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Dedication

To Mum and Dad, always still with me even in the darkest depths.

And to you, the reader, for taking the plunge into the deep sea by picking up this book.
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Preface

The deep sea isn’t what you think it is.

Even after a quarter-century of exploring it as a marine biologist, that statement still holds true for me. And that’s what I love about the deep sea: the discoveries that we continue to make there are always expanding our perspective of life and how our planet works.

I became a deep-sea biologist through a chance encounter with a book in a library, when a photo of some strange-looking animals caught my eye on the cover of a volume on a shelf. They were unlike anything I’d seen before: worm-like animals with feathery red plumes poking out of white tubes on dark basalt rocks somewhere under the sea. I fetched down the book and found it was a collection of research papers about species that thrive at hot springs on the ocean floor, which were quite a recent discovery at the time.

As I read about how those deep-sea animals overturned rules of biology that I’d just learned at school, I was instantly hooked by the realisation that we could still discover such astounding things in the deep sea. And although this book doesn’t have pictures like the one that caught my eye, I’ve included the formal scientific names of species so that anyone can find the latest and best footage of them that scientists have shared online.

The phenomena and species that we’ve recently discovered are helping to build an even better understanding of 60 per cent of our planet that is covered by the deep sea. They also provide a continual reminder of how nature is more rich and complex than we can imagine. And as a result of my own deep-sea journey, I now try to look at nature around me as if I were encountering it for the first time on a dive, to realise how our everyday world is as astonishing as what’s down there.

I hope this book takes you into the deep, even just for a couple of hours while reading it, and that you don’t come back quite the same from the journey either.


1

We Know Much More About the Deep Sea Than the Moon or Mars

Stroll out after dark on a clear night, and you can glance up at the sky to wonder about the stars and planets scattered above you. But you can’t take a casual glance into the deep sea like that, even though it is much closer to us than the depths of space. Perhaps because it is out-of-sight, the deep sea has become a realm for creations of our imagination. Some of the names of its features evoke the dark underworld of our myths, from the ‘abyssal plains’ to the ‘hadal environment’ of ocean trenches. Recent Hollywood blockbusters, such as The Meg and Underwater, have also populated the deep sea with huge and ancient monsters, continuing themes explored more than a century earlier in Tennyson’s The Kraken and HG Wells’ In the Abyss.

Even in the world of non-fiction, the deep sea is typically portrayed as an unexplored frontier – ad­mittedly a useful trope when it comes to chasing funding for deep-sea research – culminating in popular claims that we know more about the Moon or Mars than the ocean depths. But we actually know more about the deep sea than those other places in the Solar System. We have been exploring the deep sea for several centuries, collected far more samples and data from there than from other planets, and many more people and machines have visited the deep sea than space.

First of all, we should define what we mean by ‘the deep sea’. The deep sea consists of all the parts of the ocean – the seafloor and the ‘inner space’ of mid-water – that lie more than 200 metres beneath the waves. That 200-metre upper boundary for the deep sea represents the maximum depth at which tiny drifting algae can grow, because sunlight becomes too dim for them to photosynthesise beyond that depth. It’s also the average depth of the sea at the edge of the continental shelves that fringe the land, where the seabed starts to slope down into the ocean basins.

The oceans cover 71 per cent of the Earth, but, unlike the continents, they are all joined up with currents flowing between them, so we can think of our planet as having a single global ocean. And nearly all of that ocean is deep sea: its average depth is about 3,500 metres, and its deepest point is around 10,925 metres, at the Challenger Deep of the Mariana Trench in the Pacific. So our planet isn’t just an ocean planet – the deep sea covers most of our world.

Our knowledge of the deep sea begins with me­asuring the depth of the seabed, and one of the earliest recorded measurements was reported by the Greek philosopher Posidonius of Rhodes just over 2,000 years ago, when he described lowering a weighted line to discover that the seabed was around 1,800 metres deep near Sardinia. Lowering weighted lines to measure depths continued for centuries, eventually leading to the first maps showing the undulations of the ocean floor in the second half of the nineteenth century. But lowering a weighted line to measure depth is a slow process, and each measurement is just one pinprick on the map. Fortunately the invention of echo sounding – bouncing pulses of sound off the seabed to measure its depth – in the early twentieth century has enabled much faster mapping of the ocean floor since then.

