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         Susanne Masters is a plant scientist, writer and swimmer who loves connecting people with nature and the environment. She studied conservation science and ethnobotany, and works on the botanical side of product development for the spa and distilling industries, with a particular interest in sustainable wild harvesting and cultivation. Susanne has written about wildlife and travel for a broad range of media, including BBC Wildlife magazine, BBC Earth, BBC Travel, Countryfile magazine, the Guardian, Red Bull Adventure and the New York Times. She writes a monthly column on wildlife for Outdoor Swimmer magazine, and has contributed to The World Atlas of Street Food and Kew’s Teas, Tonics and Tipples. She has swum in the Bosphorus race from Asia to Europe, at a winter festival in China, and at high altitude in Bhutan. She swims outdoors all year round in the UK.
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         Alice Goodridge is an illustrator and avid outdoor enthusiast with a passion for adventure and a background in environmental research. An experienced long-distance cold-water swimmer and swimming coach, she founded SwimWild in 2018, enabling people to have fun while building their confidence and skills in open water around the Scottish Highlands and islands.

      

   


   
      
         
            Praise for Wild Waters

         

         ‘Susanne Masters writes for those who love the water and land alike. Her writing combines science, stories, history and delectable moments of watery delight.’— Dr Maria Fadiman, Professor of Geography at Florida Atlantic University and National Geographic Explorer

         
             

         

         ‘Part field guide, part natural and human history of our waterways, Wild Waters is engagingly written with a scientist’s eye for detail by Susanne Masters and beautifully illustrated by Alice Goodridge. A magical book.’— Jonathan Cowie, editor of Outdoor Swimmer
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             Introduction

         

         I’ve learnt about aquatic life, in part, through dipping into presentations at conservation science conferences and reading updates from assorted IUCN Species Survival Commission groups. Ostensibly I’ve been at these conferences and receive these communications because of my research on wild orchid harvesting. This dry and cerebral approach has been an adjunct to reality. Like everyone, scientist or not, I have my own relationship with nature that isn’t confined to reading about it or discussing it. And my interest in the living world isn’t restricted to orchids – a group of plants that occasionally favour boggy places but never get fully immersed. My journeys in, on and around water are a source of experience and also questions that send me back to reading and learning about what I’ve seen.

         I was fished out of a couple of ponds as a kid who fell into them while looking at their contents. This is unexceptional; most kids are thrilled at the realms contained within ponds, and do need supervision around bodies of water. Childhood summers in Switzerland with the Swiss side of my family were mostly occupied with swimming in various lakes. Alongside my mum (who taught me to swim), dad and grannies, who were happy to spend time in and next to the water, my sister was a good swimmer. Probably I was mostly an annoying younger sister, but we did swim off to the floating pontoons and explore lake edges together.

         Life got a little wilder when my family moved from a town in the south-east to a rural house on the Suffolk–Essex border. A mysterious puff of fluff skittering around the yard turned out to be a moorhen chick brought back to the house by my cat. Jeremy, who lived above the stables, helped to catch it and we returned the chick to Long Pond. Mrs Duck nested in the peonies each spring and launched her ducklings in our garden pond before marching them off along the footpath towards wilder waters. A visiting city friend was amazed to see our neighbour Ben practising his fly-fishing cast in the meadow by his house. Sometimes Ben and I would take our dogs down to the gravel pits for walks. Filled with water, the pits were a lush oasis in hot East Anglian summers. I have some of Ben’s watercolours viiin my house now – landscapes from his Scottish fishing trips, Long Pond seen from the footpath, and a speckled trout.

         Going to university and then working in cities, I swam in swimming pools indoors, and enjoyed wild water while on holiday abroad. This drought was broken by a couple of seaside camping weekends, followed by a campervan trip with Lesley and Biffer for eight months. Mostly we traced the coast of England, Wales and then Scotland, with the addition of a few forays inland. Biffer participated with collie-dog paranoia in canoe and boat rides, but full-heartedly jumped into all opportunities to be in water. While I greatly appreciate and value explorations of far-flung places, finding eight months’ travel insufficient to explore England, Wales and Scotland made it clear that delight and excitement isn’t tied to the exotic.

         When we temporarily lived in Purbeck, Biffer was my first swimming buddy. His company gave me confidence to venture on early morning swims with no one else around. He trotted along the shore and swam after his tennis ball, which I threw while swimming. Settling in Bournemouth, a seaside town, daily walks to the beach for swim-loving Biffer showed how even on a repeated route, water and wildlife creates variety. Winter storms cast lobster and by-the-wind sailors on the beach; in summer, vast barrel jellyfish washed ashore.

         In a town by the sea there are plenty of swimmers, many of whom became friends. At some point, Sally and a few others started sending me photos asking questions about animals and plants they were seeing on the way to swims and when they were in the water. I pestered Jonathan, the editor of Outdoor Swimmer, about writing on wildlife from the perspective of people encountering it while in the water, to answer the kinds of questions that I was being asked, from ‘What is this?’ to ‘Will it sting or bite me?’ – meeting wildlife in its element carries additional vulnerability. That wildlife column grew into the Eco Pages, and it’s fantastic that Jonathan and the editorial team have created space for wildlife every month for years.

         Alice Goodridge’s illustrations were instrumental in showing Jonathan how the water-wildlife column could work, and it’s been a special privilege to go on to make this book with her as a friend who also happens to be a talented illustrator. We first met at the beach in Bournemouth, years before working together. Since then, we’ve seen a lot of wildlife and wild places, including swimming over kelp beds from a boat to St Kilda’s shore, and dodging jellyfish on a Dublin beach.

