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Abstract

We examined the impact of five silver carp biomass levels (0, 8, 16, 20, and 32)@mplankton communities and
water quality of Villerest eutrophic reservoir (France). We realized the experiments using outdoor mesocosms. The
presence of silver carp led to changes in zooplankton and phytoplankton assemblages. High fish biomass strongly
reduced cladoceran abundance (through predation). Silver carp inefficiently grazed down paigjes). More
importantly, however, the suppression of herbivorous cladocerans resulted in the increase of small size algae which
were relieved from grazing and benefit from high nutrient concentrations.

In contrast, in mesocosms without fish, the dominance of cladocerans (rBeiphnig controlled small size
algae and probably also larger size algae (colonial chlorophytes, cyanobacteria). Thus, the Secchi disc trans-
parency increased markedly. Through cascade effects, the modification of grazers communities led to changes
in the utilization patterns of the added nutrients by phytoplankton communities. In high fish biomass treatments,
nutrients were more efficiently accumulated into particulate fractions compared with no-fish and low-fish biomass
treatments that were characterized by higher dissolved nutrients concentrations. Zooplankton was an essential
source of food for silver carp. The productivity of zooplankton sustained a moderate silver carp biomass (up to
16 g nT3). In the presence of the highest fish biomass, the productivity of zooplankton was not large enough and
silver carps fed on additional phytoplankton. Although mesocosms with high fish biomass were characterized by
a slight cyanobacteria development compared with other fish mesocosms, silver carp was not effective in reducing
cyanobacteria dominance.

Introduction and consequently in lowered densities of algae due to
zooplankton grazing. However, the ability of natural
As confirmed by recent studies (Christoffersen et al., populations of zooplankton to control cyanobacterial
1993; Vanni & Layne, 1997; Starling et al., in press), blooms is still under discussion (see De Bernardi &
the cascading effects of fish on lower trophic levels Giussani, 1990). In the presence of a cyanobacterial
continues to be a strong research focus in freshwa- bloom, the control of phytoplankton by zooplankton
ter pelagic ecosystems. Of particular interest is the may not be effective (Bays & Crisman, 1983; Nilssen,
possible control of excessive phytoplankton through 1984).
top down forces (Benndorf et al., 1984; Shapiro & An alternative food web manipulation based on
Wright, 1984; Carpenter et al., 1985; Miura,1990, the direct control of undesirable net-phytoplankton
Van Donk et al., 1990) i.e. biomanipulation (reviews by filter feeding phytoplanktivorous fish was inves-
in Benndorf, 1990 and Gophen, 1990). The classical tigated (Drenner et al., 1986; Starling, 1993). Sev-
view of top down control is the reduction of plank- eral researchers have investigated the influence of
tivorous fishes (through increased predation), which pump filter feeding fishes, particularly silver cakbyt
results in higher densities of herbivorous zooplankters pophthalmichthys molitrijx on plankton community
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structure and its potential use as a biomanipulation submerged pump. They were regularly mixed with an

technique to reduce algal biomass (Kajak et al., 1977;

Opuszynski, 1979; Burke et al., 1986; Drenner &
Hambright, 1987; Leventer & Teltsch, 1990; Starling
& Rocha, 1990; Laws & Weisburd, 1990; Voros et al.,
1997). However, the use of silver carp to control wa-
ter quality in lakes and reservoirs is still controversial
(Opuszynski, 1979, 1981; Smith, 1985, 1989; Burke
et al., 1986; Milstein et al., 1988; Starling, 1993). The
variety of biotic under which experiments were con-

airlift mixer system to prevent stratification and to en-
sure a well-mixed environment (Drenner et al., 1986).
The mesocoms were covered with a 0.5 cm mesh net
to prevent fish from jumping out.

