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EXECUTIVE SUMMARY

This manual provides good practice management advice for still water and riverine
trout, grayling and Arctic char fisheries. The material produced in this manual is
derived from extensive reviews of the relevant literature, and incorporates relevant
Environment Agency policies. The manual is written to be relevant to both
Environment Agency staff and external fishery owners and managers. Topics chosen
for inclusion in this manual were derived from questionnaire surveys of Agency
Fisheries staff and external fisheries managers and owners. Each chapter includes
technical and practical advice and a summary of management options. The content has
been quality-assured by Environment Agency staff. Readers are reminded that all
fishery management decisions must be related to local circumstances and that this
manual should not be read as a 'recipe book' offering generic solutions but should,
rather, be used as a guide to good practice.

Chapters included in this manual have been grouped under four headings and include:
Fisheries Ecology Trout Ecology; Grayling Ecology; Arctic Char Ecology;

Feeding Ecology;
Water Quality & Quantity Water Quality; Water Quantity;
Fisheries Management Habitat Quality and Improvement; Aquatic Plant 

Management; Conservation; Fishery Development; Land 
Drainage Consents; Screens and Obstructions to Fish 
Migration; Fisheries Socio-Economics;

Fish Stock Management Stocking; Interactions between fish species; Interactions 
with other species; Fish Diseases and Parasites; Poaching
and Theft; Catch and Release Angling

Each chapter starts with a brief introduction that outlines the key principles of the topic.
The questions that respondents wished to see covered in the manual are then answered
as a series of topics within the detailed advice sections of each chapter. At the end of
each chapter is a table providing concise information on good management practice.
References cited in the text plus additional valuable sources of information are
provided in the list at the end of each chapter. References marked with an asterisk are
considered particularly useful reviews on a given subject.

This manual has been produced in support of the Agency’s National Trout and
Grayling Fisheries Strategy which was published in 2003. The aim of the Strategy is,
''to conserve and improve wild stocks of trout, sea trout, char and grayling, whilst
enhancing the environment for, and the social and economic benefits from, all types of
fisheries for these species in England and Wales''. The Strategy policies that are of
direct relevance to the manual are quoted in full, in the relevant chapters within this
manual.

The Trout Ecology chapter introduces the ecology of the species and under Technical
and Practical Advice, goes on to provide detailed advice on topics including
determining stock densities, reviewing factors limiting trout production, examples and
advice on increasing wild trout populations, fishery management objectives. Main
topics included in the Grayling Ecology chapter include, competition with brown trout,
sustainable exploitation of grayling, stocking grayling, water quality for grayling and
river habitat improvements.
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Important current issues on Char Ecology include eutrophication of lakes, degradation
of char spawning streams, the impacts of introductions of other fish species and the
regulation of exploitation of Arctic char in England and Wales. The Feeding Ecology
chapter reviews important aspects of trout feeding ecology in both rivers and
stillwaters, of grayling and also of Arctic char, including valuable information on
dietary studies.

In the Water Quality chapter, the important water quality parameters for salmonid fish
are reviewed and appropriate limits are defined. The chapter then goes on to provide
advice on key pollution threats, including advice on assessing water quality, and to
review the effects of catchment land use on water quality. Other key areas covered in
the Technical and Practical Advice include the effects and causes of excessive plant
and algal growth, the issue of acidification, and causes and remedies for low dissolved
oxygen levels. The Water Quantity chapter deals predominantly with river flows,
reviewing the importance of natural flow regimes, and providing advice on protection
of flows against over-abstraction.

Habitat Quality and Improvement covers aspects of project planning, an overview of
the pros and cons of a variety of habitat improvement methods and possible sources of
project funding. Aquatic Plant Management provides valuable advice on the legislation
regarding herbicides, including guidance on the use of approved products and decision
frameworks for mechanical weed control and for herbicide use. The Conservation
chapter provides an overview of important conservation designations such as Sites of
Special Scientific Interest (SSSIs) and the UK Biodiversity Action Plan (UK BAP) that
are of particular relevance to fisheries. Also included is advice on integrating
conservation objectives into fisheries management plans.

Options for the development of a stillwater fishery are reviewed in the chapter on
Fishery Development which also includes advice on stillwater habitat requirements and
water quality considerations for stillwaters. The important process of obtaining
Environment Agency consent for any structural work on river or stillwater fisheries, is
described in the chapter on Land Drainage Consents.

Important legislative requirements are described in the chapter on Screens and
Obstructions to Fish Migration. Practical considerations for the installation and
maintenance of screens and of fish passes are described. Issues dealt with in the Fishery
Socio-economics chapter include aspects of setting up a new fishery and commercial
netting for sea trout.

The Stocking chapter provides advice on a wide range of popular issues and includes
relevant policies from the National Trout and Grayling Fisheries Strategy. The chapter
includes a good practice decision tree for trout stocking and covers important advice on
permissions to introduce fish, fish health checks, minimising the impacts of hatchery
trout on wild trout, trout genetics, grayling introductions and several other issues. Some
practical examples of stillwater stocking practices are also detailed. The two chapters
dealing with Interactions cover main issues on eels, cyprinids, pike, fish-eating birds,
mink and otters.
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The chapter on Diseases of Trout, Char and Grayling introduces the important links
between fish diseases and factors like fish health, stress and environmental quality. The
Technical and Practical Advice section reviews the legislative controls of fish disease
and the method of disease categorisation in the UK. Advice on recognising the
symptoms of disease is presented and the diseases that may affect trout, grayling and
char are described, along with methods of control, and what to do in the event of a
disease outbreak.

The Poaching and Theft chapter describes the main Acts relating to fisheries and lists
the main fisheries offences, providing advice on security and bailiffing. The chapter on
Catch and Release Angling presents valuable results from many catch and release
experiences in both the USA, where the technique was pioneered, and the UK.

KEYWORDS
Trout, grayling, Arctic char, management, fisheries.
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1 INTRODUCTION

1.1 Manual Content and Use

The National Trout and Grayling Fisheries Strategy (Environment Agency, 2003)
develops new policy for the conservation, regulation and management of sea trout and
other trout, arctic char and grayling fisheries in England and Wales. This manual was
produced to assist in the delivery of the Strategy by providing management information
and advice on good fishery management practice for both Environment Agency staff
and fishery managers and owners external to the Agency. A range of outputs including
leaflets and electronic versions derived from this manual will be produced for use by
fishery managers and available from the Environment Agency.

Subject areas for the detailed content of this manual were determined by circulating
questionnaires to Regional and Area Environment Agency Fisheries staff, to key
organisations involved in game fisheries management and to a large number of fisheries
in England and Wales. Fisheries contacted were chosen by Environment Agency
Fisheries staff to reflect the types and numbers of trout, grayling and arctic char waters
present in given Agency Areas. The questionnaires required respondents to list the key
fisheries management topics that they regarded as important. A complete account of the
questionnaire process is given in the Project Record (Giles et. al., 2003).

The topics included in this manual have been split into a series of chapters, cross-
referenced to facilitate linkage between related areas. Repetition has been minimised in
this way, and it will be necessary for the reader to move between chapters to obtain a
range of information on certain subjects. For instance, information on the biology of
wild brown trout is mainly in chapter 2 but may also be found in virtually all of the
other chapters whilst grayling (chapter 3) and char (chapter 4) have specific information
in their own short chapters. Some key topics are mentioned in more than one chapter to
reflect the need to consider a given topic from various perspectives.

Each chapter starts with a brief introduction that outlines the key principles of the topic.
The questions that respondents wished to see covered in the manual are then answered
as a series of topics within the detailed advice sections of each chapter. At the end of
this section is a table providing concise information on good management practice.
References cited in the text plus additional valuable sources of information are provided
in the list at the end of each chapter. References marked with an asterisk are considered
particularly useful reviews on a given subject.

Variations in Regional byelaws
It is important to note that byelaws often vary regionally throughout England and
Wales. These variations can include, for instance, consenting procedures, angling and
netting seasons, times and methods of fishing, etc. Also, it is important to note that
fisheries legislation is currently under review and potentially subject to change. It is
always best to check current legislative positions, Agency policy and practice with
relevant Area, Regional or Head Office staff. Up to date information for staff is
available on the Agency Easinet, Internet or from Head Office.
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1.2 The National Trout and Grayling Fisheries Strategy

The Environment Agency has separate Strategies for Salmon, Coarse Fish and for Eel
fisheries; the latest Strategy (EA 2003) addresses all trout, sea trout, grayling and Arctic
char fisheries, completing the coverage of key fish species exploited in England and
Wales. Sea trout are an important angling and commercial netting species; the Agency
regulates fisheries in England and Wales, parts of the Scottish border and in relevant
coastal waters out to 'the six mile limit'. Brown trout, both wild or stocked, are found in
streams, rivers, natural lakes, reservoirs and man-made pools throughout England and
Wales, rainbow trout are stocked into most still water trout fisheries and are present in
some rivers. American brook trout are stocked into some enclosed still waters,
particularly in upland moorland areas. Virtually all grayling fisheries are for wild fish
and these fisheries extend through many rivers and some lakes, extending the game
fishing season through the winter. There are a small number of traditional Arctic char
rod fisheries on Cumbrian lakes and this species is of particularly high conservation
value.

Each year around one million anglers buy an Environment Agency rod licence and, of
these, some 43% fish for trout (Spurgeon et al, 2001). In 1999 licence holders spent an
estimated £300 million on game fishing. Trout fishing rights in England and Wales
have recently been valued at an estimated £500 million - five times that of salmon
fisheries (Radford et al, 2001) and there appears to be further demand, particularly for
wild brown trout and high quality grayling fishing. Tourism based on angling supports
significant numbers of jobs in rural locations and the development of new fisheries
represents an opportunity for farmers to diversify land use in environmentally-friendly,
sustainable ways.

Around 3% of rod licence sales come from salmon and sea trout anglers; the relative
importance of sea trout has increased in recent years with the widespread declines in
salmon catches. The economy supported by game fishing is substantial. Commercial
netting for sea trout also provides employment, particularly in North East England. In
the West Country and parts of rural Wales traditional methods are used on some rivers.
Following Review Group recommendations, it is appropriate to reconsider the
exploitation and apportionment of sea trout catches between nets and rods on a wide
range of fisheries where local conditions vary widely. There are small fisheries for
Arctic char in Cumbria, based on traditional deep trolling methods.

Bearing in mind the value of this wide range of fisheries, it is evident that socio-
economic considerations are important components of the Environment Agency’s
National Trout and Grayling Fisheries Strategy (Environment Agency, 2003). The
Environment Agency has a duty to maintain, improve and develop fisheries within the
important context of contributing to sustainable development. The Government's
independent Review of Salmon and Freshwater Fisheries (MAFF, 2000) and the
Government Response to the Review Group's recommendations (MAFF, 2001) have
provided important guiding principles to help shape future fisheries policy in England
and Wales.

The development of the National Trout and Grayling Fisheries Strategy was delayed so
as to include due regard for these recommendations. Its aim is ''To conserve and
improve wild stocks of trout, sea trout, char and grayling, whilst enhancing the
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environment for, and the social and economic benefits from, all types of fisheries for
these species in England and Wales''.

The types of fishery involved include sea trout in estuaries, rivers and lakes, wild brown
trout in rivers and lakes, grayling in rivers and lakes, Arctic char in lakes and the wide
variety of waters stocked with brown, rainbow and brook trout. Key areas covered by
the Strategy include:
• Enhancing social values and economic benefits of fisheries.
• Helping the allocation of sea trout catches between rods and nets.
• The setting of conservation targets, protecting and improving wild stocks and

regulating exploitation.
• New policies on stocking and introductions.
• Support for and collaboration in landscape and fish habitat improvement projects.
• Provision of advice on predation by cormorants, improving weed growth and fly

diversity and abundance, supporting successful fisheries.
• Initiatives to overcome obstructions to migratory fish movements.
• The classification of trout fisheries into 'native trout waters' (producing wild fish)

and 'other' (no natural production) categories and the development of 'wild fish
protection zones', agreed at local level with fishery owners and managers through
Fishery Action Plans.

• Outcomes of the Strategy - assessing the success of the policies, background
research and development work and consequent recommended fisheries
management practice.

Further information on the Strategy and other Agency activities is available via the web
site: www.environment-agency.gov.uk
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1.3 Species

The fish species covered in this manual together with some key facts on their biology
are presented in the following section.

Salmo trutta - the brown / sea trout

© Nick Giles

Figure 1 Brown trout

Table 1 Brown trout

Fish Habitat Biology

Brown trout

Rod caught record
14.43kg, Loch
Awe, Argyll,
2002.

Freshwater/estuary
Upland or lowland streams, rivers,
pools, lakes. Physical cover from
habitat important - most brown trout
live in smaller streams close to banks.
Needs cool, clean water with relatively
silt-free gravels for spawning usually
from mid-October to December in
small streams or lake shallows.

Eats invertebrates, particularly insects,
and fish. Fast-growing, lake-dwelling
ferox form eats fish from relatively
early age. Can attain weights of 10kg+
and live for perhaps 20 years. Usually
matures at 2 or 3 years, repeat
spawning common. Body form and
colouring and life cycle details very
variable. Species very widely
distributed.
Brown and sea trout are same species
and commonly interbreed.

Sea trout / Sewin

Rod caught record
12.85kg, River
Test estuary,
1992.

As for brown trout except for
migratory marine phase of life cycle.
May spawn in main river sections in
same microhabitats as salmon. Often
migrates far upstream to spawn in tiny
moorland streams. Sea trout may be
largely female in some rivers, males
remaining in freshwater, maturing as
brown trout.

Eats invertebrates, particularly
crustaceans and fish. Can attain
weights of 10kg+ and live for 10+
years. May smolt at 1-5 years. Returns
to spawn after one or more winters at
sea. Repeat spawning common, may
not spawn every year. Hybridisation
with salmon can occur.

Sea trout -
Finnock / Peal /
Whitling

Estuaries / inshore waters / rivers,
lakes.

Eats invertebrates and fish. Usually
weighs ~300g and has spent only a few
weeks/months at sea. Young sea trout
which may or may not attempt to
breed.
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Thymallus thymallus - the European grayling

© Nick Giles

Figure 2 Grayling

Table 2 Grayling

Fish Habitat Biology

Grayling

Rod caught record
1.9kg, River
Frome, Dorset.

Freshwater upland and lowland rivers
some pools and lakes.
Needs cool, clean water with relatively
silt-free gravels for spawning usually
from March - April. Sensitive to
pollution.

Eats invertebrates, particularly insects
and crustaceans, probes stream bed for
food. Average adult fish 30cm and
350g, can attain weights of 2kgs+ and
live for perhaps 8 years (longer in
Scotland). Usually matures at 2 or 3
years.
Active in winter when 'game' angling
season can be extended after the
salmonid season. This adds to the
economic value of this species. The
Grayling Society is a good source of
information.
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Salvelinus alpinus - the Arctic char

© Peter Gathercole

Figure 3 Arctic char

Table 3 Arctic char

Fish Habitat Biology
Arctic char

Rod caught record
4.3kg, 1995, Loch
Arkaig, Inverness.

Quite widespread in Ireland and
northern Scotland, very localised in
Cumbria and north Wales. Usually co-
exits with brown trout and is principal
food of ferox. Lives in large deep
glacial lakes (Cumbria / Wales) or in
more fertile lowland lakes (Ireland).
Cool, clean water is a key habitat
requirement. Char are very sensitive to
pollution.
Spawns (September to March) either
on gravely lake beds or in gravel-
bedded inflowing streams.

Eats invertebrates, particularly insects,
and fish. Typically 100-200g, can
attain weights of 4kg+ where feeding is
exceptional (e.g. under fish cages) and
live for perhaps 10+ years. Usually
matures at 2 or 3 years, repeat
spawning common.
Body form and colouring and life cycle
details very variable. Sub-stocks
(races) with differing biology often
occur in large lakes.

Sea-going form Arctic char are usually anadromous but
all known UK stocks are land-locked.
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Oncorhynchus mykiss - the rainbow trout

© E.A. Johnson

Figure 4 ‘Blue’ strain of rainbow trout

Table 4 Rainbow trout

Fish Habitat Biology

Rainbow trout Introduced to British Isles over a
Century ago. Native to Pacific coast of
North America from Alaska to Mexico.
Almost always stocked as hatchery-
produced fish in UK. Lives in
freshwater / estuary, upland or lowland
streams, rivers, pools, lakes.
Needs cool, clean water with relatively
silt-free gravels for spawning usually
from mid-October to December in
small streams. Rarely establishes self-
sustaining stocks in UK. In 1971 5
British / Irish locations were reported
where spawning is regular enough to
sustain a population, these were
Derbyshire Wye, River Lathkill, Leigh
Brook and Loughs Shure and La Liebe,
Ireland (Frost, 1974).

Eats invertebrates, particularly insects,
and fish. Can attain weights of 10kg+
in fish farms and lives for perhaps 5-8
years. Usually matures at 2 or 3 years,
often recovers after spawning.
Selective breeding has given rise to
'blue' and 'golden' trout varieties –
these are occasionally stocked to add
variety to still water rainbow trout
fisheries.

Steelhead As for Rainbow trout except for
migratory marine phase of life cycle.
May spawn in main river sections in
same microhabitats as salmon.
Spawning rarely appears to be
successful in the British Isles.
Occasional sea-run steelhead are
recorded from various UK rivers.

Eats invertebrates, particularly
crustaceans, and fish. Can attain
weights of 10kg+. Repeat spawning
very uncommon.
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Salvelinus fontinalis - the brook 'trout' (char)

© Andy Walker

Figure 5 Brook trout (male above)

Table 5 Brook trout

Fish Habitat Biology

Brook trout

Rod caught record
3.7kg, Fontburn
Reservoir,
Northumberland

Introduced to British Isles over a
Century ago. Native to east coast
Canada & North America. Usually
stocked in the UK although some self-
sustaining populations occur. Tolerates
silty spawning gravels and relatively
acid and turbid waters. Survives well in
moorland still waters.

Diet invertebrates, fish and frogs.
Mature at around 3 years, lives for up
to 5+ years and attains weights of
3kg+. In common with other
salmonids, life cycle and body
form/colouring can be highly variable.
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1.4 The Holistic Approach to Fisheries Management

Fisheries are best managed in the widest sense - including consideration for the river or
lake catchment and ecology as a whole. Holistic approaches to fishery management
often seek to:
• Maintain catches adequate to attract anglers at financially sustainable levels.
• Maintain self-sustaining fish stocks within the capacity of the available habitat.
• Manage actively to achieve an appropriate balance of biodiversity and recreational

values. This may involve increasing the carrying capacity of habitats for fish and
other species to benefit both fisheries and conservation.

• Consider carefully any impacts as well as benefits of fishery management practices
on habitats and species.

A useful definition of a fishery includes not only the exploited fish species but also the
habitats found there and the other species sharing those habitats.