         Alongside Alice, microadventures with Lucy, Keith and Amanda have ranged through swimming among waterlilies viiito warming up post-swim with hot cocktails flavoured with waterside plants. They’ve shaped great memories and spawned a stack of maps I’ve annotated with swimming spots, perils such as quicksand warnings, and wild camping places. (Thanks to Alastair Humphreys for clarifying the concept of and offering the word ‘microadventure’.)

         At home, bioluminescent swims with Gary have elevated average working days and stretched the feeling of summer into autumn dusks and dawns. Sam has shown me a different way to enjoy the sea, and should be the number one jellyfish fan that I know – unless that number one fan is Gaynor, who is working on cracking the secret of embalming a dead jellyfish. In contrast, Holly and Patrick share jellyfish horror, which I don’t feel, even though I’ve been stung a few times. It’s valuable to be reminded that not everyone feels the same. Similarly, Annette was a good sport when I laughed that she was terrorised by a shoal of tiny fish and also tolerant of my sending them her way to demonstrate the amazing high-speed coordination with which they avoid crashing into each other or people in the sea. With Ilse, it’s always precious to see how the wildlife we’ve met on swims takes form in her art. Gemma is lovely company on swims and foraging, and her enthusiasm for learning about wildlife is contagious. Ali and Marc have improved my ability to travel distance with their swimming tips, and Ali has also been the tide guru for working out when tidal stretches of rivers are swimmable.

         Perhaps my niece’s perspective is skewed, but her faux horror at a demonstration of seaweed edibility while we were still in the sea and thrilled delight at spotting a large pike watching us in a river is an endorsement of real-world pleasures surpassing the thrall of electronic spaces. Amy has been up for adding swims to science trips, and related adventures such as forage-from-a-punt-without-using-hands; the speed and height of a punt is reasonable for biting off edible leaves and flowers in passing. Myles is a long-term enabler of finding and spending time in and on water, including road-tripping the whole of America’s east coast and working from a park bench while I swam in a Tennessee waterfall pool. He instigated paddleboarding, which was a soothing escape from a hot summer that also carried the sorrow of Biffer dying. In that strange pandemic winter, my dad was as keen as I was to make repeated visits to a winterbourne. Over months, seeing the watercourse greening with watercress, trickling with water between patches of mud, and then flowing clear and fast, was a reassuring connection with place and season. I must also give kudos and thanks to Cassy and Maria, ixwho despite the warm comfort of their Florida and California origins ventured beyond our Texas and Florida swimscapades to embrace the cold and have joined loch swims to Scottish castles and been buffeted by chilly English waves.

         Through friends, stories of wildlife and stories of people become intertwined. Keith being rammed by a territorial salmon; Kate up for trying out a sugar-kelp foot rub and taking time to watch iridescent sea gooseberries and comb jellyfish. Looking back into history, we can see how human culture grows from biodiversity. Wildlife isn’t a museum piece. Wild species are part of our heritage and still resources that we rely on.

         Wildlife can be harmed by our presence – for example, disturbing birds from hunting for their food or trampling vegetation on riverbanks. The more informed we are about how wild animals and plants live and grow, the better equipped we are to navigate enjoying being outdoors and the wildlife we find there while avoiding harming it. When people move gently through wild spaces with eyes open, they can also be an ally noticing when wildlife and habitats are harmed. Wildlife crime takes place unseen; police cannot continuously survey rural areas. Harm to wildlife can be reported to wildlife crime officers. Noticing and holding companies accountable for pollution events is a vital step towards reducing their occurrence. Even small acts such as disentangling broken fishing line from waterweeds and putting it in a bin benefit wild spaces and the life that inhabits them.

         This book is a companion written for myself in the past when I was beginning to explore water, and for other people venturing waterside in their mind or with footsteps who are curious about how we are connected to aquatic life. It is a skin of pages, words and pictures that draws together a multitude of influences and stories. Like a map, this book is a tool for situating yourself within the wildlife that surrounds you, and for moving towards where you want to go.

         Clearly this introduction is also acknowledgement of the people who have given me encouragement and companionship in enjoying wild waters and the life that inhabits it – map makers, book writers, friends and family. And a hope for those reading that they also find encouraging companions in the form of book, hound or person.
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            Immersed on Land

         

         Attention-grabbing rainforests are not the sole source of the oxygen our lives depend on. Every other breath is filled with oxygen provided by dinoflagellates, ocean-dwelling microscopic plants. On land we remain immersed.

         If you open your fridge or kitchen cupboards, aquatic plants and animals are staple foods and essential components of our food chains. Some life-threatening diseases are treated and cured with the chemical arsenal possessed by life that inhabits water. This isn’t remote and exotic wildlife we can only meet in distant places or see on TV. If you walk out of your door along canal paths and seashores, or stop to look in a murky pond in a park, you will find wildlife that affects our lives.

