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Abstract: The rich natural resources, that occur in the East China Sea (ECS) provide great economic benefits to the
associated coastal districts; therefore, research on the water quality in this region is of great significance. As biological
indicators of water quality, information regarding temporal and spatial distributions of phytoplankton biomass and growth
cycles, as well as modifications caused by climate change is important for understanding the ecology of the ECS. Many
researchers have been concerned about the characteristics of phytoplankton blooms in the North Atlantic Ocean; however,
there are few. relevant studies in this region. The present study occurred during a period of phytoplankton bloom in the ECS
and provides a significant reference value for an ecologically representative area. The present study selected nine regions
with the same area at”different geographical locations, latitudes, and ecological characteristics, and applied chlorophyll a
(/Chl-a) data from Sea-Viewing Wide Field-of-View Sensor and Moderate-Resolution Imaging Spectroradiometer to analyze
the spatial-temporal variation of phytoplankton biomass and phytoplankton bloom phenomenon in the ECS during 1997—
2015. The Gauss curve model was adopted by fitting the data collected to obtain the time of bloom initiation, bloom peak,
bloom completion, and bloom duration in the ECS. The Gauss curve fitting model was applicable to conform to the Gaussian

distribution of the data. To test whether the dataset accorded with a normal distribution ( Gaussian distribution) , the study
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applied the Kolmogorov-Smirnov test. The single-peak moving Gaussian model was applied to fit the spring and summer algal
bloom outbreaks and define the phytoplankton blooms at the beginning and end of the marker for Chl-a concentration to
reach a peak of 20%. The research demonstrated the distribution pattern at the spatial scale, with phytoplankton biomass in
the open sea being lower than that in the offshore area. The areas with maximum biomass were the seas of the Yangtze River
estuary, the Taizhou region, and the two areas closest to the Yellow Sea. The areas with minimum biomass were the seas of
the Nanji Islands and Taiwan Strait. Therefore, the closer the phytoplankton was to the South China Sea, the lower was. the
biomass. Algal blooms occurred in the Yangize River estuary from June to September and in the Yangize River estuary in
May and from July to August. Phytoplankton blooms at Taizhou Island occurred during May and July. The algae in the
eastern part of the ECS occurred from November and December to January and February in the following year. Phytoplankton
blooms at Nanji Islands concentrated during February and March, and the ECS algae in the northern areas between May and
June. The biomass of phytoplankton in the northern outer seas was low and algae were mostly present’in March-and April. In
general, the two sections of the research region, which were divided by the Nanji Islands, demonstrated the same
regularity, the time taken for phytoplankton to reach peak biomass was prolonged, and the duration of the phytoplankton

blooms increased from high latitudes to low latitudes.

Key Words: East China Sea; phytoplankton biomass; phytoplankton bloom; temporal and spatial variation; Gauss model
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Fig.2 Variation of Chl-a concentration in the East China Sea from 1997 to 2015
A8 KA S, it iE B2 AL 3 Chl-a YREEROI N, i R IR/MEL 2L VR BOR (8, A A BEUE, 5 mg/m?

IR, 52 B3 R e VR BE B TR ) R S e i R O L0 A Y VR BRI (E Y AR vh TS B4R LT 5—8 A Ay
(160—240 d) Z[A], T X8R 5 Mg e, (EHE 2 3 2D T 71X 38 2, SRk TR AF e J3 A v (R A T 1T RS
JIT ARV BE v T X 2, /N I3 4 F IR S A B A Chl-a B8 & S (ER, 405102 5 0 Fn 8
A4y (120—160 d,200—240 d) . FXIk'6 {2 Ff5 M 5 5, Chl-a ¥ B WE(EE D F 5—7 A (120—216
d) . FIXIR 7 07T 5 EES 5 il 3, AR ] £ T 4—5 A 43 (80—160 d) , HAHH ] Chl-a A% ¥R B FE A
i 5 mg/m’, F-IXI5k 8 9 v F A R, U FEFR AN Ry, T IXI8 9 Chl-a ¥R BE AR 4 A 3 F%, K34y
AR FEAR T 2 me/m’ , PRUHAR M B MR EE N 3.5 mg/m’ 247, F X380 8 BRI IG(E A B a] Ry .4—5 A 1)y
I 11—12 H 65 (80—160 d,280~-360 d) , i TIX 5K 7 .9 2 [] , W fH i i) 5 AHAR X 3G H4, W Ju B e an T
FIXIK 9, HAERE T 2.5, mg/m’,
2.3 PR E B RLA

