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Dedication

FOR MY ANCESTORS, women silenced through fates not of their own choosing. For my great-grandmother, the brilliant and beautiful Sundaravalli, daughter of, and mother to, professor men, but denied an education herself; my grandmothers, Ranganayaki, who kept the perfect penmanship she learned at school until the age of thirteen, when she was taken out to be married, and Jiriah, born in a mud hut and into a life of penury in the West Indies, to parents who had been trafficked there as indentured laborers. For my mother, Nalini, who began the spectacular work of breaking our chains. And for my daughter, Tara, who I trust will keep breaking them.





Epigraph

. . . nature does not limit itself to a few examples, even of its most singular productions.

—René-Antoine Ferchault de Réaumur, 1711

On Monday . . . I bestowed dresses of honour on the Afghan Yusufzai chiefs who had accompanied Shah Mansūr; I gave Shah Mansūr a silken robe with rich buttons; presented another with a robe of waved silk, and gave another six persons robes of silk, after which I dismissed them. It was settled that they should never enter the country . . .

—from the memoirs of Bābur, founder of the Mughal Empire, May 30, 1619
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Introduction

The collections at London’s Natural History Museum contain three Lepidoptera floors, within which are eighty thousand drawers arranged in long corridors of tall, gray metal cabinets, extending from the floor to the high ceilings, kept in low light and clinically regulated temperatures. Lepidoptera, from the Greek for “scale” and “winged,” is the name of a so-called biological order, which is one rank above a family—this one comprising the 133 insect families that include all the world’s butterflies and moths. Among them are 157,000 species. The ancestors of these winged insects are now known to have lived alongside early dinosaurs 200 million years ago; and their fossil caterpillars with the characteristic spinneret—their silk-spinning organ—have been found sealed within 125-million-year-old amber from Lebanon.

Inside those characterless filing cabinets, starkly labeled for their categories and subcategories, are a series of unexpectedly beautiful wooden boxes and cases that contain Lepidoptera specimens going back nearly three hundred years. Some are encased with their ephemera—leaves and stalks of the plants on which they depended, faded labels, a vast variety of stages of their life cycles, and ingenious cocoons constructed by caterpillars using anything from fabrics and twigs to porcupine spines. Many of these specimens are the very first of their types to be cataloged by the celebrated European natural historians of the seventeenth to nineteenth centuries. On the second floor of the museum’s Lepidoptera archives, next to a study room with trays of dissected insect genitalia on the workbenches, are a series of cabinets in which I am particularly interested. They contain the moths historically employed in the production of silk.

One specimen of the Chinese silk moth dates to 1758. It is the same one that was examined by Carl Linnaeus, the scientist who made famous the two-name system by which all animals and plants are still classified today. This was the “type specimen,” the animal that helped him to determine the fundamental characteristics of every moth of its type, the type he would call Bombyx mori. It was an insect that had become small, pale, and flightless through the generations of selective breeding that set it along a path to complete domestication and made it synonymous with the production of farmed silk. The first of its two names Linnaeus chose from a Greek root indicating that this was an animal that produced silk. The second told of the silkworm’s favorite food source, the leaves of the Morus tree—Linnaeus’s Morus alba—otherwise known as the white mulberry. Both the insect and its food plant had started life in northeast China many millennia before, somewhere around the middle reaches of the Yellow River.

The silk of this moth had fascinated me for many years. As a small child I watched the threads it produced being woven into long, narrow fabrics on hand looms in the south of India, intricately interlaced with fine gold wire. I grew up around a mother and many aunts who wore only that fabric on special occasions. During religious festivals, I saw those women dress statues of their gods in silk.

Later, out of curiosity, I bought Bombyx mori eggs so I could see for myself how they made those threads. My caterpillars hatched, tiny at first, dark in hue, writhing as a mass in a brown cardboard box I kept by my fireplace. I fed them from a tube of mulberry leaf paste, but whenever I was in a park I’d look for a mulberry tree, hoping I could take them fresh leaves as treats. As they grew, I watched as they exuded fine, white, luminous silk that held them securely to the surface of their box; as they fattened, the dark little larvae developed a bluish-white translucency when they became plump and round. I liked holding them because they felt soft and rubbery, like partially dried glue. Each had ten fat little back legs that I knew would be lost when it became a moth, and they wiggled when they rolled. The transformation toward which they were slowly moving would be astonishing.

I read that seventeenth-century anatomists studying insect metamorphosis had cut them open right at about this stage, stunning the scientific world by revealing preformed adult parts underneath, so I watched their translucent skin to see if I could spot wings. I imagined taking a scalpel, pressing down until it burst through the buttery softness, and peeling away their outsides, but I couldn’t do it. Like fat puppies, they sweetly rolled over when I moved them, until one morning they stopped writhing, stopped eating, and climbed upward on the paper tubes I’d left them. There they started weaving what looked like a random mass of string in every direction. By night this mess of stray pieces formed a scaffolding that held aloft perfectly oval pods. At first, these were like the thinnest of veils through which the caterpillars at work were visible, writhing and turning their heads in slow motion as they worked up successive layers into their precisely shaped cocoons. By morning they were ensconced, and I could no longer see through to locate them. And so I said a final goodbye. They seemed simply to have gone to sleep in cradles of their own making, swaddled in kilometers of pure white silk, packed tightly into a ball with a surface like the moon.

