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Editors’ Preface

Ponds are hotbeds of diversity, rich in organisms to delight the naturalist. They give pleasure to pond-dipping children, and perhaps even greater pleasure to adults equipped with appropriate microscopes, books and enthusiasm for research. When did you last explore a pond? Identification is no longer such a challenge as it used to be and the joys of pond studies are open to us all.

We are delighted that now, at last, we have a New Naturalist on ponds. Since the title was first suggested for the series several decades ago, we have waited a long time to find appropriate authors. The present authors are ideally placed to write it, but the book has had a long gestation period because they are so heavily involved in pond research and conservation, as instigators and managers of the Freshwater Habitats Trust (previously Pond Conservation).

Knowledge of British ponds has developed greatly in recent years, largely as a result of the work of the present authors and their group, so that this book offers a fresh perspective. In particular, the authors show that every pond, large or small, temporary or permanent, shaded or sunlit, fishy or fish-free, has an interesting personality of its own, and they help us to understand how the character of a pond develops under the influence of its geology, structure, chemistry and surroundings, as well as its history of colonisation. This new understanding is very relevant now, leading to recommendations for management for the many new ponds that are being created in response to the steep and well-documented decline in the numbers of high-quality ponds in Britain.

We hope this book will foster a greater appreciation of the value and interest of the ponds in our landscape. Perhaps more microscopists will spend happy afternoons gloating over the rich diversity of organisms in a teacupful of pondwater, and more naturalists will look into a pond, not just at it, seeing it as not just a feature in the landscape, but an underwater habitat with its own special flora, fauna and water chemistry. If you don’t have a pond, this book will encourage you to create one, and if you have one already, the book will help you to appreciate its joys more fully.


Authors’ Foreword and Acknowledgements

This book has the doubtful accolade of having the longest gestation of any New Naturalist. It was first conceived almost 80 years ago by one of the series’ most famous authors, Sir Alistair Hardy, who at least had a good reason for failing to complete the task: he sadly expired with just a single chapter written. Our reasons for a delay of over 15 years since we took over the commission are less excusable: the exigencies of starting and building a freshwater charity. But there has at least been one benefit: much more is known about ponds now than when we started.

Many people have helped make this book possible. Indeed, too many to risk an inevitably incomplete list of everyone who has contributed. Suffice to say that we owe an enormous debt to the fellow researchers – academic and otherwise – with whom we have discussed ideas, and to staff in the funding bodies and partner conservation organisations who have made monitoring and practical projects realisable and fed our understanding as a result. Many land managers have supported our work, and great credit is due to critical people, some in government agencies like Natural England, who have worked hard to push pond research results into policy and, hence, made evidence gathering worthwhile. We thank you all.

However, to Anne Powell and Roger Sweeting we must give special thanks. It was their vision that helped create the groundswell of work on ponds in the early days and without them this book would certainly not have been written by us. Of equal importance is our late colleague Mericia Whitfield who would have been a co-author of this volume. Coming from outside the conventional traditions of freshwater biology she was a brilliant naturalist with an eye for freshwater invertebrates and her work underpins much of what we have written about in the book. She worked very closely with our former colleague Dave Walker who also played a major part in building our understanding of Britain’s ponds. Many colleagues, past and present, in Freshwater Habitats Trust continue to build on and extend our knowledge of the biodiversity of ponds and other small waterbodies and wetlands. More importantly, they work hard to put that knowledge into practice and make a difference: a constant inspiration and reward. Finally, many thanks to Jim Foster who kindly reviewed the amphibian chapter of this book, and to the endless patience of our editors for bearing with the whole process, not least Tom Cabot who also redrew many of the figures.


CHAPTER 1

Introduction

It is to be regretted that ponds have been neglected by professionals who have generally worked on the largest lakes they could find

T. T. Macan, 1973.

Freshwater biologists have, until quite recently, almost entirely ignored ponds. Open a pre-2000 freshwater textbook and, if ponds are mentioned at all, they will be little more than a footnote. In retrospect, this appears to have been something of an oversight. The limnologist John Downing called it a ‘saliency error’ – the assumption that because a thing is small, it must be unimportant (Downing, 2009).

The first direct comparisons between the wildlife in ponds and that in other freshwater habitats have only been made in the last decade or so. The results have been a revelation. At both national and regional level, ponds have generally been shown to support more freshwater plant and animal species than rivers, streams, lakes or ditches. They also have more rare and protected species.

Other recent research has been similarly enlightening. It has allowed us to make the first accurate estimates of the number and quality of ponds, to list the plants and animals that occur in these waterbodies, to establish pond types and to identify the factors that impact upon them. Disturbingly, studies show us that the majority of ponds in Britain’s lowlands are degraded by pollution and that many of the highest-quality, best protected, ponds are deteriorating. More reassuringly, it appears that in almost all landscapes, high-quality ponds still remain as a critical refuge for biodiversity.

It is an exciting time to be a pond naturalist: an information renaissance is beginning to open up the world of small waterbodies around the world. Yet there still remains so much to discover that any interested person, with a garden pond or even a few buckets, can still make a useful contribution to our knowledge.

What is a pond?

There have been many attempts to define exactly what a pond is. Almost everyone who has dipped a toe into pond ecology has had a go at their own definition (Table 1 and Biggs et al., 2005). All at least agree that ponds are smaller than lakes. But there the agreement stops, with endless debate over where the pond/lake boundary lies and how to distinguish it.

Most definitions fall into one of four broad categories: (i) those based on differences of area, (ii) those based on depth, (iii) those involving other distinctive physical features (no waves, less ‘stable’); and those that simply give up: (iv) ponds are indefinably different from other waterbodies.

An early suggestion, made in the 1890s and much repeated, is that ponds are waterbodies that are shallow enough for light to reach the bottom, so that rooted aquatic plants can grow throughout (Forel, 1892; 1904). This is an attractive idea but is hopeless in practice. Not only is it tricky to determine the depth of the photic zone, and for that matter the occurrence of deep-growing aquatic plants, but in polluted, naturally turbid, peat-stained or fish-dominated ponds, little light reaches the bottom of even tiny shallow pools that are self-evidently ponds.

TABLE 1. Older definitions of ponds.
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Others have suggested that ponds are waterbodies without wave action. But wind fetch and wave height depend much on waterbody exposure. Tiny mountain pools often have wave-eroded cliffs at their edges. And in southern England waves will lap the shoreline of an exposed half-hectare pond, but not an adjacent waterbody sheltered by trees.

Some writers describe ponds simply as small lakes, although deciding the size at which a pond becomes a lake has proved tricky. ‘One’ is an attractive number, though of course it is entirely arbitrary. The pioneering ecologist Charles Elton, writing in the early 1950s, suggested 1 acre as the dividing line. Post metrication, British biologists updated this to 1 hectare. Continental European pond ecologists have been happy to work on what we in Britain would call small lakes, up to 5 ha. The more internationally orientated Ramsar Convention on the Protection of Wetlands has set an upper size limit for ponds of 8 ha, perhaps reflecting a North American influence, where very large waterbodies are often called ponds.

A final category of writers, perhaps sensing a lost battle, suggest that there can be no definition. This was the view of one of the few earlier British freshwater biologists to take ponds seriously: T. T. ‘Kit’ Macan. With E. Barton Worthington he wrote in an earlier volume in this series, ‘… in general, no scientific distinction can be made [between ponds and lakes].’

A working definition of what makes a pond

Not wanting to break with tradition, we too have developed a pond definition: the one that is used throughout this book. Our original conversation on the subject occurred in 1990 in our small sunny office, then in Oxford Brookes University. It sticks in the mind, but was mercifully brief.

‘We have to nail down a pond definition; we’ve got to stop the half-hour discussion we have at the start of every meeting when someone asks “so what is a pond?”’

‘Yes, but we know it’s impossible to define exactly what a pond is.’

‘Well, how about err … “a body of standing water between one square metre and two hectares in area, that holds water for at least 4 months of the year”?’

‘Write that down.’

