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FAAE-R P ENFER IR A e
PR SO B L2 S, R AN R ZH S B B T
EAEBE AT B AL AEE AT AT PHoCa 5
FHY: (DAL 2 RAIRTRER AN B e —Em)
A FEAITC T B SE R IR A A K B A B AR AL R
U QPRI BRI SRR R IR
Y SER O AL I LS SR T IE A %8 Fh A i
H X e FRTH A= B SO R AR AR 32

1 #RERE

1.1 FFEE

2 Fh-R B B B ARIGFIEASE, A TIER
RN R R, Salh A ENRE RS
PE(F1FS S NMBjah047-1, #kZ %S GM2)FI L&
) JE G B E(NMBjah056-9, #k R %5 GM17). 3
P KGR 2 = DU T 5550
12 AafAaFF R ira L kf

B EW 0

FEREIHEVCR B THRETES N, P
Y58 K 49(2.6240.19) mm, 5% /5 £7(2.16+0.18) mm.
TESCI = B IR AT, PR BR S5 HE 42 8 (Isochrysis
galbana), BERIK, ELFTA.

AR ST, LGB NS SJRE DL, 78
BRI IIN 5 L i iEEKGREE 25), 195)
MO\ 2 g BOHEDL. 23k 240, &40 3 P47, WA H
BT RS . BRERTIR 2 ¥K(8:00 Al 20:00),
BEAE IR K R B B BE LR 2%10°~2.5%10°
cells-L". FE599%, PR K, RN FltLHGHE
DT RAE TR 10 RBE NRse AT, 18
HAGHIRS R/ANGERxFEm, mm?), & 2m)E,
FE DL o] %o 7 SEBR2H.

HEDIAHXT A KR R=(S, -S,) /S, x100%, =
W, S, A e B TRLSBIRIAS KA, S, A o BT s R —
AN RAFHT ) s R R/

IR 9d 5, FAHHIKEYLEGE, 1142 100 Fi
MEDL, Hpzssgid e Mk, DOHREEER, &
8 3 it
13 AHFREFFESFEEZBMTEREFR

EEGHA
1.3.1 RN FFil R F

A LEC A R TR DI 2R SRR A b, R i

JFRETE TR, BONSERHE R ISR 1 E, DIekEE
WS pEan. YISFEHARERYOK 1 IR SEERET, K
NS L 24 h, SEEE FH R DL 3430 K/
BIsE. 7%, Femmalgyh 33, 22, 14mm, i
HZ(6.6£0.6) g.

TSI SR R TR 2 FORGREAE 1h Y
AFEAAR N i KBRS P, DIHERR 58 2% i v i
R VIR AR R S0, IESCSCIR i), BB
BAEER 10%10°, 15%10°, 20x10°, 25x10°, 30x10°
cells' L™, BB BELHFTH 3 AN, AIEHEEHTEIG
AT XTI B B2 A TR NP IR AL, KRR 1L,
B 3 FAT. I TR SR E (2342) T T,
JKERBE 25, pH {H 7.82.

Z1hJ5, B2 mL &SI AHER, Ll 20 ul &
B ECHUE N E, HIRF T EE A AR 2

DI KRB R B LA A TR

Ve =In((C, — C,S)/ C,)V / (nt), (1)
§=(G-G)/C, (2)
[IR :CIV;"R’ (3)

K Vi A— ARG AT (shell) BEAZHT 8] (h) 1Y
TEKPRFR(JEK R, L-(shell-h)™"); VA BERARFA(L); n
HEHEREREIGFECH () ¢ RERR S TR (h); Co.
Co oM R SRS AR ¢ Bk ) AR 86 235 (cells - mL ™)
S A TCHE R HA RGN AR R EL C L G40 AR
X HELHERHAA ¢ BHE) G ARG B (cells mL™); /i
R —AFEAL TR UG 1 (shell) BA4v7 i ] (h) 35 £ B 8 40
MR, cells-(shell-h)™).
1.3.2 A MR FFil R

