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andrium tamarense ) . N V5 #  ( Heterosigma
akashiwo) FERIEKF B ¥  ( Phaeocystis globosa )
EXETE TR WA . ER EEE, R
JE AR A SR 5 | R W R o % H R it
AR A, 782019 AF3K 3] 12 YA 1 251 km,
ARERSTEREE NS, WLHER, MaE
REFEARY, HEYPE. Bk, Ea5l
BRI A . I, RS0
RGO IR 1 U™ B IR
AERIRE FENEEREZ—, K
AR S I U SR v 4 2R AT v kB T L
2 FACTT, P EE T RE A MRARIE, 2010 £ 3
2019 4R[H], I VAR R A K B s ik 544
W, B WA 53 668 k', 2005 4E %A 1E
KL IR UE A 0K IR AR, R T R &
FAMAAAIOT, EARAFHIIE 3 000 x 1072
2012 A & AT 3R E WL K AR S oK [ LA
FRWNHE R A T 20 AZ T B . AR
TSRS NIRRT BRI g, 3 A
AR N, NZSEdIS AR, MR
TERN ZHUF AL R R, HARE
DI X R RE R e AR IR, AR B 3l
BRAEIR, UEAEE A A A, H A SRR O
FKHERESMER . FULERER . GHERE
BRI—FP LR R, R b BRI IR R R
R EEL ISR RN 87% T 2017 4
[ A A R ) 68 YR, AR HAE AR A I BE IR B
(Gymnodinium catenatum) TS T T R
gt s drr, 2 AEE R )a {3
PPEEELET o 2019 R AR IR KA AR KR
SR AL A /] — R, S A AE IR v EE 1)

B ZALFES B 2 Sk A B LR, R AR
800 km®, FFEEIIH Ry 34 d (£ 1), EEAREIE
BoR, AR A A BB R, Frgemtak
U PR B R M2 B0 G BRI A PRI,
FAREA A AN T A B TEH

HAT, O 2B T 28 1ia 2,
AUy B b ik oy 07 K kR
AUERL TR BOV AR B, R
W RIBE AR, IR LRk B A
gt KR R T E RSB 2 I A T A
PIRRIR, Al THKEOUR T RIS, b2
XK AR ) B A AP B AT ik &2
Lo I 9 0] A U 98 2K T AR R S A
B, (ELDR R KRR AN B DR T AR X K B kv
&, HANX—J7 ik 2 A S AR i w4
BrBto 53— J7 W AL 2 07 438 2 3 IR R 15
e, A R )5 B4 o 2 i e R R,
LA B I ST UK R E RIS, 3
PR ROK AR S sE T i A
ARz R SRR A R MR BT AU S R
&, EANERRE T A BT Ry
%, WIEE . B, R, RINERE . RIS
IR R D2, TECA BIDFTE R X oA L 1)
WA SRR L LRI R, T
HEEISR A IR R R, BN EA R
BIAHE R R, W AIEA: | BOu e s 4
85, XA AR A TR O AR TE AR I A T R
RAEBETENMEAT ., Bk, FEE R4
R R ) AR AL — o LA YA BT 3

F1 2010 FEE 2019 FREFXREETRERHITFRE
Tab.1 The largest single red tide occurred in China from 2010 to 2019

4EA Year FR & AR X 3 Red tide occurrence area & Species T /km® Area B8]/ d Time
2010 TTE P RIS R 2 SIE R - 3350 19
2011 M ERVLYL A 2K A RIS B 4 000 22
2012 A LB 3, KICHLIEEE 240 4
2013 75 B 5 B P i iR, e Bk 1 450 98
2014 T ZE & BT iR MELERE 2 000 85
2015 T TG A T, e Bk 825 90
2016 K VL O, PR S 2 000 6
2017 T AR e 7K R VB B T T BB AR 495 19
2018 HRTLHA L) 8 284Sk 1 ARt S 210 11
2019 TN R BES & ZAE BES 5 2 1 Sk 5] 5 T AR I 800 34

