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FE 1L, I Lugol’s ¥ ¥ [ %€ , 7 o] 52 56 % i 8 U UE
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Fig. 2 Variation in maximum cell density of Gymnodinium

catenatum
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Fig. 3 Trends in rainfall, air temperature and wind speed before and after red tide
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Table 1 Results of PSP detection in mussel samples

SKAEHTA] SR LA, FE SRR PSP/[(Mu-(100 g) ']
2017-06-12 SR Tt Il 6344.8
2017-06-19 S I D 1486.0
2017-06-26 S i DL 2288
2017-07-03 SR T Il 354.6
2017-07-10 Y I D 2240.0
2017-07-17 SER Tt 1689.2
2017-07-24 SR T Il 275.1
2017-08-03 Y I D 26383
2017-08-08 SER Tt 655.7
2017-08-14 SR T Il 315.2
2017-08-21 ST i L ND
2017-08-28 Sk TG DL ND

H: NDFERKA, J5 .

AEREH, KA EEBEENAEHRESRIKT
TG, A1 ARG, SR, KBS
FIVZR 8 2 B3 165 504 00 14 N PSP 57 28 2 i f g L 40 9
5 405.4 Mu/(100 ). 589.4 Mu/(100 g) Fl 5 263.8 Mu/
(100g), 1 ™R #F R & #0005 R E 12.1%,
60.2% F1 14.6%, FEW 3 2.,

4 i

41 RERAFESERRFERBHXER

SRR AR P AR R SR SR R 2 0 TR, KL
O, OB K L ER B ANE IR Eh R I R AR R AR
BRFBER A o L L R W R Wk LR I, KR
Y, XUTE] LAV R K 32, KT R 2~ 3 %, RAFRIR
FIIEF L 45 215 080 A 0 14 DR AR AR A T ey i 2 0, T
LV R XL 1) S A ) s A 0 SRR i o
BRI AR T, G X mnr s L Bn R

2 HUREEER PSP RIER
Table 2 Results of PSP detection in oyster samples

PSP/[Mu-(100 g) ]

SRR 1] RIS
2017-06-12 Lan 5405.4 589.4 5263.8
2017-06-19 Lan 651.6 355 766.3
2017-06-26 Lan ND ND 221.3
2017-07-03 Lan ND ND 184.1
2017-07-10 LA ND
2017-07-17 Lad ND

VST Ok TR R IR | iR B I R IR R R BEIR AR
FH S5 20 R BR 6% TC AP e DR A, BRI KRS & ' B
AR, PRI RTINS T FERAR FH SR i T

DR AR R IR R R A R T
B R B K A A TR A K A 28 T, R /K AR A Y B B IR
H R £2 kA T KR BT 20°C A Sk R,
IR JEPLTE | 4 25 T I MV RN I £6 FH 8 555 1 v%
KR 5 BB AR R 2 B A KRG 18°C MK 4
Hh QP BESF IR PSR U . H A Inokushi 15 TR
RIS 5 7 5 J& 30w 3 i) 109, B2 BT R I e
AR 3 2R 2 R B K IR AY T 24.2~26.8°C Z ], 3%
B2 00 350 B R AR P SR TR K AR S, s s e v
X A R DV SR A R R A T A KRR, R A
TEIREEVEREIE 15~30°C Z[H], Hrbr 20°C AT 1M Lin
AU H K BRI N T TR AR A R AR P R K B B
TRLEE R 23°C, IX BIK T B 2 BL T R Vg 3R I 2 K B Y
TR, T UL AR 5 A TS — e R AR AR AR K
) fe i T . Hallegraeff 250 DA Ay i B 2 o 45 2 R AR
S R A S T I B R IR I T, AR A fE
Fi b n] 38 2o 5 96 K T 5 & 2R 8, Zhang A5 R0
I 2 R AR TP B AR AT e SR ML R A K
PR B 5 T, A U AR 1 fl AR Sk 288, T R Y i
T8 b B Y B 25~ 351, {HER BF 25 A A K R A i, i
YR 25 T 2 B B R BE VB LAY T 30.4~33.2 ZZ ], X
W R BT IR0 5 K B R S R AR W AR K Bed
AR —E—BL,

R RIS, BEREH 3% 5 pH. DO, COD
B R FIEMEER (p<0.01), H pH FA A AE A
VI S A A TR R R L, 38 3R B A AR A
%, 2% & s B R, T A R T TR AR
R o 3 2 R RO SO AR ™ 4 R R R
MK A R Y CO, I BRI O,, 7 BUK A& pH Al
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DO & 1t T 10T T B IR fz, 9 AR B BB T O B
A P A A, 3 R T R KA R K 1 O,
"z CO,, B fdi /K H v pH H1 DO ¥ B 44K . COD 1
i f K AR TG LY B i SRS PEHR AR, FE AR v U
(6 J1 10-11 H ) i) p 38 55, Al BB 2R ) & A I e 2k
HKf B, S KR T A ALY B B B, X 5
FRAER BT — 3

