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Tab. 1 Initial cell numbers and dissolved inorganic phosphorus (DIP) concentrations in co-exist incubation experiment
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Fig. 1 Variation of dissolved inorganic phosphorus (DIP) in

co-exist incubation experiment
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Fig.2 Variation of percentages of cell numbers of different

species in co-exist incubation experiment
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Fig. 3 Variation of cell numbers of P. donghaiense and

S. costatum in co-exist incubation experiment
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Tab.2 Variation of growth rates in co-exist incubation experiment of P. donghaiense & S. costatum (PS) and P. donghaiense &

A. catenella (PA)
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Fig. 4 Variation of cell numbers of P. donghaiense and A.

catenella in co-exist incubation experiment
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Fig. 5 Variation of alkaline phosphatase activity (APA) in co-

exist incubation experiment
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Fig. 6 Variation of percentage of free alkaline phosphatase ac-

tivity (APA) in co-exist incubation experiment
3 itk

3.1 RAUBRER 3T LAY R ST S e VR A
ZHMRFE NN HEENILERREREERS TH
B, FERARNER SR AN LR L P A ARG R KR
N 2.0~4.3/d MR TR L AEK R 1. 2/d,
ANJEH B B AR KRR 0. 78 ~0.90/d . Ou A1
IR TER BRI OL T s o B 2% AR XS T AR i i
BRNEEIRE P I R HA B m A KRR TR
WEE . TEARBRIY T RSB IR N BT A8 B4 @
MgE . P AR A K A B 2. 1~3.7/d, Kl
JEH SR A KRR 0. 7T~1.1/d, B 4 1
KRR E S TAREE B (P<0.05) . X TR
JEFR S5 vl il B 2 B A SRy LA e B K SR A SR g
HOTERI A E RO OUT A A P #
Flo Bes RS 2R g A D I R R .

AR AR T8 I HHY S8 o v ) B 2% B B i S R T 1Y
BERRER IR R G0, 8 TR M S SR & . FE B0l 1 1
BUT 45 EG A5 2 K DIP KT FR G » 4R 15 R 3
B kAR A T B 2 BT BB AR — 2 1 L A KR
bR, AR WIS b T AR
XFTCHILAS 1 1E B8 9 6 FL A 45 v 1) 33 R T L R MU TG
J S Ok A0 R Y IR 3 Ak SR 4R FF AR K. AR,
AR HERR 5 — FhnT G vk, BY b i & 45 N AR Y
WA RS T AR T R R . © A MBS 5 R R T Pl
"B 2% B LA 0 P 1Y S5 IR 5 4 (Qm = 0. 012 pmol/4M)
E /N T AR B 3 (Qpo = 0. 12 pmol/A4N) . 40 i F- 3
SR — KT BB D TR, P A
Qpinar / Qo T ILF 80. 83, 15 T - 1 J FH ¥ 11 11. 08, 7
TR BT B A% S RE R FH P 350 0 P 4k S 2 45
AR,

T 7R T J5E R S S IR I 7 L K A IR
BRI LAY 4.5 K RIS B A AT T,
R IAOE 5T 205 R 36 W, 7R v T PR3 0 i 1R R 1 2% R
(K,= 1.73 pmol/L)# % & TR I 1L oK (K, =
2. 28 pmol /L), 2 AN A 6 2R ¥ J5 HY 38 TR 1 5

