
[image: Metamorphosis by Oren Harman. Book cover features a giant jellyfish spanning most of the backdrop, surrounded by small sea creatures and plants. The book’s title is overlaid on the illustration.]



Metamorphosis

A Natural and Human History

Oren Harman


[image: Johnmurray press logo.]
www.johnmurraypress.co.uk





First published in Great Britain in 2025 by John Murray (Publishers)

Copyright © Oren Harman 2025

The right of Oren Harman to be identified as the Author of the Work has been asserted by him in accordance with the Copyright, Designs and Patents Act 1988.

Cover design and illustration © Lydia Blagden
 
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means without the prior written permission of the publisher, nor be otherwise circulated in any form of binding or cover other than that in which it is published and without a similar condition being imposed on the subsequent purchaser.

A CIP catalogue record for this title is available from the British Library

ebook ISBN 9781399826570

Print book interior design by Bart Dawson.

Carmelite House

50 Victoria Embankment

London EC4Y 0DZ

www.johnmurraypress.co.uk
 
John Murray Press, part of Hodder & Stoughton Limited

An Hachette UK company




For Sol




Praise for

METAMORPHOSIS

“An absorbing and beautifully written exploration of biological transformation and generation, winding through the startling history of this field, accompanied by an array of fascinating characters, and with a moving personal dimension.”

—Peter Godfrey-Smith, author of Other Minds

“Oren Harman’s Metamorphosis is a soulful, genre-defying inquiry into the nature of transformation. Harman interweaves a history of scientific discovery with philosophy and memoir, introducing readers to astonishing characters and discoveries that bring us from the depths of the ocean to the furthest reaches of outer space. Metamorphosis asks difficult questions with great tenderness and deep humanity. It is a book full of wonder and revelation.”

—Lauren Redniss, author of Radioactive

“A masterful tale of the long quest to understand one of the most wondrous and enigmatic phenomena in the animal world. Fueled by Oren Harman’s boundless curiosity and rich storytelling, Metamorphosis roams the globe to meet fascinating creatures and equally colorful naturalists determined to penetrate their secrets. A thoroughly enjoyable and illuminating journey.”

—Sean B. Carroll, author of The Serengeti Rules

“Inspired by history, language, and biology, Oren Harmen explores a wonderland of animal lifecycles to tell a truly fascinating tale of transformations in body and identity. His story culminates in the growth of a human child and asks how is it possible to remain ourselves while changing all the time? A book to treasure.”

—Janet Browne, Harvard University, author of Charles Darwin: A Biography

“Stranger than the strangest imaginings of ancient mythology or science fiction are the metamorphoses undergone by the most unprepossessing of organisms: the immortal medusa, the starfish that is simultaneously child and adult, the axolotl in which the parent is the child to its offspring. Oren Harman weaves together science, history, philosophy, and the musings of a parent-to-be in this beautiful book about the twists and turns in the plot of life.”

—Lorraine Daston, author of Objectivity
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PREFACE

For me it began with The Very Hungry Caterpillar. My mother would turn its thick pages ever so slowly, seducing my imagination. What will come next? It seemed like make-believe. This turning into that?? It made no sense.

Later, like many other kids, I kept a “pet” caterpillar of my own, diligently feeding it with plants and watching it grow. One morning, sure enough, it disappeared into a golden chrysalis. Holding my breath, I’d stay awake into the small hours of the night with a flashlight strapped to my forehead and a little black notebook to scribble down observations. A sparkling blue butterfly appeared one afternoon, casually perched on a leaf as if nothing special had happened. But my heart was racing. The tips of my ears went warm. And I laughed uncontrollably with the purest feelings of joy.

Forty years passed. I traveled, wrote books, fell in love, became a parent. On special nights, my mother would read The Very Hungry Caterpillar to my own two little kids. Then one morning, a good number of years after my second child’s birth, my wife emerged from the shower holding a white stick with two pink lines on it. And suddenly, night after night, the blue butterfly from my childhood aquarium came back to me in my dreams.

Whether or not you’ve had kids before, to become a parent in late middle age is special. It makes you newly aware of the so-called cycle of life. More and more, I began to feel that it was getting hard to separate my personal and professional lives. I had spent a career thinking about the ideas of Charles Darwin, and the first thing my teachers taught me was that with no foresight, or plan of action, life drifts like a speck of pollen in the wind. And yet, every life-form has a beginning, an end, and a middle. An acorn becomes an oak tree, a tiny tadpole a leaping frog. Are our human lives also a kind of unfurling, a kind of working out of a preordained path?

An amalgam of two Greek words, metamorphosis means “transformation” or “transforming.” But the biological definition of metamorphosis—radical post-embryonic development—is actually arbitrary, a matter of convention. How “radical” does change have to be to be considered “metamorphic,” and who gets to decide? We may not turn from caterpillars into butterflies, but most of us would agree that we undergo pretty dramatic post-embryonic development. Creatures are said to be either metamorphic or not, but in reality they lie on a continuum. Having evolved from an ancient progenitor of jellyfish, in our own special way, we too metamorphose.

There was little chance of our not noticing. Moons sliver, seeds sprout, empires rise and crumble. Everything in the world around us, including our bodies, is in flux. And yet as witnesses to change, we have been and remain ambivalent: We cheer the flowering bud but mourn the rotting fruit. We search for our younger selves in mirrors while praising the wisdom that comes with wrinkles. Carried by hopes and shackled by memories, we struggle to live in the moment. Perhaps this is why in so many cultures, we’ve imagined ourselves with the following metaphors: earth molded and remolded, flowing rivers, passing shadows, falling leaves. Many things change us: ideas, travels, dreams. But nothing more than the people who depart from us, and the ones we bring to life.

“How many creatures walking on this earth / Have their first being in another form?” the Roman poet Ovid asked two thousand years ago. He could not have known the full extent of the truth. That creatures transform ran counter to Aristotelian science. It was considered a heresy by many even in Darwin’s day. Yet according to current estimates, nearly three-quarters of all animal species on Earth undergo a form of metamorphosis.

Consider the spadefoot toad.

