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Outbreak of Red Tides in the Coastal Waters off the Southern
Saemankeum areas, Jeonbuk, Korea
1. Temporal and Spatial Variations in the Phytoplankton
Community in the Summer-fall of 1999
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AR 7HEAR ] AWE T P AR AT M Cochlodinium polykrikoides7} $-83H= #3148 A=
dhalel] gk A2 8l7] $15ked, 1999 89 1095E 119 119701 BF satElel] A 47) BolM A5 A
A3 7 HAZAJNABE] AT BEe £, G8, JUAF B 5 4 edEH] dAE A 2A
N 2 283 FalA HRABELS Alexandrium tamarense, C. polykrikoides, Gymnodnium catenatum, Gyrodinium
aureolum, Gymnodnium impudicum 5 ©1™, F7] 20 um Gymnodinium sp= 88 104 264 cells ml™', G. aureolum
2 99 169 200 cells ml™, C. polykrikoidess 102 182 463 cells mlI"'e] AUFEE HAXE Uo7 ZAL A7)
o Wl g 25o0] F2E doits AL & & UUTh 199738 A EF UEE s 2AE C
polykrikoides 2243} v swshd Ak sjolrls Hzrk A7 o2 < 50d FE =A AL, 6°C A=
e ool WA C. polykrikoidess 98 160l Aoz BHAFAEH FHHTE: 5 cells ml™), 20~25°C
Zoof A9 HNEAE0.3~0.4 d)S ASHEIAE W oln| YoM e A Wyt AyFeR FUAHA &
I ANAAAReRE 108 1899 HUEEY =8 £ dvy AddHnh ARbs 9 1E 9 2R C
polykrikoides HZ2E F2 F2FY Foot ¥ 00 Yelh, FxfF9e] AN f2i3 @4x70] ZHA
& w) C. polykrikoides7} $-333M) Brhal FHE ¢ Sl

We investigated the outbreak of red tides dominated by harmful dinoflagellates from August to November
1999 in the coastal waters off the southern Saemankeum areas where a huge red tide dominated by Cochlodinium
polykrikoides had been first observed in 1998. We took water samples from 2~5 depths of 4 stations (with 3-
4 additional stations during red tides) in this study period and then measured the abundance of phytoplankton,
water temperature, salinity, and the concentrations of nutrients. In the study period harmful dinoflagellates Alex-
andrium tamarense, C. polykrikoides, Gymnodnium catenatum, Gyrodinium aureolum, Gymnodnium impu-
dicum were present, and of these G. aureolum and C. polykrikoides formed red tide patches on September 16
and October 18, respectively. The date of the outbreak of red tide dominated by C. polykrikoides in the study
area was approximately 50 days later than that off the Kohung areas in 1997 and the surface water temperature
when the red tides outbroke in the former area was 6 °C lower than that for the latter area. The maximum abun-
dance of C. polykrikoides on September 16, October 7 and 18 were 5, 14, and 463 cells ml™, respectively. The
growth rate of C. polykrikoides, isolated from the study area, was 0.3~0.4 d' at 20~ 25°C, which enable this
species to reach the maximum concentration without being transported from the adjacent waters containing
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already made red tide patches. The outbreaks of red tides dominated by C. polykrikoides in the study area and
off Kohung have occurred when and/or where the concentrations.of diatoms were low. This evidence suggests
that the outbreak of red tides dominated by C. polykrikoides is adversely affected by the high diatom con-
centrations or the conditions favorable for the growth of diatoms.
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= FelA A=Z13F C polykrikoides/G. impudicum 23
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1) e 3&0] A%, FF (turbulence)«] A7) ofFsET
(Thomas and Gibson, 1990; Tynan, 1993), 1&E4% W] |47}
Yo 2 FEET 219 v H—“i— | B5F o] el $|3kq L
T FYIEF/H AA] FdEE 5, vl w2l f2
g 7ol FAAE AR odEE aoelrt. 53] 1998 o] 3
AA 3l C polykrikoides/G. impudicum 23 M7} FH LA
FAHPA g 7Ate o, oz AL o3t i AH=zut
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4\‘%‘31]:%94 $ R (Eppley and Harrison, 1975) 84 A
mykowski, 1974), si5=2] <=%k(Ferm ne et al., 1996), <]
i‘tll— i 5ol 2}k o1 5 (Tyler and Seliger, 1978) 5 E21% &
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Jeong et al. 1999a, 1999b, 2001a, 2001b, 2002), t}& A EF
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Ao Agst= A9 Bk B Aot AlRE7] He 2
Aol A2AE Tl sl JFH o E A A=l
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524 XA (metazooplanktonic grazer)(3] &, in preparation)
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Algetar 2pFe] A 5}— AA)&taLal shdct, gk B AT
AIE sulct C. polykrikoides/G. impudicum@ 27t 713 WA &
Ashe A SLg-ofe sjdoiale] Hagte Ay A3t} vl
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ARk B FelA Rl Az HAATE ¢3! 1999
d 8% 104, 9¢ 164, 10€ 7Y, 30143 Cochlodinium polykrikoides/
Gymnodinium impudicum D784 3 Q) 109 18Y, & 4A¢ &
%0 119 1199 e A Fg 1)l AES APk 3
T+ AFAF A7) B R okt 9d 293t 10€ 28Ul A
819 A (FakA ol T ThE A A T ERA R E -
el tisle] Az Wt e FolX e AlEE F7H2E A
skt 2t MY s AlEE 45 W 2~570 ZololA
3 L Niskin 2718 |83t A3 atAct. X‘H-ﬂﬁ AE F AE
ZYAE FHF 2AE AEE 500 ml Z]olgHl HE 9 F
Lugol 402 FA] A3}, jodined] F4I8HE ‘5'471 Qate] &
Zo)g 392 A § il Risle] Adds gHksiart. G4
ANEe ZFE2OA AEZSHAE YEMEE 20 um)E A sl
100 ml E2]1 2 Holl Y& § glutaraldehyde §H 0= ZA] 31
At HEF £48 AlEE AT | FFA FA] 3%

