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Author’s Foreword and Acknowledgements

BOOKS SHOULD SPEAK FOR THEMSELVES and long prefaces are indulgent, but there are a few things to be said. First, writing this was no chore. I have worked with freshwaters and particularly lakes since the accidents of fate and personality, completely uninfluenced by a bureaucracy of professional careers advice, led me to a PhD project on two small ponds near Bristol. The background to that came in 1960 from the inspiration of a course at Preston Montford Field Centre on ‘Meres and Mosses’, run by Charles Sinker, leavened by a parallel course from the then all-female Bedford College, taught by Francis Rose, and his demonstrator, David Bellamy, onto which we were co-opted when Charles was administering the Centre. The key influences after that were the second-year limnology lectures in 1963, concocted as he went along from a pile of reprints, by Frank Round at the University of Bristol. I still remember the complete fascination of thermal stratification and the phytoplankton spring growth. Since then, lakes have been a continuous part of my life and still are. If the writing in this book occasionally touches on the acid, it is because both freshwaters and freshwater ecologists have been sorely tried, in Britain at least, over the past several decades. But in a book written mostly for a British and Irish audience, you may put it down also to dry humour. It was a pleasure to write specifically for the natives and not to have to sanitise everything for a global clientele.

The second point is an apology to Wales and the Welsh. There was no way that I could work Llyn or Llynoedd into a title that needed to look attractive and sound lilting. And yes, I know that Loughs is pronounced in Gaelic with a hard ending, like Lochs, but many people use the soft ending, and that served my purposes well. I have at least taken a very pro-Welsh standpoint in the body of the text.

Lastly, an explanation for some of the approach I have taken. The New Naturalist series has an admirable policy of minimising clutter in the text by avoiding too many references and spurning scientific names, in favour of common ones. I have dealt with the first issue by using a system of notes at the end in which to give the references. The background evidence for any ecological subject is now extensive and the 400 or so I have had to quote really does represent a minimum in an area where at least 5,000 new papers emerge every year. I have used British and Irish work where I could, but science is an international endeavour and it would be foolish to be parochial. The number of authors on scientific papers has increased steadily, indeed logarithmically, over the past fifty years, from a mean of 1.5 in the 1960s to around four in the last 5 years with sometimes as many as 50. There are interesting reasons for this, mostly concerned with the organisation and sociology of science (see Moss, 2013), but from the point of view of printing costs it means that many references now take up much more space than former ones did. Consequently, in the list of references I have quoted all authors for papers with four or fewer, but simply the first author ‘and others’ for the rest. That makes for some injustice, especially in areas where the convention is that the last author is the most important (because he or she raised the funds to do the work, whilst the first author is often the graduate student who was supervised to carry it out) but the full list will be available in the original reference. Some of the original papers may require access to a university library because journal subscriptions are high, but the trend now is for free and open access on the web and a little searching will often produce free copies of many that were previously inaccessible to a general readership.

I have had to take a hybrid approach to the issue of common versus scientific names. There are well-known common names for higher plants, fish, birds and mammals, but the natural history of lakes depends also on a great many microorganisms and invertebrates, for which there are none. I have minimised lists of names, but sometimes have had to use scientific ones. The consolation is that the scientific names tell a great deal more than the common names once the system, which is very straightforward, is understood. A little dalliance with Latin improves appreciation of the meanings, but is not essential. I have given both scientific (in italics) and common names where available in the Index. To my regret, I could not find a way of mentioning Micrasterias mahabuleshwarensis var wallichii, a green algal desmid with a hint of exotic connections that is said to be found in some English lakes, but I hope that you will enjoy the book nonetheless.

Brian Moss, Liverpool, February 2015


CHAPTER 1

Romance and Reality: Limnology in Britain and Ireland

WE START EARLY, BUT, OF course, long after the true beginning … The sun, setting behind the mountain ridges to the west, darkened the shoreline of the loch yet still blazed on the palisade surrounding the island; the dip of a paddle disturbed the heron that had been fishing from the submerged rock causeway, which, if you knew its zigzags, would lead you to the crannog gate (Fig. 1).1 The shoal of small perch, which the heron had been stalking by the causeway’s edge, began to move into the open waters. Copepods, their day spent in the deep waters, were on their way upwards to filter their food near the lake’s surface, but in the twilight also to risk their lives to the hungry perch. The boatman felt no particular significance of the times; we would call it the Iron Age; he was about his daily routine.

Nightly he returned, from penning his cattle in a compound of gorse and thorn on the nearby shore, to the small island of timbers and boulders. It had been built long ago, and his family felt safe surrounded by water and the palisade. The heron settled in an oak, part of the forest that gave way to alders near the lake’s edge, and studied the small fields that had been wrested from the woodland. The movements of the fish away from the shore had frustrated her fishing but there might be an eel slithering through the grass, or a snake. The man had brought some lapwings he had snared, and pots he had bartered for fish, and the smoke of his family’s fire merged in the wind with that of the dozen other crannogs set around the loch.
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FIG 1. Reconstruction of a crannog. Etching from Wood-Martin (1886), The Lake Dwellings of Ireland.
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FIG 2. Distribution of wetlands in England in the prehistoric period, about 7,000 years ago and at present. Based on maps made by Wetland Vision (2008).



To the southwest, in Ireland, his distant Gaelic relatives also heard the harsh call of a heron during their evening routine but young sea trout took the place of perch in the lough; perch had not reached Ireland before the rising seas had cut it off as an island, 6,000 years previously. The copepods were there though, easily transported as eggs in the damp crevices of birds’ feet, and had long made their day-and-night migrations. To the south, in what was to be called England, a warmer, drier landscape harboured fewer lakes and wetlands, though the land was still well watered (Fig. 2). The floodplains bordering the Severn estuary saw the movements of boats back to lake islands2 in waters close to what was to become, in later centuries, the town of Glastonbury. The living was richer, the game more varied, the fields wider than in the north. But the links with the water were just as strong (Fig. 3). As everywhere and always, human settlements were drawn by need to lakes and rivers, springs and streams. The water stitched the landscape together; it was (and is) as the bloodstream is to the body.

The bloodstream was then pulsing and vigorous. As now, the west winds brought in gouts of wet air from the Atlantic to douse the north and west. The east got northeasterly continental air, which had passed over so much land that it was dry and cold in winter but hot in summer. Nonetheless it still rained a lot. The lakes were brim full, the rivers rose with the winter floods, spreading the water from the mountains into lowland floodplains where a mosaic of open water and wetlands provided a living for small groups of marsh dwellers, as they had for the thousands of years since the ice had retreated. They were also to hide those outlawed by the continental conquerors and colonisers that were to covet the islands in the coming centuries.

From AD41 until the twelfth century, Romans, Saxons, Vikings and Normans speeded the already begun conversion of a gushing lowland of wildwood and scattered pastoralists towards the present thirsty fields, pastures, embanked rivers and drained floodplains of our day. Only isolated patches of semi-natural woodland, heath and wetland (Fig. 2) remain, as tiny monuments, now so infrequent as needing to be glorified as nature reserves and Sites of Special Scientific Interest. Even in the uplands, the continuous forest, with its spongy organic soils, has almost gone; many upland lakes are regulated by dams to check flooding in the lowlands, divert the water to the cities, or provide irrigation for the fields. The lowland floodplain lakes have been drained and replaced by reservoirs, embanked and intrusive, with sterile drawn-down shores. Our population is concentrated into towns and cities that have eased themselves into habits and lifestyles whose demands strain the water supply, particularly in central and southern England. The water has variously become acidified from air pollution, sullied by fertilisers wasted from agriculture or the sewage works, or polluted by the chemicals and by-products of myriad industries, at first heavy and now from pharmaceuticals, bathrooms and beauty parlours. The availability of water is changing still as the climate changes from the consequences of our profligate energy use.
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FIG 3. Glastonbury lake village excavations in 1897 and a reconstruction of the village from Bulleid (1924).
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FIG 4. Glen Affric, an attractive Scottish lake landscape, but one bearing, in its paucity of forest, the evidence of severe human disturbance. (Scottish Tourist Board)
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FIG 5. Ullswater from Gobarrow, J. M. W. Turner, 1819. (Whitworth Art Gallery, Manchester)



The picture is not always depressing. The Scottish Highlands and Islands, the edges of Ireland, Snowdonia, Cumbria and other uplands, and patches in the lowlands, still provide landscapes that are interesting and attractive, even beautiful because the historic influence of human toil coupled with a ruggedness that has prevented intensive use (Fig. 4). The lakes still inspired the painters and poets3 of the romantic artistic tradition of the nineteenth century (Fig. 5). Despite a population of nearly 70 million people, in an area of only 314,000 km2, Britain and Ireland might be said to have coped well in the compromise between preserving natural features and giving people comfort and security.