We wrangled a little about whether the upper limit should be 1 ha or 2 ha, and whether it should be ‘freshwater’, or just ‘water’ to include brackish pools, but essentially the definition remained unchanged. We have now used it as the basis for national and regional studies in Britain over the last 30 years, and it has been incorporated into policy including, among other things, the definition of ponds as priority habitats. It is a deliberately inclusive definition, encompassing waterbodies that range in size from tiny puddles and typical garden ponds to small gravel pits, Lake District tarns and Scottish lochans. The definition specifically includes temporary ponds: waterbodies that, in northern Europe at least, usually dry out in the summer. It also includes both natural and human-made waterbodies because, although different in origin, these waterbodies are often not distinguishable biologically.

The precise cut-off at 2 ha is arbitrary – there is no special difference between a pond of 1.9 ha and a lake of 2.1 ha. But the virtue of this distinction is that it is comparatively easy to measure, either in the field or from maps, aerial photographs or satellites.

Ponds, pools and puddles?

The title of this book, Ponds, Pools and Puddles, is Hardy’s title from the original 1930s volume. As titles go it is nicely alliterative, but in practice, we essentially use ‘ponds’ and ‘pools’ synonymously within this book. The pedant might argue that pools are different from ponds; some people use the word ‘pool’ to mean smaller natural waterbodies (as in bog pools). But equally, others think of pools as human-made features (swimming pool), and confusingly, ‘pool’ (as in riffle and pool sequence) is a term used within river morphology. With no guiding authority, we have taken a pragmatic approach, mainly using the word ‘pool’ to relieve the inevitable monotony of the ‘pond’ word.

Puddles are a different matter. The word ‘puddle’ has a clear resonance for all of us. These are tiny waterbodies, usually shallow enough to splash in, almost certainly rain-filled, and definitely ephemeral, drying up in hours, days or weeks.

At their largest, puddles grade into small temporary ponds. At their tiniest they can be a single water-filled hoof-print. Suffice to say that the ones we are particularly interested in within the current text are the puddles that persist long enough to support freshwater life. Given that rotifers and gastrotrichs (‘hairybacks’) can hatch, reproduce and re-encyst within two or three days, that’s not very long (Sacks, 1964; Snell & King, 1977).

Distinguishing ponds from other waterbodies

Writers’ obsession with pond definitions has largely focused on the pond/lake distinction. Few have given similar thought to the boundaries with other waterbody types. Yet marshy ponds grade naturally into marshes, fens and bogs, and at some point a broadening stream becomes an on-stream pond.

For the record, the divisions we use are those we developed for the UK Countryside Survey:

• Pond/ditch boundary: ditches are more than 20 times longer than wide.

• Pond/stream distinction: ponds have no clear line of flow through the waterbody. Ponded areas are more than 15 times the typical width of the inflow and outflow stream.

• Pond, marsh, bog, flush distinction: ponds have a clear basin shape, retaining a discrete pool of water for more than four months of the year.

Defining the edge of a pond

For pond ecologists, the critical everyday concern is not the separation of ponds from other waterbodies, but the boundary between a pond and its surrounds. To be able to monitor the number of plant species in a pond or assess the extent of the area overhung by trees, you need to identify the pond’s outer edge. The obvious answer – to use the water’s edge – is not helpful. Pond water levels rise and fall during the year. Shallow ponds can dry completely, and to monitor a pond over weeks or years, you need a stable area to compare within.
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FIG 1. Defining the boundary of a pond using the winter water level. The sharp break of slope, with a small cliff eroded by wave action (arrowed), as well as the bare sediment where the water has rapidly drawn down, make identification of the maximum winter water level straightforward in this pond.

Using the bank-top as a borderline, the other obvious choice, proves equally unhelpful: often ponds do not have a clear break of slope marking the bank top; and when a bank-top exists, it can lie tens of metres from the pond, bearing little relationship to the waterbody itself.

The compromise is to use a subtle, but more stable, boundary line: the high water mark (Fig. 1). This is the level at which water typically stands through winter and early spring. With a little practice it is easy to find, marked by a change in distribution of wetland plants with a rapid transition to terrestrial species, a process for which a standard wetland plant list is also essential. Very often the pond is edged by an outer fringe of rushes like Soft Rush (Juncus effusus) or Hard Rush (Juncus inflexus). Where plants are absent, high-level water marks can also be seen as a rapid change in colour on solid features like willow trunks, bordering rocks or walls, or as a wave-eroded break of slope. It is not a perfect measure, and can be difficult to use in those wonderful ponds that grade imperceptibly into marshland. However, as a boundary marker it’s the least worst.

Sources of information about ponds

Ponds still remain woefully under-studied. Between 2000 and 2010, Freshwater Biology, arguably the most important journal of freshwater science, published 1,596 scientific papers that mentioned the word river, stream, or lake in the title; just 36 mentioned ponds. It’s an odd bias given that ponds outnumber lakes 100-fold and make up a large (though still disputed) portion of the global standing water area.

This paucity of pond information has a profound effect, not merely on our understanding of ponds, but on the environmental protection that ponds receive. In the absence of technical information and data it is impossible for writers, researchers and policy makers to create a world view which includes ponds. And the cycle is self-perpetuating; with libraries and online databases full of journal papers focusing on rivers, streams and lakes it is entirely natural for researchers to continue to focus on this information, to reanalyse it and synthesise new theories from it.

With so little pond information available, the writings of scientists and naturalists from the nineteenth and early twentieth centuries remain interesting to ecologists and others. Darwin’s famous observation that life may have originated in ‘some warm little pond’ is still the subject of debate today (Peave et al., 2017). Contributions from early in the twentieth century are less fundamental, but still remain interesting. A. E. (Arthur) Boycott, the period’s pre-eminent conchologist, undertook a careful examination of the freshwater snails in 84 ponds in the parish of Aldenham, at the time a rural landscape north of London. He surveyed these ponds first in 1915 and again in 1925, the first repeat survey of any group of ponds. In both years the total number of species was virtually the same; yet between the two surveys the species lists had changed in an extraordinary 75 per cent of the ponds, showing just how mobile are many of the commoner water snails (Boycott, 1919, 1930, 1936).

Amphibian biologists at this time also made important contributions. The work of Maxwell Savage is notable in the 1920s and 30s when he walked the ponds near his home on the Hertfordshire border discovering through a ten-year period of regular observation that frogs did not breed every year in a pond, and were regularly absent from many ponds (Savage, 1961).

Many pond naturalists and scientists have been, and are, women (perhaps they are less intimidated by the small size of ponds, than are men). Early proponents include Lucy Howland, Edna Lind and Mary Laurie who made some of the first serious observations on ponds. Respectively, they studied the use of ponds by mosquitoes, the seasonal growth of pond algae and the invertebrates of a Welsh moorland pond (Howland, 1930, 1931; Lind, 1938; Laurie, 1942).

From the 1930s onwards T. T. Macan worked in the Lake District at the Freshwater Biological Association (FBA) making a long series of studies on the 0.5 ha Hodson’s Tarn. He looked particularly at how water-boatmen, damselflies and other animals were affected by fish predation and the importance of vegetation as an animal habitat. But his broader contribution was as a professional who took note of ponds, and wrote books that mentioned them.

In the 1950s Jack Talling, who was Macan’s FBA colleague, summarised much of what was known of pond biota in a classic paper ‘The elements of chance in pond populations’ (Talling, 1951). Not only is this text a rich source of natural history information, but it provides a point of entry into older studies, in danger of being forgotten as they predate online journals. The paper’s central question – what role does the chance arrival of an animal or plant play in the way a waterbody’s community develops – is still debated today, and perhaps ever more important as we recognise the role of networks of freshwater habitats.

In the 1940s and 50s, Nora McMillan studied the freshwater molluscs of marl-pit ponds in the Bromborough area of the Wirral. Mostly publishing in modest journals, she provided the first information on the effects of drought and pond management on the fauna. She found that in the 1949 drought, although smaller ponds dried down to mush and larger ponds dropped considerably, no snail species were eliminated by this drying out. In contrast, in some ponds snail species were lost as a result of management (McMillan, 1959).

