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To characterize the initiation, propagation and termination of Cochlodinium polykrikoides blooms in the
southeast coastal waters of Korea, 2008, we analyzed the data set of phytoplankton composition, physical and
chemical water properties, and meterological data. C. polykrikoides bloom in 2008 were long lasting and
restricted to the coastal area with a low density. Our results indicate that C. polykrikoides blooms were affected
by the atypical cold waters occurring in east-south coastal water in the early July. The cold water masses prob-
ably protected the free living cells of C. polykrikoides from entering into the coastal area from offshore waters
as a pelagic seed population. The low density blooms of small scale established possibly by the germination
of C. polykrikoides cyst in shallow coastal bottom could have not spread over because of the weak wind and

low nutrient concentrations caused by severe drought in July and September.
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1995 Ot A& 24 o]F wid o5 vt Waligte
A ARE Yo7 SPHRZEF Cochlodinium polykrikoidess o}
Aoy FOE FEAQ UFHA YRS L&, Deolao}, &
o} ot Ak ol X iR A 2S D o7IthS, 2004; Yuki
and Yoshimatsu, 1989). A Z WAAIZIE ZgsE o83 C
polykrikoides - FHFE= AN KT A A FA vepsict
(3, 2004; & 5, 2007). 712t 93t 012004y HxTE A3
A 59 DollA] 68 25 W7 TS A Fdoll A Al U
o) wkTt A3 28 3RS C polykrikoides T3 A7} Q13w
o = YehEE R sl o, o As|3elM C polykrikoides
A 719 7hsAdE AR § 5(2002)% 1999 A5 T4l
Ao\ A WS C. polykrikoides 277+ A AES A& w) =)
Ao T Jbadt AoF At A2 Park er al(In press)
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Aetaf o] B AZol| X thRke] C pobkrikoides®] EHIIIL 8l
S B a7 o) 019} 22 AFAHEANM C polykrikoides
FEAQ ERelA 71H3I9E 7FsAde) vl Am, o]n] 9
2} gkl A, JAste] IAHeysE BATOZA 2oAF o
ok Sox] AR AR EAYslar glom, 3t Q3igr) s
FEE 78 Do 88l Aslg 7 FEAEEC] 72 A
Hofl] FAslod GRS Azt s Ao ek 8 = qlrk

C. pobykrikoides A72) gkl nlgt 2. a9 50 B84 a9
&, 2001; P} =, 2002; Lee, 2008), BFS 52 gabd 221(%%
=, 2000 AE 740 AR U E4 So] AESHE Q5@ T,
2002; 7 5, 1999)] e ZEeh= Aoz dEA St o|HE
[9150] M2 B35 Aso] Q7] widel sekdhd gl w
Az vl EAT ulld A debgc). 2004047 200582 A
Z5%o| &3 Skeletonema costatum, Chaetoceros spp. < T2
FUY AAREF Gonyaulax poygramma, JHEZF Chattonella
spp.t $Ho 2 FHT Wk C polvkrikoidess /3N1A 0= ok
A= Vb | = SholthEm it ae-2d, 2005, b). 2006l o
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o] A712F AGE T B A= 20084 HalEHe19 o)
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oA o] W HHE~ER A S T8 J)
S5 gt 1270 -l 2008 79RE 9971 63] ZAKHTR
78, 7€ 22-23%, 8¢ 4-74, 8¢ 18209, 9 2-3Y, 9¥
19~208)8 AA3IA C pobkrikoides 27 T H# S s)okat
A% AEEFIE HES ZARIIFig. 1).

ZAF R L, B2 FAEYE CTD meter(DRONAUT Srl
316 Plus)E ARZ-31o] A5 YU 2248 98l 3 L Niskin
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(Whatman, Ltd. Maidstone, England)® o315+ % 24 A7k=] -70°C
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Fig. 1. A map showing the sampling stations around the southeast
coastal waters of Korea.