The excesses of nineteenth-century industrial and urban development (Fig. 6), when factories, slaughterhouses and domestic dwellings released their wastes into rivers that became grey and foetid sources of cholera and typhoid, have been dealt with by increased understanding of public health, and appropriate legislation, but all is not entirely well. There is still the bloodstream of freshwater; there has to be, because neither natural land vegetation, nor agriculture, nor people can exist without it; but the arteries are constrained, the veins diseased and the capillaries less rich. We understand the structure and function of this bloodstream better than ever before, but the patient lies in the emergency room.
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FIG 6. ‘Monster Soup’, a cartoon comment in 1828 by William Heath on the state of the water of the River Thames seen through a microscope. (Wellcome Library)



LIFE IN LAKES AND RIVERS

The New Naturalist predecessor (Fig. 7) to this book, Life in Lakes and Rivers, by Thomas Macan and Barton Worthington,4 published in 1951, came at pivotal time in this history of our freshwaters. Agriculture was intensifying, following the deprivations of the Second World War, when food supplies had been scarce, but was yet far from the excesses that subsidies were later to encourage. Engineers were only just beginning a phase of deepening and straightening the rivers, and confining them within banks riven of trees that might fall into the water and block the flow. The floodplains had been under attack since Roman times but many were still intact, and the silt-fertilised river meadows bore swards of fritillaries, orchids and meadowsweet. Many ponds, dug or dammed for stock or other rural needs, still lay in the corners of the fields; the severer pressures of drawdown of lakes and reservoirs for irrigation and domestic supply, of conversion of pasture to arable and consequent greater nutrient pollution from fertiliser, and the massive burning of fossil fuels in the later twentieth century, were still to be felt.
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FIG 7. T. T. Macan, Barton Worthington and the cover of Life in Lakes & Rivers. (Freshwater Biological Association and Dr R. Lowe-McConnell)



Moreover the times were optimistic. The Second World War was six-years over; during it, science had advanced greatly in many ways that could be harnessed in peacetime, including aerial photography, radar, medicine and instrumentation. Government was seeing the advantages of investing further. Talented people were eager to resume their pre-war careers, not least the newly appointed staff of the Freshwater Biological Association Laboratory on Lake Windermere, including Macan and Worthington. There were major social changes. The education system, previously favouring the well-off, was being reformed to allow free access for everyone to have a secondary schooling, and for increasing numbers to move on to university. The universities were packed with ex-servicemen avid to learn and unwilling to tolerate a stuffy authoritarian regime. Seeds sown by social unrest in the 1930s had germinated into the National Parks and Access to the Countryside Act of 1949, which not only opened up swathes of countryside to walkers but also preserved tracts as Sites of Scientific Interest and the best of them as National Nature Reserves. The National Health Service was born in a welfare state that was raising hopes and expectations for people who had previously struggled. It was the new Elizabethan Age. My parents and I were among the first to benefit. I would not now be writing this book at the age of over seventy had it not flowered; I would be long dead from an infectious disease, disheartened from some mundane job, or, I hope, fighting, from the wrong side of the tracks, the social injustices that were swept away but alas are beginning now to creep back.

In the late 1940s, Barton Worthington, the Director of the Freshwater Biological Association, had been asked by the editors of the New Naturalist series to write a book on freshwaters. He was taking up new responsibilities in Africa, however, where he had much previous experience of its freshwater fisheries, so he asked Tommy Macan to help. In the end the book perhaps reflected Macan’s love of invertebrates more than Worthington’s concern with fish, but it was nonetheless the most accessible and broad coverage of freshwater ecology available in English for the next few decades, and was even adopted as a text-book by the Open University.

But that is to get ahead of an account of freshwater science in Britain and Ireland. Our ancestors, of the prehistoric and mediaeval crannogs, doubtless acquired intimate knowledge of natural history (indeed perhaps to an extent that we have now lost) and, being no less human and feeling than us, appreciated, as we do, the aesthetic qualities of the waterscapes. But they had neither time nor facilities to investigate freshwaters in the systematic way that the more privileged people of the nineteenth century began to do, and which flourished after the Second World War.

UNDERSTANDING INCREASES: THE BATHYMETRICAL SURVEY OF THE SCOTTISH LOCHS

Scientific effort in understanding freshwaters, indeed ecology in general, began with the improvement of microscope lenses by Antonie van Leeuwenhoek in Delft in the mid-seventeenth century and his early observations on bacteria and single-celled animals.5 The eighteenth and nineteenth centuries saw a rise in the number of people, often clerical and with private means, who became expert in particular groups of animals and plants, and kept notes on where they grew, when and in what abundance. They benefited from the standard system of naming, using genus and species names, that Carl von Linné (Linnaeus), in Sweden, had proposed, in several editions of Systema Naturae published between 1735 and 1758. Eventually, what at first had seemed a study of random curiosities, created by a whimsical God, was given meaning by Charles Darwin’s and Alfred Russell Wallace’s revelation in 1858 of the main mechanism of evolution, and the processes of speciation. It gradually dawned that there was some sort of organisation of organisms in their habitats. In the United States, Stephen Forbes produced a famous paper ‘The lake as a microcosm’ in 1877,6 which pointed out that there were preferences for different parts of the habitat by different species and that they were interlinked through what eventually came to be known as food chains. Towards the end of the nineteenth century there were field stations in mainland Europe and America, employing scientists to look at lakes and rivers systematically, but Britain and Ireland remained served largely by the gifted amateurs working alone.

The turning point came by a curious route. In the latter half of the nineteenth century, the needs of the British Admiralty for charting the oceans had led to the Challenger expeditions, which took place under the direction of Charles Wyville Thomson, between 1872 and 1876. A Scots-Canadian émigré, John Murray (Fig. 8), was appointed Thomson’s assistant and eventually directed the publication, in a series of book-length reports, of many of the results, which included physical, chemical and biological observations as well as depth surveys. Murray, later knighted, became interested in the Scottish sea lochs and surveyed these in 1897. He then sailed into the freshwater lochs, Lochy, Oich and Ness, using the Caledonian Canal, and noted how very different these were from the sea lochs, because of the contrasts in chemistry and density of fresh and salt water. Soon afterwards he persuaded a friend and philanthropist, the businessman Laurence Pullar, to provide funds for the start of a survey of the freshwater lochs.
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FIG 8. Frederick Pullar at the time of the survey of the Scottish lochs, and Sir John Murray, in later life.



Murray was an energetic man. He sought support from the Admiralty and the Ordnance Survey for a fuller survey of the freshwater lochs, but the Admiralty thought mostly of the ocean (it had, however surveyed the depths of Lochs Lomond and Awe) and the Ordnance Survey confined its interests, it said, to the land. Eventually it made two copies of its six-inches-to-the-mile maps available to Murray, provided he returned one copy with the contours of the lochs marked in. Since then the Survey has shown these on its maps. Murray, though, still needed funds to survey the lochs, and Laurence Pullar obliged. His son, Frederick (Fig. 8), an enthusiastic young amateur meteorologist, engineer and scientist, had become involved. Tragically, Frederick, who developed many of the instruments used in the surveys, was drowned, aged 25, in February 1901 attempting to rescue a woman from the icy waters of Airthrey Loch, now part of the University of Stirling, near his home in Bridge of Allan. He had previously rescued three other skaters in difficulties. Murray was deeply distressed by this and almost gave up the project. Laurence Pullar persuaded him to continue and set up trust funds for the work, in memory of Frederick, and the fieldwork was completed between 1902 and 1907.

