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CORAL REEF
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CLOWNFISH, GREAT BARRIER REEF, AUSTRALIA

In the tropics, constant sunlight keeps coastal waters warm year-round, and as a consequence, this is where we find the most dazzling array of life anywhere in the world’s ocean.

The first time I used scuba gear, to dive on a coral reef in 1957, I was so taken aback by the spectacle before me that I momentarily forgot to breathe. Nothing I had ever seen on land came close to the sensory overload of so much life, of such diversity, right before my eyes. I could have spent days swimming above it and never tire of the colours, the movement, the interactions. It is life at its most mesmerising.

The dive was on a shallow, warm water coral cay on Australia’s Great Barrier Reef. The corals that thrive in these conditions require reliable sunlight and warm water to survive and therefore are typically found in the shallow waters of tropical seas. As a result, the most spectacular corals are often within a few metres of the surface. You don’t need scuba gear to get down to them – snorkelling and duck-diving would be sufficient. But scuba allows you to stay in the same place for long enough to start noticing the details of reef life – the countless tiny fish swimming between coral branches, the barracuda waiting under a rock shelf for a flash of silvery prey to pass, the lionfish with its fanlike fins hovering near a rock and at a passing glance easily mistaken for a plant. 

Back then the Great Barrier Reef was largely intact. I’m sure there must have been some minor fishing or pollution damage somewhere along it, but at the time it certainly seemed untouched to me. It was common to hear from Australian naturalists that one could snorkel or dive on almost any one of the 3,000 individual reefs along its 2,000-kilometre length and witness one of the greatest natural sights on Earth.

We have known that coral reefs harbour astonishing diversity ever since we first set eyes on them, and I knew of early Hawaiian and Polynesian oral stories passed down over thousands of years that spoke of the importance of coral reefs and the rich life among them. I had also read more recent accounts from explorers and scientists, but words cannot prepare you for actually seeing so many different species, all with their own way of overcoming life’s trials, somehow fitting together in an ecosystem so vivid and vibrant. I had never seen anything on land to rival it. Even though we know that a tropical rainforest harbours extraordinary animal diversity, you see relatively little of it on a single walk. Yet on that dive, which lasted perhaps thirty minutes or so, I saw more species of animals than I could have begun to count, let alone identify.

Back then, the aqualung was a relatively recent invention and detailed reef studies were limited. Many of the interactions between species or food chains on a coral reef that we now think of as common marine biology knowledge were unknown at the time. On that dive, one species in particular caught my eye. Weaving in and out of the tentacles of an anemone was a small fish no longer than my index finger. It was bright orange with three white bands around its body and black lines fringing it. Today children across the world would instantly recognise it as Nemo – a clownfish – but at that time I had neither seen nor heard of one. My first thought was to wonder why it was not being stung by the tentacles of the anemone. When I saw more clownfish behaving similarly in other anemones nearby, I realised there must be a special relationship between fish and anemone. But what sort that was, and how the relationship had evolved, I had no idea.

Since then, scientists have discovered that out of some 1,000 anemone species only ten have evolved this relationship with clownfish. But for those that have, it is central to their lives. Clownfish have even evolved an especially thick layer of mucus on their skin to protect against accidental stings, but they never try to nibble the nutritious tentacles of the anemone and live surrounded by them. In return for the protection the anemone provides, the clownfish clean the anemone and chase off predators. The anemone also benefits from nutrients excreted by the fish and their symbiotic algae grow faster and produce more food than in anemones that lack fish. 

It has taken the whole of my lifetime for science to begin to explain how a reef community works and why its immense diversity matters to all of us. Decades of research has revealed that, despite occupying just a tenth of 1 per cent of the sea, coral reefs support a third of all marine species. Even so, we have only just begun to uncover their secrets. So far, we have found over 4,000 species of fish on coral reefs, but it is thought that hundreds of thousands of undiscovered animals and plants live there too. 

