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Abstract Efficient zooplankton grazing is a prereq-
uisite for establishing a cascading food web control
over phytoplankton in a lake. We studied if the top-
down impact of fish could reach phytoplankton in a
lake where the grazing pressure of small-sized
zooplankton on filamentous phytoplankton is consid-
ered weak. We analysed >30 years of data on plank-
ton, fish catches, hydrochemistry, hydrology, and
meteorology from Vortsjarv, a large and shallow
eutrophic lake in Estonia with intensive commercial
fisheries. The lake’s unregulated water level has been
considered the strongest factor affecting the ecosys-
tem through modifying sediment resuspension, inter-
nal loading of nutrients, and underwater light
conditions and spawning conditions for fish. We
found a negative relationship between phytoplankton
biomass and pikeperch biomass indicating a potential
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top-down cascading effect in the food web. Top-down
control of phytoplankton by zooplankton was reflected
in a negative relationship between phyto- and zoo-
plankton biomasses. A decrease of the individual
weight of crustacean zooplankton with increasing
biomass of small fish suggested top-down control of
zooplankton by planktivorous fish. In contrast, we
could not demonstrate a direct linkage between
piscivorous fish and small fish. The top-down food
web impact of piscivores, however, was manifested at
zooplankton level in a positive correlation of pike-
perch biomass with the biomass of dominating clado-
ceran species Bosmina coregoni and the individual
weight of copepods. At high biomasses of small fish,
ciliate domination over metazooplankton increased
and thus enhanced the strength of the microbial food
web. According to our results, fishery management
measures that increase small plankti- and benthivo-
rous fish biomass have to be avoided as they have a
cascading negative effect on the ecosystem health.

Keywords Ecosystem-based fishery management -

Large shallow lake - Food web interactions - Fish -
Phytoplankton - Zooplankton - Ciliates

Introduction

In large lakes, fish yield is one of the most important
provisioning ecosystem services, whose value depends
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largely on fish community composition. Not less
important is the regulatory service that various fish
species provide through their cascading impact on
plankton composition and the occurrence of blooms,
i.e. water quality that affects other ecosystem services
as the recreational value. Commercial fishery, by
modifying both the standing stock and community
structure of fish, is an important anthropogenic stressor
controlling ecosystem status and its services. The so-
called ‘fishing down’ of predators may have cascading
top-down effects and can even shift entire ecosystems
between alternate stable states (Scheffer et al., 2001).
Also, introduction and stocking of fish have top-down
effects on the food web either directly or indirectly
through affecting native fish stocks (Post, 2012).

In the present study, we addressed the question
whether the cascading top-down impact of fish
community changes could reach phytoplankton com-
munity also in a lake where small-sized zooplankton is
assumed not to be able to exert remarkable grazing
pressure on large-sized phytoplankton (Agasild et al.,
2013). We analysed the possible effects of fish and
fisheries using long-term data on fish biomass and
catches, biomass and composition of lower trophic
levels, nutrient status, and water level of Lake
Vortsjarv, a large and shallow eutrophic lake in
Estonia. Vortsjdrv has intensive commercial fisheries
with well-documented catches. The main commercial
profit is coming from eel (Anguilla anguilla (L.)),
which has been regularly stocked in the lake since the
1950s. Banning of the small-meshed fishing gear in the
beginning of the 1970s caused a major change in the
age and size structure of fishes and contributed to the
establishment of predatory fish (pikeperch (Sander
lucioperca (L.)) and pike (Esox lucius (L.))) control
over previously dominant ruffe (Gymnocephalus cer-
nuus (L.)) and roach (Rutilus rutilus (L.)) populations
(Pihu & Miemets, 1982). Earlier, young stages of
predatory fish were caught out together with other
small fish that weakened the overall predatory pres-
sure. Vortsjirv has suffered from increasing nutrient
loads since the 1950s. The lake’s water level is
unregulated and the long-term amplitude of water
level fluctuations exceeds the mean depth of the lake.
In view of the results of our previous studies showing
hydrology as the main driving force in VOortsjérv
ecosystem and phosphorus concentration as the lead-
ing factor in low-water periods (Noges et al.,
2010a, b), our working hypothesis for this study was
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that bottom-up factors such as water level and nutrient
concentrations predominate in regulating phytoplank-
ton abundance and that the impact of fish community
is comparatively minor. If so, also the effect of
different fisheries management strategies on water
quality would be negligible.