HEVIMPRE S A SEI0AHIR]. SE00T, J5HE DT
ISP 24 h, ESIIGET, RERPEE
BERBEE 5%x10°, 10x10°. 15x10°, 20x10°, 25x10°
cells L, BORIATE 1L, BBEELHAN 2 g HEDL, A
TR DLEA X R 3558 FEZH R Te A B R R, 4541 3 °F
5. B SR VIAHREIAES FHEFT. 1h )G, &350
B2 mL ek, UL 20 pL &8 FCRUE I &, IFiEtEY
THECHE AR . HE DK A R T E IR
AL, Horr, DR R AR E(e), Kk, HEDIE
IR B AR5 HH L (g-h) ! Al cells-(g-hy .
14 FREBTFBREAFAAFTT ENEAR

¥R EAL

A R DU SE e ) DIZRAE AT o0 . 1%
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B WG, BUREATLL K 3 A MBS (10x
10°, 20x10°, 30x10°cells' L™, ic A%, . E25E)
SERSAH R L, B KT b SRR, BOAFENL
ShERE. . FFIRAL, 554 3 HIEERIBT
MRS AR B G, BT -80 CIKAfRTE, 1F
OB T

i I R R Gtk i . RS W AR
FHEAHZRR 100 mg, I 8 mL 5% (R E ) =
SBERR, 51 1min, L3000 rmin” 051080 15
min, B 1 mL EFERN 10 mL 808, A 4
mL 95% (PR E 4 o) S, R E CE 7E 37~40 C
AR TR IR 3 h, YL 5E42)5, 3 000 rmin™ 25
O 15 min, 77 FIEW, &O0EEISLBCE 10 min. JIAN
1 mL Z&4B/KIE R ISUE, N 5 mL BEERGRER 355,
PR, KRRV 15 min (LY 254 10)
J&i, TERUK TGS EILUE LR Y. DAREARSON &
620 nm WOGAE. ARYEFRED 2+ B IR & 2.

v i 22 ) - T 1) 0 2 B o v R
0.2, 1.0, 1.8, 2.6, 3.4, 42, 5.0mgmL" B TAE
WA TmL, NI 5 mL EEIRER IR, ki 15
min, BCHERGE FRK TR HLUE LY. BEbr
{7 620 nm WEIEARL. LA 1.0 mL Z&4R/K AR 73X
PR, VEMZS AR,

1.5 #IEHitoH

EREARLL IO + brifERZE” FIR. SPSS
19.0 X SEE2H (8] 25 531 T One-Way ANOVA HLIA
FTFESM. BERFRER P<0.05.

2 H#R
21 FHFAHEFFENFFEEBFRN ALK

2 HHEEORSEA I T, HoR/AVEE 1
Fiw. FEAHRIE) SRS FHR 9d Ja, AR TRIEGHL
1, JCFEEZH(GMI7)FIA T EELH(GM2) 7 Al K
T 16%+2.6%F1 8%+1%. W] DL, 7EHmE 37
(A~3 HFE(7~9d), & 2d AR KRR ZEH
GM17 4B E KT GM2 ZH(P<0.05), F/NIAE
GM17 HEFE KT GM2 4H(P<0.05). TE55 5 KA
7 KB, 2 AR R/ KR A B
S(P>0.05).

MHE VIR L5 SRORTE, TEAH R IR T, HE

621 emGMAVERKR
| SGMITHAKE

- - - GM2ZH A% 114
— GMI 720

HR AR %

Bia)/d
*FRLHA)E B B (P<0.05), a Fll b Fs kKR A NE)T
£ BEME(P<0.05), TE[E.

1 GM2 71 GM17 32 IR T #E IURY AR FIAR RS 4K
VAR 8 dJE, GM17AUAFIER 4 76.3%+3.2%, GM2
HLh 58.0%+2.6%, HEHMHREMT LHFHP<
0.05).

22 KFEFRET T ETFLZBT RN EAK

ERBREHH N

HE 2 W0, 78 2 PR, FEERIG T
1 UK ZR R 2 FE R i 3G, AE B KUK
RJa, PKE TR GM2 A, R ARIEKER 45(0.28+
0.03) L-(shell-hy", HBILEBEZEREE R 15%10° cells- L
HSEERAH; GM17 20, JeRUE/KE 4(0.46+0.03)
L-(shell-h)", HBUFE S BERC T 10 2060 4H.(20% 107
cells'L™"). GM17 /KRR TF GM2 4. 1Efiik
SEIGHERRBEZH 1 (10x10° cells- L), GM2 ZHIE/KZE
EHBLEEIRT GM17 4H(P<0.05). FREEZEN
15x10° cells- L™ 895256 2H DL ANP>0.05), 1EH At 5
BT, GM2 41K R BT GM17 A jEK
R (P<0.05).