Later, in the 1970s, but also working in the northwest English Midlands, was botanist Anthea Brian who, with friends, studied the plants of the pond-rich landscape of the parish of Christleton in Cheshire. Her work, published in the in-house journal of the Botanical Society of the British Isles (Brian et al., 1987), remains little cited. However, it is an important data source, and 25 years later, a repeat survey by our colleague Pascale Nicolet (2000) showed firstly that uncommon species like Frogbit (Hydrocharis morsus-ranae) were declining across the parish’s ponds, and secondly that plant species appeared to be moving around the landscape, often absent from their original pond but present in a neighbouring one. This was a significant observation, because it indicated both how easily plant species can become naturally extinct at ponds, and how essential it is that there are nearby ponds, which can act as refuges.

Men did do some of the work. In the late 1970s Paul Day and colleagues in northeast Wales and northwest England began some of the first large-scale surveys of ponds – looking at the plants of the hundreds of marl-pit ponds that dot this landscape. Day’s report more or less sank without trace, yet until the 1990s his was the largest individual survey of ponds (Day, 1981; Day et al., 1982).

Although these studies were important, it has to be admitted that most were low profile and had little impact. In the prevailing orthodoxy of the 1970s it was still possible for the Nature Conservancy Council to publish its cornerstone volume ‘A Nature Conservation Review’, describing the most important places for wildlife in Britain, with a freshwater chapter which barely mentioned ponds and specifically described temporary ponds as ‘not an important category of habitat’.

It was a decade later, in the late 1980s, when things finally began to change. It began with Laurie Friday’s study of ponds on the Purbeck heaths. Her work was the first published paper in the English language to describe the factors affecting the distribution of plants and animals in a group of ponds (Barnes, 1983; Friday 1987, 1988).

A few years later, the early 1990s saw the first national pond surveys. Our own work contributed through country-wide surveys of the plants and macroinvertebrates of permanent ponds and the environmental factors associated with them. These surveys described the surprisingly wide range of plants and bigger invertebrate animals living in good-quality ponds together with the different types of pond communities (Williams et al., 1998; Biggs et al., 2000a). Later work looked at the degradation of ponds, through pollution and isolation. This in turn formed the basis for a monitoring method, PSYM (the Predictive SYstem for Multimetrics), which enables a pond’s quality to be assessed on the basis of its plant and animal communities (Williams et al., 1996, 1998; Biggs et al., 2000b).

The 1990s also saw amphibian ecologists attempting to get a better national understanding of the distribution of frogs, toads and newts. The National Amphibian Survey organised by Rob Oldham and Mary Swan with the help of amphibian enthusiasts around the country was the first co-ordinated survey to describe the status of amphibians nationally (Swan and Oldham, 1993a, 1993b). It was in this survey that the large numbers of ponds supporting Great Crested Newts first became apparent, stimulating the idea that the United Kingdom was a European stronghold for this species (see Chapter 10).

Elsewhere, specialists were looking at some of our smallest pond creatures. Compiling the data from many years of collecting, rotifer expert Ros Pontin, with help from her colleague John Langley, created a UK pond classification using these tiny but ubiquitous animals (Pontin & Langley, 1993). In much the same way, Geoffry Fryer converted his collecting of water fleas, seed shrimps and larger crustaceans from many hundreds of waterbodies into a fascinating book on the freshwaters in Yorkshire. His paperback is a marvel of natural history, and one of the few descriptions of freshwater that gives equal weight to both big and small freshwaters, whether still or running (Fryer, 1993).

During most of the twentieth century pond management was essentially guided by what looked pretty to people, and what was good for keeping fish. Knowledge about fish keeping was relatively advanced, not surprisingly, considering that fish had been an important source of food for the table for many centuries. The problem was that even in the early 1990s ponds were being conserved for biodiversity using fish management rules. With more knowledge about natural pond types and pond wildlife this began to change. The freshwater sections of Pete Kirby’s excellent, wide-ranging and still relevant guide to habitat management for invertebrates, published in 1992, pointed the way, identifying for the first time the importance of seasonal ponds, and the value of managing ponds by grazing (Kirby, 1992). Kirby’s work mirrored our own evidence published first in British Wildlife in 1994 (Biggs et al., 1994), and then in more detail in The Pond Book (Williams, 2020).

In subsequent years, as more British freshwater biologists and naturalists began to take an interest in ponds, it becomes impossible to mention fairly all those who have made a contribution. Regional studies became much more common. Particularly notable in the pond-rich northwest was the PondLife project organised by Andrew Hull and John Boothby and undertaken by Dave Bentley and Jonathan Guest, whose surveys of plants and invertebrates in around 1,500 ponds in Cheshire and Lancashire still underpin work in the region. In Derbyshire and Yorkshire the studies of Martin Hammond and Bob Merritt have covered hundreds of ponds, with many exciting finds. Their work is published in another gem of natural history (Merritt, 2006). In Scotland, Olivia Lassiere carefully surveyed a set of ponds in central Scotland in the early 1990s (Lassiere, 1993). Like so much pond work, the information was only published in local reports. Later, a bigger team working for Scottish Natural Heritage carried out a botanical survey of lochs across Scotland. Half the surveyed waters were ponds, and this still remains the single largest pond dataset collected in Britain. All of these are just the tip of a very large iceberg of work built up by hundreds, and perhaps thousands, of professionals, amateur naturalists and volunteers.

Scientists and academics who have helped awaken interest in ponds include Mike Jeffries in the north of England who has published a series of studies of a set of ponds in Northumberland (Jeffries, 1998, 2012, 2013). These have cast new light on the factors affecting pond communities, not least the importance of chance – simply what happens to turn up – in determining what lives in ponds. More recently new avenues have developed as researchers interested in urban ponds and the large numbers of new ponds created by peatland restoration projects have added to our knowledge (Thornhill, 2013; Hassall, 2014; Brown et al., 2016; Hill et al., 2017).

Following the first surveys to look at the ponds of the whole country, studies also started to get a bit more specific. In the mid 1990s our colleague Pascale Nicolet did the first proper investigation of temporary ponds in Britain. A little later, water beetle guru David Bilton and colleagues made detailed studies of the ponds of the Lizard – also some of our very best – with the botanists of Plantlife working to protect the special plants of the Lizard and other areas. In the New Forest, colleague Naomi Ewald made the most detailed study so far of one of the most important pond landscapes in the UK and indeed western Europe (Nicolet et al., 2004; Ewald, 2008; Bilton et al., 2009).

Elsewhere, in Herefordshire, Will Watson and Giles King-Salter began a long, and continued, fight for recognition of the many wonderful, but now too often degrading, ice-age ponds in this region. In Norfolk, Carl Sayer and his colleagues not only drew attention to the amazing diversity of many field ponds in this county and formed groups to manage these ponds but developed the important concept of ‘ghost ponds’: showing that ponds that have been filled in can still retain a valuable legacy of seeds and spores in their buried organic sediments (Sayer et al., 2012; Alderton et al., 2017).

Growing awareness of the value of ponds in Britain over the last decades has begun to be matched on the continent, particularly as a result of the work of Piet Verdonschot, who first looked at the ecological characteristics of a variety of surface waters, including ponds, in the Overijssel province in the Netherlands (Verdonschot, 1990).

Over the last 100 years independent naturalists and scientists have mainly led the work on ponds. But as the importance of ponds has begun to be recognised, the staff of government-funded agencies, like Natural England and the Environment Agency, and research institutes like the Centre for Ecology and Hydrology, have played an increasing role in information gathering. The government itself, in the form of the Department of the Environment, Transport and the Regions, which later became Defra, also encouraged assessments of the status of ponds through the long-running Countryside Survey. In Natural England, John Webb, in particular, wrote an important report showing how ponds have at least as many endangered plant and animal species as rivers or lakes, the traditional focus of freshwater conservation (Webb et al., 2009).

The publication of scientific studies on ponds has been given a further boost by the founding of the European Pond Conservation Network, which, since 2004, has encouraged research and conservation on ponds across Europe, including a Manifesto for Ponds published in several languages. In that time five international conferences have seen the production of ten special issues of scientific journals publishing the large range of research reports from these meetings. It has been a welcome development that scientific journals, particularly the long-established Hydrobiologia, have taken up this growing interest in small waterbodies to publish these papers. Britain has been a leader in pond science but increasingly in this country we are learning from colleagues in continental Europe, and in other parts of the world. In 2019 the first paper was published describing ponds in China, and understanding of the importance of small waters is growing worldwide. Some in the rest of Europe are, like us, exploring their own ponds for more or less the first time. Others, especially from the former Soviet bloc countries of central Europe, have a considerable tradition of working on ponds which we are now better able to learn from.