A fishery with high environmental quality will tend to be resilient, productive and
attractive to anglers. Most of the chapters in this manual include useful information for
fishery managers who seek to improve the ecological quality of their rivers and lakes,
whether supporting wild or stocked fisheries.
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2 TROUT ECOLOGY

2.1 Introduction

Ecology is the study of the distribution and abundance of animals and plants and their
communities and ecosystems. The ecological health of any population and the
restoration of wild trout stocks, depend critically on the environmental quality of the
habitat (see chapter 8 - Habitats). A good broad definition of a fishery should place it in
the context of its ecosystem (Salmon & Freshwater Fisheries Review, MAFF, 2000).
Population ecology seeks to understand the factors that determine distribution and
abundance during the life cycle - factors such as spawning success, fry survival,
predation, competition, diseases, parasites, weather conditions, exploitation, etc.
Clearly, this is a complex subject and key factors affecting populations are likely to
vary greatly between species, types of habitat, geographical location and even from year
to year. Natural fluctuations in salmonid fish stock abundance make the identification
and quantification of problems very difficult on many fisheries.

© Andy Walker

Figure 6 A ferox brown trout from Loch Garry, Scotland (3.6kg)
Brown trout sometimes live in very large natural lakes where more than one sub-species
may have evolved, for instance gillaroo, sonaghan and the fast-growing predatory ferox
form (Figure 6 above). In productive rivers, brown trout may often complete their life
cycle in freshwater. In unproductive (e.g. hard rock and peaty) catchments the poor
food supply tends to produce migratory sea trout that grow rapidly at sea, returning to
natal rivers to spawn. On such rivers some male brown trout usually remain in
freshwater for the whole life cycle, fertilising the ova of returning female sea trout.
Clearly, the population genetics, dynamics and ecology of these trout stocks are very
complex and difficult to understand and, therefore, to manage. This is especially the
case on large lake and river systems with mixed brown and sea trout stocks. Self-
sustaining trout stocks, a key objective for many fishery managers, require good stock
and habitat management - a challenging objective (see, for instance, Elliott, 1989, NRA,
1993).

Figure 7 shows a simplified Salmo trutta life cycle diagram - many variations on this
basic pattern are seen in the wild.
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Figure 7 The trout's life cycle (from EA, 1996; not to scale)
Whilst grayling complete their life cycles in freshwater, as do char in the UK (although
many char populations migrate to sea to mature further north), our native trout, Salmo
trutta has a complex, variable life cycle that can include estuarine and marine phases
(see Elliott, 1994 and references therein). Brown trout can live their lives in freshwater,
migrating to greater or lesser extents to breed. They can drop down into estuaries for a
period of time ('slob' trout) or migrate fully to sea, returning after only a few weeks as
finnock (also termed peal, herling, whitling) or after one or more winters at sea as sea
trout (or “sewin” in Wales). In some systems nursery streams produce trout that migrate
downstream to large lakes, spending their adult lives there, before returning to spawn,
perhaps on several occasions over a number of years (for instance, the dollaghan of
Lough Neagh).

© FBA

Figure 8 The brown / sea trout
Female trout from some stocks produce relatively few large eggs whilst others produce
many more, smaller eggs. Such differences may be related to incubation conditions and
food availability for young fry. Small trout are incapable of excavating redds in large
gravel and shingle whilst large hen sea trout are able to do this, extending the breeding
habitat of the migratory stock component in some rivers. The mixture of genetic and
environmental influences that determines what form of life cycle individual trout adopt
is unknown but population density and the productivity of the 'home' stream are thought
to be important. In cold, unproductive waters trout grow very slowly, mature at small
sizes and produce few eggs. Upland lakes with extensive spawning and nursery habitat
often have very abundant stocks of small trout whilst similar waters with restricted



Fisheries Technical Manual 7 Trout Fisheries Management Advice

R&D Technical Report W2-045/TR 13 Version 1.0/02-04

spawning may contain fewer, larger fish. In contrast, warmer, more productive waters
produce fast-growing, early maturing, highly fecund fish. Most sea trout stocks seem to
come from relatively unproductive rivers where juvenile survival is high but growth
limited by environmental conditions, especially water temperature and food supply. The
need to access rich marine feeding areas to reach maturity in reasonable time,
particularly by females, may have been the primary evolutionary drive favouring
migration. Conversely, male trout need not achieve large body sizes to produce
sufficient viable milt and so often remain in freshwater, maturing there. These males
may inter-breed either with mature hen brown trout or sea trout that have returned from
their marine fast-growth phase (see Fahy, 1985, Elliott et al, 1992, NRA, 1992,
Solomon, 1994 and Harris, 2002 for reviews). Where stocking with hatchery-derived
fish has taken place, inter-breeding between wild and stocked fish may adversely affect
the overall genetic constitution of the population (see chapter 15 - Stocking).

The numbers of trout in a population are primarily determined soon after emergence
from the gravel as fry, at this time they fight for territories and weaker individuals are
pushed out into poor habitat areas where they may die. A stream bed will contain a
fairly fixed number of suitable territories - the 'carrying capacity' for fry. The actual
number of territories will vary with flows, food supply, shifts in bed shape and
competition from other species - only fish that hold a territory can survive.

Each life cycle stage will have limits of abundance in a given habitat. If the stock is
below carrying capacity at any life stage, individual survival will tend to be good
(catastrophic factors excepted). If the stock ranges above carrying capacity a bottleneck
is produced and competition causes poorly adapted individuals to die. This process is
termed density-dependent mortality; the proportion of fish dying depending upon the
numbers present. Trout and salmon stocks in many rivers are, therefore, to a degree
self-limiting, natural checks and balances keeping densities around the carrying
capacity as long as overall environmental conditions are similar.

Severe droughts, floods, sudden inputs of silt or other pollutants can, of course, wipe
out most or all of a stock irrespective of population density. Such factors are termed
density-independent and can cause major fluctuations in stock abundance. Elliott (1992)
produced analyses of sea trout catch statistics for English and Welsh rivers, concluding
that abundant stocks tend to have relatively low catch (and stock) variability and are,
therefore, probably regulated primarily by density-dependent factors. Conversely, low
abundance sea trout stocks often have highly variable catches, indicating that, probably,
density-independent factors are of key importance in determining the dynamics of the
population. Management strategies for these two fundamentally different types of sea
trout stock should, of course, be tailored to local circumstances.



Fisheries Technical Manual 7 Trout Fisheries Management Advice

R&D Technical Report W2-045/TR 14 Version 1.0/02-04

2.2 Technical and Practical Advice

2.2.1 Determining brown trout and sea trout stock densities

Still waters
On large still waters trout stocks can be estimated by SONAR or gill-netting mark-
recapture experiments (O'Grady, 1983). Measures of relative abundance can be gained
from angling catch-per-unit-effort (CPUE) data - see below.

Rivers
Resident adult brown trout in small stream fisheries are easily estimated by electric-
fishing surveys. It is quite likely that there will be existing data for a given river, local
Agency staff can advise. Environment Agency permission must be received in writing
before any electric-fishing operation is undertaken. Larger rivers are much more
difficult to survey as adult trout select deeper water and are usually close to dense
cover. Surveys on small and medium-sized streams can give accurate population
estimates if representative stretches are stop-netted and then fished three times. Fish
from each catch are kept separate, measured and counted in size categories
corresponding to year classes. The successive declines in catch allow the calculation,
with statistical confidence intervals, of the population density for fish of differing sizes
(Seber & Le Cren, 1967, Carle & Strub, 1978). Where large numbers of quantitative
surveys have been done it is possible to calculate least squares regression lines allowing
the estimation of actual fish populations from a single electric fishing sweep of a
stretch.

Electric fishing is a skilled and hazardous operation - you must have Environment
Agency consent before carrying out any work. Also, poor practice can lead to fish
damage (broken backbones) and even to mortalities - it is essential to know what you
are doing, the Environment Agency (1996) have published a code of practice for safety
in electric fishing operations. Electric-fishing should only be carried out by suitably
qualified and experienced operators using appropriate equipment.

Sea trout abundance is much more difficult to establish as fish will often be stopping in
a fishery temporarily on their way upstream. Some may stay for weeks, some may
move straight through without stopping. A very few rivers have fish counters that allow
the estimation of sea trout runs. Usually, the best available (retrospective) data come
from sea trout net catch returns and from angling catch records. Both sources of data
can be prone to a number of errors. Whilst it is possible to incorporate estimated
correction factors to obtain more accurate catch records, these data still need to be
treated with care. Encouragingly, however, when catches from differing rivers are
related to effort (Catch per unit effort, CPUE) and are plotted on the same time axis
they tend to fluctuate together indicating that catches really do provide a reasonable
index of actual sea trout stock abundance (Elliott, 1992). Care needs to be taken with
sea trout net catch data for recent years owing to reduced netting effort in the spring
imposed to conserve spring salmon. This will cause early-running fish to be missed.
Also, in general, nets may tend to select larger sea trout, leading to over-estimates of
average size and artificially skewed population structures for a given river. Some rivers
have late-running sea trout stock components that are missed by anglers, netsmen and
by routine scientific surveys - such populations have, therefore, very poorly understood
biology.
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Perhaps the easiest way to assess sea trout presence on a fishery is to ensure that anglers
provide accurate catch returns and that these are monitored through the season and from
year to year. The sooner records are kept, the sooner a picture of the performance of a
given fishery can be built up. Bear in mind, however, the renowned fickleness of sea
trout - there may often be many more fish present than you would imagine from
studying catch records alone. Bouts of pollution, for instance, can reveal large-scale
mortalities on fisheries that were thought only to have few sea trout present; an example
was on the River Ogmore in south Wales. Upstream migration of sea trout in summer
can occur even under low-flow conditions. Sea trout stocks show fascinating variations
in run-timing, size at return as maiden fish, frequency of multiple spawning, growth
rates and other factors. Much remains to be studied and elucidated in sea trout ecology;
Solomon (1994) and Harris (2002) provide well analysed and referenced reviews for
English and Welsh stocks.

2.2.2 The Environment Agency Fisheries Monitoring Programme

The Agency reviewed fisheries monitoring practice in England and Wales from 1998-
2000, producing a new consistent, statistically robust programme designed to serve its
business needs in Fisheries and to support Conservation - the National Fisheries
Monitoring Programme (NFMP). The NFMP is currently being implemented and
developed, its main components are:
• Index monitoring; detailed fish population dynamics studies on a small number of

type-specific rivers.
• Core monitoring; long-term sampling strategies to identify trends in exploited fish

populations by sites (spatial) and through time (temporal). This includes annual
quantitative and 5-yearly semi-quantitative surveys. Salmonid surveys will
concentrate on spatial aspects of population biology. Fish counter, netting return
and anglers log book information will also be used to augment the core survey data.
Information is stored in the National Fish Population Database (NFPD). The NFPD
includes information on physical details of sampling sites, habitat measures,
sampling methods, details of fish caught, recorded as individual fish or grouped by
species and size/age. Analyses will routinely produce information on population
estimates, biomass, age/growth, and species composition.

At the time of writing the Salmonid Core Monitoring Programme incorporates
monitoring on 340 river sub-catchments, representing 29,000 km of river. Four
categories are included:
• Salmon Action Plan (SAP) rivers (with or without sea trout).
• Major sea trout rivers (with no SAP).
• Principal brown trout fisheries (minimum 80% of catch wild fish)
• Sentinel rivers, where salmonids are present but do not fall into above categories.

Outputs from the monitoring programme will be very valuable for reviewing the status
and performance of brown trout, sea trout and grayling fisheries. Area fishery staff are
able to provide information at the local level.
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2.2.3 Factors limiting trout production through the life cycle

Fish population abundance can be limited largely by single factors or by combinations
of lesser impacts. Population bottlenecks can occur at any stage of the life cycle, as the
diagram below shows:

Figure 9 Examples of trout population 'bottlenecks' (EA, 1996)
Factors that may limit trout populations at differing life cycle stages include:
• For eggs: numbers of spawning adults, access to spawning gravels, silt levels in

gravel, predation, wash-out of eggs in spates, water quality (e.g. acidification
effects).

• For fry and parr: low current velocity microhabitats with abundant invertebrate
food supply and good physical cover, habitat loss, predation, water quality, flow
regimes.

• For sub-adults and adults: adequate amounts of well covered pool and glide
habitats, water quality, flow regimes, predation, exploitation, abundant invertebrate
food supply.

Management options (see also chapter 8 - Habitats)
Trout rivers need managing holistically in the context of catchment land use, water
supply and quality and fish stock status. One way to assess the need for trout habitat
management is to split up the river into areas relating to the life cycle of the fish:

Spawning areas
• Targeting and buffering diffuse silt inputs (ploughing, ditching, erosion by stock)

to improve conditions for egg incubation.
• Assessing the area of gravel suitable for spawning accessible to fish. Where

necessary, adding clean gravel to build new spawning riffles, de-silting existing
gravels with high-powered water jets to ameliorate high levels of fine sediments
(obtain agreement of Agency and downstream fisheries before mobilising large
amounts of silt).

• Using stream-side egg incubator boxes (check first that spawning success is very
low), these can help overcome chronic gravel siltation problems. Care is needed on
Native trout waters to maintain genetic diversity via wild broodstock management -
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use eggs and milt from a broad cross-section of the wild stock, rather than
hatchery-derived eggs (see chapter 15 - Stocking).

• Removing obstructions to upstream migration (see chapter 13 - Screens and
Obstructions).

• Assessing habitat quality and, where appropriate, instigating better habitat
management of spawning streams and nursery areas to increase carrying capacity
(see chapter 8 - Habitats).

• Note that rain-fed rivers tend to have their principal trout spawning and nursery
areas in headwaters and tributaries whilst chalk streams may have spawning areas
on gravel riffles almost anywhere in the system. The separation of breeding and
adult salmonid habitats for chalk stream fisheries management is, therefore, not
easy. This is an important consideration in the designation of Wild fisheries
protection zones (see chapters 1 and 15).

Fry and parr habitats
• Habitat management to promote fry and parr survival (e.g. plentiful complex

cover), increasing carrying capacity through stream restoration projects.
• Conserving stream flows (see chapter 7 - Water Quantity).
• Targeting point and diffuse pollution sources other than silt (e.g. silage liquor,

cattle / pig slurry, sheep dip, see chapter 6 - Water Quality).

Adult habitats
• Habitat management for maturing and adult trout (e.g. deeper pools, more cover),

to increase carrying capacity. Consider setting aside un-fished refuge areas.
• Conserving flows and water quality,
• Managing exploitation (methods, size / bag limits, catch-and-release (chapter 20))

and, where necessary, predation (see chapters 16 and 17 - Interactions).

Habitats for differing trout life stages are, very often, spread widely along a river
catchment - spawning, migration and adult habitats; these need to be linked as a
continuum for successful self-sustaining stocks. See Fahy, 1985, Hunter, 1991, Elliott,
1994, Solomon, 1994, Environment Agency, 1996, Environment Agency, 1998,
Salmon & Freshwater Fisheries Review, 2000, Harris, 2002 and Environment Agency
2001 for further details and references on trout population ecology. Giles and Summers
(1996) and Environment Agency (1996) provide advice on simple techniques to assess
habitat quality and overcome wild trout population bottlenecks.

2.2.4 Trout recruitment

Juvenile wild trout surveys are routinely carried out by electric fishing operations. On
small streams fry habitat areas are typically found downstream of gravel riffles on the
tails of pools where spawning usually occurs. On larger river systems small tributaries
typically act as spawning and nursery areas, with trout parr and sub-adults dropping
downstream as they grow. This fact underlines the vital importance of good
management of tributaries and headwaters as these areas are often the juvenile
production centres for many miles of main river. An example of this is given in the
figure below:
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Figure 10 River Scorff, France, brown trout age distributions (after Maisse & 
Baglinierre 1999)

Key points to note are:
• The Kernac stream population is dominated by 0+ (over 60%) and 1+ (over 25%)

brown trout.
• The upper River Scorff has fewer 0+ and more older trout.
• The lower river is dominated by adult trout older than 2+.
• The lower river stock migrates upstream in autumn to spawn in streams such as the

Kernac.

Allen's (1935) major study of the Windermere wild brown trout population found the
following:
• The majority of young trout enter the lake from streams at an age of 2 years

although some 1 year- and 3 year-old fish migrate to the lake. Fast-growers migrate
early.

• Most trout show most rapid growth in summer, gaining around 7cm in length each
year.

• Trout of 40cm or larger feed mostly on small fish.
• The littoral-dwelling Windermere brown trout stock was estimated at around

12,000 fish - 50% in their third year and 25% in their fourth year of life.

Juvenile trout abundance
Environment Agency juvenile salmonid survey data are stored in the National Fisheries
Population Database and are scored and assessed using the Fisheries Classification
Scheme. The HABSCORE database holds a great deal of information on juvenile
salmonid abundance related to habitat features for a range of river types. HABSCORE
Manuals are available from the Agency's Salmonid Fisheries Science Group, Cardiff.

Whilst all rivers flow through varying countryside, it is possible to group them broadly
according to predominant character. The table below provides some average trout fry
and parr abundance data per 100 square metres from a variety of English and Welsh
rivers. The field surveys were carried out in 1992 and 1993 and varying numbers of
surveys were conducted on the various rivers mentioned. Note that wild trout densities

P e r c e n ta g e s  o f  s e a  tr o u t  s to c k s  f ir s t  m a tu r in g  a t  g iv e n  
s e a  a g e s

0

2 0

4 0

6 0

8 0

1 0 0

T a m a r F o w e y T a ff L o u g h o r L u n e

%

.+

.1 +

.2 +

.3 +



Fisheries Technical Manual 7 Trout Fisheries Management Advice

R&D Technical Report W2-045/TR 19 Version 1.0/02-04

vary greatly with the exact timing of surveys and local conditions; these data are,
therefore, presented for illustrative, rather than predictive purposes.

Table 6 Juvenile trout abundance data for some English and Welsh rivers 
(provided by National Fisheries Technical Team, Cardiff)

River River Type Fry per 100m2 Parr per 100m2

Coquet Moorland 151.5 90.8
Tees Moorland 23.5 9.2
Tyne (North) Moorland 68.9 16
Wear Moorland 92.7 37.5
Ure Moorland 28.7 1.9
Swale Moorland 22.8 11.1
Wharfe Moorland 73.7 10.2
Ure (Eller Beck) Moorland 125 16.2
Stock Ghyll Moorland 96.2 19.3
Troutbeck Moorland 93.2 17.2
Dart Moorland 15.5 14.6
Plym Moorland 81.2 22.3
Lyd Moorland 38.3 16.8
Dovey Moorland 52.5 8.8
Yeo Lowland 51.8 23.6
Tone Lowland 36.1 9.9
Wyre Lowland 49.8 5.9
Ribble Lowland 0.89 0.74
Leven Lowland 29.3 4
Lune Lowland 26.6 10.1
Hodder Lowland 2.8 1.2
Wey Lowland 19.1 20.6
Tywi Lowland 10.1 4.5
Tawe Lowland 21.7 5.2
Hampshire Avon Chalk stream 0 2.1
Piddle Chalk stream 5.7 2.5
Bere stream Chalk stream 7.6 1.5
Lambourn Chalk stream 2.3 5.4
Frome (Dorset) Chalk stream 9.3 1.3
Tadnoll Brook Chalk stream 4.4 1.3
Bourne Chalk stream 4.4 3.8
Coln Chalk stream 1.57 3.5

Some key points to note from these data are:
• Trout fry densities on upland rivers can be over 100/100m2 in high quality habitats

and average 69/100m2 in the above sample of 'moorland' rivers. Parr densities here
can approach 100/100m2 but average 20.8/100m2 in the above sample.