 Named for the spades on its hindfeet that it uses to dig itself into the soil of the arid Sonoran Desert, this toad, which is really a frog,1 is a burrowing animal, and it bleats like a goat. Every summer, after weeks of intensive feeding, it disappears underground. It will remain there, as still as a rock, protected by the earth’s moisture. It’s emergence, after ten whole months, was the inspiration for what to my mind is one of the most perfect descriptions in the English language, penned by George Orwell:


Something—some kind of shudder in the earth, or perhaps merely a rise of a few degrees in the temperature—has told him it is time to wake up. . . . At this period, after his long fast, the toad has a very spiritual look, like a strict Anglo-Catholic towards the end of Lent. His movements are languid but purposeful, his body is shrunken, and by contrast his eyes look abnormally large. This allows one to notice, what one might not at any other time, that a toad has about the most beautiful eye of any living creature. It is like gold, or more exactly it is like the golden-coloured semi-precious stone which one sometimes sees in signet rings, and which I think is called chrysoberyl.



It is enough to take one’s breath away. And yet the really astonishing drama of the toad’s life has already taken place. In the process of turning from a tadpole into an adult, the spadefoot toad switched from breathing underwater to breathing air on land. It exchanged aquatic for terrestrial locomotion, a diet of plants and tiny water bugs for flies, crickets, and earthworms. The toad’s skin had to adapt to life above water, and to the sun and winds and rains. Gills became lungs. It grew a new cardiovascular system, to carry hemoglobin, and a new immune system, since dangers that lurk underwater are quite different from those that prowl on land. New color patterns invaded the skin, to make terrestrial camouflage possible. The throat was recut, in sync with new chest muscles, to allow females and males to breathe above water, but also to call each other to mate. Front and back legs grew internally, then popped out spontaneously. The tail was absorbed into the body, the gut was shortened, heart arteries newly tooled, the eyes reformed into the gems that enchanted Orwell. A tiny tadpole brain was rewired and encased in a bony cranium. There was massive destruction of tissues and organs. Cell death. Regeneration. Genetic reprogramming. Anatomical remolding. And all this in a matter of weeks.

Metamorphosis is wild. And it poses a tough evolutionary question: Why in the world all this wasted energy and time? Prick a pupa with a pin and watch an oozing sludge trickle down; the entombed caterpillar has dissolved into goo in order to rebuild itself virtually from scratch. To emerge a butterfly, a brand new brain and wings and eyes and legs and mouthparts will have to be constructed. What problem is nature trying to solve by using this excruciating, inelegant mechanism? Why has nature invented something that makes life-forms so vulnerable? The whole thing seems mad.

As I imagined our baby developing, I knew she, too, would undergo dramatic changes. The first cleavage into two, four, eight—and by day four, sixteen cells, a microscopic speck. A neural tube forming. A tiny heartbeat appearing, bones and little fingers emerging, as if from thin air. In the coming weeks the embryo would begin to gain the features of a human, turning into a fetus and beginning to blink. Brain cells would wire like crisscrossing speed skaters at a dizzying clip. And then, when the time was right, a marvel: Having exchanged gases in the womb through my wife Yaeli’s placenta, our baby would expel the water inside her lungs, and breathe air for the very first time. Slowly, over the fourth trimester, she’d begin to focus her eyes. And one day she’d look at us and smile.

The blue butterfly appeared in my dreams for a reason. Few experiences are as life-changing as bringing a kid to the world, and fewer wonders more exhilarating than the natural magic of metamorphosis. Both mark beginnings, but are, in fact, continuations. Both, in different ways, are also forms of endings. And both make us wonder about the riddles of our world.

And so I decided to write a book about metamorphosis. Not a biological textbook, or a philosophical treatise, or even a straightforward history of science. It would be a meditation, of a father-to-be. I was curious to uncover the scientific story of metamorphosis, which I was astonished to learn had not really been told. But again and again, the human themes kept emerging. The science and philosophy and art of transformation seemed hopelessly entangled. In different ways all asked similar questions: What is an individual? Why must we struggle to change? Does the life cycle take us forward, or backward, or are we just standing in place?

Metamorphosis: A Natural and Human History attempts to address these questions. At its heart are two mysteries. First, what is metamorphosis, how does it work, and why does it exist? These are scientific questions whose solution we have been slow to discover. Already the ancients recognized the puzzle. And gradually, from mayflies flitting above lazy spring rivers to anchored sea squirts in frigid ocean depths, the life cycles of countless creatures were described over the centuries. In kissing bugs and immortal jellyfish, the last one hundred years have uncovered hormones controlling metamorphosis, and in the past decades, the genes behind them have been discovered and their pathways mapped. The experiments have been dazzling, matched only by the colorful scientists behind them—from an Englishman who decapitates insects, to a Japanese man who sings karaoke to baby jellyfish, to Sigmund Freud searching in vain for eel testicles, and all the way to the ancients, searching for the origins of life in cheese. Still, metamorphosis remains elusive. There are parts of the story that may forever remain unknown.

The second mystery of this book is about the meaning of metamorphosis for us humans, the questions we perennially ask ourselves about transformation and change. As a cultural preoccupation metamorphosis has attracted the attention of wordsmiths from Orwell to Ovid, philosophers from Plato to Parfit, and followers of every god or son of god from Jupiter to Jesus to Jagannath. In modern times it’s spawned plays like Peter Pan, inspired music by Strauss and paintings by Dalí and children’s books like Pinocchio, to name but a few. Alongside being a gateway into biology, metamorphosis in a more lyrical sense is a portal into our innermost obsessions. Why we yearn to grow but are also afraid of it. What it feels like to be ourselves. How it’s possible that we remain the same while changing all the while.

We do science for practical reasons, like better medicines and weather forecasts and more efficient agriculture, and electronics. Often we do it to find “truth.” But we also engage in science to encounter metaphors that help explain life to us. And as creatures that grow, adapt, and remember, metamorphosis is a puzzle that speaks to us in a very personal way. Sometimes, when we look at ourselves closely, we disband, like a caterpillar in a chrysalis. Just as often, when we look to our past, we say: “I was a different person then.” But on most days we feel like ourselves, despite the fact that we’re constantly changing. And so it means something to us to learn that grown butterflies have memories from the time they were caterpillars. It means something that starfish can exist as two separate, different selves. What identity is will probably forever remain a secret to us. But each of us will spend a lifetime trying to figure it out.

Metamorphosis: A Natural and Human History is divided into three parts. Part 1 hearkens back to thinkers who began to unravel the mystery of reproduction and growth. The story begins with Aristotle and moves through dramatic breakthroughs in the second half of the seventeenth century, including the discovery of the very ingredients that give rise to life. Many men appear in the tale, but its central figure is the artist and naturalist Maria Sibylla Merian, sometimes referred to as the first ecologist. In a world struggling to come to terms with the place of Man—and Woman—in God’s universe, Merian’s life is a performance of the period’s emblematic question: Where do we come from?