By 1909, bathymetric (depth) maps of some 562 lochs had been made and a wealth of other information collected. The Bathymetrical Survey of the Fresh Water Lochs of Scotland under the direction of Sir John Murray KCB, FRS and Laurence Pullar FRSE 7 endures as the most substantial early contribution to the freshwater sciences in Britain. It comprises six volumes, the first an introduction and report on the scientific results, the second a set of descriptions of the lochs and the third to sixth the bathymetric maps (Fig. 9), from the 25.47 mile length of Loch Awe (Etive) to the 0.1 mile of the Rainbow Loch, the 27.45 square miles of Lomond to the 0.003 of Allt na Mult, and the 1,017 ft maximum depth of Morar to the 2 ft of Setter. Murray loved numbers. Many of the maps are available online from the Scottish National Library, which continues Murray’s predilection by being unable to stop itself from pointing out that Loch Ness has more water than the sum total of all water bodies in England and that the Eiffel Tower could fit into Loch Morar with 33 feet to spare. Volume 1, however, is a rich account of the survey, the people concerned and the results other than the maps themselves.
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FIG 9. One of the maps made as a result of the survey of Scottish lochs by Murray and Pullar.



My copy is still in its original brown leather bindings, the corners reinforced, the title in gold leaf: a very solid book, worthy of the seriousness of the work. Vol. 1 has an account of many aspects of the lakes, a survey of limnology (the science of lakes) to date and a bibliography of the papers and books then available worldwide on limnology. What comes through is something denied in most of the modern scientific literature: a description of the problems, of how the work was done, even pictures of Murray, having lunch, a cigarette between his lips and of Frederick Pullar, a cigar between his, both against a background of a boat and boatman, with Pullar’s sounding device mounted on the gunwale. There is an account of the difficulties of knowing where in the lake the soundings were being made, resolved in the end by the simplest of all methods: steady rowing along a line between shore markers and stopping at set numbers of oar strokes.

The survey looked at several aspects of lakes, using the experts of the day to gather and interpret the information. E. M. Wedderburn’s enthusiasm for the minutiae of water temperature comes through in an account of the exchange of energy in the lakes that was one of the foundations of our modern understanding of water mixing, though, as always in early work, he had some misconceptions. We are introduced to the splendid, if now archaic word ‘denivellation’, for changes in the height of the water surface and ‘embouchure’ for the mouth of an inflowing river. George West, then Professor of Botany at Birmingham, but having figured greatly with his father, William West, in describing the British algal flora, tells us of the aquatic plants. After deriding previous botanists for merely making collections and lists, he quotes Herbert Spencer8 to the effect that the structures of plants tell us of their functions and his insights stand up well today. W. A. Caspari gives a short account of the water chemistry, recognising the importance of the commoner ions in telling how waters to the west of Scotland tend to be richer in sodium and chloride, because of the effects of gales and the sea spray drawn up by them, but barely mentions nitrogen and phosphorus, elements on which we now place huge importance. James Murray gives an account of the plankton, again recognising fundamentals that we misbelieve are much more recent: for example the overall uniformity, even in a large loch, owing to wind mixing, the existence of vertical movements and the low diversity compared with the ocean plankton. Somewhere, John Murray must have met the prominent Danish limnologist Carl Wesenberg-Lund and persuaded him to review the state of limnology at the time and give his views on where limnology was heading.
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FIG 10. Prof. Wesenberg-Lund and some drawings of a Daphnia species from one of his studies on changes in shape of the animals (adults and new-born) during the year. The temperatures of the water testify to his belief that this was the cause of the changes, but we now know that they are induced chemically by the presence of fish predators.



Wesenberg-Lund gives many diagrams of the changes in shape of particular zooplankton species (Fig. 10) that occur during the year, and speculates on the reasons, which he thinks are due to changes in physical conditions like temperature. He suggests that solution of this problem needs studies on lakes with less seasonality in the tropics. Indeed those studies, now carried out, show that it is not temperature that is directly responsible but the chemical influences of predatory fish. But at that time fish and fisheries were seen as somewhat separate and indeed it took well into the twentieth century for fisheries and limnology to become integrated. There are still separate societies and even government departments for fisheries and the water environment in many countries. It is fascinating though to see the spirit of enquiry coming through in the writing, though not without a good dose of dogmatism.

Later in Volume 1, John Murray shows an excellent command of their origins and curiosities in presenting an account of the lakes of the world, before James Chumley, who, in the Challenger Office, had ably managed the data being collected, attempts to compile a complete bibliography of limnological papers then published. There were some 3,000 of them, mostly since the 1860s, a figure that is exceeded by far in every year now, so that his final word is a quotation from Elliott Coues (a nineteenth-century American army surgeon and ornithologist): ‘If you are troubled with a pride of accuracy, and would have it completely taken out of you, print a catalogue.’

Experimentation, as opposed to deduction from observation, had not yet reached the environmental and biological sciences from chemistry and physics, and Murray and his collaborators deigned to use much in the way of statistical or graphical techniques for summarising their data, but this is still a landmark book, and the survey something to be greatly admired. It was unparalleled in the other countries of Britain and Ireland, though limnology was advancing in North America and mainland Europe, not least because of the field stations that were being set up. In the USA, the state lake surveys, documenting the water and fish resources, had been in operation for decades.

AMATEUR NATURALISTS AND THE NEW GENERATION OF SCIENTISTS

Amateur naturalists had been at work in Britain and Ireland for some time. Roderick O’Flaherty (1629–1718), Patrick Browne (1720–90) and John Templeton (1766–1825) catalogued the Irish fish. Richard Barton had given an account of the natural history of Lough Neagh in the mid-eighteenth century. In the nineteenth century, John Hood, a metal turner, was working on rotifers, William Frederick Johnson on dragonflies and the doyen Irish naturalist, Robert Lloyd Praeger, on water plants. Scotland too has had its share, and there were some early accounts of the lake basins themselves, particularly the larger ones. The more prominent naturalists ranged widely and William West and his son George sought samples from all over the archipelago for their accounts of the British freshwater algae and particularly the desmids, a group of green algae particularly diverse in acid lakes.

The Wests reflected the emerging scientific spirit, though they were not of typical background. William West (1848–1914) began life as a pharmacist in Yorkshire, taught himself botany, and later was lecturer in botany and materia medica at Bradford Technical College. His younger son, George Stephen (1876–1919), who co-authored many papers and several books with him, went straight into the academic profession after graduating at Cambridge and became Professor at Birmingham University. The previous gentlemanly tradition continued however, and Eustace and Robert Gurney, scions of a philanthropic Quaker banking family in Norfolk, founded, in 1901, a small laboratory in a cottage (Fig. 11) next to Sutton Broad in Norfolk.9 They fitted out a solid commercial boat, a wherry, for sampling, and invited others to work there, but were not always complimentary about their conclusions. Two of them, Benjamin Millard Griffiths and Frank Balfour-Browne, who worked respectively on algae and beetles, were to figure significantly in later events. The laboratory was closed at the outbreak of the First World War, but Robert Gurney remained a prominent expert on the crustaceans for several decades afterwards.

