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INTRODUCTION: THE SHIFTING FRONTIER


There’s a place on Earth where the land surrenders to the sea, not with a final, definitive gasp, but with an ongoing, rhythmic exchange – a dynamic battlefront that stretches across the globe. This is the intertidal zone, between high and low tide, a world caught between two extremes. If you stand on a rocky shore at dawn, you’ll witness nature’s oldest show. Waves crash relentlessly, turning stone into sand over millennia, as life clings tenaciously to every crack, crevice, and cranny.


The intertidal zone is a lively landscape, its character shifting with the clockwork rise and fall of the tides. For hours, it sits submerged beneath the ocean, teeming with marine life. Suddenly, the sea recedes, revealing a diverse array of tide pools and exposed rock. And like an encore, the ocean returns – rushing back with the next high tide to reclaim its territory.


The intertidal zone combines a multitude of powerful forces. The rocks are battered by waves, scoured by wind, and dried by the sun. Desiccation is a constant threat, especially for creatures accustomed to living underwater. But instead of surrendering to these challenges, intertidal organisms have evolved to embrace them, showing some of nature’s most brilliant solutions to the problem of staying alive. The humble limpet, for instance. After grazing on algae, it returns to the same spot, with remarkable precision, to a place known as a home scar. Over time, the limpet grinds its shell to perfectly fit the contours of the rock, creating a tight, suction-like seal. Not only does this anchor the limpet to the rock to protect it from crashing waves, but it seals a thin layer of moisture beneath its shell, helping it avoid desiccation during low tide.


For some, the intertidal zone is a nursery. The bladderwrack, for instance, with its thick, leathery fronds draping over tide pools like a protective canopy, provides shelter for young fish and invertebrates. These algae thrive here, doing what algae do best – harnessing the sun’s energy to photosynthesise and laying the foundation for the entire food web in this precarious, watery world. Plant life, not animals, primarily dominates the intertidal zone. Under the warm embrace of the sun, the algae in the intertidal zone convert sunlight into energy, feeding not only the snails and sea urchins that graze on them but also sustaining entire ecosystems that extend well beyond the rocky shore.


The intertidal zone is not just a place of harsh challenges but one of extraordinary opportunities. Every organism in the intertidal zone is a pioneer of adaptation, demonstrating success in the evolutionary experiment of life that commenced approximately 4 billion years ago. From the smallest anemone, with its vibrant tentacles swaying in the current, to the clever octopus, an escape artist par excellence capable of changing colours and squeezing through gaps smaller than its head, the intertidal zone boasts a vivid cast of characters whose lives are perfectly tuned to the rhythms of the tides.


What is it about the intertidal zone that serves as such an evolutionary testing ground? In many ways, it’s the sheer unpredictability of life. A creature that can thrive here must be ready to face varying levels of salinity, endure temperature swings of up to 20°C, and be able to go without food when the tides prevent access to the open ocean. To live in this environment is about survival, flexibility, resilience, and ingenuity.


And yet, for all its harshness, the intertidal zone is incredibly productive. Despite the challenges, these shores are teeming with life. The nutrients washed in with each incoming tide create rich feeding grounds for species higher up the food chain. Shorebirds, like the oystercatcher, scour the mudflats, using their long, sharp beaks to pry open clams and mussels. Sea otters patrol the kelp forests that often fringe the intertidal, using rocks as tools to break open sea urchins.


The Moon, the silent conductor of the tides, exerts a powerful influence. The gravitational pull of the Moon and, to a lesser extent, the Sun, regulates the ocean’s tides, making the intertidal zone one of the most dynamic ecosystems on Earth. For billions of years, the rhythmic pattern of tides has remained largely unchanged. Even during mass extinctions and climate upheavals, the tides have been a constant force, sculpting the shores and influencing life there.


However, the ever-growing footprint of humanity is threatening this ancient rhythm and putting a vibrant ecosystem under siege. As we will see, the intertidal zone, resilient throughout geological time, now confronts new challenges from the far more recent forces of human activity. Coastal development is squeezing intertidal habitats into an ever-narrowing margin, while pollutants and overharvesting threaten the delicate balance that has sustained these ecosystems for millennia. Once a cradle of life, the intertidal zone now serves as a crucial indicator of global environmental change.