— PR U, B SR RN AR B kB B Al A
HH, B A SUAE T 6 A 6 HIYEFRERAKF,
X} AR R FIE H (6 H 7-8 B ) M F Eh E AT 3%
A, 6 H 6 H, B2 B 15 DIN A1 PO,-P /3
HAF 0.100~0.129 mg/L F1 0.008 1~0.011 9 mg/L Z
], & S AR BOU R A T 0.07~0.13 Z 0], ¥ 3%
BT W& IR %, DIN #1 PO,-P # — 4
Rk, T 6 2R 0 T ) A SR A, (AT Ak 1 38 3 R K
F(6 A 14 HERHETEBRAN ). ARELED F [ R 52 560 2=
BT A S BN — o T B IR AR r RS S Y
L Jir Y S R R VAR S8 ) 4 VA R R BE L EAR S AR AR
FI KA 2k 2 R AR, X AT R EE LA A
BRAEX (AR RFEARAG ), M H A LL#ET EF
TR, IR AR AT I8 20 mB2), (RLE A FF
WA LT B 00 45 0 T X8 SR R i O AN i, R X
gy (AneE#ESE ) 5B FRIRCRE Y], T LA BR
HEFRIRMRE R VH 35V

— BRI 5Y K PR, 5 N/P X R AR & R
BERYAE R, AR R AL, BRI GG TR
(6 H 12 HF 13 H )Ry P R &b, oA i ] 2 4K
H B X B 0 o SR A R R H A K SR
R, AR N BLAK P34 AS R T 5 R AR 35 19 2 45 T Ak
BN SRR I, N, P IR SR BRI 4 W A
PR AR FH 95 1 i DR A K A8 R e R A % 1, AT UL
AAE M NP R FECRARE AR K EZR R, W
WF, 7K FF A DIN A NO-N i 3, Hif e =i DIN
Rl ABAS IR T R A B B R Y B NOS-N Al
NH,-N & fEAH 2 A K, #EM AT ge 2 K 6 H 5 H R
TR A O 19 NHL-N B8 1 ¥ 3811 DIN S5 44 . 78 77 1) 20
], NH,-N & 5 8, I S sh 221k, 3X ] 68 5 2R 1)
A= W FE T B R NHL-N AT OG . 52 5% Fel 09 4 Y, NHL-
N B P R0 M i s 1 LU, SRR e
5 NH,-N #6715 A O R (p < 0.05)WAE] 13X — s,
42 KREESHERERFEFRINXR

R AR S AR AE 3R R R R R 2R, HA
PRI EE )2 o0 A, (AR K 250 b i =E B
AR, TERER RIS 1 a, 22 4 23 19 5%

RGP R EEREMHEANR, HAE, FHEER
33.2 cysts/g, g T VUL A4 2% B e, (H B 1K T SR O 7
R AR S S T DO T B R R, R AR B R
T I T I R B 2 ) 4 0, fHL X S R —
o — EARMEAE S o W R B v, A nT B kol
R L DL A g A A Oy AL R B H A v
B, SR BRI D . Diaz Z00 BF ST E I, B AN
R e A AA T ) 5 DRI T L R S A 20 % A IR T 4
I HZ G 1A H A 8w, (A i AR R 2 A
EIRUM, HPAE 2 S R % R KR T 10%; 22065
SEE0 5T & I, SR NV 0 B DR AR S % A
WA 1 a ZJE AN AR NITE T I B 30%.

TEAS [R) A 18 3ok, A0 08 SoF R 0 114 T B i A, 2 A
TEEFE . TEREE R, KBS T, 15X}
TR T BAE R AR S B 5 T AR BT X B
T B, X AR AR ME i A0 H A28 0 AR i &
A B 1Y VR A AE — 224413, Bravo 5501 MR 48 91 47 W
W25 XAy, BRSO T L e 1
WY &, -5 HAG AR B AR A 2k A B BUAH 55 Cosgrove
AERo [RGB, 20 A RIS 5 T — A A ) A 0T
FAM A0 5 25 B TG {H Genovesi 2507 B4 I8 A 25 SR 0,
FLREW A BT 2R BRI R TE 1, F B 2080 09 4k 45
B EEAE M . BARS a3
WA, (AR 25 B2 A A S ATS A 7T BB X % ) A s e 5 T
BAEH . AR, Ry dR A 1 AL B RN
o LA 1 0%, T LA 2 1 6y SO BE A (s B AE TR
Yrh KR A, PGS IR B N E R R . JH
() EERAR H i A FR 7E 4°C 2 FIV IR AR 556 73%
W & 2%, IF HAE 23°C 94T 1 d RIAT i &1,