Silver carp that were obtained from a fish farm
(Les Clouzioux, Brinon (18), France) were acclima-
tized to reservoir plankton and water conditions in
mesocosms during two weeks prior to the experiment.
Mean @& SD) individual mass and length of silver

ducted, such as phytoplankton communities size and carp were 25 + 6.3 g and 119 + 1.2 cm, respec-

structure (Laws & Weisburd, 1990), efficiency of zoo-

tively. On 23 July, fish were netted from the holding

plankton grazing pressure on dominant algae (Arcifa mesocosms, and stocked into the experimental meso-

et al., 1986), fish stocking rate and fish biomass (Laz-

cosms. Five levels of silver carp biomass (0, 8, 16,

zaro, 1992; Starling, 1993) explain these controversial 20, 32 g nT3 represented by the introduction of 0,

results.

2, 4, 5, 7 silver carp per mesocosm, respectively)

The purpose of our studies, therefore, was to were tested. We used low (8 g 180 kg hal),

evaluate the impact of silver carp on quality of eu-
trophic Villerest reservoir (France) characterized by
summer cyanobacteria bloomMli¢rocystis aerugi-

nosa. We conducted several experimental designs;

medium (16, 20 g m3; 350, 450 kg hal) and high

(32 g nT3; 700 kg ha?) fish biomass. Each treat-
ment had three replicates that were randomly assigned
among mesocosms.

here, we present the results of one of these mesocosm  Starting on day 0, 24@gN =1 as NHCI and

experiments in which we examine the impact of five

NaNO; and 30ugP 1 as KH,POy were added to

silver carp biomass levels on plankton communities each mesocosm three times a week to maintain high

and water quality.

Study area

The Villerest reservoir (Loire River, France) covers
700 ha and has a volume of about 1810° m3

(maximum depth 45 m, mean depth 18 m) (Desmolles,

nutrient concentrations similar to those measured in
reservoir. Beginning on 23 July (day 0), mesocosms
were sampled at weekly intervals for 5 weeks (days
0, 7, 13, 20, 27). Zooplankton was sampled with
vertical tows of a 60um mesh plankton net and
preserved in 5% sucrose formalin (Haney & Hall,
1973; Prepas, 1978) and counted under a binocu-
lar microscope (Wild M3Z) in a Dolfuss chamber.

1997). Since its construction (1983), the reservoir has Phytoplankton samples were preserved with 1% Lu-
been characterized by an accelerated eutrophicationgol’s iodine and counted with an inverted microscope
caused by human influences (urban sewage, publicafter sedimentation for 24 h (Utermdhl, 1958). In

utilities, farmland). Aleya et al. (1994) showed that
the reservoir receives high nutrient loading, chiefly of

addition, each phytoplankton sample was subsam-
pled for additionaMicrocystiscountings. Cyanobac-

phosphorus and nitrogen, which are responsible for teria colonies were sonicated for 30 s (40 kHz) in
the strong eutrophication and the frequently observed Bioblock Vibra Cell 72434 disintegrator (Bioblock

blooms ofMicrocystis aeruginosa

Materials and methods

scientific, lllkirch, France) based on counting method
of Humphries and Widjaja’s (1979) and then directly

counted with haemocytometer. Chlorophyll-a samples
were collected on Whatman GF/C filters, and chloro-
phyll was extracted in 90% acetone for at least 6 h.

We conducted the experiment in white fiberglass The absorbance was measured at 665 nm and 750 nm
mesocosms located on shore of the Villerest reser- before and after acidification (Lorenzen, 1967). One
voir. The 28 mesocosms were 1.80 m in diameter litre of water was sampled for chemical analysis of
and 2.20 m high, and contained 5500 | water per orthophophate (P£-P), total dissolved phosphorus
mesocosm. They were arranged in three rows and (TDP), total particulate phosphorus (TPP), nitrates
were sampled from a walkway between them. The (NO3—N), ammonia (NH-N), total dissolved nitrogen
mesocosms were filled with reservoir water using a (TDN) and total particulate nitrogen (TPN) (APHA,
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1992). The water temperature, pH, dissolved oxy- all mesocosms. The decrease in zooplankton density
gen and transparency (Secchi disc depth) were alsowas clearly a function of fish biomasg (= 0.000;
measured on each date. Figure 1).

