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Abstract A fluorescence—excitation—emission—matrix (EEM) method for the determination of algae community
composition is developed by alternating trilinear decomposition (ATLD) analysis and nonnegative least squares
(NNLS). ATLD model is applied to fluorescence EEMs of algal pigment extracts, and 14 fluorescent components
are identified according to the residual sum of squares. Bayesian discriminant analysis is used to test the
discriminatory capability of 14 fluorescent components. All composition spectra of the fluorescent components for
the 48 phytoplankton species are spectrographically clustered into 116 reference spectra by hierarchical cluster
analysis. The fluorometric method is developed by NNLS and applied to algal samples. For 512 samples of single—
species, the average correctly discriminated rate (CDR) of the five phytoplankton groups is 99.8%. The CDR for the
256 mixture samples is above 93.5% for the dominant algae species and above 71.1% for the subdominant algae
species. This method is also tested by the 18 samples from the Yangtze River estuary, the results of the dominant
algae groups are in good agreement with HPLC (high performance liquid chromatography)-CHEMTAX.

Key words spectroscopy; algae community composition; three—dimensional fluorescence spectrum; alternat-
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Table 1 48 phytoplankton species selected in the study

Division Genus Species Code
Skeletonema costatum Sk
Skeletonema
Skeletonema marinoi Sm
Chaetoceros curvisetus Cu
Chaetoceros debilis De
Chaetoceros )
Chaetoceros gracile Ca
Chaetoceros lorenzianus Cl
Biddulphia Odontella cf_sinensis Oc
Coscinodiscus sp.(CCMP312) Cf
Coscinodiscus
Coscinodiscus sp.(CCMP1583) Cs
Ditylum Ditylum brightwellii Db
Thalassiosira rotula Tr
Thalassiosira weissflogii Tw
Thalassiosira Thalassiosira curviseriata Te
Thalassiosira mala Th
Bacillariophyta .o L
Thalasstosira cuiviseriat Wa
Leptocylindrus Leptocylindrus danicus Ld
Asterionella Asterionella japonica Aj
Nitzschia closterium Ne
Nitzschia
Nitzschia sp. Ns
Phaeodactylum Phaeodactylum Pl
Thalassionema Thalassiothrix frauenfeldii Tf
Cyclotella cryptica Ce
Cyclotella ! »
Cyclotella meneghiniana Cm
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Division Genus Species Code
Dunaliella Dunaliella salina Ds
Platymonas Platymonas subcordiforus Pu
Scenedesmus Scenedesmus quadr.icanda Sq
Scenedesmus obliquus So
Chlorophyta Pandorina Pandorina morum Pm
Chlorococcum Chlorococcum sp. Ch
Coelastrum Coelastrum sphaericum Cs
Chlamydomonas Chlamydomonas reinhardtii Cr
Ankistrodesmus Ankistrodesmus falcatus Af
Alexandrium Alexandrium tamarense Al
Amphidinium Amphidinium carterae Am
Prorocentrum donghaiense Pr
. Prorocentrum Prorocentrum minimun Pm
Dinophyta .
Prorocentrum marinum Ma
Gymnodinium Gymnodinium simplex Gs
Karenia Karenia mikimotoi Km
Scrippsiella Scrippsiella trochoidea Sc
Rhodomonas sp( CCMP1533) Rs
Cryptophyta Rhodomonas Rhodomonas salfna( CCMP1319) Ra
Synechococcus Synechococcus sp. Sy
Microcystis Microcystis sp. Mi
Cyanophyta Aphanizemenon Aphanizemenon flos—aquae Ap
Anabaena Anabaena sp. An
Oscillatoria Oscillatoria tenuis Ot
Lyngbya Lyngbya kueizingii Lk

TE W AR B SR B s A 38 o e 2 5 IR A B R A IO 35 (SHIMADZU UV2550), f#
Jeffrey and Humphrey's = (& 5 P2 115545 B M-S R BE . 42 IR S 3R B 1L 104 .2:3 .3:2 4: L ATIR 5, 19 2077
Ui e 00 28 AR O SE PR TR A B i, AT 9O A o 45 31 256 MR A FE o

20134E 3 H ,7E KT ORI (28.5° N ~ 32.5° N, 122.0° E ~ 124.0° E) #1471 W35 % AL, 1 R4 18 1R i i
JECRE S, AN RE S 8 R FEBUS 43 R Ay, — 0y H T HPLC 280 % , I 52 J5 AL A CHEMTAX 3E 17 77 i i 1 V%
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2.2 ZHRAKRIERE

X2 : Fluorolog3—11 %€ 43 96 6 B 11 K L & # A4 (Jobin—Yoon, 75 ), 1 em £1 & LL (A 1IL .

