


























FRESHWATER RESOURCES

Figure 26. A eutrophic river with an MTR
score of about twenty; abundant green algae
and only a few other aquatic species.

River Habitat Survey
provides a system to
classify the quality and
modification of rivers.

sampling of field sites in each 10 km by
10 km square three times in England
and Wales, twice in Northern Ireland
and once in Scotland. Additional
orientated projects have used the River
Habitat Survey (now totalling over

7 000 surveys) as a framework for
assessing the actual or potential effect
on riverine habitat and include run-of-
river hydro-electric schemes, crayfish
habitat, marginal plant assessment,
selection of indicator species or

isolation of special habitats.

Rivers are currently grouped together
into eleven types of greater similarity
based upon a combination of map-
derived factors which may create, drive
and/or modify them. Thus, for sites on
British rivers, the height of source,
distance from source, height of site and
slope at site (or their surrogates) are

important factors.

Analysis of field data on the number
and type of modifications to river
channels, has enabled a preliminary
Habitat Modification Index to be
produced and rivers to be grouped into
five classes from unmodified semi-
natural rivers through to highly
modified resectioned and/or reinforced

sections of rivers.

Analysis of features of semi-natural
rivers and streams enables a typical
description of good quality sites of each
type to be generated and for the
probability of features typical of that
type of river such as cascades, vegetated
or unvegetated side or mid-channel
bars, to be derived. Such data are used
in a Habitat Quality Score or
Assessment against which partly or
grossly degraded sites can be judged

and classed.

These RHS data have been assembled
together with other relevant
environmental data into an easily-
interrogatable data-presentation of
~7 000 sites for the years from 1994
with some interesting overseas sites
included to expand the usefulness of

the database and rigour of the
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the database and rigour of the

classification of its river types.

Using angler opinion to set
minimum flows

Much of the research associated with
reduced flows, abstraction and stream
support in rivers has concentrated on
the biological requirements of the flora
and fauna inhabiting them. This work
has resulted, for example, in the
developoment of models such as
PHABSIM used for setting minimum
prescribed flows. However, the
determination of flows at which
abstraction must cease or stream
support starts, needs to take account of

all parts of the user communities.

Recently the IFE has been involved
with the Environment Agency in
developing a protocol for incorporating
angler opinion into the decision-making
process. Initial trials using panels of
independent experts and local anglers in
assessing the quality of fishing on the
River Avon at varying flows have been
encouraging, with perceived declines in
angling quality coinciding with declines

in flow (Figure 27).
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Figure 27. Assessment, by a panel of anglers,

of the angling quality of dry fly fishing at two

sites of the River Avon at two different flows
(15 represents ‘good’ quality fishing).



Figire 28. Lower Malmesbury.
Permanent records of the conditions in
fixed locations are now being collected
by using high quality video footage.
These can be presented to independent
panels at any stage of the decision
making process to corroborate the
evidence collected from site visits.

If the relationship between flow and
angling quality can be described in
terms of a proportion of a benchmark
flow, such as average daily flow, then
that relationship could be transferred

directly to similar rivers.

Modelling growth of
salmon parr

As part of a larger project funded by
the European Commission, a functional
model has been developed for the
maximum growth of Atlantic salmon
parr, Salmo salar. Salmon used in the
growth experiments were bred from
parents from two populations in
northwest England. Individual growth
rates were obtained for 81 salmon
feeding on natural invertebrate food,

and the experiments were performed at

nine constant temperatures in the range
3.8-21.7°C.

