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Above: A common seal pup in the North Sea.













FOREWORD


[image: Illustration]


This subtly passionate book is the perfect companion to anyone with an interest in the coast and, given our proximity to water and reliance on what it delivers us, that should be all of us.


In my work for Countryfile and Costing the Earth I’ve been lucky enough to enjoy many of the nation’s coasts and they always come with a ‘buzz’. It’s why as children on a trip to the seaside you strive to be the first to see the sea. My broadcasting work takes me there so often because they are a source of such good stories, an upwelling of issues: flooding, fishing, seaweed farming, smuggling and so many more. All to be found in these pages. As a sailor, scientist and programme maker Peter Firstbrook is clearly smitten by the bit of this country where solid meets liquid. And I get that. It is a dynamic strip of geography. A place of constant change and thrilling unpredictability. Benign golden sand or ship-shattering rock, computer-controlled container ports or snipe on a salt marsh, the author warms to them all and his feelings are infectious.


The breadth of this book is staggering. Peter has taken the whole of Britain and Northern Ireland and, a bit like a parent rightly unwilling to choose their favourite child, has decided to spread the love. You can learn about Roman naval harbours on the Cumbrian coast or kite surfing in Thurso.


The sections of the book loosely follow an epic chronology of the forces affecting our coast – geology with tales of hard basalt and soft sandstone; geography and the effects of erosion, currents and weather; biology with abundant sealife; and then humanity with our trade, fishing and fun. This all anchors the reader with the formative facts of the shoreline.


Coastwise is unafraid of a little light science and much the better for it. Knowledge helps us get so much more out of the coast. Understanding why it looks like it does and why animals and humans thrive in certain spots underpins our enjoyment. Want to know why those corrugations appear on a sandy beach? The answer’s in here. Want to know how to identify some edible seaweeds? The answer’s in here. Want to know where best to spot an Atlantic white-sided dolphin? You get the picture.


The author wants us to experience the edge of the ocean first-hand and preferably immersed. The book comes equipped not only with a guide to where to discover the best of the British coast but also how to behave safely when you get there. There are tips on navigation buoys, how to avoid or survive a rip current and even how to conserve body heat in cold water with the ‘Heat Escape Lessening Posture’ – HELP – a piece of learning for this reader for sure.


If you’d rather avoid all that perilous wet stuff you can relax with a dry gin and admire the crashing waves from aboard one of the twelve most spectacular coastal railway routes also listed in this book.


These pages are a practical love letter to Britain’s waterfront and no seaside holiday home should be without them.


Tom Heap, Countryfile Presenter










AUTHOR’S NOTE
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One of my earliest recollections as a young boy is a family holiday to Cullercoats on the Northumberland coast. It was post-war Britain, and I have two particularly strong memories. The first was a dreary boarding house with peeling paper on the walls and a wilting aspidistra in the hall. This could not have been in stronger contrast to the aquarium on the seafront. Here was an exotic, weird and wonderful world of vibrant life and colour. I was mesmerised by what was living just off the beach.


That memory has never left me. I studied and researched marine sciences for nearly a decade, joined the BBC and made documentaries about oceanography, and spent much of my life sailing around Britain – and further afield when I could; I surfed as a student, and went scuba diving to see what life was like under the waves. In all this time, I never lost the excitement of that first eye-opening experience.


Here you are dazzled by the spectacular blue and orange cuckoo wrasse – every bit as colourful as any tropical reef fish, entranced by a dolphin breaking the surface, or enthralled by a puffin flying home with a mouthful of sand eels for its chick. You can gaze in awe as an Atlantic storm pounds a Cornish headland, or watch fascinated as a shoal of mackerel turn a Scottish sea loch into a feeding maelstrom as they force small prey to the surface – much to the delight of the hungry gannets circling above, who help themselves to an opportunistic take-away.


These are just some of the delights that our coastline has to offer. But what intrigues me even more is how all these events fit into a unique, interactive system. Tidal currents move plankton around, which are food for hungry fish; overhead, seabirds help themselves to an easy meal before returning to nest in the cliffs, which are formed by constant wave erosion over millions of years. These eroded cliffs are the source of the sand which is carried off by these very same currents to another part of the coastline to form beaches, bays and estuaries – all habitats for more marine life. And so the cycle continues…


The topics covered here are so broad that this book cannot be all-inclusive. Instead, it seeks to excite, inspire, and highlight the links between geology, oceanography (Part One), and biology (Part Two). For those readers interested to know more, there are excellent field guides available covering all areas of the marine world, whether your interest is in rocks, plants, seabirds or animals. Part Three looks at how our coastal nation has shaped our history, and how we have shaped our coastline. Finally, Part Four is a guide to where you can experience some of the features covered in this book.


This is our maritime heritage, and it is here to be enjoyed and appreciate by all.


Peter Firstbrook


September 2021










INTRODUCTION



THIS PRECIOUS STONE SET IN THE SILVER SEA
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Swyre beach in Dorset, looking west towards Bat’s Head.






This precious stone set in the silver sea, Which serves it in the office of a wall Or as a moat defensive to a house…


From: Richard II
William Shakespeare





If any organisation can be certain of the length of the British coastline, then it must be the Ordnance Survey. They have come up with a figure of 17,820km (11,070 miles) for Great Britain; add the length of the coastline of Northern Ireland, and the total for the United Kingdom is greater than the shorelines of Germany, France, Spain and Portugal combined.


Map makers have also identified 6,289 islands in Britain, most of them in Scotland. Admittedly only 803 are large enough to be properly digitised for map-making (the rest are recorded as ‘point features’), but you get the idea. Greece, by comparison, claims to have 6,000 islands and islets. Clearly, we are blessed with an astonishingly diverse coastline, and it comes wrapped up in a fascinating history.
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The Green Bridge of Wales in Pembrokeshire; a sea arch carved out of 350-million-year-old limestone.




Nobody in Britain lives more than 120km (75 miles) from the ocean, and our closeness to the coast has shaped the lives of us all; we are an island nation, and the sea is in our blood. We have inherited a coastline that ranges from the granite cliffs of Cornwall rising like cathedrals from the shore, to the sandbanks of Morecombe Bay, spread as flat as a pool table for as far as the eye can see; from the white-knuckle surfing beaches of the Gower peninsula in Wales, to the rocky ice-scooped sea lochs of Scotland. We share a coastline which offers a fascinating diversity for walkers, sailors, fishermen, paddlers and indeed anyone who simply wants to sit on a beach and appreciate the wonderful world around them.


Yet nothing is ever static, and our coastline is the product of painfully slow change over hundreds of millions of years. Great continents have moved and collided, mountain ranges have risen, volcanoes have erupted, ice caps have advanced across the surface, tropical forests have covered the land and dinosaurs have roamed the countryside. Superimposed on this agonisingly slow change is the relentless daily bombardment of the shoreline by the power of waves, wind and currents. The result is a coastal landscape which is more diverse than anywhere else on the planet.


WIND, WAVES, TIDES & CURRENTS


The British islands are wrapped around the north-western edge of the European continent, and they are more exposed to the power of wind and waves coming in from the Atlantic Ocean than most of our continental neighbours. Watch any television weather forecast, and the likelihood is the presenter will be showing ‘the weather’ coming in from the west and south-west. This is the prevailing wind direction in Britain, and it affects the way our coastline is eroded and how the sediments (sands, muds, and stones) are moved along the coastline.
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The Needles on the Isle of Wight under the stormy sky of a severe force 9 gale. It is during storm conditions like this that most coastal erosion occurs.




The size of waves, combined with the power of tidal currents, create a high-energy environment from the West Country, through Wales, to the west coast of Ireland and Scotland. Here, large waves driven by onshore prevailing winds have the power to constantly shape and re-form the shoreline, creating a region dominated by erosion.


On the east coast of Scotland and south into the North Sea, the prevailing winds are offshore, and the waves are generally more subdued, creating a low-energy environment. As a result, much of the coastline here is a low-lying region of mainly deposition.


