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Fig 1 Decomposition of the 3D discrete fluorescence spectra by db7. Cal ~Ca5 stands for the

first to fifth scale vectors, and Cdl ~Cd5 stands for the first to fifth wavelet vectors
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Fig 2 Hierarchical clustering and samples belonging graphic of the pseudo-nitzschia pungens

TEMC LAY b DL 2 ongk v A 4 L AR f1 e/ — o v g 57
A Y T B AR U E R . U, B HEACTTKE |
PR HE IS PEEAT TP R dn 2R R R AR A S R
A B LIRS . A TR LR S5 5R s ansR e AR i
B T BT KOS 1 U0 4 SR . A BIAR B 1] 7Y T8 7K
ERARETS . BEAT B K B, LR AR R A Mat-

lab6. 5 4 {58 .
3 HPRSIE

FH L3 T A o i 2 T A S U I R B AR X LR
B i S BN R 0 AT U E L BTSN R .



%3 i 2E 550k o b 735
Table 1 Identifying results of 32 red tide Table 2 Identifying results of 43 phytoplankton
algae at the level of genus at the level of division
. . wHE  RBE RBE RRE N b 0/ e 10 EREN/ %
& Hi Al 0% 80 90 100% BT B/ % HBIERR/ % W o
HE O OMEREE Py 655 81.7 93.7 98. 3 50 98 2 15. 8~91. 6 47, 2
HEER Sk 62. 7 81 0 91. 5 85. 0 Tk 75 99. 9 20. 2% ~99. 8 66. 6
fMEWE Cu 80. 7 90. 4 99. 3 100. 0 100 91 7 66. 1~100 90. 8
De 8-1 4 93 3 ]()0. 0 10(). 0 50 97 7 29 6"\-’47 8 37 7
Ca 788 85, 2 94, 1 100. 0 4 75 100 46, 9~73. 5 61 7
s Oc 38 4 48. 6 48, 6 36. 7 100 92. 6 72. 0~100 88. 6
HiisE  Cf - - - - 50 95. 7 6. 2~50, 4 34. 9
Cs - - - - =3 75 99. 8 28 2~76. 0 60. 4
WU 3 )3 Db 20, 4 317 27.5 68 3 100 78 3 35. 8~100 84, 0
L Y 6.7 22 L7 50 99, 0 27.5~48 5 402
4 Tn 62. 2 57.8 74. 1 45,5 3 75 99, 1 46, 9~72. 3 64. 9
Tw  87.4 96, 3 100, 0 100. 0 100 97. 5 36. 3~100 90. 0
AL R Ld 458 75 4 89. 4 75. 0 50 91 7 20, 4~29, 2 248
W8 Rh 94. 4 97. 2 100. 0 67. 6 o 75 98. 9 39, 3~57. 8 48,5
S® HRYEE Cg 80, 6 99. 3 100. 0 70. 0 100 89. 2 76. 4~100 86. 7
GheEE I - - - - 50 100 44, 0% ~47. 5 45. 8
I¥aR Y Ks - - - - (58 75 100 63 5~67. 1 65. 3
EHLWE Py 93. 0 95. 8 99, 3 95. 8 100 99. 2 99. 1~100 99. 6
i S Se 6.2 34 0.0 75.0 50 83, 9 23 246 1 36, 3
Y¥E&WE  Di - - - - W 75 100 62. 7~100 751
gele NEREE ch - — - - 100 94. 7 83. 3~100 93. 8
s Ds - - - —
L i _ _ - _ S, ST N N ~, N
i;fﬁﬁ ; S A3 0 G LV AR A D 2 0 3 R A B DK
o 9 ) - - - - . Wi N . .
i ]EJ;JUUET%E Af oL 5 079 100, 0 05 3 SR G R M, A R 50 %R, Ry I E T 4 L
B L B . . )
> 07 . SZ AT HI 32 =4 0 > > 0 S AR TS
AR Am 599 78 2 97 2 66, 7 938 1% 5 SEXRM L FR A 95, 2%, PLHEE R 75 Wik, S
T 3 )R Pr 91, 7 99, 2 100, 0 100, 0 FERE H AR 632505 BRI R Ky 99. 7%, 124k
Pm 871 939 100. 0 100. 0 PN 100%0 B, TT/K M2 B2 B 4tk R 84 006 ~
Ma 8L 1 90, 9 99, 2 783 99. 6%, ¥ 90. 5%, ARG LR N 9L 9% . IR B 45 R
pd %0 2 7.0 100. 0 100. 0 ZMReEwE], P Tnm Ch RN EwH. BS
o 35 . .2 99, ! \ s Tl e st N
REXR é ‘1“2‘ ; f‘; 2 9; 23 14010 70 ST Tg W9REERIAE S 35 £ A Bk 26 56 (HIF 75 38
y . “ . .
) R R , o1 MR, HED ] B TR B IR i B
LR Kb 9. 3 100, 0 100, 0 4 3 IR KAE, T ZE 5 3 i A0, 4 ml B8 2 AE K R it 5
Km 496 66. 7 851 50. 0 Lg H T A,
WL R Sc 62 7 77. 5 100, 0 98 3 bopiv il 7@%%%#&%35 [f[ﬁ%ﬁtﬁﬂﬁiﬂ%’] , BN 7'25
¥ OREWE  He 718 85. 2 96, 5 783 FEAL A 2007 4 8 A 21 H FrHUAY 12 A ab 7 i KA, 3 R i
E IR Cm 90. 1 99. 3 100. 0 100. 0 2B 0 4 R T2, R ETE B 94 64% ~
(58 i Im Rs 100. 0 100, 0 100. 0 100. 0 99, 97% 5 % I EIFGEE S 2007 4E 7 A 27 H & 30 HEY 12 4~
R 100. 0 100. 0 100, 0 98 3 I e s . TN | .
£E AERE Ca "o 0o "o 6 BB KB, HdhREE A 10 S KEEM R H T, BB ER
i H1 e y X . ) . s N N g
BRER  Le a B B - 76.19%0~99. 950, W R4 2 KM MRETT, L E
R I PR -
EREE Sy _ _ _ _ 7956, 676 ~70. 4956 . xR i iz BEAR IR 9 4k B 5 325 o 45 243
WE )R Te 1000 100. 0 100. 0 91 7 fit J5 B RS o3 B AN Ay B S SR FH 3 B At ST 1 b o A

