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Effects of initial biomass ratio on the interspecific competition outcome between

three marine microalgae species

WEI Jie' ,ZHAO Wen" * ,YANG Weidong”,GE Yu'

1 Key Laboratory of Hydrobiology in Liaoning Province, Dalian Ocean University, Dalian 116023, China
2 Dalian Tiger Beach Amusement Park, Dalian 116000, China

Abstract: The investigation of interspecific competition is useful to reveal the mechanism in regulating growth and
reproduction of organisms, optimal control of harmful organisms and co-culture of beneficial organisms. The interspecific
competition is influenced by either population density or body size, therefore it is important to investigate the effects of
biomass on the interspecific competition.

A method of co-culturing microalgae was used to examine the effects of initial biomass ratio (1:4, 1:1 and 4:1) on
interspecific competition between three marine microalgae species, Alexandrium tamarense, Isochrysis zhanjiangensis and
Chlorella pyrenoidosa in the present experiment. The mixed algae in the exponential growth phase were cultured to increase
cell density in 250 mL erlenmeyer flasks containing 150 mL of £/2 culture medium. The temperature was maintained at
(20+1) °C, and flasks were illuminated in a photoperiod of 12L.—12D with a light intensity of approximately 1000 Ix. The
salinity was (31+0.5) and pH was 8.34. After 20 days culture, the densities of algal cell (algal cells/ml) were measured
with OlympusCX21 microscope. Moreover, logistic growth curve was fitted to calculate the competitive inhibition parameters

based on the cell densities.
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The results mainly suggested the following points; 1) the inhibition effect of interspecific competition between three
microalgae was significantly related to the environmental carrying capacities (K) ; 2) during the process of competition with
A. tamarense (A), both C. pyrenoidosa (C) and I. zhanjiangensis (1) were dominant algae. With the increase of initial
biomass, C. pyrenoidosa showed the increasing competition advantage. When the biomass ratio of A to I was held at 1:1, 1.
zhanjiangensis was obviously super—dominant. When the ratio of C to I was 1:4, I. zhanjiangensis was the dominant algae.
When the ratio of C to I was 1:1, I. zhanjiangensis was competitively dominant in the earlier stage, but C. pyrenoidosa grew
faster, superseding /. zhanjiangensis in the later stage. When the ratio of C to I was 4:1, C. pyrenoidosa was predominant
3) based on the competitive inhibition parameters, the interspecies competitive ability of three species of microalgae were as
follow: C. pyrenoidosa> I. zhanjiangensis> A. tamarense. Furthermore, their competitive ability significantly depended on
the algal cell size.

The above results suggested that equal ratio of C. pyrenoidosa to I. zhanjiangensis was suitable to co-culture and then
utilize in the marine economic animals aquaculture. Moreover, they could also inhibit the growth of A. tamarense. This
might be used to control the harmful algae bloom. It was speculated that the inhibiting effect of C. pyrenoidosa and I
zhanjiangensis on the growth of A. tamarense was mainly due to the competition of nutritional sources, while the inhibiting
effect of A. tamarense on the growth of C. pyrenoidosa and I. zhanjiangensis was caused by both the direct contact of cells

and secondary secretion of toxic substances.

Key Words: interspecific competition; initial biomass; Alexandrium tamarense; Chlorella pyrenoidosa; Isochrysis

zhanjiangensis
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TREEEIRAY 250 mL = HER T SR IIE , I8 T 180 C TERAAT KA 2 h J5 1. BE R WCR AT £/ 2
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(2) 330y 1L R e ey A5 i 4
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/BRI (1.0,4.0) x10°A/mL, BT 255149 (1. 5,6.0) x10° /mL, MR 3 NEE, M 1d B
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1.4 FdEadr
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T 208 3 K B i KB 2 T OB , Sk 14 SPSS 12. 0 FRaR£R P [0 43Hr A 738 BT 5 28 K 26 Y
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R G THE
1.4.2 5 S8mitaE
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K, K53 53 o FIEE b M KPR AN (PSSR RTS ) s B 0 B AL EE SR e b XT3 o B o XT3E b
SEANRI S A, ARSI S A4 R R A Wi A4S BERFR I DGR | I LAAS SORE R A 2 Bl 43 33l DL 45
BV YR F A AR Y (mg/mL) T o, B

o R SR I i 2 i e 70 3 5 LA B4 B — B IS 1) P BT 1) S e D ) S 480, BCHSP- 241
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S EME, P<0.05 1E 25 57 W E K &K 7E EXCEL HiftfT,
2 GREH
2.1 BEFG DT Ll KRN B A% /N R 1 ] 5 4 0 2R

