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TRAT,

BUE, R

(W KA IR 5 i e ) 22 T e o
R BTG HRWPIGT AR SR EAERE, AR I 510632)

BE: A HI 2009 £ 10 F T4 7 ) 7R ok o 9 OB K B AR e 3 O B XY IR & K ROR IR
HEu s R on, K 0l 0T d 4y R & B o FLAY IR T IR PR O K A, R R 9 3L 37 R
WH AR M E R EEA W R HFERN, R ER,24 h XY E A G &5
PRHy LCy, (B FLIKJE) 4 9.55 x 10°/mL, 3 5 J£ 7 2.5 x 10°/mL 9 3 A e 4 % %t 19 & 4 1k
By LTy, (B R ] )  48.5 h, 60 h /% 7 Wi KA Xt & fu iF 09 7 78 R A B w0 o 4
A g B f w3 T R I eV B, 0 A AR XU R R R K. TR R, R e
B MAERS TR RT —RE SR EERETELAGT, A bRl ZENRIF A
FHHEES N ERAENEFETMAESTELAEFEER,

KW XA E; MRk; 2id; LARXNT; REFE

HESES: X 171.5; S 965

2009 4= 10 A F A3 11 7 sha), BRI H i 5
ST T ALK 300 km® Y AR 1, A R O XU e
V83 ( Cochlodinium geminatum) . H iy, it FL75 F
PN X JiE 1) 5 J8 ( Cochlodinium ) 74 ¥) it R 412 3 e 2
M) & 22 R JiE 1) 3 ( Cochlodinium polykrikoides) |, %
BEEA AR E, W] AR LR R RIS R Y
B EAE T R A R R 9 %
FOR B AR B R A 2R SE T, 45 2 K 7 SR A
3 AR R R 2 AR R L Y BE S R R R
TR E B A R . 1990 4 6 A 4 A I
MR R M IE W B AR S BORE YW
s,

BRAL 11 98 388y e 1 2 80 4k X, R 7 2006
A 4 10 R 48 R 2k P RS A/ 1 UL iE 1)
BRI (LI Y b R T R 7 K e ]
T8V AR W A Ry D L o Ty A R A X A
A AT R U S5, 2t BR VL 1 ¥ R A% 556 1) 4l 55 X
A WG R 0% X, BE 2R o 9 7 32 R IXOHE LD 5

%5 H #5:2013-03-15 &8 B #§:2013-05-21

XEkFRAEES A

B, R, R AR A kT BRI T R A AH
SR TR v B OCTE , S U TR % R R T
PERE M o S8 DL B B (Artemia salina) H14 4
¢ 1 ( Scatophagus argus ) Hi. FL 40 E Xf 4F
( Litopenaeus vannamei) 1 5 525 Xt 4, 42 0% 77
T AR X 1 2k B M, R K ™ SR B R A K CE
N2 AR AR

AR ik

1.1 LI

SCIEE T 2009 4E 11 H 978k 1 580U e
T4 T IR R TRD DA R i DXCR S AR K AL 1 h
WiE B, F 0.1 mL PRI T 50E T i
U T T B T i

FEHNFMTER(24 £2)C M (5 +0.5)
), LG ] 2 g p 4l A BN i
A 700 mL 2S5 i KRG 7K (BRI EE R 38 X8 K
R 20, pH 8.0, T[] ) v o3l A<, PR F

pmol/(m’ -

FEHWE :EZXIILE="TH(2010CB428702) ; F K A AR Bl ¥ 4 1 H (41276091 ) ;5 [F 5 i 74\ 25 % 11 (201305003-2,201305010-

4)
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YA GE — B AL T RFARAS AL 48 h 5 O RR 1
LRI RN i R

G AR T R PL U R R A DAY b R B 37 3R
15, e Hig 25 d, /R Jii & (0.81 £0.25) g,
K (3.4 £0.8) cm, HF 1 4 5 & (0. 08 £0.03)
g RK(1.2+0.3) cm, iR A RS 2 505 % Y
F1dEHTER,
1.2 2SR

A FE AT R R AR 6 Ak R JH0.45
o P8 Rk U8 e Y IR AR Vi K R XU T VA i % T Ry
2.5 x10°/mL [ R K& (5 & 18.5,pH 7.8,
IR B AL S AR BE AR, BI2.5 x 107 2.5 x
10°.1.67 x10°.1.25 x 10°11.0 x 10°/mL , Bt 24
FUM, BEFLTEA 2 mL |3k AR 8 K, B AN R 3
AT BEPLCA 100 2l B i) i R &) 1A 4l L, LA
[ Bt u8 o i R AR K AEXT IR, & T = |
(24 +2)C,(5+0.5) umol/(m?* - s) £ F H 4k
JGHR 48 h N B 6 /NI Ak 4 00 2% g AL b e
AR BET I B o LARR AL fil 2l pd AR 5 s, 14
HOAI A fioh £ A Bl S BE TR 1, R R X B — AL
B R EOE R