ST WERAS E TR e A A T LRI TE] W [R] | 235 SRR ] D R Rz B 1], SR IBCRs J0r R X Chl-a V¢ B 500
LTI A B, K9 A XY Chl-a WREEEIE ST K-S K, A 138 K-S K, £7 5 IEA 0, 1
JE IR AR ER . SRS AT R LR, JE T e & AR A B Rl B0 R 3—10 A 7 (64—288
d) ) Chl-a YR EHE S AE00 B Ve B 5 R (. Chl-a W Y 20%4E R iFAh 84, 158 1 B i ih el & 45
(B4, 55 T th S E L S LT LE S E] (bloom initiate, b,) (WE{ELR [E] ( bloom maximum, b, ) %% HA}[H]
(bloom termination, b,) & & X [8] ( bloom duration, b,) (#2)

Bl 4 MG 25 R RER 1 A T iR SR AR RPNl 0.402(F X3 1) , HAR#RE T 0.5 45 5
B om 0.97(FIX 2) , FIXIE 1 BRMEE R R, FIX e 2.3 FA B il 4 AR 0L . I R R e W (E S
WK, BEARFFEAT [ EEAAH R, SOR 22 IR . (H 3 il R B 5 0 A0 A7 B AN [R) , 0 o BT [B) A 22 21d,
X3 4.5 W& i SWARRL, SRR Rl AH 22 4d, WE(E A EARZE 19, T IX3R 6 7 WA AT EAR, (6 )5
WeFE i, BNt A S PRI A AR e A K, T IX 8 WA AR B w5 | V(S5 R AR, B e AR & AE o PRI A )
HEYEAR N FIX I 9 FEAE] AR EERE I,

http ; //www.ecologica.cn



8044

44y Year

200 280

360

40

B 37 94 FXig Chl-a IREMN S HIER

120 200 280
I}/ Day of year

360

Fig.3 Distribution of Chl-a concentration in the nine subregions
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Table 2 Gaussian fitting parameters and the bloom time of the corresponding subregions
TRk S Parameter $5 I H] Times of bloom
Area o t c R? b./d b,/d b,/d b,/d
1 2.48 139.3 5.993 0.402 128 139 150 22
2 1.269 119.9 12.45 0.9752 98 120 142 44
3 2.095 141.5 12.8 0.5738 118 141 164 46
4 2.754 149.2 13.42 0.6373 125 149 173 48
5 2.264 130.4 14.33 0.6492 104 130 156 52
6 3.666 153.4 26.45 0.8058 106 153 200 94
7 1.819 92.38 16.04 0.5066 63 92 121 58
8 1.114 109.2 6.909 0.6092 96 109 121 26
9 0.7082 199.2 22.23 0.8023 159 199 239 80

LR BEAEFFURIN E] (bloom initiate) , b, &7~ 5 W AE 7] ( bloom maximum) , b 2678 #4245 B[] ( bloom termination ) , by #&7R B A6 FF 4L i

[i1] ( bloom duration )
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(] o 2R T 4 K, 7
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Fig.4 Results of Gaussian fitting in the nine subregions
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Fig.5 Bloom time of phytoplankton in subregions

AR PV Py T RIRDC, ASCRIT 19972015 5 ot s i T, R 1
H LR LR IE4 A DR A TG BRI ICTE R ey, e sttt sns ons
MBI i T SR P2 0 AL A i LR
3.2 R A R R N R

PR B A F2 A2 IR OGRS IR ER RS2 M) | AR VR T e R 2 1 AR U B 3, R (AR T
25°C Ze AT e ARAE U f AU ) R i T g, AR TE 0—10°C Y AR B 284 TR XL, & 2 B A TP LR, 5 %
P XU BB T R VLI R TR AT L, /MBS S B 1 IR AL A A e KR  RGERIS RO &
SRRSO , AT B AR A A K 0728 A 2 9 KU B2 R ER

FRIFIE VGV PE IR R MR AR G 1 R KT A KRt Bl YU R O, AR TSI 7 % AL A L
AR o iR oK 5 A 7K B TS R AL S8 I TAT IR ) 20 AR 0 s SR, O TR DA AR A AR AR AL T R %
PF R REEUR MR A5 BT E AR TR AR . ORI DRI VS A R R R B O

http ; //www.ecologica.cn



8046 A E = 37 &

Wy B Ao e AR AT A SR R T U A U A S R MR 2 T S L R R B N SR R AR PR PR S A R N R
T 54000 P AL T A R R T R B ARG X3, L TSV I LA Y ) R T AR R T
AIF, PRI 3R a VREEARE ALY O AR a WREEIS I LRI, & Z0 e P 3k E B R I 221, 73 2303l IR A1
HFWEFTAR KB K, BIL TR B 4R R E.,

