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Ao} e oA dnc) 9538 2L Wro) ¥4 BEZYIE 93 gRog Zolwglo) LEPEW ddd 5
5, 9ok 9%, XA FEEFAES 200797 20083 Az FRe] B ek mH Aow FAF

To understand major factors that affected on distinct Cochlodinium bloom scale in Korean coasts in 2007 and 2008,
oceanographic and meteorological characteristics during Cochlodinium bloom period were compared. The main rea-
son for large scale blooms in 2007, covering both southern coast and eastern coast with about 10 million US dollars
fish kills, was attributed to sufficient nutrient supply by heavy rainfall, upwelling in the coast arising from irregular
wind shift, weak thermocline and low grazing pressure by zooplanktons during Cochlodinium bloom development
period. On the contrary, small scale blooms in 2008 covering only inshore areas of southern coast without fish kills
was attributed to the low nutrient level in coastal areas by long persistent drought and strong influence of oligotrophic
offshore water onto inshore and high grazing pressure by extra ordinarily abundant zooplanktons during Cochlo-
dinium development period. Conclusively, it was estimated that nutrient level, strength of offshore water and feeding
pressure might play a significant role in the difference of bloom scale between the two years.
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Cochlodinium polykrikoidesS 57} sl Fajjok ol Agfglo

E A 28He @48 et JohKim er al,
1999b). C. pobykrikoides®Z= D&, T3S HiFslo] dajw, 2

glojAlol F Fotalote] ool Wi} AT E
o731 QO (Anton et al., 2008; Azanza et al., 2008), 7|+
Akt 2 A SRM T 1980 ©)F X)4E 07 whysl=
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70w BuEy UK Whyte er al., 2001; Curtiss ef al., 2008;
Tomas and Smayda, 2008; Tang and Globler, 2009). Z 2= o]
& 5 HEAoRE] vl N T o]Fel] &gt A7} s o] of
7, 95 2 el B2 A7) dojuk= T AAAIRY
A7 a1 Q) Chhttp://www.thenational ae/article/20090113/
NATIONAL/494056136/1010).

C. polykrikoides®l &3t Az ElUtlA 19953 o]% &
AR o g Fulct DS Q) ouq HHAEA] Bl—/\gﬂﬂ— Ale] Al
ARl 54 4 Far)at Foll et W A7k o] FA 1 qlrk

(Kim et al., 1999a; Kim et al., 2000; 2 &, 2001; Kim et af,

O
2002; Lee and Lee 2006; Ducette and Lee, 2008; Park and Park

2009). 53], H2A715] tid At H27EA vheke e
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o] o]Fj |1 3l A]%k(Lee, 2008; Lee and Kim, 2008), 22
AR diEiAE BF 0] Bdu] 1~2°C A<, e Agh
A, 5 50] 1995 T Azl sxzios EAET
(Kang et al., 2002), =31 A28 2018 FAEA ] sz
Az o] & vXE JIAE g A% A% QIlehel
2} &, 2008). Z12fv, AZATEL] oS tiste] HAtA] B
Me A& BE AddEor AL BEpe, o 5285, B
SRS AL, FEAL 4R B2 4% 5 E9H 22
off gl oyt A=z} etk B 5% cHHan ef al., 2008).

A, & =RAAE C polykrikoides B Al 9lo] 792
A ol 7t ddjelld Hx wAgsiglon, o) % HE 9
AR L) AT AJo1E Bt Hx<] 200747 vt A
21 20089 AHE vlmAste] Az i 2gde] 9
2 dohlia, 3% Azl gl o5 galg E3K=d i)
GAE ATetaAt gt

M= 3 Y
C. polykrikoides®] Z9@, B22] ek Al7] & 18 B3]

S|
#sled 2007, 2008 YA 68 FEANEH FAARA

IE F29E ZAHRASICHTable 1), ZAPIRE St
A et Hx sk vEsvE due s 99 2%
3ol HEBAET| C. pobykrikoides HINFI ehd & )
o Bsta, BIdslgel 127) 37, odgshe
sedel 13942 AR Fig. 1)