         We are taught that water and land are separate. Maps show clear boundary lines along riverbanks, lakeshores and coasts, but life is messy and sprawling. Coastal cliffs are clad in seaweeds at their depth, then salt-tolerating lichen above the high-tide mark, followed by seashore plants above the splash zone. Seabirds fish the open ocean and nest on rocky ledges. Our separation of land and water is more driven by our own limitation – we breathe air, and only visit water. Instead, think of water like a forest: rivers woven into land like roots of trees and reaching out into a canopy of sea. Even on dry land with no view of water, we remain connected to the life aquatic in all its forms, from oceanic to riparian.12

         In sickness and health

         When we reach for medicine at home, it comes out of a packet: pills popped from blister packs, ointment out of a tube, a teaspoonful of liquid poured from a bottle. Similarly, in hospital settings, pills, drips and injections are ways of administering drugs. It is all too easy to feel alienated by thinking chemical cocktails are foreign to us. We used to rely on wildlife around us to take care of our health, and even now our medicinal toolkit contains many treatments that are derived from or were inspired by natural sources. On the shores of Lough Neagh there aren’t many people left who will wrap an eel-skin bandage around a sprain, even though eel-skin bandages were a traditional Ulster remedy and there are still plenty of eels in the Lough. Now most people with a sprain will reach for aspirin – one of our most commonly used pharmaceuticals – for pain relief. It is derived from water-loving trees.
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         Seeing greyish-green leaves in the distance, the fluff of white seeds blowing in a breeze or a lime-green weeping tree are all long-distance sightings of willow trees – telling you that water is near. Willow trees have eased our pain for more than 3,500 years. In 1862 Edwin Smith, an American living in Cairo in Egypt, bought 3some ancient scrolls in Luxor that dated back to 1500 bc. One of the remedies written across them was on the use of willow to treat pain. Before this Egyptian evidence was revealed, willow was known as a herbal remedy in Europe. In 1763 Reverend Edward Stone wrote about using willow bark to treat fever. In 1828 Johann Buchner discovered that salicin is the active ingredient in willow. His discovery of the chemical basis to willow’s efficacy is the reason we don’t resort to raw willow bark for pain relief now. We still use this chemical to treat pain in a refined form as aspirin. Further scientific endeavour led to Charles Gerhardt’s modification of salicin to a concentrated form called salicylic acid. In 1897 Felix Hoffmann used salicylic acid from meadowsweet (Filipendula ulmaria) – another riparian plant – to create acetylsalicylic acid, the stable form of aspirin we use as a painkiller today. Aspirin’s essential raw ingredient, salicylic acid, is now commercially manufactured with a chain of reactions starting with phenol and hydroxide, reacted with carbon dioxide and then acidified. Yet without millennia of willow bark being used successfully as a traditional remedy, and help from meadowsweet in isolating the essential compound, we would not have aspirin in our pharmacy cabinets today. Pharmaceuticals regulate dosage so that each pill or tablet contains a consistent amount of active ingredients. Aspirin’s living origins of willow and meadowsweet on green riverbanks are not just a metaphor for calm but also a literal source of soothing for modern times.

         In Britain and Ireland, white willow (Salix alba) – most likely the species of willow whose use was recorded by the Egyptians – is an introduced species that we see most often near water. Other species include crack willow (Salix fragilis), named for its easily and noisily broken branches, and osier (Salix viminalis). Willow trees will sweep low over water, providing a convenient temporary mooring post if you are paddling or swimming. Perhaps the finest species to pause next to is in gardens and parks where weeping willows, a cultivated form (Salix babylonica), are planted. Their domed interior is hidden from view and bathed in light greenly filtered through leaves.

         Contemporary medical science still relies on a basic piece of equipment supplied by the sea. Agar is a seaweed product that is a critical tool for biomedical science. It creates a jelly that is perfect for scientists to cultivate bacteria and fungi, enabling the identification of diseases and testing of potential cures. Agar is clear, which makes it easy to see experimental results. Powdered agar is added to hot water and nutrients required for microbial growth. While hot, it remains liquid and 4can be poured to fill petri dishes. Once cold, it sets and provides a solid surface on which to observe experiments.

         Gelidium is the genus of seaweed that is most used to make laboratory-grade agar. Its naturally high gelling strength combined with the low temperature at which it gels are desirable characteristics not found in agar made from other genera of seaweed. Gelidium agar is in high demand from biotechnology, biomedicine and pharmacology.

         Agar contains agarose and agaropectin. Some experiments involving DNA analysis demand pure agarose. Agar also contains sulphates, which are negatively charged and can change the way DNA moves through agar. On the other hand, agarose is neutral – without positive or negative charge – and this allows DNA and RNA’s movement through agarose to be analysed. Using an electric current to propel DNA through agarose, molecules are sorted by their size and electrical charge. This is how genetic fingerprints, identification of individuals via their unique DNA profile, are possible. Perhaps more famous from crime-scene analysis, genetic fingerprinting has medical applications such as diagnosing inherited disease. Running RNA amplified by polymerase chain reaction (PCR) through agarose is also a way to detect the presence of viruses – such as coronavirus – in people. It provides a means to directly test whether people are infected, rather than looking for indirect markers like immune response.

         Scientists around the world panicked in 2015 when Morocco, the country that harvested eighty-two per cent of the world’s Gelidium, restricted export. The price of agar tripled. Suppliers of laboratory-grade agar products reduced the range of different blends and concentrations of agar that they offered. Laboratories rationed their stocks of agar.

         Moroccan Gelidium had become dominant because of its cheap cost supported by low wages, and because seaweed hand-picked by snorkellers and divers was of a better quality than the beach-collected Gelidium supplied by other countries. Morocco was seeking to increase the economic benefit of this harvest by extracting agar in-country and being paid for the more valuable derivative rather than the cheap raw material. This was accompanied by a significant decrease in yield – there was less Gelidium to pick. Harvesting Gelidium washed up on beaches was sustainable. But picking fresh Gelidium without restricting its harvest had become unsustainable.