GRS 2k - TN

Note:“ - ”indicated multiple algae.
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H BT E M 2 Fefbs b o3 B Hh o B B il
YERIM S, EAEARMIE Ol iR m
PIERT . A E BT TR b 45 5 3 —
1‘5{%5@%%%@%%&%7}% (Microcystis aeruginosa) H
AR EIE A RS LA R1T, S5E
NP KB B (Raoultella) , RIFST % I IV B
T A 200 T A R RS T R I, SR R AR
WSS T 2.4 x 10° cell/mL B, 78 4 d pyHAT3R
Bk 80% (s MG LT o 7R TEER B T 4y
BB 2R A R A, e LT A
SR X B SR R I LD S T P R AR B
o ( Pseudoalteromonas) W R A28, JfHSZE
SORBUIEMR A28 7 WS IR Ty 22 R AR
FEE s N E A 26 m 4b I R TTRMY 43
Bl -t E5EiEREE ( Thalassospira sp. ) Yy Fip
o B R PR R A T ZR -2, I B A i
Py AT INHOK [RGB A0, S5 il
SEHERN  LERTTLHE I AR £ & K 4 B ] —
L AR E B ( Halomonas sp- ) H ¥k DH - e,
H Ay mr LU R 2R g L B p I 2 R a (055
i, MR EAR M S E B, P
AN BRBSE AR , R F A S 00 A R T A
TifE, AT IR S AT A K N
43 B B AT DM S R I IR A B A A . A
TS 28 AE T W B P SR P R ( Brevundi-
monas diminuta) FEE AA06™Y AN, tH
BRI O3 B E SRR N . ANAS R I T
BRI P 5318 0 X 2F 2 B R RS MR I LA R R
( Rhodobacteriaceae) FE#k PD - 2120 w483k i,
AR FRIEARR 6, [ AR A
H, HO LR A S A8 B R

2 FREAFEHZHME

HET, ARZAFFREERBRAREC o M
SE R, EATE A 7] 0 75 O R S A A A
A, WA A S R A AR DR AR AN
WAHISCEE NI 2R, AT sl LB i . o
RUEAY 5 35 2 MR 0 A e R 3R B v 0 HE R R
B, JFEd AL DNA BN F 507
RSATRAR L P R R WA B0k

RTEIEHET] (Proteobacteria) , HH7E v 22
W4 (Gammaproteobacteria) 43 8%, tWIEAS
MR (Alieromonas spp. ) . {3 B B JLE
J& ( Pseudoalteromonas spp. ) A ILE B ( Vibrio
spp. ) &, CFB A (MELIPHTE - EATFH -
FFH, Cytophaga — Flavobaeteria — Bacteroides ) L
SR SRR E RS, XS5k
PRRILE TS Y B 3 5 (R b Iy T AR W BE T DLy 7
FERMN., BAFHJE (Bacteroides spp. ) Fi/EBER
JB (Firmicutes spp. ) %N FRAMFHZ 7, 1
Ab, A 43 2 IR M AN AF AT I B
(Bacillus spp. ) WA AREIEME,

AT FAR R A A B R, ey
VLA BE TR bR HO R e M2 H B 28 B R AR
F L TR AR 8 D A 2% A B A
YERE . Arite B S5 R MTEHR R &MT,
WEHA B E ( Chaetoceros didymus ) iy A JL P
ANSZATIRE RIEEI , T0HPE RR E A SETE L/
I R R . (HR R RS R B B R
PTGy, WRMBENERKRSZEM
W FES TS, Jenelle C R D 2 JE
e M E (Bolinao) ., & T ( Sorsogon)
LhIE B (Matarinao ) &5 =S %8 % o 1 A9 X I
YR T ZRRERAE , XA Y R X
EME T E® ( Pyrodinium bahamense) AN JA)HEEE
RO IEIEE, B AE I X U AP
br T BA RSN, IBH SRR 2R
W A R . A 5T & BRI Bk R
( Paracoccus sp- ) Bk Y42 X4 R g, BA TS
WA RE., ks B ( Scrippsiella troch-
oidea) SFHWPE ., T B ZEFEEMAA R
RIARBERCR) . AR RER AR R £
HEH Z 4R SR 7] LB R 8 i B
ARERBEEN (R2),