In the first decade of the new century, William Pearsall and his son William Harold Pearsall (1891–1964) became interested in the aquatic plants of the Cumbrian Lake District and particularly in the processes of succession on the delta where the Black Beck enters Esthwaite Water (Fig. 12). Pearsall Senior was a teacher commanding high respect in the area and imbued his son with a spirit of independent enquiry. ‘Think, try, ask’ read a maxim on his parlour wall. Even before W. H. Pearsall entered the University of Manchester, he and his father were busy with bicycles and rowing boats, sampling the plants of the major lakes and W. H. was formulating theories which were to dominate thinking in British limnology for decades as to how the communities were related to the water chemistry and ageing of the lake basins. The transition from listing species to contemplating how the ecosystems worked, begun in the nineteenth century, was accelerating.
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FIG 11. The house at Sutton Broad in Norfolk, built for use as the first British freshwater field station by the Gurney brothers in 1901.
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FIG 12. W. H. Pearsall, in a drawing displayed at the Freshwater Biological Association, and Esthwaite Water. Some of Pearsall’s earliest work was on the vegetation that straddles the small lake, Priest Pot, in the foreground, and in the main lake. (English Heritage)



In London, yet another middle-class family of teachers had spawned one of the greatest algologists, who in 1902, as a lecturer in botany to the trainee gardeners of the Royal Botanic Gardens, Kew, wrote a paper on the plankton of the Thames and lamented the lack of a field station in the British Isles for the study of freshwaters. Frederick Fritsch (1879–1954), British born but with German connections, knew of the stations founded at Plön im Holstein in 1892, and Madison, Wisconsin, in 1896 and later visited that built in 1906 at Lunz am See, in Austria. Methodical, affable but asthmatic, he was unable to indulge in extensive fieldwork but built up a knowledge of algal biology unrivalled until electron microscopes, widely used after his death, gave many new dimensions, but did not undermine his careful observations of structure and life history. Often I have been excited to find some interesting ‘new’ feature of an alga that I had not seen before, only to discover an accurate picture of it in one of Fritsch’s two 1945 volumes on The Structure and Reproduction of the Algae.

Another Norfolk Quaker family, the Buxtons, with an ancestry of country gentlemen, collectors, keen naturalists and bankers, and an aversion to academia and the arts, but with intermarriage to farming families, produced Patrick Alfred Buxton (1892–1955), a boy initially shy and the butt of jokes as he made his way through Rugby School to become a medical doctor at Cambridge. Whilst serving in Mesopotamia in the First World War, he became an expert on desert animals, an accomplished anthropologist, making notes on the marsh arabs, and notably the habits of mosquitoes and various other vectors of disease. As Head of the Department of Entomology at the London School of Hygiene and Tropical Medicine, he extended this work to pioneer areas of physiology and its use in development of insecticides, and the concept of applied biology. Physiology was very much the rising subject in biology and at Cambridge University a centre was growing around J. T. Saunders, who was interested in the physiology of protozoa and other aquatic animals. Saunders established, in the 1920s, the first course in freshwater biology in the UK (though such courses began in the USA with Joseph Needham at Cornell University in 1908). Saunders figures less in the pantheons of scientific publication than the giants of Fritsch, Pearsall, Gurney and Buxton,10 but his strengths were teaching and organisation. The former is seen in the next generation of freshwater biologists, many of whom he trained, and the latter in the setting up of the Freshwater Biological Association (FBA) in the early 1930s (with many of the early staff members having been his students) and in his principalship of the University College at Ibadan in Nigeria, following his mastery as Secretary of the Faculties at Cambridge.

THE FRESHWATER BIOLOGICAL ASSOCIATION

Pearsall met Saunders in 1924 and they talked of the need for a national freshwater laboratory. Fritsch became involved, and made it the subject of his presidential address to the British Association for the Advancement of Science (BA) in 1927. The BA was then much more prominent than it is now, and it was at the BA meeting the next year that a committee emerged to look into the idea of a laboratory. The Committee met in December 1928 and January 1929. Fritsch was chairman, Balfour-Browne secretary and Pearsall, Saunders and Gurney were prominent members. Also on it, though with perhaps lesser influence, were Benjamin Millard Griffiths, from Durham University, and H. S. Holden, an expert in ferns. The last member was Edward Stuart Russell, a Scottish fisheries scientist, who made a singular contribution to the management of fisheries in his famous equation stating that the annual catch must be no greater than the annual growth of the fish population if the fishery were not to go into the decline of overfishing. Patrick Buxton became involved later.

The committee wrote a document, floating the idea of a field station to interested parties such as water companies and fishery organisations. It gave four main reasons for such a need: the many questions concerning the annual cycles of flora and fauna in lakes and the relationships between what was going on at the edges and in the main water mass; the need for scientific knowledge in solving problems of water pollution and purification; the opportunities for understanding more about fish and fish culture for food; and likewise those for solving biological problems of domestic water supply. It gave some details of cost of site and building (£1,500), of annual maintenance and paying a botanist, a zoologist, a laboratory assistant and a laboratory boy (total £1,250) because the circular was designed to attract offers of private support in the hope that government funds might then be provided. To focus all this, it proposed the setting up of a Freshwater Biological Association (FBA). There was dissent from Robert Gurney11 who thought that the wording of the third aim (fish and fisheries) was explicitly offering to increase the economic contribution of fish culture but in the end he was persuaded not to resign, which might have undermined the project, so prominent was his reputation.

The idea caught on and there were contributions from individual subscriptions, the Fishmonger’s Company, water undertakings, universities and a small grant from the government Development Commission. These were times of depression and doubtless much in the way of personal contacts and friendships was at work in raising enough to begin a laboratory. There was not enough money to buy land for building, but in 1931 the National Trust leased part of a Victorian folly, Wray Castle (Fig. 13), on the shores of Windermere, to the Association. Two former students of Saunders, Phillip Ullyott and R.S.A. Beauchamp were appointed, and Penelope Jenkin12 used a grant for graduate work from Newnham College to base her fieldwork there, indeed arriving first. W.H. Pearsall was appointed part-time, unpaid Director, maintaining contact from his department at the University of Leeds, where he was Reader in Botany. The laboratory assistant, appointed straight from school, was the sixteen-year old George Thompson, who became a redoubtable figure, immensely important in the organisation, until his death in 1972.

The work went well; the annual Easter class, designed to give practical experience for students from the universities, began in 1932 and was probably the single most influential course in training the next generation of freshwater scientists in the UK. An inspection by the Development Commission, eager to know how its funds were being spent, resulted in a bigger grant in 1937. The condition for this was that a permanent director should be appointed. This was to be E. Barton Worthington, another student of Saunders. At the outbreak of war in 1939 there was a staff of seven, and though most of these were called away to the armed forces, evacuated staff, too old for military service, from the British Museum (Natural History) and the Fisheries laboratory at Lowestoft maintained research. One wartime project was to catch and can perch from the lake as food (perchines). This began a long-term study of the changes in fish populations of the lake.13
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FIG 13. Laboratories of the Freshwater Biological Association on Lake Windermere at Wray Castle and the Ferry House. Wray Castle is owned by the National Trust and now let as holiday accommodation. The Ferry House has been converted into flats but the newer Pearsall Building, behind it, still houses the offices of the Freshwater Biological Association.



After the War, many of the early staff resigned to take up posts elsewhere. Worthington became involved in colonial administration but new people were appointed in numbers that required a move to a bigger building, the Ferry Hotel (Fig. 13), four miles down Lake Windermere. Yet another of Saunders’ students, Hugh Carey Gilson, became Director and stayed for many years, whilst a nucleus of people who have become ‘household names’ in the world of freshwater science, including T. T. Macan, made the FBA laboratory the centre of freshwater research in Britain and Ireland for the next 40 years. At one stage, in the 1970s, there were four Fellows of the Royal Society on the staff (J. W. G. Lund, J. F. Talling, Geoffrey Fryer and Winifred Pennington), whilst Clifford Mortimer, who had worked extensively with Lund at the FBA in earlier years, but left to work in the USA, was also a Fellow.

POST-WAR SCIENCE, REGULATORY AND CONSERVATION ORGANISATIONS

Freshwater science flourished in the post-war period. Most British universities had at least one freshwater biologist on their staff and the establishment of the Natural Environment Research Council in 1965 helped target funds that would have been competed for more widely under the previous Department of Industrial and Scientific Research, although the latter had been generous in its support. The FBA expanded to over 100 staff by the 1970s and many university scientists served on its Council and Science Advisory Committee. Conservation and management of freshwaters were changing too.

In 1949, the National Parks and Access to the Countryside Act had established the concept of Sites of Special Scientific Interest (SSSI) and freshwaters were included as parts of many of these. The problem was, however, that a lake cannot be managed without attention to the water sources in its catchment and the boundaries of SSSI rarely extended to these. The Nature Conservancy was set up by the 1949 Act to look after the designated sites and was dominated by scientific expertise.14 The Royal Society for the Protection of Birds, the Wildfowl and Wetlands Trust, the County Naturalists Trusts and the National Trust had major parts in acquiring sites and managing them as best they could.