FEA:C= 1:4 1:1 F4:1 AP (& 1), 88 AR/ INER i T R A HR B0 K300, 97626 15 KA ik
KA, 29 X HRLH (5% 114 89. 60% 87.59% il 64. 48% ;5 86 FA A%/ INER WA HE , 35 35 W0 b 1 A g 1) A K 2 3
TR SR PR HR KA IR 15—17 R AN X IR 5.27% 9. 75% F137.16% . Al UL, &M
B/NER PR SR LG A i LU B g, SRR 5 4 A 4 0 0 B fin B I8, [0 Xof 3 350 S0 7 1Ly A 9 1 A R
il VE FH A fin B

—o— BAFRHEIE ) IR BE A. tamarense (A) —o— TR I LR BE A. tamarense (A)
—o— B AM/NKEE C pyrenoidosa (C) —a— HFEEAM/NERSE C pyrenoidosa (C)

5 090 AcC=14 091 A:C=1:1 09r A:Cc=4:1
s 0.8t 0.8 I 0.8
Tbab 0.7 } 07| 0.7k
5 06} 0.6 0.6
g 05¢ 0.5 F 05F
£ o4t 04 041
A 03} 03 03}
I 02} 0.2 0.2}
ﬁ 0.1k 0.1 0.1}
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Fig.1 The effect of initial biomass ratio on the growth of A. tamarense and C. pyrenoidosa

AR AR A i L B D 1L B AN AR R/ NER B B 12 B S R T O B LR 1, PRI R R B L b
()50 S A RH LM RN, B A 2C = 1:4 AP AR/NERBER) S RIF BT A 9N i (K) 5% IR 22 5 AN 2 (P>
0. 05) &b, HA & 2 P RP LSRR8 1 S R PRI 28 20 i 5 0] B ZEAH Lo 48 (25 AR (P <0. 05 ), He PP 303 I 1 R
A B B f o B

F1 AEEKREWSEIL TEDIR LKENEBZ/NKENBETEEE NN

Table 1 The Logistic model of A. tamarense and C. pyrenoidosa at different initial biomass ratio

Bil)zm%,sigrzliin Mi(ifjgae K /(10%4/mL) “ ’ R Tpsd
A:C=1:4 A tamarense(P) 109.00+3.82 4.799+0.254 0.376+0. 040 0.970+0.016 12.8+0.7
C. pyrenoidesa(P) 4220.48+523.55 2.386=+0. 181 0.436+0.122 0.980=+0. 008 5.7+1.2
A. tamarense( M) 5.03+0.17 " 1.661+0.092 0.324+0.041 0.973+0.011 5.2+0.5
C. pyrenoidesa( M) 4020. 02+322. 61 2.478+0. 180 0.416+0. 086 0.947+0. 037 6.1+1.1
A:C=1:1 A tamarense(P) 109.00+3. 82 4.799+0.254 0.376+0. 040 0.970+0.016 12.8+0.7
C. pyrenoidesa(P) 4520.66+252.01 3.919+0.200 0.504 +0.057 0.979+0.023 7.8+0.6
A. tamarense( M) 9.60+1.16" 2.140+0. 134 0.314+0. 049 0.983+0.012 7.0+1.5
C. pyrenoidesa( M) 3873.84£166.88 " 4.038+0. 147 0.537+0. 052 0.973+0. 029 7.5+0.5
A:C=4:1 A tamarense(P) 82.75+1.06 3.439+0.095 0.445+0.019 0.997+0. 002 7.7+0.1
C. pyrenoidesa(P) 4520.66+252.01 3.919+0.200 0.504 +0.057 0.979+0.023 7.8+0.6
A. tamarense( M) 32.78+1.47" 2.101+0. 104 0.275+0.021 0.972+0. 009 7.6+0.4
C. pyrenoidesa( M) 2791.74+260.74 3.866+0. 105 0.508+0. 040 0.960+0.011 7.6+0.4