AR A R R 1T 5 40 M A8 T (9 AT BEME . Smayda'™
NN HERTHME K.AE, ERBRET 4 FFEHE
) 385 I ML ] S — 1 Ay 30 3 R R At Ry I v A
HITE 4 BE J1 . Cloern 281 IA S, SRR A Y R T B 1k
WA B . kB — R R R BB 22 AT N
27 B0 7 A 77 =, i — 2 B e G CRR AR R B Gymino-
dinium catenatwm NP7 11K #) GE 98 A= B AL 18 7= # BH.
1ER KB & 47 N . Kubanek 257 A . 7% 3 fib
LS B (Karenia brevis) B. 7 fih & g 71 (Allelopa-
thy) , B8 W% 38 o8 £ KAk b 8%y 5T 0 R B ok 41 i 58 4 2
H AR, fe /b e A rh 3 2 T A 3 1 At R T AR Y
JU DT RER — A BT 5 R s 3 . R IR A 3 %
RS L BEIR O Ll K B R A T RE R A A E
A2z Wy o, I A S0 1 R 9 A 55 R 4 i, R i 4k
22 TR B TR DA 5 BUOAR V6 R S A A L T B
AR D 110 R g Ak 4 S AR A A BB T EOR
R B AT R A Rt — 2 oY IESE .

it DA 25 S 58 A R s 2 X [R] B AE A AR
W R A b A, HA AR R S IS MR A1
LT U X TCALIE A 88 57 4R 10 ol A48 R ] R R = BUR
FH 8 LA 1 2% 3 1A 0 A o o 22 R A
3.2 BUuHBREBERRFAEERESF T A

EAE R

T P s 1 il C AP J2: V7 Ui AL 40 AF B T 38 IR S
T 5 T RN — PP L ANEE . APA BT N H TR R
TRE X ol 30 g PR AR ST fE & W AY PS-H1 fil PA-
H1 o, SEIG R, JEA KA 2] APA, HUJE 3] T 5056
B H 5 0 B A s 2 AN i AR B P A RS A Y
K LT, 553 Wik 1R 6 8 s 1) A (A b, A 15 37 2k g
il 2] JLA nmol/ (L« h) AY APA, 1% 45 5 32 0 ML #Y
IR AR LT, AR KL AP, AER
Wi PS L2 5 PA-L2 o, 3% iF f8 9 1% 2 2 8 36
APA G [ TF 2 S E . eobh, 75 A 5 R R
EREFER PS-L2 b B S APA DSEE0 R ED 5 BE
BAPA B i R S D 1 K TR A B R
i PA-L2 H i s APA [0 Bl 25 15 53 B (8] 59 2 K
MBI . G RERW X 3 Bl AP 94T 8
FEAE 25 5 M F 0 g Ll 3 B 2 o L i HY g8 0 ) F
s S e i AP GE BB KR

TE X A HLIE IR (DOP) 1 F vy AP TG B8 &
BEELEMWIEN . 205KV X h DOP £ 22
A= D R VR 1 £ W AT R B R RN R R Mg A 4]
AU Ho, BRI 5 B DOP [ 75% . i AP
Fo B K X G I R PR IR R L B L 2tk 2 IR A
AT IR APA 2/ REKf# 1020 ~502 1) DOPH,

ZRThE D R e A O R WA AR R AR AR PO B A
IR Z 5 o T AE PR AR R AR W ) R T AR AR
BB REMM ALY . EREBRERFYES D
U A Y 3 A Hp , JC AL R kAN AR e s 4 FH A 1 1
T 2B AL S BRI GE  m HA REg, 2T
— W TAE .

44 WEPERF /2009 4F /55 33 %/ 45 6 1]



H5iikE REPORTS

P harmful dinoflagellate Prorocentrum donghaiense Lu
4 b [J]. Mar Pollut Bullet, 2005, 51; 838-844.

O T 4 0 JE R i b % T LAY R 0 [8] Smayda T J. Harmful algal blooms: Their ecophysiology

and general relevance to phytoplankton blooms in the sea

KA, TR AE & B IE U0 A9 B R O 0F T ) B 2% [J]. Limnol Oceanogr, 1997, 42(5): 1 137-1 153.

BB REAE S0 A aod 2 g PR S P Bl . BRI [9] Furnas M J. In situ growth rates of marine phytoplankton:
L R g o AR 0 DR v A AR KT RE B A B E L S 2 approaches to measurement, community and species growth
KGR PR T . B B8 il FE Wk e &R Ok rates [J]. J Plankton Res, 1990, 12(6): 1 117-1 151.
Rk, BEK AR F B9 DOP, o] G 75 J5 B Fh B x4 [10]  Ou L J, Wang D, Huang B Q, ez al. Comparative
WY A MU R By e e b R T AR study on phosphorus strategies of three typical harmful

algae in Chinese coastal waters [J]. J Plankton Res,
2008, 30(9). 1 007-1 017.