SROE R WK 350~700 nm, K 55K 600~750 nm, 25K 5 nm, 4% G5 5 nm, 345 3E 4 80 nm/s,
55 BB R 2R 0.05 s,
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0515003-4



mOE B ok
N Ly B R A S O6IE N AT LU M 14 45 6 L4 B OGS AF & W) G i — M4 2. 4 Bayesian
S50 P53 BT T3 %o VR T R €8 3R 2K U EEM 28 50 B4 AT HREAE R 43 B, 43 45 SR 81 3 o, & B IR T T AR
[T 2K b 4 3500k 0 i U, ik o AR R T KO B AR ) IE A R (CDR)A 93.27% 1 96.43% . FK W]
IKOF- b 1 77 U €0 2 AE IR 1) € D 8 43 AL A L AT 28 IR AR M, AN ) 10 288 17 i 9 1) € 2R 4K BT 29 O B 4 4
B W 25 5 0 [R) — 7] 288 D) EL A 25 ) AR ARLE

wl.0 component 1 05 component 2 05 component 3
'-§ 0.5 R \ /s
3 ol Ll EDVAY N e Y o\, _N\
400 500 600 700 400 500 600 700 400 500 600 700
0.5 component 4 1.0 component 5 05 component 6
% \ 05 B Fé
\ \ 7 \ -
0 ) R e L—" \ B NN P S
400 500 600 700 0 400 500 600 700 ¢ 400 500 600 700
component 7 component 8 component 9
é‘,l.o e 10 L 1.0 B ’
g 0.5 I 0.5 A~ 0.5 N
i | NN || N— O \ — == , . A .|
400 500 600 700 400 500 600 700 400 500 600 700
w0 component 10 16 component 11 | 1.0 component 12
'é 05 ’ 0.5/ 0.5)
3 AN |
Ol—r . ! VAR ()] - SF GRS S ) FI— (] I Vo N S = S -4
400 500 600 700 400 500 600 700 400 500 600 700
component 13 component 14 Wavelergih,
0.5 F 05 D (©
g N
s /o \ i N\
»S 07 ~ N A 0 . \ e — il
400 500 600 700 400 500 600 700
Wavelength /nm Wavelength /nm
@ ®)

K2 ATLD RIS 144> 580 103 (4 0k - R 43

Fig.2 Excitation—emission spectra of the 14 fluorescent components resulting from ATLD model
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Fig.3 Bayesian discriminant analysis of the 14 fluorescent components from ATLD model

3.2 fREEENWE

DR G B4 1 A Jal 0 25 R0 B b o, R 2R Gt TR 2R 4 ATLD 550 2 1 T A5 14 14 4> 5 56 B o0 15 i 26 /K
AT RIS, B AU S R — 2 SO S R AT — R I U €8 3R A O SO o s M
HARAG 116 Z5hnils , L REBET T S6 45 R BET T 21 45 HBET T 21 45 PR BET T 6 5%, IR B 1T 12 5%, Aok i 8 48 B
TR BE [T 287K b B PG REAE T B o MR I Ui T B AN [R) 1288, 4 T U0 B 1 O b T VR BT, DN IET 4 7T LUFR
R A At TP SR R S Y 0 3R AR O G A AR W 2
3.3 W ik

W JIT A %) s Y T P2 R R KRR i O3 R R (PR RN AR S LSS BRIR G R A LR ) A Matlab 72 ¥
o, FF NNLS J5 ik AT U0 A o 38 2 0 S50 5 5 7% 1) 48 Bl 7 U0 86 11 512 > B R e A i I RSB 25 31 . B
FEAE S 0 U TE A R 99.8% , He A A g i TR IE 2R R 99.0% , B E P | B R 95 174 R B O A R

0515003-5



S I S

Bacillariophyta __RS1 Chlorophyta _ RS57
el RS3  Mras RS59
L 82 —RS5 &0l —RS61
'E s15 / | =RS7 o = —RS63
SE10 ), BRSO 5356 RS65
&S5 ggié o RS67
S e, M e R R T T RS69
°_g € G 0 —cr co~cu o3 | RIS BB &5 el e BE L RS71
Components Components —RS73
Dinophyta —RST78 Cryptophyta
167 RS80 12—
8120 © —rssz _ § ol @ —RS99
2 gl “RS84 £ ® | —RS100
BE L / |~Rss6 5 E 4 RS101
ZEn A | BsEL A . P |TRE
8 2_1"_’65‘“’?6??*@7 GO0l €18 | peod @ 4?’1’”@3\"’05”‘%7 CONCIL CI3 | pgjoq
Components RS94 h Components
Cyanophyta
0 —RS105
g5 ;T RS107
o E 6 /
289 /- —Rs109
=g ol // | —RS111
= IR — S < <l T
g ,Cl €30 €7 CowCll ClI3 RS115
-4

