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Inter-specific competition between Prorocentrum donghaienseand Skeletonema

costatum

LI Hui, WANG Jiangtao "
Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao 266100, China

Abstract ;. Prorocentrum donghaiense and Skeletonema costatum are two most typical red tide species in the East China Sea.
They can coexist in natural phytoplankton community, but during algal blooms, P. donghaiense blooms are frenquently
observed following S. costatum blooms. Many studies have been conducted to clarify the relationship between these two
species, but until recently, the mechanism controlling the bloom succession between S. costatum and P. donghaiense is still
not resolved. In order to examine the competition between these two species and the effect of allelopathy, this study
conducted series bi-algal culture experiments and filtrate experiments.

The bi-algal experiments of P. donghaiense and S. costatum were conducted in £/2 medium. The initial ratios of Chl-a
of the two algae were 1:5,1:1 and 5:1, respectively. Experimental results showed that S. costatum suppressed P.
donghaiense and become completely dominant in the bi-algal culture. The growth tendency and the maximum growth rate
of in the bi-algal culture were similar. On the contrary, the growth of P. donghaiense was significantly suppressed by S.
costatum from the 5th day and its average maximum cell density in the bi-algal culture was much lower than that in its mono-
culture. The results showed S. costatum might have a superior survival strategy to P. donghaiense.

To invesgate the interaction betweem P. donghaiense and S. costatum in the bi-algale culture, Lotka-Volterra model
was applied to simulate our results. The simulated results showed that the carrying capacity (K) and growth rate (r) of S.
costatum were much higher than that of P. donghaiense, and S. costatum apparently inhibited growth of P. donghaiense in
the bi-algal culture. The model indicated that S. costatum would always outcompete P. donghaiense in the bi-algal culture,

and initial cell densities induce little effect on the competitive outcome, which matchedthe experimental results.
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In order to study whether allelopathy could affect the competition between these two species, the filtrates of S. costatum
cultivated under {/2 medium were used to incubate P. donghaiense and S. costatum, The results indicated that under £/2
level, N/P=40 level and N/P =120 level, both P. donghaiense and S. costatum in filtrate cultures exhibited the same
growth trends as their controls. Therefore, S. costatum filtrates induced little allelopathic effect on the growth of P.
donghaiense and itself, and the result might suggest allelopathy was not the critical mechanism for S. costatum to achieve
dominance.

In this study, concentration of nutrients in bi-algal and mono-algal cultures was analyzed. The results showed that in
bi-algal cultures, nutrient uptake curves, especially the PO,-P uptake curve, wersimilar to those of S. costatum in mono-
algal cultures. This similarity might imply that, the advantaged physiological characteristics of S. costatum, such as higher
growth rate, and superior adaptability to absorb nutrients, could contribute for it to outcompete P. donghaiense. In
addition, as a sticky algae, S. costatum might inter-specificly coagulate and then remove P. donghaiense from the culture

medium. .

Key Words: inter-specific competition; allelopathy; Prorocentrum donghaiense ; Skeletonema costatum
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T 15 35 S 95 () 1 85 BE AN 3R 1Y Chl-a L),

(1) BARE RS

IO R 0 AR I R 4 (0. 3,1..0,1..5) x10*4N/mL AR IR B 85 52, el T 400mL K1Y £/2 $5
FRHEP AT RRE IR A AR R IR ORI AR R U (0. 45,1.5,2.25) x10° 4>/ mL,, ELRE IR AR A
SEYS R IR B 3 A PAT SE A T 7d,

(2) ILHEFRSE

AR IE S P A SR SR R 3 AR R Y £/2 359 JE 15 SR AR R 400mL, R K
3APATRE S kAT 7d, BARRIILS Chl-a Hof] SO A G IR 1 R,

(3) HeHEF B

Xof A<V JE R 38 15 r i AT Y L R 45 SR SR Lotka-Volterra 8] 5 4465 R0 A7 AR 400, A0 B2 AT L 36
Ziv
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®1 FEEPRSHMERERIERD Chl-a LI RVBERE