019

R

(1984)]] gJ3l 7]=¥ F4E RS o831t} Chlorophyll a(Chl-a)
F5E 84 500 mLE 0.45 um membrane filter(Whatman, Ltd.
Maidstone, England)= 13} ¥, 90% acetone® & HF4AE 244
7t F&3)a1 o5 B F T A (UV-visible Spectrophotometer Varian
Tech. cary 300 Conc.)2 £} TH(Parsons ef al., 1984). FHE
(transparency)= 273 30 em®] FHEF(secchi diskyS ©]8-34
AVdelX oz SHslgint AEERHIE T AT AREA
< @7 B5TE ARSI @4elA 3l 1 LE Asle] A
Lugol 0% HF5k 2%/} HA g% 5, APAE &4 3
el 2)5le] &3 on, 5L Yamaji(1984)9+ Tomas(1997)
E Faste] Fsigivh. ZAF A7l mhE 3 ekl WEe =
Atsl7] fsled YRl FAEM (one-way ANOVAYH O 2 ZF AL
AI7] EH QA= Hrgt 2lolE 773, Duncan®] ARF--4]
(Post Hoc Multiple comparisonsyS 533} AL Al7]e] w2 =k
o]5 AABSHSPSS Inc., 2003). THAE $HEL 2 24K
718 F =8 VAT A E A, 1 F 1% ol AHske F
o= 35t
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A A7) B BFEIS] o, GE, £ AL, 8
711, 7k T4, chl-a®t F9 59 HFgld} TEHXE Table 1
of Vet 5 22 79 7-8Ye) 22.13(x0.92)°CE 71
@k, 84 49l FalE A G Yt ¥ Phtp/www.
nfrdirekrys ¥ol 23.73(z1.57°CE 7€ 22~23Y 24.54(x0.71)°C
9} 8¢ 22~23% 2521(x0.73°C Rohe & &L vehigich
99 Foll= 25.69(20.64) °CE FAL 717F Foll 7P} B2 2%
YeRfQlth B35 G52 99 2~3Y ZARIA 31.91(x0.24) psuZ
7P dgkor 89 48 ZAPIA 33.07027) psuE 7H ESkTH
o £F )AL= 79 2223 A 98 19~209 ZAM
A 4.22.39) uMe}t 4.86(x0.08) uME 7H =5ko ], 78 782
FAMNA 2.43£1.24 uME 7FE Witk &< 771918 9€ 19~20
o] ZAboll A 0.82(203) pME 7HE =gtow, 8Y 18-20Y
0.29+0.07 uM=Z 7P Wt} AR i 79 22~239(9.61+3.12
uMyF 82 4~79(9.17+2.22 pM)E 71 EgkoH, 78 7-849]
6.51+3.14 uM= 7H W9t 5 chlo= 82 18U ZAJOA
1.55(x1.64) pg/LE 71 #9kom, FEEE 99 2~3Y FAbelA]
10.4(4.55) m= 7P¢ 22 A VERilc

TAPIZE & 28 ARREF AHBAFg 2), 72 22-23Y

Table 1. Temporal variations of surface water temperature, salinity, nutrients, chlorophyll a, and transparency during the survey periods. Data
represent mean = SD. The same superscript letter following means indicates no significant difference among mean values of environmental

variable at each column (Duncan's multiple comparison, P<0.05)

Survey (n) Temperature (°C) salinity DIN (uM) DIP (uM)  SiO;-Si (uM) chl-a (ug/L) Transparency (m)
7-8 July (12) 22.13*+£092  32.64°+0.56 243°+124 0.63°£033 651°£3.14 1.02°£0.91 6.38"°+2.89
22-23 July (12) 2454°+0.71  32.77°£0.29  42°+239 055°+026 9.61°+3.12 1.36"=1.64 7.54% +£3.32
4-7 August (12) 23.73°+1.57  33.07£027 1962057 039047 9.17°+£222 1.34°+0.8 6.17°+2.68
18-20 August (12) 2521°40.73  32.23°+£031 269122 029°+0.07 7.66°+£226 1.55°+1.64 6.96*+2.91
2-3 September (12) 25.06°+0.36 31.91°+0.24 3.02°+1.02 0.3*£0.29 744%+2.19 0.45*+£0.25 10.4°+ 4.55
19-20 September (12) 25697+ 0.64 32.14%+0.31 4.86°+0.68 0.82¢£03 848°+3.38 1.34%+1.29 7.58% 1 4.83
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Fig. 3. The horizontal distribution of water temperature at surface layer in each survey (unit: °C).