• Lowland rivers (usually headwaters or side streams) tend to have lower trout fry
and parr densities than moorland rivers, averaging 24.4/100m2 habitat for fry and
8.6/100m2 for parr in the above sample.

• Chalk streams, despite their reputation as premier trout waters tend, with their low
gradients, small gravel and stable flows, to have relatively poor trout recruitment -
4.4/100m2 for fry and 2.7/100m2 for parr.

Juvenile salmonid densities tend to be a good guide to overall habitat quality as wild
trout stocks are very vulnerable to habitat degradation processes. Serious declines in
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recruitment success soon knock-on to affect trout fishery performance - this is the point
when fishery managers may suspect problems.

Abundance of 'takeable' trout
Judging whether sub-adult and adult wild trout recruitment to a fishery is adequate is
best approached via the collection and analysis of detailed catch records. The usefulness
of long-term catch records is illustrated by the study of Milner and Varallo (1988) on
Llyn Conwy, Gwynedd - see Figure 11 below:

Figure 11 Long-term trout catch data from Llyn Conwy (after Milner & 
Varallo, 1988)

Several interesting points emerge from this analysis:
• In the late 19th Century anglers often caught 10-20 small wild brown trout per visit.
• By the early 1960s around 5 trout of 120g (4oz) was usual.
• By the late 1970s 1-2 trout was a typical bag, but the average size had risen to

around 250g (8 oz).
• Stocking began in 1979 and average bags of 5 fish of around 8-12 oz were then

maintained artificially.

Chronic long-term acidification (see chapter 6 - Water Quality) progressively
suppressed recruitment; the few surviving wild fish in the late 1970s probably
increasing in weight due to reduced competition for food. Stocking allowed a continued
brown trout fishery but, of course, failed to address the root cause of the trout
population problems.

Management options
• The Environment Agency Monitoring Review has produced a new system of core

juvenile survey sites, fish counters, targeted investigation projects and angler log
book schemes. Consult your Area Office for available information.

• Rod catch data for sea trout in England and Wales are recorded annually via the
Rod Licence system. Licence holders are required to make catch returns at the end
of each season. Annual analyses of catch statistics are published by CEFAS/EA.

Llyn Conwy brown trout catches
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• Individual fisheries can require members to make additional daily, monthly or
annual catch returns - encouragement of catch returns is good management.

• The longer the run of data, the more interesting and valuable catch returns become.
• Establish a sound catch recording system and then don't change it, otherwise the

ability to compare fishery performance between years may be lost.

Catch return information
When designing a catch return form consider including the following information:
• Date, river (lake), stretch, hours fished, time started.
• Number, sizes, species of fish caught, whether killed or released.
• Method of angling, water conditions (height, colour).
• Box for comments - useful for picking up important local information.

For season rods it is best to provide forms within water-proof covers and it is always
worth following-up books that have not been returned. A prize draw for a rod or reel
can prompt better return rates. An example of an Agency catch return book is given on
the next page:
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Figure 12 Angler's log book cover and example page

2.2.5 Increasing wild trout populations

The example of the Game Conservancy Trust project on the River Piddle, Dorset (see
chapter 8 - Habitats) shows how directly wild trout fishery performance is linked to
improved habitat quality. At the start of the study the upper Piddle was affected by
chronic bank poaching by cattle, silt-inputs from ploughed land, a lack on many
sections of diverse in-stream microhabitats, low flows affected partly by over-
abstraction, pike predation, over-shading, impoundments and other factors. A broad-
based wild trout fishery restoration project addressed many of these factors and has
resulted in greatly increased wild trout densities (see Giles & Summers, 2000 and
chapter 8 - Habitats). On the Dorset Piddle wild trout stock increases seem mostly to
have been related to:
• Long sections of cattle fencing on previously badly eroded stream sections,
• Subsequent re-growth of marginal vegetation, narrowing the stream, increasing

depths and current velocities, scouring gravels and providing cover for trout.
• Pool creation by building in-stream current deflectors and by excavating corner

pools,
• Better Ranunculus growth in areas where riffle-pool sequences were re-established

and/or where over-shading by mature trees was reduced,
• Increasing in-stream cover with timber structures,
• Coppicing willows to sky-light tunnelled stream sections,
• Control of pike populations by electric-fishing operations,
• De-silting spawning gravels with water-jetting apparatus.
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Latest analysis of data from The Game Conservancy Trust (D. Roberts pers. comm.)
has provided the results presented in chapter 8. Habitat improvement projects on many
trout rivers are now becoming more commonplace. Successful projects by independent
consultants, The Environment Agency, The Tweed Foundation, The River Restoration
Centre, West Country Rivers Trust, Eden Rivers Trust, Northumbrian Rivers Trust,
Wye Foundation, Wild Trout Trust, Grayling Research Trust, Game Conservancy Trust,
Irish Fisheries Research Boards and others are establishing good practice. The River
Restoration Centre maintains a database of river restoration projects and also provides a
comprehensive manual of river restoration techniques that is available from its website.
http://www.therrc.co.uk/manual.php

Note that, on many salmonid rivers, spawning and juvenile habitats may often be
situated largely in headwaters and tributaries, well upstream from significant rod
fisheries. Adequate conservation of these nursery habitats can be a major challenge and
funding often needs to be linked to the conservation and socio-economic fisheries
benefits that are enjoyed lower down the catchment. This is a key reason why
catchment-wide habitat appraisal and management is the ideal.

Management options
Promoting successful recruitment of wild fish involves:
• Knowing the stock size, age composition and potential bottlenecks in production.
• Analysing the need for habitat improvement,
• Producing a fishery management plan (see below),
• Implementing better habitat management,
• Regulating fishing pressure to well within the fishery exploitation potential,
• Releasing wild trout to conserve stocks, if necessary (see chapter 20 – Catch &

Release).

Sustainable cropping
There are no simple 'rules of thumb' allowing the easy estimation of wild trout
productivity. Everything depends upon the size and type of water body / river, its
overall habitat quality, the health of the trout stock and the level and types of
exploitation and natural mortality. In England and Wales so many rivers and still waters
are routinely stocked, and have been for many years, that truly wild brown trout
populations (those relying on natural spawning) are rare. Estimates of the population
densities and population biology parameters of the wild stocks that we do have are rarer
still. Consequently, direct calculation of likely sustainable yields will be a largely
fruitless exercise. Indirect methods do, however, provide a partial answer to this
problem.

Catch-per-unit-effort (CPUE)
By carefully monitoring catches it is possible to judge, over a period of time, whether
CPUE is staying relatively steady, rising or falling. Clearly, a consistent falling average
catch per unit effort is a danger sign.

If catch and effort data are unavailable, it is impossible to know how a fishery is
performing. Despite this simple truth, few wild brown or sea trout fisheries keep
accurate catch and effort records. In the event of a fishery having dissatisfied anglers, it
is very difficult to provide any form of explanation or overview of the quality of the
angling opportunities provided without hard data. A long and comprehensive set of
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catch records allows the analysis of typical seasonal trends, annual catches and trends in
annual catches. In the absence of accurate information on actual fish stock abundance -
and this is the usual situation for sea trout - all indirect information from catches is
invaluable in appraising the status and performance of a fishery.

The example below for a real, un-named Welsh sea trout fishery (after Harris &
Morgan 1989) shows classic declining catch, declining CPUE and increasing effort to
try and maintain catches from a stock in decline.

Figure 13 Welsh sea trout fishery - long-term rod catch data (after Harris & 
Morgan, 1989)

Population size structure
The size-frequency distribution of fish in a wild trout stock can reveal much about the
health of the population. In a natural stock you would expect to find a 'pyramid of
numbers' with many juveniles, intermediate numbers of sub-adults and low numbers of
adults.

By requiring anglers to record the sizes of all trout caught (including any released), the
fishery manager can soon compile a population profile of the catchable stock. If this is
done annually it is possible to track the wild trout population structure. Clearly, danger
signals for over-exploitation would include substantial reductions in adult numbers or
size.

The Inver fishery (Connemara, Ireland) keeps long-term sea trout catch records that
have shown fluctuations in catch number and average size, see Figure 14 on the next
page and Fahy, 1985).
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Figure 14 Inver fishery, Connemara, catch statistics
Fahy (1985) interpreted this data set as probably representing an increase in average
size of sea trout (after 1945) in response to reduced harvest in previous seasons.

Population age structure
Scale samples, collected from live or dead fish can be very informative. Environment
Agency Area staff may be able to get scales 'read' under a low-power microscope,
providing estimates of the age and growth of the fish. Also, it is generally possible to
judge how many times a fish has spawned from the presence of eroded 'spawning
marks' (see Fahy, 1985, Solomon, 1994, Harris, 2002).

Scale Collection (see Environment Agency 'Guidelines for scale collection, storage &
submission', National Fisheries Laboratory)

The collection of scales is a delicate procedure and care should be taken to minimise
damage and stress to live fish.
• The fish should be placed on its right flank on a non-abrasive, wet surface to allow

access to the scales on the left flank.
• A pair of forceps should be used to remove salmonid scales from the recommended

area - above the lateral line just back from the dorsal fin. 5-10 scales are usually
adequate.

• Hold the forceps parallel to the surface of the body, pointing to the snout of the
fish. Slide one side of the tip of the forceps carefully between the scale and the
body wall. Grip the scale with the forceps and gently pull backwards away from the
head at a slight angle to remove from the socket. Do not pull the scale off at a sharp
angle to the body as this may cause unnecessary damage to the fish. For the
removal of small salmonid scales, it may be preferable to gently scrape off the
scales with a blunt scalpel, in a snout to tail direction.

• In populations that are sampled frequently, some variation in the site of scale
removal may be necessary to avoid replacement scales.

Regenerated scales, known as replacement scales, are characterised by the central area
of the scale having a cloudy ‘crazy paving’ appearance. As the early growth history of
the fish is absent from these scales, they are useless for ageing purposes. To ensure
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scales are not replacements, they can be held up to the light to check that centres are not
'cloudy'.

In order to be able to make detailed comments on population growth characteristics, it
is recommended that scales should taken from at least 3 individual fish at 0.5cm length
intervals across the length range captured. In larger size classes, it is recommended that
scales be taken from all individuals. Scales from older fish can be more difficult to
interpret and so a larger sample size should ensure greater accuracy in interpretation.

Scale Storage
• Once removed, scales should be placed into a small, paper envelope. The paper

envelopes enable the scales to dry quickly, ensuring no deterioration in their
quality. Wet scales should never be placed in plastic envelopes/ bags under any
circumstance, as they will deteriorate in the damp environment, making ageing
both difficult and unpleasant.

• The practice of placing scales in white paper inserts inside scale packets is
discouraged as this makes their removal very difficult. It usually results in a paper
residue being left on the scales, making reading very difficult.

• Any relevant details to the fish and the survey should be written on the scale
packet. The following information should accompany each scale:-

Table 7 Fish scale envelope data

Essential
Information

Useful
Information

River/Lake River stretch/location

Species Weight of fish

Fork length Sex of fish

Date of capture Method of capture
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© Nick Giles

Figure 15 Salmo trutta smolt (above) and parr

Age at smolting for sea trout in England and Wales
Solomon (1994) provides a wealth of information on sea trout biology in English and
Welsh Rivers. Figure 16, below (after Solomon, 1994, Table 2.1) shows typical age
distributions for sea trout smolts from a range of rivers:

Figure 16 Smolt age composition for some English and Welsh sea trout rivers
Key points to note are:
• All five sea trout stocks produce mostly 2 year-old smolts.
• The Beaulieu River in the New Forest is a shaded, acidic stream with low trout

growth potential and smolt ages tend to have a high proportion of 3 year-old and 4
year-olds.

• The Welsh Mawddach produces fast-growing smolts, many of which run to sea at 1
year of age and all others running the following year. Chalk stream smolts tend also
to run at 1 or 2 years of age.

P e r c e n ta g e  a g e  c o m p o s it io n  o f  s e a  tr o u t  sm o lts

0

2 0

4 0

6 0

8 0

1 0 0

B e a u lie u T e if i W y re R h e id o l M a w d d a c h

%

1
2
3
4 + 5



Fisheries Technical Manual 7 Trout Fisheries Management Advice

R&D Technical Report W2-045/TR 28 Version 1.0/02-04

The following figure (after Solomon 1994, table 2.3) shows how sea trout growth and
maturation at sea is revealed from scale reading studies:

Figure 17 Percentages of maiden sea trout first maturing at given sea ages
Note that the Tamar stock has a high proportion of maturing finnock (whitling, peal),
whilst, at the opposite extreme, the Lune stock has many more 2+ and 3+ sea age sea
trout returning to spawn for the first time ('maiden fish'). Marine growth conditions are
thought primarily to determine this life history characteristic. These are good examples
of how ageing of fish can reveal important life history and fishery management data.

Sea trout scale reading conventions (see Nall, 1930, Fahy, 1985 and Solomon, 1994)
• Freshwater life is given as a number of years, with or without plus growth before a

decimal point e.g. 3+.
• Post-smolt history is given after the decimal point, a finnock would be .+, a one-

sea-winter maiden fish .1+, and so on.
• Spawning marks are designated SM, two spawning marks in successive years as

2SM, etc.
• A fish recorded as 3+.1+3SM+ has the following history:
Migrated to sea after three years freshwater growth with some plus growth after the last
parr winter (3+). First matured after one winter at sea (1+) and spawned in each of the
next three years (3SM). The + at the end denotes some plus growth after the last
spawning mark and, if caught in a river, the fish was probably migrating upstream to
spawn again. The total age of the fish at time of scale sampling is 7+ years (Solomon,
1994).
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Trout scales

9+ year old sea trout scale with 2 years 7+ year old lake brown trout scale with
parr life and 6 spawning marks. no clear spawning marks.

Figure 18 Examples of trout scales (from Fahy, 1985)
Clearly, the key objective in managing any wild game fishery is for long-term
sustainability. With current angling pressures, only large rivers and lakes are likely to
be able to sustain any significant degree of cropping of wild trout stocks. For the
majority of smaller-scale wild fisheries, catch-and-release is likely to be the best option
(see chapter 20 – Catch & Release)

2.2.6 Trout fishery management objectives

Trout fishery managers will generally be attempting to achieve the following:
• To make an adequate living and return on capital invested in the fishery.
• To provide a recreational resource to local and visiting anglers.
• To manage the fishery so as to conserve any wild fish stocks and to conserve

wildlife generally.
• To develop a fishery management plan that encompasses financial, environmental

and social aspects of the fishery and to implement that plan.

Agency fisheries staff are willing and able to help with many aspects of this planning
process.
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Fishery management plans
All fisheries benefit from a written management plan, that includes a large scale map,
annotated with habitat and other work needing to be done, the locations of
species/habitats of special conservation interest, stock assessment information, catch
records related to effort, trends in performance, feed-back from anglers and a time-
tabled development plan. The fishery manager may need specialist advice in compiling
the plan but will then be responsible for implementing it and regularly checking the
outcomes of the various actions.
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2.3 Summary of Management Options

Table 8 Game fish management options and good practice

Issue Management options Good practice notes

Determining
brown and sea
trout stock
densities

Record and analyse rod and net catch
returns. Assess whether some stock
components may not be being sampled
owing to early or late running fish or
restricted methods, etc. Conduct electric
fishing surveys and visual observations if
suitable staff / equipment are available.

Electric fishing needs Environment
Agency consent and must be carried out
by skilled experienced staff using
correctly set-up equipment.  Annual
reports of sea trout catches, counter and
trap data for key English and Welsh
rivers are published annually by Agency.

Population
production
bottlenecks

Assess degree of gravel siltation
Assess fry, parr, sub-adult and adult trout
habitat quality.

Target and deal with point pollution
sources.
Buffer strips for diffuse inputs.
Stream-side incubators to overcome
serious gravel impaction and siltation –
use wild parented fertile ova.
Optimise habitat through carefully
implemented management plan.
Remove any obstructions to fish
migration.
Manage predation e.g. pike.
Manage exploitation e.g. Size/slot/bag
limits, method restrictions, catch-and-
release.

Trout
recruitment

Best monitored via observation of
spawning, fry and parr plus catch returns
and any available electric-fishing data
and reports.

Design and administer catch record
scheme.
Note Agency electric-fishing surveys,
reports, catch analyses.

Increasing
wild trout
stock

Assessment of fishery performance.

Consider ‘Wild fishery protection zone’
status.

Take advice on need for physical habitat,
water quality, river flow management
projects.
Implement recommendations.
Monitor results with electric-fishing
surveys, CPUE analysis, population size-
frequency and age-frequency charts.
Read scales to assess growth and
spawning frequency / age at maturity.

Switching
from 'other' to
Native trout
water status.

Reduce stocking whilst optimising
conditions for wild fish and monitoring
fishery performance to sustain adequate
catches.

Slowly reduce stocking densities.
Monitor catches to maintain adequate
CPUE. Talk to anglers to assess their
satisfaction with fishery.
Maximise wild trout carrying capacity of
fishery and stock management.

Management
objectives

To make an adequate living and return
on capital invested in the fishery.
To provide a recreational resource to
local and visiting anglers.
To manage the fishery so as to conserve
any wild fish stocks and to conserve
wildlife generally.
To develop a fishery management plan
that encompasses financial,
environmental and social aspects of the
fishery and to implement that plan.

Take all available free advice and consult
experts where necessary.

Implement plans carefully and monitor
results assiduously.

Maintain frequent dialogue with anglers
to monitor satisfaction with fishery
performance. Consider their suggestions
for improvements to fishery
management.
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3 GRAYLING ECOLOGY

3.1 Introduction

© FBA

Figure 19 Grayling
Grayling sustain valuable wild fisheries, thrive in good quality habitats and can be
angled for by fly or bait. The season for grayling extends saleable game fishing
opportunities through the winter months - an important economic consideration. Whilst
virtually all stocks are riverine, in England and Wales there are two well known still
water grayling populations - in Gouthwaite Reservoir, Yorkshire and in Llyn Tegid
(Bala Lake) north Wales. Various other smaller still waters contain grayling.

Grayling are gaining in popularity with British anglers; membership of the Grayling
Society is increasing at 10 to 15 percent annually (Grayling Society pers comm). Many
anglers fish them routinely by catch and release and specialist fly-fishermen from
Europe often visit the UK to enjoy its high quality grayling fishing. Large grayling are a
key attraction, most specimens being killed for food in other European waters. UK
grayling are, therefore, a locally important economic resource. Grayling also offer the
opportunity of angling during the close season for trout and salmon although the current
adopted "coarse fish" close season applied to grayling may not include the typical
spawning time of grayling in all of England or Wales (Ibbotson et al., 2001).

Information on which English and Welsh grayling stocks are truly indigenous is
currently lacking. Until this information is available Ibbotson et al (2001) recommend
that grayling in rivers thought to contain indigenous stock, i.e. Ouse, Trent, Hampshire
Avon, Severn, Wye, Thames, Ribble and Welsh Dee and their tributaries should be
afforded high conservation status. They provide maps of current grayling distribution
and notes on the provenance of stocks.
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3.2 Technical and Practical Advice

Ibbotson et al (2001, and references therein) is the key literature source for the
following sections.