3 FREARERENS

ERR AR R AR R T e w2 T AR
FAT BN, R0 B i RS Fi A I RE, fie
T A SR R sl PRk, HE A
PR ARICEEA . IR (1 R B AL AT
Or N EARR AR (R 3),

3.1 HEXRE
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BRI AT o B G R A R AR
WA KECRIEEE, HOCH R B S WA &k
FHRR A, ORI R T H A MR I B
FRIRRYAREESH , wT LAAY B 20 1 (] 2 0 M R B,
LA TRANMI N, A SR T R S R A
flEny , SRR S IR B A M B, I T T
AN AR SRR Y B LYO3 Xk
BATEM:, SRS F M6 e v 4 i
PR LT RO R B A R, RSB
anfstToR s AE S —TRBR T, BFSEH AR AR
TAFERE D 7 B B — AR IE KT ( Bdellovibrio ) , Jf
RIZE AT LME R 2R E AR R YR AZ]
2 ) 200 L R R BB 2 I, T A B B
2, N A=Y . MATE (Marinobacter )
PR YWLOL AT LA i 88 5 e A o 1 B A5 e 2
PO, R

SeAh, CFB T b A SR8 o 4l AT LT i
BRI EAE . IBISE A WA B
AR K 43 B B R P B AR A R
ARG A W 40 MR A AR ASY, TET ST R
A AR SRR R T B AR AR, T
TCHEIERICABIE, Hol i B g 2 40
GBI i — ARG A B A, R
T 2 ML fal T BETE 20 T B R AR Y PR E AR
o MAh, B 05735 K I I 8 7T T Bk SS98
=5 Al LIE g — MR S5 4 1 S B L M B
( Chaetoceros ceratossporum ) , F% HAZ A TR0 N
B, W AR
3.2 [EERE

Al HE R T AN 5 A0 B R A R A
113 e 368 ek ] 3 A 0 R ) i % SR IS Y — o
B o PATBIZ 7 AL IR AR T AY 40 e L 2 T
A AR AR SORRME . RS
PSS, (A HRBEA] LLAr PRl — bR A
WA ST, AL B WEERYE, AW
IR RRCR s I —Fh R g o I
Yy A AR KB R TR

ARBIEAL, RS EE SR A R, 40
R K SR AR S R BB TR, AT
BERAE R Z B A . BRI A K B
PR EFRILRZ —, WRREZEAIHE
WIREFT LT IICR, W B 2 LI A

#L#E ( Dissolved inorganic phosphorus, DIP) i
B A #L#E ( Dissolved organic phosphorus,
DOP) WFMEAAEALE, KRG DIP & &5
ARSI 308 4 PP I A A PR AN PR R 22
A WIS I — B A B XS B RRER B R FH AR e /5
TR, WA S s A AT A
KA R R AR A B, AT
AN L R g R PR e Al
DL 25 fAT T 5 e 8 (Microcystis)  Z [H] 1)
AT, HEABELTHE, PR IR L
T E AWK mEMR R, BA Rk
YEFI B4 B W 2R Bm A R BS . nH 10%
ANFIFFE J25 (R TR 55 77 IR K R T R S i
P24 h J5, FHERER ISR a 1R ERAE 55
KE] 100% A1 87.86% 1 L, MANE 5K
ZIFEBE SRR RN, HEXE YRR
AR R A

SR A AT U 5 2R 2 W] e 4 5 FR ki
ARG, I AT ) B A I S A AN R
PEY) BRI SR CEE S . SR A I 32
BafEpAR, R, B, B0k, 2k, 25
W KN T A E Y, YR HA k& g
TEFFE M Bl WA, PIBAAE. &
HASIEEE . R R 4 R )RR I B R
BAER, PR AT L L - HE R, O -
W E . N - ZIBRAIMEAIR I 4 i .
5T 4 0. 28 g/ mlL 555 2 0] LA R4 4 1ol 22
BRI EER o i, JF HMERDLEERAME R
SRR IR IR, X 4l g o 2 i HL A AR B 1 R R AR
FAMY A AN AT DL i ELAT R T 1 1 B
W5 W, 9K @ BSO2 HE 4% 4; W4 B M Gh R
(CiHs0,) , TEZWFWREE N 20 wg/mL i, H
RRXTHE 1L KB A W R RIS
YRR FEFFEL IR FR A0 N )7 A —Fh X Ly
B (Akashiwo sanguinea) B A R EIE MY,
LU EZW TR EAMIEIF [1, 2 -a] MEE -
1, 4 - ™, WKE (Hahella) Ttk KA22
I REL R RCREAREE, TNz e
IR TR . AN S 415 5
WA R B BRI R E I, A0
FFERTE R HSY - 03 RE A 53 8 — X 2% ) S 25
AAABEN, JF LA BOR IR, PR
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SEMERIT 4 A1 B8 1 0 AN TS B BT AL,
O PR BTG EA) O AI ER S BRR AR A s
o, — SR A B R A R R TS R R S
AR AR, AR PR 2 i SUR A A
BRI N T

