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There are bastions of miniature marvels all about us. Most are unknown to us, and their inherent value and cultural connections will never be realized. I dedicate this book to the insects, and to the people whose cultural traditions take time to appreciate them.
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AUTHOR’S NOTE


The spellbinding diversity of insects is complemented by a diversity of humans and cultures who have developed unique approaches to working with, making, or becoming insects in boundlessly creative, stimulating ways. I strived to phrase facts accurately and express ideas respectfully, though some material is drawn from sources whose philosophy deviates from my own. If names or terms do not honor the people or their traditions as semantics evolve, my intent is to project a deep admiration for all who have formed personal relationships with underappreciated organisms. Many cultures are not mentioned in this book. This does not reflect a lack of insect connections, but an unintentional bias in my sample that I hope to reduce as I continue to explore the countless cultural bonds we have forged with our arthropod allies.


For additional materials and updates, please visit pupating.org.
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PREFACE A WORLD WITHOUT Insects



What does it take to spark a child’s passion for the natural world?


A dead butterfly caught my eye, halted my play on a bright sunny day, and filled me with a curious exhilaration. I was five, living on the outskirts of Detroit, had no experience with wild areas, and only the simplest connection to the animals around me. But here, in my hand, was the delicate body of a once-living animal. I admired the intricate parts—the jointed legs, coiled tongue, bulbous eyes, beaded antennae, and vibrant colors. Through the tragedy of such a beautiful organism’s death, I had received a gift, and took advantage of the opportunity by examining every detail. The body was not as fragile as I imagined it would be. I could stretch the legs and open the wings, and obtain a sense of how this individual had recently lived and moved. Here was a natural marvel that deserved my attention and my care. What else was out there? My mind whirled and my body tingled with electric anticipation that sustains me even today. I was a little boy in my backyard, and it was as if the world of natural wonders had suddenly become accessible to me. Though I had no idea what the future would look like, one thing was certain—my life had to be full of insects.


As I grew, a small world of life darted about in the dark water of a pond near my grandparents’ cottage. I’d dip in a net, pull out a tangle of slimy green, and sift through the goo for surprises. I discovered my first water scorpion, predaceous diving beetle, giant water bug, and immature dragonflies with their unfolding labial masks, able to snare fish in a flash. I set up tanks and watched them hunt, grow, transform, and reproduce. A fishing spider held a sac of eggs under her body for weeks until I returned home from school and found spiderlings speckling the wall that led to my parents’ bedroom. Until my mother reads this, she will have had no idea that I spent that afternoon carefully gathering each of the hundreds of wee silk-spinning offspring, and finished minutes before her return from work. Decades later, now a professor, I teach about insects and their relatives. I study their behavior, trying to understand what happens when they sleep.
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The spark ignited by that butterfly continues to grow as I learn how little I know. It was only much later, for example, that I learned how insects affect all of our lives, often in hidden ways. Quantifying this impact is not easy, but one way to recognize insects’ significance is to imagine their absence. Try the following:


Close your eyes and picture your life exactly as it is, but in a world devoid of insects. How different would it be? Elements of this picture might put your mind at ease. No buzzing fly or jumping flea could spread disease or discomfort. No sucking bug or chewing caterpillar would diminish our crops. No wasp stings, no ant invasions, no cockroaches in the dead of night, and buildings would be spared the munching onslaught of termites. The whirring, creeping, and biting would all be vanquished—our days cleansed of the hordes, the legions of relentless invaders. Life would suddenly seem less harried, less troubled. We could go about our day less encumbered, with ten quintillion fewer things to worry about.


But let’s examine that life more carefully.


It is true that some human diseases would disappear and sectors of agriculture would be less blemished, but only a tiny fraction of insects spread disease or compete with us for our crops. The absence of the remaining quintillions would be felt so profoundly that the dream of an insect-free life of peace would crumble in the face of collapsing ecosystems. We would realize that an interconnected web of organisms is a fragile entity, and if the most diverse animal lineage (insects!) were removed from this web, the effect on others would be catastrophic. Songbirds reliant on insects would be silenced. Many fish, amphibians, reptiles, and mammals would quickly suffer and perish, to list only animals with backbones. We would likely join that unhappy lot, despite our aspirations for separateness from other animals. This insect-free world would no longer offer the fruits, seeds, and other insect-pollinated crops on which we depend. Busy ants disperse nutrients used by plants, and their digging brings air and water to the plants’ roots. Insects and others decompose the world’s bodily wastes.
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Mesopotamian cylinder stone seal, when rolled over a clay “sealing,” reveals a millennia-old spider motif—an example of a cultural artifact highlighting an arachnid.






Without insects, we would not know the taste of honey or the feel of silk. No butterflies to flutter by, no glistening jewel beetles, castles of clay built by termites, or nocturnal flashes of fireflies. Engineers would have fewer sources of inspiration to solve problems, and artists would lose their insect muses. Medicine and our knowledge of genetics would look very different without lessons learned from one species of fruit fly. Insects can indicate to us how clean our rivers are, or help us solve murder mysteries. Insects have affected the global economy and the outcomes of wars. They serve as religious symbols, fictional protagonists, metaphors, icons, and mascots. Our cultural heritage—what largely distinguishes and defines us—is inextricably linked to insects. Insects affect how we dress and speak, what we eat, where we live or travel, and how we perceive the world.
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The oldest known depiction by a human of an insect, an engraving of either a cave cricket (Troglophilus sp., family Rhaphidophoridae) or a katydid (family Tettigoniidae) sits among four (hints of) birds on this piece of bison bone found in the cave of Enlène, France. Look for the jumping hindlegs (top and slightly left of center).






The scope of cultural entomology, a field of study that examines ways in which insects influence human culture, is so vast that no book could do justice to its breadth or depth, and any approach would bias the story of our relationship with insects. My aim is to compel curious readers to explore more deeply and in a personal way their emotional connections or intricate alliances with insects. Though I exclude most non-insect lineages of life out of necessity, there is one group for which I make an exception. The arachnids differ in important ways from insects, but affect human cultures dramatically enough that I knew better than to ignore them. Spiders weave a culturally compelling tapestry throughout human history, and these are the primary arachnids we will see appear alongside their six-legged cousins.


