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Disclaimer

This book was written on the unceded lands of the Gadigal People of the Eora Nation. Gadigal have cared for the beaches, waterways and woodlands of the part of what is now known as Sydney that I call my home for tens of thousands of years. They are its original storytellers, and their songs and ceremonies are woven through its fabric. I acknowledge their deep and continuing connection to Country and pay my respects to Elders past and present.
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For Annabelle and Theo





Epigraph


‘How inappropriate to call this planet “Earth”, when clearly it is “Ocean”.’

Arthur C. Clarke
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1

Beginnings

‘How does it start the sea has endless beginnings.’

Alice Oswald, Nobody
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Bill Anders, ‘Earthrise’, NASA.



ON CHRISTMAS EVE 1968, as Apollo 8 completed its fourth orbit of the Moon, its crew looked up to see the Earth rising above the lunar surface. Over sounds of laughter and delight, astronaut William Anders asked for a roll of film, and, pressing his Hasselblad camera to the capsule’s hatch window, snapped a photo of something no human had ever seen before.

The photo Anders took – dubbed ‘Earthrise’ – captured our planet suspended above the lifeless surface of the Moon, its blue and white and dusky green and brown vivid and alive against the inky void of space. Together with the ‘Blue Marble’ photo taken a few years later by the astronauts on Apollo 17, it changed the way we saw our planet, revealing not just its wonder and fragility, but also that seen from without it is not a collection of continents and countries, but a living, interconnected whole. As Anders famously remarked, ‘We set out to explore the Moon, and instead discovered the Earth.’

More than fifty years later, ‘Earthrise’ has not lost its extraordinary power. Indeed, in many ways its impact today is even greater than when it was first taken. Seen in the context of the catalogue of destruction humans have inflicted on the Earth over the past half century, the image of our planet suspended like a solitary oasis in the blackness of space takes on an almost elegiac charge.

This recognition of the fragility of the Earth’s systems is complemented by another, which is that seen from space, our world is a blue planet. Perhaps this should not be a surprise; after all, the oceans cover more than 70 per cent of the planet’s surface, and the largest of them – the Pacific – is bigger than all the continents combined. But ‘Earthrise’ makes these sorts of statistics graspable, the vast blue of the South Atlantic and the swirling bands of cloud above it dwarfing the faded browns and greens of Africa’s western edge.

Psychologists have dubbed the transformative feelings of awe and wonder many of the Apollo astronauts experienced at the sight of the Earth from space ‘the overview effect’. This same feeling of connectedness is likely to be familiar to anybody who spends time in the water. In my twenties and thirties I spent as much time as I could in the ocean, mostly catching waves off the beaches that divide Sydney’s eastern suburbs from the sea beyond. Having come to surfing late I was next to useless on a board, and while fun, boogie boarding always seemed a little undignified. And so, instead, my brother, a few friends and I took to using hand-skis to catch the swells that roll in from the Pacific.

Hand-skis are precisely what they sound like – curved pieces of wood or plastic about the size of a dinner plate that are strapped to your hand. Using them is intensely exciting: the hand-ski acts as a hydrofoil, lifting your head and shoulders out of the water and sending you shooting across the face of the wave, your body suddenly as sleek and manoeuvrable as that of a dolphin or a seal.

The catch is that the best rides aren’t possible in the mess of the shore break. And so we took to swimming out into the deeper water. Out there, we would take on waves almost twice our height – great green and blue slabs of curving water that, if caught right, would send us hurtling beachward until we slipped out the side or were swallowed by the spume. It was exhilarating because it offered a reminder of the sheer power of the ocean: cut it too close and the weight of the wave’s collapse would detonate behind you like something seismic – an atom bomb, we used to call it, only half-jokingly – but if you mistimed an exit or got caught in the dump zone, that excitement could quickly give way to fear, and sometimes, real danger: I still have scars on my back from being thrown onto the rocks by a particularly massive midwinter swell.

Yet what really interested me about those sessions in the surf wasn’t the adrenaline rush of riding the waves, but the quieter moments. Out beyond the break, as the swell moved beneath me, slow and steady as breath, it was sometimes possible to feel the intimation of something larger, a sense of time’s depth, of the great pulse of the world’s cycles. And although it was never easy to articulate, it often seemed that something transformative inhered in those moments – as if to give oneself over to the ocean’s largeness and the movement of the wind and the waves might offer a glimpse of another way of being.

This sense of boundlessness is a common theme among those who spend time in the water. Australian author and surfer Fiona Capp writes of the ‘inkling of infinity’ experienced in the face of the ocean’s immensity and power, observing that ‘few images capture this primal “at oneness” better than that of the surfer crouched inside the crystal, womb-like tube of a breaking wave; an image made all the more exquisite by our knowledge of the wave’s imminent destruction’. Capp notes this moment of suspension and inevitable ejection from the ‘all-embracing amniotic realm’ of the wave’s oneness is also embedded in the Hawaiian word for surfing, he’e nalu, or ‘wave-sliding’. ‘He’e means “to run as a liquid” or “flee through fear”, while nalu refers to the surging motion of a wave or the slimy liquid on a newborn child.’ Free diver James Nestor says something similar, suggesting that ‘letting the ocean envelop you’ can be ‘a spiritual practice, a way of using the human body as a vessel to explore the wonders in the Earth’s inner space’.

In correspondence with his friend, Sigmund Freud, the writer Romain Rolland dubbed this apprehension of the infinite and sense of oneness with the universe ‘oceanic feeling’, and argued it was the source of religious awe. Freud was more circumspect, contending (in a suggestive echo of the Hawaiian association with gestation and birth) that if it did exist, it was a vestigial remnant of early infancy, and our still egoless and undifferentiated self’s inability to distinguish between the world and ourselves.

More recently scientists have found evidence that such feelings of expansive awareness have a neurological origin, associated with the interplay between the neural network our brain uses when focusing on the external world and the network that governs internal processes relating to self-reflection, self-awareness and emotion. Usually these two networks operate independently, but studies of the brains of Buddhist monks suggest that the feelings of expansive awareness and connection that arise during meditation are the result of the two operating simultaneously, effectively lowering the barrier between the self and the environment. Something similar happens in activities such as surfing and skydiving, where the intense focus on the immediate collapses the boundary between the self and the world, and with psychedelic drugs, such as LSD and psilocybin, once again resulting in feelings of connection and oneness with the universe.

Birth, dissolution, oneness: perhaps it is little wonder that we so often invoke the water or the ocean when we speak of origins, or time. Surely it is not a coincidence that when the American writer John McPhee sought a metaphor to encompass the vastness of geological time, a time frame in which the permanence of the geological comes unfixed, and flows like water, so mountain ranges rise and fall and continents drift across the face of the planet, he reached for the marine metaphor of ‘deep time’. Or that as Austrian philosopher and writer Ivan Illich reminds us, so many human Creation stories begin with an act of division, with the conjuring of form from the primal unity of water. Genesis speaks of a world without light or form, yet before the world there is already the deep; similarly there are early Islamic texts that describe the seven earths as balanced on the back of a great whale, which swims in an endless ocean. Time, water, the ocean: the three are inextricably connected.

