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Developmental Characteristic of Cyanobacterial Bloom
in Lake Daecheong
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Abstract — The occurrence of cyanobacterial bloom in Korean lakes of the summer is generalized.
The characteristic of cyanobacterial community was explored. And the developmental stage of
cyanobacterial bloom was divided into three phases, ‘preparatory phase’, ‘bloom phase’ and
‘extinction phase’. Cyanobacterial bloom started during the end of June at site 1, transition zone
of Lake Daecheong. The period of water bloom in normal year was about 60~ 70 days at site 4,
lacustrine zone, but it was unusually 11 days from July 19 in 1999. M. aeruginosa first occurred in
June, had a peak of standing crop curve from the end of August to the beginning of September in
1998 and 2002 and the end of July in 1999 and 2001. The standing crop of M. aeruginosa occupied
68.1% of phytoplankton, 74.2% of cyanobacteria and 88.8% of genus Microcystis. Anabaena spp.
first occurred in April, was above 10,000 cells mL-! from the end of August to about the middle of
September in 1998. The effect of rainfalls on cyanobacterial bloom was different according to the
phases. The rainfalls of preparatory phase assist the growth of cyanobacteria, but accelerate the
decrease of cyanobacteria in extinction phase. In bloom phase, the heavy rainfalls reduce the
development of the bloom, while the slight ones display only a little effects.

Key words : Lake Daecheong, cyanobacteria, Microcystis, Anabaena, water bloom, preparatory
phase, bloom phase, extinction phase, growth rate
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Klapper 1991; Pearl 1996; Mur et al. 1999).
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& /A3 AT, B - e Ale] wiglel)
AF% 9} (Park and Kim 1995; vFx} 1 1998;
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Fig. 1. Map showing the sampling sites in Lake Daecheong.

Tabte 1. Sites and schedule of annual investigation
Site

Year T3 3 45 Period Frequency gfhger]lg$g$
1997 o o -* o Mar.~Sep. Monthly 7
1998 o - o o o Jan.~Oct. 2~4/Monthly 32
1999 o -~ o o o Jan.~Oct. 2~4/Monthly 30
2000 o 0 0 o o Jun.~Oct. 2~4/Monthly 18
2002 o o o o o Jan.~Oct. 2~4/Monthly 30

Jan: January, Mar: March, Jun: June, Sep: September, Oct: October, % : not
investigated.

o2 o] 3% 1270 2 don, o WAL 4314
km?, 2 & ol 251 kme] T, AR H4EF 14

94 5F miott.

"Gz s dAE W S0 2AAA (Fig. DE A
22 19979 3¢xE 20029 109744 (20004 A 9]) =
Abetdel. 2AMIEE - = F 13, 1 o]9)9] 7]
Zoll= 4 23] 2AE 7[R0 393, AR dA 9
AL Table 1o A 3igvh AEEHIE JE2FE
F3}7) 9% AgAEE 4] 30cm A - Fol A A 4=3)
o FF(Lugol) §Hoz vA F AAIAPHE A
ge] wZaoh AAARE BE 20um 3718 A EE
HIE JER A3 A8E x2UPor vAIYS,
FA Alddle 5% AFARE A AL A
HA e Sedgwick-Rafter chamber2} &-FA4~7] (hemo-
cytometer) S A}-&-3}ed A 4=3}¢c} (Schoen 1988). A 2-&
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FE2] =L Prescott (1962)£} Komdrek (1999)2] 7]
& F3tdd

d2AE 3 2d e 6Y5E 109714 ¥ 23]
1 (& 14~183]) A=ALE AAEE 1998, 1999, 2001,
200232] Microcystis aeruginosa®] 8& 289} +7t