To help accommodate a wide range of culturally important, bizarre, or thought-provoking topics, I divide this book into three broad sections. “Working with Them: Symbiosis,” the first section, tells of ways in which we use insects’ bodies, inside and out, for our cultural practices. We start by diving into insects’ innards to reveal how silk, wax, and other bodily products important to an insect’s survival have become useful to our own. “Making Them: Genesis,” the second section, brings engineers, spies, architects, and scientists together in their utilitarian efforts to mechanically mimic an insect. “Becoming Them: Metamorphosis,” the third section, highlights ways in which we imitate insects, or in some cases, ways in which it could be wise to do so. Each section offers evidence in support of one inescapable conclusion: Insects play a fundamental role in what makes us human. For some, this idea might bring discomfort, but for me it is an epiphany with promise. We can bridge our bodies, our histories, and our lives to the enthralling communities all around us. We can revel in knowing we are deeply connected to our multifarious and multifaceted neighbors. We can choose to celebrate insects, knowing that without them we would sacrifice significant aspects of our heritage, our humanity, and much of life as we know it.










INTRODUCTION Insects AND THE ROLES THEY PLAY



Every living being begins as one cell. Many remain in this state, protected by a double layer of fatty acids that separate the outside world from what they maintain inside. Their entire identity is based on this barrier and what it holds. Others begin to divide, multiply, and develop into multicellular entities. Having more cells usually means growing larger, which can reduce risks of being killed by others. More cells also means more opportunities to partition a body to perform different tasks simultaneously. When multicellular, it can help to have an up and a down. Sometimes, it can help to also have a front and a back. For most animals, the front develops into a distinguishable head, which houses structures used to sense what is nutritious or dangerous when moving through the environment. Some develop a segmented body, with repeated body segments serving as functional backups. If one of the many segments of a segmented worm experiences neural failure, other segments may carry on. Segmentation can also bring about regional specialization, so that one body region handles food while another processes a previous meal. Pairs of appendages develop on segments within several lineages, and for more than 73 percent of all known animal species, appendages take the form of segmented, jointed limbs. These are the arthropods—arachnids (spiders, scorpions, ticks and mites, etc.) and fellow chelicerates, myriapods (centipedes and millipedes), and crustaceans. From within the crustaceans, insects arose to become the most diverse group of organisms documented on Earth. Six legs, external mouthparts, and a special sensory organ inside a pair of antennae begin the story of what it means to be an insect.


The earliest insects, four hundred million years ago, were wingless, and this lifestyle has served their descendants—jumping bristletails, silverfish, and firebrats—quite well. The introduction of wings, however, changed everything. Flight meant newfound abilities to find food, to escape predators, or to disperse more broadly. As entomologist and author Michael Engel put it, “Insects gave the world flight, and flight gave insects the world.” Insects were the first animals to fly, taking advantage of life on the wing long before pterosaurs, birds, or bats. Nearly three hundred million years ago, the largest insects ever to have lived were aerial predators. Griffinflies, with wingspans greater than some of today’s falcons (28 in. / 71 cm), shared many features with our dragonflies, damselflies, and mayflies. As “old-winged” insects, their wings stretched out, exposed and unable to fold over their backs. Other insect lineages overcame this limitation with the evolution of a tiny armored plate. This anatomical tweak spearheaded insect domination. By swiveling and collapsing, folding, packing, or concealing their wings, insects could burrow, swim, and slip into nooks and crevices, filling countless niches on land and in freshwater.


Wings do not come fully formed, and the manner in which they develop is another key to insects’ success story. Wings can develop as small pads that become larger with each molt until adulthood, or they can dramatically unfurl after a succession of stages during which any hint of future flight is concealed. This is the hallmark of fully metamorphosing insects, in which the life cycle is no longer egg-nymphal stages-adult, but egg-larval stages-pupa-adult. The transformation from creeping caterpillar to winged butterfly is due to a strangely immobile and fixed pupal stage, during which almost every system of the body liquifies and reconfigures. The immature insect prepares for a completely different lifestyle, which means that immatures no longer need to compete with their parents for food. The transition is full of risks, but the value of going through the transformative experience is obvious when you compare the number of insect species with a pupal stage versus the number of species without. The silent, still pupa of an ant, fly, beetle, moth, or lacewing is never far away.
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If you slice a pie (chart) of life into the described species of each major lineage of organisms, insects (represented by a moth from Madagascar) dominate.






No one can tell you how many insect species there are, but among all species we have documented—from fungi to flying foxes—insects dominate. Robert May, a biologist who attempted to grapple with the diversity of animals, wrote “to a good approximation, all species are insects!” In less hyperbolic terms, about 60 percent of identified animal species are insects (1.1 million out of 1.8 million). The remaining 40 percent of species includes everything with a spine (less than 5 percent), and all of the non-insect multitudes without, including sponges, cnidarians, worms (flat, round, and segmented), mollusks, and others. Arachnids account for 6 percent of these “others.”


As for abundance, estimates are necessarily crude, but jaw-dropping. A locust swarm can contain one billion grasshoppers. A marching raid of driver ants can consist of fifty million workers, and the total number of ants on Earth may exceed twenty quadrillion. Pile just the carbon atoms making up all these ants on a scale, and that stack would weigh more (twelve million tons) than all of the world’s wild birds and mammals put together, and equal 20 percent of the dry carbon mass of all humans. Throw in all the other insects, and they may number 1.25 billion for each human, and ten quintillion (10,000,000,000,000,000,000) total, give or take a magnitude or so. This vast workforce is so vital that to stand in the way of insects, to destroy their habitats, to squash or spray them out of hand, or to deny their importance, comes with consequences.


Insects have established themselves in every major habitat but the ocean. They are so fully integrated into Earth’s ecosystems that their life habits can be viewed as services on which much of life depends. Entomologist and conservationist E. O. Wilson referred to insects as “the little things that run the world” because we depend on them to perform basic ecosystem services. Insects are nutrient, mineral, and waste recyclers, seed dispersers, tillers of the soil, food for others, and agents of population control, preventing unsustainable explosions of plants and animals. They are also pollinators.


If your food source resides in a flower, you will inevitably be covered in pollen grains, vehicles for the flowering plant’s male sex cells. Continue to forage and you will unwittingly transport these grains to the female structures of other flowers. Like some bats and birds, insects serve as reproductive agents for flowering, fruiting plants. More than three-quarters of global food crops, accounting for one of every three bites we consume, depend on animals as pollinators, and insects are responsible for most of this pollination. So important are their pollination services that humans manage (by promoting or domesticating) at least twenty-two species of insect pollinators: two honey bees, nine bumblebees, eight solitary bees, and three flies (greenbottle fly and two hover flies). Many thousands of species of insects belonging to a handful of orders are wild pollinators. Think of an insect when you consume almonds, apples, apricots, blueberries, cardamom, cherries, coffee, coriander, cranberries, figs, grapes, mangoes, melons, nutmeg, papayas, peaches, pears, peppermint, pumpkins, raspberries, sesame seeds, strawberries, tomatoes, and vanilla. If you love chocolate, give thanks to the many unknown, minute insects responsible for pollinating cacao.