R WIFIE BB, « FoR GRIRHZEF LI (P<0.05) 5 P: HFR(WHRL) ;M. H35

AN LG E Y H R B 7 IO AR %/ NS A58 Al SRR 2, FE AL BRA A 3 A%
ZINER X B F S D7 1L B B9 5 P A B8 (o) B RT3 0 I 1L R %o 2 /N R B 0 S R 2 0B
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W B S A A o KA i R BRAE S 13—17 K AL AT RRAH Y 6. 33% 6. 02% Fl1 21.05% , A] UL, JT45
WA PETE A t1= 101 41, FEAPHESE 4 A A O S Bl (] %oy 38 350 30 g 1L e vy A A il A R e P

R2 AREKREVELTEBRLRLLKEMEBZNKENTHINFSE

Table 2 The competitive parameters of A. famarense and C. pyrenoidosa at different initial biomass ratio

Fo g 240 Competitive parameters A:C=1:4(5d) A:C=1:1(7d) A:C=4:1(7d)
a 2.91 +0.23 2.77 +0.41 2.42 +0.82
B 1.30 +0.84 1.23 +0.81 0.84+0.25
o /B 2.24 2.25 2.87
B/ a 0.45 0.44 0.35

() WRBOETES Bt (MM 4R A5
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—O— BFERNT M43 1 zhanjiangensis (1) —8— LTS & 8E L zhanjiangensis (1)
090 Au=14 09 Al=1:1 0.9 Ail=41
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07} 0.7 0.7 }
E o6t 0.6 0.6 |
2 05} 0.5} 05|
£ o4t 04} 04
R 03¢t 03} 03|
B ool 02} 02}
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0 e Y e e, 0 AT S 0 S
1 3 57 9 1113 1517 19 1 3 57 9 1113 1517 19 1 3 5 7 9 1113 1517 19
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Fig.2 The effect of initial biomass ratio on the growth of A. famarense and 1. zhanjiangensis

N[ A i LT B IV L A 3 AR B A6 B 5 8 1 I ST A R BT IR 3, PR Bt R B
ol i) 5 4 (R AR ELAMAI RN, R A 1= 101 20 P eV A5 M0 4 9 A F R RS 8 0 o (K) 5 % IR 2H 2 S N W 3 (P>
0. 05) &b, HAR 2 A P RN I TR0 A R R R BT 28 40 1 14 1 2 A T X0 IR ZH (P<0. 05 ) , e B30 Jg 1L K3 52 3
AR R o W
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Table 3 The Logistic model of A. tamarense and I. zhanjiangensis at different initial biomass ratio

i%%tk‘, @%ﬂ K7 a r R? Tp 7d
Biomass ratio Microalgae (10*4~/mL)

A:I=1:4 A tamarense(P) 109.00+3. 82 4.799+0.254 0.376+0. 040 0.970+0.016 12.8+0.7
I. zhanjiangensis(P) 676.00£23.12 3.177+0. 169 0.742+0. 065 0.995+0. 002 4.3+0.2
A. tamarense( M) 6.52+0.70 " 1.915+0. 163 0.312+0. 069 0.963+0. 005 6.3x1.1
I. zhanjiangensis( M) 481.43+6.98 " 3.038+0.006 0.868+0. 024 0.993+0.003 3.5+0.1

A:l=1:1 A tamarense(P) 109.00+3. 82 4.799+0.254 0.376+0. 040 0.970+0.016 12.8+0.7
I. zhanjiangensis(P) 677.05+23. 68 3.352+0.336 0.641+0.025 0.962+0.013 5.2+0.4
A. tamarense( M) 5.49+0.15" 2.207+0.375 0.400=+0. 044 0.939+0. 026 5.5+0.4
I. zhanjiangensis(M) 615.70+43.89 3.649+0.318 0.868+0.119 0.936+0. 041 4.2+0.4