Management of the freshwater system as a whole had its problems. In Scotland, the River Purification Boards had a relatively easy time, for Scottish freshwaters were less sullied by human activities than those in England and Wales, where, in 1984, reform of the water industry at least placed management notionally on a catchment basis, though the new Water Authorities could do no more to manage the catchments than the various local bodies they replaced. At first the Authorities were responsible for all of regulation of water quality, provision of domestic supply and treatment of domestic and industrial wastewater, but were themselves major polluters (through poorly functioning sewage treatment works). In 1989, the regulatory function was passed to the National Rivers Authority (NRA) in England and Wales, and water supply and wastewater treatment became the purview of private companies. The name of the NRA reflected an emphasis on rivers in England and Wales though its responsibilities extended to lakes, and it had a publicity fillip when a hot summer in the year of its foundation led to problems of algal growths on some reservoirs that led to deaths of sheep and dogs. Meanwhile, in Scotland, the River Purification Boards had had similar roles since 1951 to the Water Authorities.

The Nature Conservancy was made into a regulatory body, the Nature Conservancy Council (NCC), without responsibility for the scientific research needed for conservation, in 1973, but still with United Kingdom coverage. It retained a strong scientific base however, and was highly critical of moves on the parts of landowners to manage peatlands in Scotland for commercial forestry, which gave short-term profit (but only from government grants), but was far from wise in the long term. A peevish government broke up the NCC in 1991 and created separate conservation bodies for England, Scotland and Wales, those in the latter two countries responsible for the wider countryside as well as the SSSI system. In England, English Nature and the Countryside Commission, later Countryside Agency, separated these functions until they were combined as Natural England in 2006. At every stage the bodies were weakened, their scientific capacity reduced and their annual reports increasingly determined by their publicity departments rather than by their scientists.

DECLINE

Meanwhile, the governments of the 1980s, led by Margaret Thatcher, transferred funds formerly allocated for fundamental research to government departments, to be reallocated in response to ‘customer needs’ whilst also reducing their total amount. It became more and more competitive to acquire funds for curiosity-driven research, though there was still no shortage of good ideas and the intellectual ability to follow them up. The quality of the freshwater SSSI and nature reserves has steadily declined as intensive farming, acidification from the burning of fossil fuels, river engineering and drainage, and invasion by exotic species have had their effects uncountered by serious government concern. The European Union has been a boost to research funds, but it too has been largely concerned with finding palliatives for emerging problems rather than increasing fundamental understanding.

In 1996 the National Rivers Authority was combined with agencies responsible for air pollution control and solid waste disposal, into the Environment Agency in England and Wales with fanfares that it was the most powerful regulatory agency in Europe. In Scotland the Scottish Environment Protection Agency was formed as a parallel body. Together with their predecessor Water Authorities, River Purification Boards and NRA, the environment agencies have done much to solve the essentially nineteenth-century problem of gross organic pollution by factories and sewage works, but are faced with a general decline in freshwater habitat quality caused by the effects of farming and urban development. Similar trends, with an equally tedious detailed history of organisation and reorganisation of government bodies, pertain in Northern Ireland and Ireland.

The European Union has produced Directives that have done much to improve habitats and waters but the principle of subsidiarity that gives member states a great deal of discretion and time, has frustrated many of them. The latest, the Water Framework Directive in 2000 promised a revolution in the state of both freshwater and coastal habitats in the European Union.15 Ecological quality rather than simply water chemistry was to be the important criterion but political compromises have downgraded the Directive’s impact to the state of a ‘toothless tiger’ (Chapter 10). Meanwhile, the number of people working in freshwaters in British and Irish universities has steadily declined since the 1970s. Government policy changes, from the 1980s onwards, have interfered greatly with universities and research institutes, placing emphasis on the amount of money raised from non-government sources and pushing business and economic issues rather than understanding and care for the environment. Biotechnologists, biochemists and geneticists, who are able to command greater funds from industrial sources, have often replaced ecologists.

The Freshwater Biological Association, an independent organisation but supported largely by government funds from 1931 until 1989, was completely taken over by government in the 1970s, renamed the Institute for Freshwater Ecology, and progressively reduced in size and influence, until it is now only a quarter of its former size. It lost its individual ethos by being merged in 2000 into a larger organisation, the Centre for Ecology and Hydrology, itself under pressure to raise more and more funds from industrial and commercial contracts, or from government departments concerned with specific problems. The decline in British freshwater biology can be seen in the number of papers published in a very successful journal, Freshwater Biology, founded as a medium particularly for British publications in 1971.16 Though the journal has expanded greatly, the number of papers originating from the Britain and Ireland is now vanishingly small, yet the quality of what is produced is very high indeed and its international influence is considerable.

MODERN APPROACHES

Happily, this declining picture of the extent of work in Britain and Ireland is not shared by the rest of the world, nor by the vigour of British and Irish freshwater science. New ideas abound and understanding of lakes since the days of Macan and Worthington has benefited from new techniques using stable isotopes and molecular biology, from ambitious approaches using whole lakes or large arrays of experimental ponds for experiments, from advances in chemical methods that can detect tiny traces of nonetheless important organic substances, and from the development of many new electronic instruments. Geographical information systems, based on satellite information, have replaced endless wanderings with Ordnance Survey maps (though maybe do not give quite the same pleasures). The natural development of Darwin’s original understanding of the connections between evolution, adaptation and ecology has led to rational meaning being given to the many detailed and perceptive observations of naturalists. The fruits of these will emerge in the following pages.

Science is now much more strongly international; communication between scientists on different continents is very easy, access to the burgeoning literature has become a matter of pressing a few buttons on a computer rather than hours turning through the pages of books and journals in the library. Where unsullied by man, and often where the influence has been modest, the world is still a wonderful place. We have enough technical understanding to ameliorate all of the world’s environmental problems. The blockage is elsewhere.

LIFE AS A LIMNOLOGIST, THEN AND NOW

From Macan to Moss, life as a limnologist has changed a great deal in detail, but not in principle. The first workers at Wray Castle adapted themselves to a building made for other purposes, in which, at first, they also lived. It had interesting nooks and crannies, cellars and attics, and impressive views of the mountains from the windows; pond nets were stacked in corners, open shelves housed the increasing number of samples before they were eventually archived in the cellars. Many hours were spent sampling in the field; cars had taken over from bicycles, but rowing boats still sufficed. Long hours were worked but somewhat irregularly. A good sunny day might be better used exploring the hills, whilst a winter gale could be profitably endured, from breakfast until late in the evening, by sorting and identifying samples of invertebrates from streams or lake edges. Curiosity drove most of the projects, and living by the lake stimulated the regular sampling of water and plankton that has produced, since the 1940s, an extremely valuable record of changes in Lake Windermere. Similar records were kept for Blelham Tarn and Esthwaite Water, both very close to the laboratory.

Being in the midst of the Lake District offered many opportunities for casual observations of natural history to be turned into proper investigations. Macan wrote an extremely fine account17 from his close observations of the habits and movements, the risks and opportunities, of the animals he found on the bottom of Hodsons Tarn, up the hill from the FBA. He imagined himself as Gulliver, reduced in size and exploring the weedbeds, with their huge and often fearsome invertebrates. Over morning coffee, lunch or afternoon tea, when everyone would assemble in a library annexe of the new laboratory in the Ferry House, there was a great deal of discussion. The library was becoming increasingly well stocked and long hours were spent browsing. The outside world of limnology was encountered at scientific meetings, but perhaps only once every year or two, or when visiting scientists spent a few weeks at the laboratory. The metal and wood workshop was as important as the library. Most equipment was hand-made and adeptness with the soldering iron, saw, lathe or sewing needle was a great advantage.

Brass was pre-eminent. I well remember, in the 1960s, carrying a brass light-meter, a relic of the early days, across the cloying soils of a muddy field to reach the boathouse on Esthwaite Water. The meter was extremely heavy. There was administration to be done, of course. Accounts had to be kept, data properly stored, staff paid, materials ordered, but it took up much less time than now. The organisational needs were small, those of a mouse not an elephant. The same was true of the small clusters of people working in the universities, though they had larger teaching loads than are now common. The energy required to maintain a mouse is small, leaving a large surplus for the production of more mice. An elephant spends much more of its energy maintaining itself and far less on new production.