One month later, moths a pallid off-white dissolved the cocoons at one end and slipped out of their chrysalis cases. They measured not much more than two centimeters long, with a wingspan only half a centimeter wider than their length. They were cute, but not beautiful. Their only markings of interest were the sparse dark veining to the wings, which rapidly whirred at times, as if they were about to take flight. In reality, they could not fly to any degree. In their adult form, Bombyx mori neither eat nor defecate, nor do they do much at all as moths, except mate and die.

I have heard it said that scientific study can take away a sense of wonder because science reduces a miraculous organism into mere mechanical parts. I have never found that to be true. Perhaps I find miracles in mechanisms. But however I looked at them—these insects, their metamorphosis, their silken threads—all were still miracula, true “objects of wonder.” Over centuries, the transformation of insects through metamorphosis had proved so inexplicable a mystery, and the silks that came of it so extraordinary, that women and men have studied it with the kind of fervor that cost some their eyesight, others their health, and a few their lives. And yet it is an obsession that persists. The facts remain that the fine silk protein strands those caterpillars make from nothing more than a diet of mulberry leaves is somehow extruded from their bodies as threads of extraordinary strength and beauty; and that those threads possess remarkable characteristics that science has struggled to replicate. I spoke to engineers and biologists about new experiments being conducted with silk, designed to develop wonderful new applications in medicine and in technology. And yet all I then really understood of the material was nothing deeper than this: That silk is a precious and a mysterious thing. That it possesses unique properties that people have long used to heal and to protect. That it is spun from threads made through the metamorphosis of a silkworm. That both the silkworm and the technology to cultivate it had come from China and entered all other countries along the Silk Road once upon a time, though outside of legends, no one seemed to be sure entirely how.

It was for this reason that I began exploring the cabinets of the museum and, through that search, found myself embarking on a journey in which I learned that there had been a greater, far more nuanced story of silk. Because there in those long, dim corridors, as I pulled the metal shelves forward to inspect the specimens, innumerable long mahogany boxes labeled in elegant cursive scripts began tipping forward. Inside were cocoons spun by the caterpillars of moths that lived some a hundred and fifty years ago. Their labels, which stated their origins, caught my eye. Some were, of course, from China, of the purest white and crafted by that most well-known source of silk, Bombyx mori. But there were others too, of which I had had only the vaguest idea. Theirs were cocoons in shades of beige, yellow, and brown, in shapes and textures I had not expected to see: elongated, loosely knit, some messy, others rough to the touch. One in particular looked as though it had been crafted from pure gold, as if spun of fine wire into a net of filigree, its color so astonishingly bright it must have looked quite the same on the day it was placed into the museum’s collections.

That golden-hued silk cocoon had not come from China, the handwritten label stated, but from Assam, in northeast India. Many of the moths too—wonderfully colored, some enormous—had originated from various locations in the north or east of India. And then there were yet other silk moths from China, large, and of different hues, and, therefore, clearly not Bombyx mori. Alongside those, a larger number still had come from many other countries, from Greece to Iraq, Albania to Madagascar, Turkey to Mozambique. None of these were domesticated, at least not entirely, as Bombyx mori had been.

And yet here these silk-producing insects were, pinned through their abdomens, their cocoons spilling out of boxes, their silk folded neatly into the smoothest of skeins, some wrapped for safekeeping between the pages of Victorian newspapers bearing advertisements for remedies for colic and diarrhea and cholera.

Beautifully designed damask and embroidered fabrics that had been made from them spilled out of the pages of a sample book titled Wild Silks. I unfolded a handwritten note from one of the boxes. It was crumpled. A rough vertical tear had split it entirely in two. I pieced it back together. It said this:

Silk—Cocoons of a silkworm called Eria—It is principally reared by the Cacharis on the castor oil plant. About 200 maunds of cocoons are made annually. Of which 1/14th is sent to market and sold at Rs 20/- per maund. The silk is woven by the women of the producers’ families. There is no export trade in this article.

Paris Exp. 1878

I did not know exactly what these strange silks, their moths, and boxes upon boxes of cocoons had to do with a nineteenth-century exhibition held in Paris. But it quickly became clear that at that time European manufacturers were discovering that there were more silks—ancient silks—than they had imagined, fabrics that had long been in local use in many parts of the world. This opened a new world of biology for natural historians, as knowledge of their life cycles and their use was drawn from local peoples; other wonderful varieties of animals that made silk began pouring into the West, animals very different from the famous Chinese moth. These were collected as marvels to be shown in the imperial exhibitions of the age, alongside other strange and curious things gathered from new colonies Europe had been accumulating across the world. What was more, silks were not sourced just from silk moths, either domesticated or wild, but from other organisms too. Principal among them was an enormous mollusk that sat immobile on the floor of the Mediterranean Sea, where it was harvested for its meat and its threads; as well as a startling type of spider, reports of which had begun flooding in from Africa, the Pacific, and the Americas. Its silken threads bore truly extraordinary biological properties that meant they would far surpass the strength of those of any other animal.