A:l=4:1 A tamarense(P) 82.75+1.06 3.439+0.095 0.445+0.019 0.997+0. 002 7.7+0.1
I. zhanjiangensis(P) 677.05+23. 68 3.352+0.336 0.641+0.025 0.962+0.013 5.2+0.4
A. tamarense( M) 17.89+£0.88 " 1.567+0. 349 0.335+0. 124 0.981+0. 006 4.9x1.0
1. zhanjiangensis( M) 437.10+25.89 " 4.615+0. 064 0.991+0. 049 0.982+0.015 4.7+0.2

PSR, M. LR
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AN TR 46 A it L S B I L R AR P VL A5 5 8 ) S P A ) S RO 3R 4 TEAR TR AL B vp VLA
R <5 35 o B 3 IV 3 L1 R ) S 4P A ) S8 (o) 88 DR T 6 B 0 iy L R 38 0 VA5 <5 8 1) S S R 2 0(B)
T P o 0B AR T RE NS S5 ) (o /B B B/ o) AT I F B R R = Wy ik LU 8L/ N T4 588 4 A 3,
R4 TREBEVELTEDLRLXEMETISHESENTSFNHSE

Table 4 The competitive parameters of A. tamarense and I. zhanjiangensis at different initial biomass ratio

seAHNHIZ AL

Competitive parameters A:I=1:4(5d) A:I=1:1(54d) A:I=4:1(5d)
a 4.79+3.33 2.91+0.90 4.10+2.27
B 4.68+1.62 2.01+1.04 2.02+0.50
o /B 1.02 1.45 2.03
B/ «a 0.98 0.69 0.49

2.3 IR /INEREE T S5 M 4 A Fh ) S G R

FEC:L = 1:4 1:1 Al 4:1 YRS (] 3) | 0V S5 8 4 3 i K AR W) i 20 g 6T BRZEL (BRFR) 19 75. 72%
52.60% F17.36% ; £ 1% /INER 8 f AR W 24 R 5t BRZH 1) 30. 33% .51, 48% 11 91. 69% , FE & 46 L 4]
C:1=1 4R, VT AR 4 i B s S i UM (RH A A P S4Bl 4 B A%/ INER BRI RE 2% B 38 on g AT s A2 4 L
BIR C:I=1:1 B FEFEEE O K C:1=1:2 , FEIFREE 13 K C:1=1:1 , 7E L3750 17 K C :1=2:1, T 5 4
TR DI 5t 57 6 26 B 1] PN B B 1 A /INBRBE BT ORG24 L 9 R € 2T=4:1 B B PR /N ER O o 90 46 % 58 4
VTR A A /IS I R B8l EF BRI

—o— HFEREB/INKREE C. pyrenoidosa (C) —e— HIEWMAM/IIREE C. pyrenoidosa (C)
—0— BAFET I 43 1 zhanjiangensis (1) —a— T I 438 1 zhanjiangensis (1)
05 1 ClI=14 05 r CcI=1:1 0.5 r ClI=4:1
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&
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]
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Fig.3 The effect of initial biomass ratio on the growth of C. pyrenoidosa and 1. zhanjiangensis

ANTRIFER 46 A= it L £ PR/ IR 9 RV A6 B < 38 ) 22 S0 A R R 0 A L 5 IR fal gt 3 B o o

(] 5 4 A RH LA, BR C T=4:1 23 AR/ N BRBE A e R IRBE A 418 (K) B0 IR A B e A, AR 4%
AP RR IR IR R B R BRI AR A i 5 0 IR A bE 2 18 35 IR (P<0. 05) .