How important are ponds for wildlife?

Naturalists have long been drawn to ponds for their diversity of wildlife but it is only since the mid 1990s that we have had concrete evidence of just how wide a variety of freshwater plants and animals can be found in ponds.

Pond Conservation’s (now Freshwater Habitats Trust) comparisons of the numbers of species of freshwater invertebrates found in ponds across Britain with the numbers found nationally in rivers (Fig. 2) showed that ponds supported around 10 per cent more species, even though the river survey was based on three times as many sites as the pond survey. There were also many more uncommon species in the ponds. A similar comparison between ponds and lakes (mainly from Scotland), based on the numbers of wetland plant species found in them, also showed that ponds were much more diverse than had previously been realised (Table 2).
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FIG 2. The number of macroinvertebrate species found in ponds and rivers in Britain. All sites were surveyed in three seasons (spring, summer, autumn). Pond data are derived from the National Pond Survey (Biggs et al., 2005) and river data from the Centre for Ecology and Hydrology RIVPACS database (Wright et al., 1996).

Although interesting, these results had little impact in the 1990s – perhaps they were too general. What was needed was a study that compared the biodiversity of all waterbodies – streams, ditches, rivers, lakes and ponds – across a single landscape.

It still seems extraordinary that at the beginning of the twenty-first century, after 100 years of freshwater research, and thousands of scientific papers, no one had ever simply compared the richness of freshwater species in the different waterbody types, but that was the case. To gather this information required a little ducking and diving on our part: we had to hide it within a much more easily fundable study on the effects of river restoration (Williams et al., 2004)!

TABLE 2. The number of wetland plant species found in ponds and lakes in Britain. The pond and lake data are mainly derived from the lakes database of the Joint Nature Conservation Committee (Duigan, 2006).
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FIG 3. Study area of the first assessment in the UK of the comparative biodiversity of freshwater habitats: ponds, rivers, streams and ditches (after Williams et al., 2004).

To assess the importance of ponds we compared the different freshwater habitats in an area of approximately 10 × 10 km centred on the village of Coleshill in Oxfordshire (Fig. 3). Within this area ponds, rivers, streams and ditches were selected at random and a standard survey for plants and macroinvertebrates was made in each. The survey area included a stretch of one of our biggest rivers: the Thames. Later on a colleague added lakes to the comparison (see Chapter 4).

The study’s results were fascinating. In one respect they supported the traditional view that ‘biggest is best’: individually, the rivers in the Coleshill study area had the greatest average number of species at each sample site (Fig. 4). So if you looked at just one or two waterbodies in this landscape you could quickly, though mistakenly, conclude that rivers were the most important habitats in terms of the number of species they supported.

But although ponds had fewer species on average, the species occurring in ponds differed more from place to place, whereas river communities were all rather similar to each other. So when you added up the total number of species in each waterbody type across the whole landscape, ponds supported most species (Fig. 5). To put some numbers to this: 71 per cent of the full set of species occurring in the study area were found in ponds, compared to 60 per cent in rivers (Williams et al., 2004) (Table 3).
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FIG 4. Average number of macroinvertebrate species recorded in individual samples (alpha diversity) from rivers, ponds, streams and ditches in a 10 × 10 km block of typical farmed countryside around Coleshill, Oxfordshire (modified from Williams et. al., 2004). SD = standard deviation.

Remarkably, the ponds concentrated this variety of wildlife into the smallest area of habitat: only 8 ha out of a total of 205 ha of water in the study area (Davies et al., 2008b).

Similar results in a contrasting area of the British countryside, around Whitchurch on the Welsh borders, and also in continental Europe in Denmark, Germany and France have subsequently confirmed this trend. In every case ponds supported a high proportion of the total aquatic species in an area, and more than any other freshwater habitat type, despite their small size (Davies et al., 2008a, 2008b). Everywhere else that we have looked, the story has been repeated.

The reason that ponds are so rich is probably a combination of their ancient origins (Chapter 2), their abundance in natural landscapes (Chapter 3) and the very wide range of physical, chemical and biological environments that they naturally provide (Chapter 4). In the River Cole catchment, for example, ponds varied from muddy cattle-poached seasonal ponds and grassy spring-fed pools, to dark and tanniny woodland hollows.

The small catchment areas of ponds also have some very important implications for their biology, quality and conservation. Freshwater biology has long emphasised the link between a waterbody and its catchment, the area from which water drains into a pond, lake or river. As Macan and Worthington put it 50 years ago, ‘the story starts with the geology of the surrounding land’ (Macan & Worthington, 1974). The difference between ponds and other waterbodies is that pond catchments are usually very small, particularly compared to those of rivers and lakes. In the Coleshill study area, pond catchments were 1,000 times smaller than those of the two main rivers draining the area. The catchments of the rivers averaged 438 square kilometres. The ponds averaged less than one-fifth of a square kilometre.

TABLE 3. The total number of species (gamma diversity) found in rivers, ponds, streams and ditches in a 10 × 10 km area of typical farmed countryside around Coleshill, Oxfordshire.
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FIG 5. The overall number of macroinvertebrate species found in the Coleshill landscape (‘gamma diversity’) in rivers, ponds, lakes, streams and ditches (modified from Williams et al., 2004).

Like all waterbodies, ponds reflect the character of their catchments, but because these catchments are small, ponds reflect very local natural variations in geology, hydrology, climate, vegetation, tree-shade, grazing and, of course, sources of pollution. This means that ponds are more varied physically and chemically than larger rivers and lakes, which, with their larger catchments, tend to ‘average out’ variations in environmental conditions. In terms of water chemistry, ponds almost always show a wider range of environmental conditions than other waterbodies, and always more than the rivers.

A practical example of the effect of catchment size can be seen in the distribution of acid water species in Oxfordshire, a predominantly lime-rich county. Oxfordshire has no rivers that could be described as acidic: acid soils and rocks are simply too limited in extent to outweigh the overwhelming amount of calcium-rich geology that dominates the county’s landscape. Yet acid water ponds do exist. On the top of the Chilterns in the village of Stoke Row the lime-intolerant Water-purslane (Lythrum portula) persists in a pond which, when we surveyed it, had one of the lowest pH values (pH 6.5), and the lowest conductivities (70 µS/cm), of any pond in Oxfordshire. It lies on a little patch of mildly acidic gravels, sands and clays, just a few square kilometres in extent, overlying the Chilterns chalk. This patch of acid rocks is too small to influence the local rivers, but it has provided an acidic pond environment which has allowed Water-purslane to survive in this area since the eighteenth century when it was listed by John Sibthorp in his Flora Oxoniensis (Sibthorp, 1794).

The strong link between ponds and their small catchment is both a blessing and a curse. At its worst ponds, with their small volumes, are highly vulnerable to pollution or land drainage or dumping of waste in their near surrounds. Unlike lakes and rivers, there is little possibility of water flow or sheer volume diluting the pollutants, so that poor-quality ponds are often degraded to a degree rarely seen in larger rivers and lakes. Set against this, because of their small catchments ponds can easily be completely protected from the polluted waters that run off from farmland, roads and urban areas – something which it is much more difficult to do for streams, rivers and lakes.

The result is that although running waters and big lakes are almost universally polluted, at least in lowland catchments, there are still many glorious, rich, clean-water ponds dotted across the landscape, located in pockets of low-intensity land use, on grassy hill tops, in woodlands, heathlands and unimproved meadows. They are increasingly isolated oases of biodiversity, and they are also a vital last stronghold for many freshwater species.

How many ponds in Britain?