Table 1. The sampling periods by ship in 2007, 2008

2007 2008
Ist 6.19~21 6.24~28
2nd 7.9~12 7.7~11
3rd 7.24~27 7.22~25
4th 8.15~18 8.7~11
5th 8.31~9.4 8.18~24
6th 9.27~10.1 9.9~13
7th - 9.19~23
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Fig. 1. A map showing location of sampling stations.
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23} FE-& CTD(Sea Bird 195 o] 43lo] Z45I5th FoF
A Niskin 5718 o]83lo] el A F GFF filterE
oF}ste] WEE A T, chlorophyll-od) FE5 l5¢ 500 mLE
ol A 0.45 um membrane filter2 913 § 3% B ASI] 4]
AR g7 Z}zF B-4YTA (UV-VIS spectrophotometer, Varian,
cary 330)E o] €3} 433 t}(Strick and Parsons, 1972). ¥4
T A7 30cme] FHERE o] &3] dAelN Stow 57
stk ZEF2UUE FIAEE I5F 1LE AF § 10um
seiveZ 0|43l dol|A o3l 1.5 mLE §F3t YARE
SA AFEilar, AEEFAEY] AT 9 2T 133
1LZ Lugol §¥o2 314 & A¥AZ &7 10mLE 53
A L B4 B3I 0H(Yamaji, 1984; Tomas, 1997). SEZ%
AE A EE AZo)A FZ27F<) NORPAC HIETE 45 cm, H5
0.33 mm)E FAANFEIA, 5% FAHAZELHCLE 13 T
A 71, A, B5, QYR 52 714 (www.
kma.gokr) ¥ ARSI 2] PLRLE (www.nfrdire k) E 74
STk =g, Al JIE vX= FE e Bekap]
3lo AzFHAY7IQ) 4, 5, 63 TAFEAHE O TS
el on BE ZAEAL SPSS 12.0(SPSS co.) BALZZE 1
& o] &3St

Zul Y g
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C. pobkrikoides® 7= 20073 72 314~9¥ 1871 50437t
AGERQL, A AApA] 7hakgk sl FHx dAEo] de~&
7R AR SITh(Fig, 2). U 32,500 cells/mL(2007. 9. 4.,
)] HuUEE By, AF, X8 F AR, dd @ Agd
okl 98], A, 25 T olFel 1139gojei= ghlist Ak 3)
7F dsleiom| 1995 o)F A E Ak R Hudwr)
=2 Fql}.

20083 2007d3 FLA7], Lol EAEG o FH
TUE 7,300 cells/mL(2008. 9. 22., Z1AE 2007l vl3h 104
7V o) ALHoy, FEdsr) odel vl 108 A% W&
207 eptthEaEAEEhg, 2009). )= 19953 ©]% 2HA|
2 W groly AR A7R ASHYATY, Hxe FZL
tygel 23k fAHEirt 1 Gl e S-S BAtHFig. 2).
A, A&EE 2 WAA ) 9 FH2A e AR, 2
ZAE, U5, dAE S gl koA dAs xfolE Kl 2007
d, 20083 ZH O, ATPEE Fk] §AE vlwsigict

714t2019| H|w

200738 Wrth7) 82 99 AR, 71~ E AN TAE Y]
Al FER, 231, FulR7p] St AEg vHEeh 3 8¢
219 & AE=E o, 200832 78 FERE T W AR 3
o7t e wgE 3 gY sdd AFHthEHFA S
BFPAIATA R 2007, 2008). E3F, 20079 WHExT] 9 A8
Zlofl B2 A 7P FEE Wgkot, 200832 A3 IAYA|
7] ZRE 28717 A HEY dFo] R

C. pobkrikoidesHZEAY 27158 AHAA] AZ7F A&HE &



Cochlodinium polykrikoides BZEAYFR gt vl 231
Fig. 2. The area of Cochlodinium polykrikoides blooms in 2007 (a) and 2008 (b).
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Fig. 3. Annual variation of precipitation(a) and insolation(b) in Namhae coast.
A& Bol= Jaleide] sk W YARES vlwdt A3 2007 3] AYCHEREARTE 20058, 2005b, 2007; 5, 2009). 5

