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(1. 266100; 2.
266033; 3. 266033;
4, 266100)
2003 12 2004 10 18 7 (
) ( +19'- +19'-
+ )
(PFTs), C )
( 65.8%), (26.0%), ( 6.3%  1.9%)
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P734
5 (Le

(Irigoien et al, 2002),

(phytoplankton functional types, PFTs)
(Barlow et al, 2008; Nair et al, 2008; Aiken et al,
2009)
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( (Nair et al, 2008) )
(Nitrogen fixers,
(Calcifiers,
(DMS
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coccolithophores)
Phaeocystis)
diatoms) (Barlow et al, 2008)
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(Silicifiers,

* , 40676068

5 s

:2010-01-29, :2011-11-07

Quéré et al, 2005; Barlow et al, 2008; Nair ef al, 2008;
Raitsos et al, 2008; Aiken et al, 2009; Cropp et al,
2009),

, (Fucoxanthin) s
(Peridinin) (Dinoflagellates)
, b(Chlorophyll b) (Alloxanthin)
19'- (19'-butanoyloxyfucoxanthin)
19'- (19'-hexanoyloxyfucoxanthin)

(Nanoflagellates) (Barlow et al,
2008)

(Yu et al, 2007)
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(Prasinophyceae)
, ) “ «C
; ; «C )
(Prymnesiophytes) (Chrysophytes) (Vidussi
19'- 19'- et al, 2001; Uitz et al, 2006)
(Jeffrey et al, 1997) , ,
; ( )
s 8 ; s
) 5—200um R

( ,2010) , 20pm( 20pum),

2um (Jeffrey et al,

1997; Barlow et al, 2008) 1 23

CHEMTAX
(  Barlow et al, 2008  Aiken et al, 2009
(Mackey )
et al, 1996) ,
CHEMTAX (Latasa et (Zhao et al, 2005a) , 7m
al, 2007) , , 390km? (Liu et al, 2005)
, 70 (Jin, 1939; , 1956;
, , , 1965; , 1983; , 1984;
, , 1992; , 1992; , 2001; Shen,
, 2001; ,2003)
K1 BREBEEWM. BESMANAEREE( Barlow et al, 2008 Aiken et al, 2009 )
Tab.1 Abbreviations for phytoplankton pigments and taxonomic designations (modified from Barlow et al, 2008 and Aiken et al, 2009)
Pigment
a Chlorophyll a Chla
b Chlorophyll b Chl b
) Chlorophyll ¢; Chl ¢,
Ca Chlorophyll ¢, Chl ¢,
Alloxanthin Allo
19'- 19'-butanoyloxyfucoxanthin BUT ( ) ( )
19'- 19’-hexanoyloxyfucoxanthin HEX ( ) ( )
Carotenes, Bp-carotene+pPe-carotene Caro
Diadinoxanthin Diad
Diatoxanthin Diato
Fucoxanthin Fuc ( ) ( )
«C ) «C )
Lutein Lut
Peridinin Per
Violaxanthin Viol
Zeaxanthin Zea ( )
Prasinoxanthin Pra
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Fz2 EXBEZHEMITELAR( Barloweral, 2008  Aiken et al, 2009 )
Tab.2 Pigment sums and pigment formulae (modified from Barlow et a/, 2008 and Aiken ef al, 2009)

a (Total chlorophyll a) Tchl a Chl a+ Chl a derivatives
(Total carotneoids) TC A110+BU{Tﬁ—a}r’z:Eiacc’il:];ieaatigf;c+HEX+
(Accessory pigments) AP TC+Chl b+Chl ¢;+Chl ¢,
(Total pigments) TP Tchl a+AP
(Photoprotective carotenoids) PPC Allo+Caro+Diad+Diato+Lut+Viol+Zea
(Photosynthetic carotenoids) PSC BUT+Fuc+HEX+Per+Pra
(Diagnostic pigments) DP Allo+BUT+Fuc+HEX+Per+Zea+Chl b

£33 BEEBHEFRMITELARX( Barlow et al, 2008 Aiken et al, 2009 )
Tab.3 Pigment indices and pigment formulae (Barlow et al, 2008 and Aiken et al, 2009)

a (Total chl a to total pigments) Tchl arp Tchl a/TP
a (Total chl a to accessory pigments) Tchl aap Tchl a/AP
(Photoprotective carotenoids to total pigments) PPCrp PPC/TP
(Photosynthetic carotenoids to total pigments) PSCrp PSC/TP
(Diatom proportion of DP) Diatopp Fuc/DP
(Dinoflagellate proportion of DP) Dinopp Per/DP
(Nanoflagellate proportion of DP) Flagpp (Allo+BUT+HEX+Chl b)/DP
(Cyanobacteria proportion of DP) Cyanopp Zea/DP

