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Introduction



SIXTY-SIX MILLION YEARS ago, an asteroid struck the surface of a shallow sea. On impact, it tore an eighteen-mile-deep crater into the seabed. Fires engulfed 70 per cent of the Earth’s forests, giant tsunamis tore up coastlines, and a thick blanket of dust and soot clogged the air, making photosynthesis impossible for almost all plant life. Food chains collapsed and 99.9999 per cent of all living organisms died. This event was so significant to the course of life on Earth that we now use it to define the boundary between the current geological era, the Cenozoic, and the last, the Mesozoic. Since our planet’s creation, 4.5 billion years ago, there have only been four other extinction events of this magnitude, each of which left the Earth, and life on it, radically altered.


Today, we stand with both feet firmly planted inside what many scientists believe to be the Earth’s sixth mass-extinction event. The boundaries are hazy, with disagreements about when exactly this event began. However, the theories all identify our species as the cause, with extinctions now occurring up to a thousand times more frequently than in the sixty million years before humans. Accounts from the front lines of this crisis speak of forests that, having once teemed with insect and bird life, now lie deathly silent, and of three-thousand-mile oceanic dead zones – stretches of oxygen-depleted coastal waters in which next to nothing can survive. According to the United Nations, around a million species are now threatened with extinction, many within the next few decades. This bleak picture is one that has become familiar to many of us in recent years. Less familiar, however, are the stories of the species that make up these increasingly foreboding statistics.


In the seventeenth century, European naturalists often studied new species entirely apart from their contexts. This meant that when birds of paradise arrived in Amsterdam without feet – an alteration made by hunters to fit the specimens into boxes – they were presumed to be naturally footless. Similarly, Victorian taxidermists encountering the skin of a walrus for the first time had no idea that folds of excess skin were a part of that species’ form, and so stuffed it almost to bursting. Stripped of any place within a habitat or ecosystem, these animals became unreal and otherworldly. Species now arrive with us in extinction statistics and headlines similarly hewn of context – disconnected from their ecologies and histories, without us knowing what they ate and what ate them, what moved into their shells after they died, and which plants now grow out of control in their absence. Like footless birds and over-inflated walruses, they too become unreal and otherworldly, and we are left none the wiser as to what has truly been lost.


I wanted to understand what was happening to the natural world, beyond the headlines. I wanted to know what was being lost, and what the sudden absence of a species meant for the ecosystem it had vanished from. In 2019, I asked the International Union for Conservation of Nature (IUCN) – the global body that assesses the conservation status of the world’s wildlife – for a list of species that had recently gone extinct. In the spreadsheet I received from them were hundreds of entries, detailing species from all over the world. But eleven entries stood out to me. Each was a species that had been declared extinct within the twenty-first century; however, each had also been seen alive at some point during the period of time between 1 January 2000 and the date of its extinction. These were species which, having lived and died in the last two decades, were undeniably of our time – twenty-first-century extinctions.


I immediately began researching the stories of these species. Soon, the spreadsheet the IUCN had sent me – whose spartan columns listed for each species only the common name, scientific name, date of last sighting, and extinction date – came alive with detail. There was the little brown bat, so small it could easily fit in an egg cup, and the rat that lived on a tiny coral cay in the middle of the ocean. The slow plodding footsteps of giant tortoises echoed through my mind as I stared for hours at photographs of beautiful but impossibly minute snails. I listened to the songs of long-lost birds over and over again and, in museum collections, I gingerly held the first collected specimens of species in my hands. Speaking with the biologists, ecologists, and conservationists who had studied and tried to save these species, I learned of the extraordinary passion and ingenuity of the people attempting to hold back the rising tide of extinction. And gradually, over the next few years, this research became the book you are holding today.


By necessity, this account of extinction in the twenty-first century is far from complete. For every species that has been declared extinct by the IUCN, there are many more waiting to be assessed. This is partly because, when a species vanishes, the IUCN allows a grace period of several years before it is formally declared extinct to ensure it really has gone. It’s also because, like almost all conservation bodies, the IUCN is severely under-resourced, especially considering its mammoth task. As a result, there is a long queue of vanished species waiting to be assessed. And those are just the species that we know about. There are an estimated 8.7 million plant, fungi, and animal species living on Earth. Of these, only around 2.1 million have been identified and described, according to the IUCN. This gaping blind spot in our scientific knowledge means that alongside the extinctions we do know of, there are likely many so-called ‘dark extinctions’ occurring every year – when species vanish before we even know of their existence. For these reasons, the stories in this book can only offer us a snapshot of extinction; in fact, by the time I had finished writing, more extinctions had already been declared. The species described here are best viewed as representatives whose stories offer us a glimpse of a far broader process, each a stand-in for other extinctions that we will probably never know occurred.


When I first received the list of recent extinctions from the IUCN, a detail about one species, the Christmas Island pipistrelle, drew my attention. The last individual of this species had vanished on my twenty-third birthday. Tucked away in a box of things from my past, I had kept a memento from that date: a matchbox-sized cardboard music box given to me by a friend that, when wound, struck the melody of ‘Happy Birthday’. Memories from that day, and that time in my life, came flooding back to me; and extinction, a phenomenon that can feel so distant and divorced from our personal lives, suddenly felt much closer. The species featured in this book have lived and died within the lifetimes of most of the people who will read it; some will recognize in these pages the dates of birthdays, weddings or personal tragedies. For others, none of the dates will hold any immediate significance. However, almost all of us can look back over social media and emails and see what we were doing on the days these species left our world: a meeting, a photo, a mood, a like. Either way, it is my hope that these stories will fill all who read them with a new sense of connectedness to these lost wonders, to the broader natural world and the unfolding extinction crisis.


Tom Lathan


March 2024










Note on the Illustrations by Claire Kohda


THE ILLUSTRATIONS IN this book figuratively take the species back to their homes. Plectostoma schiaphilum’s hill habitat is restored, Lonesome George the giant tortoise is returned to Pinta, and the Christmas Island pipistrelle is back in the night sky over Christmas Island. Their homes and elements of their stories are drawn in pencil, while the species themselves are outlined in ink to remind us that a true return is impossible. There is a permanent separation between these extinct species and our world.









1 THE BUILDERS’ STORY
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A Malaysian Microsnail


Plectostoma sciaphilum









IMAGINE YOU HAVE shrunk to the size of a flea. Now, this book towers over you. Each line of text stretches ahead of you like a road. Welcome to the world of microsnails – any species of snail with shells measuring 5mm or less in length. The shell of the smallest, Angustopila psammion, is just 0.46–0.57mm long. It’s a scale that’s difficult to visualize, which is why microsnails are often photographed next to everyday household objects for scale – dwarfed by the red tip of a matchstick, or perfectly perched inside the eye of a needle. ‘Even if you were to put your nose to the ground and one of the smaller microsnails crept past, you could still miss it entirely,’ explains Dutch evolutionary biologist Menno Schilthuizen. It is in this minuscule world that the story of extinction in the twenty-first century begins.


After the Second World War, Michael Wilmer Forbes Tweedie wasted no time getting back to what he loved. A British zoologist and curator at the Raffles Museum (now Raffles Museum of Biodiversity Research) in Singapore, Tweedie had been imprisoned by the Japanese during the war. On his release, he’d been appointed as the museum’s director, a promotion that came with a plethora of new responsibilities, but also gave him latitude to return to a project that he’d started in 1938. Tweedie had long been fascinated by the microsnails that lived on and around the limestone hills that were dotted all over Malaysia. He believed that because many were isolated, they might harbour unique species of microsnail found nowhere else. All that remained was for him to find them.


The word ‘hill’ doesn’t quite do justice to the often-magnificent sculptural forms that Southeast Asia’s limestone hills take. Far from the gentle, rolling contours that might come to mind when you read the word, they look like sudden interruptions to the landscape – monolithic lumps of rock that rise near-vertically out of flat land, etched with crevices and topped with bare rock or caps of vegetation. They take this form thanks to the limestone they are made up of, which is easily eroded by the elements. Rain has worked on these hills over millions of years, creating spectacular folds and protuberances.