3.2.1 Grayling competition with brown trout

• Where grayling and trout occur together they often occupy subtly different habitats
(grayling in deeper areas with finer sediments, trout over the shallower gravely
areas). But, when apart, each species will spread out to occupy both areas to some
extent.

• The two species may have subtly different temperature preferences.
• Brown trout and grayling overlap, to a degree, in their preferred foods although

grayling are more opportunistic feeders. The two species often forage in differing
areas of river (grayling often in shoals, probing the substrate, trout taking
invertebrates drifting in the current).

• Trout have seizing jaws with large teeth, grayling have smaller sucking jaws with
tiny teeth.

Overall, given a diverse river system, it seems likely that the two species are adapted to
live together, having evolved to avoid strong competition under most circumstances.

The National Trout and Grayling Fisheries Strategy (NTS, 2003) states that the
historical practice of grayling removal to improve trout fishing is unfounded on
scientific fact. Indeed, it is likely to result in a population imbalance with an increased
abundance of smaller, earlier maturing grayling that are likely to detract from the
quality of trout fishing.

The National Trout and Grayling Fisheries Strategy establishes the following policy:

Policy 11:
We will discourage the practice of removing grayling to improve trout fishing by
providing relevant fishery owners with information about the effects of removing a
large proportion of a grayling population.
We will not undertake any large-scale removal of grayling, except when the fish
removed are required to re-establish a grayling fishery elsewhere.

3.2.2 Sustainable exploitation of grayling

Clearly, in some rivers, at least, grayling stocks are abundant and are harvested to some
degree for human consumption. Care with exploitation is needed, however, as annual
recruitment of grayling appears quite variable in some rivers, e.g. the Wiltshire Wylye
(Ibbotson et al, 2001). Sustainable yields need careful judgement via analysis of fishery
survey and catch data. This will be facilitated through the Agency Core Fisheries
Monitoring Programme via the anglers log book scheme.

Longevity of grayling, in common with most fish, tends to be greater in higher latitude /
altitude fisheries where temperatures and growth rates tend to be lower.
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Grayling are readily aged from scale samples and their populations are, therefore,
readily open to monitoring and analysis by this method:

Figure 20 A scale from a 3+ year-old grayling (River Wylye, Wiltshire)
Sexual maturity in grayling is attained at ages 2-5 years. Maximum ages of 3-4 years
occur on the Rivers Medway, Dove and Teise (Medway), perhaps 5 years on the Nidd,
Severn and Test, 6-7 years on the Welsh Dee and Llyn Tegid and 10 years or over
further north. Care in the interpretation of scales read from old fish is required as such
individuals often show annual growth rings very close together towards the edge of the
scale as growth in length slows markedly with sexual maturity and longevity.

Management options
As to how many grayling can sustainably be killed - this figure will vary widely
between fisheries and years. To enable grayling to spawn at least once, Ibbotson et al
(2001) regard a minimum angling size limit of 28cm as being suitable for English and
Welsh grayling fisheries. The National Trout and Grayling Fisheries Strategy (EA,
2003) establishes:

Policy 9:
We will review the size limits, set by Agency byelaws, for non-migratory trout,
char and grayling so that these limits will exceed the length at which fish mature.
Only where it is apparent that wild stocks are depleted and that over-exploitation
may be contributing, will we consider imposing additional mandatory restrictions.
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Table 9 Environment Agency byelaws - grayling angling restrictions (after 
Ibbotson et al, 2001)

Region Areas Size limit (cm) Bag limit /
day

Closed season

South West All Areas 25 2 15/3 - 15/6

Southern All Areas None None 15/3 - 15/6

Thames South East,
North East,
North West

25 2 15/3 - 15/6

Midlands All Areas 20 all rivers except
15 on Severn,
Vyrnwy, Banwy,
and Tanat.

None 15/3 - 15/6

Wales All Areas None None 15/3 - 15/6

North West All Areas 23 None 15/3 - 15/6

North East Dales / Ridings
Northumbria

18
23

6
6

15/3 - 15/6
15/3 - 15/6

Catch and release
It is worth reiterating the attraction for anglers of specimen fish and the worth of
returning grayling on a routine catch-and-release basis, as advocated by The Grayling
Society Angling Code. Agency Policy developed in the National Trout and Grayling
Fisheries Strategy (EA, 2003) is:

Policy 10:
To improve the quality of fishing for wild trout and grayling, and to reduce the
risk of excessive exploitation, we will encourage anglers to release a greater
proportion of their catch of wild fish. We will provide readily accessible advice to
anglers on ways to improve fish survival after release, and to fishery owners on the
benefits of ‘slot’ limits.

Local decisions based on the best available catch and population survey information are
the way forward for sound grayling fishery management. CPUE (e.g. catch per hour or
angler day) should be managed so that stock levels and structures remain stable in the
medium to long-term. As with all fisheries, this requires a good catch recording and
collation scheme. The Agency Core Monitoring and logbook schemes will provide size
frequency and other grayling population information to help identify and rectify
declines in abundance.

3.2.3 Stocking grayling fisheries

The National Trout and Grayling Fisheries Strategy (EA, 2003) notes that stocking with
grayling is comparatively uncommon but has been undertaken in the past to generate
new fisheries or in mitigation for pollution incidents. The Salmon and Freshwater
Fisheries Review (MAFF, 2000) recommended that grayling should not be spread
beyond its natural range. Agency Policy developed in the National Trout and Grayling
Fisheries Strategy (EA, 2003) is:
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Policy 21:
We will only permit stocking into rivers, streams or other un-enclosed waters in
catchments where the grayling is already present, except possibly:
• to re-establish a previous population (even if introduced); or
• for rivers recovering from long-term gross pollution where wider

consideration will be given to the species stocked and the type of fisheries that
might be developed.

Stocked grayling must have a suitable, generally local, provenance.

3.2.4 Grayling water quality requirements

Table 10 below provides information on known grayling water quality requirements:

Table 10 Grayling and water quality

Parameter Value Notes
Water temperature Optimum 18°C.

Upper critical >18°C.
Lower critical 0-4°C.

(Ref Crisp, 1996). Grayling stocks seem
vulnerable to low-flows and very hot
weather.

Acidity - pH Optimum 7 (Baars, 1999)
Aluminium toxicity
under acidified
conditions

More sensitive than brown
trout.

(Poleo et al, 1997)

Dissolved oxygen
(DO)

Minimum 5-7 mg/l @ 18-
20°C. Larvae may tolerate
lower DO levels.

(Duvernay, 1975)

Organic pollutants More sensitive than trout. Grayling have smaller livers and thus
lower detoxifying enzyme
concentrations than trout (Jervis, 1999)

Despite few analytical studies it does appear that grayling may well be less tolerant of
many commonly encountered pollutants than brown trout. This merits further
investigation to underpin efforts to conserve grayling.

3.2.5 Physical habitat improvements for grayling

Grayling occupy a cool, well-oxygenated, medium-paced zone in many rivers with
sequences of runs, riffles and pools (Huet, 1959). The 'grayling zone' is typically
downstream of the more turbulent, faster 'trout zone' and upstream of the more placid
and warmer 'barbel zone'. Self-sustaining grayling stocks usually require the following
habitats (after Ibbotson et al, 2001 and M. Sidebottom pers. comm.):
• Relatively silt-free spawning gravels / fine chalk nodules.
• Sheltered margins with draping vegetation cover where young fry can gain strength

out of the current.
• Gravely weedy shallows for juveniles.
• Sheltered glides for shoals of sub-adult fish.
• Sheltered deeper pools for adult fish.
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It is worth noting that grayling can also do well in lakes and in relatively uniform,
engineered river channels, such as in the upper reaches of the River Tern (Midlands
Region) and in the lower River Test, indicating considerable adaptability in the species.
Information on habitat improvement is given in chapter 8 - Habitats. Projects to
improve grayling habitats will often be combined with trout habitat projects and may be
collaborative efforts between angling interests, riparian owners, sponsors, relevant
Trusts and the Environment Agency. The National Trout and Grayling Fisheries
Strategy (EA, 2003) includes the following policies:

Policy 2:
We will work with others to promote angling for trout and grayling within the
context of environmental protection and integration with other forms of
recreation.

Policy 8:
We will work to develop conservation targets for the abundance and structure of
wild trout and grayling stocks against which the status of these stocks can be
assessed. Once set, failure to comply with conservation targets will trigger
management action, including investigation of the likely causes.

The Environment Agency intends to use the following criteria of success for its
National Trout and Grayling Fisheries Strategy:

Table 11 Criteria for success with grayling, trout and char fisheries

Outcome Measures
Thriving populations of wild trout and grayling Compliance with agreed conservation targets
Genetic diversity of wild populations protected Compliance with stocking policy
Good and improved trout and grayling habitat To be developed for water quality, quantity &

physical habitat
Improved opportunities for trout, sea trout and
grayling angling for different sectors of the
population.

Distance to nearest available site offering a given
type of angling.
To be developed for sites with facilities for
disabled anglers.

Increased participation, overall and for
disadvantaged sectors of the population.

No. of trout/coarse licences sold in different
categories (Full/Junior/Disabled/Senior).
Proportions of licence holders fishing for 1.
Trout, 2. Sea trout, 3. Grayling.
No. of days spent fishing at different types of
trout and grayling fishery.

Increased tourist expenditure associated with trout
and grayling angling.

No. of trout and grayling fishing trips involving
an overnight stay.

Increased environmental awareness Preference for fishing for wild fish.
Proportion of anglers practising voluntary catch-
and-release.
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3.3 Summary of Management Options

Table 12 Grayling fishery management options and good practice

Issue Management options Good practice notes

Competition with
trout

Remove grayling regularly or
leave relatively natural
population.

There is little evidence of significant
competition between grayling and trout.
Therefore it is better to allow grayling
stocks to self-regulate in good habitat.

Harvesting Grayling are often a prolific
species. Care is needed to watch
for poor recruitment years and
to manage accordingly.

Record catches, analyse and monitor
CPUE, maintain fishery performance via
regulations. Recommend 28cm lower size
limit. Consider upper size limit to conserve
specimens (a 'slot limit'). Fish catch-and-
release if CPUE drops significantly - Core
Monitoring and angler log book scheme.

Water Quality There is evidence of sensitivity
of grayling to a number of WQ
variables. It is especially worth
pursuing all opportunities to
protect Water Quality on
grayling fisheries.

Take care to protect fishery Water Quality
by all available means. Liaise with Agency
staff to ensure that potential problems are
appreciated and monitored.

Physical habitat Self-sustaining grayling stocks
need good quality habitat.

Approaches to habitat improvement as
recommended for wild trout should
generally be applicable to grayling. Note
the importance of low current velocity
areas ('dead zones') for grayling larvae and
small fry.
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4 ARCTIC CHAR ECOLOGY

4.1 Introduction

© FBA

Figure 21 Arctic char
The arctic char, Salvelinus alpinus is of considerable fisheries and conservation
importance in arctic, alpine and temperate lakes of the northern hemisphere, where they
have the most northerly distribution of any freshwater fish. Many lakes have char alone,
in others they may live with lake trout, brook trout, brown trout, whitefish
(Coregonids), ciscoes, burbot, pike and sticklebacks. Whilst many thousands of char
stocks remain world-wide, many have been lost through various forms of habitat
damage (Maitland, 1995). Perhaps the severest damage has occurred in southern
Norway where acidification has led directly to the extinction of 200-300 stocks with
many more in decline (Hesthagen & Sandlund, 1995). Climate change may also
threaten some southerly char stocks.

Langeland (1995) recognises four different sized forms of arctic char:
• dwarf (typically adult at 10-100g),
• normal (100-500g),
• anadromous (300-3000g) and
• fish-eating (500-3000g).

The fish-eating form of char is a parallel of the ferox form of wild brown trout. Ferox
also normally co-exist with and eat char. Cannibalism may be an important factor
determining char population characteristics (Svenning & Borgstrom, 1995).
Char populations often exhibit two or more morphological types linked to differing lake
habitats (e.g. benthic and pelagic). These types may differ in timing and site selection of
spawning, body shape, size and colour, micro-habitat use and diet, amongst other
characters. Whilst studies are relatively few, these differences appear to have differing
degrees of heritability and reproductive isolation. Char stocks have developed plastic
morphologies and life histories in response to prevailing environmental conditions. It
may be that Arctic char are currently undergoing the early stages of evolutionary
adaptive radiation throughout their range (Savvaitova, 1995).

In the UK, Windermere char have distinct separate spawning stocks, with at least four
races of fish (see below). Loch Rannoch in the Scottish Highlands has two
morphologically and genetically distinct forms of char - a large mouthed benthic form
and a smaller-mouthed pelagic form, each with its own typical diet (Gardner et al.,
1988).
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Arctic char have been exploited by man for thousands of years - often being a key
natural resource for subsistence-dwelling human populations of the north. Exploitation
commonly leads to dwarfing of char as large specimens are fished selectively from the
population and earlier age at maturity is naturally selected for. As char usually grow
slowly and mature late they can be very vulnerable to over-exploitation. Further north
than the UK many char stocks behave essentially like sea trout with a migratory life
cycle, land-locked stocks also commonly occur. Sea-going char spend the summer
months in marine habitats returning to over-winter in their home lakes. All known UK
char stocks are landlocked.

This manual, based on internationally published literature, provides management advice
for char fisheries in England and Wales. The Cumbrian lakes have traditional char
fisheries, for instance on Windermere, England's largest lake, where fish are caught on
deeply-fished silver spoons. Windermere char include a high proportion of old
individuals (aged from otoliths), indicating that the stock is currently not heavily
exploited by either the rod or (research) net fisheries.

Elliott & Baroudy (1995) review the ecology of Windermere char that are split into
separate spring- and autumn-spawning stocks in both the north and south basins;

Table 13 Windermere char stock characteristics

Autumn- spawning Spring-spawning

Around 95% of adult char population. Only 4-6% of Windermere population

Spawn November/December in lake shallows or
River Brathay. Note Brathay spawning stock not
detected in recent years (L. Black, pers com.)

Spawn February/March in deep areas of lake.

Large eggs, alevins and fry with relatively high
survival (32%) to independence.

Small eggs, alevins and fry, low survival (3%) to
independent fry stage.

Live mostly in pelagic (open water) zone. Live mostly in pelagic zone.

Slow-growing, late maturing (7-8 years) Slow-growing, late maturing (7-9 years)

British Arctic char could be protected, recognising their rare status or, given adequate
management, (Langeland, 1995), there is no reason why char fishing should not take
place on more UK lakes, reinforcing the recreational and economic values of the
species. Note, of course, that stocks considered to be in danger should not be fished.
Well-managed exploitation may confer greater conservation protection for the species
than attempted preservation. This is the principle of 'wise use' of natural resources.
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4.2 Technical and Practical Advice

4.2.1 Lake eutrophication

Eutrophication (nutrient enrichment with nitrate and phosphate) is a potent damaging
impact on still water char habitats. The plant fertilisers, in themselves, are not toxic but
the anoxia that can follow the decomposition of algal blooms that they fuel can severely
limit habitat for char. On Windermere such algal bloom collapses have, in the past,
deoxygenated large areas of the deep zones of the lake, forcing the char to move up into
water that can be uncomfortably warm for them (Elliott & Baroudy, 1995). Water
quality has improved in recent years but phosphorus stored in lake sediments may re-
circulate for many years, fuelling periodic strong algal and cyanobacterial (blue-green
algal) growth. Eutrophication effects are covered further in chapter 6 - Water Quality.

On the French-Swiss Lake Leman the endemic char population declined markedly in
response to eutrophication but this commercial net fishery has been resurrected from a
yield of 3-5 tonnes to 50-65 tonnes per year with a hatchery-based ranching
programme. Wild char brood stock are used to produce the very large numbers of
fingerlings stocked. This char population is fast-growing and early maturing (2+ years),
as may be expected in this relatively productive lake (Champigneule & Gerdeaux,
1995). Whether stocking programmes might be appropriate for endangered English and
Welsh char fisheries would require careful consideration by The Environment Agency
and EN/CCW. Habitat enhancement of spawning areas may be a better way forward,
where appropriate.

4.2.2 Spawning stream degradation

Whilst some char stocks spawn in winter on well oxygenated gravely lake shallows,
others migrate to inflowing streams to breed. This is the case, for instance, for the Lake
Ennerdale stock in Cumbria. These streams may be relatively small and vulnerable to a
range of threats including:
• Changing peripheral land use such as intensive agriculture or forestry with

consequent inputs of soil, silt, polluting chemicals (e.g. Synthetic Pyrethroid ,SP
sheep dip), over-shading, reduced flows, over-grazed banks, etc. damaging
spawning and nursery habitats.

• Pollution from mining operations or 'acid rain' with increased toxic metal
concentrations and flushes of low pH water that can eradicate char eggs, alevins or
fry.

• Dredging or gravel removal for land drainage or local aggregate use (e.g. for farm
tracks) removing spawning and juvenile habitat.

• Ditching that can liberate large quantities of silt and sand that blanket stream beds.
• Water abstraction reducing flows and char nursery habitat area and quality in

streams.

In Haweswater (Cumbria) water abstraction operations pumped large numbers of
Arctic char (and schelly) out of the lake resulting in their death as part of the water
supply for Manchester (Maitland, 1985). Whether this still occurs and, if so, whether
abstraction causes overall stock depletion of either the char or whitefish appears to be
unknown.
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Many of these problems are amenable to better management, spawning stream
restoration methods, for instance, are covered in chapter 8 – Habitat Quality and
Improvement.

4.2.3 Species introductions

Fish communities in large natural lakes where char occur can be vulnerable to change
through the introduction of other fish species.

Ecological interactions may include:
• Predation
• Competition for food and space
• Introduction of diseases and parasites
• Increased exploitation as a by-catch from new commercial fisheries

The best way to avoid these problems is to stringently apply legislation outlawing the
release of non-endemic species into char lakes (see MAFF, 2000). To strengthen
protection of Cumbrian char stocks The Environment Agency, North West Region has
enacted byelaw (18) that prevents the use of live or dead freshwater fish as bait and
prevents the possession of live freshwater fish with the intention of using them as bait
in 14 named waters. Full details of this byelaw can be obtained from the Environment
Agency website, www.environment-agency.gov.uk or by contacting your local Area
office.
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4.2.4 Catch regulation and exploitation

The example below shows how long-term CPUE angling data can help track the
population abundance of wild game fish in large ecosystems - char in Windermere. The
consistent technique of deep trolling with silver spoon lures allows comparison of catch
data that indicate around a six-fold increase in char stock abundance in the south basin
of Lake Windermere between the 1930s/40s and the 1970s/80s, (see Figure 20 below,
after Mills & Hurley, 1990).

Figure 22 Long-term Windermere char rod catches
Char have a very restricted UK distribution, occur in important natural lake habitats and
are vulnerable to over-exploitation. Since little research on sustainable char
management has been carried out in the UK, long-term management of char stocks
requires consideration of international experience. In the UK, in the absence of directly
applicable applied scientific research, the precautionary principle will often need to be
invoked to protect char stocks from a range of potential risks.

Management experience
Langeland (1995), who has performed long-term field experiments on exploitation of
char in Norwegian lakes reached the following conclusions relevant to Norway.