In the real world, of course, things are never quite so clear cut and there is always a mixture of erosion and deposition along any stretch of shoreline. Even the most rugged coasts of Scotland, Wales and the West Country have sand and shingle bays set between rocky headlands.
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Rhossili beach in Wales is typical of much of the west coast of the British Isles where rocky headlands are interspersed with magnificent sandy beaches.




What these contrasting coastlines offer is a wide variety of habitats to support marine wildlife. We have more than 300 species of fish in our coastal waters,26 species of marine mammals, 25 species of native seabirds and hundreds of different crustaceans, molluscs and marine plants – each adapted to survive in their particular habitat, whether it be the clifftops of a Hebridean island or a salt marsh in Norfolk.
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Morecambe Bay, Lancashire, is the largest expanse of intertidal mudflats and sand in the United Kingdom and covers a total area of 310sq.km (120sq. miles).





THE ICE AGES



The other major influence which has shaped our coastline has been changing sea levels. Over the last century, the warming of our planet due to burning fossil fuels has caused sea levels to rise at an unprecedented rate. But sea level has always fluctuated over millions of years from natural causes, and this too has left its mark on the British coastline.


The period from 2.5 million years ago to around 11,700 years ago is called the Quaternary period by geologists, during which time the planet cooled; vast ice caps formed over the poles several kilometres thick, and they locked up so much water globally that sea level fell by as much as 130m (430ft) below today’s level.
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Changes in global sea level in the last 2.5 million years.




As the planet cooled and moved into a glacial period, sea level fell, and the British coastline expanded. For thousands of years the region was no longer an island but connected to continental Europe by a land bridge across the shallow North Sea – this region has been called Doggerland. We are beginning to learn a lot more about this period of history because, in May 2013, archaeologists working on Happisburgh beach in Norfolk made an extraordinary discovery: human footprints made around 900,000 years ago – the oldest human footprints found anywhere in the world outside of Africa.


These impressions were found at low tide in sediment that was partially covered by beach sand, and storms had washed away the sediment and exposed the footprints. Because the sediment was soft and the footprints were found below high water, the incoming tide soon began to erode the evidence. The team worked frantically at low water, often in the pouring rain, and were able to record 3D images of all the markings; within two weeks, the footprints were lost.


These prehistoric people were early hunter-gatherers known as Homo antecessor, and they came from continental Europe, and migrated through Doggerland and settled in what is now East Anglia. Archaeologists also found the flint tools they left behind as they walked along the mudflats of a long-lost estuary. This was an important and exciting discovery, and evidence that early humans occupied northern Europe at least 350,000 years earlier than was previously thought.
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The coastline of the British Isles looked very different during the last glacial period. Britain was joined to continental Europe by a land bridge called Doggerland, which allowed the migration of the first humans, around 900,000 years ago.




Ever since that very early migration into the British islands, people have continued to leave their mark on our coastline. In Poole harbour, for example, archaeologists have found evidence of ancient wooden piling going back more than 2,000 years, thought to be a quayside used by Iron Age traders who sailed from France to buy pottery, jewellery and other items made locally in Dorset. The Iron Age Celts also built fortified strongholds around our coastline, many of which can still be visited.



MORE RECENT HISTORY



In 55 BC and again in AD 43, the Romans invaded Britannia. They had a rocky start at first and could not handle the vagaries of British tides. But once they got their armies ashore and settled down, they built ports, towns and lighthouses around the coastline of England. The Romans were followed by the Saxons, the Vikings, then the Normans – all of them leaving a coastal legacy that we can still see today.


The origins of the Tower of London, for example, date back to 1066. It was built by William the Conqueror to protect London from attack from the sea (as well as keeping the rebellious citizens of London in line). Shakespeare’s Richard II even claimed the whole country was a defensive structure, a ‘fortress built by Nature for herself, Against infection and the hand of war...’ From Medieval castles to the Second World War concrete pillboxes, our coastline is littered with our attempts – some more successful than others – to prevent invasion.


The early Christians built monasteries and abbeys along the coast for very practical reasons – the sea gave them easy access to spread their gospel, and the coastline offered a bountiful supply of food. Whitby Abbey is one of the oldest Christian buildings in the country, and has stood solid for nearly 1,500 years, offering solace to believers and creative inspiration to Bram Stoker, the author of Dracula.
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Whitby Abbey overlooks the fishing town, and dates from AD 657.




Nor has religious worship been restricted to grand buildings. At Beer on the south coast of Devon is a man-made underground complex about 1.6km (1 mile) west of the village. Roman artefacts have been found in the caverns, which suggests that limestone quarrying there goes back at least 2,000 years. After the Reformation, the caves were allegedly used as a meeting place for Catholics to secretly worship, safe from the prying eyes of the newly formed Protestant Church. By the nineteenth century, the caves had a more temporal use, and were appropriated by local smugglers to store contraband. The quarry is now part of the Jurassic Coast World Heritage site.


Over the centuries, industry has also left its mark on the British coastline. Mining in Devon and Cornwall began more than 4,000 years ago during the early Bronze Age, and some archaeologists believe Phoenician metal traders even sailed from the eastern Mediterranean in search of tin. We know for certain that the Greek geographer, trader and explorer, Pytheas of Massalia, sailed to Britain in 325 BC and found a flourishing trade in this metal (which is essential to combine with copper to make bronze). The abundance of tin was also one of the main reasons for the Roman invasion of the British Isles, and the invaders also mined slate as early as AD 77 to create the roof of the coastal fort of Segontium – or Carnarvon as it is better known today.
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Above: The engine houses at the Botallack submarine mine in west Cornwall, part of the UNESCO World Heritage Site since 2006. Early records can be traced back to the 1500s, but there is evidence of mining here during the Roman period, and even as far back as the Bronze Age.




With the Industrial Revolution, coal and iron were extracted in vast quantities, and many of these mines have left a lasting indentation along our coastline. Today, we are experiencing a new Industrial Revolution, and our coastline is now dotted with nuclear power stations, offshore windfarms, offshore gas and oil rigs, and a few (but not enough) generating stations using tidal power.
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The London Array wind farm, one of the largest in the Thames estuary. There are now more than 30 offshore wind farms around Britain.




The British coastline has a history and heritage that has no equal. The shape and form of the coast can be traced back millions of years; superimposed on this is evidence of human occupation which goes back thousands of years.


Coastwise offers a fresh insight on this wonderful landscape, by looking at the British coastline as a complex but integrated system and opens a new window on understanding the fascinating shoreline around our islands.










PART 1


THE PHYSICAL COAST
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Above: Cliffs near Kilt Rock on the north-east coast of the Isle of Skye, Scotland. The headland is named after the tartan-like pattern in the rocks, caused by vertical basalt columns and dolerite intruded into older sandstones.












CHAPTER 1



HEADLANDS & CLIFFS
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150-million-year-old limestone cliffs on the Jurassic Coast, at Bridport in Dorset. This was designated Britain’s first coastal UNESCO World Heritage Site.




Rackwick Bay on the Island of Hoy in the Orkney Islands is one of the most remote and ruggedly beautiful parts of the British Isles. The beach here is a mixture of fine sand and large boulders and provides a home to a variety of plants and birds that survive on a very exposed site, facing 3,500km (2,175 miles) of open Atlantic Ocean. From the beach you can look up at St John’s Head, 335m (1,128ft) high and the tallest vertical sea cliff in Britain; nearby is the Old Man of Hoy, the tallest sea stack in the country.
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An aquatint by William Daniell of the Old Man of Hoy showing two stubby legs and an arch, c.1817. Shortly after the painting was completed, one of the legs crumpled during a storm and the feature partially collapsed.
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Today, the Old Man is a single stack.




