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Tab.1 Factors and levels of orthogonal tests Logistic ,
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1 0 0 0 0 ,
2 5 5 5 5 ( 8
3 25 25 25 25 ) B
4 100 100 100 100 ’ '
2- 1—4 :
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(N) (A) :
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Tab.2 The linear relation between cell density (N) and absorbance (A)
R? n
N = 57.714A-0.4308 (107/L) 0.9987 7
N = 36.923A-0.2783 (10°/L) 0.9994 7
N = 63.474A + 0.6390 (107/L) 0.9991 7
N = 77.554A-0.7513 (107/L) 0.9999 7
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Tab.3 The final biomass B (x107cell/L) and maximum growth rate zmax [x107cell/(L-d)] of P. donghaiense under different biogenic
amine type and concentration

Pea Put Spd Spm B: +Bs Lmax * Llmax R?
1 1 1 1 1 20.13 0.01 3.18 0.01 0.992
2 1 2 2 2 18.97 0.78 3.24 0.07 0.991
3 1 3 3 3 20.06 0.35 3.33 0.03 0.992
4 1 4 4 4 19.71 0.61 341 0.11 0.990
5 2 1 2 3 20.12 1.49 3.28 0.12 0.993
6 2 2 1 4 19.55 0.04 3.26 0.02 0.993
7 2 3 4 1 19.21 0.35 3.30 0.03 0.993
8 2 4 3 2 17.95 0.73 3.04 0.13 0.993
9 3 1 3 4 20.87 0.21 3.48 0.01 0.993
10 3 2 4 3 22.43 0.25 3.38 0.07 0.994
11 3 3 1 2 19.38 1.72 3.21 0.30 0.995
12 3 4 2 1 19.15 0.96 3.26 0.14 0.994
13 4 1 4 2 18.24 0.08 3.19 0.04 0.990
14 4 2 3 1 18.41 0.28 3.16 0.05 0.994
15 4 3 2 4 17.98 0.18 3.16 0.01 0.990
16 4 4 1 3 18.05 0.31 3.12 0.09 0.988
*4 FEFRREXIBIRESFT
Tab.4 The orthogonal experimental range analysis of P. donghaiense
By (x107cell/L) Llmax [x107cell/(L-d)]
Pea** Put Spd Spm* Pea Put Spd Spm
X1 19.717 19.839 19.279 19.225 3.291 3.28 3.193 3.225
Xz 19.210 19.840 19.053 18.635 3.220 3.262 3.235 3.169
Xs 20.458 19.159 19.322 20.167 3.333 3.250 3.252 3.278
X4 18.166 18.714 19.898 19.525 3.156 3.207 3.320 3.328
R 2.292 1.126 0.845 1.532 0.177 0.073 0.127 0.159
o (P<0.05), ** (P<0.01)
Pea>Spm>Put>Spd,  fmax Pea>Spm>
Spd>Put Pea , 2- 13—16 ,
Spm Hmax , 2-
: Pea25 Put0 Spdl100 Spm100 ( : nmol/L)
, , Pea  Spm  B; Bs :
(P<0.05) Pea>Put>Spd>Spm,  fimax Pea>Spd>
2.2 Put>Spm, 6 Pea
, Spm,
, 5 Spd
1 y 2—16 Hmax K max
; , B¢ :Peal00 Put25 Spd100 Spmb (
, nmol/L) , Pea Spd

2- 1—4 D L (P<0.01)
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Tab.5 The final biomass B (x10%cell/L) and maximum growth rate zmax [x10°cell/(L-d)] of A. tamarense under different
biogenic amine type and concentration