On final date (August 19) fish were netted. After Total rotifer densities decreased markedly with
draining the mesocosms, periphyton was sampled bytime (Figure 1), especially during the first week of
removing one 5< 5 cm area of periphyton (at 20 cm  experiment in all mesocosms. Treatment levels did
depth) with a blade and filtered using a Millipore not significantly differ p = 0.124). Total copepods
Hawp Membrane filters (0.4nm pore size). Peri-  densities also decreased with time and a significant
phytic chlorophylla was extracted using the method impact of silver carp biomass was noted for total
as for phytoplankton. copepods g = 0.000) and nauplii § = 0.000) (Fig-

Main effects of fish biomass were analyzed with ure 1). Copepods (mainly nauplii) initially accounted
a repeated measures ANOVA (5 fish biomass, and for more than 75% of total zooplankton. but decreased
four sampling dates, days 7, 13, 20, 27). ANOVA on with time in all mesocosms except in 32 g ffish
day 0 was tested to check that the initial values were biomass treatment in which they represented near 80%
similar in all enclosures. We chose a probability level of total zooplankton on final day. Cladoceran densi-
a < 0.10to reduce the chance of making the type error ties also decreased with time and a clear impact of
of failing to reject a false null hypothesis. Moreover, fish biomass was observeg (= 0.000; Figure 1).
we applied Pearson correlation on biotic and abiotic CeriodaphnisandBosminadensities showed the same
parameters (days 7, 13, 20, 27). pattern of change, decreasing in all mesocosms during

the experimentindicating a significant impact of silver

carp biomassy = 0.011 andp = 0.000, respectively;
Results Figure 1). Impact of fish biomass dpaphnia and

Chydorusdensities was also significanp (= 0.000
On day 0 (pretreatment) there were no significant dif- and p = 0.002, respective|y), but the responses of

ferences between mesocosms, excepCleriodaph-  these two populations differed both at low or high-fish
nia and copepod number and N/P ratio (respectively, hijomass. In low silver carp biomass treatment or in
p =0.048;p = 0.031; p = 0.040). no fish treatmenbaphniadensities tended to increase

] but in other mesocosms they were clearly reduced
Fish (Figure 1).Chydorusdensity responded similarly, in-

creasing in low fish biomass and no fish treatments.
On day 0,Daphniadensity represented less than 4%
of total zooplankton. During the experiment changes
in zooplankton structure were important: on the fi-
nal day, Daphnia represented from 22 to 72% of
total zooplankton in low fish biomass treatments (0O,
8, 16 g nT3) whereas in the highest fish biomass
treatments (32 g m?) it represented about 1%.
Thus, the highest silver carp biomass (32 g%m

treatment) had a pronounced, negative impact on
Daphniabut a less marked impact on copepods. In

Zooplankton was mainly represented by cladocer- no-fish mesocosmsDaphnia appeared to be more

Individual mass of silver carp slightly increased during
the experiment in all the mesocosms, whereas length
of fish was unchanged. The lowest individual gain
in weight was observed in 32 g T treatment, with
mean ¢ SD) individual gain of only 0.2 0.1 g per
fish for 27 days of experiment. In the other meso-
cosms, gain in weight was up to 6 times higher than
in 32 g nT3 treatment.

Zooplankton

ans, Daphnig Ceriodaphnia Bosminaand Chy- competitive and the general decrease of copepods and
dorus copepodsCyclops Eudiaptomusand rotifers, rotifers led to an increase iDaphnia densities. In
Keratella, Polyarthra and Asplanchna The daph- no fish mesocosms, cladocerans largely dominated
nids . longisping varied in length from 0.8 to ~ zooplankton on day 27, representing 70.9% of to-
1.5 mm and were considered large whehmm (Mc- tal zooplankton against 21.9% on day O in the same

