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An ecological study on zooplankton in the northern Beibu Gulf V. the effects of

microzooplankton grazing on phytoplankton in summer

MA Lu,CAO Wenging" ,ZHANG Wenjing, LIN Yuanshao,ZHENG Lianming, YANG Weidi, WANG Yujie
Laboratory of Marine Biology Diversity and Goble Change,Collage of Marine & Earth Science, Xiamen University, Xiamen 361005, China

Abstract; In August 2011, we quantified the impact of microzooplankton grazing on phytoplankton production in the surface
waters of the northern Beibu Gulf, Vietnam. Shipboard dilution incubation experiments were carried out at five stations to
calculate phytoplankton specific growth rates and the specific rates of grazing losses to microzooplankton. Dilution
experiments using chlorophyll a (Chl a) as a tracer were used to estimate daily rates in two size fractions; image-analyzed
microscopy provided quantitative estimates of microzooplankton standing stock ( including ciliate and vertebrate larvae).
PFW ( particle-free water) was used to dilute seawater to five target dilutions of 0%, 20%, 40%, 60% , and 80%.
Microzooplankton grazing and phytoplankton growth rates were estimated by the linear regression of AGR (‘apparent growth
rate) versus dilution factor. We estimated the grazing impact of microzooplankton on phytoplankton by calculating the
percentage of phytoplankton standing stock and potential primary production ingested. Average total chlorophyll a
concentration was ( 0.67 £0.58) pg/L. Small-celled phytoplankton dominated this particular community. A notable
characteristic of the phytoplankton community structure was that nano- and picoplankton made up a significant portion.
Aloricate ciliates dominated the microzooplankton samples, in particular Strombidium, which accounted for 27.2% of total

aloricate ciliate abundance. In addition, loricate ciliates and copepod nauplii were recorded. Microzooplankton density
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varied from 400 to 1167 ind/L. The horizontal distribution of microzooplankton was greater in nearshore than in offshore
waters. Abundance did not differ significantly with chlorophyll a concentration in this study; however, there was a positive
correlation between microzooplankton abundance and temperature. The phytoplankton growth rate (<200 pm) ranged
between —1.50 and 1.13 d™', with the highest values being associated with nearshore waters. Meanwhile phytoplankton
mortality due to microzooplankton grazing (0.33—1.08 d™') was highest at the same nearshore sites; however, growth rates
were low at these sites. Consequently, microzooplankton consumed 28.1%—66.0% of chlorophyll a standing stocks and
~8.1%—438.4% of the primary production per day. However, the grazing rate of microzooplankton on nanoplankton (2—
20 wm) varied from 1.87 to 0.52 d™", with an average of (0.94+0.57) d™'. Given that the rates of grazing on phytoplankton
of <200 pm were lower than those on nanoplankton, we conclude that microzooplankton prefer to graze on nanoplankton.
There was a positive correlation between phytoplankton growth rate and grazing rate; in addition, significant differences
between grazing rate and chlorophyll a were found. This suggests that microzooplankton grazing activity is the main factor
regulating the community structure and restraining the growth of phytoplankton. During the investigation period,
microzooplankton grazing effectively controlled the growth of phytoplankton, consuming 176.2% of primary production on
average. When grazing rates are far greater than phytoplankton growth rates, energy is transferred from lower to higher
trophic levels more effectively. In the surface waters of the northern Beibu Gulf, microzooplankton largely control the growth
of phytoplankton by grazing offshore rather than in nearshore waters where primary production is high. The growth and
grazing rates combined promote planktonic ecosystem stability in this area. These results indicate that grazing by

microzooplankton is a key process controlling the growth of phytoplankton in this area.

Key Words: microzooplankton; grazing pressure; phytoplankton; dilution technique; Beibu Gulf
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Table 1 Environmental parameters at studying stations

i R/ C R ERRER S0 BERER PO, fHfRE: NOSy i NH; WAHFRER NO;  I4E2E aChl a
Station Temperature Salinity /(pmol/L) /( wmol/L) /( wmol/L) /( pwmol/L) /( pmol/L) /(png/L)
HB17 31.0 30.01 1.93 0.00 0.47 0.66 0.002 0.08
HB19 30.8 31.78 3.73 0.03 0.00 0.48 0.001 0.47
HB21 30.0 33.09 0.94 0.01 2.83 0.74 0.002 0.27
HB30 30.7 31.62 0.11 0.02 0.02 2.00 0.001 1.02
HB32 30.7 32.36 1.75 0.11 0.53 0.73 0.021 1.50

