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Fluorescence Discrimination and Determination Method for
Phytoplankton Composition by SA4 Multiwavelet

Zhang Cui Su Rongguo Zhang Shanshan Duan Yali Wang Xiulin
(Key Laboratory of Marine Chemistry Theory and Technology . Ministry of Education, Ocean University of China ,
Qingdao , Shandong 266100, China)

Abstract A fluorescence spectroscopy method for differentiation of phytoplankton classes is developed. SA4
multiwavelet functions are used to decompose the three-dimensional (3D) fluorescence spectra date of 42
phytoplankton species dominant in coastal area of China sea into scale vectors and wavelet vectors, then the Ca2, Ca3
and Ca2-Ca3 vectors are chosen as fluorescence feature spectra by Bayesian discriminant analysis and the three kinds
of reference spectra are obtained by application of the systematic cluster to the fluorescence feature spectra, based on
which, a fluorescence spectroscopy method is developed by multivariate linear regression resolved by nonnegative
least squares. The three kinds of reference spectra are utilized to the samples composed of one phytoplankton
species, the results suggest that the CaZ reference spectra are the strongest: the average correctly discriminating
rate are 96.1% at the division level and 87.4% at the genus level. For the simulative mixed samples, the correctly
discriminating rate for dominant species ranged from 91.4% to 100% , the average are 98.0% , 99.4% , 99.9% ,
the average relative content are 72.7% , 77.1% . 86.1% at division level, the correctly discriminating rate for
dominant species ranged from 23.2% to 100% and the average are 91.2% , 92.5% , 93.4% at genus level in three
different ratios respectively. For the mixed samples in lab, the correctly discriminating rate for dominate species
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For the samples from the mesocosm experiment in Maidao Bay of Qingdao and Jiaozhou Bay, the discriminating
SA4 multiwavelet;

microscopic examination at division level, and for the 10 samples with over 75% relative dominance of one
phytoplankton species, the dominant species of 7 samples are recognized at genus level.
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and the average relative content is 71.8% at division level; the
, the average is 83.1% at genus level.
results of dominant phytoplankton classes from the fluorescence spectroscopy method are the same as that of
spectroscopy;
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Fig. 1 Jiaozhou Bay station for sampling
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Fig. 2 Feature extraction of fluorescence spectra: Cal~Ca6 stand for the six scaling vetors, and Cd1~Cd6 stand for

the six wavelet vectors
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Table 1 Results of phytoplankton species at the division level