0.6

----GM2

e
n
T

0.4

JEKEZR(L-(shell-h)")

10 15 20 25 30
T EE/(x10 cel L)

2 AEZEHR GM2 1 GM17 R REiEK =R
SEEEREIR T B R S B A AH SRRE AN & 3
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FR. AR R (10x10°~15%10° cells-L™), 2 4H
VIR RME. MBREERT 15107 cells L
G, BEEBERER, HERNIER. SIKE
ANH), LI BTN, TR R I 2
KAB G FREREES. GM17 B a BB RN
M. GM2 A BRI NIRERRIR, S%E T,
HAB AR B ZRT GM17 HIFEFR(P<0.05).

4.0

el
=
T

L
(=
T

=
T

FEEFR/(x10° cell-(shell-h)™")

(=]

10 15 20 25 30
TR BE/(x10° cell L)

3 FAEZER GM2 1 GM17 B REIER X
23 AEfAETTENFEEZMTRIELE
Fo K EHH A
HE VLR R AR B R G R BER MR, B

FRE/NT 155107 cells L™ B, JIE/K SRAFDIEE & Rl
2 R e (& 4 KL S); SRk WA, HE DI
0.6
----GM2
0.5 — GM17
= 04l
2
2 03f
% 02+
0.1F
0 1 1 1 1 ]

5 10 15 20 25
TR RE /(%107 cell L)

4 AREZFER GM2 F1 GM17 F#ERBiEKZE

—
(=]
1

----GM2
—GM17

o]
T

(=)}
T

[
T

A HR/(x10°cell-(g'h)")
o~
T

S

5 10 15 20 25
T /(%107 cell- L)

5 AFEZER GM2 #1 GM17 RN HEA =R

B FRFNYE 7K 2R H 7 AH )35 535 BE (15% 10° cells L) 3%
FlEe k. BFEAGMINE, HmRIKENEE
A3 HH(0.46+0.04) L+ (g-h) " FI(7.00%10°+0.63%10%)
cells-(g-h)"; HEBALGM)H1, 48 4(0.37+0.02)
L-(g-h)" F1(5.65x10°+0.41x10°) cells-(g-h)™". 3 2%
JFEBE—HHENN(>15%10° cells LI, JE/KRAEE
YRR, FAE 2 Pt b B FIERHE, 2
DU R B SRAHAE. SR T 15%10° cells L
B, 2 HIKEAEER LR EER(P>0.05). BE
FERT 15%10° cells- L™ LUJE, GM2 AHIE KR AR &
R B EFET GM17 ZH(P<0.05).
24 BREAFEFRAETFENFEZBTFANE

EEBRG T

BRI S BT TR 2N 6 FoR. SEERkS:
M) OD BTG PN, BB & WA & Rh:

y =0.1344x—-0.0054, R* =0.9931,
Ky H ODgggnm; x FoHE IR (mg-mL ™).

0.8
0.7
0.6 - .
L05f
041 .
© 03t
0.2+ y=0.1344x-0.0054
0.1F R=0.9931
0 Il 1 1 1 Il Il ]
0 08 1.6 24 32 40 48 56

B (mg-mL")
Eo6 MEEESWHITERLS

BEMLUAR b S EAEE 1 h G, 3
AETEIA T R S R S B s R 7 R, REA
SUEIR S EACPAE, Hr, SR EA s bR
RSB (2] 640~1890 mgg), HIK AL 140~
600 mg-g YRIPHZNLZT 100~220 mg-g™), FFHEHE
JE AT S B A2 18~60mgg!). IR T
GM2 HMAMERERIAFAE R & & SRR HK
HEFERINP>0.05)(K 7). (), HE)GHH
Hh B R ) R B G N (P<0.05). B 1h )5,
GM17 KB A I NEEbE R & i, Hi
KT GM2 ARHEZE L (P<0.05); 1 BT A,
GM17 Fl GM2 i & B 3E BEER(P> 0.05)(&
7(2)). FEAEE A, GM17 ZHF1 GM2 HAYBE
S BIH BEERP>0.05), BEBEHYp, GM2
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2H B FEACT GM17 2H(P<0.05)([& 7(b)). &HEBErsH
B SRR R (I 7(c). (d)), GM17 Fll GM2
HABE IR & B R BIEEER(P> 0.05).

