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Abstract: Ingestion of cyanobacterial biomass by silver carp is frequently considered as one 
of the biological methods for the water bloom formation control. We measured the  
photosynthetic activity of Microcystis (maximal quantum yield of photosystem II determined 
by PAM fluorimeter FluorCam 700) before and after the gut passage of silver carp. Viability  
of digested Microcystis was nearly identical with control and no serious damage in metabolic 
activity was observed. Moreover microscopic observation of Microcystis colonies after 
digestion  proved that larger colonies (more than 1000 cells) were disintegrated to smaller 
colonies up to 50-100 cells/colony. These smaller colonies were viable and actively growing. 
Seven days after excretion by silver carp the photosynthetic activity of Microcystis was 
comparable or slightly higher than the control population. Our results provide an experimental 
evidence that Microcystis is not damaged by silver carp digestion. That is probably one of the 
reasons why silver carp is not efficient in Microcystis bloom removal. 
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Introduction 
 

There is evident increasing tendency of cyanobacterial water blooms development in 

euthrophic lakes around the world. Microcystis  belongs to dominant species in the number of 

reservoirs in the Czech Republic. Lots of products of the cyanobacterial water bloom-forming 

species are toxic or bad odour substances which are undesirable for water supplies and 

fisheries CHORUS & BARTRAM (1999). Chemical treatment of phytoplankton has a temporary 

effect only and damages the whole ecosystem. Biomanipulation is one of the biological ways 

of treatment. Changes in fish composition are mostly carried out to influence the pelagic food 
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chain. However, contradictory results of fish biomanipulation are mentioned in the literature. 

Concentrations of chlorophyll a and a total P level decreased significantly in a 

hypereuthrophic branch of the reservoir affected by the extensive fish kill (>150 tons removed 

from the Lago Paranoa', Brasilia, Brazil) STARLING et al. (2002). Other authors VAN DE BUND 

& VAN DONK (2002) affected prolongation of the clear water stage as a result of zooplankton 

activity in a shallow euthropic lake (Zwemlust, Netherland). This effect was recorded after 

removal of zooplanktivorous fish (mainly bream and rudd) and the prolonged period of „clear 

water“ was followed by switch to macrophytes. Thus, reduction of fish biomass seems to have 

positive effect to water quality. However, there are cases where planktivorous fish control 

population of filamentous and colony forming phytoplankton. Density of the Australian 

gudgeon Hypseleotris spp. was manipulated in Lake Maroon, south east Queensland. The 

experiment demonstrated a significant relationship between Hypseleotris density and 

cyanobacteria (the higher abundance of fish the higher one of cyanobacteria and vice versa) 

Hunt et al. (2003). Stocking of silver carp (Hypophthalmichthys molitrix) appears to be 

another appropriate way affecting cyanobacterial bloom formation. Positive results are 

available from tropical lakes that are highly productive and naturally lack large cladoceran 

zooplankton RADKE & KAHL (2002). They concluded from enclosure experiment with a 

moderate biomass of the fish (10 g.m-3 wet weight) that silver carp should be used for 

biomanipulation only if the primary aim is to reduce nuisance blooms of large phytoplankton 

species (e. g. cyanobacteria) that cannot be effectively controlled by large herbivorous 

zooplankton. However, several problems are connected with biomanipulation. Silver carp or 

bighead (Aristichthys nobilis) are able to develop considerable feeding pressure upon 

phytoplankton as reported by ADÁMEK & KERŠNER (2000). These seston feeders utilize 

suspended particles bigger than 10µm ADÁMEK & SPITTLER (1984). Decrease of zooplankton 

density could lead to shift in nano- and picophytoplankton (<40µm) SMITH (1985). Moreover, 

effectivity of the planktivorous fish use is based on hypothesis that ingested phytoplankton is 

digested. Silver carp and bighead are able to remove huge amounts of organic particles from 

the water environment. According to the data of SAVINA (1965), the stock of 20,000 one-year-

old silver carp passed through the filtering apparatus up to 624 m3 of water daily, which 

represented 35 % pond volume. However, the observations are noticed in ADÁMEK & 

KERŠNER (2000) when a considerable portion of phytoplankton cells pass through the 

intestine alive and growth of silver carp is considerably better in combination with partly 

decomposed organic matter. The fluorescence parameter ΦPo is frequently used as an indicator 
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of the photosynthetic activity, photoinhibition and other kind of injury caused to the PS2 

complexes ROHÁČEK (2002).  

The hypothesis for experiment reported in this paper was that living cell in excretions 

might retain photosynthetic activity after gut passage. The aim of this work was to prove 

viability of the digested phytoplankton by kinetic in vivo fluorescence in comparison to the 

untreated water bloom  from the same source population.  

 
 

Materials and methods 
 

Silver carps (2 years old) were obtained from the  Pohořelice fishery (south Moravia). 

Microcystis dominated phytoplankton (85% M.aeruginosa, 5% M.ichtyoblabe, 7% M.viridis) 

was used during feeding of fishes. The inoculum for untreated control was identical with the 

biomass ingested by silver carps. Fish were acclimated for 24h in laboratory 50l aquaria with 

cyanobacterial biomass and then fresh excrements were collected for experiments. Media for 

following cultivation of cyanobacteria was prepared from fishpond water after filtration 

(membrane filter 1,2 µm). Fresh gut contents length up to 4 cm, were collected from anus by a 

gentle body squeezing. The filtered fishpond water inoculated by identical biomass of 

Microcystis assemblages from the fishpond, collected from water surface (0-25cm) and used 

as the control. 