Dominant division Dominance /%

Correct rate /%

Relative content /%

Range Average
75 98.6 61.8~79.9 73.5
o 80 99. 5 66.3~83. 4 77.6
Bacillariophyta
90 100 71.2~91.6 84. 4
100 96. 6 62.8~95.6 83.8
75 100 73.9~78.8 76.7
80 100 76.3~83.4 81.0
Chrysophyta
90 100 79.8~92.2 89.6
100 85.6 66.1~95.6 82.5
75 99. 6 73.6~76.5 75.3
80 99.9 78.5~81.4 80.0
Chlorophyta
90 100 87.6~91.0 89.3
100 100 95.9~98.3 97.3
75 98. 8 68.3~77.4 73.5
. 80 99.0 72.6~82.0 77.2
Dinophyta
90 100 72.0~91.2 84.5
100 99.6 79.4~96.5 89.9
75 96.0 66.8~71.8 69. 3
80 96. 4 70.3~76.3 73.3
Xanthophyta
90 99. 3 81.4~84.9 83.2
100 94. 2 74.0~82.8 78.4
75 100 74.1~76.3 75.2
R b 80 100 78.8~81.4 80. 1
rypto ta
YPIOPRY 90 100 §8.3~91. 2 89. 8
100 100 90.3~91.8 91.1
75 91.4 52.2~70.7 65.5
80 100 56.2~76.0 70.5
Cyanophya
90 100 64.7~86. 4 80.5
100 96. 4 81.4~86.4 83.8
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Table 2 Results of phytoplankton species at the genus level
Correct  Correct  Correct  Correct
Division Genus Species (abbreviation) rate /%' rate /%' rate /%' rate /%!
75 %" 80%4* 90%*  100%*
Pseudo-nitzschia Pseudo-nitzschia pungens (Ps) 97.9 99.3 100 100
Skeletonema Skeletonema costatum (Sk) 95.8 99. 3 100 85.0
Chaetoceros curvisetus (Cu) 98.5 98.5 99. 3 100
Chaetoceros Chaetoceros debilis (De) 94. 8 95. 6 100 100
Chaetoceros (Ca) 100 99. 3 100 100
Biddulphia Odontella cf_sinensis (Oc) 90. 8 87.3 95.8 46.7
o o Coscinodiscus cf_radiatus (C) 51.4 46. 4 23.2 85.0
Bacillariophyta Coscinodiscus o
Coscinodiscus sp. 1583 (Cs) 82.6 98.6 100. 0 70.0
Ditylum Ditylum brightwellii (Db) 47.9 48.6 71.8 35.0
Thalassiosira rotula (Tr) 69. 6 50. 4 47. 4 98.3
Thalassiosira cleve Thalassiosira nordenskioeldii cleve (Tn) 99.3 100 100 75.0
Thalassiosira weissflogii (Tw) 100 100 100 100
Leptocylindrus Leptocylindrus danicus (Ld) 90. 8 89. 4 99.3 81.8
Rhizosolenia Rhizosolenia setigera brightwell (Rh) 99.3 100 100 47. 1
Prymnesiophyceae Phaeocystis globosa (Cg) 88.9 93.8 100 60.0
Isochrysis Isochrysis galbana (Ig) 100 100 100 97.8
) Gephyrocapsa Gephyrocapsa oceanica (Ks) 99. 3 100 100 64. 3
Chrysophyta -
Prymneium Prymneium parvum (Pp) 100 100 100 97.9
Distephanus Distephanus speculum (Se) 97.9 100 100 75.0
Dicrateria Dicrateria2066 (Di) 100 100 100 100
Chlorella Chlorella pynenoidosa (Ch) 98. 6 99.3 97.9 100
. Dunaliella Dunaliella salina (Ds) 100 100 100 100
Chlorophyta -
Platymonas Platymonas subcordiforus (Pu) 100 100 100 100
Micromonas Micromonas pusilla (Mp) 100 100 100 100
Alexandrium Alexandrium tamarense (Al) 96.5 96.5 100 100
Amphidinium Amphidinium carterae (Am) 57.0 52.8 85.2 78.3
Prorocentrum donghaiense (Pr) 98.5 97.0 100 100
Prorocentrum minimum (Pm) 100 100 100 100
Prorocentrum
. Prococentrum marinum (Ma) 100 100 100 89.1
Dinophyta
Prorocentrum dentatum (Pd) 100 100 100 100
o Gymnodinium simplex (Gs) 98. 6 100 100 100
Gymnodinium ) o )
Gymnodinium sp. (Gy) 93.5 95.0 99.3 86. 1
Karenia Karenia mikimotoi (Km) 68.1 77.3 85.8 47.9
Scrippsiella Scrippsiella trochoidea (Sc) 97.2 97.2 94. 4 98. 3
Heterosigma Heterosigma akashiwo (Ha) 88.0 89.4 98.6 88.3
Xanthophyta -
Chattonella Chattonella marine (Cm) 100 99. 3 100 100
Rhodomonas sp. (Rs) 100 100 100 100
Cryptophyta Rhodomonas .
Rhodomonas salina (Ra) 100 100 100 100
Anabaena Anabaena sp. (Cy) 30.1 72.6 23.3 83.3
Spirulina Spirulina sp. (Lx) 100 100 100 78.6
Cyanophya Synechococcus Synechococcus sp. (Sy) 100 100 100 100
Trichodesmium Trichodesmium erythraeum
ehrenberg ehrenberg (Te) 100 100 100 100
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Table 3 Results of mixed samples from laboratory at the division and genus level

