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Abstract

The monitoring of phytoplankton biomass and community structure is essential as a first step to control the harmful
cyanobacterial blooms in freshwater systems, such as seen in rivers and lakes, due to the process of eutrophication and
climate change. In order to quantify the biomass of phytoplankton with a wide range in size and shape, the measurement of
cell biovolume along with cell density is required for a comprehensive review on this issue. However, most routine monitoring
programs preserve the gathered phytoplankton samples before analysis using chemical additives, because of the constraint of
time and the number of samples. The purpose of this study was to investigate the cell biovolume change characteristics of six
cyanobacterial species, which are common bloom-causing cyanobacteria in the Nakdong River, after the preservation with
Lugol’s iodine solution. All species showed a statistically significant difference after the addition of Lugol’s iodine solution
compared to the live cell biovolume, and the cell biovolume decreased to the level of 34.0 ~ 56.3 % at maximum in each
species after the preservation. The nonlinear regression models for determining the shrinkage ratio by a preservation period
were derived by using the cell biovolume measured until 180 days preservation of each target species, and the equation to
convert the cell biovolume measured after preservation for a certain period to the cell biovolume of viable cell was derived
using that formula. The conversion equation derived from this study can be used to estimate the actual cell biovolume in the
natural environment at the time of sampling, by using the measured biovolume after the preservation in the phytoplankton
monitoring. Moreover this is expected to contribute to the final interpretation of the water quality and aquatic ecosystem

impacts due to the cyanobacterial blooms.
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2. Materials and Methods

21 iy =7
B AT oy BEFE GEZA WHs 2d@se o)
F Ngste 9EF 3% 65, Dolichosphermum flos-aquae
(Brébisson ex Bornet et Flahault) Wacklin et al., 2009 (D.

flos-aquae), Dolichospermum smithii (Komarek) Wacklin et al.,

RES3

2009 (D. smithii), Dolichosphermum crassum (Lemmermann)
Wacklin et al., 2009 (D. crassum), Aphnizomenon flos-aquae
Ralf ex Bornet et Flahault, 1888 (4. flos-aquae), Microcystis
aeruginosa (Kiitzig) Kiitzig, 1846 (M. aeruginosa), Microcystis
wesenbergii (Komarek) Komarek in Kondrateva, 1968 (M.
wesenbergii) S A7 stH THFig. 1).
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Fig. 1. The microphotograph of the target cyanobacterial species from the Nakdong River (live cells); a) D.
flos-aquae, b) D. smithii, c) D. crassum, d) A. flos-aquae, e) M. aeruginosa, f) M. wesenbergii.
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Sphere : V= % X a?

a : diameter
Cylinder : V= % Xa® X

a : diameter of cylinder

c: length of cylinder
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At 7t 2PAREY Bao] B4 dgby] dEe(Test  BAT A £HEL B A 252 T8 I
of homogeneity of variances, p<0.05) Brown-Forsythe % T 28%UZF EESH dof, UHA] 4F2 1809 BES ¥
o2 B9 R4S AEHAUL, AF AES Dunnett T3 2 Yehsth
B e AgaT BE 7] hE AEE W8S 29 £389 A7
Aol AAE 11.8%AA BAE 313%7HA FFEH F
3. Results and Discussion 89 A AZRA F4 9T FE AR e
gk ol eIl ARl et Hs SEsle Aow
31 S4SZ0IM S35t dxRe ME 37| EATFe 2. 59 FEEA W F 790 2Ed
Jz=20 =Ry [VAR=X 5
SHEZAN WEE Fdste] ZrA4S guse dE T Aﬂiffi}% pesenbersil (17595 A5
Mo BER 3%, 652 AP BEAYS a4 gm oL D% V}f TEE BT Table 2)} 5
- _ olulA o X A = tog B )
22 A E 993715 2435 5 Hillebrant et al. (1999)7} BAF F i eR eddl fadE 7 A
Table 1. Dimensions of the live (unpreserved) cyanobacterial cells collected from the Nakdong River
Species Sample Breadth (um) Breadth Length (um) Length Biovolume (jm’) Biovolume
P No. (average) (%CV) (average) (%CV) (average) (%CV)
. 6.7~89 156 ~369
Dolichospermum flos-aquae 83 a7 6.9 - - (42) 21.0
, o 14.5~20.7 1,586 ~ 4624
Dolichospermum smithii 111 (17.6) 8.3 - - (2930) 24.8
. 114~16.8 768 ~ 2461
Dolichospermum crassum 191 (143) 7.0 - - (1548) 19.9
) 27~63 40~119 49 ~353
Aphanizomenon flos-aquae 311 @7 154 8.0) 224 (146) 437
) . . 43~74 41~215
Microcystis aeruginosa 472 (5.6) 8.8 - - (96) 26.5
. . . 44~78 46 ~252
Microcystis wesenbergi 456 64) 9.6 - - (139) 28.3
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Fig 2. The cell biovolume changes of the target cyanobacterial species according to the preservation periods

with Lugol’s iodine solution.
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1987; Menden-Deuer et al., 2001; Verity et al, 1992).
Hawkins et al. (2005)= FZFE&Y BREXY & FE2F Al
ZEIT} 30~40% FTHFHINLH, Aphanocapsa incerta®t
2ol MEAIIZ} HeW FFE0] HIL Anabaena circinalis
9 Zol AExAVI7F W FHEE Atk Bk &
ZAY A Dolichospermum WA= AEZ77F S5
& $£Fgo] AAE AHE BHYoY, AEart du8e