Insects increase our diversity, quality, and abundance of foods. We rely on their love of nectar for not only many of the fruits, vegetables, nuts, seeds, and oils we eat, but also some key ingredients for medicines, biofuels, and fibers. To picture what life lacking insect pollinators can be like, visit a remote community in the Hindu Kush Himalayan region of China. Subsistence farmers in this region have taken to stripping tracts of land and planting a more lucrative crop of apple trees. By removing the natural habitat of pollinating insects, spraying pesticides that kill pollinators, and planting only the most favorable fruiting trees and too few of the trees that are needed to cross pollinate these trees, the farmers have had to cope with low yields. Some farmers in the region have resorted to grafting branches of pollinator trees onto their favored trees, or attaching blossoms in bags of water to the trees, or bringing in hives of honey bees to replace wild bees, flies, and other pollinators. In the case of some farmers in Maoxian County, China, their solution has been to perform the jobs meant for insect pollinators themselves. What could have been a low-maintenance, natural process was transformed into a laborious procedure of employing seasonal workers to climb trees and dust pollen prepared from pollinator trees into each and every flower, top to bottom, tree by tree. Our destructive deviation from nature creates absurdities as unnatural as farmers armed with chicken-feather dusters role-playing as insects.


Attempting to estimate the economic value of domesticated or managed insect pollinators is fraught with unknowns and difficult to model, but even conservative estimates spell billions of dollars annually for the United States alone. Unmanaged, wild pollinators are also responsible for several billion dollars in the United States each year, and this is only accounting for production of fruits and vegetables. Back in 2006, entomologists John Losey and Mace Vaughan attempted to estimate a fraction of the economic value of insects by looking at a few of their ecological services, and their estimate came to $60 billion annually for the United States. We know insect pollinators are important, but monetary figures tend to compel some people to act when they otherwise would not. For that reason, it can be worthwhile to calculate the incalculable value of insects to validate protecting them. When it isn’t enough to speak up for the inherent beauty of a fly on a flower, with all of its history and nuanced symbiotic associations and environmental impact, we resort to defending its place in the world with a price tag.
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Flies, like this hover fly (family Syrphidae), are the uncelebrated pollinators of flowers, though in this case, the fly is feeding from an artificial flower that turns rain into sugar water and holds no pollen. Matilde Boelhouwer created Insectology: Food for Buzz (2018) to highlight the plight of urban pollinators, supplying the insects with food when natural resources wane.






Just as we label pollinating insects “beneficial,” so do humans impose the label “pest” on other insects. Humans often employ the services of insect predators or parasites to avert crop losses caused by herbivorous insects competing for our food. The same is done to combat invasive insects, or vectors of disease. It can take one insect to reduce the abundance of another insect.


Insects are not restricted to the menus of other insects. Insects feed every vertebrate lineage, from fish to frogs and bats to birds, and they were undoubtedly consumed by early humans. Packed with protein, insects will play an increasing role as a human food source, potentially edging out the far less sustainable livestock on which we have long relied. Spiders and other animals without backbones also thrive on the throngs of insects, and insects are hosts for legions of fungi, and sources of nitrogen for carnivorous plants. Insects sustain the hungry masses, and without their diversity and abundance, ecosystems topple.


Another service on which we depend is so indecorous—so stinky—that unless it is our job to deal with it or the service is broken, we tend to avoid discussing or learning about it altogether. Every living being produces waste, and every living being dies, and we would be mired in feces and carcasses were it not for the valiant community of decomposers that operate largely underfoot. We are the only species that disposes of our bodily wastes by flushing them away to some distant place, typically for others to deal with. Though humans are remarkable in this feat of collective hygiene, the World Health Organization estimates that over 1.5 billion people lack basic sanitation, and 419 million of these people defecate in the open. For some traditional groups, what the World Health Organization considers “basic sanitation” may not be relevant or appropriate, but where people are densely packed, decomposing materials pose serious health risks.


We are not the only animals to benefit from the actions of decomposers. We bring many species into our lives, and it is easy to see how waste removal contributes to their well-being as well as ours. Livestock outnumber us, they vastly outweigh us (0.1 gigatons of carbon in all livestock versus 0.06 gigatons of carbon in all living humans), and since they share our propensity to poop, it is worth looking at the importance of removing dung excreted by some of livestock’s biggest producers. A single cow produces about twenty thousand pounds (nine mt), or twenty-one cubic meters, of solid waste per year. With one billion cattle in the world, cows excrete the equivalent mass of forty-five million adult blue whales every year. That’s forty-four million Statues of Liberty. With that much dung, we need decomposers to clear away the waste. For cows spending their lives on pasture or rangeland, and not raised on cement, dung beetles are efficient waste removers. Drawn to the scent of the bovine offerings, dung beetles fly from far and wide to extract their piece of the pie to feed their developing dung beetle young. The cow patty is a bustling, frenetic place of heated competition and thievery, so extracting a chunk of the ephemeral, valuable matter has to be done efficiently. Some burrow directly into the patty, others tunnel below and squirrel away dung from above, and still others form perfect spheres and roll the balls of dung from the heap. At least one species rolls their ball in a straight line away from the bustle by using polarized light of the sun or the moon as a guide. Egyptians were so struck by the rolling of a dung ball across the landscape that they ascribed divinity to the act. The dung ball was the sun moving across the heavens, and the sacred scarab beetle became Khepri, morning manifestation of the sun god Re. There can be no stronger expression of a people’s devotion to decomposers than worshipping one as a god.