B R4, AR EE T A RS
Bl R AR S 5 BT ORI . WA
HETR ST B0 TG T DR VBRI B AR X I £ R 3 B

RO, WIHZEACUR & B RS E

I PT A S3 6 2% BT P ROR A SRR 4 T L
e E TR B RV R B
(Serratia sp. ) Btk WJ6, BT % I H AR B
FITC SO S 2 i Be B3 A R A, (HE
BB TRCELA A R EERCR, TR AW (9%
WO AR LR RN B DA BRI

R2 REMER Y EMKR
Tab.2 Classification and sources of algicidal bacteria

|7 Phylum @ Genus VERIHEZE Target algae 43 IE Separated environment 23 R Reference
TSN R WIADLAR [17]
(&&= NiN SRR B B 3 i (18]
SRR PN B IRTLARY) [19]
] " ; e . .
4 Hh A B R iR 8 FREiE ZX [20]
Proteobacteria
S P R 1% [21]
AR iR 8 AR NS [22]
HH R SRR - [27]
=3 SN SRR - (33]
AR ] " .
4 Wik 240 0 B R LRliig e FREIKIE (34]
Bacteroidetes
JE R e v R BB HARE LB (35]
HHENER €3 BEFIKIE [37]
JEREET] e pra -
. LR ESPE - [40]
Firmicutes
HHENER TR LLRARITAR [45]
e -7 SRR ARARE
Note:“ - ”indicated unknown environment.
R3 FREAFHOEARERERRERAIS
Tab.3 Target algae of algicidal bacteria and their mechanism of action
AREANTH YEFI#EE AR LA A SHEIHR
Algicidal bacteria Target algae Algicidal mechanism Algicidal substance Reference
Thalassospira sp. ZR -2 KICHEEEE () A AR [19]
Halomonas sp. DH — e i (] e - [20]
Chitinimonas prasina LY03 ThIE e HEEAE JUT Filg [30]
Bdellovibrio sp. ek BHiERE - [31]
Marinobacter sp. YWLO1 ERikze i HERAE - [32]
Cytophaga sp. A5Y PR B4 HEEAE - [33]
Bacillus sp. AR S [IE e - [37]
Acinetobacter sp. J25 R B # R - [38]
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ES ik VEF 2 AFEHLH AT E =B N

Algicidal bacteria Target algae Algicidal mechanism  Algicidal substance  Reference
Vibrio sp. BS02 B I 1K () R i FERRH R (CgHy O,) [42]
Hahella sp. KA22 BB AR () A REA#E [44]
Bacillus sp. HSY -03 TR TF1) 32 2% - [45]
Pseudoalteromonas sp. Sl BNt 57 H AT - [46]
Serratia sp. WJ6 RN PR R - [47]

I =TI AR R

Note:“ - ”indicated unknown algicidal substances.

