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Effect of colloidal substances in red-tide seawater on the growth of Heterosigma

akashiwo and Skeletonema costatum
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Abstract; Surface water was sampled at the three red tide stations during the Guinardia delicatula bloom in Jiaozhou Bay on
February 9"—10",2004 and the colloidal substances were separated by filtration (0.7pwm) and cross-flow ultrafiltration
(1000 Daltons). The organic carbon in the filtrates and retentates were analyzed respectively. Heterosigma akashiwo and
Skeletonema costatum were cultured in the < 1000Daltons ultrafiltrate and the retentates with different amount of colloidal
substances (1000 Daltons —0.7um). The results show that the dissolved organic carbon concentration is enhanced in the
water, especially the colloidal organic carbon is increased severalfold during the Guinardia delicatula bloom. Compared with
the controls, the maximum growth rate ., and maxium biomass B, of the Heterosigma akashiwo cultured in the retentates

increase markedly with the colloid amout increase, but those of the Skeletonema costatum decrease remarkably with the
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colloid amout increase. It indicates that the colloidal substances in Guinardia delicatula bloom water can enhance the growth
of Heterosigma akashiwo but suppress the growth of Skeletonema costatum. This phenomenon implies that Guinardia
delicatula is able to produce colloid size allelopathic substances during the algal proliferation. These substances could

influence other algal growth, which maybe play an important role in the Guinardia delicatula bloom formation.
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RSBV o 1A 0 R i — 1 B R U A VR, 6 R T R K S 1) A ML T LA A B 0 1R A
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Table 1 The added nutrients amount in each culture

oeime swn POWD N SGmay U0 G
2004-02-09 C3 +3 +10 +30 2 2
2004-02-09 AS +2 +0 +30 2 2
2004-02-10 C3 +3 +40 +25 2 2
2004-02-10 AS +3 +20 +30 2 2
2004-02-10 Y1 +3 +20 +30 2 2

SR TR B BUE KA R 5 T M B AR ESE O AR H G LR wh, &R
1:100 , {5 2% 80 525 3 A0 b Ul B 4% B A 00 B 0 M2 B 40310 b 4.5 x 10°/L A1 8.6 x 10°/L, T 23°C F 15 37 42 | ok
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IR T R SRR BOGAE , 7 430nm AT IRE & BB AR B SR N BOGME, 4H YR BE (V) 5 RO(E
(A ZA X RHEETFEN =(33.974-0.11) x107/L(FHEFEHE) M N = (29.434 -0.25) x10°/L(H
B 2R3 1 58
2 ZBR5WR
2.1 JRMEFERSILN AR R LS X A YIRS

YA A SRR, 5L WEE IR 2 & X 3 BEYE I 7E 28. 886 ~30.959, 2004 /-2 A 9 H ,7EZ
PRI O AS S5 A BR S, R a 53] 26pg/L, TG H .0 C3 S HX BB L, HE 3. 15
pe/Lo BT 10 H, 58 X —229 K, B 5 98 B /KERGTEEL Y1 545K a 353 44 pe/L, RN M ik
MR a A FEIRE 23pe/L, 3 BAREA M0y Kig# G Brhom R a 3 4. 73ug/L, BRH B
HL B TCHLE SRR FE L) 34 umol/ L, TS AR JLERAE 82.03 ~ 101. 20pumol/L, AS 35 10 H W EHLALL 9 H WA
FRFEAR. BERRERTE2 H 9 HEF, BARILIEH] 1. 28 wmol/L, .0 A 0. 45umol/L, T E| T 10 H & RAEu5 L
BERRER RN/ T 0. 23 umol/ L, FERRIRTEAR LA SRR MR BT, NEFHREIRRE, XKF
W R E SR TREZ/E , BB RREE AR IR 755 LN LB — 2P P 58

