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Preface
The recreationalist who paddles, rows or sails small craft without engines has an
unrivalled opportunity to explore, discover and observe the environment of rivers
and inland waterways. These craft offer great advantages to the recreationalist
wishing to explore the water environment as, when handled correctly they cause
no erosion, noise or pollution and they leave no trace of their passing. Such craft
are used throughout the world for exploring wilderness areas and observing
wildlife without disturbance.
You can enjoy the environment and wildlife of many inland waters if you purchase
a licence from the appropriate navigation authority; for canoeists some of these
licenses are included with British Canoe Union membership. Many other inland
waterways are private and permission to use them must be given by the owners
of the banks; the British Canoe Union has secured agreements to use some of
them on a restricted basis.
As an environmental scientist with research interests in rivers, and also as a
kayaker and open canoeist, I enjoy both studying and spending leisure time on
rivers and canals. I have, for a number of years, felt a growing need to integrate
these disciplines into a book which is intended to interpret, explain and illustrate
the basic features, operation and management of the river and waterways
environment for the recreational small boat user. Such recreationalists may
include canoeists, sailors, rowers or indeed any user of small craft on rivers and
inland waterways.
There are a number of excellent guide books now available to those wishing to
navigate rivers and inland waterways. There is also a range of textbooks
available, and a growing body of research, which deal both generally and
specifically with aspects of the river environment. They examine how river
systems work, how external factors such as pollution or human interference may
be changing how they work, and how we may wish to manage and conserve
rivers and inland waterways in the future. For the sake of simplicity, from here on
the general terms ‘river’ or ‘river environment’ will be used to include all inland
waterways navigable by small craft - be these canals, lowland rivers and broads
and some upland rivers.
As the recreational use of our rivers and inland waterways becomes more
popular, the need for a better understanding of ‘how rivers work’ has never been
greater. This book collates recent and current research and information on
aspects of recreation, river hydrology and fluvial geomorphology, wildlife and
conservation, and river management. It looks at how river systems seem to be
responding to issues such as land use conversion and polluting discharges. Part
1 is intended to be an introduction for those with little or no prior knowledge and
develops ideas up to and including Key Stage 4 of the National Curriculum. Part
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2 is intended for those who wish to find out more about any of the introductory
themes covered in Part 1 and explores some other aspects of rivers at a more
advanced level. It is intended that the material in Part 2 will, to some extent,
bridge the gap between the academic researcher and the recreationalist wishing
to find out a little more. Part 2 may well be of interest to aspirant or even
experienced coaches who wish to improve their environmental knowledge and
awareness. Both Part 1 and Part 2 have suggestions for further reading should
the reader wish to follow up any of the subject areas in more detail. There is a list
of useful addresses and the book has its own Internet Web Site accessed from
the author’s home page at:
http://www.staff.livjm.ac.uk/ecststot
There are links in to a range of other sites and organisations concerned with
rivers, inland waterways and recreation. This book is not intended to be used as
an identification guide to the plants and animals you might find on rivers and
inland waterways in Britain - there are plenty of excellent identification guides
recommended in the Further Reading sections for this purpose. Rather, Chapter
2.3 describes and illustrates only those plants and animals considered to be the
most likely you will encounter.
With a more environmentally aware and knowledgeable population of river users
in Britain, we will be better informed to understand the future changes which our
rivers are likely to undergo. These changes may be they the results of human
impacts, past river or catchment management or mis-management, recreational
impacts or even global climate change. More knowledgeable recreationalists will
be better placed to be involved in making the important decisions which will face
Britain’s rivers in future. I hope you enjoy reading and using this book, or even
just parts of it.
Dr Tim Stott
Cheshire, 1999.
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Foreword
The growing number of initiatives throughout this decade, at local, national and
international scale, which have been aimed at protecting the environment and
ensuring that people learn to live more harmoniously with it, has prompted the
BCU into supporting this publication. The publication of an environmental guide
for river and waterway users has been an aim of the BCU for some years. As we
approach the year 2000 I feel this is an appropriate time for us all, and river and
waterway users should be no exception, to reflect back and to look forward to the
new millennium with optimism to meet the challenges which lie ahead.
As river and waterway users we are afforded access to some of the most
beautiful habitats in our environment and we must all aim to do our bit, however
small, to protect and enhance the environment in which we live and work. I firmly
believe that the deeper knowledge and understanding that this book will help to
foster among river and waterway users will help us to achieve this aim. I do hope
you enjoy reading and learning from this book as much as I have.
David Gent, BCU Chairman,
Nottingham, 1999.
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Plate 1.5: Baseflow flume for accurate measurement of low flows in a small river
(taken by the author).
Plate 1.6: Spore containing capsules of moss (taken by the author).
Plate 1.7: (a) Students using nets and white trays to sample and examine
invertebrates (taken by the author).
Plate 1.7: (b) The white tray with the contents of net emptied (taken by the
author).
Plate 1.8: (a) The River Severn at Newtown in mid-Wales before construction of
the flood alleviation scheme in 1970.
Plate 1.8: (b) The River Severn at Newtown in mid-Wales after construction of the
flood alleviation scheme in 1970.
Plate 1.8: (c) The River Severn at Newtown looking upstream from the Long
Bridge in 1900 before the flood alleviation scheme was constructed in 1970.
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Plate 1.8: (d) The same view as in Plate 1.8 (c) taken in 1999.
Plate 1.8: (e) View of Long Bridge at Newtown on R. Severn in 1960s (prior to
construction of flood alleviation scheme in 1970).
Plate 1.8: (f) Same view of Long bridge during severe floods in 1964.
Plate 1.8: (g) Broad Street, the main street in Newtown, in December 1964 as the
flooding recedes.
Plate 1.9: The River Brent in London heavily polluted with rubbish (source:
Bunnett, 1988)
Plate 1.10: An algal bloom can turn water into a ‘green pea soup’ (taken by the
author).
Plate 1.11: Afforestation of an upland catchment is preceded by ploughing and
ditching to help the young trees to get established (taken by the author).
Plate 1.12: Sailing on lowland rivers: the Norfolk Broads (taken by the author).
Plate 1.13: Whitewater kayaking on the upper reaches of the river Dee at
Llangollen, Wales (taken by the author).
Part 2
Plate 2.1: The Tees Barrage artificial whitewater course was opened near
Middlesborough in 1993 (taken by the author).
Plate 2.2: Canolfan Tryweryn Whitewater slalom course where reservoir releases
from Llyn Celyn Dam provide reliable water suitable for World Championship
Canoeing Events (taken by the author).
Plate 2.3: Recreational rowing craft in the River Avon (photograph by Alan
Meegan, ARA).
Plate 2.4: A typical V-shaped valley on a tributary of the River Severn in midWales (taken by the author).
Plate 2.5: High Force waterfall on the River Tees in Co. Durham.
Plate 2.6: Thornton Force in Kingsdale near Ingleton, North Yorkshire (taken by
the author).
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Plate 2.7: The Allt Mhor in the Cairngorms, a typical Scottish river in its upper
course (taken by the author).
Plate 2.8: Rapids at Grand Tully on the River Tay in central Scotland are used as
a canoe slalom training venue. (taken by the author).
Plate 2.9: A meander on the River Forth near Stirling in central Scotland (taken by
the author).
Plate 2.10: Cuckoo Flower (Cardamine pratensis) (taken by the author).
Plate 2.11: Marsh Marigold (Caltha palustris) (taken by the author).
Plate 2.12: Common Reed (Phragmites australis) on the Norfolk Broads (taken by
the author).
Plate 2.13: White Water Lily (Nymphaea alba) (taken by the author).
Plate 2.14: Ragged Robin (Lychnis flos-cuculi) in water meadow (taken by the
author).
Plate 2.15: Mute Swan (Cygnus olor) (taken by the author).
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1.1

Introduction

During the past 20-30 years there has been a rapid increase in the search for
recreation of all types. More wealth and leisure time has been accompanied by
increased popularity in individual and group activities, especially those requiring
relatively costly equipment: many water sports fall into this category. Similarly,
more people now own cars than ever before, and this has allowed people to get
out to rivers and canals more easily and to transport small boats and other bulky
and/or heavy equipment with them.
This increase in car ownership, the increase in free-finance and an increasingly
leisure orientated and flexible population has increased pressures on the
environment. As more and more people want to escape from urban pressures,
there is an increasing need for provision of car parks, toilets, picnic areas, nature
trails and information to cater for those who want to be on, or beside, rivers and
canals.
Water in general provides a major attraction not only to those who wish to take
part in active water sports but also for those who seek a day out in the country
and quiet enjoyment of the countryside. Britain has a wide variety of inland
waterways, i.e. navigable rivers, canals and drainage channels which have been
recognised for over 30 years as having an important recreational role. In 1996 it
was estimated that there were about 8640 km (5370 miles) of waterway (IWAAC,
1996) which were navigable by craft of at least 2.13 m (7 ft) beam. The 2790 km
(1734 miles) system of navigable waterways managed by British Waterways (BW)
- mainly canals but including a few rivers - is now primarily seen as a recreational
resource (although the system still carries some commercial craft and has
drainage and water supply functions). A further 860 km (535 miles) of navigable
rivers managed by the Environment Agency (EA) in England and Wales and 160
km (100 miles) by the Broads Authority are also used for leisure purposes. Thus
Britain is well endowed with attractive rivers and canals (Inland Waterways) and
land associated with them (canal tow paths and river banks). This environment
not only supports a great diversity of plants and animals, it is also popular with
people seeking recreation other than that provided by traditional and often
overcrowded resorts.
1.1.1

History of Rivers and Inland Waterways

As well as providing an unique resource for sport and recreation, Britain’s rivers
and canals are vital to the economy of the country, providing water for domestic,
industrial and agricultural use. They form the habitat of countless forms of plant
and animal life, and they provide some of the most beautiful scenery we have.
Rivers and canals criss-cross the countryside in such a way that it is difficult to
avoid them. They both have plants and animals that make them unique, but at
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the same time there are slight variations which make a river different from a
canal, and often one section of a river very different from another.
Around 12 000 years ago, the melting of huge ice sheets at the end of the last ice
age left a network of rivers that has moulded the landscape since that time. Many
of these rivers now flow in ‘U’-shaped valleys enlarged by valley glaciers during
the ice ages (see Plate 1.1).
Glaciers have deposited rock material called boulder clay or till, all over the
landscape. On top of these ice age deposits, soils and vegetation have slowly
developed but at the same time the river network has re-worked these sediments
in valley bottoms. As the climate warmed, plant and animal life began to colonise
the landscape, and for thousands of years rivers might have had a large influence
on our first settlers who had moved north from mainland Europe. The earliest
Palaeolithic (old stone age) settlers would have been able to cross the English
channel on foot when sea level was much lower than today. The Mesolithic
(middle stone age) hunters and gatherers gradually gave way to the Neolithic
(New Stone Age) farmers. All would have encountered rivers as natural
obstacles. Later rivers became important routes into the centre of the country,
and as the human population expanded they became navigation ways and the
focus for settlement and trade. Navigable rivers provided a network through
lowland Britain, and as trade flourished in the eighteenth and nineteenth
centuries, artificial waterways were built to link the main systems (Figure 1.1.1).
These canals had their heyday during the industrial revolution in the eighteenth
and nineteenth centuries, feeding factories with raw materials such as coal, wool
and iron ore, and filtering manufactured goods such as cloth or steel, through to
estuaries and ports. Rivers and canals shared this important role in history for a
relatively short time: once the railways had captured most of the transport market,
canals began a century of decline.
River wildlife arrived soon after the ice age ended. As the huge ice sheets and
glaciers melted, a wide drainage system was established across Northern
Europe. Animals and plants could spread uninterrupted along these new
waterways, which were both fertile and free from competition. The initially rapid
colonisation of Britain slowed down when the sea finally channelled out the
Straits of Dover around 7 500 years ago during a period of rapid climate
improvement known as the ‘Boreal’. During the ‘climatic optimum’ (the warmest
climate we have had since the last ice age), mean temperatures in Britain were
higher than today. We then moved into the warm wet ‘Atlantic’ climatic period. By
this time most of the important elements of river life were already here. The
climate has worsened since then, passing from the warm and wet ‘Atlantic’ period
through the warm sunny ‘Sub-Boreal’ to the cooler wet climate of the ‘SubAtlantic’ which we know today.
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Figure 1.1.1: British Waterways (after Hopkins and Brassley, 1982)
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The impact of humans on the landscape has seen massive increases. Almost all
of the primary forest that blanketed Britain 6, 000 years ago was initially cleared
by successive Neolithic, Bronze and Iron Age cultures. Forest was cleared to
make way for agriculture among other things, and this has continued right up until
this century when at last we are beginning to see that we cannot go on clearing
forests and that we now need to re-plant them. Today, many rivers serve as
wildlife ‘corridors’ with trees on the banks which provide cover in which wildlife
can live and breed and use to migrate along.
In the recent past many species, the beaver for example, have become extinct.
To counter-balance this there have been new arrivals, either expanding naturally
or through accidental introductions by humans. When the first true canals were
built towards the end of the eighteenth century they provided a potential wildlife
habitat which was probably taken over by wildlife more as the use of canals has
declined since their heyday in the industrial revolution. The contrast between
rivers and canals is, on the one hand very marked: natural rivers can change
overnight into torrents of floodwater. This is contrasted by the relative constancy
of canal levels. However, some inland waterways have been specifically built as
drainage channels, and these can, at times, flood. Rivers generally flow quickly,
even in navigable lowland areas, while canal water makes slow progress, held up
by lock gates and the need to keep levels constant. In spite of these contrasts,
rivers and canals have a great deal in common and it is the differences, both
between them and within them, which have given rise to the diverse uses of rivers
and waterways for recreation purposes which we see emerging today.
1.1.2