In 1947, Tweedie visited a limestone hill called Bukit Panching in what is now the eastern Malaysian state of Pahang. It was relatively small: in area no larger than London’s Russell Square, and roughly the height of the London Eye. From here, miles of rainforest spread out in all directions, buzzing with the calls of insects and birds, the occasional trumpeting of elephants and the whooping chatter of monkeys. It was hard, in fact, to tell where the rainforest ended and Bukit Panching began; almost every inch of the hill was densely populated with mosses, trees, climbing plants, and other vegetation, as if the rainforest was swallowing this rebellious nubbin of rock back into itself.


Most people would have entirely missed the shell that Tweedie found at Bukit Panching that day. Spotting it with the naked eye would have been like picking out a breadcrumb on a sandy beach. Tweedie, however, had devised a special microsnail-collecting method. He gathered debris from the base of Bukit Panching, then dried it in the sun and threw it into a bucket of water, which he ‘stirred vigorously’, as he later described. Anything that contained air – plant matter, dead insects, and of course the buoyant shells of snails – floated to the surface in one tangled mass, which Tweedie skimmed off and dried for a second time. To any passer-by, the scene that played out at the base of Bukit Panching that day would have seemed odd; Tweedie looked more like he was making mud pies than searching for scientific specimens. However, his method was precise. Once the debris dried, he sifted it through pans with increasingly small meshes – in a sense, panning for snails, much as you would gold – until all that remained were tiny and fragile swirls of red, yellow and pink. These were the microsnails he was hunting for: an entirely new species, he hoped, undocumented and nameless.


Although Tweedie had perfected the art of panning for microsnails, determining exactly what he’d found at Bukit Panching was beyond his expertise. For this, he turned to Woutera Sophie Suzanna van Benthem Jutting, a renowned malacologist and curator at the Zoological Museum, Amsterdam, who had agreed to analyse and identify any interesting snails he found in the field. So it was that the shells he collected at the base of Bukit Panching were packed into vials, loaded into a crate, and shipped halfway around the world to Amsterdam, along with numerous snail specimens collected from other Malaysian hills. And this happened not a moment too soon; in 1948, Malaysia plunged into war as the Malayan National Liberation Army fought to end centuries of colonial subjugation and replace it with communism. With much of the countryside embroiled in conflict, it was no longer safe to visit limestone hills, and Tweedie had to halt his snail-collecting project yet again.


Van Benthem Jutting was a long-term collaborator of Tweedie’s. Yet they were far from equals, van Benthem Jutting being both better known and busier. Letters sent over the years they worked together reveal the differences in their status. While Tweedie often sheepishly asks about her progress with the project, van Benthem Jutting makes a point of reminding him of her busy schedule and fobs him off with vague promises. ‘I am so behind-hand in my work, and this will remain so till my death,’ is one of her many replies. Van Benthem Jutting’s tardiness was no reflection of her commitment to or passion for her work, however. During the Nazi occupation of Holland, she had returned to the Zoological Museum, Amsterdam, carefully packed up the most important specimens in the collection – including a crate of snails that Tweedie had sent before war had broken out – and hidden them in an underground bomb shelter. There, these specimens had waited out the war, protected first from German bombs, then those of the Allies, before emerging safely. Now, in 1949, she was unloading carefully wrapped specimens of snails sent to her by Tweedie from another war zone.


Van Benthem Jutting was the first person to analyse Tweedie’s specimens. The minuscule shells, however, defied analysis: even when holding them close to her face, she struggled to render in them any clear form. Some were different shapes – sharply pointed and cone-like, or round and squat; that much she could see and vaguely feel, but the finer details were lost. Under her microscope though, the detail came alive. Translucent and cast in deep yellow and red hues, from mustard to plum to maroon, they formed striking shapes. Some looked as though they had been tied messily around themselves in knots; others had the appearance of having grown around an object that had been removed, leaving a conspicuous empty space. All the shells had thin ribs protruding from their coils. They jutted out prominently on some of the shells, like the frills of a lionfish, while on others they gave the impression of pleats. Despite these differences, there was something about these shells, in their colours and their lines, that gave them the appearance of being variations on a single idea – as though they were tiny glass sculptures blown by the same artist.
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Woutera van Benthem Jutting working in her laboratory at the Zoological Museum, Amsterdam, in 1955. Three years earlier she published the paper that described Plectostoma sciaphilum to science. (Courtesy of Barbara van Benthem Jutting.)





All told, van Benthem Jutting identified and named twenty-three new species of microsnail from the samples Tweedie had collected from hills in Malaysia. These species were grouped within a single genus, Opisthostoma (some were later reclassified as Plectostoma). Among them was a minuscule snail from Bukit Panching, which van Benthem Jutting named sciaphilum. She noted that its shell was ‘a delicate spiral sculpture . . . ornamented with elegant, oblique white ribs, distantly placed and standing wing-like.’ At its opening, the shell had a thin lip of lemon yellow; from there its coil gradated to orange, then red, burgundy, and finally a deep copper. Emerging from inside, the snail’s body would have been a pale shade of amber, and translucent, like a thin streak of honey, with a tiny black dot of an eye on either side of its head. This species is the subject of this chapter: a snail the size of a sesame seed, with a perfect, helter-skelter-shaped shell coloured in the shades of a sunset, measuring just under 3mm long, and found nowhere else in the world but on Bukit Panching.


Sciaphilum, the name that van Benthem Jutting chose for the species, means ‘lover of shadows’ (from the Greek ‘skia’ meaning shadow, and ‘philea’ meaning love). This name most likely refers to Tweedie’s belief that it lived in dark cracks and crevices in its limestone-hill home. However, it is also evocative of a local legend. According to one Malay folk tale from the nearby region of Perak, cattle left to graze too close to limestone hills like Bukit Panching became weak and emaciated, the frailest amongst them even dying. Their blood was said to have been magically drained from their shadows by tiny vampiric snails, which burst like berries when crushed, and gushed not juice but blood.


[image: The shell is as wide as and half as long as the pencil tip.]

The 3mm-long shell of Plectostoma sciaphilum next to the tip of a pencil. (© The Trustees of the Natural History Museum, London.)





In 1952, van Benthem Jutting’s findings were published in The Bulletin of the Raffles Museum, and Plectostoma sciaphilum, lover of shadows, was inducted into the pantheon of formalized human knowledge. This was the beginning of our shared history with Plectostoma sciaphilum, a story that came to a violent end just half a century later. Last seen alive in 2001, the snail was entirely wiped out soon after, becoming the first recorded extinction of the twenty-first century. However, despite our acquaintance with this species beginning only very recently, the story of this tiny snail started much earlier, when the world was a very different place.


[image: A Plectostoma sciaphilum snail.]


DURING THE CARBONIFEROUS period (359–299 million years ago), vast swampy forests covered much of the land. Lepidodendron, an extinct genus of huge tree-like vascular plants that could reach fifty metres in height, dominated the landscape.* Insect life flourished in this oxygen-rich environment; two-metre-long centipedes and metre-long cockroaches scuttled across the ground, and dragonflies the size of seagulls zipped through the air above. The place where Tweedie would one day collect Plectostoma sciaphilum was at this point still under the sea, a slightly raised but otherwise featureless part of the seabed. However, around 330 million years ago a massive building project began here.


Organisms such as brachiopods (clam-like creatures that creep along the seafloor on long tongue-like feet) that secrete calcium carbonate as a waste product inadvertently laid down the foundations of a hill. On their deaths, their bodies were added to the mound, which the next generation would dutifully build upon. The ice-cream-cone-shaped formations of rugose corals, the tiny teeth-like feeding apparatus of conodonts, the rigid skeletons of bryozoans, and the shells of single-celled organisms called foraminifera: all formed the bricks that, over millions of years, eventually became Bukit Panching. Having grown larger and larger beneath the waves, tectonic movements then shifted the hill, along with the entire surrounding area, up above sea level. Bukit Panching, for millions of years a part of the seascape, was now a part of a sprawling landscape, and the seabed that once surrounded it became bedrock beneath what soon became a thriving rainforest.


The building of Bukit Panching didn’t end there, however. Now exposed to the open air, the soft sediments covering the hill began to erode approximately 140 million years ago, when dinosaurs such as Hylaeosaurus and Iguanodon still walked the Earth, until the limestone rock was exposed. Erosion and dissolution went to work on its surface, shaping and sculpting deep grooves in the rock that gave it the appearance of having been folded. Rainwater bore into the limestone, carving labyrinthine cave systems that snaked through the rock, like arteries.