VsfRA HLER (DOC) ¥k BEFE 256 ~ 584 umol/L, Hirh ELY iR 75 LAk (UOC, <1 Daltons) /5 %] 64% ~98% ,
A EX K DOC AR EA X WES, HEE A —5 KR, DOC W3 5,A5 35 DOC2 H 9 HA
265 pmol/L, 5 2 RI B 496 pmol/ L, 255 1 RIIE 2 5. M HOH 1 RiBAR LA F5ILN L BEFRE,
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Fig.2  Growth curves and the Logistic growth model fitting curves of Heterosigma akashiwo in the different colloid amount solution
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KERIBIRYIR . B S A MM AR BT N, P A Fe S5 3R, 1T DUy 328 OCE 374 R 119
9, T — 07 T AR A B 5 A R B A B, o (Y — 8078 3R B3t AT 8 PR AR T A S AT B SR
5553 J L PR IV 38 21 90 2 A 90 ) 77 A PR P A0 R 5 5 i B A I B (R VR I R B R . ZERLRT BB SE AP, SR
B R 28 MBI IL N LR BB A R BUR, HEI, 2R 55 JL A Y38 R 0% T 57t 25° 0 A o a8 o 2
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Table 2 The maximum growth rate x ,,, (cell-L~"-d ") and final biomass B;( x 107 cell-L~") of Heterosigma akashiwo in the different colloid

amount solution

W43 Station

C3 AS
BiH Ttem o~ ; ; o~ ; ;
RIS BER B RIS BER BER
Ultrafiltrate Retentate (50% ) Retentate (100% ) Ultrafiltrate Retentate (50% ) Retentate (100% )
Momax 0.23 0.29 0.31 0.81 1.10 1.45
* My 0.02 0.02 0.03 0.03 0.03 0.05
B, 1.51 1.69 1.74 3.83 4.18 4.84
+B; 0.04 0.04 0.05 0.07 0.05 0.06
R? 0.97 0.97 0.95 0.99 0.99 0.99

2.3 ZREJLNEHE IR A XA B i i B AR A K B

3 B AR A KR B FE R R R 55 LA AR ik b, T B AR BETE 4 ~ 5d I AR X
B, BEETTIR TR SRR P B 2R BE M AR A IR, BER B A S B A i VR 58 . AR 4
FERRIHA , A0 FR o B C3 3, HLAM ] A R 2N, 7E MR AR TR LB D 100% i, el T Fp il B AR R A AR
K TEBAR AR AT L By 50% B TR AP, DB AR B — R AR (EHAR R 58 AR 3 U7 O AR 7E R 8
W Y1 SRR BB R i, B A B IR M R L C3 b Bk , AS 3 iRy 3 A P — 2508055 o

H T AP B AR B AR K i A S BRI, A Logistic A RMERY, W6 804 K A K i AT
THE, ME 4 PR MEZRFI TR MRRBR KT 0.990 3 AU 1 B 28 1 Bk A KR
Z\L YR IIREE A S B AR KT, C3 S e R 100% i, H B R BECL e 2 2], KA K
REMEARH

£3 TARGESEDRTRHBEENRKERIEE Uy (cell-L1d 1) TR B, ( x103cell-L7")
Table3 The maximum growth rate g, (cell- L™'-d~') and final biomass By (cell - L-') of Skeletonema costatum in different colloid

amount solution

WiV Station
C3 AS Y1
TUH Ttem B Rﬁfﬁiﬁ W B HEB BB B B B
Ultrafiltrate etentate Retentate Ultrafiltzate Retentate Retentate Ultrafiltrate Retentate Retentate
(50% ) (100% ) (50% ) (100% ) (50% ) (100% )
Momax 2.61 2.00 - 2.55 1.91 1.79 2.78 2.07 1.38
* max 0.06 0.06 - 0.05 0.06 0.06 0.03 0.05 0.20
By 5.50 5.50 - 6.85 4.81 4.12 7.46 5.29 3.33
+B, 0.07 0.11 - 0.20 0.06 0.14 0.12 0.04 0.11
R? 0.99 0.99 - 0.99 0.99 0.99 0.99 0.99 0.99