Human Uses of Rivers and Canals

1.1.2.1 Early Use of Rivers and Canals
To the early settlers rivers were the way of reaching into the heart of the country.
They could also be boundaries, a flood hazard, they created barriers to travel and
may have been sources of disease. The benefits, which included a water supply
for stock and people, a source of fish (an important protein source in winter) and
the means of disposing of rubbish and sewage, must have outweighed the
problems. Gradually, settlements grew up by rivers, often at important fording, or
bridging points, or where they could be used for transport or power. This potential
for power was harnessed at first for corn mills and later in the eighteenth and
nineteenth centuries the huge mills of the Pennine valleys in Yorkshire and
Lancashire capitalised on the power of water for ‘fulling’ (cleansing and
thickening) cloth. River water was also controlled to supply water meadows to
produce grass for stock early in the year. Fords, bridges and the deepening of
pools were probably the first artificial interruptions to river flow. Later weirs, flood
banks and mill leats were built which allowed the flow to be diverted into channels
for traffic, or to prevent flooding.
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It is thought that the Romans improved on the existing river pattern by building
cuts such as Car Dyke, from Lincoln to Peterborough, and Foss Dyke from the
River Trent to the River Witham at Lincoln. Following the Roman effort it seems
likely that little happened over the next thousand years and the dykes probably
fell into disrepair. However, the fifteenth and sixteenth centuries saw a great
increase in works to improve river navigation. The major river systems were the
Thames, Severn, Great Ouse and Trent. The Severn was thought to have been
navigable to Welshpool in the sixteenth century and by the seventeenth century it
was a prosperous thoroughfare for coal and other manufactured goods such as
woollen cloth. In 1643 the Soar was made navigable and others such as the
Hampshire Avon, Wey Navigation and Great Ouse, were canalised. This often
just involved widening and deepening the waterway, while in others it required the
construction of flash or pound locks or reservoirs to maintain water levels. The
perfection of the flash lock (actually a movable weir, or barrage, across a river or
drainage cut) made it possible to dam and then suddenly release a mass of
water, thus allowing a shallow-draft barge to float over a minor obstruction.
Pound locks, the early versions of the locks we see in canals today, invented near
Utrecht towards the end of the fourteenth century, allowed commercial canal
transport by barge to develop on a major scale. The use of waterways increased
from an estimated 1 102 km of navigable waterways before 1660 to 1 866 km by
1724. River transport was much cheaper and more efficient than the use of
roads. One horse could draw two tonnes on the road, but could pull 50 - 100
tonnes on water, and the roads were rough, sometimes impassable in winter and
robberies were frequent. However, some of the problems associated with inland
waterways included water shortages (during dry spells some sections of river
became impassable), rights of passage, delays while bargaining for water and the
necessity to get goods and fuel to and from the nearest rivers. When cargo was
transferred to seagoing vessels near river mouths, the dumping of ballast formed
mounds and this, together with the constant need to dredge channels in the lower
courses of rivers, as well as the coming of trains, eventually led to a decline in
inland water-borne trade.
Some of the first canals used for navigation were constructed to bypass hazards
on otherwise navigable river courses; they linked different water levels above and
below falls or rapids. The complex engineering involved in canal construction and
operation rose steadily. Bigger locks were built, and large differences in water
level were overcome by constructing great lock staircases such as those at
Bingley on the Leeds and Liverpool Canal. Sometimes sudden changes in level
were overcome by the canal lift. In this procedure, canal barges were floated
onto a metal box filled with water. The box was then raised or lowered vertically
within a lift framework, the load being counterbalanced by a weight of water held
in an adjoining container, or lifted and lowered by the direct application of
electrical power. The Anderton lift in Cheshire is one such example. The first
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long distance canal was the Newry (30 km long) in Ulster, opened in 1742. Later,
the St Helens canal on the north bank of the Mersey, was completed in 1761.
By the time of the 1968 Transport Act, the network of waterways looked after
through the British Waterways Board (BWB), were classified into three groups:
(a) Commercial waterways 555 km (347 miles): to be maintained by the BWB in
navigable condition for use by commercial freight-carrying vessels,
(b) Cruising Waterways 1 738 km (1 086 miles): to be maintained by the BWB in
navigable condition for use by powered pleasure craft, eg. the Llangollen Canal is
a statutory cruising waterway,
(c) Remainder Waterways 835 km (522 miles): to be dealt with by the BWB in
the most economical manner possible, whether by retaining, developing,
eliminating or disposing of them.
1.1.2.2 Current Trends
We saw in Section 1.1 how the increased availability of the private motor car may
be an important factor in allowing recreationalists to visit rivers and waterways
more easily, and to transport their small boats with them.
Research was carried out for British Waterways (BW) to measure the number of
visitors and visits to canals in 1984, 1986 and 1989. The figures for 1989 are
given below together with figures for the Kennet and Avon Canal based largely on
1989 data:
Table 1.1.1: Visits to BW navigable waterways (source: Inland Waterways
Association, 1994)
Kennet & Avon Canal
Activity
Hire boating
Private
powered
boating
Restaurant/
trip boats
Canoeing
Other
unpowered
boating
Fishing
Informal visits
TOTAL

Visitors
(millions)
0.37

All canals
Visits
(millions)
0.4

Visits/
km/yr
160

Visits (millions)
0.005

0.57

2.1

820

0.06

0.62

1.1

430

0.08

0.24

1.4

540

0.53

2.8

1090

0.12

0.98
7.28
10.59

17.3
132.5
157.6

6700
52000

0.17
10.92
11.36
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The figures above are dominated by the informal visitors who make up 84% of all
visits to inland waterways (mainly canals, but some rivers too). Informal visitors,
however, tend to spend much less time, their visits typically last 1 - 2 hours,
whereas other activities last much longer. Informal visitors tend to be
concentrated at “honey pot” sites whereas other users tend to be more evenly
spread. The visit rate to a particular inland waterway will, of course, depend on
how attractive it is and on how many people live nearby. For example, the visit
rate for the Kennet and Avon canal (139 km in length) is 79 000 visits per
kilometre per year compared with the average for all canals (2570 km) of 50 000
visits per km per year.
1.1.2.3 How Far Do Visitors Travel ?
Some evidence for how far visitors travel to get to canals was obtained in the
Kennet and Avon study and in an earlier study at nine sites distributed across the
waterways system. The Kennet and Avon study gave an average distance
travelled by visitors of 18. 4 miles (29.6 km), with 9% travelling 7 miles (11.3 km)
or less. The earlier study gave an average of 4.7 miles (7.6 km), with 1 %
travelling more than 50 miles (80.5 km) and 61% travelling 1 mile (1.6 km) or less.
Visitors to the Kennet and Avon canal are clearly prepared to travel greater
distances: this may be due to the large number of attractive features on the canal
and the fact that by the second survey, ten years later, people had more money
available to spend on recreational visits. Both survey results show that
waterways are largely local recreational resources for informal visitors.
1.1.2.4 Numbers of Boats on Waterways
No comparable surveys have been carried out for recreational use of rivers, but
there is evidence to support the general impression that navigable rivers are more
intensively used than canals. The National Rivers Authority (NRA) (Thames) (the
NRA is no longer in existence and is now replaced by the Environment Agency,
EA) quoted a figure of 7 million informal visits to locks per year; this gives a rate
of 34 700 visits per kilometre per year on the 202 km of non-tidal Thames.
Allowing for visits to other lengths of the riverbank, the total visit rate is clearly
much greater than that for canals. Furthermore, there are 4 000 powered and
unpowered craft registered on the 470 km of BW rivers and 40 000 on the 800 km
of EA’s navigable rivers, an average of 35 boats per km. In comparison there are
18 000 boats licensed on BW’s 2400 km of canals, an average of 7.5 boats per
km. This may be sub-divided: powered craft 6.6 per km; hire craft 0.6 per km with
business and unpowered craft both 0.1 per km. The NRA figures include shortterm licences (which make up perhaps 20% of the total) but BW figures do not.
1.1.2.5 Rate of Growth in Recreational Use of Waterways.
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A measure of the rate of growth can be obtained by comparing the 1984 and
1989 figures, although the estimate is only approximate because of the dominant
effect of weather on outdoor activities. These give an annual growth rate of 2.5%,
but it should be remembered that this was a period of strong economic growth
when personal incomes were rising relatively rapidly. Considering other related
activities, those walking a distance of 3.2 km (2 miles) or more at least once per
month increased by 1.2% per year between 1977 and 1987; and the number of
rambling clubs affiliated to the Rambler’s Association increased by 2.3% per year
between 1975 and 1987. It may be concluded that informal visits to waterways
are probably increasing at 1.5 - 2% per year, which is probably slightly higher
than the growth rate for visits to urban and country parks. Thus, though there
may continue to be a small increase in boat numbers on canals and inland
waterways over the next 5-10 years, this is unlikely to be significant.
Figure 1.1.2 illustrates some of the many uses to which rivers, canals and inland
waterways can be put.

Figure 1.1.2: Some of the many uses to which rivers, canals and inland
waterways can be put (source: Richards, 1990)
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1.1.2.6 The Range of Recreational Uses of Rivers and Inland Waterways
This section outlines the main recreational uses to which our rivers and inland
waterways and associated land are put. Table 1.1.2 summarises these uses.

Table 1.1.2: Main Recreational Uses of Rivers and Inland Waterways.
Boat Uses
Canoeing
Inland Touring
Marathon Racing
Slalom Racing
Wild Water Racing
Rodeo/Freestyle
Sprint Racing
White Water Recreation
Canoe Sailing
Canoe Polo
Bell Boating
Rowing
Competitive Rowing
Recreational Rowing
Touring

Non-boat Uses
Angling
Art / Photography
Camping
Caravans
Dog Walking
Gorge Walking
Gun And Field Sports
Historic Conservation
Horse Riding
Jogging
Mountain Biking
Nature Study and Wildlife
Conservation
Orienteering
Rambling
Sightseeing & Picnicking
Sub-Aqua Diving

Sailing
Dinghy Sailing (Wet)
Windsurfing
Yacht Sailing (Dry)
White Water Rafting
Pleasure Cruising
Trail Boats
Narrow Boats
Broad River Cruisers
Other Pleasure Craft:
Rowing Boats
Pedal Boats
Gondolas
Dragon Boats
Skiffs & Punts

Commercial Freight
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Since the 1950s there has been a national growth in almost all water-based
activities, particularly in angling, canoeing and sailing, and although rowing has
experienced a gradual overall increase, current Amateur Rowing Association
(ARA) pilot participation projects, which include the National Rowing Programme
and its core programme, Project Oarsome, aim to attract more young people into
the sport (see section 2.1). Angling is estimated to be growing at a rate of 7%
annually. The Sports Council consider that sailing is entering an area where the
quality and appropriate location of facilities will be more important than an
increase in provision. The British Canoe Union (BCU) has experienced an
increase of 60% in its individual membership over the period 1980-1997.
However, it is estimated that only 25% of canoeists belong to the BCU;
nevertheless, it would not be unreasonable to state that the number of people
participating in canoeing has doubled over the past 20 years or so.
1.1.2.7 Towards Sustainable Recreational Use of Our Waterways
Waterways have always been an integral part of the way many people spend their
leisure time. Rowing, cruising, sailing and fishing have been popular water sports
for many years, but it is also for the aesthetic value that millions of people visit a
waterside environment while at leisure. Public houses, parks and footpaths
located along rivers, canals and on the seafront are honeypots for visitors who
just enjoy being by water.
The demand for countryside recreation, and in particular opportunities for waterbased recreation, is on the increase. Those who have responsibility for managing
the countryside now have to ask: ‘How do we satisfy recreational demands, while
at the same time conserve the countryside as a flourishing natural habitat, so that
the recreational visitors do not destroy the very things they come to enjoy ?’
This issue of ‘sustainability’ is one of the most important which the leisure and
tourism industries are having to consider at present. Achieving a level of
recreational activity that can be sustained by the natural environment requires
planning, management and monitoring. The first step in this process is to prepare
strategies which co-ordinate and guide the numerous, often conflicting, interests,
and to advise on the most appropriate course of action.
A sustainable strategy has been compiled for the River Thames. This valuable
natural resource is one of the busiest waterways in Europe. In a joint effort
between the National Rivers Authority (NRA, now the Environment Agency) and
the Sports Council undertook an in-depth survey, the report of which is entitled
‘Space to Live, Space to Play: A Recreation Strategy for the River Thames’,
(NRA, 1995). With a vast diversity of users who have different expectations,
achieving a sustainable level of recreational use on the River Thames, and many
other waterways in Britain, is a priority for all those involved in their management.
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1.2

How and Why Rivers Flow: An Introduction to River Hydrology

Some recreational uses of rivers, particularly white-water kayaking, rafting, rodeo
and play boating and recreational touring, require moderate to high river levels to
enjoy the sport. Some of the best upland rivers don’t reach such moderate to
high levels very often, and when they do it may only be for relatively short periods
of time. Large dams have been built on some rivers to store water in reservoirs.
This water can be released at times of low flow to maintain river levels or, by
arrangement it can be released at certain times for recreational users. Examples
of these will be examined in more detail Parts 2.1 and 2.2. An understanding of
how and why it rains, where most rain falls and how rainfall affects how rivers
flood is therefore useful to the small boat user for these reasons:
•

being able to access and understand weather forecasts at the right time will
allow the recreational user to understand when, where and how much rain will
fall,

•

an understanding of the relationship between rainfall and runoff will allow the
recreational user to plan and time river journeys appropriately and to be in the
right place at the right time to enjoy their recreation and minimise damage to
the environment.

