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3. Abstract

Biomanipulation, by removing planktivorous and benthivorous fish, has proved to be an effective
method for restoration of eutrophicated lakes. Despite the increasing knowledge of complex food
webs in lakes, problems and uncertainty still remain. Some of the main questions are related to fish
and their role in attaining the objectives or sustaining the improvements.

In Finnish eutrophicated lakes, biomanipulation is among the most common restoration measures.
Problems and neglects have, however, often appeared in obtaining the foreknowledge and studying
the responses of fish community. This thesis is based on the results of a research program related to
the effects of biomanipulation in different kind of lakes and the applicability of gillnet test fishing
as a research tool. The specific objectives of this thesis were to (1) explore the factors regulating the
fish biomass and community structure in south-Finnish lakes; (2) study how the characteristics of
lake affect the target catch and the outcome of biomanipulation; and (3) evaluate the applicability of
experimental gillnetting especially in estimating the catch-need of biomanipulation and the conse-
quent changes in the fish biomass and community structure.

In the study of 36 lake basins, the total fish biomass as well as the number of species increased
with the nutrient concentration. The shift from percid to cyprinid domination from mesotrophic to
eutrophic lakes was not supported since cyprinids already dominated in mesotrophic lakes. Bream
and white bream had a biomass peak in more eutrophic lakes compared to bleak and roach. Large
lake size and high transparency enabled high biomass of perch in spite of abundant cyprinids. Thus,
in Finnish lakes, fish biomass and community structure can depend, besides on the nutrient concentra-
tion, also on the lake area and depth, and turbidity.

The methodological studies revealed that, when fish accumulate in the gillnet, the catching effi-
ciency decreases noticeably at a relatively low catch level. The reliability of gillnetting results could
be, however, improved by reducing the set time of gillnets. When comparing the trawl CPUE and the
gillnet CPUE of 4 h, the CPUE of Nordic multimesh gillnet as an index of fish abundance was quite
reliable for =6 cm fish. As a conclusion, experimental gillnetting can be used to roughly estimate the
target catch of biomanipulation, and to follow the responses in fish community.

In the study of 14 biomanipulated lake basins, the general shifts in the fish assemblage of effec-
tively (> 200 kg ha™' 3yr') biomanipulated lakes were: 1) the reduction of large cyprinids, 2) the
expansion of juvenile cyprinids and, to the lesser extent, percids, and 3) the increase in the proportion
of piscivores. Cladocerans responded positively in most of the basins. In the basins with effective
cyprinid-removal , the biomass of cyanobacteria decreased, and the duration of the blooms shortened
and shifted towards the autumn. Successful and sustainable biomanipulation is more likely if the
external loading is low, clay-turbidity is modest and the juvenile expansion of cyprinids is prevented.
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4. Introduction
4.1. Starting point for the study

Since the successful restoration of Lake Vesi-
jarvi (see Horppila et al. 1998), biomanipulation
has been one of the most common restoration
methods in Finnish lakes. By the end of the
century, dozens of biomanipulation projects had
been started (Aysts 1997, Penttili 2002). Often
however, the mass removal of fish has been
conducted without foreknowledge of the charac-
teristics of fish community or the adequate target
catch, and even without appropriate study of the
responses. In 1997, Finnish Game and Fisheries
Research Institute, together with Finnish Envi-
ronment Institute, University of Helsinki and
local water authorities, initiated a 5-year research
project called HOKA (Effects of biomanipula-
tion in Finnish lakes). The aim was to explore
the effects of biomanipulation in different kind
of lakes and study whether the gillnet test fishing
would be a suitable method for estimating the
sufficient target catch and responses in fish com-
munity. This thesis is based on the results of the
HOKA project.

4.2. Biomanipulation
4.2.1. Theory

Biomanipulation is a restoration method in which
the lake’s water quality is improved by modify-
ing the food web (Shapiro et al. 1975, Lam-
mens et al. 1990, Carpenter & Kitchell 1993,
Reynolds 1994, Perrow et al. 1997, Hansson et
al. 1998, Drenner & Hambright 1999, Meijer
et al. 1999, Mehner et al. 2002). Usually, the
biomanipulation is conducted by mass removal
of planktivorous and benthivorous fish (Drenner
& Hambright 1999). According to the trophic
cascade hypothesis (Carpenter et al. 1985), the
impacts at the top trophic level cascade down
to the lower trophic levels, and thus the top-
down forces can regulate algal biomass. When
the abundance of planktivorous fish is reduced,
the density and size of cladocerans increase,
which results in increased grazing pressure on
phytoplankton. This in turn leads to lower algal

biomass and higher water transparency. The
potential of planktivores to reduce zooplankton
biomass is evident (Brooks & Dodson 1965,
Shapiro & Wright 1984, Hambright 1994). The
ability of zooplankton to control phytoplankton
biomass in lakes has found to be more variable
(Brooks & Dodson 1965, McQueen et al. 1986,
1989, Kerfoot et al. 1988, de Bernardi & Gius-
sani 1990, Lammens et al. 1990, Sarvala et al.
2000a). According to some authors (McQueen
et al. 1986), the top-down forces attenuate when
moving down several trophic levels, and the
bottom-up forces have stronger effect on phy-
toplankton than on the higher levels of the lake
food web.

Importantly, fish can affect the bottom-up
forces and regulate phytoplankton directly by
increasing the amount of suitable nutrients.
Cyprinids are the most abundant fish group in
eutrophicated north temperate lakes, and many
cyprinid species are omnivorous feeding on zoo-
plankton, detritus, algae, macrophytes and ben-
thic invertebrates (Niederholzer & Hofer 1980,
Persson 1983, Prejs 1984, Lammens et al. 1987,
Vinni et al. 2000). Cyprinids release nutrients
from the bottom sediment when foraging food
and keep the uppermost sediment layer loose and
vulnerable to wind resuspension further acceler-
ating nutrient escape from the sediments (Sha-
piro & Carlson 1982, Tatrai & Istvanovics 1986,
Lammens et al. 1990, Horppila & Kairesalo
1992, Breukelaar et al. 1994, Karjalainen et al.
1997, Scheffer 1998). Cyprinids perform diur-
nal migrations from littoral to pelagial or from
hypolimnion to epilimnion (Bohl 1980, Helfman
1981). During these migrations, fish transfer
nutrients from one habitat to another (Lamarra
1975, Brabrand et al. 1990, Tatrai & Istvanovics
1986). The nutrients excreted by cyprinids are in
suitable form for the nutrient uptake of phyto-
plankton (Brabrand et al. 1990).

With the increasing knowledge of the com-
plex interactions in lake food webs, the bioma-
nipulation research has proceeded towards a
more holistic view compared to original bioma-
nipulation concept (Shapiro et al. 1975). Marten
Scheffer has developed a hypothesis of alter-
native stable states in eutrophic shallow lakes
(Scheffer 1989, 1990, 1998, Scheffer et al.
1993). A shallow lake can be either turbid with
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high algal and cyprinid biomass or clear and
dominated by macrophytes, cladocerans and pis-
civores. With high nutrient loading the previous
state is the only option, and with low loading
the latter state is valid. In the middle ground,
either one can be possible. Both states have
self reinforcing mechanisms. For example, high
algal biomass reduces the amount of light induc-
ing decreased macrophytes vegetation, which
increases the availability of nutrients enabling
high algal biomass. The high biomass of macro-
phytes stabilizes the bottom sediment and pro-
vides refuge for zooplankton, thus reducing the
nutrients for algae and increasing the grazing
pressure. The water stays clear and macrophytes
can colonise the lake. Due to high resistance,
the shift from one state to another requires a
shock event e.g. storm, changes in water level
or biomanipulation. According to Hansson et al.
(1998), biomanipulation can act as a trigger to
several secondary processes including recover-
ing of submerged macrophytes, and reduction of
resuspension and internal loading.

In relation to fish community, the practical
target of biomanipulation is usually to reduce
the cyprinid density and to increase the propor-
tion of percids and pike. Compared to cyprinids,
percids are less harmful in nutrient circulating
(Andersson et al. 1988) and have a higher eco-
nomic value (Moilanen 2004). Mass removal of
cyprinids should increase perch biomass and the
individual growth rate in two ways: 1) in short-
term, food competition with roach decreases
with decreasing roach density (Persson 1986),
2) in long-term, with increasing water transpar-
ency and colonisation of submerged vegetation,
the changed environment favours perch more
than roach (Winfield 1986, Diehl 1988, Persson
et al. 1991). Pikeperch, adapted to turbid waters,
may not have positive responses to biomanipula-
tion. Higher water transparency could make the
fry more vulnerable to predation (Neuman et
al. 1996) and the adults less effective piscivores
(Ali et al. 1977, Disler & Smirnov 1977). In the
response to increased transparency by pikeperch,
the lake size can be important: in deep waters of
large lakes there will probably be enough suita-
ble habitat for pikeperch (I). Further, abundance
of humic substances in Finnish lake waters (see
Henriksen et al. 1998) may also support light

conditions favourable for pikeperch. The pos-
sible juvenile expansion of cyprinid fishes after
mass removal (Brabrand et al. 1986, Romare &
Bergman 1999) should benefit pikeperch due to
increased prey availability. This type of slightly
positive response in pikeperch growth has been
recorded also in one of the recent study lakes
(Rask et al. in print). The response of ruffe
to biomanipulation can be twofold, as well. If
occurrence of anoxia is reduced in the hypolim-
nion and zoobenthos recovers, ruffe profits from
biomanipulation. If the predation by perch is
increased, however, the response can be nega-
tive. As a visual predator ambushing from the
cover of vegetation (see Bry 1996), pike should
benefit from biomanipulation.

Once established, pikeperch, large perch and
small pike prey on juvenile fish thus hindering
the expansion of cyprinids and shifting the size
structure of prey species towards larger size
classes (Persson et al. 1991, Prejs et al. 1994,
Berg et al. 1997). Large pike can consume adult
cyprinids as well (Skov et al. 2002). Decreasing
abundance of juvenile cyprinids should release
cladocerans from high predation pressure espe-
cially during spring before the recruitment of
young-of-the-year (YOY) fish (Temte et al.
1988, Vanni et al. 1990, Rudstam et al. 1993).
The grazing-induced clear water phase in spring
is essential for the development of submerged
macrophytes (Scheffer 1998). Besides direct
effects on mortality, piscivores may change the
behavior of cyprinids, restricting them to refuges
thus reducing the transfer of nutrients (Brabrand
& Faafeng 1993).

4.2.2. Potential and problems

Biomanipulation has proved to be an effective
lake restoration method according to several
reviews since 1990 (e.g. Benndorf 1990, Lam-
mens et al. 1990, Perrow et al. 1997, Hansson et
al. 1998, Drenner & Hambright 1999, Mehner et
al. 2002). According to Mehner et al. (2002), ca.
60% of the biomanipulations have achieved to
improve water quality. Prerequisites for success-
ful biomanipulation are potential for intensive
fish reduction (> 75%, see Hansson et al. 1998)
and bearable external loading (see Mehner et
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al. 2002). Still, some problems and confusion
remain after two decades of research including
(1) deteriorating effect of juvenile expansion
(i.e. effective reproduction of remaining fish,
e.g. Romare & Bergman 1999), (2) complexity
of food-web interactions (e.g. different time and
size scales of organisms and ontogenetic niche
shifts, see Mehner et al. 2002), (3) applicability
to deep lakes (Hansson et al. 1998, Mehner et al.
2002), (4) sustainability of effects (Hansson et
al. 1998, Mehner et al. 2002), and (5) required
proportion of piscivores after the biomanipula-
tion (Mehner et al. 2002). To answer these open
questions, it is essential to increase the under-
standing of the interactions between fish species
in eutrophic lakes.

4.3. Fish communities in eutrophic lakes

According to Tammi et al. (1999), eutrophication
is one of the main environmental problems in
lakes of Finland affecting the fish community of
more than 2000 lakes. The mechanisms through
which eutrophication shapes fish communities
are changes in the habitats and modifications in
inter- and intraspecific competition and preda-
tion. The primary changes in habitats are reduced
water transparency (Scheffer 1998), poor oxygen
concentration in the hypolimnion (Harper 1992)
and decreased structural complexity, that is,
the diminished area of submerged macrophytes
(Persson et al. 1991, Scheffer 1998). Eutrophica-
tion increases the importance of competition as a
mechanism regulating fish community structure
(Lodge et al. 1988, Persson et al. 1988, Persson
1994). At the same time, the importance of pre-
dation is reduced.

Eutrophication-induced alterations in fish
assemblages are documented in many studies
since early 1970s. According to a theory of
Hartmann & Niimann (1977), (see also Svérdson
1976, Kitchell et al. 1977, Leach et al. 1977,
Persson et al. 1991, Jeppesen et al. 2000) the
fish communities from oligotrophic to eutrophic
lakes undergo several dominance shifts: Sal-
moniformes is often the dominant fish group in
oligotrophic lakes, percids in mesotrophic lakes
and cyprinids in eutrophic lakes. The restriction
of Salmoniformes to the low and medium pro-

ductive lake is due to their high oxygen demand
and adaptation to relatively cold water (Colby et
al. 1972, Niimann 1972). At a species level there
are certain exceptions to this general rule so that
coregonids (whitefish, Coregonus lavaretus and
vendace, Coregonus albula) may have their bio-
mass peak in mesotrophic lakes (Persson et al.
1991) and smelt (Osmerus eperlanus) can form
a dense stock even in eutrophic lakes (Keto &
Sammalkorpi 1988).

The dominance of percids in mesotrophic
lakes is related to clear water and structural com-
plexity, which favours especially perch (Perca
fluviatilis) (Winfield 1986, Diehl 1988, Pers-
son 1991). Ruffe (Gymnocephalus cernuus) and
pikeperch (Sander lucioperca) can feed effec-
tively in turbid waters, and their biomass peak
is at a higher productivity level (Bergman 1988,
Persson 1994).

