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Abstract A fluorescence spectroscopy method of classification for phytoplankton populations is developed based on
the high-frequency component of wavelet transform. Three-dimensional (3D) fluorescence spectra of 52 species are
projected onto the wavelet function and a series of high-frequency components (cdl ~ c¢d6) are obtained. The
characteristic points are chosen by the standard deviation and used to form new feature vectors. These feature vectors
are analyzed by Bayesian discrimination and cd3 ~ c¢d6 components are selected as the optimal feature vector for
differentiation with the discriminant accuracy rate as a standard, based on which, nonnegative least squares (NNLS)
method is introduced to establish the discrimination technique. The technique is used to identify algal species at both
the division and the genus level and the correct discrimination rates (CDRs) are 95.5% and 85.7% , respectively.
For the actual mixture samples (the mixed proportions are 100% , 75% , 25% ), the CDRs are 100% , 90.9%,

KRB 2012-02-15; WEMEMH B : 2012-04-05
E&WMA: FXK 863 1K (2009AA063005) ,[F X A AR FH 2 4k 42 (40976060) Fl Ll R4 A S8 B} 24 3k 4 (ZR2009EMO01) % Iy
PR
EZ B BRI (1983—) e I L F e Ak 2 NS W4 R 7 T 9 AF 58 . E-mail: ylduancg@163. com
SImE A ABEE 968, B W4 HIR, EE N EIE T AP . E-mail: shixy@ouc. edu. cn
* BIEBE & Ao E-mail: surongguo@ouc. edu. cn

0715003-1



i

# ot

53.3% with the relative contents of 79.7% , 68.3% , 17.5% , respectively at the division level and the CDRs of the
dominant species (75%) is 81.2% at the genus level. For the water samples from mesocosm experiment and the

Jiaozhou Bay. the method can be used to realize the identification of phytoplankton population and estimate the

relative abundance of different classes at the division level effectively.
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Fig. 1 Fluorescence excitation spectra of phytoplankton species
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Fig. 2 3D fluorescence spectra of phytoplankton
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Table 1 Phytoplankton species for experiment

Division Genus Species Code
Pseudonitzschia Pseudonitzschia pungens Ps
Skeletonema costatum Sk
Skeletonema
Skeletonema tropicum St
Chaetoceros curvisetus Cu
Chaetoceros debilis De
Chaetoceros
Chaetoceros gracile Ca
Chaetoceros socialis Css
Chaetoceros lorenzianus Cl
Biddulphia Odontella sinensis Oc
Thalassionema Thalassionema nitzschioides Tns
Coscinodiscus sp. (CCMP312) Cf
Coscinodiscus ) ]
Bacillariophyta Coscinodiscus sp. ¢ CCMP1583) Cs
Ditylum Ditylum brightwellii Db
Thalassiosira rotula Tr
Thalassiosira nordenskieldii Tn
Thalassiosira Thalassiosira weiss flogii Tw
Thalassiosira curviseriata Te
Thalassiosira mala Th
Leptocylindrus Leptocylindrus danicus Ld
Bacilaria Bacilaria paxillifera Bp
Nitzschia Nitzschia closterium Ne
Asterionella Asterionella japonica Aj
Rhizosolenia Rhizosolenia setigera Rh
Phaeocystis Phaeocystis globosa Cg
Gephyrocapsa Gephyrocapsa oceanica Ks
Chrysophyta
Prymneium Prymnesium parvum Pp
Distephanus Distephanus s peculum Se
Dunaliella Dunaliella salina Ds
Chlorophyta Platymonas Platymonas subcordi forus Pu
Micromonas Micromonas pusilla Mp
Alexandrium Alexandrium tamarense Al
Amphidinium Amphidinium carterae Am
Prorocentrum donghaiense Pr
Prorocentrum minimum Pm
Prorocentrum Prococentrum marinum Ma
Prorocentrum dentatum Pd
Prorocentrum triestinum Pt
Dinophyta Gymnodinium simplex Gs
Gymnodinium Gymnodinium sp. Gy
Karenia brevis Kb
Karenia Karenia mikimotoi Km
Scrippsiella Scrippsiella trochoidea Sc
Gonyaulax Gonyaulax spini fera Gsa
Gyrodinium Gyrodinium instriatum Gi
Akashiwo Akashiwo sanguinea As
Heterosigma Heterosigma akashiwo Ha
Xanthophyta
Chattonella Chattonella marine Cm
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Division Genus Species Code
Rhodomonas sp. (CCMP1533) Rs
Cryptophyta Rhodomonas

