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A special debt of gratitude is due to Dr Casper van de Geer of the University of Exeter. Casper has worked closely with us throughout the writing of this book and his excellent research and wide knowledge is ever present on these pages.

Thank you all.

David Attenborough and Colin Butfield

February 2025




PREFACE
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My earliest memory of the ocean is of a tropical lagoon.

Ammonites rose and fell in the warm water column, occasionally propelling themselves forwards, their curled ram’s horn shells surprisingly streamlined in the sediment-rich water. Bullet-shaped belemnites squirted ink as they fled from a predator above the oyster beds. I was sure there must be hundreds more species living in this rich sea, but I had yet to glimpse them. I resolved to keep looking.

This tropical lagoon was in fact in my imagination, fired by exploring an old limestone quarry in Leicestershire, some sixty miles from the coast. For a small boy in the 1930s this was a marvellous place for adventures, and the knowledge that millions of years ago it would have been a warm and wild lagoon only increased its appeal. Here I could spend days searching for treasure buried in rocks laid down in ancient tropical seas. Holding the fossils of long-dead sea creatures that I had chipped out of the rock, knowing my eyes were the first ever to see them, ignited my curiosity. I would spend much of the rest of my life wondering what lived below the surface of the ocean.

Palaeontologists realise that the ancient ocean they assemble from rare, preserved fragments is incomplete. Many of the wonders that swam in the seas of the Jurassic or Cretaceous periods may simply be unknowable – if they were never fossilised then they cannot be discovered. There are some parallels with the quest to understand the ocean of my lifetime.

Throughout my first few decades, we too only caught glimpses of life in our ocean. There was so much we had yet to understand. We were finding creatures at great depths but knew little more of how they survived, or with which other species they shared the deep, than we knew of the seas in which my ammonite fossils once swam. We were hunting whales in vast numbers but knew next to nothing of the effect that might have on the wider ocean ecosystem. We could take pictures of coral reefs but could not explain why they harboured such a wonderful array of diversity.

I have been fortunate enough to live for nearly a hundred years. During this time we have discovered more about our ocean than in any other span of human history. Marine science has revealed natural wonders a young boy in the 1930s could never have imagined. New technology has allowed us to film wildlife behaviour I could only have dreamed of recording in the early stages of my career, and we have changed the ocean so profoundly that the next hundred years could either witness a mass extinction of ocean life or a spectacular recovery.

I will not see how that story ends, but, after a lifetime of exploring our planet, I remain convinced that the more people enjoy and understand the natural world, the greater our hope of saving both it and ourselves becomes. When Colin and I decided to write this book, we wanted to convey the thrill of discovery, be clear-sighted about the danger our ocean is in and, above all, share the stories we feel could inspire a new generation to look beyond the shore and beneath the waves.

David Attenborough

February 2025
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IN THE LIFETIME OF A SINGLE BLUE WHALE
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Everything we knew came from the dead; specimen jars of faded life that had been dragged from unimagined depths, tales passed down from explorers and fishers, remnants washed up on beaches or stranded on rocky shores. A hundred years ago much of our ocean was a mystery – a vast, hidden world visible only in the imagination. 

At the time, our knowledge of life on land was well advanced. Yet of the species occupying the other two-thirds of our planet’s surface and 99 per cent of its habitable area, only fragments were known; ephemeral glimpses encouraging us to seek further and deeper. Little made sense at first – dazzling diversity flourished in nutrient-poor waters, remote underwater mountains far from the nearest continent were thronged with life, and every now and again animal remains were found that defied explanation. But gradually we found clues that led to ideas, ideas led to hypotheses, and hypotheses became revelations. Advances in technology meant we could watch, track and map ocean life. Little by little the ocean gave up some of its secrets.

PACIFIC OCEAN, 1941

Two hundred kilometres off the coast of California a blue whale surfaces within sight of a convoy of heavily armoured grey ships heading out to sea. A sailor on board, who grew up fishing these Pacific waters, recognises the distinctive spout. On the top of its head, the blue whale has powerful muscles in the form of a V framing its nostrils – the twin blowholes common to all baleen whales. When the muscles relax the blowholes are plugged to stop water entering, but when the mighty whale surfaces the muscles contract and the blowholes open, allowing it to breathe. Easily distinguished from the flat, low cloud produced by the humpbacks that frequent this area, the blue’s spout soars high into the air at a speed of nearly 600 kilometres an hour, powered by the immense lungs of the largest animal on the planet.