One of the things it should be quite easy to do with ponds is to count them. In practice, counting ponds is surprisingly difficult, even with today’s technology. Aerial photographs do not show ponds under trees, which obscure not only ponds in woodland, but many on hedgerows and in the middle of arable fields. Seasonal pools are also easy to miss; if the image is taken in summer there is usually no water to see. Ordnance Survey maps are far from definitive: although the mapping of ponds in country areas is updated every few years it is easy to find examples of ponds far older than this not shown on maps (Fig. 6). Conversely, ponds filled in decades ago may still be shown. In the end, the only reliable way to count the number of ponds is to get out on the ground, checking field by field and wood by wood. And even this technique is not entirely foolproof.
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FIG 6. The New Pill on Otmoor, Oxfordshire, was designed by the authors and created by the Environment Agency in 1994. It is about 0.5 ha in area and now over 20 years old. Immediately adjacent to it is the Fowl’s Pill, a pond formed naturally in an old river channel that has existed beyond living memory. It is about 1 ha in area and, although shallow, is a prominent and unmistakable landscape feature. Despite their size neither pond is shown on Ordnance Survey maps although, oddly, waterbodies created more recently on an adjacent RSPB nature reserve have been added to the maps.

In Britain, field surveys of ponds were for some years undertaken as part of the government-funded Countryside Survey, which counted ponds in around 500–800 representative 1 × 1 km survey squares across Great Britain, every 6–8 years between 1978 and 2007. The Countryside Survey tells us about the countryside, so misses out ponds in urban areas. It also excludes gardens.

Early Countryside Survey counts were somewhat incomplete; ‘dried up ponds’ (we would now call them temporary ponds) were omitted, and woodland areas were not searched for ponds, based on the rather odd dictum that ‘ponds don’t occur in woodland’. Golf courses, with their many water hazard ponds, were also not included and there was no specified lower size limit for a pond. Surveys from 1996 onwards were modified, and in the most recent survey in 2007 staff were trained to overcome many of these earlier problems. However, even with the most refined methods there are still some difficulties. For practical reasons the survey had a lower size limit of 25 m2, so small pools are still excluded. Similarly, in some upland bogs with dozens or even hundreds of ponds, variably interconnected, surveyors sometimes had to group ponds together because of the practical difficulty of counting every single pool. These adjustments lead to a slight underestimation of pond numbers, but provided they are applied consistently they give a good approximation.

Survey difficulties apart, the 2007 count of ponds remains the best estimate of pond numbers that we have, and suggests that there are just under half a million ponds (478,000) in the British countryside, that is England, Wales and Scotland; no estimates are available from Northern Ireland. As this estimate is derived by scaling up from counting ponds in a representative sample of 1 × 1-km squares, rather than by counting every single pond across the whole of Great Britain, we should really say that we are 95 per cent certain that the true number of countryside ponds is somewhere between 374,000 and 634,000 (Williams et al., 2010).

Ponds in gardens are often presented as a panacea for the loss and degradation of ponds in the countryside. Although in practice we know remarkably little about garden pond wildlife, there are certainly a lot of garden ponds. The most recent estimate is somewhere between 2.5 and 3.5 million across the whole of the United Kingdom (Davies et al., 2009). Most garden ponds are, of course, tiny, and their total area and wildlife value is almost certainly considerably lower than that of countryside ponds, but the fact remains that garden ponds probably now outnumber countryside ponds by around six to one.

While garden ponds have been on the increase for some years, out in the countryside there has been an enormous reduction in the number of ponds. At the turn of the nineteenth century there were probably at least 1 million ponds in England, Wales and Scotland, so we have lost over half of all ponds in the intervening period. This estimate is based on Rackham’s (1986) calculation of 800,000 ponds in England and Wales in the 1880s and a guesstimate of another 200,000 plus in Scotland where the historic numbers of ponds are very difficult to estimate. Although maps are available from the same era that Rackham used, it is clear that the sheer number of small lochs and lochans in many Scottish landscapes was so daunting that thousands of smaller natural pools, still evident today, were not surveyed by early cartographers (Table 4).

People often think that pond numbers today are still dropping. In fact current information indicates that the reverse is true. Although around 2,000 ponds are still filled in or drained each year, since the 1990s the creation of new ponds appears to have outweighed the losses, and the gap is growing. Between 1998 and 2007 the number of ponds across Great Britain is estimated to have increased by at least 10 per cent. Although this might seem like positive news, it is tempered by evidence that most new ponds are sited so that they fill with polluted water which permanently compromises their wildlife value: a major opportunity missed.

TABLE 4. The number of ponds in Britain: 1880 to 2007.
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Sources: Rackham, 1986; Williams et al., 2010.

Pond quality

Ponds undoubtedly remain a ubiquitous feature of the British landscape, but in many cases pond quality is alarmingly poor. Although high-quality ponds are present in all landscape types, they are increasingly scarce. About 80 per cent of ponds are now in poor or very poor condition, and the evidence suggests that species richness is declining further. These days, children dipping in their local pond will find far fewer animals and plants to fascinate them than we did. And unless something changes, few children or adults will ever experience the delights of a really clean, wildlife-rich, pond. Chapter 12 discusses the most recent survey results more fully and what we can do about this.


CHAPTER 2

Ponds: An Ancient Natural Environment

It is often said that all the conditions for the first production of a living organism are now present, which could ever have been present. But if (and oh! what a big if!) we could conceive in some warm little pond, with all sorts of ammonia and phosphoric salts, light, heat, electricity, etc. present, that a proteine compound was chemically formed ready to undergo still more complex changes.

Charles Darwin, 1871.

A more plausible site for the origin of life would be fresh water pools maintained by rain falling on volcanic land masses resembling present-day Hawaii and Iceland.

David Deamer, 2008.

Our overall message is, if you think the origin of life required fixed nitrogen, as many people do, then it’s tough to have the origin of life happen in the ocean. It’s much easier to have that happen in a pond.

Sukrit Ranjan, Massachusetts Institute of Technology, 2019.

Introduction

There is a common belief that ponds are artificial habitats that only exist because people make them. It is easy to see how this idea has arisen. Across the British Isles a large proportion of our ponds are human-made, created either deliberately or accidentally by human agencies. But the conclusion usually drawn from this, that ponds are not a natural habitat type, is wrong. Ponds have been a natural feature of the Earth’s surface for billions of years.

Understanding ponds as an ancient habitat is a vital prerequisite to understanding pond communities today and tells us much about how to manage them for wildlife. It shows us the environment that freshwater plants and animals have evolved to use through millennia. It tells us that phenomena such as seasonal drying out, trampling of pond margins by herbivores and the presence of fish have been shaping pond communities for hundreds of millions of years. And, in the recent past, where we have particularly well-preserved evidence, it shows us in exquisite detail what modern-day pond plant and animal communities were like before humans began to drain the land and all-pervasively pollute the water.

The first ponds

Geological evidence shows us that in the past freshwater pools have been a ubiquitous feature of most naturally uneven land surfaces. Indeed, as long as there has been solid land on Earth and an atmosphere to provide rain, water will have collected to form ponds.
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FIG 7. An artist’s conception of the early Earth, sometime between 4.4 and 3.8 billion years ago. Oceans had condensed, volcanic land masses resembling Hawaii and Iceland rose out of the seas, and rainstorms produced freshwater ponds on the newly formed land masses. The physical and chemical processes that may have led to the first forms of life were taking place wherever there were interfaces between minerals, water and the atmosphere. (Creative Commons/Tim Bertelink)
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FIG 8. Might life itself have begun in ponds? Membranes which are essential for the beginning of life can be formed from so-called amphiphilic compounds in fresh water but are destroyed by salty conditions, one of the lines of evidence that life may have originated in ponds (Deamer et al., 2002). And a good location for the self-assembly of organic chemicals generally – also needed for life – would be relatively fresh water, at moderate temperatures, neutral pH and with occasional drying out: these conditions could all be provided, if not by ‘warm little ponds’, by the conditions associated with ‘volcanic hydrothermal fields’.

Exactly when the first ponds or streams occurred is unknown. However, sometime on the very early Earth between 4.4 and 3.8 billion years ago, it is clear that salty oceans had condensed and volcanic land masses risen out of the seas, and that rainstorms created bodies of water on the newly formed land (Fig. 7). And it was at this time, while the Earth was still extraordinarily young, that most scientists believe that physical and chemical processes came together as the first forms of life.

Darwin famously mused that life may have first developed in ‘some warm little pond’. However, for most of the twentieth century the prevailing assumption was that life began in the sea, with the favoured location eventually becoming the hot mineral-rich waters of mid-ocean vents. Reflecting this, the prestigious journal Science published a news story in 1990 headed ‘Goodbye to the warm little pond?’ (Waldrop, 1990).