MG R 1 L Ay AR s IR AR PR ST TR, AU
FELHMET 4 A X (1) #FATRE, DL BR 19 &
SAR R SR YUK, 1A 5T A fidt e B8 5 A 5% % i ZE T %
S 3 B R 22 o

P=(P -C)/(1-C) (1)
K PO IET R, C g X BALSE TR, P Ty
R R BT

W) BRI B A JULH R ST IT 6 A A
P B FH R R i 7K K XU Jié V) 3 % B R
9.3 x 10°/mL 7 [ ¥ 7K 7 B B 5 A~ e JBE 6 B, P
9.3 x10° . 6.98 x 10’ 4. 65 x 10*.2.33 x 10’ fil
9.3 x10°/mL, Ht 400 mL [ & # /K T 2 K 500
mL [ BERR BV B 3 AP AT, A BEAR
BEBLACA 5 % fdt B i, DR AR BLOR SR 17K
XL E T AR (24 +2) C, R8O (5+0.5)
pmol/(m® « ) &£ F 60 h Py4F 6 /T 55 £ 1
M AET 1 O o

FE R SR i 7K 4 UM JE 7 8 % N 9.3 x 107/
mL ) 75 1 K B B A 3 AN EE, B 9.3 x 107,
4.65 x10°f12.33 x10°/mL, &% Bk b bl #l
A e 5 FUBR f &b, A W] £ R P SE 5,
60 hHE 6 /NI i s MR A SE T 1% L o

1.3 HHHEERRIRK

JH 3ok 308 5k 9 9 AR ¥ K U T 1 9 4 T
2.5 x 10°/mL fy 75 W1 7K 1 s B K 3 A Wk 41
5.6 x10°.2.8 x 10°fl 1.8 x 10°/mL, 3% A 12 L
W, AR 3 ANFAT AR FLTEA 4 mL R K
3 BEALETA 100 H A B g HL 44, X BEZH AN i
RRAR, B TR (24 +2) C, R0 (5 +
0.5) wmol/(m” - s) %4 F 24 h Py4F 6 h ic ¢4
FLEER . SRR Frost!™ 250 (2) 15

174 c, -G,

I = N‘xt(LnC“"an“)i£ﬁﬂifi;5;(2)
ArpL TR E R (/D) N i AR E (), V
N RHE AR (mL) |, C o Xt BV B (/mL) |
C, B Mk B (/mL) , C, N W RE2H ) 4 ok &
(/mL) ¢ K EHHE (h)

2 4

2.1 MWAEHEAER s R E S 4

6 h PN, 451N E 2 1) UM JE 7 38 X i L 4l
MAETE A S (2 1) fHAE 12 h N, I i 3 2%
(2.5 x 10°/mL) 52 5 41 1 14 58 &)y A i 3 4
T, HET- %N 6.7%,18 h JFIET- K T3
10% i H B4 4 PET- R 7€ 18 h N ¥ 0, 24 h
P, 53 X HE 21 R S5 1K 4 % 3 (1.0 x 10°/mL ) 52 5
YUMo A 45 3 2 i A v i e H G AR KR R BT B
T=o 30 h Py % BEAH Hb i s gl A iR BRAE T, BB T
RN 3.3% o I BB B ] E K, 4% T2 A
PIHBLT ) AR IET R B WG Mm% . 5
AN FET- A BE BB 0 TS T o 48 h P
R AL(2.5 x 10°/mL) dh i pg R4 iR ST TR
ey, R 44% 3 WU T v 3 X 10 HL &) A A B
PEVEHT . 75 30 148 h N, (R s (1.0 x
10°/mL ) 9255 241 pd 214 4 1) FE 1= 38 /N F A1 R %
MR msET % AKX Q) HERRME(ERD) &
WIS %55 110 0 ML 5 740 B R DA 4 H5 i L 4 1k iy
Ao