Materials and methods
Site description

Lake Vortsjdrv, the second largest lake in the Baltic
countries, is located in a shallow pre-glacial basin in
southern Estonia, centred around 58°17'N and
26°03’E. At the mean water level of 33.63 m above
sea level, the lake area is 270 kmz, volume 750 million
m>, mean depth 2.8 m, and maximum depth 6 m. The
absolute water level range of 3.1 m exceeds the mean
depth of the lake and is the most powerful factor
affecting ecosystem functioning through modified
spawning conditions for fish, sediment resuspension,
internal loading of nutrients, and underwater light
conditions. As many European lakes, Vortsjirv has
suffered from increasing nutrient loads, mainly from
agriculture, since the 1950s, and eutrophication is
considered the strongest stressor in the ecosystem
(Noges & Noges, 2012).

Among fishes, pike, eel, bream (Abramis brama
(L.)), and pikeperch are presently the main commer-
cial fish species in Vortsjédrv. Roach, burbot (Lota lota
(L.)), and perch (Perca fluviatilis L.) are also abundant
and commercially exploited. Ruffe, bleak (Alburnus
alburnus (L.)), and lake smelt (Osmerus eperlanus m.
spirinchus Pallas) have lost their commercial impor-
tance as the use of fine-meshed trawls is prohibited in
the lake since the 1970s (Jarvalt et al., 2004).

The phytoplankton of Vortsjarv is dominated by
two shade-tolerant filamentous cyanobacteria species,
Limnothrix planctonica (Wotosz.) Meffert and L.
redekei (van Goor) Meffert, occurring in plankton all
year round. These species are accompanied by two
other filamentous cyanobacteria, Planktolyngbya lim-
netica (Lemm.) Kom.-Legn. and Aphanizomenon
skujae Kom.-Legn. & Cronb. The diatoms are dom-
inated by long cylindrical Aulacoseira species and
needle-shaped species of Synedra. Because of strong
wave action, benthic and periphytic diatoms from
genera Surirella, Gyrosigma, Nitzschia, and others
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become detached from the substrate and occur
frequently in the water column (Noges et al., 2004a).

Small-sized zooplankton of Vortsjarv is dominated
by ciliates. According to Noges & Noges (2012), the
average year-round biomass of ciliates during
1994-2009 (1.8 g m™>) was more than twice higher
than the average biomass of metazooplankton (clado-
cerans, copepods, and rotifers) in the same period
(0.8 g m™). Among ciliates, oligotrichs (the most
common genera Rimostrombidium, Limnostrombidium,
Pelagostrombidium, Halteria, and species Codonella
cratera and Tintinnidium fluviatile) were the most
numerous group (27-78%) being followed by pros-
tomatids (11-25%), haptorids (4-34%), scuticociliates
(0.3-22%), and peritrichs (Zingel & Noges, 2010).
Most numerous among metazooplankton were the
rotifers Anuraeopsis fissa (Gosse), Keratella cochlearis
(Gosse), K. quadrata frenzeli (Eckst.), K. tecta (Gosse),
Trichocerca rousseleti (Voigt), Polyarthra luminosa
Kut, in winter Polyarthra dolichoptera Idels., and
Synchaeta verrucosa Nipk. The dominant crustaceans,
in biomass, were the cladocerans Bosmina longirostris
(O. F. Miiller), Chydorus sphaericus (Miiller), and the
juvenile forms of copepod genus Mesocyclops and
Thermocyclops. Daphnia cucullata was earlier quite
numerous in zooplankton (Haberman, 1998), while
since the 2000s only single individuals have remained
(Haberman & Haldna, 2014).

Data and analyses

In this paper, we analysed the data from years
1979-2013. For fish and fishery, we used yearly
statistics on commercial fish catches and experimental
trawling data. Passive fishing gears (fish traps and gill
nets) were used in commercial fishery, and the
intensity of fishing remained at a more or less constant
level during the whole period. In experimental trawl-
ing for fish stock monitoring, fishes were caught with
the bottom otter trawl (mesh size 12 mm in the cod-
end) in the open part of lake during the ice-free period
(April-November), 15-20 hauls per year. Trawlings
lasting between 15 and 30 min at a trawling speed of
4.5 km h™' were carried out in daytime. The width of
the trawl mouth was 8 m and height 2.5 m. Weight per
unit effort (WPUE) of trawl was calculated in
kilograms per trawl-hour. In our analysis, we used
the WPUE data on main fish species and also the

species-based aggregated ‘small fish® WPUE that
included ruffe, bleak, roach, and smelt.