Indeed, it is only in the last couple of years that we have understood that it is the very diversity of the reef community that attracts the clownfish to a reef in the first place. Researchers have discovered that young clownfish out in the open ocean don’t just swim to the nearest reef once they are big enough to do so. Neither do they return to the reef of their parents. Instead, they select a reef by listening. They detect very distinct sounds – the clamour of shrimp and clams and the drumming of swim bladders. The noisier the reef the better, because this means it is more full of life, and the more diverse and populous a reef is, the more resilient it is to the numerous threats that they face today. 

On my first coral reef dive it was colour and movement that held my attention, but were I able to return today I would also be searching for sound, trying to decipher the static white noise into pops, whistles and clicks and hoping they would be of sufficient volume to attract more life from the open ocean beyond. 

DA
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Imagine you have never heard of a coral reef and one day find yourself presented with an aerial photograph of a typical coral atoll. The ring-shaped reefs, with dark blue ocean encasing each azure lagoon, might suggest there could be some upwelling of nutrients from the deep. But the small, low-lying islands the reefs encircle have no rivers carrying nitrogen and phosphorus from great rocky mountain ranges to fertilise the ocean, no deltas with rich sediment, no continental shelf. Your rational conclusion would therefore be that these are nutrient-poor waters, and that in all likelihood there should be few species living there. You would have little reason to suspect that this is the most biodiverse habitat in the ocean. 

Yet in the warm seas around the equator, between the tropics of Capricorn and Cancer, thousands of square kilometres of coral reef flourish, as does the life within them. The reefs take many forms. Some are relatively small and isolated, like those surrounding the countless islands of the South Pacific and Indian Ocean; others, such as Australia’s Great Barrier Reef or the Mesoamerican Reef of the Caribbean, are vast structures more than 1,000 kilometres long. 

It’s important to distinguish between ‘coral polyp’, ‘coral colony’ and ‘coral reef’, as they are all commonly, and confusingly, referred to simply as ‘coral’. The reef is a limestone structure often built over thousands of years as each successive generation of hard coral grows on top of the skeletons of the last. There are many different species of coral, but they are typically grouped into ‘hard’ reef-building corals and ‘soft’ corals that will still grow on reefs but do not leave skeletons behind. The live part of the reef is the area on top where coral colonies grow, each of which is made up of coral polyps – sometimes vast numbers of them. 

Coral polyps are animals that are quite closely related to jellyfish. A single square metre of a healthy coral colony may have more than 10,000 polyps. Each individual coral polyp sits upside down in a tiny cup called a corallite that it makes from limestone, its tentacles pointing out into the water. It uses these tentacles to catch plankton. But in these nutrient-poor waters the plankton it harvests would not, alone, be nearly enough to sustain the coral polyp. 

How, then, do these seemingly unproductive waters host the most dazzling display of life anywhere in our ocean? Charles Darwin wondered the same thing, and the puzzle became known as Darwin’s Paradox. He solved part of it in 1842 in a now famous book, The Structure and Distribution of Coral Reefs, in which he identified the need for shallow waters for most types of coral to grow. But he could not at that time explain how so much life could flourish in waters that should be low in nutrients. It would take a further 200 years to find the answer, but we now know the secret of coral reefs, and it is truly wonderful.

At the heart of the answer is one of the most remarkable and successful mutual relationships in the entire natural world, that of the coral polyp and a type of single-celled alga called a zooxanthella. Zooxanthellae live in the tissues of coral polyps and have a very special relationship with their host. The coral polyp provides the zooxanthellae with shelter as well as the carbon dioxide and water needed to convert the sun’s energy into food via photosynthesis. In this process the zooxanthellae take the abundant sunlight and transform it into the food the coral polyps need but the surrounding waters cannot provide. The polyps then use the sugars, fats and oxygen produced by the zooxanthellae to grow and respire – the process of turning glucose into energy – which in turn provides the carbon dioxide and water required by the zooxanthellae. 

It is true closed-loop manufacturing. Essentially, the zooxanthellae and coral polyps are passing food to one another in a highly efficient way; in fact as much as 90 per cent of the organic material produced by the zooxanthellae is used by the coral polyps. They are assisted by a whole community of microbes living in and on the polyps that provide nitrogen, remove ammonia and perform a host of other beneficial functions. On land, a typical plant would require many external relationships – with insects, fungi and other living things – to achieve the same ends.