The cliffs here are made from Old Red Sandstone laid down 370 million years ago in a dry desert, long before dinosaurs roamed the Earth. Gales blow for more than 30 days a year, creating high-energy waves which roll in from the North Atlantic. These ancient cliffs are no match for the pounding they receive from the ocean, and the fascinating story of the Old Man of Hoy offers a poignant example of how even the most resilient parts of our coastline can change over the years.


Less than 300 years ago there was a narrow headland here at Rackwick, but no sea stack. The cliffs were subsequently eroded by waves, and by 1817 there was a ‘two-legged’ Old Man of Hoy; we know this from an aquatint by William Daniell (1769-1837), an English landscape and marine painter. Daniell’s painting shows a wave-cut notch at the base of the stack, and erosion here at sea level continued to undermine the structure.


Wave erosion won out, and sometime in the last hundred years, the seaward part of the Old Man collapsed, leaving only a single sea stack; the whole edifice is expected to collapse completely at any time, and nothing more than a rock stump will remain.


The beach at Rackwick Bay shows what happens to solid rock when it is subjected to marine erosion, and the foreshore comprises a range of sediments ranging from fine sand to very large boulders up to 1m (3.3ft) across. Most of this material has fallen from the cliffs as they were eroded, and the beach is the result of millennia of erosion and weathering. In time, the cobbles and boulders will be broken down further and carried away by waves and currents, to be deposited in other parts of the coastline, possibly hundreds of kilometres away.
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The beach at Rackwick Bay. Marine erosion and weathering have rounded these boulders, which highlights the sedimentary layers of Old Red Sandstone. The larger boulders weigh as much as 300kg (660lbs) and give an indication of the power of waves during storm conditions.




The cliffs and beaches of Hoy are no sterile environment of rock and rubble, but a thriving habitat for plant and animal life, and the area here is designated a RSPB Nature Reserve. The Old Man is home to a flourishing colony of puffins, and it is arguably Orkney’s prime site to watch what the locals call ‘tammie norries’. Other seabirds that find a home in the rocks and crevasses include the northern fulmar, the great skua, red-throated divers, hen harriers and, most recently, golden and white-tailed eagles.
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Geography and biology come together in the Orkneys. Puffins nest and breed on coastal cliffs and offshore islands. They build their nests in crevices among rocks or in burrows in the soil for protection against predators.





THE COASTAL ZONE



Before we go much further it will be useful to run through a few definitions that will feature in this book:
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The coastal zone.




The coastal zone is the part of the land that is affected by its proximity to the sea, and that part of the sea that is affected by the land. This zone is subject to a wide variety of human activities, and the marine ecosystems here are some of the most vulnerable in our oceans, susceptible to marine pollution and irreversible damage.


The shoreline is the actual edge of the water – the boundary between land and sea. The shoreline therefore moves inland twice a day as the tide rises, and retreats as the tide falls. The shoreline also changes in the long term as some parts become eroded, and other places have stones, sand and mud deposited. In the very long term, sea level can change dramatically. The last glacial period (sometimes called the Ice Age) peaked around 21,000 years ago when most of northern Europe was covered in a vast layer of ice 3 to 4km (1.9 to 2.5 miles) thick. As the climate warmed, so the ice melted and the sea level rose by more than 120m (394ft), and this too has had a significant effect on the shape of our coastline.


The shore zone is the strip of coastline that extends from the top of the beach right out to sea to a water depth of around 60m (200ft); this is generally considered to be the depth at which ocean waves have no appreciable effect on the coastline. Here, the offshore zone is the most seaward part of the coastal zone, and this area of deep-water experiences little wave activity.


The nearshore zone extends offshore from the low-water mark. This area is affected by longshore currents as well as waves, making it a dynamic part of the shore where sediment is constantly on the move – inshore, offshore and along the shoreline.


The foreshore is the part of the beach that runs from low water to the top of the beach which gets wet from waves at high water; this limit can usually be identified by an upper line of seaweed. As the tides rise and fall, the waves affect different parts of the nearshore zone at different states of the tide. Wind speed and direction, and the angle and size of waves (especially during storm conditions) also shape the coastline in different ways.


The coastal zone presents a challenge for the survival of the plants and animals that inhabit the region. This thin strip of shoreline is under constant siege – not only from currents, wind and waves, but also from changing water salinity. Every six and a half hours, the tide floods the shoreline with salty water and bombards it with waves; the water then retreats, exposing the beach to the air, to the wind and to freshwater rain. The plant and animal life that live along the shoreline have to adapt to this ever-changing environment – and they have done so very successfully.
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Above: A typical sandy beach at Yarmouth, Isle of Wight. The seaweed along the top of the beach marks the high point of the foreshore. Higher up are pebbles deposited by winter storms, and further up the backshore has been colonised and stabilised by coastal grasses




Waves have a very powerful effect on shaping our coastline. When fine-weather waves with a typical height of less than 1m (3.3ft) reach the beach, they dissipate an average of 10kW (ten one-bar electric heaters) of energy for every metre of coastline.


However, the energy in a wave is proportional to the square of its height, so a wave 3m high (10ft) has 3 x 3 = 9 times more energy than a 1m wave. During storms, the shore zone therefore experiences waves with the power to move rocks the size of a truck, and the force to demolish cliffs the size of cathedrals.


On a rocky foreshore there is constant erosion – this is nature’s way of sandpapering the coastline which, in time, reduces the mightiest structure to powder. It is the product of this erosion, whether boulders, shingle, sand or mud, which is dumped around our coast to form the depositional features such as beaches, barrier islands and mudflats. These are discussed in the next chapter.


Rivers also bring dissolved and suspended material into the coastal zone and carry beneficial nutrients and harmful pollutants away from land and into the deep ocean. Vigorous water circulation from tidal currents and wave action mixes the coastal water with water in the deeper ocean. In this way, nutrients, pollutants and all the other material from the land (including plastic) eventually find their way into the most distant parts of the world’s oceans.



WIND, WAVES, TIDES & CURRENTS



The British islands lie on the very north-western edge of the European continent and are therefore more exposed to the power of wind and waves coming in from the Atlantic Ocean than most other countries.


Oceanographers have produced what are essentially contour maps of average wave height and tidal height (amplitude) around our coastline. The prevailing winds create large waves which roll in from the Atlantic with extraordinary power to erode. In the north-western Scottish islands of the Outer Hebrides, for example, average wave height can be as much as 4m (13ft). Even Cornwall, south-western Wales and the Atlantic coastline of Ireland experience average waves heights of 3m (10ft) or more. Along the eastern coastline of the country, average wave is much smaller, typically less than 2m (6ft).
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Above: Average wave height around Britain in metres.
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Above: Tidal range around Britain in metres.




Sediment is moved along a coastline by a combination of waves and currents. Waves lift sediment into suspension in the water, and currents carry the suspended material away. The map of tidal range gives some indication of the power of currents to move sediment from one part of the coastline to the other; generally, the higher the tide, the stronger the tidal current. Some of the strongest currents are found off the coast of Wales, the West Country and into the English Channel. However, in the North Sea, the tidal amplitude is typically 1.5m (5ft) or less, and the tidal currents (for the most part) are less. (Waves, currents and tides are looked at in more detail in chapter 4.)
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High energy coastline to the west, and lower energy in the east.





You can combine the wave height and tidal range maps to show high and low energy environments, and this creates two distinct coastal regions. Along the Atlantic seaboard from the West Country, north through Wales, Ireland and Scotland, the coastline is subject to powerful forces coming in from the North Atlantic. High energy waves, driven by the prevailing westerly winds, have the power to constantly shape and re-form the shoreline; this creates a region predominantly sculpted by erosion. One cubic metre of water weighs as much as a small car, and this gives breaking waves enormous power to erode cliffs and move sediment.
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Above: The erosion of a headland and the formation of beaches.
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Ceannabeinne beach (above) in the Scottish Highlands; here rocky headlands are interspersed with sandy beaches.
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Hunstanton beach (above) in north Norfolk is an area of predominantly deposition.




