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Abstract

Under eutrophic conditions, fish regulate lake carbon cycling through feeding, metabolic excre-
tion and sediment disturbance, whose synergy and antagonism jointly determine the net effect.
Filter-feeding fish suppress carbon fixation by grazing phytoplankton, omnivorous fish reshape
carbon fixation and transfer through trophic cascades, the excretion of carbon, nitrogen and
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phosphorus synergistically promotes phytoplankton growth and microbial mineralization, and
resuspension and bioirrigation alter sediment carbon burial and greenhouse gas production
while suppressing methanogenesis. The weights of the three pathways shift with trophic state,
oligotrophic waters tending towards carbon sinks and eutrophic waters towards carbon sources.
The net effect is jointly regulated by nutrient loading, community structure and biomass, thermal
regime, sediment properties and time scale, and is scale dependent. A conceptual model of the
effect combinations of the three functional groups is developed accordingly. To address the defi-
ciencies in effect separation, upscaling, process quantification and functional-trait data, a re-
search framework is proposed that cross-validates in situ enclosures with laboratory simulations,
combines field comparisons with long-term observations, and measures interfacial fluxes and
electron acceptor profiles synchronously, providing a basis for eutrophic lake management and
carbon sink enhancement.
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Synergy, antagonism and net effects of three fish-mediated regulatory pathways
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Figure 1. Conceptual model of the synergy, antagonism and net effects of three fish-mediated regulatory pathways
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