It is in this way that coral reefs manage to grow in nutrient-poor waters. Indeed, the low-nutrient water is vital; algae growth in the water column needs to remain limited in order for the water to stay clear enough for the zooxanthellae’s photosynthesis to work efficiently. These remarkable relationships have transformed what should have been a barrier to life into the base of a habitat so rich that its biodiversity is rivalled only by a pristine tropical rainforest.

The coral skeleton itself is ghostly white, much like chalk, but the zooxanthellae create protein pigments of the varied colours we associate with coral reefs. We don’t yet know why all the different colours are formed, but studies have shown that some of them create a kind of sunscreen, protecting the coral from harmful ultraviolet rays. Scientists also think that the mesmerising fluorescent colours of some corals may serve an evolutionary function by filtering different wavelengths of light for the zooxanthellae so that their photosynthesis is more efficient. They do this by absorbing light in one colour – usually blue – and emitting it in another – typically red. Blue light and red light are well known to be the most effective for photosynthesis, and zooxanthellae require both. However, while the longer wavelengths of blue light travel well through water and are therefore abundant in the ocean, the same is not the case for shorter wavelengths of red light. Scientists believe that because the fluorescent proteins take in blue light and emit red light, the wonderful glowing colour may be created to help the zooxanthellae grow!

Coral polyps are packed tightly and their tissue forms a continuous layer that covers the entire colony like a skin. As the colony grows and matures, individual polyps specialise. In sunnier parts of the reef the polyps are tightly packed while where it is more shady an individual polyp may grow larger so that it has sufficient surface area to meet its photosynthesis needs. Food is shared and transported throughout the colony in order for the whole to grow together. This growth happens slowly: perhaps just 1 centimetre a year for the big boulder-shaped corals or up to 20 centimetres a year for the branching corals that look a little like shrubs. It can take 10,000 years for a fully-fledged reef to form from the first group of coral larvae, but given ideal conditions they can grow to an immense size. The Great Barrier Reef is the largest structure on Earth, stretching some 2,000 kilometres in length with over 40,000 square kilometres of reef. 

Earth has approximately 350,000 square kilometres of coral reef, which may sound a lot but is in fact less than a tenth of 1 per cent of the ocean. This scarcity is due to the exacting requirements coral demands of its environment. Corals must have shallow sunlit waters at a perfect temperature and pH level. Any long-term changes to these conditions make it impossible for coral reefs to survive.

Corals create highly complex three-dimensional structures with a range of different-sized nooks, holes and crevices for animals of all sizes to colonise. On a healthy reef this leads to the astonishing range of species that make coral reefs so fascinating to watch, but, more importantly, it is the diversity and number of species living around the reef that keeps it healthy. 

A constant danger to the corals is that seaweed might grow over them and starve them of sunlight. Fortunately corals have allies – armies of plant-eating fish like chub, rabbitfish and parrotfish that graze on the algae and keep the reef clean. Not all fish are friends of the corals, however; some, like the butterflyfish, get their nutrients by eating coral. When all is in balance, this never threatens the reef itself as there are small predatory fish like grouper also seeking a meal who are only too happy to grab a butterflyfish. However, if given a chance these groupers will also feed on the grazers. If the groupers become too numerous and eat all the plant-eaters then seaweed will smother the corals. This is why a healthy reef also has bigger predators, to keep the smaller predators in check. 

It was recently discovered that on a healthy reef you can get a surprisingly large biomass of predators (both small and large) relative to prey. Indeed, there are several places on Earth where on rare occasions you get quite extraordinary numbers of sharks. This is due to spawning aggregations of fast-breeding fish coming together from multiple reefs. Fish that for most of their lives remain in the same little patch of ocean have been known to travel up to 30 kilometres for these spawning events, and the resulting bounty attracts vast numbers of sharks and other predators. Yet even in normal circumstances, a shark-infested reef is likely to be a healthy reef. 