AAEE AL3te 07, #37], 29719 3dA = ¢
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1999, 2001; gH=4=2H4-FAF 2002). 4+ 34 eQl F 4
L, Aol &% % (pH), 344 (DO), A7 RS, F
T HA oA tElESLAZA 7] YSI 6000 UPG (Yellow
Springs Instruments Inc., USA)$} Secchi 4 =& A4
e} ZHTt A2, o, B AD R F2L o) 5
AR A FFAAGY (FAR 1995, 2000)7}
Standard Methods for Examination of Water and Wastewater
(APHA et al. 1995)2 23}9ic}. 8] (Cu), o} (Zn), 7+
(Mn) 28] 31 A (Fe)2 Inductively Coupled Plasma-mass
Spectrometer (ICP-MS) Elan 6000 (PerkinElmer, USA)S-
ALl 11, vl 4 (Mg) 3 4 (Ca)2 Atomic Absor-
ption Spectrometer (AAS) SpectrAA-300(Varian, Australia)
& ol g3t 2

Agol| W3t HF, BEHAL 2FLAL AN, 3%
9] 7|12 E4 71-& Microsoft® Excel 2002 SP-2, ‘&7
w o)l A/ 7|5 A E & ol &3kt AR A FA
‘EA H) o| ] BAAFTEA & AREEEe] Flojs Al
(Pearson correlation coefficient) & 38} c}.

z o

1L zAZe] 24 54

gdzAFe] A% A7l dxda ofzhe] Aelrt
novt, 4o A 649 Apelol] &dslr] AlzEHEkAY (Fig.
2. AR B¢ 4 Axd dadzel Az 2uD
345 5 95F 5 987 2ok
19973 44 259, Aphanizomenon flos-aguae, 1.2 X 10?
cellsmL-!, A 1
199841 3% 234, Pseudanabaena limnetica, 1.6 X 103
cellsmL-!, A& 3
19993 4% 14, Anabaena planctonica, 7.2 X 10 cells
mL-', A 1; Anabaena planctonica, 4.9 X 10? cells
mL™', A 5
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Fig. 2. Monthly mean values of cyanobacteria standing crops in
Lake Daecheong from April to October. A: year 1997, B:
year 1998, C: year 1999, D: year 2001, E: year 2002, w:
not investigated, *1: 4.4 X 105 cells mL~!, *2: 3.2 x 105
cells mL~!, #3: 1.4 X 10° cells mL™", *4: 6.1 X 10° cells
mL-!, #5: 4.4 X 10° cells mL~!, *6: 2.0 X 10° cells mL"!.

20023 59 069, Pseudanabaena limnetica, 34 ¥4,
44 4
20029 64 174, Anabaena planctonica, 3.6 X 103 cells
mL-!, A& 1; Anabaena planctonica, 4.0 X 102 cells
mL-!, A4 5
GERATE dEFe] 7P U A7 2001 8¥ =
g HEeFo] 2.0x 105 cells mL-1(SD: 4.1 X 10%) 0] i}
ZAA71E 2 B FEF0] 1,000cells mL'E Y= A
7= SYRE TYA )R, 199734 54 0]g]om 1998,
2001, 2002d o= 64, 1999 o 7)) FolAlh. AA
Ha AT 28 e 2 AA 1] vE AA
uet U 2dsty WRFE o ¥ e et
ZAPIZE ) AA 19 Y7 AEFS 39X 10%cells
mL-!(SD: 9.8 x 104, A& 2= 3.0x10%cells mL-! (SD:
73x109e] o, & AHAHL 6.6 X 103~7.3 X 103 cells
mL-te] gt}



Developmental Characteristic of Cyanobacterial Bloom 307

30
20 A
10[ /\\o AA

= 0 ————— » T

2 Jan.97 Jul. 97 Jan. 98 Jul. 98

3 30 B

S 20t

X

2 10

2 _15

S 0 ooty oo - — r

2 Jan. 99 Jul. 99 Jan. 00 Jul. 00

k)

E a0
300 C
200
100
0 - Lt T V_‘A_.
Jan. 01 Jul. 01 Jan. 02 Jul. 02

Year

Fig. 3. Fluctuation of Microcystis aeruginosa mean values in Lake
Daecheong. A: year 1997~ 1998, B: year 1999, C: year
2001 ~2002, year 2000: not investigated.