Cyprinids are generally well adapted to
eutrophic conditions. Roach (Rutilus rutilus),
bream (Abramis brama), white bream (Abramis
bjoerkna) and bleak (Alburnus alburnus) are
species that have been documented to profit from
eutrophication (Svérdson 1976, Lammens et al.
1987, Persson et al. 1991). This is due to their
effective feeding in turbid waters (Townsend &
Risebrow 1982, Lessmark 1983, Lammens et
al. 1987, Persson 1987, Diehl 1988), general-
ist feeding behaviour including ability to uti-
lise plant material (Niederholzer & Hofer 1980,
Lessmark 1983, Persson 1983, Prejs 1984, Vinni
et al. 2000), and large capacity and flexibility in
reproduction (Barthelmes, 1983).

Moreover in eutrophic lakes, the predatory
pressure on cyprinids is lowered because the
abundance of predatory fish species or stages is
often reduced. The decrease of predatory fishes
is related to asymmetric competition/predation
interactions and size-structured interactions
(Werner & Hall 1979, Persson et al. 1988). Many
predatory species undergo several ontogenetic
niche shifts before a piscivorous stage. Com-
petition of prey species can reduce the growth
and survival of young piscivores, leading to a
juvenile competitive bottleneck. In turbid condi-
tions with poor submerged vegetation, perch, as
a visual predator (Bergman 1988), is an inferior
competitor compared to roach (Winfield 1986,
Diehl 1988). The adult population of a predator
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can in turn regulate the biomass of their prey, as
described between perch and roach by Lennart
Persson and co-workers (Persson 1986, 1987,
1988, Persson & Greenberg 1990).
Eutrophication changes the fish community
but a cyprinid-dominated fish community can
also maintain and even increase the eutrophica-
tion problems (e.g. Tatrai & Istvanovics 1986,
Horppila & Kairesalo 1990, Brabrand et al.
1990). So also from the lake management point
of view, understanding the mechanisms leading
to conditions that favour cyprinids is important.

4.4. Challenges in fish sampling

4.4 1. Significance of and difficulties in fish
stock assessment

Successful management or biomanipulation of
fish stocks requires estimates of fish abundance,
community structure and size distributions. This
information is essential when deciding the target
species and the fishing effort. Unfortunately,
especially the fish abundance can be difficult
to evaluate particularly in large and deep lakes.
As the 75% reduction in fish biomass has been
the rule of thumb in several biomanipulation
projects (e.g. Jeppesen et al. 1990, Meijer et al.
1999), the knowing of original fish biomass is
essential before these measures.

The major problem is that all sampling meth-
ods are, more or less, dependent on the catch-
ability or perceptivity of fish, which vary greatly
due to number of factors (Backiel & Welcomme,
1980). Gillnet is a passive and selective gear,
catching only fish that swim to and retain in the
net (Hamley 1975, Backiel & Welcomme 1980,
Kurkilahti 1999). A trawl, as an active gear, is
less selective but the catch depends on how large
proportion of the total fish population is in the
trawling area (Backiel & Welcomme 1980) and
on the amount of fish that avoid the gear (Rich-
ardson 1956, Bethke et al. 1999, Hjellvik et al.
2001).

Further to the catchability problems, the dis-
tribution and activity of fish community under-
goes drastic diurnal changes. Many species have
diurnal vertical or horizontal migrations (Bohl
1980, Helfman 1981). This produces diurnally

deviating samples even from the same site within
the same day.

4.4.2. Gillnet as a sampling gear

The gillnet catch is the result of a complex
process having several stages. Fish have to
(1) encounter, (2) contact and (3) retain in the
net (Hamley 1975, Kurkilahti 1999). The first,
encounter factor relies on the swimming activity
and speed. Thus, the encounter factor varies due
to species, size, time of year, time of day, water
temperature, weather conditions etc. Once the
fish encounters the net it can avoid it (visually
or due to other senses) swim through it or get
caught in it. In this stage, the catch depends on
the size and morphology of the fish but also on
the perceptiveness and saturation of the gillnet
(Kennedy 1951, Hamley 1975, Minns & Hurley
1988, Hansen et al. 1998, IV). If the fish girth is
close to the mesh size or the fish has projections
(e.g. percids), the fish has high catchability. The
perceptiveness and saturation (amount of occu-
pied meshes) increase as the fish accumulate
in the gillnet thus decreasing the catching effi-
ciency. In the last stage, the fish can retain in the
net or escape from it. Fish size and morphology
as well as gillnet properties (e.g. hanging ratio,
twine diameter, saturation) interact at this stage
(Hamley 1975, Kurkilahti 1999).

Due to passiveness, selectivity, perceptive-
ness and saturation, the reliability of gillnet
CPUE as an index of fish abundance is very
variable. Both studies where the gillnet CPUE
correlated with the fish abundance estimated by
an active gear or echo sounder (Borgstrgm 1992,
III), and studies without the correlation (End-
erlein & Appelberg 1992, Hansson & Rudstam
1995, Peltonen et al. 1999) have been published.
Nevertheless, gillnet CPUE has been used as
an index of fish abundance in several ecologi-
cal (e.g. Forney 1977, Svirdson & Molin 1981,
Tonn et al. 1990, Persson et al. 1991, Jeppesen
et al. 2000, I) and fisheries studies (e.g. Hubert
1983, Hyvirinen & Salojédrvi 1991). The bias in
the deductions concerning the size of fish popu-
lations can result in over- or under-exploitation.

Gillnet characteristics induce flaws to the fish
species structure and species’ size structure. For
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Fig. 1. Interactions between abiotic (ellipses), biotic
(boxes) and human impacts (stars) that are studied or
discussed in this thesis. Note that only a small fraction
of all possible factors and interactions are drawn.

example, percids can be overestimated compared
to cyprinids (Prchalovd & Kubecka 2004, III)
or smaller size classes are underestimated com-
pared to large ones (Hamley 1975, Kurkilahti
1999, III). Thus, the gillnet catch may overvalue
the condition of a fish community.

Given the shortcomings, the characteristics
of gillnets have to be known in order to make
right decisions on the basis of the gillnet catch.
Numerous studies concerning the mechanical
selectivity of gillnets have been published (e.g.
Hamley 1975, Kurkilahti 1999). The catchabil-
ity-effects of fish activity or fish accumulation
are less studied (IV). Studies concerning simul-
taneous fish sampling with different gears are
also rare (Peltonen et al. 1999, Pierce et al.
2001). However, best results in fish monitoring
can be obtained by standardising gears and fish-
ing time, and by combining different methods
(Backiel & Welcomme 1980).

5. Study objectives

From the starting point of demands, three gen-
eral goals were appointed to produce more infor-
mation for assessing the need and the results of
biomanipulation in Finnish lakes:

1. to increase the information concerning the
fish communities in different types of Finnish
lakes,

2. to explore the effects of biomanipulation on

fish communities, and further on zooplankton
and phytoplankton in these lakes, and

3. to test the suitability of sampling fish with
Nordic gillnets for the purposes above.

More specifically (see Fig. 1), the objectives
were to:

1. explore how nutrient concentration, size and
turbidity of a lake affect the total fish biomass
and the fish species (cyprinids vs. percids)
interactions,

2. study how the characteristics of lakes affect
the target catch and outcome of biomanipula-
tion, and

3. evaluate the applicability of experimental
gillnetting as a research tool especially in
estimating the target catch of biomanipula-
tion and the consequent changes in the fish
biomass and community structure.

6. Material and methods
6.1. Study and control lakes
6.1.1. Summarized characteristics

The whole set of lakes in this thesis includes 54
lakes or basins (Table 1). In Table 1, the lakes are
divided into three groups that are sorted accord-
ing to area. The first group contains the most
studied and biomanipulated lakes. The second
group includes the non-biomanipulated lakes
that have fishery and water quality information.
The third group consists of the water quality ref-
erence lakes from the data basis (Hertta) of the
Finnish Environment Institute.

The size of the lakes ranged between 8 and
4018 ha and mean and maximum depths between
0.3 and 11.2 m, and 1 and 39.5 m, respectively.
According to the classification by Wetzel (1983),
the trophic state of the lakes varied from mes-
otrophic to eutrophic (average value in the grow-
ing season in 1 m depth: 12-130 pg TP 1).
According to the algal biomass, the trophic state
of the lake set ranges from oligotrophic to hyper-
eutrophic (2-107 pg chlorophyll a 1!). Some
of the lakes were turbid while other had clear
water (Secchi depth: 0.5-4.3 m). The average
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Table 1. Characteristics of study lakes.

Lake Year Area z z C.a. TP TN chla S, Fishes T, . Cyp% Article
Takajarvi 1997-2001 15 21 38 246 38 700 41 14 6 2.06 507 LI,V
Etujarvi 1997-2001 16 32 51 352 38 690 45 14 5 146 440 LI,V
Otalampi 1997-2001 31 33 638 144 24 524 30 23 6 115 57.7 LI IV, VI
Rusutjarvi 1997-2001 133 2.0 3.5 96 50 1066 44 08 10 320 76.6 LI, VI
Pusulanjarvi 1997-2001 207 4.5 9.5 226 47 853 24 11 13 223 611 LILvi
Enajarvi 1997-2001 492 34 10 34 102 1019 57 0.7 10 280 632 VI
Tuusulanjarvi 1997-2001 592 3.2 10 92 93 1176 49 06 12 348 745 L ILVI
Lehijarvi 1997-2001 704 6.0 18 83 37 592 15 20 13 1.78 534 L1,V
Aimajarvi 1997-2001 852 2.6 10 93 58 835 30 12 12 334 684 LI,V
A1 1997-2001 370 20 4 53 71 1002 40 09 12 459 757 LIV, VI
A2 1997-2001 480 3.0 10 40 44 668 20 15 10 209 612 LILv, VI
Hiidenvesi* 1997-2001 2910 6.6 33 934 66 1097 31 0.7 15 271 665 LI,V
H1 1997-2001 160 09 4 - 88 1159 39 05 12 331 727 LIV, VI
H2 1997-2001 260 2.0 45 - 87 1152 46 05 10 3.39 763 LI, LV
H3 1997-2001 360 26 6 - 52 1065 26 0.7 12 269 582 LI,V
H4 1997-2001 970 11.2 33 - 37 1011 14 1.0 13 143 588 LI,V
R. Valkjarvi 1999 8 45 9 0.36 14 353 6 25 4 053 122 1
Hervonjarvi 1998 8 35 13 0.29 30 649 8 3.0 2 1.75 115 1
Galltrask 1999 1 10 17 082 45 760 13 1.7 3 6.31 746 |
Pakkaselanjarvi 1999 12 47 14 5.00 18 776 9 16 5 048 651 1
Kaukasenjarvi 1999 13 36 6 568 30 855 11 1.6 5 1.26 69.7 |
Kyynaréjarvi 1998 24 13 3 29.16 61 2115 26 0.7 7 059 554 |1
Iso Vehkajarvi 1998 32 - 4 708 30 773 13 1.0 5 097 628 |
Kastanajarvi 1998 33 35 9 285 17 365 2 42 4 0.79 321 1
Pannujarvi 1998 36 3.8 10 236 27 442 13 22 2 1.15 673 |
Harasjarvi 1999 41 24 5 250 24 544 20 20 5 117 774 |
Lippajarvi 1999 57 22 45 6.46 130 1100 33 06 10 3.66 60.7 |
Ekojarvi 1998 73 25 7 11420 24 733 12 13 8 0.50 533 |
Lehee 1998 104 15 2 844 31 660 17 1.3 8 1.80 70.0 |
Kataloistenjarvi 1999 107 12 19 1068 31 735 20 1.3 6 455 757 1
Teuronjarvi 1998 132 18 5 2777 55 914 46 14 6 162 643 |
N. Valkjarvi 1999 152 6.8 12 6.51 28 640 24 16 8 1.89 60.7 |
Pitkajarvi 1999 171 23 56 6581 110 590 22 0.7 11 422 912 1
Tevanti 1999 194 - 9 14.07 22 471 6 24 4 0.58 60.1 1
Suolijarvi 1998 203 4.7 104 56.81 27 778 23 17 8 0.71 657 1
Ormajarvi 1998 653 10.7 30 7952 28 726 11 23 13 1.05 579 |1
H. Pyhajarvi 1998 949 101 35 78.00 18 517 10 3.0 10 0.60 60.0 |
Enonselka* 1998 2600 6.8 33 84 27 509 9 23 12 1.23 401 1
K. Vesijarvi 1999 4018 6.2 39.5 221 20 375 12 19 13 1.50 550 |1
Al 1999 1553 3.6 22 1609 27 400 17 14 13 1.05 56.2 |
V2 1999 2465 7.9 395 601 12 350 6 23 M 195 537 |1
Stora Lonoks 1997-2001 48 - - 48.2 82 864 - 05 - - - \Y|
Valkjarvi Vitsjon 1997-2001 72 34 121 294 23 458 7 18 - - - v
Vuorenselka 1997-2001 92 - - - 79 1054 107 0.8 - - - v
Kalltrasket 1997-2001 105 - - - 36 436 25 1.9 - - - Vv
Tjustrask 1997-2001 114 44 9.8 4107 74 1000 33 0.7 - - - v
Averia 1997-2001 138 3.2 6.5 2321 80 1016 - 08 - - - v
K. Pyhajarvi 1997-2001 138 0.3 1 - 22 570 - 14 - - - v
Viktrask 1997-2001 187 4.4 15 4775 59 985 31 0.8 - - - v
Tiilaanjarvi 1997-2001 213 44 103 381 53 950 29 0.5 - - - v
Sakara 1997-2001 231 - - 1323 22 340 6 28 - - - v
Kytéjarvi 1997-2001 267 45 — 1387 48 846 22 09 - - - v
Humaljarvi 1997-2001 429 4.0 - 117 32 404 13 09 - - - v
Kernaalanjarvi  1997-2001 446 - - - 45 978 25 11 - - - v
Nuijamaanjarvi 1997-2001 528 - - - 26 666 9 15 - - - v
Punelia 1997-2001 819 - - 101.8 21 240 4 43 - - - v
Vanajavesi* 1997-2001 1030 - - - 58 1484 36 0.9 - - - v

Year = study year, Area = lake area (ha), z = mean depth (m), z_ = maximum depth (m), C. a. = catchment area
(km?), TP = total phosphorus (ug I"), TN = total nitrogen (ug I"), chl a = chlorophyll a (ug I'), S, = Secchi depth
(m), Fishes = number of fish species caught by gillnetting, T, . = total biomass per gillnet, Cyp% = percentage of
cyprinids from T, .. Article refers to the I-VI articles of this thesis. — = missing data. *= basin of L. Vesijarvi of Lahti,
# = the whole area of the lake is not included in the study.
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total biomass per unit effort (BPUE, arithmetic
mean) ranged between 0.5-6.3 kg net™'. The fish
community varied from 2 species lakes to mul-
tispecies lakes (15 species) and from percid to
cyprinid domination.