SILK HAS NOT, OF COURSE, BEEN THE ONLY FABRIC WE HAVE CO-OPTED from the animal world. And humans are not the only animals to have exploited products made in the bodies or by the efforts of others: cuckoos usurp nests; wasps lay their eggs inside the bodies of other insects for their own larvae to feed on; parasites can alter the behavior and even the sex of their victims using chemicals; other insects farm fungus and different animals for their own ends, much as we do. But over human history, our use of the natural world has not merely been motivated by our biological needs but augmented by our cultural ones, from the foods we eat to the clothes we wear—or the fact that we chose to wear clothes at all. In the vast expanse of time between 200,000 to around 12,000 years ago, if we covered our bodies, we would have done so in animal skins or foraged plant fibers of bark, grasses, or root fibers. The earliest evidence that humans used more complex, woven materials of our own making dates from the Neolithic, in the period known as the Early Food Producing Era, between around 9,500 and 7,500 years ago, when small, more settled farming and hunting communities emerged. Although it may have begun in that way, farming was not simply about getting enough to eat. Excess food could be stored and traded. That was when another revolution was able to emerge through new uses of animals and from new kinds of plants, making possible long-lived commodities for trade, like wines and cheese, and new materials for clothes and crafts.

Varieties of flax, for example, probably first cultivated for their edible oily seeds, could be selected by farmers for linen by breeding the plants that produced greater amounts of fiber and doing so expressly for the making of fabric. There would also be cotton, the South Asian Gossypium arboretum and southern African Gossypium herbaceum; Cannabis sativa for hemp; and Boehmeria nivea of the nettle family, which produced ramie fibers used in eastern Asia; as well as the selective breeding of animals, particularly sheep, that had longer and woollier hairs for the manufacture of textiles. It was in the Neolithic that Bombyx mori was domesticated too. The capacity to do this implies the peoples who produced plants and animals for clothing had more land and more resources than they would have needed simply to feed their families and communities, the space to grow flax or cotton or mulberry trees. Crafting any of those fibers into textiles also required women who had enough time to dedicate to weaving. Crafting cloth was intensive, highly skilled labor that needed to be learned. In return for that space, time, and skill, these plant and animal threads opened routes with the potential to transform economies, which took smaller-scale Neolithic societies toward urbanism, toward growing trade networks. These products were commodities through which wealth could be accumulated, transported, and, because of their value, monopolized by emerging elites. Social and economic identity and status—even military hierarchies—were built on these early cloths. Among the ruins of the Bronze Age Minoan settlement of Akrotiri, on the Greek island of Santorini, destroyed by a volcanic eruption around 1700 BCE, are two frescoes illustrating the clothed versus the unclothed in battle scenes; they bear silent witness to a military and cultural defeat by elegantly dressed soldiers of the naked opponents who drown in the sea or are killed in battle wearing only roughly shorn animal pelts. Or as Mark Twain reputedly wrote, “Clothes make the man. Naked people have little or no influence on society.”

But fabrics have hierarchies too. Some in particular were, for many millennia, to clothe only the few, those with greater means. It is no surprise that these were the fabrics whose passive threads could be woven to bear a mystical air of perhaps not having been created by any ordinary means, or with the magical splendor of finer, ethereal cloths that took more skill to fashion or that were harder to acquire. Fine cotton with its lightness of weave, and asbestos, which could be cleansed in fire, had been two of these, which were very expensive. But above all others, no fabric had the luster or mystery of silk, nor had any incited global movements on the unprecedented scale this cloth inspired. In trade, as it was for gems and spices, even small amounts of it produced large profits.

In the early Chinese empires, silk was the most precious of all textiles. It could be exchanged for other items of high value and used as tributes and bounties, and it supplemented coins and metals as currency. Sometimes governments would use it to pay armies. In general, it would be their major item of trade in the markets at the country’s frontiers. But its value went beyond the financial. Silk was imbued with as many forms as the metamorphosing insect that had created it, and as much power. It was offered up during seasonal sacrifices. It was an object of spirituality, transformation, ritual. Of beauty, and of protection. “How naked its external form, yet it continually transforms like a spirit,” wrote the third century BCE philosopher Master Xun of the Bombyx mori silkworm. “Its achievement covers the world, for it has created ornament for a myriad generations. Ritual ceremonies and musical performances are completed through it; noble and humble are distinguished with it. Young and old rely on it; for with it alone can one survive.” These were the realms of the silkworm and its silk, for this was a cloth at the heart of economy, and of society.

When I first started thinking about silk, I had imagined only this Chinese silk—the famed cloth of the Bombyx mori, a silk with one source, one story, one path. It had intrigued me that its silk was probably the only material that has lived so long, remained in continuous use, that has been invented and reinvented. Here was an ancient material with a surprisingly technological future, a substance made by an insect to protect it from predators and disease; once in human hands, it became a material for the most luxurious of clothing, and it is now being tested for ingenious applications in medicine and technology and as a sustainable material to help mitigate the planetary catastrophe we now face. But what quickly became clear to me was that the knowledge and use of silk, in all its wonderful varieties, is a global story. Quite naturally, people everywhere had watched and studied their world in different ways and engaged with it to their benefit. Where there was an animal that made silk, those threads were used in interesting ways. But it is not always easy to find, in equal measure, the voices of all people, so that we might understand their knowledge of, and the history of their relationship with, silk. We have European colonial writings on their discoveries and the correspondence of Western men of science that allude to local peoples and their practices at the time at which those records we made. There are few records from the local—or indeed, women’s—perspective left to piece together. Many indigenous women and men who informed the study of silk-producing animals in various ways remain nameless.

Accepting those limitations—finding and retelling the global knowledge of the cultivation of silk—is to complete the story of a material of which only a part is generally told. But it is also to widen the common lens through which we view the development of modern science, which itself collected learning from all over the world, and not always in ways that brought mutual benefit. I wanted to get to know the naturalists who traveled the world in pursuit of new knowledge, to understand what drove their obsessions—for such was their passion—and to paint a picture of the landscape of the history and context in which this was done. It was not always an easy history to research or write; it is, in places, replete with injustices of the worst kinds. I have tried to reflect both passions and prejudice. I am a biologist, and it has been the bewildering ingenuity of the silk-producing animals that has given me the greatest pleasure and sense of wonder. But the biology and ecology of the animals that make silk and the distinct, extraordinary properties possessed by wild silks are also of vital importance to its future applications—because understanding variety and, through it, working out local solutions to the technological and environmental challenges we face has never been more vital.