But there still remained problems with a deep ocean origin for life: some chemical processes are difficult to explain under marine conditions. Protocell membranes, for example, are destroyed by salty water, and the sea at that time was highly saline. So in recent years some scientists have resurrected Darwin’s idea, although warm little ponds have been replaced by hot rock pools such as can be seen in Yellowstone National Park in America. Known technically as ‘volcanic hydrothermal fields’ to distinguish them from ocean hydrothermal vents, these inland freshwater areas may have provided the location where periodic drying out concentrated chemicals, allowing the formation of long-chain polymers, vital precursors to the formation of cells, repeated wetting and drying to concentrate key intermediate chemicals and, finally, light to allow photosynthesis to develop (Figs 8 and 9) (Deamer et al., 2006; Deamer, 2008; Deamer & Georgiou, 2015). Recently, Bruce Damer and David Deamer have suggested a new terrestrial origin of life hypothesis bringing these ideas together, proposing that life began as protocells assembling in inland freshwater hydrothermal fields (Damer & Deamer, 2020).
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FIG 9. These cell-like structures suggest a mechanism by which protocells could have formed by purely physical processes on the early Earth. Membranous vesicles are produced when a mixture of decanoic acid–decanol is dispersed in aqueous salt solutions at neutral pH ranges (Deamer et al., 2006).

The first life in ponds

Wherever life began, whether deep in the oceans or in tiny temporary pools, freshwater organisms are being discovered ever earlier in Earth’s history. Recently, freshwater organisms have been found dating back 3.2 billion years in South Africa, of almost equal antiquity to better-known marine microbes from around 3.4 billion years ago (Schopf, 2006; Marshall et al., 2011; Nutman et al., 2016; Homann et al., 2018; Javaux, 2019). Also deep in the Precambrian, cyanobacteria are recorded around 2 billion years ago in ponds and pools on alluvial fans, lakes and lagoons in South Africa and Australia (Buck, 1980; Martín-Closas, 2003; Bolhar & von Kranendonk, 2007). And in Britain, just under 1 billion years ago, the Precambrian Scottish Torridonian sandstones preserve pond sediments laid down in floodplain pool deposits. Fossilised wrinkles in the rock indicate that the seasonal ponds and puddles there were colonised by cyanobacterial mats, as well as early types of algae (Downie, 1962; Prave, 2002; Brasier et al., 2017).
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FIG 10. Reconstruction of Kodymirus vagans, length 8 cm, and Vladicaris subtilis, length c. 1 cm, the earliest invertebrates known from brackish, or possibly freshwater, lagoons (after Chlupác, 1995).

From these early signs of microbial life in freshwater there is a gap of some 500 million years before the first evidence of more complex organisms. Much, if not all, of this stage of evolution occurred in the world’s oceans in the late Precambrian. Certainly by the time we have the first hints of possible freshwater invertebrates, in the early Cambrian around 540 million years ago, the sea’s inhabitants were already varied and diverse, including sponges, jellyfish, molluscs, worms and anemones (Knoll, 2003; Pisera, 2006). Even the Cambrian Period’s credentials for supporting the first ‘freshwater’ animals are rather tenuous and based on a very few contentious fossils. For example, the Paseky Shale, in the Czech Republic, preserves evidence of two invertebrates, Kodymirus vagans and the rather tadpole-shrimp-like Vladicaris subtilis, which may be freshwater animals (Fig. 10). They lived in shallow lagoons on an alluvial coastal plain, but whether the pools were brackish or freshwater remains uncertain (Chlupác, 1995; Kukal, 1995; Lamsdell et al., 2013).

One hundred million years later, in the Middle Ordovician, there is further disputed evidence of invertebrate life in freshwater. Tracks found preserved in the English Lake District’s Borrowdale Volcanics show traces of aquatic millipede-like creatures inhabiting shallow water. For many years they were thought to be freshwater animals but some doubt has been cast on this interpretation recently (Fig. 11) (Johnson et al., 1994; Shillito & Davies, 2019a).
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FIG 11. Traces left by a millipede-like creature in the Borrowdale Volcanics in the Late Ordovician, about 450 million years ago. This may be one of the earliest signs of a large animal living in a freshwater environment, either a lake or pond (after Johnson et al., 1994).

The first communities in ponds

The evidence provided by fossils like Kodymirus allows us to speculate that there may have been a range of animals in freshwater feeding on bacteria, cyanobacteria and the first green algae not long after the Cambrian ‘explosion’ in animal diversity. The first unequivocal evidence of a community of freshwater animals living together comes from the Tumblagooda Sandstone in Western Australia. These sediments are poorly dated: deposited at some point during the Ordovician to Silurian eras 495–417 million years ago, but they preserve the remains of a sandy river floodplain with broad river channels, abandoned meander pools and ephemeral ponds lying between sand dunes on the floodplain (Trewin & McNamara, 1995). The tracks of at least ten types of arthropods have been found here, including giant millipedes, straight crabs – a group now extinct (Fig. 12) – and horseshoe crabs (Fig. 13) up to 30 cm across. Some of the tracks were probably made by sea scorpions, a group which, despite their name, were not scorpions, and not exclusively marine. Some track-forming animals may have burrowed in the surface sediments, perhaps feeding on bacterial and algal films that coated the bottoms of the ponds. Others, like the sea scorpions, were predators. Whether they were all permanent inhabitants of the ponds or also moved between the still and flowing waters remains speculation.
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FIGs 12 & 13. (Left) Kalbarria brimmellae, the earliest known ‘straight crab’ (Euthycarcinoidea), spent at least some of its life cycle in floodplain seasonal ponds. It was about 13 cm long and had 11 pairs of legs (McNamara & Trewin, 1993); (Right) Euproops rotundatus, a Carboniferous freshwater horseshoe crab. Modern horseshoe crabs are only found in the sea (Hans Steur).

Ponds preserved in glass

In the early Devonian around 400 million years ago, we see the first definite evidence of larger plants and animals co-existing in ponds. They are preserved in extraordinary rocks, found near the village of Rhynie in Aberdeenshire – rocks which have the most diverse ancient assemblage of comparable age anywhere in the world (Fig. 14).

The Rhynie Chert, and adjacent Windyfield Chert lying 700 m to the northeast, formed when silica-rich water periodically poured out of nearby hot springs, covering the landscape, and turning the plants, animals and soils that they swamped to glassy stone. The rocks underlying the cherts show that the wider environment at the time was a river floodplain with lakes and ponds. The cherts themselves cover a tiny area of this floodplain: the known extent of the Rhynie Chert is little more than the size of a football pitch. But what the cherts provide is a unique close-up view of the micro-topography of a Devonian landscape, and the landscape they preserve is of low ground covered with abundant permanent and seasonal pools (Trewin, 1994; Fayers & Trewin, 2002; Trewin et al., 2003).
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FIG 14. The plants and animals of the Rhynie chert ponds were extraordinary. These ancient early Devonian rocks show communities that would broadly be recognisable today. They include examples of the earliest known unequivocally freshwater crustacean, the fairy shrimp-like Lepidocaris rhyniensis (a) and the tadpole shrimp-like Castracollis wilsonae (b), which may, like their descendants today, have been temporary-pond specialists. These aquatic arthropods were found in ephemeral cool-water pools in the vicinity of the hot-spring vents (Anderson and Trewin, 2003). One of the earliest terrestrial vascular plants, Horneophyton lignieri (c), grew in damp to wet conditions, perhaps on the edge of ponds. The ancient stonewort Palaeonitella cranii (d) is also remarkably like its modern counterparts, and grew with chlorophytic algae and chytrids (tiny aquatic fungi) (Taylor et al., 1992).

The Rhynie and Windyfield cherts are world famous for the exquisite preservation of both the terrestrial and freshwater environments, with the cell structure of fossils often retained in three dimensions. What is astounding to a pond ecologist is the types of fossils that they preserve. A Mediterranean biologist, who was transported back into the deep past of the Palaeozoic era over 400 million years ago, could look into these early Devonian pools and feel a sense of home. Crustaceans similar to modern-day fairy shrimps glide through the water probably feeding on algae and detritus as they do today. The tadpole shrimp-like Castracollis wilsonae scurried and darted with rippling gills among stands of delicate stoneworts. Even this branchiopod’s larvae (nauplii) are preserved. Co-existing with these large crustaceans were water fleas, filamentous green algae, cyanobacteria and aquatic fungi that included decomposing and parasitic species and probably mycorrhizal symbionts.