On a final fecal note, we can look at Australia’s first cows to know what a landscape without insect decomposers looks (and smells) like. In 1787, the First Fleet sailed for 252 days from Portsmouth, England, bringing convicts, supplies, and livestock, including a small group of cattle, to Australia. After six months of being supervised, the tiny herd made a daring escape (or wandered off, as the case may be), established themselves in the wild, and multiplied. With introductions of more cows over the years, and a demand for dairy across the land, cattle quantities shot into the millions. As we know, millions of cows means voluminous and weighty wastes. These same cow patties would be dispersed and buried within twenty-four hours by dung beetles, were they deposited in South Africa. In Australia, however, cow patties decomposed slowly, festering in place, because few of Australia’s more than five hundred native dung beetle species had evolved to work with dung resembling the wet excrement of cows. Australia is known for its koalas, kangaroos, wombats, numbats and bandicoots, and marsupials that produce coarser, pellet-like droppings. New decomposers were needed, and the Australian Dung Beetle Project (1965–1985), spearheaded by a Hungarian entomologist named George Bornemissza, introduced dung beetles adapted to processing cow dung, which quickly altered Australia’s landscape. Removal of dung by beetles meant more unfouled forage for cattle and far fewer parasites.
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Rolling an unusually large ball of excreta through the London Zoo are two bronze Dung Beetles by Wendy Taylor CBE (1999).






No human, no primate, no mammal has ever existed without insects on the planet. We rely on insects, whether we realize it or not, to perform tasks that keep our ecosystems going. Beyond offering essential ecosystem services, insects also affect the way we behave and believe. Cultural services performed by insects, though often difficult to quantify and frequently unrecognized, complement their ecological services in profound ways. Insects, as small as they are, feature largely in human culture and, starting with insects’ bodily products, we can begin to appreciate how one tiny animal can influence billions. This is the tale of insect epiphany.












WORKING WITH THEM: SYMBIOSIS



[image: Image]


SYMBIOSIS


The night drops and shimmers


like a cloak of inky silk.


Why do you look to see life in the sky?


For travelers, abstract and enormous?


Hoping to see perfect symmetry,


fearful in its vastness,


galaxy to galaxy.


To see it would be to touch


the breathing back


of your sleeping partner


in the darkest


part of the night.


All the spinning emptiness


becomes a rise and fall,


numerical rhythm proving


you are not alone.


But bees, too, know these


beautiful mathematics.


They move from zero to creation.


The silkworm spins and spins,


like the planet you imagine contains


all the secrets of the universe—the answers


pulled out like an endless thread, translated


into something we can only feel.


Look at these gifts at your feet: honey, beeswax, silk.


From any other lover,


you would understand this devotion.


The bee hums and swoons around you,


an infinite galaxy, a dancing constellation.


Both of you bend to the center of the flower,


inhaling the illusion of time.


—ALISON ROGERS NAPOLEON, 23 MAY 2023













PRODUCTS


Right now, your body is churning out so many molecules of ATP (adenosine triphosphate, the primary energy source to fuel your basic body functions) that even at rest, you produce half your weight in this tiny molecule every day. Your body, like a factory, is producing hormones, blood cells, and antibodies. You are replacing your own cells so often that your body is like a dynamic template rather than a static collection of tissues, organs, and organ systems. People have tried to place a monetary value on our material makeup, which ends up being a pittance if we are reduced to our chemical elements, but a fortune if we serve as organ donors. Humans have a strange, sometimes macabre, history of using our bodily fluids, wastes, or skin as ingredients in medicines, cosmetics, foods, or art. Binding books in human flesh—anthropodermic bibliopegy—was a practice not limited to the fictions of H. P. Lovecraft, Sam Raimi, or Peter Greenaway. “Mummy brown” is an artist’s pigment that contained pulverized Egyptian mummies, until its corporeal source became better known, and mummy supplies dwindled. Medical history includes urine therapy, uses for breast milk, and the blood of dead gladiators to cure epilepsy.


Even today, researchers are making bricks out of human urine, and space food out of recycled astronauts’ feces. All this may sound extreme, until we begin to think about what we eat and what we use on a daily basis that comes from other animals, or from fungi or plants. Survey the material culture in your life and you may find yourself surrounded by fibers, dyes, hides, adhesives, paper, and medicines derived from the bodies of our fellow organisms. Look at everything you consume and the variety of living and once-living sources that contribute to your diet. Our existence is tied to a diversity of organisms, and their identities can be perfectly obvious, or hidden within indecipherable lists of ingredients or encapsulated within innocuous packaging.
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An entomologist’s dream garment, Jon Eric Riis’s Forest Coat is made of silkworm moth silk, woven with metallic threads, beads, and sequins.






Like all other living organisms, insects also resemble factories, and what they produce has the power to kill us, clothe us, or cure us. I will try to make clear the debt we owe to our six-legged neighbors by highlighting a few of the products most powerfully embedded in our cultures. Our reliance on insects as factories to synthesize useful or culturally enriching products means we must be mindful of insects’ health and survival if we are to continue to depend on them. The loss of each species spells the permanent disappearance of everything bound within the body of that species, including possible answers to questions relevant to evolution and ecology, as well as to medicine and industry. What follows are products of insect glands that we use as food, clothing, adhesive, preservative, medicine, dye, or art medium. The insects making these products have reshaped international commerce, affecting our politics, our language, and our belief systems. The legacy of empires stands on the bodies of scale bugs, ancient art was cast from the offerings of stingless bees, and raising caterpillars erected a pantheon of goddesses. The world’s distribution of wealth rests, in part, on the insides of insects.










Silk




The poet makes silk dresses out of worms.


—WALLACE STEVENS, FROM “ADAGIA”





The Silkworm


Dislodged from a high tree branch by a curious crow, a cocoon falls. Inside, a single plump larva, after weeks of eating, growing, molting, then building and transforming, is on the verge of molting again, this time to reveal legs, compound eyes, and wings. Plummeting from her high perch, the larva’s quiet transition into a moth is interrupted by a soft landing in a hot cup of tea. Nothing in her species’ evolutionary history prepared her for the heat that melts the glue binding the fibers of the walls that encase her. The fibers unravel, the influx of scalding liquid engulfs her, and her metamorphosis is cut short. The tea—her tomb—belongs to an empress, sitting in the shade of a mulberry tree in her imperial garden. Initially startled, Leizu is transfixed by the shimmering thread snaking on the surface of her beverage and takes note of the hapless victim, half-hidden within the dissolving cocoon. The thread continues to lengthen, and continues to glimmer. An idea crosses Leizu’s mind as she has a lady-in-waiting pinch one end of the fiber and walk away. Down the garden’s path, across the courtyard, beyond the fortress’s walls, the servant finds herself at long last in the Forbidden City, far from the mulberry tree with the tiny teacup, the caterpillar, and the crow.