1.2.1

Distribution of Water on Earth

All life on Earth depends on the presence of water which we can find naturally in
three states: solid (frozen as ice, snowflakes or hailstones), liquid (water, fog,
cloud droplets, rain) and gaseous (invisible as water vapour). Water on planet
Earth is contained in the hydrosphere, the Earth-atmosphere system that
extends some 8-16 km above the Earth’s surface and to about 0.5 km below it.
Water is readily available for life in the oceans where around 97.5% of all water
on planet Earth is found. The remaining 2.5% circulates over the land.
As Figure 1.2.1 shows, the amount of the world’s water available as freshwater
for drinking, or in our rivers available for recreational use, is very small indeed.
But life on land can only exist because water easily changes its state when
heated or cooled, through the processes of evaporation, condensation, freezing
and melting. What this all means is that water circulates around the planet,
between the oceans, the atmosphere and the land in what is called the water
cycle. Without circulation of this water, driven by the sun’s energy, rivers would
simply not flow. Rivers are natural watercourses that form the land-based part of
the global water cycle (Figure 1.2.2).
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Figure 1.2.1: The world’s freshwater resources as a proportion of planetary water
(accessed from https://unese.campusquotient.org/ 19/01/21).

Figure 1.2.2: The Water Cycle (after Clowes and Comfort, 1982)
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Rivers are one of the most important ways by which water finds its way from the
land, where it falls as precipitation, back to the sea. It is this ‘rainfall-runoff’ part of
the water cycle that most concerns the recreational user and we shall now
examine this in more detail.
The development of a river depends on there being a gradient on the land surface
and an adequate supply of water from rain, snowmelt, an overflowing lake or a
groundwater spring. Clouds form when moisture is evaporated from the Earth’s
surface. The vapour condenses on tiny invisible particles of dust or sea salt to
form small droplets that we see as clouds. Usually hills and mountains cause rain
bearing clouds to shed their rain by the rise in altitude (see Section 2.2.1 for a
more detailed explanation). The rain falls to the ground, moves downhill and
wherever hard or impermeable rock forms the surface, water may flow as a
sheet, picking up loose material (dust, soil or rock particles) as it goes. Once the
water reaches a more permeable surface the flow may join up into more distinct
rivulets. The force of the water combined with the debris being carried, will help
to gouge out less resistant rock and gradually a course or channel will develop.
This channel is usually called a stream when small (up to 4 m wide) and a river
when one or more streams have joined to make it larger, though there is not really
a generally accepted point at which a stream suddenly becomes a river.
Canals on the other hand, are defined as being artificially cut. However, many
canals have developed from rivers. Usually rivers or streams supply the water to
canals. The Llangollen branch of the Shropshire Union canal, for example, is fed
by water from the river Dee at the Horseshoe falls upstream of the town of
Llangollen. Some canals, such as the Soar in Leicestershire, use rivers as part of
the canal system.
1.2.2

Drainage Basins and Rivers: How Rivers Work

1.2.2.1 What’s a drainage basin ?
A drainage basin or catchment area, as it is sometimes known, is an area of
land drained by a river and its tributaries. Its boundary is marked by a ridge of
high land beyond which any precipitation will drain into the next adjoining
drainage basin. This boundary is called a watershed. A drainage basin can be
described as an open system which forms part of the water cycle (Figure 1.2.2).
When viewed as a system, the drainage basin has inputs, outputs and storage
points within it:
Inputs of
precipitation
(rain & snow)

Surface runoff, throughflow &
rivers
Snow, ice and groundwater

Rivers into
the sea
Evapotranspiration

34

Section 2.2 gives greater detail of the transfers or throughputs (processes) and
storage points within a drainage basin.
Figure 1.2.3 illustrates a drainage basin with the inputs, transfers, storage points
and outputs indicated.

Figure 1.2.3: Diagram to show the drainage basin with the inputs, transfers,
storage points and outputs indicated.
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Figure 1.2.4: Simplified view of a drainage basin water cycle (after Richards,
1990)
1.2.2.2

Where Does the Rain Go ?

When it rains, droplets of water reaching the ground surface will pass into the soil
by infiltration providing there are air spaces for it to pass into. When these air
spaces have been completely filled by water, the droplets will no longer be able to
pass into the soil. Providing the ground is sloping, water will flow over the surface
as overland flow until either it is able to pass into the soil further downslope or it
reaches a stream channel. Water which gets into the soil on a slope may move
downhill through the soil, either by moving from one pore space to the next, or by
entering natural soil pipes. This movement of soil water downslope is called
throughflow. If the underlying rock is porous or permeable, soil water may pass
into the rock by percolation. It may flow out at some later date through a spring.
The precise pathway which water follows affects the time it takes to get from
being rainfall back into the sea. Table 1.2.1 shows some possible pathways.
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Table 1.2.1: Water pathways through a drainage basin.
a FAST
ROUTE
rain
overland flow
stream channel
flows into sea

b MEDIUM
ROUTE
rain
infiltrates soil
throughflow
in soil
stream
channel
flows into
sea

c SLOW
ROUTE
rain
infiltrates soil
percolates
rock
flows out of
spring
into stream
channel
flows into sea

1.2.2.3 How Much Flow ?
The channel flow or output (j on Figure 1.2.3) of the drainage basin can be
measured at a specific point in the river. The amount of water flowing in the
channel at a particular point in time is known as the river’s discharge. This is
simply the cross-sectional area (shaded below) of the water flow in the channel
multiplied by it speed:
Discharge)
(m3 / s)

=

Speed x Cross-sectional area (shaded)
(m/s)
(m2)

Figure 1.2.5: Diagram to show measurements needed to estimate river discharge.
Let’s work out the speed first. A reasonable idea of how fast a river is flowing can
be gained by timing how long something floating takes to travel between two fixed
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points along the bank - say from A to B on the diagram. Measure the distance
between A and B in metres (though this could be done quite accurately by
counting how many 1 m paces), then time (in seconds) how long it takes a small
drifting object, (like the kayak in the picture) to travel the distance between A and
B.. Plate 1.2 shows some students using an orange for this exercise.
You can then calculate the speed like this:
distance (metres)
Speed (in metres per second)

=
time (seconds)

Let’s say, using the example in the picture, that it took the kayak 2 minutes (120
seconds) to drift the 50 m from point A to point B. Then we can work out the
speed for the river:
50 (m)
Speed =

=

0.42 metres per second

120 (s)
We can change this to km per hour. There are 1000 m in one km so to change
50 m to km divide it by 1000 = 0.05 km. There are 60 x 60 = 3600 seconds in one
hour, so divide 120 seconds by 3600 to convert it to hours = 0.033 hours. Now do
the calculation again:
0.05
=

1.5 km per hour

0.033
In this example the river is flowing quite slowly and you could quite easily walk
faster than this, say at 4 km per hour.
Now let’s work out the cross-sectional area. This can be done as follows:
Cross-sectional area (m2)

=

width (m) x average depth (m)

If you have a small boat the width can easily be measured with a tape measure or
even just a long piece of string as shown in Figure 1.2.6.
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Figure 1.2.6: Measuring river width.
Let’s say the width of this river is 20 m exactly.
To measure depth, tie a weight onto the end of your piece of string so that it can
be lowered into the river until it touches the bed. Once the weight is on the bed,
pull the string tight and pinch the point where it breaks the water surface. You
can then draw it out and measure off the length of string that was submerged
against a metre rule or tape measure. You can make the job a little easier by
marking your string every 10 cm with a waterproof marker and stick a piece of
tape every metre. In Figure 1.2.7 the kayaker is measuring the depth at 6 evenly
spaced points across the river as s/he moves from point A to F.

Figure 1.2.7: Measuring river depth.
We now have six evenly spaced depths across the river. In this example the
depths in m are:
A = 0.8; B = 1.5; C = 1.5; D = 1.5; E = 1.5; F = 0.7
So, we work out the average depth by adding up these depths and dividing by the
number of depths, like this:

39

Average
depth

0.8 + 1.5 + 1.5 + 1.5 + 1.5 + 0.7
=

7.5

____________________________

= ____

6

6
= 1.25 m

You will remember that the width of the river was 20 m. So, we can now work out
the cross-sectional area of the river at this point:
Cross-sectional area (m2)

=

width (m) x

=

20 x 1.25

=

25 m2

average depth (m)

Now we know the cross-sectional area and the speed, we can go ahead and
calculate the discharge:
Speed
(m/s)
0.42 m/s

x
x

Cross-sectional area
(m2)
25 m2

=

Discharge
(m3 / s)

=

10.5 m3 / s

So, it is possible to estimate the discharge of a river using simple equipment and
a small boat, which is fairly manoeuvrable like a kayak, open canoe or rowing
boat. If you don’t have a boat available, and the river is deep, then try to find a
bridge. You can then measure the width of the river along the bridge and the
depth could be measured from the bridge also by lowering your weighted piece of
string from the bridge. Then it will be more difficult to mark the point where the
string breaks the water surface - so fixing different coloured pieces of tape at
known distances along the string may help here.
At various points in river you may see stage boards installed by river engineers
to help them to assess the river level easily. You could perhaps get permission to
install your own (usually from the Area Environment Agency Office). Later, we
shall see how the discharge of rivers can be continuously recorded.
Once you have mastered this technique you can then begin to conduct a range of
investigations to find answers to some of these questions:
Does the width of the river always increase on going downstream ?
Does the depth of the river always increase on going downstream ? Is the depth
across the river always even ?
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How do depth and speed vary on river bends ?
By how much does the discharge increase on going downstream ?
By how much do the speed, depth, width and discharge vary over time ? What is
the highest the stage reached ? What is the lowest ?
By finding out the answers to some of these questions you will be beginning to
understand how a river flows, how it responds to rainfall and what are its
extremes. In Part 2.2 we will investigate these matters further and look at how
records of river flow are kept, and how they may be used for river management
purposes.
The changing cross-sectional area of a river may be monitored by a river gauging
station. Plates 1.3 – 1.5 show photographs of structures used to measure river
discharge.
River users will almost certainly have come across such structures. Though
some have been specifically built for the purpose of gauging flow, others date
back to times when rivers were used much more than today for transporting
goods. Weirs were built in order to hold the flow back and make the river deep
enough for transport boats. Chester weir is one such example from Norman
times. Such stone, concrete or metal structures in the channel usually present a
hazard to the small boat user and in most cases a portage will be necessary in
order to pass by safely.
The cross-sectional area of the river at the flow structure is measured, and the
change in cross-sectional area as the river level (or stage) rises and falls is
monitored almost continuously. Today, a variety of instruments are used to do
this. Some, such as a pressure transducer, work on pressure changes near the
river bed. As the river stage rises, the pressure near the bed increases and this
change is logged in a data logger, typically every 15 minutes. However, as rivers
rise, not only does their cross-sectional area increase, but their average speed
may also change. Thus, gauging station operators also need a good knowledge
of how speed and cross-section area are related. This is normally a simple linear
relationship obtained by measuring the speed of flow at many different river levels
and plotting them on a graph known as a ‘rating curve’ shown in Figure 1.2.8.
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Figure 1.2.8: The relationship between river stage and speed. A rating curve.
Using this relationship, river hydrologists are then able to estimate the crosssectional area of the river and its speed continuously. They can therefore work
out the continuous discharge which tells us how much water is flowing in the river
at any time over the whole period over which records have been kept.
1.2.2.4 Rainfall-runoff response
If water takes the fast route (see Table 1.2.1) where the rain does not infiltrate the
soil, and provided the rainfall is heavy and continuous, flooding of the river may
well result. For a canoeist wanting to paddle in the white water upper reaches of a
river, then these are usually the ideal rainfall-runoff conditions.
A river that rises rapidly has what is known as a ‘flashy’ regime - it rises and falls
relatively quickly. The rainfall-runoff response is rapid as shown in what is called
the storm hydrograph (see Part 2.2.4). Figure 1.2.9 (a) shows a hydrograph
where water takes the fast route. Water taking the medium route may produce a
storm hydrograph as in Figure 1.2.9 (b) and water taking the slow route may
cause a very slow rise in the hydrograph as in Figure 1.2.9 (c). In fact, the portion
of the streamflow below the dashed line, known as baseflow, is maintained by
soil throughflow and groundwater when it doesn’t rain.
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Figure 1.2.9: Storm hydrographs for (a) fast, (b) medium, and (c) slow runoff
pathways in a drainage basin. Q = discharge, t = time.
It may be obvious by now that the pathway that the water takes will depend firstly
on whether or not it can infiltrate the soil surface, and secondly whether or not it
can percolate into the bedrock.
The rate at which rainfall can infiltrate into the ground surface is known as the
ground’s infiltration capacity (IC). Different land uses and ground surfaces have
different infiltration capacities. For example, a well dug dry flower bed will have a
high IC, an agricultural pasture may have a moderate IC whereas a tarmac road
will have a low IC, probably near to zero. Part 2 gives more details on this and
Table 2.2.1 shows some typical ICs. Thus, the land use in the catchment area
surrounding a river will have quite an influence on infiltration rates and in turn how
rapidly a river rises following rain. Other things which can affect this relationship
include:
type of precipitation: prolonged rainfall will eventually cause the ground to
become saturated and infiltration is replaced by surface runoff. Storms may
produce rainfall that is so heavy that the rate at which water is reaching the
ground surface may be greater than the rate at which the ground can absorb it. In
this case the excess water will rapidly become surface runoff and this will produce
rapid rises in river levels. Heavy snowfall means that water is held in storage and
river levels drop. However, as temperature rises then the meltwater soon
reaches the main river. It is possible that the ground may remain frozen for some
time and so melting snow enters the ground. Some of the most severe flooding in
Britain has been caused by snowmelt.
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basin size and shape; if a basin is small it is likely that it will reach the main
channel more rapidly than in a larger basin where the water has much further to
travel. Lag time, the time between the peak rainfall and the peak discharge in
the river, will therefore be shorter in a small basin. A more circular basin will have
a shorter lag time because all points in the basin will be roughly equidistant from
the gauging station, whereas in an elongated basin it takes longer for water from
the extremities of the basin to reach the outlet (see Figure 1.2.10).