N ) % 525 6 B) T A6 T AL 2% il g R X A2 1k
RN 2 FrR. Hrep, BEEufE N 24 h 5,
FET-HLER () 5 3 2% B X5 (x) 1 2 A 56 Lk vk
[ )9 7 F2 ok v =0. 524 3x +2.388 6(R* =0.968 7,
P <0.05), @& [l )5 77 #EAF O BURE Tié 1 5 X i
MR 24 h R EOE KR E R 9.55 x10°/mL, H
B IR B, 0 4 R BE T ML 5 3 2 R B
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Z AR B E (P >0.05),
MIET-HLHR G R R R ARG, RS
FEoN 1.0 x 10°/mL 1 52 56 41 15 1 4 1A 98 - L %
W TCH SR AN B N 2.5 x 107 1. 67 x
10° 1 1.25 x 10°/mL 3 >S2 5 41 A 14 Ht 444 4 3
ToHLR 5 % # 0F [a) 34 A 3 AH G (P <
0.01), BEHEN 2.5 x10°/mL 55 41 b pq 3

GIARM T HL 3 5 2 g5 B )W A O (P <
0.05) . #EIRFET-HLAR (v) 55 2 55 B I] (x) () L2tk
M1 J7 R F A5 45 vk B A Jie v B0 i 3L 4l 1R A
I B LT (3 3) o bl 8 4% )3 1 B AR, LT, i i
HER B MR T 4H (2.5 x 10°/mL) v WU i 34
TS K7 B AR ) 2 BOPE R (] Ok 48.5

Rl RETAREZEMNEIEGET 48 h H R4 EIETZ (DR) FAFLTHE (DP)

Tab.1 Death rate and death probit of A. salina larvae exposed to different cell densities of C. geminatum within 48 h

b 1.0 x10? 1.25 x10? 1.67 x 10? 2.5 x10? 2.5x10° pagiict
/mL /mL /mL /mL /mL control
ET DR DP DR DP DR DP DR DP DR DP DR DP
6 h 0 - 0 - 0 - 0 - 0 - 0 -
12 h 0 - 0 - 0 - 0 - 6.7 3.49 0 -
18 h 0 - 0 - 0 - 0 - 10 3.72 0 -
24 h 0 - 6.7 3.49 6.7 3.49 10 3.72 20 4.16 0 -
30 h -3.4 - 6.9 3.5 10.3 3.73 17.3 4.06 31 4.5 3.3 3.16
36 h 3.5 3.19 10.3 3.73 13.9 3.92 20.7 4.18 34.5 4.6 3.3 3.16
42 h 3.5 3.19 13.9 3.92 17.3 4.06 20.7 4.18 38 4.69 3.3 3.16
48 h -3.7 - 14.8 3.95 22.2 4.24 29.7 4.47 44 4.85 10 3.72

T :CD. % & ; ET. ®FEMi[A] ; DR. L T-5; DP. JET-HLA,

Notes:CD. cell density(/mL) ;ET. exposure time(h) ;DR. death rate( % ) ; DP. death probit.

R2 FAERBEMETXEEDENTRGESEREHEESH

Tab.2 Regression parameter of toxic effect of different cell density of

C. geminatum against A. salina larvae in different exposure times

SR/ AHE )17

2 Bk BE LCyy/ (/mL)

exprosure time toxicity regression equation median lethal concentration K i
6 y=0 - - -
12 y=3.49 - - -
18 y=3.72 - - -
24 y=0.524 3x+2.388 6 9.55 x10* 0.968 7° 0.016
30 y=0.688 2x +2.206 4 N 0.883 4 0. 06
36 y=0.803 8x+1.9755 - 0.754 2 0. 057
42 y=0.802 1x+2.063 8 - 0.700 9 0.077
48 y=0.593x+2.877 2 - 0.855 7 0.075

TE e HUA PR E AL 5 UM E VA 3 v o R A SR B 3

Notes: * . Death probit of A. salina larvae has a linear correlation with cell density of C. geminatum.

w3 FREEEE R WA HE A X R 4 B 3 BT R A

Tab.3 LT, of different cell densities of C. geminatum against A. salina larvae

B/ (/mL) B [ H Oy AR B[] LTy, /h R P
cell density toxicity regression equation median lethal concentration
2.5x10° y=0.038 5x+3.133 6 48.5 0.934 1™ <0.01
2.5 %107 y=0.027x +3.15 68.5 0.894 8" <0.05
1.67 x10? y=0.030 5x+2.79 72.5 0.991 2" <0.01
1.25 x 10% y=0.025 3x +2.824 86.0 0.909 6 ™ <0.01
1.0 x10? y=3.19 - - -

TEc o 0 HUAPARBE To LR 5 % B IR ) e A OG0 25 e 7 LA B T 0 15 % R I () 26 P A S A 2 25

Notes: * . Death probit of A. salina larvae has a linear correlation with exposure time, *# . Death rate of A. salina larvae has a significant linear

correlation with exposure time.
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2.2 HHHEXNEAENERE
I AT A UBUIRE T8 3 0 &, (R B R AR