WHILE LIFE ON EARTH would be impossible without the ocean, its origin is surprisingly mysterious. To appreciate why, it is necessary to first understand how the water that fills it came to be, and to do that we must go back almost 14 billion years, to the immediate aftermath of the Big Bang. In the inconceivable heat and violence of those first infinitesimal fractions of a second, the fundamental forces that shape our Universe unfolded, followed by elementary particles such as quarks and leptons, which in turn began to form protons and neutrons.

At first these particles remained separate – at many thousands of millions of degrees the early Universe was so hot it was impossible for atoms to form, so they instead existed in a plasma-like fog, or soup. As the Universe continued to expand it also continued to cool, until finally, around 380,000 years after the Big Bang, temperatures fell to only a few thousand degrees Celsius, making it possible for protons and neutrons to begin to combine with electrons to form stable atoms. Approximately three quarters of these early atoms were hydrogen – with its single proton and electron the simplest element, and then, as now, the most abundant element in the Universe – the rest were mostly helium, along with trace numbers of lithium and deuterium atoms.

For tens of millions of years these atoms were spread through the Universe in a thin cloud. But over time they began to condense into clumps, and these clumps grew larger and denser, to collapse in on themselves, until finally the pressure at their centres increased so much that they ignited. In the nuclear furnace at the hearts of these first stars, atoms began to fuse together.

Initially most of what these early stars created was helium. But as the stars aged, more complex elements began to be produced. Sometimes these new elements were as heavy as iron, but most of what was produced was oxygen, which gradually became the third most abundant element in the universe. As these early stars died, and these elements were released, this oxygen reacted with the even more abundant hydrogen to form water molecules. This began relatively soon after the Universe’s creation: in 2016 scientists at the Paranal Observatory in Atacama, Chile, observed the chemical signature of water in a galaxy 12.88 billion light years from Earth, the light from which began travelling towards us less than a billion years after the Big Bang. And water is still being made today: in the immense stellar nursery of the Orion Nebula, enough is created every day to fill Earth’s oceans sixty times over.

Some of these water molecules were present in the cloud of gas and dust from which our Solar System formed. This process started a bit over 4.5 billion years ago, when some disturbance caused part of the cloud to begin to collapse inwards. As the gas and dust at the centre grew denser the cloud began to rotate, drawing more and more matter into itself. Most of this matter clumped into the centre to form the Sun; the rest spread out into a thin protoplanetary disc: as this disc swung around the newborn Sun the matter comprising it also began to cohere, clumping together into larger and larger agglomerations that gradually became planetesimals, and eventually planets.

The composition of these planets was determined by their distance from the Sun. In the inner Solar System, where temperatures were too high for water and volatiles such as methane, carbon dioxide and ammonia to condense into solid form, they formed out of metals and silicates, creating small, rocky worlds such as Mercury, Venus, Earth and Mars. Further out, beyond what astronomers call the frost line, where water was able to freeze, they formed out of gases borne outwards on the solar wind, creating the brooding ice and gas giants of the outer Solar System with their icy rings and confusions of frozen moons.

In the immediate aftermath of its formation the Earth was an unimaginably violent place. Its surface was a highly unstable sea of magma, temperatures exceeded 1000 degrees Celsius, radioactivity was annihilatingly high, and the atmosphere was a toxic miasma of ammonia and methane. Over time a crust began to form, but even once it did it was ruptured by volcanic eruptions and frequent impacts by meteors and other debris left over from the formation of the planets. The most catastrophic of these collisions occurred around 4.44 billion years ago, when a Mars-sized object known as Theia slammed into the Earth, ejecting the material that became the Moon.

For many years it was assumed that during this phase of its existence, known as the Hadean, the Earth was so hot that any water that might have been captured during its formation would simply have boiled away. Instead scientists argued the bulk of our planet’s water must have arrived after the surface had cooled, delivered to Earth by a barrage of water-bearing asteroids and comets between 3.8 and 4 billion years ago. In recent years, however, a more complex story has begun to emerge. The first part of that story stems from the analysis of the water contained in comets. All naturally occurring water contains trace amounts of deuterium, an isotope of hydrogen that contains a single neutron as well as a proton. Because the precise amount of deuterium varies depending upon where the water originated, it can be used as an atomic fingerprint or isotopic signature.

Earth’s water has one deuterium atom for every 6400 atoms of the far more common protium isotope of hydrogen. But data from probes that have intercepted comets in space suggests that the water contained in many of them has much higher levels of deuterium, making it unlikely the bulk of our planet’s water arrived on comets.

Another part of this story emerges out of geological samples found in the Jack Hills in Western Australia. Located 300 kilometres inland from Shark Bay, the rocks that comprise the Jack Hills are ancient, having formed some 3.6 billion years ago. Yet within them are minute zircon crystals that are even older, dating back an astonishing 4.4 billion years.

These crystals are the oldest known remnants of our planet’s primordial crust – so old, in fact, that they formed a mere 160 million years or so after the Earth itself. Analysis of their chemical composition shows they must have grown somewhere wet, suggesting not just that there must have been water present on Earth not long after its creation, but that the Earth’s crust must have cooled sufficiently for this water to condense much earlier than previously thought.

The presence of liquid water doesn’t imply this early Earth was particularly hospitable: surface temperatures would have been close to 200 degrees, and the water was only prevented from boiling away by the extremely high atmospheric pressure. But what it does suggest is that at least some of Earth’s water was present in the rocks and dust from which the planet formed and, instead of boiling away, somehow survived not just the heat of the Hadean, but the collision that formed the Moon.

Further support for the idea that some of Earth’s water was here from the very beginning has emerged from analysis of meteorites known as enstatite chondrites. A class of very ancient meteorites left over from the formation of the Solar System, and therefore similar to the material from which the Earth formed, enstatite chondrites turn out to contain significant amounts of hydrogen of a similar isotopic signature to that in Earth’s mantle. The recent discovery of huge amounts of water distributed through the Earth’s mantle more than 400 kilometres below the surface also offers evidence our planet’s water arrived early: locked up in a bluish rock called ringwoodite, this reservoir contains enough water to fill the oceans several times over, and may indicate the existence of a planetary water cycle, in which water deep within it very slowly permeates upwards to the surface in a process known as mantle rain. Even more intriguing is the discovery of what appear to be fossils of microbes dating back 4.3 billion years in ancient rocks in Canada. Closely resembling organisms that live on hydrothermal vents in the deep ocean today, these fossils not only offer evidence that water was present a mere 200 million years after the Earth’s formation, but raise the tantalising possibility that life on our planet began much earlier than was previously believed possible.