6.1.2. Selection criteria

In the fish community study (I), the lakes con-
sisted of 36 lake basins that were part of several
simultaneous projects, using similar fish sam-
pling methods.

In the zooplankton and fish communities
study (II), all nine lakes had more or less severe
eutrophication problems and had an extensive
research programme.

In the methodological gillnetting studies (I11,
IV), Lake Hiidenvesi was selected due to its
suitability for trawling and due to its high fish
biomass. Lake Otalampi had clearly lower fish
biomass and higher transparency compared to
Hiidenvesi. Both lakes had been monitored for
several years.

In the biomanipulation studies (V, VI),
the ten study lakes, including 14 basins, were
selected due to their eutrophication problems
and because of the high cyprinid biomass. In
addition, the lakes had background information
and the mass removal of fish was considered
possible. The control lake-group of 16 lakes
was selected from the database (Hertta) of the
Finnish Environment Institute for comparison in
water quality responses with the biomanipulated
lakes. The size and nutrient concentration in the
control lakes was within the ranges of the study
lakes.

indicate mesh size.

6.2. Mass removal

During the study years 1997-2001, mass removal
was conducted in 10 lakes including 14 basins
(Table 1, first lake group, V, VI). The fishing
methods were mainly motorised seining in the
autumn or in the winter and fyke netting during
the spring spawning time. The seining based
on the localisation of shoals by echosounder
(Turunen et al. 1997, Sammalkorpi 2000). Usu-
ally, the people of local lake protection associa-
tions conducted fyke netting, whereas a profes-
sional team was hired for seining.

The target catch was set for 200 kg ha™ in
three years based on the successful biomanipula-
tion of Vesijirvi (Horppila et al. 1998). In each
fishing day, the weight of the mass removal catch
(MRC) was estimated from the volume of the
catch. The species composition was estimated
from subsamples of ca. 30 kg.

6.3. Fish sampling
6.3.1. Experimental gillnetting and trawling

The fish samples were taken mostly in July—
August between years 1997 and 2001 by test
fishing with NORDIC multimesh gillnets (I-VI).
The gillnet (Fig. 2) consists of twelve 1.5 X 2.5
m panels having mesh sizes 5, 6.25, 8, 10, 12.5,
15.5,19.5, 24, 29, 35, 43 and 55 mm (from knot
to knot) (Appelberg et al. 1995, Kurkilahti 1999,
IV). The mesh sizes of the panels followed a
geometric series (Baranov 1914) the adjacent
mesh sizes ratio being on average 1.24 in order
to reduce size selectivity (Kurkilahti 1999).
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The sampling procedure was stratified and
random (Kurkilahti 1999). The Ilakes were
divided into depth zones from which the net sites
were chosen randomly (Fig. 3). In the shallowest
zone only bottom gillnets were used. Depending
on the water depth, surface and 1-2 mid-water
gillnets were used in addition to bottom nets. In
L, I, V and VI, fishing time was one night (12
h). The sampling effort varied between 10-80
gillnets per lake per year, and it was adjusted to
the size of the lake or depth zone (Table 2). Every
lake and depth zone was sampled 2-5 times per
year. In the methodological studies III and IV,
the gillnetting was conducted diurnally. In III,
the set time was 4 hours and the fishing effort
was 6 X 12 gillnets. In I'V, continuous 12 h and 4
h set time was compared to three consecutive 4 h
or four consecutive 1 h set time, respectively. In
the previous experiment, the sampling effort was
24 continuous (12 h) and 3 X 24 consecutive (4
h) gillnets within one lake. In the latter experi-
ment, the corresponding effort was 12 continu-
ous and 4 X 12 consecutive gillnets.

Each gillnet and panel was treated individu-
ally. The catch was assorted to species and then
counted and weighed. For length distributions,

Randomly selected
gillnet sites

Fig. 3. Schematic illustration of stratified random sam-
pling.

every fish was measured (TL, 1 cm size-classes),
or a random sample of at least 50 individuals
was taken on every fishing day.

Trawl was used for fish sampling in addi-
tion to gillnets in III. A small pelagic pair-trawl
(theoretical opening 1.5 m X 5 m, cod-end 3 mm)
was towed (mean: 1.34 m s™') diurnally in 4 h
periods in two depth layers (0—1.5 m and 3-4.5
m). Total fishing effort was 19 trawl hauls. Sub-
sample of ca. 30 kg was taken from every trawl

Table 2. Stratified sampling procedure of biomanipulated lakes.

<3m 3-6m 6-12m 12-20m
Area z_ tot. Total

sur bot tot. sur mid1 bot tot. sur mid1 mid2 bot tot. FE FE:ha

Takajarvi 15 38 6 2 2 4 - — - - - - - - - 10 0.67
Etujarvi 16 51 4 3 3 6 - - - - - - - 10 0.63
Otalampi 31 68 6 3 3 6 - - - - - - - - - 12 0.39
Rusutjarvi 133 3.5 20 - — - - — - - - - - — - 20 0.15
Pusulanjarvi 207 95 12 5 5 10 6 6 6 18 - - - — - 40 0.19
Enajarvi 492 10 18 16 16 32 — - - - - - - - 50 0.10
Tuusulanjarvi 592 10 30 5 5 10 5 5 5 15 - - - - - 55 0.09
Lehijarvi 704 18 16 7 7 14 8 7 7 22 2 2 2 2 8 60 0.09
Aiméjérvi 852 10 34 6 6 12 5 5 4 14 - - - — - 60 0.07
A1 370 4 24 - - - - — - - - - - - - 24 0.06

A2 480 10 10 6 6 12 5 5 4 14 - - - — - 36 0.08
Hiidenvesi* 2910 33 40 9 9 18 4 4 4 12 3 3 2 2 10 80 0.05
H1 160 4 4 - 2 2 — - - - - - - — - 6 0.04

H2 260 45 5 - 5 5 - — - - - - - — - 10 0.04

H3 360 6 10 4 4 8 - - - - - - - - - 18 0.05

H4 970 33 14 5 5 10 4 4 12 3 3 2 2 10 46 0.05

sur, bot, mid1 and mid2 = gillnets in the surface, bottom, mid—water 3 m and mid-water 6 m, respectively. * = whole
area of the lake is not included in the study. In the deeper basins (H3 and H4) of Hiidenvesi, the depth zones were
<5,5-10, 10-20 and > 20 m; mid1 was in 6 m and mid2 in 12 m depth. FE = fishing effort, FE:ha = fishing effort in

relation to the lake area.
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haul and assorted to species before counting and
weighing. At least 50 individuals of each species
in one haul were measured (total length, 1 mm
accuracy). The trawl data were transformed to
number ha™' and kg ha™' estimates.

6.2.3. Age and growth

The age of roach was determined from scales
and the age of perch from opercular bones (V).
The growth was backcalculated with the Fraser-
Lee procedure for roach and with the Monas-
tyrsky procedure for perch (Bagenal & Tesch,
1978).

6.3. Water chemistry and plankton
studies

Samples for water quality (surface water 0-2
m) were taken during the growing season at the
deepest part of each basin (I-VI). The analyses
of TP, TN and chlorophyll a (chl @) were con-
ducted according to the Finnish standard meth-
ods (Niemi & Heinonen 2003). The number of
observations per growing season ranged from 5
to 17 in the first lake group (Table 1), between
2—4 in the second group and between 1-12 in the
third group.

The zooplankton and phytoplankton sam-
ples were taken only from the biomanipulated
lakes and from the deepest part of each basin
(Tallberg et al. 1999, II, V, VI). Phytoplankton
samples (5-10 per basin per year) were taken
during the growing season from 0-2 m depth
with a tube sampler and preserved with Lugol
solution. Phytoplankton taxa were identified and
cells counted by using an inverted microscope
technique (modified from Utermohl 1958, see
e.g. Tikkanen & Willén 1992). The results were
converted to wet weight (Edler 1979, Tikkanen
& Willén 1992).

Zooplankton samples (3—6 per basin each
year) were collected mainly in July—August. The
samples (28-105 1) were taken with tube sam-
plers from the whole water column in shallow
lakes or from surface water (0—4 m) in deeper
basins (see Tallberg et al. 1999, II, V for details).
After filtration (50-ym net) and preservation

(formaldehyde 4%), the crustacean zooplankton
were identified, calculated and measured. The
results were transformed into carbon contents
according to Luokkanen (1995). The potential
grazing pressure (PGP) was estimated according
to Jeppesen et al. (1994).

6.4. Statistical analyses

In article I, the effects of trophic state (TP con-
centration) and basin morphology (area, mean
depth) on different variables of gillnet catch
(species no, total BPUE, BPUEs of fishes and
cyprinids:percids biomass ratio) were studied
with mixed linear models (PROC MIXED in
SAS version 8.01). In II, linear regression was
used to explain the relations between basin area,
water quality, zooplankton density and size, and
gillnet catch.

In IIT and V, the between-hours or years dif-
ferences in the gillnet CPUE were tested with
ANOVA. Non-parametric sign test was used to
test the between-gear differences in species com-
position and size distribution in IIL In articles I-
III and V, variables were In(x + 1)-transformed
when necessary.

In IV and VI, the differences between gill-
netting method or years were analysed with gen-
eralized linear model (PROC GENMOD, SAS,
1999) with the assumption of Poisson or nega-
tive binomial distribution (McCullach & Nelder,
1989).

The reduction of gillnet catchability in rela-
tion to catch rate (IV), measured as share of
occupied meshes, was modelled by fitting a
segmented nonlinear model (PROC NLMIXED,
SAS, 1999) in the data of consecutive and con-
tinuous gillnetting.

The responses to biomanipulation in the char-
acters of fish groups, zooplankton, phytoplank-
ton, nutrients and transparency were tested with
Kruskal-Wallis non-parametric rank test (VI).
Before testing the basins were divided into two
groups (loC and hiC) according to the attained or
unattained mass removal target catch (200 kg ha™!
in three years). Control lakes were included as
the third lake group in the statistical analyses
concerning nutrients, chla and Secchi depth.
The relations between the cyprinid BPUE and
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the cladoceran biomass, between the cladoceran
and phytoplankton biomass, and between MRC
and G. semen biomass were studied with linear
regression. Correlation analyses was used for
explaining Secchi depth with chl a.

In the summary, principal component analy-
sis (PCA) was used to arrange the gillnet BPUE
of different species and species groups on two
main components. To normalize the variances,
all variables were In-transformed. The relation
between log -transformed gillnet catch and the
following catch in autumn seining was analyzed
with mixed linear model (PROC MIXED in
SAS version 8.01) including basin and year as
explaining variables. Kruskal-Wallis non-para-
metric rank test was used to test the dependence
between relative mass removal efficiency and
proportion of improved variables in the bioma-
nipulated lakes.

7. Results and discussion

7.1. Differences in fish communities in
Finnish lakes in relation to different
nutrient concentration and lake size

7.1.1. Species number

According to the gillnet dataset of 36 lake basins,
the number of fish species is positively related
to lake area and trophic status (I). This was in
accordance with the earlier studies (e.g. Tonn et
al. 1990, Helminen et al. 2000, Jeppesen et al.
2000). The increasing size of a lake increases the
diversity (Matuszek & Beggs 1988) and stabil-
ity (Tonn et al. 1990) of habitats, thus enabling
the survival of number of species with different
habitat demands. The high trophic status corre-
lates with the high availability of energy, which
is thought to be related to the variety of resource
types (Wright 1983). In our study (I), the higher
species number in eutrophic lakes was mainly
due to cyprinids, such as rudd, white bream and
blue bream (Abramis ballerus), all favouring
a eutrophic environment. In general, the most
common species in the lakes were perch, roach,
ruffe and bream (I, II), which was congruent
with earlier results in Finland (Tonn et al. 1990,
Tammi et al. 1999, Helminen et al. 2000).

7.1.2. Total BPUE and cyprinids:percids
dominance

Both total BPUE and cyprinid BPUE increased
with TP concentration (I) as found in earlier stud-
ies (Persson et al. 1991, Helminen et al. 2000,
Jeppesen et al. 2000). Contrary to expectations
(Hartmann & Niimann 1977, Svirdson 1976,
Kitchell et al. 1977, Leach et al. 1977, Pers-
son et al. 1991, Jeppesen et al. 2000), cyprinids
dominated the gillnet catch from mesotrophic
to highly eutrophic lakes (I, IT). Thus, no actual
shift from percid to cyprinid dominance occurred,
although the biomass ratio of cyprinids to perc-
ids increased with the phosphorus concentration.
As gillnets catch percids more effectively than
cyprinids (Prchalovd & Kubecka 2004, III), the
actual domination of cyprinids in the lakes might
have been even more pronounced. The reason
for the high dominance of cyprinids in Finnish
lakes, when comparing to e.g. Swedish lakes
(Persson et al. 1991) of same trophic state, is
unclear. It could be possible, that the active and
selective recreational fishing (Moilanen 2004),
as well as the prevalence of low water transpar-
ency (SYKE unpublished) favour cyprinids over
percids in Finnish lakes.