Figure 1.2.10: Travel times for water falling on different shaped drainage basins.
GS = gauging station where river flow is measured. Lines show time (in hours)
for rain falling in the basin to reach the gauging station.
steepness of slopes: in mountainous catchments where slopes are steep water is
likely to reach the river more quickly.
temperature: extremes of temperature can restrict infiltration (frozen ground in
winter, hard dry ground in summer) and thus increase surface runoff.
land use: vegetation intercepts rainfall and stores moisture on its leaves and
branches before it evaporates back into the atmosphere. This may help to
prevent flooding as less water will reach the streams and rivers. Dense forests
can intercept up to 80 per cent of rainfall (30 per cent of which may later
evaporate), whereas arable farmland may only intercept 10 per cent. Such
interception may be less in winter in Britain when deciduous trees lose their
leaves and crops have been harvested leaving bare earth. Vegetation, especially
trees, also takes up water from the soil through roots and so reduces throughflow.
The effect of mature coniferous plantation forest on runoff in the headwaters of
the river Severn compared with the moorland river Wye is discussed in Part 2
(Section 2.2.4).
urbanisation, the building of towns and cities, has increased the flood hazard
since water cannot infiltrate through tarmac and concrete. Gutters, drains and
culverts carry water as quickly as possible to the nearest river to reduce flood
risk in urban areas. Small streams may be canalised so that friction is reduced
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and water flows away faster. However, this may, in some cases, only move the
flooding problems further downstream !
rock type (geology): rocks which allow water to pass through them are said to be
permeable. Some rocks such as chalk contain numerous pores which can fill
with and store water. These are called porous rocks. Other rocks such as
limestone allow water to flow down cracks called joints or along bedding planes.
These rocks are said to be permeable. Both of these rock types allow water to
percolate into them so there is less surface runoff and a limited number of
streams. In contrast, impermeable rocks such as granite, do not allow water to
pass through them and so they produce more surface runoff and many streams.
soil type: this controls the speed of infiltration, the amount of storage and the rate
of throughflow. Sandy soils with large pore spaces allow rapid infiltration and do
not encourage flooding. Clay soils, on the other hand, have much smaller pore
spaces and the particles sometimes swell up when wetted. This reduces
infiltration and throughflow but encourages surface runoff and increases the risk
of flooding.
drainage density: this refers to the number of streams in a given area. The
density is highest on impermeable rocks (like granite) and clay soils and lowest
on permeable rocks (like sandstone, limestone and chalk) and sandy soils. The
higher the drainage density, the greater the chance of flash floods - a sudden rise
of water in the river. In some British rivers such as the Findhorn, in NE Scotland
for example, the rise in the hydrograph has been so sudden that witnesses have
observed a ‘standing wave’ of water advancing down the river !
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1.2.2.5

River Energy and Work

The amount of water reaching the river, and flowing in it, is very important, as it
affects the amount of energy the river has to do work (Figure 1.2.11):

Figure 1.2.11: River energy: the sources of the energy and how it is used.
A river’s energy depends on the volume of water, its speed and the height of the
river above sea level. In simple terms we can say that this energy will mainly be
used to overcome friction with the bed and the banks. In some rivers this may
use 95% or more of the river’s energy. Any energy left will be used to carry
material and to erode the bed and banks. Figure 1.2.12 shows some of the
processes of river erosion.

Figure 1.2.12: Some of the processes of river erosion (source: Richards, 1990).
This is discussed in more detail in sections 2.2.6 and 2.2.7.
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1.2.2.6 Landforms produced by rivers
Figure 1.2.13 shows some of the features produced by rivers.

Figure 1.2.13: Some of the features you might expect to find along the course of a
river (source: Richards, 1990)
The general location along the river course where these features may be seen is
indicated. The movement of water along a river channel is a very complex
subject and the various processes involved lead to a great variety of physical
landforms that can be seen in river basins of all scales throughout the world.
River courses may be conveniently divided in an idealised way into three main
sections: the upper, middle and lower (see Figure 1.2.14).
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Figure 1.2.14: Upper, middle and lower courses of a river (source: Doherty and
McDonald, 1992)
Plate 2.7 shows the Allt Mor in the Cairngorms, a typical Scottish river in its upper
course. Plate 2.8 shows the middle course of the River Tay at Grand Tully, and
Plate 2.9 shows the lower course of the River Forth near Stirling in central
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Scotland. In the idealised upper course, the narrow V-shaped valley is
characterised by the presence of interlocking spurs, rapids and small waterfalls.
In the idealised middle course, the river channel is much wider and the river flows
between rounded hills. The river begins to meander as it hits flatter country. In a
meandering stream the water flows in a corkscrew path as the water tends to be
flung to the outside of the bends and to compensate for this a return flow
develops over the stream bed towards the inside of the bends (see Section 2.2.6
for more details). The river profile in the middle course often consists of a series
of steps as hard rock bands may inhibit the river's efforts to form a smoothly
curving graded profile (as illustrated in section 2.2.1).
In the lower course the river channel reaches its maximum width and maximum
sinuosity (the number and width of bends). Meanders can migrate a few metres
downstream every year by continuous erosion from the outside of the bend with
deposition on the inside of bends. In this way the floodplain alluvium is
transported downstream. The lower course is characterised by floodplains, oxbow lakes, and levees. Floodplain sediments may be cut through by the river
and may form steps or platforms on the valley sides called river terraces (see
section 2.2.10).
So, we have seen how a number of things can affect the rainfall-runoff response
in any particular drainage basin. A basic knowledge and understanding of these
is important to the river user because:
•

we will be better placed to predict and understand when river levels will be up
or down, and this can help when choosing a suitable river for a particular
recreational pursuit since an understanding of the way a river flows and how it
responds to rainfall and snow melt can be useful in planning your visits to the
river in question,

•

we can better understand the likely effects of different land and river
management practices on the river hydrology and runoff response, so that as
recreational river users we can make informed decisions about our rivers and
inland waterways in future.
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1.3

An Introduction to Living Things in Rivers and Inland
Waterways

1.3.1

What’s in River Water ?

Planet Earth differs from other planets in our solar system in that we have water.
Oceans covers over 70% of the Earth’s surface, but in terms of volume only about
2.5% of the planet’s water resource is freshwater. Of this freshwater, almost all of
it is held either as ice and snow in ice sheets, ice caps and high mountain
glaciers, or as groundwater in porous or permeable rocks. This leaves only 0.3
% (or 0.008% of all water on Earth) as ‘biological’ freshwater (i.e. in rivers, canals
and lakes on the surface). Nevertheless, there is a large annual turnover addition and loss, inflow and outflow - from this ‘pool’. On average these surface
fresh waters are replaced in days or months compared with residence times of
thousands of years for the oceans.
The other more obvious difference between the freshwater of rivers and canals
and that of the oceans is the salt content of the water. Sea water has around 35
g of salts in every litre, whereas in freshwater this is normally less that 0.1 g per
litre. This is because water flows into the oceans but leaves only by evaporation:
whilst some salts are precipitated (solidify out), those dissolved in the in flowing
water have been concentrated over time. As well as being made up of water
molecules (hydrogen and oxygen), natural water contains a range of other
chemicals which are picked up from the air (as rain falls), or from the surface of
vegetation or dissolved from the soils and rocks of the Earth’s surface. Table
1.3.1 gives concentrations of some of the most common ions in natural waters.
Table 1.3.1: Concentrations of some of the most common ions in natural waters
(after Moss, 1988).

Ions
+
Sodium (Na )
+
Potassium (K )
++
Calcium (Ca )
++
Magnesium (Mg )
Chloride (Cl )
-Sulphate (SO4 )
Bicarbonate (HCO3 )
1

Fresh water (Barton
1
Broad, UK )

Sea water

2.1

475

0.23

10.1

2.8

10.3

0.46

54.2

2.4

554

-

28.6

3.4

2.4

data from Moss (1983);

2

Average
2

data from Moss (1988)
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Despite the major differences in residence times and salt content between
surface freshwater and oceans, there are some remarkable similarities in terms of
the variety of life. Water, as a medium in which to live, is so different from air that
its properties and the problems organisms have to overcome in order to live in
water will be emphasised in this Section.
1.3.2

How Life in Rivers Developed

There seems to be little doubt that life started in water, but no certain evidence
that the water was initially fresh or salt. The earliest fossils are of microorganisms - like bacteria and blue-green algae - which we know must have at
least a covering film of liquid water to stop them drying out. Representatives of all
the earliest organisms are found in both the sea and fresh waters. However, it
does seem clear that the first animals which possessed more than one cell began
life in the sea, whereas some plants started life in the sea, while others did so on
the land.
The pattern of where plants and animals live along canals and rivers may
sometimes seem haphazard, but there are various reasons why a particular
species is present or absent. As a general principle, the basic need for animals,
either directly or indirectly, is the presence of plants for food, shelter and breeding
sites. The more diverse the habitats and vegetation the greater the variety of
small animals there will be.
As was stated in Section 1.1.1 earlier, river wildlife arrived shortly after the ice
melted and the melt-water established a wide drainage system across Northern
Europe and animals and plants spread along these new waterways. When the
sea finally flooded the Straits of Dover during the climatic optimum around 7,
500 years ago (when average temperatures were warmer than today) the rapid
colonisation of British rivers ended and Britain became an island. Human impact
on the landscape has steadily increased and certainly many species, such as the
beaver for example, have become extinct in quite recent times. To counterbalance this, there have been new arrivals, either expanding naturally or through
accidental introductions by humans (such as the mink described in section 2.3).
1.3.3

Things Which Affect Plant and Animal Life

The factors that affect plants and animals that live in streams, rivers and canals
can be divided into two groups. One group covers those aspects of the physical
and chemical environment around us and are called abiotic factors. The other
group concerns the animals and plants themselves who compete with each other
for space, food, light etc. and these are called biotic factors. These are dealt with
in turn below.
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Abiotic Factors
1.3.3.1 Flow
Sometimes also called the current, the speed and type of flow in a river can
favour or eliminate certain plants or animals. For example, the upland sections of
a river tend to be steeper and often rainfall is higher. Here the flow is fast in
places and varies greatly over short distances. Further downstream, the
construction of weirs creates a locally faster flow, and canal locks can do the
same when in use. These fast-flowing sections may contain plants and animals
not found elsewhere, such as certain kinds of moss.
Fast flowing sections of rivers tend to have a high proportion of mosses and
liverworts with few, if any, flowering plants. This is because mosses and
liverworts are small and grow close to the bed of the stream which makes it more
difficult for the current to dislodge them. The variety of flowering plants usually
increases lower down rivers where the flow is slower. Section 2.2.6 shows how
flow is usually fastest near the surface in the middle of the channel (where it is
straight) and on the outside of bends.
1.3.3.2 Nature of the bed
The nature of the bed or substrate - whether it is rough or smooth, will affect the
living creatures that can exist. One of the greatest differences between canals
and rivers is the nature of their bed. Canals tend to have relatively smooth silt
and clay linings whereas river beds may vary from smooth rock through cobbles
and pebbles to sand, silt or clay as the river goes from source to sea. Both the
rock type and nature of the flow will affect the bed material. Fast flow will tend to
transport pebbles, knocking them together, breaking and rounding them as they
move down the river. Some parts of rivers, such as the inside of meander bends,
tend to favour deposition of bed material. Other areas, such as the outside of
meander bends where flow is fastest, tend to favour erosion.
Mosses tend to grow on rocks, because if they grew on silt or mud they would be
constantly buried. On the other hand, taller flowering plants favour silt or mud
beds, because there are more nutrients available and in more mobile coarser
sediments, plants with tall stems are more likely to get broken. Greater amounts
of silt or suspended sediment carried by a river can reduce the number of snails,
water lice and other tiny creatures that live on or in the river bed.
1.3.3.3 Channel width and depth
Width is not as important as depth in affecting the animals and plants that
colonise an area. The shallower a stream or river, the more the light can
penetrate the water (unless the suspended sediment content is high). On the
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other hand, it may be more likely to dry out in summer. Some plants, like
common reed, cannot grow under water, whereas sweet-grass can grow
submerged or emergent. In some disused canals the depth can be reduced
gradually by silting and build-up of dead plants until it is more or less filled up
completely with plants and no open water remains. This is less likely to happen in
rivers though, because floods tend to erode and wash away silt regularly keeping
the channel clear. Animals, less dependent on light than plants, can exist at
much greater depths.
1.3.3.4 Light
Water reflects light at the surface and only absorbs the red part of the light
spectrum that gets through causing everything below about 3 m to have a bluish
tinge. Because red light is important for photosynthesis, the process by which
plants make their food, plants tend to grow in shallow water, though in very clear
water they can grow at depths of up to 10 m. Some plants, like water lilies,
overcome this problem by having floating leaves. The amount of light is affected
by the turbidity (suspended solids content), discolouration (caused by peat for
example) or pollution (see Sections 1.4 and 2.4).
1.3.3.5 Temperature and Oxygen
The temperature of water and its oxygen content are linked, and best dealt with
together. Because oxygen is relatively insoluble in water and the solubility
decreases as the water gets warmer (within limits), higher temperatures will
generally speed up plant growth although the oxygen supply may decrease.
Invertebrates cannot regulate their body temperature so it varies with that of the
water. Therefore, they occur in greater numbers in summer and some pass the
winter as inactive stages such as eggs or pupae. The upper reaches of rivers
tend to have colder water, but a lot of turbulence, which increases oxygen
absorption. Lower down the river the temperature tends to be higher, the water is
smoother, and there is a breakdown of organic matter and a higher plant and
animal population, all combining to lower the oxygen level. Canals are slower
moving and generally have even less oxygen. Where pollution is high,
particularly where sewage or farm effluent gets into rivers, a lot of oxygen is
used up in the breakdown of organic matter. Once oxygen levels drop to very low
levels, only blood worms can survive in large numbers and gradually other
organisms such as plants and fish die (see Section 1.4).
1.3.3.6 Nutrients
In the freshwater environment nutrients are chemical compounds such as nitrates
and phosphates which are necessary for healthy plant growth. More chemical
compounds will dissolve in water than in any other natural liquid. Section 1.3.1
outlined some of the chemicals which natural water contains. Generally, there is
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a natural process of enrichment called eutrophication, from the source of a river
to the sea. These nutrients come from a variety of sources: some are washed in
on soil and silt from the land surrounding the river; some fall in as leaves and
dead plant matter; some are dissolved out of the rock over which the river flows.
The upper reaches generally tend to be nutrient-poor (oligotrophic) but as more
are added to the river from runoff, dissolving of the bed rock, deposition of silt,
and the breakdown of dead plants and animals, the water becomes richer in
nutrients. Many plants which live in rivers absorb nutrients from the water through
their leaves and stems as well as through roots. It seems likely that nutrient
levels in rivers are rarely limiting for plants and although they may stop growing,
they do not die. The various physical and chemical qualities of rivers and canals
combine and interact to provide habitats for plants and animals.
Biotic Factors
1.3.3.7 Competition
The distribution of plants and animals in rivers is not only determined by their
tolerance to the above abiotic factors. Biotic factors are also involved. For
example, the presence of the right type of food, the space and the presence or
absence of other competitive species. Clearly, consumption by one species will
reduce the amount of resource available for others. The species which is less
efficient at turning the resource (e.g. food) into more of its own species (by
reproduction) will eventually die out and become extinct if there is competition
with other species.
1.3.3.8 Human interference
Finally, management interference and in some cases mis-management by
humans can overcome all of the above factors to a greater or lesser extent. For
example, construction of reservoirs and weirs will change the river’s flow, width
and depth and sediment load, which in turn may alter the distribution and types of
animals and plants. Planting or felling trees on a riverbank may alter the amount
of light reaching the water. The shading effect of overhanging trees can alter the
river’s temperature, in turn affecting oxygen levels. Dredging of silt and sediment
from the bottom of rivers and canals can totally alter the nature of the bed
allowing new species to colonise rapidly. The addition of sewage or farm effluent
to a river can add so much organic matter that the extra oxygen used up in its
breakdown can lead to the death of fish and other animals. Section 1.4 deals with
management of rivers and canals in more detail.
1.3.4