4 ZHie

ABEFEL, G A I ] 51 ) TR G 20 A 1 2R T2 T AL O I 2 A R A, )P e 30l i T A0 545 ) 1
BEAR S L R IT AR I ) (BT (R] 457 b Ff (B) R R I ], 453 B LT —2ERFTE 4551

IR PR AE ) A ) i 1) I s LA T 1) - XU 4 6 IR A AR ) B s, A T I R 1 X 4
AR RAAE 6—9 A4y A0 T 6 MBI IR0 1~ X8 6 e A R A 5—T Ay, SR 3 1 T ik M3 X 35 8 |
O FRUFAE Y AE Wy i W B R AR, 7 X 8 PRIR A K AR (B[R] 43I 2 2—3 Al 1012 6y, F X 9 B R
AR 1112 A BIRAE 1.2 Ay 0T R FES 1 el i) 5 DX 7, iy B B A £ 21 i Sk AT 15 125 Vb
Z 8], AL RS ) P AL LR R I T 5 B S el v T 5 T b, PR R AR A P 2—3 Ay, SRk
BRI X 1.3 PR AR AR T X 4 6, v T X8 8 .9, WA A AL R4 N 5+—6 H 4y, I il it
BIPIAS T IXCh 2 M5, 5 X5 AR I AN s Ak B M, T AR A e AN, PSR o DX ) HoR &
I ARBEANIE .5 A 7—8 H Ay s X 2 PR liF A A= Wy i e e AT 3—4 H AR,

TRIERE B S I 25 LA « 5 M 91 0 e e i A 0 3 8 5 S (R ) e 7, 30T i T T Bk 381 WA (B
[ B MR, 30X A1 DX 40 R A0 0 4 ) B e () 51 5 30 T A R 5 2 R e 7 T AL i A e i) 5 7T
1 R B V38K, 30 5 T Xl i L P 1)k W (S TR R B K8 i AR B R ) 5 2 N TR B AR — B8
PR AR B A6 S B — e AL A 25 B BN 43 15, 9 T AR ) B M0 AL A A R P ] AN T SEE I, A
RAFLEN R HE K

£ 3R ( References)

[ 1] Builtvd, skan, XUBE, skINE, RIFI, E50 & TR TOLIERE S 48R o BRI, L05MT KPR, 2006, 25
(5): 355-359.

[2] RWLm, B4, BEAE, IV FREKEI SR o P91, SR, 1993, 11(3) : 38-51.

[ 3] Foukal N P, Thomas A C. Biogeography and phenology of satellite-measured phytoplankton seasonality in the California Current. Deep Sea Research

Part I: Oceanographic Research Papers, 2014, 92 11-25.

] REEZE Felns, ERR. TG FRIEEYIK RS ) A Y R R T AR, BRI E R, 2011, 26(3) : 257-265.

] A R e, R W ARHEE AL, 1999.

[ 6] MLEM, HRIEHL, EEER, HAh. 1997-2007 ARG AR a FTid ik BE AT 2B /050 HT. FRIERIEBEST, 2008, 21(6) : 137-142.

1 OMME, B, F R TR OB E AR AR o WL AR PR AL LR AE M. TR S IV, 2012, 43(3) : 649-654.
] Henson/S'A, Thomas A C. Interannual variability in timing of bloom initiation in the California current system. Journal of Geophysical Research:

Oceans, 2007,.112(C8) : C0O8007.

[ 9] Racault M.F, Le Quéré C, Buitenhuis E, Sathyendranath S, Platt T. Phytoplankton phenology in the global ocean. Ecological Indicators, 2012, 14
(1) 2.152-163.

[10] “Platt T, Sathyendranath S. Ecological indicators for the pelagic zone of the ocean from remote sensing. Remote Sensing of Environment, 2008, 112
(8): 3426-3436.

[11] B/, BT B AR ]y 5 PR it o 10 2 RO BT [ D] UM . Wi ka, 2013.

[12] Siegel D A, Doney S C, Yoder J A. The North Atlantic Spring Phytoplankton Bloom and Sverdrup’s critical depth hypothesis. Science, 2002, 296
(5568) : 730-733.