Because there is not just one silk, there is not just one story of silk. Not one road, not one people who found it, nor one nation that made it. Not one country can lay claim to its source. In silk is science and history, mythologies and futures. Through accounts of scientists who have studied silk, and the animals from which it has been drawn, what follow are stories from its many metamorphoses: caterpillar to moth; cocoon to commodity; simple protein chains to threads with very extraordinary capabilities.





Part One

Moths

The earliest allusion to the mulberry and silk met with in the ancient writings of the Chinese is in the Historical Classic, a work which existed before the days of Confucius, because it is quoted by him . . . We have the allusions referred to recorded in the section called the tribute of Yû, who flourished 2,200 years before Christ. In his days the mulberry is spoken of as a well-known production, and silk obtained therefrom; so that it must have been discovered before his days. The usual tradition is that it was discovered during the reign of Hwângté (2640 BCE), by his queen.

—Tseu-kwang-k’he, Nung Cheng Ch’ilan Shu (Complete Treatise on Agriculture), 1640

“Were a naturalist to announce to the world the discovery of an animal,” they wrote, “which for the first five years of its life existed in the form of a serpent; which then penetrating into the earth, and weaving a shroud of pure silk of the finest texture, contracted itself within this covering into a body without external mouth or limbs, and resembling more than anything else an Egyptian mummy; and which, lastly, after remaining in this state without food and without motion for three years longer, should at the end of that period burst its silken cerements, struggle through its earthy covering, and start into day a winged bird—what would you think would be the sensation excited by this strange piece of intelligence?”

—William Kirby and William Spence, An Introduction to Entomology, 1828





1

The Wondrous Transformation

It was 1699, on a Thursday in the second week of the coldest February Amsterdam had experienced for five or six years. At the periphery of the town’s narrow houses mounds of snow congealed. A thin ice covered its canals. On that day, two months before drawing up her will, fifty-two-year-old Maria Sibylla Merian advertised for sale a large number of her most beloved possessions. Among them: An artistic and curious work produced on the highest-quality vellum pages, decorated with images of rare herbs, flowers, and fruits, accompanied by observations on “bloodless small creatures.” One hundred etched copperplates. A catalog of flowers, colored and complete with botanical descriptions of the plants it contained. Several hundred additional pages painted with flora of the East and West Indies. A singular crocodile, snake, iguana, or small turtle sourced from those new colonies. And a variety of animals she had collected in Germany, Friesland, and Holland over forty long years.

Here were works exquisitely etched, drawn, colored, or preserved by Merian, assisted by her daughters, Johanna Helena, by then thirty-two, and Dorothea Maria, ten years Johanna’s junior. Advertised in a local Dutch newspaper, the Amsterdamsche Courant, the announcement itself was an investment of almost two guldens, a third, maybe, of a master artisan’s weekly earnings. And that was on top of the care of her younger daughter, who was still unmarried, and the rent for a share of a house that was also her studio, only recently built near Amsterdam’s newly dug canals, just south of the growing city’s center.

Merian had to be in Amsterdam. The city brought merchants from all over the world. In it were shops selling exotica, carried on ships traveling in from Asia, Africa, and South America loaded with wares. More than Paris, more than London, that was where those who loved art enough, and were wealthy enough to collect it, came. For a woman who for years had worked in isolation on the metamorphosis of the silk moth, it was also a good place to find natural scientists, and it was a good place for a natural scientist to be.

Merian was the eighth child of a stained-glass designer turned engraver whose forebears were sawyers and timber merchants in Basel, though she was born in Frankfurt in 1647. It was a city then enclosed within two formidable walls and fairy-tale towers topped with battlements, though none of these had averted its sacking at the hands of the Swedish Empire less than twenty years before her birth. In more peaceful times, it was known for its half-timbered houses built upon bases of red sandstone, the very first Jewish ghetto, and fairs that drew traders of books and spices, grain and fish, horses and silk. Merian’s father had relocated to Frankfurt having perfected a precision in drawing images in reverse, a skill much needed in topographical engraving. He had become famous for these maps and town and city views, but he also fashioned illustrations for books he published on medicine, science and technology, alchemy, the military, works of unorthodox theology, and volumes of the accounts of Europe’s recent voyages of discovery to the Americas, Africa, and Asia. His were among images of the world that would influence the European perception of other cultures until well into the eighteenth century: savage violence meted out by native peoples against innocent colonists as well as against their own fantastical beasts tormenting the rivers of exotic lands, “Indians” plagued by the devil, African chiefs wearing indigenous American feathered skirts, the tyrannies of the Spanish Catholics feeding slain indigenous American women and children to their dogs.

But in the years approaching 1650 Merian’s father had been suffering from an illness that would soon take his life. By the time his grave was dug in his adopted city, his young daughter was only three years old. A little over a year later, her mother married another artist, this time a painter and art dealer trained by one of Germany’s best contemporary artists in the portrayal of still lifes, birds, and flowers. It was he who taught Merian watercolor techniques, how to grind pigments, to prepare canvases and vellum, to color prints, layer by intricate layer; while her half brothers, who had taken over her late father’s printing house, taught her the skills he could no longer pass on: the mastery of engraving, etching, and the making of prints.

