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Abstract By collecting and sorting the relevant data from 2001 to 2017, a preliminary study on the rules and
influencing factors of red tide outbreaks in offshore areas of China was conducted. The results indicate that the
occurrence pattern of red tide in the offshore areas of China increased firstly and then decreased. The area and
frequency of red tide in China seas increased significantly from 2001 to 2005, while decreased significantly from
2006 to 2017. From 2008 to 2017, a total of 608 red tides occurred in China, and 65 species were the first dominant
species that triggered red tides. Prorocentrum donghaiense was the organism that caused the most red tides, 106
times totally. The influencing factors of red tide in each sea area were different: the changes in red tide area in the
Bohai Sea were mainly affected by nutrients and total nitrogen; the changes in area and frequency of red tide in
East China Sea were significantly affected by nutrients, total nitrogen, total phosphorus, and nitrite nitrogen; the
changes in the area of red tide in South China Sea were significantly positively correlated with pollutants entering
the sea and COD,, (P<0.05). In order to further reduce red tide outbreaks, several suggestions were proposed for
prevention and control of red tide in offshore areas of China: establish online monitoring stations; take control
measures based on local conditions; strengthen source pollution management; improve emergency response
systems; carry out marine ecological restoration.
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Fig. 2 Proportion of red tide frequency and red tide area in various sea areas from 2002 to 2017
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Statistics on the number and area of red tide occurrence in various sea areas
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Table 1 Frequency of red tide organisms in China’s offshore waters

GEHAER

PRI LY
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

IR Prorocentrum donghaiense 18 13 7 16 23 4 15 10
RIE#E Noctiluca scintillans 5 13 12 11 9 13 9 9 20 4
il 2k Skeletonema costatum 10 8 6 7 9 6 2 8 8 4
KICHUEHE Karenia mikimotoi 3 7 4 19 2 4 3 1 12
IR ¥ Akashiwo sanguinea 1 3 3 4 17
HAGIEH $E Prorocentrum dentatum 22 5
TRINSEVEEE Aeterosigma akashiwo 2 4 2 2 1 3 2 4 1
21 (AP 45 1 Mesodiniu rubrum 2 2 4 1 1 1 3 6
HEWRE 78 L5 Scrippsiella trochoidea 6 4 1 2 6
BRIEAZAEEE Phaeocystis globosa 1 2 1 2 3 1 6
ZYRINTE Gonyaulax polygramma 2 1 3 1 4 1
X Ceratium trichoceros 2 2 2
FERBEH 3 Gymnodinium catenatum 1 1 3
WHLEEHE Cochlodinium geminatum 2 2 1
FYZEAQREWE Leptocylindrus danicus 1 2 1 1
MEEFKEE Aureococcus anophagefferens 2 1 1 1

RIG %8 Chattonella 2 1 1
MMETWE R Akashiwo sanguinea 2 2
FRIEBIE Phaeocystaceae 2 2

fAEMIE Chaetoceros 2 2

[F1¥34% 3% Thalassiosira rotula 1 1 1 1
JEEEFA B ¥ Chaetoceros curvisetus 1 1 2
ZINFEINTE Cochlodium polykrikoides 1 2 1
KEEEIGEESE Thalassiosira pacifica 3 1
ZEIWE Nitzschia 2 2
JRBEIE#E Gonyaulax spinifera 4
RHZEI B Nitzschia pungens 3

W EQUERE Thalassiosira nordenskioeldii 2 1
T B Cochlodinium 2 1

BRHSE Gymnodinium aerucyinosum 1 1 1
BN EE Gonyaulax spinifera 1 1 1
WFPERIGE R Chattonella marina 1 2

RINMZEFE#E Pseudonitzschia pungens 1 1 1
YEREIRIEBE Gyrodinium spirale 1 2
T/NEH EE Prorocentrum minimum 1 1 1
W5E W Thalassiosira 2
FH5ZEIE B Nitzschia delicatissima 2

ZRBIRIEEE Gyrodinium instriatum 1 1
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Fig. 4 Eutrophication in the Bohai Sea from 2014 to 2017

HA/10° km?
3

(a) FF mEE
)3
oORE

12 4 D H
2014 2015 2016 2017
F4
32
(o) Bk
274

HA/10° km?
3

12 4

2014 2015 2016 2017
F4

32

(b) XZE

N 8]
\S] ~
L L

HA/10° km?
3

- m .

