
   
[image: ]




SILK

A HISTORY IN THREE METAMORPHOSES

Aarathi Prasad

 

 

[image: ]




Copyright

William Collins

An imprint of HarperCollinsPublishers

1 London Bridge Street

London SE1 9GF

WilliamCollinsBooks.com

HarperCollinsPublishers

Macken House

39/40 Mayor Street Upper 

Dublin 1 

D01 C9W8

Ireland

This eBook first published in Great Britain by William Collins in 2023

Copyright © Aarathi Prasad 2023 

Cover images © jayk7/Getty (silk sari); Shutterstock (embroidered letters).

Cover design by Emma Pidsley

Aarathi Prasad asserts the moral right to be identified as the author of this work 

A catalogue record for this book is available from the British Library

All rights reserved under International and Pan-American Copyright Conventions. By payment of the required fees, you have been granted the non-exclusive, non-transferable right to access and read the text of this e-book on-screen. No part of this text may be reproduced, transmitted, down-loaded, decompiled, reverse engineered, or stored in or introduced into any information storage and retrieval system, in any form or by any means, whether electronic or mechanical, now known or hereinafter invented, without the express written permission of HarperCollins 

Source ISBN: 9780008451882

Ebook Edition © July 2023 ISBN: 9780008451868

Version: 2024-05-22




Praise for Silk:

‘A tour of the anecdotal, the industrial and the gruesome … Readers coming to this globetrotting and species-leaping volume expecting vignette after genteel vignette of 5,000-odd years of Chinese silk manufacture are in for a nasty shock. Here be spiders, and not just spiders, but metre-long Mediterranean clams, and countless moth species spinning their silks everywhere from Singapore to Suriname’

Financial Times

‘The global scope of Prasad’s book draws out its most compelling material links’

Daily Telegraph

‘Both scientific and poetic, this remarkable book shows how the great tides of history are shaped through human encounters with the intricate variety of the non-human world’

David Wengrow, co-author of the international bestseller The Dawn of Everything

‘Fascinating … Prasad criss-crosses centuries and cultures to tell of the intrepid explorers, botanists, scientists and entrepreneurs who were determined to unravel the secrets of silk production. Her book captures their persistence and her own in the search for the little-told but revelatory stories of human curiosity and ingenuity’

Clare Hunter, author of Threads of Life

‘A wonder of a narrative. Like the transformation of caterpillar to moth that she explores so beautifully, this is a network of threads that spin around the world and tell a story of science, of history, of humanity itself’

Kate Strasdin, author of The Dress Diary of Mrs Anne Sykes

‘An incredible read. Deeply researched and dazzling, Prasad weaves a magical thread through history, culture, science and nature, unfolding the long and deep relationship we have with the natural history of silk and the creatures that make it’

Seirian Sumner, author of Endless Forms

‘Prasad weaves her strands of science, history and culture to create a rich narrative tapestry that’s as sumptuous as the material itself. Full of fascinating detail’

Gaia Vince, author of Nomad Century

‘Prasad is such an infectious and knowledgeable enthusiast that it is hard not to be swept away by her enticing facts’

Literary Review




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 learnt at school until the age of 13, when she was taken out to be married, and Jiriah, born in a mud hut and into a life of penury in the Caribbean, to parents who had been trafficked there as indentured labourers. 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, 30 May 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, grey metal cabinets, extending from the floor to the high ceilings. They are 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 which 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 two hundred 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 labelled 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 lifecycles 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 catalogued 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 that indicated that this was an animal that produced silk. The second told of the silkworm’s favourite food source, which were the leaves of the Morus tree – Linnaeus’ Morus alba – otherwise known as the white mulberry. Both the insect and its food plant had started life in China’s northeast, 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 only wore that fabric on special occasions. On 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; as 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. They had ten fat little back legs that I knew would be lost when they became moths. They wiggled when they rolled. The transformation they were moving slowly towards would be astonishing. 

