giving it an important solidity.


He proposed that eventually a Lepidoptera species would turn up that had an exceptionally long proboscis, a colossal organ that fit all the way down into the lengthy spur. He put his prediction in his forthcoming orchid book. Later on, he wrote that he was ridiculed for doing so. Few people could imagine a butterfly with such a pendulous proboscis. How would the insect fly having to carry such a thing?


For the remainder of his life, Darwin hoped some collector on Madagascar would find his predicted insect.


It was not to be.


At least, not in his lifetime.





It was the wealthy banker Walter Rothschild, he of the massive butterfly collection, and Rothschild’s employee, entomologist Karl Jordan, who in 1903 affirmed Darwin’s prediction, describing and naming the long-sought insect, a member of the family of hawkmoths, or sphinx moths. The specimen had been sent to them by two French field entomologists. The body of the moth was not huge, but the appendage was, as predicted, almost a foot long. This seemed to be an affirmation, but there was another hurdle to jump: no one had actually seen the moth insert the proboscis into the orchid’s spur.


It wouldn’t be until our era, in the 1990s, that a field entomologist would film the behavior in the wilds of Madagascar.


So Darwin was right.


But only to a point. His story was nice, neat, and pretty. But it now turns out that, to get the full story of this marvelous partnership, his understanding of the proboscis needed some fine-tuning. The moth and the orchid were indeed a match, but the moth was not “sipping” nectar from the orchid. At least, not as he had envisioned the “sipping.”


Not by a long shot.





Fast-forward to the end of the twentieth century, more than a hundred years after Darwin wrote that letter. Four-year-old Matthew Lehnert wandered into his parents’ Michigan bedroom one day and saw a huge moth strolling across the pillows on his parents’ bed. She was hard at work laying eggs.


Though he was barely out of toddlerhood, Lehnert’s future was laid out before him at that instant. His fate was sealed: he would become an entomologist. Down the rabbit hole.


Just in case people didn’t think he was serious about his career goal, on the Halloween of his sixth year of life he wore a white lab coat. On the back was written, in large letters: “Entomologist.” Just to clarify.


When he got older he worked in entomological research labs, then studied the Homerus swallowtail, endemic to Jamaica and the Western Hemisphere’s largest butterfly, now critically endangered. Next, Lehnert took a two-year position in the lab of a chief scientist who was studying the proboscis.


He wondered: What’s to learn? It’s a straw. The butterfly sips. Pretty simple, he thought, just as Darwin had thought more than a hundred years earlier. A pump in the butterfly’s head sends the nectar, ultimately, to the insect’s gut. Should take two months, he thought. What will I do for the rest of the time?


Ten years later he’s still at it. In fact, he now has a lab of his own and minions who are as excited about proboscises as he is. The problem is, the organ is not what it seems: a simple drinking straw. Or rather, it is, but not exactly… . Many people, including highly accomplished entomologists, describe the proboscis as a tool with which the insects “drinks.”


But the more accurate word would be “absorbs.”


The proboscis turns out to be basically a highly sophisticated paper napkin.


For one thing, the proboscis is not airtight from tip to tip, as a straw is. “The proboscis is actually porous,” he told me when I called him. “Try sticking a lot of holes in the straw and then sucking. It wouldn’t work well. The proboscis turns out to be much more like a sponge.”


I envisioned a kitchen sponge. If you put your hand on a sponge and squeeze, then put it in a sink full of water and open your hand, releasing the pressure, the sponge soaks in the water as it expands. An organ that pumps or sucks is not necessary: even if you just lay the sponge down on a film of water on your kitchen counter, the sponge will still soak up the water.


That’s the idea, Lehnert confirmed. To ingest something, the insect lays down the proboscis atop the substance. Think of laying a paper towel over a spilled liquid. Without any effort on your part, the towel will blot up the liquid. That’s how the proboscis works. The infinitesimally small holes in the proboscis absorb the substance and voilà! It’s inside the proboscis, in the transport tube. No inhalation required.