A healthy, diverse reef is, in fact, so enticing to marine creatures that it attracts new life from far away. If you put your head underwater above a coral reef you hear a sort of constant crackling noise rather like rain hitting a tin roof. It is nearly impossible for a human ear to analyse the sound but you can notice that some locations seem to be louder or more intense than others. Scientists have recorded the sound and managed to separate it into its component parts, revealing that what seems to us like radio static is actually made by a complex community all busily going about their lives while sending messages to one another – snapping shrimp communicating by firing air bubbles, fish croaking and grunting and all sorts of whistles and whoops. It is perhaps what rush hour in New York might sound like to an alien civilisation listening in from afar! So distinct are these sounds that researchers have been able to use them to distinguish between reefs in different parts of the world as well as between healthy and degraded reefs. But perhaps most importantly their research has uncovered that these sounds are used by baby coral reef fish to help them select a healthy reef where they can settle. 

Many reef fish spend the first phase of their lives as plankton drifting through the ocean. As they grow, they search for a reef on which to settle. They have a set of bones in their skulls called otoliths, which move or vibrate with sound enabling them to hear, and when they hear the signature tune of a vibrant healthy reef, they are attracted to it. In this way a healthy, diverse reef entices more fish and other creatures, and in doing so stays in good condition. Conversely a damaged or overfished reef will be unattractive to nearby marine species searching for a home and thus may fall further into a downward spiral. To counter this, scientists are experimenting by playing recorded sounds to attract fish to degraded reefs, in order to help the reef recover.
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The otolith bones of an Atlantic midshipman fish. The otoliths not only vibrate with sound, but enable the fish to perceive gravity, movement and direction.



Corals, as we know them today, have lived on Earth for some 200 million years, and where they are found and in what quantity has changed with the positions of our continents, fluctuations in climate and impacts from mass-extinction events. Today you can find fossilised remains of coral in the fells of England’s not particularly tropical Lake District, the Holy Cross mountains of Poland some 500 kilometres from the nearest shoreline, and even in the Spring Mountains just outside Las Vegas. However, for the last 12,000 years coral reefs have for the most part flourished between the tropics of Cancer and Capricorn, due to a change which would transform our world. Following the Pleistocene, a geological epoch of huge climatic fluctuations and destabilisation lasting over two million years, something remarkable happened. About 12,000 years ago the Earth settled into a reliable, predictable warmer phase which has become known as the Holocene. With two polar ice caps, regular seasons in the temperate zones and warm, stable mean temperatures in the tropics, there was a balance that allowed both nature and humanity to flourish. In the dependably warm sunlit tropical waters of our planet coral grew into vast reefs and marine life abounded on them.

But now these waters are changing. We have left the safe, stable period of the Holocene – the only conditions human civilisation has ever known – and entered the unchartered and unstable period of the Anthropocene – an age defined by humans; an age in which humanity’s impact on the planet is now the dominating force. The balance on which coral depends to build its wonder world is unstable, teetering and at times lurching from one state to another. Many coral reef species are so sensitive to fluctuations in their environment that a single serious impact can unleash volatile change throughout the ecosystem. 

The ocean plays a vital role in moderating the globe’s climate. It acts a little like a giant sponge soaking up carbon dioxide (CO2) and heat. It is estimated that between 1800 and 1994 a staggering 118,000 billion kilograms of anthropogenic CO2 has been absorbed by the ocean. And between 1994 and 2007 one-third of all our CO2 emissions were taken up by the ocean. While this has saved us so far from runaway global heating, it has serious consequences for marine life. The ocean has absorbed so much of our excess CO2 that its pH is falling – the ocean is acidifying. This change makes it more difficult for coral to grow because falling pH can dissolve exposed skeletons and makes coral more vulnerable to breakages. It also weakens the structure of the entire coral reef since much of it is comprised of limestone – the calcium carbonate in old coral skeletons – which can dissolve, thereby degrading and threatening the very foundation of the reef.

