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CHAPTER 9

FOOD-CHAIN MANIPULATION AS A TOOL IN
MANAGEMENT OF SMALL LAKES IN THE
NETHERLANDS: THE LAKE ZWEMLUST EXAMPLE
R. D. Gulati

9.1 INTRODUCTION
In the Netherlands the control of eutrophication of inland waters is among the
major issues in environmental policy (Hosper & Jagtman 1990 ). The Netherlands

being a delta country, the problem is rather acute because of a virtually complete
dependenee of surface water supplies on transboundary rivers (Rhine, Meuse and
Scheldt). These rivers, as they enter across the national boundaries, are already
highly polluted and their nutrient loads are very high. The River Rhine alone contributes >80% to the totalloads of P and N from across the national boundaries.
In addition, intensive agricultural practices and animal husbandry are the cause of
an excessive use of fertilizers. For example, in 1990 the nitrogen application to
agricultural soil in the Netherlands, including both manure and fertilizers, ,was
about 450 kg N ha- 1 y- 1 (GLOBE-Europe 1992). This is about six times as high
as the average for Europe and perhaps the highest average rate of use for any country. Nutrient control policy and international programmes (Rhine Action
Programme, North Sea Action Programme) have led to detectable reductions in
levels of total-P intheinflow waters. However, the loading with P of the inland
waters is still high. The national Environmental Policy Plan, operative since 1989,
envisages an even more comprehensive reduction of eutrophication of surface
waters. To prevent algal blooms, reductions of total-P to <0.15 mg r 1 and N to
2. 2mg l- 1 are considered as acceptable levels. Surface pollution laws have also been
enforced and regional water authorities are now very active in taking steps to
improve water quality in the lakes by both reductions of the extemal P loadings
and active management measures.
In the Netherlands, eutrophication of the shallow lakes, which outnumber the
deep-water bodies, started in the early 1950s. The allochthonous inputs to these
lakes cause high loadings of Pand N via water, mainly, from the rivers Rhine and
Meuse. These lakes are now characterized by very high concentrations of
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cyanobacteria (blue-green algae) in the phytoplankton and poor underwater light
climate.
The in-lake restoration measures to reduce P, involving sediment dredging and
removal (Van der Does et al. 1992) and chemical inactivation of P by treating lake
water with ferric chloride (Van der Vlugt & Aldenberg 1982) produced only
short-term ameliorations. Ineffectiveness of such measures is attributable generally
to the continuing high release from the sedimentsas wellas inability of the measures to reduce extemal P toading rates to <O. 3-0.4 g C m- 2 y-•. Also, P reduction
by flushing with water poor in P (Hosper & Meijer 1986; Jagtman et al. 1992) met
with temporary successes. In a long-term extensive study of Loosdrecht lakes the
reduction in extemal P toading produced only minor changes in the biotic
factors (see paper in Van Liere & Gulati 1992 ). Both, chlorophyll and seston levels remained virtually unchanged, especially the former. Also, underwater light
elimate did not improve, nor did the phytoplankton and zooplankton exhibit
changes in the species composition or biomass (Gulati et al. 1992 ). The failure of
the measures in the Dutch takes, as in the Loosdrecht lakes (Van Liere & Janse
1992), is probably because of high P-loading rates even after the rehabilitation
measures, besides the unabated sediment release of P. Besides, P release via the
in-lake P sources, both by mineralization of organic matter in the water column
and metabolic excretion of zooplankton and fish, apparently retarded the P reduction rates (Gulati et al. 1991; Van Liere & Janse 1992). Thus, the measures
involving extemal P reductions and hydrological management have proved insuffi'
cient. This has necessitated the use of complementary restoration techniques,
viz ecological management of aquatic ecosystems (Van Donk & Gulati 1991 ), the
so-called foodweb manipulation.