Part 2 picks up the story in the nineteenth century and the era of Darwin. With the birth of evolutionary theory, it now became possible to interrogate life in a completely new way. No longer perfect creatures, finished by the hand of God, species were now seen to be in a state of constant flux. And as scientists unraveled their deep histories, they also began to imagine a better future. Turning evolution into a theory of everything, they applied it to sex and race and morality. One such scientist was a brash and brilliant man named Ernst Haeckel, a zoologist, marine biologist, philosopher, and artist. Trying to overcome a great tragedy, Haeckel created a new religion, and came to believe that, because he knew where we came from, he could answer the question Where are we are going?

Today we can manipulate genes to control metamorphosis, and new imaging technologies allow us to peer into a chrysalis and see how a butterfly is constructed from goo. Emboldened by these powers, many believe the views of ancient Greeks, early-modern Christians, and nineteenth-century romantics can be safely consigned to the past. But anchoring Part 3 is an extraordinary husband-and-wife couple, who are using the tools of modern biology to hearken back to an ancient belief. Lynn Riddiford and James (Jim) Truman have devoted their lives to uncovering the molecular pathways of metamorphosis, showing how genes and hormones and nerves shape bodies and behaviors. They add mesmerizing detail to our biological understanding, but also expose its limits. Can science provide answers to our most intimate questions? Riddiford and Truman provide the theme of this book in its final trimester: What is the self?

In the dramatic episodes that follow, the story goes back and forth between conventional and imaginative biography, natural creatures and intellectual history, science and philosophy and art. A spirit of loose-jointedness blows through the book to reflect the way I experienced writing it, circling around my chosen subjects and the questions they studied with the uncertainty of a fellow curious heart. I tried to sketch the debates they inherited, and to make myself live within those intellectual and spiritual confines. I circled around my protagonists again, and again, trying to get inside their heads, even adopting their language. Along the way, in a spirit of camaraderie, I recorded my own moments of wonderment.

As I awaited becoming a father for the third time, the questions posed by metamorphosis enveloped me: Where do we come from? Where are we going? What is the self? With the help of my companions, I saw how these questions were echoed in the history of science. For me this particular journey ends with Sol, our third baby. But I’d be delighted if readers felt inspired to continue the journey for themselves.

_____________

1    Generally speaking, frogs have long legs and smooth skins covered in mucus, whereas toads have shorter legs and rougher, thicker skins. Toads generally lay their eggs in long strands, whereas frogs lay theirs in a cluster, like grapes or tapioca. Most frogs have vertical pupils, whereas pupils of true toads are horizontal. But for everything just mentioned, there are also exceptions.




PART ONE

WHERE DO WE COME FROM?




1.

SURINAM

It was so hot, she thought she might faint. The previous night, a hole in the netting stretched around her bed had allowed mosquitos to gain access, and they’d kept her up until dawn. She was tired, and covered in bites. But she was preparing for a deeper journey into the jungle.

She’d already learned: Traditional methods didn’t work here, where she could not know whether to look down to avoid tripping on furious tree roots, or look up to avoid a giant boa constrictor falling from the forest canopy onto her head. For over thirty years she’d perfected the method: Find a caterpillar, note and collect its food plant, put it in a box, make sure it was comfortable and feed it, then wait to see what happens. Keep on doing it, time after time, until you discover the pattern of things: which egg turns into which caterpillar, which feasts on which plant before spinning a cocoon or building a chrysalis.2 If the pupa produced parasitic flies or wasps, draw them and their cocoons and their larvae. By meticulously following this regimen, she’d gained a name for herself, producing her first publication on insects in 1679, a quarto titled The Wondrous Transformation and Particular Food Plants of Caterpillars, and a sequel four years later. But now she was in a far-off land just above the equator, a land of red peppers and papayas, palm-sized tufts of fluff that “looked like dandelions,” venomous forest pit vipers, fifty-meter trees necklaced with coconuts, rivers full of hungry schools of piranhas. The scale was unimaginable, the vegetation as dense as it was lush, and however much she tried to obstruct them, wood lice would not stop falling down her blouse. Running after a butterfly here, she thought, was nothing like simply holding out a finger near a flower at the botanical gardens back home in Europe. Still, she wasn’t going to sail upriver for naught.

Packed with sugarcane fields on the northeast shoulder of South America, Surinam (known today as Suriname) had been fought over for years, until the English traded it to the Dutch for Manhattan in 1667. One share now belonged to the city of Amsterdam, another to the Dutch West India Company, and a third to Cornelis van Sommelsdijck, who became its first governor in 1683 only to be brutally murdered by his own mutinous garrison five years later. Sir Walter Raleigh had traveled to this “indescribably bewtiful” tropical paradise, as he called it, losing a son there, and following him, so did the politician George Warren. The landscape, the latter wrote, was “high, and mountainous, having plain Fields of a vast Extent, here and there beautified with small Groves, like Islands in a Green Sea; amongst whose still flourishing Trees, ’tis incomparably pleasant to consider the delightful Handy-works of Nature.” There were silver-beaked tanagers in this land, and anteaters and crocodiles, even the much-coveted exotic European rarity, the pineapple. Warren invited brave souls to seize the economic opportunities, along with the scantily clad Amerindian girls. The most daring, like Raleigh, had hoped to find gold in the mythical city of El Dorado. But Maria Sibylla Merian, fifty-two years old, had other plans. She had come to investigate the butterflies.

Maria and her daughter Dorothea arrived in the capital, Paramaribo, in August 1699, settling into one of the five-hundred-odd wooden houses, one with a small garden. This they used to grow plants collected in the forest just beyond the settlement, with its protective fort and cannon. Some they recognized, like the costus, with its bright-red, pinecone-like, fleshy leaves and delicate, tapering, white flowers, others remained unknown; not even the locals, Maria noted, were “able to tell me its name or properties.” There were few amenities in the house, still fewer physical comforts. But as the weeks and months passed, life settled into a tropical rhythm, the sun bouncing off the crushed seashell–paved streets, the patter of rain punctuating early evenings and dawns.