As well as this direct effect, increasing ocean acidification could cause the reef’s natural attraction technique to falter by changing the sound of the reef. The shells of sea snails, crustaceans and clams are weakened by the lower pH causing their populations to decline. The reef quietens. There is less clicking of shells and snapping of shrimp. Consequently the ability of fish to hear and therefore locate a viable reef on which to settle is diminished. Juvenile fish floating in the open ocean are much more vulnerable to being eaten. Beyond the heartbreaking image of Nemo and other juvenile fish adrift in search of a home, this creates a negative feedback loop that can significantly impact the coral reefs as the next cohort of fish may simply never arrive to repopulate the reef and spawn future generations, and the reefs become even quieter

A similar end result is already occurring through a different route: fishing. Humans are creatures of habit in many ways, including the choice of fish we consume. Commonly targeted reef species include large predatory fish such as grouper and jack, which play an important role in keeping the wider ecosystem in balance. Removing too much of a single species has significant knock-on effects, particularly on an environment as dependent upon interrelationships as a coral reef. Examples of these kinds of impacts have been recorded all over the world. Coral reefs in the Caribbean with increased fishing pressure were found to have more seaweed growth because the herbivorous fish were gone. In Kenya, triggerfish were targeted by fishers and this led to a boom in population of their prey, sea urchins. Heavily fished reefs also suffer from the fishing gear knocking into corals or getting tangled in them. Polyp tissue is very thin and the underlying skeleton is fragile, so damage is easily done. Wounds are then readily infected, which weakens the colony and can even kill it completely.

While the impact of fishing is profound, there is a simple and quick solution. Countries can easily and immediately ban the most destructive and indiscriminate fishing methods, such as dynamite and poison fishing, from their waters, allowing only lower-impact methods. They can also create protected areas around the most productive or sensitive habitats. While roving pirate fishers may lose out, small-scale fishing communities will catch more fish as a result of the healthier seas and the protected reefs could attract lucrative tourism. When the Pacific islands of Palau brought in strict fishing controls initially around inshore reefs and later also on much of its offshore waters, the local fishers saw an increase in their catches as fish stocks recovered. As word got out about the incredible underwater recovery, diving and snorkelling tourism grew, bringing jobs and custom for hotels and restaurants.

Tackling coral bleaching is far less straightforward, however.

Coral bleaching happens when coral polyps are stressed by changes in conditions such as temperature, pollution, pH and salinity. As far as we know, coral bleaching has always occurred from time to time. Sudden warm periods in an area or natural fluctuations resulting from the El Niño/La Niña cycle increase or decrease water temperature for a short time around a reef or reef system. This is a threat to corals because they can only tolerate a relatively narrow temperature range. Beyond this range the photosynthetic process starts to go wrong and the zooxanthellae can produce substances that are harmful to the coral polyps. As a reaction, the polyps will expel the zooxanthellae. This is easy to see, because without the zooxanthellae the tissue of the polyp is translucent and the white skeleton underneath becomes visible – it has ‘bleached’. If the temperature quickly settles back within the normal range and the zooxanthellae return to the coral then normal food service resumes. However, when the temperature stays beyond the normal range for too long, which is now far more likely due to climate change, the polyps will starve. From this there is no way back, and the coral will inevitably die.

While some bleaching events have been reported due to pollution or extreme low tides exposing the coral to intense sunlight and heat, by far the biggest cause is exposure to prolonged ocean heatwaves. They can last for weeks or even months and are even able to warm the ocean to depths of hundreds of metres. Climate change has made these heatwaves more extreme and more frequent. 

The future for coral reefs is often portrayed as extremely bleak indeed, and there is good reason for such concern. The global bleaching event in 1998 that killed 8 per cent of coral worldwide has been well studied, giving us both warning and hope. In the Seychelles approximately 90 per cent of hard coral was lost. Recovery here was closely studied and researchers found that once algae had swamped the reef, it slowed the coral rebound. Where overfishing herbivorous fish was a problem, impacted reefs struggled to recover. In many places corals managed to recover strongly and by 2010 the global estimated coral cover was back to its pre-1998 level. However, this recovery took more than a decade; with bleaching events occurring more and more frequently there is often not time for a full recovery before the next one hits. Since 2011 there has been a steady decrease in coral and an unprecedented increase in algal cover as we continue to heat our planet.