This fortunate intersection of education and talent meant that, by the age of twenty-eight, Merian was publishing her own engravings, plates of a book of flowers that would run into three volumes over the next years, books she used to teach drawing to women who were noble or else wealthy; she also displayed her skills in the embroidery and painting of silk fabric. At age thirty-eight Merian took condign umbrage against her husband and moved her family to Friesland, a province in the far north of the Netherlands. There they joined a religious community of staunch disciples of Jean de Labadie, the founder of Labadism, a pietist sect.

Jean was the son of a soldier of fortune who had taken a musket shot to the arm, a rapier to the face, and an elevation to petty nobility, which had added the prefix de to the family name. Before his birth in February 1610, Jean had caused his mother pain so intense his father feared for her life; as a baby he was expected to live no more than a month; as a child his growth was so stunted that he was once mistaken for a waif and dressed in red so he could be seen among the grass and flowers. At school he faced warring gangs of boys who concealed weapons under their gowns or else favored the welcome of new students with extortion or a severe thrashing. In the years before Jean started formal schooling, two such students had even been executed for murder. Somehow his military father still hoped Jean would aspire to a similar career; perhaps not surprisingly, he instead showed an early penchant for all things pietistic and spiritual. In the hands of his god and in defiance of his midwife and the best efforts of his fellow students, Jean de Labadie managed to live until the ripe old age of sixty-four. When he died in 1674, his legacy included the community in which Merian would live for the next six years of her life. Housed in the stately home of three aristocrat sisters, it was one largely kept solvent by the donations of its patrician or monied members. And yet it eschewed pride and worldly vanities, expected personal, mystical prayer and utter devotion, was based upon an absolute equality between the sexes, and required the sharing of personal wealth with the brothers and sisters of the commune.

To fulfill the latter, Merian had handed over a collection of her drawings of flowers. The king of Denmark bought fifty of her works and had them hung above his staircase at Rosenborg Castle in Copenhagen. Dispensing with these flower paintings had required no great sacrifice, divine or otherwise. Painting them had increasingly become a pursuit for which she cared little. Almost from the moment she had arrived in Friesland she had instead sought out caterpillars in the surrounding countryside, to collect and breed, to add to the body of work in which her real passion lay. Merian’s interest was not in the flowers, so sought after they had paid her way. It was in the natural history of insects, and specifically in their metamorphoses.

The precedence of taking on floral works that more easily earned her an income meant that the interval between the start of her entomological diary, a study book she began in 1660, when she was thirteen, until the time she would publish her first insect studies, had been extraordinarily long. Having “retreated from the company of people and engaged in this study,” she was finally able to produce two volumes in her thirties, each one with fifty plates engraved and etched to form the verbosely named The Wondrous Transformation and Particular Food Plants of Caterpillars. Merian was a methodical woman with an innate curiosity. Each book was the result of years of repeated observations, detailed studies, and time-consuming breeding. By invitation or by paying a fee she was also able to study dead insects in the cabinets of curiosities of collectors of nature, of anatomists and physicians, missionaries and merchants, of producers of luxury fabrics woven of the silk of metamorphosing insects, and other researchers on the metamorphosis of caterpillars. But there was only so much those animals in bottles or pinned through the abdomen onto stiff card could reveal to those collectors; she debated with those men based upon her own observations made of insects while they lived. It was why, of all of these naturalists, Merian had been the person able to depict the transformation of these animals in their entirety. By the end her caterpillar volumes cataloged her study of nearly two hundred complete metamorphic cycles: moths and butterflies, their caterpillar larvae, the plants on which they depended for food and protection and whether these were flowering or fruiting, the progress from egg to caterpillar, cocoon to pupa, pupa to emerged adult in flight or at rest. She had made sure she had seen how they lived, behaved, and died.

Within those descriptions would come the detail of their “astonishing changes,” during which she “kept them all in boxes, and [showed] them to anyone wishing to see them”; their life histories: how, where, and at what point in the year they developed; their segments, claws, hairs; when they were active or at rest; how they fed; their legs, eyes, wings, feelers; their spots and stripes, markings, features, and patterns of color for males and females where she could record both. These animals delighted her. Of the legion of insects she raised or observed, she wrote of how she “could not marvel enough” at their “beautiful shadings and contrasting colors” that she had often used in her paintings.

“But after I discovered the transformation of the caterpillar some years later . . . it seemed a very long time until the beautiful [moth] came forth. Thus, when I did obtain it, I was filled with such great joy and was so pleased . . . that I can hardly describe it.” By the time her caterpillar books were published she had studied and drawn many insects, and at the head of all of these Merian had placed the silkworm.

“Most esteemed reader and lover of the arts,” her Wondrous Transformation began, “while I have always endeavored to adorn my flower paintings with caterpillars . . . and small creatures of that kind . . . I have also often taken the trouble to collect them; until eventually, by observing the silkworm, I became aware of the caterpillar’s changes and began thinking about them, and whether that very same kind of transformation might occur in others as well. Since then, after diligent and painstaking investigation, I concluded that their manner and type of change is nearly identical; the difference is that silkworms spin useful filaments while . . . others spin themselves up like a silkworm and produce exactly the same kind of capsules encased in silk, although not as strong as that of the silkworm.”

