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Grazing pressure of microzooplankton on phytoplankton and

primary production in marine ecosystem

ZHANG Wu-Chang, WANG Rong  (nstitute of Oceanology. Chinese Academy of Sciences, Qingdao,
266071, China)

Abstract :In order to improve the study on microzooplankton ecology, the methods with which the grazing
pressure of microzooplankton on phytoplankton and primary production were reviewed. The dilution
method was discussed fully on its theoretical bases and problems. The results of the different estimation
methods showed that microzooplankton play an important role in marine ecosystem.

Process study is one of the hot spots of marine ecology study. The fate of the primary production is
one of the foci of marine ecology process study. The grazing by zooplankton is an important measure for
the primary production to be transferred to high trophic levels. The ratio between zooplankton grazing and
phytoplankton stock (or primary production) is defined as the grazing pressure on phytoplankton (or pri-
mary production).

Microzooplankton (body length <C 200 pm) plays an important role in the marine ecosystem. The
grazing pressure of microzooplankton has been studied intensively in the last 20 years. Many direct and in-
direct methods have been used to estimate the microzooplankton grazing pressure on the phytoplankton as
reviewed by Gifford (1988). The Scientific Committee on Oceanic Research recommended two methods :
(1) quantification of microzooplankton grazing from standing-stock data and (2) Dilution technique (if nec-
cessary, with the help of HPLC).

In the first method, the microzooplankton concentrations and standing stocks must be determined for
all major taxa (flagellates, ciliates and heterotophic dinoflagellates). The following assumption should be
met: (A), Flagellates ingest pico-plankton; (B), ciliates and heterotrophic dinoflagellates ingest nanophy-
toplankton; (C). each microzooplankton taxon filter feeds at a constant rate, and (D). filter feeding rates
are temperature dependent. The precision of this method is unknown but is considered to lie in the range

—60% to +300%.

(No. 49790010)“ »
(G19990437)
:1999-10-14; :2000-04-12
(19~), . . )



8 : 1361

The dilution technique has been used around the world. This method is based on the determination of
phytoplankton growth in a dilution series. This dilution series is made up of the natural community in con-
junction with seawater filtered free of microbial components. The three assumptions are: (A), the growth
of phytoplankton will not change with the change of phytoplankton concentration; (B), the filtering rate
of microzooplankton will not change with the change of the food concentration and (C) the growth of phy-
toplankton can be described by the following equation: P,=P,e“ **. (P, and P,: the phytoplankton con-
centration at time 0 (beginning of the incubation) and ¢ (after incubation at time t); %: phytoplankton
growth rate; g: microzooplankton grazing rate).

The dilution factor d is defined as the fraction of seawater to the mixed water of seawater and filtered
seawater. In an incubation bottle with a dilution factor d, the growth of the phytoplankton can be ex-

=dx©t  Therefore, with at least two dilution factors in a dilution series, the g and k

pressed as P,= P.e
can be calculated by regression of the two equations. With the dilution technique, the phytoplankton con-
centration can be expressed as phytoplankton abundance (ind. ml '), chlorophyll a concentration (pg1 ')
or taxon-specific pigments concentration.

There are also some suspicions for the theoretical assumption. First, during the incubation, the nutri-
ent concentration would be depleted and., therefore, the phytoplankton growth rate may be decline. The
declination in the phytoplankton growth most probably occurs in the least diluted incubation. Secondly,
the grazing rate in the incubation may increase with the proliferations of the microzooplankton during the
incubation. Thirdly, most of the studies take concentration of chlorophyll a as the index of phytoplankton
biomass. But experiments showed that chlorophyll a is a poor index of phytoplankton biomass. The prob-
lem is more serious when the light condition varies very much because the chlorophyll a content per cell
should change with the light condition.

The grazing pressure of microzooplankton on primary production calculated by dilution technique is
different from those calculated with other methods. In the case of dilution incubation, the grazing pressure
is upon the potential primary production which is gained when microzooplankton are absent. In the case of
other methods, the primary production is the remnant net production after the microzooplankton grazing.
Therefore, it should be cautious to compare the grazing pressure by dilution technique with those by other
methods.