Global bleaching events have occurred in 1998, 2010, 2014–17 and at the time of writing in 2024 the world’s coral reefs are undergoing another. If we continue to release greenhouse gases into our atmosphere at the current rate, then very few coral reefs will survive. But even if we succeed in rapidly phasing down our emissions there is already unavoidable warming and acidification locked into the planetary climate system. This will have serious consequences for coral reefs. 

Yet, it appears that we can at least minimise that damage.

A clue to how we might do this comes from the region with the most diverse reefs in the world, the Coral Triangle. This area of the Western Pacific between Indonesia, Malaysia, the Philippines, Papua New Guinea, Timor Leste and the Solomon Islands covers 6 million square kilometres. It has an astonishing 76 per cent of the world’s coral species and scientists have recorded over 2,000 species of reef fish in its waters. More than 140 million people rely on fish and seafood from the Coral Triangle either for their livelihood or as their main source of protein. Here scientists found that there had been an increase in hard coral cover over recent decades, as well as a decrease in algal cover. It is thought that the density and diversity of the coral in this area helps them to be more resistant to spikes in temperature. 

Similarly, when a reef has a healthy ecosystem and fish population then it is significantly more likely to survive bleaching events. There is an excellent example of this in the middle of the Pacific Ocean. In 2009 a National Geographic Pristine Seas expedition discovered some of the most stunning reefs in existence around the remote and uninhabited Southern Line Islands. Their findings helped secure protection for the reefs through a so-called no-take zone that closed them to all fishing. Then, during the 2016 El Niño, it seemed that disaster had struck. The worst bleaching event on record hit the Southern Line Islands: over half the coral was lost. Scientists expected the reefs to suffer the same fate as many others around the world and die completely. But then something astonishing happened. The corals returned, in some places even richer and more spectacular than before. The reason? Fish. Without them, bleached coral skeletons are quickly smothered in algae and the entire reef is overwhelmed. But because of the Southern Line Islands’ strict protection, armies of plant-eating fish survived and grazed the algae, allowing the coral time to recover.

Tackling climate change is a global issue, albeit one requiring national and local leadership. However, buying reefs time and helping them survive the global heating and ocean acidification that are now unavoidable can be done locally. Protecting a reef from both overfishing and pollution are within the power of local communities and local governments. And wherever that has happened the reefs are healthier, the small-scale fishing communities have more to catch and, most importantly, those benefits are more likely to continue well into the future.
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CABO PULMO, BAJA CALIFORNIA, MEXICO

When you view drone footage of Cabo Pulmo recorded from a couple of hundred metres above the ground, you understand why the place is special. From that height and with a decent lens you can clearly make out the lines where four realms transition into one another. From the east the scrubby, rocky hills are an arid beige interspersed with khaki pockets of vegetation running along the valley and ravines where water periodically flows and briefly settles. A thin strip of sand reflects the sunlight and every few seconds is invaded by the white foam of breaking waves. Immediately beyond the surf lies a lagoon of vivid blue-green shallow water. A little further offshore lies the true wonder of Cabo Pulmo. Ridges running north to south separate the light, inviting lagoon from the dark, open ocean. These ridges are formed of granite, which provides the base on which coral can grow. 

As the world warmed after the last ice age, ice melted and retreated, and sea levels rose and flooded continental shelves. Along equatorial latitudes this created the conditions for warm, shallow seas – excellent places for coral colonies to establish and grow. Cabo Pulmo is right on the edge of these latitudes. At the bottom of Mexico’s Baja California near the mouth of the Gulf of California, it is just still warm enough for corals to grow – head much further north and warm water corals soon disappear. It is a rare and precious outpost.

While from the air you may be able to understand why this area is geographically interesting, you need to go beneath the waves to realise that this relatively small patch of a much larger community has an amazing story. It is the diversity and density of the coral which first strikes you. The rock here runs like fingers on top of the seabed into progressively deeper water, and it is this that allows for habitat variations that favour different species.