200032 ool Wil FxAld 23F] B 5
3 B lellAME 649 229 2ALRE daAF HE o)
5.4 X 10%cells mL™'2 10,000 cells mL~! 37] A]z}s}ed 7
4 9¥ellE= 2.0x10%cells mL-'2 =7}3bsic) o] 3 74
2403 84 6Yell:= zb7t 1.4 X 108cells mL~*, 1.5 % 106
cellsmL'2 2 d=x9] FHu ghro 208 o)A} =2
A det. FxEA el 29357 AAE A7)E 84 274
FEGom, 949 3YL 84 279 12 pF o2 BAH
At 10 59 olZRElE= HF d=asko] 10,000 cells
mL"" o)8kz FA =]}

Microcystis 4 -, A 5o\ A ZFdo] Hlxl 2 M.
aeruginosa, M. flos —aquae, M. ichthyoblabe, M. novacekii,
M. viridis, M. wesenbergii®|gJv}. M. aeruginosa’= 64
Z383}7]) AAbshed, 199817} 200232 3 o)A 9Y
2ol HAL o]F uhde, 199992 74 30 HAL
o] F F 8% 9ol F43] sty 200139 A
S TYLELE 8¥Yxe) BAE o) F9 (Fig. 3).

M. aeruginosa®] FAule A BEHIE FEE
N M 68.1%, F2H Foll )= 74.2%, Microcystis
Soll AL 888%eI%i). FE&RAF Wy FANE
Ax=da By, 19989 30.3%, 19999 34.6%, 20013
94.4%, 2002 42.9%0°|gl=}. M. aeruginosad] Z&EEk
of i FAuE YA APz Arseel a5

< 7ol 20019 799 8¥ol= 2zt 96.8% 9
96.1%°] %Ik B3] 2001 79 A 2] M= 98.6%4)
W] A 4 13.5%015k T 20019 8§96 =
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Fig. 4. Fluctuation of Anabaena spp. mean values in Lake Daec-
heong. A: year 1997~1998, B: year 1999, C: year 2001 ~
2002, year 2000: not investigated.

A 45 M. aeruginosa &gk 1.3x 105cells mL-'2 &
ko) 943%2 TAB|Z A4slerh 200138 A9
T 795} 849 AA HHE Aoz AESHUAE 2
& A3 M. aeruginosa®] FAW|E= 12.8~559%
5t

1998'3-& A7 54t Anabaena 4 BEFo| 713
Wi oWl 7|7 Fot 9% dx= F8 2 A planc-
tonica®} A. spiroides var. crassao]$]c} (Fig. 4). A. planc-
tonica’= 59 259 A3 1A 83x102cells mL-'2 &
W3] Atsled 79 13470 $9F wE obeFO
2 293ty A. spiroides var, crassa®) 739> 74 28
4 A 3eA 6.2x103cells mL 12 2L 283}, 94
28974 $AF w=x ol4AHFo=z BMHGG o %
104 8YHE): Anabaena 42| 82 =R ok}

ZAZ1ZE E Anabaena & HEFo] 714 Eokdd A
5, 19999 7Y 6Y FAPIAM HA 12, O dEFS
39X 10%cells mL™'o]glxr A 22 A planctonica®) )
o Zeivk A 1M 79 69RE 7Y 199 Aol
10,000 cells mL™! o] 4}8] &33FE wgch 199736 &= 8
A Zo AA 13} 5904 A. spiroides var. crassa®] 3=
gFo] 10,000 cells mL-lo)Ato 2 HF J=Fe 10x 10
cells mL™! (SD: 7.8 x 1052 AAE o]&¢]c} 2001 d<
Anabaena 42] del ¥l AA 2Hshed o, TURH
997 €8 T =S 22X 10~7.2x 10 cells
mL-'e] i e}, 2002 69 17U RE] 79 2 Alojell= &)
A 19Mut F2 A planctonicadl] 2J#A] 2.6 X 103~
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4.5x10°cells mL™'2 Z33lgion, 9dol= mE A
o)A A. planctonica®t A. spiroides var. crassaol] 2)3)
1.0X103~9.0X 103 cells mL-!'2 &8 3}c}