( ,2004)" (Yu et
s s al, 2007; Barlow et al, 2008; Aiken et al, 2009)
, , a ,
, (nanophytoplankton,
2—20pum) (picophytoplankton, 0.2—
2um) ( , 2004)"( , 2001;
Zhao et al, 2005a, b; Liu et al, 2005; Liu et al, 2008; 1
Yao et al, 2010) , 1.1
a )
, (
, ,2003) 1
2003 12 2004 10 ( 2004 5
) ) )
) , 2004 4 , 1—15
(Raitsos et al, 2008), (0.5m )

1) , 2004,

>
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120.10° 120.20° 120.30° 120.40°E ( 350-750nm, 1.2nm)
(
440nm  650nm)

a b c)
19'-
B, B- ,

SIGMA DHI
1.3

1 , (Diagnostic

Fig.1 Sampling stations in Jiaozhou Bay, Qingdao, China

200pum
, (<0.03
MPa) 1L 47mm Whatman
GF/F -80°C
) ) 3
1.2 HPLC
, 1.5mL 95%
5
13mm
, 250uL 50uL
Milli-Q (Zapata et al, 1991)
, 100pL
(RP-HPLC)
Waters Alliance 2695 HPLC ,
Waters 2996 Waters 2475
HPLC (Zapata et
al, 2000) Cs (Waters Symmetry,
150x4.6mm, 3.5um , 100A ),

(Waters Symmetry Cg, 10x2.1mm, 3.5um ,
100A ), , 25C
A= (0.25mol/L ,
pH 5.0) (50 25 25 v/v/v), B=
(20 60 20 v/v/v)

22 B 0%
40%, 28 95%, 0

2

, 1 (100puL)  30%

> 1mL/min

pigment analysis, DPA) (Vidussi et al, 2001; Uitz et al,

2006), (Diagnostic pigment (DP)

indices)( 3)
(PFTs)
, a
a(Tchl a),
(TC), TC b c
(AP), a
(TP) ,
TC , (PSC)
(PPC), a
(Lin et al, 2002);
, (Fuc) (Allo)
(Per) b(Chl b) (Zea) 19'-
(BUT) 19'- (HEX)
s (Fucoxanthin, Fuc);
(Peridinin, Per);
s Flagpp=(Allo+
BUT-+HEX+Chl 5)/DP , DP ,
(Allo) 19'- (BUT) 19'-
(HEX) b(Chl )



44

870

(Zea)

15.299pg/L,
(15.299ug/L)

0.404

a

1.896ug/L;

2.1

5 12°

12 2004 2004
9.417ug/L,

2003

10

2004

5.709ug/L,

8#

12%

4),

33
23

10

1

(&)

19'-

19'-

/8> ﬂ'

2.2

4)

3)

1

2

HPLC

% EHY < |

% SN E |
= PR PRI v |
K VEDUE 25 = |
i TEITEIANES,
> , mmﬁﬁ.
W

UIYIuex090I1))

EEXTE| ]

ZEEEFH

EE(E

EEEH

EEEHH <= |

[EUOWOIDIN

EEERESW2-61] ]

EE¥~|

[OUTWOISTA | |
¥mEge

. B

E5ERESW-61

SREA 8

(R*=0.88),
25.‘00

HPLC

¥EEHBE
DEEX;
YR
JAASIN
DY I F B Y

2004-05-12 —440nm

e |

4000

30.00

10.00 15.00

5.00

35.00

20.00

2004-08-01 —440nm

EEEREEW -6

EBEBH

[EUOWOIOTIA

EEEZ
Nt

EHEBE] |

o¥x ) |
¥R
JAdSIN

T |

15.00 20.00 25.00 30.00 35.00 40.00
5 B2 BY [8)/(min)

10.00

5.00

L
o
N
(=]

R (NV)E} X0

0.30
0.00

0.00

0.12F

0.10

L
©
o

0.02
0.00

L
@
Q 4
o o

(NV)E X

0.00

2004.08, 1#)