By then, her extensive observations had shown her that the metamorphosis of the silkworm easily exemplified the metamorphoses of similar insects. By using the already “familiar so-called silkworm . . . ,” she felt, “almost all the transformations and changes of . . . caterpillars . . . will be more readily understood.” It was why “I made this noble transformation myself as copperplate No. 1 for my first caterpillar book and described it in the greatest detail (without mentioning its fine uses . . . but as a model for instruction).” But it had been these fine uses—the production of Frankfurt’s silk by these “noblest” caterpillars “that almost everyone knows”—that had made it so easy for Merian to record the silkworm’s metamorphosis from the start. She was able to observe the cultivation of silkworms because of the “people who keep large numbers of them,” including her own stepfather’s brother, who was said to have worked in the city’s silk industry.

If the publication of the book itself had taken decades and no small sacrifice, setting down the beginnings of the silkworm, as Merian recorded it, would have required no small amount of courage. Silkworms, she wrote, “like all caterpillars, as long as the adult insects have mated beforehand, emerge from their eggs, which have the appearance of tiny millet seeds.” It was a statement quite at odds with the ideas of many men of science, including some of her contemporaries, who were quite willing to concede that insects might equally have arisen from inanimate matter, mud, or decaying flesh. That was based upon an idea with ancient roots that would prove extraordinarily persistent; two hundred years after Merian’s works, a contemporary of Charles Darwin would even be arrested for heresy for suggesting that they had not. But time and time again she had seen that their formation was not spontaneous, and she drew what she observed. “One can soon tell whether something useful will come forth from [the eggs] . . . nothing will come from any that are collapsed, or crushed, or appear like empty husks, for they are spoiled. Now . . . they should be kept in a . . . warm [place] . . . Then the little worms, which chew their way out when ready, crawl out of the aforementioned dots.”

Having chewed through the remnants of their eggs, these little worms emerged like thin squiggles, just a few millimeters long. Treated “very gently, because they are so delicate,” the tiny larvae ate through the softest young mulberry leaves—their preferred food—steadily growing, then, four times, pushing “off their skin completely . . . just as a person removes a shirt over his head.” In each stage the caterpillar would raise its ever-larger head to the sky as if praying, but it was really just waiting, immobile, for its progressively tightening and drying skin to split and release what had formed underneath. Through it all it would have exuded fine, white, luminous silk, otherworldly threads also stuck fast to the copious green mulberry leaf pellets of excrement turned black through the passage of the gut. From these cycles, the repeated moltings of shed outsides and new growth, the insect would emerge not just larger but softer and paler each time. Finally, at about two inches long and the weight of four lumps of sugar, it adopted a bluish-white translucency, with ten back legs that would be lost when it became a moth.

When the time came, around a month after they had hatched, the caterpillars would stop moving, stop eating, and climb to a suitable space to spin: on “small branches from trees, or a little paper house like a cone.” “Its color, ordinarily white, is becoming yellowish, shrunken, and swinging its head back and forth and somewhat transparent because it is preparing to spin its cocoon. It spins very busily and remains hard at work until it completes its entire cocoon,” and within twenty-four hours it becomes entirely ensconced into a silken “oblong . . . white, yellow, or greenish envelope.” “After completion of this, it becomes a date seed [pupa] in order to change into a moth.” This pupa wrapped so neatly inside its cocoon Merian carefully cut out; just as she had described it, the immobilized, transforming caterpillar resembles the reddish-brown seed of a date. It is out of this pupa that the adult form emerges around a month later, the moth a dull white in hue that vomits up a fluid that dissolves one end of its cocoon to allow it to emerge. It then slips from its bindings, discharging a reddish-brown waste liquid as it goes that will stain its cocoon long after the moth departs.

These moths are small, including their wingspan, around two centimeters wide and tall. “When it has come forth, it needs half a day to get clear, dry wings, or its finished form. It has only six legs, two brown [antennae], two small brown eyes, and four white wings . . . The male is more delicate and smaller than the female, which has a fatter body, the male a thinner one.” The females are so enlarged because they carry up to five hundred eggs. In their final adult forms, all that is left for both male and female moths is to mate, lay new eggs, and die.


If in the seventeenth century the silkworm had been known to almost everyone it was because, by then, Europe had been its home for just over a thousand years. It would take another hundred years or so after Merian published her caterpillar books before the Swedish taxonomist Carl Linnaeus and his followers would use her depictions of the natural world to name at least one hundred species. Merian had never separated the insects she studied from the plants upon which they depended, plants that would come to define them. Linnaeus himself would give the silkworm she had observed in Frankfurt the scientific name Bombyx mori: Bombyx, denoting that this was an insect of the family of moths called Bombycidae; and mori, honoring, as Merian habitually had for the species she recorded, the insects’ relationship with plants—in this case the caterpillar’s natural food source was the leaves of Morus, the mulberry tree. The industry that centered around the silk of Bombyx mori brought wealth to Western Europe: to the fairs of Frankfurt, to its great producers, France and Italy—but that had not just put the metamorphosis of this particular insect at the heart of European trade. The fact that it was bred for so long in homes and factories specifically for its silken cocoons had made this caterpillar so docile, prevalent, and immobile that it would also quite seamlessly become the focus of intense scientific study. And so, while over long years Merian bred and observed caterpillars by eye or magnifying glass to capture how insects developed through mysterious transformations, other scientists began more intimate studies under the new microscopes, flaying open their bodies, stage by stage, as the first attempts were made to dispel these mysteries entirely; to figure out what exactly was happening inside the caterpillars and their silken cocoons that allowed them to change so entirely beyond recognition, these wormlike larvae that somehow transformed into moths with whirring wings.