Our coastal landscape is also determined by the type of underlying rock; the hardest and most resistant rocks are in the north and west of the British islands and, as you move towards the south-east, the rocks generally become younger and less resistant to erosion.


The oldest rocks in Britain are found in the northwest of Scotland, and some are nearly 3 billion years old – half the age of the Earth. The rocks of much of northern England and southern Wales are much younger limestones, which are moderately resistant to erosion. The underlying bedrock in southern and eastern England are mostly softer chalks, clays and sands, especially in East Anglia, and this makes the coastline more prone to erosion. As a general rule of thumb, the older a rock, the more resistant it is to erosion, although there are exceptions. (There is more about the geology of the British Isles and rock types in chapter 5.)


Over millions of years even the hardest of rocks will eventually succumb to erosion by waves, wind and rain. Even though the shoreline is often seen as a permanent fixture, changes can occur suddenly and dramatically, such as the collapse of the Old Man of Hoy. In some parts of the country – and in particular along the east coast of England – the young rocks can erode very quickly indeed.


Winterton-on-Sea in Norfolk, for example, is a popular holiday resort and many homeowners are keen to have a sea view which sometimes becomes too close for comfort. The underlying geology here is sands, gravels and silts laid down less than 4 million years ago – very recent in geological time. Because these deposits are largely unconsolidated, the sands are easily eroded and dozens of coastal houses along this stretch of the coastline have collapsed into the North Sea – a problem made even worse as sea levels continue to rise due to climate change.




[image: Illustration]


Living on the edge at Winterton-on-Sea; in 2019, a report by the Global Commission on Adaption warned that thousands of British coastal homes will have to retreat inland.





CLIFFS & HEADLANDS



The most symbolic sea cliffs in the British Isles must be the White Cliffs of Dover. These stark, chalk cliffs rise from the English Channel and run inland to form a chalk ridge called the North Downs. To the southwest, a second chalk ridge starts at Beachy Head near Eastbourne and runs inland as the South Downs. This part of the south coast of England is a good example of how different types of rock respond to erosion and weathering, to produce very different coastal features.


Along the coast from Brighton to Eastbourne, the chalk ridge of the South Downs runs parallel with the coast of the English Channel. This fairly durable rock resists erosion to create a coastline with steep cliffs and prominent headlands, such as at Beachy Head. This is called a concordant coastline.


In the stretch of coastline between Eastbourne, and Folkestone the shoreline is very different. Alternating bands of ‘hard’ and ‘soft’ rock produce a discordant coastline, where wave activity and coastal currents nibble away at the more easily erodible clays and sands to produce bays and a low shoreline.
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Above: The beach at Eastbourne is a wide, gently sloping beach of fine sand and mud formed from sediment carried along the coast by currents or brought down by rivers.
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South-east England has a concordant coast between Worthing and Eastbourne where the chalk ridge of the South Downs runs parallel with the shore. To the north-east, a discordant coastline runs from Eastbourne to Folkestone, where clays and sandstones are less resistant to erosion.




Further up the Kent coast around Dover, the chalk of the North Downs is exposed, creating the White Cliffs of Dover.
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The White Cliffs of Dover rise to nearly 90m (300ft) above sea level. Chalk is a type of limestone made from billions of microscopic marine organisms laid down in a warm, shallow sea some 100-60 million years ago, when dinosaurs flourished on Earth.




We find cliffs all around our coastline wherever there is active wave erosion. As in Kent, soft rock, such as sandstone and clay, is eroded more easily to create gently sloping cliffs and bays. Harder rock, such as chalk, limestone, granite and basalt, is more resistant and erodes more slowly to create steeper cliffs. This process takes millions of years with hard rock, or just hundreds of years for softer rocks.


Cliffs are shaped and eroded by a variety of processes involving both weathering and wave action. Corrasion (also called abrasion) occurs when destructive waves hurl beach material, such as pebbles and sand, at the base of the cliff. This undermines the face of the cliff at sea level, and creates a wave-cut notch. This ‘sandpaper effect’ is particularly effective during stormy conditions.


Hydraulic action occurs when powerful waves strike a cliff and air is compressed into cracks; as the water recedes, the air pressure is released quickly, and this can cause cliff material to disintegrate. Wedging occurs when water in cracks freezes and expands, and so weakens the rock. Corrosion (rather than corrasion) is when specific types of rocks erode due to weak acids in water (especially rainwater); limestone (including chalk) is particularly prone to corrosion. Finally, attrition is when waves cause rocks and pebbles to rub together, causing them to break down into smaller particles; this is part of the process whereby cliffs are reduced to sand.


The processes of weathering and wave action work together very effectively to progressively weaken and erode the cliff face, which eventually collapses and retreats inland. The speed at which a cliff face recedes depends on several factors, including the intensity of exposure to wave action. The hardest rocks, such as granite and basalt, erode slowly, whereas softer limestones and sandstones erode more quickly. The chalk cliffs along the south coast of England, for example, are eroding at a rate of up to 30cm (1ft) a year, and rising sea levels will accelerate this rate. By comparison, further west into Cornwall, the granite cliffs typically erode about 1mm (0.04in) a year, even though the West Country is more exposed to Atlantic storms.


As a cliff face disintegrates, two shoreline features remain. First, a flat, narrow shelf often forms at the base of the cliff from wave erosion. These wave-cut platforms are most clearly seen at low tide when they become visible as large areas of flat rock. Wave-cut platforms are usually covered at high water, so care should always be taken if you go inshore in a dinghy or kayak, as waves can steepen suddenly and sometimes break when they reach shallow water. The rock on wave-cut platforms is often eroded smooth and is slippery when wet – even more so when covered by seaweed. So always take extra care when walking over this terrain. The landward side of the wave-cut platform can become covered with sand to form a beach; when this occurs, the rocky platform can only be seen at low water, or when storms remove the sand.
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Above: The formation of a cliff face in hard rock.
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Elgol beach (above) on the Isle of Skye, showing a pronounced wave-cut notch. The rock face also shows characteristic honeycomb weathering of sandstone. On the beach, pebbles and large water-eroded boulders cover the wavecut platform.




The other main feature from a retreating cliff is the rubble from the fallen cliff face. These boulders of varying size can most easily be seen on the beach above sea level, but this cliff debris also extends out to the sea, sometimes for several kilometres. This bottom terrain contributes to rough seas often experienced off headlands – an effect called overfalls. This is covered in chapter 4.


Cliffs are usually accompanied by other coastal features, including caves, arches, stacks and stumps. A headland is bombarded by waves from three directions; over time, it erodes and becomes smaller and, as it does so, other coastal features are formed. The famous Old Harry Rocks on the Isle of Purbeck in Dorset is a UNESCO World Heritage site, and the headland displays many of the coastal landforms associated with retreating sea cliffs.


Sea caves occur on almost every cliff headland, or along the coastline wherever waves break directly onto the cliff face. They are formed by mechanical erosion (hydraulic action), rather than through the chemical action that is responsible for most inland caves. Often waves of this size and power will carry shingle or even small boulders up into the cave, and these rocks can mechanically scour out the weakness in the cliff to enlarge a sea cave.
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Above: The foot of Beachy Head. The large grey rocks are weathered chalk boulders that have fallen from the cliff face. In time, these will be eroded into smaller particles and transported along the coast.




If a cave is formed in a narrow headland, it will eventually break through to form a sea arch, such as at Durdle Door in Dorset. Over time the arch will enlarge until it reaches the point when it can no longer support the top of the formation. When it collapses, it leaves a tall column of rock called a sea stack, which is isolated from the headland. A stack will continue to be eroded and eventually weakens and collapses to form a stump.
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At Durdle Door in Dorset (above), the narrow, limestone promontory has worn away to form a sea arch.




This is the process which created the sea stack at the Old Harry Rocks, and also the Old Man of Hoy.
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The Old Harry Rocks (above) on the Isle of Purbeck in Dorset shows a variety of coastal erosion features.