Data were measured in September 2003. The experimental and control samples were 

put into Petri dishes (10 cm diameter). Each tested variant and control had 3 replicates. Samples 

were exposed at laboratory temperature 25°C with a natural day/night regime, without 

aeration or mixing. Photosynthetic activity and viability were determined by PAM fluorimeter 

FluorCam 700 (PSI, Brno, Czech Republic). Maximum quantum yield of photosystem II 

(PS2) photochemistry ΦPo = Fm-F0/Fm was used.  We used following fluorescence terms of 

dark-adapted state (DAS): F0 is measured by weak LED flashes, Fm is maximal fluorescence 

induced by strong halogen saturating light. 10 minutes dark relaxation was done to reach the 

relaxed state of the photosystem electron pathway prior to each measurement. Statistically 

significant (p<0.05) changes of ΦPo were determined using analysis of variance (one-way 

ANOVA) to distinguish whether digested phytoplankton is influenced. The multiple 

comparison test, Scheffé test, was employed to detect which factor levels were different from 

the others. Mann-Whitney U test was used to distinguish differences between excretion and 

control each day of measurement (Statistica for Windows, StatSoft Inc.).  
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Results and Discussion 

 
Screening experiments with digested phytoplankton have been done before. We had 

experimentally proved that Microcystis from silver carp excreta in filtered fishpond water was 

able to grow and form colonies (Tab.1). Changes in ΦPo were observed within 7 days to 

examine the effect of the digestion on photosynthesis efficiency of Microcystis colonies. 

Measured data indicate the value ΦPo gets lower for the excreta at the start of the experiment. 

However, metabolic activity of Microcystis fully recovered within one week after the 

excretion. Difference between variants were not significant in individual measurements, 

results are presented in the form of ΦPo (Fig.1). The photosynthetic parameters as sensitive 

endpoints were analysed to prove if viability of intact excreta faeces differ from disrupted 

excreta faeces and control variant. Disrupted excretes showed slightly better condition and 

were significantly different from control (Fig.2).Overall condition of digested Microcystis 

was  good and no serious damage in the metabolic activity was observed.  

ADÁMEK & KERŠNER (2000) noticed that excreta can drop down in the water column 

with speed of 1m per minute undisrupted, due to rigid consistence. In deep stratified 

reservoirs, silver carp do not enter the hypolimnion since they do not cross the depth and 

temperature barriers. Thus, ingested seston particles (including phytoplankton) could be 

transported in the form of faeces down to sediments ADÁMEK (1992). However, we observed 

such a floating excreta on surface and in the water column. This could be the proof of 

undamaged gas vacuoles in the Microcystis cells which were found after the gut passage 

during the microscopic observation of faeces. Nothing is known to us about the fate and 

possibility of reingestion of colonies from faeces which can be found during the summer at 

the top water layer often in considerable amounts.   

 

The fate of excrements with living cyanobacterial biomass depends on the conditions 

in the waterbodies (turbidity/transparency, sunshine, water velocity and temperature, thermal 

stratification etc.) more than on the damage by ingestion by silver carp. This opinion is in a 

good agreement with results obtained with similar fish - bighead. TOPACHEVSKI et al. (1975) 

observed, that mucilage sheaths of  Microcystis colonies were digested during passage 

through intestines of bighead. Colonies were broken to single cells which, however, stayed 

alive. KOLMAKOV & GLADYSHEV (2003) used a fluorimeter for measuring variable 

fluorescence to prove a potential photosynthetic activity of Microcystis after the crucian carp 
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(Carassius auratus) gut passage. Steady state fluorescence Fs and maximal Fmax after adding 

DCMU were measured. These authors observed even higher photosynthetic activity of the 

digested cyanobacterial biomass  compared to not ingested.  

However, our data of Microcystis survival after the silver carp gut passage are likely to 

be the first experimental confirmation proved by the in vivo chlorophyll fluorescence method. 

Moreover, microscopic observation of Microcystis colonies after digestion proved that larger 

colonies (more than 1000 cells) were disintegrated to smaller viable colonies down to 50-100 

cells per colony. Seven days after excretion  the photosynthetic activity of Microcystis was 

quite comparable to the control population. This is the experimental evidence  of Microcystis 

colonies survival. This could be one from reasons, why silver carp is not efficient in 

Microcystis bloom removal.  
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Table 1: Microcystis growth: seven days after gut passage of silver carp (cell per ml, from 
several  samples of  excrements I.-IV.) 
 
Fig. 1: Mictocystis viability: Changes in condition of photosystems expressed as maximum 
quatum yield of PS2 photochemistry after gut passage of silver carp. Intact excreted 
droppings (ΦPo excreta) and control cyanobacterial bloom (ΦPo bloom) were measured. 
 
Fig.2: Influence of silver carp excetes disruption to photosynthetic activity (ΦPo ) of digested 
Microcystis: maximum quantum yield of PS2 photochemistry of intact and disrupted silver 
carp excretes and cyanobcaterial bloom (control).  
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 I. II. III. IV. 
Start 13 1932 29988 85680 
1 week 94000 170000 268380 987000 
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