Lake size may also affect the cyprinids:perc-
ids dominance due to lower competition between
percids and cyprinids in large lakes. In small
eutrophic lakes, perch and roach can severely
compete with each other (Persson 1983). In
eutrophic, large Lake Vesijarvi (Horppila et al.
2000), both cyprinids and percids were simulta-
neously abundant. Congruently, we found posi-
tive effect of lake area on percid BPUE (I).
In older studies (Tonn et al. 1990, Ranta et al.
1992), percids dominated fish biomass in small,
oligo-mesotrophic forest lakes with few fish spe-
cies including perch. The acidity of small forest
lakes may have contributed to the low biomass
of roach (Tammi et al. 2004). Thus in Finland,
percids may dominate only in small lakes with
few species and low trophic state and in meso-
eutrophic large lakes with plenty of different
habitats. If the negative effects of cyprinids
on perch are more likely in small lakes, the
relatively small average size of Finnish lakes
(Eloranta 2004) can promote the cyprinids domi-
nance if the lakes are eutrophicated.
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Fig. 4. The arithmetic mean BPUE (filled circle) and mean weight (open circle) of fish species in lakes with different
TP concentration. Outlier in mean weight of bream (617 g in 28 TP ug I') is not shown in the picture.

7.1.3. Species relations to abiotic and biotic
factors

In the species level, cyprinids were not a homog-
enous group responding similarly to trophic state
(I). Bream, and especially white bream, seemed
to benefit more from strong eutrophication than
roach and bleak, which was previously found
by Svérdson & Molin (1981) (Fig. 4). This
can be explained by interspecific competition.
Bream and white bream can feed effectively in
turbid waters (Lammens et al. 1987), whereas
bleak and roach are adapted to less turbid waters
(Lammens et al. 1987, 1992, Winkler & Orellana
1992). However, the ability of roach to feed on

plant material enables it to build high biomass
even in very eutrophic conditions (Persson et al.
1991). The low mean size of roach (II) and other
cyprinids (Fig. 4) in eutrophic lakes support the
ability of cyprinids to reproduce effectively and
probably also reflect the slow growth rate in
dense populations indicating severe food com-
petition. As expected, the dense cyprinid fish
stock seemed to strongly change the zooplankton
community towards smaller species and lower
mean size (II). This may also indicate high food
competition of fish in eutrophic lakes.

No separate biomass peaks for perch and
other percids, pikeperch and ruffe, were detected
(I) as in the study of Persson et al. (1991) and
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Jeppesen et al. (2000). This was partly due
to lower nutrient levels of lakes compared to
Jeppesen et al. (2000). In addition, high perch
biomass was observed in two highly eutrophic
lakes. Perch seemed to be related to biotic rather
than to abiotic factors. This could be due to
the asymmetric competition-predation interac-
tion between perch and roach (Persson 1986,
1987, Persson & Greenberg 1990). Our results
support that a dense roach stock has a negative
effect on perch biomass in eutrophic lakes (I).
In addition, water transparency seemed to have a
positive effect on perch biomass. We found some
evidence that the predation of perch might affect
the roach population in mesotrophic lakes but
not in eutrophic lakes (I). Likewise, the competi-
tion effect of roach on perch seems to be valid
in mesotrophic lakes but not in higher nutri-
ent concentration. It could be that in eutrophic
lakes with a higher number of abundant species,
the relations between perch and roach may be
hidden behind more complex interactions.

The catch of pikeperch was related both to
nutrient content and water turbidity, but the tur-
bidity seemed to have a more significant effect
(I). The importance of turbidity is likely related
to effective feeding in low light (Ali et al. 1977,
Disler & Smirnov 1977) and the survival of
yearlings (Neuman et al. 1996).

The biomass of ruffe seemed to be depend-
ent on lake size, depth relations and trophic state
(I). High nutrient concentration had a negative
effect in small and deep lakes but a positive
effect in large and shallow lakes. This could be
due to the higher possibility of eutrophication-
induced oxygen depletion in small and deep
lakes (Wetzel 1983) that greatly affects this strict
benthivore (Bergman 1988, 1991). In large and
shallow lakes, eutrophication may increase suit-
able habitats and food availability for ruffe with-
out severely reducing the oxygen content.

As analysed with the PCA, the gillnet data
deviated into several components of which the
first two explained 65% of the total variation.
The first factor (explaining 44% of total varia-
tion) was regarded as “the eutrophication com-
ponent” and it had a high score for white bream,
bream, total BPUE, cyprinids, pikeperch and
ruffe (in this order) (Fig. 5). Burbot (Lota lota),
vendace, bullhead (Cottus gobio), salmonids,
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Fig. 5. Values of total BPUE, species BPUEs and spe-
cies number along first two factors, “the eutrophication
component” and “lake volume component”, in PCA
analysis. SALMONIDS include coregonids and smelt.

and whitefish had negative values for this factor.
The second factor was “the lake volume compo-
nent”. It explained 21% of the variation and had
a high score for smelt, species number, bleak,
vendace and burbot. The above-mentioned spe-
cies are pelagic or demand cool and well-oxy-
genated water (Colby et al. 1972, Niimann 1972,
Tammi et al. 1999, Vinni et al. 2000). The high
score of species number can be explained by the
linkage between lake size and habitat stability
(Matuszek & Beggs 1988) and diversity (Tonn et
al. 1990), as explained above. Perch, roach, pike,
tench and crucian carp had high negative scores
for “the lake volume component”. This group of
species included littoral-oriented or general spe-
cies. Both the mixed linear model (see above)
as well as the PCA indicated that white bream
and bream favour higher nutrient concentrations
than roach and bleak. Congruently, pikeperch
and ruffe seem to be better adapted to eutrophic
conditions compared to perch.

7.2. Experimental gillnetting as a fish
sampling method

7.2.1. Gillnet CPUE as an index of fish
abundance

The factors affecting the reliability of gillnet
CPUE as an index of fish abundance include activ-
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ity, selectivity, avoidance, and saturation (Hamley
1975, Minns & Hurley 1988, Borgstrgm 1992,
Enderlein & Appelberg 1992, Hansson & Ruds-
tam 1995, Hansen et al. 1998). Activity, and thus
CPUE, is largely dependent on water temperature
and weather conditions. In our studies, CPUE was
considerably lower in cold and rainy summers
in 1998 and 2000 compared to warm summers
of 1997, 1999 and 2001 (VI). Part of this might
be due to lower fry production, slower growth
and later recruitment of O+ fish to Nordic nets,
but lower activity may also have affected. The
effects of varying fish activity on gillnet CPUE
can be levelled down to some extent by sampling
several times within the season and by keeping a
few days gap between samplings. The activity of
fishes varies a lot also during a short time scale
(Helfman 1981), resulting in a considerable diur-
nal variation in gillnet CPUE (III, IV).

Due to selectivity, the reliability of gillnet
CPUE index can largely depend on the structure
of the fish community. As compared to the trawl
catch, gillnets considerably underestimated the
relative abundance of small (<5 cm) fish (III,
Fig. 6). Thus, the higher the proportion of small
fish, the more unreliable is the CPUE index. For
fish = 6 cm, however, the CPUE index of abun-
dance can be quite reliable (III and Fig. 7).

The catching efficiency of a gillnet strongly
declines as the fish accumulate in it during the
12 h set time (IV and Fig. 8). This results in
relatively lower CPUEs in high than in low fish
density. Avoidance, rather than space limitation,
seemed to be the main reason for decreasing
efficiency because the reduction in catching effi-
ciency was relatively higher in a clear water lake
and during daytime.

When considering a biomanipulated lake and
a possible positive response in transparency, the
gillnet CPUE can decline besides due to lowered
fish density also due to increased visual avoidance
in clear water conditions (IV). It is also possible
that the increased proportion of piscivores after
biomanipulation reduces catchability of cyprinids
due to declining migration from littoral to pelagial
(Brabrand & Faafeng 1993). If the original fish
density before biomanipulation is very high and
thus the catching efficiency of gillnet decreases
noticeably during 12 h set time, the responses for
fish removal in gillnet CPUE can be minor due to

increased catching efficiency after reduced fish
abundance. The latter may have been the situa-
tion in our biomanipulation experiments, as the
original CPUE was often high and decreases in the
cyprinid CPUEs were mainly modest (VI).

Despite the varying reliability of gillnet
CPUE as an index of fish abundance, is it pos-
sible to predict a mass removal catch on the
grounds of gillnet results? According to our
results, there is a relation between gillnet BPUE
and the corresponding BPUE in autumn seining
(Fig. 9). Roughly it can be estimated that gillnet
BPUEs of 1, 2 and 4 kg predicts seine BPUEs of
500, 900 and 1300 kg, respectively. However,
the between-year variation is high (Table 3), and
the relation is not linear but becomes gentler as
the gillnet BPUE increases. This is not expect-
able, as the reduced efficiency of gillnets in high
fish densities should affect vice versa: steeper
relation with higher gillnet BPUE. The numer-
ous factors affecting the fish aggregation and
the seine catch, including lake size and depth
relations, size of seine, biological interactions,
weather conditions and turbidity (see Sammal-
korpi 2000 and the references therein), should
have effects on the relation, as well.

7.2.2. Gillnet catch in reflecting fish
community structure

The consistency of gillnet CPUE in reflecting
fish community structure is dependent on the
factors that affect the fish activity and gillnet
efficiency (Hamley 1975). More active species
tend to have higher proportions compared to
stationary species. In our study, this was seen as
a low proportion of pike compared to actively
swimming percids and cyprinids (I, III). The
diurnal changes in species activity reverberated
to the gillnet catch composition (III, I'V). White
bream and pikeperch had relatively high catches
during night and perch during daytime.

The mechanical selectivity of gillnets strongly
affects the species and size structure of the catch
(Hamley 1975). According our comparison of
gillnet and trawl (III), gillnets gave unreliable
estimates of small individuals and species with
low catchability due to smooth body outline, e.g.
smelt. In addition, the proportion of large speci-
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Fig. 9. Relation between gillnet BPUE and BPUE in
seining in the following autumn. Each circle represents
a lake-year. Predicted values and 95% confidence
limits of mixed linear model (Table 3) are shown.

mens (ca. > 30 cm) of Abramis sp. was low com-
pared to the trawl catch. Some piscivores prob-
ably avoided or escaped from the trawl. For other
fish species and size classes, the gillnet CPUE
was quite congruent with the trawl estimate.

The decrease of gillnet catchability due to
fish accumulation had minor effect on species

Table 3. Results of the general linear model predicting
seine BPUE (log,, kg haul™") from gillnet BPUE (log,,
grams of cyprinids net™' night') and year. Model: d.f. =
42, r*=0.418, P<0.001.

Parameter Estimate S.E. P
Intercept 0.595 0.570 0.303
log,, cyprinids 0.653 0.178 0.001
1997 0.283 0.125 0.030
1998 0.089 0.113 0.438
1999 0.296 0.108 0.010
2000 0.247 0.110 0.030
2001 0.000
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Fig. 8. Curve of decreasing catching efficiency for
Nordic multimesh gillnet (nlin) in turbid (a) and clear
water lake (b) (IV). In relation to fish accumulation, con-
secutive gillnetting represents the catch of constant effi-
ciency and continuous gillnetting is the catch of declined
efficiency. Accumulation % is the mean number catch
in a panel of a given mesh size divided by number of
meshes in the same panel. Each mesh size (5-55 mm)
is marked with a different symbol. Hypothetical curve
for stable efficiency (lin) is also shown.

composition in the catch (IV). This was prob-
ably due to quite similar diurnal rhythm of the
main species resulting in comparable possibility
to encounter an empty gillnet. However, if the
activity pattern of fishes is highly different the
accumulation likely affects the species propor-
tions in gillnets (see Minns & Hurley 1988).

7.3. Varying responses to biomanipulation
7.3.1. Fish

In the biomanipulation study of 14 basins,
the target mass removal catch (200 kg ha’!
3 year') was attained in seven basins (Fig. 10,
VI). According to the achieved or non-achieved
target MRC, the basins were respectively divided
into two groups hiC and 1oC both including 7
basins. The proportion of cyprinids in the MRC
varied between 63% and 97% in the basins.
Roach and bream were usually the most impor-
tant removed species. Besides roach, small perch
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and bleak were among the major species in  of the hiC basins but increased in almost all of
less eutrophic lakes. In Hiidenvesi, blue bream, the loC basins (VI, Fig. 11). This could indicate
bream and smelt had similar MRC with roach. that a moderate mass removal effort can affect

The total gillnet BPUE decreased in most negatively and increase the fish biomass due to
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responses in reproduction and growth rate. Even
in the hiC basins, the magnitude of responses in
the total gillnet BPUE was moderate (VI), and
no 75% reductions (Meijer et al. 1999) were
observed. This can be due to several reasons.
Firstly, the fishing effort was too low to induce
severe reduction in the fish biomass. However, in
the most efficiently fished lakes, the effort should
have been high enough in relation to the target
catch estimated by the equation of Jeppesen &
Sammalkorpi (2002) (V, VI). Secondly, the fish
production may have compensated the fished
biomass. Evidence for this was found from many
lakes as the reproduction and the fish growth
increased considerably (Rask et al. in print, V,
VI). Thirdly, the catching efficiency of gillnets
may have increased as the fish density reduced,
as mentioned above.