         Gelidium seaweeds grow on rocks in cool water that are washed by turbulence. This keeps them supplied with nutrients and keeps them within their growing temperature. These conditions are difficult 5to replicate under cultivation.

         Realising the vulnerability of a critical laboratory supply coming from one place has galvanised attempts to cultivate Gelidium and interest in harvesting it from other countries. Production of laboratory-grade agar from Gracilaria seaweeds is also increasing.

         Like many seaweeds, Gelidium is on the move. Changing sea temperatures are pushing it out of some areas and welcoming it into others. Its travel is supported by boat traffic moving it to new locations. It has started to appear around the coast of Britain and Ireland – not yet in harvesting abundance, but it’s an interesting seaweed to spot if you consider that there are very few people who have never had cause to thank an agar plate’s work in taking care of their own health or that of a loved one. Agar plates are still used in identifying infectious diseases and remain a critical tool in the process of developing anti-microbial drugs.

         Agar doesn’t work well for tissue culture of animal cells – a vital means of modelling animal responses outside of animal bodies. Instead, collagen has been used to create a jelly matrix for growing animal cells. Tissue culture has reduced the use of animals in biomedical testing, and is essential for its contribution to understanding cancer cells, pharmaceutical toxicity testing and production of vaccines. Animal tissue culture has relied on collagen derived from cows and pigs, but now jellyfish are being used as an alternative that has the advantage of not carrying diseases such as bovine spongiform encephalopathy (BSE). Barrel jellyfish (Rhizostoma pulmo) are the easiest jellyfish to spot when you are on or in the sea. They are also the main species of jellyfish used as a source of collagen because they are large, abundant and easy to catch.

         Oceans and seas aren’t just frontiers where wildlife is still being discovered, or a source for tools used by medical science; they are one of the biggest sources of novel pharmaceuticals. Marine bioprospecting – searching the sea for natural sources of molecules and discovering biochemical and genetic information – is at the forefront of developing new medicine. Historically, our use of marine wildlife for medicinal treatments has been restrained by how inhospitable marine environments are for humans. Technological advances in diving equipment for people and making remote-controlled machines able to operate underwater have provided a pathway. Impetus has been given by the realisation that marine life produces a range of chemicals that simply aren’t found on land, and this offers a particular advantage in seeking defences from one of the biggest threats to global human health – antibiotic resistance. 6

         Since Alexander Fleming discovered penicillin in 1928, we’ve lived in a golden age in which survival rates from surgery and recovery from illnesses have been significantly improved by mass-produced effective antibiotics preventing bacterial infection. It is an era that has come to an end with recent cases of people dying from bacteria that were resistant to all available antibiotics. Pneumonia, tuberculosis, blood poisoning, sexually transmitted diseases, post-operative infections and foodborne diseases are all becoming harder to treat.

         There are some compounds present in marine life that terrestrial bacteria haven’t been exposed to, and these offer an advantage in the arms race between people and bacteria on land. Harpoon weed (Asparagopsis armata), a fluffy pink seaweed that was first noted in English scientific records in Australia and Aotearoa (New Zealand) in 1855 might offer us a weapon. It is a seaweed of the Pacific and Indian Oceans that has moved into the Mediterranean and Atlantic. First seen in Galway Bay in 1939 and in the Bristol Channel in 1949, it has recently been the target of assessment for antibacterial activity. It was found to inhibit growth in a range of bacteria, making it one of the wild species offering hope in the hunt for new antibiotics.

         Foods

         Beyond food such as fish and shellfish that we directly recognise as being harvested from aquatic environments, watery wildlife permeates our food production system as it transfers nutrients and other useful compounds from water to land.

         Harpoon weed – as well as having potential in our antibiotic armoury – might help to reduce the environmental impact of food production. Cows are notorious for farting out methane and accelerating climate change. In fairness, climate change can’t entirely be blamed on cows, and pasture-fed cattle are essential elements in maintaining some of our rare meadow wildlife through grazing. One target in identifying ways to have beef, milk and leather with a lower environmental footprint has been reducing the amount of methane that cows produce. Including harpoon weed in cattle feed has been found to reduce methane production by up to sixty-seven per cent. It isn’t unnatural for cattle to eat seaweed. In a few locations around Ireland and Britain, herds with coastal grazing wander on the beach and eat a little seaweed along with other food they find there.

         Lamb that has grazed on salt marsh is sold for a premium. It is thought the salt-marsh plants flavour the meat of the sheep which eat them. Salt-marsh lamb has ancient roots. Written records document 7expanses of salt marsh used for grazing in medieval England. Buried evidence uncovered by archaeologists shows that in the Bronze Age, people relying on domestic grazing animals made use of salt marsh around the Severn Estuary area of England as productive land on which to feed their animals.

         Lamb isn’t the only product that attracts a premium when it is nurtured by coastal plants; the world’s most expensive potatoes are fuelled by seaweed. On the French island of Noirmoutier, new potatoes are harvested young and sold as ‘La Bonnotte’. Along with sandy soil and excellent marketing, these potatoes are shaped by using seaweed as a fertiliser. Jersey potatoes have never reached the peak of £400 per kilo that La Bonnotte potatoes have achieved, but Jersey is also an island that markets its potatoes as seaweed-fertilised. Alongside the nutrients that seaweed contains, there is an advantage in comparison to compost – seaweed contains no agricultural weed seeds. Seventeenth- and nineteenth-century records of penalties and fines imposed in Jersey include matters concerning the collection of vraic, as seaweed was locally named. Seaweed featuring in the legal system indicates how valuable it was to people living on Jersey.

