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ABSTRACT

English Nature has identified a number of factors which pose a threat to the
conservation status of freshwater SSSIs; included amongst this list is the development
of fisheries which contain a high biomass of fish. This contribution provides an
overview of the role of coarse fish in affecting the ecology of shalow lakes and
illustrates how fish-effects are related to both the species present and total biomass.
The collation of data concerning abundance of fish, turbidity, nutrient levels and
abundance of algae permitted the development of empirical relationships for shallow
lakes. The magor trends found were that macrophyte cover (%) was not linearly
related to nutrient level, expressed as total P, (regression analysis, p=0.08), but was
significantly related to turbidity (regression analysis, p=<0.0001, r* = 0.83, n=12).
Macrophyte cover (%) was negatively related to fish biomass (regression anaysis,
p=0.0001, r’=0.58, n=19). Secchi disc depth was negatively related to fish biomass
(regression analysis, p=0.0003, r’=0.65, n=15). Neither nutrient concentration or
abundance of algae, indicated by Chlorphyll a, were significantly related to fish
biomass (P=0.11 and 0.25 respectively). The implications of this analysis are that a
low biomass of fish is associated with clear water and abundant macrophytes whilst
waters with a high biomass of fish are associated with turbid conditions and few
macrophytes. The analysis suggests that a threshold in fish biomass appears to exist,
between 150 and 250 kg ha* above which a submerged macrophyte community can no
longer be sustained. Waters which have conservation interest related to clear water
and an abundance of macrophytes should be managed so that they have a fish biomass
below this threshold.
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INTRODUCTION

Freshwater sites provide avery important contribution to wildlife conservation in the
UK with over 200 SSSs designated for open water communities. Sustainable
management of these gdites is therefore important and requires an understanding of
fadors which may affed dite integrity.

Fisheries management has aways been viewed as having the potentia to
damage the feaures of spedal interest at SS3s. Indea the spedfic list of potentially
damaging operations includes 16a "The introduction of freshwater fishery production
and/or management and changes in freshwater fishery production and/or management.”
Furthermore, English Nature (1997, in its agenda for sustainable management of
wildlife and freshwater, identified a number of fadors which pose athrea to the
conservation status of freshwater SSSs; included amongst this list is the development
of 'intensive fisheries - i.e. waters which contain a high ilomassof fish.

Supporting evidence that fish are a potentially important fador in the
management of sites important for nature cnservation is provided by an English
Nature-funded survey of 96 SSSs percaved to be subjed to eutrophication (Carvalho
and Moss1995. Of these sites, 36 % showed symptoms of eutrophicaion that could
primarily be atributed to excessve nutrient inputs from sewage dfluent. However, 23
% dgites, showed symptoms of submerged aquatic plant lossand high turbidity (i.e. low
water clarity) that could not be dtributed to high nutrient concentrations. The sites
were dl asociated with intensive cap and bream fisheries in shallow lakes.

It is the am of this contribution to raise avareness of the potential for coarse
fish communities to potentiadly affed the nature mnservation interest of shallow
freshwaters. This will be adieved by first describing the trend for increasing fish
biomassin shallow lakes and secondly through the provision of an explanation of the
medhanisms by which fish can affed the structure of aquatic communities. The role of
fishin affeding the eology of shallow lakes will be examined through a comparison of
studies and the generation of empiricd relationships. The general conclusion is that
the effeds of increasing fish homass on maaophyte cover and turbidity in some
waters may be predictable.

THE TREND FOR INCREASING FISH BIOMASSIN SHALLOW LAKES

In 1994 the National Rivers Authority (now the Environment Agency) conducted a
National Angling Survey and estimated that there were 3.3 million anglers aged 12and
over in Grea Britain (NRA 1994. The mgority of these (i.e. 2.9 million) live in
England and Wales and target coarse fish (i.e. cyprinids, percids and other non-
salmonids). Taking into acount the reported frequency of angling and the estimated
number of anglers (NRA 1994, there is an estimated 90 million angling occasions per
annum. The survey aso reported that 52 % of anglers primarily fished still waters and
49 % of anglers preffered day-ticket waters. Furthermore, anglers were willi ng to pay
£5 - £10for ead fishing sesson. A conservative estimate would conclude that the
freshwater day-ticket coarse fishery is potentialy worth more than £200 million per
annum. As the survey found that the mean distance travelled by anglers was 20 miles,
it is clea that the development of areaeaional cach and release fishery in the vicinity
of urban areas containing large numbers of anglers is a promising commercial venture.
The oonstruction of a new fishery is clealy a potentiadly lucrative venture,
however, it requires investment; vegetation stripping and removal of excessmateria is
costly and newly designed pupose-built fisheries tend to be small in absolute aea(i.e.
< 1 ha) and to acoommodate alarge number of anglers they tend to be long, thin and
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shalow (mean depth < 2 m). As catch rate is an important determinand to the
commercial value of the fishery, fish are often stocked at a high density. Absolute
figures are not available, but conservative estimates exceed 500 kg ha'. Regular
stocking often takes place to maintain such an elevated biomass. In many of these
fisheries carp are the dominantly stocked species. This is not surprising as, of those
who expressed a preference, 36 % of anglers preferred carp (NRA 1994). This hardy
gpecies can tolerate low dissolved oxygen levels and forage successfully in turbid
conditions which contain few invertebrates.