Although there are some uncertainties in the research methods, there are still a lot of reports on the
microzooplankton grazing pressure. The results of the methods other than the dilution technique range 5~
100% d ~'. The results of the dilution technique show that the microzooplankton grazes the phytoplankton
standing stock (strictly it should be chlorophyll a standing stock) at rates of 0~75% d~'. The grazing
pressure of microzooplankton on phytoplankton primary production (strictly it should be production of
chlorophyll a) is 0~203% d~'. The grazing pressure of microzooplankton is much higher than that of the
mesozooplankton (10%~20% d ™).
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Table 1 Summary of methods used to estimate the grazing of microzooplankton (following Gifford. 1988)
Methods Advantages Disadvantages References
1.
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2 ( . Gifford, 1988).
Table 2 Summary of studies of microzooplankton grazing in neritic environments.

(€ZD)
Sites Microzooplankton Depths Seasons Methods Grazing Prcssurc References
groups on primary
production
EF 43 yr! [8]
6 EL 5~24d! [27]
California Current 4~9 EL 7~52d! [7]
EL 4~20d! 9]
Saanich Inlet EL 30d! [28]
Akkeshi EL 10 yr ! [29]
0m~1%light, 17m  6~11 SF 12~21d-! [12]
Southampton EL 60 yr—! [30]
1.5 m EL 27 yr ! [31]
Gullmar Fjord EL 100d! [32]
Narragansett 0 m SF 62 yr! [33]
EF: sEL . ;SF . ;EF : extrapolation from field data; EL; Extrap-
olation from laboratory data; SF: size fractionation
3
Table 3 Results of dilution experiments in different parts of the world ocean
— — 0, 0,
Sites k(d™D gd™H PiC%%) Pp() References
Oslo fjord, 0.4~1.6 0.02~1.08 nd nd [34]
nd nd nd 39~115 [35]
Bellingshausen Sea nd nd nd 21~271 [36]
nd nd nd 31~71 [377*
Celtic Bay, nd 0.4~1.0 13~65 nd [18]
0.7 0.5 nd 75 [38]
Estuary of Mundaka nd nd 43~51 0~203 [39]
0.06~1. 87 0~0.58 0~44 0~60 [40]
Subtropical Convergence 0.07~1.32 0~0. 66 14~48 45~81 [41]
Lazarev Sea 0.019~0. 080 0.012~0. 052 1.3~7 45~97 [42]
Rhode River, . nd 0.2~2.0 17~79 45~104 [20]
Halifax Harbour nd nd 38 0~100 [3]
Hiroshima Bay 0.26~1.88 0.2~1.39 15, 35375.72 nd [43]
0.455~0. 628 0.065~0.278 6~24 17~52 [13]
1.1 0.6 nd nd [44]
0.20~1.00 0.21~0.72 nd 55~83 [45]
1.2~2.0 0.1~1.1 29~37 nd [46]
0.06~0. 34 0.02~0.17 8~15 40~114 [47]
0.52~1.12 0.2~1.19 38 67 [48]
0~0.8 0~0.6 nd 40~50 [49]
0.1~0.4 0.0~0.3 nd nd [50]
0.41~1.09 0.34~0.55 29~42 54~125 [51]
nd nd nd 50~100 [52]
nd nd nd 37~100 [53]
0.4~1.1 0.2~1.0 nd 70~123 [54]
0.03~0.098%  0.037~0.174% nd nd [55]
Monterey Bay , 0.53~1.30 0.23~0.79 21~55 nd [25]
0.01~0.04h~! 0~0.0069h ! nd nd [56]*
0.23~0.73 0.43~0. 69 34~50 85~100 [57]
Fourleague 0.46~2.14 0.32~2.11 nd nd [58]
Mobile 0.70~1.62 0.57~1.10 nd nd [59]
ks 38 ?P/vl)/»: H
k: phytoplankton growth rate; g: microzooplankton grazing rate; P;: microzooplankton grazing pressure on phytoplank-
ton initial stock; P,: microzooplankton grazing pressure on potential primary production. * Syne-
chococcus P ¢ h™1, Phaeocystis sp. .nd: Nodate
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