I read that seventeenth-century anatomists studying insect metamorphosis had cut them open right about now, stunning the scientific world by revealing pre-formed 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 upwards onto 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 kilometres 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 centimetres long, with a wingspan only half a centimetre wider than its 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 to 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 miracle in mechanisms. But, however I looked at them – these insects, their metamorphosis, their silken threads – all were still miracula, true ‘objects of wonder’. The facts remained that the fine silk protein strands those caterpillars make from nothing more than a diet of mulberry leaves are somehow extruded from their bodies as threads of extraordinary strength and beauty; 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 labelled in elegant cursive scripts began tipping forward. Inside were cocoons spun by the caterpillars of moths that lived some 150 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 colour 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 India’s northeast. Many of the moths too – wonderfully coloured, some enormous – had also 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 diarrhoea and cholera. 

Beautifully designed damask and embroidered fabrics that had been made from them tumbled out of the pages of a sample book entitled ‘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. It opened a new world of biology for its natural historians, as knowledge of their lifecycles 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 just sourced from silk moths, either domesticated or wild, but from other organisms, too. Principal among them was an enormous mollusc that sat, immobile, on the floor of the Mediterranean Sea, from 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 from the Americas. Its silken threads bore truly extraordinary biological properties that meant they would far surpass the strength of that 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 behaviour, 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 choose 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 using foraged plant fibres of bark, grasses, or root fibres. 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 its edible oily seeds, could be selected by farmers for linen, by breeding the plants that produced greater amounts of fibre, and doing so expressly for the making of fabric. There would also be cotton, the South Asian Gossypium arboretum and southern African Gossypium herbaceum; Canabis sativa for hemp; and Boehmeria nivea of the nettle family which produced ramie fibres used in eastern Asia. There was also 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 made 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, more space to grow flax or cotton or mulberry trees. Crafting any of those fibres into textiles also required women who had enough time to dedicate to weaving. Crafting cloth was intensive work, highly skilled labour which needed to be learned. In return for that space, and time and skill, these plant and animal threads opened routes with the potential to transform economies, that took smaller scale Neolithic societies towards urbanism, towards growing trade networks. These products were commodities through which wealth could be accumulated, transported, and because of their value, monopolised, 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 century BCE, are two frescos 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 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 those with the magical splendour 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 lustre or mystery of silk, nor 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, used as tributes and bounties, and 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 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 the silk of 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; that, once in human hands, became a material for the most luxurious of clothing, and that was now being trialled for ingenious applications, in medicine, 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 correspondences of western men of science that allude to local peoples and their practices at the time at which those records were 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 learnings from all over the world, and not always in ways that brought mutual benefit. I wanted to get to know the naturalists who travelled 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. As a biologist, 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 that wild silks have 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, one people who found it, nor who made it. Not one country can lay claim to its source. In silk is science and history, mythologies and futures. Through accounts of the scientists who have studied silks, and the animals from which they have been drawn, what follows are stories of its three metamorphoses: caterpillar to moth; cocoon to commodity; and 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 (B.C. 2640), by his queen.’

– Tseu-kwang-k’he, Nung Cheng Ch’ilan Shu/Complete Treatise on Agriculture, 1640




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, 52-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 catalogue of flowers, coloured and complete with botanical descriptions of the plants it contained. Several hundred further 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, coloured or preserved by Merian, assisted by her daughters Johanna Helena, by then 32, 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, one-third, maybe, of a master artisan’s weekly earnings. On top of that, Merian had to pay for 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 centre of the growing city. 

Merian had to be in Amsterdam. The city brought merchants from all over the world. In it were shops selling exotica, carried on ships travelling 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, but who 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 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 Amerindian feathered skirts; and the tyrannies of the Spanish Catholics feeding slain Amerindian 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 3 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 watercolour techniques, how to grind pigments, to prepare canvases and vellum, to colour prints, layer by intricate layer. She absorbed all this 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. 

It was this fortunate intersection of education and talent that meant that, by the age of 28, 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, as well as her skills in the embroidery and painting of silk fabric. At 38 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, 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 favoured 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, de Labadie managed to live until the ripe old age of 64. 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 brother and sisterhood of the commune. 