Introducing Freshwater Plants and Animals

This book does not aim to describe all the plants and animals you are likely to see
on, around, or in the rivers and inland waterways of Britain. There are plenty of
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keys and guides that are specifically dedicated to helping you to find and identify
such plants and animals. These are given in the further reading sections at the
end of Part 1 and Part 2. Part 1 explains how plants and animals may be
classified, how they are named and introduces the various stream and river
habitats where you are likely to find them. Part 2 describes the common plants
and animals you may find and explains how some of them are adapted to life in or
around rivers. This book will deal mainly with the plants and animals that you are
likely to see with the unaided eye - though a simple magnifying glass will be
useful for a closer look at some of them. Sometimes reference will be made to
smaller organisms if they are thought to be of interest.
1. 1.3.4.1

Plant Groups

Plants make their food by photosynthesis. The green colouring in plants is called
chlorophyll and this enables plants to absorb energy from sunlight and use it to
combine carbon dioxide (from the air) and water (from their environment) to make
sugar and all the other substances they need for food.
Sub-divisions of the plant kingdom are:
1.

Spore producing plants (non-flowering plants)
(a) Algae
(b) Liverworts and Mosses
(c) Ferns

2.

Seed-bearing plants:
(a) Conifers
(b) Flowering Plants:
(i) Monocotyledons (parallel veins in leaves)
(ii) Dicotyledons (branching veins in leaves)

We shall now consider the basic characteristics of each group in turn.
1. (a)

Algae

Seaweeds are the largest algae but they are quite simple structures with no
proper roots, stems or leaves. In the freshwater environment, however, some of
the simplest algae are single-celled and cannot be seen without a microscope.
They can turn water ‘pea-soup’ or bright green in colour. Larger ones are
filamentous and form slimy growths or tough mats in ponds, ditches, rivers and
canals.
1. (b)

Liverworts and Mosses

Liverworts are small, flat, green plants, usually growing close together in very
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moist, shady places such as in the mouths of caves or on a stream bank near the
water-line. Some can look like small, overlapping, strips of dark green cabbage
leaf stuck to the rock or the bank. Liverworts have no stem and their 'roots' are
only single cells like root hairs.
Mosses are familiar as green, cushion-like growths seen on walls, roofs and at
the base of tree-trunks in woodland. Each ‘cushion’ is made up of hundreds of
separate plants. Each moss plant has a slender stem with simple, tiny,
overlapping leaves.
Mosses and liverworts produce microscopic reproductive spores and the capsules
which contain these spores can often be seen sticking out of the tops of the plants
(see Plate 1.6). The capsules will break open, releasing the spores.
1. (c)

Ferns

Bracken is probably the most widespread and familiar type of fern. Ferns are
usually found in shady damp woods, gardens or on shady banks. Many ferns
have underground stems as well as roots and large well-developed leaves.
These contain water-conducting tissues that are connected to the roots and stem.
The spores are produced in special structures under the leaves.
2. Seed bearing plants
All the plants described so far reproduce by single-celled spores. The most
familiar plants, however, reproduce by seeds, which are made up of many cells
and contain a tiny embryo plant as well as a store of food for the early growth of
the seedling.
2. (a) Conifers. These are seed bearing trees but the seeds are produced in
cones. The leaves are usually small and often needle-like. Examples are pine,
larch, spruce and cypress.
2. (b) Flowering plants. These produce their seeds from flowers. There are
two main groups:
(i) those with parallel veins in leaves are called ‘monocotyledons’, which
means that the seeds of these plants contain only one cotyledon (or food
storage organ). All the grasses, including the cultivated grasses, such as
wheat, barley and maize are in this group. So are some of the plants that
have bulbs or other underground storage organs; for example, daffodils,
bluebells, tulips, crocuses, irises, lilies, onions and leeks. The leaves can
usually be recognized because the veins run parallel to each other down
the length of the leaf and in many cases the leaves are narrow and long,
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(ii) those in which the leaf veins form a network branching from a midrib
are called ‘dicotyledons’. The seed contains two cotyledons. This group
includes all the flowering plants not mentioned so far; the garden flowers
and wild flowers (herbaceous), shrubs and trees (woody). Their leaves
are broad and net-veined, that is, there is usually a large middle vein with
other veins branching from it to make a visible network.
1.3.4.2

Animal Groups

All animals get their food by eating plants and/or other animals. Most animals are
able to move freely. The animal kingdom is divided into several main groups,
called ‘phyla’ (pronounced 'fila'; singular = phylum), six of which are listed next:
Cnidarians
Platyhelminthes
Annelids
Molluscs
Arthropods

Crustaceans
Insects
Arachnids
Myriapods

Vertebrates

Fish
Amphibia
Reptiles
Birds
Mammals

The vertebrates are animals that have a skull and a backbone (vertebral column).
All the other groups are sometimes referred to as 'invertebrates', that is, animals
without backbones. Although this is a convenient description, it is not really a
proper subdivision of the animal kingdom. We shall now look at each phylum in
turn:
Cnidarians
Cnidarians (pronounced 'nid-air-ians') are sea anemones, corals and jelly-fish.
They nearly all live in the sea, but some, called Hydra, do live in freshwater, and
they live by attaching themselves to an object and catching food with their
stinging tentacles. They are difficult to see in rivers with the naked eye.
Platyhelminthes
The flatworms that live in ponds and streams are usually about a centimetre long
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or less. They are found under stones or under the floating leaves of pond plants
and they glide about by means of the movements of the cilia that cover their
bodies. Some members of the flatworm phylum are parasitic. Tapeworms live in
the intestines of vertebrates and absorb the digested food there. Flukes are
parasitic flatworms; some of them cause tropical diseases in humans and others,
such as the liver flukes, cause diseases in animals. They are found in ponds and
streams and some are fairly tolerant of pollution.
Annelids
Annelids are worms with tubular bodies that are divided up into segments (rings).
They also have fine bristles that help them grip the soil or sand, or help them to
swim. Earthworms are annelids; other examples include lugworms and bristleworms living on the sandy coasts between tide marks. In the freshwater
environment true worms such as the red Tubifex worms (which have haemoglobin
in their blood similar to humans) are found in silt and mud and are good indicators
of organically polluted water.
Molluscs
Snails and freshwater limpets have only one shell but swan mussels and pea
cockles have a shell in two hinged sections and are called bivalves. Slugs have
an internal shell. All have a foot. This is the structure on which they creep along
or which holds them on to a rock. About 15 kinds of snail live in the wetlands of
the British Isles. Some are adapted land-dwellers, some are aquatic and several
are truly amphibious.
Arthropods
These animals have a hard, jointed, skeleton like a suit of armour outside their
bodies. They also have jointed legs and antennae ('feelers'). Their bodies are
made up of segments and are usually clearly divided into three regions called
head, thorax and abdomen.
(a) Crustaceans include shrimps, crabs, prawns and woodlice. They all have
more than six legs (e.g. crabs have ten).
(b) Insects have six legs, a body in three segments, and, in most cases, one or
two pairs of wings. Most of the animals you come across will probably belong to
this huge group. Many of them will be the nymphs or larvae of flying adults.
Insects can be divided into two sub-classes based on their life cycles. Flies,
beetles, butterflies, wasps and earwigs are examples of insects. Insects such as
fleas and lice are thought to have 'lost' their wings in the course of evolution.
(c) Arachnids are water spiders, water mites and land spiders. They have eight
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legs and a body in two segments.
(d) Myriapods. The name means 'many feet' and the group consists of
centipedes and millipedes.
Vertebrates
These animals all have a vertebral column ('backbone') and a skull. There are
five classes:
(a) Fish live in water and have streamlined bodies covered with scales. They
have fins and breathe by means of gills. The common fish include barbel, bream,
bullhead, chub, dace, eel, grayling, gudgeon, lamprey, loach, minnow, perch,
pike, roach, rudd, salmon, sticklebacks and trout..
(b) Amphibia are frogs, toads and newts. They have four limbs and
smooth moist skins without scales. They spend much of their time on land but
they can live in water and most of them have to return to water to lay their eggs.
On land they breathe with lungs. In water they can breathe through their skin.
Examples which you could see on shallow, sheltered and well-vegetated parts of
rivers and canals include great crested newt (warty newt), smooth newt (common
newt), palmate newt, common toad, natterjack toad and common frog.
(c) Reptiles also live on land but their skins are dry and covered with scales.
They lay eggs with leathery skins and they do not have to breed in water, like the
amphibians. Most lizards have four limbs, but some, like the slow worm and
snakes, have no limbs. You are most likely to see reptiles when they are basking
in the sun in spring (mid-March to May) when they have emerged from their
hibernation. Those you could see include sand lizard, viviparous lizard (common
lizard), slow worm, grass snake, smooth snake and adder (viper).
(d) Birds are 'warm-blooded' vertebrates. They have feathers, wings and beaks
and they reproduce by laying eggs. The most common examples you will see on
or around rivers include: coot, dipper, grey heron, grey wagtail, mallard, moorhen
and mute swan. Others such as little grebe, great crested grebe, garganey,
goosander, kingfisher, red breasted merganser, sand martin and teal may be a
little more difficult to see.
(e) Mammals are vertebrates that are also 'warm-blooded' but their bodies are
covered with hair. Their young are born 'alive', rather than hatched from eggs,
and are suckled on milk. The water dwelling mammals you may see on rivers
include otters, mink, water voles and water shrew. Other mammals that may visit
the river environment include Daubenton bat, fox, mole, polecat, rat and weasel.
1.3.4.4 Naming Plants and Animals
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'Common' names have been used when they exist but not all organisms have
one. A plant or animal may also be known by several different common names.
Scientific names, which are always given following the common names if they
exist, are understood universally. Do not be put off because they are in a form of
Latin - gardeners use them all the time, often without realising it (Primula, Iris and
so on)! They consist of two words printed in italics, the first always has a capital
letter and is the genus (plural genera) and is a group of closely linked species.
The genus name corresponds to our surname in the human community; the
second (no capital) is the species, (the plant or animal itself) and, like our
Christian names, many are used over and over again. Sometimes a third name is
added to show a small, usually geographical, variation. For instance, the duck
genus Anas contains several species, such as Anas penelope (Wigeon) and Anas
crecca (Teal). When only the initial letter of the genus is given this means it is the
same as the last genus mentioned. In some cases organisms are so alike that
only the genus will be given.
A group of related genera form a family - the duck genus Anas (together with
Aythya and others) belonging to the Duck family, Anatidae. Families are used
here when appropriate to make the book easier to use but are not always
included.
1.3.4.5 Freshwater Habitats
As described in section 1.2 the source of all our streams, rivers and inland
waterways is rain. Most of our streams and rivers are of natural origin, even
though their courses may have been altered by humans. Although their sources
may be diverse, rivers can be divided into three, or even four, regions. Near the
source of an upland river the current will be fast flowing. A more significant factor
for freshwater life, is the bottom substrate which moves continually. The upper
part of the river's course is sometimes also called the headstream and may be
susceptible to fluctuations in temperature and volume. It therefore supports
relatively little, but often very specialised, life.
Below this is the middle course sometimes also called the troutbeck region. The
current here is still fast flowing but its volume is more constant. The river will now
be larger and the substrate more stable, consisting of boulders with areas of
exposed gravel on bends, sometimes forming islands in mid-channel. The
troutbeck is so-called because it is a haven for trout which feed on the mayfly and
stonefly nymphs which live there. Although there may only be a few species of
insects living in the troutbeck, their populations can be large.
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Figure 1.3.1: The four major regions of a river: headstream, troutbeck, minnowreach and lowland. As the turbulence of the current decreases and the bed
material becomes more stable, a greater abundance of animal and plant life can
flourish (after Sterry, 1982)
As the river moves to flatter gradients, the turbulence of the flow generally
decreases as it enters lowland regions. The volume of water carried by this
region is greater because subsidiary streams have now joined the main flow. The
river will have acquired more nutrients by this stage and the bottom is even more
stable. In some parts, pools may be created and silt may gather in the slower
moving areas. This allows for a greater diversity of species and this is the first
region where plants can successfully colonise the water and the water's edge in
any number. Where the river approaches the coast, and the volume of the river
has increased even more, is usually the most productive part of the river and
large fish populations will be present. These would not survive were it not for the
extensive range of invertebrates also found here, together with healthy plant
communities.
Canals
Canals have been with us for hundreds of years; indeed, some date back to
Roman times. Although many are redundant today, they were formerly the main
transport highways. To allow canals to operate over gradients, lock gates were
built and there were often a series if the gradient was steep. During the operation
of a lock gate water is lost from the higher reach of the canal, and to replace the
necessary volume of water, large areas were excavated adjoining the canal.
These 'flashes' also served as turning points for barges. Today they often provide
refuges for wildlife especially if the canal is well used.
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A canal is, in effect, a long, continuous pond. In general, there is only a slow flow
of water and the environment is quite stable. In former years, canals were
colonised by animals and plants from the then numerous village and agricultural
ponds. Nowadays, as ponds disappear rapidly, canals are becoming increasingly
important as wildlife havens. One problem that ponds and canals have in
common is that they eventually fill in. Decaying plant material ultimately forms a
stable enough layer for emergent vegetation to grow across the width of the
canal. The final stage is for trees such as alder and willow to colonise it, and this
effectively destroys the freshwater habitat and the life it supports. If a canal is to
continue to be navigable by boats and provide a habitat, it must be periodically
cleaned. British Waterways and other navigation authorities maintain waterways
and canals in their control, whereas the Waterway Recovery Group and
Restoration Committee promote the restoration of canals. The Restoration
Committee does the political lobbying and advising while the Waterway Recovery
Group does the physical work of restoring canals.
Figure 1.3.2 shows how the presence of vegetation in ponds is very important to
animals, particularly to invertebrates. This, to some extent applies to slow moving
sections of rivers and canals. A great many species use under water plants for
shelter, as a source of food and for anchorage. Generally, there are a greater
number of species of animals found amongst the weed of a pond, river or canal
than in the bottom mud or open water.

