
Top-down and bottom-up control
of plankton structure and dynamics

in hypertrophic fishponds

Jaroslav Vrba,
Karel Šimek, Michal Šorf, Libor Pechar, Marek Baxa, Martin Musil,

Bořek Drozd, Lenka Kajgrová, Ján Regenda

University of South Bohemia in České Budějovice
Biology Centre CAS – Institute of Hydrobiology

ENKI o.p.s.

J. Vrba et al.: Top-down and bottom-up control of plankton structure and dynamics in hypertrophic fishponds.
Fishpond management, climate change and biodiversity, 19 July 2022, Jindřichův Hradec



Brief history of Czech fishponds

water control

fish harvest
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Josef Šusta – science-based aquaculture (since 1876)
 studied carp nutrition and natural fish production in 

20 fishponds (mesotrophic, humic, 11−94 kg/ha)

 manuring (Corg, N, P) + liming (Ca) = carp production 

Brief history of Czech fishponds
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Brief history of Czech fishponds
A ten-fold increase in fish stock and nutrients

during the last century!
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Brief history of Czech fishponds

Pechar L. 2000: Fisheries Management and Ecology 7: 23–31
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Potužák et al. 2007: Aquacult. Int. 15: 201–210

optimal 
efficiency of 

energy transfer 
into fish 

production

Brief history of Czech fishponds
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Planktonic food webs in hypetrophic fishponds
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pH NO3-N NH4-N TN PO4-P TP Chla Transp. DIN:DP

8.5 0.08 0.14 3.21 0.04 0.26 137 0.47 3.81

Planktonic food webs in hypetrophic fishponds

Mixed samples from 9/4 fishponds (3–6 times in 2017/2018)
(mean values in mg/L, µg/L, m, molar)

So far no change since the 1990s.
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Phytopl. C Picocyanob. Bacteria HNF Ciliates Rotifers

7.6 mg/L 0.9×109 b./L 18×109 b./L 9×106 b./L 0.3×106 b./L 7×103 ind./L

Mixed samples from 9/4 fishpond (3–6 times in 2017/2018)
(mean values)

Microplankton forms a ‘green activated sludge’:
 high abundance and diversity
 high biomass and productivity

 high activity of microbial processes
 high nutrient turnover

 common oxygen depletions

Planktonic food webs in hypetrophic fishponds
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Planktonic food webs in hypetrophic fishponds
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Planktonic food webs in hypetrophic fishponds
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Planktonic food webs in hypetrophic fishponds
Phytopl. C Picocyanob. Bacteria HNF Ciliates Rotifers

7.6 mg/L 0.9×109 b./L 18×109 b./L 9×106 b./L 0.3×106 b./L 7×103 ind./L

Mixed samples from 9/4 fishpond (3–6 times in 2017/2018)
(mean values)

Microplankton forms a ‘green activated sludge’:
 high abundance and diversity
 high biomass and productivity

 high activity of microbial processes
 high nutrient turnover

 common oxygen depletions

Large crustacean zooplankton may be reduced 
and keystone species (Daphnia spp.) often absent!
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Factors controlling plankton dynamics
TN + DIN = total and mineral nitrogen (bottom-up effect)

Parameter Explains % pseudo-F P

TN 22.1 12.5 0.004

DIN 8.9 5.5 0.004

denitrification
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Factors controlling plankton dynamics
Fish Stock Index as a proxy of fish predation
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CPUE, June–September 2018

Rod, harvest – October 2018



Factors controlling plankton dynamics
FSIS + FSIU = fish stock predation pressure (top-down effect)
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Factors controlling plankton dynamics
FSIS + FSIU = fish stock predation pressure (top-down effect)

kapr (K0–K1, K1–K2, K2–KV), lín
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Factors controlling plankton dynamics
FSIC + FSIU = fish stock predation pressure (top-down effect)



Parameter Explains % pseudo-F P

FSIC 33.9 5.6 0.0054

FSIU 24.6 5.9 0.0054
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Factors controlling plankton dynamics
FSIC + FSIU = fish stock predation pressure (top-down effect)



• high nutrients and organic compounds (DOC) 

• frequent oxygen deficits support denitrification

• (phyto)plankton is likely nitrogen limited

• phosphorus legacy supports cyanobacterial blooms
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• high nutrients and organic compounds (DOC) 

• frequent oxygen deficits support denitrification

• (phyto)plankton is likely nitrogen limited

• phosphorus legacy supports cyanobacterial blooms

• fish stocks determine zooplankton structure and dynamics

• FSI is a good proxy of fish predation pressure

• undesirable (invasive) fishes impair natural production

• market carp likely may reduce their reproduction

• manuring largely accelerates oxygen deficits
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Conclusions (yet not surprising)



Thank you for attention
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