Table 1 The initial Chl-a ratios and cell densities of P. donghaiense and S. costatum in bi-algal cultures

TR e S v A PRGN ) i N
o ARHEIR T 5 i 7 T o 2
S 2H BEWIUR Chl-a LU The initial cell density of L .
. s . . . The initial cell density of S. costatum
Experimental groups The initial Chl-a ratios of P. donghaiense 104/
P. donghaiense and S. costatum /( x104 4~/mL) (x ~/mL)
1 1:5 0.3 2.25
2 1:1 1.0 1.5
3 5:1 1.5 0.45

(4) VBTG FR L

TE /2 Ji RS g b B R 2 12d (2T ) G S i a2 0. 45 pum A I8 R DB A5 2] v ) B 450
FJCEEA M U, FH HCl JEUER pH o~ 7. 9—8. 2, JF4Z LI T 3 Ao Rk AT B = En & . Of/2 KF,
880wmol/L NO,-N 1 32umol/L PO,-P;@N/P=40 /KF,530uM NO,-N Fl 13pumol/L PO,-P;3N/P=120 /K-,
450 pmol/L NO,-N F1 3. 7pumol/L PO,-P, HUFEEIH M b B S5 s BRI LA 26 BE 1. 5x10° 4>/ mL $E0 2 Lk g
WO HEAT BRI | ARV DR R S R AR BE )R 1. 0x 10* 4~/ mlL, 340 51 LA EL A M TR 75 5% Eh v 3 Ao 0 o 8 110
TR G FRIEANE X R, JEURES TR 517K B BE SRR AR 400ml, BRI 3 A4S FAT, L8047 7d,
1.2.2 ¥FEEH

FITAS R 55 % S G YA G BRI JR A0 P db AT TR BN (20£1) °C, Y HRSR A LG8 B TR, 6 IR 40001, 56

i HLoR 12h 2120, B BRRIE, LA B 1 S 40 M 266 B S i
1.2.3 ik

FERERTHC SmL R Lugols MU %2 J5 F T BB 714X ( Leica DM4000B, Germany ) ., T14C% F 1L Bk
THEON , B RE S TTEL 6 IRBBCE- I, IF R B/ mL, 53 4h , X T s 57 M e 35 Se a4, A K3t 8 R 10ml
ToEE AR UE , 76 -20°C N ARAF , FHAEDN 7€ & #73h & 2 ( Quaatro Bran+Luebbe , Germany) ,

1.2.4 &Ik

I AL S A AT RE T B R AR R 2 (n=3), LI 5 IR ALY 8 M 22 % one-way
ANOVA FEA543HT, Tukey tests(a=0.05) F T FIEAKRLS . P<0. 05 1Eh & T2 A0bRifE,

2 LHER
2.1 FEHEFRSI N

(1) HLErFRa 2,

K1 F2m TR R b, ki e F e 5 P I B 2R e ) s FE B S (R) ) 28 4k, 7E 1:5 101 R 5:1 =
Wit Chl-a BT A5 25 R R | i Bl 2% i 09 AR Ok 35 5 0 IEZH AR — 3%, T AR e e i AR K 32
B —E BB IIE] . 7E Chl-a 1:5 MYELEERZR A v B 23 5 0 REZH 9 2% B JC I i 22 531 (P =0. 92>0..05) ,
I HBEA MR AERKE W (A8 1,19 7d AL 13/d) 5 2376 DR F B AR FT 5d 304 32 2 W 520 (H S
6 R0 i 28 P TR S, 55 0 MR R L 2R B B e i AR K A2 IR 4 (P = 0. 03<0. 05) , e KAl 2 (IR,
Inhibition Ratio) """} 96% , fix KB REAL J Xt FRALHY 36.8% o X T Chl-a 1:1 M Chl-a 5:1 FL4541 A5 45
L5 Chl-a 1:5 ZU3EAZSRL, B, il B 25 A K TC B B2 (P 23518 0. 94 F10. 84, 3¥1KF 0.05) , 1M A ifg
JE 3 5d 552 BRI ET (P 218 0. 04<0.05) , S KA I3 50100 89% H1 75%
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Fig. 1 Cell densities of algae in bi-algal cultures with different initial Chl-a ratios
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Table 2 The Estimated parameters of P. donghaiense and S. costatum