Figure 1.3.2: Pond zones and typical animals (after Clegg, 1974)
As can be seen from section 1.3.3, life in streams, rivers and canals is affected by
a range of factors to which the plants and animals which live in them must adapt.
The difficulties of coping with flowing water, of obtaining nutrients, and
reproducing have been overcome in a variety of ways by colonising plants.
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Algae, mosses, liverworts, lichens, herbs, grasses, sedges, trees - an infinite
variety of plants live in, and alongside, rivers. For hundreds of plants, running
fresh water is the only habitat in which they can survive. For others, it is one of a
range of habitats in which they can be found. For the river community as a whole,
plants are the producers of organic matter. They are able to do this by fixing
energy from the sun through photosynthesis. Though the river channel itself
provides a variety of physical habitats (pools, riffles, side bars, mid-channel bars
and islands), plants offer numerous more intricate variations: the surfaces of
stems above and below the water, the undersides of leaves, crevices in bark,
holes in tree trunks, inside flowers, amongst root mats etc. Physical
characteristics of the site (e.g. flow velocity, temperature and oxygen, silt
accumulation and light availability) may all be modified by the presence of large
plants or macrophytes. Most algae in silty rivers, for example, are attached to
the stems and leaves of water plants. From the recreationalist’s point of view,
plants in and beside the water can make or mar the beauty of a river or canal
scene.
There is a huge variety in the river plants which have evolved to take advantage
of the range of habitats from a river’s source to mouth. In any natural crosssection the variation of water depth, flow velocity, substrate size, bank height,
slope, aspect, period of inundation and soil type, all combine to form an intricate
pattern of zones which different types of plants may inhabit. In addition, the type
of plants that grow on a bare area change through time. This is the process of
succession.
As an aid to understanding the very complex river ecosystem, it is useful to
subdivide the river into:
• mid-channel
• channel edges
• bank sides
• bank tops
Figure 1.3.3 is a cross-section of a ‘typical’ small lowland river which illustrates
these divisions. Reference will be made to these parts of the river ecosystem in
section 2.3 later.
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Figure 1.3.3: Cross-section of a typical lowland river divided by habitat types.
1.3.5

Observing Animals

If you do approach river wildlife carefully, you will be rewarded with some
excellent observations. You may wish to write up some form of log, why not
record what you see ? The best way to record your observations is to compile a
good collection of photographs using a SLR camera and telephoto lens. A pair of
binoculars (8 x 30 or 8 x 40 magnification) will allow you to observe birds more
closely. A good pair of eyes is the most valuable aid to observing wildlife, along
with a good nature guide to help with identification. A small hand lens is also
useful with a magnification of x 8 to observe the smaller forms of life.
Reading a guide before going onto the water, and aiming to observe one type of
wildlife will be much more successful than trying to identify everything which
grows, flies, crawls or swims. Always remember it is important to bring the book
to the wildlife and not the other way around. The Further Reading list at the end
of Part 1 gives some good guide books you could use. Most bookshops with a
natural history section will be able to provide a selection of nature guides for you
to choose from. Part 2.3 gives descriptions of the most common animals and
plants you are likely to see. Membership of your local natural history or
conservation group will improve your ability to observe and identify wildlife further.
The Royal Society for Nature Conservation (address in Appendix III) will have
their address, otherwise try the local library.
1.3.6

Practical Tips on how to Collect and Observe Small Animals and
Plants

A net is probably the most useful piece of equipment for studying water life. It can
either be bought or you can make your own. The frame should be rigid and
around 0.25 m x 0.25 m (square or triangular). The mesh could be made from
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nylon net curtain with a mesh size of 2-3 mm. If the mesh is too large, insect
larvae and beetles will escape through the holes; if it is too fine, it may become
easily clogged and will be difficult to handle in a current. The animals and plants
that drift around in the water and sometimes make it look like a ‘green pea soup’,
are called plankton. If you want to catch the very smallest planktonic animals
and plants, a much finer net will be needed. This can be made from one leg of a
pair of tights. The plankton net in Figure 1.3.4 is a long net with such a fine mesh.
The net ends in a plastic bottle in which the plankton accumulates as the net is
drawn through the water. The ideal way to ensure that the net passes through a
sufficient volume of water to collect a worthwhile sample of plankton is to tow it
behind your boat. The distance you cover multiplied by the diameter of the
aperture (which is kept under water during towing) will give you the volume of
water from which you have collected plankton. However, the calculation of
density of plankton population, which varies throughout the year, would require
specialised equipment such as a microscope. The techniques for using a
sampling net vary according to the strength of the current. When using it in still
water, lower the net gently trying to cause as little disturbance as possible and
then bring the net quickly to the surface (Figure 1.3.5 (a)); in flowing water hold
the net downstream of some boulders with it facing upstream into the current.
Then, as you disturb the bed either by gently moving it with your wellington boot
or by lifting up the boulders and stones, any animals will be carried by the current
downstream into the net (Figure 1.3.5 (b)).

Figure 1.3.4: Equipment used to examine aquatic plants and animals.
Plate 1.7 (a) shows students using sampling nets and white tray, and Plate 1.7 (b)
shows the white tray with the contents of the net emptied.
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Do not take creatures that you collect home. Stream life will not stay alive for
long unless you can keep it in a well aerated aquarium, and even then it is almost
impossible to replicate the exact conditions of the river habitat where you
collected your specimens. Return everything you collect to the river within a
few hours, preferably to exactly the same spot from which you collected them.

Figure 1.3.5: Techniques for using a sampling net (after Sterry, 1982)
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1.3.7

The Interdependence of Living Things in Rivers and Canals: Food
Chains and Food Webs

Having become familiar with some of the types of plants and animals that live in
rivers and canals, this section will illustrate how they depend on one another.
One important way in which river organisms depend on each other is for their
food. Many freshwater invertebrates such as water fleas feed on plants such as
algae. These animals are called herbivores. Animals called carnivores eat
other animals. A predator is a carnivore that kills and eats other animals.
Scavengers or detritivores are animals that feed on detritus (dead and decaying
plant and animal material). They eat the dead remains of animals killed by
predators. These are not hard and fast definitions since predators sometimes
scavenge for their food and scavengers may occasionally kill living animals.
Basically, all animals in rivers and canals ultimately depend on plants for their
food. Even if a particular animal preys on other animals, it is likely that the
animals they eat will have fed on plants. So a perch may eat a minnow, a
minnow may eat a water flea, but the water flea has fed on microscopic plants.
So, in fact, the minnow and the perch are ultimately dependent on the
microscopic plants for their energy. This is called a food chain:
microscopic
plants

water fleas

minnows

perch

The organisms at the beginning of the food chain are usually very numerous while
the animals at the end are often large but fewer in number. The food pyramid in
Figure 1.3.6 shows this:

perch
minnows
water fleas
microscopic plants
Figure 1.3.6: A food pyramid.
There will be millions of microscopic, single celled, green plants in a river. These
will be eaten by the larger but less numerous water fleas, which in turn will
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become the food of small fish like minnows. The hundreds of small fish may only
be able to provide enough food for four or five large carnivores, like perch.
Food chains are not really as simple as this, because most animals eat more than
one type of food. A perch, for example, does not feed entirely on minnows, but
takes fry of other fish, beetles and worms in its diet. To show these relationships
more accurately, a food web can be drawn up as seen in Figure 1.3.7.

Figure 1.3.7: A food web for a freshwater ecosystem (from
https://kids.frontiersin.org/ accessed 20/01/21)
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Food webs will change with the seasons and when the food supply changes. If
some event interferes with the food web, all the organisms are affected in some
way. We shall investigate this further in Section 1.4.
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1.4

Managing Rivers and Inland Waterways: The Role of
Conservation and Recreation

1.4.1

Why Rivers are Managed

River management is about trying to look after rivers and keep them as we want
them, but at the same time allowing them to be used for our benefit. We now
need to think of ways of ensuring a sustainable future for our rivers and
waterways. Sustainability is about improving the quality of peoples’ lives whilst
maintaining the capacity of the Earth to provide for future generations. The term
‘sustainable’ means ensuring that the needs of the present are met without
compromising the ability of future generations to meet their own needs.
With respect to rivers and inland waterways we need to ensure that all forms of
sport and recreation, development and transport are sustainable. In some cases,
the uses we wish to make of a river are conflicting. For example, birds breeding
and rearing young may not be compatible with a recreational boating event in the
breeding season on the same stretch of river. This section outlines some of the
uses we make of rivers and how they can interact. Section 2.4 takes this further.
It is quite likely that any section of river or canal that you know is already
managed in one way or another. However, the type of management and the
degree of control will vary widely according to the uses to which those particular
rivers, or parts or rivers, are being put. The reasons why humans have an
interest in managing rivers are discussed in this section.
1.4.2