Bukit Panching was not alone. All around it, for miles and miles, other similar hills rose with it. By the time Bukit Panching welcomed its first species – trees, mosses, lichens, then invertebrates – there were thousands of these hills, standing above rainforest canopies across Southeast Asia. Limestone hills are a signature of the Malaysian countryside. In some places they crowd together; in others there are just a few scattered here and there. Bukit Panching had three close neighbours, each one pointed upwards, shaped curiously like the tip of a finger, together resembling the buried hand of a god. Over millions of years, a separate ecosystem that supported different, unique species developed on each hill.


Plectostoma snails colonized many of Malaysia’s limestone hills, along with those further afield. It is thought that, tens of millions of years ago, an unidentified ancestor species of all Plectostoma snails roamed across Southeast Asia, which was then a single connected landmass. They travelled via paths of exposed limestone bedrock, stumbling across hill after hill and establishing populations on each of them.


A snail builds its shell using an electric current, produced by an organ called the mantle, to arrange calcium ions into strips. Strip after strip is slowly placed in an ever-expanding spiral that hardens into a protective exoskeleton. Invaluable to the snail, this shell shields its body from both predators and hot weather; by withdrawing deep inside, a snail can avoid overheating, which can kill it. Limestone hills were like evolutionary jackpots for the mystery ancestor of Plectostoma snails. The hills offered not only shelter from predators in the form of cracks and crevices in the rock, but also what essentially amounted to an unlimited supply of calcium, absorbed directly from the limestone through the sole of the snail’s foot, for shell building.


Over time, very gradually, the shape of the landscape changed once again. The limestone bedrock that had connected the hills and provided a means of travel between them for Plectostoma’s ancestor became almost completely buried deep under sediments and a blanket of rainforest. Unlike most species of microsnail, those of the Plectostoma genus are entirely dependent on limestone and are unable to survive away from it. The rainforest, therefore, was likely a boundary their ancestors could not cross. And the hills, which they were now dependent on, became like islands that the snails could not leave.


There was, however, still one means of travel; but it depended entirely on luck. This is what biologists call ‘passive colonization’ whereby, rather than transporting itself to a new location, a species is spread by something else. Some Plectostoma species occur on more than one hill. It is possible that they were once picked up by storms and carried through the air or swept from one hill to another by floodwater. ‘My personal favourite theory is that bearded pigs are responsible,’ Schilthuizen tells me. These large foraging herbivores cover vast distances through the rainforest in search of fruiting trees, often pausing along the way to scratch their coarse fur on rocks at the base of limestone hills. ‘You can see gouges in these rocks where generation after generation of bearded pigs have all rubbed against them,’ he says. It might have been during these scratching sessions, so the theory goes, that Plectostoma snails were sometimes brushed up into the thick wiry coats of pigs, before later disembarking at other limestone hills the next time their bearded travel companions stopped for a scratch.


Pigs and hurricanes aside, most of the snails lived only on a single hill. Marooned, each population became one of the eighty-two species that make up the Plectostoma genus.


[image: A Plectostoma sciaphilum snail.]


JUNN KITT FOON, a Malaysian biologist and research associate in malacology at the Australian Museum in Sydney, describes the shells of all the different Plectostoma species as ‘telling stories’. Each has what he describes as ‘quirks’ in its shape: ‘You have Plectostoma snails that have fascinating rib shapes that come out from the shell and fan out like the petals of flowers, while others coil and twist in convoluted ways,’ he tells me. ‘All of the hills have been evolutionary battlegrounds between predator and prey, and the differences between the individual snail species’ shells tell stories about how the specific predators on each hill prey on the snails, and how the snails have found ways to defend themselves.’


On Bukit Panching, Plectostoma sciaphilum responded to the unique threats and opportunities that arose around it. The spectacular Atopos slug, whose pale grey body is bejewelled with thousands of glistening bright blue bead-like studs, was one such threat. This nocturnal predator spent daylight hours hidden in deep crevices in the limestone rock, emerging at night to hunt. Twenty times larger than Plectostoma sciaphilum, the Atopos wrapped its body around its prey, then either threaded its sharp proboscis into the shell’s opening or used it to drill directly through the shell and extract the jelly-like flesh within. The Atopos is believed to have played a part in shaping the evolutionary development of the shells of all Plectostoma species, including Plectostoma sciaphilum; over time the species grew long and closely clustered ribs along the coil of its shell, which made it harder for the slug to get its proboscis close enough to drill. Foon calls these sharp protrusions ‘armour’. Fireflies are also thought to have played a part in shaping the shells of all Plectostoma snail species. The larvae of Pteroptyx, a genus of firefly found all over Southeast Asia, enter Plectostoma shells through their apertures, their heads disappearing inside while they feast. Possibly in response to this threat Plectostoma sciaphilum evolved its spiralling, helter-skelter-like shell structure. At the top, in the tightly whorled peak, the snail could tuck its body away.


Variations of this story played out on limestone hills across Southeast Asia. While Plectostoma sciaphilum was developing its unique shape, colours, and frill-like ribs, other Plectostoma snails and microsnails of related genera were similarly responding to the ecologies of their own particular limestone-hill homes, developing what Foon describes as ‘unique patterns and shapes’. He tells me about a microsnail endemic to Gunung Rapat, a limestone hill in the Kinta Valley in Perak, called Whittenia vermiculum, which evolved a remarkable shell that coils on four axes, essentially tying itself in knots. ‘Maybe it developed in this way to keep out predators, or maybe it did so to help it float during floods,’ says Foon. ‘In water, these snails are very buoyant, like air bubbles, because of the shapes of their shells. They are incredible.’ Plectostoma concinnum, meanwhile, evolved on Bukit Gomantong with a tightly wound spire, much like Plectostoma sciaphilum’s, but with a sharp turning just before its aperture that points almost directly upwards. This feature, which makes the snail’s body even harder for predators to reach, is called a ‘tuba’ – named after the musical instrument whose mouthpiece twists towards the player.


While we can make educated guesses as to what has influenced the shapes of microsnail shells, the precise beats of each particular story – including Plectostoma sciaphilum’s – are a mystery. Part of the problem is how difficult they are to study. Plectostoma snails are so highly specialized towards their specific habitats that, in most instances, they are unable to survive in a laboratory setting for more than two or three weeks. Thor-Seng Liew, a biologist and one of the foremost authorities on Plectostoma snails, has attempted to breed the tiny molluscs of this genus in captivity for years. ‘In the laboratory we replicate everything from the snails’ natural habitat,’ Liew tells me when we speak. ‘We control the temperature and humidity precisely, and we even bring blocks of limestone rock from their habitat into the lab. But, sooner or later, they always die.’ This likely happens because of the difference in UV exposure the snails receive in their natural and captive habitats, Liew explains. In the wild, sunlight has a cleansing role in the lives of these snails, in that it controls the bacteria and fungi that grow on their bodies. Without it, Liew’s lab snails are likely defenceless, and quickly succumb to infections. Whatever the precise causes of their fragility, it’s clear that Plectostoma snails are inseparable from the hills they live on, many of which are themselves vanishingly small.


[image: A Plectostoma sciaphilum snail.]


WHEN TWEEDIE DISCOVERED Plectostoma sciaphilum in 1947, Bukit Panching supported a diverse and vibrant array of wildlife. In the caves that snaked inside the hill – where, in the walls, the fossilized remains of the ancient creatures which built Bukit Panching hung suspended in the rock – wrinkle-lipped free-tailed bats roosted. These bats preyed upon insects found in and around the hill, but they were also themselves givers of life; their excrement formed the nutritional basis for an entire ecosystem. Flies, cockroaches, snails, millipedes, beetles, and crickets feasted on this guano, and they in turn fed larger animals, such as centipedes, tailless whip scorpions, blind snakes and crabs.


At dusk, the bats left to hunt insects in the surrounding forest, billowing like plumes of smoke in long, pulsing murmurations. At the same time, swiftlets, returning to their roosts from these same hunting grounds, filed into the caves, as though the species had together devised a day shift and a night shift for their activities. Once inside, the returning swiftlets added their own chirruping calls to the cacophony of clicks and squeaks made by the bats’ pups. The birds’ nests – strikingly white, shaped like petals, and sculpted from strands of thick, quick-drying mucus, which the birds secreted from specially adapted salivary glands – may have drawn humans into the caves. Shimmying up long wooden poles to reach the cave ceilings, humans visited limestone hills to collect the nests of swiftlets, a culinary delicacy in China since at least the fourteenth century. Farmers and horticulturalists may also have frequented Bukit Panching to collect the guano that carpeted its cave floors to be used as fertilizer, and to harvest the orchids that grew on its cliff faces and summit.