A recent questionnaire survey (Williams, in. prep.) involving 31 Angling Club
Secretaries, indicated that in developing a successful fishery, both fish species and
abundance were important but fish size was less important (Table 1). Waters with
unmanaged fish communities, i.e. lacking carp and probably of a low overal fish
abundance, may be perceived to be of a much lower quality than heavily-stocked
waters. Some fishery managers/angling clubs managing more natural waters may,
therefore, respond to this by attempting to increase fish stocks, particularly carp, in
shalow lakes. In these circumstances, understanding the effects of increasing fish
biomass on the conservation value of the water is an essential pre-requisite to their
sustainable management.

Table 1 Relative importance (% of each category) of three fishery aspects when
trying to achieve a successful fishery as given by respondents to a 1998
guestionnaire (derived from Williamsin prep.)

Fish species Fish abundance Fish size
Most Important 43 42 27
Middle Importance 38 12 27
Least Important 19 46 46

THE ECOLOGY OF SHALLOW LAKES

The waters in which there is the greatest potential for conflict between coarse fish
introductions and nature conservation are shallow lakes where demand for angling is
high (Carvaho and Moss 1995). In these lakes fish can play a significant role in
determining the biological structure and water quality status of the site.

In some shallow lakes submerged vegetation is abundant, the water is clear and
biodiversity is high. Important species include the ribbon-leaved water plantain Alisma
gramineum, convergent stonewort Chara connivens, starry stonewort Nitellopsis
obtusa, tadpole shrimp, Triops cancriformis and freshwater white-clawed crayfish
Austropotamobius pallipes (Environment Agency 1998). Some waters are also
capable of supporting large numbers of wildfowl such as wigeon Anas penelope and
shoveler Anas clypeata. The conservation status may range from being of international
importance e.g. the shalow water West Midland Meres which are a candidate Special
Area of Conservation to significance at the local level.

In other shallow lakes, however, the water is turbid, submerged vegetation is
limited in diversity and abundance (e.g. Cahn 1929, Carvalho and Moss 1995, Wright
and Phillips 1992, Howard, pers. obs.). There are few species of benthic invertebrates
and an alteration to the fish community witha loss of phytophilous species such as
tench, rudd and crucian carp. Other changes may include an increase in the density of
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juvenile / young zooplantivorous species and a decrease in abundance of older fish.
The conservation value of these waters is limited (English Nature 1997) and such a
state is frequently perceived to be caused by nutrient enrichment and is associated with
excessive algal growth. It seems that, except in extreme circumstances, shallow lakes
can exist in these two states over a range of nutrient concentrations with each state
being prevented from switching to the other by a number of ecological buffers
(Scheffer 1989).

Macrophytes can prevent dominance by algae through utilisation of sediment
nutrient sources, release of algal suppressants, shedding and replacement of leaves that
are heavily shaded by epiphytes and by providing a structural refuge within which
algae-eating zooplankton can escape predation by fish. These refuges allow the large
zooplankton to coexist with zooplanktivorous fish and hence to control phytoplankton
by grazing. In the turbid state, the competitive ability of submerged macrophytes is
reduced by shading (either via epiphytes, or resuspended sediment) or competition for
nutrients.

The switching from one state to another may involve mechanisms that directly
affect plants (cutting, grazing, or reduced light resources) or indirect mechanisms that
act through enhancing the phytoplankton community (either through zooplantivory or
an increase in nutrient mobilisation). Examples of these switching mechanisms include:
herbicide, excessive manual weed cutting, intensive boat traffic, grazing by waterbirds
and wind induced turbidity.

Fish aso have the potential to cause a switch and can act directly by feeding on
plants, uprooting of macrophytes, preventing seedling establishment and through
resuspension of sediments. Fish can also act indirectly: nutrient release from sediments
during feeding or released in excretion, feeding on zooplankton and removing
macrophyte-associated macro-invertebrates. Most attention has focused on the
indirect effect of fish feeding on zooplankton, however, the direct effects may in some
circumstances be more significant.