To fulfil 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, that 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 13, 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 contained years of repeated observations, detailed studies or 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 naturalia, 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 catalogued her study of nearly two hundred complete metamorphic cycles. It showed moths and butterflies, their caterpillar larvae, the plants on which they depended for food and protection, whether these were flowering, or fruiting, how they supported 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 showing 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; and their markings, features and patterns of colour for males and females where she could. These animals delighted her. Of the legion insects she raised or observed, she wrote of how she ‘could not marvel enough’ at their ‘beautiful shadings and contrasting colours’ 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.’ Although by the time her caterpillar books were published she had studied and drawn many insects, 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 endeavoured 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 through 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 millimetres 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 in which it was really just waiting, immobile, for its progressively tightening and drying skins 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 moultings of shed outsides and new growth, it 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 colour, 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 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 resembled the reddish-brown seed of a date. It was out of these pupae that the adult form emerges around a month later, moths a dull white in hue that vomit up a fluid that dissolves one end of their cocoon to allow them to emerge. They slip from their bindings, and as they go, discharge a reddish-brown waste liquid that will stain its cocoon long after the moth departs. 

These moths are small: including their wingspan, around two centimetres 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.’ These 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.

[image: ]

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

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, until the Swedish taxonomist Carl Linnaeus and his followers used 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 which 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, honouring, as Merian habitually had for the species she recorded, that this caterpillar’s natural food source were the leaves of Morus, the mulberry tree. The industry that centred around the silk of Bombyx mori brought wealth to western Europe: to the fairs of Frankfurt, and to its great producers, France and Italy. But it 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 and 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 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 worm-like larvae that somehow transformed into moths with whirring wings.
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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, dispelled the long-held idea that it was continually formed anew from digested food, and demonstrated 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. He had planted four acres of mulberry trees near the site of the future Buckingham Palace, and had himself penned 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 grey 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. She had commissioned an up-and-coming architect named Inigo Jones to design for her an elegant silkworm house two storeys high, with oval and arched windows, a frieze and a large west window with the queen’s coat of arms beautifully painted in glass.

To these monarchs, bringing silkworm cultivation to England was a ‘question of so great and public utility to come to our kingdome and subjects in general …’ that they were quite ‘content that our private benefit shall give way to the publique’, for ‘such a work can have no other private end in us, but the desire of the welfare of our people.’ It was an ambition which had seen huge success in France, which England sought to emulate. But in Jacobean England it would ultimately abjectly fail, just as it would in the king’s new colony of Jamestown, Virginia; though there, the mulberry was superseded by tobacco, that other lucrative leaf which would be even more enthusiastically adopted in England and its colonies.

But Marcello Malpighi had the good fortune to be born neither in the England nor the America of the Elizabethans, but to a family of landowners in Italy, in the small town of Crevalcore, northwest of Bologna, which some say had been hit by a meteorite some thirty years before. Whether or not that was the case, Marcello’s future fame as his town’s most eminent citizen was by any reckoning a meteoric rise of his own. One of nine siblings, he had been required to abandon his studies to assume their care when both his parents met an untimely death. Despite this setback, the grief at the death of his wife just a year after their marriage, a disastrous fire in his house that destroyed manuscripts and equipment, and having suffered ill health for much of his life, Malpighi had somehow managed to go from a boy raised on the family farm to probably the most extraordinarily productive and the most luminous anatomist of his time. 

It would be Malpighi who would complete William Harvey’s missing link on the circulation of blood to the lungs, which he did by dissecting frogs, dogs and the oblong lung of a tortoise. He was the first to lay his keen eyes on the capillaries and alveoli of the lungs; to find significant new structures in the kidney, spleen, liver and brain, among other organs; to see red blood cells under a microscope; to attribute the colour of blood to them; and to conduct the first microscopic studies of the development of the chicken embryo and the anatomy of plants. As a doctor, he would also be issued a personal invitation to become physician to Pope Innocent XII – a high honour he tried to refuse, but was compelled to accept. As a result of this forced transfer from Bologna, Malpighi arrived in Rome with a bitterness unassuaged either by the reward of a status equivalent of the clerical Monsignor, or an elevation to the upper echelons of the Patriciate Roll of Rome. Despite his innumerable achievements and his prescience in thought – or perhaps because of both of these things – Malpighi’s work was routinely attacked with a curious mixture of suspicion, opposition and no small amount of professional jealousy. The suspicion arose because he thought independently, which is to say that, just as Merian had, Malpighi observed, recorded and recast old ideas, presenting different results from the highly respected but scientifically outdated scientists and physicians of ancient and classical times. And the criticisms would be levelled towards his scientific approach, because few could then see how the new microscopic detail of organs and tissues might have any utility for improving the medical treatments of the day. 