XiF 32 Fif o o A [ A0 # B B BLR A R A B B Rl s JE K
SEYUAN S A BT . 24 O SR H B 43 B 7026, 80 %6 AT 90 %
ff, 32 Bl R 3 e AF TR K b B B4 S 35 0E B R 4 )k
67. 5%, 75. 8%, 81 4% ; B ML KT 90% i, fig X iR
B RE R B B B KE EIERRIR G, X T AR RS, B
KRS ER R R 79 4%, R EMEEN Oc,
Tr, Tn, Gy, Kb, Km,

PEAT YA A5 F0 i M E I R S 04 R I A B R R ) 2K
a3k 100% . RN H 0. 62~1, F¥ 96. 8% ; 2 2 G
FE S TR IE B L 3R 12K P 9L 706, m iR b i) 0~
1, F¥85 1%,

AN

2 ®

25 LR . AR SCE A A 0 500 TR B SR A R



736 Fe 22 5 561 b %31 %

ICFR AR ST WA ZOR . IR = 4500 P b e BRI E AR, A5 R AR T AL 0 TR WEAR A SEOL RN B R R W)
T 12 ADWOR PR S AT W Y B i S M0 otig . O ATRY. AT LSRG R0 TR Ot TR IE T % A A
X 43 T FEWEAE A CELAS 32 Fh 2R 81 36O A [) LE 49 B B 8L IR 5 4 PR AR A 9 06 B Sl MR AR I T R R ST

i SRR EEEAT T 1T R K b i U B 1T KCF R SE

References

[ 1] Suzuki K, Handa N, Kiyosawa H. J Oceanogr, 1997, 53. 383.

[ 27 Pech-Pacheco J L. Alvarez-Borrego J. Marine Biology, 1998, 132 357.