EVIDENCE FOR THE ROLE OF FISH

There have been a number of attempts to determine the role of fish in shallow waters.
The majority have used small scale enclosures and a number of examples are given in
Table 2. These have proved useful in illustrating the potentia role of fish, but a
synthesis of studies carried out at a larger scale, such as a whole waterbody, explicitly
examining fish effectsis lacking.

A common the theme to small scale studies is that species differ in their effect
on macrophytes. The natura history of the major species of angled fish has been
reviewed and related to potential effects in shallow waters (Smith and Moss 1994). A
league table was drawn up relating features of the fish to their potentially effects in
shallow waters (Table 3). The from least desirable,, when trying to promote clear
water and abundant macrophytes, is Common carp, bream and roach. Other species
such as tench, rudd and crucian carp are less important whilst the piscivorous perch,
eel and pike may promote the clear water state.
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Table 2 A sdlection of small-scale studies demonstrating the potential for fish to

affect macrophytes

Study

Major finding

Crivelli (1983)

Hill et al. (1986)

Meijer et a. (1990)

Breukelaar et al. (1994)

Roberts et al. (1995)

Williams (in prep.)

A strong linear negative correlation between macrophyte
abundance and carp density (0 - 726 kg ha®) over a 71 day
enclosure experiment. Suggested mechanism was
uprooting rather than sediment suspension.

A strong negative relation between stocked biomass of
bream and the remaining biomass of macrophytes was
observed in enclosure experiments.

In 10 shallow ponds (average fish biomass 466 kg ha?),
underyearling fish (about 80 % of which were carp) were
found to decrease water clarity but not affect nutrient
levels.

Stocking of 16 experimental ponds with bream or carp at a
biomass range of 0 - 500 kg ha™ showed that suspended
solids were significantly related to fish abundance.

Carp stocked into small enclosures at a biomass of 510 kg
ha* increased turbidity ten fold within 4 days.

Development of macrophytes within replicated enclosures
was significantly less when fish density was 200 and 800
kg ha* when compared to a fishless control.
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Table 3 Summary of the characteristics of the most common fish species in
shallow waters

Species Ecological characteristic

Common Carp Disturbs the bottom substrate, when young consumes pelagic
zooplankton, physically destroys plants, may occur a a high
biomass.

Bream Disturbs the bottom substrate, may consume pelagic zooplankton,

physically destroys plants, may occur at a high biomass.

Roach Capable of producing a very large number of zooplanktivorous
young.

Tench Disturbs the bottom substrate and may consume periphyte-eating
snails.

Rudd Breeds prolificaly and produces many zooplanktivorous young,

though adults tend to include macrophytesin their diet.
Crucian Carp Omnivorous, though seldom occurs in large numbers in the UK.

Perch Y oung perch may be zooplanktivorous, but soon switch to eating
macroinvertebrates or fish.

Ed Includes fish and benthic macroinvertebrates in diet.

Pike Piscivorous and may reduce the density of zooplanktivorous fish.
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Other studies have diosen to examine the role of fish a much larger scdes.
These include whole-lake manipulations spatial comparisons of lakes which are
esentidly smilar, but differ in a single fador such as the dundance of fish. Existing
studies on a number of shallow lakes were examined. to provide an overview of the
asciations between fish abundance, maaophyte cover, water clarity, nutrient level
and abundance of algae These dharaderistics provide a quantitative framework for
comparing dfferent lakes. The validity of using data obtained by workers using
different sampling methodologies applied at various times of the yea will no doubt be
questioned. It was felt, however, that such a comparative method, which involves
studies over time and space has the potential to provide much broader insghts than
smaller scae studies.

The lakes were chosen on the following criteria:

¢ UK or smilar geographic location * nutrient data recorded
¢ gtanding water e water clarity recorded
* meandepth<2m ¢ agae dundance determined
¢ fish population hiomassestimated * maaophyte over recorded

A limited seach of the literature provided information on eleven lakes. These
ranged from the fishlesslde of Wight Pond (Surrey), which contained an abundant and
diverse aquatic plant community to Bay Pond (Surrey) which hed 800 kgha™ of fish
and no aquatic vegetation (Tenner 1996. Also included are lakes gudied by The
Game Conservancy and ARC (Main Lake and St Peters Lake) (Wright and Philli ps
1992, two lakes in Suffolk (Howard 1981and in prep.), and two European shallow
waterbodies (Mejjer et al. 1989 and Gulati 1995. Six of these lakes experienced
manipulations of their fish iomass and were represented more than once.  The total
data set therefore comprised 19 observations of lakes with a fish homassrange of O -
800 kgha™.

For eat study, the fish population was either determined by survey, lake
draining or estimated from stocking / anglers caches. Nutrient (total P), water clarity
(Secchi disc depth)and abundance of algae (chlorophyll a) data were generaly
colleaed between May and October. The mean of data obtained for ead study was
used in this analysis. Maaophyte cover was obtained by survey between the months
of June and September.