Q2 Hdu| g A4S 2o 200832 7, 820 Hdv] 2-4
v olgke] W 3h& M Sith(Fig. 3). 58], 78 ERL 73.9mm
EE 3220mm)8] FFEE 297, 8€S 1385 mm(Bd
298.6 mm)E 200638 TH= HoLt, 7 9] el vlaiM= @A
8] W& g Btk U2 vust 23 2007, 20082 H
VK] (192.3~214.2 brs) W5 W& 3H& H9T, 20087 #5224
717HEr 98 A 14191954 hrsE GEA17F €8 A7)
118.4~ 172.7 hrs{! 20073 2.0} ZQict,

HT 5 AEAEYAE 2 Fejdg v sk, 2004, 2006
< 47k 304, 2395 a4t I AEEG T, sefds
12914, 0799905 Fd@g)wrt FA3] vkt 20058
Az7} 5897 A%ER, 10,6299 S Qlgiom, 7
Frege] s Bdy v)ssigltt e, 200442 9, 7
%J 1; 7(}_);%‘: J /g?ﬂ»o 200&:}94 ;73 o 7%9] 71 ‘x}u}
T 84 7HEew él‘%—é%‘ﬂ%J T2 5 oAdT o g
72 WglE ol AzxAES Ux) 2L, AFYUAT €A

>.

%, QZAE 2004 7, 88 Furk Egkort 429 U
= @A8) siokeh. mell, aatanks B 9 348

T i

%;01% o) el W g S & & Ui
SHUEAR2 9] H|w
20078 FErd e Az A Aupidds 17.5-223°C
2GR Aviel$ Azt AF oF 25.9 °C7H] Al
o}, sEEEE A e Arp|ztls yivke] gisljel vl w3t
o, 8%4‘?‘*011"-”" g2 12 73&0}0@(1:1 .ﬁo%:‘?% 2 20

Aed T
2 32.69+0. 34 psu f’.: ‘;\}OP‘] Ol—r 9g
A A3t ok 31.13+0.83 psuE A4 %O}Xlt
89 W98 x AT JFoE AL, #6] “’-x]?s,? 7
Z e ANl E AdY 5L Btk 2 AR
A5 799 FHE F2Y50] 98 27 AR 4 10~20m
elellA ZstAl £ =3 THEFig. 5).
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Fig. 4. Horizontal distributions of surface water temperature and salinity in the study area, 2007.
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Fig. 6. Horizontal distributions of surface water temperature in the study area, 2008.

200895 20079 Bl SR EE BT, d2AE0
AUEE s 79 T Ft $20] 24.051.4°C3.2H, o] %
7)ol 25.7+0.2 °C7HA] A&AH 0 2 5319 th(Fig. 6). ¥5A
2 A (685) BT 33.47£0.47 psu 01901, 0] F 8
< 33.00£0.18psuE 7Y w& #HE HYY, 9¥ =
31.96+0.22 psus] S wh& BIlTh 2 FAREAAN 273
< 64 sl E 8E Fo7A AGHRIL, 98 2&0lF o3l
AtF 98 ke A 10~20 m SN AR ESITHFig. 7).

2007d AP IR - AR L A2 Uiy 1.07~6.25 uM
OS] =& e HlY, AAHIE 0.39~0.86 uM B & B
on, ZAPIRPE, Z3E AR JelitkFig. 8). 531, Ax

T

off My Bi AL b

FA o= AR 2.35~6.25 uM, QAFE 0.39~0.69 pME 1j

=2 S BRyon, FAd WEE w9 31} Chlorophyll-a?]
ZAR 5 Tt 7P 5909 68 5 8.3+ T mA
o 1.06£0.33 pg/LZE 713 @ ghg B2y, o9 FHE}
52424 mJS ), 420+1.82 pg/LE 7P B S B
200832 AXNE 0.39~1.96 pM, AAHE 0.14~0.39 uM2] F%
2 20079 Bl31e] 1208 @& 3ks 2o} 53], A2FEA
7191 88 ZF<eol= AAN 0.40~1.11 uM, AT 0.14~0.21 uM
2 200733} v wale] 3] o) #AE] e e BTh(Fig. 8).
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Fig. 7. Vertical profile of water temperature in the study area, 2008.
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Fig. 8. Temporal variation of mean of nutrients, chlorophyll-a, and transparency in the study area in 2007(a, b), and 2008(c, d).
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Fig. 9. Horizontal distributions of transparency in the study area, 2008.