Although these findings suggest that much of Earth’s water may have been present in the rocks from which the planet formed, they cannot account for all of it. The incidence of deuterium in enstatite chondrites is slightly lower than that of Earth’s water, meaning at least some of Earth’s water must have arrived later in comets or meteorites. This process continues today – as comets swing in towards the Sun they leave a fine sprinkling of ice and dust in their wake. As our planet sweeps its way around the Sun it sweeps up this dust and snow; each year many tonnes of it fall to Earth, a gentle rain of cometary material that is absorbed into our atmosphere, our rivers and oceans. Our bodies.

EARTH IS NOT THE ONLY WORLD with oceans. On Jupiter’s moon, Europa, an ocean perhaps 100 kilometres deep and containing more than twice as much water as there is on Earth is believed to lie between the moon’s rocky centre and its frozen surface. Kept liquid by the heat created by Jupiter’s colossal tidal force, the waters of this subterranean sea are believed to be warm and salty, like Earth’s oceans, and our blood. On Saturn’s moon, Enceladus, a similar ocean exists beneath an ice sheet some 30 or 40 kilometres thick; its waters escape through ice volcanoes at the moon’s south pole in huge geysers that rise hundreds of kilometres into space. Most of the water released in these plumes drifts back to the surface of Enceladus and freezes again. That which does not is lost to space, where much of it ends up in Saturn’s rings.

Although the oceans on Europa and Enceladus are the most famous, they are not the only instances of such worlds among the many moons and dwarf planets scattered through the outer reaches of the Solar System. Jupiter’s largest moon, Ganymede, may hide an ocean even larger than Europa’s bound up in concentric layers of ice and liquid water, and it is possible liquid water also lurks under the cratered surface of Callisto, the fourth of the Galilean moons. Similarly, around Saturn, Titan, the surface of which is so cold it has lakes of liquid methane and sandhills of frozen hydrocarbons, likely conceals an ocean as salty as the Dead Sea on Earth, as do Dione and tiny Mimas. Further out Uranus’s Ariel and Neptune’s Triton may also harbour sub-surface seas. Even Pluto – so far from the lifegiving heat of the Sun that its light takes five-and-a-half hours to reach it – may possess an ocean beneath its icy surface.

These frozen worlds out beyond the frost line bear little resemblance to Earth and our neighbours in the inner Solar System. Yet even in here, close to the Sun, there is evidence of ancient oceans. In the last years of the nineteenth century, the astronomer Percival Lowell believed he had glimpsed a network of lines on the surface of Mars that faded and reappeared in time with the Martian seasons. Convinced these lines were artificial structures, he theorised they were the work of a dying civilisation, part of a system of canals and oases designed to channel the last water on a drying planet from the poles to the lands in the temperate regions.

Although we now know Lowell was wrong and that Mars is barren and implacably hostile, four billion years ago it possessed abundant surface water, probably concentrated in two major bodies: a vast, shallow ocean that covered the northern third of the planet, and another, smaller sea in the south. What happened to these Martian seas is not fully understood. What we do know is that Mars lacks the magnetic fields that protect Earth, meaning its atmosphere must have been gradually stripped away by the solar wind. As atmospheric pressure fell, Mars’ surface water was sublimed away; that which was not lost to space sank into the surface, combining with chlorate and perchlorate salts to form the brines that even today seem to flow occasionally on the Martian surface, or collect in icy reservoirs far underground.

Venus was also once very different. Although closer to the Sun than Earth, Venus is so similar to our planet in size and composition that the two might almost be sisters. The clouds that envelop its surface, however, meant it remained tantalisingly unknowable until the first spacecraft visited it in the 1960s.

Faced with this mystery, astronomers were free to speculate. In the early twentieth century the Swedish scientist Svante Arrhenius (who was also one of the first to recognise that changes in the Earth’s climate are connected to variations in the concentration of carbon dioxide in the atmosphere) suggested Venus’s clouds were water vapour, and that beneath them the planet was both extremely warm and extremely humid. Predicting its surface would be covered by swamps and oceans, he imagined conditions rather like those on Earth during the Carboniferous era (when much of the deposits of coal and oil that have fuelled the transformation of our own planet were laid down), and speculated its seas and jungles might be home to abundant but simple plant life, fast-growing and quickly decaying.

By the 1930s this idea of a humid, swampy Venus had become a commonplace in popular culture. Edgar Rice Burroughs, creator of John Carter of Mars and the racist fever dream of Tarzan, set a series of novels there, imagining a cloud-covered world of warm oceans and dripping forests, populated by humans and degenerate ape-men and pygmies, while Burroughs’ competitor Otis Adelbert Kline pictured a world of teeming oceans and jungles ‘grotesque to Earthly eyes’ and crowded with immense tree ferns ‘more than seventy feet high’. And as late as the 1950s writers like Robert Heinlein and Ray Bradbury were writing stories and novels that imagined a wet, swampy Venus.

It is telling that Arrhenius compared the conditions on his imaginary Venus to those in the Congo; certainly the fantasies of dripping jungles, strange dinosaur-like creatures and alien princesses his vision engendered in the work of Burroughs and others are deeply coloured by the fantasies of colonialism and its racist underpinnings (Arrhenius himself was a committed eugenicist). Irrespective, this image of a steamy, tropical planet persisted in the popular imagination until the 1960s, when probes finally visited Venus, and found not lush rainforests and warm seas, but a horrifying hellscape where surface temperatures average more than 450 degrees Celsius and an incredibly dense atmosphere composed almost entirely of carbon trapped beneath heavy clouds of sulphuric acid. Atmospheric pressure is ninety-two times that of Earth’s at sea level, or equivalent to almost a kilometre beneath the ocean, so dense in fact that early probes collapsed soon after they entered the atmosphere.

Venus’s unimaginable hostility was a shock. But there were more surprises to come. For as scientists learned more about our nearest neighbour it became clear Venus was not always a hellscape. Instead, early in its existence, Venus boasted conditions similar to those on Earth, up to and including the presence of liquid water in the form of oceans. At some point however it grew warmer, and the water began to evaporate, combining with the carbon dioxide and methane to cause a runaway greenhouse effect that boiled away 99.95 per cent of Venus’ water and created the conditions we see today.

Exactly why this happened is not clear. Until recently it was assumed it was connected with a gradual increase in the Sun’s intensity. But some now speculate Venus may have continued in a relatively Earthlike state until about 750 million years ago, at which point a sudden spike in carbon dioxide – perhaps as the result of a massive volcanic eruption – triggered the runaway greenhouse effect. If this is correct, that means Venus may have had oceans until less than a billion years ago. By that time Earth’s oceans were home to multicellular organisms: is it possible those on Venus were as well? Or that life swims in the depths of the oceans beneath the ice of Enceladus or Europa?

If it’s possible to see in the stories of Mars and Venus different versions of the Earth’s history, alternative scenarios in planetary evolution that offer a disquieting vision of our own future, perhaps it is also possible to discern something more. For much of the twentieth century both planets provided a theatre for the colonial imagination, a stage upon which its lurid racial fantasies could be enacted in stories about bestial aliens and doomed civilisations. And while scientific reality has largely banished the pulpier elements of these imaginings, they still echo through the vision of Martian colonisation promoted by Elon Musk and others: for what else are their fantasies of new frontiers but the colonial vision on a planetary scale?