[11] Cloern J E, Dufford R. Phytoplankton community eco-
logy: principles applied in San Francisco Bay []J]. Mar
Ecol Prog Ser, 2005, 285. 11-28.

[12] Kubanek J, Hicks M, Naar J, et al. Does the red tide

dinoflagellate Karenia brevis use allelopathy to out-

SE R

(1] A, KW, 30 ETEA F R L&A S E
VEAE AL ) B T B 3 B oY 8E R (D] Hb R BE A E R,
2006, 21(7): 673-679.

(3] JHAIL, BR, ghs . KV &R o ) & A X A
FrabwigE . N FHAEZS 24, 2003, 14(7): 1 031-1 038.

(3] ZHidE, KRUlIE, EXR, & KR IR E Y FhE
A R s g (1] N JH AR 2E 4. 2003, 14(7). [13]
1 049-1 054.

(4] MWD, EBk, s, & KILOWEIEEEE R
Gy A RHAE B H A R R AT ()] B AR A3k,
2003, 14(7) . 1 086-1 092.

[5] Huang BQ, Ou L J, Wang X L, et al. Alkaline phos-
phatase activity of phytoplankton in East China Sea

compete other phytoplankton? [J]. Limnol Oceanogr,
2005, 50(3) . 883-895.

Cembella A D, Antia N J, Harrison P J. The utiliza-
tion of inorganic and organic phosphorous compounds
as nutrients by eukaryotic microalgae: a multidiscipli-
nary perspective; part 1 [J]. CRC Crit Rev Microbiol,
1984, 10(4) . 317-391.

[14] XKarl D M, Yanagi K. Partial characterization of the
dissolved organic phosphorus pool in the oligotrophic
North Pacific Ocean []J]. Limnol Oceanogr, 1997,
42(6): 1 398-1 405.

Benitez-Nelson C R. The biogeochemical cycling of

coastal waters with frequent HAB occurrences [ ] ].
Aquatic Microb Ecol, 2007, 49. 195-206.

(6] EREHR. WFEENRE (M1 deat. 5 Ebr iR [15]
#t, 2007, 109-121.

[7] Huang BQ., OuL J, Hong H S, etal. Bioavailability of
dissolved organic phosphorus compounds to typical

phosphorus in marine systems [ J]. Earth-Sci Rev,
2000, 591. 109-135.

Research on competiting growth of some harmful algae to phos-
phate in co-exist bath incubation

OU Lin-jian' , HUANG Bang-qin*, QI Yu-zao'

(1. Research Center for Harmful Algae and Aquatic Environment, Jinan University, Guangzhou 510632,
China; 2. State Key Laboratory of Marine Environmental Science and Environmental Science Research Cen-
ter, Xiamen University, Xiamen 361005, China)

Received: Dec. , 26, 2008
Key words: harmful algae; dissolved inorganic phosphorus; competiting growth; alkaline phosphatase activity; dissolved organic
phosphorus

Abstract: The co-exist batch incubation experiment of harmful algae Prororenctrum donghaiense & Skele-
tonema costatum (PS) and P. donghaiense & Alexandrium catenella were carried out to study the com-
petiting growth response of these species to phosphate. The results showed that the growth rate of S.
costatum was far higher than that of P. donghaiense whatever in the P-rich or in the P-scarce condition and
became the absolutely dominant species. While in the co-exist culture of P. donghaiense and A. catenella .,
P. donghaiense went death and this might be due to the allelopathy of A. catenella. Alkaline phosphatase
activity (APA) increased greatly with P stress and might play an important role in controlling population
competition via hydrolyzing metabolized dissolved organic phosphorus in the latter period.
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