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The effects of zooplankton grazing on the development of red tides
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Abstract:Red tides have become a major environmental issue in China. A national fundamental and key project in China called
“The ecological and oceanographical occurring mechanism of harmful algae blooms in the coastal seas of China (CEOHAB)”
started in 2001. Zooplankton grazing is a key process during red tide events, and its study is a component of this project. This
paper analyzes and reviews the zooplankton grazing strategies and food type, measurement methods for grazing rates and
pressure, grazing effects on red tide community development and its pathway. selective grazing of zooplankton. the
relationship between zooplankton grazing and harmful algae, and the key objectives in studying the effects of grazing on
harmful algae blooms in China.

Red tide communities are a subset of phytoplankton community, so all the behavior of red tide should obey the rules of
phytoplankton population dynamics. The most obvious role of grazing is the removal of cells from the phytoplankton
community. Different phytoplankton cell types will, however. be grazed at different rates by zooplankton and these differences
will impact on phytoplankton community development and its pathway. Three types of zooplankton grazing strategies are
discussed in the paper: Type A, the grazing rate gets increasingly higher as phytoplankton concentration approaches zero; in
this case, the zooplankton would tend to exploit the phytoplankton to extinction, and its grazing will have limited effects on
controlling red tide occurrences. Type B, the grazing rate is at its maximum until the phytoplankton concentration is very high;
in this case, the zooplankton would, at low phytoplankton concentrations, exert a constant mortality rate, which, if less than
the growth rate of phytoplankton community would allow the phytoplankton population to grow despite being grazed. Such

grazing will affect the red tides to some extent, and would contribute to preventing the occurrence of red tides. Type C, the
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zooplankton reduce the grazing effort as phytoplankton become very scarce; the grazing rate will increase with phytoplankton
concentration increasing until an optimum grazing rate is reached and then decrease with the increasing phytoplankton
concentration. Such grazing will most efficiently control the red tides. These different grazing strategies of dominant
zooplankton clearly can have distinctive effects on the occurrence dynamics of red tides in China Coastal Waters. The cell size of
red tide organism will also affect the grazing behaviour during red tide events. The very small zooplankton, such as
microzooplankton, are likely to be most efficient at utilizing very small cell-sized phytoplankton, whereas large zooplankton are
likely to utilize large cell-sized phytoplankton. Several methods for measurement of zooplankton grazing are discussed in the
paper. the most important grazing effect on red tide is considered to be change of phytoplankton species succession, so the
direct counting method and dilution method are discussed in detail. Although interactions between toxic phytoplankton and
their grazers are complex, variable and situation-specific, specific issues are discussed in this paper: the phytoplankton toxins
as a grazing deterrent; the types of deleterious effects of toxic phytoplankton upon zooplankton; selective grazing of toxic
phytoplankton; and the effect of zooplankton grazing on development and persistence of toxic phytoplankton blooms.

Zooplankton grazing studies in China are also reviewed in the paper, and several key objectives are proposed for studies of
zooplankton grazing effects on development of red tides. (1)What type of grazing strategies of dominant zooplankton influence
the occurrence frequency of red tides in China? (2) The population dynamics of dominant zooplankton and key species of red
tide organism, and their relationships. (3) The pathways phytoplankton community development during red tides affected by
zooplankton grazing. (4) Application of some new concepts and methods for studying of zooplankton grazing in red tide
research. Focus on these key problems will enhance our ability to understand and mitigate red tides.

Key words :zooplankton; phytoplankton; red tide; selective grazing
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