Components
B4 41260 e 0 2 O IR A0 b o i
Fig.4 Reference spectra of fluorescent components of the studied algae species
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Table 2 Identification results of single—algae samples at division level

Division Correct CDR /% Range /% Average /%
Bacillariophyta 264/264 100.0 53.1~100.0 91.8
Chlorophyta 101/102 99.0 50.1~100.0 92.5
Dinophyta 70/70 100.0 68.8~100.0 93.0
Cryptophyta 22/22 100.0 64.0~99.5 86.9
Cyanophyta 54/54 100.0 64.2~100 95.5
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Table 3 Identification results of mixture samples at division level

Division Bacillariophyta Chlorophyta Dinophyta Cryptophyta Cyanophyta
Relative Relative Relative Relative Relative
Proportion CDR /% content /% CDR /% content /% CDR /% content /% CDR /% content /% CDR /% content /%
" Range Average Range  Average Range  Average Range  Average Range  Average
20 81.1  1.5~97.0 455 350 17.3~53.9 339 633  24~99.9 287 100.0  9.6~18.6  16.1 500 1.2~84.8 322
40 91.2  24.2~100 60.0 929  6.2~59.2 343 68.3  3.4~80.8 38.6 100.0 17.4~39.8 259 66.7 40.0~72.2 477
60 952 19.2~100 69.3 947 27.8~82.6 539 89.5 11.2~77.9 429 100.0 53.9~75.8 66.3 91.7 11.6~93.8 58.8
80 93.1 17.4~100 75.7 91.6  15.2~100 71.0 957 19.7~98.5 58.0 100.0 65.2~79.4  69.6 92.8  33.2~100 79.4

F4 2013 4FRAEMACTL I 18 AU MR AE & 1 U3 25

Table 4 Identification results of 18 filter samples from Yangtze River estuary in 2013

EEM-ATLD-NNLS HPLC-CHEMTAX
Dominant species Subdominant species Dominant species Subdominant species
Station Relative Relative Relative Relative
Division Division Division Division
content /% content /% content /% content /%

Al-1 Bacillariophyta 76 Cyanophya 24 Bacillariophyta 66 Cyanophya 34
Al1-4  Bacillariophyta 100 / / Bacillariophyta 78 Chlorophyta 22
A1-6  Bacillariophyta 91 Chlorophyta 9 Bacillariophyta 76 Chlorophyta 24
A1-7  Bacillariophyta 54 Cyanophya 46 Bacillariophyta 63 Cyanophya 25
A2-8  Bacillariophyta 69 Chlorophyta 31 Bacillariophyta 79 Chlorophyta 19
A4-3  Bacillariophyta 97 Chlorophyta 3 Bacillariophyta 83 Chlorophyta 10
A4-4  Bacillariophyta 92 Chlorophyta 7 Bacillariophyta 82 Chlorophyta 10
A4-5 Bacillariophyta 69 Chlorophyta 31 Bacillariophyta 87 Cryptophyta 13
A6-6  Bacillariophyta 95 Chlorophyta 5 Bacillariophyta 83 Dinophyta 17
A6-7  Bacillariophyta 70 Dinophyta 30 Bacillariophyta 63 Dinophyta 37
A6-8 Bacillariophyta 84 Chlorophyta 16 Bacillariophyta 100 / /
A7-1 Bacillariophyta 98 Cyanophya 2 Bacillariophyta 88 Chlorophyta 12
AT7-7 Bacillariophyta 93 Chlorophyta 7 Bacillariophyta 78 Dinophyta 16
A8-2  Bacillariophyta 98 Chlorophyta 2 Bacillariophyta 89 Cryptophyta 10
A8-4 Dinophyta 76 Bacillariophyta 23 Bacillariophyta 53 Dinophyta 47
A9-3 Bacillariophyta 88 Dinophyta 12 Bacillariophyta 77 Dinophyta 23
A9-4  Bacillariophyta 94 Dinophyta 6 Bacillariophyta 71 Dinophyta 29

C-4 Bacillariophyta 99 Cyanophya 1 Bacillariophyta 84 Chlorophyta 14
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T 53 A BCRR AR 33, 3 7 T T U e A 7 A R Y R A3 A B T i o R B R B R T N FH BB % S BT i A
T 2H R 0 SE I PR R B IR AR I A A A TR TR AR A PR W A 38 DR
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