         Landlocked gardeners who don’t have a nearby seashore for collecting seaweed often use seaweed as a fertiliser for tomatoes without realising – since one of the most popular tomato fertilisers sold in shops uses liquid seaweed extract as a key ingredient. Seaweeds are also showing promise as a way to boost plant health, thereby reducing the economic impacts of plant diseases such as blight. Improving plants’ resistance to disease is appealing as a sustainable means of looking after crops without applying chemicals that are toxic not just to pathogens but also to ecosystems by leaving residue in soil and on crops and killing insects.

         Another marine-derived fertiliser is fish blood and bone, which supplies the three main nutrients that plants need to grow: nitrogen, phosphorous and potassium. An advantage this organic fertiliser has over chemical extracts is that it yields these nutrients slowly. Slow-release fertilisers need less frequent application and they don’t leach so many nutrients into waterways as there is more time for plants to absorb them.
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         Clean wild water is essential for a couple of water-loving plants that are cultivated for mass supply. Watercress (Nasturtium officinale) was such an important crop grown in Hampshire’s chalk streams that ‘the Watercress Line’, a railway track, was built to connect Alresford’s watercress crops with the mainline train to London. Watercress grows best in clear-running 8 cool water, just as it wells up in the springs that feed Hampshire’s chalk streams. In order to make use of wild water to grow watercress for sale, people built flat watercress beds filled by natural streams that then flowed back into their natural course. While the Watercress Line now operates as a novelty ride, Hampshire watercress is still for sale across the country – although roads provide quicker and cheaper transport now. Britain’s love for watercress isn’t sated by homegrown produce; it is also shipped in from Spain. In contrast to the soft lush countryside of Hampshire, a lot of Spanish watercress is grown on the rather arid and mountainous islands of Tenerife and Gran Canaria, in the Canary Islands. A shared feature between these two different landscapes is the man-made beds through which naturally fresh and clean spring water runs, creating the habitat that watercress thrives in.

         Watercress and wasabi (Eutrema japonicum) are relatives, both being members of the cabbage family (Brassicaceae). Wasabi brings heat to Japanese cuisine, but it grows wild along cool mountain streams. It’s difficult to grow wasabi because of the conditions it requires, which are not dissimilar to the water quality that watercress demands. England’s commercially grown wasabi crop 9is nurtured in old watercress beds on the Dorset–Hampshire border.

         Waterside places are also home to the wild relatives of a couple of the world’s major crops. In early summer, large stalks of lemon yellow flowers opening above grey cabbage leaves along the seashore mark out an otherwise indistinct plant. Most people walk past wild cabbage (Brassica oleracea), the wild plant that spawned so many of our vegetables. Cabbage, cauliflower and broccoli are fairly ubiquitous across all the continents. Brussels sprouts and kohlrabi are more regionally known. Gai lan and collard greens are respectively Chinese and American specialities. Cavolo nero is a kind of kale with Italian heritage. Green kale was a stalwart vegetable in British gardens during the Second World War. All of these vegetables are cultivars of sea cabbage. One of the benefits that sea cabbage passes on to these crops is tolerance of low water availability – since seaside plants often have to cope with limited freshwater. Crops that don’t need daily watering are better equipped to tolerate low-maintenance care.

         Another seaside plant is the ancestor of one of our most colourful vegetables and also had a role in the abolitionist movement. Sea beet (Beta vulgaris) is a shiny-leaved seashore plant. Beetroots and sugar beet are selections of this plant that develop large sweet roots. At the base of the leafstalks on sea beet, you can often find fine lines of the bright vermilion colour we associate with beetroots, although wild sea beet does not have the swollen roots of garden cultivars of beetroot. Sugar beet was developed as a crop in Silesia, a region that included areas that are now in Poland, the Czech Republic and Germany.

         In Georgian England, consumers selected sugar produced in India by ‘free people’ as an alternative to sugar provided by the transatlantic slave trade. In America, without the colonial resource of India to supply sugar, beet sugar was promoted by The Beet Sugar Society of Philadelphia as sugar produced without the abuse of slaves, although it wasn’t until after the Civil War that sugar-beet cultivation became viable in the USA.

         In England, the importance of sugar beet as a crop led to an emergency authorisation for use of a product containing thiamethoxam, a neonicotinoid, to be used in 2021, even though its use outdoors was prohibited in 2018. A cold winter killed enough aphids, which are carriers of beet yellows virus, for the virus forecast to be below the threshold set by the emergency authorisation for use of thiamethoxam. But as our winters are no longer reliably cold, these aphids and the virus they carry may yet again raise conflict between economics and environmental protection. It will take several years to develop sugar beet with better natural 10resistance to the aphids that this previously banned chemical works on as a pesticide. But it’s possible that help in developing sugar beet that better resists these aphids might be found by reintroducing genes from its wild crop ancestor – sea beet.

         Material matters

         Every taste of Scotch whisky relies on a wild river plant. In whisky, as much as grain, water and peat shape the taste, it is the casks that transform raw spirit. Distilleries use imported bourbon and sherry barrels to impart elements of additional flavour into their whisky. Before being used, casks are reassembled and checked for watertightness. Bulrush (Schoenoplectus lacustris) is used to create a seal between the ends and sides of the barrels.