4 RIEWEXTEMEER ST

4.1  HBEK TR RIE

REBORHE A TE R R b 23 X 5 4 MY
TEASGH T B, 32 BRI Ay A0 A 40 it R A &
WIAZR e e, IRElORaE -Gk . REEIRIZE
PRSI B, 20 R S B R A
S B IE B A BE Sh A SRR, TR AERRAN BN AR AR
FRREEEREAEMN, Lo X 5 MAA RGN —
BRI HERR ZR -2 Al o W oR R, R KR
HUCEA PR 8, JFAERARANAEY B,
R PN AR IE T, Hou S ZAEHFSE
— BRI ZEFAT B B AR BL XPERIEAZEEEE . I
BT, R AR ST 4 A E R
FMVE LS, {3 & B e
(FESEM) WA, SHiEH B40hE E b, 7ehm
AR R 1% 1% Bl LA 3 d J5, 4 Fpg
KM LR A B A FRE NS, Hp
HH 1) F S T 200 5 40 200 B = 1] g R 5 AL B Y
FERAEWTRL, RIS HORARE R AR
FF SHE 1) 40 P T HE BB AN B 21 sk
W S5 AT VLS 1 R 22 & X0 B 3 — R ELA R
YERRER AR B #i bk DH — e, BIE K FLIZHE
BRI =40 Re S A IR 7 1 J Y 88 1 4 i e S
M, ZEXHIERALTE 12 h 5, 400 %4 i seFl
%, WPE36 h )5, BAMELDIEWHE, N
Py

IR 2 T A A A PR AT O A AE IR
B, M BSRS89 23
i, HEREERAERK., WRE a T EA
—ERE PR TOCEERREE T, BEitha] LUE

T R4 a (93 BRI 57 40 R XY
RV . ARTEI IRR KA22 7] DL 43I X BRIE AR
REELH2 b fE, BAETEEE a TRMB N
SRR F/F G N, RIDLE RS2
SR, L I A R R 37 S P O 3 S A
M-SR AR 0 B S R R, W BB ART R
FEARIEAE G AT R R YWLOT X o il B 45
PR BEVE PRI, 2 I TR R T A PR T SR
FRIE &S, HEMpEagR a RKERETF
B, A CRIE R A A, KR a &
BINEARM, BHATZWEAS BEREEMN,
RERDIEVE A ab i B s (o
4.2 AERKERRERIE

TERBEARET, B T B & k4L
PIAL, iy A AR A R it 4 R AR AR T
A (ROS) R4 —A R FIRE™Y,
EgIMIAE . W, KB o, EE ML
MR G B . IEE O T 4N
ROS 17~ A4 5 bR A T —Fh s P4, [HJE
YN AN Tk B B ARG A B R A E R
B, MEANTEMEE A HE (ROS) WS ESHZ,
FECA SRR ALRAET, AT AR 40 A2 34
B ZET, IREH bk BSO2 FIF Wk Al LY i
B IR A R AR, JRBHMT PS 1T Y
W B EE, SEGEE ROS M-k, s
PR S IR Y s e, IR B
F a M E NRIKCOE BRI, RE 280
aipEET-

BEAh, BEANME A A ROS &l ia T 4
R gAY LR (SOD) | AL il
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(CAT) ., %A LYEE (POD) ZFEGISE M1k,
SIEPEE AR ST EL PR MU B Bk DH. - e TR I8
X 7R T R T LRI, RIS CRIE
W BB, #E4N P ROS M5 Bl T+ 5,
YELNMIPY SOD Al CAT #5 Mt B TR, X%
HH R TR T I A i R R 2 M el L AT S AR
BWORA, MBI A RE RGBT &
1 ROS,
4.3 SFIKERIRENSE

AH LG TG0 MR AR BT RS, AR5 T KT
X AR EEHLHI AR S A Y S, B R R e
PR A EE N RIL, EBRIOCEERE D
psbA 1 psbD FETF 43 ) 465 5% 2R G 1 A A% O R
[ D1 1 D2, rebS Fi rbel 725 CO, [F A K5k
B, cob JELHMIE b MCE, cox EAMMIAE
FALRE G R, AT A0 W ol PR I
HAERRGZREW . B KINAEPEA RBE
YEFR TR S, AL R F R R A S
Z 2], Hou S 5] 2% 2R A WK BL _Ei
WAL 96 b 5, AR IEmEE. PHIE &R, Bk
TEAFREBE BRI (Y psbA ., psbD . rbel =FPOG A
L DR 2 TR B X R 4 2 I AR, X R T4
FARISP- AT DA o 3 il o & 3 DR ) R 3R SR R SR e 4
Wi, Lei X SRM A FS0 77 111 A 8 B 2 70 #k BSO2
FVEWRE, B AE R EE R (psbA F ps-
bD) FOPHAPEEAH S (cob F cow) FE 5
FERZRAL, R G RCRER AL 2SS o
WA e R A