PRI IE SR AR PSS A, T2 L) Si0; A TIN
(245 NO5 \NO, 1 NHJ) 3, TIN JE[H 0.48—3.
57 wmol/L, F-H &8 K (1.70£1.17) pmol/L, T il
NO; PAJe NH; 4L, 2050 5 TIN B 45.4% LI
54.3% ,NO; & &8 S AR %, XF TIN # 53 #k1Z 0.
3%, FJZ PO, & m W (0.04£0.04)
pmol/ L, BB M 22 5 P MR B A, BT 0.05 pumol/
L, FHCA O VS Ve 3l o AR T IR A AL, Sio; 2R 5
5 TIN A4 9 (1.69+1.35) wmol/L, 44k Ll vk i
DX AR (0,11 pmol/L) , Ho Ay & i X H 3T 1,00
pwmol/L o E 1T 1. 00 wmol/L, & FERIKFE4370 &
HH B AR ] — v B rh 25 7 7R R A0 T 25 e PR A

R, e DL P 2 52 7 00 g DX A X34

JUHS T b i B R SR K AR T Chl a
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VB, A 0.08 wg/L, MR FRARZA (K 2)
7~ ,Nano 2% (2—20 wm) Fll Pico 4¢(0.7—2 pm) 7%
THEREL A0 o 8 T I B 5 R L1 s ARV VA5 T Sl o U AT )
RARZEAIARALL, L Nano 21 Micro ZRZL A, Pico HIF
JEAE PR Chl a ¥ STERAEH D, JL-F 2 0, Hovp
Nano Z¢ (7 4 X 3 ; AR PR A SR A % Chl a
W E ) 5Tk L Nano 24 A Pico 2% 0 &, H Pico %15
EROE I

21.5°N
0.08ug/. =

21.0 0.47ug/L

1.02pg/L

205° 021pg/L

20.0°

19.5° - i 20—200um o
B 2—20um
] 0.7—2um
107.0° 107.5° 108.0° 108.5° 109.0° 109.5° 110.0° 110.5° 111.0°E

2 0.7—2 pm.2—20 pm R 20—200 pm ZFiHEEHKER R
Fig 2 Horizontal profiles of chlorophyll a for phytoplankton in the 20—200 pm, 2—20 pm and 0.7—2 pm size fractions
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Table 2 The abundance of different group of microzooplankton in northern of Beibu Gulf

s V4 Station

Taxa HB17 HB19 HB21 HB30 HB32
WFe4 £ 1 Aloricate ciliates/ (1~/L) 42 50 167 250 175
Tee B Loricate ciliates/ (1~/L) 575 958 142 708 442
B ILRLIA Copepod nauplii/ (41~/1) 192 133 92 208 75
M3t Total 808 1,142 400 1,167 692

21.5°N

1142 ind./L

1167 ind./L
205 | ' )
400 ind./L
2
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Fig.3 Horizontal profiles of different group of microzooplankton in northern of Beibu Gulf
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Table 3 Phytoplankton growth and microzooplankton grazing rate of different size franction in northern of Beibu Gulf
YA KAt/ um " g
/| P./% P,/ % 2
Station Size-fraction /d7! /d! il o o '
HB17 <200 1.13 1.08 0.96 66.0 97.6 0.55
2—20 0.4 0.95 2.38 61.3 186.7 0.61
HB19 <200 -1.57 0.33 -0.21 28.1 -7.4 0.68
2—20 -1.15 0.75 -0.65 53.0 -24.5 0.66
HB21 <200 0.11 0.61 5.55 45.7 438.4 0.97
2—20 0.36 1.57 4.36 79.2 264.8 0.88
HB30 <200 -0.85 0.14 -0.16 12.6 -9.4 0.02
2—20 -0.52 0.52 -1.00 40.6 -59.9 0.84
HB32 <200 -0.06 0.14 -2.33 13.2 -212.7 0.01
2—20 -0.3 1.87 -6.23 84.5 -248.9 0.64
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Fig.4 Regression of dilution experiments onboard in northern of Beibu Gulf based on total chlorophyll a
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