         Tall shiny green cylinders of bulrush on a river can reach above head height. When passing by, it is worth pausing to snap a stem off and take a look at the secret ingredient that helps to make whisky. On the outside, it is waxy and bright green. After peeling off the green skin, its interior is a surprise – white and looking very much like synthetic sponge. When these stalks are dried, they are ideal as long, flexible lengths of foam filler that aren’t toxic – a natural sealant.

         Peat makes its flavour known in whisky, but it is so strong that only small amounts are used in the distilling industry. Peat bogs have been denuded by horticultural demand for peat as a growing medium. Its ability to hold water and nutrients is considered ideal, yet the vast scale of demand caused the deplorable destruction of an important wild habitat. Peat is an ancient vintage of sphagnum moss, in which hundreds and thousands of years of growth have gradually been compressed.

         Around the world there are nearly 400 species of Sphagnum. Amidst this diversity, they share the characteristic that, dead or alive, they store large volumes of water within their structure. Even in living sphagnum moss, ninety per cent of the cells are dead yet still serve the function of being available to hold water. Sphagnum mosses grow while saturated with water, and as they accumulate they can extend their wet habitat. Because of the electrical charge produced in its cell walls, sphagnum releases positively charged ions that make the water in its surrounding environment acidic, which inhibits bacterial growth. People took advantage of this prior to the advent of electrical freezing and the use of chemical adulterants in food preservation by making bog butter. Animal fat placed in wooden containers was buried in bogs. Bogs are slow to warm up – moderated by the mass of water they hold – so this kept bog butter cool. The acidic and low-oxygen 11conditions also limited microbial growth.

         The preservative power of peat bogs has provided insight into past lives. Most human remains quickly reduce to bones. In the embrace of cool, low-oxygen and acidic bog water, bodies decay slowly. Bodies retrieved from bogs in various degrees of mummification can sometimes have their skin and internal organs preserved. In 2011 the Cashel Man was found in Cul na Móna bog in County Laois, Ireland. He died around 2000 bc and is the oldest bog body found intact. His injuries, accompanied by his body being found with wooden stakes and having been intentionally covered with peat, suggest that his death was not an unwitnessed misadventure in the bog. The Cashel Man was ritually killed. His discovery at a geographically significant location and death in an era in which nobles’ lives were offered when their people suffered hardship such as bad harvests or sickness makes it likely that he was a nobility sacrifice.

         During the First World War, sphagnum was a life-saving natural resource. With thousands of people injured, supplies of clean bandages were running out. Old stories about the Battle of Clontarf in 1014 reported that moss was used to pack the wounds of the injured. A botanist and a military surgeon collaborated and identified two species of Sphagnum that worked to staunch wounds and promote healing – S. papillosum and S. palustre. By 1918 – with British harvests of sphagnum supplemented by supplies collected in British Columbia and Nova Scotia by the Canadian Red Cross – every month a million wound dressings were being sent from Britain to hospitals in Europe, Egypt and Western Asia.

         A different aquatic plant that is still used as a material is in plain view – common reed (Phragmites australis). Sending up fast-growing new growth each spring, common reed forms thickets along slow-moving stretches of fresh or brackish water. Dead stalks from previous years’ growth persist. Although old stems dry to beige sticks, they remain upright unless cut or knocked and are slow to decay. This makes them a useful material for roof-thatching, and as they grow in dense stands it is efficient to harvest them in bulk. Since cutting the reeds doesn’t kill the plant, it is a renewing resource that can be repeatedly harvested.

         Reed beds also form a habitat that is home to some of Britain’s rare species. Bearded tits (Panurus biarmicus), little birds whose males have dark feathers leading off their beaks like handlebar moustaches, are only found in reed beds. Although plant diversity in reed beds is low – being dominated by the reeds themselves – a special plant lives amongst them. Milk parsley (Peucedanum palustre) is the only 12food plant that caterpillars of swallowtail butterflies (Papilio machaon britannicus) will eat. It is the presence of milk parsley amongst reeds in the Norfolk Broads that makes this the place to see Britain’s biggest butterfly.

         Marks on the landscape

         In and on water, aquatic wildlife is part of the scenery. Its realm of influence also extends beyond aquatic habitats into shaping our physical and cultural landscape. Ancient maps had monsters included on them. A lot of them weren’t species we recognise today, but at the time they were considered real. In the seventeenth century, animals on maps were more an illustration of where resources could be found than areas to avoid because of dangerous beasts.

         Across the world, human settlements have orientated around freshwater resources. Rivers in particular were desirable not just for supply of water for household and agricultural use, but also for the transport and trade opportunities enabled by river travel. The construction of aqueducts was an early innovation that enabled populations to sprawl beyond drinking-water sources. However, the introduction in the industrial era of equipment to pump groundwater, and desalination techniques that make salty water potable, have loosened the connection with freshwater. Coastal areas, being a liminal space, offered people food resources from both land and sea; in particular, shorelines provided rich rewards to gatherers.

         Sometimes on seashores, stones seem to have fallen in lines that don’t follow organic curves but are crudely straight. From close up, with some stones out of line and a coating of barnacles and seaweed, it can be hard to realise what you are seeing. Looking down from a loftier viewpoint on a clifftop, it becomes clear that these V-shaped lines of rocks pointing away from land are not natural features. They are man-made rock pools that take advantage of the difference in water levels between high and low tides. It takes a lot of work to move stones and build fish traps. But once constructed, checking the landside of these simple stone traps is a low-effort means of collecting fish that had been swimming in the area behind the trap and were caught as the tide fell.