The Dorset coastline is another example of a concordant coastline. Less than 2km (1.2 miles) east of Durdle Door is Lulworth Cove (also part of the Dorset and east Devon World Heritage Site). This is an excellent example of what happens when waves break through the hard rock strata (layers) of a concordant coastline. At Lulworth, the limestone ridge running along the Dorset coast has been breached, allowing incoming waves to erode the softer rocks inland. This is the best example of this feature anywhere in Europe and, for this reason alone, Lulworth Cove is visited by more school children and students than any other coastal locality in Britain.
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Above: The limestone strata along the concordant coast of Dorset was breached, creating St Oswald’s Bay and Lulworth Cove.
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St Oswald’s Bay (above) looking south-east; remnants of the limestone ridge can be traced across the bay. The ‘Man O’War’ ridge (centre) and the distant stump beyond are all signs of active wave erosion.




CLIFF & ROCK SAFETY


Venturing along the coastline comes with a safety warning. Some sea cliffs, especially the softer sedimentary rocks, can be very unstable. The fossil-rich ‘Jurassic coast’ in Dorset is a very popular tourist destination, but the cliffs are liable to crumble at any time. In July 2017, 20,000 tonnes of cliff face collapsed onto the beach – fortunately without injury. The Coastguard warns that it is impossible to predict many of these cliff collapses and they urge beachgoers to be aware of the risks.




Cliff & Rock Safety


• Preferably go with a friend, check the weather forecast, and always let somebody know where you are going and when you expect to return.


• Check if the tide is coming in or going out, and also the time of high water; always be aware that your return could be cut off by a rising tide.


• Keep an eye on the waves – a breaking wave can easily sweep you off your feet.


• Carry a mobile phone – you can call the Coastguard on 999, but you cannot always rely on a good signal along the coastline.


• Carry water and wear appropriate boots and clothing; take sunscreen, a hat and sunglasses.


• Take extra care on slippery wet rocks. Barnacles and mussel shells can also inflict nasty cuts.


• Do not damage rock formations or hammer the stone; it is better and easier to simply forage among the beach boulders for interesting specimens.


• Do not touch strange objects and tell the Coastguard or police about them.


• Treat all cliffs as potentially dangerous; stay away from the edge at the top and also from the bottom of the cliff to avoid rockfalls.


• Do not climb cliffs unless you are an experienced climber with the correct equipment.













CHAPTER 2



BEACHES, BAYS & BARRIER ISLANDS
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Marsden beach (above) is one of many magnificent sandy beaches in the north-east of England. The sea stacks here are 255-million-year-old limestone. Souter lighthouse was the first to be designed to use AC electrical current, and in its day it was the most advanced lighthouse in the country.




A sandy beach on a sunny day is a huge playground, and it comes free to everyone. It gives endless pleasure to grown-ups and children alike, to surfers and swimmers, sailors and paddlers, fishermen, walkers and sunbathers. Beaches create memories too. We all recall idyllic days as a child messing around making sandcastles, and I am sure we also remember gritty sandwiches and wet towels full of sand. I suppose every silver lining has a cloud.


Pristine sandy beaches, however, are only part of the story. A ‘beach’ is really any foreshore where loose (unconsolidated) sediment has accumulted. The material can be made up from pretty much anything. On Skye, there is a brilliant white beach made from crushed algae, and at Seaham on the Durham coast the beach was once black from the spoil of coal mining. My own beach on the Isle of Wight is more eclectic – it comprises mud, sand, shingle, cobbles and even small fossils washed out from the clay cliffs.


The most obvious summer activities on beaches tend to obscure where the real action is happening – in the surf zone. Beaches are in perpetual motion: grain by grain, stone by stone, they are constantly changing their shape in response to wave and current action. Sandcastles collapse and footsteps disappear in no time. You need only spend an hour sitting on a sandy beach and you will see grains of sand blown by the wind, or rolled around in the surf; take a week, and you will see sandbars and wading pools created and disappear; spend a year, and dunes will grow then shrink; over decades and centuries, the beach landscape evolves on an even bigger scale.


Because beaches are continually being shaped by waves and currents, marine scientists usually consider that a ‘beach’ extends as far offshore to around 10m (33ft) below low water, for this is the normal limit of any effective wave action. Storms can make dramatic changes even further offshore, and in extreme cases they have been known to remove an entire beach of its sediment.


The mechanism that creates and changes beaches is straightforward. Solid particles – whether mud, sand, pebbles or larger cobbles – are moved by the turbulence of waves. If you get close to the edge of the water, you can actually see waves pick up sand particles and move them around. Because the sediment is suspended, it requires less energy to move than in air, so the material settles back more slowly. This allows heavier sediment to be carried further and for longer in water than in the air.


THE FORMATION OF A BEACH


If one section of coast is being eroded, then this sediment inevitably ends up being dumped elsewhere. This material is moved along the coast and deposited by waves and currents. When a wave approaches the shoreline, whether it is a headland or a beach, it breaks when it reaches shallow water. When this happens, the water in the surf zone physically moves the sediment forward towards the shoreline. (See chapter 4 for more on wave action.)
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Above: The water turbulence in the surf zone puts sediment into suspension, which can then be carried further along the shoreline by currents.




Each time a particle is lifted and settles in the wave zone, it does so in a slightly different place: it sometimes moves up the beach, sometimes down, or sometimes along the shoreline, depending on wave and current action. This constant shuffling and reshuffling of beach material, multiplied by the billions of grains of sand or pebbles on a beach, causes a beach to continuously change its shape and position.


Because waves are always moving beach material around, the shape of a beach depends on both the type of waves and the type of sediment. Mud and silt produce the flattest and smoothest beaches – typically no more than a slope of one or two degrees. This is because the finer mud particles are more evenly distributed when washed up on a beach, and the water then takes longer to percolate down through the fine deposits; this results in mud staying in suspension longer and being removed from the beach with the backwash.


As a general rule, sand produces wide, gently sloping beaches which are less than five degrees. Often, a sandy beach will slope gently at the water’s edge, but the steepness increases up the beach as the sediment becomes coarser.


Beaches made from shingle and pebbles are steeper still, typically more than ten degrees. This is because the waves pass more easily through the porous, pebbly surface, and less sediment is carried back down the beach.


Breaking waves move substantial quantities of water towards a beach, called swash; as the water runs back down the beach, it is called backwash.


There is also a seasonal effect on the foreshore. Calmer conditions generally prevail during the summer, and these waves have a larger swash, and carry sediment far up the foreshore. These constructive waves build up a beach during the summer. During stormy conditions (which occur most often during winter), waves have a stronger backwash, and they remove beach sediment; these are called destructive waves.
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In summer (above), gentler waves build a beach ridge, or berm.
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In winter (above), higher energy waves move material offshore.




Sandy beaches are not always smooth and often develop ridges and runnels. These are small sand waves found near low water which run parallel to the incoming waves and are formed through interaction between currents and waves in shallow water. The ridges are interrupted by little channels which allow water in the runnels to drain back down the beach.


These beach formations should not be confused with wind waves, which are created by the wind, and are found higher up the beach where the sand is drier and can be blown around.
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Ridges and runnels (above) run parallel to the beach and form close to the low-water mark.
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Wind waves (above) are found higher up a beach, where the sand is drier, and the waves develop at right angles to the wind direction.
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A rippled beach in Perranporth (above), one of north Cornwall’s most spectacular sandy beaches.





BEACH CUSPS



An intriguing shore formation are beach cusps, which usually (but not always) develop on beaches with coarse sands. The horns of the cusp are made of coarser material, and the embayment (shaped like a bay) contains finer sediment. They nearly always occur in a regular pattern, with cusps of roughly equal size and spacing. These features can be a few metres long or extend as much as 60m (197ft) across.