In this paper I describe a case study of the Lake Zwemlust, which was restored by
foodweb manipulation alone, since nutrient loadings, being primarily via underground seepage, could not be reduced. In the six-year follow-up investigations, the
effects of planktivorous fish removal/ reduction were examined without changing
the extemal nutrient toading so that recovery was attributable to biomanipulation
measures alone.

9.2 PREVAILING BIOLOGICAL CONDITIONS: A RESUME
Most freshwater lakes in the Netherlands are shallow (1-2 m) and vary greatly in
area (<1 ha to > 1, 000 ha). In most cases they owe their origin to peat dredging
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and are, therefore, humus-rich, but alkaline and highly productive. They are
invariably interconnected waterways with significant influence of underground
seepage, including loss of water in many cases. The nutrient enrichments in these
lakes via the surface inflows is generally quite high, such that total-P and total-N
levels exceed 1 mg P 1-• and 5 mg N 1-•. Consequently, the primary productivity is
high (300-600 g C m-z y-•) so that seston mass is high too (5-20 g C m- 3) and
mostly dominated by filamentons cyanobacteria (Oscillatoria spp or Microcystis
sp.) which reach bloom conditions (200 10' fil.l-•) in summer. This leadstopoor
underwater light conditions and very low Secchi-disc depth (SD) values (0. 200. 50 cm) in summer, resulting in virtual disappearance of macrophytic vegetation.
Consequently, the pike (Esox lucius ), a piscivorous fish that uses littoral vegetation as a substrate for spawning and a refuge against predation, has disappeared,
making place for pikeperch (Stizostedion lucioperca ). The pikeperch, contrary to
the pike, cannot predate effectively on the relatively large fish (>15 cm) as bream
(Abramis brama ), with laterally compressed body. In short, the habitat deterioration and poor condition of the pike have generally caused the pikeperch and
cyprinids to increase, especially the bream. The planktivorous bream (<15 cm)
predates more selectively on microcrustaceans (small daphnids, Bosmina spp and
Chydorus sp.) and when somewhat older it switches to a predominantly
benthivorous diet (benthic crustaceans, chironomids and oligochaetes ). The
pikeperch, on the other hand, predates more efficiently on the larger-bodied
cladocerans, the Daphnia spp. Thus, in most of these shallow, eutrophic lakes the
larger Daphnia generally have become rare, or disappeared altogether. This has
resulted in the zooplankton grazing pressure to decrease markedly. Thus, the
phytoplankton increase that ensued these changes in the food-chain led to
increased limitation of nutrients or light so that the filamentons cyanobacteria
became predominant. Large-bodied grazers (Daphnia) cannot effectively feed on
these filamentons blue-greens. In short, both high predation by fish and poor food
condition caused the larger grazers to vanish, to be replaced by the relatively
smaller-sized cladocerans, (Daphnia cucullata and Bosmina spp ). Fish standing
erop in the lakes, dominated by cyprinids, particularly by bream, is quite high
(200-1, 000 kg ha-• ). The browsing activity in the l~ke bottorn for food of the
adult bream, which is predominantly benthivorous, contributes to resuspension of
sedimented material (Meijer et al. 1990 ). The wind-induced mixing is, however,
the main cause of stirring up of the bottorn sediment in shallow lakes (Gons et al.
1986) leading topoor light elimate and enhanced nutrient availability.
The prevailing limnological characteristics and failure or non-feasibility of the
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other restoration measures, generally form the basis of biomanipulation strategy.
The Lake Zwemlust, which is the most extensively and long-term studied
biomanipulated lake in the Netherlands, is used here as a casestudy.

9.3 LAK.E ZWEMLUST: A CASE STUDY
Lake Zwemlust is one of more than a dozen lakes that were biomanipulated
recently in the Netherlands. These lakes are shallow (Zm, 1-2. 5 m) but differ
greatly in area (1 to 2700 ha). Lake Zwemlust is a shallow (Zm, 1. 5 m: Zmax,
2. 5 m) water body, located in the village of Nieuwersluis (Province of Utrecht),
and serves as an outdoor swimming pool for the local community. The input of
water to the lake, rich in both P and N, is mainly via seepage from the polluted
River Vecht running nearby. The nutrient loadings of the lake via the seepage
water are ca >2g P m- 2 y- 1 and >9 g N m- 2 y- 1, including also the atmospheric
deposition in case of N (Van Donk et al. 1993 ).