NO MATTER WHERE IT CAME FROM, there is no question that water has shaped our planet since its molten surface first began to cool, 4.5 billion years ago. Initially that water would have issued from cracks in the planet’s crust as steam, condensing in the choking atmosphere before falling to the surface as rain and boiling away again, only to gather and fall once more, over and over again. But as the surface slowly cooled over the next 100 million years, this water began to collect in basins and declivities.

As these bodies of water grew they formed lakes and, finally, shallow seas. In this early stage of Earth’s evolution the continents had yet to emerge; as a result water is likely to have covered most, if not all, of the planet’s surface. Unconstrained by large landmasses and other barriers the tides would have washed around the world in a single bulge, pulled upwards by the gravity of the Moon, which was not yet the pale, silvery disc we are familiar with, but instead, in a reminder of the violence of its creation, a looming, volcano-scarred ball that swung around the planet at less than a quarter of the distance it does today.

The salt that fills the oceans also began forming during this period, as rain saturated with carbonic acid dissolved the newly formed rocks of the surface, leaching away minerals and washing them out to sea. In time this process slowed and stabilised at a saltiness of about thirty-five parts per million – about the same as today – but not before it had transported so much salt into the oceans that if it was dried out it would cover the entire Earth in a layer 50 metres thick.

Exactly when life emerged, and whether that happened in a shallow pool, at a hydrothermal vent on the ocean floor or somewhere else, is not clear. Yet by 3.7 billion years ago the simple, single-celled organisms were established enough to have begun to agglomerate into matlike structures that lay spread across the seabed or floated on the ocean’s surface. Primitive photosynthesis followed 3.4 or 3.5 billion years ago, and by 2.4 billion years ago cyanobacteria were producing oxygen, provoking a radical shift in the history of life that led to the development of multicellular organisms, plants and, eventually, perhaps three quarters of a billion years ago, the first animals.

It is unlikely we will ever discover the identity of the first of these primitive animals, but molecular evidence suggests that sponges and comb jellies were the first lineages to cleave away, followed by the cnidarians, ancestors of today’s jellyfish, corals and anemones. What we do know is that by 575 million years ago, during the Ediacaran Period, the Earth’s oceans were thick with strange, soft-bodied life, ranging from the gardens of frondlike Charnia and sea pens to the elegantly ribbed ovals of the Dickinsonia, which looked a little like an inflatable leaf, or a cross between a trilobite and a surfmat, and the weird discs and triskelions of the trilaterally symmetrical Trilobozoa. Many of these organisms were so strange that scientists are not always sure how to classify them – despite their plantlike appearance the Charnia seem to have been animals, as were the sea pens – many of which seemed to have lived rooted in place, and to have drawn their sustenance from the water or the thick microbial mats that covered much of the ocean floor.

About 539 million years ago most of these Ediacaran lineages abruptly disappeared, seemingly in one of the first of the mass extinction events that have punctuated our planet’s history. But as life rebounded in the warm, shallow seas of the Cambrian it took on an astonishing diversity of new forms. As new, burrowing animals spread, the microbial mats that had covered the ocean floor for billions of years largely disappeared; in their place the spongelike Archaeocyatha formed huge, reeflike structures, and hard-shelled arthropods such as the vaguely shrimplike Radiodonta and the trilobites exploded in number. Before long in geological terms, some of these began to emerge from the ocean, at least for short periods. Fossilised footprints show centipede-like creatures the size of lobsters known as euthycarcinoids were skittering around on shore about 530 million years ago. The appearance of plants on land came later – the oldest known fossils of land plants date back around 470 million years, but while their arrival paved the way for the development of centipedes and other primitive arthropods, it would not be until about 400 million years ago that the first fish crawled onto the beaches of the ancient continent of Gondwana.

These first fish resembled the lungfish that even today can be found in rivers in northern Australia, Africa and South America, possessing lungs as well as gills, and fleshy, lobed fins instead of the delicate fanlike fins we are more familiar with today. From them would spring not just the amphibians, reptiles, dinosaurs and birds, but also the ancient synapsids that would give rise to the mammals and, eventually, ourselves.

ALTHOUGH WE DO NOT KNOW when early humans first encountered the ocean, there is no question the experience altered them in profound ways. As these ancient species spread outwards across Earth’s waters and along its shores their journeys opened new horizons and demanded new technologies and new forms of social organisation.

Much of our knowledge of these early movements must be inferred, yet the scattered traces we have map out a series of waves of expansion that begin with the migration of Homo erectus out of Africa a little over 2 million years ago, and which saw them reach central China around 2.1 million years ago, and Java by 1.3 million years ago. Most of this journey could have been made on land, including to Java: the cooler conditions that prevailed in this period meant sea levels were lower, and large sections of the Indonesian archipelago were part of a single landmass known as Sundaland. But while Sundaland connected Java, Sumatra and Borneo to the Asian mainland, even when sea levels were at their lowest a deep channel separated it from Flores and the other Wallacean islands to the east.

Despite this, ancient humans were present on Flores by a million years ago. To get there these humans – the ancestors of the diminutive Homo floresiensis, or ‘hobbits’, and almost certainly Homo erectus – would have had to cross a wide stretch of treacherous water. It’s possible this was the result of some kind of accident – perhaps individuals were swept across the channels during a storm or some other natural disaster. But the presence of other descendants of Homo erectus on other islands in Indonesia and the Philippines suggest it is more likely to have been an intentional process, involving not just the construction of watercraft, but also a capacity for planning and communication not previously associated with Homo erectus.

Homo erectus were not the only ancient hominids who seem to have been able to undertake such journeys. There is evidence Neanderthals may have been moving between the islands of the eastern Mediterranean, and that their cousins, the mysterious Denisovans, whose genes are found in Indigenous Australians, Papuans and many of the peoples of the Pacific, also crossed the deep channels between Sundaland and what are now the islands of Wallacea several hundred thousand years ago.

Modern humans undertook even more ambitious voyages along the seaways of the Stone Age world. Although we do not know for sure what route the ancestors of Australia’s Indigenous peoples took through Sundaland and Wallacea to reach what is now Australia and New Guinea more than 60,000 years ago, the journey would have involved multiple hops of tens of kilometres, and at least one long crossing of 100 kilometres or so. Likewise there is evidence humans had colonised islands in the Bismarck Islands north of New Guinea almost 40,000 years ago, and the Solomon Islands 28,000 years ago, a process that would have required crossing 180 kilometres of open ocean. Further north, in the waters separating Japan and Taiwan, people were moving between the Ryukyu Islands 35,000 years ago, and between the Talaud Islands, between the Philippines and Indonesia, some 20,000 years ago. And while it involved fewer crossings of open sea, the movement of humans into the Americas also took place on water rather than through the ice-locked interior of the continent, a long migration that followed the ribbon of biologically bountiful seaweed forests now dubbed the kelp highway down the western coast of North America somewhere between 15,000 and 20,000 years ago.

