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2000 ks GajQtoll X WA Cochlodinium polykrikoides 3 27124, Agat L2HEALS 45 NOAA
AN EZFL AEE 0|83ty AESIYTE QNH OB C polykrikoides BFE 1995014 199934 = A= o]
7F 2% x| iz FAHJLL, 2000300 ARt sldA Hz2 YAHRILE o) iR EE
HAA 2] 7t G ) dESRE 4ZE 1) ebdReh dei AR, 2) A=Y Fie} JAs) A
F B 3) $EAety A2} RS o] 7175t AAIG HARANNME C. polykrikoides®] TEM X7} ©]
Bl A0 YR A ehAREd, 58 sUuo] tupso Yo Ak Alole) Wl sjakio) o4
oA FAE ] 20009 C. polykrikoides 727} vEE o] AN AlFehs AL #EY + IUTHEY 22%).
o] C. polykrikoides 24 HZE Alexandrum tamarense, Gymnodinium mikimotoi, Skeletonema coastatum, o 223 A
Chaetoceros spp.&F E3t3le] SASIATH 2 ZeA 7|7 Fof] 3htzoll= ‘Prapiroon’>} ‘Saomai’ 2709 BlFo] C.
polykrikoides 2ZA| g o F3& nFTth BlZF ‘Prapiroon’®] S8t & C. polykrikoides G X2 & A2 1
A2, b1 ‘Saomai’ B3 F AR LFIHTHOE 20%). 108 50l e Fb-ARA RN C. polykrikoides
Az7t dAsI e, olde] AGARIL 22°0C] 23 d0] FRE-AAREE AX AMTA] Zgol FY=e! U
o, Azl 2 #@44s UXst ANt Ed o] XHoAM 7R ALH H 3 Akashiwo
sanguinea(=Gym. sanguineum)®} C. polykrikoides®] 7 HzZE FA3IATH.
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We investigated the outbreak, maintenance, and decline of the red tide dominated by C. polykrikoides in the
coastal waters off Southern Korea from August to October, 2000, by combining field data and NOAA satellite
images. In general, the C. polykrikoides blooms, which have occurred annually in Korean coastal waters from
1995 to 1999, initiate between late August and early September around Narodo Island and expand to the whole
area of the southern coast. However, initiation and short-term change of the bloom of 2000 were quite different
from the pattern observed previously. In mid-August, thermal fronts in sea surface temperature(SST) were
formed: 1) between the Tsushima Warm Current Water (TWCW) and the Southern Korean Coastal Waters
(SKCW), 2) between the Jindo cold water mass and the southwestern coastal waters, and 3) between the
upwelled cold waters in the southeast coast and the offshore warm waters. Free-living cells of C. polykrikoides
were concentrated in these frontal regions. In late August, the thermal front TWCW-SKCW approached the
mouth of Yeosuhae Bay where Seomjin River water and anthropogenic pollutants from the Industrial Complex
of Gwangyang Bay are disrcharged. In the blooms of 2000 initiated in Yeosuhae Bay in late August, the dom-
inant species, C. polykrikoides, co-occurred with Alexandrum tamarense, Gymnodinium mikimotoi, Skeletonema
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coastatum, and Chaetoceros spp. Two typhoons, ‘Prapiroon’ and ‘Saomai’ during the C: polykrikoides bloom
probably affected the abundance of this species. After the former typhoon passed the Korean Peninsula, cell
growth of C. polykrikoides was maximal, but after the latter typhoon, the C. polykrikoides bloom disappeared
(20 September). On 5 October, the blooms dominated by C. polykrikoides broke out within the coastal waters
of Jinhae Bay and Hansan-Keoje Bay. NOAA satellite images showed that the isothermal line of 22°C extended
into Jinhae Bay. In this bloom, C. polykrikoides also occurred simultaneously with Akashiwo sanguinea (=Gym-
nodinium sangunium), a common red tide-forming dinoflagellate species in fall and winter in these coastal bays.
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SQHTEFA C. polykrikoidess 1995 Thitx - Bl
A 843 9o AA UFE JZE Fol o]F wid FARRE A
710l wkE-Ete] gt sl 199893 199930l Aal A4
At wBstel, € polykrikoides®l 23+ 22 & -2
Ut A ddelr A 338 BEE ALE) - FAFozw 4z7e
BAZ o718 YeHKim, 1997; A 5, 1998b; 4 5, 1999a; 7
=, 2000). A& B0, C polykrikoidesS] TNF2 22 3+ 2o
Fo] tF AL 2 o5 FAIE] A% urie ¥ FELIE
gzt AAA £4E zest YA, C polykrikoides 232
w8l Al - Aelak f4e ol 7kx) ekl wElA oA
oo} ool gk A7t A&E 3 gk