Two approaches emerge; sustainable harvest or a sport fishery for large predatory fish:
1. Sustainable harvest: needs an upper size limit protecting the largest predatory char

(and trout) from extinction. Both immature and mature char are harvested at
maximum sustainable yield. Competing fish such as Coregonids need heavy
exploitation to maximise resources for char management. This is acceptable in
Norway where Coregonids are common but would be unacceptable in UK waters
where Coregonids have a very restricted distribution.

2. Sport fishing for large predatory char (and trout): is low-yield as the top ecosystem
production-tier is being cropped. The fishing areas should be rotated on the lake
and a bag limit of 1-2 large fish per person per day imposed. No gill net fishery
should be allowed on smaller lakes due to the vulnerability of the stocks of large
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trout and char. In England and Wales, any exploitative net fishery for char is very
unlikely to be acceptable to fishery managers and conservationists.

In the UK, Windermere char fishermen can take more than 2 fish per day and appear
not to represent a threat to stocks. The small-scale scientific research net fishery on the
lake also appears to cause no problems and yields important management information
(see below). Clearly, all available information on the fished Windermere and Coniston
char stocks is used with the objective of long-term sustainable management.

Langeland (1995) discusses the likely consequences of differing forms of
predation/exploitation on a cohort (year class) within a hypothetical standard char stock
first maturing at 3-5 years of age with a maximum age of 14 years:
• Predation on small char could reduce the population size by 50% and widen the

first age at maturity but not affect maximum longevity.
• A well-managed sustainable harvest should leave the population structure largely

unaffected save for the effective removal of the oldest fish - maximum longevity
falling from 14 to 10 years.

• A selective fishery on large (predatory) char could increase the overall population
size from the original to around double but, of course, reduce the population of the
oldest/largest char.

In the Canadian Arctic undisturbed char populations tend to be characterised by stable
structures with large and quite uniform adult size, high standing stock and high mean
age (Johnson, 1987). After experimental fishing these stocks tend to return to their
stable state. This may be due to the ecological nature of the habitat, naturally stunted
stocks occurring in differing lake types or due to management conditions favouring
differing stable states of char population. Langeland has shown that small-mesh gill
netting can substantially increase numbers of larger fish in both char and brown trout
populations whilst large-mesh gill-netting can soon wipe out larger individuals leading
to classic 'dwarfing' of the stock.

These types of interventionist management of Coregonid and char stocks are acceptable
in Scandinavia and Canada where there are many lakes holding these fish but, in the
UK, because of their relative scarcity, both char and Coregonid stocks are very unlikely
to be netted on an exploitative basis.

Yields
Annual yields from char lakes vary with ecological conditions from 0.5 - 2kg/ha in
large deep Arctic lakes to 2-3 kg/ha in smaller oligotrophic lakes. Icelandic char lakes
often yield 10-15 kg/ha and sometimes much more in particularly productive lakes. The
long-term sustainability of these higher yields remains unknown, fishing may stimulate
density-dependent survival and growth and stock turnover time can be halved, e.g. from
3 years to around 15 months through intensive fishing (Langeland, 1995). Char
productivity may not, however, be as high as it first appears - natural char populations
often seem to live at high standing stocks but with low turnover rates.

Brown trout yields in northern lakes seem to be in the same range as those for char,
with char dominating clear water lakes and trout more productive waters.
To regulate catches effectively on any game fishery measures of both catches and stock
or an effective index of stock are required. Indices of char stock abundance available to
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fishery managers are usually catch-per-unit-effort (CPUE) data either from gill netting
or angling or, unusually, SONAR stock assessments, carried out for research /
monitoring. The examples for Windermere below; Figures 23 and 24 after Elliott &
Baroudy, 1995 show the pattern of catches from research gill netting operations and
angling activities from 1940 to 1994, a long and valuable data set:

Figure 23 Long term gill net CPUE for Windermere char (after Elliott & 
Baroudy, 1995)

Figure 24 Long term gill net and angler CPUE for Windermere char (after 
Elliott & Baroudy, 1995)
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These results allow the following observations:
• The upper graph shows how net catches in the North Basin peaked in the 1960s and

1970s.
• The lower graph shows how research gill net catches from spawning grounds and

angler catches show generally similar fluctuations indicating that catches are
probably shadowing actual char stock levels.

• Around 1980 angling catches increased whilst net catches declined.
• In more recent years both measures of char stock abundance declined.

Interestingly, the historic commercial net fishery for pike, perch, brown trout and char
was halted in 1921 as it appeared, from catches, that overexploitation of the valuable
char stocks was occurring. The classic signs of over-fishing were (Le Cren et al., 1972):
• Reduced fish size.
• Increased effort with smaller-meshed nets to try and maintain catches.
• Declining overall catches.

Regulation of char fisheries
Long term regulation of catches should seek to maintain viable stocks of all races of
char. CPUE data help fishery managers to monitor relative stock levels and so are
invaluable. On Windermere these data are augmented by regular echo-sounding surveys
that assess pelagic fish stock (brown trout + char) abundance. Echo-sounder results
generally correspond with angler catch data underlining the value of keeping long-term
angling catch and effort information (Elliott & Baroudy, 1995). Note, however, that
caution is required in interpretation of CPUE data alone. In Windermere char
recruitment problems were revealed by echo-sounding surveys - these would have taken
several years to show up in angler catch returns, by which time the stocks could have
fallen to unacceptably low levels (M. Aprahamian, pers comm.).
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4.3 Summary of Management Options

Table 14 Char management options - good practice

Issue Management options Good practice notes
Eutrophication Great care is needed to conserve char

habitat - good water quality being a
key variable. Reduced Phosphorus
inputs to Windermere have led to
improvements there.

Char fishery managers should involve
themselves with land use and
development change in lake catchments
to ensure maintenance of high water
quality.

Spawning stream
degradation

Small spawning streams are often
highly vulnerable to land-use change,
pollution, intensive agriculture, etc.

Char spawning streams should be
buffered and carefully managed to
optimise habitat quantity and quality.

Species
introductions

Fish communities that include char
are potentially vulnerable to a wide
range of both direct and indirect
ecological interactions with novel
species.

Char fishery managers should do
everything they can to ensure that new
species are not introduced .

Exploitation Char are potentially vulnerable to
over-exploitation. Care is needed to
regulate char fisheries, using CPUE
and other survey data (ideally
SONAR) to monitor stock
abundance.

Char fishery managers should instigate
catch return systems and, where
affordable, routine population monitoring
to ensure adequate long-term stock
abundance.
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5 FEEDING ECOLOGY

5.1 Introduction

Fly fishing
Central to trout and grayling fisheries is the production of fly hatches and the imitative
fly fishing that this allows. Most river and still water trout fisheries rely primarily on
hatches of 'upwinged' mayflies, stoneflies, 'sedges' - caddis flies and 'buzzers' -
chironomid midges. On some waters, especially in unproductive systems, terrestrial
invertebrates such as crane flies, caterpillars, beetles and grasshoppers falling onto the
water surface are often eaten by trout.

On productive systems, the 'Anglers Mayfly', Ephemera danica, often provides
excellent fishing in late May and early June. The key stages of the life cycle are shown
in Figure 25 below: the aquatic nymph (a) matures into the emerging 'dun' (b) and then,
subsequently transposes into the adult mayfly 'spinner', (c).

© Charles Jardine

Figure 25 Key stages of Mayfly life cycle

Mayfly nymphs may be of several species, each adapted to specific habitat types:

© Charles Jardine

Figure 26 Mayfly nymphs
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Caddis flies (Sedges), too belong to one of a wide range of species, some occurring
only in clean streams, others being found in a wide range of fisheries. Caddis larvae are
split into two major groups; filter-feeding caseless species that spin silk nets to catch
drifting food particles and cased species that are mobile foragers. Key life cycle stages
of a cased caddis species are illustrated below:

© Charles Jardine

Figure 27 Key stages of caddis fly life cycle
Chironomid midges (Buzzers, Duck fly) are, as a group, virtually ubiquitous in
freshwaters and are important trout food on both rivers and still waters. Stoneflies tend
to occur in more upland and less productive waters where their nymphs can be
important trout dietary items. On still water trout fisheries flies tend to be dominated by
buzzers, olives, mayfly, damsel flies, sedges and terrestrials such as craneflies,
grasshoppers and heather beetles (Clarke, 1975). On rivers trout and grayling
commonly eat upwinged flies, stoneflies, sedges, midges and terrestrials (craneflies,
hawthorn flies, flying ants, beetles, grasshoppers, etc, see O'Reilly, 1997).

The groups mentioned above are the mainstay of insect trout diet although trout and
grayling also often eat shrimps, snails, worms and many other groups of aquatic
invertebrate as well as various small fish. On reservoir fisheries, in particular, coarse
fish fry can be an important prey item for both brown and rainbow trout in the late
summer and early autumn. Floating fry and submerged lure patterns are used by anglers
at this time. Arctic char may specialise on planktonic or benthic food items. In some
lakes stocks have differentiated into distinct morphological types with either small
plankton-feeding mouths or larger mouths able to take macroinvertebrates and small
fish (Walker, et al 1988, see also chapter 4).
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5.2 Technical and Practical Advice

5.2.1 Trout feeding ecology on rivers

© Nick Giles

Figure 28 An upland trout stream
Anglers often wish to know what trout are currently likely to be feeding on and what
flies best imitate these food items. Simple keys and illustrations to help anglers 'match
the hatch' are given in Goddard (1988), O'Reilly (1997) and Greenhalgh and Ovenden
(1998). Comprehensive scientific keys to identify various aquatic invertebrate groups to
species are given in FBA keys (see reference list). A dead trout can be marrow-spooned
to reveal its stomach contents - this is a very useful way of revealing recent diet and
choosing an appropriate fly but it does necessitate catching a trout first! Failing this,
observations of flies on the wing, flies floating on the water surface and trout activity
can all give helpful clues to current trout feeding behaviour.

Table 15 on the next page gives an overview of the kinds of flies expected to hatch on
still water trout fisheries through a typical season.
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Table 15 Some key insect hatches on stillwater trout fisheries (after Goddard,
1988 and Church & Jardine, 1989)

Common name Latin name Timing and location
Duck fly, blae & black
midge, buzzer

Chironomus and other
chironomid midges

March-April and throughout season, during
day and especially evenings.

Sepia dun Leptophlebia marginata April-May during day.
Hawthorn fly Bibio marki April-May during day often near hedge rows

and trees.
'Mayfly' Ephemera danica May - June during day over silty lake beds.
Olive midge Chironomus plumosus

group
May-July, morning and evening over muddy
lake beds.

Blue-winged olive Ephemerella ignita June-August, mostly evening hatches over
weedy shallows

Angler's curse Caenis species June-August, mostly evenings, over silty beds.
Great red sedge,
Murrough

Phryganea grandis June-July late afternoon / evening near weedy
shallows.

Pond olive Cloeon dipterum Throughout summer over weedy bays.

Lake olive Cloeon simile Throughout summer over weedy bays
Longhorn sedges Oecetis ochracea June-September, late evening in sandy/weedy

bays.
Grousewing sedge Mystacides longicornis June-September, late evening in sandy/weedy

bays.
Welshman's button Limnephilus lunatus June, late day in weedy shallows.
Coch-y-bonddu beetle Phyllopertha horticola Swarms on warm June days close to moorland.
Damsel fly nymphs
and adults

Various species Adults through day June-July, nymphs
throughout season, especially in weedy
shallows.

Large green midge Chironomus plumosus
group

July-August, morning and evening.

Large summer dun Siphlonurus lacustris August, during the day.
Crane fly Tipulid species August-September, during day close to grass

fields.

Greenhalgh and Ovenden (1998) provide a beautifully illustrated and comprehensive
table of the flies most likely to be hatching on all types of trout fishery through the year
- it occupies 32 pages of text. Anglers who wish to learn how to choose and tie flies to
imitate the insects that trout and grayling are eating are referred to the excellent books
by Goddard, 1966, O'Reilly, 1997 and Gathercole, 1989.

An example of the key upwinged flies (Ephemeroptera) found in a Welsh river (after
Pat O'Reilly & Melvin Grey, 1996) is outlined below. The keen trout / grayling angler
would benefit from being able to identify at least some of these species. What may, at
first, seem daunting soon becomes more familiar with practice and the help of
knowledgeable fellow anglers.
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Table 16 Fly hatches on the River Teifi

Common name Latin name Abundance

Mayfly Ephemera danica Moderately abundant in spring

March brown Rhithrogena germanica Moderately abundant in spring

Olive upright Rhithrogena semicolorata Abundant in spring

Autumn dun Ecdyonurus dispar Moderately abundant in autumn.

Large brook dun Ecdyonurus torrentis Moderately abundant in spring

Large green dun Ecdyonurus insignis Low abundance in summer

Yellow may fly Heptagenia sulphurea High abundance in spring

Dusky yellowstreak Heptagenia lateralis Moderately abundant in spring

Purple dun Paraleptophlebia cincta Low abundance in summer

Turkey brown Paraleptophlebia submarginata Very low abundance in spring

Blue-winged olive Ephemerella ignita Highly abundant in summer

Large dark olive Baetis rhodani Moderately abundant in spring

Medium olive Baetis vernus, Baetis tenax Highly abundant in summer

Small dark olive Baetis scambus Highly abundant in summer

Iron blue Baetis muticus Highly abundant in summer

Pale watery Baetis fuscatus Highly abundant in summer

Pale evening dun Procloeon bifidum Moderately abundant in summer

Small spurwing Centroptilum luteolum Highly abundant in summer

Large spurwing Centroptilum pennulatum Moderately abundant in summer

Angler's curse Caenis & Brachycercus species Highly abundant in summer

Finally, of course, it is worth remembering the importance of other invertebrate groups
such as crustaceans (shrimps, water lice, planktonic species), molluscs (snails), worms,
water beetles, water bugs (e.g. corixids) and others that feature widely in the diet of
trout, grayling and arctic char.

Declines in chalk stream fly hatches
The Environment Agency routinely samples aquatic invertebrates from a wide range of
rivers to monitor water quality. Samples are only taken from very small areas but
Biology staff may have up-to-date information on how clean given rivers are likely to
be and what sort of fly hatches to expect through the season.

Frake and Hayes (2001) report on a recent study of trends of aquatic fly abundance on
chalk streams, finding that:
• Questionnaire responses from 365 fishermen, owners, club secretaries and keepers

indicated a marked decline in fly numbers from before1939 to 1999.
• The major perceived phase of reduced fly abundance has been over the last 20

years and especially over the last ten years 1989 - 1999.
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• The overall declining trend in numbers of flies occurs for Mayfly (Ephemera
danica), Iron blue (Baetis muticus), Large dark olive (Baetis rhodani), Medium
olive (Baetis vernus), Blue-winged olive (Ephemerella ignita) and various caddis
flies.

• Midge numbers have remained high - possibly owing to their tolerance of reduced
river habitat quality such as increased siltation and nutrient concentrations.

The National Trout and Grayling Fisheries Strategy (EA, 2003) includes the following
policy:

Policy 25:
On appropriate fisheries, we will work with fisheries interests to identify key insect
and plant species associated with fishing throughout the season, and where
practical, adapt existing monitoring programmes to assess their abundance.

© Nick Giles

Figure 29 Chalk stream trout habitat
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5.2.2 Trout feeding ecology on still waters

Lucas (1993) studied the diet of stocked brown and rainbow trout on a small stillwater
fishery in Surrey. He found the following results:
• Brown trout tended to feed on small fish (sticklebacks) and lake bed-living

invertebrates (Hog lice (Asellus), caddis larvae, Alder fly larvae, water beetles)
whilst rainbows tended to feed more in open water, especially on water fleas
(Daphnia) and midge pupae (buzzers).

• Chironomid midge pupae and adults (flies on the surface) were often eaten by both
species.

• These results imply dietary separation of the two trout species except early in the
season in April when both species fed on the lake bed on caddis and alder fly
(Sialis) larvae.

Figure 30 below (after Lucas, 1993, Table 2) shows the overall (April to September)
energy inputs from key food items for both brown and rainbow trout.

Figure 30 Percentage of total energy intake for brown and rainbow trout from 
a small still water fishery represented by key food items

Fitzmaurice (1979) showed that brown trout in lakes (Lough Sheelin, Ireland) will take
large numbers of open-water planktonic crustaceans, in this case selecting the larger
species, Bythotrephes longimanus over Daphnia. His data for trout from pelagic (open
water) and littoral (shallow water) samples are summarised in Figures 31 and 32 on the
next page:
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Figure 31 Lough Sheelin, Ireland - Pelagic trout diet (after Fitzmaurice, 1979)
It is instructive to compare these results with those below from trout sampled in shallow
littoral habitats of Lough Sheelin (Fitzmaurice, loc cit):

Figure 32 Lough Sheelin, Ireland - littoral trout diet (after Fitzmaurice, 1979)
Here, the open water crustaceans are absent and the diet is dominated by small fish and
insects. Clearly, wild brown trout diet in large lakes varies markedly between habitat
types and care is needed when interpreting stomach contents from restricted samples.
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© Nick Giles

Figure 33 Upland trout lake
Ball (1961) studied the diet of brown trout and grayling in Llyn Tegid, Wales finding:
• Shrimps, caddis larvae, mayflies, midges, and hog lice (Asellus) were the key prey

items.
• Brown trout foraged mainly on the lake bed from October to April and from the

lake surface from May to September. Gwyniad (Coregonus clupeoides) eggs and
fish (bullheads) were quite commonly eaten.

• The peak mean volume of food consumed in summer was eight times the winter
level.

• Trout tended to browse more superficially on benthic invertebrates than grayling
that often took caddis larvae and molluscs from between and beneath stones. This
trophic separation probably serves to minimise competition between the two
species in this unusual lake fish community.

Figure 34 on the next page summarises Ball's findings.
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Figure 34 Llyn Tegid brown trout diet (After Ball, 1961)
Hunt & Jones (1972) studied the food of brown trout in Llyn Alaw, Anglesey, finding:
• Shrimps, hog lice, leeches, snails, corixids, caddis flies and sticklebacks formed the

bulk of the prey.
• Shrimps, hog lice and corixids were actively selected by the trout.
• Trout ate most from May to September and also foraged actively during mild

weather in January.
• Larger trout ate more sticklebacks, corixids, snails and leeches than smaller trout.

It is a common finding in brown trout dietary studies that larger trout eat more fish.

Figure 35 below shows the percentage by volume of key prey groups for all trout
sampled from Llyn Alaw (after Hunt & Jones, 1972):

Figure 35 Percentage by volume Llyn Alaw brown trout diet (after Hunt & 
Jones, 1972)

Allen (1938) carried out a comprehensive study of brown trout in Windermere,
Cumbria. The dietary component of the work showed:
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• October to February - feeding on permanent bottom fauna (shrimps, hog lice,
snails).

• March to July on temporary bottom fauna (emerging midges, stoneflies,
caddisflies, Arctic Char eggs).

• May to September - surface food (adult insects).

Harper (1982) studied the diet of young brown and rainbow trout during the filling
phase of Rutland Water:
• Earthworms forced to the surface and littoral crustaceans were important in the

winter diet of trout.
• Shrimps, snails, midge larvae and pupae (buzzers) were key dietary items in spring,

summer and autumn.

Warlow and Oldham (1982) reported on the diet of Rutland Water trout during the first
two fishing seasons (1977 and 1978):
• In 1977 drowned terrestrial invertebrates dominated in spring and chironomid

midge larvae and pupae in summer.
• In 1978 shrimps, hog lice and snails became more important than midges in trout

diet.