2017 474 R 35 1 B R AR R R = AR R R
MV R P b T R A ) HE X 2T, AR R T R AE
0 S A o A T SR, PR AR P 9 R A i ff
A ORI, 3 H Aoy a3 s S 04 I i A A 0 A R UE B T X
— 5, R AR 5] R AT AR IR 25 2 2 R Bk
B FR At 7 B i ke 0 B I o % RO S R I T
BF I oA e B DR AR FH 8 R A M, (R 11 A A s )
PR KB, B IKF] 2.25 x 10° cells/L, i HA AT
REJE WU BETURRAE R e by, JFAE 11 A S & .
43 NEEK PSP SEZRMMHA L ME

Fr5H DU () 5 B 3 0 ek IR K TP Y PR A )
SRAER AR AR, 7KK = PSP 3 3R S K Y
B BF, DU BT f (] 9 R K & PSP #E % . IR
PSP 2 Z B4 I v, 25380 & AE B A JLR Y, 3 AN 4
M VLRI PSP R i m ik B T IR R B



T 200345, 2017 4R AR A U6 — X BEDR AR TP S s L B BRI 2 iy T 52 61

LABREM 15.9 %, TR L3, Aot 1.5x
10° cells/L (4 f0/INIE T3 11 K 3 9 56— K, A W5 4 N 1)
PSP F R EI AT 1A 3 (357.6 £ 215.7) Mu/(100 g); 1 2R 4 E
g, M R (1.0 x 10° cells/L) B IR 41 Y 34
BF, G DL Y E AT PSP #: 3R 7E R 8 h 5 35 (106.86 d +
6.20) pg/(100 g), F-HEMTE B SR, AR & A= HEAR AR
FH 3 25 0 L PR 40 %% TR 3] 1.0 % 10° cells/L B, AN A
2h, VLA AER] PSP & it sl o IR R B HE 4
B o SRR W e, SR TR SRR FH 3l e i 3 R 5.0
10* cells/L, I & A= o580, (H1% 5 304 W5 44 1 PSP 5
KWK T 589.4 Mu/(100 g), AT WA B ¥ 5 B A —
BEIR B B, VIR A N 1Y PSP B R 2 it
DR R BRI, — 5 E M X 25 2 55
AEAEAR SR PR AR P, X 7 X o B s 5 i

FI DB L PSP R MAE I Z B A RN
it SR B LA RO . #RBE L E SRR SR IR R 15
M o), 2 5% 9 dal A 007 A PN 1) PSP B 2R i v (LIS R T AR
SRR, RIS 10 f5 . matel . KA
B A KRR BE AL, 5 3 AN T A B IR AR Y 98 e g
LAY 1.79 x 10° cells/L, 5.00 x 10* cells/L 1 6.10 x
10° cells/L, A] UL 3 A~ 35 () PSP 8 2 % i FAE IR 4 H
B S EMOCOC R, X 5 = S FEF Y
5% —3 .

AN TR) ity Bl ) 2 58 D1 28 %+ PSP 7 2 (0 & SE g 1 A7
FE 0 22 5, — MOk U, TR DU B DL X8R 22 & R
FE 8o, A W R IR %) 2 FRRE ) AR AL 55, 52
Y 5 iy DRI W 1 PSP 35 3% de i {43001 6 344.8 Mu/
(100 g) 1 5 405.4 Mu/(100 g), It U1 Y PSP 3 % & & W
T ARG . Mari Z599 X FUBIFSE T 480 DU A 4 5
X} PSP 5 R 1Y & H 8 1, ZIE R VX PSP 19 & 4 it
MR 345 . TR DL AL W5 PSP R R E A RE I
2SS DR B S S, B, RS RS
UL P BB R i DL, 2R A G 2 4%, X B
FER2 W T PSP R 1Y B A U HK, IR DLy #2820
Hh2e % PSP # 2 P STX AU, fie ik R &,