Life for a limnologist in the early years of the twenty-first century is, on the face of it, very different. There is less emphasis on fundamental, more on applied work. Much more time is spent in raising and managing funds, for the amount of external income brought in is enforced as a measure of achievement. Administrators rule. Much more time is spent on making applications, most of which fail, for grants and contracts, filling in forms accounting for how time is spent, and making interim reports on contracts. There is also more pressure to publish papers. An enormous and expanding number of journals exists but some journals are prized (by promotions and appointments committees) more than others and the competition to get into these is intense, involving often many resubmissions and revisions to meet the requirements of increasingly critical referees.

Statistics and mathematics figure prominently in biology and it is rarely now enough just to use the leisured hands and quiet eyes of the traditional naturalist to make observations and report them. They must be put onto a quantitative basis. Sophisticated and specialist measurements need skilled technicians and the scope of modern investigations needs graduate students and postdoctoral workers to form research teams. They do most of the practical work. The poor principal is stuck in his or her office most of the time, mesmerised by the computer, raising the resources to keep the elephant ticking over. A rare day might be spent in the field, but the freedoms of the 1930s are scarcer. The office is likely to be simpler and bleaker, with few shelves as books are replaced by computer files, and no benching for practical work. The modern scientist must use his or her security swipe card, dangling on a ribbon around the neck, to enter a separate, secure laboratory, where space is shared, and the cluttered nooks of the ancestors are swept clear of character, and even of the occasional potted plant, by assiduous safety officers. New ideas are still generated, though more often perhaps from the welter of scientific information produced elsewhere than from the casual inspection of a sample of pond water, the musings on a walk in the hills, or the flight of the birds to roost.

But the copepod, the fish and the heron remain, still holding many secrets of their behaviour to be wondered at and probed. The bloodstream of the waters and the tissues of the land are showing new links even as the destruction of these relationships reveals their former importance. The curiosity of the human mind (or at least of some human minds, for conformity is increasingly the order of the day for many societies) remains and young scientists entering the field are as enthusiastic as ever. No longer do we paddle to the crannog at night, noting the flight of the heron or the jump of the fish. More rarely do we row our boat to pull a plankton net through some remote tarn. Instead we muse on a scatterplot of data, a table of figures, or the analyses of water taken with an expensive and intricate sampler from some carefully designed experiment. But deep down, Murray and Pullar, the Wests, Pearsall, Saunders, Fritsch and Macan are still within us (Fig. 14).
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FIG 14. The author sampling experimental ponds at the University of Liverpool’s Ness Gardens in 2004.




CHAPTER 2

The Nature of Lakes

THE BACKDROPS TO OUR LAKE basins are the rocks – progeny of the violent and varied geological history of Britain and Ireland. Over millions of years, great blocks of the Earth’s crust have drifted on an underlying sea of semi-liquid magma. They collided and reared as mountains, then eroded back to hills and plains. New sedimentary rocks formed from the debris of erosion, squeezed by its own weight into layers that skirted the seas around the continents. Plumes of molten rock, from below the crust, injected lavas to the surface or between the layers of sediments. Sometimes these were pushed upwards again, sometimes baked and metamorphosed by the lavas, and often they collided with pieces of other continents. There are bits of an ancient continent of Laurasia, now forming Scotland and part of northern England and Ireland, and of former Avalonia and Gondwana joined on as southern England (Fig. 15). These continents were once separated by an ocean, the Iapetus Ocean, before they broke up and drifted willy-nilly over the globe. The geological structure of our islands is unbelievably complicated, and unravelling it, and the changes that have occurred in tandem in the atmosphere and the oceans, has preoccupied earth scientists for over two centuries.1
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FIG 15. Britain and Ireland are made up of fragments of former continents, called terranes, shown here in different colours. Those in greenish tones are from the former Laurasian continent, from which much of North America is derived. Those in warmer tones are from Gondwana, which gave rise to South America, Africa, Antarctica and much of Asia. Major fault lines mark the junctions of the terranes and the Iapetus suture runs along the line where the Iapetus Ocean was obliterated when Laurasia and Gondwana collided.



There is now a nearly 4 billion year history of our islands, laid out in the outcropping of countless rock types, made up of thousands of minerals, its chapters and pages sometimes ordered by fossils that recount the parallel story of the evolution of life. For the current inhabitants of lakes, both the stratigraphical and evolutionary stories are of great importance. Beyond a degree of accident in what species have managed to recolonise a set of disturbed islands, what thrives in our waters is determined by the nature of the organisms, and the water chemistry that bathes them. Chemistry selects some for the uplands, others for the lowlands; it changes with the varying catchment mixtures of hard igneous rocks, resistant to weathering, softer sedimentary ones, easily broken, dissolved and leached by rainwater, or metamorphic rocks intermediate in character (Fig. 16).
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FIG 16. Thin sections of rocks: upper, igneous (granite, upper, 10 mm width), middle, sedimentary (sandstone, 8 mm width) and lower, metamorphic (slate, 2.5 mm width). (Courtesy of Cambridge Earth Sciences Image Store)



The long-term rhythms in the shape of the Earth’s orbit around the sun, the slow but regular wobbles in the angle of its daily spin, and the particular distribution of continent and ocean, have, on occasions, brought sufficient cooling for ice to spread from the poles over much of its surface. Glaciation obliterates most past landforms and greatly changes the bigger ones that survive it. Virtually all the lake basins in Britain and Ireland are children of the glaciation that ended less than 20,000 years ago, or of later events. The to-ing and fro-ing of the ice smoothed the landscape, removed or reshaped all previous lakes, killed most of their living organisms or drove them southwards, sometimes temporarily to return in the warmer interglacials (interstadials). It reset the freshwater stage many times. Only with the retreat of the final Devensian ice, around 13,000 to 17,000 years ago, could the warming climate start to build a modern history of the landscape on the palimpsest of the old (Fig. 17). It was a fresh new world, a bare and almost empty stage onto which refugee freshwater actors swam or crawled. They came from the south and east, through rivers that crossed lands that are now the Irish and North Seas, or flew, or were transported on the winds, to repopulate the new lake basins, before the rising oceans, fed by the melting glaciers, isolated the islands only a few thousand years ago.2
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FIG 17. Extent of the last phase of the most recent glaciation, the Devensian, in Britain and Ireland. There was a land connection with what is now mainland Europe and isolated ice caps over Shetland and southwestern Ireland. A large lake was dammed in eastern England at the foot of the main ice cap.



G.E. HUTCHINSON AND THE ORIGINS OF LAKES

George Evelyn Hutchinson (1903–91) was a man of charm and learning (Fig. 18).3 He had been educated at Cambridge, travelled to South Africa then Ladakh, to study their lakes, and eventually settled at Yale in the USA to become the doyen of limnologists. In 1957 he published the first volume of his Treatise on Limnology,4 which was to became the reference book of limnology for several decades, and is still of great value. In the first volume, Hutchinson laid out 75 ways in which lake basins are formed, of which 25 (Table 1) are found in Britain and Ireland, with more than half directly related to the action of the ice (Fig. 19).5 The rest come from usually more recent geomorphological processes, such as the blocking of estuaries by shingle or sand dunes, the solution of limestone rock by rainwater, the cutting off of oxbows by meandering rivers, or when we build dams.
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FIG 18. G. E. Hutchinson. (Yale University)



The sundering of the Earth’s plates that created the rift valleys, in which lie Lake Baikal and the Great Lakes of Africa, has little role here, though Loch Ness (Fig. 20) partly owes its origin to a great fault between the rocks. Nor does the depression of a huge land area by earth movements, which has created Lake Victoria, though there is a hint that Lough Neagh may be underlain by such a depression, albeit very shallow (Fig. 21). We have no lakes in volcanic craters, nor dammed by lava flows, nor landslides created by earthquakes; no basins have arisen from meteorite impact, coral atolls, nor even created by beavers. But there is still a rich variety, not least in the ways of the ice, and for the reasons that reservoirs or ponds have been created by human activity (Fig. 22).
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FIG 19. Wastwater, in Cumbria, was formed by a glacier moving down a pre-existing valley and Rostherne Mere by melting of a large ice block buried in gravel and sands washed out from the glacier as it melted back.
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FIG 20. Loch Ness (courtesy, Platinum Golf) and Lake Malawi (NASA) are both associated with rifts in the Earth’s crust caused by the collision or separation of plates.
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FIG 21. Lough Neagh and Lake Victoria both have underlying basins formed by sinking of the crust associated with major movements of the Earth’s plates. (NASA)