Where trout are reared in cages some fish specialise in living beneath the cages foraging
on pellets that fall through the mesh. Some anglers target these large trout and char.
Clearly, trout diet varies considerably with season, habitat, species of trout and varying
environmental factors. A skilled freshwater ecologist should be able to predict with
reasonable accuracy the likely principal dietary components of fish in a given type of
fishery. This can lead to useful recommendations on well-targeted habitat conservation
and management to improve the fishery.

5.2.3 Grayling feeding ecology

Grayling are essentially river fish although some lake-dwelling populations (e.g. Llyn
Tegid) do occur. Grayling have protrusible jaws that they use to probe the substrate for
invertebrate food. Trout, with their terminal jaws have a more limited ability to pick up
items from the stream bed and usually take food from mid-water or from the surface.
The versatility that grayling have evolved enables this species to feed readily from the
surface, mid-water and from the river bed. Grayling larvae feed on tiny drifting
invertebrates such as chironomid larvae in the upper layers of sheltered, slow-flowing
river margins. As they grow, grayling move out into the main flow and take up river
bed feeding stations close to the bottom. Here they catch drifting invertebrates, search
out benthic macroinvertebrates and rise to surface flies (see refs in Ibbotson et al, 2002,
section 4.2). Prey groups include oligochaete worms, blackfly larvae, midge larvae,
caddis larvae, mayfly nymphs, terrestrial flies, snails, shrimps, alder fly larvae and fish
eggs (salmon, trout or cyprinid). Large grayling appear to rise less often and
concentrate on benthic prey. Sometimes small cyprinid fish are eaten (Ibbotson et al,
2002).

Maitland and Campbell (1992, Table 25) compare published data for grayling feeding
in the Rivers Tweed, Lugg and, for very young grayling, in the Dorset Frome. In the
Tweed grayling diet was dominated by midge and mayfly larvae and beetles. In the
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Herefordshire Lugg diet was predominantly shrimps, beetles, blackfly larvae and
terrestrial insects. Young grayling on the Frome ate almost entirely midge larvae and
tiny adult flies.

From the angler's perspective grayling extend the available fly-fishing season and offer
sport even when water temperatures are low. At such times fishing with a weighted
nymph or team of nymphs is often productive. Grayling shoals appear to organise
themselves into dominance hierarchies where the most aggressive fish occupy the best
feeding lies (Hughes, 1992).

5.2.4 Char feeding ecology

Maitland and Campbell (1992) provide a useful overview of Arctic char ecology. They
suggest that where brown trout co-exist with char, char often specialise on feeding on
open water plankton, leaving the trout to forage on invertebrates over the shallow
littoral lake zones. Where char occur in isolation from trout the species feeds on both
planktonic and littoral benthic prey. An example of this comes from the Outer
Hebridean Island of North Uist (Campbell, 1982) where in Loch Fada trout and char are
sympatric and char eat almost entirely plankton (77% diet) and open water and surface
insects (18%). In the adjacent Loch Meallt where there are no brown trout, char eat
mostly benthic invertebrates (72%), mid-water and surface insects (20%).

Maitland and Campbell (1992) present dietary data for seven Cumbrian char lakes (after
Frost, 1977). In Windermere char ate mostly planktonic crustaceans (Daphnia,
Bythotrephes, Leptodora), midge larvae and char eggs. Haweswater, Coniston and
Crummock Water char had a similar diet. Char from Thirlmere, however, ate smaller
crustaceans including Bosmina, Cyclops and other copepods. Midge larvae were also
very important to this population.

Walker et al (1988) provide striking evidence for the existence of two morphologically
separate trophic forms of char from Loch Rannoch, Scotland. Dietary data from this
study (Maitland & Cambell 1992, Table 19) show how the small-mouthed pelagic form
eats mostly planktonic crustaceans (95%) whilst the large-mouthed benthic form eats a
wide range of bivalves, worms, mayfly nymphs, beetles, caddis larvae, midge larvae
and small fish including juvenile char. This type of sub-speciation in large lakes does
not seem uncommon in char populations and must have evolved over only the last
10,000 years or so, since the last Ice Age.
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Management Options
Key game fishery management objectives to encourage aquatic invertebrate abundance
include:

Streams
• Maintain a lush fringing river bank vegetation, minimise spraying with any

pesticides.
• Buffer zone intensive agricultural use of riparian meadows.
• Protect water quality and flows.
• Cut weed sparingly and by hand, rather than via herbicide use.
• Promote as wide a diversity of physical habitats as possible (gravel riffles, bouldery

or shingle runs, undercut banks bound with tree roots, fringed, silt-edged glides,
deep pools with dead wood snags and silted margins).

• Promote a diversity of light levels from tree and shrub deep shade through dappled
shade in coppices to open sky-lit water.

Still waters
• Protect water quality and inflows.
• Maintain varied weed beds and design new fisheries with varied depths and

substrates.
• Avoid the use of pesticides.
• Crop coarse fish stocks (especially adult bream and carp) so as to minimise

competition for invertebrate food and habitat damage by bottom-feeding fish.
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5.3 Summary of Management Options

Table 17 Good management practice
Topic Good management notes

Trout and grayling feeding
ecology - rivers

Protect water quality, flows, in-stream and marginal habitats so as
to promote invertebrate diversity and abundance.

Trout feeding ecology - man
made lakes

Design lake to produce diverse features, weed beds and zones of
varied marginal vegetation growth. Consider cropping coarse fish
stocks to reduce potential competition with trout for invertebrate
food supply.

Trout and char in natural lakes Protect water quality so as to maintain invertebrate diversity and
overall habitat quality. Ensure that adjacent land-use and
development pressure does not impinge on lake water quality.
Ensure that water abstraction does not impose unacceptable
ecological pressure on lake habitats. Make sure that no new fish
species are introduced to natural lakes where wild trout and char
exist.
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6 WATER QUALITY

6.1 Introduction

6.1.1 Natural water quality and E.U. Regulations

Natural streams, rivers and lakes are influenced by the water quality of rainfall,
drainage from bedrock and soils, industrial and domestic effluents, drainage from
developed areas and groundwater quality (NRA 1992, MAFF 1998, 2000). All of these
sources of water also represent potential pathways for pollution to enter fisheries.
Clearly, fishery managers should have an understanding of both pollution prevention
and water quality management. Pollution can arise from a single location - a point
source or can gather from a wider area - a diffuse source. Environment Agency (1998d)
provides guidance on values of some typical water quality parameters for trout
fisheries.

Table 18 Typical water quality characteristics of some fishery types

Parameter Limestone /
chalk river

Lowland river Upland reservoir

Acid balance - pH 7.9-8.7 7.2-7.9 6.0-6.9
DO (ppm) 10-12.6 7.6-12.2 Saturated
Conductivity (micro-
siemens per cm)

380-500 640-1090 99-119

BOD (ppm as O2) 0.7-4.2 2.0-6.7 1.0-2.8
Chloride (ppm as Cl) 35-42 50-130 9-14
Nitrate (ppm as N) 8.5-9.8 5.2-10.3 0.5-1.2
Ammonia (ppm as N) 0.1-0.5 0.1-0.8 0.01-0.06
Hardness (ppm as
CaCO3)

165-210 233-445 32-41

Suspended solids (ppm) 0-5 7-94 2.8

Notes:
• Acidity / alkalinity is measured on the pH scale 1-14 where 7 is neutral.
• Dissolved oxygen concentrations (DO) are critical for salmonid fish survival. Biochemical Oxygen

Demand (BOD) is a measure of oxygen-absorbing pollutants and bacterial load.
• Parts per million (ppm) are equivalent to milligrams per litre (mg/l) a measure of concentration of

substances dissolved in water.
• Conductivity (a measure of electrical resistance) indicates overall ionic concentrations in water -

low in 'soft' waters, high in 'hard' waters. Hardness of water is measured as Calcium Carbonate
(CaCO3) concentration.

The table below is a digest of information on European Union recommended water
quality parameters for Salmonid rivers (EC Freshwater Fish Directive 78/659/EEC),
given in Environment Agency (1998c).
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Table 19 Water quality parameters for salmonid fish

Parameter Recommended levels in
samples

Comments

Temperature (Celsius)
where there is a thermal
discharge

Change from upstream at mixing
zone should not exceed 1.5°C.
Temperature should not exceed
21.5°C. at edge of mixing zone for
more than 98% of the time.

Avoid sudden changes in water
temperature.
Cold water spawners may be
protected by a 10°C. upper limit
during the breeding season.

Dissolved Oxygen (DO,
mg/l O2)

*Guideline: 50% of samples should
be greater than 9 mg/l and 100%
greater than 7 mg/l.
*Imperative: 50% of samples greater
than 9 mg/l.
If DO falls below 6m/l remedial
action should be taken.

Samples should allow for daily
fluctuations in DO. Single
samples should be taken at
lowest point.

Acidity/Alkalinity (pH
units)

pH 6 to 9
Naturally acid or alkaline waters may
fall outside these levels.

Man-made inputs should not
cause natural pH values to
change by more than 0.5 units.

Suspended solids (e.g. silt) Less than 25 mg/l. High values during floods can
be excluded from average value
calculations.

Biochemical oxygen
demand (BOD, mg/l O2)

Less than 3 mg/l. Should be viewed in
combination with the DO
parameter.

Nitrites (mg/l NO2) Less than 0.01 mg/l This standard may be too
critical, nitrite toxicity to fish
declines with increasing
chloride concentration.

Phenols (mg/l C6H5OH) Should not taint flesh A standard to protect
consumers, rather than fish.

Petroleum hydrocarbons Should not form a film on water
surface or banks and should not taint
flesh or harm fish.

This is a difficult class of
chemical compounds to set
pollution standards for.

Non-ionised ammonia
(mg/l NH3)

Guideline less than 0.005 mg/l
Imperative less than 0.025 mg/l

Total ammonia (mg/l
NH4

+)
Guideline less than 0.04 mg/l
Imperative less than 1 mg/l

* E.U. Member States shall not set values less stringent than Imperative and shall endeavour to respect
Guideline values.

The importance of key water quality parameters
Trout, grayling and Arctic char require relatively cool, clean water. Environmental
influences that tend to decrease dissolved oxygen (DO) concentrations, raise water
temperatures or increase pollutant concentrations all pose threats to successful salmonid
fisheries.
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6.1.2 Temperature

Water temperature is the key variable influencing trout growth rates and is critical to
overall stream and lake ecology. Trout are ectotherms - their rate of metabolism is
determined primarily by external water temperature. Low summer flows can lead to
elevated temperatures, as can removal of shading. Conversely, habitat works that
increase current speeds or increase shading from trees and shrubs will tend to lower
stream temperatures. Warming upland streams and cooling lowland streams can
potentially boost trout growth, depending on prevailing temperature regimes. It is worth
noting that spate and clay vale rivers are much more prone to temperature variations
than chalk streams that are moderated by the relatively constant temperature of aquifer
spring inputs.

6.1.3 Low dissolved oxygen (DO) levels

These usually occur after excessive organic pollution (e.g. sewage effluent, farm
wastes, food processing wastes) enters a fishery causing high Biochemical Oxygen
Demand (BOD) and consequent de-oxygenation. BOD is measured by the milligrams of
oxygen used by bacteria to oxidise organic matter in 1 litre of water over a 5 day period.
Sometimes, excessive submerged plant growth or decay can impose high respiratory
demands on a fishery. Decomposition of organic matter can often cause lethal low DO
when still water fisheries are ice-covered for any length of time. Low DO increases the
respiration rate of fish, making the uptake of pollutants more rapid and the onset of
suffocation possible. Fish rapidly adapt to low DO by modifying their blood chemistry
to increase the efficiency of oxygen uptake from water although rapid respiration tends
to reduce the mechanical efficiency of the gills. If the oxygen supply cannot meet
metabolic needs trout become increasingly stressed and are forced to the surface where
they exhibit aquatic surface respiration (ASR) - gulping of air. In warmer water DO
levels are reduced and fish metabolic rates increased - a doubled respiratory problem.
Also, in warmer water, CO2 levels from bacterial respiration are increased making it
more difficult for the trout to lower its blood CO2 via diffusion and take up oxygen at
the gill surfaces - further respiratory problems. Fish kills often, therefore, occur in
warm, eutrophic or polluted conditions or under ice ('winter kill').

6.1.4 Ammonia

Fish excrete nitrogenous waste products (from protein break-down) primarily as
ammonia via the gills; increases in the concentration of this ion in water may, therefore,
reduce the fishes' ability to rid the blood of toxic metabolites, leading to serious
problems. Ammonia (NH3) pollution usually enters fisheries with sewage effluent or
other organically-rich inputs. It splits into two forms; non-ionised NH3 and ionised
NH4

+. Both increased pH and temperature increase the proportion of non-ionised
ammonia - the form that is toxic to fish. The proportion of toxic ammonia present in
any water sample can only be estimated from pH and temperature readings and so
toxicity is not readily measurable at the waterside. Alkaline waters will be more prone
to ammonia pollutions than acid waters. The pH of water is determined primarily by
bicarbonate and carbonate concentrations. DO is also affected by ammonia as NH3
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oxidises to nitrite, NO2 and then nitrate, NO3 reducing DO levels as oxidation occurs.
Lloyd (1992, table 5.1 page 75) reviews factors affecting ammonia toxicity to fish.

6.1.5 Sediment

Point source pollution tends to be readily identifiable. Pollution emanating from diffuse
sources, on the other hand, can be insidious and cumulative. Sediment washed from
ploughed land or from fresh ditching work is one example of the latter type of pollutant;
excessive silt and sand inputs to rivers can clog the bed and ruin plant, invertebrate and
salmonid spawning habitats (Theurer et al 1998). Silted spawning shallows can be
cleaned but causing silt to be mobilised and to drift downstream can sometimes be
interpreted as a form of pollution (SaFFA, 1975), particularly if the silt is from an off-
river source, such as a lake. In some Agency Regions water-jetting gear may be
available on free loan to fisheries wishing to de-silt spawning gravels. Care is needed to
liaise with downstream neighbours to agree that silt can be mobilised and allowed to
drift downstream. Take advice from Area Environment Agency staff before disturbing
large volumes of sediment.

6.1.6 Heavy metals

Toxic mine discharges depress DO, elevate metal ion concentrations such as
aluminium, cadmium, chromium, copper, iron, lead, mercury, nickel and zinc and lower
pH (Solbe 1980, 1997, Haslam 1990, Lloyd 1992). Elements effectively do not break
down and disappear from the environment, they are simply transported from habitat to
habitat, many building up in 'sediment sinks', particularly in marine environments
(Lloyd, 1992). The toxicity of both copper and zinc are reduced by increasing water
hardness. Acid waters are, therefore, more dangerous to trout where heavy metal
pollution occurs. Many mines are, of course, situated in acid moorland areas such as
Cornwall, west Wales and Cumbria. Flushes of zinc-polluted water seem to irritate trout
gill membranes and may damage respiratory efficiency. Trout ova and alevins are
sensitive to excessive concentrations of heavy metals such as aluminium in solution.
Copper is often effectively reduced in toxicity in trout waters either via combination
with carbonate or organic humic acids, both of which bind free copper ions. Lead tends
to be very insoluble in all but the softest of natural waters and so may be less
problematic for game fisheries.

6.1.7 Acidity and water hardness

Acidity is the concentration of hydrogen ions, H+ present in water, usually expressed as
pH (the negative logarithm to the base10 of the H+ concentration). A pH of 1 is,
therefore, ten times more acidic than a pH of 2, etc. pH 7 is neutral on the scale and 14
is the highest alkaline state (very few free hydrogen ions in solution). Hydrogen ions in
solution are neutralised by combination with bicarbonate and carbonate ions - 'hard'
(chalky) water has higher concentrations of these basic ions and so is more alkaline.
Naturally acid moorland waters that are often peaty tend to have quite high
concentrations of H+. Normally, dissolved CO2 is in equilibrium with the air above the
water producing a concentration of about 1.5 mg/l. Productive still waters have lower
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dissolved CO2 levels and increased pH values (become more alkaline) when
photosynthesis removes dissolved CO2 from solution, reducing carbonic acid (HCO3

-)
concentrations. Ammonia toxicity increases with increased temperature and pH so
warm alkaline productive trout lakes are potentially vulnerable to organic pollution.
However, under these conditions, reduced CO2 levels due to photosynthesis may reduce
the actual toxicity of un-ionised ammonia to fish  - Lloyd, 1992, pages 70-72 explains
this complex phenomenon.

6.1.8 Plant nutrients and eutrophication

Still- and flowing waters contain plant nutrients such as nitrogen, phosphorus, carbon
and sulphur. When in balance, algal and higher plant growth produces enough vegetable
matter to fuel normal animal growth and productivity. If dissolved nutrient
concentrations increase so as to fuel excessive algal or weed growth then undesirable
ecological consequences can ensue. These include large-scale swings in pH and
dissolved oxygen concentration due to intense photosynthetic activity and decay
processes of dead plants. Excessive nutrient inputs, fuelling intense plant growth, can
occur via various industrial processes, Sewage Treatment Work (STW) effluents,
intensively farmed riparian fields and meadows. The process of over-enrichment of
freshwater habitats is termed eutrophication.

Where a still water fishery lies well within a landowner's boundary it may often be
possible to modify local land use and drainage patterns to improve water quality.
Rivers, streams and large lakes tend to be influenced by polluting inputs from further
afield and making significant improvements may often involve the co-operation of
water company, farming, industrial concerns and riparian owners (Royal Commission
on Environmental Pollution, 1992). Fishery managers may wish to note that The
Environment Agency is well placed, both as a regulator of water quality and as an
'honest broker' in the case of disputes to help achieve improvements in environmental
quality of their fisheries.

Still waters are often suffering from eutrophication - improving their water quality can
be critical to the success of game fisheries (English Nature, 1997, 2001). River quality
in England and Wales has generally improved in recent years (Environment Agency,
1998c), although the example below highlights the continuing widespread potential for
river eutrophication.

Impact of a nutrient-rich source of river pollution
A point source ('end of pipe') polluting discharge of organically-rich matter (e.g.
sewage or food processing effluent) will impact the water quality of a river as follows
(see Figure 36 on the next page from Solbe, 1997):
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Figure 36 Effects of pollution on downstream water quality
Organic pollution sharply lowers local dissolved oxygen (DO) and raises biochemical
oxygen demand (BOD) and ammonia levels. As the effluent moves downstream
microbial action and re-oxygenation lowers BOD and ammonia and raises DO, nitrite
(NO2) and nitrate (NO3). This natural ability of freshwaters to break down organic
matter is an important buffer against this form of pollution but streams, rivers and lakes
can easily be over-loaded. The chemical influences on water quality shown above are
also reflected in the distribution of animals downstream of a pollution source.

Figure 37 on the next page (from Solbe, 1997) indicates what can happen where a
polluting input (the dotted line) enters a river; the biological impacts being seen for 5-
10km downstream. Closest to the pollution source only tubificid worms, midge and
blackfly larvae, some snails and water lice, three-spined sticklebacks, roach and tench
survive. As the pollution is diluted downstream diverse caddis larvae return and
gudgeon, eels, stone loach, bullheads, dace, chub, minnows and trout are able to tolerate
the environmental conditions.
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Figure 37 Effects of pollution on distribution of animal species
As Figure 37 indicates, rainbow and brown trout do not tolerate contaminated water.
The fact that differing invertebrate species tolerate pollution to greater or lesser extents
is used through regular invertebrate sampling programmes to monitor water quality in
rivers.