Managing the Amount of Water

1.4.2.1 Water supply
‘....Water is among the most essential requisites that nature provides to
sustain life for plants, animals, and humans. The total quantity of fresh
water on Earth could satisfy all the needs of the human population if it were
evenly distributed and accessible...’
W. Stumm, 1986
If you examine the map of water abstraction (Figure 2.4.1 (a)) it shows that most
water is abstracted in lowland Britain (south and east) where most of the
population live. However, the rainfall map of the UK in Figure 2.4.1 (b) shows an
uneven distribution. As a general rule, rainfall increases with altitude and in
Britain most rain falls in the north and west where much of the land is
mountainous and less populated. So, we have a basic problem in that most water
is available in the north and west, yet the people who want it are in the south and
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the east. This is where rivers play an important role in transporting water from the
relatively uninhabited uplands to the populated lowlands.
As rivers were used more and more for the abstraction of water to supply towns
and industries situated along them, problems occurred during dry spells when
river levels became too low. It became necessary to build dams and reservoirs
on the upper courses of rivers where there were narrow valleys that could be
dammed, so that a more constant water supply could be ensured. Today, anyone
in England and Wales for example, wishing to abstract water from a river must
obtain a licence from the Environment Agency. During times of low rainfall, when
river levels naturally become low, water can be released from reservoirs to
increase flow. This allows downstream abstraction for drinking water and
industrial processes to continue even in dry weather. Reservoir releases can
raise river levels especially for recreational purposes. The White Water canoeing
and rafting facility on the Afon Tryweryn is one such example (see Plate 2.2).
Others include the River Vyrnwy in North Wales, the North Tyne supplied by
Kielder Water and the River Washburn in North Yorkshire.
1.4.2.2 Flood control
As settlements developed next to rivers flooding became a significant natural
hazard on certain rivers. Some of the best land for farming, industry, commerce
and private housing is on river floodplains. Since the discharge of most British
rivers is at its highest during the winter months (November - March), suitably
placed reservoirs can help to store some of the excess discharge, provided that
the reservoirs are kept well below their full capacity at the start of the winter
season in November. In this way, water produced by heavy rain storms in winter
can be held back in the reservoirs and released slowly later so that the river does
not burst its banks. This, along with the designation of ‘flood storage areas’ on
lowland flood plains are ways in which the loss of human life, damage to property
and animals can be reduced.
Another way which has been used for centuries has been to build earth flood
banks called levees on top of the river bank to hold back flood water (see Figure
2.2.16). The removal of large boulders and coarse gravel from the bed of the
river gives the bed a smoother profile and allows the velocity to increase. This
helps to keep the channel free from obstructions such as whole trees or branches
that become jammed in bridges. This is another aspect of reducing the risk of
flooding.
A flood defence scheme, such as the one at Newtown on the River Severn (see
Plate 1.8) can be very costly, but this one has helped considerably in reducing the
flood hazard that was a regular occurrence in the town before its construction in
the early 1970s. The scheme involved the removal of two weirs, straightening of
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the channel (in order to move water through the town as quickly as possible), and
the building of high walls along that section of river in the town centre.
1.4.2.3 Hydro-electric Power
Hydro-electric power can often be generated where a dam has been constructed.
Most hydro-electric schemes on rivers are specifically constructed for that
purpose, but sometimes it has been possible to build reservoirs for the combined
purposes of water supply, flood control and hydro-electric power generation.
Such reservoirs then often serve an addition useful role for recreational purposes
(e.g. sailing, windsurfing, etc).
1.4.3

Managing Water Quality

When harmful substances find their way into watercourses the term pollution is
used. Pollution can be regarded as the introduction by human activities, directly
or indirectly, of substances or energy into the environment which results in
harmful effects that may endanger human health or harm living things and their
ecosystems. Water pollution is a great threat to recreational activities on rivers
and canals since ‘clean’ water is essential to the safe enjoyment of our activities
(section 2.4.3 goes into more detail on this). Water carrying harmful pathogens
can cause illnesses which can vary from an ‘upset stomach’ on the one hand, to
certain diseases, which if left untreated can lead, in very rare cases, to death.
This section outlines why pollution of our rivers occurs, the sources of pollutants
and, most importantly, what you can do to help.
1.4.3.1 Why Pollution Occurs
As well as acting as a source of fresh water, rivers also serve as a convenient
way to get rid of waste. Perhaps the greatest impact which human activities have
had on the quality of water in the river systems of Britain has taken place since
the beginning of the Industrial Revolution. In many rivers this impact has resulted
in a poorer quality of water available for domestic use, agriculture, fisheries and
recreation.
Before the Industrial Revolution, the rivers of Britain were less polluted and they
contained far more fish and different plant life than they do today. Much of the
industry which came with the Industrial Revolution grew up next to rivers because
they used rivers as a source of power to drive waterwheels, and rivers also
served as a means of transporting the raw materials and finished goods to and
from the factories. The waste products of this early industry were usually dumped
into the nearby river. As industry grew and the towns and cities expanded, both
industrial and domestic waste (waste from peoples’ houses) grew to alarming
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proportions - getting rid of it became an enormous problem. Rivers and waste
land often seemed the best places to dump it.
By the end of the nineteenth-century it was common practice to empty toilets
directly into rivers. Other liquid waste, called effluent, from factories continued to
enter rivers. This effluent often contained toxic waste that even kills bacteria.
With some stretches of rivers becoming overloaded with nutrients, and no
bacteria left to decompose the organic wastes (like human sewage) entering
rivers, this gave rise in some locations to foul-smelling air and outbreaks of
disease. Most of the fish died. (see Plate 1.9). This continued well into the 20th
century, and only in the last 30-40 years have great efforts been made to clean up
our rivers.
1.4.3.2 Sources and Control of Pollution
Figure 1.4.1 shows the increasing trend in the number of reported and
substantiated water pollution incidents (1985-1996) in England and Wales.
In line with this trend the number of prosecutions has increased also. Membership
of the European Economic Community has affected the United Kingdom’s
environmental policy, particularly in relation to water pollution law. Since 1973 the
EC has agreed more than 300 measures relating to environmental protection.
These measures generally take the form of a ‘Directive’ which lays downs
objectives, standards and a timetable for their achievement. EC Directives which
have been concerned with pollution of waters include: Dangerous Substances;
Urban Waste Water Treatment; Nitrate; Detergent; Sludge to Land; Surface
Water Abstraction; Bathing Water; Freshwater Fish and Shellfish.
Based on their origin, substances which cause pollution of rivers and inland
waterways can be divided into two categories. These are: (a) point sources
(those which originate from specific points along the watercourse, e.g. a sewage
outflow or industrial waste) and, (b) diffuse sources (those which enter the
watercourse from a wide area (e.g. agricultural land). This section looks at each
in more detail.
(a) Point Sources
Point sources for pollution are those which originate from specific points along the
watercourse.
(i) Industrial Wastes
Water companies regularly check consented discharges. In 1951, the Rivers
(Prevention of Pollution) Act replaced the earlier 1876 legislation whereby
prohibition of pollution was replaced by a system of discharge consents with new

73

discharges being required to comply with minimum standards. These consented
discharges carry an annual charge which is intended to be a financial deterrant
on pollution. If tested water samples show an

Figure 1.4.1: The number of reported and substantiated water pollution incidents
(1985-1996) (source: Environment Agency).

74

unexplained or unexpected level of pollution, detective work is immediately begun
to find the source of the pollution while improvement or prohibition notices are
issued. Industry does not want to invest money in non-product related items, but
this must be balanced against not only fines, which can be small (or 6 months
imprisonment for a summary offence), but remediation costs and capital costs to
prevent future occurrences can be huge. Additionally, the bad publicity can lead
to loss of a company’s share of the market. "Pollution Prevention Visits" by
Environment Agency officers in England and Wales (or Scottish Environment
Protection Agency (SEPA) in Scotland, and Department of the Environment in
Northern Ireland), give free advice without obligation to industry on how to prevent
pollution. This advice will not lead to criminal proceedings if the company commits
to a practicably reasonable improvement plan. Prevention is better than
Prosecution.
The Construction Industry is actually accused as the largest polluter, namely due
to a lack of control on surface water runoff leading to suspended solids
smothering the river bed and no control on oil tanks and barrels which can leak
and wash out. These problems are usually due to the temporary and transient
nature of the construction site.
Discharge of warm water from power stations raises river temperatures. This may
in turn increase plant an animal growth but at the same time it decreases the
solubility of oxygen. Less oxygen means that organisms that break down organic
matter cannot work as well. So, although growth can increase in warm water in
the short term, it is not sustainable in the long term.
(ii) Farmyard Waste
Farm slurry and silage (the winter feed made from compressed grass) effluent,
yard washings, sheep dip and other toxic chemicals can find their way into nearby
watercourses. Care must be taken by farm operators to dispose of these wastes
carefully.
(iii) Sewage Treatment
The biggest source of possible pollution is sewage. This is water that has been
used in our homes and in industry. It will have collected waste products that need
to be removed at the sewage treatment plant. The standards to which sewage
must be treated is set by the Environment Agency in England and Wales and
regular checks are made to ensure that these standards are met. The constant
aim is to ensure that there is the right amount of oxygen in the water. Pollution
would cause the amount of oxygen to be reduced or, perhaps, even disappear.
Animals and plants living in water need oxygen to survive.
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One of the biggest problems in the UK results from unregulated Combined Sewer
Overflows (CSOs), which overflow during storm conditions, resulting in foul
sewage entering the river. Local Environment Agency Plans (LEAPs) are set up
to manage this, and other related problems. Computer models of the drainage
system, which are correlated against the actual catchment area, are built and
these can be used to help plan possible ways of avoiding storm overflow from
these CSOs occurring.
1.

Storm Drains

Storm drains, especially large culverts draining large urban areas, can be very
important point sources after heavy rainfall. Rainwater can wash out many
damaging chemicals (e.g. oil, diesel, petrol) and also many pathogens which are
found in animal droppings (e.g. pets, rodents, vermin) and decomposing food
(from streets, markets etc.). Also, defective foul water systems can inadvertently
drain into urban culverts.
(b) Diffuse Sources
‘Diffuse’ means that the source of the pollution does not come from a single
definable point but rather from a large area, or in fact anywhere from within the
river’s drainage basin.
(i) Litter
Litter is a diffuse source of pollution because it can enter a river or canal at any
point. It can be dropped into the river by someone, or blown in from the banks or
surrounding fields or towns. Litter can be broadly divided into two categories: that
which is biodegradable (it will eventually gets broken down by micro-organisms)
and non-biodegradable (things like plastics which persist in the environment for
tens or hundreds of years). It is the non-biodegradable litter which is the worst
offender simply because it persists as an eyesore for longer. Examples include:
Non-biodegradable

Biodegradable

Plastic & Glass Bottles
Aluminium Drinks Cans
Plastic Food Wrappers
Polythene Bags
Plastic String or Netting
Fishing Line/weights

Builder’s Wood
Paper & Cardboard
Corks
Apple cores
Orange peel
Banana skins

Most types of litter will, at some time or other, have an unwanted effect on wildlife.
A clear plastic bag may be the answer to seeing what is for lunch, but underwater
it is an invisible trap for aquatic animals that will kill them. Even the plastic
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retainers from a pack of beers can strangle birds and get caught behind the gills
of fish. Small animals can become trapped in bottles, cans and polythene or
become entangled in discarded netting, string or fishing line. Even biodegradable
litter can persist in the environment for years (e.g. a banana skin can last for 2-5
years) and oxygen from the water is used as it slowly decomposes.
The best solution to the litter problem is prevention. Always be certain that any
potential litter you bring to a river or canal, you take away with you. If you
see anyone else dropping litter, if you are brave and tactful enough (!), a quiet
word in their ear may be all that’s needed to prevent it happening again.
Otherwise, you might be able to pick it up in front of them so that they may see
their offence. Every piece of litter you can collect and dispose of in a litter bin
later will help to improve the river environment for yourself and others to enjoy.
(ii) Fertiliser and Pesticides
Inorganic fertilisers (chemicals in the form of small pellets) are spread on fields to
provide essential nutrients like nitrates and phosphates to help maximise crop
growth. Organic fertilisers like manure and slurry are also used to improve crop
growth. However, if too much is applied the excess nutrients may be leached
through the soil or will run off the surface to accumulate in watercourses. The
usual method of slurry disposal is land spreading. However, choosing the right
conditions, limiting the amount applied per hectare, and using slurry injection
machines that introduce the slurry directly into the soil beneath the surface can all
help to reduce the dangers from runoff.
The build-up of these nutrients in waterways and lakes in particular can lead to a
process called eutrophication. It can cause algae living in the water to grow
excessively causing an algal bloom to occur in spring and summer. This
excessive growth causes the water to turn bright green, like pea soup (see Plate
1.10), the algae use up the oxygen in the water and other organisms die.
Pesticides may reach fresh water by accidental direct spraying or drift, by runoff
and seepage into groundwater, or by careless disposal of containers and
unwanted chemicals. Sheep dip chemicals, particularly the new ones which are
safer for farmers to use, can present very serious problems if they enter
watercourses since invertebrates are extremely sensitive to them. Even though
only low concentrations may get into the water, Figure 1.4.2 shows how the
pesticide may be concentrated as it moves through a food chain.
A buffer zone several metres wide should be left unsprayed around the field,
especially where there are streams or ditches. Likewise, spreading inorganic
fertilisers next to ditches, streams, ponds or rivers should also be avoided
because of the dangers of runoff causing eutrophication of the water. Again,
leaving a buffer strip can help reduce this problem.
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Figure 1.4.2: How a pesticide becomes more concentrated as it moves along a
food chain. The intensity of the shading represents the concentration of DDT
(after Mackean, 1981)
(iii) Acidification
Table 1.4.1 shows the range of the pH scale:
Table 1.4.1: The pH scale
pH
1-2
3
4
7
10
13

acidic
neutral
alkaline

Solution
H2SO4 (conc)
Lemon juice
Acid Water
Pure Water
Hard Water
Calcium carbonate
CaCO3

Rain is naturally slightly acidic. It absorbs carbon dioxide from the air as it falls
through the atmosphere. The carbon dioxide combines with water to form a weak
carbonic acid giving the rain a pH of around 6.0 - 6.5. However, in industrial
areas where atmospheric pollution is high and gases like sulphur dioxide and
oxides of nitrogen are released from transport and industry, the rainwater can
become more acid, sometimes as acid as pH 4.0. Figure 1.4.3 shows the effects
this can have on the aquatic environment.
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In extreme cases, some lakes in Scandinavia and Canada for example, have
become more or less devoid of life due to this problem. The effects tend to be
worst in upland areas in Britain where the geology is acidic and rainfall is high.
One major solution lies in cutting our emissions of these gases, and everyday
measures like using our cars less will help. In some upland drainage basins,
crushed lime has been applied to the land from helicopters, to try to neutralise the
soils and water.