But there is hope. The intertidal zone is proof of the resilience and adaptability of life. It is a place where species have evolved to survive both above and below water, at the mercy of forces as ancient as the planet itself. This book takes you on a journey through the intertidal zone, from its ancient origins to its modern challenges. Along the way, we’ll meet a cast of characters as diverse as any fantasy novel – barnacles with superglue-strength adhesive, algae that build underwater forests, and crabs so clever they seem to outthink their predators. We’ll explore the forces that shaped this unique ecosystem, from tectonic upheavals to evolutionary arms races, and we’ll examine what it will take to protect it in an age of climate crisis.








	AT THE EDGE: THE DYNAMIC COASTLINES OF OUR OCEANS

	1







Seen from space, our home, Planet Earth, is an incredibly beautiful expanse of blue. Indeed, from a point above the Pacific Ocean, the entire planet appears to be completely enveloped in water. The oceans are the defining feature of our world; they cover more than 70 per cent of the Earth’s surface to an average depth of around 3.8 km and contain about 97 per cent of its total water. Earth’s oceans are not just beautiful – they may have been the cradle of life on our planet some 4 billion years ago and have sustained its evolutionary journey ever since.


Today’s oceans form a vast, dynamic, and interconnected system, composed of five major ocean basins: the Pacific, Atlantic, Indian, Southern, and Arctic Oceans. There are also the smaller seas, the Caribbean Basin, the North Sea Basin, the Mediterranean Basin, the Red Sea, and the Persian Gulf. Each has its own unique character. Some oceans are teeming with life while others are vast aquatic deserts. For example, the warm, nutrient-rich waters of the Caribbean are teeming with life while the Dead Sea, as its name suggests, is practically barren of complex life forms.


The world’s oceans are in constant motion, driven by currents, winds, and the gravitational pull of the Earth, Moon, and Sun. Conditions vary, from the icy waters of the Southern Ocean around Antarctica to the warm Mediterranean Sea, from the low productivity of the South Pacific Gyre to the nutrient-rich Bering Sea.


The Northern Hemisphere contains nearly two-thirds of our planet’s land area. The Southern Hemisphere is the domain of the oceans, with some 80 per cent of its surface covered by water. Along the edges of continents lies a submerged extension of the land known as the continental shelf, which is a relatively shallow, underwater plateau that forms the transition between land and the deeper ocean. The continental shelf extends seaward from the shoreline, and the width of this shelf varies from almost non-existent off the coast of southern Florida to over 800 km north of Siberia in the Arctic Ocean. Continental shelves account for some 8 per cent of the ocean’s surface area, equivalent to one-sixth of the Earth’s total land area. Most continental shelves are relatively smooth and slope gently toward the sea. The outer edge of the shelf – the shelf break – is a feature found at depths of 122 to 198 m. Beyond the shelf break, the bottom steepens sharply to become the continental slope, which is the boundary between continental masses and the true ocean basin. It can reach 2.9 to 3.9 km in depth.


All oceans have their own distinct coastal margins and intertidal zones. Given the variety of geological, climate, and ecological conditions found around the planet, these coastlines are incredibly diverse. In fact, intertidal zones are among the most biologically productive areas on Earth – called biodiversity hotspots. From rocky shores to sandy beaches and estuaries, the constant movement of water brings nutrients that increase the growth of plankton and algae, which supports a wide variety of plants and animals.
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Ocean bathymetry – the main features of ocean basins.





Rocky shores are regions where there are steep coastal cliffs and strong wave action. They are often found along tectonically active coastlines such as the Pacific coasts of North and South America and parts of Europe and Asia. They provide stable substrates and are particularly popular habitats for a range of organisms, such as barnacles, limpets, mussels, starfish, and algae.


Waves and tides constantly reshape sandy beaches found along more gradually sloping coastlines. They are prevalent along the coasts of Australia, North America, and the Atlantic coast of Africa, and are home to species such as crabs, clams, and various shorebirds.


Mangroves dominate many intertidal zones in the tropics, especially along the coasts of Southeast Asia, the Caribbean, West Africa, and parts of Australia and Central America. They are important habitats for juvenile fish, crabs, and a variety of birds and other wildlife.