During the whole period, water chemistry and
phyto- and zooplankton were studied at the deepest
(6 m) point of the lake 1-4 times per month. The
deep sampling site located close (ca 300 m) to the
eastern shore was found representative of more than
90% of the lake area (Noges & Tuvikene, 2012).
Water was taken with 1.5-L Ruttner sampler at 1-m
intervals from surface to bottom and mixed in a
tank. For phytoplankton, a subsample of 250 ml was
preserved with acid Lugol’s solution and the
biomass was calculated as wet weight based on
microscopic counts as described by Noges et al.
(2010a). Total phosphorus (TP) was analysed at the
accredited laboratory of Tartu Environmental
Research Centre Ltd. according to the methods
described by Grasshoff & Kremling (1983).

Until year 2000, zooplankton samples were taken
with a quantitative Juday net (85 pm mesh size) from
bottom to surface. Since year 2001, 20 L of depth-
integrated water was filtered through a net of 48 um
mesh size. Zooplankton samples were fixed with acid
Lugol’s solution and counted under stereomicroscope
(Nikon SMZ1500) in the Bogorov chamber at up
to x 120 magnification. For biomass calculations, the
average body length of 10 individuals from each taxon
was measured. Individual rotifer weights were esti-
mated from the average length according to Ruttner-
Kolisko (1977). The length of crustaceans was con-
verted to weight according to Studenikina & Cher-
epahina (1969) for nauplii, and Baluskina and Vinberg
(1979) for other groups. As plankton nets do not retain
efficiently the smallest rotifers, the rotifer abundances
before year 2000 were corrected using the coefficients
developed by comparing net and sampler samples
(Virro, 1989).

For planktonic ciliates (studied since 1995), 250-ml
subsamples of depth-integrated water were preserved
with acid Lugol’s solution. Ciliate biomass and
community composition were determined using the
Utermohl (1958) technique. Ciliates were enumerated
and identified with an inverted microscope (Wild
Heerbrug M40, Nikon diaphot-TMD, Nikon ECLIPSE
Ti) at x 200—600 magnification. The first 20 measur-
able specimens encountered for each taxon were
measured. The biovolume of each taxon was estimated
by assuming geometric shapes. Ciliates were identi-
fied by consulting several works (e.g. Foissner &
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Berger, 1996; Foissner et al., 1999). On several
occasions, we used additional live subsamples to aid
identification. Silver impregnation techniques were
used to identify some species (Foissner et al., 1999).

Daily data on air temperature at the closest weather
station to Vortsjarv (Toravere) as well as water level
data in Vortsjarv were provided by Estonian Environ-
mental Agency and by the Estonian Meteorological
and Hydrological Institute.

For statistical analyses, we used STATISTICA
version 12, StatSoft, Inc.

To avoid the problems caused by non-normal
distribution of data, we used non-parametric Spear-
man correlation analysis for relating the biomasses of
different fish species with the indices (biomasses and
in some cases the individual weight) of lower trophic
levels in the food chain (metazooplankton, phyto-
plankton, and ciliates). For revealing the potential
impact of fishery on the lake fish community, we
analysed the impact of yearly fish catches on the
average fish biomass (WPUE) in the following year.

Results
Changes in Vortsjarv fish community and fisheries

Lake Vortsjarv has intensive commercial fisheries
with well-documented yearly catches for all commer-
cial fish species (Fig. 1). Only in conditions of
profound changes in societal and economic life and
opening of west market caused a rapid rise in prices
(mostly of pikeperch and perch) in late 1980s and early
1990s, fish catches were not correctly registered and
part of fish was sold on the black market (Jarvalt,
1998). In this period, largest inconsistencies could be
noticed between commercial catch and experimental
trawl data (Fig. 2). Catches and experimental trawl
data (WPUE) correlated significantly only for pike-
perch (r = 0.39, P = 0.02).

Before 2010, the bycatch of mostly small bream,
white bream, and roach by fyke nets was 100-250
tonnes per year. This amount of fish was used as food
for pigs and other domestic animals. Since 2010, there
is no market for this fish anymore. That has caused
extensive back-release of bycatch fish by fishermen
and the amount of this fish in experimental trawl
catches has sharply increased. This is reflected in the
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increasing total WPUE (Fig. 2D) and is mainly caused
by the increasing share of small bream (Fig. 2C).