The colours, the intricacies and the sheer beauty of this underwater world lead many visitors to assume it is a pristine, untouched reef. The coral density here is among the greatest in the Gulf of California, and that helps to attract a great diversity and abundance of other marine species. The shoals of jacks here are so vast that the vortexes in which they swim have been known to engulf divers. Bull sharks, humpback whales, manta rays, turtles and sea lions all frequent the waters, and the huge array of birdlife here, attracted by so much fish, is considered to be of global importance. You can see why writer John Steinbeck said it ‘pulsed with life’ when he visited it in the 1940s. 

But, in fact, Cabo Pulmo is not pristine. By the 1980s its pulse had stuttered and faded. A few fish, echoes of the once vibrant reef community, stubbornly remained, but the great ocean travellers – sharks, rays, turtles and whales – had not passed by in years. Cabo Pulmo had joined the long list of locations erased from the travel routes of the ocean’s wandering giants. 

Local fisherman Juan Castro didn’t truly think he could make the sharks or whales return, but he did hope he could revive his community. The fish catch had plummeted. Decades of overfishing combined with the anchors and weighted nets of boats smashing the reefs had finally tipped the intricate ecosystem too far out of balance. Fish populations were critically low and the people were out of options.

It would be easy to give up or, as so many other places had done, use increasingly brutal fishing methods to catch the few fish that remained. But Juan Castro remembered the rich seas of his childhood, the sharks he had seen while fishing with his father and the proud community that thrived in this beautiful region. He believed in the power of the sea and he believed in his neighbours. Working with a local marine professor confirmed that what he instinctively understood from a lifetime of working the sea was also backed up by the science: if given both time and protection the reef on which his community depended could recover – it could bounce back to life.

First they studied the reef, identifying areas where some healthy coral remained and small shoals of fish could still be found. They then campaigned and petitioned the government to turn the reefs into a marine protected area. This would keep the foreign fishing boats out, but that alone wouldn’t be enough. The professor’s studies suggested they needed a complete no-fishing zone to allow the reef to recover. For a community largely comprised of fishing families, this was a life-changing request. Juan persuaded them it would be worth it and in 1995 the Cabo Pulmo no-fishing zone and protected area was established.

Jubilation was short-lived. Now came the tough part. Having given up their fishing rights, the community’s main source of food and income had disappeared overnight. It is hard to imagine what it must have been like for a working community, built by generations of fishing families, to live on the edge of the sea yet be unable to fish and rely instead on government food vouchers to support them. The pressure and responsibility Juan and other advocates of the protected area must have felt, to deliver results, would have been intense and daily. The patience shown by the whole of Cabo Pulmo in continuing to resist fishing in those first few years until the early signs of recovery became visible is remarkable. From shore they saw the seabirds growing in numbers and diving for the fish that people were not allowed to catch. Still they waited. Still the marine biologists studied the waters. 

Ten long years passed.

They could sense a quickening. A positive tipping point had been reached. Biodiversity begat biodiversity, rich seas attracted more species, healthy coral spawned and gave shelter. Sharks were spotted, whales returned. 

Ten years felt like a very long time to Juan and the community of Cabo Pulmo, but for scientists the transformation was surprisingly, delightfully rapid. This scale of regeneration in such a short space of time gave hope. Few habitats on land would recover as fast. Leave a previously farmed field alone for a decade and you will see change, but nothing on this scale. The pace would, of course, vary in different parts of the world, but, for example, if you just left alone a typical lowland western European agricultural field, you might see brambles and nettles quickly take over the once disturbed land, acorns long dormant in the soil might sprout and become young oak saplings. Probably thorny scrub would dominate, created by berry eaters such as thrushes feeding on the open ground. Perhaps wind-dispersed species like ash would begin to grow if there was a woodland nearby. Over a decade you would certainly see a rise in biodiversity, particularly among birds, insects and small mammals. Carbon sequestration and soil quality would improve. But even on abandoned farmland close to existing old-growth woodland, it would be several decades before a habitat remotely resembling native woodland would return, with all the species it supports. In Cabo Pulmo, however, there was recovery across all levels of the ocean ecosystem, from the smallest reef fish to the largest predators, and that was due to the power of the ocean and the characteristics of the species that have evolved there.