         Poppit Sands in Pembrokeshire kept a secret from hordes of visitors, until an image taken by Google Earth on a sunny day showed a dark ‘V’ standing out against an otherwise turquoise backdrop of clear water against pale sand. Over time, its stones have sunk into the sand and are no longer uncovered at low tide. But at the time of its construction, thought to be 13around 1066, it would have been exposed at low tides and provided its builders with fresh fish. At Strangford Lough in County Down, the monks of Grey Abbey are thought to have been the builders of the now partially dismantled lines of stones in the sand. Around Britain and Ireland’s shores, fish traps built in stone were an important supplier of food.

         England recorded ownership of land and resources in the Domesday Book, an extensive survey compiled in 1086. Its intended use was in administration and law. In hindsight, the Domesday Book also tells us about the social structure of England and what natural resources were considered assets. Because estate holders were asked how many fisheries they had, there is a large amount of information on where fish were abundant enough to be regularly harvested. Fisheries include shellfish. So we know that Whitstable Oyster beds in Kent were being used as a regular source of oysters at that time. Salmon (Salmo salar) records occurred more often in western districts. Lampreys (Lampetra) were at that time a popular food: one manor in Surrey recorded 1,000 of them. This was forty-nine years before King Henry I was reported as dying from eating too many lampreys, although his death is now thought to have been caused by food poisoning rather than fish.
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         In medieval Europe, money was not the only currency – eels (Anguilla anguilla) were legal tender. People could pay rent to 14their landlords in sticks of eels. One stick was twenty-five eels. For example, in 1086 William of Warenne was owed 20,000 eels. And in 1547 Thomas Boteler leased two water mills to Thomas Sankey for twenty-one years for a rent of six pounds, thirteen shillings and four pence plus 300 sticks of eels.

         Eels were in demand as a food for everyone from peasants to kings. But demand may have exceeded supply. From the fourteenth century onwards, fewer rents were collected in eels. Archaeological records contain smaller eel remains, a sign that eels were not attaining the larger sizes associated with longer lifespan before death. England looked abroad to sustain its appetite for eels.

         In the fourteenth century, the Dutch exported salted eels to England. By the fifteenth century, technical advances made it possible for them to trade live eels with England. Eel ships filled their holds with water and live eels. These ships were a regular feature of the Thames, and as such were marked on maps showing them at their regular docks in Queenhithe and Billingsgate. Business was disrupted by the Anglo–Dutch wars, but afterwards returned to London markets, and the trade in live eels continued until 1938.

         Throughout the era of Dutch imports, eel catching continued in England. In 1820 an Eel House was built on the River Alre in Hampshire. When the sluices were opened, river water ran through water channels in the building but iron grilles caught eels. The riverkeeper would transfer the live eels to boxes that he towed downstream to his cottage. Merchants collected the eels and took them to fish markets, including London with its high concentration of the population. Centuries of demand for eels is etched on British history within financial documents, coats of arms, maps and even buildings created especially for them.

         At our westernmost edge, clinging to life on sparse rocky islands amidst a million seabirds, the people of St Kilda survived by eating seabirds and their eggs and paying rent to their landlord in feathers and bird oil. On the harbour, the feather house is still standing – empty of feathers now that they are no longer in demand for stuffing pillows and bedding, but a monument to an isolated community who survived by making use of birds. After 2,000 years of human occupation, St Kilda became uninhabited. Its last residents were evacuated in 1930 as life there had become untenable. People still visit the island, no longer out of curiosity about ‘the bird people’, but rather to see the birds and the abandoned village that rests in the custody of the National Trust for Scotland’s rangers. 15

         Surprising values

         Ballan wrasse (Labrus bergylta) are common in rocky coasts around Britain and Ireland. Not sought after as a fish for eating, and too small to offer epic ‘sport’ in a tussle to reel them in on a line, they drew little attention until in the 1990s someone realised that ballan wrasse could be used to address one of the problems that plagues salmon farms: sea lice. These parasites thrive in salmon populations crowded into sea pens, and develop resistance to the chemical treatments released to kill them. Ballan wrasse and several other closely related species will pick sea lice off salmon. This organic solution to the problem of sea lice masks an unsustainable wild harvest – it relies on taking ballan wrasse from the sea, shipping them to salmon pens and then leaving them captive. With their price peaking at £50,000 per tonne, ballan wrasse were named the UK’s most expensive fish. This drew attention to their plight, and led to the introduction of catch limits and, in some areas, bans on exporting wrasse. Ultimately, wrasse will probably remain victims of hunger for farmed salmon unless a kinder solution is found for managing sea lice or consumers refuse to buy salmon produced using the captive labour of ballan wrasse that should have been left wild and free.
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         Some of the most valuable fish in the world were seen on a flying visit to England’s coast in 2020. A kayaker spotted Atlantic bluefin tuna (Thunnus thynnus) in a feeding frenzy offshore from Plymouth. A group of tuna had herded a shoal of smaller fish towards the surface, and as the tuna launched themselves at their prey at high speed, sometimes they popped out above the sea. At about two metres long, these are unmistakable fish, and their flesh is so delicious that it commands high prices. In 2019, one bluefin tuna was sold 16for £2.5 million in Japan. There are three species of bluefin tuna, all of which are edible, scarce and impossible to breed in captivity. Their flavour coupled with their rarity makes them expensive to buy. Around the UK it is illegal to catch tuna. Angling for Atlantic bluefin tuna in Irish waters is allowed under a byelaw introduced in 2020 for authorised boats. Given the speed and power that they use in their predatory lifestyle, fishing for bluefin tuna is sometimes likened to big game hunting.