Oscillatoria -2 THRE] Z28s}7] A)2tsle] 8o &
Eol ¥4I, F2 F2 0. limosaolh. 2A717} =
3t O. limosa®] @FE%o] 50,000cells mL~' A - &z B
e A & 3we=m, 19989 89 119 HA 33 9
4 7d AA 519999 79 3094 AA 30]¢iT}. o] 9le]
= gEgFo] 10,000 cells mL! o]AFQl FAFA 7] = 1997
W o8Y 289, 19984 99 143 9¢Y 149, 20029 8K
274 e] At}

Aphanizomenon flos-aquae’= 2002345t <24
B F&Fo] 1,000cells mL-1& Aok 1997 30 = 8

43t 9ol AAel wiel 6.1 X 102~2.1 x 10° cells mL"!
2 FHIAL 19989 AR SelAwt 89 17
79X 10%cells mL'2 13 EAMHgc} o] 199935}
2001962 79RE 10¥9742) 9 HF 1.3x 10~
5.5x10%cells mL-'9] A& ®=Ze wodch 200240
7 e 4 Hg d2FS 46x10%cells mL-! (SD:
5.6 X102 99 el ot A leAE 79 1598F 7
4 229 zA A 2+ 1.1 X 104 cells mL-1, 1.2 % 104
cells mL™'2 HAE o] F Ztxslelc).

2. G2AF F3 0 A

dx&AFel 3t g oA F, £4)7] (preparatory
phase)y= FxAMFo] BAH oz 2Hsl:= 6YREH 4
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Fig. 5. Pearson correlation coefficient of cyanobacteria about other factors at all the site. A: from June to October, B: preparatory phase, C:
bloom phase, D: extinction phase, T. phy: total phytoplankton, G.A: green algae, Cry: Cryptomonas er al., G. Mic: Microcystis spp.,

G. Ana: Anabaena spp., S$.D.: Secchi depth, R.F.: rainfall.
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Fig. 6. Pearson correlation coefficient of cyanobacteria about other factors at the site 1. A: from June to October, B: preparatory phase, C:
bloom phase, D: extinction phase, T. phy: total phytoplankton, G.A: green algae, Cry: Cryptomonas et al., G. Mic: Microcystis spp.,

G. Ana: Anabaena spp., S.D.: Secchi depth, R.F.: rainfall.

37 o|AFA R AP, £37]|E= M. aeruginosa®)
M EZ7) 5,000 cells mL! o] Abol 31, 47+ AAF-go] 0.3
oS 7Eor FEIIG. o|d wzw £37] 7|zt
2 199832 64 229, 199932 749 124, 200132 7
Y 49,2002 79 2UFE £ o|A7A ol &
7 BE 2APAAAM &7 AAEel 24 Fe=
ot Ag 7Eoz FEI oo whzw 1998
£ 949 229, 1999d& 79 304, 20012 949 34,
200292 99 24U KE] A7) sggie

64 RE 104717 28 2ARAE ez d2A
o AEFH G2 372U F 2 v= 1Y I
& ARASE EAF A 04 o) 4E 2gl 82 pH,
a8

2l
ZAkE (DO), 984 a, SH8PAALA . 3 (COD), F4

714 (TOC), 4277154 (DOC), Al EE¢aE dE
2F, M. aeruginosa®} Microcystis spp., Oscillatoria spp.,
Aphanizomenon flos —aquae ©) o} (Fig. 5A). o] &, A4
4= 0.6 0|42l =2 COD, TOC, A E&s=E A&,
M. aeruginosa®} Microcystis spp.o|gt}. A#A|4 —04
st FEE Gk A 1%e Rpoz e A
Ay 2E 2 dAes s A% ud 2
dtol w2 ol wolske (Fig. 6A). 1 7, $H£% 7
ZHMn)2] 74 ATAS —04 0]319] Fhoz Al
93, Aph. flos—aquae’= 0.4 )3} ZHe Bt