Queen & Post, 1988). Microzooplankton, less efficient treatment levels.
consumers of algae, were representedBmsmina

longirostris (0.2—-0.6 mm) andChydorus sphaericus

(0.2—0.5 mm) andCeriodaphnia quadrangulg0.4—

0.8 mm). Zooplankton largely decreased with time in
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Figure 1. Mean responses of zooplankton (indt) on four sampling dates (days 7, 13, 20, 27) after fish introduction. Probability values from
repeated-measures ANOVA of fish biomass main effects are indicated on eachgrapéfish conditions (mean value on day 0).
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Figure 2. Mean responses of chlorophgl{mg m—3), transparency (Secchi depth m), phytoplankton (Ce\D lon four sampling dates (days

7, 13, 20, 27) after fish introduction. Probability values from repeated-measures ANOVA of fish biomass main effects are indicated on each
graph.«: pre-fish conditions (mean value on day 0).
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Phytoplankton slightly decreased in all mesocosms. Although the
highest densities of unicellular chlorophytes were ob-

Chlorophyll-aconcentration was significantly affected  served in high fish biomass treatments, effect of fish

differently by fish biomassy = 0.002; Figure 2):  pjomass was not significanp (= 0.116). These al-

a decrease in chlorophyll-a concentrations in 0 and gae were negatively correlated witaphniadensities
8 g m2 fish biomass mesocosms, but an increase in (r = —0.327,0 = 0.05).

higher fish biomass treatments (16, 20 and 32 ¢m

Chlorophylla concentrations were negatively corre-  periphyton

lated with total zooplankton, cladocerans, dbaph-

nia densitiesf = —0.450,r = —0.508,r = —0.575, Mean periphytic chlorophyl& concentration at the

respectivelyp = 0.05) but positively correlated with  end of experiment was.86 + 1.84 g cm™?; treat-

Cryptomonagsiensitiesf = +0.311;« = 0.05). ments levels did not differ significantly(= 0.101).
Total phytoplankton densities increased with time

in all treatment levels, exhibiting a significant im-  Abiotic parameters

pact of fish biomassy = 0.054). The chlorophyla

increase was highest in 8 and 16 g fnfish bio- Mean temperature during the experiment .28

mass mesocosms, nhone in no fish mesocosms andl-3°C) did not differ between treatment levels &

only slight in high fish biomass treatments. On day 0.255). Transparency was clearly an indirect function

0, cyanobacteria density, mainly representediy ~ ©f fish biomass g = 0.000; Figure 3) , Secchi-

Crocystis aeruginosaccounted on average for 79.1% disc transparency increased with time in no fish- and

+ 5.7 of total phytoplankton density in all enclo- low-fish biomass mesocosms but reverse was true

sures. On the final date, cyanobacteria densities hadin medium and high-fish biomass mesocosms. On

increased in all treatment levels, exhibiting a signifi- day 27, transparency minima (Secchi deptB.45 m)

cant impact of fish biomasg (= 0.054). The largest ~ Were noted in 16, 20 and 32 gtfish biomass meso-

increase was observed in mesocosms containing 8,c0smMs, but maxima (Secchi depth 0.90 m) in 0

16 g 73 fish biomass (Figure 2) but lowest increase and 8 g nT2 fish biomass mesocosms. Transparency

in the 32 g nT3 treatments. On day 27, cyanobacte- Was positively correlated with total zooplankton, to-

ria comprised 85.4% of total phytoplankton density in tal cladocerans, anBaphniadensities { = +0.562,

32 g n7 3 fish-biomass mesocosms an@5.5% inall ~ r = +0.810,r = +0.733, respectivelyy = 0.05)
other treatment levels. Silver carp biomass had significant impact on