It does this by using a technique we all learned about in grade-school science: capillary action. I remember learning about capillary action in third grade. It seemed like magic to me. By that age I’d learned that gravity pulls things down. Not up. And I’d learned the basic cause-and-effect patterns of life on Earth. Things don’t just float up, defying gravity, by themselves. Even a kite needs wind and someone to hang on to the string.


And yet: my teacher stuck a thin glass tube into a beaker full of water. And, lo and behold, the water climbed up the insides of the tube. Along with the rest of my third-grade colleagues, I gasped: That can’t happen! The teacher explained air pressure, and that the greater the air pressure, the higher the water would move. This made sense, and I could go back to my basic theory that, with gravity in action after all, life made sense. (Little did I know, but that’s a different book… .)


Capillary action is a major player on our planet. Capillary action is why you can dry your dishes with a tea towel. Capillary action moves water from plant roots to leaves. Without it, we would have no sequoia trees, for example.


The same force moves liquids inside a flower or water from a pool on the ground to inside the butterfly’s proboscis. Physically “sipping” is not necessary. In fact, no physical effort is required at all. Because the holes in the proboscis are so small, the liquid easily moves into those holes. Just as you saw in science class that water slowly climbs up the walls of the pipette, rising high above the level of the water in the jar, the small holes in the butterfly proboscis move liquid from a pool on a surface into the proboscis interior.


Ingenious.


However—and this is very cool—it’s not just liquids that butterflies ingest this way. The butterfly can take up dried substances. Anyone who has ever gone for a walk in the summertime has seen a butterfly on a seemingly dry area, like a trail or a sidewalk or a rock, hard at work seeming to consume something. But how? There doesn’t seem to be anything wet there. What’s the deal?


There most likely is something there, invisible to us but obvious to the insect. Something that gives off a scent. It could be something like a thin film of salts left from urine deposited by a fox or coyote or dog. We may be oblivious to this precious substance. Through highly sensitive antennae, the insect detects it easily. But it’s dry. How to take advantage of it?


Researchers have discovered that the insect lays the proboscis atop the film, then sends saliva down the proboscis tube and out through the tiny pores. The saliva suspends these salts in the liquid, which is then absorbed back into the proboscis and brought back up the tube. It’s a two-way system. This reminds me of bad 1950s sci-fi movies: spaceship lands on Planet Earth, stretches out acquiring beam, dissolves unsuspecting victim into pool of particles, draws beam back inside the spaceship. That’s what a proboscis is.


But wait, there’s more.


The proboscis of each species differs technologically, depending on what the insect consumes. The butterfly’s acquisition instrument is extremely fine-tuned. Sap-feeding butterflies have proboscises that differ from the proboscises of butterflies that feed on flower nectar and differ again from those that feed on blood.


The tip of a monarch’s proboscis, used for feeding on flower nectar, looks fairly smooth. A question mark butterfly, with its folded wings that look like dead leaves, feeds on tree sap. The tip of the question mark’s proboscis looks more like a mop and in fact acts like a mop.


The tip of the proboscis of the vampire moth, which sucks mammalian blood for a living, has sharp arrow-like projections that allow it to pierce flesh, including human flesh. Entomologist Jennifer Zaspel knows this firsthand. While she was collecting moths in Siberia one summer for her dissertation, one particular moth caught her eye. She captured it in a small glass vial. This fairly common moth, spread across much of Asia, was said to be a vampire, but no one had documented the behavior. For all Zaspel knew, the moth’s reputation could have been completely undeserved.


She poked her finger into the vial.


The insect began probing her finger with its proboscis. Using the muscles in its head, the moth pierced her flesh and then began drilling down. The head moved back and forth in an oscillatory motion. Erect barbs on the proboscis tip acted like a saw, as the moth drilled deeper and deeper into her finger tissue.


“They pull it out and put it back,” she told me. “It’s almost like a sewing needle.”


“Did it hurt?” I asked. I was incredulous. “Why did you do this?”