AR 46 A i LGN B AR /DN ER R VT A A e i SE R R S 800 3% 6, FEAS R AR B2 v ) B A%/
RO LT A M 4 1) S AP A R S (B) R T VA5 B 4 X 2 1A N IR B S i I 28 () 5 7E C 11 =
140 121 B, PR AP R AR X S5 4 77 (@ /B B B/ @) 7E H Bl th A 4 i LU AR 450 T E C :1=4:1 B, 2R
FRZ/ NER SRR TR A X 55 7 (B o) B3R o
3 iTig
3.1 3 PR ] S 4 T TR

PR B RV ERE K M EE S, R A RS R W EBE N R 2 —, BP0 RY SIS0y 1 K
(A) FNHR T 5258 ( Heterosigma akashiwo ,H) BFP LB A :H=1:4 B, 73081 57 245 86 A0 5a 5o b U035, T 24 A :H
=101 S 401 B BEIDV 7 1L K AR 5 4 by p s SR AT AR A AR i S 2 e X R b i 4% B ( Skeletonema

http ; //www. ecologica. cn



1130 A E = 324

costatum ,S) WA FH BEHCA0) ff 12 Aol 2 132 1) i v T A PO A, 5 A0 00 3 L DR 3 A o 1) B 2 e S B 3 g 1ok
BRI 7 25 B 2 ] AR (8] 58 S S5 SRARE D, RV SR HE R A sS(H) = 14 IF, FR B A 38 R AR 5 25 e
BIETE A A LS, 2 A sS(H) = 1:1 A 4:1 I BE IS Dy IR PEAE S S e

*5 AEARKBEYE TEAZNKER(C)MEISFESER (D) WIBEHEERST
Table 5 The Logistic model of C. pyrenoidosa (C) and I. zhanjiangensis (1) at different initial biomass ratio

= S
Bfm%jrim ﬁéifi)algae /(104£|<\/mL) “ ' K Tp/d
C:l=1:4  C. pyrenoidesa(P) 4520.66£252.01  3.919:0.200 0.504+0.057 0.979:0.023 7.8+0.6
I. zhanjiangensis ( P) 676.0023.12  3.177:0. 169 0.7420. 065 0.995:0. 002 4.3:0.2
C. pyrenoidesa( M) 1377.56269.41  3.362+0.153 0.5450. 041 0.9740.005 6.2:0.2
1. zhanjiangensis( M) 507.45+11.11°  2.354x0.103 0.477+0.018 0.948:0.018 4.9:0.1
C:l=1:1  C. pyrenoidesa(P) 4520.66£252.01  3.919:0.200 0.504+0.057 0.979:0.023 7.8+0.6
I. zhanjiangensis ( P) 677.0523.68  3.352:0.336 0.641:0.025 0.962:0.013 5.2:0.4
C. pyrenoidesa( M) 2041.44251.00°  2.888+0.101 0.335+0.013 0.9180.011 8.6:0.2
1. zhanjiangensis( M) 381.50£10.07°  2.988+0.123 0.7900. 027 0.9920. 005 3.8:0.2
C:l=4:1  C. pyrenoidesa(P) 4220.48+523.55  2.386:0. 181 0.4360. 122 0.9800. 008 5.7:1.2
I. zhanjiangensis ( P) 677.05:23.68  3.352+0.336 0.641:0. 025 0.962+0.013 5.2:0.4
C. pyrenoidesa( M) 4323.16£500.85  2.738+0.052 0.3360.022 0.985:0. 008 8.2:0.5
1. zhanjiangensis( M) 53.76:3.36"  1.527+0.147 0.6050. 109 0.982+0.013 2.6:0.4

xo6 FTREHKREMELL TERR/NKE(C MEISEHESE () HRHMH S
Table 6 The competitive parameters of C. pyrenoidosa (C) and I. zhanjiangensis (1) at different initial biomass ratio