Almost uniquely within the geological record, the Rhynie cherts also preserve the texture of pond bases in situ. Many of the shallow pools, often those associated with plants and crustaceans, had bottom sediments with the distinct open texture of mulm – the loose finely clotted organic material that characterises the bottom of fish tanks and modern-day pools that have few sediment inputs. Elsewhere, the occasional presence of pyrite suggests that the bases of some pools, perhaps the deeper ones, were organic rich and anoxic.

Many writers have suggested that, before the late Devonian, the Palaeozoic oceans were teeming with life but terrestrial habitats remained barren. The Rhynie cherts prove that by early Devonian times this was not true, at least in the damp-ground landscape. On the Rhynie floodplain, only 15 per cent of the land surface was bare ground: 55 per cent was dominated by growing plants, and 30 per cent was covered with plant litter. Among the seven higher land plants preserved, at least one, Horneophyton lignieri, may have been an early marginal plant, living at the edge of the ponds and pools (Trewin & Wilson, 2004).

Fish

The Rhynie animals are not the only freshwater creatures known from early Devonian ponds. Clam shrimps (conchostracans), seed shrimps (ostracods) and the first bivalves are also found, together with a surprising variety of jawless fish, all now extinct.

In the present, day fish are a natural part of the fauna of deeper, permanent ponds, especially on river floodplains. The same seems to have been true in the past, and then, just as now, a greater variety of fish were usually found in large lakes compared to small ponds. For example, in the huge Orcadian lake, which at one point may have covered an area of 50,000 km2 in what is now northeast Scotland, at least 14 genera of fish swam together for a period of 2,000 years in the Middle Devonian. In contrast, not too far distant, a floodplain oxbow pond in the Catskill Mountains in North America (then joined to Europe) had just one type of fish present in considerable abundance. This was the tiny, stickleback-sized Limnomis delaneyi which, with its streamlined body, large eyes and numerous small sharp teeth, must have been an active visual feeder, presumably living on small invertebrates in shallow water (Trewin, 1986; Daeschler, 2000) (Fig. 15).
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FIG 15. Limnomis delaneyi, a Devonian fish, is one of the most abundant fossils at Red Hill in the Catskill Formation, Pennsylvania. Several hundred specimens were revealed in sediments originally deposited in an oxbow pond. It was a stickleback-sized fish with a maximum length of 6 cm (reproduced with permission from Daeschler, 2000).

Today fish are widely introduced into ponds everywhere, garden and countryside alike, so it can be difficult to discern what the natural distribution of fish and fish species would be without the influence of humans. What we do know from today’s remaining natural wetlands is that, in the absence of people, flooding plays an important role in allowing fish to move between rivers and pools, and among the floodplain pools themselves. Today, species such as Pike (Esox lucius) spawn early in the year to ensure they can take advantage of the free ride provided by floods. It makes excellent sense to do so. In natural river valleys, the area of water available in the river channel is often vastly less than the area of water available in floodplain pools. Seasonal flooding of the river valley provides an opportunity for fish to access these abundant resources, often in the absence of predator or competitor species which have yet to find that particular pond.

It is clear from the Catskill floodplain deposits that similar floodplain processes operated from the very earliest stages of fish evolution. Most fish species found in the Catskills do not appear to be habitat specific; they occur both in the river channel and in the abundant pools present on the floodplain, suggesting that they regularly moved between these waterbodies. But, as today, not all populations were successful. At least one river margin pool shows evidence of a mass kill of the jawed placoderm fish, Turrisaspis elektor, with densities of 20 individuals per square metre preserved when the population was stranded and died as their floodplain pond dried up (Daeschler et al., 2003).

The first trees around ponds and early natural succession

The Devonian era also saw the start of another very ancient relationship: that between ponds and trees. From the Middle Devonian (c. 395 million years ago), the first low shrub-like forests developed on wet ground dominated by giant ferns, clubmosses and horsetails. By the start of the Late Devonian (385 million years ago) the forest canopy had increased up to a height of around 20 m, similar to woodlands today. These forests thrived best on wet or seasonally wet floodplains and coastal marshes, and here they formed densely packed stands, usually dominated by species of Archaeopteris, the first modern woody tree which, although it shed leafy branches not just leaves, was a clear precursor to modern conifers (Fig. 16) (Cressler, 2006).
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FIG 16. Devonian floodplain pond with giant pre-ferns and bankside progymnosperm Archaeopteris, with roots growing into the water (from Daeschler & Cressler, 2011).

For freshwater habitats, the impact of this newly developed tall lush vegetation was clearly profound. The Late Devonian sees the first significant occurrence of coal in the geological record, evidence that plant production exceeded decomposition for the first time, producing peats that accumulated both in waterbodies and across wetlands. Shallow floodplain pools that would once have been mineral based became organic rich, with anoxic bottom waters. Small pools would have become dark, over-shaded places for the first time, while dead wood, and shallow tree root-systems extending into the water column, made freshwaters of all types more structurally complex. The horsetail-like sphenophytes, with their thin, reedy morphology, fringed and filled pools to create an architecture similar to that of modern reeds and rushes.

Following the Late Devonian extinction (c. 360 million years ago) forest cover generally declined, but it soon reappeared with a vengeance in the Lower Carboniferous, cloaking floodplains, coastal wetlands, brackish lagoons and shallow marine habitats across much of the European continent, stretching from the US Appalachians and eastern Canada, through Britain, across Russia and into China (Schultze, 2009).

The trees of the Carboniferous grew both as emergents rising out of the water and on damp and wet ground. Many were huge compared to present-day survivors. Conifer-like species, including the green-stemmed lycopods Lepidodendron and Sigillaria, grew up to 35 m tall, compared to the calf-height of their modern club-moss equivalents. Other giants included the strap-leaved mangrove-rooted Cordaites, which grew up to 45 m in height, and the sphenophyte Calamites, which reached a comparatively modest 20 m. All were abundant and all were tied closely to water.

Submerged macrophytes appear to have been rare in the forested pools and wetlands beneath the forest canopy. But perhaps this is not so surprising: stoneworts remained the main submerged aquatic plants of the period, and they are a group which still today consistently avoids organic-rich sediments and deep shade, preferring to root into the sandy or clayey mineral-based substrates in which they first evolved. Thus, stoneworts in the Devonian and Carboniferous may have avoided the dark organic-rich sediments of the coal swamps, mainly colonising new pools (as many do today), or perhaps choosing more peripheral habitats away from the wet valleys where tree growth was dense.

This said, the traditional vision of Carboniferous wetlands as entirely dominated by dark, anoxic, coal swamps is undoubtedly a simplistic view. During the late Devonian and Carboniferous, wetland types differentiated for the first time. As well as flooded forest, there were marshes with pools fringed by vegetation, and the first mires spread from the tropics into higher latitudes, where they dominate today.

Even ponds that occurred in woodland were not always peaty and anoxic. A good example comes from Kentucky, an area that was then located on the western margins of the early Carboniferous continent. Here, around 320 million years ago, an abandoned channel pond (an oxbow), surrounded by floodplain scrub-woodland, began to fill with sediment. It was a medium-sized pool, around 30 to 50 m wide, surrounded by Paralycopodites, a shrub-sized clubmoss tree. A vertical section through the pond’s sediments not only shows that such woodland ponds were not always peaty and deoxygenated, but also provides an example of early natural succession (Garcia et al., 2006).

At first the Kentucky oxbow accumulated organic sediments in an anaerobic environment. However, once it was a third full, the pond base become oxic. From then on, the sediment preserves the remains of some very large aquatic animals: not only a colosteid amphibian, but rhizodont fish, the biggest around 4 m in length, together with freshwater sharks. There is also evidence of the ray-finned fish that the sharks ate, preserved in the shark faeces. As the pond filled with sediment and became very shallow, its waters became calcareous, perhaps because of rising regional groundwater levels. As it finally became seasonal, lungfish inhabited the temporary pool. Their remains are still present, entombed within burrows that may have been created for aestivation, digging them, like lungfish do today, to protect themselves during seasonal drying (Garcia et al., 2006; Greb et al., 2006). It is clear from such evidence that early animal communities in Carboniferous ponds changed successionally through the pond’s lifetime and, just as today, different animal assemblages used ponds during both their permanent and their seasonal phases.