Freshwater biologists are often asked the difference between a pond and a lake. Some will unwisely attempt a firm distinction but every definition crumbles when some exception is found. The general understanding is that ponds are small (less than a hectare or two), shallow (2 m or so) and sometimes dry up, but have water at least for several months each year. On the other hand there are huge shallow lakes, particularly in arid regions, and very small deep lakes in volcanic craters. Ponds are often manmade, but there are millions of natural equivalents, created by the action of freezing and thawing in the Arctic tundra. Ponds often lack fish and provide havens for amphibians, whose tadpoles are otherwise eaten, but there are plenty of ponds with fish, many lakes where fish and amphibians coexist, and numerous high-altitude lakes that fish have not yet reached. The word ‘pond’ is used in New England for quite large lakes and the word ‘lake’ even for streams in parts of Pembrokeshire in West Wales.


TABLE 1. Origins of lake basins in Britain and Ireland. Based on Hutchinson, 1957.
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Moreover there is a continuum in the nature of standing waters and even among standing and flowing waters. Continua have no discrete types and no boundaries, only steady and uninterrupted change between two extremes. There are lakes whose water mass is replaced so rapidly by their inflows that they are effectively very slow-flowing rivers, and lowland rivers that almost cease to flow for part of the year, and behave as lakes. It is much more useful to think of a continuity of aquatic habitats, from the smallest rivulets and springs that flow down hillsides in rainstorms, to the headwater streams, the unseen, but nonetheless extensive network of groundwater movements, bigger streams, rills, becks, brooks, runnels, braes, creeks and flows, to the floodplain rivers, lagoons and estuaries and the inshore seas and deep oceans. Nodes in the network are where the accidents of geology have placed a basin where water can collect for a time: the puddles, pools, ponds, lakes, lakelets, loughs, lochans, lochs, llyns, tarns, reservoirs, meres, leys, inland seas and waters.
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FIG 22. Ponds can be made for many reasons. This example, complete with the clutter of countryside management, was dug from the foredunes at Ainsdale to encourage breeding of natterjack toads, which do not compete well with common toads in well-vegetated ponds.



Think of the continuous thread of water molecules as they move from the raindrop to the middles of the oceans and are cycled back by evaporation, then rain and snow. Think of a bloodstream moving through the tissues of the land. Those who classify habitats into such as forests, grasslands, heaths, marshes, bogs … and freshwaters, have hindered nature conservation and wise management of our landscape. Such classification emphasises boundaries and separation; it is the affliction of living in a land divided by human activity for millennia, but it is not the setting in which freshwater animals and plants evolved, nor in which ecological processes operate. The logical unit is the entire catchment, with its continuum of land, the air, groundwater, streams and lake. But to keep matters under control, I need, for the purposes of this book, a simple definition of a lake. Lakes in Britain and Ireland are big enough to be called Lake, Lough, Llyn, Loch, Lochan, Water, Ley, Broad or Mere; they have a mass of water that is not replaced by the inflows in less than a week or so, and they do not dry out, although in turloughs they may drain.6 It is not a perfect definition (I do not include the sea lochs), but it will have to do and in any case I will frequently offend against it by emphasising the connections rather than the entities.7

SHAPE AND STRUCTURE, ORIGINS AND REGIONS

Each lake basin differs from the next in basic ways. These include origin, shape, depth, volume, light penetration, local weather and water chemistry. The latter is strongly influenced by the catchment geology and consequent land use. The weather determines the amount of water that flows through the lake, and, with the volume, how long it stays (the residence time). A limnologist must have some command of geology, physics, chemistry and hydrology before he or she can contemplate the intricacies of natural history and ecology, for this background is the stage on which proceeds the play that the lake organisms enact. Hutchinson first coined the analogy of the ecological theatre and the evolutionary play, which infuses this book, to describe an understanding that ecology and evolution are two sides of the same coin.
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FIG 23. Oxbow lakes along the Jurua River in Brazil. (ESA)



Origin (Table 1) determines the morphometry of the basin; morphometry means its shape and size, both in the two-dimensions of its appearance on a map, and the way that the edges slope down to the deepest point, giving the contours of its bottom. Some lakes are reasonably regular in shape. Those formed by glaciers moving down pre-existing valleys (Type 10) often have nearly parallel edges, whilst those formed in kettle holes by the melting of ice blocks (Type 13) and those formed in corries at the heads of glaciers (Type 7) are broadly isodiametric. Oxbow lakes (Type 21, Fig. 23) are curved or kidney-shaped.

Beyond these, there is no particular relationship between origin and plan shape, and the irregularities of origin may be changed by silting and the ingrowth of vegetation at the edges, and on the deltas where inflow streams enter. Lakes formed in ice cauldrons (great bowls spanning several valleys) or by glacial scour (Types 6, 8 and 9) may be very irregular. Maps of the Scottish Highlands (Fig. 24) or western Ireland compared with those of Finland or eastern or northern Canada (Fig. 25) are revealing. The former areas were mountainous before the ice advanced; the mountains constrained the ice, forcing it down valleys formed by previous erosion, so that the lakes are smooth-edged, often with parallel sides and discrete from one another. Finland and eastern Canada are set on very ancient rocks that had been previously worn down to comparative flatness by millions of years of erosion. The landscape offered little resistance, and the glacier moved rapidly over a broad front, like a huge bulldozer, leaving lumps of harder rock and removing the softer beds between, giving a modern landscape of lakes with jagged shapes and many interconnections.

A distinctiveness is often seen in lakes formed behind dams created by man (Fig. 26). These have generally been made by damming rivers with a previous drainage network of tributary streams that entered in a quasi-orderly pattern. The network is called dendritic, like the branches emerging from the trunk of a tree. In an artificially dammed lake, it shows up in a system of sharply tapering bays, often roughly matched to either side of the length of the lake if it is big enough. In contrast to natural lakes, where forces like ice have obscured the details of any former drainage network, artificial reservoirs can easily be picked out from the evidence of this pre-existing network. Lakes formed recently by shingle deposition, such as Slapton Ley, may also show strong signs of the stream network that they drowned (Fig. 26).
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FIG 24. Lakes in the Scottish Highlands were formed in a relatively young landscape by ice constrained by the mountainous terrain.
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FIG 25. The ancient, eroded, flat landscape of Finland offered little resistance to ice movement, which scraped out irregular basins in which both large and small lakes have formed.
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FIG 26. Lakes formed by recent damming of river systems, such as Slapton Ley, in Devon, behind a shingle barrier; and the Elan Valley reservoirs, in mid-Wales, behind man-made dams. Both show evidence of the previous rivers in the patterns of their triangulate bays.
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FIG 27. The Norfolk Broads were dug out as peat pits. The evidence of this can be seen in a 1940s aerial photograph of Barton Broad, as parallel lines of baulks. These have now been largely eroded away by boats or destroyed by flood defences.