According to legend, Leizu, Lady of Xiling and primary wife of the Yellow Emperor Huangdi, was the founder of sericulture, the industry of rearing silkworms to produce silk. Leizu is thought to have been instrumental in the cultivation of mulberry trees to feed silkworm larvae, as well as in the rearing of silkworms, and reeling of silk from their cocoons. Legend further attributes to Leizu the invention of the loom, which could effectively weave the wares of worms into mass-marketed textiles, though the innovation may have actually come from an adviser to the emperor. True or not, the legend of Leizu offers a lesson. Paying attention to detail, to natural processes, can bring understanding, and potentially change the world. Here, it is about recognizing a natural substance and its source (silk and moth) for their value, intrinsic or otherwise.


The unwitting protagonist of this legend is Bombyx mori—the domestic silkworm moth—producer of every silk garment or commercial silk product you have likely ever touched or seen. This single species has dominated our attention and our silk-producing resources for roughly five thousand years. A silkworm uses glands her ancestors once used for producing saliva, and in a delicate and intricate feat, spins filaments from her head, which are glued together at room temperature into a single, unbroken thread, continuously wrapping herself in a cocoon. Unwound, that thread can form a fiber one mile long (300–900 meters), and stronger than most other natural fibers. As other fabrics degrade into powder, silk survives intact, evident in silk fragments dating from circa 2750 BCE. Silk is strong, but it is also light, smooth, absorbent, easily dyed, and a good insulator. Silk’s primary allure is its sheen, and this it owes to a prismatic scattering of light caused by the fiber’s molecular structure. Cut short, the threads are dulled, so traditional silk production uses a scaled-up version of Leizu’s teacup to heat-treat the cocoons, preventing a new adult moth from snapping her special strand by killing her before she is allowed to emerge. The boiling water also dissolves the glue that holds the fibers together, releasing them to be reeled.


The source of this prized product, and the process of co-opting it for human use, was treated as a state secret, protected upon penalty of death in China. The profitable venture of exploiting moths was exclusively in the hands of the Chinese government until its secrets were eventually smuggled to silk-hungry neighbors. Smuggling something as small as insects might sound easy, but when stakes are sufficiently high, state protections can be dauntingly prohibitive. This only means that smugglers had to be especially clever, as illustrated in the following two historical (apocryphal?) tales, presented here as ill-advised tutorials.
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Duplicitous monks sneak silk out of China, spearheading the Byzantine Empire’s silk trade (Emperor Justinian Receiving the First Imported Silkworm Eggs from Nestorian Monks), as depicted by Karel van Mallery (ca. 1595).
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Japan was an isolated nation when forced to open its doors to the world in 1853. Silk, which somehow reached Japan around the fourth century AD, transformed Japan into an international powerhouse within fifty years.






How to smuggle silkworms, strategy #1: Don an outrageously elaborate mélange of garments, too voluminous and precious for guards to search. Slip silkworm moth eggs into your ornate headdress and, with great pomp and confidence, leave the kingdom to establish your moth enterprise elsewhere. Note: This feat is more easily accomplished if you are a Chinese princess being married off to the King of Khotan.


Smuggling silkworms, strategy #2: Adopt the guise of extreme humility. Who would expect a pair of devout monks to engage in subterfuge? Stash silkworm eggs or young larvae in your bamboo walking cane and, after gaining the confidence of your hosts, depart with this treasure to the pleasure of Emperor Justinian I. Initiate a 650-year monopoly of Byzantine silk production in Europe.
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[image: Image] Silk Goddesses and the Dog-Headed Woman


Silk brought prosperity, then it birthed gods. As can happen with traditional human practices and their founders, sericulture became a spiritual enterprise in China, and Leizu shed her mortality in the process. Followers worshipped and made sacrifices to a pantheon of patron saints in special sericulture shrines featuring statues of the sericulture goddesses. The deified Leizu stood among them as Silkworm Mother. Despite this high honor, it is not Leizu who draws our attention in certain depictions of the pantheon, but a goddess endowed with a second head—that of a horse. Springing from Chinese antiquity, the saga of the horse-head woman offers a strange silkworm metamorphosis origin story that could offer further insight into our bond with silkworm moths:


It had been a year since bandits had taken a man from his wife, from his daughter, and from the life he knew. Left in grief, the man’s wife promised the marriage of their daughter, Can Nü, to anyone who retrieved her kidnapped father. Fearing the treacherous bandits, no man was up to the task. Only the man’s horse—rearing, jolting, and breaking free of his halter—responded to the woman’s plea. The horse bounded off, returning days later with the long-lost patriarch of the family. All seemed joyous, save for the father’s confusion about his horse’s strange new behavior. The horse, expecting his due matrimony, appeared driven and possessed, particularly whenever Can Nü drew near. An explanation was in order, but his wife’s words did anything but allay the man’s concerns. Not especially open to the concept of a marriage between daughter and horse, the father killed his horse with an arrow, flayed it, and left the hide to dry. Can Nü, walking past the remains of her father’s rescuer, was enveloped by the horse hide and vanished, only to reappear in the guise of a silkworm. Her parents, distraught by Can Nü’s transformation, watched as she spun a silk garment—her cocoon. Never before had they stopped to acknowledge the wonder of this commonplace behavior, but their daughter was now the larva, preparing to conceal herself in silk, and to transform. A newly metamorphosed Can Nü reappeared in the sky long enough to console her parents with the knowledge that she now and forever lives in heaven, rewarded with the dignified position of Lady of the Nine Palaces.
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Leizu (嫘祖), and attendants, including the horse-headed silk goddess Can Nü (蠶女)






This tale leaves me with some unresolved questions. How did the daughter feel about the horse, or about her transformation? What power caused her to vanish and metamorphose? Is her newfound second head a neighing, functional addition to her body? As a parent, would I be consoled to learn that my daughter has become someone’s additional wife for eternity? If nothing else, witnessing one’s child turn into a caterpillar would make any parent look at insects in a different light. A lowly, leaf-consuming “worm” constructs her own shroud, within which a complete transformation ensues. Caterpillar to moth, daughter to heavenly entity, and China to silk-trading powerhouse.





So important was the production of silk to some parts of China that, for a lunar month, inhabitants were to avoid “silkworm taboos,” consisting of social visits, celebrations, and other activities, so as not to upset the life cycle of the silkworms. China and the people of China became known to many as “Seres,” a Greek term referring to silk. Their very identity was nominally tied to the product of a caterpillar. This precious offering helped fuel the Silk Road, a network of trade routes that connected the East and West for centuries. Trade extended across a continent, and China expanded its Great Wall to protect the lucrative commerce. Along with the shimmering fiber of a caterpillar came trade in other material goods. The Silk Road saw the spread of exotic foods, like cinnamon, coconuts, rhubarb, and turmeric, as well as the transport of horses and camels, or tigers and elephants. Peddled and preached, less tangible commodities also proliferated in the form of ideas, philosophies, cultural practices, and genes.