The hill also served humans in another crucial way. Its porous structure meant that when rain came, Bukit Panching became a natural reservoir that emptied slowly into the surrounding soil, which kept the land around the hill moist and arable and provided a source of fresh water in times of drought. ‘The stone is constantly dripping with water,’ explains Foon, who has been familiar with the hills and their caves since he was a child. ‘The hills are like natural water towers.’ Millions of years of rainwater is stored in each hill, and it seeps out, mixed with the lime from the rock.* The hills continue to be built in this way. When the water in the lime–water mix evaporates, lime is left behind in striking shapes that hang from cave ceilings as stalactites, or stream down the hillsides as stone ‘waterfalls’, as Foon describes them.


It is thought that millions of Plectostoma sciaphilum were living on Bukit Panching at any one time. As evening fell each day, they emerged from the cracks and crevices in the rock. While individuals of the species were easy to miss, when they congregated together, concentrated in huge numbers on the moss from which they ate microscopic lichen and algae, the autumnal hues of their shells lent the limestone rock a mottled appearance, as though it was somehow rusting away. On rainy nights, and especially during Malaysia’s October–December monsoon season, the snails came together to mate. Most land snails are hermaphrodites, but Plectostoma snails are either male or female – the key morphological difference between them, other than their genitalia, being a dash of bright red coloration on the tip of the male’s shell. Plectostoma sciaphilum was never observed courting or mating. However, based on the behaviour of other Plectostoma snails, the male likely would have mounted the shell of the female to court her. Then, if the invitation was accepted, the two snails mated face to face, temporarily joining to form a single symmetrical shape. After parting ways, the female deposited her tiny 0.4mm-long eggs, from which hatched minuscule juveniles, each wearing a little white speck of a shell on its back.


The larvae of fireflies sought out these dense gatherings of the snail. Entering through the shell’s aperture, one could swiftly consume a snail’s body in its entirety – if it was successful in navigating the snail’s helter-skelter shell to its top – leaving nothing behind but an empty husk. As if to belie the brutality of this act, the captivating light displays of the adult fireflies pulsed through the nearby treetops each night, as though miles upon miles of flashing green fairy lights had been threaded around the branches of every tree and then triggered in unison. It is a spectacular light display which Tweedie might well have seen as he left Bukit Panching with a handful of shells in his backpack. As he went, he would have passed huge limestone boulders with curiously smooth edges that had been worn down by elephants and bearded pigs that visited to scrape dead skin and dirt from their bodies. Everywhere on Bukit Panching, there would have been signs of life.


[image: A Plectostoma sciaphilum snail.]


TODAY, IT IS impossible to retrace Tweedie’s footsteps, because the ancient hill of Bukit Panching no longer exists. It has been completely removed from the landscape and, in the spot where the hill once rose up over the surrounding rainforest, there is instead a mysterious lake. Viewed from above in satellite images, it looks as though someone has taken a pair of scissors to the terrain and carefully cut along Bukit Panching’s perimeter, leaving a perfect stencil of the hill in its place. On Google Maps, the words ‘Bukit Pancing’ float eerily in space over this dark body of water, next to a single five-star review of the hill’s ‘mountain peak’.*


Like this hill that is now a lake, the rainforest around Bukit Panching has also been replaced. Instead of the many thousands of plant species that used to live here, row after row of equidistant oil-palm trees are marshalled into perfect formation. The resulting landscape – with its straight lines, uniformly spaced trunks, and vegetative homogeneity – is an eerie sight, and viewed from above this is even more pronounced. The land takes on the appearance of being covered not in trees but in green-tinted bubble-wrap. It is as though the rainforest is still beneath, but is slowly suffocating under this sprawling sheet of plastic. And, in a sense, there is some truth to this.


‘Slash and burn’ is the practice of clearing and burning vegetation – whether wild forest, existing farmland or plantations – to invigorate land for agriculture. Across Southeast Asia, limestone hills frequently find themselves surrounded by fires set for this purpose, as rainforest and oil-palm plantations are habitually burned to ash.* During the fire season flames lap at the bases of the hills; the air around them fills with smoke and the caves with a cloying smog. The heat and smoke kill vegetation, insects, bats, and all manner of other organisms – including, of course, snails.


When the fires die down, plantation owners spray pesticides to suppress the native plants and trees that continue to sprout on their land. If left to their own devices, these charred fields would once again become rainforest. The only places left for the forest to reclaim are the limestone hills, and so this is where life returns first after the fires.* Life cannot return to Bukit Panching, however. The transformation it has undergone is permanent. So, where is Bukit Panching? Bizarrely, at least a part of it might be closer than you’d think.


[image: A Plectostoma sciaphilum snail.]


CONCRETE IS THE second most used substance in the world, after only water. The runways, roads, and pavements that transport us each day, as well as the foundations and sewage pipes that lie underneath our homes and offices; the dams, canals, and sea walls that we build to contain and guide bodies of water, and the bridges that carry us over them; swimming pools, bank vaults, and headstones – all are, more often than not, made of concrete.


This most ubiquitous of materials is created by mixing cement with water and an aggregate such as sand. The binding quality of the cement is activated by the water, forming a paste that hardens into a strong, stone-like material when mixed with the aggregate. Adjusting the ratios of cement, water, and aggregate produces concrete that is stronger and denser, or weaker but more malleable. Concrete has been used by humans for millennia; the largest unsupported concrete dome, for instance, which measures 43.3m in diameter, was created for the Pantheon in Rome two thousand years ago. With the fall of the Roman Empire, the secrets of concrete production were lost. This was until they were rediscovered by British bricklayer and stonemason Joseph Aspdin in 1824. By the turn of the twentieth century, the material had not only made a comeback but had completely revolutionized construction due to its low cost and versatility. The world now uses 30 billion tonnes each year, as of 2021. That is almost four tonnes per person and, as Jonathan Watts wrote in The Guardian in 2019, ‘enough to patio over every hill, dale, nook and cranny in England’. Cement, the magical binding agent that makes all of this construction possible, is itself created by mixing a few ingredients together and heating them to 1400 °C. The key ingredient is calcium carbonate, the chemical compound that is the primary constituent of limestone.


It’s easy to predict what happened next in the story of Plectostoma sciaphilum. As Malaysia’s economy expanded throughout the mid-twentieth century, while the country was under British colonial rule, financiers and investors looked for new prospects, particularly in the heavy industries. Malaysia’s many limestone hills, including Bukit Panching, presented an especially promising opportunity and, in the 1980s, cement manufacturing companies sprang up across the country.


Quarrying began at Bukit Panching in the early 1980s and within twenty-five years the hill was completely gone. In 2008, Menno Schilthuizen and conservation scientist Gopalasamy Reuben Clements, who had been monitoring the destruction of the hill, suggested that Plectostoma sciaphilum had gone extinct as a result. They made this judgement on the basis of satellite imagery alone. In the authors’ words, they had identified an extinction here on Earth ‘from space’.


When I speak with Schilthuizen, I ask him about what he and Clements describe in their paper as the ‘emotional impact’ of these satellite images. ‘I think the emotion comes from the fact that I had experienced this place on the ground,’ he says. Dramatic, towering cliffs coated in moss and climbers, surrounded by ‘fairytale-like’ tropical rainforest – the scene comes alive as Schilthuizen describes it to me. And then, of course, there were the cracks and crevices in the rock, in which the lives of countless Plectostoma sciaphilum played out. ‘As biologists, we experience these snails and their habitats at the scale of centimetres,’ he tells me. ‘Whereas the scale at which you see what’s really happening to them is planetary.’ What moves Schilthuizen is this stark contrast, between the intimate perspective of the malacologist and ‘the sterile view from space.’


Later, in-person surveys of the site confirmed that the species was indeed gone and in 2015, Plectostoma sciaphilum was declared extinct. On Google Earth Pro, you can view the destruction of Bukit Panching in a timelapse. In these satellite images, it is as though the hill is the cake at a party where, with each advancing frame, a fresh slice is carved off. As ridiculous a comparison as this might seem, it is entirely appropriate. With one company reporting a profit of $150 million from a single year of quarrying at one single site in Malaysia, this was clearly quite a cake.