Mudflats and estuaries are characterised by fine sediments that are home to diverse communities of invertebrates, fish, and birds. Many estuaries were formed at the end of the last ice age when river valleys were drowned by rising sea levels and are common along the Atlantic coasts of Europe and North America, as well as parts of Asia and Africa.


The length of time the intertidal zone is exposed to air during low tides differs according to the tidal regime. The Gulf of Mexico, for instance, experiences a lazy one-tide-per-day routine (a diurnal tide), but most coasts get two tides per day (semidiurnal tides). Tidal range – the difference between high and low water – determines how much of the tidal zone gets wet. In some places like Tahiti and the Mediterranean, the tide barely nudges the shoreline with a tidal range of just 30 cm, while in the Bay of Fundy, Canada, the average tidal range is 16.3 m, the largest in the world. Second to this is the Bristol Channel with an average tidal range of 15 m.


The Pacific Ocean and its coastal margins


Of the five major oceans, the Pacific Ocean is the largest and deepest. Covering approximately 101 million km2, it contains more than half the free water on the planet. The average depth of the Pacific Ocean is about 4.1 km, making it the deepest ocean in the world.


The Pacific Ocean, if only for its sheer size and volume, plays a crucial role in regulating the Earth’s climate. Its surface area absorbs energy from the sun, influencing weather patterns across the globe. The Pacific Ocean supports an extraordinary range of life, from the tiniest species of plankton to the largest animal ever to have lived – the blue whale.


Some of the most diverse and dynamic regions on Earth are found along the coastal margins of the Pacific Ocean. On the eastern margin, the Pacific meets the Americas, where nutrient-rich upwellings support teeming marine life along the coasts of Chile, Peru, and California. To the west, the Pacific borders East and Southeast Asia, encompassing the island nations of Japan, the Philippines, and Indonesia – areas that are shaped by tectonic upheaval and the forces caused by the monsoons. To the north, it meets the icy coasts of Alaska and Russia’s far east, while the southern margin embraces Australia and New Zealand, where warm and cool currents converge. A variety of geological processes have shaped these coasts over millions of years, resulting in a wide range of ecosystems. The margins of the Pacific are particularly dramatic because they are active subduction zones. These are regions where one tectonic plate is forced beneath another. Here, the dense oceanic crust of the Pacific Plate is slowly being pushed down beneath the lighter continental plates, a process that causes the Pacific Ocean to shrink over geological time. This seismic and volcanically active area is known as the ‘Ring of Fire’ and includes the coastlines of countries like Japan, the Philippines, and Indonesia. The intense tectonic activity here has created dramatic coastal landscapes, including steep cliffs, volcanic islands, and deep ocean trenches. The tropical coastlines of Southeast Asia are characterised by mangrove forests, coral reefs, and extensive archipelagos. They are incredible hotspots of biodiversity but are extremely vulnerable to natural disasters such as tsunamis and typhoons.


The eastern part of the Pacific Basin is relatively simple in its structure and is dominated by seafloor spreading along the East Pacific Rise and two less active spreading ridges: the Galapagos near the equator and the Chile Rise, southeast of the basin. Here the seafloor is growing, in contrast to the shrinking ring of fire around the margins.


The floor of the western Pacific has a more complex structure and is older than the rest of the Pacific Basin. Much of the original seafloor spreading centres have been consumed by subduction, and Australia’s continued northward drift is causing the Pacific Ocean to slowly shrink. These large-scale geological processes shape the contours of coastlines, influencing everything from sea level and sedimentation to the formation of bays, cliffs and volcanic archipelagos. As a result, they directly affect the nature and diversity of intertidal zones – determining the availability of rocky shores, sandy beaches, and sheltered habitats where coastal life flourishes.


There are numerous island chains in the Pacific; the most prominent is the Hawaiian island chain, which formed above a hot spot in the ocean crust – an area where molten rock from deep within the Earth rises to the surface in intermittent volcanic eruptions. This molten material originates in the mantle, the thick, semi-solid layer of rock that lies between Earth’s crust and core. The youngest Hawaiian islands are found to the south of the chain of islands, while older islands move northwest as they slowly drift with the Pacific Plate, the oldest tectonic plate on Earth.