64 RE 1047121 9) 717H& E¥7), 8], a2
FE5 el FRASE Fohe A4E, 24249 4
3 ag A9 64 EE 1097HA = A4k 3, Bl

©-
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AR 19 Aoz A e AME 27l U
o} (Figs. 5, 6). 2& ZAMEAHE Aoz &7 F<t
wxA g o2 32 7] A 7k AdsA| S & 15 8
oA 04 o]AS Bk o|2fd ARAlS 0.4 oAkl
22 37 11 35, &E7]: 8 gF02 &0
4718} 537 —04 o3kl §Eo| oA,
A7 e W7t 8ol —04 o)tk AH 19k&
QAoz s A A Fhel 04 o)Akl o] m
E AL ddez s AEg S A
4 —04 oJ3}el 2 FH|7]e 3 &5, 535170 4 &,
2E7)el 38R0z Frlstgom, AfA S 0.4 o)Al
AEE 13~158502 I8k

COD, TOC, DOCs} 72 wiaA g GxAF 7H)
ABAeE BE Aol dBEE 04 049 Foz, 1
e 7l AR 19E ez s AUt Boud
(Figs. 5, 6). &3k TOC%} DOCE| 73l &, AA 19
Aoz & FH|7)o:= —0.548 —0.1302, B E
e dez g Fu)7] ARAAS 0759 07134
£ zlo] & Byt

Ao} Q13 e £AQ I GG 1] AR
+ AW 3k 04 ol3ke] e ot Ry
obd A A9 8EFA(TDP)oN M 04 o2 7 1ol
A i Eul7leMs 28 AR A |
+ Z7F 0483 047011, 45392 A 17
Aoz 3l AR Ful7], 317, 247 A7
0.55,0.78,0.429] zte = AAr=EAC)

GxAMg A& Microcystis spp., Anabaena spp.,

5 od

>
=
e

4

©,
I
£
o

Oscillatoria spp., Aphanizomenon flos —aquae &g 742
AYBA =5 B, Microcystis spp.- 25 7354 0.64~
0939 < B B, 9 JEES $3 A9 A
e TRl ot G3et A e ez s A
9-ol| Anabaena spp., Oscillatoria spp., Aphanizomenon flos-
aquae’= 537 232 —0.24, —0.25, —0.342] 7o
2 BAEq T, Ag7|dE 2zt 049, 0.44, 0.589] ¢t}
Z4)719] Anabaena spp.= EE AAY A$ 0.77, AA
1 75 0929 & B3

FRAT AEFH 254L 70 ARAeE B |
e ez st AfdT Fu|718 374
0.573 0.599] Zr& B, 11 o]99 Sl 04 of
sle) oz ANHAG FREe) AE U3E 9
e welw 1 F AW 19 dAen & Sl
—0812 ANk B4 249 ARASE F9)7)al
Aol ZE AL Aoz s 031, AH e
dates ahw 0739 ghelglonk £37)sh 2Erlo):
<9 3& Byd

a )

dubg oz FaM o] S HAL £ 20~
30°Ceo|y, 318 $9s8l:= Microcystis & 59 FxA)