[image: image]
The transformation of the Bombyx mori silkworm, made by Merian as copperplate No.1 of her first caterpillar book.

The transformation of the Bombyx mori silkworm, from Maria Sibylla Merian, “Maulbeerbaum samt Frucht,” Der Raupen (The Caterpillars), 1679, Plate 1







2

Inner Workings

Marcello Malpighi was born in 1628, some twenty years before and five hundred miles south of Merian. It was the year of the publication of William Harvey’s De motu cordis, in which Harvey, who was “Physician Extraordinary” to King James I of England, took a fresh stab at describing the circulation of blood, dispelling the long-held idea that it was continually formed anew from digested food and demonstrating that the primary function of the heart was not in fact the production of heat. In the meantime, King James himself had been busy appointing a silkworm adviser in chief and a keeper of the king’s mulberry gardens, four acres of mulberry trees near the site of the future Buckingham Palace, and penning a preface to a silkworm book in which he offered magnanimous and friendly encouragement to the landed gentry to plant yet more “food of the wormes . . . that they may be nourished and maintained.”

While James prescribed ten thousand mulberry trees for each county of England, his queen, Anne of Denmark, sat for a stony-faced portrait grandly outfitted in an elaborate gray silk dress of the late Elizabethan age, its mutton-leg sleeves fully embroidered with wriggling silkworms of gold and silver thread biting at mulberry leaves; an up-and-coming architect named Inigo Jones was commissioned to design for her an elegant silkworm house—two stories high, with oval and arched windows, a frieze, and a large west window with the queen’s coat of arms beautifully painted in glass.

In the early seventeenth century, during the reign of King James I, more and more silk fabrics were being manufactured in Britain. By then the entomologist Thomas Muffett, whose daughter Patience may have been the “Little Miss Muffet” of the nursery rhyme, had called passionately to his countrymen to raise silkworms—or, as he referred to them, “worth and wisedom’s pride, nature’s delight”—and to wear their silk. “Rise hearts of English race,” read his seventy-five-page poem “The Silkewormes, and their Flies,” “why should your clothes be courser than the rest? Begge countrymen no more in sackcloth base, being by me of such a trade possest, that should enrich yourselves and children more, than ere it did Naples or Spaine before.”

But the problem remained for his countrymen that cultivation of silkworms for the production of the threads needed to make those fabrics was still not being developed at home, which meant that raw silk needed first to be imported into England. That was not cheap. The most competitively priced route to get hold of raw silks had been from Persia. But then the Dutch intervened, bid up the price at which they procured silk from the Persians, and then resold it to their buyers more cheaply. It may have seemed like bad business, except that the result of all this was that the Dutch slashed the profitability of anyone else buying raw silk from Persia, which, in turn, marginalized the English East India Company’s trade with what
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The luxury, beauty, and feel of silk have driven interest in the Queen of Fabrics for millennia.

Blue and gold silk fabric, author’s photo
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From The European Insects by Maria Sibylla Merian, published posthumously as an expanded version in 1730, under the title Caterpillars, Their Wondrous Transformation and Peculiar Nourishment from Flowers.

Maria Sibylla Merian wreath, public domain
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Domesticated silk moth (Bombyx mori) emerging from its cocoon. Once metamorphosis is complete, after around ten days inside the cocoon, the silk moth vomits a fluid containing an enzyme called cocoonase, which specifically breaks down the sericin protein in silk, making the cocoon soft enough for the moth to escape.

Domesticated silk moth, DE AGOSTINI PICTURE LIBRARY/Getty
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Head of the domesticated silk moth, Bombyx mori larva, showing its simple eyes (dark spots, left and right); mouthparts (center); and of the adult form after metamorphosis, with compound eyes and large feathery antennae, but no mouth parts.

Domesticated silk moth larva, Science Photo Library C029/0328
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Head of the domesticated silk moth, Bombyx mori larva, showing its simple eyes (dark spots, left and right); mouthparts (center); and of the adult form after metamorphosis, with compound eyes and large feathery antennae, but no mouth parts.

Domesticated silk moth larva, Science Photo Library C029/0327
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Seventeenth-century drawings of the anatomy of a silkworm and silk moth as observed under the microscope by the Italian physician and microscopist Marcello Malpighi (1628–1694). These plates are from a volume of Malpighi’s Opera omnia (1686).

Insect anatomy, seventeenth-century drawings, Science Photo Library C013/3530
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Seventeenth-century drawings of the anatomy of a silkworm and silk moth as observed under the microscope by the Italian physician and microscopist Marcello Malpighi (1628–1694). These plates are from a volume of Malpighi’s Opera omnia (1686).

Insect anatomy, seventeenth-century drawings, Science Photo Library C013/3529
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These golden-colored filigree cocoons of Jan Helfer’s Cricula trifenestrata were collected in the 1880s and excited much attention in Wardle’s exhibits. The filigree effect occurs because multiple larvae often spin their cocoons in close proximity, creating a silken network. At first silvery, the color changes to metallic yellow gold in the space of a few days.

Golden-colored filigree cocoons, author’s photo
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Zain al-Din’s illustration of the Antheraea paphia, or tasar silk moth, including a male and female, alongside a tasar silkworm, and a cocoon that hangs from its food tree like a fruit. Calcutta, 1777.