On day 0, pyrrophytes and Chrysophytes repre- TPN concentrations which increased with fish biomass
sented less than 1% of total phytoplankton density. (p = 0.092), whereas in no fish mesocosms TPN
Chrysophytes were mainly represented by diatoms. tended to decrease (Figure 3). We also observed a sig-
Chrysophyte density was increased in all mesocosms hificant impact of fish biomass on TPp & 0.023;
(Figure 2) and no significant difference was noted be- Figure 3). Concentrations of TPP decreased during
tween treatment levelg (= 0.735). Also pyrrophyte  the experiment in 0 and 8 g ™ treatments but in
densities (mainlyCryptomona}increased with time higher fish biomass mesocosms TPP concentrations
in all mesocosms. This increase was clearly a func- Were maintained. TPN and TPP were positively corre-
tion of silver carp biomassp( = 0.014; Figure 2). lated with small size alga@ryptomonagr = +0.400
Moreover, Cryptomonasiensity was negatively cor- andr = +0.272, respectivelyy = 0.05), but neg-
related with total zooplankton ardaphniadensities  atively with total zooplankton(= —0.572 andr =
(r = —0.327 andr = —0.320, respectivelyp = —0.225, respectivelyy = 0.05).

0.05). Chlorophytes densities were reduced by the fi- ~ The dissolved nutrient concentrations (TDP,42O
nal day in O in low-fish biomass mesocosms, but not P, TDN, NG-N, NH4-N) increased with time (Fig-

in other mesocosms. Impact of fish biomass on total ure 3); a significant impact of silver carp biomass was
chlorophytes was not significanp (= 0.101), but ~ hoted for these parameters (TDN:= 0.002, PQ:

was significant for colonial chlorophytes & 0.084). p = 0.000, NG;: p = 0.000, NHy: p = 0.002), ex-
The increase in colonial chlorophytes was particularly C€pt for TDP. The increase of these concentrations was
clear for low and medium silver carp biomass, but Significantly higher in no fish mesocosms and low-
slight in other treatment levels (0, 20, 32 g ) fish biomass treatments. TDN, NOand NI—[{ con-
(Figure 2). Unicellular chlorophytes, mainky20 pm, centrations were positively correlated witaphnia
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Figure 3. Mean responses of total particulate phosphorus, total dissolved phosphorus, orthophosphated)(rtm®! Iparticulate nitrogen,

total dissolved nitrogen, nitrates, ammonia (mgﬂl)bnd total nitrogen /total phosphorus (mass ratio) on four sampling dates (days 7, 13, 20,
27) after fish introduction. Probability values from repeated-measures ANOVA of fish biomass main effects are indicated on eaqah graph.
pre-fish conditions (mean value on day 0).
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densities{ = +0.552,r = +0.581,r = +0.334; re- demonstrated that silver carp efficiently consume large
spectively;a = 0.05) and transparency & +0.571, nanoplankton, net phytoplankton and zooplankton, but
r = 4+0.658,r = 40.653, respectivelyyy = 0.05). not algae< 10um (Cremer & Smitherman, 1980;
In contrast, TDN and nitrates were negatively corre- Burke et al., 1986; Smith, 1989; Domaizon, 1999).
lated with Cryptomonagr = —0.490,r = —0.411, Moreover, several authors report the importance of de-
respectively;a = 0.05). On day O, the initial mean tritus in silver carp diet (Spataru, 1977; Opuszynski,
TN/TP (mass ratio) for all treatments was 16.67, but 1979, 1981). Silver carp should be considered omni-
decreased during the experimentand all values on final vores (Bitterlich & Gnaiger, 1984) with a predation
day were< 9.1. No significant difference were found efficiency highly a function of the filtering apparatus.
between treatment levelp (= 0.162) (Figure 3). The silver carp fine mesh gill raker (8n, Cremer &

Smitherman, 1980; 12 to 26m, Hampl et al., 1983;

30 to 40um, Spataru & Gophen, 1985) allows to re-
Discussion tain all rotifers, copepods and cladocerans present in