Since the shells of Plectostoma sciaphilum were themselves made of calcium carbonate, they would have emerged from the cement kiln fused with the limestone rock on which the species’ entire existence had taken place. Broken down into powder and packaged up, this cement was sold, then processed into concrete or used to join bricks or pipes. No records survive that can tell us where this cement ended up (the company responsible for the hill’s destruction was dissolved not long after the quarry site was exhausted), but Malaysian cement is traded internationally, and with the huge amount of cement being produced from the quarrying of Bukit Panching, it really could be anywhere: within the concrete foundations under your feet, or filling the potholes on your street.
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This lake is all that remains of Bukit Panching, Plectostoma sciaphilum’s limestone hill home. In the background is the nearby hill, Bukit Charas. (Photo by Thor-Seng Liew.)





So it was that Plectostoma sciaphilum, a species whose lineage stretched back tens of millions of years, was consigned to history, the final irony being that the shells of these snails, which they had built to shield themselves from danger, now lived on in another incarnation: as part of the bricks and mortar of walls that protect from harm the very species that had destroyed them.


[image: A Plectostoma sciaphilum snail.]


IT WOULD BE absurd to suggest that things do not exist until humans have discovered them. The dinosaurs would have existed whether or not Richard Owen had coined the term in 1842. However, since the very concept of ‘existence’ is a product of language and the particular understanding of life that our species possesses, is there perhaps a kernel of truth in the idea that the discovery and naming of something is itself a life-giving act?


We are the only species on Earth that keeps a record of things such as the number of whorls on a snail’s shell, or the angle at which this shell is carried by its owner. If van Benthem Jutting had not witnessed and made note of these details, Plectostoma sciaphilum would now be just one of the hundreds, or thousands, or tens of thousands of species that become extinct each year without us ever having discovered them. These animals slip quietly away without us having the opportunity to witness and record their existence. Are they, in their anonymity, less real than Plectostoma sciaphilum, which, for as long as our species remains literate, will be remembered? Perhaps not, but van Benthem Jutting’s act of writing the word ‘sciaphilum’ above her measurements and observations of a then-nameless animal is the reason that this species now lives on, not least in the pages of this book.


In practical terms, there is one very real sense in which taxonomists can grant life to the organisms that they name. Once a species becomes known to us, and its place in an ecosystem is revealed, environmental protections and conservation strategies can be devised to protect it. For species that we don’t know about, however, this is obviously not possible. Instead, their survival is left to chance in a world where every habitat and ecosystem is, in some way or another, shaped by human actions. In this way, the act of naming a species can be the difference between life and death.


In 2014, the Dutch biologist Jaap Vermeulen and Malaysian biologist Mohammad Effendi Marzuki provided the perfect demonstration of this when they weaponized the taxonomical process against the largest cement company in the world. Lafarge Cement was scheduled to begin quarrying the preserved southern part of a limestone hill called Gunung Kanthan in Perak when Vermeulen and Marzuki discovered a number of new species at the site – one of which was a tiny land snail endemic to the hill. In their research paper announcing the discovery of this new snail species, they wrote:


We name this species ‘Charopa’ lafargei after Lafarge whose declared goals for biodiversity include minimising and avoiding damage to important habitats, minimising and avoiding species mortality and stress, and minimising and reversing habitat defragmentation (Lafarge/WWF 2012), and whose biodiversity ‘aspiration’ is to have a Net Positive Impact on biodiversity (Lafarge, 2014). The decisions the company makes regarding Gunung Kanthan will determine the future existence of this snail.


Coming just a few months after Liew recommended that Plectostoma sciaphilum be declared extinct, this move made an impact. The story was reported by the international press, prompting Lafarge to launch an official investigation and promise to preserve a small part of the site for conservation. Three years later, the company signed a biodiversity conservation agreement with Fauna & Flora International, giving the conservation charity access to review its quarry sites in Malaysia and further afield, and to suggest ways to improve biodiversity management. In this instance, the usually benign act of naming a species could well be considered life-giving; it bought Charopa lafargei time. However, despite this small victory for this particular species, the broader picture for snails on limestone hills does not give much cause for optimism.
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THE MOST RECENTLY available records, from 2021, show that of the 1,393 limestone hills in Malaysia, 116 were being or had already been quarried. Perak, in the west of the country, could be thought of as the epicentre of the quarrying industry. The province’s capital city, Ipoh, is surrounded by a staggering forty-two active quarries, which collectively produce 48.1 per cent of the country’s limestone. However, a similar fate is being planned for far less exploited regions, such as in Malaysian Borneo. This does not bode well for Malaysian wildlife, a huge proportion of which is found on limestone hills.


Biologists have referred to limestone hills as ‘arks of biodiversity’, on account of the many different types of habitat they contain – including caves, forests, fissured cliffs, and streams – and the crucial role they play as safe havens when surrounding ecosystems are damaged or destroyed. Of all Malaysian species of flora, 14 per cent can be found on limestone hills. The Bau karsts in the Malaysian province of Sarawak are inhabited by up to 40 per cent of all butterfly, macro-moth, and stick insect species found in the region. Up to 22 per cent of all Bornean species of fish, amphibian, snake, and mammal can be found on limestone hills. In addition to this, new species are being found all the time. A 2005 survey of an already well-scrutinized hill yielded new species of millipede, scorpion, and dipluran (tiny earwig-shaped insects also commonly known as two-pronged bristletails) all in the space of three hours. Snails are particularly dependent on limestone hills. Foon and his colleagues surveyed twelve hills for a 2017 paper and found thirty-nine to sixty-three snail species on each, including thirty species potentially new to science. The number of snails that are endemic to individual limestone hills can vary widely – from one or two on smaller hills, to as many as fifty on large hills such as Gunung Subis in Sarawak province.


In January 2022, the journalist and conservationist Natasha Zulaikha attempted to quantify the non-extractive value of limestone hills in Perak and compare it to the extractive value from quarrying.* Alongside biodiversity, she cites palaeontology and archaeology as adding value to the hills – in 2020, Malaysia’s first ever Stegodon (an extinct genus of Proboscidea, related to the elephant) was found in a Perak limestone cave. The hills are also important for geotourism, culture, and religion. In Perak alone, there are thirty limestone cave temples serving Buddhist, Taoist, and Hindu devotees, which also draw in tourists. Gunung Kanthan, the hill-home of Charopa lafargei, houses the one-hundred-year-old Sakyamuni Cave Monastery, Perak’s oldest Buddhist cave monastery. Associated Pan Malaysia Cement Sdn Bhd (APMC), a subsidiary of YTL Corporation Berhad – the Malaysian mega-corporation which owns, amongst other overseas assets, a 100 per cent stake in Wessex Water – is currently in the process of litigating the right to evict the monks so that the hill, along with their monastery, can be quarried. As of April 2024, a petition to halt this action and declare Gunung Kanthan a national heritage site has 32,000 signatures.


[image: The northern side of Gunung Kanthan shows the successive step-like extraction. The southern side is still thickly wooded.]

Gunung Kanthan has been quarried continuously for nearly fifty years. With more than 80 per cent of the northern side of the hill gone (pictured), its endemic species including Charopa lafargei cling to life on its southern side, along with the Sakyamuni Cave Monastery. (Photo by Toby Smith.)





Zulaikha also cites a 2014 study in Thailand that revealed the economic value of bats dwelling in limestone caves. The wrinkle-lipped free-tailed bat (Mops plicatus) has ‘prevented losses of up to RM5 million [£1 million] annually from the rice production industry’ by predating on the white-backed planthopper (Sogatella furcifera) – a pest notorious for damaging or destroying rice crops across Asia and Oceania. Project Pteropus, a Malaysian conservation group, similarly discovered that flying foxes living in the caves of limestone hills are crucial for the pollination of durian trees.