“Starling with Two Antheraea Moths, Caterpillar, and Cocoon,” Minneapolis Institute of Art
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“The Manner of Feeding Silkworms,” 1753. A silkworm farm, showing the interior of the rearing house, or Magnangerie, and the collection of mulberry leaves on which the silkworms were fed.

“The Manner of Feeding Silkworms,” Print Collector/Getty
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In the seventeenth century, Queen Anne of Denmark commissioned the building of a silkworm house at Oatlands Palace. She is portrayed wearing a dress made of mulberry silk embroidered with Bombyx mori larvae and mulberry leaf patterns.

Queen Anne of Denmark, public domain
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Maria Sibylla Merian colored the illustrations of the beautiful shells Georg Eberhard Rumpf had collected in Ambon, in order to fund the publication of her 1705 magnum opus, Metamorphosis insectorum Surinamensium.

Illustrations of shells, public domain
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George Emory Goodfellow’s medical office was on the second floor of the Crystal Palace Saloon in Tombstone: a town referred to as “the condensation of wickedness,” where shootouts were all too common.

Crystal Palace Saloon, public domain
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The weaving of a Banarasi sari which are most frequently made from mulberry silk, but are also woven from tasar and other wild silk threads. Varanasi, India.

The weaving of Banarasi sari, Dinodia/Bridgeman Images



[image: image]
A woman weighs a batch of silk moth cocoons in order to determine their sex, circa 1955.

A woman weighs a batch of silk moth cocoons, Hulton Archive/ Stringer/Getty
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A string of diseased silkworm cocoons used by Louis Pasteur, 1865–1870. Pasteur demonstrated the cause of the silkworms’ illness to be a contagious infection. It helped him build a robust body of evidence for contagion from which the study of human diseases benefited.

A string of diseased silkworm cocoons, Science Museum, London
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Silkworm cocoons arranged on trays to be dried in the sun in a Tamil Nadu village, India, 1980.

Silkworm cocoons arranged on trays, Ann & Bury Peerless Archive/ Bridgeman Images
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Anatomy of the Pinna nobilis, showing the position of the “foot” muscle attached to its silken byssus “beard” as it would appear if a living shell were pried open.

Anatomy of the Pinna nobilis, from Giuseppe Saverio Poli, Testacea utriusque Siciliae eorumque historia et anatome, 1791, Plate 26
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Pinna nobilis are long-lived and can grow to over one meter in height. They play a key ecological role, filtering water and providing a surface on which algae and benthic invertebrates make their home.

Living Pinna nobilis, Hectonichus
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Golden byssus threads where they join the dark “foot” of the Pinna nobilis, a muscle attachment toward the bottom of the shell that firmly anchors it to the sea floor.

Golden byssus threads, Felicitas Maeder, Projekt Muschelseide
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Dead Pinna nobilis on the Mediterranean Sea floor. In January 2021 they were listed as “critically endangered” on the International Union for Conservation of Nature’s Red List of Threatened Species. Once they die, their silken anchors disintegrate and the shells collapse.

Dead fan mussel, BIOSPHOTO/Alamy
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A “beard” of byssus fiber, harvested in Sardinia in the 1920s, still attached to the withered muscle that would have anchored it inside the Pinna nobilis’ shell.

The “beard” of byssus fiber, author’s photo
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In cross section, the byssus silk fibers of the Pinna nobilis appear elliptical, a shape that is not seen in any other natural fiber.

The byssus silk fibers, Picture Empa
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Sometime between 97 and 110 million years ago, in the Hukawng Valley, Myanmar, this male parasitic wasp flew into an orb-weaver spider’s web and would have become its prey, had both animals not become trapped in resin. Fifteen strands of the spider’s silk were also present inside this piece of amber.

Wasp and spider trapped in resin, Oregon State University
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This image of a bird-eating spider illustrates behaviors observed by Merian in Suriname, informed by conversations with local people. Published in Metamorphosis insectorum Surinamensium in 1705, it was criticized by men of science who doubted her records, disbelieving that predation of a bird by a spider could occur in nature.

Bird-eating spider, from Maria Sibylla Merian, Metamorphosis insectorum Surinamensium, 1705, Plate 18
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N. inaurata madagascariensis, the red-legged golden orb-weaver spider of Madagascar, produces webs over one meter in diameter, formed of golden-yellow threads capable of being woven.

N. inaurata madagascariensis, Charles J. Sharp
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Termeyer’s eighteenth-century apparatus for reeling silk directly from the bodies of spiders.

Termeyer’s apparatus, from Henry McCook, American Spiders and Their Spinningwork, 1893



[image: image]
Colored scanning electron micrograph of an orb-weaver spider’s silk gland spigots through which silk is being secreted. Spigots protrude from spiders’ spinnerets, and are like tiny ducts of different sizes and shapes. Each spigot allies with only one specific silk gland. From each emerges a unique mixture of viscous silk protein, specific to the silk gland from which it is secreted (magnification: x470).

SEM of an orb weaver, Science Photo Library
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In May 1941, Crete was the site of a paratrooper attack by Germany’s 1st Parachute Regiment. Some of the 2,000 Bombyx mori silk parachutes were found in the rubble after the attacks, this one hooked onto an awning in Heraklion’s Lions Square. They would eventually be refashioned into dresses, handkerchiefs, and scarves after WWII.

Bombyx mori silk parachutes, K. Mamalakis Archive
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A member of the Women’s Auxiliary Air Force uses a Singer sewing machine to stitch a bundle of parachute silk, circa 1942.

WAAF woman uses a Singer sewing machine, Fox Photos/Getty
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