These journeys did not just disperse modern humans to almost every corner of the planet, they irreversibly altered us. As the archaeologist Jon Erlandson has observed, ‘the human species, from the beginning, was an animal of the edge’ that made its home along rivers and other places where ecosystems meet. But on the boundary between land and ocean, we found an unparalleled richness of resources in the form of fish and shellfish that allowed us to develop in new and transformative ways. As the historian John R. Gillis puts it, on the seashore ‘the human learning curve accelerated, making possible generational continuity and the foundations of a complex, ongoing social and cultural order’. It was on the ocean’s edge that the first sedentary communities took shape, and where many technologies crucial to our species’ development were first invented. And it was through the act of journeying that we learned to plan and organise.

The ocean and its denizens also helped ignite the secret fire of our imagination, paving the way for the creation of art and symbolic thinking. Half a million years ago a Homo erectus seated by the Solo River in what is now Java took a shark tooth and carved a series of zigzag patterns into its surface with a shell. These markings were not random: they are the earliest known example of the intuitive, symbolically charged pattern-making we know as art.

Although human beings have used shells to create tools for hundreds of thousands of years, shaping them into fishhooks and employing them as blades to butcher meat and cut skins and cord, their curving surfaces and complex interplay of pattern and colour also appeal to us in other, less easily quantifiable ways. Shells were being collected and carried long before humans made paintings, or etched images in stone, their koan-like forms offering a medium onto which we could project meaning and value, accelerating the development of our minds. And while it is likely we were painting our bodies and faces long before we began to create ritual objects or jewellery, the oldest known example of ornamentation – thirty-three beads created by boring holes through shells dating back 142,000 years that were found in a cave on the Atlantic coast of Morocco – underline the importance shells held for our ancestors.

The presence of the shell beads in Morocco (and indeed similar evidence that Neanderthals were painting shells and making clam necklaces on the shores of southern Spain more than 100,000 years ago) reveal that these ancient humans were capable of complex symbolic thought, and that they inhabited societies that employed markers of identity and status. But it seems likely the significance of shells did more than signal power. In many cultures, shells – and cowries in particular – are associated with fertility and birth, a connection rooted in the way their rounded forms echo the fullness of the pregnant belly, and the similarity between their openings and the folds of female genitalia. And, just as our ancestors placed shells in graves more than 70,000 years ago, cultures around the world have long treated shells as markers of the boundary between life and death, using them to decorate the bodies of the dead, or to create burial mounds. This widespread usage is a reminder of the strange liminality of shells, the way they exist midway between sea and land, living and non-living, animal and object, and of their mysterious inwardness, the infinite nature of their spiral form.

AS HUMAN SOCIETY CONTINUED to expand across the globe the ocean helped create increasingly complex networks of trade and cultural interchange, enabling the development of new forms of social organisation. By 20,000 years ago people in the Bismarck Archipelago were trading obsidian with each other, and had begun moving wild animals such as the cuscus – a marsupial that is still hunted for food in New Guinea – between islands. This indicates not just systems of exchange, but also the ability to deliberately reshape their environment by introducing new sources of food and tools. These signs of early cultivation predate similar processes in the Fertile Crescent and elsewhere by many thousands of years.

Trade has also thrived in the Indian Ocean for thousands of years. At first this was mostly coastal, as the cultures that grew up on the coasts of Africa, the Arabian Peninsula and the Indian subcontinent, and along the shores of the Red Sea and the Persian Gulf, traded with their neighbours further afield. But as merchants learned to harness the annual cycle of the trade and monsoon winds they established a web of commerce that connected the east coast of Africa and Egypt to India and Sri Lanka, the Bay of Bengal and the cultures of Southeast Asia, which transported spices and other goods from India, Pakistan and the Arabian Gulf to Mogadishu and Dar es Salaam. By 4000 years ago crops such as sorghum and millet had been transplanted from Africa to Gujarat, on the west coast of India, and sesame and pepper had made their way from India to Egypt (along with the black rat). Meanwhile references in the Rig Veda suggest Indian sailors were experienced at deep-sea navigation well before 3000 years ago. Not long before the beginning of the first millennium, the Greek navigator and merchant known as Hippalos described the sea road made by the monsoon winds from the Red Sea to India. A few decades later the unknown Egyptian Greek merchant who wrote the work we know as the Periplus of the Erythraean Sea offered a detailed description of the trade routes that extended from the Red Sea along the Horn of Africa and south along the African coast, as well as eastwards as far as the Ganges.

In the enclosed waters of the Mediterranean the movement of people and goods along and between the coasts helped spur the development of increasingly powerful cultures and societies. By 4800 years ago the Minoans had founded a maritime trading empire centred on Crete; only a few hundred years later the Phoenicians and Greeks rose as well. And further west, the coastal peoples of Atlantic Europe were connected by a complex network of ‘seaways’. Known as the aster mara in Gaelic, the veger in Norse, and the hwael-weg, or ‘whale’s way’, in Old English, these routes, shaped by wind and current and steered by reading the waves and the stars and the movement of fish and birds, formed a cat’s cradle connecting northern Spain with the coasts of England, France, Ireland and settlements on the Orkneys, Shetlands and elsewhere, as well as connecting the Atlantic to the Baltic and beyond. The threads of these seaways disseminated languages and beliefs, songs and stories, new technologies for making tools and shaping stone and metal, and precious items ranging from jewellery to carved bone and amber.

Yet the most remarkable story concerns the settlement of the Pacific. While many Polynesian cultures describe a migration outwards from an ancestral island known as Hawaiki, archaeological evidence suggests their ancestors moved west through the islands of Micronesia before striking east, out through the Pacific. These journeys were unparalleled in human history, expeditions across many hundreds of kilometres of open water that involved weeks at sea and required those making them to find islands in the middle of an ocean that covers a third of the planet’s surface. Along the way Polynesians and other Pacific Islanders developed an extraordinary seafaring culture that allowed them to read the stars, sky, waves and currents, as well as understanding the movements of birds, whales and fish with such sophistication they could follow the road of the winds as far as Rapa Nui, or Easter Island, more than 2000 kilometres from the nearest island.

For these Pacific cultures their islands were not isolated outcrops in a vastness of ocean; instead they were what the historian Thomas Gladwin describes as a ‘constellation linked together by pathways on the ocean’, or to use Tongan and Fijian anthropoligist and writer Epeli Hau’ofa’s eloquent formulation, ‘a sea of islands’, in which ‘peoples and cultures moved and mingled’. Encoded in these systems of navigation and exchange was a way of being in the world that was not grounded in the top-down abstraction of charts and maps but conceived of as a system of relationships in which embodied knowledge and experience take precedence. Something similar is true of the shift in understanding involved in seeing the world through the lens of the ocean: no longer is it possible to understand the development of societies in isolation. Instead the map dissolves and reforms to reveal the fluid patterns of migration and exchange that connect human societies across time and space. It also demands a recognition of the complex interplay between human activity and the environment – the way we are shaped by the world around us as much as it is shaped by us.