Thus, the lake developed recurrent blooms of Microcystis aeruginosa in summers,
with high chlorophyll (ca 250 mg l- 1 ) and turbidity (SD ca. 0. 30 m ).
Consequently, macro-vegetation disappeared almost completely, and the structure
of the fish community was altered: the pike vanished and bream became dominant.
In 1968, an unsuccessful attempt was made to control cyanobacterial blooms, by
dredging and sediment removal, and by applying Karmex AA (80%), a herbicide
(Van Donk et al. 1989 ).

9.3.1 Lake and biomanipulation measures
The present biomanipulation measures were taken in March 1987 (Van Donk et al.
1989; Gulati 1989, 1990 ). The study involved cooperation among the lake managers, limnologist, fishery biologists and engineering bureaus and a six-year long
(1987-1992) data collection of various parameters.
Three main steps were taken to manipulate the lake. First, in the second half of
March 1987 the lake was emptied by pumping out thè water to a nearby ditch and
the fish (mainly bream) were removed by seine netting and electro-fishing.
Second, before the lake got refilled with seepage water from the River Vecht,
taking about three days, stacks of willow twigs were affixed to the lake bottorn in
the northern part, to serve as shelter and spawning ground for the pike as well as
a refuge for zooplankton. Third, 1,600 pike fingerlings (4 cm) and 140 specimen of
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adult rudd (Scardinius erythrophthalmus) were introduced to serve as a food for
the pike. Together with this, about 1 kg (wet weight) of daphnids (D. magna,
D. galeata ), which served as food for the fish in the containers during transport,
was also introduced. Lastly, seedlings of Chara globularis were introduced
and some 200 roots of Nuphar lutea were planted in the shore line area. The pike
introduetion was repeated in April 1988.

9.3.2 Main events following biomanipulation
Within a few weeks of biomanipulation, Pteromonas, a chlorophyte, exhibited an
explosive increase despite the low water temperature (10 "C ). Together with some
diatoros and flagellates this nanoplankter caused chlorophyll a to increase to
50 mg 1-'. The Secchi-disc transparency decreased to ca 0. 50 m . Later in April,
rotifers, especially Brachionus calyciflorus, Polyarthra sp. and Filinia sp., reached
densities of >4000 ind r' but declined sharply by early May. The crustacean maximum following the rotifer, decrease consisted chiefly of copepods and nauplii.
Thereafter, Bosmina sp. increased and three Daphnia spp (D. galeata, D. cucullata
and D. magna) foliowed one another in quick succession, culminating in D. pulex.
In July the zooplankton concentration decreased drastically (Fig. 9.1 ). In late
Lake Zwemlust
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Fig. 9.1 Zooplankton (< 150 pm) biomass in Lake Zwemlust from the time of its biomanipu1ation
in March 1987.
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summer, Eudiaptomus gracilis, a calanoid copepod, and the large-bodied daphnids
(D. pulex and D. magna ), though low in numbers, caused the phytoplankton to
decline through their high grazing impact (Gulati 1989 ). The grazing pressure
200
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Fig. 9.2 Chlorophyll-a and Secchi-disc depth (metres) in Lake Zwemlust. The horizontal areas of
the measurements indicate visibility up to the lake bottom.