121
2014 2015 2016 2017
32
d) &=
27

224

12_ H
7 . .

2014 2015 2016 2017
F4

HA/10° km?
3

E5 20142017 FHEEREEFLER
Fig. 5 Eutrophication in the Yellow Sea from 2014 to 2017

BRI AR B, & FMEFE B
AU SR T BRAFAE T R (18 7) 0 i ST R B 4T
X TR 05 0 ) M 4 DX B PR A A R A b —B, W
%%E4Hﬁﬁﬁﬁ O TR AR ) 1 6 B B AL T
ZAF, Eﬁiﬁﬁm%ﬁmkif%MEl ﬁ

XA K

=21

1o AR A T e A

(14 7K i A Al R A ARt T e e A A
232 NS

2002—2017 4, DUk R HE A 15 e
154002304.3 t, HARIEEX | kX . wE X E
T IX 4 SHERL 116106979, 9730585, 27000066.5 Fil
1164673.8 to KL, B BRVLAKIG R 4 2590

1135



LR AR (A AR 56 el

2020 4F 11 A

(a) FF
7 o o
ORF

mEEF

s
=
éé 42
) t!1 E!!
26-
10 : : :

2014 2015 2016 2017
4

90
(c) Bk=E
74-
584

42-

HA/10° km?

26+

2014 2015 2016 2017
FE4

O
(=]

(b) 3

- M-

2014 2015 2016 2017
FE4

HA/10° km?
[\ S W =
LI

—_
(=]

90
(d) %=
74+
58+

42+

H#/10° km?

264

10

2014 2015 2016 2017
E4

El6 2014—2017 ERBREEFRNLER
Fig. 6 Eutrophication in the East China Sea from 2014 to 2017

(a) &BZF mEEF
91 OB
O%E

HA/10° km?
W

2014 2015 2016 2017
FE4

(o) k=

HF/10° km?
W

2014 2015 2016 2017
FE4

11

(b) HZ
94

7

HAY/10° km?
W

2014 2015 2016 2017
FE4

(d) &ZF

HA/10° km?
W

2014 2015 2016 2017
4

E7 2014—2017 FEBREEFRNLER
Fig. 7 Eutrophication in the South China Sea from 2014 to 2017
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Table 2 Pearson correlation analysis results of various sea areas
i g ity P 1
LIRS ‘ — ‘ — - — \ —
HREATE AR IREEL AR AR AT AR IREEL T AR IREIEL
COD,; 0213 -0.295 0.095 0.517 -0.084 -0.372 0.578" 0.289
e 0.599" 0.266 0.092 0.590 —0.687" -0.563" 0.068 0.231
15 A 0271 -0.247 0.095 0.519 -0.248 —0.484 0.599" 0.364
BA 0.902" 0.141 0.057 0.509 -0.792" -0.601" —0.186 —0.110
Py 0.107 0.144 —0.460 —0.424 -0.769" -0.600" 0316 0.368
AL 0.497 -0.261 0.211 0.612 -0.165 -0.052 —-0.417 -0.348
WAHAA 0.511 -0.003 -0.191 -0.113 0.872" 0.483 —-0.411 —0.089
AR 0.613 -0.444 -0.264 -0.425 0.380 0.295 0.331 0.556
A 0.719 ~0.746 -0.338 -0.358 -0.240 0.443 -0.321 0.070

T **+7E 0.01 KRR )HI e B35, *7E 0.05 /K- CRUE )M et 3% .