         In 1967 the River Tay yielded one of the world’s most famous natural pearls when a diver found the Abernethy pearl. It is remarkably spherical for a wild pearl. Notably large, its size indicates that the freshwater pearl mussel (Margaritifera margaritifera) it grew in was old enough to become large itself. These mussels have been known to live for up to 130 years. The International Union for Conservation of Nature (IUCN) has listed freshwater pearl mussels as at risk of extinction. Within their distribution around northern Europe, north-eastern Canada and the USA, Britain and Ireland are the global stronghold. Populations of freshwater pearl mussels were reduced by centuries of pearl collection in which hundreds and sometimes thousands of them were collected and killed in searches that might yield just one pearl. Post-industrial-era water pollution was also catastrophic for colonies of these molluscs that need fast-running clear water to live in. In 1998 it became illegal to collect these mussels, but the survival of the species has still been perilous.

         Freshwater pearl mussels yield valuable pearls, and they have had a considerable impact on legislation protecting wildlife in Scotland. In 2013 a firm was prosecuted for pollution offences that included killing freshwater pearl mussels, but was only fined £4,000. It was felt that this was an inadequate penalty for destroying an entire colony of a globally rare species. Prompted by this and concerns raised by other cases, Scotland undertook a public review of wildlife crimes and penalties imposed. Wildlife in Scotland now has fiercer protection in terms of the sentences that can be passed. Currently the fine that can be imposed for killing, injuring or taking a pearl mussel is £5,000 or six months in jail. These penalties are applicable for each freshwater pearl mussel.

         Taken out of its natural environment, some of our wildlife has considerable worth that has shaped history and can drive unsustainable harvests. Many of these species do not have a secure future. However, legislative changes prompted and supported by public opinion can help – and are helping – to retain these species as part of our living natural heritage and ensure that they have a wild future. 17

         Painful encounters

         Sometimes time spent in and around water can leave people with painful reminders. Despite anxiety fuelled by cinematic portrayal of sharks and the presence of about forty species of sharks passing through or living in British and Irish waters, shark bites are incredibly unlikely. Our only records of shark bites around Britain and Ireland involve sharks that were being handled after having been caught on fishing line or nets. Rather than being anxious about fears of monsters from the deep, once equipped with knowledge of anything that might result in a painful encounter, you can enjoy wildlife without undue worry.

         While watching animals and birds, it is always important to avoid cornering them. It’s not just a case of thinking about where they are in relation to you and fixed objects like rocks; it’s also taking into account the proximity of other people and how collectively you may be preventing wildlife from getting away. Leaving wildlife without a clear escape route pushes it to try and force a way past you. Animals that are habituated to humans might be easy to watch, but be wary. These are animals without fear of people, and are more likely to be close enough to bite or peck you. If you feel compelled to rescue wildlife that looks like it is in trouble, remember that your intentions are not known to the animal. Already stressed, they are primed to act defensively – it is better to leave animal rescues to the numerous organisations that take care of our wildlife, or at least get advice from them before attempting to make an intervention.

         While we are primed to be alert to danger from obvious and large creatures, most painful encounters with aquatic wildlife around Britain and Ireland are a surprise. It is the stealthy and unobtrusive wildlife that gets the chance to make contact, leaving us with a painful memento.

         One of the key threats from wild water is so small that you need a microscope to see its structure. Blue–green algae are cyanobacteria that naturally occur in freshwater and produce chemicals harmful to both people and animals. Warm weather in summer is when conditions encourage their populations to multiply and they can reach harmful concentrations. Although you can’t see the chemicals they produce, clusters of these bacteria become big enough to be visible as turquoise or green scum or flecks of colour on the surface of water. For people, contact with blue–green algae and their toxic chemicals can cause skin rashes and eye irritation, vomiting, fever, diarrhoea, muscle pain and joint pain. Animals can die. Protect yourself and your pets by checking water before getting in and if it looks scummy, cancel being in the water or find a different body of water. Dogs that swim in water containing blue–green algae and lick their wet fur afterwards, or drink from it, are vulnerable to illness with sudden onset and must be taken to a vet.18
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         19Filamentous algae and duckweed (Lemna) can be confused with blue–green algae. In the case of filamentous algae, if you poke it with a stick you should find that it is composed of green hair-like strands. Examining it more closely, if what looks like green scum is in fact a raft of tiny plants with miniature leaves, it is duckweed. If blue–green algae floating on surface water is disturbed, it breaks into small particles or smaller clumps. The Centre for Ecology & Hydrology provides a phone app called Bloomin’ Algae, through which reports of blue–green algae are uploaded and displayed on a map. You can use it to check locations to see if blue–green algae have been reported there.

         Forensic mapping identified how a painful new arrival to Britain and Ireland was travelling and spreading. By marking reports of giant hogweed (Heracleum mantegazzianum) on maps, it became clear that it was spreading along riverbanks. When fully grown, it towers above head height and is topped by a parasol of white flowers. It can take several years to flower, but at all stages of its life cycle, touching it can cause large blisters.
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