As with any road connecting people and their wares, the Silk Road also facilitated the spread of disease. The Black Death—a bacterial pandemic spread initially by rat fleas biting humans—raged through Europe, Asia, and North Africa. The Black Death caused the greatest wave of human death the world has ever seen. The rate of transmission was too horrifyingly fast for the rat flea to be entirely responsible, so explanations for the plague’s devastation rely on human fleas subsequently carrying pneumonic plague, which could be spread by a human cough rather than a flea bite. There is some irony that trade invigorated by one insect indirectly facilitated a pandemic initially vectored by another insect. As one insect spread culture and commerce, another brought buboes and agony.


The effects of sericulture on human history have been tremendous, but however our lives have been shaped by the Silk Road, none of this can compare to the effects felt by the silkworm moths themselves. Let’s begin by considering the ethics of sericulture from the moth’s perspective. If one pound (0.45 kg) of silk requires roughly three thousand silkworm cocoons, and approximately seventy-five million pounds (34,019 mt) of silk are produced each year, enough four-inch (ten-cm)-long caterpillars are killed annually to circle the Earth’s equator 561 times. Placed end to end, they would travel to the moon and back 28 times. Four times as many caterpillars perish for our silk as all other animals combined (including “shellfish”) that die for human food in the United States. The legacy of one cocoon in a teacup is the annual, orchestrated massacre of billions.
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A foldout of a flea is one of Robert Hooke’s explosive introductions to microscopy in Micrographia: Or Some Physiological Descriptions of Minute Bodies Made by Magnifying Glasses with Observations and Inquiries Thereupon (1665).






Solution? Maybe we should resort to the age-old inequity of reserving silk for royalty! Could we pay penance, or acknowledge the silkworm sacrifice? The Japanese perform an annual memorial service to insects in the Silkworm Shrine (Kaiko no Yashiro) in Uzumasa, Japan. Alternatively, what if we were to stop silk production altogether and rally for silkworms’ freedom? Liberation, as it turns out, would spell disaster for the domesticated silkworm. As a demonstration of the moth’s desperate state of affairs, Tera Galanti creates art installations, like Hope and Futility (2006), that place adult male moths on a platform situated slightly below a platform of adult females. All the males need to do is to fly up to the females’ platform and they will achieve fitness victory. The males, tragically, never reach the females. We have domesticated this species into a zone of utter reliance.
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Male silkworm moths, domesticated to the point of being flightless, sit helplessly below receptive but inaccessible female moths in Tera Galanti’s Hope and Futility (2006).






No Bombyx mori flies free in the wild. In fact, no Bombyx mori flies. Its closest relative is a larger-winged, wild silk moth, Bombyx mandarina. When compared with its flight-worthy relative, the domesticated silk moth is also deficient when it comes to perceiving odors, other than the chemical she uses to attract her mates. The domesticated moth is capable of mating with and producing viable offspring with its wild relative, but never the twain shall meet unless such a rendezvous is orchestrated by a human matchmaker. Galanti’s art exposes the power we can wield when permanently modifying another species.


We have bred dogs and pigeons and cows and corn to appear and behave more to our liking, and we have artificially selected silkworm moths to suit us as well. We are familiar with the process of selecting for favorable traits and selecting against unfavorable traits in the foods we eat or the animals we breed. Charles Darwin used our familiarity with artificial selection to introduce his groundbreaking idea that natural selection could cause evolution when he wrote On the Origin of Species in 1859. A heritable trait, when favored (by something other than humans), can result in an individual’s reproductive success. If competitors lack that trait, they will produce fewer offspring and become the losers in a struggle for survival. In the case of the silkworm moth, we have been breeding them, selecting for heritable traits favorable to us. Flight is normally an essential trait for the moths, but may have been viewed as dispensable or a hindrance to early sericulturists. Another possibility is that a mutation resulted in flightless moths and human handlers let the flightless trait continue to drift through the population of moths until the capacity for flight—for freedom—was lost.


As a consequence, we cannot free the silkworm moths and expect a happy transition to the wild for the species. They are bound to us if they are to survive. It is possible to collect silk without killing the developing moth by cutting the top of a cocoon and allowing the adult moth to emerge before reeling the silk, but the production devoted to the practice of using “nonviolent” silk is an exception to the sericultural norm. The practice still entails culling great numbers of moths at some stage of their life, and still results in flightless moths wholly reliant on humans for their survival. This inextricable bond between moth and human, although typically sustained in slaughter, also means that B. mori is far more successful in terms of its fitness. While other moths are declining in numbers, this domesticated species, which now owes its survival to humans, prospers under our management in terms of its abundance and geographic range.


This form of prospering under human control may seem like little consolation for the silkworm. The future of the silk industry could easily collapse, depending on our future fickle desires, or our survival. Feeding legions of insatiable caterpillars is expensive and involved, and produces a silk that is weaker than some others found in nature. An engineer’s solution is to invent a superior synthetic surrogate to natural silk. Nylon and rayon are early examples of manufactured fabrics designed, in part, to replace silkworm silk. These and other silky substitutes differ in their attributes, but all are far from attaining the strength of natural silk. They also lack a surprising silk asset: the ability to vanish, without ash residue, when burned. This quality made silk a highly desirable material during World War I, when silk bags were used to hold powder charges for every big artillery shot ever fired by the United States. Some speculate that the very act that sparked World War I—the assassination of Archduke Franz Ferdinand of Austria during his visit to Serbia—could have been prevented had he worn a silk vest. Silkworm silk was a key ingredient of bullet-stopping body armor at the time, and the archduke may have owned one, but he took few precautions during his risk-filled and error-ridden fatal ride.


The fates of nations were tied to the domesticated silkworm. Japan was compelled to modernize or be colonized in the late nineteenth century, and raw silk became its primary export, transforming an agrarian society to a military power that led to victory in the Sino-Japanese War and entry into World War I. The silkworm’s wartime role continued, as their silk played a part in the escape of Japan’s enemies. Captured and incarcerated during World War II, British prisoners received unexpected gift packages containing board games. The games had hidden compartments covertly stocked with tools to facilitate a prisoner’s escape. British intelligence officer Christopher Clayton Hutton included thin, silent, and durable silk maps detailing prisoners’ locations relative to safe havens where they might find refuge. Somewhat ironically, the British used an alternative material obtained from a shipment en route to an enemy nation, Japan, to produce additional maps. The alternative? Paper pulp from silkworms’ favorite food—mulberry leaves.
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Sericulture (The Process of Making Silk), depicted on silk! Silk workers place cocoons in baskets in this small detail from a handscroll attributed to Liang Kai 梁楷 (early 1200s).