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remained high, resulting in a decrease in the chlorophyll level to <5 mg 1- 1 and
Secchi-depth to increase to >1. 5 m (Fig. 9.2 ). The planted rudd did not spawn
until July 1987, and only 20% of the pike that was introduced survived. The fish
standing stock in the lake was about 30 kg wet weight. Chironomids, main1y,
C. plumosus. attained a maximum of 8, 000 ind m- 2•
In 1988, Ankyra, a green alga peaked in mid-March, causing the annual
chlorophyll maximum (140 mg 1- 1 ). Daphnia pulex (130 ind 1-') was the main
grazer in spring 1988. lts fecundity was very low, generally with 1 egg ind- 1 ,
with somewhat bigger clutch sizes (3 eggs ind-') for larger animals (2. 50 mm ).
The macrovegetation was well developed by mid-summer, with Elodea nuttallii
and Chara globularis as dominant forms. High densities of ostracods (1, 000 ind
1- ') and microcrustaceans, Simocephalus vetulus and to some extent Chydorus
sphaericus. were encountered in open water. Zoobenthos developed a rich diversity
(Kornijow & Gu1ati, 1992a, b) : in the 63 species recorded, Lymnaea corvus and
Planorbis planorbis were abundant. The snai1 Valvata piscinalis was very common.
Also Gammarus pulex and Stictochironomus, typica1 inhabitants of clear-water,
were encountered. The high water transparency was caused mainly by N-limitation
of phytoplankton (Van Donk et al. 1990) apparently due to competition with
rnaeropbytes which acted as N sink.
In 1989, contrary to 1987 and 1988, there was no spring b1oom (ch1orophyll,
<5 mg 1- ') (Fig. 9.2 ). Subsequently, however, Volvox aureus became common
and ch1orophyll increased to 14 mg 1-'. Among the rotifers Keratella cochlearis
(3, 000 ind 1-') was the principa1 species. Annua1 primary productivity in 1989 of
70 g C m - 2 was only 50% of that in 1988. There was a shift in Daphnia species with
the appearance of D. galeata (140 ind 1- 2 ). Macrophytes standing erop was
estimated at 2, 093 kg ha-'; they covered about 80% of the lake's surface area.
Again, Elodea nuttallii was very important (Ozimek et al. 1990 ). This vegetation
contained about 75% total-N and total-P in the lake (Tab. 9.3 in Van Donk et al.
1990 ). The diversity of macrofauna was quite high (Kornijow et al. 1990;
Kornijow & Gulati 1992 a, b ). The snail Lymnaea peregra which used Elodea as
a substrate, reached densities of up to 102 ind m - 2 • The snail acts as an intermediate host of a trematode, Trichobilharzia ocellata, which parasitizes birds. The
cercariae of this trematode caused complaints of swimmers' itch. The zooplankton
grazing rates ranged between 125 and 340% d- 1 from spring through summer.
Water transparency improved markedly (SD >2 m) so that the lake bottorn was
visible (Fig. 9.2 ): The rudd spawned thrice in 1989 forming a standing erop of
/
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106 kg ha_, (Van Donk et al. 1990 ). The 1+ and 2+ year classes of the pike were
in poor condition.
During 1990 and 1991 diatoms (Stephanodiscus) and green algae peaked in spring.
Chlorophycean maximum was dominated by Oocystis in 1990 and Eutetramorus in
1991. In 1990, a major reversal of the improvements, observed in water quality
during 1987-1989, occurred. For the flrst time since 1987 Bosmina longirostris
dominated the cladocerans. Also copepod numbers increased and the crustacean
density exceeded 1,000 ind. r' (Fig. 9.3 ). The rotifer numbers (mainly K.
cochlearis and Kellikottia longispina) were up to four times higher than during
1987-1989. Besides, the zooplankton community grazing rates remained below
50% d- 1 and the light elimate deteriorated (SD <1 m) already in early spring.
This was observed also for primary productivity in 1990, which was 3.5 times that
in 1989. Lastly, these major shifts startingin 1990 caused the rnaeropbyte standing
erop to decrease distinctly. Elodea nuttallii was replaced by Ceratophyllum
demersum (Van Donk et al., in press ). As regards flsh, the standing erop of rudd
in 1990, ca 395 kg ha-', was constituted about 50% of the o+ and 1+ flsh; the o+
pike (5. 4 kg ha_,) and the >1+ pike formed about 45 kg ha - 1• The condition of
rudd deteriorated in 1991 and its standing-erop dropped to 110 kg ha- 1•
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Fig. 9.3 Changes in the mean length (mm) of the crustacean community in lake Zwemlust.