Early mud poaching by animals

Today there is debate about whether or not ponds and rivers should be fenced against stock. The argument in favour of fencing is that animals disturb and erode waterbody margins, denuding the vegetation and washing large amounts of silt and nutrients into the water. ‘Against’ are those who say that wetland plant and animal species benefit from animal grazing and poaching (Alexander et al., 2010). Clearly there is right on both sides. In today’s high-density monocultures where cattle and sheep are fenced into fields, severe bank erosion can be a major issue. On the other hand, bank poaching and grazing are natural pressures that many wetland plants and animals don’t just tolerate, but actively require. This is not surprising; both poaching and grazing are ancient evolutionary pressures. Indeed poaching – the action of animals disturbing wet mud and churning it to create bare ground – originated even earlier than grazing.

With the rise of the tetrapods came the rise of muddy edges. Over the 130-million-year period spanning the late Devonian, through the Carboniferous and into the Permian period, the first large terrestrial animals arose and diversified. These early tetrapods, ancestors of modern amphibians, and indeed ourselves, encompassed many different animal forms including crocodile-like, eel-like and salamander-like creatures (Ahlberg & Milner, 1994).

Some tetrapods were small, no more than 10 cm long, and would have had as little impact as modern creatures of a similar size. But others, including the common and widespread crocodile-like Eryops, could grow to over 2 m in length with the potential to cause a lot of disturbance. Today, crocodilian species are often keystone animals in tropical habitats, where they play a role as wetland engineers, creating dens and holes that are often the only wet pools remaining in the dry season. And as tetrapods from the Devonian to the Permian increasingly became the dominant life form worldwide, commonly inhabiting floodplain ponds, rivers, lakes and swamps, so would their impact have increased (Fig. 17). Some were fully aquatic, while others wallowed in shallow water and hauled themselves between water and land. Others still were largely terrestrial. However, prior to the development of
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‘... very small, shallow bodies of standing water in which

the relatively quiet water and extensive plant occupancy are Welch, 1952
common characteristics.’
‘A pond can be described as a body of still water which is
sufficiently shallow to enable attached water plants to grow all  Brown, 1971
over it. This cannot hold true for all ponds ..."
‘Ponds are of many kinds but typically are small bodies of
shallow, stagnant water in which rooted plants can grow Clegg, 1974
even in the deepest parts.’
‘... they are small bodies of shallow, stagnant water, usually

o ) , Clegg, 1974
well supplied with aquatic plants.
‘... small bodies of freshwater, shallow enough for

Sterry, 1082

vegetation to grow across the whole surface area.’

‘A pond, then, is likely to be a small body of water, shallow
enough for plants rooted on the bottom to grow all over it
(though this also depends on the clarity of the water) and to
ensure a fairly even temperature throughout.’

Fitter & Manuel, 1986

‘... ponds are shallow enough to allow light to penetrate to

most of their depths.’ ReRIE; 1558
‘... shallow, but often thermally stratified waters, with Horne & Goldman,
abundant growths of rooted and floating macrophytes.’ 1904

A miscellany of other physical characteristics

‘Ponds, of 1 acre downwards and mostly of the order of
400 sq. yd. (1/12th acre) or less.”

Boycott, 1036

Small pond: between the size of a tree-hole and 20 sq. yards
(17 sq. m.); Pond: <1 acre (0.4 ha)

Elton & Miller, 1954

‘... a typical pond is virtually a self-contained system, a closed
biotope, a world within itself ..."

Coker, 1968

‘Another school [of thought] maintains that, if a body of water
becomes divided into epilimnion [a warm upper layer of water]
and hypolimnion [a cool lower layer of water] and remains so
divided throughout the summer, it is a lake not a pond.’

Macan &
Worthington, 1974

‘Ponds are much less stable than lakes. Heavy rain may change
completely the water in a pond. In dry weather it may disappear.’

Macan, 1973

Ponds are waterbodies with a depth that is ‘rarely more than 2 m’.

Kabisch &
Hemmerling, 1986

Waterbodies up to a size of about 2,000 m?.

MAFF, 1985
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Ponds are small and shallow

‘... lakes of slight depth.’ Forel, 1892

‘A pond is a small freshwater lake.’ Porter, 1988

‘A small body of still water of artificial formation, its

bed being either hollowed out of the soil or formed by Simpson & Weiner,

embanking and damming up a natural hollow.’ 1989

A falﬂ}./ small body ofj Stll} water formed naturally or by Aifien, 1655
hollowing or embanking.

‘A body of standing water that is smaller than a lake. Ashworth, 1991
‘... the smallest of lakes.’ Moss, 1998

Ponds are shallow enough for rooted plants to grow throughout

‘... a body of water which is so shallow that rooted plants can

M
grow all the way across it. SRS
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Ponds are ‘... depressions, natural or artificial, with water in
them for most of the year.’

Rackham, 1986

‘... stillwaters no deeper than 3 metres and ranging in size from
a few square metres to 0.405 ha’

Probert, 1989

‘... apond [is] anything less than 50 m (165 feet) or so across ..."

Beebee, 1991

‘... bodies of water small enough that a rainstorm will
significantly change the water chemistry ..."

Ashworth, 1991

‘Ponds’ includes waterbodies up to 0.5 ha. Waterbodies of'1.5 ha
are called ‘large’. No upper or lower size limits defined.

Fryer, 1993

National Rivers Authority lake classification study referred to
waterbodies ‘... greater than about 1 ha ..." and ‘... lakes greater
than 2 ha.’; by implication, ponds are smaller than this.

Johnes et al., 1994

Ponds: waterbodies below 8 ha in area.

It is difficult (if not impossible) to define a pond

Ramsar, 2006

‘... in general, no scientific distinction can be made [between
ponds and lakes].’

Macan &
Worthington, 1974

‘There is no satisfactory definition of' a pond for the term covers
such a wide variety of freshwater habitats.’

Clegg, 1974

‘No firm boundaries exist between the various sorts of standing
water ...’

Williams, 1983

‘There is no point at which a definitive line can be drawn
between a pond and a lake or even between a puddle and a pond.’

Fitter & Manuel, 1986

‘... it is impossible to provide a precise, technical difference.’

Jeffries and Mills, 1990

‘... it is probably better to think of ponds as a special class of’
lakes than as something separate.’

Ashworth, 1991

‘The discrimination between large lakes and small lakes or
ponds is difficult to establish as the lake size gradient comprises
an environmental continuum without any clear delimitation.’

Sendergaard et al., 2005
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Rivers Ponds Streams Ditches All habitats

Invertebrate species:
Total number of species 152 173 124 90 249
Proportion of total species richness 61%  70% 50% 36% 100%
Number of species unique to the waterbody type 26 50 6 8 -
Wetland plant species:
Total number of species 49 67 39 30 88
Proportion of total species richness 56%  76% 44% 34% 100%
Number of species unique to the waterbody type 9 24 3 3 -
Invertebrates and wetland plants combined:
Total number of species 201 240 163 120 337
Proportion of total species richness 60% 1% 48% 35% 100%
Number of species unique to the waterbody type 35 74 9 1 -
Number of uncommon species

Plants 3 7 1 o

Macroinvertebrates 17 29 14 13
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Country Total number (1880) Total number (zo07)  Density (ponds/km?) 2007
England No separate estimate 241,000 0.99
Wales No separate estimate 48,000 231
England and Wales 800,000 289,000 1.09
No historic estimate
Scotland . 198,000 254
available
Total Probably > 1,000,000 478,000 2.09
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Lakes Ponds
(1,806 sites) (1,751 sites)

Number of plant species 296 277
Submerged 74 62
Floating-leaved 16 18
Emergent 205 197
Nationally Scarce species (occurring in 15-100

10 x 10 km squares) 2 8
Red Data Book species 7 8
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