Dominant species

Correct rate /% Relative content /%

Division Genus L ;
(abbreviation) Division' Genus® Range Average
Pseudo-nitzschia Pseudo-nitzschia pungens (Ps) 100 100 73.2~97.0 84.7
Skeletonema Skeletonema costatum (Sk) 100 71.4 58.3~91.2 74.1
Bacillariophyta Chaetoceros curvisetus (Cu) 100 88.9 61.7~82.1 73.0
Chaetoceros -
Chaetoceros debilis (De) 100 100 59.4~91.1 76.1
Thalassiosira Thalassiosira rotula (Tr) 100 30.8 49.8~67.8 57.0
Phaeocystis Phaeocystis globosa (Cg) 60.0 40.0 0~95.53 50.0
Chrysophyta Isochrysis Isochrysis galbana (Ig) 100 33.3 62.7~86.1 74.1
Prymneium Prymneium parvum (Pp) 100 100 57.3~58.8 58.1
Chlorella Chlorella pynenoidosa (Ch) 100 100 71.4~94.1 79.5
Dunaliella Dunaliella salina (Ds) 100 100 61.4~82.6 75.9
Chlorophyta -
Platymonas Platymonas subcordiforus (Pu) 100 100 66.31~86. 34 76.3
Prasinophyceae Micromonas pusilla (Mp) 100 100 68.7~88.6 78.7
Alexandrium Alexandrium tamarense (Al) 93.3 80.0 64.0~85.6 77.0
Amphidinium Amphidinium carterae (Am) 100 25.0 67.7~82.9 75.3
) Prorocentrum donghaiense (Pr) 95.0 95.0 63.5~82.8 75.0
Dinophyta Prorocentrum —
Prorocentrum minimum (Pm) 85.7 85.7 60.0~77.8 69.1
Gymnodinium Gymnodinium simplex (Gs) 100 85.7 71.6~81.1 75.7
Scrippsiella Scrippsiella trochoidea(Sc) 100 92.3 58.1~84.2 71.3
Heterosigma Heterosigma akashiwo (Ha) 100 100 58.5~87.8 72.0
Xanthophyta - - -
Chattonella Chattonella marine (Cm) 100 100 60.4~81.1 72.6
. . Rhodomonas sp (Rs) 100 100 50.4~97.2 66. 0
Cryptophyta Cryptomonas -
Rhodomonas salina (Ra) 100 100 65.3~70.6 68.0
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Table 4 Discriminating results of seawater samples

of mesocosm

Sample Dominant Relative Dominant
division content /% genus
1-1 Bacillariophyta 85.3 Chaetoceros
2-1 Bacillariophyta 79.4 —
3-1 Bacillariophyta 90.5 Chaetoceros
4-1 Bacillariophyta 85.3 —
5-1 Bacillariophyta 79.1 Chaetoceros
6-1 Bacillariophyta 98.4 —
1-2 Bacillariophyta 58.6 Coscinodiscus
2-2 Bacillariophyta 73.9 —
3-2 Bacillariophyta 83.6 Chaetoceros
4-2 Dinophyta 59.8 —
5-2 Bacillariophyta 63.9 Chaetoceros
6-2 Dinophyta 86. 1 —

5 NS AKRE B U e 2
Table 5 Discriminating results of seawater samples

of Jiaozhou Bay

Station Dominant Relative Dominant
number division content /% genus
1 Bacillariophyta 79.7 —
2 Bacillariophyta 89.5 —
3 Bacillariophyta 90. 6 Thalassiosira
4 Bacillariophyta 86. 6 —
5 Bacillariophyta 89.6 Ditylum
6 Bacillariophyta 75.9 —
7 Bacillariophyta 80.1 —
8 Bacillariophyta 76.3 —
9 Bacillariophyta 81.0 Skeletonema
10 Bacillariophyta 85.1 -
11 Bacillariophyta 93.0 —
12 Bacillariophyta 89.6 Skeletonema
4 45 i
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