Marine scientists are not really sure how beach cusps form initially but, once they are established, they are usually self-sustaining as the waves interact with the shape of the cusp. As an incoming wave approaches a cusp, it splits and flows each side of the horn, the wave slows down and deposits coarser sediment on the horns. The waves then flow into the small bays carrying finer sediment, before crossing in the middle. After this collision, the water returns towards the sea as backwash, where it meets the next incoming wave. Therefore, once a cusp is established, coarser sediment is constantly being deposited on the horn, and finer sediment is being winnowed away from the embayment.
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Above: A complex cuspate beach at Bamburgh, Northumberland.
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Beach cusps are more common on beaches which face the open ocean, and therefore experience larger waves.





LONGSHORE CURRENTS



In the real world, waves rarely break exactly parallel to a beach, but do so at a slight angle. When this occurs, the breaking wave physically moves water along the shoreline, creating a longshore current – and with it, any sediment that is in suspension. When the current flows along a coastline with alternating headlands and bays, sediment stays suspended in the turbulent water off the headlands but is deposited in the quieter and less energetic conditions in a bay or estuary. The sediment carried along the shoreline is called longshore drift; it can be mud, sand and sometimes shingle.
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Above the waves are breaking at a slight angle to the beach and sand is being moved along the beach towards the left. The groynes are trying to limit this.




The most obvious sign of longshore drift along our beaches is the presence of groynes, a low wall which extends down a beach and into the water, and made from timber, rocks or concrete. Groynes have some limited success at preventing the movement of sediment along the shore because they slow the movement of material along a beach. However, this frequently leads to more groynes or jetties being built further ‘downstream’ along the coast, to trap what little beach material might still be available. Sea walls also protect the shore from the relentless erosion of the coastline.
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A groyne on a pebble shoreline (above); these structures are designed to limit the movement of sediment along a beach. The beach is piled high against the groyne, indicating that sediment is moving from right to left.
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Above: Groynes are designed to trap material along a beach.





COASTAL SPITS



The coastlines of Suffolk and Essex show several well-developed examples of deposition resulting from longshore drift. At Aldeburgh, the River Ore is diverted south by a huge shingle bank or barrier spit, which has built across the mouth of the river. The changing shape of the spit has been well documented for more than 400 years, and today the shingle ridge is between 3 and 6m (10 to 20ft) high. Inshore of the peninsula is an area of salt marsh which supports an internationally important nature reserve with rare and fragile vegetation, and a large bird sanctuary. This remote part of East Anglia was used for testing of early radar by the Ministry of Defence before the Second World War and continued to be used for sensitive military research during the Cold War.
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The formation of a barrier spit and island. As longshore current brings sediment along the coast, the material is deposited in the quiet conditions of a bay, when the speed of the current falls. Longshore drift is also responsible for creating a variety of low-lying features found along the British coastline, including barrier beaches, barrier islands, baymouth bars, and cuspate spits.




This shingle bank, Orford Ness, is now owned by the National Trust and is open to the public, although access is strictly controlled to protect the fragile habitats. In protected coastal sites such as these, warning signs should always be respected.
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Above: The shingle spit at Orford Ness; over the centuries this feature has moved and grown. A ness is simply a headland and is derived from the Old English for ‘nose’.
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Above: The coastline of Suffolk and Essex, showing coastal features that result from longshore drift.
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Above: The changing shape of Orford Ness over more than 400 years. In the early seventeenth century, the ness extended much further out to sea, but less far south. Since then, the length of the ness has grown and the mouth of the River Ore has moved further down the coast.




Other spits have developed along the East Anglian coastline at Blakney Point and at Great Yarmouth in Norfolk, Felixstowe Ferry on the River Deben in Suffolk, and St Osyth in Essex. These coastal features often create family-friendly beaches and protected anchorages for sailors.


Spurn Head in Yorkshire is a recurved spit, where the end of the ridge curves around into the estuary. This usually occurs because the river flow out of the estuary is not powerful enough to wash away all of the sediment brought down the coast by the longshore current.


These coastal features are in a constant state of movement and are prone to being breached during storms, which happened at Spurn in 2013. A severe storm made the road to the end of the spit impassable to vehicles at high water and access to the RNLI lifeboat station there difficult at high tide.
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Above: Spurn forms the northern bank of the mouth of the Humber estuary and is over 5km (3 miles) long, and sometimes only 46m (150ft) wide. The southernmost tip is known as Spurn Head or Spurn Point and is home to a RNLI lifeboat station and two disused lighthouses.
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Above: The ‘low’ light on the estuary side of Spurn Head dates from 1852. It was replaced by a taller lighthouse in 1895, which remained operational until 1985, when it was decommissioned.




Further south in Essex, longshore currents have created a marshy region at Dengie, between the estuaries of the Blackwater and the Crouch. Here, currents have carried sand and mud into an area of low wave energy and a gently sloping beach. This feature is called a chenier or chénier, and typically forms a sandy or shelly beach, separated by mudflats; this creates an excellent marsh habitat for wildlife, and this nature reserve is now designated a Site of Special Scientific Interest (SSSI).


Under certain conditions, a sand or shingle spit will extend until it becomes attached to the mainland at both ends. This barrier beach then traps water behind in a lagoon: the best example in Britain is at Slapton in Devon. Others include: Bossington beach at Porlock, near Minehead in Somerset; Medmerry beach, near Selsey, West Sussex; and Oxwich Bay, on the Gower peninsula in Wales.
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Nairn beach (above) in the Highlands, Scotland, looking south-west towards the inner Moray Firth. The spit shows clear signs of a westerly longshore drift of sand and a protected lagoon is beginning to develop behind the spit.
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Slapton Sands (above) is a barrier beach in Start Bay, south Devon. Inshore on the right is Slapton Ley, a brackish lake and nature reserve.




In many cases, these barrier beaches have (or at least once had) a lagoon on the landward side, and they often create a natural flood defence to low-lying land behind them. Like all low-lying coastal features, they can be breached easily, leaving them vulnerable to extensive flooding inland. It is obviously very serious if residential housing is flooded, but agricultural land too will become unusable for years if flooded with saltwater. Therefore, the conservation and protection of these low-lying coastal features is important.


Occasionally, a sand or shingle barrier beach extends from the mainland to an island, and this feature is called a tombolo.
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Above: A tombolo sand bar links St Agnes to Gugh in the Scilly Isles.




The biggest example of a tombolo in the British Isles is Chesil Beach. Here, a pebble strand stretches south-east from West Bay in Dorset to the Isle of Purbeck; the beach is 29km (18 miles) long, 200m (660ft) wide and 15m (50ft) high. For most of its length, the tombola is separated from the mainland by an area of shallow, brackish water called the Fleet Lagoon. Chesil Beach had a notorious reputation during the age of sail and has been the scene of many shipwrecks over the centuries. The beach was (and still is) particularly dangerous during south-westerly gales, where it forms a lee shore for ships heading east up the English Channel.
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Chesil Beach (above) in Dorset, southern England, is one of three major shingle structures in Britain. Its name is derived from the Old English ceosel or cisel, meaning ‘gravel’ or ‘shingle’. The prevailing south-westerly winds and longshore current carries along the coast, from west to east.
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The pebbles (above) on Chesil Beach are graded from pea-sized in the west and become progressively bigger towards the east.




On the southern Kent coast, almost equidistant between Hastings and Folkstone, is one of the most unusual stretches of coastline anywhere in the British Isles. The Dungeness headland is a cuspate spit; like many other depositional features, it is created by longshore currents bringing sediment along the coastline. However, a cuspate spit is formed when currents bring sediment from opposite directions. In the case of Dungeness, waves and their associated longshore currents deliver sediment along the coast from both the English Channel and from the southern North Sea.
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Above: Dungeness in Kent; longshore drift brings sediment from opposite directions.