For decades, many of the hills in Malaysia have been quarried without ecological impact assessments – and quite unnecessarily, it turns out. According to Ramli Mohd Osman from Malaysia’s Mineral Research Centre, up to six times more limestone can be extracted from disused tin mines than from all the remaining limestone hills of Malaysia combined. These underground deposits host none of the unique biodiversity of the limestone hills and so provide an opportunity to balance both economic and environmental interests simultaneously. So why don’t cement companies quarry these deposits instead? Surveys to assess the size and depth of underground limestone deposits are a small upfront cost in such a venture; limestone hills, however, can be easily sized up with no need for surveys. For most companies operating in Malaysia – where leases to quarry limestone were established in British colonial times, before the conservation of limestone hills was considered important – that also have a pack of expectant investors snapping at their heels, it is an easy decision to make.


However, during the Covid-19 pandemic, the cement industry – like many other industries – halted work. The land was, in a sense, allowed to take a breath, after decades of non-stop quarrying. In her article, Zulaikha calls this ‘a rare opportunity’ – a small moment in which the government, states, and companies could choose to ‘make a fresh start and balance economic gains and the conservation of nature.’ This largely hasn’t come to pass, unfortunately. During the early months of the pandemic, production dropped to the lowest levels since the late 1980s, but the Malaysian cement industry is once again firing on all cylinders, setting a new production record of 2.7 million tonnes in March 2023 alone.


On the face of it, the future of Malaysia’s limestone hills and the species that depend on them seems grim. Unless taxonomists start renaming species after corporations left, right, and centre, it’s unlikely that the fate of a snail – or even an entire ark’s worth of animals – will do much to dent the appetite of cement companies. But there is still much that can be done to steer that appetite so that the overall damage to the natural world is minimized, according to Liew. It was Liew who wrote the Red List assessment that convinced the International Union for Conservation of Nature (IUCN) to declare Plectostoma sciaphilum extinct, and much of what we know about this and other Plectostoma species is thanks to his work. These days, however, his focus is on what he sees as the ‘bigger picture’ for snails like Plectostoma sciaphilum – the protection of their limestone-hill homes.


‘There are enough hills to be quarried to produce cement for development,’ Liew says, ‘but so far the problem has been that cement companies haven’t known which hills are more ecologically important than others.’ All limestone hills, it turns out, are not made equal – at least not in terms of their biodiversity value. Some hills, Liew explains, are connected to the same bedrock and clustered close enough together that species have been able to spread between them. Quarrying on these hills, where there are few or no endemic species, can have a comparatively small ecological impact. At the opposite end of the spectrum, ‘lenticular’ limestone hills are isolated and not connected to others through bedrock, and these are the most likely to house endemic species. According to Liew, providing cement companies with this knowledge is key to preventing future extinctions.


In 2021, Liew, Foon, and Clements published a seven-part report entitled ‘Conservation of limestone ecosystems of Malaysia’. The culmination of a five-year project, it is the most comprehensive accounting of the country’s limestone hills to date, compiling geological and biodiversity reports with the authors’ first-hand observations on the condition of each hill. The idea behind the report was to create a kind of handbook for quarry companies, Liew tells me, to help fill the enormous knowledge gap many of them had about the hills they were quarrying. With this resource, Liew and his colleagues hope to steer companies away from vulnerable, isolated hills and towards hills that share bedrock with many others. ‘Also,’ says Liew, ‘now that we know which hills are already degraded, because of past quarrying or fires for example, we can recommend that these hills be quarried instead of others.’ However, as of 2024, the resource has not yet been used by companies or the government authorities that control mining policy. ‘I hope one day it will,’ says Liew.


Some people believe that working with cement companies is a mistake. According to Liew, these people worry that companies will only collaborate with them in order to greenwash their environmental reputations. Although he is of the opinion that it is better to collaborate with cement companies than not, Liew understands this other school of thought. ‘I’m not saying I’m doing the right thing,’ he says, ‘I just think that this is a way forward.’


This ‘way forward’ is not only about having a seat at the table when cement companies are deciding where to quarry. It also means getting these companies to finance biodiversity surveys and other scientific work – research that, in such a cash-strapped sector, might otherwise not be possible. Since 2016, Liew, Foon, and Clements have been collaborating with YTL Cement; the company provides them with access to Gunung Kanthan and funding to study the hill’s snails. This partnership has already yielded positive results for one species. Populations of Pollicaria elephas, a snail with striking red antennae and a lemon-yellow shell, were located dangerously close to a quarry site on Gunung Kanthan. After studying the species’ ecology, the biologists translocated the snails from their original location to a safer site on the same hill, far away from the quarry.


Perhaps, with further collaborations between cement companies and biologists, more species can be spared the fate of Plectostoma sciaphilum. With over 700 of the 900 limestone hills in Peninsular Malaysia lacking any kind of biodiversity record, there will be many more out there waiting to be saved.
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FROM THE SHORE of the dark lake that now lies in Bukit Panching’s place, another hill looms in the distance, jutting out from the seemingly never-ending canopy of oil-palm trees. This is Bukit Charas, a hill that has escaped the unfortunate fate of many limestone hills by virtue of a cave inside it. From the base of the hill, a track leads to a metal staircase and a ticketing booth, where a small fee is charged for entry. The path continues upwards, before splitting in two: one branch leads to the summit of Bukit Charas, the other to ‘Gua Charas’ (‘gua’ is the Malay word for ‘cave’). The entrance to the cave is foreboding and enormous, and the darkness inside engulfing; but, then, your eyes adjust to the dim light.


This place is sacred to both Hindus and Buddhists and is the site of religious festivals and pilgrimages throughout the year. Statues and shrines of both faiths line the path that leads deeper into the cave, which, today, carries in its air the sweet, unmistakable smell of milk. People surround one statue, a Shiva lingam – a two-and-a-half-metre-tall cylindrical votive object that represents the deity Shiva and is a site of devotion for members of the Hindu sect of Shaivism. On the floor are offerings they have made: flowers, grass, dried rice, fruit, and leaves. The lingam has been ceremonially bathed in water and now milk is poured over it while Shaivist priests chant. We leave this scene behind, however, and pass more shrines and statues – including one dedicated to the unnamed Thai Buddhist monk who is said to have designated the cave a place of worship in the 1960s – before arriving at the main attraction: the Sleeping Buddha.


This eight-metre-long statue depicts the Buddha reclining on a platform. Propping his head up with one arm, he is not quite sleeping and instead looks out, hazy-eyed, towards the entrance of the cave. For two hours each day, positioned as he is beneath a hole that has been bored through the cave’s ceiling, the Sleeping Buddha is bathed in sunlight. But for the rest of the day, he is perhaps kept awake by the three fluorescent lights that hang over him. Or maybe his sleep is disturbed by something else.


Set to one side of the path to the Sleeping Buddha, a smaller Buddhist shrine commemorates the story of the Wednesday Night Buddha. Here, the Buddha is depicted with a serene expression on his face, watching while an elephant bows reverently at his feet and a kneeling monkey presents him with a gift. The story goes as follows: one day, the Buddha decided to leave his monastery and enter the forest so that the monks, who argued about everything, would be forced to learn how to resolve their differences without him. Setting up camp in a cave inside a tall, round hill, he meditated. Although he had moved quietly, the Buddha’s arrival had not escaped the attention of the animals of the forest, and soon he was visited by an elephant and a monkey. Eager to honour him, the elephant devised a way to heat the pond in front of the cave so that the Buddha could bathe in comfort. The monkey, meanwhile, presented him with a honeycomb, which he had stolen from a nearby beehive.


‘I know you mean well,’ the Buddha said, rejecting the honeycomb. ‘But to squeeze honey from the comb will kill the bees inside. We shouldn’t harm them.’


In response, the monkey carefully returned the bees to their hive and re-presented the now-empty honeycomb to the Buddha, who finally accepted it and gave the monkey the praise he had so desired.


This story, which encourages us to consider the consequences of our actions on even the smallest of beings, is commemorated at Gua Charas, which sits a mere 3km from the dark lake marking the place where Bukit Panching once stood. As a metaphor for the story of Bukit Panching’s destruction, this fable is almost too perfect; the limestone rock, cavernous and fluted as a honeycomb, was home to many tiny animals. But there is one crucial difference. Here the monkey ignored the Buddha’s advice and squeezed. Perhaps this is what troubles the Sleeping Buddha at Gua Charas, who is himself – along with the reinforced ceiling of the cave and the long, winding path that leads from its entrance – made of concrete.