Now, in the spring of 1700, she and Dorothea were about to set out by river ferry, then canoe, to the farthest outpost in the jungle. The tiny colony of La Providence had been built by a community of Labadists, followers of the French-born Protestant religious leader and pietist Jean de Labadie. As it happens, Labadie’s wife had been the sister of the murdered governor, Cornelis van Sommelsdijck. When de Labadie died in 1674, his followers, including three of the governor’s daughters, set up an egalitarian monastic community in the van Sommelsdijcks’ stately home—Waltha Castle—in Wiuwert, Friesland. Maria and her mother and daughters had been part of this community. Although it didn’t last, two of the governor’s daughters decided to establish another Labadist settlement, this time in the New World. Paddling into the farthest reaches of the Surinam rainforest, they hoped to find God in La Providence.

Maria knew Surinam was as cruel as it was beautiful. Over 90 percent of its inhabitants were slaves, and the colonists treated them like dirt. The Amerindian women told her how they’d drink peacock flower seeds to induce abortions after having been raped by white men. In the book that would eventually come, The Metamorphosis of the Insects of Surinam, she illustrated the peacock flower and wrote beside it: “Indeed they even kill themselves on account of the usual harsh treatment meted out to them; for they consider that they will be born again with their friends in a free state in their own country, so they told me themselves.” But even Maria could not escape the structural injustice. In an inhumane system, the best she could do was make a modest plea for a modicum of humanity.

Passing leopard-spotted stingrays buried in the muddy river bottom and spectacled caimans patrolling the banks, Maria and Dorothea’s ferry reached Cassipora Creek, where slave-owning Jews, themselves refugees as well as colonists, had built Bracha v’ Shalom (Blessing and Peace), one of the earliest synagogues in the Americas. Next came the Hernandez Plantation, then the Castilho Plantation, then there suddenly it was, La Providence. Maria had been forewarned: Some years earlier a large group of slaves had broken away from here, escaping their brutal treatment by the pietists. Women and children scrambled across the river, heading south, away from the ocean, joining other “maroons” in the jungle depths. There was always a danger the settlement might be attacked, to pillage guns or rescue relatives. Even in Surinam, La Providence had a vicious name.

The reunion with the remaining Labadists—“the satellite of a vanished planet, orbiting around emptiness,” as Merian’s modern biographer Kim Todd put it—must have been awkward. “Did they find the flame of belief hard to keep lit here in the understory,” she asks, “where tests would come in the form of deadly disease rather than a coat with shiny buttons? How many times did they have to shield their Bibles from wood ants? So many of the others had given up and gone back home.” And what did Maria make of this, among members of a group to which she once belonged, sitting down for supper meals undoubtedly punctuated by awkward silence? Having left behind her, besides her published books and work journals, only eighteen rather unrevealing letters, we will never know.

Still, Maria had business to attend to. Already she’d discovered that the wings of the Menelaus blue morpho butterfly—which she described as “polished silver overlaid with the loveliest ultramarine, green and purple. . . . Its beauty cannot be rendered with the paint-brush”—looked like roof tiles under a magnifying glass. That vine sphinx moth caterpillars ate “voraciously,” and that the legs of the flag-footed bug fell off when she touched them, no matter how carefully. She was observing so closely that she was already able to refute a pronouncement of the great microscope man from Delft, Antonie van Leeuwenhoek, on the existence of eyes on the bodies of caterpillars (they didn’t really exist). But her appetite could not be satisfied, and she pushed ever farther into the jungle.

“The forest grew together so closely with thistles and thorns,” she wrote of her excursions beyond La Providence, “I sent slaves with hatches ahead, so that they chopped an opening for me, in order to go through to some extent.” Here, virtually all the plants were unknown to her, and most of the insects were complete novelties. There were ants that made bridges with their bodies, she wrote, and others that “can eat whole trees bare as a broom handle in a single night.” Hairy tarantulas sucked blood out of hummingbirds. Giant water bugs devoured frogs, and snakes burrowed through cassavas to lay their eggs inside. There were strangler vines, and buttress roots, and cactus sprouts, and tiny worms and spiders and geckos, all entangled. Doing her best under the circumstances, she sketched each of these in her notebook, always life-size, always depicted within its habitat. Later, safely back home, she’d carefully etch a copperplate engraving, run it through the press to create a partial print, and when that print was still wet, transfer a reverse image unto vellum. Then she’d unfurl her wooden brushes, take out her gum arabic, and begin painting in watercolor by hand.

In La Providence, Maria recorded an enigma that had puzzled her for months. Back in Paramaribo, she and her lady servants were woken up in the middle of the night: A loud chirp echoed in the house. Following the noise to its origin, they found a box, and upon opening it, as Maria records, “a fiery flame came out.” They jumped back in fright. It was the bulging, alligator-like heads of the lanternflies in the box that had lit up, she thought, a sight like no other. But where had the lanternflies come from? It was almost impossible to catch a young lanternfly to chart its metamorphosis; they were silent, cryptic, nocturnal, and rare. But Maria had captured a little immature green beetle, a cicada, whose wings seemed to grow slightly larger with each molt, and who made a sound “like a lyre.” The local women told her that this insect was the “mother” of the lanternfly, but could Maria be sure? In bed, in the hinterland of La Providence, she heard the distant chirp in the darkness, and wondered.

___________

2    Butterflies build a chrysalis, which is a naked pupa and comes from the Greek word for “gold.” Moths, on the other hand, spin a protective silk enclosure around their pupa, called a cocoon, which is from the Old French word coque, meaning “shell.”




2.

CICADA

There was no way Maria Sibylla Merian could have guessed, but cicadas have nothing to do with lanternflies, and have been chirping away before the dinosaurs arrived, besides. They have continued to chirp through five mass extinctions and five ice ages. Appropriately enough, they happen to be one of the planet’s slowest maturing creatures.

In the famous mariachi song “La Cigarra” (“The Cicada”) by Raymundo Pérez y Soto, cicadas are romanticized as creatures that sing until their death. Another Latin American tune, recorded by Mercedes Sosa, “Como La Cigarra,” hails the cicada as a symbol of defiance, inspiration for eternal survival. The Greeks seemed to have grasped this double nature, already in the times of Homer: In the Hymn to Aphrodite, Eos, the goddess of the dawn, begs Zeus to make her lover immortal. Zeus grants her wish, but she forgets to ask that he also become ageless. The lover grows old and never dies, shriveling and shrinking, until he turns into the world’s first cicada.