S

DKL O DL PSP 2 2 114 5 4 B ) 328 15 AR5

7T 7 75 3% HE 5 T, AR UMD e s A 2 A A
2 1A A B Py R AT 58 Ak {H0E DL A HE L s )
IR IRPA H o RV N V0 R A T R AR
AR, R D PSP R 42d 5 A =i E T H
B A O VE AR AL EE G DL A Al S TEHE 28 d
JE K PSP EE R . ] UL DX PSP B & HA R
PUHE A8 0 . BFRRI, ST ISR R
T U0 % B KU R B, 24°C I IR DL 10 3 98 R R IR
F 19°C B 1/6%; A 5256k B, s DL E AR EE MK
SRR, B Y HE BR ROR AL 2 R B AKOF
Bricelj F1 Shumway**! # 4 X5 D1 28 35 22 HE 3%,
HR o g b i HE R 2 (6%/d~ 17%/d) FiI 48 o HE 7
H (0.3%/d~4%/d), 2250 UL A 05 & F J &, R
ZHIG SRR TIRE . 20 L&A
PR B B« B0 10 S B B R el B B,
IR I S 1 Oy DL R e R v O R, S
WIHER 5012 , H PSP 8 2 R & bR, X 5 WU B HER
B SEAARAT, (AP B K 22 K. Sk
B D1 PSP & F WY R E AR AT RE S5 TR DL [ B B 4y
P KM b B R R M AR IR A G

5 #5ie

2017 4% 6 H 7 B4 Bl i il 3 & A T B IR AR
FHSBE AR T, 2% 0 R 8 B D B e, e e B R R 1,79 x
10° cells/L; 1 H Y 7K 3G 540 F1 N/P LA K IR A
P E SRR ARG K AR SR AL T SRR, TS R
LA FBOREITE T B WIS R
L P i ) 6 - 41 9% B Sy 33.2 eysts/g, JTA T EE BT
KIEFRMM, B EH &2 L R e, %25
A A IR U0 [ A kg R s D e TRD PN B T R AR v
WeBE ) PSP 1 2, JF B SRR AR H e ) % 1 2 IE He,
IG5 B AR B A v B S | & PSP 8 Hbr; IR
DX PSP #: R B AT & R 2 e, B 4R RE
378 e A 0, T HE S ) B A W 1

[1]  Liu Minlu, Gu Haifeng, Krock B, et al. Toxic dinoflagellate blooms of Gymnodinium catenatum and their cysts in Taiwan Strait and their
relationship to global populations[J]. Harmful Algae, 2020, 97: 101868.

(2] BRflAE, SRESEE, XVBCRE, &5, b AR Rl 21 (). 51T, 2023, 54(3): 599-624.
Chen Nansheng, Zhang Mengjia, Liu Shuya, et al. Diversity of HAB Species in coastal regions of China[J]. Oceanologia et Limnologia

Sinica, 2023, 54(3): 599—624.

(3] RS, 2017 SRR i R AR T SR SRR Ak 55 % (0], b BT, 2018, 40(4): 308-314.

Chen Huorong. Emergency treatment and reflection of red tide event of Gymnodinium catenatum in Fujian sea area in 2017[J]. Journal of

Fisheries Research, 2018, 40(4): 308—314.

(4] EHl%, Matsuoka K, 7, 25, B T M7 1L K ¥ (dlexandrium spp.) FIBEREE P 3 (Gymnodinium catenatum) £3,2¢7E ¥ 1 V1Y


https://doi.org/10.11693/hyhz20221000274
https://doi.org/10.11693/hyhz20221000274
https://doi.org/10.11693/hyhz20221000274

62 (GRERE T LE
S (D). TEEES T8, 2003, 34(4): 422-430.
Wang Zhaohui, Matsuoka K, Qi Yuzao, et al. Distribution of cysts of toxic Alexandrium spp. and Gymnodinium catenatum along the
Chinese coastal waters[J]. Oceanologia et Limnologia Sinica, 2003, 34(4): 422—-430.

(5]  YALag, FBOCHE, SVGHE, 45, Mh DU RRELPE DR R EBUCIHIIST SR [J]. WBVERLE, 2021, 45(4): 201-212.

Fan Ligiang, Zheng Guanchao, Wu Haiyan, et al. Research progress on the accumulation and metabolism of paralytic shellfish toxin in
mussels[J]. Marine Sciences, 2021, 45(4): 201-212.

(6]  TLHIE, fTAAE, HAR. FRIFM: DLEEAE SCHIR AR Y Y BB LB RIIFSY [0]. W3R}, 2011, 35(7): 45-50.

Shen Heding, Fu Jinhua, Ran Fu. Accumulation and detoxification of paralytic shellfish poison(PSP) in hard clam Meretrix meretrix[J].
Marine Sciences, 2011, 35(7): 45-50.

(7] 2003, IREER, L, 4. 2008-2017 4AF SR M T HF I AR R FEAFAEI0AT (7], HPETT R 545 B, 2019, 36(7): 58-63.