It is an eight-year-old female. She has been feeding in the cold, rich waters of Alaska and is now travelling thousands of kilometres south, past towering kelp forests and nutrient-rich river deltas. She pauses to rest and feed on the abundant life gathered at underwater mountains known as seamounts, and at upwellings where nutrient-rich water attracts life from the open ocean. Soon, she will veer back towards land where the coastline’s vegetation changes from fir tree to cactus, in search of warmer, sheltered waters to give birth to her first calf.

Unbeknown to both whale and the sailors, as the human world endures its most turbulent time in modern history, swathes of the ocean are about to enter a period of relative calm. Despite atomic tests and naval battles, the horrors of the Second World War will bring respite to certain parts of the ocean. Areas including parts of the North Sea in Europe will become far too dangerous to search for fish and will experience a dramatic recovery in marine life. An accidental experiment, for the grimmest of reasons, it will nonetheless yield the first large-scale evidence that the ocean can recover faster than we had ever imagined. 

LONG BEACH CALIFORNIA, 2024

Now nearing the end of her life, our whale is making this journey one last time. She surfaces 100 metres from a small boat full of tourists. The biologist on board tells of whales’ feeding and migration habits while the whale watchers hope for a shot of a fluke or a spout. The loading cranes of the port of Long Beach have only just slipped out of sight as the boat reaches the deeper water where blues, and their close relatives fin whales, can be sighted traversing the route between the Channel Islands National Park and the surf beaches and shipping industry of the Los Angeles coast. 

Her life has been a fortunate one. She was among the very few of her kind to survive commercial whaling, and she has travelled the length of this coast dozens of times, covering tens of thousands of kilometres. It is likely that she produced a calf every two or three years of her long life, during which time her species has gone from the brink of extinction to the beginning of recovery. 

Over the course of her lifetime we have made a journey of our own: from viewing whales as a source of oil to recognising them as a source of wonder and even kinship, their deep intelligence and complex social interactions resonating with our own. Wise and passionate people ended the era of industrial whaling and we embraced a new relationship born of scientific understanding, foresight and compassion. Despite that journey, we have yet to extend the same foresight to protecting their home. For many of us the world beyond the beach is dark, threatening, other-worldly – out of sight and most certainly out of mind. But gradually all that is changing. Decades of dedicated scientific study, technological advances and a rekindled respect for traditional local knowledge have yielded remarkable discoveries, revealing the central role of the ocean in all our lives and showing us exactly what we must do to restore it to health.

The blue whale surfaces one last time. She dives deep. The whale watchers will not see her again.

The lifetime of a blue whale – some ninety years – is a handy benchmark for our journey of modern ocean discovery. Today’s perspective on the blue whale’s world is unrecognisable from the way we viewed the ocean when our whale was born in the 1930s. 

While seafaring cultures, most notably that of the Polynesians, had thousands of years of knowledge about how to expertly traverse the ocean, and commercial fishing nations such as the UK and USA had learnt how to efficiently target huge stocks of fish, science had yet to explain why ocean currents behave in the way they do or why particular fish are found in certain places at certain times. To understand those questions, we needed new ways to look at our planet. 

‘Ocean’ is a far more appropriate name for our world than ‘Earth’. Today just over 70 per cent of our planet’s surface is covered in salt water connected into a single planetary ocean. The shifting of tectonic plates and the ebbs and flows of ice ages govern the map of our ocean, but for the last 10,000 years or so its major points of connection have been as they are today. When our blue whale was born we could only view those connections from the perspective of the surface and the land. We knew the shapes of the continents that framed the ocean, we had mapped the gaps in land that connected the Red Sea to the Indian Ocean, the Mediterranean to the Atlantic and the Atlantic to the Arctic. But the ocean only really makes sense in three dimensions, so in order to truly understand it we needed a whale’s-eye view of the world.

It was the advances in sonar during the Second World War that began to make this possible, and by the time our whale was a teenager we were starting to get our first real view of the seabed. The data provided by sonar revealed that the ocean floor wasn’t a flat, featureless plain as many had thought but instead contained vast mountainous ridges, deep trenches and volcanoes. It had features and regions as clearly defined as any on land. We began to think of the ocean in terms of five major connected basins: Arctic, Atlantic, Indian, Pacific and Southern – though the Southern Ocean wasn’t officially recognised as a distinct ocean basin until 2021. 

The Pacific is by far the largest of the five, covering almost half the ocean and big enough to accommodate all the land on Earth. It was so named by sixteenth-century Portuguese explorer Ferdinand Magellan because of the calmness of the waters he encountered. This may sound unlikely to anyone familiar with the Pacific winters off Hawai‘i or northern California, but Magellan had entered it via the lethally treacherous strait at the tip of South America that still bears his name, so, by comparison, a balmy day in the Pacific might well have felt peaceful. The Pacific is so vast that you could leave Melbourne, Australia, and reach either the southern end of Chile or approach the Arctic via the Bering Sea without ever leaving it. 