Still, the ancient Greeks called them the “love of the muses,” the “sweet prophet of summer,” and likened them to gods. Athenian ladies wore gold cicadas in their hair as ornaments, and they were kept in cages, like pet birds. A toy cicada sitting on a harp was an emblem of the science of music, and while the acerbic Homer compared them to garrulous old men, Antipater preferred the notes of the cicada to the swan’s:


The Muses love thy shrilly tone

Apollo calls thee all his own

’Twas he who gave that voice to thee

’Tis he who tunes thy minstrelsy.3



 Cicadas accompanied humans through their joys and sorrows, and many cultures developed unique traditions involving them. In Suriname, as reported two centuries after Merian in the American Naturalist by the medical doctor F. C. Clark, young boys fasten straws to cicadas and run with them through the streets.

Where do cicadas fit in nature’s economy of change? A minority of insects, like silverfish and bristletails (and also earthworms and lice), undergo no metamorphosis at all. They are called ametabolous, and once they hatch from their eggs they sport all their necessary body parts and simply grow larger with every molt. Cicadas, on the other hand, experience something more dramatic. At their final molt, to finally become true adults, they sprout sex organs and true wings that will allow them to take to the skies and find a mate.

There are two major cicada clans: a small offshoot in Australia and Tasmania—including the Australian greengrocer, one of the loudest insects in the world—and all the rest, three thousand species strong, strewn across the planet. Only Antarctica is innocent of this seemingly carefree insect. Today we know that there are fully fifteen species from nine genera, three tribes, and two subfamilies of cicadas living in Suriname; the one Maria ended up painting is known by its Linnean name, Fidicina mannifera. A cicada is a rather unusual-looking creature. Its compound eyes, placed far apart from each other on either side of two small antennae, give it a strangely earnest gaze, like an extraterrestrial’s, or—if you look at it long enough—a vacuous one, like a cow’s.

Cicadas come in all sizes. Some species, like the empress cicada, are huge, with a wingspan of eight inches, others are smaller than a dime. And humans have put them to many uses: to forecast the weather, as medicine, or money; as delicious meals, especially as grubs, deep fried in Shandong cuisine. Their many species are colloquially known by names like black prince, double drummer, and whiskey drinker, which makes sense when you recall that in Hesiod’s Shield they are mentioned as those who sing when the millet ripens. Chirping in a chorus of males up to 100 dB high, a cacophony equivalent to a power lawn mower or garbage truck, cicadas can bring about permanent hearing loss if you get too close for too long.

The surface of their wings are a fortress. Covered by tiny, waxy spikes, they repel water and rip open the membranes of bacteria, making cicada wing surfaces the world’s first-discovered bacteria-killing biomaterial. No less incredible are the rubbery structures that allow for singing: a pair of tymbals straddle the abdomen on each side like a saddle. Rapid alternate flexing and relaxation of the stomach muscles buckles and unbuckles these bells, producing the cicada’s music. Males of some species have almost entirely hollowed out abdomens, which act as sound boxes; others use their tracheae as resonance chambers to amplify their song. Some rub their wings over a series of ridges on their thorax to add a further chorus line. Singing is everything in the world of cicadas. And each species has its own love melody to bring on mating.

What are called annual cicadas appear each season, usually in the late spring or early summer, when temperatures in the shallow soil reach about 64 degrees Fahrenheit. It’s then that their nymphs emerge, having lived for some time at depths down to eight feet in the ground. In annual cicadas, the life cycles of these nymphs vary from two to ten years, but they don’t all mature at once, so only a fraction appear each year. Periodical cicadas are a different story. These species—of which there are seven in North America—gradually develop to full sexual maturity over five molts, reaching the  line together every thirteen or seventeen years, depending on the species. Then, like an army of synchronized swimmers gone mad, they break through the soil all at once, as many as a million and a half individuals per acre, all of them looking for a branch or trunk on which to molt one final time.

During the previous molts the tiny threads securing the creature’s skin to its outermost layer, or cuticle, detached, and the gap was filled with a gel. Increased cell division created folds in the surface of the skin that allowed it to expand like an accordion. The skin built a new cuticle while the gel absorbed the old one, and as air filled the gap, the insect stepped out of its exoskeleton, a perfect copy of its former self, only larger. A waxy layer then coated its expanding skin all over again, and the new cuticle hardened, like an armor. This was a ritual experienced five times underground, in total darkness.

If you’ve ever neared a tree that hosted cicadas, you’ll have seen the empty husks, called exuviae, littering the trunk, clinging eerily to the bark, like ghosts. Until you really get close to them, you think they’re alive, which explains why the Chinese use the phrase “to shed the golden cicada” when they speak of fooling one’s enemy by using a decoy. Clawing out of them, allowing their new form to harden and darken from its teneral shade of white, the cicadas assume the final stage of their life cycle. In the next three weeks, males will sing, females will click, and sex will be had. Females will proceed to cut slits in the bark of twigs and carefully deposit hundreds of fertilized eggs. And all will then die in great numbers.

The torch has been passed to the next generation. Within four to six weeks, the eggs will hatch, and baby nymphs will drop to the ground, where they’ll burrow into the soil. Feeding on the xylem sap of the roots of the trees where they were conceived, they’ll begin the cycle of slow molts and growth underground. After thirteen or seventeen years, when the temperature of the soil reaches exactly 17 degrees Celsius, they’ll perform their synchronized breakout. Then they’ll sing, have sex, and expire, and the cycle will start again.

Why, as the medical doctor Clark wrote in 1875, does the seventeen-year species “take his leave, and testifies with his lingering life, a glad song which grows feebler and feebler, till finally it dies away sadly but beautiful like the summer he carries with him?” Why the excruciatingly slow maturation, the frenzy of singing and mating, followed by swift death? Both Benjamin Franklin and Thomas Jefferson pondered the question, the latter remarking that the appearance every seventeen years reminded him of great locust years at Monticello. The Swedish taxonomist Carl Linnaeus gave the apt name Magicicada septendecim to a specimen he’d been gifted. But why seventeen? How weird. No one knew the answer.

Today, different theories abound. Periodical cicadas emerge every thirteen or seventeen years, one goes, since no predator exists who could possibly depend on such a diet. Another, to the contrary, speaks of “predator satiation survival strategy”: If massive volumes of cicada emerge all at once, those creatures who feed on them will have their fill, ensuring that the rest of the cicadas survive. Yet a third explanation harnesses mathematics, and the wiliness of prime numbers: emerging every thirteen or seventeen years was an adaptation devised in between ice ages in the Pleistocene, to prevent broods of cicada with different cycles from hybridizing when natural selection was working on them very strongly. Later, the magic of prime numbers would be co-opted to prevent potential predators from receiving periodic cicada protein boosts by synchronizing their own generation cycles to devisors of the cicada’s time of emergence.