2500
=2 GM2
(a) SMENE = i
2000 tb b
~ & b
&
£ 1500 b ab
18
& 1000+
% a a
500 Eg
0 1L d 1 1 = ]
KEE o
800
O b (=2 GM2
b B=IGMI17
~ 600F i
&
on
E b
= 400
.
QEZOO‘ a a
0 S% 1 Il — ]
KR o
3001 b
S b =3 GM2
250l (c) 5L = GM17
2200
‘E’l 0
g 1

100

BBl 2/ (mg-g")
e N o]
(=) (=) ()

[
(=

7 FEEWFEEAREZEE GM2
GM17 & ALRNERE
MRGER TR, AHBANLE P EIERERE
WA . AR DR S A TR A 5.

A ERME IR R RIS A A RS R R, JF
IR SRR &R TR, SEEEHRE
KRR, H SRR G A7 R 2 SO0 S 77 A
HAR )53 AT A 150

3 g

VKRR e S VIR e A ) 2
Febrt0 MBRERIARI N . R TR A
Sy EEHR N VI A A B 1), R
FHAEBRNT, VAR G e R
7 T 2 kA R T AR R, R
MR/ TEASHHRIRRNS 582 — SISO T, 2 Fh
R B EX IR IR W B T A
FE R, SHEE 55 BEME. Binzer S5t
KRS —ATFEMEK. armiger)XHENG V(Mytilus
edulis) 1% VIR SRR & B0, AT DIZRE BTG
TRABE IR, G DR R PR EERT 1.5%10°
cells- L™ B, FFAAMEGIE £ CH4 T A SO H R D 5256
BERE 1x10°~3x10° cells'L™); BEEEZ) A 3.6x10” cells:
L B OR A R DU SEER 5 B 1x10°~3x10° cells:
LY, W UIZE 24 h F 48 h BB RIFEERIFET:. 15
LV D5 1L KB (Alexandrium tamarensis) W 2&—FhR
W, BAAAENETASE, AFXGENZEE
BETESHZ B Y AR, HS sl R
] DRI B A2 B E 2, A 8K R T
1), WA FEEAY; A WRATRER B T i B
MU, REAZEE AR, A 2 2 UE AR
2 RN e SV Es St ) gt ¥ed i e ) ES S
WRZKE, FEBZIGAT I VAEHE VUG &%
Bt EA S maz ). S T, R
FARTRE, (HHEWNEEREE TR, BRI RGE
o} FETE A B S50 80N AN REAE 60T 24 B 5% b 3k
FrEbde, H VA EAR 56 R BA B S
{HF TS5 R R, P25 B s D2Ra e A 3
TR T, AR EoR, SEREIR RS
KPP EAFHILEMNE, HIKEAHEE R G2
REFHETAHIH. o] WHFRP BN L
FAE FMEA AR ETE . (HURTFEE
SR 2 PRSI AR, SRR TR A WE IR
1, HErXMELZESEE P gd, TR 2 Fhissete
SRR A TR T Sy, R, TREAES
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Je BT g — 5 5 i AN TE R X 43 Y A 13
BAR, HnR A R 2 ebric B4 IR
A, DI B TE AR I R S
I n) 8.

2 Fib- BN AR R AR RIS AMA
AR, (HAKEAEHREYEEAR, HIER)E,
E RN R R R, WA S S
BRI A RS2 E kAT
Ak, BEIE TS 5 DR RER AR, s
TEAE FRAR I AR AR (TR P20 R D28
FRfE R LB EBAERR. MR WA T UEIREAR
o] 788 2550300 A 3 % 2H 40 D5 1 A Ak R 4R
Galimany 250706} 5 B2 206G DL U G %
P S RE RGBSR AL EA T T 5T TR B4 )
TR B LR EE F1(6.25%10% cells L), /NTZBFSY
HE DL S0y v i) 3 238 B (2% 10%~2.5x10 cells L™, Ff:
HAER 1 R, 5 3d )G, NRERRRE

DIREZFNEN, 6 d ZFR)5, AR A .