Having spent a good deal of time in Africa, I am instinctively suspicious of insects hoping to get inside my body. I definitely do not want them there. In my experience, such insects are up to no good.


“It doesn’t feel good. It becomes painful after a while,” she answered. “I don’t know why I did it. I was just curious. That was really all.”


“Will you do it again?”


“I don’t know,” she answered. “We’ll see.”


Her voice sounded dreamy when she said that, as though she was not entirely put off by the thought.


I told her about several famous scientists, including Charles Darwin, who had almost died by putting insects in their mouths.


“At least you’re in good company,” I said.





Zaspel suspects that the moth she captured does not survive on flesh, but on fruit. The insect needs the saw-like proboscis tip to penetrate the fruit’s tough skin. Perhaps its propensity to saw into flesh is just a happy side effect.


A moth in Madagascar with barbs on the tip of its proboscis has recently been seen predating on the tears of sleeping birds. According to scientists, an “armoury of hooks, barbs and spines” allows the moth to penetrate the closed eyelids of the birds and to “anchor” the proboscis while it soaks up the tears. Insidious. The process seems not to harm the birds, who typically stay asleep, so that scientists speculate that the proboscis may be delivering some sort of compound, even a narcotic or antihistamine, that keeps the birds somnolent.


Tear-feeding is not limited to birds. In Thailand, there are moths that feed on human tears. “Humans experience pain” during the process, I read in one paper discussing this phenomenon.


I bet they do.


But why do butterflies and moths want tears in the first place? Or the blood of entomologists? Or even just tree sap? I had always thought that butterflies drank nectar and that was the end of the story. Wrong again.


The list of materials other than nectar on which Lepidoptera feed is stupefying, myth-busting, slightly nauseating, even frighteningly ghoulish: dung, decaying plant material, bird droppings, fruit both fresh and rotted, crushed pollen, blood, decaying flesh, other Lepidoptera (preferably dead but not necessarily so), caterpillars, sap, human sweat, urine, beeswax, honey, fur.


Like us, these insects need “supplements” such as salts and proteins. This is particularly true for females, in that they must produce hardy eggs that can survive to engender the next generation. On the other hand, suggests lepidopterist David James, male butterflies in some species are more likely to do the seeking, and in a few butterflies, females don’t do it at all. The caterpillar’s task is to gobble up as many of these essentials as possible to store away for future use, but the adult flying insect will also need to gather its own nutrition.


There are, as usual, exceptions. The female cecropia moth that changed four-year-old Matthew Lehnert’s future does not consume anything during her flying stage of life. Her only job is to reproduce and lay eggs, and as a consequence she lives only a week or so. Ergo, she has no proboscis. Why waste energy producing an organ that won’t be used?





This habit of sitting on the ground and consuming something invisible to the human eye—“puddling”—was noted long ago, but it confused scientists. We assumed that butterflies and moths were somehow acquiring liquids this way, but since the insects were “puddling” where there were sometimes no puddles, the facts didn’t add up. Then Lehnert and his colleagues Peter Adler and Konstantin Kornev began researching the proboscis with the latest generation of high-powered microscopes, which is how they discovered the curious perforations.


We owe this unexpected advance in knowledge in large part to the wanderings of two little girls who were chasing butterflies one lovely afternoon in the wilds of South Carolina. The materials engineer Konstantin Kornev was supervising his daughters in the great outdoors. When he noticed their attraction to butterflies, he helped them look more closely. Then he became curious himself: How is it that butterflies consume so many different foods? They seemed to drink water, to consume nectar, to enjoy a good meal of honey, a fluid that is inherently sticky and doesn’t flow well. How do they do all these varied things? You can use a straw to sip water, or even sugary nectar. (Kornev was still thinking in terms of the conventional belief that the butterfly’s proboscis was a straw.) But if you try to sip honey, you’re not going to get far. Ditto for tree sap.


