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Biological mechanisms of typhoon-induced blooms in the South China Sea
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Abstract; Phytoplankton growth and micro-zooplankton grazing are regulated by temperature, nutrients, and light in the
ocean. Because of the different vertical distributions of light and nutrients, there is often a deep chlorophyll maximum
(DCM) layer in the water column, which is widespread and almost a permanent ecological structure in the tropical
oligotrophic ocean because of the stable stratification of the water column. Most parts of the South China Sea (SCS) are
oligotrophic with strong underwater irradiance and low surface layer nutrients due to the stratification. The nutrient level is
too low to support a phytoplankton bloom in the surface water, however, there are numerous reports of bloom events in the
SCS after typhoonsevery year. It is commonly accepted that vertical mixing can weaken the nutricline and bring deep
nutrient-rich waters to the euphotic zone, fueling phytoplankton blooms in the euphotic zone. However, few studies have
compared the responses of phytoplankton and micro-zooplankton to the fluctuations of light intensity and pulses of nutrients
simultaneously. In this study, an incubation experiment was conducted in the basin of the SCS during a cruise to compare
the responses of surface and DCM phytoplankton to elevated irradiance and nutrients. Additionally, dilution experiments in
different nutrient and irradiance conditions with surface and DCM water samples were conducted to explore micro-
zooplankton grazing activity and their roles in the surface and DCM layers. We hypothesized that the DCM phytoplankton

could be the seed population when the deep water is mixed upward with the surface layer in the case of a typhoon due to the
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changes in irradiance and micro-zooplankton grazing activity. The experimental results showed 1) micro-zooplankton grazing
rates in the surface water were significantly higher than those in the DCM, and micro-zooplankton in the surface layer
preferred the large size phytoplankton (>5 pwm), whereas there was no such size selection in the DCM layer; UVR could
promote the grazing rate of micro-zooplankton, whereas nutrient additions slightly decreased it; 2) the DCM phytoplankton
assemblage responded more rapidly to the nutrient and light supplements and reached higher maximum biomass than surface
phytoplankton, and the finial dominating size was larger in the DCM layer than that in the surface water. Therefore, the
DCM phytoplankton assemblage is under less micro-zooplankton grazing intensity, and is more sensitive to light and
nutrients. These results prove the hypothesis that DCM phytoplankton are seed populations when the deep water is mixed

upward with the surface layer in a typhoon.

Key Words: phytoplankton; micro-zooplankton; bloom; light; nutrients; South China Sea
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Table 1 Comparisons of environmental factors and chlorophyll a between the surface layer and deep chlorophyll maximum layer at station S9
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Fig.2 Vertical profiles of temperature, salinity, chlorophyll a (Chl-c) and the <5 pm fraction of total chlorophyll a at station S9
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Fig.3 Changes in chlorophyll a (Chl-a) and size distribution during the incubation of the surface samples at station S9
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Fig.4 Changes in chlorophyll a ( Chl-a) and size distribution during the incubation of the deep chlorophyll maximum layer samples at

station S9
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Table 2 Summary of micro-zooplankton grazing rates (d™') under different light conditions

KR >5 um /MBI <5 wm H4 Total
Iy K2 B
Stations Layer Light sl S FHE R B EHEgT LB P B4
Grazing rates R? Grazing rates R? Grazing rates R?
E101 *KZ AL 0.78 0.76 ** 0.80 0.79* 0.95 0.91*
El01* *Z LIRS 0.74 0.81* 0.85 0.87 0.68 0.96 **
£206 *Z LIRS 1.59 0.93 1.04 0.85* 1.41 0.97 **
£206* *2 LIRS 0.72 0.97* 1.05 0.92* 1.19 0.99 **
E709 xKEZE CINISS 1.47 0.91* 0.85 0.95* 0.89 0.87 *
E709* *Z CINISA 1.34 0.96** 1.07 0.84* 0.87 0.70**
Bl EJFS GRS/ 0.54 0.92* 1.10 0.87 " 1.53 0.95*
B1* xKZ CINIG 1.66 0.97* 1.69 0.93* 1.77 0.95*
E406 xKEZE CINIG 1.55 0.94* 0.74 0.89 1.46 0.91*
B2 xKZ LIRS 1.51 0.85* 1.17 0.79* 1.77 0.85*
E504 xKZ LIRS 1.68 0.95** 1.01 0.97** 1.33 0.90 **
E407 DCM LIRS 0.39 0.94* 0.59 0.79* 0.64 0.88 "
S4 xKEZE LIRS 1.32 0.94* 1.08 0.85* 1.06 0.87*
S18 xKZE Ao 0.97 0.78 * 0.63 0.94 " 0.90 0.86
*KE AL 1.45 0.81" 1.11 0.86** 1.37 0.98 **
S10 xKZ At 0.69 0.73 0.61 0.97** 0.67 0.99*
*KE AL 1.88 0.91* 1.32 0.98** 0.93 0.93*
DCM Al e 0.71 0.81* 1.14 0.68 0.91 0.79 **
DCM AL 0.68 0.72* 1.06 0.69 0.86 0.94**
S16 *Z BRI/ 1.54 0.77* 1.85 0.95* 1.76 0.86*
EIIS GRS 1.38 0.96 ** 0.57 0.86 " 0.62 0.90 **
DCM IR 0.77 0.86 0.76 0.42* 0.64 0.69*

DCM;YKﬁEﬂfﬁE%j{E,Deep chlorophyll maximum;“‘*"%ﬁ%%%?%bﬂg;“ w TR w e TSR B PETE P <0.05 1P <0.01
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Fig.5 Micro-zooplankton grazing rates in the surface anddeep chlorophyll maximum layer water under different nutrients and

light conditions
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Table 3 Comparisons of microzooplankton grazing rates (mean + SD) in the South China Sea using the dilution experiments

27 3k I [H] XI5 K Er gt e BT
References Time Location Layers Grazing rate (d™") Nutrient condition
Chen %5, 20093 AR I (L) X2 0.57+0.54 0.5 pmol/L NH,,
0.03 pmol/L PO,
1 nmol/L Fe,
0.1 nmol/L Mn.
Huang %, 20114 7—8 A B IR E3 TR 0.8520.37 SR/ N
Ak FFHR: 0.50.17
Zhou %, 201114 6—7 A AL EJ 1.48+0.63 (3-20 pm) A #Rk
1.02+0.42 (<3 pm)
1.17£0.56 (/&)
Chen %, 2013116 8 H AL EI 0.49+0.47 0.5 wmol/L NH, ,
DCM 0.21+0.13 0.03 pmol/L PO,
1 H *®Z 0.35+0.21 1 nmol/L, Fe,
DCM 0.34+0.11 0.1nmol/LMn
Zhou 4 | 201541 8—9 A5 A P AL S 1.00£0.79 (3-20 wm) ERATIQLN
0.77+0.58 (<3 pm)
0.83+0.54 (&)
AHHFE 5HM9A P LR x2 1.22 + 0.38 (>5 pm) A #Rk s
This study 0.87 = 0.21 (<5 wm)
1.14+0.36 (&)
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