Exploding bags, bulletproof vests, and durable maps demonstrate silk’s utility, but taffeta, tussah, chiffon, dupioni, georgette, habotai, organza, silk velvet, shantung, and crepe de chine conjure thoughts of luxury, and less of utility. For a time, the fabric in its different forms was reserved for royalty and nobility. It is now often associated with fine, traditional clothing throughout Asia, including the cheongsam, kimono, and sari, as well as with modern fashion pieces.


Being the versatile and resilient material it is, with a weight of history behind it, silk also looms large in the world of art, though just how extensively silk contributes to the history of art would be difficult to quantify. A search for “silk” in The Metropolitan Museum of Art’s online database offers nearly forty thousand results. Entire museums, including the China National Silk Museum, are dedicated to silk. Silk might surpass any other insect product used in art, though no one has ever attempted to quantify such a comparison. One place to start such a daunting exercise would be to estimate the number of paintings on silk canvases in all the world’s museums and galleries. Many, as it turns out, depict insects, and some even show the process of harvesting silk from silkworms.
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Words attributed to the philosopher Confucius are shrouded in the silk strands of silkworms in Xu Bing’s Silkworm Book: The Analects of Confucius (2019)






In rare cases of contemporary art, silk and the silkworm moth take center stage. Since 1986, Kazuo Kadonaga has highlighted traditional practices of culturing silkworms. Viewers of Kadonaga’s work can observe the process of tens of thousands of silkworms spinning, or the aftermath of their massive construction efforts. In one series, Kadonaga produced what appears to be a cityscape of crates exposing 110,000 silkworm cocoons, woven (and heat-treated) in place. Xu Bing has also put a spotlight on the caterpillars. Since 1994, Bing’s conceptual art includes a series of works with live silkworms—on mulberry branches, on everyday objects like newspapers and a laptop, or on blank books in which eggs resembling a cryptic script hatched and caterpillars emerged. In another, viewers could watch as silkworm larvae spun cocoons inside a video cassette recorder, set oddly beside a television playing a prerecorded view of the same.
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110,000 silkworms roamed 91 pine and cedar grids, distributing themselves in response to the grids being turned for 48 hours by artist Kazuo Kadonaga and his assistant. Once settled, the caterpillars spun their cocoons and Kadonaga created a cityscape of the cocoon-filled structures in his studio.
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Our last artistic silkworm collaborator for the moment is Jen Bervin, who created Seven Silks (2018), a study of silk in seven forms. Bervin harnessed the power of poetry, so alongside a vial of raw silk and a cocoon, she includes a medical innovation in the form of silk printed with microscopic poetry. This clear bit of silk, compatible with the human body, could be used to monitor a person’s blood chemistry. As cutting-edge as this final inclusion may sound, any art piece that makes silkworm moths its subject is, ultimately, a piece about Leizu and her teacup, and the ancient practice of stealing a strand from its spinner.
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Jar and vials harboring four of Jen Bervin’s Seven Silks (2018), as well as a poem based on the silk genome
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Silkworm moth Bombyx mori (pictured as caterpillar and adult on the plant, upper left) is joined here by three other silk moth species (Seidenspinner 1915).






The 200,000 Other Species of Silk-Spinning Insects


The domesticated silkworm moth looms large in human culture, but there are more than 185,000 other species of moths and butterflies (Lepidoptera), and these spin silk as well. Though silk cocoons from some of these other species serve as ornament, rattle, or other use in various cultural practices, surprisingly few species have inspired entrepreneurs, engineers, or artists to exploit their wares. Some sericulture exists using wild species of moths, providing income and contributing to material culture in India, Madagascar, and elsewhere.
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Traveling to a paper conservation conference in late spring of 1981, my mother drove from lush green forest to a brown and diminished Andover, Massachusetts, where none of the locals flinched as spongy moth caterpillars dropped like rain onto their outdoor banquet.
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With a future of woodland devastation looming, Étienne Léopold Trouvelot wisely redirected his attention from his failed introduction of an alternative silk-spinning moth to creating beautiful astronomical art.






Seeking a viable alternative to introduce to the Americas, French scientist Étienne Léopold Trouvelot had the bright idea of working with a species of moth known to be outrageously opportunistic with respect to their dietary intake, eating more than five hundred types of trees and shrubs. Trouvelot transported egg masses from Europe to the United States in the 1860s with the goal of starting a sericulture industry. His choice, the spongy moth, Lymantria dispar, prospered in the United States, but not in the way he imagined. Larvae escaped from his backyard into the woods and spread far and wide, devouring forests in their path. The herbivorous rampage resulted in the loss of millions of hardwood trees and billions of dollars spent to control this invasive species. Trouvelot wisely changed fields, and dedicated the rest of his professional life to astronomy and producing a massive collection of astronomical art, as descendants of his caterpillars laid waste to eastern US forests.


Secreting silk is a common practice across many insect orders aside from Lepidoptera, and likely evolved multiple times within insects. Silk takes so many different forms that people avoid getting too specific about its makeup when defining it; if you can spin a filament from a liquid protein solution, you just made silk. To an insect, silk typically spells protection, particularly during times of defenseless transition. Webspinners (Embioptera) shoot silk from an enlarged segment in their front feet and form tunnels through which they dart forward and backward with ease, avoiding predators, foraging for food, and raising their young. Weaver ants (Oecophylla spp.) grasp legless larvae from their own colony and compel the immatures to spin silk, affixing leaves together to form arboreal nests for the entire colony. Even honey bee and bumblebee larvae spin silk to strengthen the cells in which they develop. You can find insect silk spanning the subterranean to the tops of trees.