Besides the changes in the total biomass, the
responses in the fish community structure have
likely had wide-ranging effects in the lake eco-
system. The general shifts in the fish assemblage
were (1) the reduction of large cyprinids, (2) the
expansion of the cyprinid fry and, to the lesser
extent, percid juveniles, and (3) the increase
in the proportion of piscivores (VI). The shifts
likely have depressed the internal loading and
nutrient recycling due to fish. The reduction in
the large cyprinids and the increment in juveniles
result in less individuals disturbing the bottom
sediment and releasing nutrients, and more spec-
imens eating zooplankton but not adding “new”
nutrients from the sediment (Shapiro & Carlson
1982, Tatrai & Istvanovics 1986, Lammens et al.
1990, Horppila & Kairesalo 1992, Breukelaar et
al. 1994, Vinni et al. 2000). The smaller average
size of cyprinids enables better top-down control
by piscivores (Lammens 1999). In addition, the
observed higher proportion of piscivores can
alter the behaviour of prey, reducing the migra-
tion from shelter to the open water (Brabrand
& Faafeng 1993). With the diminishing littoral-
pelagic coupling, the nutrients recycling from
the littoral to the pelagial (Schindler et al. 1996)
and the predatory pressure on pelagic zooplank-
ton (Gliwicz & Dawidowicz 2001) decrease.
The direct effect of nutrient removal due to fish
bound nutrients might also have contributed as
TP concentration decreased most evidently in
the basins where the fish removal was highest in

relation to the water volume (VI). Moreover, it
seems reasonable, that part of the nutrients that
otherwise could be used to algal production,
are absorbed to fast growing fish biomass, even
though especially YOY fish mobilize and excrete
nutrients as well (e.g. Post et al. 1997). However,
as the water P concentration and P storage in the
sediment of shallow lakes are in balance (S¢n-
dergaard et al. 2001), the water P concentration
may not reduce until the sediment is impover-
ished or the P flux is otherwise restricted.

As to the individual fish species, roach and
bream decreased as a result of the biomanipula-
tion (Fig. 11). In 1997, the average BPUEs of
roach and bream were higher in the hiC basins
compared to loC basins (Tukey, P < 0.1 and
P < 0.05, respectively). Until 2001, roach and
bream decreased in most of the hiC basins but
increased or remained the same in almost all
loC basins so that the lake groups differed no
more. The reason for the clear response of these
species could be high catchability. The BPUEs
of white bream and bleak increased in almost
every basin. For white bream, the increment
was higher in the hiC lakes, yet not significantly.
The response might reflect the low catchability
of this species, and the higher production due
to released resources. The response of bleak
was negative soon after the biomanipulation
started (Olin & Ruuhijirvi 2000), but the BPUE
increased in many lakes during the last year
of this study possibly reflecting the decreased
intensity of biomanipulation.

In many basins, perch did not respond
positively to the biomanipulation contrary to
expected. For two basins, Etujdrvi and Takajérvi,
the obvious reason for the negative response is
the relatively high by-catch of perch in the mass
removal catch (Fig. 10). It could be that the
high pressure of recreational fishing in Finland
(Moilanen 2004) makes perch vulnerable for
even a low by-catch in biomanipulation. Pike-
perch BPUE increased in other cases except in
the basins of Hiidenvesi. Pikeperch might have
gained from the increased abundance of juvenile
fish but also from the warm summers (VI). The
reason for the exceptional negative trend in Hii-
denvesi is unclear. Ruffe responded clearly nega-
tively in all basins even though the catch of ruffe
in biomanipulation was fairly low (Fig. 10 and
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11). It could be that the increased biomass and
predation of pikeperch together with the moder-
ate removal catch had induced the collapse of
ruffe BPUE.

7.3.2. Zooplankton

The responses in zooplankton biomass and in
the potential grazing pressure were moderately
positive in most of the biomanipulated basins
(V, VI). As the median size of herbivorous
cladocerans did not respond, however, the posi-
tive response in cladoceran biomass was due to
the increase in numbers not in size. Likely, the
reason for the modest response in cladocerans
was the high recruitment of YOY fish (VI),
which are strict and effective zooplanktivores
(e.g. Post et al. 1992). Nevertheless, increased
grazing might have contributed to the decreased
phytoplankton biomass (V, VI, Rask et al. in
print). The reduction of chl-a: TP ratio in several
effectively biomanipulated basins can indicate
increased herbivore control (Mazumder 1994;
Meijer et al. 1999, Sarvala et al. 2000b). The
potential grazing pressure (Jeppesen et al. 1994),
increased in many basins (VI) indicating higher
herbivorous control after biomanipulation. In
addition, the role of grazing became more impor-
tant as the phytoplankton communities shifted
towards more edible algae than cyanobacteria
(Mazumder 1994). It should be also noted that
since the samples were collected from the deep-
est point of the basin (VI), the responses in the
littoral zone were not detected.

Changes in zooplankton might have effects
on the nutrient balance, as large cladocerans
store more nutrients than smaller ones (Carpen-
ter et al. 1992). Though we did not find positive
response in cladoceran size, the higher total
biomass of cladocerans should contain more
nutrients that are temporary withdrawn from the
circulation.

7.3.3. Phytoplankton

The biomass of cyanobacteria decreased, and
the duration of the blooms shortened and shifted
towards the autumn in effectively biomanipu-

lated lakes (V, VI). As we found decreased
nutrient concentrations in some basins, nutrient
shortage might be one reason for the decline
of cyanobacteria. In the fall turnover, the nutri-
ent storage in the water column replenishes
and a delayed peak of cyanobacteria can occur.
Besides the nutrient concentrations, the speed of
nutrient cycling might also have changed. The
reduction of chl-a:TP ratio in almost all effec-
tively biomanipulated basins (VI) indicates that
with a certain level of phosphorus, algae can not
build up as high a biomass as before biomanipu-
lation. Besides increased grazing, this can be due
to changed nutrient availability (Meijer et al.
1999, Sarvala et al. 2000b). The effects of fish
and zooplankton on the changed nutrient cycling
were discussed in 7.3.1 and 7.3.2. In addition,
the colonisation of macrophytes, benthic algae
and macroinvertebrates can be other reasons
for the changes in nutrient cycling increasing
the nitrogen retention (Van Donk et al. 1993,
Jeppesen et al. 1998, Scheffer 1998, Meijer et al.
1999, Svensson et al. 1999). A direct observation
of macrophytes, benthic algae and macroinverte-
brates we have only from Tuusulanjirvi, where
all three increased substantially (Venetvaara
et al. 2003 and unpublished), probably induc-
ing the observed reduction in TN concentration
(VI). Two other effectively fished basins had
decreased TN concentrations (Table 4), but those
lakes lacked the corresponding data.

7.3.4. Transparency

Only minor increments in Secchi depth occurred
in the biomanipulated basins, likely due to high
fraction of non-algal turbidity caused by clay and
humic substances (VI). This may suggest that
the positive effects of biomanipulation are tran-
sient. According to Scheffer (1998), the alterna-
tive stable state with low algal and fish biomass
and high zooplankton and macrophyte biomass
is attained only with substantial increase in
water clarity. In a shallow lake, however, even a
minor increase in the transparency substantially
extends the euphotic bottom area. In Tuusulan-
jarvi, rather moderate enhancement in the Secchi
depth in 2000 induced a notable expansion of the
submerged vegetation (Venetvaara et al. 2003).
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7.3.5. Success-failure review

When considering the overall success or failure
of biomanipulation in our study lakes, the judge-
ment was based on the improvement (= 15%) in
the essential variables from 1997 to 2001 (Table
4). The boundary of 15% was the same as Hans-
son et al. (1998) used in their review. No general
agreement of the correct definition for the suc-
cessful biomanipulation exists. Drenner & Ham-
bright (1999) judged simply by the direction, not
the amount, of a change, in water quality vari-
ables, and Meijer et al. (1999) by “lake bottom
view” i.e. the bottom of the lake became visible.

In our study, eight basins had the success%
of = 50 i.e. at least 50% of the essential variables
improved until 2001 (Table 4). In the hiC basins,
only one basin had < 50 success% compared to
five basins in the loC basins. Of the single objec-
tives, increment in cladoceran biomass and in
the Secchi depth, and the reduction in biomass
of cyanobacteria (or G. semen) were most often
attained. The reduction in nutrient concentrations
or in cyprinid biomass failed most often.

High mass removal catch in relation to trophic
state was likely the reason for success in six basins

(Table 5). These included two lakes, Otalampi and
Lehijarvi where the target catch was not achieved
but the original cyprinid biomass seemed to be
low enough to enable successful biomanipulation
with a lower catch. In spite of the attained target
catch, mass removal catch seemed to be too low
in two highly eutrophic basins Rusutjdrvi and
Al and was likely one reason for partial failure
of biomanipulation. It seems reasonable to set
the target catch according to an original cyprinid
biomass if possible. The mass removal target
catch can be roughly estimated from the BPUE
of the Nordic gillnet. Based on the mass removal
catch in the lakes where cyprinids decreased and
the original gillnet BPUE of cyprinids in 1997,
each kg of cyprinid BPUE should mean the target
catch of at least 100 kg ha™' in 2-3 years. If the
original fish biomass cannot be estimated, as
often is the case, the target catch can be estimated
from TP concentration according to Jeppesen
& Sammalkorpi (2002): catch-need (kg ha™) =
16.9 x TP*2, When proportioning this catch-need
to the attained catch from our study lakes and
comparing it to the succession%, the proportion
of improved variables was higher in the basins
where the attained catch was close to the catch-

Table 4. Summary of changes in the essential variables in biomanipulated basins. Basins are sorted according
to the increasing mass removal catch (VI), which was lower or higher than 200 kg ha™' 3yr" in loC or hiC basins,
respectively. The signs +, — or 0 denote = 15% increase, = 15% decrease or < 15% change from 1997 to 2001 (in
July—August). MRC, mass removal catch (kg ha=' 4y~"), %c-n = proportion of the calculated catch need (Jeppesen &
Sammalkorpi 2002, see text) after the best fishing season, Cyprin. = BPUE of >10 cm cyprinids, Clad. = cladoceran
biomass, TP = total phosphorus, TN = total nitrogen, Phytop. = total phytoplankton biomass, Cyanob. = cyanobac-
terial biomass, except for Gonyostomum semen (G) in Otalampi, Takajarvi and Etujarvi, chl:TP = chlorophyll-a:TP
ratio, Secchi = Secchi depth, Succ% = proportion of the improved variables (Clad. and Secchi should increase,

other variables should decrease).

Basin MRC %c-n Cyprin. Clad. TP TN Phytop. Cyanob. chl:TP  Secchi = Succ%
loC H1 44 13 + + 0 + 0 - 0 + 25
Lehi 90 59 + + - 0 - - + 0 50
Ota 119 67 0 + 0 0 - -6 - + 63
H4 121 33 + + + + 0 + 0 - 13
H3 153 43 + 0 - 0 0 0 0 0 13
Pus 182 43 + + + + + - - - 38
Ena 190 36 + ? + + + 0 + 0 0
hiC  Rus 201 90 - + + 0 - - - - 63
A2 226 84 - + + - - - - + 88
A1 257 58 - + 0 0 - - - 0 63
Taka 295 81 - - - 0 - —c 0 + 63
Etu 348 68 0 - + 0 0 +6 0 + 13
H2 411 80 - - - - + + + + 50
Tuu 472 99 + + - - - - - + 88
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need (Fig. 12). Thus, the equation of Jeppesen &
Sammalkorpi (2002) seems to predict the target
catch relatively well. In addition, the observed
dependence between the succession% and the
relative mass removal efficiency indicates that
the intensity of biomanipulation was among the
main factors inducing the positive changes in the
lake basins.

According to Hansson et al. (1998), high pro-
duction of YOY fish after the biomanipulation
is probably the main reason for biomanipulation
failure. This was also supported in our study, as
in ten basins the juvenile expansion was one of
the causes of failure restricting the cladoceran
response (Table 5). As the proportion of pisci-
vores was lower (<20% in all basins in 2001,
VI) than recommended (30%—-40%, Benndorf
& Kamjunke 1999), the relatively low predation
pressure might contributed to the juvenile expan-
sion of cyprinids. However, Otalampi, Lehijirvi
and A2 which lacked the juvenile expansion, had
even lower percentage of piscivores compared to
the other basins. It could be that, the relatively
low trophic state has affected the weakness of
cyprinid reproduction in Otalampi and Lehijarvi.

A low or moderate external loading is gener-
ally argued to be a prerequisite for success in
biomanipulation (e.g. Scheffer 1998, Hansson
et al. 1988, Benndorf et al. 2002). This is also
supported by our results. Of the eight cases with
succession% at least 50, five had an external
loading lower than or close to the critical level,
as defined by Vollenweider (1976). In the other
basins Takajirvi, Tuusulanjirvi and H2, high
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Fig. 12. Percentage of improved variables in relation to
attained proportion of the catch-need in study basins.
See Table 4 for the variables. Proportion of the catch-
need is calculated as mass removal catch of the best
fishing season divided by the catch-need of Jeppesen
& Sammalkorpi (2002, see text). Spearman rank cor-
relation: r,=0.774, P< 0.01.

external loading was one possible reason main-
taining high nutrient concentration and algal bio-
mass or enabling high fish production after resto-
ration measures. It should be noticed, however,
that in our study, the rates of external loading, as
well as the nutrient concentrations, were gener-
ally much lower compared to biomanipulated
lakes in Denmark (Jeppesen et al. 1999) and in
The Netherlands (Gulati & van Donk 2002).
According to Scheffer (1998) high back-
ground turbidity may reduce the potential for
successful biomanipulation. Thus, low back-
ground turbidity might have enabled the positive
responses in five study basins (Tables 4 and 5).
However, only Otalampi and A2 of these basins
had = 15% improvement in the transparency.
On the other hand, of nine basins with high

Table 5. Probable explanations for success (upper) or failure (lower) in biomanipulation of the study lakes.