While all five ocean basins are connected, it is how and where they connect that is important to our understanding of the way currents, nutrients and wildlife move around the ocean. The route from the Pacific to the smallest of the basins, the Arctic, is through the narrow, shallow Bering Strait. Relatively little water or wildlife travels through this gap. By contrast, at the point where the Pacific hits the youngest of the world’s ocean basins, it enters the marine equivalent of a blender – the Southern Ocean. Waters from the Pacific, Atlantic and Indian ocean basins all connect with the Southern Ocean and are mixed up by the Antarctic Circumpolar Current that powers its way clockwise around the entire continent of Antarctica. 

By the mid-1950s the main ocean basins, their subdivisions (Baltic Sea, North Sea, Gulf of Mexico and others) and their points of connection were common scientific and political language. This is significant because although we had long known that different ocean habitats flourish in different parts of the world – coral reefs in the tropics, kelp in more temperate water – we now began to view the seawater itself as part of one system, our many seas as just one single ocean. 

Indeed, the more we looked, the clearer the evidence appeared that certain species could be found throughout the ocean: the blue whale, for example, had been recorded across all the ocean basins; only the frozen parts of the Arctic and Southern Ocean were out of their reach, something that will surely change over the coming years as whale numbers recover and the sea ice retreats. 

By the 1950s our whale was a fully grown adult over 25 metres in length and weighing in excess of 150 tonnes. She was not merely ‘big’, she was a member of the largest animal species on the planet – far more massive than most dinosaurs. We knew why her species could grow so large – the buoyancy of the seawater enables ocean-dwelling animals to achieve a mass that bone could never support on land – but we did not yet know enough about a blue whale’s life to understand why there was an evolutionary benefit in reaching such a size. It would take much of our whale’s lifetime to discover that.

A key clue came from a deeper revelation about ocean currents. We had long understood that there were dominant currents at the surface of the ocean, but it wasn’t until the 1960s that decades of research by scores of scientists across the world was drawn together to describe a global system of currents known as thermohaline circulation – or the global conveyor belt, as it has now become known. Named after the two factors influencing the density of seawater, temperature (thermos) and salinity (haline), this system begins with the freezing of seawater in the far north and south of our planet. As the ocean freezes in the Arctic, it leaves behind its salt, which cannot freeze, making the remaining surface water saltier and denser. This cold, dense water sinks and other surface water is drawn in to replace it, creating a current. The dense water sinking pushes the existing deep water south, and over hundreds of years this slow, deep current moves through the ocean basins to Antarctica where it is joined by more cold, salty, sinking water. The Antarctic Circumpolar Current moves the water clockwise around Antarctica until it is driven north again in two currents – one heading into the Indian Ocean and the other to the Pacific. As they travel north the currents gradually warm and rise towards the surface. The warmed waters continue circulating around the globe, eventually returning to the North Atlantic and up to the Arctic where the cycle begins once more. 

The currents bring nutrients from the depths to the surface, enabling the growth of plankton and thus powering almost the entire ocean food web. Scientists have also discovered that by transporting heat from the equator towards the poles, and vice versa, these currents have a profound effect on the world’s climate. For example, it is this system that brings warm water through the North Atlantic, keeping the countries of north-western Europe, such as the UK, much warmer than other places at the same latitude.

Ocean currents both local and global are vital to all life on Earth, not just the blue whale. But the upwelling of currents is thought to have had a particular impact on blue whale evolution because nutrients brought to the surface by upwellings feed the prey of blue whales, and it is their selection of prey that in turn explains why the blue whale is so large. The blue whale sustains its vast bulk by eating immense quantities of some of the smallest animals in the ocean, but there is clearly no need for epic size in order to overpower this prey. Over the course of its ninety-year life, our blue whale will have eaten billions of krill – small shrimp-like crustaceans – and the manner with which it does so requires a quite extraordinary physical transformation. 

For all its great size, one of the most noticeable features of a blue whale is its streamlining. Like a slow-motion torpedo, it displaces water around its head and along its flanks as it effortlessly slides along at a cruising speed of around 10 kilometres per hour. But when it finds a swarm of krill it can open its massive jaws to nearly 90 degrees by dislocating the lower mandible and expanding the pleats of skin beneath its mouth, enabling it to swallow 80,000 litres of krill-filled water in a single gulp. This it filters through baleen plates that hang on either side of its upper jaw and allow the water to spill out while trapping the krill inside. By comparison we humans can manage a paltry 0.07 litres, sans krill. When feeding, a blue whale’s mouth can balloon to the equivalent size of the rest of its body, giving it the silhouette of an enormous tadpole. 