[13] Chiba S, Aita M N, Tadokoro K, Saino T, Sugisaki H, Nakata K. From climate regime shifts to lower-trophic level phenology: Synthesis of recent
progress in retrospective studies of the western North Pacific. Progress in Oceanography, 2008, 77(2-3) : 112-126.

[14] Kahru M, Brotas V, Manzano-Sarabia M, Mitchell B G. Are phytoplankton blooms occurring earlier in the Arctic? Global Change Biology, 2011,
17(4) : 1733-1739.

http ; //www.ecologica.cn



23 44 SEEE A BT RR B I AW TR I AR ) P i i =S A5 8047

[15]
[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

Edwards M, Richardson A J. Impact of climate change on marine pelagic phenology and trophic mismatch. Nature, 2004, 430(7002) . 881-884.
Sapiano M R P, Brown C W, Uz S S, Vargas M. Establishing a global climatology of marine phytoplankton phenological characteristics. Journal of
Geophysical Research, 2012, 117(C8) : C08026.

Platt T, White G N, Zhai L, Sathyendranath S, Roy S. The phenology of phytoplankton blooms: Ecosystem indicators from remote sensing.
Ecological Modelling, 2009, 220(21) : 3057-3069.

Song H J, Ji R B, Stock C, Wang Z L. Phenology of phytoplankton blooms in the Nova Scotian Shelf-Gulf of Maine region: remote sensing and
modeling analysis. Journal of Plankton Research, 2010, 32(11) . 1485-1499.

Zhai L, Platt T, Tang C, Sathyendranath S, Walls R H. Phytoplankton phenology on the Scotian Shelf. ICES Journal of Marine Science, 2011, 68
(4): 781-791.

Mccullagh P, Nelder J A. Models for continuous data with constant variance. Monographs on Statistics & Applied Probability, 1989.

O'Reilly J E, Maritorena S, Mitchell B G, Siegel D A, Carder K L, Garver S A, Kahru M, McClain C. Ocean color chlorophyll algorithms for
SeaWiFS. Journal of Geophysical Research, 1998, 103(C11) : 24937-24953.

JAIE, Jr#6 g, MODIS i AR Wi 4 2R a 2B B BEATSY. N2 IE A, 2014, (10): 82-85.

HRER, WK, K2, WD, MR EBEHARR o BT SCHAE AR NI R AR, B G244, 2007, 718 (6) + 821-831.
Wolanin A, Rozanov V V, Dinter T, Noé&l S, Vountas M, Burrows J P, Bracher A. Global retrieval of marine-and terrestrial chlorophyll
fluorescence at its red peak using hyperspectral top of atmosphere radiance measurements: Feasibility study andfirst results. Remote Sensing of
Environment, 2015, 166. 243-261.

XIR B TAEVEIEIRSIE. R RO A, 2005.

Zhai L, Gudmundsson K, Miller P, Peng W J, GuOfinnsson H, Debes H, Hatin H, White G H, Walls R H, Sathyendranath S, Platt T.
Phytoplankton phenology and production around Iceland and Faroes. Continental Shelf Research, 2012, 37. 15-25.

Platt T, Sathyendranath S. Oceanic primary production; estimation by remote-sensing.at local and regional scales. Science, 1988, 241(4873) .
1613-1620.

AL, 2R, A0, ZRUKJE. FI MODIS 32 B [ i R T R BE AR R a VR EEAEBRR AL RIS, K =22 B4l , 2009, 24
(2): 151-156.

TR, ZE02, PhRIE, W 3T 30 4F ENSO fFFTit R . SR RHGER, 2012, 2(3) : 17-24.

VRO, E3C, DEhR, tRAPHE. 1951-2007 4FAY ENSO 2Pk BOHARREAE. FRICEF4, 2009, 18(4) : 18-24.

Gong G C, Wen Y H, Wang B W, Liu G J. Seasonal variation of chlorophyll ¢ concentration, primary production and environmental conditions in
the subtropical East China Sea. Deep Sea Research Part II; Topical Studies in Oceanography, 2003, 50(6-7) : 1219-1236.

Chai C, YuZ M, Song X X, Cao X H. The status.and characteristics of eutrophication in the Yangtze River ( Changjiang) estuary and the adjacent
East China Sea, China. Hydrobiologiagy 2006,:563(1) : 313-328.

JHAIL, BUR, ARG UL AR I A XA RHIE IR, A A5 241, 2003, 14(7) :1031-1038.

AREEEG , BOME. F MR A I R 51 RIR B 2 1 AR 00T I PRSI SY, 2012, 30(4) : 46-54.

http ; //www.ecologica.cn