Li Guangyi, Zheng Chongrong, Yang Fan, et al. Analysis of characteristics of red tide disasters in coastal waters of Quanzhou from 2008
to 2017[J]. Ocean Development and Management, 2019, 36(7): 58—63.

(8] e A BN [ [ 5% i W B AR SR AG 2 B0, o B [ R AR A i 2% 1 2%, GB/T 12763-2007, IR A M [S]. dbat: o EhRiE
Hh At 2008.

General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China, Standardization Adminis-
tration of the People’s Republic of China. GB/T 12763-2007, Specifications for oceanographic survey[S]. Beijing: Standards Press of
China, 2008.

(0] vhaie A RO ) 5o e M A B A 948 R0, v ] [ PR HE AL B B B 2%, GB 173782007, R M ALY [S). b i bwife
Jitt, 2008.

General Administration of Quality Supervision, Inspection and Quarantine of the People’s Republic of China, Standardization Adminis-
tration of the People’s Republic of China. GB 17378-2007, The specification for marine monitoring[S]. Beijing: Standards Press of
China, 2008.

(10] TWINE. Ao SR TR IR Y e G A S 5 i B SRR AR T S R DTSE (D). )N BRI K27, 2007,

Wang Zhaohui. Distribution of dinoflagellate cysts in Chinese typical coastal areas and its relationships with eutrophication and algal
bloom[D]. Guangzhou: Jinan University, 2007.

(11) Rk, 4 v it SR ol P i A0 0 MR 0 A1 S BRI F - VR JIBIESY (D). ) M- BRI K27, 2016.

Lu Xinxin. Biogeological distribution of dinoflagellate cysts in surface sediments from Southern Chinese coast and their roles as a signal
of environmental changes[D]. Guangzhou: Jinan University, 2016.

(12] =56k, 3 E R PO RIBE 50 RHEDTT [D]. KiE: KiEEFH K, 2016.

Guo Hao. Studies on the characteristics of the morphology and distribution of red-tide Dinoflagellate cysts in China[D]. Dalian: Dalian
Maritime University, 2016.

[13] #&ifgale, [k, BOF, 5. 2006 A ZK T O 22 TR h Y B 2 1Y) 0 22A I 9E (0], A 352748, 2009, 29(11): 5902-5911.
Huang Haiyan, Lu Douding, Xia Ping, et al. Taxonomic study of dinoflagellate cysts in Changjiang Estuary in the winter of 2006[J]. Acta
Ecologica Sinica, 2009, 29(11): 5902—-5911.

(141 sk, AR BORHEERDTRRY) h AR AL A A R S S XS e OGRS (D). )M R R 2%, 2012
Huang Lin. Ecological distribution of dinoflagellate cysts in the sediments of the East China Sea and Yellow Sea and its relationships
with marine pollution[D]. Guangzhou: Ji’nan University, 2012.

(151 A N RILHIE E SRR HY/T 069-2005, AR IH AR HAR [S]. Abat: o EbRHE S A, 2005.

State Oceanic Administration of the People’s Republic of China. HY/T 069—2005, Technical specification for red tide minitoring[S].
Beijing: Standards Press of China, 2005.

[16] Justi¢ D, Rabalais N N, Turner R E, et al. Changes in nutrient structure of river-dominated coastal waters: stoichiometric nutrient balance
and its consequences[J]. Estuarine, Coastal and Shelf Science, 1995, 40(3): 339-356.

[17] Dortch Q, Whitledge T E. Does nitrogen or silicon limit phytoplankton production in the Mississippi River plume and nearby regions?[J].
Continental Shelf Research, 1992, 12(11): 1293—1309.

(18] s 3wful. Ik 4 @ IREEIR B F 3 (Gymnodinium catenatum) B Z 41K -S5 PREE0 W AFAEREST [D]. & & P ERLABER: (b ERE
BEiEEE DTS EIT), 2023.

Shi Jingyuan. Study on the toxin production and environmental response characteristics of Gymnodinium catenatum in the coastal waters
of Fujian, China[D]. Qingdao: Institute of Oceanology, Chinese Academy of Sciences, 2023.

[19] Hallegraeff G M, McCausland M A, Brown R K. Early warning of toxic dinoflagellate blooms of Gymnodinium catenatum in southern
Tasmanian waters[J]. Journal of Plankton Research, 1995, 17(6): 1163—1176.

[20] Zhang Caiyun, Lim P T, Li Xueding, et al. Wind-driven development and transport of Gymnodinium catenatum blooms along the coast of
Fujian, China[J]. Regional Studies in Marine Science, 2020, 39: 101397.

