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Tab.1 Environmental variables of community 1and 2
(C) 3a
(umol/L) (umol/L) (pmol/L) (umol/L) (umol/L) (mg/m’)
1 9.24+0.13 30.96+£0.014  2.55+0.49  0.41+0.01 2.23+0.47 1.71£2.25 1.03£0.20  0.68+0.42
2 11.30+1.23 30.81+0.26 8.62+6.81 0.74+0.31 3.8242.27  0.89+0.64  2.13+1.68  0.72+0.64
x2 BRHEMZHFEYINEFARKFEE/mL)
Tab.2 Average abundance of each community (cells/L)
1 14647 412433 79+9 103£26 2.01£0.56 116+32
2 157+67 1147+497 212465 303+142 4.18+3.77 11874826
x3 FHEVEENEYE
Tab.3 Average biomass of each community
(ng /L) (ng /L) (ng /L) (ng /L) (ng /L) (ng /L)
1 0.03+0 0.56+0.04 1.33+0.16 3.73+£0.92 4.96+1.38 4.54+1.26
2 0.03+0.01 1.56+0.67 3.58+1.09 10.97+5.15 10.38+9.31 46.31+£32.25
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Tab.4 Correlation between the phytoplankton clusters and the environmental factors
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(pmol/L) (umol/L) (pmol/L) (pmol/L) (pmol/L)
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Dn=12; % (P<0.05), ** (P<0.01)
2.19% (36]
3.2 BMBF BN BLEMBEEDEEF ’
2003~2010
a . [34]
( 5)[35-37] i u ’
, a [38] (60.65%),
CytoSub R 39.35% ,
(63.37%) ,
32.73%, s CytoSub
3.90%;
(83.62%) , (14.19%) R , a

Marine Sciences / Vol. 41, No. 6 /2017 75



x5

Bt

[35]

(Skeletonema costatum)

, (Chaetoceros curvisetus)
[24] [35]

P EY KRN AR LB R IR

) H@ART/CLE

R >20pm
, CytoSub

Tab.5 Characteristics and comparison of techniques used the observation of phytoplankton size distribution

CytoSub

76

[J1. , 2005, 36(6): 481-486.

Sun Song, Zhang Yongshan, Wu Yulin, et al. Annual
variation of primary productivity in Jiaozhou Bay[J].
Oceanologia et Limnologia Sinica, 2005, 36 (6): 481-
486.

Field C B, Behrenfeld M J, Randerson J T, et al. Pri-
mary production of the biosphere: integrating terrestrial
and oceanic components[J]. Science, 1998, 281: 237-240.
Falkowski P G, Laws E A, Barber R T, et al. Phyto-
plankton and their role in primary new and export pro-
duction[M]. In M. J. R. Fasham. (ed.) Ocean biogeo-
chemistry, Springer-Verlag Berlin Heidelberg, 2003:
99-121.

[J1. , 2006,
45(2): 40-45.
Gao Yahui, Yang Junxia, Luo Qiaoqi, et al. Automatic
identification and analysis techniques of marine phyto-
plankton[J]. Journal of Xiamen University (Natural
Science), 2006, 45 (2): 40-45.
Li W K W. Primary production of prochlorophytes,
cyanobacteria and eukaryotic ultrphytoplankton: meas-
urements from flow cytometric sorting[J], Limnol.
Oceanogr, 1994, 39: 169-175.
Pena M A, Lewis M R, and Harrison W G. Primary
productivity and size structure of phytoplankton bio-
mass on a transect of the equator at 135°W in the Pa-
cific Ocean[J], Deep-Sea Res., 1990, 37: 295.
Tsujimura S, Tsukada H, Nakahara H, et al. Seasonal
variations of Microcystis populations in sediments of
Lake Biwa, Japan[J]. Hydrobiologia, 2000, 434(1-3):

/2017

/

[10]

[11]

[12]

[13]

[15]

41

183-192.

Zhou Q, Chen W, Zhang H, et al. A flow cytometer
based protocol for quantitative analysis of bloom-forming
cyanobacteri (Microcystis) in lake sediments[J]. Journal of
Environmental Sciences, 2012, 24(9): 1709-1716.

[J1. , 2013,
44(4): 866-876.

Yao Peng, Yu Zhigang, Deng Chunmei, et al. Func-
tional types of phytoplankton in Jiaozhou Bay using
Diagnostic Pigment Analysis (DPA)[J]. Oceanologia et
Limnologia Sinica, 2013, 44 (4): 866-876.