ARG AR VAL S SRy L B R A
BAEDFEMC, RS ERE . DAL
FEOR G, I DX AR T AR AR U 5 TS Y ) AT
F1 COD,, ik & 1F AH K (P<0.05) . [Ht, 7EA [ IX
N7 12 2R BUAS (] F 787 3L ot >Fe 42 il DR T AR . it IX
LI S g il S HE AR, AR TR DX A S o R AR
S B HE R, R 9 X )G S i COD, 1A K

i, IR ORI 7R 4 i S A
N R A

3 RHEENEKSEW

Sy U AR R B, 2009—2017 4F 4% i X 52 A
) ) A B SR (36 3) o e XoF o e e 2 R AF B HL B
Wi R 0, 2% 2Z BT BOR, AT H

LB P [R] A, A

1137



LR AR (A AR 56 el

2020 4F 11 A

®3 20092017 FZBEXEELBIR
Table 3 Management policies of each sea area from 2009 to 2017

X B 2009 4 2010 4F 2011 4 2012 4F 2013 4 2014 4F 2015 4 2016 4 2017 4
IEs SRS J J V v V v
BB 45 N N N N
Litg HAIH J J J J
AR B J v J v v J v
HAHHE J J J J J J v J v
O e N v v v N
AU B4 \ J
Frit HARAH V V v V v
AL V J v v J N
HAb it J J J J J v J v
O mmwr
AU B4 J
FitE FARAH
AR J J
HAb s v J Xl J Xl V v V v
VL A ORI AP RSB AL AR ) (2001—2017) . (LMD ERRBE AR ) (2010—2017), (AR KA FREE A4 )

(2010—2017)F1 g i X g PEFRBIRBL A A1) (2010—2016), HoAt A0 A7 Bopifhs . naii sk LA 2L

VU K BB I X5 0 DX X I
DA A B

1) B AR W A 7E 4V 3 R T 7R 2k
W 5, DA <l B R AL — A
Vg 4 T S 178 S s T R B I, i (e g — A R, -
ELREE X 5 A S s R ik iy o, L R G VA R A
G . X KRB B o BrisHe A A IR T ik
TR R AL -

2) PR DX B A A R . A A T X Y R L
HESE B4 A8 15 it o R ) 21 5 OOV o el v IX R i
A ) F RGP R B, AR A A B 4R
il ZE R IR A A LK . RS
AV R T AN T 32 2 T 7K R R T ot S R W 40 A
I & B, KR AR R BOZ X BRE
PR AR R B K . AW IEXT 2001 —
2017 4 3 [ 3T 165 VA3 355 T Y 00 HE ORN 2% 80 s B 4
BEATRE DGR A3 AT I A 3, T DX R S 4 i S LY
HETSCRE, 2R U DXL A0 S 48 Tl S R0R 8 1 HE i
T I DX ARG Se 4 il COD, Y HEI &, 7R 0 IX i)
DX 9 o R W 1 TR) B, R e R ) R
oo NEEEST VG KANERT ™, FEAS [F) b DX AT X b %o
A TG K EAT AR L

1138

SRR E TG Y I L KOT R SR

3) sk Sk HETE A B . KR E IR AR
KA WA, A K AR TE Gl oK 2R %5
G RSO A SRR, . RITRERIT A
15 e ) HE I 5 % AU S Y W HE R
60%~90% . B JRFIE fIN 5 458 X 3 2% 3 2 Ta] Y it 8N
Al B HET A, W] SRICHE TS VR AT IE R, Xl
BRI HETS AT RS . RIS, s e v i X T
Jedll AR, TEA A A BEHETS FRFRHEL

4) 5836 I O AR FR o g ST {4 1 0T 2]
FRATsh /N, 8 0T g a8, g5 A e il
Beds, B HER TS Y I, TR ) 9 T 5
RFH, P I ML

5) AT HEADMBE . FE AR EA
Gl A5 Al ¥ 7K ZE HE AR VE 22 i BE S 26 3 1 b 1Y)
Ak, 15 K R R A R TS bk e, AT RIS
IRTTE LR R B LR . BEAh, T LAFE I I iR
Wi AR ), TEARAP Rl AR 1Y TR B i AR K
T NZEARAEIR R BT

4 it
T [ 30T VA5 16 4 A 0 1D ARE 2001—2005 4F K iE



5K K 4§

2001—2017 4 v [ 3 ¥ 7K 385 2% 0 & A B0 A B s i R R

FERETN, £ 2006—2017 4F W & 9d >, AR K Az 10
A5 AR T AR A AR fL A B —F S AR
AL A 4 [ AR AR LA A o 22 5 R
DX 25 ) TR FR U S T R ka3, EAE 2015 4R35 51 fie
A 2 )5 A TR 3 it DXORT R U DX A s ) e
FEURI 25 S A0 U TG B 38 0 78 A 80 06 DX 199 % 0 1 K g
SRR, R R0 T AN 7E D gh =Bk