ABEIEH, FEFIEIRFRE 2 AR 1h G, BE
S BYAARREER B, TR TR
WURLJE, DUHRH) SERE R G A Vs J5 3 1B U 7
P, I HARER S B A DS B & R AR K R )
AR, (HARRAI SRS 8 R
ANTIHBEH, RPTEHFERERER T, A%k
A BE T RE B S A AR S ARIATE A A 17 500
Tatsuya ™ W50 & B, FEHEEZ IR A [ 2 2R 1 4 5
SREAZEN, SNEE T A B S h AR R
. AR IR, SRSV RS &
i, HEARMIERE RPN REME. 18
PSR A b, RN AN P SE LA BRI
AABNTCEHNER, HHEE S BARME, 4
ATREBEH 2 ANZHZUH ORISR A s MR
M. TR R R PN SR, AR
R TOK R, EHA TR S MM 1T
AU, W DUSEAR LV SRR A . TR
v, WTRELEIS S R B R R AE T, WS
IR AR R R A E PR A AL R il 1 R
Mey, FCALHIRFFIRTIZYE. (HARR I R, YLEkAb
B FER IR IR R PG, R
J, A 2 FhE R A TSR RIG A RE R AR
SRR, AHAG 75 ] e R I R AR, S H

) 54T AN

ARG R, 5 LAARSR 5 B 70 A Tt
IRFRFEKI B R 25 2735 R RE il s IR e
DUZ A 35 B A B 2l SRR D S AR AL RIS I A x U
R AR ARG P2 AR, TENY I SR PR S e
FRPBEAEYRE TS S, %8R N2
FRIF A SN AR,
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Effects on the survival, growth and physio-biochemical activity of Ruditapes
philippinarum by toxic and non-toxic Karlodinium species

WU Yanhua', GUO He?, MEI Limin', PAN Yuanbo', XU Jianfeng®, ZHOU Chengxu'*"
( 1.College of Food and Pharmaceutical Sciences, Ningbo University, Ningbo 315832, China; 2.School of Marine Sciences, Ningbo
University, Ningbo 315832, China; 3.Aquaculture Technique Popularization Station of Lianjiang, Lianjiang 350500, China;
4.Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo 315832, China )

Abstract: How the dinoflagellate Karlodinum veneficum affect the growth and physio-biochemical metabolism
of bivalves requires further research. In this study, two morphologically identical but of different toxicity species,
namely the toxic K. veneficum, and the non-toxic K. zhouanum, were applied in the detection of their effects on
the survival, growth, grazing activity and glycogen content of manila clam (Ruditapes philippinarum) juveniles
or adults. The results show that both species support the clam for growth. But the growth and survival rates were
significantly lower in the toxic algal group than those in the nontoxic one. Both filtration and ingestion rates
changed along with the algal cell densities, resembling power function relationship in both algal groups. The
algal density at the inflection point was 15x10° cells-L™". In algal groups of lower or equal to this density, the
filtration or ingestion rates increased along with the increased algal density. There was no significant difference
in two algal groups. When algal cell densities were equal to (or higher than) 15x10° cells-L™, the filtration and
ingestion rates were significantly lower in toxic algal groups than those in non-toxic ones. The adult clam
showed higher algal density tolerance than the juveniles. The glycogen contents in the starving adult clam
increased rapidly after feeding both Karlodinium species of different densities. The changes were the most
significant in mantle where the glycogen contents were the highest. The increase of glycogen content was related
to the algal species and density. In low algal density group, the glycogen content in toxic group was significantly
lower than that in non-toxic algal groups. This study showed that, toxic Karlodinium species may affect the
growth and survival of the clam through certain non-acute processeses, such as by impacting the normal grazing
process and interfering the biochemical metabolisms.

Key words: Karlodinium veneficum; Karlodinium zhouanum; Ruditapes philippinarum; grazing; glycogen
content
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