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Abgtract : The multidi sciplinary oceanographic survey and in Stu nutrient enrichment experiments were conducted in the rorthern
Suth China Sea during summer of 2004, aimed a better underdanding of the regonses of phytoplankton groath on nutrient
enrichments. Hucidated the dfects of the coagd upwelling resuited from Ekman transportation formed by southwes nonsoon and
ooadd current toward rortheas and midde scde eddies on the didribution of nutrients, and dfected utimetdy on the
phytoplankton growth and sanding stock , and the regponses of the latter to the former , the physicatchemica coupling processes.

The water mass with the properties of high temperature, low sdinity, high disolved oxygen concentration, low nutrient
ooncentration and low phytoplankton biomass was found in anticyclonic eddies, resulted from the downwelling induced by weter
convergence. Results o nutrient enrichment experiments showed that only multi- nutrients adding could simulate the phytoplankton

(90211021)
:2005-08-28 ; :2005-12-31
(2979 ), ) )
* Qorregponding author. Email :ning-xr @126. com

|
Foundation item: The project wasfinancidly supported by the Key Program of Nationd Natura Science Foundation of China(No. 90211021)
Received date:2005-08-28 ; Accepted date :2005-12-31
Biography : PENG Xin, Mager , mainly engaged in merine ecology.
Acknowedgement : We thank the Suth China Sea Branch of SOA for providing hydrologica and chemica data of the synchronic observation.



3960 26

growth. At the gtation of S1008 , for exanple, Chla obvioudy increased in NP and NPS experimental groups from Q 28 mg- m™ °
to 1.07 mg m" % and 1. 19 mg- m" ® regectively &ter 60 hours i ncubation since nutrients adding. Furthernore , we a  found thet
the nutrient enrichments resulted in the successons of mot only szedructure but d species gructure o phytoplankton
communities, i. e. the shifts from picophytoplankton to nanophytoplankton and netphytoplankton, and from dinoflagellates to
digoms.