The growth model was an excellent fit
with no significant differences between
parr from the two rivers. The model
also described approximately the
growth of three year-classes of Atlantic
salmon parr in the River Eden in
northwest England (Figure 29). All the
five parameters in the model can be
interpreted in biological terms. These
are the minimum, optimum and
maximum temperatures for growth, a
weight exponent and the growth rate of
a 1 g fish at the optimum temperature.
As the same model has also been used
for brown trout and stone-loach,
estimates of the five parameters can be
compared between the three species
(Figure 30). The weight exponent did
not vary greatly between the three
species but the other parameter
estimates were clearly very different.
The optimum temperature for growth
was highest for stone-loach which also
had the widest limits for growth.
However, the values for salmon parr
were higher than those for trout.
Immature stone-loach would therefore
grow best in warmer waters but the
thermal requirements for growth in
salmon are higher than those for trout.
Perhaps the most surprising result of
these comparisons is that the growth
rate of a 1 g fish at the optimum

temperature is highest for salmon parr.
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Model development is
an iterative process
and the growth model
for freshwater fish will
continue to be
developed and
improved in the

future, as in the past.
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Figure 29. Mean live weights of salmon parr from three year-classes in the
River Eden. The lines are the expected weights predicted from the model
with cessation of growth of first=year fish from mid-September to mid-
March (note that weight is on a log scale).

Figure 30. Comparison of estimates of the five parameters in the model
for parr of brown trout, immature stone-loach, and parr of Atlantic
salmon; parameters are the weight exponent (b), the growth of a 1 g fish at
the optimum temperature (c), and the optimum (Ty), minimum (1)
and maximum (Ty;) temperatures for growth,
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A clear understanding
of the genetic and
social relationships
which exist between
schooling fish is vital to
enable the application
of effective
management processes

to wild stocks.

The growth model can therefore be
used to investigate both inter- and
intra-specific differences. Model
development is an iterative process and
the growth model will continue to be
developed and improved in the future,

as in the past.

The schooling dynamics of
river fish

Many species of fish form schools
which improve foraging efficiency,
increase the probability of survival and
may have other benefits for individual
fish. However, despite this the
relationships between fish, both within
and between schools, are poorly
understood yet may be fundamental to
our understanding of evolutionary

processes and behaviour.

In collaboration with St Andrews
University and by field and laboratory
studies on European minnows and
guppies from the West Indies, some of
the key questions are being addressed.
Are schools simply random
assemblages of fish or is school
membership and movement predictable
over space and time? Does familiarity
influence the choice of schooling
partner? Are schooling decisions made
on the basis of kinship or familiarity or

both? These are among the critical

A range of experiments have been
conducted both in the laboratory and
under near-natural conditions.
Minnows were found to prefer
schooling with familiar schoolmates
and female guppies from the Lower
Tacarigua River, in Trinidad, to
preferentially associate with their
nearest school neighbours. Contrary to
expectations, the presence of a model
predator had no effect on nearest

neighbour preference in minnows.

In the case of guppies the preference
for associating with familiar individuals
(in females) gradually develops over a
period of 12 days and once established
1s maintained. This contrasts sharply
with ‘condition-dependent recognition’
in which fish quickly learn to
discriminate between individuals of
their own species on the basis of
obvious morphological characteristics

such as body size.

The ability of fish to recognise familiar
associates is already well known but
most of the work has been laboratory
based. In tests with guppies in the
Tunapuna River, Trinidad, it was
confirmed that wild female guppies
prefer to school with familiar
individuals and that their recognition
abilities are constrained by the number

of fish with which they interact.
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Fignre 31. Composition of minnow schools
in the presence or absence of pike predator.
Mean % = s.e. is given (n=20).

Figure 32. Distribution of minnows between

three sections of the fluvarium in the presence

or absence of pike predator. Mean % time +
s.e. is given (n=20).
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Figure 33. Distribution of minnows between
top and bottom half of fluvarinm water
column, in presence of pike. Mean % time
(of 15 min available) given + s.e. (n=20).



any preference for schooling with either
kin or with non-kin but more work will

be needed to fully assess this aspect.

Further experiments with minnows, in
the effectively natural conditions of a
“fluvarium’ on the River Frome in
Dorset, revealed a tendency for leader
and follower fish to choose the same
partners. It was shown that minnows
have an overall preference for

swimming with familiar schoolmates.

In the near future additional studies
using mark-recapture techniques,
laboratory experiments with related and
unrelated guppies and investigations of
the visual and olfactory clues used by
fish to recognise their neighbours
should help to fill some of the existing
gaps in understanding of the dynamics
of schooling fish.