Unfortunately we can’t map the terrain of the ocean floor directly using radar from satellites in the same way that we can map the surfaces of the Moon or Mars, because seawater blocks radar signals. However, satellites can measure tiny variations in the surface of the ocean, which represent the undulations of the seabed below, and that allows us to estimate the average depth of the global ocean. But satellite-derived maps of the ocean floor are much less detailed than the radar maps of the surfaces of the Moon and Mars. That’s the only aspect in which we ‘know more’ about those other planets – we have more detailed maps of their terrain, because they are not covered by seawater.

To map the ocean floor to a similar level of detail as the Moon or Mars, we have to use sonar from ships instead of radar from satellites. Modern sonar systems map a narrow strip of seafloor beneath a ship as it crosses the ocean, and it takes a long time – and lots of planning – to map a region by joining up the narrow strips beneath ships’ tracks. But just under a quarter of the global ocean floor has now been mapped in detail by sonar from ships – and that 90 million square kilometres is almost two-thirds the area of Mars and more than twice the area of the Moon’s surface.

Making a map is just the start of exploration, and understanding what happens in the deep ocean, such as the geological processes that shape the seafloor, requires samples for scientists to analyse. Samples of the deep seafloor have been routinely collected since the nineteenth century, as part of mapping the deep using weighted lines, and they vastly outstrip the geological samples that have been collected or analysed from other planets. The total amount of rock that has been collected from the Moon to understand its geology is less than 500 kilograms. And apart from a few tiny pieces of Mars that have tumbled to Earth as a result of rare Martian meteorites, so far the only geological analysis of that world’s rocks has been made by equipment aboard rovers on its surface.

The first species of an animal from the deep sea was described by naturalists in the 1760s – a stalked crinoid collected by Caribbean fishermen from more than 200 metres deep. Stalked crinoids are known as sea lilies, although they are animals related to starfish, and were previously only known as fossils, so their discovery in the deep sea stimulated curiosity about what might live down there. The descriptions of other deep-sea species soon followed: the naturalist George Shaw described the tube-eye fish Stylephorus chordatus in 1791, for example, noting its huge upward-looking eyes that are common in animals where it lives between 300 and 800 metres deep. And in the early 1800s, Antoine de Risso described species fished up on long-lines from as much as 1,000 metres deep in the Mediterranean, including the dragonfish Stomias boa, which has rows of bioluminescent lights on its body typical of many mid-water deep-sea animals. So we have known about deep-sea animals for longer than we have known about dinosaurs, as the word ‘dinosaur’ wasn’t coined until 1842. Meanwhile our knowledge of life on other worlds remains theoretical, and much of our understanding of the limits for life elsewhere in the cosmos has come from exploring life in the deep sea.

When it comes to sending machines and people into the ocean, the exploration of the deep sea is also far ahead of the Moon or Mars. To explore the deep ocean, we have three types of vehicles: Human-occupied Vehicles (HOVs), Remotely Operated Vehicles (ROVs), and Autonomous Underwater Vehicles (AUVs). As their name implies, Human-occupied Vehicles can carry people, and William Beebe and Otis Barton made the first HOV dive into the deep sea in 1930, reaching 435 metres deep in a vehicle called the bathysphere. In 1932 they broadcast live on the radio from the bathysphere at 671 metres deep, describing what they were seeing to audiences across the US and UK three decades before televised Moon landings. In 1934 they reached 923 metres deep, and their colleague Gloria Hollister also became the first female ‘bathynaut’ on a dive to 368 metres deep. After those pioneering bathysphere dives, other increasingly sophisticated HOVs visited greater depths, and Jacques Piccard and Don Walsh became the first people to reach the ocean’s deepest point – more than 10 kilometres down in the Challenger Deep of the Mariana Trench – aboard the bathyscaphe Trieste in 1960.

Around 600 people have travelled into space since Yuri Gagarin’s first orbit of the Earth aboard Vostok-1 in 1961, but many more people have visited the deep sea than space. It’s hard to keep count because there have been so many vehicles carrying people into the deep sea over the years, but it’s certainly in the tens of thousands. And on 23 June 2020, the number of people who have dived to the very deepest place in the ocean overtook the number of people who have walked on the Moon.

Remotely Operated Vehicles (ROVs) don’t carry people but are connected to a ship by a long tether cable, relaying live video and enabling operators to pilot them and collect samples with their mechanical arms. ROVs have been routinely used for deep-sea science since the 1990s, and Japan’s Kaiko ROV made nineteen dives to the bottom of the Mariana Trench between 1995 and 1998. While there are currently two Mars rovers sending back data from the surface of the Red Planet, there are many more ROVs dangling from research ships at any one time, as part of expeditions exploring the deep sea around the world.
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