I e 2] AEE B o A
Fo= QlEt, vt HYE P I
7] W2l A2 AZhEti(Table 2). 20083
2(DINT £25711(DIPR] Fa4 Q= 29
FHS7t Chlorophyll-ast #24 = 29 A#
£ Held At gJ8e] 74 2 8E F<eolF
¥ FuE 24U 5 AH(Table 3).

gl

C. polykrikoides SAN|=E H|

C. polykrikoides FBATE 2007 A28 68 = Hoj
8.1 cells/mL, 78%, < 22t 5.7, 13.0 cellsymLE UE2E W
7 2 G =2 AAFE Bl H2o) 2AaE wet
UZEFHASES $402 Uy} 716913, of4 7hatel 22

Table 2. Correlation matrix of environmental factors in 2007

Follr 2zt LAE o

T, 89 2 FEIt AdrolA LEE s 8 T
of A Welel Wxrt 343 7k, A AEHE 2
e ATE BT 88 FolF FEAIEY vige] EE3oR
B EA FEet Sl APA o2 FXEIY ko E |
808 §YAAHAR(FETAITHE, 2008; ¢ F, 2008), 8
4 ZaleEot HARBE AR THF70) AP wet 42A
£ Wert F43] SR, A5 S o= thFig. 10).

a8, 88 T0¥ 9] A& AR QlEte] dA¢Re]
FAFF TO07 TR HAEHL, C polykrikoidesSHS) F7t
AN F2RE FHolHe et C polykrikoidesSZ7} &7
AEHE 2y, BES] A JFoE ARE FEIT J-

[} =
HEATE AT 24, BYAS} 5 JFS Pol o 38

A7) Fasel o= AR,
o3

Q

Salinity DIN(uM) DIP(uM) Trans(;;?)rency C(eclélll\izrnnf)er chltaog;;%})fll-a
Water temperature(°C) -0.265 -0.370(*) -0.380(*) 0.377(*%) -0.155 -0.103
Salinity 1 -334 126 0.172 0.104 -0.302
DIN(uM) - 1 248 -418(*) -.084 0.124
DIP(uM) - - 1 -475(*%) -0.253 0.022
Transparancy(m) - - - 1 -0.110 -0.271
C. polykrikoides cell number (cells/mL) - - - - 1 0.329
(*) significance level<0.05, (**)significance level<0.01
Table 3. Correlation matrix of environmental factors in 2008
Salinity DIN(uM)  DIP(uM) Trans(}r)na)rency C(eclé lll\il/lrl;rlli))er chl(ELogp}}Sll-a
Water temperature(°C) -0.731(**) 0.330 0.213 0.183 -0.297 -0.120
Salinity 1 -0.514(%%)  -0.529(**) -0.274 0.206 0.221
DIN(uM) - 1 0.774(*%) 0.066 -0.329 -0.167
DIP(uM) - - 1 0.089 -0.290 -0.186
Transparancy(m) - - - 1 -0.035 -0.842(**)
C. polykrikoides cell number (cells/mL) - - - - 1 0.110