Selective breeding for
stress tolerance in
aquacultured fish

Stress is an unavoidable component of
the finfish aquaculture environment,
primarily because ideal husbandry
practices are unavoidably compromised
by the economic constraints of large-
scale fish production. Repeated
exposure to acute Stressors, or to
continued challenge, causes substantial
deleterious effects on growth, flesh
quality, reproductive function and

il‘ﬂ munocompetence.

In a project part-funded by the EC, the
IFE, together with groups at the
University of Tromse, the Norwegian
College of Veterinary Medicine, and the
Universities of Las Palmas, Barcelona
and Granada, is investigating whether
the responsiveness of fish to stress is a
feature which has a distinct genetic
component and may therefore be
modified by selective breeding. By
increasing the tolerance of fish to
stress, thereby ameliorating some of the
effects of unavoidable stress, it may be

feasible to generate strains of fish which
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display improved performance within
the aquaculture environment, across a
number of traits, and indirectly improve

the welfare of farmed fish.

During the first year of this four-year
project, work at the IFE has focused on

identifying fish with a consistently

high or consistently low physiological Stress is an
responsiveness to disturbance. These .

fish have formed the basis of breeding unavoidable

stock with which the heritability of component of the
stress responsiveness will be assessed.

Surprisingly, fish showing the most finfish aquacuiture

pronounced physiological response to environment, primarily

standardised stressors are larger and
better conditioned than low-responding because ideal

tish; the converse of what was expected husbandry practices
(Figure 34). The offspring of nearly

forty separate crosses are currently are unavoidably
being reared and tested in a rigorous

compromised by the

programme of evaluation. Further work

is now needed on the response of these economic constraints
fish to both acute and chronic stresses

of large-scale fish

but it is conceivable that the received
wisdom regarding the desirability of a production.
low responsiveness to aquaculrural

stressors may be misplaced.
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Figure 35. The components of the biomass exchange between
rivers and the sea by Atlantic salmon and sea trout. The values
given are the combined totals for the Rivers Tweed, Aln,
Coguet, Tyne, Wear, Tees and Esk in north-east England.

Migratory salmonids as
vectors of C, N and P
between freshwater and
marine environments

The role of Atlantic salmon Salmio salar
and sea trout Salmo trutta in
transferring carbon (C), nitrogen (N)
and phosphorus (P) between freshwater
and marine environments was studied
for seven rivers in north-east England
for the period 1989-95.

Exchange processes

Migratory salmonids
The spring exodus of two-year-old fish

introduce marine- (smolts) exports freshwater-derived

material from rivers to the sea. Adults

derived elements into

freshwater

returning to spawn after one to three
years at sea import marine elements
through excretion, reproduction and
carcass decomposition. Most die but
some fish (kelts) survive spawning and

return to sea.

Fish numbers and biomass

Fish numbers and biomass at each stage
are assessed from fishing statistics,
angling exploitation ranges, and sea-
survival-rates. Of the 2-6.5 million
smolts produced, 140 000475 000
survive to become adult spawners, of
which 31 000-115 000 return to sea as
kelts. The component values of the
biomass exchanges are shown in Figure
35 and constitute a net flux of 190 to

560 t into the rivers.

C, N and P fluxes
The percentage body content of C, N

and P is similar for both species (Figure
36). The annual import by adults
ranged between 49-157 t C, 11-34 t N
and 2-5 t . Total annual export by
smolts and kelts ranged between 20721t
C,5-16 t N and 1-3 t B However, the
net fluxes of C, N and P by these fish
represented only 0.09-0.24% of the
total annual river loads.

Significantly, the import by adults is
almost entirely composed of marine-
derived elements and migratory fish
are the only direct source of such
materials to freshwater ecosystems.
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Figure 36. The percentage body compositions of carbon (C), nitrogen
(N) and phosphorus (P) for adult Atlantic salmon and sea trout.
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