The Norfolk Broads in East Anglia (Fig. 27), at least until heavy boat activity eroded the margins into smoothness, showed peculiar edges with parallel straight fingers of land alternating with fingers of water. The Broads were originally peat diggings, excavated between the ninth and thirteenth centuries in the floodplains of the rivers Ant, Thurne, Bure, Yare and Waveney and the valley peat was dug out in strips so that the wet turves from the excavated ‘rooms’ could be piled on intervening ‘baulks’ to dry and later to be carted away. Following flooding of the pits since the thirteenth century, the baulks remained, projecting into the new lake and often continue as ridges along the bottom.8

DEPTH

Plan shape and area tell us little about depth. Small lakes, for example some of the northwest Midland meres, formed in kettle holes, can be relatively deep (say ten or more metres); large lakes may be very deep or, like Lough Neagh, very shallow. Some clue to depth can be had from the surrounding land. Mountainous areas have deep valleys, which ice further deepened, and thus have deep lakes; the bigger the mountains, the deeper the lakes, as in the sequence from Snowdonia to the English Lake District and the Scottish Highlands. The lowlands everywhere, bar kettle holes and an occasional artificial reservoir, bear lakes only a few metres deep. The pattern, in Britain, of old, hard, igneous and metamorphic rocks to the north and west, and soft, young rocks in the south and east, of mountains and plains (Fig. 28), leaves its mark. Soft rocks are often porous and it is more difficult for impervious lake basins to form, whilst low altitudes have lower rainfall and drying streams. In the richness of its waterways, if not in those of human opportunity and luxury, the southeast is deprived and the north is replete. No wonder that many of our most prominent limnologists have been northerners and Scots.
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FIG 28. Three trends, which separate the north and west from the south and east underlie the limnology of Britain and Ireland: the geology, epitomised here by the occurrence of igneous rocks in purple, the annual rainfall (blue lines, values in mm, with the lowest contour at 1,000 mm and others at 1,600 and 2,400 mm), and temperature (red lines, July mean values ºC).



A deep lake is usually voluminous and stores a lot of water. The amount of water entering, the discharge, can be calculated by multiplying the area of the catchment by the net run-off (the difference, in units of depth, between total precipitation (rain and snow) and actual evaporation) for a given period. If the annual discharge is divided by the volume of the lake, the number of times that the mass of lake water is replaced in a year can be calculated, and this is known as the turnover rate. Alternatively, the reciprocal of the turnover rate is the residence time, the average length of time that a water molecule spends in the lake before it is washed out. It is an average because the movement of water through lakes is not even. Some water may pass rapidly through the middle, whilst the rest may be retained in the edges and bays, and in beds of water plants, for much longer than the average.

The residence time is important because if it is very short, perhaps only a few days, there will not be time for a plankton community (see below) to develop before the water is lost to the outflow. Rivers have very short residence times, from minutes in sections of streams, to a few days over a few kilometres in large rivers. Plankton does not develop at all in streams and theoretically should not develop in the few days’ residence in big rivers. In practice, because the residence time is an average and there are ‘dead zones’,9 associated with backwaters and on large bends, where water stays for rather longer, such rivers do develop plankton and illustrate the continuum between flowing and still waters.

DEPTH AND THE ABSORPTION OF LIGHT AND OTHER SOLAR RADIATION

The second influence of depth concerns the penetration into the lake of energy from the sun. Solar energy comes in a continuous band of wavelengths of electro-magnetic radiation. The most energetic, shortest-waved radiation includes the ultraviolet, with wavelengths of 3,000 to 4,100 nanometres. A nanometre (nm) is one thousand millionth of a metre. Then there is the band from violet to red (about 4,100 to 7,000 nm), which is that which our eyes can detect, and which powers photosynthesis, and beyond that the infrared (7,000 to 8,000 nm), and longer wavelengths, into the bands of radio waves.

Some solar energy is reflected from the top of the atmosphere into outer space and some
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Kettle holes formed by the burial of ice

The West Midland meres and small basins in the Scottish

13 blocks falling from a glacier as it melted lowlands and central Ireland
back
" Glacial tunnel lakes, excanited by melt A few examples in Scotland
water under the ice
Dolines, in which limestones are dissolved Some in the Pennines. Many turloughs in Ireland, which
N by percolating rainwater (which is have a greatly changing water level and which may dry
5 naturally acid) but which may be initiated out completely in summer may be formed in this way, also
by organic decay at the surface the similar Breckland Meres and one example in Wales
" Underground solution of limestone or salt The Cheshire flashes, though the solution is the result of
deposits then collapse of the cavern roof salt mining rather than natural processes
- Underground lakes in caverns Examples in cave systems in the Pem%mes, though
accessible only to speleologists
Fluviatile dams in lakes. A delta from an Good examples are the separation of Derwent Water from
3 inflowing river builds up across a basin Bassenthwaite Lake, and Buttermere from Crummock, in
v formed in some other way and splits it the English Lake District. Llyn Peris is similarly separated
into two new basins from Llyn Padarn in Snowdonia
Strath lakes, formed as a small separate
N b; sg:iat t};};::i:;; ZT-Z:;:E?E lak: t;Y Loch Geal (upper end of Lomond), and Loch Buidhe at head
i i up P ¥ wav of Loch Lubnaig. Priest Pot at the head of Esthwaite Water
action and levees (floodbanks of
the stream)
Possible originally in the East Anglian fens where rivers
may have been dammed by marine sediment. Subsequent
30 Floodplain levee lakes drainage for agriculture has obliterated most of the
P evidence. Red Mere (now the site of a jam factory).
Willingham, Streatham, Ramsey, Benwick and Soham
meres. Marton Mere maybe.
2 Oxbow lak Many residual examples where floodplains have not been
* owtakes fully drained, but many damaged by drainage
22 Valleys dammed by sand dunes Llyn Maelog and Llyn Coron, Anglesey
23 Lakes formed between dunes Kenfig pool. Many slacks in sand dune systems. Little Sea
Lagoons, where streams are dammed by
24 shingle bars formed along the coast and Slapton Ley, small lakes on Dungeness
favoured by rising then falling sea level
Many examples include the Norfolk and Suffolk Broads
(ancient peat cuttings), abandoned gravel workings, lakes
25 Human construction constructed as part of the landscaping of great estates,

thousands of small ponds and a very large number of
lakes formed by concrete or earth dams, constructed in
the last two centuries
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No. Origin Examples
. Peat bog sliding down a slope across a Occurred in 1745 in Galway, but the lake is now drained
narrow valley for agriculture
N Lakes dammed by landslides, mudflows, Goatswater (below Coniston Old Man) and Hard Tarn
or rockfalls (Helvellyn) may be formed by scree dams
Ancient examples in the UK Midlands near the former
3 Lakes in or on ice edges of the ice sheets and recognised by lake silts
overlain by more recent glacial drift
Ancient case of Glen Roy, northeast of Ben Nevis. Parallel
4 Glacier-dammed lakes ‘roads’ on the hillsides are terraces from different levels
of such a lake
5 Moraine damming of lateral valleys Some examples in the West Midland Plain and Scotland
R Trealaval, Isle of Lewis; many examples in western Scotland
Ice-scour lakes where the moving ice .
) and Ireland. The lakes have irregular bottoms and shapes.
6 sheets carved out a basin from the )
. The landscapes of Finland and Canada have many such
underlying rocks
lakes
Cirque lakes, cwms, corries and tarns
forrT]ed At he?d ot glac1erl e Many examples in the English Lake District, Scotland,
7 freezing and thawing and plucking rock .
] Snowdonia, the Brecon Beacons and Co Kerry
from the mountain wall. May be held by
moraines or a rock lip.
Valley rock basins or paternoster lakes in
3 which 2 glacier has scoured out a sequence Ireland and Wales
of basins, separated by harder rock ridges
down a valley
Glint lakes where a mass of ice (a cauldron)
occupied a pre-existing depression and
deepened it, often breaking down the Many examples in Scotland around the former Rannoch
9 previous passes and joining several basins moor ice cauldron: Rannoch, Ericht, Ossian, Treig
into a much more irregular and complex
new basin
Loch Ness was so formed in the Great Glen fault. The
Fjord and piedmont lakes. Large glaciers main lakes of the English Lake District were formed in
passed through and deepened long valleys pre-existing valleys and described as ‘spokes from the nave
10 (may be fault determined), often close to of a wheel’ by Wordsworth in his introduction to Joseph
the sea. They may be scoured rock basins Wilkinson'’s (1810, 1820) Views of the Lakes. Wastwater is a
or moraine or drift dammed rock basin, the others are mainly moraine-dammed. In
Scotland moraine dams are less common than rock basins,
with moraine dams more likely in the lowlands
B . Lough Neagh. There is a ravine of a former river in the
1 Damming by drift bed of the lake
Vi bably th t f all glacial
12 Irregularities in ground moraine €ry common, probably the most common ot 3% glacia

types. Many in Ireland, a few in Scotland
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