C. polykrikoides®] ™23 AR-E 1 <k A7elA AA
Az 71ES ARy, g9 - ghekd 2o dA7dnt
T, A, Feo] 2o 2HEHUA X - AF5e Eg o
Az TH YYBFY FF TFH T2 0] C polykrikoides
o] MEZHE dozitke F4E 5, 1999b; ©] 5, 200123 ]
k= RE, 9l g2 E AL Y90l C. polykrikoides
Hzae] Fa dog Agsivhs A7 dsE By vk
(&, 2001). E3, F F2000y> UYEEF A g B4} 4
FEF] EEE A A w8 YU RF, 12, A¥e 54
S 7V A SMEe) 283 {dol C. polykrikoides %2
A B A4S dogivky stk AEEE Zdox] A
7N2E AHRA, A T(1999b)yS C. polykrikoides 2 Z A<
A & - AEEHIEDY HEFo] AT FAE VEpER
FESYIEC) EZFAEY $F Wl Aodla 9lg2 A

shith 23, A F(20002y2 E3 249U AR ZEF
ARZEL] ANFAR] £/t A ETFIE] X9 U &
AZY RAE-E AN o1 E H2AE F) B3k 2B E A
F&A A F(2000by B HNPFES 2eisle 3
244 712 datdedl, Y2Es]oere faldze £
A2l olF R AN HRYAQAES e JEZHIAETY
Aol o) YIS weni Ak A2ols Az F3) o)5e
%k Az B} A E)@ o] aAE Boer] sk
QLAY A WAE 2-2F o], NOAAYA Y] o8] A&3t =
F& B2} C polykrikoides 22272 Alole] ABA)L B arsly

AFHA T, 2000).
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ols} 22 C. polykrikoides?] AT B AT AFHEL 2]
24~27°C AEQ ggollA] 989 URE FgigelA sise] &

e 284 28 FFAFO) F7 o8l H2Z C polykrikoides
Hz7} the 28 BRI} ey ofy] B Fof Fuld
uRl 712ke SR Ealal Qlon, AF e dye] 2/Ae
5oz AASAL Q)

ooy 99 e AREL C polykrikoides 2 Z0A) 71245
Autslsle] ool Aleke AHs7lE ofFeh AR, o dte o
gkl 2] C. polykrikoides B2 1980 el W7, X3l
ghe] B3, WElE B - % 5 54 298 Kot v
=4 SAshs Sl wlsig v 5, 2001a), A2 £
(1995, 1997-19993) ¥4 A TET YR % o By
33l Qg7 BE AEZSHAEES JYIFIr T2 g
Ay iR F2lo) 7Psshd, AYEFH Aol A gl
ksl 2218 7|57 o] @k Bemhard and Peele, 1997; Holmboe
et al., 1999). C. polykrikoides®] HZAY-E FYAF FTF ¢l
ol A&HQl F4o] BrbsstH olst & BHAA TR G
YHERE 71 At ol Bud FA G sEssAl & Al
th B4, C. polykrikoides?A\Z= 88} 9Yo| F4712 484
ok, 1993 Wl ulz At 19989, 19999 A& 4
oA o] tha e 1080 %= H2IAo] ATt o) At
Z 2w, C polykrikoides 57 WAL 343} 992 Al7]o 2t &
AN e g Aojnt

B AFelME 20002 Shibe WA @A C. polykrikoides
Azo] B FAo] 1 Feke] Aol yehd dwrEl A&7}
Tha: Agolgh @4 veldl 2 9o, 200089] EARS ARE ©
43l C. polykrikoides HZA735} AT 2 w4y 7179 & o}
2 3 AW rFse ANslA gt
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B dAgeMs 20008 T FEiiAS) C polykrikoidesS
i HPIt o] AMEEe] oW WA 27 o8]
1843taL, addalerte 2ARL] 91819, Kuroshio
5= F2 3 Gl AT} dutslFrt
JHo 2 HaAchFig. 1a). A A7l 79 19-
20, 8 o, 223 8¢ 14-189 33]°] AA HzLA)
ol gk AHZAE AATstslen, dvhe SEeitnstde] g
35E olgsled AAIEALE C. polykrikoidesH Z WA o) % =
Hradehae] g 938 olgdt Uk, Wel, 59, A
At thal C. polykrikoides® AET 2 2 HULE oid =
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Fig. 1. Maps showing the study area (a)
before outbreak of C. polykrikoides blooms,
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£ ol&3IATHFig. 2). F&& CTD(SeaBird, SBE-25)E ©|-8-3}
o 23319.0M, C. polykrikoides$] % LA A FIANZ &
Fe ¥ AT (11:00-15:00)9 EZ 8l 5 LE 15 um sieve®
o3}, FE3le] |7 (Nikon Alphaphot-2)22 A/dellx &g
ZE sioH, AESE 33 o) whE A HEsiath A
Z2A F9| C pobykrikoides®] NEF= AR F2TE
A=ated A7 W 5199734 A B(19992)2] C. polykrikoides
ol ¥ dF 25 HEAHAA C polykrikoidesE = A7
(11:00-16:30)° EZA 4 mZ7H D=7t AEEH] glo] EF
&2 C. polykrikoides] NETE FABAE $& A2 It