THERE IS ANOTHER BEGINNING here as well. In 1347 galleys bearing Genoese traders arrived in Constantinople from the port of Kaffa in the Crimea. With them they brought a disease that had been slowly percolating its way across Eurasia: the bubonic plague. As the sickness took hold in Constantinople more Genoese ships arrived in Sicily, their crews already dead; after the ships were looted the disease spread into the local population, and from there to Venice and Genoa. By the end of January 1348 the plague had taken hold in Pisa, and entered France through the port of Marseille. By the beginning of summer it was burning its way through Portugal and Spain and England, as well as northwards and eastwards through Germany and Scandinavia.

The devastation the plague left behind it was almost unimaginable. Between a third and a half of the European population died, leaving entire villages empty and cities and towns half-deserted. The dead were buried in pits, or left to rot where they fell. Agricultural production collapsed as the cycles of the farming year were disrupted by the lack of workers capable of sowing the fields or harvesting crops. Trade largely ceased, and social and intellectual life was deeply affected. Many of those who survived turned to religion for succour, often giving way to displays of extreme piety such as flagellation in an attempt to curb God’s wrath. Social unrest also increased: in the absence of an explanation for the catastrophe, Jews, lepers and gypsies were accused of spreading the disease, leading to mass expulsions and pogroms that saw thousands of Jews burned alive in Basel, Strasbourg and elsewhere.

But the implications of what was often called the ‘Great Pestilence’ extended beyond the immediate. The feudal systems that had underpinned European society for half a millennium relied upon the existence of a large peasantry to keep labour costs low. In the wake of the plague, labour was scarce, and as the peasantry grew aware of their new power they began to demand greater control over their lives and better conditions, leading to growing discontent and violent uprisings.

At first the old order sought to keep a lid on these tensions by passing repressive laws: in England wages were frozen and peasants were banned from leaving the land, while in France agitators were savagely suppressed. But it was not enough. No longer able to rely on profits at home, Europe’s rulers began to look outwards, across the ocean, for new sources of wealth – chief among them African gold and enslaved Africans. And as they did, they laid the groundwork for an entirely new kind of economy.

The template for this new economy first came into view in the early fifteenth century, when Portuguese sailors landed on Madeira. Located 500 kilometres to the west of Africa and just under 400 kilometres north of the Canary Islands, Madeira and its neighbouring islands were not just uninhabited but untouched by humans, and so densely covered with forest that, in the words of Portuguese chronicler Azurara, there was not ‘a foot of ground that was not entirely covered with great trees’. Within a few decades Portuguese settlers had begun to transform the islands, clearing the dense woodlands and carving watercourses in order to exploit the rich, volcanic soil. Almost immediately their carelessness had unintended and disastrous consequences: fires lit to clear trees quickly burned out of control, placing settlements and lives at risk, while in a rehearsal for the devastation Europeans would visit upon Australia four centuries later, the island of Porto Santo had to be abandoned after rabbits (introduced by the man who would become Christopher Columbus’s father-in-law) exploded in numbers, devouring crops and leaving the settlers in despair. Over time the colony stabilised, growing rich enough to export small amounts of wheat and other goods back to Portugal. But that changed in 1452, when Prince Henry granted permission to establish a sugar mill on the island.

Sugar is one of the hidden engines of world history. Originally cultivated in New Guinea and the surrounding islands more than 6000 years ago, sugar cane was carried north by Austronesian traders through the islands of Indonesia and the Philippines, and through the Andaman Sea and the Bay of Bengal to China and India, as well as eastwards into the Pacific by the ancestors of the Polynesians. The process for refining the juice of the cane was developed in India around 2500 years ago (the word ‘sugar’ seems to be drawn from the Sanskrit word for granulated sugar, śarkarā, which originally meant grit, or gravel); from India it spread first to China, Persia and East Africa before arriving in the Mediterranean sometime in the first millennium. By the fourteenth century sugar cane was being grown and processed in Cyprus, Sicily and Southern Spain.

Although sugar was much sought after in Europe, limited supply meant it remained a delicacy, often costing as much by the pound as spices such as nutmeg, cinnamon and cloves. Henry’s decision to establish a sugar industry was taken with one eye to this market, and it was a gamble that quickly paid off. Underwritten by the backing of Genoese merchants and bankers, the industry expanded at a dizzying rate. Within five years the island was producing more than 70,000 kilograms of sugar a year, which was borne outwards across the ocean to Portugal, Genoa and Venice in the east, and England and Flanders in the north. A decade and a half later it had risen to around 175,000 kilograms a year, and by the early years of the sixteenth century production had increased almost tenfold. As more plantations and mills opened to meet Europe’s insatiable appetite for sugar the population on the islands soared as well, increasing from about 800 in 1455 to as many as 20,000 at the end of the century.

This also gave bloody birth to a new economic model, driven by the unique nature of sugar production. Sugar cane is an incredibly destructive crop that guzzles water and strips nutrients from the soil. The window for harvest is also narrow, usually only a matter of days, meaning the cane must be cut fast, and processed quickly before it spoils.

Meeting these demands required enormous amounts of labour. And so the operators of Madeira’s sugar plantation began to import enslaved people. Slavery was not new in Southern Europe – by 1450 the Portuguese slave-trading station at Arguin on the Mauritanian coast was already supplying as many as 1000 enslaved people a year, some of them to sugar plantations in Valencia and elsewhere – yet the boom on Madeira caused the trade to expand, people flowing in almost as fast as sugar flowed out. Some of these enslaved people came from North Africa, but many more were Guanches, the Indigenous inhabitants of the Canary Islands, which had been invaded by Europeans half a century earlier. The growing number of enslaved labourers created a workforce of interchangeable bodies that was deployed to meet the demands of mass production by digging channels to funnel water, felling trees to fuel the sugar vats, and cutting, processing and transporting cane and molasses.

Nor was it just human lives that were fed into the infernal engines of Madeira’s sugar mills. The transformation of cane into sugar consumers huge amounts of energy – boiling and distilling a single kilogram of sugar on Madeira required at least 50 kilograms of timber. At the height of the frenzy 500 hectares of forest were being felled to fuel sugar production every year.

Unsurprisingly this assault on Madeira’s ecology was not sustainable. By the 1520s the trees that had once covered the islands were largely gone, and the industry collapsed as quickly as it had coalesced. In its wake it left a devastated ecology of razed forests, unchecked erosion and ruined soil. To borrow economic historians Raj Patel and Jason W. Moore’s formulation, ‘Europe’s wealthy ate the sugar, and the sugar ate the island.’ Similarly the Guanches and their culture were almost almost entirely wiped out, victims of what the historian Mohamed Adhikari describes as ‘unrestrained mass violence . . . near-total confiscation of land and near-total enslavement and deportation’. It was the first instance of a pattern of colonial-settler genocide that would be repeated many times over the next half a millennium and which continues even today in many parts of the world.