Pea Put Spd Spm B: +Bs Lmax * Llmax R?
1 1 1 1 1 20.89 2.31 0.49 0.06 0.936
2 1 2 2 2 13.72 0.52 0.58 0.00 0.986
3 1 3 3 3 11.95 0.68 0.58 0.02 0.990
4 1 4 4 4 17.61 5.74 0.63 0.03 0.985
5 2 1 2 3 15.12 0.24 0.74 0.02 0.990
6 2 2 1 4 10.08 0.76 0.63 0.03 0.983
7 2 3 4 1 15.52 1.19 0.84 0.03 0.994
8 2 4 3 2 15.16 2.86 0.84 0.07 0.997
9 3 1 3 4 18.19 0.96 1.01 0.02 0.996
10 3 2 4 3 19.24 1.28 1.06 0.01 0.995
11 3 3 1 2 14.12 0.60 0.89 0.06 0.997
12 3 4 2 1 16.91 0.98 0.88 0.03 0.996
13 4 1 4 2 18.78 2.11 1.19 0.07 0.995
14 4 2 3 1 16.28 2.54 1.12 0.12 0.992
15 4 3 2 4 18.22 1.35 1.15 0.00 0.996
16 4 4 1 3 20.40 1.88 0.80 0.08 0.993

F6 BIBITHLKRERKEHRES T
Tab.6 The orthogonal experimental range analysis of A. tamarense
By (x10°cell/L) Limax [¥10%cell/(L-d)]

Pea Put Spd Spm Pea** Put Spd** Spm
X1 16.043 18.246 16.376 17.403 0.571 0.856 0.702 0.835
X 13.969 14.833 15.993 15.446 0.764 0.847 0.839 0.875
X3 17.118 14.953 15.395 16.678 0.959 0.868 0.889 0.796
Xa 18.420 17.519 17.788 16.025 1.065 0.788 0.928 0.852
R 4.451 3.413 2.393 1.957 0.494 0.080 0.226 0.079

e (P<0.01)
2.3 Hmax : Peal00 Put25 Spd0 Spmb5
, ( : nmol/L) , Pea Spd
7 Hmax , Put  fimax (P<0.05), , Pea
1 , Spd (P<0.01)
, By 2.4
) , 2- Hmax
, : 1
8 y Bf Fmax ’
2- , 2- ( 9 14 ),
B¢ , , : , 2-

Spd>Put>Pea>Spm; Himax 2- , ( 9 13—16

, : Pea>Spd>Put>Spm ) Bt
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Tab.7 The final biomass B (x107cell/L) and maximum growth rate sims [x107cell/(L-d)] of Thalassiosira sp. under different
biogenic amine type and concentration

Pea Put Spd Spm By +B¢ Hmax =+ max R
1 1 1 1 1 16.96 0.25 2.98 0.03 0.992
2 1 2 2 2 15.27 0.51 3.04 0.01 0.997
3 1 3 3 3 17.16 1.00 3.14 0.19 0.991
4 1 4 4 4 14.56 0.34 2.97 0.12 0.996
5 2 1 2 3 14.76 0.21 2.92 0.09 0.993
6 2 2 1 4 14.33 0.86 2.86 0.31 0.995
7 2 3 4 1 13.78 0.18 2.88 0.06 0.997
8 2 4 3 2 18.11 0.11 3.46 0.17 0.995
9 3 1 3 4 15.71 0.24 3.35 0.00 0.998
10 3 2 4 3 14.98 0.11 2.93 0.04 0.997
11 3 3 1 2 16.80 0.14 3.71 0.02 0.998
12 3 4 2 1 16.10 0.59 3.12 0.03 0.997
13 4 1 4 2 13.54 0.68 2.94 0.06 0.998
14 4 2 3 1 16.53 1.00 3.51 0.45 0.998
15 4 3 2 4 17.66 111 3.94 0.11 0.999
16 4 4 1 3 17.48 0.10 3.98 0.05 0.998

%8 BHREEXXWMRESH
Tab.8 The orthogonal experimental range analysis of Thalassiosira sp.
Bs (x107cell/L) Limax [x107cell/(L-d)]

Pea Put Spd Spm Pea** Put* Spd** Spm
X1 15.988 15.243 16.394 15.842 3.034 3.049 3.384 3.124
X2 15.245 15.277 15.945 15.929 3.030 3.085 3.257 3.288
X 15.896 16.350 16.876 16.096 3.279 3.418 3.367 3.243
Xa 16.303 16.561 14.216 15.563 3.592 3.383 2.928 3.280
R 1.058 1.318 2.660 0.533 0.562 0.369 0.456 0.164