Agency Area staff are often able to mount rapid-response fish rescues and to assess
what is causing a particular pollution and how to stop it. Aeration equipment may be
available to help overcome low DO conditions. Information and advice on river and
lake water quality and likely local adverse influences on water quality are available
from Environment Agency Area staff. Routine water quality and biological monitoring
provides much of this baseline information. Remember the Agency Freephone pollution
number: 0800 807060.

Solbe (1988) discusses water quality standards with respect to salmonid farming, rivers
and lakes. Alabaster and Lloyd (1980), Lloyd (1992), NRA (1992) and The Royal
Commission on Environmental Pollution (1992) provide examples and supporting
references on all key aspects of pollution impacting game fisheries.

The Environment Agency uses a scheme of River Quality Objectives (RQOs) set for
45,000 km of river in 1997 in England and Wales to regulate water quality. Information
on influences on river water quality is available on the Environment Agency website:
www.environment-agency.gov.uk.
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6.2 Technical and Practical Advice

6.2.1 Key pollution threats to rivers and still waters

River pollution threats depend primarily on where the fishery is and how the
surrounding catchment is managed, still waters are similarly affected (The Royal
Commission on Environmental Pollution, 1992, NRA, 1992 and Environment Agency,
1998c). Rivers, streams and still waters are vulnerable to many kinds of contamination.

In urban and industrial areas polluting influences can include:
• Sewage Treatment Works (STW) effluents (detergents, suspended solids, BOD,

ammonia, oestrogenic endocrine disrupting chemicals),
• Combined sewer / storm drain overflows (raw sewage and other contaminants),
• Industrial effluents (organic wastes, heavy metals, petroleum hydrocarbons,

phenolic compounds, dyes, moth-proofing and dry-cleaning agents),
• Run-off from roads, car parks, garage fore courts, etc all of which contain oils and

metals,
• Contaminated land seepage (e.g. phenols, cyanates, tars, acids, oils, organic

solvents),
• Mine workings discharges (acids, iron compounds, arsenic, cadmium, lead, zinc,

aluminium),
• Construction sites and rubbish tips (e.g. silt, soil, oils).
• Atmospheric pollution from acidic emissions.

In rural areas pollution sources include:
• Toxic agri-chemicals (insecticides e.g. synthetic pyrethroid (SP) sheep dip,

herbicides, fungicides), pollution from disused coal and metal ore mines,
• Enriching agri-chemicals (inorganic and organic fertilisers, sewage sludge)
• Farm organic wastes (cattle/pig slurry, chicken manure, silage liquor, dairy

washings),
• STW effluents and cess pit / septic tank seepage (detergents, organic pollution),
• Land use (arable/ grazing/ forestry: chemical, soil and silt inputs),
• Fish farms (organic pollution, suspended solids, ammonia, pharmaceutical

compounds),
• Water cress farms (silt, chemical treatments).
• Acidic inputs from the atmosphere.

Any of these sources of pollution can have adverse impacts on game fisheries. A
recently highlighted case has been that of synthetic pyrethroid (SP) sheep dips that are
extremely toxic to aquatic invertebrates and use is widespread in upland river and
stream catchments, for instance in Wales (Evans, 1997). Disposal of sheep dip is also a
serious potential hazard to river ecosystems. Invertebrate populations can be wiped-out
over kilometres of river, seriously affecting food supplies for trout and salmon parr
(Salmon & Freshwater Fisheries Review, 2000). The Environment Agency Area office
will provide information on the water quality of your river and its compliance with
designated water quality objectives (WQOs). Environment Agency (2001) provides
excellent advice on Best Farming Practice.
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Assessing water quality on a fishery
A very useful indirect method of gaining an overview of river water quality is to sample
the large aquatic invertebrates (macroinvertebrates) living there. The Environment
Agency's routine biological monitoring of river invertebrates is a good starting point.
Aquatic insects, crustaceans, molluscs, annelids and other groups have varying
tolerances to polluting substances. Since these animals must live in the river all year-
round, any bout of pollution (even a short-lived one) will affect their distribution and
abundance. A fine-meshed pond net swished through weeds, under banks or
downstream of a boot shuffled in the gravel (a 'kick sample') will catch a variety of
animals that can then be inspected in a white plastic tray. A scheme of scoring the
pollution tolerance of invertebrate species has been developed - The Biological
Monitoring Working Party (BMWP) scores. High scores from standardised samples
mean clean water species, low scores indicate pollution-tolerant groups or just a very
few animals present (e.g. in a mountain beck).

Good signs for water quality include the presence of native crayfish (in hard water
areas), diverse stonefly, mayfly and caddis fly species, dragonflies, freshwater limpets,
pea mussels and freshwater shrimps. A stream supporting only a few species of snail,
leech, water louse, midge larvae and oligochaete worms is less encouraging. The
example below (from Solbe, 1997) shows samples from a relatively clean stream on the
left and a polluted river on the right. Scores for all invertebrates are totalled and then
divided by the number of scores. This gives an Average Score Per Taxon (ASPT), that
helps to even out sampling effects, see Solbe (1997) for a full discussion.

© Atlantic Salmon Trust & John Solbe and H.B.N. Hynes & University of Liverpool Press.

Figure 38 Invertebrate samples from differing rivers (cleaner on left)
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The numbers in Figure 38 refer to BMWP scores, the invertebrate groups with their
relevant scores are:

Clean stream: Snail (Bithynia) and River limpet (Ancylus fluviatilis) (score 3), Mayfly
(Baetis) (score 4), Adult and larval water beetles (Elmis) (score 5), Caseless caddis
(Hydropsyche) and Shrimp (Gammarus) (score 6), Cased caddis larvae (Stenophylax
and Anabolia), Stonefly (Nemoura) and Mayfly (Caenis) (score 7), Stonefly nymph
(Leuctra) (score 8) and Cased caddis larva (Silo) and Stonefly (Perla) (score 10).

Polluted stream: Tubifex worms (score 1), Chironomid larvae (score 2), Water louse
(Asellus) (score 3), Alder fly larva (Sialis) (score 4) and Black fly larvae (Simulium)
(score 5).

The Environment Agency booklet 'Identifying Freshwater Invertebrate Life' (1997)
helps with interpreting macroinvertebrate samples netted from a river or stream. For the
more advanced reader Wright, et al. (2000) provide a detailed and comprehensive
review of the assessment of biological quality of freshwaters.

There have been some recent major improvements in game fishing rivers following
long-term rehabilitation of water quality in formerly grossly polluted waters. For
instance, Mawle et al (1985) reported the increase in salmon running the lower reaches
of the River Taff, Cardiff, formerly impacted by the iron, coal, steel industries and gross
organic pollution. Improvements in water quality have allowed the re-establishment of a
migratory game fishery on the river (Mawle, 1991).

Champion (1991) relates a similar story for the Northumbrian River Tyne where salmon
and sea trout stocks have made a strong recovery after reductions in lower river
pollution levels following industrial change and improvements to the Tyneside STW.
The building of Kielder Reservoir led to the establishment of a salmon hatchery and
release of around 160,000 salmon parr each year in mitigation of damage to several
miles of inundated headwater salmonid nursery habitats. Recent increases in rod catches
have shown a parallel recovery for salmon and sea trout. Of particular significance is
the fact that, despite having no recent support via stocking, the sea trout population has
shown a rapid and sustained recovery  (Environment Agency, 1998a). Tyne sea trout
are often multiple spawners and this may have helped build up numbers in recent years.
Interestingly, sea trout numbers in the nearby River Wear have also risen in recent years
(J. Shelley, pers. comm.).

Other rivers in England and Wales with recovering migratory salmonid runs include the
Tyne, Tees, Taff, Rhymney, Ogmore, Neath and Tawe. Hopes are high for the Mersey,
Ouse, Thames and Trent (Environment Agency, 1998).

Management options for dealing with river pollution
The following points are useful to bear in mind:
• Report any pollution incidents immediately to the Environment Agency (freephone

0800 807060)
• Be aware of likely sources of pollution and develop contingency plans to combat

pollution (blocking lake intakes, having oxygenation kit to hand or, perhaps,
alternative fish holding facilities.
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• Reduce or eliminate all polluting inputs under your control on your fishery.
• Collaborate with other riparian owners/managers to encourage better land use in

the catchment.
• On larger rivers, consider forming a River Trust to focus efforts on fund-raising

and fishery improvement projects.

6.2.2 Effects of catchment land use

This chapter concentrates on the most significant water quality issues that involve land
use, this topic is also broadly covered in chapter 8 (Habitats) and under rural polluting
influences in the section above.

A key topic of current concern for game fisheries is the siltation of spawning gravels for
trout, grayling and stream-spawning char. In a recent review of sediment inputs to UK
rivers Theurer et al. (1998) concluded that high levels of fine silt are present in many
gravel riffles used for spawning by trout, salmon and other fish. In the USA sediments
clogging riffle heads are a recognised major factor limiting salmonid production. More
detailed research is needed in the UK to establish the degree to which sediments are
responsible for poor egg incubation success in England and Wales. Indications from
chalk streams (Environment Agency 1993, Beaumont, et al. 1994) and moorland rivers
such as the Taw and Torridge already indicate, however, that local impacts can be
severe. Environment Agency (2001) provides excellent advice on Best Farming
Practice and on ditching procedures, reducing the risk of fine sediment pollution.

Management options for catchment land use
Silting of river gravels can be reduced by (refer to Theurer et al, 1998):
• More careful catchment land use patterns to limit soil erosion - keeping fine

sediments out of rivers is the best sustainable solution. Environment Agency
LANDCARE projects, River Trust initiatives and DEFRA Agri-environment grant
aid schemes for buffer-zoning can all help to address this very widespread problem.

• Stabilising serious bank erosion with natural materials such as hazel faggots,
conifer tree tops or live willow stakes that grow into living revetments / habitats.

• Promoting the growth of bank side vegetation to help trap silt and consolidate
banks - fencing out livestock and providing alternative drinking places via pasture
pumps or stone-bedded marginal shallows is often very successful.

• Digging and emptying 'sumps' (deepened areas) in drain beds that act as silt traps.
• High-pressure water jetting of gravels to de-silt them to a depth of 30-40cm so as to

produce a 'sump' below redds for the collection of newly-infiltrating fine
sediments.

• Raking or harrowing cemented gravels to allow hen fish to dig their redds.
• Still water siltation can be reduced via the construction of silt traps or reed beds on

inflows and / or buffer-zoning adjacent arable agriculture.

Clearly, the first action treats the problem whilst the latter ones merely treat the
symptoms. Remember to check with Environment Agency staff before carrying out de-
silting work. Mobilising large amounts of silt could be interpreted as causing pollution
downstream and may need formal Consent.
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6.2.3 Excessive algal/weed growth (see also chapter 9 – Aquatic Plants)

Stillwaters
Nutrient levels in natural lakes limit plant growth to produce a diverse community of
submerged weeds, lilies, etc (macrophytes) and a moderate planktonic or lake bed algal
community. In naturally nutrient-rich (eutrophic) still waters algal blooms may occur in
the spring (usually diatoms), summer (often green algae and cyanobacteria) or autumn.
Dense submerged weed beds and marginal reed/rush/sedge beds will also often be
present. Fluctuating pH and DO values and high temperatures can make these lakes
marginal for trout.

In nutrient-poor still waters algal populations are less dominant and a diverse variety of
submerged weed species generally thrives in the clear water. This type of weedy, clear-
watered ecosystem that is generally biodiverse and of high conservation value makes a
good trout fishery.

Excessive algal and/or weed growth can be produced in any of these types of lake if
sufficient nutrients are made available for plant growth. Two principal causes often tip
the balance from a clear watered to an algal-dominated lake (Giles, 1992, Smith &
Moss, 1994). These are:
• Nutrient enrichment from treated sewage effluent or agricultural drainage /

fertilisers, or,
• The presence of high densities of bottom-feeding fish such as common bream or

common carp. These fish populations may have gained access during floods or
have been stocked when a lake was created. Coarse fish stocks are often far denser
in still water fisheries than may be apparent just from casual observations. See
chapter 9 - Aquatic Plants, for a full discussion of this topic.

Management options for stillwaters

Reducing nutrient inputs
Excessive algal growth (floating mats or filamentous blanket weed on the bed) can be
countered by reducing all sources of incoming plant nutrients. This can involve
blocking or diverting land drains, ditches, run-off from arable land or planting filtering
reed beds around inflows. Nutrients present in the sediments on the lake bed are often
re-circulated at differing times of the year, fuelling new plant growth. The solution may
necessitate some dredging to alleviate problems in the long-term. Take advice from
Environment Agency Area office staff - there is little point in going to the expense of
dredging out sediments if most nutrients are entering your fishery via different routes or
if the sediments are largely inorganic (clay, sand) and contain few stored nutrients.

Reducing nutrient availability

Dense populations of bottom-feeding coarse fish can be netted out and, if satisfactorily
health-checked, sold to other fishing associations for stocking. Large-scale reductions in
coarse fish populations on still water trout fisheries can have a range of benefits
including:
• Reducing nutrient recycling rates - cutting off the nutrient supply fuelling algal

blooms and dangers of de-oxygenation during die-backs,
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• Reducing or eliminating toxic cyanobacterial ('blue green algae') blooms.
• Reducing extreme daily pH and DO fluctuations owing to algal respiration and

photosynthesis,
• Reducing competition for invertebrate food resources between coarse fish and

trout,
• Stimulating oxygenating weed growth,
• Reducing the number of fish hosts for parasitic lice (Argulus) and other parasite

species (see chapter 18 – Diseases & Parasites).

Under certain circumstances, the use of rotting barley straw at pond inlets may reduce
algal growth by having an algicidal effect (see chapter 9 – Aquatic Plants). The precise
mechanism involved is obscure and the effectiveness unpredictable. Nevertheless it can
be worth trying. Check with Area Environment Agency staff for the applicability of this
technique.

Even very large lakes can be subject to significant nutrient enrichment (eutrophication)
and algal bloom problems. The south basin of Lake Windermere, Cumbria, for instance,
has become enriched from the inputs of soluble phosphorus from lakeside STWs
(Talling & Heaney, 1988). Resulting algal blooms and dissolved oxygen slumps when
they die off have caused serious problems for and declines of arctic char stocks in the
lake (Elliott & Baroudy, 1995). Fortunately, after nutrient-stripping treatment plants
were installed at the offending STWs, phosphate levels have declined and there has
been a strong recovery of densities of young char (Annual Reports by CEH
Windermere to EA North West Region). This is a large-scale example of both the
potential for damage that eutrophication represents and the potential for economic game
fish habitat restoration.

Lough Sheelin, in Eire, provides an example of a wild brown trout fishery of
considerable reputation that was severely impacted by water pollution problems. In this
case the source of the excess nutrients was via intensive livestock (pig) production and
other intensive agriculture within the lake catchment area. Improved farming practices
have subsequently ameliorated the situation and the fishery is performing well once
more and attracting large numbers of anglers (Dodd & Champ, 1983).

Rivers
Excessive filamentous algal growth on trout stream beds with the clogging of gravels
and smothering of macrophyte beds can have a number of root causes, the key ones
being (see Giles et al, 1991, English Nature, 1997, and chapters 7 and 9):
• Nutrient enrichment with elevated soluble phosphorus levels from STWs and

farmland.
• Over-abstraction of water and consequent low stream flows (increasing nutrient

concentrations and favouring slow-flow plant species).
• Over-widening of river channels through bank erosion by livestock and consequent

low water levels, reduced current speeds and silted river beds.

Management options for rivers
Potential solutions to enrichment problems include:
• investment by Water Companies through the Asset Management Plan (AMP)

process to reduce polluting inputs from STWs,
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• buffer-zoning rivers to filter out polluting influences before they reach fisheries,
• fencing livestock away from eroding river banks,
• supporting the Environment Agency in its work to restore flows to over-abstracted

rivers; higher flows dilute pollutants.

Environment Agency (2001) provides excellent advice on best farming practice.

6.2.4 Acidification and catchment liming

Acidification of still water and riverine trout fisheries has happened extensively in
Wales (Edwards et al, 1990), Northern England (Turnpenny et al, 1987) and south-west
Scotland (Maitland et al, 1987). Twelve thousand kilometres of small streams have
brown trout stocks impacted by acidification in Wales (Weatherley, 1993). The root
causes are industrial and transport sources of air pollution sending plumes of acidic
fumes into the atmosphere where they are blown on prevailing winds to vulnerable
areas. It is likely, even with foreseen reductions in sulphur emissions, that
improvements will only be gradual, over the next few decades. Vulnerable areas are
those with low soil buffering capacities for acid precipitation. Whilst limestone-based
catchments easily neutralise acid rain, granite catchments do not. Blanket coniferous
forests increase the uptake of acid mists and translocation to soils and may absorb
buffering cations (calcium, magnesium) during growth and acid/metal ion release to
ground waters after clear-felling (Reynolds et al, cited in Weatherley, 1993).

Some peat and hard rock-based catchments are naturally acidic and game fish stocks
may have adapted to local conditions. Such populations, for instance of wild brown
trout, can have considerable conservation and potential management values owing to
their ability to withstand acid waters. Also, naturally-acid grasslands and bogs tend to
have high conservation values in their own right. Liming programmes in sensitive
catchments therefore require very careful consideration of risks and benefits.

When 'acid rain' falls on vulnerable catchments or is absorbed and translocated to soils
by trees and other vegetation, various toxic metal ions such as monomeric aluminium
and zinc are dissolved in the ground waters and washed into streams and lakes. Acidic
snow melt can have similar effects. These metal-rich acid flushes of water can kill
salmonid eggs, alevins and fry, progressively wiping out wild trout stocks in vulnerable
catchments (Weatherley, 1993). Toxic flushes of water either directly kill young fish or
lead to excessive mucus production by gill membranes, impaired respiration and
progressive debilitation or death. Classic signs of acid damaged habitats are relatively
clear lakes with few surviving fish and impoverished acid-tolerant invertebrate
communities. These ecological impacts knock-on to affect dipper and otter populations,
amongst other species (Weatherley & Ormerod, 1991).

Maitland et al (1987) review the effects of acidification on Scottish trout populations in
Galloway where several granite-based lochs are now fishless and others have declining
trout stocks. Lochs with peaty coloured waters may convey some form of protection to
fish by rendering inorganic aluminium less toxic, perhaps through combination with
humic substances. A further finding of the study is that brown trout with tail deformities
often occur in acidified lochs. Characteristic rounding of the caudal fin may be a useful
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early indicator of acidification in some wild trout stocks (see R.N.B. Campbell,
Appendix 5 in Maitland et al, 1987).