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In 1992 phytoplankton production rates were markedly higher than in 1991,
caused mainly by Microcystis. The annual production maximum (>3 g C m - 2
d - 1) was observed in early August. Also the chlorophyll a level was high and
exceeded 50 mg r 1 in summer, was the second highest in the six years (Fig. 9.2 ).
But the production per unit chlorophyll (<50 mg C mg- 1 chlorophyll a d- 1) was the
lowest in the six years. The average seston concentrations more than doubled since
1987. This explained the concomitant, sharp decreases in Secchi-depth. The spring
peak of the zooplankton was absent; and the annual maximum occurred in early
September. Bosmina longirostris exhibited an unprecedented increase (950 ind. l- 1:
Fig. 9.1 ). D. cucullata, the smallest among the Daphnia spp encountered in the
lake, became the dominant daphnid, with their numbers always exceeding 80 ind.
l- 1 during April-October. The annual maximum was observed in early winter of
1992/ 1993 rather than in the spring especially because D. cucullata persisled in
high numbers. The grazing rates exceeded 100% d - 1 during early summer, caused
mainly by the Daphnia population. A six-fold increase in the seston mass in the
mid-summer foliowed the sharp decrease in the zooplankton grazing rates. The
bosminids were important grazers in 1991, whereas in 1992 it was the daphnids.
The average length computed from the changes in the average weight, decreased
during the six years (Fig. 9.3 ). In 1988 when D. pulex was dominant the average
weight per individual zooptankters in the community (except nauplii) was
5. 40fg C ind- 1 but in 1990 it decreased to 1. 10fg C ind- 1 with a slight increase
thereafter.
/

9.4 DISCUSSION
9.4.1 Role of zooplankton and appearance of rnaeropbytes
The biomanipulation of Lake Zwemlust was a pioneering study to restore a lake in
the Netherlands by food-web manipulation alone: neither inlake nutrient reduction
nor external nutrient reduction was employed. The purpose of the experiment was
to improve the underwater light climate, i. e., to increase the depth of Secchi-disc
visibility from ca 0. 30 m before the measures to 1. 0 m thereafter - the basic water
quality norms for outdoor swimming waters in the country. The experiment was
fairly successful, in that a prolonged clear-water phase was achieved and generally
persisted for long spelis during the six-year follow-up study. This is in contrast to
the other manipulated lakes in the country, both big and small, in which the
improvements were only transient. The success of the measures in Lake Zwemlust
can be attributed chiefly to its small size and shallowness of the lake. Because of
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the small size, the wind fetch is much lower in Lake Zwemlust than in large lakes.
This, tagether with the high water clarity and the high nutrient concentrations
promoted a luxuriant development of macrophytic vegetation which caused nutrient limitation and thus contributed to the decrease of the phytoplankton. The lake,
therefore, did not have the drawbacks associated with size scales (DeMelo et al.
1992) which make the management measures much less effective. In addition, the
isolation of Lake Zwemlust from other surface waters facilitated a complete emptying to ensure a 100% fish removal, besides preventing the problem of entry of
fish from adjacent waterbodies. This latter was a major obstacle and a factor in the
failure of the biomanipulation measures in one of the Loosdrecht lakes, the Lake
Breukeleveen (Van Donk et al. 1990 ).
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An interesting feature of the experiment in Lake Zwemlust was the high and
uninterrupted nutrient (N & P) loadings via the seepage inflows, even after its
manipulation. In other Dutch lakes food-web manipulation measures were invariably preceded by some nutrient reduction measures, despite poor success (Gulati
et al. 1990; Gulati 1990; Meijer et al. 1990; Van Donk et al. 1990 ). Moreover, in
these lakes the nutrient inputs were relatively much lower when foodweb manipulations were initiated. Some examples are: 1) Lake Breukeleveen (Van Donk et al.