LA S %

Competitive parameters C:I=1:4(5d) C:I=1:1(7d) C:I=4:1(5d)
a 0.96+0.47 1.32+0.38 0.49+0.26
B 1.65+0. 86 2.08+0.30 1.96+0.95
o /B 0.59 0.64 0.25
B/ «a 1.72 1.58 4.0

i) 5 4 AN AN K5 Rl RE 25 18 A OC, T LS5 2B SRR/ DI G . R EE AR A TE T B K
( Platymonas helgolandica var. tsingtaoensis ) F3H 1T 18 3 (Amphidinium carterae) BEAGAEY) & A P:A=1:3
110 31 I, 75 8 R 3 AR B 52 4 ) 39 R T R B8, AR SR A5 SRR, 3 il v fole 2 B 1 o ) 5
BYAH ELAN RN, TR GG AR e A cC (1) = 1:4 1:1 Fl 4:1 B, 25 U/ N BROEE AL VT A5 3 4 35 % 5 3530 1y
LR P8 24 A 1A S B A T, 5 35 317 g 10 R8P sk 28] 4 e R B 25 4 i (N A Xt AL B 4. 6% —39. 6% , H R
FIAZ/INBRBE (VT A5 38 ) 85 311 13 L T8 B 5 4 410 ) 2 508 R T 35 3 00 1y L R R 2 1 /B (T
TLAFHEG 0 ) BSE A S G AR IR AR TEOY C o1 = 1:4 1:1 421 B 238 A% /)N BREEOS TV S5 40 5 382 1Y
5 P A SR T VLA 0 R A/ NEREE R ST R IR S8, —E TE B SR G AR Y LR R L
BORAYSTAOLH me T UL, 3 b ek A 1) 5 4 0 5 4K UK O B A% /N Rk > TR VLA I > 1 B B 1
Ko
3.2 3 FibE R CRRR R 3 AL A PR

A=W R 58 4 T 23 R B R A I S e AR L TR e 4, BEURRIESE 4 ERARIER A Z 531
AT E FRER OGRS RIS B IR A TE A o PR AR I IR TR R I i AR W VR A A A P AR
B RN BB TNZR TR TR L] (AN [F] 23 2 e HO6 8 R R W ICRE T2, Egge TA B FRER A IR IS5 4
g T AL A OC ™, Armstrong A CHE 1] A4 AH B FH A7 72 B 50 R/ MR M: | AR/ i B R
(1 FL AR TR, BE T 22 (WA R R 32 6 IR AR U E I 40, I AR S e b AR S F LK |
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R /INER B S T AR 4 e AP R SE 4 P FE C cT= 101 B, PR AR08E 0 35 S B0 S8 ok, 4
Jir PRI T RS2 F T P X T U ) P 23 2 L A A B2 1 4t o, (EL RT3 R 5 G S BE AR L SR e AL
B BT LA, 7 B R/ N R GE R L VL 55 B 3 1Y) 5 A o R T AR PT RB[R] B A7 7E S0 A= W BT (LSS PR T ) 1 AR
HAEH, M F YR R (4:1) SN (1:4) B, 35 8 0 4 6 B8R A0 5 S R A il 6 O, T2 o A e
ORI (101 ) B AR AT e [R) I A 7 S o A= ) TR A R X, AR G518 1 75 i — 20 ik, S Se 25 3R ] LUF
AR AR SRR SE G AR BE RO AN 2O — RS BRI R HE S, B R /N BRI A 4
[E1] o ) 5 4 4% e S0 DR 0
[ R 38 22 L T e ol ] SR AE B 523 b (€ sX =421 BRAD) |3 RIS il b T AE X 35 4 )1 (o/B 8%
B/ o) YA BifiAs F A IR A= Pyt L s/ N T G 5 1) R 45, R BEAE A A S AR AR Wy i AL T 45 ), S SEELAS P Rl
A7 T SR WT Y 5 [ B AR 55 5 ) 33X 5 45 8 04 5 S R000, RN 5 4 RN BE UIAR G AT L, b ] s i —
W A s A R, BEE PR AR 10 2 ook, Hose il m &2 241k,
3.3 3 PRI AR ) T 4 Yy e
TEME = 2T s Y E A7 v 30 R R g B LU TR 4 AR S 45 SR A5 3R A% /D R
LTS ARG A YR T C =101 B R34 9 R C:1=1:2 75 4L57%8 13 K C:1=1:1,7E k5%
5517 K CoI=2:1, AR n] S ARG SR, BRE , 76 & B v ] AR 5 20 LR A 73 e SR e e
H AT R 0 i 35 5 1 I e () A 5 VR A /K AR & B AR R B IR B v 7 T IF R )2 R T
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