79 A AAEE Bolv 522 25°C oot (Mur

et al. 1999). A Fo|A] ®-E $80] 25°C o]Atel 7|7k
< d= d2 zole et 69 109 ofF =& 7Y

2o] W7] Al 19~1029 B A4 Hge A=
W2 M. aeruginosa®] 53 Fol| FEgo] Z7)3te A
71& 199832 69 229, 199932 64 28, 200132
7Y€ 49 223 200232 69 25UR 2T mE 400
25°CE & A7 E2Ad 3o A dxnt
o 2~33]8] WEe] gleovh 1 FHu e 1998413}
20029 4=2¢] 25°C o|3t= 717l oAl 9 &=
of] A EE 22, 199933} 200192 20] 27.2~32.9°C
AW 7Y w== 84 o|grt. 4317] E9F Microcystis aeru-

ginosa FEFe] F43] Frlste AI71e] £ ES

0.27~0400=2, A]7]A o=z 199832 84wt 1999, 2001,
200212 7Y FEolgict ol#® AR E wigtozw B
W, M. aeruginosa® ¥|E3 FxATE 35 $£20
25°C o]Akal A7lel] F43] A, Y HAL o
Fe A& ¢ 4 A4+t
F2AA 43 Ao sk ARzt 7)|E2 obF] &
= R] ko, 5+x] Horne and Goldman (1994)¢] )
Al&E Gz M Z57) 5,000 cells mL-! o] A}o)gh= 7]
Fol dubg oz AHgE T Qv of 7|Eel wet HAS
o 3 2 717 HE o AFd AA 48 Ve
2 BAEE A9, 200192 79 244 RE]Y ofF 60 o]
gom, 200295 79 2U%E 7390w 7HEEC)
199812] AL 749 1343E of 7292 <3 TA
71zke] H]S=3t whdel], 199919] 9+ 74 199%E 7
4 309 FAIA] 1192 2 7|7bo] B AL w)$ o]
HZ el "AiFeluf, 1 o] {5 FF31%] ZAH-

BxAlE w3 B A A g A dephd
et dubH oz Fhee os 437t A&E 4 9l
G2 AA 2E5ed AXHE FRATF A
Aoz <ls] A flushing &347F o EAZ
2 FFoz g #2430 w3 &} A=

FHEAY otz A% GxAFe] FFA A Sl
¢) o} (Henderson—Seller and Markland 1987). o] £} vt =

4ol o3 Ssi} 2ARE G FRIRE 9

< E 4 9ldk 20019 649 79 649 182 49.2mm

2 64 199 213 mms W AZ fFYske] ¢ 5CMS

(cubic meter per second: m? s7!) o]&}ol|A] 50 CMS o] Ao

T o dn ol
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2 W3l o) % 69 244 63.6mme] A 7= <l
3le] 6 259 £algke] 4225CMSE &7}3ldt o
A 718 M. aeruginosa®] VEHS 6% 229 3.5x10°
cells mL-'o]glu}r}, 69 279el= 7.5 X 102 cells mL' &
Aastint. ol A= ,w;wl 64 183} 1999 75
o 2J3F 50CMS A5 4o s FRAFE AR
g3t QfAF 9 FFo] olFA T, 64 242
AZ 7h$ol 213k 400CMS o] 4] #-4-2 AA 129
of flushing &= 2}4-5 Aoz Atz o) 2002 =9
= deAF 2310 B ool 9t dAT, ot
W EuE A)719] 849 6YelE 100mme o)A 7F$-
o) oJ3led §-9)gF 12.3CMSeA] 159.3CMSE Z71319)
o, dxAlF dAEHEE 3.1x10%cells mL'2 43 b
A} 71221 5,000 cells mL~!-& (Horne and Goldman, 1994)
dA B ol 2L A3 22 G} dAE

AT 3 BF Fold Jgke] U&E v Eid
u} g1t} (Ahn er al. 2003; A 5 2005). & F2AF 43}
W 2by = FAE A 77kl X.J" 7571 9l

& A%, 54 U Sl 7 A8 5oz Hx
A9 A7 AA W e 015 Mz d
zAF FH ol AANL dzAE 23 E dANE &
7} slgich

o9} 72 flushing H7} o] Fof FAH ¢ AEFHFo| 1
o) oz IR dlE o 179 e A2
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