(2004.05, 12#

Fig.2 Selected HPLC chromatograms of pigments from seawater collected from Jiaozhou Bay, Qingdao, China
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x4 RMNERBXERPEXBRESNER
Tab.4 Pigment identification of samples collected from Jiaozhou Bay, Qingdao, China
(o) () B e
0 Solvent front 1.59
1 Chlorophyllide a 430 581 666 9.28 0.004—0.317(0.072)
2 MgDVP Xiﬁﬁé‘g}il‘;ilngsltefr’hae"p”phyrin 95 440 575 626 9.72 1.18(1/2)  0.004—0.107(0.027)
3 &) Chl ¢, 452 585 634 10.14 0.98(2/3) 0.004—0.142(0.017)
4 c Chl ¢, 450 581 634 10.81 0.004—0.054(0.016)
5 a Methyl chlorophyllide a 431 583 663 11.68 0.005—0.133(0.032)
6 Peridinin 476 12.51 0.011—0.823(0.078)
7 Uriolide 452 476 15.23 0.004—0.099(0.020)
8 19'- 19'-butanoyloxyfucoxanthin 448 472 16.13 0.005—0.188(0.023)
9 Fucoxanthin 450 17.07 0.096—9.417(0.791)
10 Neoxanthin 413 438 465 17.96 0.004—0.122(0.021)
11 Prasinoxanthin 456 18.82 0.005—0.255(0.036)
12 Micromonol Micromonol (405)429 454 19.30 1.17(11/12)  0.004—0.065(0.015)
13 Violaxanthin 417 441 471 19.68 0.93(12/13)  0.004—0.083(0.017)
14 19'- 19'-hexanoyloxyfucoxanthin 447 470 20.11 1.10(13/14)  0.005—0.245(0.029)
15 Micromonal Micromonal 462 21.43 0.001—0.068(0.015)
16 Diadinoxanthin (422)447 476 22.30 0.009—0.582(0.060)
17 Dinoxanthin 417 442 470 23.48 0.006—0.040(0.019)
18 Antheraxanthin (420)446 474 23.76 0.71(17/18)  0.005—0.011(0.008)
19 Alloxanthin (426)453 480 24.94 0.004—0.263(0.042)
20 Diatoxanthin (427)454 479 2591 0.004—0.028(0.009)
21 Monadoxanthin (422)448 476 26.17 0.85(20/21)  0.004—0.090(0.013)
22 Zeaxanthin (430)453 480 26.61 0.004—0.124(0.016)
23 Lutein (421)446 474 26.81 0.81(22/23) 0.003—0.021(0.008)
24 Dihydrolutein (406)429 455 27.22 1.36(23/24)  0.004—0.035(0.013)
25  Crocoxanthin Crocoxanthin (426)450 479 30.63 0.004—0.057(0.012)
26 b Chlorophyll b 464 598 649 31.18 1.26(25/26)  0.029—1.583(0.248)
27 a Unknown chl a derivative 431 618 663 31.74 0.015—0.273(0.087)
28 a Chlorophyll a allomer 430 614 665 32.27 1.37(27/28) 0.051—1.243(0.162)
29 a Chlorophyll a 431 616 663 32.75 0.96(28/29) 0.404—13.060(1.713)
30 a Chl a epimer 430 615 665 33.08 0.86(29/30) 0.017—0.321(0.090)
31 Eﬁ;‘}fy";ge carotenoid from prasi- 4y gy443 47 33.93 1.37(30/31)  0.003—0.081(0.015)
32 B e p, e-carotene (421)447 476 35.35 0.003—0.056(0.011)
33 B, p- p, p-carotene (427)452 478 35.56 0.72(32/33)  0.003—0.343(0.025)
34 a** Total chlorophyll a 0.404—15.299(1.896)
* Ry = 2t —tw) , tei tgo 1 2 ( ), W1 W 12
Wp + Wpo
( ); a a
4 , a
( a ,
) a>2ug/L a

)> , 8 6 )
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Fig.4 Relationship between photoprotective carotenoids (PPC) (a) and photo-
synthetic carotenoids (PSC) (b) and Tchl a of the samples, respectively (after
removing of the data of station 12, May 2004)
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FUNCTIONAL TYPES OF PHYTOPLANKTON IN JIAOZHOU BAY USING
DIAGNOSTIC PIGMENT ANALYSIS (DPA)

YAO Peng', YU Zhi-Gang', DENG Chun-Mei*®, LIU Shu-Xia', ZHEN Yu*

(1. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, College of Chemistry and Chemical
Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of Marine Spill Oil Identification and Damage
Assessment Technology, State Oceanic Administration, Qingdao 266033, China; 3. North China Sea Environment Monitoring Centre,

State Oceanic Administration, Qingdao 266033, China; 4. Key Laboratory of Marine Environment and Ecology, Ministry of Education,
College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract
tion of pigments and plankton in 18 stations over 7 cruises during Dec. 2003 to Oct. 2004 in Jiaozhou Bay, China. Four

Phytoplankton pigment composition (chlorophylls and carotenoids) was analyzed to determine the distribu-

phytoplankton functional types (PFTs), i.e. diatoms, dinoflagellates, nanoflagellates, and caynobacteria were defined using
characteristic pigments as diagnostic pigment indices (characteristic properties) of particular PFTs. The spatial-temporal
distribution of each PFTs in Jiaozhou Bay was analyzed based on the proportion of each diagnostic pigment in the diag-
nostic pigment pool. The results showed that the dominated PFTs in the bay were diatoms (65.8% in average), followed by
flagellates (26.0% in average), and dinoflagellates and cyanobacteria (6.3% and 1.9%, respectively). Analysis on PFTs
based on diagnostic pigment indices provides a simple and easy way to identify the composition and abundance of domi-
nated phytoplankton groups.

Key words
(HPLC);

phytoplankton; functional types; diagnostic pigment; high-performance liquid chromatography

Jiaozhou Bay