ZAPI BEFRE T 24.54 °CpF AE5E(17.19°C)] & 7o)
£ Hol 2 2955 I T 8¢ 47 Al
A T T298) 4729] 19.36~23.08 °C W12 WA Ve o,
AZTEE H 17°CE W& 528 B3tk 98 239 A
M BF(25.06 °CyFF A1%(23.05°C)2] T2} AL glo] #A
A VERTE 20 BF 29 sEEEE B (Fig 3), 8¥
474 TR UEEE FHOE WL 2RI} FAEY
o1}, 99 2-3YU FAJA = ARl S ol 25 °C 9] o) 7R 5
REE ERR.

FAE 717 B FHES] R HilE A HA(Fig. 4), 3

Az A} glol 0¥ 232 FAPA FHES} deked
A 7R ZolRom | 98 19204 FATOIA = THA] gk F4)
o7y Euye s veplglch

2008 e, B9, AAE) 792 e 242} 739, 1682, 1234
mm%Z 1971~2000 FF 743 261.4 mmBT} 100 mme ] A%
onl 99 e 221, 294, 423 mmE B 1349 mmE
T} 100 mm oV Ao] o35 7HEe] A4sIsE A o2 UebdrhFig. 5).
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Fig. 4. The horizontal distribution of transparency in each survey (unit: m).
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Fig. 5. The amount of precipitation of July, August and September
in 2008 compared with mean precipitation from 1971 to 2000 (http:/

/www.kma.go kr).
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F7F 293t

Zr ZAPIZ B9 AEEHAE 9959 H3E Fig 60 YE
wsick 2718 AR 24 MAFoIM 1% ol dE 2RSS
78 784 ZAMIME Chaetoceros spp/t A ZAFI R £33
F M 76.5%F A8 S8E veigi 78 22-23
A FAMIME Ch. spp.(8.1%)7F o131 ZAte] b]8) w9~ ZhAgh vt
H Leptocylindrus damicus(69.9%)7} Z$H o2 YERG oW,
Eucamphia zodiacus(5.9%)% 4522 239t 88 4 =
At M ThAl Ch. spp(53.1%)7F =98 319121, Skeletonema
costatum(19.0%)2+ Cochlodinium polykrikoides(5.6%)<. 73153
o} 88 18U FAPNAME Ch spp.(74.3%), Pseudo-nitzschia spp.
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Fig. 7. The horizontal distribution of chlorophyll a in each survey (unit: pg/L).

(5%, 99 2-3YU FAPIAE Ch. spp.(28.8%), A28 HEH
(21.4%), Gymnodinium spp.(5.2%)7} 37 310, 99 19202
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3kt

FAE Al710ll whE chl-a®) FERE(Fig. Tre B Ax17]
7t i EE BEllE Fae A 2 FE KoL) 89
4~74 AN A2 BE(Fig. 3 e chla BES
ERASITE.

C. pobkrikoides -3-3A| 3=
o] AR Ed3ch 72

780l At A4 60-900 cells/L
308 g ool Hzrh LAl

= a

F 89 4-7Y ZAP M= 0.18-2.07 cells/mLe) FET o5 B4
T} 7l BEadol HE FEHE B o), 2ok ol
£ 0.5 cells/mL ©J8}e] W 558 Holvh 8¢ 18203 )% =
AblA s dAdzhiz @8] C polvkrikoides T3 MEL] oFo] Aol
sjafrch EUckFig. 8).
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Fig. 8. The horizontal distribution of free living cell density of C. polykrikoides in each survey (unit: cells/mL).
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Fig. 9. The spatial distribution of C. polykrikoides blooms in south-

east coastal waters (NFRDI). C. polykrikoides blooms started around
Yeosu in 30 July, 2008.