It is easy to assume that a coral reef functions much like a habitat on land. Indeed, they are often called ‘rainforests of the sea’ due to their biodiversity. But there are crucial differences, especially when comparing the respective roles of mammals and fish. Even though many mammals and birds continue to produce offspring into old age (humans are a rare exception), they don’t have more babies at any one time as they enter middle and old age – holding steady is an excellent result for most. Conversely in many fish species the older, bigger fish have significantly more eggs than when they were younger and smaller. Age-old logic required throwing back the young fish you catch and allowing them to breed but taking the older ones to eat. This makes some sense because clearly you don’t want to wipe out the young pre-breeding population, but it doesn’t recognise the super-reproductive powers of big fish. And after ten years of protection Cabo Pulmo had a nicely ageing cohort restocking its waters at an ever-faster rate.

Marine biologists had rarely seen anything like this before. Their studies showed that fish numbers had increased by more than 400 per cent inside Cabo Pulmo’s no-take zone and the booming population had already begun spreading outside the protected area, repopulating other reefs. This is another important difference between the land and sea. In the sea there are no fences, roads or towns. So once a protected area has healthy fish populations then gradually some of the fish move beyond the boundaries of the reserve. This is known as the spillover effect and it is a crucial reason why no-take zones will, if given time, enable fishing communities to catch more fish in the surrounding waters than they did before protection was introduced.

The fish numbers provided solid proof of recovery but, for the future of Cabo Pulmo, beauty and biodiversity were also important. The burgeoning coral gardens, the curious rare invertebrates, the resident sea lion colony, the vast seabird flocks and the star power of whales, dolphins, turtles and sharks together made for a dream destination for ecotourists. This was a vital development. The Cabo Pulmo marine reserve was now so successful it was declared a national park. This excluded foreign fishing vessels permanently but allowed locals to resume setting their nets. The future of the town was entirely in local hands. 

Fishing was once again a profitable business. Far more fish could be caught in less time, using less fuel than had been the case before the marine protected area was established. But the community of Cabo Pulmo did not want to rely on fishing alone. By opening dive shops, guesthouses and restaurants, together with establishing tour guide services to share the wonders of their







AFTERWORD
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One of the most enjoyable phrases to write in this book was ‘remains unknown’. Words to that effect appear many times throughout these pages and each time they hold the tantalising promise of new discoveries to come, new species to find, and a future full of ideas and revelations. 

Discovery is one of the great joys of exploring the natural world – whether that’s actively seeking or uncovering something you have never seen before or that wonderful moment when a new piece of the puzzle falls into place and you suddenly realise why an aspect of nature functions in the way it does. The last hundred years of humanity’s study of the ocean has brought plenty of both. Indeed, even during the writing of this book scientists have revealed incredible new discoveries about life in our ocean.

But with understanding comes responsibility. We now know that our ocean is badly damaged but do we know the future ocean we want? It can be hard to imagine what that future ocean might be because no one alive today has seen a truly rich, thriving ocean. It is normal for each of us to think of the natural world that we saw growing up as ‘natural’ and only measure improvement or loss against that baseline. Yet, of course, that cannot be true. The ocean that I dived in my youth, some thirty years ago, was both spectacular and far diminished from the ocean which David experienced sixty years ago, and so it continues. 

But there is no reason for that trend to endure. While there are many more wonders to uncover, we now finally understand all that we need to know to restore our ocean. We have the knowledge but more importantly we have the proof. 

We have real-world evidence to show us that we can aim far higher than simply slowing the ocean’s decline or stabilising the conditions that we have today, because the most important discovery of recent years is the ocean’s capacity to regenerate. Pioneering communities have protected patches of ocean across the world, in all conditions and habitats, and wherever they have done so life has rebounded with spectacular results. 

Too often saving the ocean is portrayed as a battle between conservation and fishing, yet we have seen across the world that healthy seas are to the benefit of both fishing communities and wildlife. A revived ocean would provide food, livelihoods, carbon storage, planetary stability … and perhaps a few amazing sequences for documentaries as well. We hope that by sharing these tales of discovery, wonder and restoration we may help draw attention to the remarkable gifts that the ocean provides for us all.

Colin Butfield

February 2025
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