Today, the specimens of Plectostoma sciaphilum that van Benthem Jutting used to describe the species for the first time can be found at the Naturalis Biodiversity Center in Leiden, the Netherlands, and at London’s Natural History Museum. These collections are the only physical remains of the species – but Plectostoma sciaphilum exists in one other form, too. For a 2014 study led by Liew, one of van Benthem Jutting’s Plectostoma sciaphilum shells was placed inside a high-resolution micro-CT scanner, and a 3D model was knitted together from the X-ray images produced.


Shortly after I spoke with Liew, he emailed me this 3D model. I loaded the file in an animation app on my phone and stared at it in awe. This tiny speck of a shell, which seventy years earlier had been shipped halfway around the world so that its secrets might be teased out under a microscope, now laid itself bare in the palm of my hand. Though some of the shell’s edges had become rounded and chipped with age – wear that was now immortalized in this 3D model – I could see in it all of the qualities van Benthem Jutting had described so vividly. More than this, though, I soon found myself venturing beyond even what van Benthem Jutting could have seen through her microscope. First, I rolled it over and over under my fingertip, taking in its helter-skelter shape from every angle; pinching outwards, the snail’s cave-like aperture filled my screen. And then, I went inside. Here, columns propped up the shell from its centre, as though it were the vaulted ceiling of a great cathedral. As I travelled up the spiral, the aperture disappeared from view behind me, obscured by a sharp bend, at which point I spotted a hole in the wall of the shell that was probably the work of an Atopos slug drilling with its proboscis for its dinner. Eventually, the vaults and columns of the shell converged into a single point, as I reached the end of the spiral – the top of the shell, where in life the snail it belonged to would have sought refuge from predators.


Although not quite walking a mile in its shell, this experience brought me closer to Plectostoma sciaphilum and its minuscule world. But for all the intricate structural detail Liew’s model revealed, none of the shell’s colour had been captured in this new simulacrum, which was rendered instead in shades of grey and white, almost like a ghost.
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IN DECEMBER 2022, about a year after I’d started interviewing people to find out all I could about Plectostoma sciaphilum, Junn Kitt Foon told me a story. Close to the lake where Bukit Panching used to stand there is a long winding road. Following the bends of a small river, this road carves through oil-palm plantations and pockets of rainforest until a turn-off leads to a house. From the outside, the house looks much like many others in the area: timber-framed and topped with a corrugated metal roof, from which paper lanterns hang. The inside, however, is like nowhere else. Crystals of all shapes, sizes, and colours line every table, shelf, and cabinet, and giant lumps of rock speckled with glinting minerals stand in the corners of the rooms like sculptures. This is the Crystal House, a local museum created and maintained by a retired miner in his own home.


Foon visited the Crystal House in 2006, when he was still in high school. At one point during his visit, the old miner (who was only too happy to recount the story of his enormous collection) pointed him in the direction of one particular cabinet. Behind the glass, Foon saw spiky balls of aragonite crystal clustered together in slabs that looked, from afar, like crown-of-thorns starfish. Blocks of creamy-pink quartz, dull white calcite, and other crystals crowded every inch of remaining shelf space. The contents of this cabinet, the miner told him, had come from a cave in a nearby hill that had recently been quarried to dust. Just before the dynamite was laid, the miner had visited the cave and salvaged what he could, so that a part of it might live on in his museum.


‘He couldn’t stand the idea of losing the entire cave,’ Foon told me.


The crystals in this cabinet are all that remains of Bukit Panching. They exist now as a kind of disembodied monument to a hill that took hundreds of millions of years to build, but only a few dozen to destroy.


After we spoke, Foon sent me the four photographs he had taken of the Bukit Panching crystals in 2006. He told me that a decade later he had tried to return to the Crystal House, but couldn’t find his way back to it through the hive of winding roads. It had been there and then it had vanished, just like Bukit Panching and the tiny snail that had for millions of years made the hill its home.









2 PARADISE, LOST
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St Helena Olive


Nesiota elliptica









I VISIT THE Royal Botanic Gardens, Kew in February 2022, just after Storm Eunice has swept across the UK. Outside, the tail end of the storm rattles the branches of the trees, but inside the Temperate House the air is still. This Victorian glasshouse, which opened in 1863, is the largest of its kind in the world and contains 1,500 plant species from all over the planet – including many rare and threatened species. Today it also shelters a steady stream of waterlogged tourists, who huddle around the various entrances, waiting for the rain to stop.


‘Travel the world in this glittering cathedral’ – this is how the Kew website advertises the Temperate House, and it’s a surprisingly accurate description. Towering trees, shrubs, bushes, spectacular flowers, and succulents normally dispersed across six continents line up here in rows. Little signs, much like you’d see at a garden centre, tell you the names of the plants and their countries of origin. Larger signs inform you when you’re about to cross from one continent to another. From the Chilean wine palm (Jubaea chilensis) to the Australian tree fern (Dicksonia antarctica) to the Himalayan balsam (Impatiens glandulifera): in here, every step you take transports you over mountains, deserts, and oceans. But in amongst this veritable pick ’n’ mix of botanical treats there is something that is out of place. A large, round terracotta pot stands just off the path at one end of the main room. Behind it there is a sign with a species name, just as there is for every other plant here, but nothing grows from the soil inside this pot. The dark, rich loam looks poised and ready to nurture something; however, that something isn’t here. It’s as if someone left the doors to the Temperate House open over the weekend and Eunice swept through and carried off whatever had been growing here.


I watch the empty pot stop a passing couple dead in their tracks. They look back and forth between the sign, the pot, and then at the empty space above it, lingering on the latter, as if there is something there that only they can see. After what feels like several minutes, the couple drift away to another part of the glasshouse, without saying a word to each other. ‘St Helena olive’ reads the sign behind the empty pot. There’s a close-up photograph of deep-pink flowers next to the name. There are other photos, too: an elderly man wearing a bucket hat and glasses, standing amongst the foliage of a young tree; and a smiling, friendly looking woman, shot in black and white. Look at the sign a little closer and the mystery of the empty pot is explained: ‘The St Helena olive, Nesiota elliptica, is extinct.’


This species takes its common name partly from St Helena, the tiny island in the middle of the South Atlantic Ocean where it once grew. The ‘olive’ part of its name, however, is a mysterious misnomer. An evergreen tree from the Rhamnaceae family (commonly called buckthorns), it wasn’t an olive tree at all. Its winding dark-brown branches were clad in oblong leaves with pale furry undersides. Perhaps it was the grey-green coloration of these leaves that led to the name, or its woody seed pods, which were roughly the size of small olives – nobody knows. Fully grown, it could reach 10m in height, though no known photographs show the entire mature tree. From the limited observations made, its tiny deep-pink five-petalled flowers seemed to bloom from spring to autumn, when it also produced seeds. It grew nowhere else in the world but on St Helena.


The story of the St Helena olive ends in a dramatic and desperate attempt to save it, and a part of that story took place here at Kew. Now, an empty pot stands in the Temperate House, the round, dark surface of the soil inside marking this ending definitively, like a full stop. Though the story ends here, it began long, long ago, with the very thing that’s missing from this lonely pot of earth: a seed.
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ONE OF THE chief evolutionary problems that all plants have had to solve is how to spread – if you cannot move, what can you do to make sure your seeds are dispersed far and wide? The answer often lies in the design of those seeds themselves and their capacity to use the momentum of something else to move. Some seeds ride the winds on sail-like fins, while others use buoyant casings to float on water. Others dress themselves up in fruity assemblages and hail rides from passing birds, whose digestive systems double up as the perfect gestation chambers. In the world of seeds, if you’re light enough, or delicious enough, life can take you anywhere. There are some places, however, that are so difficult to get to that even these tried-and-true methods might not be enough.


‘One vast rock, perpendicular on every side, like a castle, in the middle of the Ocean’ was how an anonymous historian described St Helena in 1759. Once rumoured to be the tip of the mythical sunken continent of Atlantis, this South Atlantic island is incredibly remote – ‘Further away from anywhere than anywhere else in all the world,’ writes the author Julia Blackburn. If you were to jump in a boat at Jamestown, St Helena’s capital, and travel east, you’d see nothing but ocean for 1,900km, after which you’d finally reach Angola. In the opposite direction, 3,500km would get you to Brazil. To the north, you’d hit Côte d’Ivoire after about 2,250km. Sailing south, you’d just go on and on until the Antarctic ice sheet stopped you. On Google Earth, this 8km by 16km island is swallowed up in blue long before you’ve zoomed out far enough to see any of these reference points. In fact, for the people on St Helena, their closest neighbours sometimes aren’t even on Earth, but are the astronauts orbiting our planet aboard the ISS.