F [ 3T Vg Vg 3 5 | R Y B — AR A R A 65
i, b, R H BOR S R ISR R 2 1Y),
it 106 k. HA EZRBWREIEROCE . T
A, KRS HE . ao@armme . Hig i,
IR IS EE . g . HRR i v L B
PR B 2 L I B

5 Y DX 25 AR A R 530 5 05 e ) A
COD,,. HFih . BA . BB AAREZmA
£ I FE A (P<0.05), HAATE LI 22 50 Wi IX AR
W T RS AL SR SRR AR R B E ARG, R
XA AL S Ry L BA BRI A A
WEEAOE, AR S B SRR L R AU S
FR O, M X AR T AR R ) 5 Y A
1 COD,, .3 IEHIE .

BEXT L RBUR, FRATHE I S e I
sl A, STt PR DX A R B A AR O, i s Sk R A
B, BN A NARR, HETETEAESMEE R,

2% 3Tk

[1] ZFT. WEEELET 10 a R SEARRE 7. H5T
Bl 2012, 33(7): 22102216

[2] SE5, @afh, mrmekE, 45, 2000—2013 4F i
I 1 AR R A R RO T R R B Y . KA AR ik
2015, 36(3): 31-37

[3] Hopkins E W. Hazard of “red tides”. New England
Journal of Medicine, 1969, 281(1): 52

[4] T, KGR, LU, % RT o RHEE
WA FE WAL R AN . G H RN 5 G
H5IWE, 2017, 48(6): 1178-1186

[5]1 P afm, 2R, W0k, b8 3 R i i A8
P B, LRI, 2016, 44(20): 4042

(6] AXE, XUSEF, Ems. Jr Ay ™ AL FN B 5 152
. SRR, 2015(11): 210-213

[71 Qu Dapeng, Yu Huaming, Sun Yuchen, et al. Nume-
rical study on the summertime patches of red tide in
the adjacent sea of the Changjiang (Yangtze) River
Estuary, China. Marine Pollution Bulletin, 2019, 143:

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

242-255

Niu Zhiguang, Xu Weian, Na Jing, et al. How long-
term exposure of environmentally relevant antibiotics
may stimulate the growth of Prorocentrum lima: a
probable positive factor for red tides. Environmental
Pollution, 2019, 255(Part 1): 113149

Xiao Xi, Li Chao, Huang Haomin, at al. Inhibition
effect of natural flavonoids on red tide alga Phaeocy-
stis globosa and its quantitative Structure-Activity
relationship. Environmental Science and Pollution Re-
search International, 2019, 26(23): 23763-23776
RIH, Jete, KT, 5. IR ILA 1 il
B faF K Bria* . i E K™, 2010(5): 14-16
Wen Shiyong, Song Lili, Long Hua, et al. Nutrient-
based method for assessing the hazard degree of red
tide: a case study in the Zhejiang coastal waters, East
China Sea. Environmental Earth Sciences, 2013, 70
(6): 2671-2678

PR St A%, RIRE, & AR R0 3O HOR
H5EE. WEER, 2011(4): 16-18

SPONK. FRE IR B EE BT S (D). B T
LR BB KA, 2009

Weisberg R W, Liu Y G, Lembke C, et al. The coastal
ocean circulation influence on the 2018 West Florida
Shelf K. brevis red tide bloom. Journal of Geophysi-
cal Research: Oceans, 2019, 124(4): 2501-2512

WA, UIE, R, S b T O AR AR AR
Sy ge w5 . W@, 2013, 32(5): 595-600

A . WIS g BOR 5 X R . E AR,
2012, 31(5): 596-600

Amy D, Allan F, Molly N, et al. Red tide. The Science
Teacher, 2019, 87(1): 35-41