Maria Sibylla Merian knew none of this, and, inevitably, she sometimes made mistakes. One of the gravest of these had to do with the cicada. Unable to work out the life cycle of lanternflies, when she finally painted them she included the “mother” the locals had mentioned to her, in between the lanternfly and the cicada. There was no way she could have witnessed this, because cicadas are unrelated to lanternflies and don’t give rise to them. To make matters worse, modern biologists now know that lanternflies don’t emit light from their heads at all. So what was the “fiery flame” that had scared Maria and her women servants in the middle of the night? Kim Todd suggests that Maria glimpsed fireflies trapped in the box, or dead lanternflies whose heads harbored bioluminescent fungi. Her mistake may be forgiven: Young lanternflies bear a resemblance to cicadas. In fact, the spotted lanternfly is still referred to in the East as “chu-ki,” or the spot clothing wax cicada. It would take two hundred years for naturalists to dispel the myth.


[image: Black and white illustration of lanternfly and cicada on a pomegranate branch with leaves and flowers.]


Maria Sibylla Merian, Branch of pomegranate with lanternfly and cicada, 1702–3, Royal Collection Trust.



Imagining all this, I start to wonder: Who was this fifty-two-year-old, seventeenth-century white woman, walking behind Black slaves hacking through the jungle with sketchbooks and butterfly nets and insect boxes and hidden dreams? Where had she come from? Her arrival must have seemed as mysterious to the locals as the appearance of millions of cicadas every season is to us. In fact, to understand Merian and her cicada, we need to go back thousands of years—to the ancient mystery of where life comes from.

And to the world’s first biologist, Aristotle.

___________

3    Translated by the nineteenth-century Irish poet Thomas Moore.




3.

ARISTOTLE

I remember the giggles in class: My eighth grade teacher told us that Aristotle thought women had fewer teeth than men, apparently not having considered asking his wife to open her mouth. Actually, the man whom Bertrand Russell called the first to write like a professor got a lot more wrong from our perspective. He confused the functions of heart and brain, claimed that heavier objects fall faster to earth than lighter ones, and imbued cucumbers with “souls.” After centuries during which Aristotle dominated Western thought, the Scientific Revolution and its heroes came to reject many of his teachings. Yet we owe more to Aristotle than we can imagine. Perhaps his greatest legacy was the choice to look closely at the things of this world rather than searching for truth, like his teacher Plato, in the realm of pure ideas. Taxonomy was born from this empirical disposition, and with it the beginnings of a scientific method. It all began in a resplendent lagoon on the island of Lesbos, where Aristotle opened his eyes to examine (mainly) sea creatures. We have the cuttlefish and the periwinkle to thank for the fortuitous descent from the world of Forms.

But Aristotle also looked at insects. And more than any other creatures, they threatened to drive him mad. After all, had anyone ever seen where flies or bees came from? They seemed to appear from thin air. In his book Generation of Animals, Aristotle claimed that wherever there are two sexes, it’s the male who provides the shape of the offspring; the female, on the other hand, just provides the matter. In humans this meant that sperm carried with it everything that really mattered—the very essence of a being, its “form and knowledge,” or “soul.” The menstrual blood, on the other hand, was just there to be molded: Shortly after it combined with the male ejaculate, Aristotle thought, following Hippocrates, a heart was born in the womb, signaling new life.

How did sperm do all this? Aristotle claimed it brought with it a Pneuma, or breath. This was a kind of heat, or energy—Aristotle called it dynamis, which literally means “capability” or “power”—as opposed to something material. Just as a carpenter gives shape to a piece of wood without himself adding any matter, so male semen brought order to the chaotic matter provided by the “female semen,” whose main attribute was that it had the potential to be sculpted, a process Aristotle called “fetation.” Today we know there’s no such thing as “female semen,” and we distinguish between the various parts of the process—conception, reproduction, and development. But “generation” was the single term Aristotle used for all three. Once the semen met, the rest unfolded. In some places he likened it to cooking, or the way fig juice was known to curdle milk. That was the explanation for why sex was necessary. It was the act that sparked the process that gave shape to life.

Except that there was a problem. Some creatures, including eels but also most insects, were never seen having sex. Supposing they never copulated, how could these creatures receive a Pneuma from a father? How could they ever take form? Aristotle’s answer was: metamorphosis.

It was all about perfection. A creature that gave rise to something that looked and behaved like itself was “perfect,” or “finished.” Besides growing bigger, the new creature had no further reason to change. By contrast, a creature that was generated without sex always had an essence, or Eidos, different from its parent’s. It would need to change from the incomplete or “imperfect” form of the larva4 to the complete or “perfect” form of the adult. Before such a creature could become like its parent, it had to gain a new essence, to literally transform.

And so Aristotle created a hierarchy, based on whether and how creatures bred true. He placed humans at the top above mammals—both produced live babies just like themselves, he thought, without the need for an egg. Below them on the scale of perfection came creatures that produce live young with eggs retained in their bodies, like some fish and frogs. Then came those who produce “perfect” eggs outside their bodies, which stay the same size until they hatch, like reptiles and birds. Below them were cephalopods and crustaceans, copulating creatures whose “imperfect” eggs actually grow outside the body. And finally, at the very bottom, came insects, or at least most of them, which produced wormy larvae without any trace of ever having had sex. Such larvae, Aristotle wrote, were actually “soft eggs,” and “imperfect”; if they survived they would harden into a pupa,5 which was like a “perfect” egg of a hen. And if that survived, having finally found its form through the direct workings of air and heat and a suspiciously semen-like “foamy” moisture, the creature could turn into an adult.

Aristotle wanted it made clear: There was an analogy between sexual and spontaneous generation, but never quite an identity. And though he wasn’t at all known for his modesty, the mysterious way in which formless material within an egg turns into an animal seemed to him “no small puzzle.” Just as in plants, insects presented countless exceptions. But in the future tug-of-war between the doctrine of preformation, which held that a preexisting template imposed form on the materials of the developing embryo, and the doctrine of epigenesis, which held that the materials somehow self-assembled, Aristotle held tight to both ends of the stick: The creation of form was a meeting of matter with action, and took place gradually from within. But always there needed to be an external breath, the Pneuma. Life couldn’t come into being without an initial spark.