Reasons for success
High MRC (in relation to trophic state)
No juvenile expansion
Low external loading
Low background turbidity
Avrtificial mixing during summer

Reasons for failure
Low MRC (in relation to trophic state)
Short fishing period (< 3 yr)
Effective Cyprinid compensation
Gonyostomum semen
High external loading
High wind resuspension
High background turbidity
Avrtificial mixing during summer

Basin

Taka, Ota, Tuu, Lehi, A2, H2
Ota, Lehi, A2

Ota, Lehi, A1, A2

Ota, Rus, Lehi, A1, A2

Tuu

Pus, Rus, A1, H1, H3, H4

Rus, Lehi

Taka, Etu, Rus, Pus, Tuu, A1, H1, H2, H3, H4
Taka, Etu, Ota

Taka, Etu, Pus, Tuu, H1, H2, H3, H4

Ena, H1, A1, H2

Taka, Etu, Pus, Tuu, Ena, H1, H2, H3, H4
Ena, Tuu
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non-algal turbidity only three basins, Takajérvi,
H2 and Tuusulanjérvi, had succession% = 50.
Clay turbidity in particular might be crucial
for effective biomanipulation, because clay has
extended effects on the ecosystem functioning
(see the review by Lind 2003). Clay turbidity
reduces the feeding efficiency of visual preda-
tors (Benfield & Minello 1996) and the filtration
rate of large cladocerans (McCabe & O’Brien
1983, Hart 1987). In addition, clay turbidity
might contribute to cyanobacterial blooms, as
they are adapted to shady conditions (Scheffer
1998). Loose clay sediment is readily disturbed
by fish and wind thus preventing the invasion of
submerged vegetation due to light limitation and
up-rooting (Scheffer 1998, Meijer et al. 1999,
Nurminen 2003). In our study, wind induced
resuspension may have prevented or reduced
the positive responses in four shallow basins
having a long fetch in the prevailing wind direc-
tion (Table 5), as was also found by Meijer et al.
(1999). The potential of biomanipulation in clay
turbid lakes may depend on depth. In deep lakes,
clay turbidity favours the larvae of invertebrate
predator Chaoborus sp. that effectively consume
zooplankton (Cuker 1993, Horppila et al. 2000,
Liljendahl-Nurminen et al. 2003). It also seems
reasonable, that in shallow lakes, where fish may
directly affect the clay turbidity by disturbing
the sediment, the decreased fish biomass induces
more obvious response in the transparency com-
pared to deep lakes. In this study, the only clay
turbid lake having a highly successful bioma-
nipulation was shallow Tuusulanjarvi.

Artificial mixing during summer stagnation
may have affected the responses in three lakes.
The mixing was most efficient in Tuusulan-
jarvi, preventing the thermal stratification during
the growing season. This might have averted
the blooms of Microcystis sp. (Gulati & van
Donk, 2002) and favoured other cyanobacteria
as the blooms diminished and consisted of sev-
eral genera. The mixing also kept the bottom
sediment oxygenated, restraining the mobilisa-
tion of phosphorus. However, the mixing also
increases the shear stress, temperature and pH
near the bottom sediment which all can increase
the release of phosphorus from the sediment (see
Scheffer, 1998). Thus, artificial mixing might
have had both positive and negative effects on

the water quality in Tuusulanjdrvi. In Pusulan-
jarvi and Endjérvi, the artificial mixing was less
effective in order to keep only the hypolimnion
oxygenated without breaking the summer strati-
fication. However, in both lakes hypolimnetic
water was concentrated with nutrients, and the
stratification was weakened, resulting in high
internal loading during wind turbulence. This
may explain the high phytoplankton biomass
in Endjdrvi in 1999. After the summer artificial
mixing had ceased, the lake returned to the pre-
vious better condition.

8. Concluding remarks

According to the results of the present study, the
fish biomass and species interactions in Finnish
lakes depend on, besides the nutrient concentra-
tions, also on lake area and depth, and turbidity.
The shift from percid to cyprinid dominance
from mesotrophic to eutrophic lakes was not
recorded as cyprinids dominated already in the
mesotrophic lakes. Large lake size and / or low
turbidity can enable a high biomass of perch in
spite of abundant cyprinids.

Experimental gillnetting can be used to
roughly estimate the target catch of biomanipula-
tion and the CPUE in seining, as well as the fol-
lowing responses in fish community. The valid-
ity of gillnet CPUE as an index of fish density
is fairly good for mid-sized (6-30 cm) fish and
active species, and when the set time is short
enough to diminish the effects of the lowering
catching efficiency.

The results of the biomanipulation experi-
ments indicated that in meso- and eutrophic
Finnish lakes the blooms of cyanobacteria can
be decreased considerably by effective cyprinid
removal (200-400 kg ha™' 3 yr.™"). Successful
and sustainable biomanipulation is more likely
if the external loading is low, clay-turbidity is
modest and the juvenile expansion of cyprinids
is hindered.

9. Future aims

When considering the fish communities in Finn-
ish lakes, more information is needed on the
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interactions of species in different environments.
Also, the role of recreational fishing and high
frequency of turbid lakes need more attention as
potential reasons of the unexpectedly common
cyprinid dominance.

The dependence between fish abundance and
community structure and gillnet CPUE should
be examined further. Some questions in need
of further investigation are: how is the catching
efficiency affected by different fish density and
water turbidity, what is the role of weather con-
ditions, and how should the gillnet sampling of
fish be performed in a most cost-effective way?

Concerning the biomanipulation, we still
need more information on the restoration pos-
sibilities in humic or clay turbid-lakes, and about
the possibilities of reaching alternative stable
states of lake ecosystems in Finland.

10. Acknowledgements

Now that this fish has reached the target catch, I
would like to express my gratitude to my super-
visor Martti Rask — without him I would have
even thought about writing a thesis. Martti Rask
and the other supervisor Jukka Horppila had
always time and valuable advices for me and my
work. Jukka Ruuhijdrvi has also given numerous
insightful comments. Mika Kurkilahti has been
my critical statistical support. I also want to thank
the other co-authors Pasi Ala-Opas, Olli Ylonen,
Anja Lehtovaara, Anu Viisédnen, Ilkka Sammal-
korpi, Jorma Keskitalo, Sami Vesala, Tommi
Malinen, Paula Peitola, Petra Tallberg and Tero
Taponen for their great contribution to this work.
Leena Nurminen helped me with the language
and gave good advices of which I am very
thankful. I acknowledge the rewarding collabo-
ration with several colleagues and co-workers in
Finnish Game and Fisheries Research Institute,
Department of Biological and Environmental
Sciences, Lammi Biological Station, Regional
Environmental Centres of Uusimaa, Pirkanmaa
and Hame, Finnish Environment Institute, the
Employment and Economic Development Cen-
tres of Uusimaa and Hiame, Keski-Uudenmaan
vesiensuojelun kuntayhtymi, Lansi-Uudenmaan
vesi ja ympdristo ry and regional lake restoration
folks. Special thanks to the excellent gillnetting

crew: Anssi, Vesku, Purtsi etc — fish is a thing
that stinks, but “whimsy&folly” makes you go
through anything! It’s “inhis” kiss...

I also express my gratitude to Professor Erik
Jeppesen and Doctor Thomas Mehner for pre-
examining my thesis and giving me useful com-
ments. I am appreciative to several anonymous
referees who have improved the quality of the
included articles. Professor Jouko Sarvala will
be my opponent and Professor Hannu Lehtonen
my custos — thank you beforehand.

The work was financed by the Finnish Game
and Fisheries Research Institute, Biological Inter-
actions Graduate School, the Finnish Ministry of
Agriculture and Forestry, University of Helsinki
and Water Protection Board of Central Uusimaa.
Finnish Game and Fisheries Research Institute
and Department of Biological and Environmen-
tal Sciences provided facilities with scientific but
homey atmosphere.

It is not always easy to write a dissertation,
build a detached house and rear small kids at
the same time. Somehow I remained sane, I sup-
pose. I am deeply indebted to my lately deceased
father Seppo for giving me desire for knowledge
and teaching me critical thinking. Equally grate-
ful I am to my mother Eeva who prodded me
into reading, all kinds of books, and into writing.
My wife, Mira has supported and inspired me
through all this of which I am extremely grate-
ful. My kids, Elias and Julia, you have taught me
more about life than anyone else — Thank You.

11. References

Ali, M.A., Ryder, R.A. & Anctil, M. 1977. Photoreceptors
and visual pigments as related to behavioural responses
and preferred habitats of perches (Perca spp.) and pike-
perches (Stizostedion spp.). Journal of the Fisheries
Research Board of Canada 34: 1475-1480.

Andersson, G., Granéli, W. & Stenson, J. 1988. The influence
of animals on phosphorus cycling in lake ecosystems.
Hydrobiologia 170: 267-284.

Appelberg, M., Berger H.-M., Hesthagen T., Kleiven E.,
Kurkilahti M., Raitaniemi J. & Rask M. 1995. Develop-
ment and intercalibration of methods in Nordic fresh-
water fish monitoring. Water, Air and Soil Pollution 85:
401-406.

Aysts, V. 1997. Evaluation of restoration implementations of
eutrophic lakes. Finnish Environment 115, 163 pp.

Backiel, T. & Welcomme, R. 1980. Guidelines for sampling
fish in inland waters. EIFAC Technical paper, 33. FAO,



28 Mikko Olin

Rome, 176 pp.

Bagenal, T.B. & Tesch, EW. 1978. Age and growth. In: Bage-
nal, T. (ed.), Methods for assessment of fish production
in fresh waters. Oxford, Blackwell. pp. 101-136.

Baranov, FI. 1914. Theory and assessment of fishing gear.
Chap 7. Theory of fishing with gillnets. Phischepromiz-
dat. Moscow. (Translated from Russian by the Ontario
Department of Lands and Forests. Maple. Ont.).

Barthelmes, D. 1983. Effects of eutrophication and fisheries
management on fish faunas of cyprinid lakes. Roczniki
Nauk Rolniczych, Serie H. 100: 31-44.

Benfield, M.C. & Minello, T.J. 1996. Relative effects of
turbidity and light intensity on reactive distance and
feeding of an estuarine fish. Environmental Biology of
Fishes 46: 211-216.

Benndorf, J. & Kamjunke, N. 1999. Anwenderrichtlinie
Biomanipulation am Beispiel der Talsperre Bautzen.
Séchsisches Landesamt fiir Umwelt und Geologie, 19
pp. Eigenverlag, Dresden.

Benndorf, J. 1990. Conditions for effective biomanipulation:
conclusions derived from whole-lake experiments in
Europe. Hydrobiologia 200/201: 187-203.

Benndorf, J., Boing, W., Koop, J. & Neubauer, 1. 2002. Top-
down control of phytoplankton: the role of time scale,
lake depth and trophic state. Freshwater Biology 47:
2282-2295.

Berg, S., Jeppesen, E. & S¢ndergaard M. 1997. Pike (Esox
lucius L.) stocking as a biomanipulation tool 1. Effects
on the fish population in Lake Lyng, Denmark. Hydro-
biologia 342/343: 311-318.

Bergman, E. 1988. Foraging abilities and niche breadths of
two percids, Perca fluviatilis and Gymnocephalus cer-
nuus under different environmental conditions. Journal
of Animal Ecology 57: 443-453.

Bergman, E. 1991. Changes in abundance of two percids,
Perca fluviatilis and Gymnocephalus cernuus, along a
productivity gradient: relations to feeding strategies and
competitive abilities. Canadian Journal of Fisheries and
Aquatic Sciences 48: 536-545.

de Bernardi, R. & Giussani, G. 1990. Are blue-green algae a
suitable food for zooplankton? An overview. Hydrobio-
logia 200/201: 29-41.

Bethke, E., Arrhenius, F. Cardinale, M. & Hakansson, N.
1999. Comparison of the selectivity of three pelagic
sampling trawls in a hydroacoustic survey. Fisheries
Research 44: 15-23.

Bohl, E. 1980. Diel pattern of pelagic distribution and feed-
ing in planktivorous fish. Oecologia 44: 368-375.

Borgstrgm, R. 1992. Effect of population density on gillnet
catchability in four allopatric populations of brown
trout (Salmo trutta). Canadian Journal of Fisheries and
Aquatic Sciences 49: 1539-1545.

Brabrand, A & Faafeng, B. 1993. Habitat shift in roach
(Rutilus rutilus) induced by pikeperch (Stizostedion
lucioperca) introduction: Predation risk versus pelagic
behaviour. Oecologia 95: 38—46.

Brabrand, A., B. Faafeng & J. P. M. Nilssen, 1986. Juvenile
roach and invertebrate predators: Delaying the recovery
phase of eutrophic lakes by suppression of efficient
filter-feeders. Journal of Fish Biology 29: 99-106.

Brabrand, A Faafeng, B.A. & Nilssen. J.P.M. 1990. Relative
importance of phosphorus supply to phytoplankton pro-
duction: fish excretion versus external loading. Canadian
Journal of Fisheries and Aquatic Sciences 47: 364-372.

Breukelaar, A.W., Lammens, E.H.R.R., Klein-Breteler,
J.G.P. & Tatrai, 1. 1994. Effects of benthivorous bream
(Abramis brama) and carp (Cyprinus carpio) on sedi-
ment resuspension and concentrations of nutrients and
chlorophyll a. Freshwater Biology 32: 113-121.

Brooks, J.L., & Dodson, S. I. 1965. Predation, body size, and
composition of plankton. Science 150: 28-35.

Bry, C. 1996. Role of vegetation in the life cycle of pike. In:
Craig, J.F. (ed.), Pike Biology and Exploitation. Chap-
man & Hall. Pp. 45-67.

Carpenter, S. R. & Kitchell, J. F. 1993. The trophic cascade
in lakes. Cambridge University Press.

Carpenter, S.R., Kitchell, J.F. & Hodgson, J.R. 1985. Cas-
cading trophic interactions and lake productivity. Bio-
Science 35: 634-639.

Carpenter, S., Cottingham, K. & Schindler, D. 1992. Biotic
feedbacks in lake phosphorus cycles. Trends in Ecology
and Evolution 7: 332-336.

Colby, PJ., Spangler, G.R., Hurley, D.A. & McCombie,
A.M. 1972. Effects of eutrophication on salmonid com-
munities in oligotrophic lakes. Journal of the Fisheries
Research Board of Canada 29: 975-983.

Cuker, B.E. 1993. Suspended clays alter trophic interactions
in the plankton. Ecology 74: 944-953.

Diehl, S. 1988. Foraging efficiency of three freshwater
fishes: effects of structural complexity and light. Oikos
53:207-214.

Disler, N.N. & Smirnov, S.A. 1977. Sensory organs of the
lateral-line canal system in two percids and their impor-
tance in behaviour. Journal of the Fisheries Research
Board of Canada 34: 1492-1503.

Drenner, R.W. & Hambright, K.D. 1999. Biomanipulation of
fish as a lake restoration technique. Archiv fiir Hydro-
biologie 146: 129-165.