Key wor ds:rorthern Suth China Sea; phytoplankton growth ; nutrient enrichments; Chla; dzefractionation
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Table 1 Mean + D o the reated environment parameters size-fractionated Chl a and phytoplankton abundance in the northern South China Sea
_ _ Yope + Open sa
Qoagd zone( <50m) (n=5) Self (50 200m) (n=4) (>200m) (n=7)
Parameter Mean Mean Mean
Quface S0m of water oolumn Suface S0m of water column Suface S0m of water oolumn
Temp( ) 28.94+1.12 22.14+0.18 25.22+0.30 20.08+1.10 24.14+2.41 25.40+0.72 20.22+0.29 25.23+1.43 22.18+2.62
S 30.57+3.48 34.50+0.06 33.46+0.59 33.61+0.33 34.40+0.14 34.21+0.03 33.73+0.20 34.28+0.10 34.31+0.07
NH; (nol-dn” ) 1.58+1.89 0.99+0.64 1.06+0.53 0.94+0.77 0.59+0.75 0.77+0.85 1.36+0.40 125+0.36 134+0.42
NO; (Inol-dm %) 0.15+0.12 0.14+0.10 0.29+0.12 0.07+0.08 0.17+0.11 0.12+0.06 0.05+0.06 0.10+0.06 0.10+0.02
NO; (inol-dm™ %) 3.76+3.01 4.64%0.75 5.30:1.64 3.47+£1.19 1.58+2.39 4.63+1.70 1.31+0.64 0.89+0.60 4.58+2.89
RO:" (rol-dn” %) 0.12+0.12 0.16 +0.01 0.19+0.18 0.08+0.11 0.26+0.14 0.21+0.10 0.09+0.10 0.15+0.12 0.47+0.25
903 (nol-dn 3) 9.98+7.66 17.75+4.73 12.87+7.37 2.73+1.60 7.10£3.98 599+3.39 6.45+3.59 567+3.37 11.46+4.47
CH a(mg-m™3)
Net- 2.30+4.82 0.32+0.40 0.72+1.09 0.07+0.08 0.09+0.09 0.08+0.06 0.01+0.01 0.02+0.01 0.03+0.01
Naro- 0.73+0.82 0.23+0.08 0.79+0.73 0.07+0.05 0.14+0.13 0.13+0.07 0.04£0.01 0.05+0.02 0.05+0.01
Ao 1.31+1.44 0.26+0.05 0.56+0.28 0.13+0.06 0.91+1.46 0.51+0.36 0.13+0.06 0.37+0.25 0.24+0.07
am 4.3445.8 0.81+£0.43 2.07+1.42 0.27+0.18 1.14+1.65 0.72+0.48 0.18+0.07 0.44+0.27 0.31+0.09
Cdl abundance
(x10%ell- dm” %) 1052.78 £1141.17 23.15+20.76 464.43+429.47 161.72+244.51 4.86+4.67 32.37+37.12 1.35+1.16 1.46+0.74 1.26+0.48
2.1
2.1.1 14.56( S1010 150 m) 30.07 ( S1004 ),
(25.37+£4.13) , ( a8, 50m
[10]
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comasum) ( Emiliania huxleyi) , ,
) , 50 %
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Table 2 Initial concentration o chlorophyll a(mg- m™ %) and nutrients (ol - dm” %) and atom ratio of nutrientsat the Sations 2007 and S1008
SQaion  Cha  NHf NO; NO; DIN FO;- 905" N/P /N /P
007  0.26  0.52 Undetectable 142 1.94 Undetectable 1.1 — o7 —
SI008  0.28  0.62 0.09 213 284 0.06 6.81 47.3 240 113.5
2.2.2 a a 3 007, NP3
72 h a ( 0.53mg-m°) ,9 h 3.84mg-m?, a
14.40 mg-m’° 50 : a
( 4
S1008 , NP  NPS 48 h , a 60 h
, 1.O7m‘:]-m'3 1.19rrg-m'3, 4 ,
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Table 3 Response of chlorophyll a to nutrient enrichments at the Stations S2007 and S1008(mg- m” %)
Bxperimenta group
. Cultivation
Saion () c1 @ N1 N2 PL P2 NPL NP2 g1 92 NP1 NP92
007 0 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26
12 0.24 0.23 0.19 0.21 0.18 0.15 0.13 0.22 0.26 0.28 0.22 0.25
24 0.29 0.25 0.27 0.28 0.27 0.17 0.25 0.31 0.40 0.34 0.37 0.30
48 0.14 0.10 0.10 0.15 0.11 0.15 0.16 0.15 0.23 0.24 0.32 0.33
72 0.23 0.10 0.14 0.22 0.07 0.10 0.20 0.15 0.24 0.30 0.64 0.42
9 0.26 0.31 0.31 0.34 0.14 0.11 0.30 0.11 0.30 0.22 4.26 3.62
108 0.29 0.20 0.35 0.43 0.17 0.12 0.35 0.23 0.21 0.19 17.34 11. 46
S1008 0 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
12 0.22 0.27 0.24 0.25 0.31 0.31 0.31 0.30 0.31 0.28 0.29 0.29
24 0.27 0.27 0.23 0.06 0.31 0.24 0.38 0.37 0.31 0.36 0.24 0.41
48 0.22 0.20 0.29 0.43 0.22 0.24 0.57 0.38 0.27 0.29 0.41 0.51
60 0.20 0.17 0.32 0.18 0.17 0.15 1.03 111 0.22 0.15 1.16 121
2.2.3 a a ( 4, 007,
a Foo (84.6 %) |, , NP 3 NP9 Naro
, NP ,Narmo 55.3%, Net 35.4%,Fo0 ,
9.3%( 6), Foo S1008 007 , a
Foo (86.5%) |, Namo  NP(45.7%) NP9 (56. 57 %)
Net , Ao ( 4,
Foo (7 Foo , a
2.2.4 (>
Bm ) , 007 S1008, ( 5
, ( Prorocentrum dentatum) ( Gyrodinium spirale) ( Nitzchia
9.); , ( Pseudo-nitzschia ddicatissma)
( ©ylindrotheca dosterium) (Leptocylindrus minimus) ( Chaetoceros curvisstus)
( Emiliania huxleyi) , (007 ) (s1008 ) 007
(62.5%) , (37.5%) ; NP3 ,
(90.3%) , (7.8%) , 1.9% S1008 007 ,