(211 5K3C. AN[RI PR3 R4 2 M AL W R AR TR B A R T2 1 52 [D]. N BERg K%, 2009,

Zhang Wen. Effect of different environment factors on the growth and toxin production of toxic dinoflagellate Gymnodinium catenatum
Graham[D]. Guangzhou: Ji’nan University, 2009.


https://doi.org/10.3321/j.issn:0029-814X.2003.04.009
https://doi.org/10.3321/j.issn:0029-814X.2003.04.009
https://doi.org/10.11759/hykx20201102003
https://doi.org/10.11759/hykx20201102003
https://doi.org/10.3969/j.issn.1005-9857.2019.07.011
https://doi.org/10.3969/j.issn.1005-9857.2019.07.011
https://doi.org/10.3321/j.issn:1000-0933.2009.11.019
https://doi.org/10.3321/j.issn:1000-0933.2009.11.019
https://doi.org/10.3321/j.issn:1000-0933.2009.11.019
https://doi.org/10.1016/S0272-7714(05)80014-9
https://doi.org/10.1016/0278-4343(92)90065-R
https://doi.org/10.1093/plankt/17.6.1163

114

AR 2017 AR AT G — I EER AR T o e L 80 B A i F 5 63

[22]

23]

[24]

[25]

[26]

(271

28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

TR, ALET, AR, %5, 2004 AEFEFARMEARYE KX COD 7345 KIS AR R PRI [J]. R, 2008, 32(12): 82-86.
Wang Hao, Shi Xiaoyong, Zhang Chuansong, et al. Primary studies on the COD distribution and relationship with HAB for high fre-
quency HAB occurrence areas of the East China Sea in spring 2004[J]. Marine Sciences, 2008, 32(12): 82—86.

MREL. B AR S KRR SRR C R WIR [1]. BB, 2001, 20(1): 77-79.

Lin Yu. Preliminary study on the relationship between dinoflagellate red tide and nutrients[J]. Journal of Oceanography in Taiwan Strait,
2001, 20(1): 77-79.

LML, IR I, X AL, 45 T SRR 2 MR VT A ) A AR B Y SRR S ). WAL I, 2008, 26(2): 234-242.

Ji Huanhong, Ye Shufeng, Liu Xing, et al. Ecological characteristics of phytoplankton and causes for frequent occurrence of dinoflagel-
late red tide in the Nanji Islands Sea Area[J]. Advances in Marine Science, 2008, 26(2): 234—242.

ZETTAT. A A PR A AR B M P M PR AR B A (L S R 20 AT (0], LI, 2022, 44(5): 444-458.

Li Qingyu. Analysis on the marine monitoring buoy data variation characteristics and cause of Karlodinium digitatum red tide in Putian
sea area, Fujian Province[J]. Journal of Fisheries Research, 2022, 44(5): 444—458.

Hallegraeft G M, Blackburn S I, Doblin M A, et al. Global toxicology, ecophysiology and population relationships of the chainforming
PST dinoflagellate Gymnodinium catenatum[J]. Harmful Algae, 2012, 14: 130—143.

Doblin M A, Thompson P A, Revill A T, et al. Vertical migration of the toxic dinoflagellate Gymnodinium catenatum under different
concentrations of nutrients and humic substances in culture[J]. Harmful Algae, 2006, 5(6): 665—677.

M. FERBRH ¥ Gymnodinium catenatum *FIRRBLYE DURE AT S HAE RS2 2R IR N AR 3 5 =5 [D]. 3 & - b BB B R
(PEREBEEETTFN), 2023,

Lin Zhuoru. Analysis of paralytic shellfish toxins produced by dinoflagellate Gymnodinium catenatum and their biokinetics in
bivalves[D]. Qingdao: Institute of Oceanology, Chinese Academy of Sciences, 2023.

ZE0RE, FRALTR, S B, AR VUSSPt e (B2 e A w02 A (0], WTEAEAR, 2020, 42(8): 115-126.

Li Guangyi, Zheng Chongrong, Wu Huikai, et al. A preliminary investigation of spatial and temporal distribution of dinoflagellate cysts
in the Meizhou Bay[J]. Haiyang Xuebao, 2020, 42(8): 115—126.

R, X, BRE, 45, SRIRER T RN T P2 S S RIS R AP IST [J]. HEEF2741, 2022, 44(8): 123-132.

Li Guangyi, Liu Baoqing, Qiu Yong, et al. Preliminary study on the extinction of Gymnodinium catenatum bloom and its relationship
with resting cysts[J]. Haiyang Xuebao, 2022, 44(8): 123—132.