Spinning silk also happens underwater. Caddisfly adults (Trichoptera) resemble moths, but generally have hairy, rather than scaly, wings. Their aquatic larvae spin silk to form nets, domes, hideaways, or cases that wrap around their relatively tender bodies. To form their cases, caddisfly larvae grasp and inspect particles that flow by or that they salvage from the floor of their aquatic environment, then bind the materials together. The silk is spun from a pair of modified salivary glands in their head. Instead of digesting food with what emanates from these glands, they spin a strong, sticky strand that can hold together rocks, sticks, mollusk shells, or other bits of matter into cases that can be species-specific. These quirky case-bearers may not seem noteworthy, but their very presence causes ripples across ecosystems. Caddisflies can be an important food source for others—vertebrate and invertebrate alike. From a human perspective, their aquatic larvae can help inform us whether bodies of water are relatively healthy or polluted. Forensic biologists have, in at least one case, used caddisflies associated with a drowning victim’s remains to solve a case of homicide. Caddisfly larvae are used as fish bait, and a fly-fishing arsenal can include handcrafted, case-bearing caddisfly lures.
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Dramatic and masterful depiction by Anker Odum of a caddisfly larva (Imania scotti sp. nov., order Trichoptera) with unusually concave head bearing sets of horns (27), their pebbled case held together by silk (32a) spun from glands found within the head






Of all the aquatic insects, caddisfly—and a couple of moth—larvae have been recognized as architects, but our concept of architecture is often rooted in design and less in construction. Do case-making caddisflies have a sense of design, or are they fixed in their innate species-specific ways of producing their works? As stereotyped as their building behavior is, caddisflies have to make do with the materials they have available when their favored material is inaccessible. No one has tested this more exquisitely than artist Hubert Duprat. Duprat relies on a caddisfly’s flexibility when he prods a larva from a case, places the denuded larva on a bed of riches, and watches as the persnickety architect inspects gold spangles, pearls, and turquoise, and decides what passes the mysterious bar for case-making fodder. The larva rapidly draws the glistening substance through a pair of front legs and mouthparts and either summarily rejects it by tossing it aside, or inexplicably accepts it as worthy of pasting in place with silk. Duprat has long been fascinated by caddisflies, obsessively collecting historical interpretations, natural history observations, and cultural connections. Coercing them to produce mini bejeweled masterpieces seems a fitting means of intimately connecting with the insects.
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It starts with a fashionable dress and a bagworm moth larva in need of case-making materials. Aki Inomata snips pieces, offers them to the larva, and a new garment is created using silk as adhesive.
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Five new garments hang from a branch as the developing psychid moths pupate within.






Artist Aki Inomata has recently achieved a feat similar to Duprat’s by offering bagworm moth larvae (family Psychidae) fabric snippets of haute fashion by well-known fashion designers. The larvae normally spin a protective case made of plant material, lichens, or soil to live in, but here they use their silk to dress themselves in material designed for humans. The act of offering fabric to would-be larval fashionistas follows a tradition among Japanese children of offering colored paper to caterpillars.


Whether you are a child or an adult, the trick of knowing how and when to stage a silk-spinning intervention depends on your knowledge of insect behavior. Hubert Duprat has become intimately familiar with caddisflies, and Aki Inomata must be familiar with the life cycles of bagworms. This helps the artists achieve something close to their intended goals. Though their works look like the inevitable outcomes of perfect planning, Duprat, Inomata, Kadonaga, and Bing must ultimately relinquish control of their art to the insects. Any artist wishing to work with live insects must be willing to accept unpredictable outcomes. Their six-legged associates will, usually, have the final say.


Spiders


Imagine secreting a material from your body that could be either spun, woven, used as a chemical-laden lure, snare, trapdoor, cocoon, net, nest, funnel retreat, mate attractant, or consumed. The same strand that could be used as an anchor could serve as a vehicle to whisk you away, take you aloft, and ride air currents to new sites. Depending on who secretes it, silk can spell safety, security, or predatory accessory. As mentioned in the introduction, spiders are not insects, but a discussion of silk would be woefully incomplete without the silks of spiders.


All 53,000-plus described species of spiders spin silk, using silk’s various properties of strength, tension, elasticity, or stickiness as needed. Darwin’s bark spider (Caerostris darwini) produces the toughest known silk—ten times tougher than Kevlar—toughness being the amount of work it would take for it to rupture. Yet, spider silk is so much less dense than other materials that it is stronger than steel on a per-weight basis. It’s easy to see why poets, artists, philosophers, and engineers have been transfixed by the intricate and varied webworks spun by spiders.
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A spider of dubious anatomy (legs attach to the front portion of a normal spider’s body, though this could be a monstrous shape-shifting tsuchigumo of Japanese myth and legend) is perched on the back of a garment worn under a kimono made not of spider silk, but crepe silk from silkworms.






Being the resourceful species we are, having plumbed various depths across the tree of life for our own material uses, it would seem a given that we would have found ways of collecting and using spider silk. We have mimicked their traps when designing fishing nets, but what about collecting actual webs from nature or extracting silk as strands we can then weave for our own uses? The history of appropriating spiders’ silk is fraught with shattered ambitions, but also glistens with spectacular accomplishments.


If you were to design the perfect trap, it would be both invisible and invincible—victims would stumble into it unaware, then never pull free. Spiders are master architects of traps, and their webs succeed at achieving what seems an impossible balance of being light and delicate, yet ultra-strong. These qualities have not gone unnoticed by others. Hummingbirds will swipe spiderwebs and use them to fortify their nests. In a similar act of kleptoparasitism, humans harkening from many cultures have robbed spiders of their webs to create fishing nets and lines, for use as layering on masks, to dress wounds, or to create bags and purses.


The most astonishing use of spiderwebs originated around 1735–1825 in the Tyrolean Alps (western Austria and northern Italy), land of the Tyrolean “tongue choir” and the mummified Tyrolean Iceman, and has since been revived by only a daring few. An all-but-forgotten craft entailed gathering the fragile gossamer of a funnel-web spider (Agelena labyrinthica or Tegenaria domestica) or from a group of caterpillars (Yponomeuta evonymella), carefully cleaning and stretching their webbing, and using it as a canvas for watercolor painting or India ink fine-brush painting. If painting on a delicate web does not impress you, at least six of these were printed, requiring that a web be stretched and pressed against an etched, inked plate. Fewer than one hundred works, total, remain of “cobweb art.”
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Coconut fiber and gummy pitch were molded to represent the human face on dance masks from Southwest Bay in Malakula Island, Vanuatu. Boar tusks jut from the corners of the mouth, and a conical framework of bamboo strips above were twirled through spiderweb after spiderweb, forming the matted, layered structure on top of the tall mask. A dense mat of spiderwebs surrounds the second mask.






[image: Image]

Held up against the light to show the silken strands that make up the canvas, this “cobweb art” portrait of Philippine Welser (1527–1580), wife of Archduke Ferdinand II, was probably painted on the web of an agelenid funnel-web spider. As part of the tourist trade, many pieces were commissioned by Franz Unterberger (1838–1902) and delicately painted by anonymous crafts workers.
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