2009). C. polykrikoides®] i WL 7,300 cellsymLE ©)& 3ol
WS ARt G| Jepom, 11 BE s el A $91
UH(Fig. 9).
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2008 ‘F3EH- 9] C pobykrikoides B8 Hx
Aol 749 30UE thh 9 gl 88 = HelE A
07 Yo dit i Ax2 WdstA] Fsla delw At
off A HUATh. gt FalE T A T Aol Azt e
U] uf FEZ AR 0 R Ate|u} ojFoka g oA &4
SR} QAR7NE 22 A WHESISIT) o2 g Az whEA
< oAb U, s, BoIA A o) Bl tEA) VreRkict.

ZAPIRE R sk ME T NEZRAE S37te] 4R
PAZE B (Table 1, Fig. 6), WFt7F VR 89 4-720 ZAM
A EF4-2-(23.73+1.57 °C)} DIN(1.96+0.57 uM)y 713 WL, 7t
AR TFA2(9.17+2.22 pMy= A VERE ST, #2791 Chaetoceros
spp.(53.1%y} 4 3t 17 43} Ha FEe) 2

BES %
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o] gokrrt Rl E Sks g o g AYE 4= d 9¥ 2-3Y
FARE SR H431.91£0.24 psu), S DIN(3.02+1.02 pM) H 5
2 chl-a(0.45£0.25 pg/l) 55 W3tk 3k o] Al7]2] 2=
ZHEL JEFR8%YT AAdal AFVTZ21.4%)et o4
X201 Gymnodinium spp.(3.2%y} 71813tk DIPS} 9= 2
EEHAE 73 W AHIE 217} oSl o9} 2ol
chl-o8} T2 Wiglel wpe} AEEHIE 7
Ko, o243t Wal7} C. polykrikoides 27321
k= AAHAQ REAE AYshlE oEsinl 28iA H C
polykrikoides BZEAT} FDBATT Z ASE X A, vl
I 29 A Bolg o Edst Waulsl C. polvkrikoides
Az} AABAE oFfellA =2lsisitt.

B polxe] Az 712k 2007d Eells el et &
ZAD ulgdoll 3 C pobkrikoides B32] o5t wi-g-
o= ofS B9t Fig. 102 2007, 20083 1971~200037F
2|9} P vleSES vkl 2102 20079 C polykrikoides

o] F&3 B2 RS 8¥8% 4msec OS] A&E PAEe]
380 2 AvEEIIthel 5, 2008). et 200819 A9 82 2~3
Aol 4.0~4.6 m/sec] FAFo] Bl AAFolA Rl A50R o
Al Az gato] AEI O, o] % HEE A% #jeje] A
B @aE R AhdE o g Axrl 293 AE B, 88
% o|F Hy4d ofsle] ot vighe: BEIA A3 o5t
of Jgs mR|A] Kgk F1 0% Bt}

2008 o3 HellsFalge] seked B sk Wt &
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ol Bt e AT T iRk T URICE g A7 AN E
Ko et 3 3 misecd] BAIEO] 743 Al ELE W W
ER AWK (Seung, 1974), B 4 m/sec®] BA1E0] 349 o) Al4E
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Fig. 10. Comparison of mean wind speed of 1971 to 2000, 2007 and 2008 (A), and daily mean wind direction of 2008 (B) (http:/www. kma.go kr).
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o] AT W] FFOE e A7) AHEon, sk 4
2AFE A3
sl o] A 2 (Fig. 40l & 5 25o] 20084
53], 789} 992 A% 7HEo] 2ASIQIT). olof) ulel A
FEA FFO] WA dskom, W 9o AHE &
1Tt 20069 820l AT 7HEO R 2.9440.44 pME] L
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1.96£0.57 pMZ 1] & kS BQlom 2 2A17)7ke 8| wskd
T AR od 2o e 49 S Reith
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Fig. 11. NOAA satellite image of surface water temperature during
cold water warning by NFRDI in 4 August, 2008.
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A& T2 BT AR FkEch 2 Aol A A9
C. polykrikoides TAHcystye] X, ol 448 ZARBKRE &
AT, Kim et al.(2002), Kim et al. (2007)% Park et al.(In press)
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