Figure 1.4.3: Effects of increasing acidity on life in water (after Houtsonen, 1995)
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This has been successful, but is expensive and only lasts 3-5 years. There is
little in practical terms that a recreational river user can do about this problem, but
everyone can campaign and support measures to cut air pollution, and aim to
reduce your own personal effects as much as possible. Measures such as
cycling more, sharing cars and using public transport as much as possible will all
help.
(iii) Land use changes: afforestation, upland improvement for agriculture and
urbanisation
Afforestation, the large-scale planting of conifer plantations, usually takes place in
upland areas of Britain where land is less expensive. However, evidence
gathered over the past two decades suggests that intensive timber production can
have adverse effects on the environment, and on the freshwater environment in
particular. Due to the wetness of Britain’s upland soils, it is usually necessary to
precede planting of young trees by ploughing and ditching (see Plate 1.11).
Young trees are planted on upturned turves at the side of plough furrows so that
their roots remain above the water table and competition from surrounding
vegetation is reduced. However, this essential land preparation can release large
quantities of sediment which results in a loss of nutrients from upland areas. This
can have adverse effects on fish spawning, it can reduce the capacity of
reservoirs and increase the cost of drinking water treatment, and it can lead to
river channel instability and associated problems downstream. Forest authorities
try to minimise these adverse impacts by insisting upon best practice in forest
management as recommended in the ‘Forests and Water Guidelines’ (Forestry
Authority, 1993).
Upland improvement for agriculture. Land in Britain’s uplands is generally poor
and can usually only support low intensity sheep grazing. Sometimes, farmers
can improve wet upland areas by installing land drainage schemes or moorland
gripping. Moorland gripping involves the digging of open drains to remove
excess water from the soil, thus drying out the land and improving production.
The adverse effects of this include the loss of valuable upland wetland habitats as
well as the downstream effects on the freshwater environment, which are much
the same as for afforestation.
Urbanisation usually takes place in lowland areas. The excavation required for
the building of roads, houses and factories can temporarily release large
quantities of sediment into streams and rivers, though the effect is usually short
lived. However, one long term effect which urbanisation has been shown to have,
is that it can contribute to increased flooding. Because urban areas tend to have
lots of hard surfaces (e.g. roads and slate rooftops), there is little opportunity for
rain water to infiltrate into the soil. Urban planners design drainage systems
which will remove surface rainwater to a drain and into the nearest stream or river
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as fast as possible. The effect of this is to cause more rainwater to enter rivers
more rapidly. The hydrograph will peak more rapidly, the flood peak will be
greater and there is an increased risk of flooding.
1.4.3.3 Looking after the Water: Helping The River Bailiff
The Environment Agency (EA) in England and Wales, the Scottish Environment
Protection Agency (SEPA) and Department of the Environment (DoE) in Northern
Ireland are the government organisations which have responsibility for looking
after our rivers and waterways. Small boat users are in the unique situation of
being able to monitor the entire length of a river or inland waterway. The EA
would like all river users (that’s YOU) to help them by becoming a pollution
detective.
If you see or hear of any pollution incidents or any of the following:
•
poaching
•
risks to wildlife
•
fish in distress
•
illegal dumping of hazardous waste
YOU are asked to report it by telephoning the Environment Agency’s Emergency
Hotline as seen in the Leaflet in Figure 1.4.4.
As a small boat user you may be in the best position to spot incidents of pollution.
Report all incidents, however small, because they all add up to spoil the river
environment. Most incidents will not be deliberate and the person (s) who are
causing them may only be too pleased to find out and do something about it. For
example, an oil leak from a motorised boat may go unnoticed by the boat owner
for several months which not only causes river or canal pollution and a loss of fuel
to the owner, but may also lead to the boat owner having costly mechanical
problems to deal with later. The more people who are on the look-out, the more
incidents of pollution that can be reported and dealt with, the cleaner Britain’s
rivers and waterways will be.
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Figure 1.4.4: The Environment Agency’s Pollution Hotline.
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1.4.4

Managing Wildlife

Whether you paddle on wild upland rivers, row on calm lowland sections or tour
peaceful canals, without Britain’s varied wildlife much of the pleasure of boating
would be lost. Throughout the world, small boats are used for exploring
wilderness areas and observing wildlife without disturbance. Small boats without
engines have great advantages for anyone wishing to explore rivers and canals
because they cause no erosion, noise or pollution and they leave no trace of their
passing.
Though organisations responsible for conservation of wildlife (such as those listed
in Appendix III) campaign and work for the conservation of wildlife, it is the
responsibility of every individual river or canal user to minimise their impact on,
and disturbance to, wildlife. The best way not to disturb the river or canal
environment more than is absolutely necessary is to follow the code of conduct in
Appendix I. The code is designed to try to ensure that recreational river and
inland waterway users come into conflict with one another and with river wildlife
as little as possible.
Specifically in terms of river wildlife, river and canal users should note the
following:
•
•
•
•
•
•
•
•

it is illegal to uproot any wild plant as this would prevent the plant
from reproducing;
do not paddle, row or sail too close to birds (e.g. moorhens or ducks)
which have their young in tow as you may split the family group;
do not approach nesting colonies of birds too closely, as the adults in
fright may leave their eggs or young exposed to the dangers of
hungry gulls or other such predators;
try to disturb birds as little as possible in winter. Disturbance causes
them to lose precious energy and fat reserves which they have no
way of replenishing until spring;
do not remove fish - it is illegal to do so even if you have a licence;
do not disturb spawning fish or walk on gravel beds where there are
unhatched eggs. For game fish this is typically between October and
March.;
do not disturb sites used by breeding mammals (e.g. otter, water
vole, etc);
where possible, do not urinate or defecate within 100 m of a
watercourse as pathogens from your faeces can easily enter the
water. They can reside in the soil for long periods of time and later
be washed into the watercourse, so the further away you can urinate
or defecate, the better. Faeces should, at the very least be buried
15-20 cm below the soil surface.
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1.4.5

Managing Recreation and Navigation

‘River management is the art of resolving conflicting demands upon a natural
resource and at the same time attempting to define and conserve features of that
resource’
(Wood, 1981)
Space on rivers and inland waterways is ultimately limited. There is only a certain
‘capacity’ for recreational use of this space before which the experience of
individual users will be spoiled by the fact that there are so many others using the
same resource. However, as Table 1.4.2 shows, not all recreational users wish to
use the same parts of a river at the same time. For example, people wanting to
sail or windsurf will most likely choose to use the lowland open stretches of a river
on windy days (Plate 1.12). On the other hand, a white-water slalom canoeist
would want to use the upper reaches of a river (Plate 1.13), preferably after rain
when water levels are high. So, these two user groups are unlikely to conflict in
terms of space or time. However, there may be other examples of where small
boat users may have a clash of interests or may conflict with other non-boat users
of rivers or canals.
Table 1.4.2: The Spatial Distribution Of Recreational Small Boat Users.
upstream
Upper reaches: white
water, narrow,
overhanging trees,
numerous boulders,
rapids, waterfalls, waves

downstream
Middle reaches:
Lower reaches: flat slow
occasional rapids, moving water, >10 m wide,
may be
exposed to wind (includes
overhanging
canals)
trees, occasional
rocks/boulders
Inland Canoe Touring
Marathon Racing
Slalom Racing
Rodeo/Playboating (at specific waveforms
only)
Canoe Sailing
Wild Water Racing
Placid Water Canoeing
Canoe Polo
Sprint Racing
White Water Recreational Canoeist
Rowing
Sailing/windsurfing
Rafting
Canal Boating/River
Cruising
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In some areas, management has become necessary to protect the interests of
one user group or another. This may involve designating particular areas or
certain times when particular activities are permitted.
On non-tidal rivers and lakes, the Crown is regarded as having in the long distant
past, transferred the bed of the watercourse to the owners of the adjoining land,
known as the riparian land owner. The riparian owner therefore has property
rights over the land covered by water up to the centre line of the river (unless they
have been sold to a new owner). Whilst there is no automatic right for the public
to navigate, some public rights of navigation do exist, such as on the River
Severn above Stourport and on the River Wye below Hay-on-Wye. Though the
landowner does not own the water, s/he may use it so long as it does not interfere
with the rights of the owners downstream to use it when it reaches them. The use
of the bank for access to and egress from the water is a separate property right
and unless the owner expresses dedication to public use, the right to use it for
recreational boating purposes must have been negotiated. One of the major roles
of Governing Bodies of Sports that use rivers and inland waterways, such as the
British Canoe Union for example, is to establish access agreements between the
riparian owner and boat users. If agreed, certain stretches of river can only be
used at certain times of the year, or only on certain days, often in return for
payment. The recreationalists are then expected to follow a code of conduct such
as that in Appendix I. The former right of navigation on British Waterways owned
canals was repealed by the Transport Act of 1968, so permission for use is now
granted through a licence issued by the British Waterways Board. This does not
apply to canals under the ownership of other navigation authorities, but again the
purchase of a license will allow use by small boats.
However, on the sea and tidal waters up to the limit of high water mark ordinary
spring tides (marked on Ordnance Survey maps), the land covered by water is
regarded as belonging to the Crown. This permits public navigation (and fishing),
so far as physical conditions allow, unless the Crown has conveyed the bed of the
river to someone else. On many rivers, the limit of high-water mark can reach
several miles upstream from the point where the river reaches the sea. For
example, on the river Dee the tidal limit is at Farndon some 14 km upstream of
Chester, itself a long way from the open sea. However, the limit of navigation
rights may not be the tidal limit if locks, weirs or other structures have been built
which have affected the tidal limit. Recreational boaters and their responsible
organisations, though continuing to seek a change in the law so that they can
enjoy a fairer share of the possible boating opportunities as of right, generally
press ahead with a policy of seeking access agreements by negotiation.
In conclusion, managing a river for such a wide range of purposes is clearly a
difficult and complicated business. Figure 1.4.5 illustrates some of the aims that
river basin managers would like to achieve. Any potential conflicts of interest
must be ‘managed’ to allow the range of activities to be carried out in harmony.
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Figure 1.4.5: Some of the activities and interests that need to be managed in a
river basin.
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2. Colour Plates

Plate 1.1: The Nant Ffrancon valley in Snowdonia is a good example of a Ushaped valley enlarged by glaciers and now occupied by the River Ogwen (taken
by the author).

Plate 1.2: Using an orange to estimate the speed a river is flowing (taken by the
author).
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Plate 1.3: V-notch weir structure used to measure stream discharge (taken by the
author).

Plate 1.4: Crump weir structure measuring discharge of a small river (taken by the
author).
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Plate 1.5: Baseflow flume for accurate measurement of low flows in a small river
(taken by the author).

Plate 1.6: Spore containing capsules of moss (taken by the author).

91

Plate 1.7: (a) Students using nets and white trays to sample and examine
invertebrates (taken by the author).

Plate 1.7: (b) The white tray with the contents of net emptied (taken by the
author).
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Plate 1.8: (a) The River Severn at Newtown in mid-Wales looking downstream
from the Long Bridge before construction of the flood alleviation scheme in 1970.

Plate 1.8: (b) The River Severn at Newtown looking upstream from the Long
Bridge in 1900 before the flood alleviation scheme was constructed in 1970.
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Plate 1.8: (c) The same view as in Plate 1.8 (b) taken in 1999.

Plate 1.8: (d) The River Severn at Newtown in mid-Wales looking downstream
from the Long Bridge after construction of the flood alleviation scheme in 1970.
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Plate 1.8: (e) View of Long Bridge at Newtown on R. Severn in 1960s (prior to
construction of flood alleviation scheme in 1970).

Plate 1.8: (f) Same view of Long bridge during severe floods in 1964.
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Plate 1.8: (g) Broad Street, the main street in Newtown, in December 1964 as the
flooding recedes.

Plate 1.9: The River Brent in London heavily polluted with rubbish (source:
Bunnett, 1988)
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Plate 1.10: An algal bloom can turn water into a ‘green pea soup’ (taken by the
author).

Plate 1.11: Afforestation of an upland catchment is preceded by ploughing and
ditching to help the young trees to get established (taken by the author).
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Plate 1.12: Sailing on lowland rivers: the Norfolk Broads (taken by the author).

Plate 1.13: Whitewater kayaking on the upper reaches of the river Dee at
Llangollen, Wales.
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Plate 2.1: The Tees Barrage artificial whitewater course was opened near
Middlesborough in 1993.

Plate 2.2: Canolfan Tryweryn Whitewater slalom course where reservoir releases
from Llyn Celyn Dam provide reliable water suitable for World Championship
Canoeing Events (taken by the author).
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Plate 2.3: Recreational rowing craft in the River Avon (photograph by Alan
Meegan, ARA).

Plate 2.4: A typical V-shaped valley on a tributary of the River Severn in midWales (taken by the author).
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Plate 2.5: High Force waterfall on the River Tees in Co. Durham.

Plate 2.6: Thornton Force in Kingsdale near Ingleton, North Yorkshire (taken by
the author).
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Plate 2.7: The Allt Mhor in the Cairngorms, a typical Scottish river in its upper
course (taken by the author).

Plate 2.8: Rapids at Grand Tully on the River Tay in central Scotland are used as
a canoe slalom training venue. (taken by the author).
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Plate 2.9: A meander on the River Forth near Stirling in central Scotland (taken by
the author).

Plate 2.10: Cuckoo Flower (Cardamine pratensis) (taken by the author).
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Plate 2.11: Marsh Marigold (Caltha palustris) (taken by the author).

Plate 2.12: Common Reed (Phragmites australis) on the Norfolk Broads (taken by
the author).
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Plate 2.13: White Water Lily (Nymphaea alba) (taken by the author).

Plate 2.14: Ragged Robin (Lychnis flos-cuculi) in water meadow (taken by the
author).
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Plate 2.15: Mute Swan (Cygnus olor) (taken by the author).

Plate 2.16: Sand Martin (Riparia tipaiia) nest tunnels in the bank of the River
Beauly, NE Scotland (taken by the author).
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