22 M. aeruginosa®t M. wesenbergii 123l A. flos-aquaer
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Table 2. Shrinkage results after the preservation with Lugol’s iodine solution of the cyanobacterial species from the Nakdong

River
Cell biovolume Significance of Shrinkage ratio . Preservation period
Species (um®) Brown-Forsythe after 7days Ma)nmum of maximum
(unpreserved) test preservation (%) shrinkage (%) shrinkage (days)
Dolichospermum flos-aquae 242 0.000 249 34.0 28
Dolichospermum smithii 2930 0.000 25.6 56.3 180
Dolichospermum crassum 1548 0.000 324 39.9 180
Aphanizomenon flos-aquae 146 0.000 33.9 44.8 28
Microcystis aeruginosa 96 0.000 24.8 46.8 180
Microcystis wesenbergii 139 0.000 17.5 374 180
AEEFIE AEY BEAY A AEXRI7} 2dA= FZE&Y F7tell o gas vesicles?t I FHo] FI7t F
olfEe HEA s Axe] AFF 2750 3 &st7] WEez 4A Slth(Hawkins et al, 2005). R
5 3(Booth, 1987; Verity et al., 1992), &3] Y& F$ FTHU ARST 22 A=Y JHRERRY B 72

Fig 3. The Non-linear regression curves for the cell biovolume shrinkage ratio of the target
cyanobacterial species by the preservation period (black circles indicate the observed
shrinkage ratios, black line indicates the regression curve and r* indicates the coefficient
of determination of each regression curve).
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gao2 BREAYE P& W FA R HF 9|8 AEF
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(Chaput and Carrias, 2002; Yang et al., 2017; Menden-Deuer et
al., 2001), FZ79] A% gas vasicles’}F Q1= Aphanocapsa
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[e]
won Z SR AFASTE Fig 37 Table 300
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D. crassum< AL ZE A FolA 095 o]49

#e o f2d AR AA FHHE & HAPst
Re ALZ YEigTh A7 BEY g 75 JAR
o ARAFE D. flos-aquaes AT 5F5MAM= =
0930189 w2 s BHo FU| EEd wWE AEZF

F5& & Adsta Uk WA Table 390 AAE 3HA
2dg o] gt FIZEAS A EEAIF HEF Al
29 BEIE £FUE fAF £EoE TE 5 UL
Aom gudn, HFHom 5Y A% 5% BE F 3
49 @x2F AEENE AR 47 94 AAEY Ruz
syl A, AARL S E&f TR FHHE o] &3t
= oo Wae E2aR

BV,
BV = I—y

BV : cell biovolume of live cell
BV;: cell biovolume after ¢ days preservation with Lugol’s
iodine solution
t . preservation period (days)
y . shrinkage ratio for ¢ days preservation from the regression
models of Table 3

BEA Ao 2 FZFIE AR 5 23 fEEHe
AEFI S x5 BAPS7] f& 14, 1.6 == 1.7 &
W 34| S(conversion factor)E°] A% UK Chaput and
Carrias, 2002; Modigh and Castaldo, 2005; Yang et al.,
2017). 2 2 A7 2R BE 7700 wEA AR
o] Wyl A&AHoE dojua Je AR YERon,
BE7I0E WEATE AHEstE Sl wEt Ha 1.200A
A 14 (D. flos-aquae) EE Ha 12014 Hd 1.9 4.
flos-aquae)Z ztol7} 7, BEZ|HE 1#sA] G2 ©d9
HEAlTEE AA AAFAW Zolle A2Y 45395
wgst=rlE SHAVE A& F Atk wEA B AT B
7IHte 2 AAIG 3| A4
=3 ZHE o] &9ittd Bt F&siA AA AE
FIE NG F s ALR JgdEn

9 FEge A4 4 35 59 9 %
A GxRe AL Ao 9% A v
2 2% @2 0@ ZUHYe] B5Holth ALY}

o,

Table 3. Non-linear regression models of the cell biovolume shrinkage ratio of the target cyanobacterial species according to

the preservation period

Species Regression model of shrinkage ratio ° Regression model of shrinka.ge ratio °
(for short-term preservation) (for long-term preservation)

Dolichospermum flos-aquae y =0.226(1 — ¢ 1782 )% 0.95 y = 0.250(1 — ¢~ O141) 0.68
Dolichospermum smithii y = 0.209(1 — ¢ 102789%) 0.96 y = 0.544(1 — ¢~ 00331) 0.93
Dolichospermum crassum y = 0.303(1 — e 1039) 0.91 y = 0.350(1 — e~ "165) 0.95
Aphanizomenon flos-aquae y=0.368(1— ¢ M17) 0.95 y = 0.445(1 — e 02111) 1.00
Microcystis aeruginosa y = 0.276(1 — ¢ 50107) 0.95 y = 0.441(1 — ¢ 0091) 0.99
Microcystis wesenbergii y = 0.156(1 — ¢~ 3°68") 0.95 y = 0.359(1 — ¢~ 0050") 0.98

* 1 the preservation period by Lugol’s iodine solution (days), y : cell biovolume shrinkage ratio at ¢ days preservation

RS ssx| A3 4B, 2018
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