This was all well and good, except that Aristotle had noticed that some insects actually behaved more like birds: Rather than first producing “soft eggs” in the form of caterpillars or maggots, they produced “perfect eggs” that hatched smaller versions of themselves. These were the copulating insects, with the same name and nature as themselves, and they included locusts, spiders, wasps, ants, and . . . cicadas. Never mind that Aristotle was wrong about wasps and ants; locusts, spiders, and cicadas (and also crickets, cockroaches, and earwigs) do, in fact, belong to a group of insects that look like smaller versions of themselves when they’re born and grow from molt to molt until they finally sprout functioning wings and sex organs. Aristotle was certain that these insects don’t metamorphose, since they were “complete” already, with the same essence, or Eidos, as their parents. We now call them hemimetabolous insects and refer to their transformation as “incomplete metamorphosis,” a bit confusingly. The holometabolous insects whose transformation we refer to as “complete metamorphosis,” on the other hand—like wasps, ants, silkworms, bees, beetles, and butterflies—are Aristotle’s “imperfect” insects, the ones appearing spontaneously, without parents, or sex.

But wait. Aristotle actually saw butterflies mate. He saw gnats and mosquitoes mate, and even snails mate, too. We know this because he told us. Yet he insisted on claiming that they were “imperfect” for having no mothers and fathers. What looked like mating was just playing, he argued, what looked like fertilized eggs were nothing of the kind. As in the case of women’s teeth, Aristotle seems to have been blinded by his own theories. How did the great philosopher commit such a blunder?

One answer is that he had been trained to mistrust his senses. The idea that appearances could deceive was stamped into Aristotle’s culture. Ancient Greeks would tell their children the story of how the Titan Prometheus made humans from clay, but unlike the story most of us know, theirs had a twist. When Prometheus decided to sculpt the form of Truth (Aletheia in Greek) in order to keep humans honest, he was called away by the mighty Zeus before he could finish and left his studio in the hands of an apprentice. The apprentice, Dolos (Trickery), fashioned a figure of the same size, but ran out of clay before he could make its feet. When Prometheus returned, he gawked unbelieving: His and Dolos’s statue were practically identical! Unable to tell the difference between the two, he put them into the kiln and infused both with the breath of life. It then became clear to him that while Truth walked with measured steps, her unfinished twin stood stuck in her tracks. The forgery acquired the name Pseudologos (Falsehood), a reminder that while lies might start off successfully, in the end Truth overtakes them. By doubting the evidence before his eyes, in favor of an elegant theory, Aristotle was doing the intellectually prudent thing.

A second answer as to why Aristotle might have blundered is that he never thought to put his ideas to the test. He certainly observed carefully and tried to proceed in a systematic way, but the idea of a controlled experiment remained foreign to him. It would take centuries for the experimental method to begin to distinguish science from other kinds of wisdom. And while we might have many ways to work out whether we can or cannot trust our senses, it seems unfair to expect Aristotle to transcend time itself.

Furthermore, the doctrine of spontaneous generation had been accepted for thousands of years and for understandable reasons. Lacking a concept for either what a species was or what constituted inheritance, it made sense for natural philosophers to believe that life could emerge from just about anywhere: worms from cheese, moths from wool, toads from ducks putrefying on a dung heap. Before Aristotle, the sixth-century BC Greek philosopher Anaximander had claimed that warm water and earth gave rise to fish, inside of which human embryos were held prisoners until puberty, upon which they’d burst out as men and women, capable of feeding themselves. Anaximenes, after him, held that all plants and animals, including humans, came from slime. And a few centuries after Aristotle, the Roman architect Vitruvius counseled that libraries should always be built to face east; otherwise, westerly and southerly bookworm-generating winds would destroy their treasures. Not until well into modern times was there any compelling reason to believe that like must necessarily give rise to like. A woman’s damp hair could spontaneously turn into snakes if the weather got warm enough. And rotting tuna could give rise to maggots, some believed, which turned into flies and then grasshoppers, before finally taking the shape of quail.

The ancient world was suffused with miraculous transformations, and thinkers gradually turned them into a science. The Roman poet Virgil counseled honey makers to bury a bull with its horns aboveground, wait for nine to thirty-two days, and cut the horns: Supposedly, bees would come flying out. Pliny the Elder wrote in his Natural History that silk moths came from the vapor on rain-fallen oak blossoms, and that sun-washed dewdrops on radish plants shrank to the size of seeds, giving rise to maggots. Like many who came after him, he would have read the works of his contemporary Ovid about dragon teeth sown in the ground turning into a ferocious army of warriors, or a huntress seduced by a god, then turned into a bear, then a constellation. Or the boy consumed by self-love, staring into a pool at his reflection, a myth that would fascinate the twentieth-century surrealist painter Salvador Dalí. Alas, the boy would not be able to part from himself, turning into a flower.

In retelling the myths of the Greeks and Romans, Ovid followed tradition. He, too, was taught the wisdom of the ancient philosophers. “All is in flux,” he writes,


Nothing retains its original form, but Nature, the goddess of all renewal, keeps altering one shape into another. Nothing at all in the world can perish, you have to believe me; things merely vary and change their appearance. What we call birth is merely becoming a different entity; what we call death is ceasing to be the same.



And so, citing facts “fully established,” Ovid spoke of frogs coming from mud and hornets from warhorses. “If you remove the branching claw of a crab . . . ,” he warned, “and bury the rest in the earth, a scorpion will shortly emerge . . . and threaten your feet with its hooked tail.”

Ovid and Aristotle and the rest of the Greeks and Romans were forgotten for a time during what used to be called the Dark Ages, but the doctrine of spontaneous generation persisted. Fishermen and shepherds, beekeepers and cheese makers, and physicians and quacks all carried on local traditions about the origins of things—and thinkers who wrote their thoughts down took pains to relay their knowledge. Augustine of Hippo, for example, a Berber who would one day become a saint, taught that sex was sinful but as unavoidable as spontaneous generation. His ideas insinuated themselves into the great seats of learning in Baghdad. And with the help of translations from Arabic into Latin, book by book, treatise by treatise, slowly the wisdom of the ancient world was recovered.

It was being elaborated on, too, expanded upon and Christianized. A German Dominican friar named Albertus Magnus systematized Aristotle’s theory of spontaneous generation by affixing it to a new cosmology. In his rendering, a plethora of creatures directly acted upon by the sun, the stars, and the planets came into being from frothy foam. Through the teachings of Albertus, and the Latin reception of the works of an Andalusian polymath known as Averroes, astrology grew in importance not only as a means of prognostication but as a tool to explain the origin of life itself. More than anyone, it was a student of Albertus, the Italian Thomas Aquinas, who brought Aristotle to the Christian world. “Perfect” and “imperfect” creatures could now be made sense of through Christian doctrine. Faith and science were beginning to merge.