1990 ), as already mentioned, in which nutrient loading was reduced beforehand;
2) Lake Klein Vogelzang, in which nutrient-rich sediment was dredged and
removed, besides P-stripping in the water column (Van der Vlugt et al. 1992); and
3) Lake Wolderwijd, which was flusbed intermittently with P-poor and algae-poor
water before and during its biomanipulation (Meijer et al. in press ). Compared
with these and other lakes, in Lake Zwemlust the increase in Secchi-disc transparency was greater, reaching the lake bottorn (2 m depth ). It was persistent virtually throughout the summer periods except in 1990. Moreover, vis-a-vis other
studies in the Netherlands (Gulati 1990; Meijer et al. 1990 ), and elsewhere
(Carpenter & Kitchell 1993 ), there was no reference waterbody for Lake
Zwemlust. However, even though the information on the lake before its manipulation period is anecdotal (Van Donk et al. 1989, 1990 ), the impravement in water
quality following the manipulation was unequivocal.
The lake's emptying and quick refilling with nutrient-rich river water via seepage
created a situation analogous to putting up a batch culture. The lake's sediment
served as an inoculum for algae and as a nutrient source. At the start, top-down
biotic factors were virtually non-existent and the nutrients were continuously in
excess supply. Therefore, temperature and light were influential in cantrolling the
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phytoplankton growth and development. Thus, in this "simplified" lake ecosystem
phytoplankters (Pteromonas) were the first to develop, foliowed by rotifers
(Brachionus spp ), which were most likely inoculated via their eggs from the lake
sediment. The rotifers benefitted from the absence of predators, and competition
for food and increased rapidly. They were the first consumers in the lake ecosystem, with nutrient - algae - rotifers forming the simplified food chain governed
by bottorn-up controL Among the cladocerans, the smaller-bodied forms, Bosmina
longirostris and Daphnia cucullata, the 'native' species (Van Donk et al. 1990 ),
developed first to be quickly superseded by the larger daphnids. The succession of
larger Daphnia spp (D. magna, D. galeata, D. pulex) inthespring and summer was
quick, but restricted to 1987. Their pronounced decreases indicated food limitation, which is confmned by dips in chlorophyll and seston concentrations, besides
the increase in Secchi-disc depth. Also, high clearance rates of the zooplankton
(Gulati 1990) indicate low food concentrations. Thus, the top-down factors steadily became more important than bottorn-up factors.
Because of very weak zooplanktivory, the large-bodied daphnids developed and
exerted strong influence on seston. But the food shortage caused the large grazers
to diminish rapidly so that the bottorn-up effects became dominant again. In short,
in this simplified ecosystem, the zooplankton served as a nexus through which the
cascading effects were very effective in decreasing primary production rates and
increasing water clarity (see, e.g., in Carpenter & K.itchel11992 ). Based on analysis of extensive data sets they found the top-down response to weaken at the
zooplankton-phytoplankton level in most cases. Virtual absence of predatory fish
was a crucial factor in the success of our experiment in 1987 when grazing rates of
large Daphnia population (Gulati 1989, 1990) caused phytoplankton to keep low.
Although the Secchi-disc depth norm was achieved, the system lacked stability.
In 1988 despite the initial similarities to 1987 with respect to high zooplankton
grazing activity and the light climate, the lake exhibited some stability due the
development of macrophytes, a new element to the system's edifice. Macrophytes
also contributed to N-limitation of phytoplankton growth in the summer (Van
Donk et al. 1990 ). This was more important in restricting phytoplankton development than mortality caused by zooplankton grazing (Gulati 1989, 1990 ).