(*) significance level<0.05, (**)significance level<0.01
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Fig. 10. Seasonal variation of precipitation, insolation and maximum Cochlodinium cell density in Namhae coast(Black bar is appearance

period of cold water).
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200843 C. polykrikoidest-ANTE 68
0.2 cells/mL, 78 % H3iTsldt, Ug %, 25 FHs|dolqs
0.4 celisymLZ EA3I 1, ol 2 FA7]o] Hlsle] 10004 %
AL X 78 sReAlllA Edd o vissh Wt =
7HERlon, 79 30U YRS Fsdor HxE Hxo) way
=g

ol%, X9 draido 8¥ 12-13Y 660~900 cell/mLe]
SE AT, 88 204 &4t ST ZakEo] Fxot
ATt oA 7|17ER) o] Az T ode] Blsle] Adxg
AEHQIEFH I 5,600 cell/mL), $EH~9B 2 AAtelA] AU
27V HE RSTHFig. 10). e, 98 B4 ol giREY o
Lol 235 AYAY L U A8 drLE T2 A
Ao} AL EHTUE 7,300 cells/mL) T THER A%
7 SR}, 08 & 20) A s uket 22t 2E
SAHE AT, 2009).

s AR sl
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=
uh
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SESHOE =X H|lw

HZFUAT| Y] BEEHIE RIS ZAKE 27, 20079

463} ZATO A 32 (Crustaceay’t 7P S48 1, o082 B
ok (Chaetognatha) 1513t 88 Fde 47 5 4%

(Copepoday’} ZAFGHelA] =& WK 155~535 ind/m’Z2 &3}
o1} o]F ZAlAE 1~43 ind/m*Y FEE EASATHFIg.
11). 7 9] AEEFHAES o TAsRe Z210% ezl masE
(Urochordata) 75-9] Bl-}&-%-F(Salpa)?t 713 (Appendicularia)
50| AEAPYHIA 132 ind/m’E. EA3I9AL, B2 R(Chaetognata)
= 3~199 ind./m*2] MY TEE SIS} vickeEE- - (Salpa)
o} 1% F(Appendiculariays©] 7} Tol £RTE 712 odE A
A BEZFAE 12%E Fslgth
2008 5, 6, 73} AN FEEHIE SEEE T4
A5 E(Urochordata)e] 71 ¢-3stglon, ooz 142
(Crustacea)’} 938t Z150IRlth. ol 2007 d %= A8 ohe
FEAS Wl A o7 53, n|dlE-EellE itk F-5+(Salpa)2t
Z-F(Appendicularia)’} T2 o] FUTHFig. 11). °1F T2 HE
EHAES ofFsiel FAsH, Aol vl & Hew o
7] Q= Fo|tH(Katechakis et al., 2004).
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Fig. 11. Zooplankton abundance in the study area in 2007 and 2008.

F8Fe) 7P w3%oH, 53] w55 @] 3,000 ind/m’E
A FEERAE T oF 80%E AR o= 200740 H]
3 1A B S|t 98 SgollE AREE W &A% 2
W AR 58} T7eA S n|AFEe] 3] vl &gkon A
A FEEBAE T 0%V AXFATE 2007 F A7)l
1~15%3 2R3 A= A3 2o]E Bl Aje|nt, Jeh} 8
E skeelle vdEE R ofe e FEERAES B9
2t AA A= A8 EdEA o) mlAEERE vtk E R}
95%) & Ao o)F wEE v, nitkEEF 2 e
o] AxAE 9 AEETZIES U Aolgl we} thE 52T
HATS Ao Ho| BE it =E&Hgl7] ujFolat @
G (Crocker ef al., 1991; 7 5, 2000). =31, 271 = du}
7 XFZF2) Cosmocalanus darwini, Undinula vulgaris, Calocalanus
pavo, Canthocalanus paupers©] 98 %, 4o B9 Ak AA
oM FRsl, FHETL 2ol Ao| aiEinrdhe 41
o] Stk A& AWH3= Aol

ATIER} TR MZEO| WMEY [

AUZE C. polykrikoidesSrRANE7} BAx7 drgks]y] QaA
= 3] HR1F Agkerele] Al Aol P, o)
Sl F2 o]FoX|n JUdA) FEi AY A uA
BETHE, 2004). 2E o1F PR E GRS YeiE S8
g JLE Fol Basith o) A UYL g &
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Fig. 12. The spatial map of HAB outbreaks(red area) in the South Sea of Korea {(a) 2008. 8. 29, (b)2008. 8. 30).
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