Bravo I, Fraga S, Figueroa R 1, et al. Bloom dynamics and life cycle strategies of two toxic dinoflagellates in a coastal upwelling system
(NW Iberian Peninsula)[J]. Deep Sea Research Part II: Topical Studies in Oceanography, 2010, 57(3/4): 222-234.

Kang Y, Kim H J, Moon C H. Eutrophication driven by aquaculture fish farms controls phytoplankton and dinoflagellate cyst abundance
in the Southern Coastal Waters of Korea[J]. Journal of Marine Science and Engineering, 2021, 9(4): 362.

Hallegraeff G M. A review of harmful algal blooms and their apparent global increase[J]. Phycologia, 1993, 32(2): 79-99.

Diaz P A, Molinet C, Seguel M, et al. Coupling planktonic and benthic shifts during a bloom of Alexandrium catenella in southern Chile:
implications for bloom dynamics and recurrence[J]. Harmful Algae, 2014, 40: 9-22.

R, B, AR . ORIRALREN: Sy e 3 B AR AR BT Rt ™ B— R OC BB A BIF T BE TR [7]. T VERL224E T, 2016(1):
132-154.

Tang Yingzhong, Hu Zhangxi, Deng Yunyan. Characteristical life history (resting cyst) provides a mechanism for recurrence and geo-
graphic expansion of harmful algal blooms of dinoflagellates: a review[J]. Studia Marina Sinica, 2016(1): 132—154.

Cosgrove S, Rathaille A N, Raine R. The influence of bloom intensity on the encystment rate and persistence of Alexandrium minutum in
Cork Harbor, Ireland[J]. Harmful Algae, 2014, 31: 114—124.

Genovesi B, Laabir M, Masseret E, et al. Dormancy and germination features in resting cysts of Alexandrium tamarense species complex
(Dinophyceae) can facilitate bloom formation in a shallow lagoon (Thau, southern France)[J]. Journal of Plankton Research, 2009,
31(10): 1209—-1224.

e BRI DURELEA WG N EE R S0 | B AL L BRI IR R BB AR I ST [D]. WL AR R, 2013,

Bian Zhongyuan. Study on the accumulation, distribution, transformation for paralytic shellfish poisoning and the depuration of CM-
chitosan in oyster[D]. Zhanjiang: Guangdong Ocean University, 2013.

VPRI, FELRAR T BT 7= RO DL 2 3R AR 35 ARG DA N B4 SRR, AL RN (0] 153917, 2023, 54(5): 13631372

Xu Cuiya. Accumulation, transformation and depuration of paralytic shellfish toxins from dinoflagellate Gymnodimium catenatum in
mussel Perna viridis[J]. Oceanologia et Limnologia Sinica, 2023, 54(5): 1363—1372.

SRR, XK, BRTR, 55, W7RE T SSURIE I DL EEESE [J]. TPRIREER)24, 2011, 30(5): 703-706.

Zhang Shugang, Liu Yalin, Chen Lei, et al. Paralytic shellfish poison in south coastal waters of Zhejiang[J]. Marine Environmental Sci-
ence, 2011, 30(5): 703-706.

Wy 2. AR ALK P FR5H DX 2RI DU TR R IR IR 5T [D]. AR - FR AR MR, 2018,

Yang Yunhui. Detection and analysis on Paralytic Shellfish Toxins in Fujian aquaculture area[D]. Fuzhou: Fujian Agriculture and
Forestry University, 2018.

T TR DU R DU TE R R IR AT M OB LRI BRI SY [D]. b B IRERE R, 2020.


https://doi.org/10.3969/j.issn.1671-6647.2008.02.015
https://doi.org/10.3969/j.issn.1671-6647.2008.02.015
https://doi.org/10.1016/j.hal.2011.10.018
https://doi.org/10.1016/j.hal.2006.02.002
https://doi.org/10.3969/j.issn.0253-4193.2020.08.012
https://doi.org/10.3969/j.issn.0253-4193.2020.08.012
https://doi.org/10.12284/j.issn.0253-4193.2022.8.hyxb202208012
https://doi.org/10.12284/j.issn.0253-4193.2022.8.hyxb202208012
https://doi.org/10.3390/jmse9040362
https://doi.org/10.2216/i0031-8884-32-2-79.1
https://doi.org/10.1016/j.hal.2014.10.001
https://doi.org/10.1016/j.hal.2013.10.015
https://doi.org/10.11693/hyhz20230200025
https://doi.org/10.11693/hyhz20230200025
https://doi.org/10.3969/j.issn.1007-6336.2011.05.022
https://doi.org/10.3969/j.issn.1007-6336.2011.05.022
https://doi.org/10.3969/j.issn.1007-6336.2011.05.022
https://doi.org/10.3969/j.issn.1007-6336.2011.05.022

64 WPE2ER 46 6

Wang Yu. Source analysis of paralytic shellfish poisoning in mussels and preliminary study on its formation mechanism[D]. Shanghai:
Shanghai Ocean University, 2020.