Villerest reservoir. So, the possible selectivity of sil-
Although we observed a general decrease in total zoo- ver carp on zooplankton is governed by prey escape
plankton density in all treatment levels, our results ability. Drenner et al. (1987) and Drenner & McCo-
clearly highlighted the negative impact of the high sil- mas (1980) estimating the direct escape response of
ver carp biomasses (20, 32 g A) on zooplankton  different zooplankter species, concluded that clado-
abundance. The experimental conditions probably ac- cerans are more vulnerable than copepods to capture
centuated the decrease in zooplankton density becausenechanisms of filter feeding planktivores. Our results
of the confinement of zooplankton and of predators are consistent with these observations, since cladocer-
and prey (in fish treatments) in a relatively small water ans and particularlypaphnia densities were largely
volume. However, the decrease observed in copepodaffected by the presence of high fish biomass whereas
and cladoceran numbers was clearly a function of in these mesocosms copepods were dominant. How-
fish biomass. These observations are consistent withever, copepods which were primarily represented by
several earlier work using silver carp (e.g., Milstein nauplii were also significantly affected by fish bio-
et al., 1988; Barthelmes, 1989; Burke et al., 1986) mass. We suggest that silver carp predation is highly
and gizzard shad (Lazzaro, 1992), which demonstrate efficient on nauplii because of their low escape ability.
that zooplankton suppression was a direct function This hypothesis is consistent with the observations of
of filter-feeding fish biomass. Although a general de- Starling & Rocha (1990) who reported high feeding
crease in copepod numbers was noted through time,rates onlhermocyclopsauplius which were strongly
copepods were the predominant zooplankters in the suppressed by silver carp during a limnocorral ex-
highest fish biomass treatments. In contrast, large periment. In contrast, adult cyclopoid copepods can
cladocerans dominated in the no fish or low fish avoid capture by filter feeding silver carp (Kajak et al.,
biomass mesocosms. 1977; Domaizon 1999). Our general observations on

Cladocerans densities highly varied in the different the effect of silver carp on zooplankton corroborate

treatment levels, especially in the abundance of large the literature observations (Burke et al., 1986; Laws &
Daphnig which were clearly affected by fish preda- Weisburd, 1990; Miura, 1990; Lazzaro, 1992; Lieber-
tion pressure. At high fish treatment these daphnids man, 1996), which report that planktivorous silver
became rare, and other cladocerans densiGesig- carp can have a profound effect on the composition
daphnia, Bosmina, Chydorusere markedly reduced  and structure of the zooplankton as a function of fish
as well. In contrast, in no fish mesocosmsand 8gm  biomass.
treatments Daphniafree from silver carp predation The differences in zooplankton species and size
increased and largely dominated total zooplankton on composition (especially in cladocerans) between high
the final date. Literature on feeding of the planktivo- and low silver carp biomass treatments explain the
rous carps is extensive but contradictory due to a vari- changes in phytoplankton and transparency. The gen
ety of physical and biological conditions under which eral pattern was an increase in total phytoplank-
investigations were conducted. However, it is possi- ton, particularly at low fish biomass treatments (8,
ble to see some general patterns in silver carp feeding16 g n3). However, the phytoplankton communities
habits. Silver carp is an obligate, filter-feeding plank- developed differently as a function of fish biomass.
tivore (Itawa, 1977). Laboratory feeding experiments The dramatic reduction of zooplankton by silver carp
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nia, results in a decrease in zooplankton grazing on

201

1981; Gliwicz, 1977, 1990; Briand & McCauley,
1978), a large number of experiments (DeBernardi &

nanoplankton causing an increase in the production Giussani, 1978; DeBernardi et al., 1982; Thomson

of small algae. Similar observations have already
been reported (Opuszynski, 1979; Milstein et al.,
1988; Laws & Weisburd, 1990). During our exper-
iments, small algae<{ 20 um) were mainly repre-
sented by unicellular flagellategsryptomonas ovata
(18 um in largest diameter), unicellular chlorophytes
(< 20 um, e.g., Chlorella) and pennate diatoms
(<20um in smallest dimension)Daphniais an ef-
ficient filter feeder for a large spectrum of particles