Management options for acidified fisheries
The long-term solution to acidification is, of course, to cut air pollution from fossil fuel-
burning activities such as coal-fired power stations and internal combustion engines. In
the short- to medium-term acidification can be mitigated for, to a degree, by
neutralising acid waters and catchments with liming programmes. This approach can,
however, have a number of adverse impacts as well as potential benefits (Weatherley,
1993):
• Finely powdered limestone (CaCO3) is spread over soils or waters to raise pH and

alkalinity and to reduce concentrations of soluble iron, manganese and aluminium.
• On Llyn Brianne at the headwaters of the River Tywi, liming the reservoir has

neutralised acid waters, acid-sensitive invertebrates have returned to the upper river
and salmon and trout nursery habitats have been restored. Not all schemes are
likely to be this successful, however, and all potential liming projects should be
fully appraised for risks, costs and benefits to the overall ecosystem.

• Deaths of salmonid eggs, alevins and fry can be reduced by liming but natural
water chemistries in soft water catchments are changed, making them relatively
calcium-rich. This can adversely affect peat bog plants adapted to low-calcium
soils (calcifuges, e.g. Sphagnum mosses and some liverworts), invertebrates and
small mammals.

6.2.5 Low Dissolved Oxygen levels

Dissolved oxygen concentration in water can be measured by using a correctly set up
meter. Oxygen meters are inexpensive, portable and very useful for fishery managers.
Note that they need regular calibration to achieve accurate results - the membrane
changes in permeability to gases as it ages. Oxygen meters may give values in mg/l
(milligrams per litre) or as percentage saturation. Compared with air, water holds
comparatively little oxygen; a litre of air contains around 300mg of oxygen whilst a
litre of water at 15 Celsius holds only10mg. The concentration of dissolved oxygen in
fully air-saturated fresh water is directly proportional to temperature - see Solbe,
(1988), it equals:

468 (31.6 + T) mg oxygen per litre. Where T is the temperature in degrees C.

Because fish tend to become more active in warmer water (up to a limit), they need
more dissolved oxygen at times when the water actually holds less. This can cause
problems.

Low dissolved oxygen concentrations occur when respiration demands by living
organisms exceed photosynthetic oxygen production plus diffusion rates through the
water surface. DO typically fluctuates through the day, being relatively high at higher
light levels and at its lowest at the end of the night. Classic causes of low dissolved
oxygen levels in fisheries include:
• Pollution of streams, rivers, ponds with high Biochemical Oxygen Demand (BOD)

pollutants such as sewage, livestock slurry, dairy or food processing wastes.
• Low flows in streams with little shading
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• Dying algal blooms in lakes or slow-flowing rivers.
• Dense weed bed growth in lakes or slow-flowing rivers.
• Decaying weed beds in lakes or slow-flowing rivers.
• Excessive fish stocks in lakes (usually of coarse fish + trout).
• Warm thundery weather coinciding with any of the above, especially in still waters.

It is worth noting that trout need more oxygen after feeding and also when swimming
actively as opposed to finning slowly. Large fish need less oxygen per kg body weight
than smaller fish. An actively swimming rainbow trout uses about five times more
oxygen than when it is resting. At 15 degrees Celsius a 1 kilo rainbow trout requires
about 220mg of oxygen per hour whilst 10, 100g fish need 300mg per hour. This is
worth remembering when stocking fisheries that are prone to low dissolved oxygen
levels - fewer large trout have a lower oxygen requirement than the same weight of
smaller fish.

Water absorbs oxygen from air by simple diffusion - the rate being proportional to the
concentration gradient. Rates of re-aeration of water depend upon how low the level has
fallen below saturation, the roughness of the water surface (rough = greater surface
area) and how pure the water is. Polluted water recovers its dissolved oxygen level
more slowly than clean water. Water with very low DO absorbs oxygen from air very
much faster than water that is only marginally deoxygenated. Agitated water presents a
larger surface area for diffusion to occur across. These facts are fortunate, giving the
fishery manager a chance of rectifying a potentially disastrous situation through the
application of some simple principles.

Management options for low dissolved oxygen concentrations
See Environment Agency (2000) for a practical booklet on dealing with de-
oxygenation, Figure 39 on the next page is taken from that source.
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Figure 39 Aeration methods
Practical actions when faced with fish in distress - usually swimming slowly, close to
the surface and gulping air include:

Lakes
• Running a water pump to jet water up into the air as a fountain and allow it to

splash back down into the fishery. Fine sprays are better for re-oxygenation than
solid jets of water.

• Fitting a venturi device that entrains air bubbles in the pumped water flow,
increasing dissolved oxygen levels.

• Surface agitators - paddle wheel or mushroom fountain designs both work; the
former is better for long thin lakes and the latter for square or round ponds.

• Running an air pump with set of diffuser stones in the lake - this, too, instantly
helps to raise dissolved oxygen levels. Small bubbles have a greater overall surface
area than fewer larger ones and are better for re-oxygenation. Greater air pressure is
needed, however, to force them through the diffuser block.

• Breaking ice cover and keeping water on the move over a manageable area to
prevent re-freezing.

• Consider purchasing in-lake water circulators, these run on an electricity supply
and, whilst expensive to run, may allow the keeping of trout in marginal lakes that
are warm and rich. Such solutions are not, however, truly long-term sustainable
options from an environmental stand-point and such lakes may be better managed
as coarse fisheries.
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Longer-term actions on lakes suffering regular low DO levels include:
• Building structures (e.g. low weirs, boulder shallows) in streams or lake inflows to

aerate water (see chapter 8 - Habitats)
• Reducing nutrient inputs (e.g. reed beds filters on lake inlets, see chapter 6 - Water

Quality).
• Reducing the chance of algal blooms (see chapter 9 - Aquatic Plants).
• De-silting lake to remove decaying organic matter and provide cooler, deeper water

in summer. Anaerobic silt is black and often smells of hydrogen sulphide ('rotten
eggs').

• De-stocking excess fish (and selling them if health-certified).

Rivers and streams
• Building small waterfalls, low weirs, boulder shallows to increase surface agitation.
• Pumping air or even oxygen via a diffuser system into river water close to the bed.

Note that weir building and other works in rivers or on river banks may need
Environment Agency consent (see chapter 12 - Consents).
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6.3 Summary of Management Options

Table 20 Water quality management options and best practice

Issue Management options Best practice notes

Water quality adequate? Consult Agency, get water
chemically tested, inspect
invertebrate community.

Take all opportunities to maintain
or improve water quality.

Threats to rivers Consult LEAP / Salmon Action Plan
(SAP)/ Fishery Action Plan (FAP).
Join River Trust / Anglers
Conservation Association (ACA -
legal help).

Locate source of problems, work
with landowners, industry,
Agencies to put problems right.
Consult ACA on legal rights over
pollution incidents.

Excessive plant growth Reduce nutrient inputs and stores in
sediments where possible. Increase
shading if appropriate.

Identify root causes and, where
possible, deal with them. This
may include routine weed-cutting
and removal or suitable herbicide
treatment.

Acidification If naturally acid lake/stream accept
limitations of habitat.
If acidified by pollution consider
liming to neutralise waters.

Take Environment Agency / EN /
CCW advice on conservation
status of water and suitability for
liming programme. Discuss better
practices with forestry interests if
appropriate.

Low DO Monitor with DO meter.
When necessary, re-circulate and
spray water into air OR pump air into
system.

Identify root causes and
eliminate, consider changing to
coarse fishery in extreme cases.
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7. Water Quantity

7.1 Introduction

Three key aspects of habitat quality sustain salmonid river fisheries - water quantity
(flows), chemical quality (see chapter 6 - Water Quality) and physical habitat quality
(see Harper & Ferguson, 1995 and chapter 8 - Habitats). Flows depend fundamentally
on rainfall patterns, followed by run-off or percolation and storage in soils and rocks.
The flow patterns in some English and Welsh rivers are regulated by large dams that are
used for public water supply. Many of our rivers are affected with smaller weirs and
sluices that fundamentally affect the water levels and bed gradients. Most of our rivers,
particularly those on impervious rocks, tend to be directly rain-fed so experience very
variable flows. Rivers on pervious rocks (e.g. chalkstreams) experience more stable
flow regimes, being supplied with water from wetland and aquifer (underground)
sources. Links between surface and groundwaters are often complex and usually poorly
understood in detail for a given river or lake catchment. Consequently, the principal
causes of low-flows on a given river - for instance whether they are primarily climate or
abstraction-driven, are usually arguable, e.g. on the River Kennet at Axford, Wiltshire
(Arnell, et al, 1997, Giles, 1996).

Cunningham (2002) provides a valuable overview of the legal control of water resource
licensing in England and Wales, key points include:

• Common law riparian rights ensure that relevant landowners (with watercourses
flowing through or at the boundary of their property) have the right to receive water
without significant diminution in quantity or quality. This doctrine allows
reasonable use of water.

• Regulative legislation was established by the Water Resources Act, 1963, amended
by the Water Resources Act 1991 and the Environment Act 1995, key features are:

1. With a few exceptions it is illegal to abstract water without a licence, the licence
protects against third party claims for damages but does not guarantee water
quality or quantity.

2. Holding a licence protects against subsequent claims on a water resource - new
licences must not derogate from existing rights.

3. Prior to 1963 abstraction licences were based on historic volumes of use and
were issued without restrictions, these are termed 'Licences of Right'.

The abstraction licensing system is currently under review with the Government
proposals for reform published in 'Taking Water Responsibly' and the consultative 'draft
Water Bill', see Cunningham (2002) for a very useful discussion of this topic.

Regulation of water abstraction in England and Wales rests with the Environment
Agency, which has a set of low-flow rivers of concern. Catchment Abstraction
Management Strategies (CAMs), currently under development, will allow a balanced
allocation of water resources within river catchments. England and Wales are now split
up into CAM units (Environment Agency, 2001). Water level management plans
(WLMPs) are intimately linked to abstraction regimes and the forthcoming European
Water Framework Directive will ensure that river flows are viewed in an ecological
context, with habitats to be maintained in acceptable condition.
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CAMS are to be the new Agency planning framework for integrated sustainable
catchment abstraction management. The former ALF (Alleviation of Low Flows)
programme that helped identify low flow rivers has now been replaced with the RSAP
(Restoring Sustainable Abstraction Programme); information on particular rivers is
available from Agency Water Resources staff. In October 2001 The Environment
Agency launched its Resource Availability Methodology (RAM) that will be used to
determine water resource availability in England and Wales.

Water Company 5-yearly Asset Management Planning (AMP) rounds provide
opportunities for periodic review of abstraction practice and environmental impacts.
Under the EU Habitats Directive, Special Area for Conservation (SAC) rivers have
particular importance owing to the need to protect designated species such as water
crowfoot, salmon and bullhead by ensuring adequate flows, temperatures and water
quality.

Natural variations in river flow are of fundamental importance in determining river
shape and behaviour; fish life cycles are adapted to seasonal flow patterns and are liable
to serious disruption if flow characteristics of a given river are forced to change too
much (see review chapters in Harper & Ferguson, 1995).

Fish stocks need flow protection for many reasons including:
• Differing species have differing flow requirements at different life cycle stages and

through the year. River flow management must be holistic - catering for all needs.
• Maintaining winter spates powerful enough to re-distribute and de-silt spawning

gravels.
• Maintaining summer and autumn spates to induce upstream migrations.
• Maintaining adequate spring, summer and autumn flows to facilitate downstream

smolt migrations and parr re-distributions.
• Maintaining baseline summer flows to maintain adequate quality and area of

juvenile, sub-adult and adult habitats.
• Maintaining adequate flows to dilute pollutants and maintain preferred

temperatures and current velocities for target species.

Flows are measured in terms of their timing, frequency, magnitude and duration. Each
of these factors can be of key ecological importance to species. River flows need to be
allocated between competing interests - public water supply, hydro-electric power,
agriculture, industry, conservation and recreational uses including fishing. The extent
and timing of abstractions or releases from reservoirs can affect ecological and angling
conditions quite profoundly at critical times of year (e.g. when sea trout are running).

To determine flow allocation, river objectives need to be set and defined. For key
species and habitat conservation these are developed through the UK Biodiversity
Action Plan or through protective site legislation relating to SSSIs, SACs and SPAs
(see chapter 10 - Conservation). River Flow Objectives RFOs and Minimum
Acceptable Flows, MAFs (see Acreman & Adams, 1998) can also be set for abstraction
points. For migratory fish requirements see Solomon et al (1999) and for fishery
management purposes see Swales & Harris (1995).
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The Environment Agency uses a range of methods to determine acceptable flow
regimes (Harper & Ferguson, 1995). These include:
• Hydrograph analysis - in many cases the 95 percentile has been used as a crude

river low-flow threshold value whilst, for groundwaters, typical recharge times are
used to estimate sustainable volumes for abstraction (Petts et al, 1995 and
Cunningham, 2002). Solomon et al (1999) have recently related radio-tracking
salmon migration data to river flow regimes.

• The views of expert panels of anglers (EPAM, see Swales & Harris, 1995) who fish
the river under varying flow conditions, recording their independent assessments of
suitability for recreation.

• Favourable habitat conditions, e.g. for salmon and/or bullheads determined as part
of SAC notifications (Boon, 1995).

• Research projects developing new models of flow requirement based on energetic
and behavioural needs of fish (Ibbotson et al, 2001).

• The use of macroinvertebrate distribution and abundance in relation to flow
regimes. The LIFE (Lotic-invertebrate Index for Flow Evaluation) method is
currently under development (see Extence et al, 1999).

• PHABSIM - Physical Habitat Simulation Modelling; this often involves field and
desk work and is relatively expensive but can be very useful for detailed analysis.

In the context of this Fisheries Technical Manual the most relevant technique used by
the Agency to assess acceptable river flow conditions is PHABSIM. PHABSIM is part
of a larger suite of computer programmes called the Instream Flow Incremental
Methodology (IFIM). The Agency uses the PHABSIM approach as a negotiation tool
with abstractors, rather than as a purely prescriptive technique. The habitat components
(e.g. depth, current speed, substrate type) that are preferred by key life stages of a given
species (water crowfoot or brown trout, for instance) are determined (habitat indices).
These are then modelled with IFIM to estimate their availability under changing flow
regimes (e.g. on the River Allen, Dorset, Johnson et al, 1995, see also Dunbar et al,
1996 and Ibbotson et al, 2001). PHABSIM is a very useful method for assisting
discussion of acceptable flow regimes that are required to support target species and
habitats. Limitations of PHABSIM include:
• That it generates theoretical habitat changes that may not actually correspond with

real population changes of animals or plants in the river.
• Habitat preference curves for a given species may not transfer at all accurately

between rivers (preferences of species may need to be measured for each river or,
at least, type of river).

• Aquatic plant communities and growth patterns have profound effects on in-stream
hydraulics and predicted outcomes from modelling work.

Ibbotson et al (2001) mention the development of more sophisticated flow requirement
models for fish species, for instance, based on energy budgeting. Extence et al (1999)
have produced a very interesting set of macroinvertebrate species groups that tend to
correlate with particular sets of flow conditions - this LIFE methodology is under
development within the CAMs project. Work undertaken so far indicates that
invertebrate community structures react most to summer flow variations in chalk and
limestone streams and to short-term flow events in spate rivers (see Extence et al, 1999
for full discussion). The Agency water Resource Availability Methodology (RAM) uses
the following classification methods to aid the setting of river flow objectives for river
reaches by scoring the following variables:
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• Physical character.
• Fisheries classification.
• Macrophyte scoring.
• Macroinvertebrate scoring (LIFE).
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7.2 Technical and Practical Advice

7.2.1 Protecting river flows from over-abstraction

Anglers can help protect river flows by alerting Agency officers to drying wetlands,
low-flow stretches of river and to dwindling fish stocks, reduced habitat quality and
poor angling conditions on their fisheries. It is worth noting that low-flow conditions on
rivers are often exacerbated by past river engineering (e.g. deep-dredging) schemes and
intensive land use (e.g. silt inputs and channel over-widening through bank erosion by
livestock). Such impacts can often be addressed through cost-effective habitat
improvement schemes, maximising the ecological value of the available flows (Giles &
Summers, 1996, Summers, et al, 1996, Environment Agency, 1996 and chapter 8 -
Habitats). A habitat improvement project on the River Piddle in Dorset - a low-flow
river where the Agency successfully reduced abstraction within the catchment - has
enhanced wild trout fisheries, making best use of the increased flows (Environment
Agency, 1996, Environment Agency, 1996, Giles & Summers, 2001 and chapter 8).

Participation in Agency statutory committees is a good way to communicate grass roots
concerns over low-flow impacts on angling opportunities. The Regional Fisheries,
Ecology and Recreation Advisory Committee, RFERAC, Regional Environment
Protection Advisory Committee, REPAC and Regional Flood Defence Committee ,
RFDC are all potential pathways for advice to the Agency on changing river flow
patterns. Angling consultative groups, Fishery Action Plan (FAP) groups and Area
Environment Groups (AEGs) are also directly relevant. Agency officers do act on the
advice of their Regional Committees - inputs to this advisory system are worthwhile.

The references given below provide a good starting point for understanding the
technical background on how flows can be linked to fishery quality and to the need to
campaign to retain water in rivers and wetlands. The political impact of fisheries
opinion can be substantial and can help to generate support for research work on
particular river catchments (e.g. Game Conservancy Trust, 1996). Fishery associations
and riparian owner groups also wield substantial influence on important river fisheries.
River Trusts are increasingly being set up with the express intent of campaigning for
better river conditions and habitat restoration programmes (examples include The
Tweed Foundation, The West Country Rivers Trust, The Hampshire Rivers Trust, The
Wye Foundation, The Eden Trust, The Northumbrian Rivers Trust and many others).

Management options

Improving fishability under low-flows
The Agency has used the 'expert panel' approach (Swales & Harris, 1995) on some low
flow rivers (e.g. upper Bristol Avon) to help determine acceptable flow regimes through
the angling season. Where habitats have been degraded, leading to enlarged river
channels and exacerbated low-flow conditions, habitat restoration projects can make a
big difference to the quality of angling and of sustainable fisheries (e.g. Giles &
Summers, 1996, Summers et al, 1996, Giles & Summers, 2001. Techniques for
concentrating available flows include (also see chapter 8 - Habitats):
• Fencing to promote marginal vegetation growth - natural stream narrowing.
• Channel narrowing with bioengineering techniques and current deflectors.
• Bed-raising by importing clean gravel to build new gravel riffles.
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• Encouraging Ranunculus growth to channel and hold back flows.
• Creating new scour pools to provide fish with deeper low-flow habitat.
• Enlarging corner pools and planting alder/willow to reinforce undercut banks.

© Nick Giles

Figure 40 Series of low profile, upstream 'V' current-deflectors, scouring pools
and stimulating Ranunculus growth on faster-flowing intervening 
riffles, Devil's Brook, Dorset

(See Figure 57, page 122, for a photograph of this same stretch, one year after fencing)
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7.3 Summary of Management Options

Table 21 Flow management options and best practice

Issue Management options Best practice notes

Flow protection Assess whether fishery has adequate
year-round flows.

Get involved in local discussions and
advisory committees.

Take expert advice on whether
low-flows are likely to be
affecting a given fishery
unacceptably and what are the
best solutions.

Habitat improvement
to optimise use of
available flows

River channels are often over-wide
owing to excessive bank erosion and
dredging operations.

Channel re-profiling can help to make
the best use of available flows year-
round.

Don't compensate for over-
abstraction by simply making a
smaller river. Gauge the likely
original width of channels and
restore back to those dimensions.
Use 'greenest' approach possible.
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