Kornev next asked himself a question that, incredibly, no scientist (even Charles Darwin) had ever asked: What—exactly—was going on? This is often how great science is done: by focusing on something so seemingly simple and straightforward and obvious that no one thinks about it. It helped, of course, that Kornev’s specialty was the invention of new substances modeled on those found in nature. He was by training prone to thinking about natural materials on the micro level.


His curiosity might have remained merely idle had he not been presented with an entirely different kind of problem: what to do with a group of high school students who wanted to spend two summer weeks in his lab. They wanted to take on a science project. They hoped to complete the project by the end of the two weeks. And, they wanted to do science that no one else had ever done.


Tall order.


Kornev remembered the butterflies. Why not have the students film the process of what Kornev then thought would be “sipping” or “drinking”? You could put droplets of water containing various amounts of sugar on a counter and put a camera right beside the butterflies. You could then slow down the film and watch exactly what the butterflies were doing.


When Kornev and the students discovered that the proboscis tip was not, as was previously believed, inserted deeply into the drop of fluid, they searched the scientific literature for greater detail.


There was none. The “drinking straw” myth was the ruling paradigm. We had all just accepted the idea. Kornev teamed up with the biologist Peter Adler. They hired Matthew Lehnert as their graduate student. They began thinking much more deeply about evolution. How could an insect with a comparatively small body have enough stored energy to move liquid along the full length of its mammoth proboscis? It just didn’t add up.


According to the physics of fluid transport, the hawkmoth with the huge proboscis predicted by Darwin should not be able to do what it clearly does. Imagine being asked to suck a liquid through a straw that was several times the length of your body. If you managed to do this at all, the energy it would require would likely be much more than the energy you acquired in the food you were trying to take in. Rather than a net gain, there would be a net loss. These are not good economics.


The team found that evolution has devised a solution: micro-droplets. The liquid is moved up the proboscis in infinitesimally small beads of fluid, which are interspersed with bubbles of air. Transporting the liquid in these discrete “packages” substantially reduces the friction involved, which means that substantially less energy is required. The team is applying this innovative idea to human-produced fibers that, by mimicking nature’s solution, can improve treatments in a variety of medical fields, such as gene transfer and wound healing.


Adler, Kornev, and Lehnert are also interested in Zaspel’s vampire moth. How precisely did that moth consume Zaspel’s blood? Blood is pretty sticky. If you step in a pool of blood at a murder scene and try to escape, it won’t be hard to track you down. You’ll leave prints, of course. But your footsteps will also make noise as the blood on the bottom of your foot begins to coagulate. It will be easy to hear you walk away from the crime.


How does the vampire moth keep from getting his proboscis stuck in the wound he creates? When the proboscis curls and uncurls, how does it keep from sticking together? Even more interesting: How do the tiny holes in the proboscis through which the liquid must flow not become clogged with coagulated blood?


“I’m interested in looking at the molecular properties of the saliva, to see if there are gene products that might be facilitating the movement of the blood,” Zaspel explained. “Something is working very well for a species that is able to transport both nectar and blood. There’s a lot to be learned. What structural modifications are externally and internally allowing this to work so well?”


There also might be certain molecules or compounds the vampire moth uses to keep the blood from gumming up the proboscis. If so, science wants to know what they are. This is much more than idle curiosity. Understanding how blood is transported through the miniscule tubing of the proboscis and learning about new, previously undiscovered anticoagulants could be the foundation for important breakthroughs in medical science and technology. For example, surgeons performing lengthy operations would be relieved of the pressure of coping with “sticky” blood.


All this diversity, some of which can be profoundly beneficial to humans, is the result of the spread of flowers. “Until you have the flowering plants,” Lehnert told me, “proboscises were short and stub-like and fleshy, if you will, capable of feeding on exposed sugary fluids and water droplets.” When flowering plants appeared, those proboscis-bearing flying insects blossomed into the glorious butterflies that keep us company in the modern world. In terms of evolutionary history, it happened in an instant in time.


This made me wonder: How much do we know about the ancient history of these insects?
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