The western coasts of North and South America are where rugged and rocky coastlines dominate; they have been created by the tectonic activity of the Pacific Plate. The Andes Mountains in South America and the Sierra Nevada in North America rise dramatically near the coastline to create narrow, steep coastal plains. They are some of the most rugged and dynamic coastlines on Earth.


The intertidal zones in these regions are supported by the nutrient-rich cold water upwellings of the Humboldt Current in the south and the California Current in the north. These powerful ocean currents flow northward and southward respectively along the west coast of the Americas, bringing cold, deep water to the surface. This upwelling process delivers vital nutrients that fuel plankton blooms and sustain rich coastal food webs that support diverse intertidal communities. Both areas are home to barnacles, mussels, starfish, and sea urchins, and just offshore there are dense kelp forests that thrive in the cool, nutrient-dense waters.
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The Hawaiian Island chain.





The Humboldt Current supports an abundance of marine life, including seabirds such as boobies, and cormorants, as well as jumbo squid and marine mammals such as sea lions, fur seals, killer whales, and dolphins. Humboldt penguins are the only species of penguin that live in the wild along the warm coasts of Peru and Chile. They make a distinctive braying call, much like a donkey, and build their nests from guano (bird poop), often in burrows or rocky crevices along the shore.


The intertidal zones along the North American coast are quite diverse with rocky shores, tidal pools, and sandy beaches. The California Current runs southward from British Columbia down to Baja California and supports a high biodiversity of fish, invertebrates, and seabirds, along with marine mammals, including several species of whale, such as gray and blue whales. One of the most charismatic inhabitants is the sea otter, which is found in nearshore waters from Alaska down to central California, though populations are patchy due to hunting in the past. Sea otters are often seen feeding in kelp forests just offshore and are known for their cute ‘rafting’ behaviour, where groups of otters hold one another’s paws and wrap themselves in seaweed to stay anchored and prevent them drifting apart as they sleep on the sea surface.


The coastal areas of Alaska and British Columbia – the northern Pacific coasts – are characterised by temperate rainforests, fjords, and glacier-carved landscapes. These regions are cooler, with high rainfall, which makes for a rich ecosystem. Some of the most remote and harsh coastal environments, with icy waters and challenging weather conditions, are found around the Bering Sea. Despite its severity, it is one of the most productive seas in the world due to seasonal upwelling and ice melt, which bring nutrient-rich waters to the surface. This fuels massive blooms of plankton, which supports dense populations of fish, seabirds, and marine mammals – including walruses, sea lions, and migrating whales.


Along the southern Pacific coastal margins of Australia, New Zealand, and Chile, we find a mix of temperate and subtropical conditions. One of the best known is, of course, Australia’s Great Barrier Reef. Dotted around the South Pacific are numerous isolated islands such as Fiji, Tonga, and Samoa, with their coral reefs and volcanic landscapes.


Around the Pacific coast, tectonic activity has produced volcanic islands, deep trenches, and seismic zones, which support a wide range of ecosystems, including coral reefs and mangroves in the tropics and kelp forests and temperate rainforests in higher latitudes.
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The world’s oceans and coastlines.







[image: ]


An alternative view of the oceans.





The Atlantic Ocean and its coastal margins


The Atlantic Ocean is the second largest ocean. While smaller than the Pacific, it is no less impressive, being a dynamic and diverse body of water with a complex system of currents, varied ecosystems, and significant geological features.


The Atlantic extends between the Americas to the west and Europe and Africa to the east. It connects with the Arctic Ocean to the north via the Greenland Sea and with the Southern Ocean to the south.


The Atlantic Ocean has an average depth of about 3,646 m, but as with all oceans, there are significant variations. The deepest point, and full of geological secrets, is the Puerto Rico Trench, where the ocean floor plunges to over 8,000 m and is part of the tectonic boundary where the North American Plate is being subducted beneath the Caribbean Plate.