Edler, L. 1979. Recommendations on methods for marine
biological studies in the Baltic Sea. Phytoplankton and
chlorophyll. The Baltic Marine Biologists Publication
5:1-38.

Eloranta P. 2004. Inland and Coastal Waters in Finland.
University of Helsinki. Palmenia Centre for Continuing
Education. Palmenia Publishing.

Enderlein, O. & Appelberg, M. 1992. Sampling stocks of
Coregonus lavaretus and C. albula with pelagic gillnets,
trawls and hydroacoustic gear. Polish Archives of Hyd-
robiology 39: 771-777.

Forney, J.L. 1977. Evidence of inter- and intraspecific com-
petition as factors regulating walleye (Stizostedion vit-
reum vitreum) biomass in Oneida Lake, New York.
Journal of the Fisheries Research Board of Canada 34:
1812-1820.

Gliwicz, Z.M. & Dawidowicz, P. 2001. Roach habitat shifts
and foraging modified by alarm substance. 1. Field evi-
dence. Archiv fiir Hydrobiologie 150: 357-376.

Gulati, R.D. & van Donk, E. 2002. Lakes in the Netherlands,
their origin, eutrophication and restoration: state-of-the-
art review. Hydrobiologia 478: 73-106.



Fish communities in South-Finnish lakes and their responses to biomanipulation 29

Hambright, K.D. 1994. Morphological constraints in the
piscivore-planktivore interaction: implications for the
trophic cascade hypothesis. Limnology & Oceanography
39: 897-912.

Hamley, J.M. 1975. Review of gillnet selectivity. Journal of
the Fisheries Research Board of Canada 32: 1943-1969.

Hansen, M.J., Scorfhaar, R.G. & Selgeby, J.H. 1998. Gill-
net saturation by lake trout in Michigan waters of Lake
Superior. North American Journal of Fisheries Manage-
ment 18: 847-853.

Hansson, S. & Rudstam, L.G. 1995. Gillnet catches as an
estimate of fish abundance: a comparison between ver-
tical gillnet catches and hydroacoustic abundances of
Baltic Sea herring (Clupea harengus) and sprat (Sprattus
sprattus). Canadian Journal of Fisheries and Aquatic
Sciences 52: 75-83.

Hansson, L.-A., Annadotter, H., Bergman, E., Hamrin, S.F.,
Jeppesen, E., Kairesalo, T., Luokkanen, E., Nilsson,
PA. & Sendergaard, M. 1998. Biomanipulation as an
application of food chain theory: constraints, synthesis
and recommendations for temperate lakes. Ecosystems
1: 558-574.

Harper, D. 1992. Eutrophication of freshwaters. Chapman &
Hall, London. 327 p.

Hart, R.C. 1987. Population dynamics and production of five
crustacean zooplankters in a subtropical reservoir during
years of contrasting turbidity. Freshwater Biology 18:
287-318.

Hartmann, J. & Niimann, W. 1977. Percids of lake Con-
stance, a lake undergoing eutrophication. Journal of the
Fisheries Research Board of Canada 34: 1670-1677.

Helfman, G. S. 1981. Twilight activities and temporal struc-
ture in a freshwater fish community. Canadian Journal of
Fisheries and Aquatic Sciences 38: 1405-1420.

Helminen, H., Karjalainen, J., Kurkilahti, M., Rask, M. &
Sarvala, J. 2000. Eutrophication and fish biodiversity in
Finnish lakes. Verhandlungen der Internationalen Ver-
einigung fiir Limnologie 27: 194-199.

Henriksen, A., Skjelvile, B.S., Mannio, J., Wilander, A.,
Harriman, R., Curtis, C., Jensen, J.P.,, Fjeld, E. & Moi-
seenko, T. 1998. Northern European Lake Survey, 1995
— Finland, Norway, Sweden, Denmark, Russian Kola,
Russian Karelia, Scotland and Wales. Ambio 27: 80-91.

Hjellvik, V., Godg, O. R. & Tjgstheim, D. 2001. Diurnal
variation in bottom trawl survey catches: Does it pay to
adjust? Canadian Journal of Fisheries and Aquatic Sci-
ences 59: 33-48.

Horppila, J. & Kairesalo, T. 1990. A fading recovery: the role
of roach (Rutilus rutilus (L.)) in maintaining high algal
productivity and biomass in Lake Vesijérvi, southern
Finland. Hydrobiologia 200/201: 153-165.

Horppila, J. & Kairesalo, T. 1992. Impacts of bleak (Albur-
nus alburnus) and roach (Rutilus rutilus) on water qual-
ity, sedimentation and internal nutrient loading. Hydro-
biologia 243/244: 323-331.

Horppila, J., Peltonen, H., Malinen, T., Luokkanen, E. &
Kairesalo, T. 1998. Top-down or bottom-up effects by
fish: issues of concern in biomanipulation of lakes. Res-
toration Ecology 6: 20-28.

Horppila, J., Ruuhijérvi, J., Rask, M., Karppinen, C., Nyberg,

K. & Olin, M. 2000. Seasonal changes in the diets and
relative abundances of perch and roach in the littoral and
pelagic zones of a large lake. Journal of Fish Biology
56: 51-72.

Hubert, W.A. 1983. Passive capture techniques. In: Nielsen,
L.A. & Johnson, D.L. (eds.), Fisheries techniques. Amer-
ican Fisheries Society, Bethesda, Md, pp. 98—111.

Hyvirinen, P. & Salojérvi, K. 1991. The applicability of catch
per unit effort (CPUE) statistics in fisheries management
in Lake Oulujérvi, Northern Finland. In: Cowx, LG.
(ed.), Catch effort sampling strategies. Their applica-
tion in freshwater fisheries management. Fishing News
Books. Blackwell Scientific Publications. Oxford, pp.
241-261.

Jeppesen, E. & Sammalkorpi, I. 2002. Lakes. In: Perrow, MR
& Davy, AJ (eds.), Handbook of Ecological Restoration.
Vol. 2. Restoration in practice. Cambridge University
Press, Cambridge, pp. 297-324.

Jeppesen, E., Sondergaard, M., Mortensen, E., Kristensen,
P, Riemann, B., Jensen, H.J., Muller, J.P., Sortkjaer,
0., Jensen, J.P., Christoffersen, K., Bosselmann, S. &
Dall, E. 1990. Fish Manipulation as a Lake Restoration
Tool in Shallow, Eutrophic Temperate Lakes .1. Cross-
Analysis of 3 Danish Case- Studies. Hydrobiologia 200:
205-218.

Jeppesen, E., Sgndergaard, M., Kanstrup, E., Petersen, B.,
Eriksen, R., Hammershgj, M., Mortensen, E., Jensen,
J.P. & Have, A. 1994. Does the impact of nutrients on the
biological structure and function of brackish and fresh-
water lakes differ? Hydrobiologia 275/276: 15-30.

Jeppesen, E., Jensen, J.P, Sgndergaard, M., Lauridsen, T.,
Mgller, F.P. & Sandby, K. 1998. Changes in nitrogen
retention in shallow eutrophic lakes following a decline
in density of cyprinids. Archiv fiir Hydrobiologie 142:
129-151.

Jeppesen, E., Jensen, J.P., Sgndegaard, M., Lauridsen, T. &
Landkildehus, F. 2000. Trophic structure, species rich-
ness and biodiversity in Danish lakes: changes along a
phosphorus gradient. Freshwater Biology 45: 201-218.

Karjalainen, J., Leppé, M., Rahkola, M. & Tolonen, K. 1997.
The role of benthivorous and planktivorous fish in a
mesotrophic lake ecosystem. Hydrobiologia 408/409:
73-84.

Kennedy, W.A. 1951. The relationship of fishing effort by
gillnets to the interval between lifts. Journal of the Fish-
eries Research Board of Canada 8: 264-274.

Kerfoot, W.C., Levitan, C. & DeMott, W. R. 1988. Daph-
nia—phytoplankton interactions: density-dependent shifts
in resource quality. Ecology 69: 1806-1825.

Keto, J. & Sammalkorpi, I. 1988. A fading recovery: a
conceptual model for Lake Vesijdrvi management and
research. Aqua Fennica 18: 193-204.

Kitchell, J.F., Johnson, M.G., Minss, C.K., Loftus, K.H.,
Greig, L. & Olver, C.H. 1977. Percid habitat; the river
anology. Journal of the Fisheries Research Board of
Canada 34: 1959-1963.

Kurkilahti, M. 1999. Nordic multimesh gillnet — robust gear
for sampling fish populations. PhD thesis, Department of
Biology, University of Turku.

Lamarra, V.A. Jr. 1975. Digestive activities of carp as a major



30 Mikko Olin

contributor to the nutrient loading of lakes. Verhandlun-
gen der Internationalen Vereinigung fiir Limnologie 19:
2461-2468.

Lammens E.H.R.R. 1999. The central role of fish in lake
restoration and management. Hydrobiologia 395396:
191-198.

Lammens, E.H.R.R., Geursen, J. & MacGillavry, P.J. 1987.
Diet shifts, feeding efficiency and coexistence of bream
(Abramis brama L.), roach (Rutilus rutilus L.) and
white bream (Blicca bjoerkna L.) in hypertrophic lakes.
In: Kullander, S. O. & Fernholm, B. (eds.), Proceed-
ings from the Vth Congress of European Ichthyologists
in Stockholm 1985. Stockholm: Department of Verte-
brate Zoology Swedish Museum of Natural History. pp.
153-162.

Lammens, E.H.R.R., Gulati, R.D., Meijer, M.L. & Van
Donk, E. 1990. The first biomanipulation conference: a
synthesis. Hydrobiologia 200/201: 619-627.

Lammens, E.H.R R., Frank-Landman, A., MacGillavry, P. J.
& Vlink, B. 1992. The role of predation and competition
in determining the distribution of common bream, roach
and white bream in Dutch eutrophic lakes. Environmen-
tal Biology of Fishes 33: 195-205.

Leach, J.H., Johnson, M.G., Kelso, J.R.M., Hartmann, J.,
Niimann W. & Entz, B. 1977. Responses of percid fishes
and their habitats to eutrophication. Journal of the Fish-
eries Research Board of Canada 34: 1964-1971.

Lessmark, O. 1983. Competition between perch (Perca flu-
viatilis L.) and roach (Rutilus rutilus L.) in south Swed-
ish lakes. PhD thesis, Institute of Limnology, University
of Lund.

Liljendahl-Nurminen, A. Horppila, J., Malinen, T., Eloranta,
E., Vinni, M., Alajdrvi, E. & Valtonen, S. 2003. The
supremacy of invertebrate predators over fish — factors
behind the unconventional seasonal dynamics of cla-
docerans in Lake Hiidenvesi. Archiv fiir Hydrobiologie
158: 75-96.

Lind, O.T. 2003. Suspended clay’s effect on lake and reser-
voir limnology. Archiv fiir Hydrobiologie Suppl. 139:
327-360.

Lodge, D.M., Barko, J.W., Strayer, D., Melack, J.M., Mit-
telbach, G.G., Howarth, R.W., Menge, B. & Titus, J.E.
1988. Spatial heterogeneity and habitat interactions in
lake communities. In: Carpenter, S. R. (ed.), Complex
interactions in lake communities. Springer-Verlag, New
York, pp. 181-208.

Luokkanen, E. 1995. Vesikirppuyhteison lajisto, biomassa
ja tuotanto Vesijdrven Enonselélld. Helsingin yliopiston
Lahden tutkimus- ja koulutuskeskuksen raportteja ja sel-
vityksid 25: 1-53. (in Finnish with English summary.)

Matuszek, J.L. & Beggs, G.L. 1988. Fish species richness
in relation to lake area, pH, and other abiotic factors in
Ontario lakes. Canadian Journal of Fisheries and Aquatic
Sciences 45: 1931-1941.

Mazumder, A. 1994. Phosphorus-chlorophyll relationships
under contrasting herbivory and thermal stratification:
predictions and patterns. Canadian Journal of Fisheries
and Aquatic Sciences 51: 390-400.

McCabe, G.D. & O’Brien, W.J. 1983. The effects of sus-
pended silt on feeding and reproduction of Daphnia

pulex. American Midland Naturalist 110: 324-337.
McCullach, P. & Nelder J.A. 1989. Generalized Linear
Models, Second Edition. Chapman and Hall, London.
McQueen, DJ., Post, JR. & Mills, E.L. 1986. Trophic
relationships in freshwater pelagic ecosystems. Cana-
dian Journal of Fisheries and Aquatic Sciences 43:

1571-1581.

McQueen, D.J., Johannes, M.R.S., Post, J.R., Stewart, T.J.
& Lean, D.R.S. 1989. Bottom-up and top-down impacts
on freshwater pelagic community structure. Ecological
Monographs 59: 289-309.

Mehner, T., Benndorf, J., Kasprzak, P. & Koschel, R. 2002.
Biomanipulation of lake ecosystems: successful applica-
tions and expanding complexity in the underlying sci-
ence. Freshwater Biology 47: 2453-2465.

Meijer, M.-L., de Boois, 1., Scheffer, M., Portielje, R. &
Hosper, H., 1999. Biomanipulation in shallow lakes
of The Netherlands: an evaluation of 18 case studies.
Hydrobiologia 408/409: 13-30.

Minns, C.K. & Hurley, D.A. 1988. Effects of net length and
set time on fish catches in gill nets. North American
Journal of Fisheries Management 8: 216-223.

Moilanen, P. 2004. Vapaa-ajankalastus 2002. SVT Maa-,
metsé- ja kalatalous nro 51. p. 29.

Neuman, E., Roseman, E. & Lehtonen, H. 1996. Determi-
nation of year-class strength in percid fishes. Annales
Zoologici Fennici 33: 315-318.

Niederholzer, R. & Hofer, R. 1980. The feeding of roach
(Rutilus rutilus L.) and rudd (Scardinius erythroph-
thalmus L.). 1. Studies on natural population. Ekologia
Polska 28: 45-59.