This is known as lunge-feeding, and as far as we can tell from the fossil and geological records, it appears to have evolved in baleen whales a little over 7 million years ago, around the same time, scientists now believe, as a notable increase in nutrient-rich ocean upwellings. These upwellings would have stimulated blooms in plankton, small fish and crustaceans that could be exploited by those species able to lunge-feed and gulp large quantities quickly. Unlike other baleen whales, blue whales evolved to be specialist hunters, with krill making up nearly their entire diet. And this specialisation further influenced their appearance and behaviour. 

There are at least eighty-five species of krill found throughout the ocean, and all of them feed on plankton. The term ‘plankton’ comes from the Greek word for ‘drifter’ and is used to define any microscopic animal (zooplankton) or plant (phytoplankton) that drifts with the ocean’s currents. Krill swarm in huge numbers, but those swarms aren’t constant and can be significant distances apart. The ultimate krill predator therefore needs to be able to travel efficiently for many weeks at a time without eating, but when it does get the opportunity to feed it must be able to consume it in immense quantities. A huge whale – with an equally huge mouth – that is streamlined yet able to live off its fat stores for months while it slowly cruises vast distances is a highly efficient solution for surviving on krill. 

But something even longer than our blue whale also hunts krill. Nearly 200 metres in length, it hovers in the water column at night. Its ghostly white colour glows as it emits bright blue bioluminescent light to attract prey towards its curtain of stinging tentacles. It might look like a single creature, perhaps a long, thin jellyfish, but this is a giant siphonophore – a colony of genetically identical individuals known as zooids, each with a special function in supporting the colony: some catch prey, others digest it; some swim, others reproduce. The siphonophore is hovering here at night because this is when vast numbers of animals rise from the depths to feed: the diel vertical migration – the largest daily movement of biomass on Earth. 
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Growing longer than a blue whale, the giant siphonophore is a colony of individual organisms known as zooids.



While it had been known for many years that there was some vertical migration in the ocean, it wasn’t until around the time our whale had reached middle age that scientists had the technology and research capability to uncover the sheer scale of the vertical migration happening each day across the ocean. Until this point most of us had thought of marine migrations as travelling horizontally to new feeding or breeding areas, as many whales, tuna or seabirds do. But the research revealed that vast numbers of krill, lanternfish, squid and countless other species were descending beyond the reach of light during the day to avoid visual predators. Once night fell, they would seek phytoplankton-rich waters and head towards the surface. Like all other migrations, this too had its predators. Some travelled with the vertical migration, picking the travellers off as they rose, while others, such as the giant siphonophore, lay in wait, their vast trap set across the equivalent length of two consecutive football pitches. With billions of animals taking part in this migration each night, there was plenty for the predators.

The second half of our whale’s life mirrored a time of incredible discoveries. We were beginning to see the ocean in three dimensions, and as our technology developed the discoveries kept on coming. Technological leaps were deployed by marine scientists to give a completely new perspective on the deep ocean. Underwater submersibles revolutionised ocean exploration, and by the 1970s they had been used to discover a totally new form of life around the deep-sea vents. And as the technology improved further, it revealed new wonders. Remote vehicles could now spend days on the seabed exploring, all the while sending images and data back to the surface. Nowadays anyone with an internet connection can watch live-stream video from remote-vehicle missions thousands of metres below the surface.

Sending new technology to the deep transformed our perspective on the ocean, but so too did sending it to space. In 1957 we launched our first satellite. Over the next sixty years satellite technology advanced to such an extent that it could be used to discover thousands of seamounts previously hidden below the ocean surface, track tagged animals to reveal their migrations and provide insights into ocean hot spots and superhighways for marine wildlife. A combination of visual sightings and tagging built up a picture of blue whales across the world. Distinct subspecies and populations were identified and some truly massive migrations recorded that revealed hitherto unknown connections between different parts of our ocean: for example, research showed that our whale, a subspecies called the northern blue whale, would probably spend her entire life in the north-east Pacific travelling from as far north as Alaska to as far south as Costa Rica. 

But satellites and submersibles could only provide part of the picture. To understand the connections between features in the ocean and species migration – why certain species take the routes they do – requires detailed mapping, and for this sonar has once again been transformational.