Rhodomonas salina. (CCMP1319) Ra
Anabaena Anabaena sp. Cy
Cyanophyta Synechococcus Synechococcus sp. Sy
Trichodesmium Trichodesmium erythraeum Te
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removing scattering of phytoplankton
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Fig. 4 Procedure of feature extraction for phytoplankton (data point: the spectral data points of the feature vector)
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Table 2 Identification of simulative mixtures with 10% random white noise at the division level

Relative content

Dominant division Dominance /% CDR /%
! ! Range /% Average /%
60 95.4 0.0~100.0 73.8
o 75 97.1 0.0~100. 0 80. 6
Bacillariophyta
80 97.2 0.0~100.0 83.0
90 97.0 0.0~100.0 87.1
60 70.7 0.0~98.7 54.0
75 93.8 0.0~98.8 66. 2
Chrysophyta
80 96. 3 0.0~98.8 70.2
90 98.2 0.0~98.2 79.7
60 85.3 29.4~95.8 56.8
75 99.8 47.0~95.5 70.0
Chlorophyta
80 100. 0 52.6~100.0 73.6
90 100.0 67.2~100.0 83.1
60 76.3 0.0~99.9 59.4
. 75 91.4 8.2~99.7 69.1
Dinophyta
80 95.2 0.0~98.7 72.2
90 98. 8 0.0~99.2 79.4
60 16. 2 0.0~68.6 23.1
75 41.2 0.0~94.2 30. 3
Xanthophyta
80 48.9 0.0~80. 4 32.7
90 58.5 0.0~98.3 42.7
60 71.4 38.4~67.4 53.8
C b 75 100.0 54.5~80.6 66. 6
rypto ta
e 80 100. 0 57.5~90.7 71.2
90 100. 0 70.2~100.0 81.0
60 81.3 34.1~94.3 55.5
75 100. 0 50.8~94.3 68.9
Cyanophyta
80 100. 0 58.5~95.0 73.0
90 100. 0 70.5~97.0 82.3
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Table 3 Identification of simulative mixtures with 10% random white noise at the genus level

L . . CDR /%
Division Genus Species 609 5% 80% 909
Pseudonitzschia Ps 36. 6 63.4 66. 2 86. 6
Sheletonema Sk 0.7 0.7 0.7 4.3
St 68. 8 92.9 98.6 100. 0
Cu 1.5 10.5 10.5 31.6
De 3.0 18.0 26.3 40. 6
Chaetoceros Ca 4.5 2.3 3.0 0.8
Css 10. 5 6.0 13.5 22.6
Cl 12.0 27.8 39.1 51.9
Biddulphia Oc 97.2 95. 8 97.2 100. 0
Thalassionema Tns 53.1 92.4 92.4 98.6
o cf 97.8 100. 0 100. 0 100. 0
Bacillariophyta Coscinodiscus Cs 99. 3 100. 0 100. 0 100. 0
Ditylum Db 60. 6 85.2 86. 6 99.3
Tr 14.3 27.1 37.6 45.9
Tn 97.0 100. 0 100. 0 100. 0
Thalassiosira Tw 10.5 15.8 27.1 60. 2
Te 45.9 78.2 84.2 96. 2
Th 62.4 90. 2 92.5 100. 0
Leptocylindrus Ld 16.9 51.4 56.3 75.4
Bacilaria Bp 75.9 97.2 97.9 100. 0
Nitzschia Nec 91.7 98. 6 99.3 100. 0
Asterionella Aj 88.3 99.3 100. 0 100. 0
Rhizosolenia Rh 86.7 100. 0 100. 0 100. 0
Prymnesiophyceae Cg 69. 4 97.2 97.9 100. 0
Gephyrocapsa Ks 79.7 97.2 98. 6 100. 0
Chrysophyta
Prymneium Pp 38.7 73.9 85.9 93.0
Diste phanu Se 61.4 97.9 99.3 100. 0
Dunaliella Ds 58.5 93.7 96.5 100. 0
Chlorophyta Platymonas Pu 81.0 97.9 100. 0 100. 0
Micromonas Mp 80.7 99. 3 100. 0 100. 0
Alexandrium Al 72.5 88.0 97.2 100. 0
Amphidinium Am 16.2 39.4 54.2 86.6
Pr 54.6 84.6 90. 8 96. 2
Dinophyta Pm 60. 8 86. 2 90.0 99.2
Prorocentrum Ma 66. 2 92.3 96. 2 100. 0
Pd 84.6 94. 6 99.2 100. 0
Pt 93.1 99. 2 99.2 100. 0
Gymnodinium Gs 43.2 73.4 87.1 97.8
Gy 17.3 34.5 32.4 50.4
Karenia Kb 61.7 90. 8 95.0 100. 0
Km 33.3 60. 3 62.4 76.6
Scrippsiella Sc 70. 4 88.0 95.1 97.9
Gonyaulax Gsa 28.3 57.2 69.0 84.1
Gyrodinium Gi 82.1 97.2 98. 6 100. 0
Akashiwo As 72.4 94.5 97.2 100. 0
Xanthophyta Heterosigma Ha 0.7 2.1 3.5 16.9
Chattonella Cm 30.3 73.9 85.9 100. 0
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543
Division Genus Species CDR /%
60% 5% 80% 90%
Cryptophyta Rhodomonas Rs 63.0 99.3 100. 0 100. 0
Ra 67.4 100. 0 100. 0 100. 0
Anabaena Cy 60. 7 100. 0 100. 0 100.0
Cyanophyta Synechococcus Sy 79.6 100. 0 100. 0 100. 0
Trichodesmium Te 84.1 100. 0 100. 0 100. 0
24 LI E TR YR SRR R AT BRI
Table 4 Identification of laboratory mixed samples at the division and genus level
Division Proportion /% CDR /% Relative content Genus CDR /%
Range /% Average /%
Pseudonitzschia 95.2
100 100. 0 72.9~99.5 90.0 Skeletonema 17.7
Bacillariophyta 75 95.1 52.5~96.0 79.0 Thalassiosira 45.5
25 78.1 0.0~59.1 34.2 Chaetoceros 96.0
Biddul phia 100. 0
100 — —
Chrysophyta 75 50.0 56.3~78.5 65.8 Prymneium 100. 0
25 0.0 0.0~0.00 0.0
100 100. 0 58.7~85.3 72.6 .
Dunaliella 100. 0
Chlorophyta 75 100.0 41.0~87.9 65.4
25 77.8 0.0~49.7 28.2 Micromonas 100-0
Alexandrium 92.3
100 100. 0 65.6~97.8 87.4 Gymnodinium 58.3
Dinophyta 75 95.1 0.0~87.6 68. 3 Amphidinium 25.0
25 78.1 0.0~49.8 25.1 Prorocentrum 93.6
Scrippsiella 75.0
100 100. 0 56.1~84.0 69.0
Heterosigma 100. 0
Xanthophyta 75 100. 0 50.1~81.9 61.9
95 23,5 0. 0~ dB. 9 7.0 Chattonella 100. 0
100 R —
Cryptophyta 75 100. 0 50.8~95.9 69.1 Rhodomonas 100. 0
25 50.0 0.0~31.7 10. 4
L1 S BIRRET IIAAE HIRS)
TET 5 il S kAT 0 U AR A 16 B 5 R S R AR 1.0 == Bacillariophyta