All the while, ideas about inheritance remained creative. Gerald of Wales, a priest who traveled to Ireland in the twelfth century, made use of the local wives’ tale that the barnacle goose came from goose barnacles to argue for the virgin birth of Jesus. This was no theoretical matter, since fasting during Lent allowed fish eating while prohibiting fowl. Gerald of Wales thought that the barnacle goose’s form of reproduction provided a loophole to this culinary interdiction. Alas, his stroke of genius was batted down some years later by the third Pope to be called “Innocent.” Despite his name, the Pope was not convinced by the portly, poultry-loving priest.


[image: Black and white photo of a goose barnacle, a crustacean with a stalk and shell plates.]


The goose barnacle.




[image: Black and white photo of a barnacle goose standing on rocky ground with some vegetation.]


The barnacle goose.



As the age of Petrarch gave way to the age of Shakespeare and then Rembrandt, ideas about where life came from continued to evolve. People believed that the Earth once had the power to create all life-forms spontaneously, including humans, but then cooled down. Now, in its cooler state, it retained only the ability to make creatures with cold blood, or with no blood at all, like serpents, insects, and frogs. With the rediscovery of the Greek philosopher Democritus, the seventeenth century moved away from theories of generation based on heat to ones based on atoms. Even humans could be brought to life spontaneously, modern atomists believed, by the movement of these tiny particles. It may have helped that new editions of Ovid’s Metamorphoses were now being widely circulated thanks to Gutenberg’s printing press. Inspired by his tales, the imagination of the moderns began to surpass even that of the ancients.

And so, well before Aristotle and well after him, people thought that life could come from nonlife, and many other places. Considering the great philosopher and his “blunder,” perhaps it’s best to recall that for a thousand years the smartest people looking into the skies were sure there had to be epicycles to prescribe the movements of the planets. That there had to be a celestial ether. Scholars have taught us that these imaginaries were necessary to salvage the Christian dogma that Earth is at the center of the universe. When it comes to what we call truth, context always matters. And no one, not even Aristotle, lives outside their times.

It was natural for us eighth-graders to laugh at Aristotle for miscounting women’s teeth. Having grown up a little, I appreciate that the world Aristotle inhabited had different mores about what a woman and a man are all about; mores so far from those we hold today in the West that they constrained not only what he could think, but even what he could observe. Culture is so powerful a force it can deceive the senses.

But the greatest deceiver of all is Mother Nature herself.

__________

4    The larva gets its name from the Latin for “mask,” implying that a genuine nature lingers hidden within. Whether that’s true or not, the ancient etymology also links to “ghost,” or “hobgoblin,” hinting at ephemerality, intangibility, or perhaps simply mischief.

5    A pupa carried its Latin meaning into the German for “girl,” or “doll.” In English it became a “puppet,” waiting to be animated, indicating a liminal stage between immature and mature form.




4.

IMPOSTERS

Every summer you’ll see him, usually in July, fluttering about in an open field. From Spain to Armenia through Kazakhstan to Siberia, and all the way to Sichuan, the large blue butterfly (Phengaris arion) is aloft. Like symbols of nature’s beneficence, or living examples of art, they seem to flutter everywhere without a care in the world.

I didn’t know this as a child, watching them hatch in my dry aquarium, but the large blue butterfly was, and is, in serious trouble. First recorded in Britain in 1795, it has since gone extinct there, as well as in Belgium and Holland, and populations are dwindling in Denmark, Germany, and France. The UK Biodiversity Action Plan has succeeded in bringing back small numbers and so has a project in the Ordesa Valley in Aragon sponsored by UNESCO. While scientists remain unsure about why this is happening, across Europe the large blue is fighting for its life.

To stay alive the large blue uses, and has always used, a weapon, and that weapon is deception. You wouldn’t guess it to watch one flitting above a meadow of wild thyme like a flying jewel, two inches across. Look closely at one of those thyme bushes. You will see that a mother blue has laid twenty to thirty flat and semiglobular, pale blue eggs in the purple blossoms of the thyme. When the eggs hatch, tiny ocherous larva caterpillars emerge, with a lilac tinge on their sides. Until autumn they will nibble on the thyme, and like the cicada undergo several molts. At the fourth molt, they drop to the ground. Then the tiny caterpillar begins to secrete a pheromone. Before long, groups of little red ants of the species Myrmica sabuleti hesitantly come by to sniff it, picking it up and lugging it to their nest. There, in the nursery chambers, they will loyally tend to the tiny caterpillar, feeding it and cleaning it as it grows to more than one hundred times its original mass.

The large blue caterpillar has tricked the ants into believing it is one of them. Not only by the scent it makes, which perfectly mimics the scent of their own larvae, but also by means of acoustic chicanery, producing a scratch-like noise when begging for food. The noise sounds just like the one made by a larval queen, and the worker ants give it preferential treatment at the expense of their own kin. Even though it’s much larger than they are, and a different color, the growing larva of the butterfly continues to be nurtured by the ants as it builds its chrysalis, climbing out again in June with legs and wings, ready to take to the skies.

Parasitism is a fine-tuned affair. If the mimicry is not perfect, the ants become suspicious, leading to almost certain, and brutal, death. Sometimes the cover is blown when a caterpillar is found by the wrong (though closely related) species of ant. Even small deviations from protocol will end in disaster. Research in this vein has borne out something called the “queen effect”: Large blues are three times less likely to survive in a Myrmica nest if there is a queen present among them. The reason for this is that ant queens lay eggs the fate of which depends on the queen’s condition: If she dies, or otherwise leaves the nest, worker ants will groom the largest of the larvae as they transition into “virgin” queens. But if the queen is healthy, and present, she instructs the workers to neglect the growing eggs, starve and even bite them, disrupting their growth so that they emerge as workers rather than “virgin” queens that would challenge her. The large blue imposter has to be painfully attuned to its surroundings, maintaining a strict balance between mimicking the queen in the presence of workers and appearing to be a worker to avoid the wrath of the queen.

These court intrigues were far from my mind when the large blue first captured my imagination. And, before long, so too was the large blue itself. Why people lose interest in one obsession and move on to the other is often a mystery, but it just so happens that for me butterflies were replaced by Russia and Catherine the Great. For a time I read everything I could about her, dreamed about her, spoke to her, imagined myself walking, even sleeping, unnoticed by her side. Born Sophie von Anhalt-Zerbst in Prussia to
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