A significant feature of the Atlantic Ocean is the Mid-Atlantic Ridge, a continuous mountain range that snakes along the centre of the ocean from north to south. This ridge is the boundary between the Eurasian and North American plates in the north and the African and South American plates in the south. Since the Atlantic Ocean first began to form around 195–135 million years ago, these plates have been slowly moving apart as magma rises from the Earth’s mantle to create new ocean crust – essentially expanding the Atlantic by about 4 cm per year (about the rate your fingernails grow). Not only is this a geological hotspot, but it is also brimming with life, especially around the hot, steamy spas of hydrothermal vents. These superheated, sulphur-spewing vents support unique communities of organisms with mind-boggling adaptations that allow them to survive in one of the most inhospitable environments on Earth.


The complex system of currents in the Atlantic Ocean plays a crucial role in regulating climate globally. An important component of this is what is known as the ‘global conveyor belt’. Differences in water density drive this deep ocean circulation system, while temperature and salinity regulate its movement. In the North Atlantic, cold, dense water sinks and moves southward toward the Southern Ocean and beyond. From there, it joins the interconnecting oceans of the world, playing a vital role in the global distribution of heat and nutrients. Sadly, this interconnectedness means that it also carries with it the plastics and other pollution we humans have infested the planet with.


The Atlantic Ocean supports a variety of ecosystems, from the deep sea to the coastal areas. The deep sea, including the abyssal plains and the Mid-Atlantic Ridge, is home to many unique and mysterious species. These areas, characterised by extreme pressures, low temperatures, and inky darkness, are home to organisms that have adapted to survive in one of the most inhospitable environments on Earth.


The open ocean, or pelagic zone, is a major ocean highway for migratory species such as whales, sharks, and sea turtles. It is also the domain of large predatory fish such as tuna and marlin. Coral reefs in the Atlantic, such as those found in the Caribbean, are among the most diverse habitats, with a breathtaking abundance of marine life, including fish, invertebrates, and sea turtles.


The coastal regions of the Atlantic Ocean are as varied and dynamic as the ocean itself. They span a wide range of climates, landscapes, and ecosystems, from the icy shores of the Arctic to the tropical beaches of the Bahamas, and they are incredibly diverse in terms of the physical landscapes and the ecosystems they support.


The eastern coast of North America, stretching from Canada to Florida, features the rocky coasts of New England with their rugged cliffs and harbours, which give way to the sandy beaches and barrier islands of the mid-Atlantic and southeastern United States. The Gulf Stream influences the climate along this coast, bringing warmer temperatures.


The Gulf Coast, extending from Florida to Texas, is a mix of sandy beaches, marshes, and extensive wetlands, particularly along the Louisiana coastline. Wintering plovers feed on burrowing invertebrates along the shore, and the sandy beaches provide a nesting area for sea turtles, including the endangered Kemp’s ridley, loggerhead, and green turtles. They also provide a habitat for ghost crabs, where they dig burrows in the sand and can be seen scuttling across the shore at speeds of up to 16 km per hour (these remarkable animals are also able to breathe through their legs using special gill chambers). The coastal marshes are dominated by grasses and provide a habitat for the American alligator, an apex predator, and in the brackish waters, blue crabs are found along with speckled trout. The Gulf Coast is also known for its various bird species, such as the Clapper Rail, Great Blue Heron, and Roseate Spoonbill. The intertidal zone is also home to the eastern oyster, which can be found in oyster reefs, and fiddler crabs in muddy and sandy areas – known for their asymmetrical claws. Diamondback terrapins are the only turtles in the world that live in brackish intertidal zones, particularly salt marshes and mangroves. They have specialised glands near their eyes that allow them to excrete excess salt, which makes them perfectly adapted to life in salty marshes.


The Caribbean coast of Central America and the northern South American coast are known for their tropical beaches, coral reefs, and extensive mangrove forests, especially the Yucatan Peninsula in Mexico, the coasts of Belize, and the northern coasts of Venezuela and Columbia. The intertidal zones in these regions are especially rich in life thanks to the warm waters, reliable sunlight, and complex habitats.


Coral reefs, while usually found in the subtidal zone, can form an intertidal environment at low water when the upper parts of the reefs are exposed. Brain and elkhorn corals, which provide habitat for other organisms, are often exposed to air and sunlight at low water and are well-adapted to withstand this. Anemones and sea urchins are common around coral reefs, as are crustaceans and intertidal fish species such as blennies and gobies that inhabit shallow intertidal pools.