Malpighi, meanwhile, was undeterred. ‘Nature in order to carry out the marvellous operations … in animals and plants has been pleased to construct their organized bodies with a very large number of machines’, he wrote, ‘which are necessarily made up of extremely minute parts so shaped and situated as to form a marvellous organ, the structure and composition of which are usually invisible to the naked eye without the aid of the microscope …’ He continued to push at the limits of what was known, or taken for granted. As for the bitter disputes, these would become something of an ongoing occupational hazard, with origins that were occasionally not even professional in nature at all. Once, in an altercation in 1659, Malpighi’s brother made the grave error of fatally stabbing an opponent who happened to be the eldest son of another scientist. Perhaps they were less susceptible to acts of physical violence, because these lettered men wielded the pen as a weapon, albeit one more devastating than the sword. It was engaged to great effect in the family feud that ensued, with the wronged scientist committing to a savage, lifelong criticism of Malpighi’s works as the hostilities smouldered on. 

In the meantime, one small reprieve to his angst came in 1669, in the form of his honorary election to the ranks of the esteemed Royal Society of London, a standing he would share with Isaac Newton, Giovanni Domenico Cassini and Christopher Wren, and one which raised him to international scientific fame. It had also made him the first Italian among their number (Cassini being elected in 1672) and one whose methods and studies resonated perfectly with the Society’s motto, Nullius in verba (‘Take nobody’s word for it’). Although the insect books of ‘that curious person Madame Maria Sibylla Merian … in great forwardness, and highly approved of by all who see it’ were advertised in the Royal Society’s journals, that motto was a call to men – for the Society admitted only men – who were curious about the workings of the world to test their ideas, to do the experiment, discover the facts: in short, to not take anyone’s word for it. Among this group, Malpighi’s work was much admired, as expressed in their letters inviting him to send them his manuscripts of research. ‘To no one … observing the structure of the human body does Nature seem to have revealed her secrets as fully as to her beloved Malpighi’ their secretary once wrote, ‘so too our Royal Society embraces no one with greater affection’. 

Once submitted, most of his anatomical studies would go on to be published in their journals, recorded for posterity. Over the next decades he published prolifically. And then, on 19 November 1694, aged 67 and still not released from the personal service of his pope, Marcello Malpighi suffered an apoplectic fit and died. His end had come as he feverishly worked to finish a further series of manuscripts that he realized he would never be able to complete. Having anticipated such an eventuality, Malpighi had the forethought to bequeath these unfinished works to the Royal Society with the specific intention that they should be completed and published, but only after his death. Three years after his remains were laid to rest at the church of Santi Gregorio e Siro in Bologna, this last work finally emerged. It was called Opera posthuma, and it was even more forthright, more polemical, than the works he had been criticized for in life. Within it, Malpighi had not neglected to include a particularly long and bitter letter of response, a last rebuke to the criticisms levelled at him by the scientist father of the man his brother had dispatched nearly four decades before. It had been his only recourse to retaliation; a revenge served very, very cold. But Malpighi had always been a man of astonishing patience. To look into organs and tissues and see their finest detail had required long hours spent in deep concentration over a single magnifying lens













    

 

 

‘So many examples ought to shew us of what Importance is to neglect nothing in the Study of Nature: What at first seems of no use, or almost impossible to be put in execution, oftentimes turns to the greatest advantage, and becomes easy by care and Industry. This is the Fate of all new Discoveries …’ 

– François Xavier Bon de Saint Hilaire, 1710




 

 

 
   
‘It pays to know there is just as much future as past. The only thing that does not pay is to be sure of man’s own part in it.’

– Loren Eiseley, The Immense Journey, 1957
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