[ 3] Sieracki C K, Sieracki M E, Yentsch C S. Marine Ecology Progress Series, 1998, 168 285.

[ 4] Lewitus A J, White D L, Tymowski R G. Estuaries, 2005, 28: 160.

[ 5] Mackey M D, Mackey D J. Higgins H W. Marine Ecology Progress Series, 1996, 144 265.

[ 6] Mura Yama-ka Yano E, Yoshimatsy S, Kayano T. J. Ferment Bjioeng, 1998, 85(3): 343.

[ 7] Walsh D, Reeves R A, Saul D J. Bioche System and Eco. , 1998, 26(5); 495.

[ 8] Yentsh C S, Phinney D A. Journal of Plankton Research, 1985, 7; 617.

[ 9] Seppala ], Balode M. Hydrobiologia, 1998, 363: 207.

[10] Lee T, Tsuzuki M, Takeuchiet T. Analytical Chimica Acta, 1995, 302(1): 81.

[11] Beutler M, Wiltshire K H, Meyeret B. Photosynthesis Research, 2002, 72(1): 39.

[12] ZHANG Qian-gian, WANG Xiuwlin, ZHU Chen-jianGKRTHT . F M. BLHE ). Marine Environmental Science (¥ 7EFRBE R 24) . 2004,
23(1) . 77.

[13] ZHANG Qian-gian, LEI Shu-he, WANG Xiulin(3K §jH7 » 250 . EBH#). High Technology Letters(HH R i) . 2005, 25(4); 75.

[14] ZHANG Fang. SU Rong-guo, WANG Xiwlin(5k J5, 9% [H. EEM). Chinese Journal of Lasers(HH#OE) » 2008, 35(12): 2052,

[15] ZHANG Fang, WANG Liang, SU Rong-guo(3k 3%, £ K., 757 [H). Chinese Journal of Sensors and Actuators (f& &3 R 223) ,
2007, 20(10) . 2143.

[16] LIU Bao, SU Rong-guo, SONG Zhijie(X] %, # 2% H, KA. Spectroscopy and Spectral Analysis (Y62 556143871, 2010, 30
(5): 1275.

[17] Zepp R G, Sheldon W N, Moran M A. Marine Chemistry, 2004, 89 15.

Research on the 3D Discrete Fluorescence Spectrum Technique for
Differentiation of Phytoplankton Population

ZHANG Shan-shan', SU Rong-guo'* , DUAN Yali' , SONG Zhijie* , WANG Xiu-lin'

1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China, Qingdao
266100, China

2. College of Information Science and Engineering, Ocean University of China, Qingdao 266100, China

Abstract The present research was targeted to develop a fluorescence analyser for phytoplankton population which uses a series
of LEDs as the light source. So the 3D discrete fluorescence spectra with 12 excitation wavelengths (400, 430, 450, 460, 470,
490, 500, 510, 525, 550, 570 and 590 nm) were determined by fluorescence spectrophotometer for 43 phytoplankton species.
Then, the wavelet, Daubechies-7 (Db7), and Bayes Classifier were applied to extract the characteristics for each classes from the
3D discrete fluorescence spectra. Lastly, the fluorescence differentiation method for phytoplankton populations was established
by multivariate linear regression and non-negative least squares, which could differentiate phytoplankton populations at the levels
of both divisions and genus. This method was tested: for simulatively mixed samples(the dominant species accounted for 70 %,
80% ., 90% and 100% of the gross biomass, respectively) from 32 red tide algal species, and the correct discrimination rates at
the level of genus were 67. 5%, 75. 8%, 81. 4% and 79. 4%, respectively. For simulatively mixed samples (the dominant divi-
sions algae accounted for 50%, 75% and 100% of the gross biomass, respectively) from 43 algal species, the discrimination
rates at the level of division were 95 2%, 99. 7% and 91. 9% with average relative content of 38 1%, 63. 2% and 90. 5%, re-

spectively.

Keywords Phytoplankton population; 3D discrete fluorescence spectrum; Wavelet analysis; Characteristics extraction; Differ-

entiation
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