Mangrove forests are abundant in the Caribbean intertidal zones, and their salt-tolerant trees and shrubs provide shelter and breeding grounds for a wide range of creatures in these brackish waters, including juvenile fish such as snapper, tarpon, and lemon sharks, which give birth to live young. Mangrove forests are home to crustaceans such as the mangrove tree crab, fiddler crabs, and molluscs such as oysters and snails.


Animals such as ghost crabs and sea turtles, including the green, hawksbill, and leatherback turtles, inhabit the sandy beaches of the Caribbean, coming ashore to lay their eggs. There are also abundant small crustaceans, such as beach fleas and other amphipods, which are found along the strandline, where seaweed and other debris accumulate on the beach.


The Brazilian Atlantic coast stretches for over 7,400 km and encompasses a wide range of ecosystems, including mangroves, rocky shores, and sandy beaches, as well as the vast Amazon Delta – one of the world’s largest and most diverse estuarine systems. This region is also home to the Atlantic Forest, a tropical rainforest and recognised biodiversity hotspot that once stretched along much of the coast. Sadly, deforestation – driven by urban expansion, agriculture, and logging – has reduced the forest to a fraction of its original size. This loss of forest cover has had profound impacts on the coastline, including increased soil erosion, sedimentation of rivers and estuaries, and disruption of freshwater flows into intertidal zones. This in turn affects mangrove health, fish nurseries, and nutrient cycling in these fragile ecosystems.


In the eastern Atlantic, the northern coasts of Europe, including those of Britain, Ireland, and Scandinavia, we find rocky shorelines, fjords, and temperate maritime climates. The North Sea and Baltic Sea coasts are economically important for fishing, shipping, and energy production, including an increasing number of offshore wind farms. These human activities interact closely with intertidal ecosystems. Coastal development and pollution from ports and industry can disrupt natural habitats and introduce contaminants, while intensive fishing – particularly bottom trawling – can disturb benthic communities on the sea floor and alter food webs.


However, some activities can also complement or even support natural systems. For example, offshore wind farms, when carefully sited, can act as artificial reefs, providing new surfaces for marine organisms to colonise. Additionally, efforts to restore saltmarshes and reduce agricultural runoff are helping to improve water quality and biodiversity in some intertidal zones. The challenge in this heavily used region is to balance economic activity with the conservation of fragile and ecologically valuable coastal habitats.


The Atlantic coasts of France, Spain, and Portugal are known for their dramatic cliffs, dune-backed beaches and extensive sandy beaches. The region is influenced by the weather patterns of the Atlantic Ocean, which bring mild winters, moderate summers, and frequent storms. The Bay of Biscay, in particular, is notorious for its rough seas and strong swells, shaped by deep underwater canyons and shifting weather systems. These coasts are part of one of Europe’s most important fishing regions, supporting commercial species such as sardines, anchovies, hake, mackerel, and sea bass.


However, the health of these marine ecosystems is increasingly under pressure. Overfishing, habitat degradation, and climate change have led to fluctuating fish stocks, shifts in species distribution, and stress on intertidal and estuarine environments. Warmer ocean temperatures and changes in plankton communities are beginning to affect food webs, while rising sea levels and more intense storms threaten low-lying coastal habitats. Despite this, many areas still support rich biodiversity, and there are growing efforts across the region to implement sustainable fisheries and protect vulnerable intertidal zones.


The West African coast, including countries like Senegal, Ghana, and Nigeria, is known for its diverse ecosystems, including mangroves, estuaries, and coastal rainforests. The intertidal zones along this coastline are quite diverse and include mangrove trees that support juvenile fish species such as mullet, tilapia, and snapper, as well as crabs and a variety of molluscs. In estuaries, there are various species of bivalves, such as clams and mussels, shrimps, and crabs, including the blue swimming crab, which is common in these waters. Estuarine fish include the African butter catfish and various species of tilapia. The coastal rainforests of West Africa, which are often fringed by tidal rivers and creeks, create unique intertidal environments that can see monkeys such as red colobus and mangrove monkeys venturing into the intertidal to forage for food. Other mammals, such as the endearing African Manatee, are also found here. Birds such as the African jacana and the Black-crowned Night Heron are often seen foraging in the shallow waters of the intertidal zone, where they feed on insects such as mosquitoes, dragonflies, and water striders, as well as crustaceans and small fish.