However, in spring 1988, the grazing rate of Daphnia pulex, released of predation
pressure, reached an extremely high level (430% d- 1) and was undoubtedly the
cause of exceptionally high algal mortality. Consequently, macrophytic vegetation
and macro-algae developed luxuriantly in 1988 (Ozimek et al. 1990) and in the
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tirst-half of 1989. Phosphorus supply via seepage water being unlimited, nitrogen
decreased to below detection levels, mainly due to its withdrawal by Elodea
nuttallii (Van Donk et al., in press). Thus, the rnaeropbytes acted as N sink
thereby limiting the phytoplankton growth during most of the vegetation period.

9.4.2 Shifts in rnaeropbytes and increase in ftsh-stock
The year 1990 was marked by an array of changes resulting in a shift in the lake's
trophic status. First, fish standing stock increased to 440 kg ha-\ comprising
mainly rudd (398 kg h- 1 ), about half of which was o+ and 1+fish. Both rudd and
pike predated on the zooplankton (unpublished data), including D. pulex which
thus disappeared. Second, a simultaneous iocrcase in densities of rotifers and smallbodied cladocerans is most likely due to released pressure of competition for food
from the larger grazers. These changes in zooplankton structure were sustained in
1991, despite some fall inthestanding stock of rudd and pike. Even though the
zooplankton tended to revert to the pre-biomanipulation state, the grazing was still
relatively high, mainly attributable to Bosmina populations. But the primary
production rates and chlorophyll concentrations increased. Besides, a shift in
dominanee from Elodea to Ceratophyllum demersum pointed to trophic changes
and deterioration in water quality. There is evidence that rudd selectively
consumed Elodea, rather than Ceratophyllum (Van Donk et al., in press ). This
will help explain the shift from Elodea to Ceratophyllum. This switch in feeding
behaviour of rudd, from zooplanktivory to herbivory, is certainly a crucial factor
in relieving predation on zooplankton. Apparently, only the smaller-sized
zooplankton (bosminids) benefitted relatively the most from it. Should the
Ceratophyllum continue to dominate in the coming years, the standing erop of
Elodea will be kept low due to grazing on it by the rudd. Floating forms such as
Ceratophyllum are known to draw their nutrients from the water column (Best,
1977) rather than from the interstitial water in the lake bottom. Therefore, it
remains to be seen if its dominanee willlead to a deercase of internal P-loading via
the sediment.
/

Contrary to some other Dutch lakes, planktivore reductions did oot lead Neomysis
integer, an invertebrate predator, to manifest itself in the lake (Meijer et al., in
press ). This and other invertebrate predators (Chaoborus spp) (Eiser et al. 1987)
cao effectively predate on small-sized and juvenile cladocerans. But this does oot
help explain the well-known mid-summer declines of the zooplankton which often
occur even when the invertebrate predation is low. In such cases food limitation
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may play a more crucial role. In Lake Zwemlust, the situation is, however, alarming with regard tothestanding erop of fish, especially the rudd which has reached
400 kg ha-•, a level very similar to that reached by cyprinids in most eutrophic
lakes. In spring/ early summer the fish strongly influence the zooplankton strocture and densities.
Lastly, even though the food-web manipulation of Lake Zwemlust is often considered as a complementary restoration technique, rather than an alternative to measures involving nutrient reduction. The situation in case of Lake Zwemlust is
unique in that food-web manipulation was the only workable restoration option.
The nutrient reduction measure is not a feasible control measure since the seepage
water is the sole souree of N and P. Thus, the 'positive' results obtained in the lake
can be considered as an exception rather than a rule. Because of the
multidisciplinary and the long-term nature of the study after the lake's
biomanipulation, the study was both informative and instructive. More recently,
the delayed and secondary effects have, nevertheless, cast some doubts on the longterm stability of the clear-water 'phase' in which rnaeropbyte will continue to play
a crucial role. The zooplankton plays a more direct role in reducing phytoplankton
and triggering improved light climate. Nonetheless, the macrophytes and
planktivorous fish may be the crucial aspects in management and control of water
quality in the smalllakes like Zwemlust.
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