Liu Lusan, Zhou Juan, Zheng Binghui, et al. Temporal
and spatial distribution of red tide outbreaks in the
Yangtze River Estuary and adjacent waters, China.
Marine Pollution Bulletin, 2013, 72(1): 213-221
SRAg, THESC, ARRUE, 4E. 3T 20 a TR ENE AR RE
S RAR. WGEPER 2 ERE, 2015, 33(4): 547-558
Sk, BRElg, RRA, 4. 2009 4F 2 2016 4 1
3T I AR Ay AR AE . PR IIE W AR, 2018(2): 23-31
R, RMAK, AR, AE. 3T 10 4R IR T RV
RN I ERFAE 3. R IIE AR, 2017(4): 86-90
FokAE, BET. MR R URR ) R A ERATR. W
AT SRR, 2014(2): 157-159

Huang Jiansheng, Liu Hao, Yin Kedong. Effects of

meteorological factors on the temporal distribution of

1139



LR (A SR B2 R

56t el

2020 4F 11 A

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

1140

red tides in Tolo Harbour, Hong Kong. Marine Pol-
lution Bulletin, 2018, 126: 419-427

il e, BEEEMR, B, 4. 7R S R AR K
R GGk BRI . MR S WE, 2019, 50(3):
525-531

T, BIR1E. 2010—2017 4F 00 2 ¥ 51 5 R 3 X
WEIOK B A 5T 0. )R IR A2, 2020, 40
(1): 38-43

BRI, A, XZE, . B A S JR
o3 WX SEBHERN. hEFRER, 2016,
36(7): 2115-2127

TR R EEIRE RPN R R. S
BHE 82, 2014, 13(17): 225-226

RIS, JRIBEIE. VR IR BTG e 4 T B PP AN O ik
—— VIR S 6. SRR, 2014(2): 279—
280

TRBC. ALHTT =44 7 45 R AR B KR i 1R 3R
FOITAT. A& 5RHE, 2013, 24(11): 182-183
WEE, R/, AR, A RIINGE R R IR
DLAE 10 a8 AR B VR IR BERL A, 2014, 33(1):
154-160

M ELEL. BRVL I 2R ¥ B % 4 L 1) B X 26 1) 5
my. MBSO RLAE, 2012, 38(3): 14-19, 24

Jaschinski S, Floder S, Petenati T. Effects of nitrogen
concentration on the taxonomic and functional struc-
ture of phytoplankton communities in the Western
Baltic Sea and implications for the European water
framework directive. Hydrobiologia, 2015, 745: 201-—
210

Davidson K, Gowen R J, Harrison P J, et al. Anthro-

pogenic nutrients and harmful algae in coastal waters.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Environment Management, 2014, 46: 206-216
Anderson D M, Glibert P M, Burkholder J M. Harm-
ful algal bloom and eutrophication: nutrient sources,
composition, and consequences. Estuaries, 2002, 25:
704-726

Shen A, Ishizaka J, Yang M, et al. Changes in com-
munity structure and photosynthetic activities of total
phytoplankton species during the growth, maintenance,
and dissipation phases of a Prorocentrum donghai-
ense bloom. Harmful Algae, 2019, 82: 35-43

Jiang J, Shen A, Wang H, et al. Regulation of phos-
phate uptake kinetics in the bloom-forming dinofla-
gellates prorocentrum donghaiense with emphasis on
two-stage dynamic process. Journal of Theoretical
Biology, 2019, 463: 12-21

i1 I S N I WA 7 B R R e
Fr R AR A0 R H A R RRAE . TP R A, 2019, 26(3):
308-314

FANF, BR¥E. VT AR 2 R X R A B
FeOLF R BARVS . )7 PR = BE 2= 4, 2018, 34(3):
222-227

MRELL, &AL, F0, 5. R AR G
BERPUNATTE—— LA B A ] v [ i 3 A 2 24l
(A ARFLF/), 2017, 47(12): 88-96

AN, BRES, BRM, % BONERZHEK D
SRS BB AR S ZE L. IR R
2017, 36(3): 349-353

NGIK, Wai O W, £, 5. BN MBS IR
AR B R B AR, U RE (B AR
f), 2010, 46(6): 960-964