This unique part of the south coast of England is the largest expanse of shingle anywhere in Europe and has evolved over 10,000 years since the last Ice Age. After the ice melted, sea level rose quickly until about 6,000 years ago. By then, the area which is now Romney Marsh was a wide sandy bay; as the sea level rose, more sand was deposited by longshore currents, up to 10m (33ft) deep. The currents then deposited flint pebbles which had been eroded from the chalk cliffs of Dorset, Hampshire and Sussex during the Ice Age, building a barrier beach from Dungeness northwards to Dymchurch; behind this, the sandy bay became a brackish lagoon, rather like Chesil Beach today. Over the centuries, the lagoons filled with fine sediment brought down from the Kentish Weald, creating a salt marsh, with freshwater swamps in the valleys.


The Domesday Book of 1086 records that the whole of the main Romney Marsh area was occupied. The Marsh was still protected from the sea by a great shingle bank, but in the thirteenth century the sea breached the ridge, and the old town and port of Winchelsea was washed away. (It had been built on the shingle barrier somewhere around the current mouth of the River Rother.) In 1280, King Edward I ordered a new town to be built on ‘the hill of Iham’; this is the town of Winchelsea we know today.


The sea continued to flood the area throughout the 1200s and 1300s, preventing any further settlement in the area; in 1349, the Black Death killed so many people that there was no longer any demand for new farming land for several generations. As the population grew again between 1400 and 1700, the salt marshes were gradually reclaimed for sheep pasture to supply the Kentish wool industry. By 1700, the area was similar to that of today.
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Above: Romney Marsh in the fourteenth century, and the coastline today.




Dungeness now comprises a series of stony ridges and troughs, with the biggest pebbles found in the depressions and smaller pebbles on the crests. A wide range of plants have colonised the tops of these ridges because rainwater is trapped there by the smaller stones. This is also one of the best places in the country to find insects – moths, bees, beetles and spiders are attracted by the diverse vegetation. Many of these insects are rare species found nowhere else in Britain. The area also offers a refuge for many migratory and coastal birds, and the beach is renowned for excellent catches of winter cod.


Traditionally, the local community here were fishing people who launched their boats off the shingle beach in search of plaice and sole in the summer, mackerel in autumn, and herring and cod in the winter.


Among better known residents was the late film director, Derek Jarman, who grew both wild and cultivated plants in his pebble garden at Prospect Cottage. Jarman’s tar-covered cottage is within a stone’s-throw of the biggest building on Dungeness – a nuclear power station which first came online in 1965: Dungeness A has recently been de-commissioned but Dungeness B, a more advanced gas-cooled reactor, is still operational.
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Derelict narrow-gauge tracks once brought wagons of fresh fish up from Dungeness beach to waiting trains.
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Prospect Cottage on Dungeness, home of the late film maker, Derek Jarman.




The other buildings which dominate the Dungeness are lighthouses, and the headland has been home to no less than seven over the centuries. The first was built here in 1615 – a wooden tower with a coal brazier to provide the light. It lasted 20 years before it was pulled down and a new lighthouse built higher, and nearer the sea. As the pebble ness continued to grow, so the lighthouse became too far from the coast, and a third lighthouse was built in 1792. Since then, there have been another four lighthouses built – each one replacing a structure which became redundant as the ness continued to grow further out to sea. The current operational lighthouse was built in 1961.
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The old 1904 Dungeness lighthouse with the 1961 lighthouse in the background.




Inland of Dungeness and protected by the shingle headland, is Romney Marsh; this is a good example of how a large coastal feature has been created by natural forces, and then tamed by enterprising farmers. The area is often called the ‘Fifth Continent’ and comprises nearly 260sq.km (100 square miles) of marshland, all of which is below the level of the highest tides. The area is protected from the sea by large earthen walls and natural shingle barriers. Although the area is very fertile, it relies on a complex drainage system to function as agricultural land.


OFFSHORE BARS & RIP CURRENTS


When waves approach a gently sloping shoreline, friction between the waves and the seabed causes the waves to break some distance from the beach. On these occasions, the breaking wave can deposit sediment offshore; as more material is deposited parallel to the coastline, a ridge called an offshore bar is formed. In these situations, waves can be seen breaking some distance off a beach before re-forming again as they come inshore. Offshore breaking waves are difficult to see from the seaward side, and care should always be taken when approaching these beaches in a dinghy, as the breaking waves can easily swamp a small boat.
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Above: Waves are breaking on an offshore bar, and then re-forming before breaking again, but more gently, on the beach.




As waves break along a beach, they feed a constant supply of water towards the shoreline. This water must return seaward eventually, but the position of an offshore bar can restrict this flow. In this situation, the surplus water can create a channel through the offshore bar, and a rip current is produced. (Rip currents are sometimes called ‘rip tides’ incorrectly, as they have nothing to do with the action of tides.)


Rip currents are relatively small-scale currents that appear in the surf zone, where water flows back out to sea from the shoreline. They can be permanent or temporary features, and their formation depends on wave height, frequency and direction. Permanent rip currents are found where a natural rock gully leads from the beach out to sea, whereas temporary rips are more difficult to predict. During a spell of heavy surf, rip currents can develop suddenly as they act as a temporary outlet for extra water building up on the beach front, but they then disappear once conditions return to normal. Rip currents can also migrate along the beach with a moving offshore sand bar.
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Above: Rip currents often result in the absence of surf, and the deeper water in the channel is often darker than the water on either side.




Rip currents are one of the most dangerous features on a beach for swimmers and divers and, in extreme cases, the current can reach 4 knots – faster even than an elite athlete can swim. Some beaches are more prone to rip currents than others, but these hazards have been recorded in almost every coastal location around the world. In the United Kingdom, over 60 percent of RNLI lifeguard incidents involve rip currents.
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A rip current forms where surplus water brought towards a beach by breaking waves finds its way back out to sea through a channel in an offshore sand bar.






Rip Currents


Features of a rip current:


• The deep rip channel and the flow of water through it often results in the absence of surf.


• The feeder is the source of the water in a rip current, and even quite small points along the beach can make effective feeders; a rip current will typically have two feeders, although a single feeder is enough to sustain the feature.


• The neck is where water flows away from the beach, and can extend for several hundred metres offshore; it is usually between 10 and 30m (30 to 100ft) wide.


• The current in the neck flows away from the shore, making this the most dangerous part of a rip current.


• The head of a rip current is offshore of the bar. Here, it spreads outward and quickly dissipates. People who are swept this far offshore can find they have a long way to swim back to shore.





Swimmers who encounter rip currents often have little knowledge or experience in dealing with them. Because they do not understand how to respond, there is a risk that they panic as they are carried offshore. The initial reaction is to swim directly back to the beach, but this is rarely successful and results in the swimmer rapidly becoming exhausted.


Rip currents can occur on any day and at any location along our beaches, but they can become extremely dangerous under certain conditions. It is important to identify those days when rip currents are at their strongest and therefore the greatest threat to anyone who enters the surf.


Large, breaking waves move substantial quantities of water towards a beach (sometimes called the swash); as the water runs back down the beach, it is called the backwash. This movement of water back out to sea creates undertow, which can easily be felt underfoot, especially on steep, pebbly beaches. Bathers might be tumbled around in the water, but this return flow only lasts until the next breaking wave arrives. Undertow is experienced to a greater or lesser extent all along a beach, but unlike rip currents, it will not pull you offshore into deep water; undertow can, however, be dangerous for small children who might not be able to walk up the beach face against the strong flow of the backwash.




How to Survive a Rip Current


• Do not overestimate your swimming abilities and stay out of the water when the surf is high.


• Learn to recognise the conditions which create rip currents; you can usually identify rip currents as rivers of clear water flowing away from the beach through the surf.


• If you are swept away from the beach, your chance of survival is improved if you stay composed and calmly assess the situation; do not try to swim back to shore fighting the rip; and try not to panic.


• Instead, swim parallel to the beach until you are out of the neck of the rip current. If this is not possible, then remain calmly afloat until the rip current dissipates, which it does at the ‘head’ of the rip channel, typically just beyond the breaking waves.


• Save your energy by ducking under the waves; breaking waves are powerful and if you duck under the wave, you will avoid its impact – this technique is used by surfers, and it can save your life.
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Undertow occurs where breaking waves carry water towards the shoreline, which inevitably results in a compensation flow of water back out to sea.