Since the late 1980s multibeam sonar has been providing highly detailed images of a large area of the sea floor. The most recent versions send out over 1,500 sonar soundings a second from a ship. The sonar beams fan across the bottom creating a sound map that a computer can turn into a visual representation of the sea floor. In fact, by the end of 2023, 25 per cent of the entire sea floor had already been mapped to a resolution of 100 metres or more, and a major project is currently under way to map the entire seabed by 2030. The picture is complemented by split-beam sonar, which sends and receives sound pulses in the water column and as a consequence can detect and create sound maps of the species that are swimming in that area, although of course it can only detect what is there at that exact moment. 

Even that limitation can now be addressed by advances in DNA sampling, which enables scientists to detect what has passed through a water column. Environmental DNA tests sample the water for traces of marine species – skin, faeces, mucus – analysing the DNA of the species that have swum through an area in the preceding few hours without ever needing to catch or even see them. 

These astounding technological advances, combined with ships that can stay at sea for months at a time and remote monitoring systems in buoys that provide constant year-round information on waves, water temperature and chemistry, have revolutionised our understanding of the ocean. In the lifetime of a single blue whale we have gone from skimming the surface of our ocean to deeply comprehending its importance. Yet while these new technologies have given us a whale’s-eye view of the ocean over the last ninety years, they have also enabled us to change that whale’s world beyond recognition. 

It is little surprise that when we overlay a map of global fishing effort (where we have fished the most) on a world map it correlates with where science has recorded the greatest concentrations of nutrients and most significant gatherings of marine life. Rather like whales, fishing boats can also now travel for months, detect seamounts and use sonar to locate their prey. We have become so good at catching fish that, it has been calculated, as of 2024 humans have reduced the biomass – the life – in the ocean by 2.7 gigatonnes. For context, the entire human population consists of about 0.4 gigatonnes of biomass, so one can imagine the imbalance created by removing almost seven times that amount of life from the ocean ecosystem.

But the changes in our whale’s world are not limited to overfishing. The blue whale, like many other open-ocean species, has changed its diet, behaviour and navigational ability over millions of years to efficiently exploit its place in our planet’s diverse and complex ocean – and, as we have seen, this niche is particularly narrow in that the whale predominantly feeds on krill and its body is perfectly evolved to collect this source of food. This makes it a highly efficient predator but also highly susceptible to anything that changes the availability of krill or its ability to find it. 

We still don’t know exactly how blue whales blend their different senses to traverse the ocean, but we do know that sound is extremely important and that there are broad routes along which they migrate at different times of year. Further, we will have affected their senses and those routes in more ways than we can possibly comprehend.

Tens of thousands of large ships transporting goods around the world generate noise and accidentally but inevitably strike migrating whales. The warming, acidifying ocean is changing the distribution of life within it, making time-worn feeding and breeding patterns unreliable. By deliberately removing the larger species in the ocean for food, our nets, trawls and dredges often also destroy or damage entire habitats, disrupting intricate food webs in ways we have yet to fully discover.

But with our newfound understanding we have also learnt about the ocean’s power of regeneration. We now understand so much more about where life flourishes and how we can help it to do so. We have recorded examples of restoration and recovery, and we can – if we choose – monitor and alter our fishing practices to achieve a balance where the ocean can both provide for our needs and thrive. If a calf were born to our blue whale today then it could very well live into the twenty-second century. In a world where we apply the same foresight and understanding that once saved her species to protecting her home, she could live to see a wondrous transformation. Her feeding grounds in the cold, high-latitude seas will be full of plankton, krill and countless species of fish. Her calves will be born in safe waters fringed by mangroves and corals. When she crosses the open ocean her migration routes will be free of nets and the seamounts she passes will be full of life. And when she comes close to shore, the seabed will be alive once again with kelp, corals, mussels, lobsters and oysters. Perhaps on her voyages she will also pass our descendants – members of a society in balance with the natural world that provides it with food, livelihoods and inspiration, living in a time in which humankind has grown beyond trying to rule the waves and instead has finally succeeded in thriving alongside the greatest wilderness on Earth.

Over the lifetime of a single blue whale we have discovered more about our ocean than in the rest of human history combined. But will we discover the foresight to help the ocean recover from the damage we have inflicted upon it during the same period? To answer that question we must leave our whale behind and dive into each of our ocean’s most important habitats. From the vast open ocean to mysterious deep-water vents, the frozen sea of the Arctic to the wild Southern Ocean, and isolated seamounts to dense underwater forests, dazzling coral gardens and tangled mangroves; all contain their own evolutionary wonders, inspire their own human guardians and reveal clues to the future of life on Earth.
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