etal., 1982; Holm et al., 1983; Schoenberg & Carlson,
1984; Christoffersen et al., 1993) showed tBaiph-

nia may feed on algal colonies and more precisely on
small Microcystiscolonies. We considered that, dur-
ing our experiment, the strong decrease in cladocerans
was partly responsible for the increase of cyanobacte-
ria and colonial chlorophytes abundance. The second
parameter involved in cyanobacteria development was
the silver carp grazing pressure which increased with

sizes (Brooks & Dodson, 1965; Schoenberg & Carl- fish biomass.
son, 1984) and can exert a significant grazing pressure  However, in our experiments, nutrient concentra-
on all components of microbial food webs includ- tions changed. It is therefore a legitimate question if
ing pico-, nano- and microplankton (Jirgens, 1994). the changes in phytoplankton populations resulted pri-
Moreover it is established that silver carp does not marily from grazing by herbivores or from changes in
efficiently consume phytoplankton 20 um (Cremer nutrients levels and in N/P ratios. Additions of nutri-
& Smitherman, 1980; Smith, 1985, 1989; Miura, ents (NH, NOs, PQ; at N/P mass ratio:8:1) increased
1990). Consequently, silver carp can remove large the concentration of N and P, especially P, in enclo-
cladoceran®aphnia so that zooplankton grazing on sures and could partly explain the decrease of N/P
the phytoplankton community is reduced, allowing mass ratio during the experiment. Several literature
the increase in small algae abundance, leading to adata show an optimal development of this non hete-
decrease in transparency. According to Lathrop et al rocystous cyanobacteria for N/P ratio not exceeding
(1996) the bloom of species with large colonial size 5 compared with a ratio of 10 for most phytoplank-
leads to a greater transparency than bloom dominatedton species (Schindler, 1977; Downing & McCauley,
by smaller species. Similarly, we observed the high- 1992; Aleya et al., 1994). So, the general decrease
est Secchi-disc value in low fish biomass treatments in this ratio may have promoted cyanobacteria de-
characterized by the highest cyanobacteria and colo- velopment, cyanobacteria being highly competitive at
nial chlorophytes densities. In contrast, 32 gfish very low values of N/P ratio (Aleya et al., 1994).
treatments were characterized by the highest densitiesHowever, the TN/TP did not significantly differ be-
of small algae and the lowest transparency, although tween treatment levels, so, this parameter alone can-
total phytoplankton density was lower. For similar cell not explain the observed differences in cyanobacteria
densities, the association of cells in colonies leads to development.
a greater penetration of light compared to single cells ~ We noted a significant impact of silver carp bio-
which are well dispatched. This explains the possibil- mass on N and P concentrations. The dynamic of N
ity of no decline in algal biomass but increase in water and P loadings was influenced by contrasting con-
clarity when phytoplankton is dominated by colonial ditions of zooplankton grazers. When large grazers
species (Lathrop et al., 1996). such aDaphniaare removed by silver carp (through
Contrary to several authors who reported a de- predation) an important fraction of added nutrients
crease in cyanobacteria abundance in the presence ofs transformed into particulate pool (phytoplanktonic
silver carp (Kajak et al.,, 1975; Miura, 1990; Star- biomass). On the other hand, wh&uaphnia are
ling & Rocha, 1990; Starling et al., in press), we abundant, a greater fraction of the added nutrient con-
did not observe any significant reduction hticro- centrations (N and P) accumulates in the dissolved
cystis abundance. However, we noted that a lower pool. The same nutrient loading produced a greater
increase was observed in 32 gftreatments. Densi-  increase in small algal abundance and chlorophyll-
ties of colonial chlorophyte followed the same trends. aconcentrations whe®aphniaare lacking. In high
Although cyanobacteria are generally considered as fish biomass mesocosms, small size algae seemed to
poorly grazed by zooplankton and cladocerans in par- be the principal respondents to increased availability
ticular, due to their low nutritional value, inconvenient of nutrients, and the large size phytoplankton species
size and shape and possible toxicity (Lampert, 1977, developed to a limited extent being grazed by fish
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and affected by competition with small size algae.
These small size algae are known for a greater affin-
ity and faster specific uptake rates for both nitrates
and ammonia (Sherr et al., 1982; Hein et al., 1995).
Our results demonstrated that by modifying grazer