Within the subset of lakes examined, the mgor trends found (Figure 1) were
consistent with our current understanding of fadors affeding the functioning of
shalow waters i.e. lakes can exist in either the maaophyte- or alga-dominated state
over a range of nutrients. Not surprisingly, maaophyte cover was found to be
asciated with water clarity.
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The examination of the association of different levels of fish biomass with other
parameters within the sub-set of shallow lakes was therefore considered useful.

The mgjor trends, as given in Figure 2 and Table 4, are:

Macrophyte cover

Water clarity
Nutrient level
Algae

large cover associated with low fish biomass
small cover associated with high fish biomass

water clarity decreases as fish biomass increases
nutrient level is not linearly associated with fish biomass

abundance of agae not linearly associated with fish biomass

Table 4 The relationship between various parameters, as determined by linear
regression (y=c+mx) and given in Figure 2

I ndependent variable Constant Gradient  Dependent P r2 n
c m variable

Macrophyte cover (%) - - Nutrient levd  >0.10 - 10
Macrophyte cover (%) -20 +0.81  Secchi depth <0.001 083 12
Macrophyte cover (%) 74 -0.12 Biomass  <0.001 058 19
Secchi depth (cm) 110 -0.13 Biomass <0.001 0.65 15
Total P (ugl™ - - Biomass 0.08 - 10
Chlorophyll a (mgl™) - - Biomass >0.10 - 12
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Figure 1 Associations between a) macrophyte a@ver and nutrient level, b)

macrophyte over and turbidity and c¢) algal abundance and nutrient level for a
series of shallow water lakes
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¢) aga abundance and nutrient level
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The collation of these observations was not designed to elucidate the relative
importance of direct and indirect effects of fish in determining the ecology of shallow
lakes - more detailed studies involving suitable controls would be required for that.
Furthermore, the study did not attempt to determine the actual cause and effect of any
relationship. Indeed the method of using linear regression to determine significance
may not be appropriate in this case (Scheffer 1989). Rather, the present study
provides a preliminary quantitative basis for estimating the effects of increasing fish
abundance within a shallow water. The fundamental basis of this approach is reliant on
associations between the key parameters of fish abundance, macrophyte cover, water
clarity, nutrient level and abundance of algae. A number of these are likely to be inter-
related and research to determining actual cause and effect would considerably
advance our understanding of the actual mechanisms involved.

IMPLICATIONS FOR FISHERY MANAGEMENT IN SITES OF NATURE
CONSERVATION INTEREST

The concept that the nature conservation interest of UK freshwaters is under threat
from a variety of factors including fisheries management has been developed in the
previous sections. The trend for intensively stocking shallow waters with fish looks set
to continue. Where this occurs in newly created ponds, the issues are more concerned
with fish welfare than nature conservation. Increased stocking of naturalised ponds
which have inherent nature conservation interest will, no doubt, be considered by
fisheries managers. The key issues will relate to what biomass and species composition
of fish and what kind of angling is compatible with the nature conservation interest.

10
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Figure 2 Associations between a) macrophyte cover, b) turbidity, ¢) nutrient level
and d) algal abundance and fish biomassfor a series of shallow water lakes
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Figure 2 continued....
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The mgjor conclusion of this comparative study is that within this subset of
lakes, which is considered representative for shalow lakes, biomass of fish, specifically
benthivorous species, is negatively associated with macrophyte cover and water clarity.
Submerged macrophyte communities being completely absent from sites with an
estimated fish biomass of over 300 kg ha*. The driving causative agent seems to be a
decrease in water clarity, probably through an elevation of algae at low fish biomass
levels and an increase in suspended solids where a high fish biomass occurs.

This analysis would clearly benefit from the consideration of other studies
relating to shallow lakes as well as extending the review to include lakes which are
characterised by other features such as depth, substrate, influence of other factors etc.
It would also be useful to examine the effects of both fish species and size.

Not withstanding the above, it is possible to draw a number of tentative
conclusions regarding shallow lakes:

1) Fish play a potentialy important role in determining the ecology of a shallow lake.

2) Effects are related to both species and overall biomass, though on the basis of
current information, it is only possible to comment on effects associated with
overall biomass.

3) An increase in fish biomass within a clear water shallow lake increases the
likelihood that the water will become turbid and macrophyte cover decrease.

4) A threshold in fish biomass appears to exist between 150 and 250 kg ha’ above
which a submerged macrophyte community can no longer be sustained.

5) Waters which have conservation interest related to clear water and an abundance of
macrophytes should be managed so that they have a fish biomass well below this
threshold.
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