(60 %) , (40 %) , , NP  NPY ,
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Fg.6 Jzefractionated chiorophyll a before and &ter culture at S2007

4

S1008(60h)

2007 (96h)

Fg.7 Jzefractionated cholorophyil a before and &ter culture at S1008

a

Table4 Response of size-fractionated chlorophyll a to nutrient enrichment at the dations o SI.OOB(GOh)’i".(J 2007 (96h)

S1008  Zation 310C8
Ch a Before incubation After incubetion
Origna seawater sample Cc N P NP S NP3
Net 0.01(2. 52 %) 0.01(5. 26 %) 0.02(6. 24 %) 0. 01(5. 88 %) 0.02(1. 94 %) 0. 01(4-. 55 %) 0.07(5. 72 %)
Naro 0. 03(11. 03 %) 0.06(31.589%) 0.09(28.13%) 0.06(35.29%) 0.48(46.60%)  0.09(40.91%) O0.66(56.57 %)
FAoo 0. 24(86. 45 %) 0.12(63.16%) 0.21(65.63%) 0.10(58.83%) 0.53(51.45%) 0.12(54.549%) 0.44(37.71%)
007 /Sation 2007

Net 0. 01(3. 50 %) 0.04(15.38%)  0.02(6.26 %) 0.05(35.71%)  0.02(6.90 %) 0.03(10.00%) 1.50(35.35%)
Naro 0.03(11. 89 %) 0.01(3.85%) 0.01(3.13%) 0.03(21.43%) 0.13(44.83%)  0.15(50.00%) 2.35(55.33 %)
Hoo 0. 22(84. 61 %) 0.21(80.77%)  0.29(90.63%)  0.06(42.86%)  0.14(48.27 %)  0.12(40.00%) 0.40(9.32 %)

5

( -dm’?)

Table 5 Dominant species successon and its abundance before and after nutrient enrichments(cdl- dm” 3

2007

S1008

Orignd seawater

+NP9

Orignd seaweater

+NP

+NP9

Prorocentrum dentatum

2043
Cylindrotheca d osterium

Prorocentrum dentatum

Pseudo
nitzchia ddicatiss ma

Cylindrotheca d osterium

Pseudo-
Nitzchia 9. & Leptocylindrus minimus 1702 Gyrodinium spirale 213 Scrippsidla trochoi dea nitzchia ddicatissima 23
Chaetooercs cunisetus 1702 Nitzchia 9. 128 Gyrodinium spirale 170
6
Table 6 Changes in the proportion of abundance of major phytoplankton phylum by nutrient enrichments
007 S1008
Orignd weter sanple NP3 Origna weter sanple NP NP3
cdl- dm™ 2 (%)  cdl-dn® (%) cell- dm™ 3 (% cdl-dn® (%) cdl-dn® (%)
Diatoms 128 37.5 5915 90. 26 255 40 2042 73.85 2660 93. 98
Dindflagdllates 213 62.5 511 7.79 383 60 553 20 170 6.02
Others —_ —_ 128 1.95 —_ —_ 170 6.15 — —
IUm 341 6554 638 2765 2830
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) ( <30) ) y a ( > 4 rrg-
m?®, 2f) , Ekmen tor
: . (s0m )
) , 50m _
( 3ab, ; @l
, Y ,
1.5 0.15; ,
3 ” [2]
[11]
1999 ( 7, 1 , ,
1999 , —_—
[12]
(Cha>1mgm®), (Net  Naro ) (
) 1 1 1 1
(Chl a) 50 % , )
: : a (<1mgm?),
( ) 1 1
, (Chl a) (70 %
)[1,9]
7 2004 1999 @ ol - dm3)
Table 7 Mean = D and range o nitrate phosphate and silicate concentrations (1 nol- dm™3) in the summer of 2004 and 1999 in the northern South
China S=a
2004 8 August 2004 1999 8  August 1999
NO; PO3" 908" NO; FO3- 90%
Average 3.64+3.29 0.25+0.28 8.27+5.90 1.37+2.20 0.50+0.42 13.99+8.68
Range 0.01 16.13 0 1.18 0 33.00 0 10.00 0.10 2.36 0 43.70

* Orignd data are provided by the Suth China Sea Branch of SOA
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