AN ZAVE C. polykrikoides B3] &4 H9 2 HEo|
g EE24e0] TS 2ARY] A8te FHFAETLY 2000
d 89 13224, 89 23-209, 8% 30%, 9¥ 2%, 94 7Y, 9¢
199, 99 23-24, 109 5¥9 F28F < BARE o]-§5} H]
kT A=

128 30 E

(b) after breakout.
2 =

200049 C. polykrikoides M= U IS

2000 C. polykrikoides D7 2L aokshd 1) 8Y 22¢
ATl Az dEeH, 2) 89 3199 H)F Prapiroon’
o| & C. polykrikoides] AEFE B FU =], ddE=
15,000 cells/mlE YERIR L, 99 79l& 53] GF-aG7H
iteo] 2daiou, 99 12d BF ‘Saomai’ °1F HEE
2 ATH(Fig. 2). 3) 108 59 FA-AAT L AR M E 3
AolX C. polykrikoides BZ7} AEAYSA 1347 A&EHT &
=k =

Fig. 2& g8z R g ASE C. polykrikoides A Al
FALoH, 79 24YoA 27949 A= C. polykrikoides A&
Al AX F4L AFoH, 8 399 A9 FA o] & FPS
X e Vet
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Fig. 3. Horizontal distribution of sur-
face temperature and abundance of C.
pobykrikoides on August 14-18, 2000(A),
NOAA satellite image of surface water

temperature on August 13-22, 2000(B).
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Fig. 4. NOAA satellite image of surface water temperature just after
the outbreak of C. polykrikoides blooms in Korean waters on August
23-29, 2000 (O Zone of the first outbreak of C. polykrikoides
blooms in 2000).

polykrikoides®] FBAE7} F3tF At R AF= BG4
] BXI A, AU 2o Alole) Mo
FH dths AL 2T § JYATH(Fig. 3A). B, 52 A4
AR 0|9} Vg S VERN ST (Fig. 3B). 20003 8¥ 23-
299 717 HE 2] 398 BETE BERE AR
B, gk Wl B - X% 2t ALtz @450 glen
g At Fhrrolell Atgrel o] 2 AT A8 9
SthFig. 4). ©] 717+ 5 C. polykrikoides®Z 2 Al 2] 21 E-&g
AL FRZAE RH(Table 1), FBEFF72 Gymnodinium mikimotoi,
Alexandrium tamarenseS} 7252 Skeletonema costatum, Chaetoceros
spp. 50| EF Q3= A2 Yepdth

HEXYa +H

8Y 22-30% 71710l o SNk FFEs] o] HEHA F
Zue @i % 399 ALzt AR HA 559 A=
FHIA] o)FE AT vhH, MZF dlg o g9 o)Fo] YA &
itk o] A o] 7|7kl sl A1Z FdolA] A =
Fro] Al o] 3 sl d9E 4 Y& A Zrh 9
9 2 Fakgdox] THA] 15-20C¢] A2ty HAHEEA &
Z A2, C. polykrikoides AZ= AR} 2 AEo] kR = A
T 2P o}, 94 78 Aol= Wy &¥ gEY AA 55
o] Azt HFE Wt TEOF o)FF X A Akl C
polykrikoidesAZ7} THA| &8ss Aog #AH Y (Fig. 5). 2
2} €% ‘Saomai’ A8 FHE (92 16Y o]F) A2 9 23-
24471 FA3] WEZEaL(Fig. 6), C. polykrikoides 3 M X=
AAE G oz} s ol T 1~2 cellsiml} EAH A TH(Fig.
6A). 108 5¥dl= SAF-AAT sk} 7txE FZs o)A
C. polykrikoides®] HZ7} LASH =, olule] A= €4
ZAL AFE vl BH, 22°C8] o] Ik AAES AR
A T7HA] o] FYH|FF #F T2 22.0°C) A2

A YABE ke AS & F UrkEFig. 7).