Trask B J, van den English G J, Elgershuizen ] H B W.
Analysis of phytoplankton by flow cytometry[J]. Cy-
tometry, 1982, 2(4): 258-264.

Veldhuis M J W, Kraay G W. Application of flow cy-
tometry in marine phytoplankton research: current ap-
plications and future perspectives[J]. Scientia Marina,
2000, 64(2): 121-134.

Chisholm S W, Olson R J, Zettler E R, et al. A novel
free-living prochlorophyte abundant in the occanic eu-
photic zone[J]. Nature, 1988, 334: 340-343.

Dubelaar G B J, Groenewegen A C, Stokdijk W, et al.
The optical plankton analyser (OPA): a flow cytometer
for plankton analysis, IT: specifications[J]. Cytometry,
1989, 10: 529-539.

Dubelaar G B J, Gerritzen P L, Beeker A E R, et al.
Design and first results of CytoBuoy: a wireless flow
cytometer for in situ analysis of marine and fresh wa-
ters[J]. Cytometry, 1999, 37(4): 247-254.

Dubelaar G B J, Gerritzen P L. CytoBuoy: a step for-
ward towards using flow cytometry in oprational
oceanography[J]. Scientia Marina, 2000, 64(2): 244-
265.

/6



[16]

[21]

[23]

[24]

[26]

[27]

Bt

Dubelaar G B J, Venekamp R R, Gerritzen P L. Hands-
free counting and classification of living cells and
colonies[C]. 6™ Congress on Marine Sciences. Mar-
Cuba 2003, Havana, 1-5 December 2003.

Dubelaar G B J, Geerders P J F, Jonker R R. High fre-
quency monitoring reveals phytoplankton dynamics[J].
J Eviron Monit, 2004, 6: 946-952.

Rutten T P A, Sandee B, Hofman A R T. Phytoplankton
monitoring by high performance flow cytometry: A
successful 2005, 64A(1):
16-26.

Zobkov M V, Burkill P H. Syringe pumped high speed
flow cytometry of oceanic phytoplankton[J]. Cytometry
part A, 2006, 69A: 1010-1019.

Thyssen M, Tarran G A, Zubkov M V, et al. The emer-
gence of automated high frequency flow cytometry:

approach[J]? Cytometry,

revealing temporal and spatial phytoplankton variability[J].
Journal of Plankton Research, 2008a, 30: 333-343.
Thyssen M, Mathieu D, Garcia N, et al. Short-term
variation of phytoplankton assemblages in Mediterra-
nean coastal waters recorded with an automated sub-
merged flow cytometer[J]. Journal of Plankton Re-
search, 2008b, 30: 1027-1040.
Dugenne M, Thyssen M, Nerini D, et al. Consequence
of a sudden wind event on the dynamics of a coastal
phytoplankton community: an insight into specific
population growth rates using a single cell high fre-
quency approach[J]. Front in Microbiol, 2014, 5(485):
1-14.
Bonato S, Breton E, Didry M, et al. Spatio-temporal
patterns in phytoplankton assemblages in inshore-offshore
gradients using flow cytometry: A case study in the
eastern English Channel[J]. Journal of Marine Systems,
2016, 156: 76-85.

[M]. ,2015: 12-15, 52, 179.
Sun Song, Sun Xiaoxia et al. The theory and practice of

s

the gulf ecosystem-taking Jiaozhou Bay as an example[M].
Beijing: Science Publishiing Company, 2015: 12-15, 52,
179.

, . [M].
, 1995: 2-6.
Dong Jinghai, Jiao Nianzhi. Ecology of Jiaozhou Bay[M].
Beijing: Science Publishiing Company, 1995: 2-6.
Verity P G, Roberson C Y, Tronzo C R, et al. Relation-
shipsbetween cell volume and the carbon and nitrogen
content ofmarine photosynthetic nanoplankton[J]. Lim-
nology and Oceanography, 1992, 37(7): 1434-1446.
Clarke K R, Gorley R N. PRIMER v6: User Manual/
Tutorial, PRIMER-E, Plymouth[M]. Espain: Primer-E
Press, 2006.