T 12 ATRFESEAT W05 B SR 10 AR AR AR
— PR AR T U0 R CLL A0 B ) L R
76.2%~99. 9% IR Z A BT, LBl 0. 1% ~
23.8% 510 5 12 5K FEM LT R BT A 3
JE 53R 56.7%,70. 5% IR Z R REEETT . LA 43 5
N 30.0%.22. 9% . FI FH = A 43 8 b o 5 6 H AT
P 3T < B 10 52K A A1, A K BE O 34 7T A 1R 31
GRSERSER -HWEWMHEYERENT
73.3%~92.9% Z 8], 10 5 /K KEIH ) o fik B A
PO KT Aol 66, 8%, BRI Z L, MR & R
33.2% PR 5FIFK 5,
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Table 5 Identification of samples from mesocosm experiment and Jiaozhou Bay

Mesocosm experiment

Jiaozhou Bay

Sample No. - - Sample No. - -
Dom-div Re Sub-dom-div Re Dom-div Re Sub-dom-div Rc
1 Bac 84.2% Din 15.8% 1 Bac 78.7% Din 21.3%
2 Bac 82.1% Din 17.9% 2 Bac 93.8% Chr 6.2%
3 Bac 76.4% Din 23.6% 3 Bac 84.0% Din 16.0%
4 Bac 88.5% Din 11.5% 4 Bac 89.3% Din 10.7%
5 Bac 80. 6% Din 19.4% 5 Bac 92.8% Din 7.2%
6 Bac 92.9% Din 7.1% 6 Bac 89.4% Din 10.6%
7 Bac 78.8% Din 21.2% 7 Bac 88.6% Din 11.4%
8 Bac 87.0% Din 13.0% 8 Bac 79.1% Din 20.9%
9 Bac 77.5% Din 22.5% 9 Bac 89.3% Din 10.7%
10 Bac 66.8% Din 33.2% 10 Bac 83.8% Din 16.2%
11 Bac 73.3% Din 26.7% 11 Bac 83.6% Din 16.4%
12 Din 78.3% Bac 21.7% 12 Bac 87.6% Din 12.4%

Dom-div:dominant division; Sub-dom-div: Sub-dominant division; Rc: relative content; Bac: Bacillariophyta; Din: Dinophyta;

Chr: Chrysophyta.
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