Table 1. The characteristic of C. polykrikoides blooms occurred with other phytoplankton which responsible for red tides from August to

October, 2000

(unit: cells/ml)

Date Area Cochl. Al Gym. Skel. Ch. C.

8.21-22 Yeosu 50-410 200-410 140-910 - - -

Namhae 200-4,200 - 200-3,800 - - -

Tongyeong 10-60 20-10,000 20-800 - - -

8.28-30 Yeosu 120-1,380 B - 4,300-24,000 3,600-4,800 -

Tongyeong 100-2,400 500-6,000 - - - -

9.5-7 Gijang 2-130 - - 800-1,200 1,000-2,000 -

9-12 Keoje 550-2,500 150-850 300 - - -
sk

10. 8-18 200-2.600 - 300-1,100 - - 350

%

10-18 Tongyeong 80-1,000 - 30-850 - - -

Cochl.(C. polykrikoides), Al(Alexandrium tamarense), Gym.(Gymnodinium mikimotoi), * (Gymnodinium sanguineum), Skel.(Skeletonema

costatum), C.(Ceratium spp.)
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Fig. 5. NOAA satellite image of surface water temperature and area of C. polykrikoides bloom in Korean waters on August 30, September
2, and 7, 2000.
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Fig. 6. NOAA satellite image of surface water temperature in Korean waters on September 19 and 23-24, 2000. v¢, 1 to 2 cells/ml of C.
polykrikoides appeared only in this area. ’
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B3 FEA L FE 5 o] 71K 8%l eJdte] ABHOR
I H3t s ackE, 1971; %, 1974; Lee et al., 1984). &
3t AZoe A dFoE A5 g ZF5o oA
o] et Itk F =, 1994 4 5, 1998a). ©19 2

, T JEle] ] WX A R JFgoE 4 A -
F7HER] HEAE-E 7. o8 S £ Eo] e AXHGME
o] g3 FxAo] TRG Aoz 4¥A Utk(Yang and
m, 1990; Chung and Yang, 1991; B} &, 1998; 7=} A, 1999;
& 5. 1999). @el9) AEEHAEL] BEE o] 2 AMUE u}
E2 FEHS HolH, A X9 w2 F=I el
e AL o)xe] o8 AFaMz Z ¥aA sickeEkt of, 1990;
73 A, 1999). B F2001) 20009 FaF 2 AP ZARA
C. polykrikoides @A X7} 3l E AFE F2 3313

2 2

>
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i

Achs g BRIt 58], Fg. 3lxis} Zo] A=z24 Ad

H= B2 35 23406 C. polykrikoidesS] B X E]
AS =] Ao, o5 F2ldl] g A< st A o] Hx Az
A 71e9E H otk 53] sl olgst o] Hel=
F2o] AR A2 vt 0](1990)2] BIM T vER) ¢l
o} 1988'd o BE §9L 297 499 e B EFL Ho|
U a2 gddlls A4Fo R £33 AL o F48U 5 o
E R guidFrdst QA g Aol £ 821l Al
2 Rnusigith =3, A 5(1999b)y2 1998 89 dkedl Fel=
FZElGoN BREHFIE F vidRe] NFF Sagina enflata
%] FA3] F7HE AL tvhdFrt Ak shrte] #4F olfet
3 A9si).

o FRke s} UL oloFe Fas pEE g2
7yl % @7t 54 = 7 (Kim and Kang, 1991), o770 ZF
AdF ARG T AdE S 2 QLSS T RIS
F FY0] o] Xe] AEZHAE] FEH Holo] B I
< w2 Yok 5, 1984; Moon, 1990). ©] 5(1999)S EAIE
BRA(NA I RYLE FYHY] FFE FRAZRE A

126 °E 129°B

expanded to Jinhae Bay through Han-
5 Oct., 2000 san-Keoje Bay.

