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common dinoflagellates

WANG Yan'?? LI Ruixiang”>** ,DONG Shuanglin' , LI Yan®" ,SUN Ping’” , WANG Xiaodong®
1 Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao, 266003, China

2 First Institute of Oceanography, SOA, Qingdao, 266061, China

3 Key Laboratory of Science and Engineering for Marine Ecological Environment, SOA, Qingdao, 266061, China

4 Research Center of Harmful Algal Bloom and Aquatic Environmental Science, Jinan University, Guangzhou, 510632, China

Abstract: As the most important primary producer in the marine ecosystem, phytoplankton forms the foundation of the
structure and function of the marine food webs. Most of the primary productivity is turned into phytoplankton biomass,
which is a good indicator to reflect the spatio-temporal distribution of marine organic matter production and dynamics of the
phytoplankton community. Consequently, the estimation of phytoplankton biomass has ecological significance in marine
ecosystem studies.

Several methods have been established to estimate phytoplankton biomass, such as cell counting method, chlorophyll «
determination method, cell carbon and nitrogen contents determination method, conversion of cell volume to biomass method
etc. . Among them, the conversion of cell volume to biomass method is relatively more accurate as with this method, the cell
volume is worked out and organic matter content per cell was measured. The results could be used to address phytoplankton
biomass at the cell level and the change of ecosystem function. Therefore, this method gradually becomes the most common
and effective method to estimate phytoplankton biomass.

The key of conversion of cell volume to biomass method is to study the relationship between cell volume and cell
organic matter ( carbon, nitrogen or others) content. In the past several decades, there were a number of studies on biomass

of diatom, but fewer studies on dinoflagellates. It is needed to study dinoflagellates cell volume and cell organic matter

HEE& B PHEEERE TAEL 0 H (2008 FY230600) ; 8 58 5 S ZERAF 5T & 1K1 (2010CB4278701 ) 5 [ 5 4 )= 5 — Vi 2 IF 53 i S AR RHIF ALl
FBRRTILATH (GY02-2008G16) 5 [ GEHEVE =) AR M FERL 2% 42 (2009115)
& B #9:2010-08-30; &1T B H5:2011-07-04

# W IAAE# Corresponding author. E-mail ; liruixiang@ fio. org. cn

http ://www. ecologica. cn



21 1] T 55,10 FPar WH SRS gk A S 2N C R 6541

contents.

Ten common dinoflagellates were investigated to determine the relationship between cell volume and their contents of
carbon and nitrogen. The morphological characteristics of ten species were observed using a Nikon ECLIPSE TE2000-U
optical microscope. Then cell-geometry analogous models were built accordingly. The model of Alexandrium tamaren,
Alexandrium affine and Protoceratium reticulatum is sphere, that of Akashiwo sanguinea, Amphidinium carterae,
Prorocentrum donghaiense , Prorocentrum gracile and Prorocentrum minimum is ellipsoid, that of Gonyaulax spinifera circular
cone and half sphere and Lingulodinium polyedra circular cone and circular truncated cone. From these models, the cell
volumes for each dinoflagellate can be calculated by microscope measurement including cell length, width or diameter and
breadth. Furthermore, cell carbon and nitrogen content was determined using a CHN analyzer. Then the relationships
between both carbon and nitrogen contents and cell volume could be established. Large differences were observed among the
ten dinoflagellates in cell volume, carbon and nitrogen contents. The range of cell volumes are from 2. 97 x 10> pm’
(Amphidinium carterae) to 4.50x10* wm’ (Akashiwo sanguinea). Amphidinium carterae had the lowest carbon and nitrogen
contents (54.50 and 11.42 pictogram per cell) , while Gonyaulax spinifera had the greatest carbon and nitrogen contents
(2238.00 and 482.28 pictogram per cell ) , showing a difference of a factor of 40. It was more appropriated to analyze these
relationships by logarithmic models due to the wide range of cell volume, which was mentioned by Verity et al (1992). In
the present study, the cell volume thus determined is positively correlated to their cell carbon and nitrogen contents
significantly (P<0.0001), which indicated that the cell carbon and nitrogen contents would increase with cell volume
increased. On the other hand, the cell volume thus determined is negatively correlated to their cell carbon and nitrogen
contents per unit volume significantly ( P<0.0001), which indicated that the smaller cells contained more carbon and
nitrogen per unit volume. In order to allow conversion among cell volume, carbon and nitrogen, in the marine ecology field,

it is important to establish regression equations between these parameters.

Key Words; common dinoflagellates; cell volume; carbon content; nitrogen content
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Fig. 1 Micrographs of ten dinoflagellates with 400 times amplificationfactor
a; LGOI A sanguinea ; by I T ILKEE A: affine; ¢ I ITILKBE A, tamarense; d: FEEXUFEE A, carterae; e JEHIEIHHE G.
spinifera 5 f: ZNH WP L. polyedra; g: RIGJEHEE P. donghaiense; h: MK EE P. gracile ; i: WUNEHEE P. minimum; j. MR A5

P. reticulatum

R1 10 FhE UL FR R R B 200 B J R S 400 BB TS B 2 B R AR

Table 1 Geometric analogue graphs and formulas for calculating cell volumes of ten common dinoflagellates

X N P B R e 4

RRI 2 F i HRAK . AT b fEZE/ um?
Images of dinoflagellates
Model names Graphs Cubature formulas . Cell volume+SD
conrespondingly
BRIk () EIBWTTUIRBE (A, tamarense) 11276.84+302. 15
Soh V:%f (b) MR IILREE (A, affine) 12213.12+398. 10
re
phere () PR f 3 (P, Reticulatum) 11614. 11£591. 04
(d) FHRWHF 3 (A carterae)
&) (DELOAE (1 ey G
T A Ve b () RMGEIRHEE (P. donghaiense) 347 Oé*—l;ﬁ 2‘.‘_
Ellipsoid 6 (h) 4K 5 H ¥ (P gracile) T '
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() BRI, minimum) 843.20+84.93

e 53R T %

Circular cone and V=%b2( a+b) (e) IEHIRIHFE (G, spinifera) 21446.74+90. 11
half sphere

B4 5 R 5

EREYN

Circular cone and V:%az(b%+blb2 +b§)+%a] V() ZHFHWE (L polyedra) 14591.00+1049. 72

circular

truncated cone
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Fig. 2 Cell carbon and nitrogen contents of ten common dinoflagellates
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Table 2 log-log regression models of cell volume with cell carbon and nitrogen contents and cell carbon and nitrogen contents per unit volume of

ten common dinoflagellates

TR [ 5 7 ARG R B R B N

Models Regression equations P n P

logC—logV log,,C=0.724log,, V-0.037 0.94 30 <0.0001

logN—TlogV log,,N=0.710log,, V-0.671 0.92 30 <0.0001

logC/V—logV log,, C/V=-0.276log,, V-0. 037 0.70 30 <0.0001

logN/ V—TlogV log,, N/V=-0.290log,, V-0.671 0.64 30 <0.0001
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Fig. 3 Log-log relationship of cell volume with cell carbon and nitrogen contents and cell volume with cell carbon and nitrogen contents

per unit volume of ten common dinoflagellates, respectively
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