TR BXT S B 0 25 s PR R b g A, 1
WA DRI K I B S R A S i
2 GREEAHRI AR, RIEFESEIE ) 2 R A
FEorHT BRI, A B AR H RIS R
TR YWLO1 L8 41 b5 A 7] 4 5 456 25
A SREE N 7%, JF HAEAE Al 9m S 85 1 i LuxR
MR, #IRF R, RTX & K [F 249 Mo
B TolC Ay Y If AAE HMhoFss Pl
FIREH, LuxR 2 —Fh S 54 HE A B R
{55110 w2 R RTX 35 2 5 405 (9%
TR s AN B A RE 1A SRR ] TolC
TEYITA R R BE A0 M TR iR MR S R LA R
SEAERY, XTI B AN A B AR A
IR S 5B A LR AR, X FIR

AT AT 9 R L L R
5 #it5RE

SRR E B SRR, e T A
B A HgEE R, RRATEHBE AR —1
FEWRRIHIITI o DB BOW 2% B A B ST Ak
TR I B, W AR RRURN T 5 2
Kk, HATE 20 B4 H 2 HOR BN,
HXARBALBIHELT TBOVIRA BRI . A0 B
DU 2200 S R B R . EHR
5 2% PR T T B Pk 7 G R AR, 1]
PR VR 2 o R RN R A 0 R R TR A ) I
KRB BURSEIRIE . 12 B AR PR RN
Bz, PR, AR R
ABEEER . TR, ARy R LR
TLREER AN S AL 1 7 SR R A AR R UK
-, RV T R A AR AR R A
P, SR A R B R A R A R
A A, S PR R 51 A A Y
Mias AR A, Rl 5]k — Rk
BT R B AN IR T 5 AR 7oK, R R
S A G AR A G 5L M T S U 40 A
oo HAD TR 80 S B AR 7 K oy s Ak
THEEEANBIRA, T8 —PRE W TR
BEALI BB 5T BB AR A S AR BT, T
AP FORAPE, K R AR R ATE 4
HREZ, STKCEsesl . HIE EEE L
AR B (G BT . REE RN R
BN AR LRI DL B, AR
SRR E, Oy T RERS R R R R AER N T A
FIAREE, SRR NGB AR T A1 h SE 80 3
B AORERET, JFMRAS . ROR . TTERUR SR
AT T R RN R AN R ) R A R R T
ARERABPEAT A ARG, DURR LI E
BAIN . RCRAE I Hon] DLURAG AR BT T 52 B
AR BRI R RN R R O e 2 H Y

B2 30k -
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Review on the algicidal effect of bacteria on red tide related algae

GAO Qiancheng'®, HUANG Lixing'*, XU Wei’,

CHEN Xiaoyao', GU Haifeng’”’, LUO Zhuhua®’
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2. Third Institute of Oceanography, Ministry of Natural Resources, Xiamen 361005, China;
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Abstract; Due to the increasing influence of human production activities, the eutrophication of aquatic eco-
system has aggravated and the red tide closely related to eutrophication have frequently occurred and become a
global disaster problem around the world after the period of industrial revolution. The occurrence of red tide
will not only damage the marine ecosystem seriously, but also pose a great threat to aquaculture. Although
high costs investment with the existing physical and chemical methods can be utilized to control red tide, they
may also have negalive impacts on the environment. Therefore, to find effective ways to ensure that the occur-
rence of red tide to be under our control and reduce its adverse effects have become an urgent task. In the
previous studies, 1t stated that some bacteria have the function of inhibiling algae growth and even killing al-
gae, which attracted people’s attention gradually. Tt has shown great potential in the prevention and control of
red tide. In recent years, more and more algicidal bacteria have been isolated and identified, which makes a
deeper understanding of their algicidal mechanisms. In this paper, the distribution, species and mechanisms
of algicidal bacteria were summarized, and the future research direction of marine algicidal bacteria in the
field of red tide control was prospected, so as to provide reference and help for developing new red tide control
methods.

Key words: eutrophication; red tide; algicidal bacteria; mechanism