Niemi, J. & Heinonen, P. 2003: Environmental Monitoring
in Finland 2003-2005. The Finnish Environment 616,
Finnish Environment Institute, Helsinki. (in Finnish with
English summary).

Nurminen, L. 2003. Role of macrophytes in a clay-turbid
lake. Implication of different life forms on water quality.
PhD thesis, Department of Limnology and Environmen-
tal Protection, University of Helsinki.

Niimann, W. 1972. The Bodensee: effects of exploitation and
eutrophication on the salmonid community. Journal of
Fisheries Research Board of Canada 29: 833-847.

Olin, M. & Ruuhijdrvi, J. 2000: Rehevoityneiden jérvien hoi-
tokalastuksen vaikutukset — vuosiraportti 1999. Kala- ja
riistaraportteja 195. p. 116. Finnish Game and Fisheries
Research Institute, Helsinki.

Peltonen, H., Ruuhijérvi, J., Malinen T. & Horppila, J. 1999.
Estimation of roach (Rutilus rutilus (L.)) and smelt
(Osmerus eperlanus (L.)) stocks with virtual population
analysis hydroacoustics and gillnet CPUE. Fisheries
Research 44: 25-36.

Penttild, S. 2002. Uudenmaan jirvien tehokalastusprojekti.
Kala- ja riistahallinnon julkaisuja 61. Uudenmaan tyo-
voima- ja elinkeinokeskus, Helsinki. p. 84.

Perrow, M.R., Meijer, M.L., Dawidowicz, P. & Coops, H.
1997. Biomanipulation in shallow lakes: state of the art.
Hydrobiologia 342/343: 355-365.

Persson, L. 1983. Effects of intra and interspesific competi-
tion on dynamics and size structure in a roach (Rutilus
rutilus) and a perch (Perca fluviatilis) population. Oikos



Fish communities in South-Finnish lakes and their responses to biomanipulation 31

41: 126-132.

Persson, L. 1986. Effects of reduced interspesific competi-
tion on resource utilization in the perch (Perca fluviati-
lis). Ecology 67: 355-364.

Persson, L. 1987. Effects of habitat and season on com-
petitive interactions between roach (Rutilus rutilus) and
perch (Perca fluviatilis). Oecologia 73: 170-177.

Persson, L. 1988. Asymmetries in competitive and predatory
interactions in fish populations. In: Ebenmann, B. &
Persson, L. (eds.), Size Structured Populations, Ecology
and Evolution, Berlin: Springer. pp. 203-218.

Persson, L. 1991. Behavioral response to predators reverses
the outcome of competition between prey species.
Behavioral Ecology and Sociobiology 28: 101-105.

Persson, L. 1994. Natural shifts in the structure of fish com-
munities: Mechanisms and constraints on perturbation
sustenance. In: Cowx, I.G. (ed.), Rehabilitation of Fresh-
water Fisheries, Fishing News Books, pp. 421-434.

Persson, L & Greenberg, L.A. 1990. Juvenile competi-
tive bottlenecks: the perch (Perca fluviatilis) and roach
(Rutilus rutilus) interaction. Ecology 71: 44-56.

Persson, L., Andersson, G., Hamrin, S.F. & Johansson, L.
1988. Predator regulation and primary production along
the productivity gradient of temperate lake ecosystems.
In: Carpenter, S.R. (ed.), Complex interactions in lake
communities. Springer, New York. pp. 45-65.

Persson, L., Diehl, S., Johansson, L., Andersson, G. &
Hamrin, S.F. 1991. Shifts in fish communities along the
productivity gradient of temperate lakes: patterns and
the importance of size structured interactions. Journal of
Fish Biology 38: 281-293.

Pierce, C.L., Corcoran, A.M., Gronbach, A.N., Hsia, S.,
Mullarkey, B.J. & Schwartzhoff, A.J. 2001. Influence of
diel period on electrofishing and beach seining assess-
ments of littoral fish assemblages. North American Jour-
nal of Fisheries Management 21: 918-926.

Post, J.R., Rudstam, L.G., Schael, D.M. & Luecke, C. 1992.
Pelagic planktivory by larval fishes in Lake Mendota.
In: Kitchell JF (ed.), Food web management: a case
study of Lake Mendota. New York: Springer-Verlag. pp.
303-317.

Post, J.R., Carpenter, S.R., Christensen, D., Cottingham,
K.L., Hodgson, J.R., Kitchell, J.F. & Schindler, D.E.
1997. Seasonal effects of variable recruitment of a domi-
nant piscivore on pelagic food web structure. Limnology
and Oceanography 42: 722-729.

Prchalovd, M., & Kubecka, J. 2004. Are percid fish overes-
timated by gillnet sampling? In: Barry T.P. & Malison,
J.A. (eds.), Proceedings of PERCIS III The Third Inter-
national Percid Fish Symposium. University of Wiscon-
sin, Madison, pp. 121-122.

Prejs, A. 1984. Herbivory by temperate freshwater fishes and
its consequences. Environmental Biology of Fishes 10:
281-296.

Prejs, A., Martyniak, A., Baro, S., Hliwa, P. & Koperski, P.
1994. Food web manipulation in a small eutrophic Lake
Wirbel, Poland: effect of stocking with juvenile pike on
planktivorous fish. Hydrobiologia 275/276: 65-70.

Ranta, E., Lindstrom, K. & Rask, M. 1992. Fish catch and
water quality in small lakes. Fisheries Research 13: 1-7.

Rask, M. Ruuhijdrvi, J., Olin, M., Lehtovaara, A., Vesala, S.
& Sammalkorpi, I. Responses of zooplankton and fish to
restoration in eutrophic Lake Tuusulanjérvi, in southern
Finland. Verhandlungen der Internationalen Vereinigung
fiir Limnologie 29 (in print).

Reynolds, C.S. 1994. The ecological basis for the success-
ful biomanipulation of aquatic communities. Archiv fiir
Hydrobiologie 130:1-33.

Richardson, I.D. 1956. Selection in drift nets. ICES C.M.
1956, Comparative Fishing Committee no. 57. 13 pp.
Conseil International pour I’Exploration de la Mer
(ICES. C.M.) Council meeting.

Romare, P. & Bergman, E. 1999. Juvenile fish expansion fol-
lowing biomanipulation and its effect on zooplankton.
Hydrobiologia 404: 89-97.

Rudstam, L.G., Lathrop, R.C. & Carpenter, S.R. 1993. The
rise and fall of a dominant planktivore, direct and indi-
rect effects on zooplankton. Ecology 74: 301-319.

Sammalkorpi, 1., 2000. The role of fish behaviour in bioma-
nipulation of a hypertrophic lake. Verhandlungen der
Internationalen Vereinigung fiir Limnologie 27: 1464—
1472.

Sarvala, J., Venteld, A.-M., Helminen, H., Hirvonen, A., Saa-
rikari, V., Salonen, S., Sydénoja, A. & Vuorio, K. 2000a.
Restoration of the eutrophicated Koylionjéirvi (SW Fin-
land) through fish removal: whole-lake vs. mesocosm
experiences. Boreal Environment Research 5: 39-52.

Sarvala, J., Helminen, H. & Karjalainen, J. 2000b. Restora-
tion of Finnish lakes using fish removal: changes in the
chlorophyll-phosphorus relationship indicate multiple
controlling mechanisms. Verhandlungen der Internation-
alen Vereinigung fiir Limnologie 27: 1473—1479.

SAS Institute Inc. 1999. SAS/STATO user’s guide. SAS
OnlineDoc©. Version 8. SAS Institute Inc. Cary, N.C.

Scheffer, M. 1989. Alternative stable states in eutrophic
freshwater systems. A minimal model. Hydrobiological
Bulletin 23: 73-83.

Scheffer, M. 1990. Multiplicity of stable states in freshwater
systems. Hydrobiologia 200/201: 475-486.

Scheffer, M. 1998. Ecology of Shallow Lakes. Chapman &
Hall. London: 357 pp.

Scheffer, M., Hosper, S.H., Meijer, M.-L., Moss, B. &
Jeppesen, E. 1993. Alternative equilibria in shallow
lakes. Trends in Ecology and Evolution 8: 275-279.

Schindler, D.E., Carpenter, S.R., Cottingham, K.L., He, X.,
Hodgson, J.R., Kitchell, J.F. & Soranno, P.A. 1996.
Food web structure and littoral zone coupling to pelagic
trophic cascades. In: Polis, G.A. & Winemiller, K.O.
(eds.), Food webs: integration of patterns and dynamics.
Chapman and Hall, New York. pp. 95-105

Shapiro, J. & Carlson, R.E. 1982. Comment on the role of
fishes in the regulation of phosphorus availability in
lakes. Canadian Journal of Fisheries and Aquatic Sci-
ences 39: 364.

Shapiro, J. & Wright, D.I. 1984. Lake restoration by bioma-
nipulation: Round Lake, Minnesota, the first two years.
Freshwater Biology 14: 371-383.

Shapiro, J., Lamarra, V. & Lynch, M. 1975. Biomanipula-
tion: an ecosystem approach to lake restoration. In:
Brezonik PL. & Fox J.L. (eds.), Water quality manage-



32 Mikko Olin

ment through biological control. Rep. No. ENV-07-75-1.
University of Florida, Gainesville.

Skov, C., Perrow, M.R., Berg, S. & Skovgaard, H. 2002.
Changes in the fish community and water quality during
seven years of stocking piscivorous fish in a shallow
lake. Freshwater Biology 47: 2388-2400.

Svensson, J.M., Bergman, E. & Andersson, G. 1999. Impact
of cyprinid reduction on the benthic macroinvertebrate
community and implications for increased nitrogen
retention.

Svérdson, G. 1976. Interspesific population dominance in
fish communities of Scandinavian lakes. Report of the
Institute of Freshwater Research Drottningholm 56:
144-171.

Svirdson, G. & Molin, G. 1981. The impact of eutrophica-
tion and climate on a warmwater fish community. Report
of the Institute of Freshwater Research Drottningholm
59: 142-151.

Se¢ndergaard, M., Jensen, J.P. & Jeppesen, E. 2001. Retention
and internal loading of phosphorus in shallow eutrophic
lakes. The Scientific World 1: 427-442.

Seasonal succession of phytoplankton and zooplankton
along a trophic gradient in a eutrophic lake — implica-
tions for food web management. Hydrobiologia 412:
81-94.

Tammi, J., Lappalainen, A., Mannio, J., Rask, M. & Vuoren-
maa, J. 1999. Effects of eutrophication on fish and fisher-
ies in Finnish lakes: a survey based on random sampling.
Fisheries Management and Ecology 6: 173-186.

Tammi, J., Rask, M., Vuorenmaa, J., Lappalainen, A., &
Vesala, S. 2004. Population responses of perch (Perca
Sfluviatilis) and roach (Rutilus rutilus) to recovery from
acidification in small Finnish lakes. Hydrobiologia 528:
107-122.

Tatrai, I. & Istvanovics, V. 1986. The role of fish in the
regulation of nutrient cycling in Lake Balaton, Hungary.
Freshwater Biology 16: 417-424.

Temte, J., Allen-Rentmeester, Y., Luecke, C. & Vanni, M.
1988. Effects of fish summerkill on zooplankton and
phytoplankton populations in Lake Mendota. Annual
International Symposium on Lake and Watershed Man-
agement 8: 8.

Tikkanen, T. & Willén, T. 1992. Vixtplanktonflora.
Naturvardsverket. Eskiltuna. 280 pp.

Tonn, W., Magnuson, J., Rask, M. & Toivonen, J. 1990. Inter-

continental comparison of small-lake fish assemblages:
the balance between local and regional processes. The
American Naturalist 136: 345-375.

Townsend, C.R. & Risebrow, A.J. 1982. The influence of
light level on the functional response of a zooplanktivo-
rous fish. Oecologia 53: 293-295.

Turunen, T., Sammalkorpi, I. & Suuronen, P.1997. Suitability
of motorized under-ice seining in selective mass removal
of coarse fish. Fisheries Research 31: 73-82.

Utermohl, H., 1958. Zur Vervollkommnung der quantitativen
Phytoplankton-Methodik. Mitteilungen Internationale
Vereiningung fiir Theoretische und Angewandte Lim-
nologie 9: 1-38.

Van Donk, E., Gulati, R.D., Iedema, A. & Meulemans,
J.T. 1993. Macrophyte-related shifts in the nitrogen
and phosphorus contents of the different trophic levels
in a biomanipulated shallow lake. Hydrobiologia 251:
19-26.

Vanni, M.J., Luecke, C., Kitchell, J.F.,, Allen, Y. & Temte,
J. 1990. Effects on lower trophic levels of massive fish
mortality. Nature 344: 333-335.

Venetvaara, J., Lammi, E. & Klinga, J. 2003. Tuusulanjérven
vesikasvilinjojen seuranta kesélld 2002. Biologitoimisto
Jari Venetvaara Ky: 19 pp.

Vinni, M., Horppila, J., Olin, M., Ruuhijirvi, J. & Nyberg K.
2000. The food, growth and abundance of five co-exist-
ing cyprinids in lake basins of different morphometry
and water quality. Aquatic Ecology 34: 421-431.

Vollenweider, R. A. 1976. Advances in defining critical load-
ing levels for phosphorus in lake eutrophication. Memo-
rie dell’ Istituto Italiano di Idrobiologia 33: 55-83.

Werner, E.E., & Hall, D.J. 1976. Niche shifts in sunfishes:
experimental evidence and significance. Science 191:
404-406.

Wetzel, R.G. 1983. Limnology. Saunders college publishing,
USA.

Winfield, I1.J. 1986. The influence of simulated aquatic mac-
rophytes on the zooplankton consumption rate of juve-
nile roach, Rutilus rutilus, rudd, Scardinius erythropthal-
mus and perch, Perca fluviatilis. Journal of Fish Biology
29: 37-48.

Winkler, H. & Orellana, C.P. 1992. Functional responses of
five cyprinid species to planktonic prey. Environmental
Biology of Fishes 33: 53-62.

Wright, D. H. 1983. Species-energy theory: an extension of
species-area theory. Oikos 41: 496-506.