QUICKSAND



We have all seen movies where a hapless victim stumbles into quicksand. The more he struggles (and it always seems to be an ill-fated ‘he’), then the more he is remorselessly sucked to his death – leaving nothing but his hat lying on the sand to mark his tragic demise.


Not surprisingly, reality is very different. In dry material, the ‘quicksand effect’ can certainly be fatal. In 2002, a farm worker in Germany fell into a grain store, and he was soon up to his armpits. As he breathed out, his chest volume decreased, and this caused the grains to fill the void, making it progressively harder for him to breathe. He soon experienced agonising chest pains. The victim was eventually freed, but only after his rescuers lowered a cylinder over his body to prevent the grains from re-forming around his body, and the grain was then sucked out with an industrial vacuum.


‘Dry quicksand’, so favoured by B-movie directors, is very different from the more common ‘wet quicksand’ that you find around the shores of the British Isles. Whenever we step ashore in a dinghy, or go wading onto mudflats, or even take a walk across a sandy beach, there is always the chance that we might plant a foot in quicksand. ‘Wet quicksand’ is a mixture of fine granular material (sand, silt, mud or clay) and water, and it can form wherever there is standing water, or when water flows upwards (such as from an underground spring).


The saturated sediment might appear quite smooth and solid on the surface, but any sudden change in pressure – such as when somebody puts their foot on the surface – causes the sediment to become liquified, thus losing its ability to support weight. The water effectively lubricates the grains, reduces friction, and causes it to change its characteristics. The cushioning effect of water also gives quicksand a spongy texture.


There is very little evidence that the more you struggle in wet quicksand, the further you sink. The reason is very simple – any objects in this liquified mixture will sink to the level at which the weight of the object equals the weight of the displaced sand and water mixture; at this point, the submerged object will ‘float’ due to its buoyancy. If the ‘submerged object’ happens to be a person, this is roughly about waist-level. So rule number one: do not panic, because you will not keep sinking.


Quicksand tends to become more viscous – in other words, thicker – the more you struggle. This happens because wet quicksand (which is initially quite liquid), becomes thicker as any movement squeezes out the water; the quicksand then begins to take on the characteristics of wet cement. Therefore, do not ask anyone to come to your aid in the quicksand, as they too could become stuck. The trick to extracting yourself is to wriggle to create a small gap around your legs; water will then flow into this space and loosen the sand. Take it easy, do not panic, and move your legs slowly and gradually.


The real danger in this situation is not the immediate effect of the quicksand, but the very real risk of becoming stuck with a rising tide and drowning. There are all too many cases where this has happened. In August 2016, two young men became trapped in quicksand on the beach at Camber Sands – a popular tourist area in East Sussex. Their three friends waded out to rescue them, but they too got into difficulties. Tragically all five men drowned in the rising tide.
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Camber Sands in East Sussex. The very fine sand creates a beach with a slope of only a few degrees. Like many sandy beaches around the country, this idyllic looking strand harbours traps for the unwary.







Dealing with Quicksand



Your first defence against getting stuck, of course, is to avoid getting into trouble in the first place and to recognise where quicksand is likely to occur. If the worst happens, it is important to remember that the biggest risk is becoming stuck and drowning on a rising tide. So here are a few golden rules to avoid putting yourself in danger.


• If you have to walk across a suspect area, test the ground with a walking stick or branch; a few seconds prodding could make the difference between becoming a muddy mess, or having a safe trip home.


• As always when you find yourself in difficulty, try not to panic; you might sink, but you will not go deeper than waist level.


• If you are wearing a backpack or something heavy, take it off to lighten your weight; if you can, slip off your shoes or boots as it will be easier to get out.


• If you know ahead of time that you might encounter quicksand, take off your boots and walk barefoot.


• If you think you are becoming stuck, take a couple of gentle steps back before the quicksand takes hold. It usually takes a minute or so for the mixture to liquify and firm up.


• If your feet become stuck, move slowly – big steps only push your feet further down.


• If you cannot retrace your steps, then lean on your back and spread your weight – you will get muddy, but the alternative could be worse; once your body is supported, your feet should slowly come free, then roll sideways to bring your whole body to the surface.


• Somebody can pass you a rope or branch, but do not let your rescuer venture after you into the quicksand.


• You can also get out of wet quicksand by using your arms in a swimming motion, lying either on your front or your back (this keeps your mouth and nose clear).


• Be patient because you might not be able to extract yourself quickly; unless there is a secondary danger, such as a rising tide, nightfall or cold, there is no rush.


• It is worth stressing again that you should take your time and do not panic; desperate movements only make things worse and, whatever technique you use, do it slowly to stop yourself from becoming more deeply entrenched.





SAND DUNES


These are features along our coastline which constantly change shape, due mainly to the wind. They are formed when longshore drift moves sediment along the inter-tidal zone. At low water, the sand dries and onshore winds blow the sand up the beach. Dunes are most likely to occur where there is a large tidal range, and where the wind is predominantly onshore.


In time, an embryo dune will develop which may become covered with small grasses. Gradually, couch and marram grasses will become established. This vegetation stabilises the dunes in two ways: firstly, the roots bind the sand together, and secondly, the vegetation above ground traps particles of sand as they are blown over the surface.
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Above: Penhale Sands, north Cornwall; to the left are embryonic dunes, and inland are larger dunes stabilised by marram grass.
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Marram grass beginning to establish in the dunes at Penhale Sands, north Cornwall.




Generally, the plants which thrive best in these conditions are those with succulent leaves which store water, with thorn-like leaves which reduce water loss in the strong winds, or those with long tap roots which can reach water at lower levels. Without the stabilisation effect of vegetation, dunes remain unstable and continue to migrate. Further inland, where the dunes are older, heather, gorse, reeds, rushes and other plants stabilise the sand even further. Eventually, oak, pine and birch trees take root, and this gradual development of heath and woodland inland is an ecological succession called a psammosere.


[image: Illustration]


Sand dunes are fragile areas. Try to stay off them as much possible, as walking destabilises the dunes and destroys the plants. Elevated walkways can help dunes from being trampled, and fencing will also trap the sand. On some beaches, owners drag their boats over the dunes, or store them on top of the dunes. This destroys vegetation, and when it has gone the area can become vulnerable to wind erosion. Likewise cutting or burning beach grass is very harmful.
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Above: The formation of sand dunes on a beach.
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A dune foreshore: marram grasses initially colonise the dunes, but small trees and bushes later establish on the older dunes. Behind is well-established woodland.




Like many depositional features around our coastline, sand dunes are a natural barrier to the power of wind and waves, and they form our first line of defence against coastal storms and coastal erosion. Dunes absorb the impact of storm surges and high waves, and they can prevent or delay flooding of inland areas. They also act as sand storage areas, and supply sand to eroded beaches during storms. We should never underestimate the value of sand dunes along our coastline.


BEACH SAFETY


Even relatively benign-looking beaches can catch out the unwary, and soft sands can trap walkers. It is therefore important to respect the coastline, understand the risks, and take appropriate precautions.




Beach Safety


• Preferably go with a friend, check the weather forecast, and always let somebody know where you are going and when you expect to return.


• Read warning signs carefully: a red beach warning flag could mean strong surf and currents, or it might mean that the beach is closed.


• Check if the tide is coming in or going out, and also the time of high water; always be aware that your return could be cut off by a rising tide.


• Keep an eye on the waves – a breaking wave can easily sweep you off your feet.


• Carry a mobile phone – you can call the Coastguard on 999, but you cannot always rely on a good signal along the coastline.


• Carry water and wear appropriate shoes and clothing; take sunscreen, a hat and sunglasses.


• Report missing lifesaving equipment, and anyone taking or breaking it.


• Do not leave litter on the beach: glass and opened cans are dangerous.


• Do not touch strange objects and tell the Coastguard or police about them.
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