Fishery impacts on fish community

Analysis of the relationship between yearly catches
and the average biomass (WPUE) in the following
year (Fig. 3) revealed a bell-shape relationship in case
of pikeperch (Fig. 3A). Low catches of pikeperch
(<40 tonnes/year) were likely caused by generally
small stocks (the latter being small for other reasons
rather than influenced by catch of the year before).
During 1979-2013, the catch range of 40-60 tonnes/
year was likely optimal for a wealthy pikeperch
population as high biomass could follow. At
catches >60 tonnes/year, the following-year biomass
was low and those could be considered as overcatches
for pikeperch in Vortsjirv. For pike, bream, and total
catches, the values exceeding, respectively, 50, 100,
and 500 tonnes/year decreased the fish biomass in the
following year and could presumably be considered as
overcatches for Vortsjirv (Fig. 3B-D).

Top-down effects in the food web

We found a negative relationship between phyto-
plankton biomass (Bphyto) and pikeperch biomass
(Fig. 4) indicating a potential top-down cascading
effect in the food web (Fig. 6). As supporting evidence
to this, we found that

(1) chlorophyll a and biomasses of phytoplankton
and cyanobacteria were all negatively corre-
lated with zooplankton biomass (Spearman
r=-04, P=0.02; r=-025 P =0.08,
and r=—-027, P =0.05 respectively).
Among zooplankton species, the biomass of
Bosmina coregoni was most strongly negatively
correlated with phytoplankton biomass (Spear-
man r = —0.62, P < 0.001), and a significant
negative correlation existed also between the
biomass of Chydorus sphaericus and chloro-
phyll a concentration (Spearman r = —0.37,
P < 0.04);

(2) the individual weight and biomass of cladocer-
ans was lower in years with high small fish
(ruffe + bleak + roach + smelt) biomass
(Fig. 5A); the average biomass of the whole
metazooplankton community was negatively
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Fig. 1 Composition of commercial catches in Lake Vortsjarv during 1979-2013. “Others” denote the sum of smelt, bleak, ruffe,
roach, burbot, and white bream. (See more detailed fish composition data from experimental trawlings in Supplementary Material)

correlated with small fish biomass (Fig. 5B);
the negative relationship of small fish (bleak)
WPUE and zooplankton individual weight was
most clearly expressed for Daphnia cucullata
and C. sphaericus (Fig. 5C);

(3) at high biomasses (WPUE) of small fish, ciliate
domination over metazooplankton increased
(Fig. 5B) demonstrating increasing predation
pressure on metazooplankton and consequent
enhancement of the microbial food web.
Biomass of ciliates was rather strongly nega-
tively correlated with biomass of rotifers
(Fig. 5D);

(4) although we could not find significant correla-
tions between piscivorous fish (pikeperch and
pike) and small fish in our database, the top-
down food web impact of piscivores was,
however, manifested at zooplankton level in a
positive correlation of pikeperch biomass with
the biomass of dominating cladoceran species
B. coregoni (Spearman r = 0.59, P < 0.001)
and with the individual weight of copepods
(Spearman r = 0.32, P < 0.06).

Multiple stepwise regression explained nearly 40%
of the variability of the May—October mean phyto-
plankton biomass by changes in annual average
pikeperch WPUE and May-October mean TP as

significant determinants, and average May—-Oct air
temperature and annual mean water level as non-
significant determinants (Table 1).

Discussion

The cascading food-chain effect of fish community is a
well-known phenomenon and forms the basis of the
biomanipulation method for recovering aquatic
ecosystems (Shapiro et al.,, 1975; Jeppesen et al.,
2012). A prerequisite for the cascading, however, is
efficient predation and grazing occurring along the
food web—zooplankton has to be able to graze down
phytoplankton. In Vortsjiarv where large filamentous
cyanobacteria dominate in phytoplankton and ciliates,
small-sized crustaceans and rotifers prevail in zoo-
plankton, it is presumed that the grazing is inefficient.
Due to inefficiency of grazing food chains, the total
production of herbivorous metazooplankton and ben-
thic macroinvertebrates in Vortsjirv is 40 times lower
than phytoplankton primary production. The extre-
mely high production of bacteria, being equal to 70%
of primary production, reflects the importance of
microbial food chains (Noges et al., 2004b). Vortsjérv
has a very abundant protist community (Zingel, 1999;
Zingel & Noges, 2010), and it is evident that the
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Fig. 2 Commercial catch data vs experimental trawling weight catch per unit effort (WPUE) of main commercial fish species in Lake
Vortsjarv during 1979-2013. A pikeperch, B pike, C bream, and D total catch