[43] BROG. BEFBNE I LB T A D1 2 (PSP) FEARAE TR (AN A EELS HEN [D). 75 B MR RS — I PEDT ST BT, 2008.
Chen Guang. Accumulation and elimination of paralytic shellfish poisoning (PSP) from Alexandrium tamatense in Venerupis philippin-
aram[D]. Qingdao: The First Institute of Oceanography, Soa, 2008.

[44] Mizuta M, Yamada K, Takata K, et al. Differences of accumulation and elimination of paralytic shellfish poisons among oyster, mussel
and scallop[J]. Food Hygiene and Safety Science (Shokuhin Eiseigaku Zasshi), 1999, 40(1): 19-22.

(451 SKIEHE. BTG DL b R DU ST ZORIRARAT . fEFTERMLEIRFSY [D). 3% =W LR R, 2022,
Zhang Haitao. Studies on the source apportionment and damage mechanism of paralytic shellfish toxins in Mytilus galloprovincialis from
the Bohai Sea[D]. Lianyungang: Jiangsu Ocean University, 2022.

[46] ZHEEZ, AR, BRHADT, S5, — R G = AR D 23 2 Rl SR 0T (0], PG BR, 2022, 36(5): 333-335.
Li Haijie, Zhang Jinhong, Chen Yanfang, et al. Analysis of PSP attenuation results of marine products after a red tide[J]. Chinese Journal
of School Doctor, 2022, 36(5): 333—335.

(471 BUK, iy, 2548, 55 BRI DL BE PSP 7ESENG DU P 19 AR Fefb SR (], M5, 2001, 32(4): 420-427.
Yan Tian, Fu Meng, Li Jun, et al. Accumulation, transformation and elimination of PSP in Mytilus edulis[J]. Oceanologia et Limnologia
Sinica, 2001, 32(4): 420—427.

[48] Bricelj V M, Shumway S E. Paralytic shellfish toxins in bivalve molluscs: occurrence, transfer kinetics, and biotransformation[J]. Re-
views in Fisheries Science, 1998, 6(4): 315-383.

Study on the process, causes and effects of a Gymnodinium catenatum
bloom in the coastal waters of Fujian Province in 2017
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(1. Key Laboratory of Marine Ecological Monitoring and Restoration Technologies, Ministry of Nature Resources, Shanghai 201206, China;
2. Joint Research Center for Ocean Engineering Ecological Safety, Xiamen 361108, China; 3. Xiamen Ocean Center, Ministry of Natural

Resources, Xiamen 361101, China; 4. Quanzhou Marine Environmental Monitoring and Forecasting Center, Quanzhou 362131, China)

Abstract: During June 9th to 15th in 2017, the dynamic of Gymnodinium catenatum bloom along the coast of Hui’
an County Fujian Province, were investigated. Six monitoring stations were established for marine environmental
factors assessment over seven sampling trips. The water quality data from June 6th, along with the phytoplankton
data collected in March and November 2017, was selected for comparative analysis. Furthermore, the survey res-
ults of dinoflagellate cysts and paralytic shellfish poison (PSP) in cultured shellfish were integrated to explore the
relationship between dormant cysts and the bloom dynamics, as well as the patterns of PSP accumulation and elim-
ination in cultured shellfish. The results revealed that during the bloom, conditions were characterized by sunny
weather and favorable sea states, with water temperature ranging from 24.2°C to 26.8°C and the salinity between
30.4 and 33.2. The concentrations of nutrients were low, indicating oligotrophic conditions, while the density of G.
catenatum peaked at 1.79x10° cells/L during the bloom period. The interplay of favorable hydro-meteorological
conditions, N/P ratio and the trophic pattern of G. catenatum provided a basis for the evolution of the bloom, where-
as adverse weather conditions primarily contributed to its decline. The average density of G. catenatum cysts in the
surveyed sea area was 33.2 cysts/g, suggesting potential for these cysts to germinate into trophic cells, which could
lead to the reemergence of the bloom and therefore it necessitates further attention. During the bloom period, both
oysters and mussels rapidly accumulated high concentrations of PSP toxins, with levels directly proportional to G.
catenatum density. Additionally, even low densities of G. catenatum posed a risk for PSP exceedances. Mussels ex-
hibited a rapid accumulation and slow elimination of PSP, with a significantly greater capacity for toxin accumula-

tion compared to oysters, while their elimination rate was significantly slower.
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