From Madeira, the sugar frontier metastasised outwards. First was the island of São Tomé, off the coast of Africa, where the model was refined, and the ad hoc mixture of indentured labour and Indigenous slavery developed on Madeira was replaced with fully racialised slavery of Black Africans, followed by Brazil and the Caribbean. As the demand for slave labour grew, its nexus began to move southwards, into West Africa, spurring the development of the Atlantic slave trade. This trade was made possible by the two systems of wind and ocean currents that dominate the North and South Atlantic, turning in opposite directions on each side of the equator like two great wheels. Using the clockwise motion of the system in the North Atlantic, goods flowed from England and Northern Europe to Africa, where they were exchanged for human beings, who were then carried west, across the Atlantic to the Caribbean and the Americas, before the ships returned to England and other Northern European ports laden with the sugar, tobacco and cotton produced on the slave plantations. Meanwhile, in the Southern Hemisphere, anticlockwise currents carried Portuguese slavers back and forth between West Africa and Brazil.

The human cost of this extended atrocity is difficult to comprehend. Between 1501 and 1867 more than 12.5 million Africans were transported to the New World, and millions more were killed in raids and skirmishes with slave-traders. Almost two million of those who survived capture died at sea, their bodies tossed overboard. As many again died in ‘seasoning’ camps in the Caribbean, where the enslaved people were subjected to a regime of violence and deprivation designed to strip them of their identity and enforce their subordination to their enslavers. Those who survived were trapped in lives of such unending brutality that life expectancies were as low as seven years. This abduction of millions of people, and the extended violence of their capture and transportation to the coast, also ravaged African societies, leaving them weakened and retarding their economic development by holding back population growth at precisely the moment population was soaring in Europe.

Africans were not the only people who suffered as a result of European expansion into the New World. Although estimates vary, it seems likely there were approximately 60 million people living in the Americas prior to the arrival of Europeans in 1492. Only a century later, this number had fallen to a mere six million. Many died of diseases such as smallpox and measles, but many also died at the hands of the invaders, or in mines and on plantations. This genocidal violence, and the collapse in human population it triggered, was so catastrophic it altered the planet’s climate. Ice cores show that as carbon-hungry forests reclaimed farmland, concentrations of atmospheric carbon dioxide fell by seven to ten parts per million, a decline that seems to have played a part in intensifying the global dip in temperatures known as the Little Ice Age.

The human costs of the introduction of European diseases were shadowed by a now largely invisible ecological catastrophe. As ships bore European crops and animals westwards to the Americas, and American crops such as tomatoes, potatoes and tobacco back to Europe, they brought into contact ecosystems that had been separate for almost 200 million years. Dubbed the Columbian exchange, this transfer of plant and animal species fundamentally altered ecosystems in the Americas, simplifying and homogenising them. New plants took root, edging out indigenous species, while introduced insects devastated crops, rats competed with native rodents, cats preyed on birds and other small animals, and livestock such as cattle and horses reshaped grasslands. Even the soil was transformed, as European earthworms, aided by their ability to drag leaf litter down into the soil, outcompeted and largely replaced their American cousins. In the forests of New England and Midwest North America, where earthworms did not exist before the arrival of Europeans, this altered forest ecosystems by removing the leaf litter upon which many species depended, transforming forests from places with rich layers of leaves into drier, more open environments.

WHILE THE TRANSFORMATION of the human and ecological landscapes of Africa and the Americas by maritime trade was perhaps the most visible instance of the impact of European expansion, it was only one part of a far larger – and longer – process. For alongside the movement west across the Atlantic, Spanish and Portuguese ships were also heading east, across the Indian Ocean to India, the Indies and even China in search of spices and other forms of wealth to exploit. By the late fifteenth century these networks of trade finally encircled the globe, as Spanish galleons began to ship silver extracted from the mines of Potosí, high in the Bolivian Andes, across the Pacific to the Philippines and China to exchange for luxury goods such as silk and porcelain. As European empires jostled for control of these new sources of revenue the companies that controlled them grew ever more powerful and wealthy: by the second half of the seventeenth century the Dutch East India Company employed 50,000 people and controlled a fleet of 150 merchant ships and forty warships as well as ports and cities across Sri Lanka, Indonesia and Southeast Asia; a century later the British East India Company controlled half the world’s trade.

The profits of this process were staggering. It is impossible to separate the differing trajectories of Europe, Africa and the Americas from the fifteenth century on from the expansion of colonial empires and slavery: the increasing wealth in Western Europe from 1500 onwards is almost entirely accounted for by the rise of nations with access to the Atlantic Ocean, such as the Portuguese, Spanish, English and Dutch. This in turn is inseparable from the role of slavery, which not only underpinned the growth of economies in the Americas – through the seventeenth century close to 70 per cent of export commodities produced in the Americas were the product of slave labour, a figure that rose to 80 per cent by the eighteenth century – but thereby fuelled the growth of European nations. And this dependence did not end with the industrial revolution: the French economist Thomas Piketty calculates that between 1770 and 1810, the value of enslaved people in the United States exceeded that of all domestic capital combined; similarly by the 1850s as much as 75 per cent of the cotton used in European textile mills came from the American South, a reminder that slavery wasn’t confined to agricultural production, but was a vital cog in the machine of industrialisation that drove the expansion of American and European economies. Meanwhile European nations, and Britain in particular, used their power to actively suppress industrialisation in Asia and elsewhere to secure the development of their own manufacturing. India, in particular, suffered as a result, as textile production and other sectors were held back, preventing it from developing its own industries, and helping lay the foundations for the unequal trajectories of development that shape the world today.

These systems of oceanic trade and exploitation also transformed European societies. The wealth generated in the plantations of the Americas and Asia created a powerful new merchant class and helped spur the development of new systems of property rights and constraints on state power. Sugar and other new sources of nutrition transported back across the Atlantic allowed workers to be fed cheaply, hastening the growth of urban centres and fuelling the long workdays of those who laboured in the mills and factories of Europe’s rapidly industrialising cities. The journalist and historian Howard W. French has even argued that the coffee houses of the eighteenth century that gave birth to the public sphere that disseminated the values of the Enlightenment owe their existence to the availability of sugar and coffee brought back to Europe from its colonies.

European modernity, in other words, is built on the bodies of enslaved Africans and the others whose lives were used to fuel its rise, and by the systems of oceanic trade that enabled their capture and exploitation. Yet its intellectual underpinnings – and, in particular, the values of individual liberty and equality that lay at the centre of Enlightenment thought – were also shaped by the encounter between Europe and the Americas, and more particularly the criticisms of the cruelty, destructiveness and manifest inequalities of European society made by Indigenous Americans such as the Wendat statesman Kondiaronk. This indigenous critique played a vital role in shaping the arguments of philosophers such as Voltaire, Diderot and Rousseau, many of whom wrote works in which they used invented Indigenous characters – in Voltaire’s case one explicitly modelled on Kondiaronk – to observe their own societies. Indeed the archaeologist David Wengrow and the late anthropologist David Graeber go so far as to speculate that the origins of the Western gaze – the supposedly objective, dispassionate and scientific frame of reference that precludes other ways of seeing – does not arise from Europeans looking out, but ‘rather in European accounts of precisely these imaginary, sceptical natives: gazing inwards, brow furrowed, at the exotic curiosities of Europe itself’.