majority of the organic matter produced by phyto-
plankton is not consumed by herbivores. Most of algal
material assumingly turns into detritus and is con-
sumed via microbial loop and benthic food chain. The
efficiency of predatory links in the food web of
Vortsjarv seems much higher than that of grazing
links. The efficiency of grazing was estimated to be
about 2.5% of the total production of phytoplankton,
as the production of herbivorous zooplankton and
benthic macroinvertebrates was 40 times lower than
the primary production of phytoplankton. The pro-
duction of predatory zooplankton constituted more
than 10% of the herbivorous zooplankton, the pro-
duction of non-predatory fish made up 12% of the
production of its food items (zooplankton, benthic
invertebrates), and the production of predatory fish
formed 13% of the production of non-predatory fish
(Noges et al.,, 2004b). Based on the high feeding
pressure by small fish on zooplankton, its grazing
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efficiency was low and we assumed that the cascading
impact of top predatory fish in regulating phytoplank-
ton abundance was minor. In such conditions, the
bottom-up factors, such as water level and nutrients,
should be the leading factors that control
phytoplankton.

However, this study demonstrated that a predator
(pikeperch) could exert control over phytoplankton
biomass in Vortsjdrv. Our analysis revealed a signif-
icant negative correlation between phytoplankton
biomass and pikeperch WPUE (Fig. 4), most likely
caused by a cascading top-down effect in the food
web. Supporting this, we found also negative corre-
lations between phytoplankton and zooplankton
biomasses and a shift in zooplankton size structure at
different pikeperch biomasses—smaller rotifers and
larger copepods when pikeperch was abundant. Also
the individual weight of crustacean zooplankton was
lower in the years of high abundance of small fish;
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high small fish biomasses also stimulated ciliate
domination over metazooplankton and thus
enhanced the domination of the microbial food
web. Our former mesocosm studies in Vortsjirv
(Agasild et al., 2013; Zingel et al., 2016) have
shown that removal of metazooplankton caused an
increase in large predacious ciliates such as
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haptorians from genera Dileptus and Paradileptus.
Metazooplankters, especially cyclopoids,
ingly control the biomass of these large haptorian
ciliates through direct grazing. A similar effect
could appear in the lake when high planktivorous
fish pressure on large-sized metazooplankton leads
to an increase of large predacious ciliates. As a
result, the biomass of ciliates could increase and
thus advance also the ciliate domination over

assum-

metazooplankton at higher planktivorous fish
WPUE. Large-sized haptorians, which become
more numerous at higher fish biomasses in

Vortsjarv, can additionally reduce the abundance
of small-sized metazoans, such as rotifers (Vd’acny
& Foissner, 2012). This could have caused the
inverse relationship between ciliates and rotifers
found in our study (Fig. SD), demonstrating an
additional pathway explaining ciliate domination
over metazooplankton at higher fish biomasses.
Still, the question remains how the cascading effect
of the fish could reach phytoplankton if our assumption
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sphaericus vs WPUE of bleak (C); and the relationship of the
biomasses of rotifers and ciliates (D) in Lake Vortsjdrv during
1979-2013. Vegetation period (May—October) averages are
used for zooplankton and annual average WPUE for fish

(TP, mg/m3) and air temperature (AT, °C) in May—Oct, and
annual mean water level (WL, m above sea level): r—
correlation coefficient, b—regression coefficient, P—signifi-
cance level, R’>—determination coefficient

Dependent variable LogBphyto, R? = 0.453, adjusted R*> = 0.369, P < 0.0027, n = 31

r b P
Intercept —44.507 0.049
LogWPUEpikeperch —0.479 —0.292 0.008
LogTP 0.455 0.754 0.012
LogWL 0.360 12.072 0.058
LogAT 0.182 1.180 0.249