TR B AR AR TR, I R RS MR M X R LA B 8 RS L
B, 7 W TP AR DB R Y AR e, 1998 £E 7 H A 1999 4F 6 H TEM S B R I & RS
WU R IL T R A TN T L R R — (AR AR L TR S RS , o il B A
RIS 8 RERSEI T, EA 8N, RT3 7R 18 & X 9K SR B A i IR, 3 o i
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Fig.3  Growth curves of Skeletonema costatum in different colloid amount solution
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Fig.4 Logistic growth model fitting curves of Skeletonema costatum growing in different colloid amount solution

http ://www. ecologica. cn



2 RTILL 45 SR K P F B Py i 7 W 55 25 A o o B AR R A R R M 579

HRENARBEARZMMGIER , B ES BB MHERBGER, £ 2P ERET 2T, XRVIFEH
JUN T BERETE SR, BR T 2 2 & B FRALVE RIS, 5 307 A= Ay ke o 400 11 JHL B BRSSO 3 R K

O F — LR 3R B, FE L0 A ) 3 0 A A= 0 B IR A W i AR K i B A Mk SR #E AR, X
S E] A AR RIEREE M EZ B BB R P& —EMIEM . /NEREE (Chlorela vulgaris) REE 73 W —Fh
n/NER B 2 ( Chlorellin ) [ 3T A4 K K 9 il 22 ¥ B ( Nitzschia frustulum ) W A K5 19 BB MWt 3 ( Scenrdexmus
quadricauda) W FRIRATTUE)G , K5 37 0 2 BE ( Pediastrum boryanum) , J5# A REA IS, AT 2 40 RAE IR A
B LR EZMHINE T ; 2 H B (Peridinium polonicum ) BB 733 —Fh Y glenodinin F477 4= 28 R4 i A5 AL IS
¥ (Dunaliella sp. ) AR ., F B 553 ( Skeletonema costatum ) W JE VR RE 8 1€ 1 75 38 25 78 223 ( Olisthodiscus
lutens ) B A, TI7E Mg AEBEIE TR A R AP, P D B AR B B2 B3] o Honjo 257 & BRI R4 BERE = 2R
bR S5, X o B AR LA ) LA B SR iy DL S 0 ek S P B B, T X = A Ji R B ( Prorocentrum triestinium)
MRTEASNAERNERAER. MiT#E - EHREKATIRTRARREOCESE MR- E0RNE
B, TR BT A B AR o DA A L 2R T M Y T R B e 9 4 R 3 W R B K A b i -
HEEEY, XEZW-EARE &Y EBURSFEAGFLE, HKEXR 1. Opg/ml B, REIIH B R BN 4
K, IR HE = J5 P BRI IR L A B A R bt R B 40 2800 B S B — s YR E A B B B
R,

FERFILN TR R KSR, P ERERBE IR, RHR BRI RS R5ILN B
. F] BB AT 2 25 B —F 7 A At B R, 3t ) o B A BRUFR S0 B BT IR R M s , (HAE T =458
T &I, E R ILN AR R R X L7 RBREAY TR . RN, 5L T 37 58
T FR A PR T R A B A K AR IR, X e iR AR K — BB a2 A AR T A TE 1Y, X Fp i i 5k
B —E MVRBE (8 AT R A S B A (EAD R B B AR AR K
4 ING

255 L PN OB 2 T S (5 7K AR v ) S g LB VAR BE G o, 3 51 B A LR MR S U IS K . R 55 LN
BEAN T KA Fb 8 JAAR ) SRR 20 T S 2 B Y A R AR AR AR, TIX v Ul B 2R B 0 A R R I RV D, B I A
BRI, X AP S G R A SnaR X U SR 55 U P .3 K B 1 40 ] 25 7 A At B B, X R o R AE
JEEARRLAR Y R N o Ath B S5 P 7 A X PR A R R A 3 B o T U RT RE LR AR A
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