B R RO 13.5/h 25k BE AL g S R
A R ) ) A S S B W AR A (R 4) ¢

x4 HHHYENWEAEDENERE

Tab.4 Feeding rate of A. salina larvae on C. geminatum

FiEE/ (/mL) A/ (/h) feeding rate

cell density 6 h 12 h 18 h 24 h
CD =5.6 x10? 13.5+2.7 6.5+1.4 5.0+£0.9 3.3+0.4
CD =2.8 x10? 12+1.1 7.1+0.7 5.4+1.4 3.9+0.8
CD=1.8 x10? 7.8+1.8 5.1+0.5 3.6+0.7 2.6+0.4

2.3 WHERAENEHEHMLMEIIEHHY
5

UM THE VA B8 7E 60 h pAy T 4 95 £ 1l Al L 44
X R B AE TG TCA R0 . 7 36 h P, £ 5200 40
rh £ FIER 34K AR T L (EAE 30 ~36 h, B
FEk 4. 65 x 10°/mL [y 52 5 2 1 7E 36 ~ 42 h,
2.33 x 10°/mL {52 5 41 v 43 5] 4 3R 46 1 A0 0 1
FAETS 1 H L RBEVLIET. . LR iR kB, 5 xR
ZHRE LY, 45 35k 1 7 R S 0 A v B iR IR K B B
[F1) P A0 4 17 20 37 8 A5 T, BRI i AT Ok
UL R TR RN e, X — ] T R
T KO 0 T S A e .

3 1HE

BRL UM i ) 35 215 ) 7K AT gl e Al 4 2
BEPE S0 25 R W, R JE 1) 35 X5 i 1R AR B
FEAE Yo A& 2 5 I E) BE Y, HL 4 1R 1 S8 T2 A B
A B LR RSN, X 5 AR 2 A # A H WX
VRS G A R AT T A ALY U
Ji€ 14 9 X6F 140 IR &l & 24 b i LC,, R 9. 55 x 10*/
mL, & F 00 & ¥ J§ % ( Chattonella ovata) "' Fl i
Y )G % ( Chattonella marina) " %t [7] & &1 5 45
K 24 h 1y LC,, , LU B MEAR T LA LA BE . BR
BN 1.0 x10°/mL 525 4140, H e 45 4158
T 3R i 2% i I ] A 42 T 385 00, 35X 5 AR 22 %) A7
B FH BN TR S ) 0 2P BT T A R A
oL AR I A S A I B 5 (1.0 x 10°/mL)
1 SEE A, b B R B BE T ML 5 2 R A )
A | 3R WY 7 A1 3 285 2 UL T V) 35 %) b 1 4))
PR A5 A RE A o DA BT B A %o U JE ) 8 1Y)
BEWENAE, R ERELLIZEE R (R 4) . 5
Hb A I IR] B 8 4G, B 48 h N, 08 A T i IR
LRI BE T /N T AH B X BE AL 38 T2 5, i B 7E
FEPEARSS AR T, i AR RE LLIX BN &

2 A= i I T S8 S DRLOIL AR T B8 T, XU JE 9 38 X
B H 4 A BE LA AT REAS 2 T g R A AR T
XM e V8 e 1 7= A 7 3 AR . i AR O IR R
PR s, BEHR & 50 wm DL B ROKE , XU g
AN 550 30 ~ 40 wm, 75 (<1 B4 (R 1) 38
00 FELPA T B 40 A o O T 94 98 114 48 £ R A AR
flR(K 4), 98 & 1E 7% 0F 3 o 2 sl | A 7
A AT B 4 SR W FE AR A R UM B
V)38 SUREZE 47 b HR )y 1 1 A= A, X AT RE IR S DU
i@ 1) 2 T 0 45 SR )RR A TR e 1 i L 4y A
98 BV LA G U JE 3 38 0 HL 4l A 1Y
LT, Fifi % 3 25 5 09 38 i a2 7 0k 2, 22 8% 7E 2.5 x
10°/mL % B2 R H LT, {8 48.5 h(3£3) , 5
1,24 h WU e VA 5 %) 5 IR A AR LCy, o 9.55 x
10"/ mL, XU T V) 35 A W0 0% A2 301 T 1 e v o8 2 o
AT LUK E) 10°/mL, 36 B 7 fog 3 %45 13 DX 48 P9 3% 25
W RE S FEORR RIS RISL T . IF I S A
TR PR BT B PP A A T Y T S, AN HEBR o
X {77 sh ¥ 52 B fa % , Al fE &t KLV i sh
Dhy B 114 £ 28 A5 A VR T A 3 ) 8, AT
XF i IR A A 25 AR G SRR W