on the inability of small zooplankton to graze on
filamentous cyanobacteria holds? A number of studies,
however, have disputed this assumption including a
case described in Vartsjarv (Noges & Ndoges, 1999)
where late fish spawning in 1996 delayed the onset of
predation pressure of fish larvae on zooplankton
enabling the latter to reach exceptionally high biomass
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and suppress the growth of commonly dominating
filamentous Limnothrix species. Also Schaffner et al.
(1994) demonstrated that early onset of zooplankton
growth could suppress N-fixer dominance in the
phytoplankton community. Recent grazing experiments
in Sweden showed that cyclopoid copepods and small
cladocerans suppressed the growth of Anabaena,
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Fig. 6 Evidence for top-down cascading effects in the food
web of Lake Vortsjiarv. Negative relationship was found
between phytoplankton and pikeperch biomasses (/). Chloro-
phyll a and biomasses of phytoplankton and cyanobacteria were
negatively correlated with zooplankton biomass (2). Among
zooplankton species, the biomasses of Bosmina coregoni (3) and
Chydorus sphaericus (4) were negatively correlated with
phytoplankton biomass/chlorophyll a concentration. The indi-
vidual weights of metazooplankton and cladocerans, most

Microcystis, and Planktothrix species under bloom
conditions in late summer (Urrutia-Cordero et al.,
2015). Grazing of crustaceans on filamentous
cyanobacteria in VOrtsjdrv was confirmed by a recent
study on phytoplankton pigments in zooplankton guts
(Ténno et al., 2016) showing that about half of the
phytoplankton diet of D. cucullata and Bosmina spp.
originated from cyanobacteria and also the filamentous
forms were ingested. This corresponds well with the
negative correlation between some cladocerans’ (D.

Negative

@ Positive
&

correlations

clearly that of Daphnia cucullata and Ch. sphaericus, were all
negatively correlated with small fish (ruffe 4+ bleak + -
roach + smelt) biomass (5). At high biomasses (WPUE) of
small fish, ciliate domination over metazooplankton increased
(6). The relationship between piscivorous fish and small fish (7)
has been proved earlier by Pihu & Miemets (1982). The top-
down food web impact of piscivores was reflected in positive
correlations of pikeperch biomass with B. coregoni biomass and
the mean individual weight of copepods (8)

cucullata, B. coregoni, and C. sphaericus) and phyto-
plankton biomasses found in this study.

Although we could not demonstrate the link
between predatory and non-predatory or small fish
based on our data, the existence of this link in
Vaortsjiarv was proved in practice in the 1970s when
after banning of the small-meshed fishing gear,
predatory fish efficiently suppressed previously dom-
inant ruffe and roach populations (Pihu & Méemets,
1982).
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Based on our previous knowledge, we assumed that
the impact of different fisheries management strate-
gies in Vortsjarv would not cascade down to the
plankton level and that the effect on water quality
would be negligible due to the poorly performing
grazing food chain. Our present study showed, how-
ever, that predatory fish (pikeperch) could have a
cascading impact down the food web in this lake that
has to be considered in fisheries management. As we
showed, the recently introduced legal requirement to
sort out small fish and report it in fishery statistics has
caused extensive back-release of small fish by fisher-
men and was one of the likely reasons why the amount
of small fish, including small bream, has sharply
increased in the lake. The fishery management mea-
sures that could increase small plankti- and benthiv-
orous fish biomass have to be avoided as having a
cascading negative effect on the ecosystem health of
Lake Vortsjdrv. An increase in the planktivorous fish
(roach, bleak, smelt) abundance enhances feeding
pressure on zooplankton and therefore favours phyto-
plankton development and blooms (Laugaste et al.,
2007). An increase in the abundance of benthivorous
fish such as bream and ruffe brings about more
intensive bottom sediment bioturbation and nutrient
release that decreases water transparency and intensi-
fies phytoplankton production (Tarvainen et al., 2005).

Conclusions

Contrary to our expectations, our analysis revealed that
the biomass (WPUE) of pikeperch could be an
important factor contributing to the control over
phytoplankton biomass in a shallow lake dominated
by filamentous cyanobacteria. Our study showed that
fish impacts down the food chain were often non-
stationary depending on the abundance of fish size
groups and catch intensities. In a eutrophic lake, the
food web becomes so complex and seasonally changing
that the trophic levels and their interactions can be
delineated by holistic approaches taking into account
rather the signs of a number of medium strength
correlations (as judged by the r values) than any single
direct relationship which become blurred by the
numerous interfering factors in the system. All rela-
tionships between food-chain components revealed in
our study contributed to a general picture (Fig. 6)
showing the importance of top-down control of

@ Springer

predatory fish in the system. New insights into the
potential role of cyanobacteria in the grazing food chain
and into fisheries’ impact on lower trophic levels gained
in this study showed that fishery management measures
that could increase small plankti- and benthivorous fish
biomass have to be avoided.
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