For any seed, getting to this mid-ocean outpost would be challenging. Southern Africa is the only sensible departure point for windsurfers trying their luck riding the south-eastern trade winds to St Helena. However, the distance involved is immense, and the likelihood of being dumped in the sea before arriving at your destination is sky-high. Similarly, for those hoping to travel by bird gut, the odds of being excreted somewhere over the open ocean are frankly miserable. All of this is assuming that the seed in question has adapted to utilize these transport methods in the first place.


‘We know lots of reasons why the St Helena olive shouldn’t have been on St Helena,’ says Mike Fay, a plant geneticist and the leader of Kew’s Conservation Genetics team. ‘The seed capsules are dry, so they’re of no interest to fruit-eating birds, and in fact there are no fruit-eating birds that migrate between southern Africa and St Helena. The seeds are too heavy to be blown by wind, and we know that the seeds die if you soak them in seawater.’ So, how did a tree whose seeds were seemingly ill-adapted for long-distance travel ever make it to St Helena? No one really knows. But the most likely hypothesis, it turns out, has little to do with clever seed design and everything to do with luck.


Without a single flap of its wings, an albatross can travel 1,000km in a day. These gigantic birds marshal the power of the wind so effectively that flying can require less energy than sitting. As a result, they can spend months at sea without touching land, sometimes even circumnavigating the globe. They spend most of their lives in the air, but they return to land once a year to breed. And it is likely, after one such occasion, millions of years ago, that an albatross or similar bird took off from somewhere in southern Africa with an unintended passenger – a seed – nestled tightly between its feathers, or stuck by mud to the bottom of its foot.


Over days, weeks, perhaps even months, and over thousands of miles of open ocean, this seed remained in place. Through the fiercest of winds and the thickest of downpours, it clung on. It survived even the calm, windless days, when the albatross would land on the surface of the sea and bob about like a cork, waiting for the wind to return. Throughout all this, the seed lay dormant, waiting – until, quite suddenly, there was a dramatic change in its surroundings. The stowaway seed dropped out from the soft bed between the feathers of the albatross. By a stroke of extraordinary luck, this happened not over the thousands of miles of ocean that was all around, but over the rich volcanic soil of St Helena.


This origin story might sound ludicrously far-fetched – a long chain of improbable events that, taken together, border on the miraculous. However, view it from the right perspective and it becomes all too plausible. St Helena emerged from the ocean 14.3 million years ago, squeezed as molten rock from an undersea volcano, which settled and cooled repeatedly to build the island. 14.3 million years is a timescale that is difficult for us humans to comprehend (the entire story of our own species could play out forty-seven times in 14.3 million years), but this is the amount of time the St Helena olive had to play with in making the jump to St Helena. ‘The message from this is that rare events happen over geological time,’ Fay tells me. ‘And, for the St Helena olive, it only had to happen once.’


From the work of Fay and others, sequencing and studying the genome of the St Helena olive, we know that the species was about 12 million years old at the time of its extinction. Whether it speciated on St Helena, or did so in southern Africa and then later travelled to the island, isn’t known. Nonetheless, that first seed, dropped by an albatross, would have found itself in an alien world. For a while, it would have been alone, the only one of its kind on the island. First just a tiny, fragile shoot, centimetres high, growing up into a delicate sapling and then – its supple stems thickening and dividing, and stiffening into branches – a majestic tree, adding its distinct grey-green colour to the island’s cloud-forest canopy. From its branches sprang white blossoms and pink flowers. Insects living on the island arrived to pollinate it and, eventually, seeds were produced from which the next generation grew, and then the next and the next and so on. And in this way the tree became not an alien in St Helena’s landscape but a part of it.


[image: A close-up view of the flowers, which are five-pointed and borne in clusters of five.]


The tiny deep-pink flowers of the St Helena olive in bloom. (Photo by Andrew Jackson.)


[image: A growing flower bud of a St Helena olive.]


‘IF ANYONE SAID to me, you’ve got one chance and you can go anywhere in the world, at any time in history, for one day,’ says Phil Lambdon, ‘I would go back to St Helena in probably about the year 1500.’ Lambdon, a plant ecologist who has studied the flora of St Helena extensively, talks to me animatedly about what someone in this situation might witness. The place he evokes is a curious one, populated by very large bees and flies, and strange trees that have evolved from daisies, with extremely soft wood and leaves that cluster right at the tips of their branches. From Lambdon’s experience studying the ecosystem of St Helena, he says it feels as though things are missing: types of species that scientists would expect to find there are absent, and the species that are present have evolved in unusual ways to fill niches that they don’t quite know how to fill. ‘It’s almost like an ecosystem that’s been put together by someone who’s read about an ecosystem in a book, but has never actually seen one before,’ he says, before rephrasing this more rhetorically as: ‘If you just wiped out evolution and gave it another run, how would it turn out?’


Species took strange turns on isolated St Helena, like the now-extinct St Helena giant earwig (Labidura herculeana), which grew to over 8cm in length, or the spiky yellow woodlouse (Pseudolaureola atlantica), which is covered in long spines and brightly fluoresces under ultraviolet light. The St Helena olive, while not an outright oddball among the other plants in its tribe (Phyliceae), was nevertheless genetically unique, being the sole occupant of the genus Nesiota (from the Greek, meaning ‘island dweller’). Today, over 500 endemic species call St Helena home, including 420 terrestrial invertebrate species and 45 vascular plant species. That means that 30 per cent of the total endemic species found in all UK territories combined are squeezed into an area only a little larger than Manchester.


Despite St Helena’s extraordinary level of biodiversity, it represents a tiny fraction of what a time-travelling plant ecologist would find in the year 1500. Today’s St Helena is, ecologically speaking, a shadow of its former self, with only an estimated 1 per cent of the native vegetation intact, dotted about in patches. And there’s a simple reason for this. In 1502, humans discovered St Helena, and this event fundamentally undermined the entire bedrock of the island’s unique ecosystem. Once isolated from the world, St Helena was now connected, via shipping routes and navigators’ charts, to far-flung places. It was as if a drawbridge had been lowered over the vast moat that had, for millions of years, protected the island.


[image: An opening flower bud of a St Helena olive.]


DURING THE AGE of Exploration (1400–1600 ce), when Europeans travelled the world in search of goods, trade, and new lands, many believed that the Garden of Eden was a physical place. Explorers like Christopher Columbus searched for Eden during their travels; it was thought that it could be in some uncharted corner of the world, cut off by impenetrable mountains or vast seas. Remote islands were often seen as good candidates, so their discovery was always a cause for celebration.


In 1502, St Helena was discovered by the Portuguese admiral João da Nova, who was travelling from India to Portugal. Though not explicitly described as Eden, accounts of the discovery frame the island as a gift from God. Just as Columbus had in letters described the Orinoco River as streaming ‘from paradise’, the Portuguese historian João de Barros wrote in 1552 that da Nova ‘was fortunate, because God revealed to him a small island . . . where he took in water . . . God appears to have created this island in that very location in order to nourish all those who come from India . . . it offers the best water on the whole journey.’ Da Nova christened the island with the name of a saint whose story is emblematic of the meeting of the holy and mythical, and of discovery and exploration. Flavia Julia Helena, who was canonized St Helena, patron saint of discoveries, was a Roman empress and the mother of Constantine the Great. In around 320 CE she travelled to Jerusalem and, under a temple commemorating the goddess Venus, found what was believed to be the cross on which Jesus had been crucified.


One person who undoubtedly bolstered the reputation of St Helena as a gift from God was the island’s first resident, Fernão Lopes. Once a knight of the Portuguese empire, Lopes had rebelled against his country’s colonizing mission in Goa, joined a local resistance movement, and married a Muslim woman. After he was captured, he was publicly tortured for three days, during which his nose, ears, right hand, and left thumb were cut off, and children were invited to smear excrement in his wounds. In 1516, as the ship transporting him from Goa back to Lisbon anchored at St Helena, the now disfigured and disgraced Lopes took himself ashore and hid in the forest until the ship’s crew gave up searching for him and left.
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