ALTHOUGH MORE THAN 500 YEARS separate us from the sugar boom on Madeira, the template created there looks startlingly familiar. Agile, inventive, fantastically destructive, the velocity and violence of its expansion and subsequent collapse, and its human and ecological cost, have been repeated over and over again. No less significantly, the experience on Madeira also makes it clear that capitalism was not born in the mills and factories of eighteenth-century Britain. Its antecedents lie further back and are bound up in the process of transformation that takes place when capital encounters new resources. Just as importantly, it reveals that slavery and the genocide of Indigenous cultures such as the Guanche were not incidental to the creation of the modern world, or to capitalism; instead they are written into their very foundations.

The birth of capitalism did not just transform the global economy. It also altered the way those who inhabit its structures see the world. For most of human history cultures around the world have understood human beings as part of a larger web of being in which all things – from biological entities such as animals and plants to the stones of the Earth and the waters of the rivers and the sea – are seen as alive and imbued with spiritual presence. To live within such a world is to recognise the essential interrelatedness of things, and our kinship with everything around us. In such cultures people take what is needed; to take more is usually seen as an act of violence that does not just harm the land but shames the perpetrator. As historian Carolyn Merchant puts it, ‘as long as the Earth was considered to be alive and sensitive, it could be considered a breach of human ethical behaviour to carry out destructive acts against it’. Or in the words of the Potawatomi biologist Robin Wall Kimmerer, ‘Never take the first plant you find, as it might be the last – and you want that first one to speak well of you to the others of her kind’.

In stark contrast, capitalism privileges materiality: extracting value to create goods that can be traded and sold. In so doing it ignores and renders valueless the complex webs of relationship between human and non-human beings, and the meanings inherent in the landscape. And, more deeply, it demands that which is to be exploited be transformed into things. As part of the same sleight of hand that grants corporations personhood, not only are animals and plants, rivers and forests all robbed of agency and meaning, even many human beings are reduced and made less than human.

Nowhere is this more visible than in the treatment of the enslaved, who were stripped of their identity and dignity and used as a resource. But the same process lies behind the treatment of the Indigenous peoples of the Americas, Australia and elsewhere, who were dispossessed and murdered, their systems of knowledge disregarded and suppressed. This same rendering as something less is fundamental to the cycles of exploitation and violence that have underpinned the transformation of the planet – the felling of forests for fuel and to build ships to move the enslaved, the slaughter of whales to make oil for lamps, lubricant for the machines in the factories and nitroglycerine for explosives. Or to put it another way, dispossession, dehumanisation and disregard for other living beings are as much a part of the forces that have brought an end to the relatively benign climactic conditions that have prevailed since the end of the last Glacial, some 11,700 years ago, and ushered in what many regard as a new geological epoch known as the Anthropocene, as the reckless burning of fossil fuels.

None of this would have been possible without the oceans. Their sea routes connected continents and cultures, allowing Europeans to keep pushing outwards into new frontiers, allowing goods to flow back and forth, and enabling the systems of exploitation and inequality that shape the modern world.

‘VIEWED FROM THE DISTANCE of the Moon, the astonishing thing about the Earth . . . is that it is alive,’ wrote the physician and poet Lewis Thomas in 1974. ‘Aloft, floating free beneath the moist, gleaming membrane of bright blue sky . . . the only exuberant thing in this part of the cosmos. It has the organized, self-contained look of a live creature, full of information, marvellously skilled in handling the Sun.’

If Thomas’s words were inspired by ‘Earthrise’, they were not directed at it. Instead they were prompted by the work of English scientist James Lovelock and his Gaia hypothesis. First formulated by Lovelock in the late 1960s, and later developed into a complete theory by American biologist Lynn Margulis, the Gaia hypothesis proposes not just that life has shaped the Earth since it first appeared, but that the Earth itself is a synergistic, self-regulating system, in which biological and non-biological systems interact to produce and sustain the conditions necessary for life.

Lovelock’s idea was not new. Two thousand years ago some Stoics believed the Earth was a living being. The first-century Roman geographer Pomponius Mela wondered whether the tides might be the water being drawn back and forth by the oscillation of its breath. Instead Lovelock’s thinking recognised the same awareness of interconnection and value that lies at the heart of many Indigenous cultures, by treating the world as a single, interconnected system in which all things play a part. To borrow the terminology of the writer Amitav Ghosh, the systems we inhabit are not inert: they have their own meaning and qualities that exceed and transcend the sum of their parts. A reef is not simply a collection of corals and fish, any more than a forest is simply a collection of trees: it is an extraordinarily complex system made up of many billions of organisms, and imbued with meanings both human and non-human. Energy and information ripple through a reef, memories of past shapes and existences inheres in its physical structure, and the lives of the creatures that inhabit it are shaped and made meaningful by their part in it. Nor is a reef bounded or unitary; instead it is part of a larger oceanic system, connected to the waters around it by the movement of animals and nutrients, and to the planet as a whole by the systems that drive those processes.

Gaia embodies a return to these older ways of understanding the world. Just as the ocean’s immensity allows us to see past ourselves and intuit a larger frame of reference, seeing the planet as an interconnected whole alters our understanding of our relationship to the world around us. No longer is it possible to imagine ourselves as outside, or separate from the world. For we are part of it, one tiny part of an immense living system.

IN FIVE BILLION YEARS’ TIME, the Sun will burn through the hydrogen at its core and begin to expand, swelling outwards and transforming into a red giant. As it grows, it will swallow Mercury and Venus, finally reaching beyond the current orbit of the Earth. Our planet may escape being consumed, released into a larger orbit by the weakening of the Sun’s gravity – but even if it does, life will already be gone, perhaps as soon as a billion years from now, when the Sun’s heat will have increased enough to trigger a runaway greenhouse effect similar to that which transformed Venus 700 million years ago. Subjected to the Sun’s heat and radiation, Earth’s oceans will be stripped away, broken down into their constituent atoms and borne away on the solar wind.

We are connected to that deep future, just as we are connected to the deep past. The water that will be boiled away billions of years from now is the same water that once filled the shallow seas in which life began and evolved, the same water that flows through the oceans and the atmosphere and the bodies of every living thing on Earth today. Its shared liquidity is a reminder of time’s impossible depth and of the extraordinary, wondrous complexity of the web of processes that sustain life on our planet. But it also connects us to the events that have shaped the world we now share, its manifest inequalities and many histories of violence and grief. The scientist and author Rachel Carson wrote of the ocean’s mysteries, of the way its meanings haunt and elude us, instead offering ‘an uneasy sense of the communication of some universal truth that lies just beyond our grasp’. But perhaps this truth is not so elusive, perhaps this truth lies in a recognition of the forces that have brought us to this moment, and of the impossibility of moving forwards without a reckoning with them.
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