The northernmost coasts of the Atlantic Ocean are the Arctic regions of Canada, Greenland, and Norway with their icy waters, fjords, and sea ice. They are home to unique ecosystems, including polar bears, seals, and migratory birds. However, climate change is having a profound impact on these regions. Melting sea ice and glaciers are not only altering ocean currents and weather patterns but also reshaping the intertidal zone itself.


As glaciers retreat and permafrost thaws, new coastal areas are being exposed, potentially expanding the intertidal zone in some places. At the same time, raising sea levels and increased wave action are eroding others, making them less stable or more prone to flooding. The changing conditions affect salinity, sedimentation, and temperature – all of which influence which species can survive. While some opportunistic species may move in, others, adapted to the extreme cold and seasonal ice cover, may decline. In this delicate region, the intertidal zone is a barometer of change on the frontline of the Arctic’s changing ecology.


In the southernmost Atlantic, along the southern coast of Argentina, there is the Patagonian coast, which is characterised by windswept plains, rocky shores, and icy water that is rich in marine life, including penguins, seals, and whales. It is in Patagonia that killer whales have learnt to beach themselves in order to catch unsuspecting seals from the beach.


The southwestern coast of Africa, including Namibia and South Africa, is arid and cold. It is a stark and rugged landscape where desert meets the sea. Here, the upwelling nutrient-rich waters of the Benguela Current support the world’s most productive ecosystems and important fisheries. South Africa is home to the great white shark and their seal prey, along with a host of other fascinating wildlife, such as the Cape fur seal.


Some of the most fascinating and dynamic interactions occur at the margins – the edge where land meets the sea. These harsh coastal fringes, where the relentless rise and fall of the tides create the intertidal zones where life clings to every last inch of rock, sand, and mud. They are an incredibly special place. A place where the only constant is constant change.


In the next chapter, we’ll explore the ancient origins of these intertidal zones and examine the interplay of plate tectonics, erosion, sediment deposition, and sea-level changes that have shaped the diverse habitats that flourish along the world’s coasts. The drama of life at the edge of land and sea unfolds here, whether on rugged Pacific Northwest cliffs or tranquil tropical mangroves.








	THE BIRTH OF THE INTERTIDAL ZONE

	2







The birth of the intertidal zone is a story written across deep time, in layers of stone, the carving of rock, the movement of vast continents, and, of course, the rhythms of the tides.


Earth’s story began 4.6 billion years ago with a swirl of cosmic dust that coalesced to form the vibrant, life-supporting planet we call home – a blue oasis born from stardust ready to host some pretty remarkable events.


Over eons of time, gravity exerted its force, gathering dust particles like a giant galactic magnet. These tiny clumps, called planetesimals, collided and grew with each impact, eventually forming protoplanets – the early drafts of the planets we know today.


During this period, violent collisions were frequent. One of the most dramatic events was a collision with Theia, a Mars-sized body that sideswiped Earth, knocking off a hefty chunk of debris. That debris became the Moon – Earth’s celestial partner, destined to choreograph our tides and intertidal zones.


The Hadean Eon: Earth’s hellish beginning


Welcome to the Hadean Eon (4.5 to 4 billion years ago), a time when Earth’s surface was a molten, tumultuous inferno. Aptly named after Hades, the Greek god of the underworld, this was Earth’s most chaotic chapter. It would be at least another 500 million years before even the hardiest of organisms dared to make an appearance in the intertidal zones.


Picture Earth as a roiling inferno of molten rock spinning in the void and bombarded by cosmic debris. It was a world of fire and fury, barely recognisable as the serene blue planet we know as our home. Vast oceans of burning red lava snaked across the surface, and relentless volcanic activity spewed plumes of ash and superheated steam into a choking atmosphere.


The early atmosphere, largely composed of volcanic outgassing, was a toxic cocktail. Lacking oxygen, it was filled with carbon dioxide, sulphur oxides, methane, ammonia, and superheated steam, creating a thick, suffocating haze – Earth’s very first greenhouse effect.
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