[28]

[29]

[30]

[31]

[34]

[36]

[37]

) H@ART/CLE

Waterbury J B, Watson S W, Guillard R R L, et al.
Widespread occurrence of a unicellular, marine, plank-
tonic cyanobacteria[J]. Nature, 1979, 277: 293-294.
Olson R J, Zettler E R, Anderson O K. Discrimination
of eukaryotic phytoplankton cell types from light scat-
ter and autofluorescence properties measured by flow
cytometry[J]. Cytometry, 1989, 10: 636-643.
Bonato S, Christaki U, Lefebvre A, et al. High spatial
variability of phytoplankton assessed by flow cytome-
try, in a dynamic productive coastal area, in spring: The
eastern English Channel[J]. Estuarine, Coastal and
Shelf Science, 2015, 154: 214-223.
Thyssen M, Alvain S, Lefebvre A, et al. Phytoplankton
community structure in the North Sea: coupling be-
tween remote sensing and automated in situ analysis at
the single cell level. Biogeosciences, 2015, 11: 15621-
15662.
, , , . 2001

[J1. , 2003,
33:366-374.
Liu Dongyan, Sun Jun, Chen Hongtao, et al. The
phytoplankton community in summer 2001 in Jiaozhou
Bay, China[J]. Journal of Ocean University of Qingdao,
2003, 33: 366-374.
[J1. , 2005, 36(6):
487-498.
Wau Yulin, Sun Song, Zhang Yongshan. Long-term change
of environment and it’s influence on phytoplankton
community structure in Jiaozhou Bay[J]. Oceanologia
et Lumnologia Sinica, 2005, 36(6): 487-498.
Hein M, Riemann B. Nutrient limitation of phyto-
plankton biomass or growth rate: An experimental ap-
proach using marine enclosures[J]. Journal of Experi-
mental Marine Biology and Ecology, 1995, 188, 167-
180

[J. , 2003, 33(6): 917-924.
Sun Jun, Liu Dongyan, Zhong Hua, et al. A comparison
of three methods for studying phytoplankton size frac-
tion[J]. Journal of Ocean University of Qingdao, 2003,
33 (6): 917-924.
[. , 2004, 14(6): 89-94.
Yang Rujun, Wang Xiulin, Shi Xiaoyong, et al. Study
on the size distribution of marine phytoplankton[J].
Chinese High Technology Letters, 2004, 14 (6): 89-94.
[J1. ,2012,43(3): 411-418.

Sun Xiaoxia, Sun Song. Phytoplankton size structure
and its temporal and spatial changes in Jiaozhou Bay[J].

Marine Sciences / Vol. 41, No. 6 /2017 77



Fanx - Jim
—"ARTICLE
Oceanologia et Limnologia Sinica, 2012, 43 (3): 411- : , 1991.
418. Specifications for oceanographic survey. GB 12763-
[38] . . GB 12763-1991. 1991. National Quality Technical Supervise Department.

High-resolution analysis of Jiaozhou Bay phytoplankton
community structure based on automated submerged flow
cytometer during spring

CHEN Yun-yan™ 2, SUN Xiao-xia" *, ZHU Ming-liang’

(1. Jiao Zhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences
(IOCAS), Qingdao 266071, China; 2. University Of Chinese Academy Of Sciences, 19 Yuquan Road, Beijing
100049, China; 3. Laboratory For Marine Ecology And Environmental Science, Qingdao National Laboratory
For Marine Science And Technology, Qingdao 266071, China)

Received: Dec. 18, 2016
Key words: Phytoplankton; CytoSub; Flow Cytometry; size fraction analysis; Jiaozhou Bay

Abstract: This study presents an integrated analysis of the phytoplankton community of Jiaozhou Bay during the
spring of 2014 using CytoSub, an automated submersible flow cytometry method. Data treatment was conducted on
the basis of pulse shape analysis and resolved six clusters, which were named Synechococcus, picoeukaryotes,
cryptophytes, nanoeukaryotes, microeukaryotes, and chainseukaryotes. Primer analysis showed that Jiaozhou Bay
phytoplankton mainly included 2 phytoplankton groups; group 1 mainly comprised stations out of JiaozhouBay and
group 2 mainly comprised stations inside Jiaozhou Bay. The phytoplankton biomass of group 1 (15.15 pg C/L) was
lower than that of group 2 (72.83ug C/L). Group 1 was mainly composed of nanoeukaryotes, chainseukaryotes, and
microeukaryotes, while group 2 was mainly composed of chainseukaryotes. Chainseukaryotes were predominant in
Jiaozhou Bay and positively correlated with temperature and nutrients. Compared to other phytoplankton size frac-
tion analysis methods, CytoSub provided an accurate evaluation of the phytoplankton community dominated by the

chainseukaryotes.
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