* (P<0.05), ** (P<0.01)
(10 By
Hmax ) R )
. Pea>Spm>Put>Spd Pea , 2-
Himax (P<0.01) (Berry, 2004; Sengupta et al,
2010) 2- )
2009
2- (Percot et al, 2009)
, 2-
2- , 2-

(Skeletonema costatum)
2- , 2- (Chaetoceros curvisetus)
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Tab.9 The final biomass B¢ (x107cell/L) and maximum growth rate zma [x107cell/(L-d)] of S. costatum under different biogenic amine
type and concentration

Pea Put Spd Spm B: +B; Lmax * Llmax R?
1 1 1 1 1 31.95 0.91 8.10 0.52 0.997
2 1 2 2 2 33.96 5.22 8.49 0.53 0.996
3 1 3 3 3 30.78 0.08 8.03 0.10 0.998
4 1 4 4 4 30.14 0.73 7.26 0.06 0.998
5 2 1 2 3 31.24 0.44 7.80 0.36 0.998
6 2 2 1 4 30.44 0.06 8.26 0.15 0.997
7 2 3 4 1 31.93 1.92 8.58 0.39 0.996
8 2 4 3 2 33.94 3.78 8.61 0.61 0.999
9 3 1 3 4 28.76 0.65 7.53 0.25 0.995
10 3 2 4 3 31.82 3.29 8.25 0.65 0.993
11 3 3 1 2 29.64 111 7.62 0.26 0.990
12 3 4 2 1 28.56 0.50 7.30 0.17 0.996
13 4 1 4 2 28.52 2.37 7.04 0.42 0.996
14 4 2 3 1 27.49 0.62 6.59 0.00 0.997
15 4 3 2 4 28.46 0.32 6.68 0.11 0.998
16 4 4 1 3 29.91 0.50 6.52 0.51 0.993
F 10 HPEFREXIREMRESHF
Tab.10 The orthogonal experimental range analysis of S. costatum
B (x107cell/L) Limax [¥107cell/(L-d)]
Pea Put Spd Spm Pea** Put Spd Spm
X1 31.71 30.119 30.486 29.983 7.969 7.62 7.627 7.644
X 31.886 30.928 30.556 31.517 8.314 7.897 7.569 7.937
X3 29.697 30.202 30.242 30.936 7.675 7.728 7.691 7.649
Xa 28.595 30.638 30.604 29.452 6.708 7.421 7.779 7.435
R 3.291 0.809 0.362 2.065 1.606 0.476 0.210 0.502
i (P<0.01)
(Chaetoceros debilis) (Chaetoceros di- ,
dymus) (Phaeodactyum tricornutum)
: 2- ( )
( ), 2010)Y
2 (
2010 , 2008)? , (
2- 200nmol/L )
, 2- ( )
1) , 2010. . : , 27—36

2) , 2008. . : , 23—34
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HOW THE BIOGENIC AMINES AFFECT HAB ALGAE’S GROWTH:
A PRELIMINARY EXPLORATION
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(1. Key Laboratory of Marine Ecology and Environmental Science Institute of Oceanology, Chinese Academy
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Abstract

Two species of dinoflagellates (Prorocentrum donghaiense, Alexandrium tamarense) and diatoms (Skele-

tonema costatum, Thalassiosira sp.) which are common in frequent-HAB area of East China Sea were selected in Lg(4°)
orthogonal tests. Four biogenic amines, 2-phenylethylamine, putrescine, spermidine, and spermine, commonly detected in
seawater during HAB time, were taken as test factors in four levels of 0, 5, 25, 100nmol/L. The nonlinear curve fitting with
logistic growth model show that the influences varied in degree and trend when different biogenic amines acted on differ-
ent HAB algae. Among them, 2-phenylethylamine was the most significant impact factor on the HAB algae’s growth.
Spermidine affected A. tamarense and Thalassiosira sp. the most, while spermine had the biggest influence on P. dong-
haiense and S. costatum in three tested polyamines. Polyamines were considered as factors that affected the succession of
HAB from S. costatum to P. donghaiense in East China Sea, 2010, of which spermine may be the dominating factor.

Key words Biogenic amine; HAB algae;

Orthogonal test