XS e ) 35 215 Y K A o £ e RV TG e g
P, X 5 R B R R B TR S S T LR
AT o A TR BN AR W) R 10 35 5 AR S A A 1A
KRN A BRESH ACHER A A 07 NS A 8, AN )
PR R R RN 25 SRR g i1k
TR SN AR A PRES K TR 50, 8 2 2 B
PR T o F3 50 Ak T i R DU JE T8 3 v Y i
SRy AT A i, 15 3 52 B R A LR pa iy
AR GELE , 12 S RE 1 W T B, e o B e 0
UGB S, 7R AR MR 2 R 0T B2 v 24 54 & Bk
BT D, R RE TR R T % 1 L 4y
AT T 1) 52 e T B 2 0 BRI A 25 ) o ) XU A
(R LR 16 55 J5 2 o 1 — 2P
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37 %

AT, 57 50 ] 286 0F XU i 1) 3 ) i 3 D
ot L[] Ja8 1) 22 A e 3 9 R 02 I GE B £
Z5 A Ji V) B O T R R B R & £ 28 Y A
T2 AR HE 2006 4F 3 [ R RS SO LA
GNP T T R Y TR B AR, 2 R R TS x
10*/mL B}, 23k 4 ( Cyprinodon variegates) 1 . 4
it i 8% ( Fundulus majalis ) . 48 I 1 ( Menidia
menidia) 1t 24 h 2RI ,80% 11 BLAF M 321 %
#% ( Fundulus heteroclitus) 56 1=, Tang |
S 2 B SR A 4l b 22 B E I8 R Sk AT 1
PESCE Y A F) 3.3 x 10°/mL i, 1 h Py
Fk AT . 5 DI HGE 1) 22 PR eV AR
FE L AR YRV 11 05 ) 1) 6 3 Sk LR T v 8, HL s
7K ARTE 60 h Py EI X 1 F1ER 1 04 A7 15 TG 5%
AR TR Sy e V8 B IR L (AT B e 2 R R bk AR B J
1Y 22 S 00 77 5 AN [\, DT F A ) 1 7 AR TS
[ A, R R RS R 4 T K A e
A EARSLIG Y A WF P 2 R B SE I A AE 500
mL [ IS BERR b FE AT, AN BE 5E 42 15 400 U U BR A
PRI I AN BB HIE 53 15 5 5 38 VA 3ol 2 32 8K AR ke 4 1 Xof
01 28 LB AR W AR SRR )

S 3k
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Acute toxicity of Cochlodinium geminatum bloom waters from
Pearl River Estuary on larvae of brine shrimp,fish and shrimp

WU Ni, JIANG Tao, JIANG Tianjiu® , LV Songhui, HUAN Qingliu
(Research Center for Harmful Algae Blooms and Marine Biology ,Key Laboratory of Eutrophication and
Red Tide Prevention of Guangdong Higher Education Institutes, Jinan University , Guangzhou 510632, China)

Abstract: Dinoflagellate genus Cochlodinium Schiitt has been documented to form blooms along the
coastlines of many countries and caused mass mortalities of fish or shellfish. From October to November,
2009, harmful algal blooms ( HABs) caused by dinoflagellate Cochlodinium geminatum broke out in the
coastal waters in Zhuhai, Guangdong. The bloom covers more than 300 km’. In order to understand the
toxicity of the bloom water,and provide some basis to the algae bloom management and further study of this
species,acute toxicity of the bloom water against larvae of zooplankton Artemia salina, fish Scatophagus
argus and shrimp Penaeus vannamei was investigated under room conditions. Moreover, feeding rate of A.
salina on C. geminatum was also investigated in this paper. The results showed that LC,, ( Median Lethal
Concentration) of C. geminatum against A. salina larvae was 9. 55 x 10°/mL within 24 h. LT,, of C.
geminatum against A. salina larvae decreased with the increasing cell density. LT, of C. geminatum with cell
density of 2.5 x 10°/mL against A. salina larvae was 48. 5 h. No adverse effects of C. geminatum on the
survival of fish and shrimp larvae was observed within 60 h. On the other hand, it was found that both A.
salina and S. argus larvae could feed on C. geminatum. But the feeding rate of A. salina larvae was low.
Overall, the bloom water of C. geminatum caused an impact on the survival of A. salina. C. geminatum with
high cell density could cause mass mortality of A. salina larvae. However, A. salina could live on low cell
densities of C. geminatum. Causes of the death of A. salina larvae may not be due to the ingestion of C.
geminatum. C. geminatum caused acute toxicity neither against the S. argus larvae nor against the P.
vannamei larvae.
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