LTI stem, SRR Mz J2rt s slgo
E gA AhA F, 1998b; A 5, 19998, A 5, 2000). o]
Halkpel oJekge] whde ofgsnt 22 Fgea 274 3
A B o, AEEFAEY IR dFS R A2 B
QITh(Table 1). 727 Skeletonema costatum® Chaetoceros spp.
E $7Y 9488 Bol| ¥ QoA AF ARE dodle F
o2 4#A o} Smayda and Reynolds(2001)= SFHEZFE
£ URtelN s ool 87 a%1e] 7€) we JHERF
9] A EAEHH 8 (vegetation life-form typesyS 315 o]
o] W=W, Gymnodinium mikimotoi®} Alexandrium tamarenseS
o1& AZFAAAY, Y4 87, Aelg B9 vlgE Foi A
A E-F-F(frontal zone taxa)lE E-FIHEH, A5 wre] A
oA o529 B2 FHL o|&Y A o HHE + Uk
£ Ad7elA Wi F 2 AXAQEREH C. polykrikoides®] &
A= o] ehds A2, 7 Al 23 C. polykrikoides®]
& 0] oFgion), dEoE A2E Jorx] R A7 Q)
AR HRIth A F(20000)% WE =] FollA ] f3] 2 22Al
A S5 Yol e I FgddAe FRF Walo] AEA
on, 22 1% T AN JURRFE ARl dAET
st

UEzd H2E A7l DAY 19959, 19979, 19983¢]
Bz H4 A JATHH EFFS ASE B, 199539 B¢
YR AL 89 28Uol= Ax B2 Aeaue) T3 A
20 28 vt dHAge] R FHsGelA AAE o)F
Aem, 1997dL A= F Fao] Y oA I
g, oiepdRAl o] Ate g A8l YR ' 958 AA
3led kel F=Re AAE BT 283, 199839 3
A= C. polykrikoides DAY 21721 8¥ 31U FREXE R
A= JeAge] 7hg v, gl sRage Watls AY §
AEo] 1A B3 A% 7] AAdo] AR YRR Bl 5
Ao Z3A JERISATH A F, 1999b). 22t 20001 9]

Jo i R
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N3 BE5LAEE RHFE 4), 2 FAo] shpe s
A Azt BRYTE RS & F Jth F=, B AN e
% AAEL C. polykrikoides Hx 2L G2 Y2 % 23
ol FFEE Ro] of} ] Ago R Fd wE A
St AAAAL Xl Q8 FA] FFE gon, oje} e A}
= T3 eAAYY X WET C polykrikoidesdZe) #Hz
2 AGE 2HY 5 Atk AL AARRL

Fig. 2014 §3M ¥4 WH3tE 49 EH 8g 30U 5E 9¢ 1
Ao sz o] Fak2 vRl 125 B)F ‘Prapiroon’ W& ©1F- 15
A7F HAFAYE] F43) SUIsI). ol HuiF oz Hle ¢k
A o1} 583 m/se] AP el 3 sigho s Asiele Sute
24 $Eve doslde] EFL Yoo, 1 $AHEM Fig.
59] 99 299 EE4e EXE HE 9EWY Y Fajdct
Aot AFe JFE A EFAL 2N FIALT2o
Aoz Fa7t st 98 74 44 Fig. 5B) H¥#
B2 2o} 7|2 deo] ASHIY. 2 A FIkeE A=z
islx] Eatz gy Bl o3t MZe FY
I Taol g8 e F20] sbedd RAeE FaFi)
Robarts et al.(1998Y= 20 m/s ©]’39] BIF-2 S5 QAN &
4, g4, APl vhee o & gUeS AF 4y
o2 ZHsRed, AEETEIE A Q14k0] Agldge
2 283l AN, Bl RS dFd7e dEF AT
o] FZIHA Ygto}, I F oA HIFTHL HHE HEH
Hth 143 B1F ‘Saomai's 2000 EE FdA FR&} A=
7} 7 & Rog ANES 39 wsH EIS 53 mm/hE )
¢l &3l AT WES "t 5438l 58] 55 wnE
WAL} 2B ST ‘Saomai’ A F ST ¢oke] AokHES
29 23 AR FAWXTL 1~2°C BA FEHATE
AR5, 2001a). ©] W 28 od WA A&EFA o
(Fig. 6), 108 2o Hds} v)53 2o m 3EEg o
FHR4REY, 2001b), Fig. 7049} o] 109 5d0lE 22°C9] &=
27 0) gt FEE WFTH A 52000y C. polykrikoides
FHzdAe] SGRE P} BE42 BXGI] AAE 24}
sted, A2 A 27] L Pt ] BERY] Hxd
BY 4X9 &9 A7 218 FHE4E AU HzR o) A
IEN A 9L ik RaFTE E3 e denY]
24¢] olF wt Az A4 B o] BAEla, o 54
< uie} S kE e wE gEithe 2L 2ot B a7
A= C. polykrikoides 2B 22°C L2449 £X¥9} Aol o
Asgom, ol Tedt 214 L veEllE Aol ol 9%
o dAto 2o H4 F=E vepd 5 ot

sl ] C. polykrikoides HZ2AL FA F 714 9
o7 A siestd], AA, Fig. 78 $LEX Y Zo] 220CE tj
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