= = <=
A SR K S , AdiB
Al . Maximum biomass Growth rate aml b Lo Al gl
gae species /(A~/mL) d (m ] )
RIGIRF ¥ P, donghaiense 1.14x10° 0.42 1.53 5.70x1077
T E 45 S costatum 2.69x10° 0.98 0.89 3.23x1077

ALK, BB SRR R R AR s i R A i e A KR R F AR R 3, T H « (A) KF b(B),
EIFESE R TR R by e 2R ARV S Y e BRI R BE AR . 1 T 0K, <K H. oK >K,, PRI AAI 2 SR 3R
PPN U Rl 1 2 B 20 G A T 2R 3% | v B SR B 25 5 40 ek el AR 1t S PP o8, 5 S e R — 3K
2.2 JEMEEFRIE

AR SCIREC ) B 2R DU A TR 35 52 56, AR 36 X 32 1 2 6 LA BB . €2 K7 (N/P =40
K B N/P=120 7K 3 B SREh 500 P ROIEMIE R A R (B 2) o XF 02 JE R R P E S s n D8 il 4
5 B A AR A AE KB, P=0.96>0. 05, e KAE K B WEA 0, 25100 1.31/d 1. 19/d; Z- 9 i
AR SE B 25 SRR 2 5 X A i A KRG B 22 51, P=0.99>0. 05, 7875 F= R BRI (P BRI 38
R N/P=40 F1 N/P=120 JERARR P I 25 1S £/2 RARZEL, B, il 25 e g O i 25 AR B G
SEME (P 435104 0.94 F10.95>0.05) % AR i[5t FH 3 9 AR IR JC B S 52 e (P 4331k 0..85 F110.79>0.05)
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Fig. 2 The growth of algae in filtrates of S. costatum with different nutrient conditions
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Fig. 3 The nutrient uptake curve of P. donghaiense in mono-algal cultures

M 3 0] LI AR SR NSRS 4 R ATTIA X NO,-N A7 B S AW i, ELT90 4R 35 i B 0] NO,-N 4 % 1
RN 3 PO, -P 1A IR B0t 5 7 s 285 3 R O, 00 8 T A ) WO A R R g, 5 R T 1 SR R A
15. 39 pmol/L, XFHLIE 3 A& 4 v DL & B, o i 4586 X6 NO,-N A1 PO,-P 4 W IS 00 -5 4R i J R e B B A
], ARSI T56 2 REL A 1 RO 8 SR8 A BRI, PO, -P WSO FLB | (R & TH Y PO, -P 7E 5 4

http ; //www. ecologica. cn



1120 S % KV
350 - 40 —
NO;-N PO4-P
= 00 _o 0.454/mL a
=) —_—— e =
E ol 1.504~/mL g 30
ﬂm\\, —f—2.254>/mL ¥ 3
S~
§ % 200 F e
=29 S 5
= Z kg
v 5 150 &g
c g 5
a 100 - 2
& £ 10
< s0f <
Of_!_ T Il Il | | | Oh
0 1 2 3 4 5 6 7 0
f5} 1) Time/d [5} 1) Time/d
4 XTRAPIYEERIEFRER IS
Fig. 4 The nutrient uptake curve of S. costatum in mono-algal cultures
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Fig. 5 The nutrient uptake curve in bi-algal cultures of P. donghaiense and S. costatum
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