development. In these mesocosms the productivity of
zooplankton succeeded in sustaining a moderate silver
carp biomasses; (c) in medium and high fish bio-
mass treatments, zooplankton could not sustain silver
carp biomasses, and the drastic decrease in cladoceran

communities through the introduction of high silver densities led to a strong increase in small size algae
carp biomass (maximum 32 g T 700 kg ha?l) and, therefore, a reduction in transparency. In these
we observed changes in the utilization patterns of the mesocosms, nutrients were more efficiently accumu-
added nutrients by phytoplankton communities. Also, lated into particulate fractions, especially in small size
several studies have shown that grazers can modify algae.
the relationships between nutrients and algal biomass  Directs effects of silver carp on cyanobacteria in-
(Mazumder et al., 1988; Sarnelle, 1992; Mazumder & clude a decrease in N/P ratio values probably which
Lean, 1994). lead to a general increase in cyanobacteria density.
The very low gain in weight for silver carp in However? the grazing pressure of zooplankton and
the highest fish treatment suggested food limitation silver carp played a major role in cyanobacteria devel-
i.e. zooplankton which was an essential food source opment: (a) in no fish mesocosms, the presence of high
for silver carp, but was virtually eliminated in these cladoceran densities led to a moderated development
treatments. The productivity of the zooplankton is of cyanobacteria; (b) in low fish biomass treatments,
apparently not large enough to sustain a biomass cyanobacteria densities increased due to a reduced
> 16 g nT 3. At high fish treatment levels, silver carp  zooplankton grazing pressure and an insufficient silver
switched more on feeding on colonial phytoplanktonic carp grazing pressure; (c) high fish biomass treatments

species. were characterized by a limited cyanobacteria devel-
opment due to a more efficient silver carp grazing
pressure and to competition with small size algae. The
Conclusion predation pressure of silver carp on colonial algae in-

creased due to the inability of zooplankton to sustain

Our experimental study highlights the effects of sil- the highest fish biomasses. The gain in weight for sil-
ver carp biomass on plankton communities and water ver carp in these treatments was very low suggesting
quality of the temperate eutrophic Villerest reservoir. the importance of zooplankton as food source for this
We distinguished between direct and indirect effects fish. Zooplankton represents for fish a food that is rich
of silver carp on zooplankton. First, zooplankton den- in protein and fatty acids and cyanobacteria have a
sity and structure were modified as a function of silver lower nutritional quality (Giraud et al., 1996).
carp biomass. Cladocerans were strongly affected by It was clear, at the end of this experiment, that,
the presence of medium and high fish biomass, with below 12 g nT3 (260 kg hal) of stocking fish bio-
a threshold fish biomass (8 g 1¥) above which mass, indirect effects due to zoolankton elimination
cladocerans are largely eliminated. would be minimized but silver carp grazing would

Second, indirect effects of silver carp relate to not be strong enough to control cyanobacteria de-
zooplankton-phytoplankton interactions and dynamic velopment. Above this stocking biomass threshold,
of nutrients. Through trophic cascades, the elimination the undesirable effects like nanoplankton development
of cladocerans, in treatments 20 and 32 gired to and reduction in water transparency could be more
a strong development of small-sized algae20um) important than the beneficial effects on cyanobacteria.
and a modification in the utilization of dissolved nutri-
ents. Three different cases were observed depending
on fish biomass: (a) in no-fish mesocosms, the dom- Acknowledgements
inance of cladocerans permitted the control of phy-
toplankton development, particularly the small-sized Special thanks are due to X. Lazzaro (ORSTOM) who
species. Although nutrient concentrations were high, encouraged us to conduct this research, giving a lot
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