& 5§ Ysud ik
WA AEEHIAE A AEE B4 3 H AF AEE Y
et 2EE AR W X wdsk BXE 40}04 1003} ©]
‘} E50] & ¥ 1 miE Sedgwick-Rafter counting chamberell g
dov, AEL7F Be AEE I 5 48~64%%S B
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Fig. 1. A map showing the sampling stations off the southern Sae-
mankeum areas.

(Olympus model BX50)0 2 &3S AES7F &2 A&l
= 100% B5 A4, 3480 AEEHAE] g 99
A AGF N ZF(cells mI™)E Skl

427 PE-L CTD(Sea Bird SBE-19)E o]&35la 439
o, ook Fel NH,, NO;, NO,, PO,, SiO;= auto-analyzer(Bran-
Luebbe TRAACS 20002 ©]-&3lo] EA{s}iTt,

2N

JEinEs =A% A7 =¢9 YA (autotrophic), T FA3
(mixotrophic) SFAREF7} 5% Yelged ol59 AH fAkd
& gEsle] E mRoAE o] B8 o] EH-EFITH 4=

£ AR 227 ApF ARR $REAQ EXHTE
7 AN A& e WA whe o8k sl BrEsitt

o Mo

w9l TEE A3t o] gt ¥
A g E v 3 BHstE a9 A7E HSE(Maximum
Abundance at All Stations in each sampling time; ©]3} MAAS)
= gk 2AR 700 AP BE ANEEE AR BE o)) 247
oM Y F = EFHIA 2§ FEE 7E A 2 F M
=g 7k 93k Aolw, A HFFE (Averaged Abundance at
Fach Station; ©]3} AAES)E ZAM7IEE & Ado TE Zlo]
oA TE E& ZHES Hgd o, BE HF AAFE
(Averaged Abundance at All Stations; ©13F AAASKE FF Al7]
E A goA 73 8F £ F= 7 B3 otk 2%,
B AYEE TR oje u|sd Atsided A Hd

h=]
oﬂd—f’

ro o2 o

=, gk F =S (Averaged Temperature, Salinity, o
Nutrient concentration at Each Station; ©]3} ATES, ASES, or
ACESy= ZAMZIEE & AAe) BE ZoldA 73 Es 3
@3 Aoy, B E Ao Hi &%, FE, FYEF T (Averaged
Temperature, Salinity, or Nutrient concentration at All Stations; o]
3} ATAS, ASAS, or ACAS)E & A7) BE ARoIA 3 ke
Hadk wtelth

=

23 2o AZHY Y5}

ZABGM 24E B E FH] BF 7S HaT @] Al
7 wskE B 8Y 10Y90A 92 1697MA] 24.3~24.6°C At
o]2 W3t A glglert, 102 78l 19.9°CE F37] A%
slo] 102 18949l 184°C, 119 11¥9l] 15.9°CE Zhasidct
(Fig 2A).

TE AHAHY EE GES HAI g2 89 10UM 92 16%
7HAE 31.3~31.5 psud FAIsHA 2, 109 790l 30.7 psuz 2
Z37] AFFet] 102 1829l 29.4 psuZ HAE 7Bt 2
2 119 1199 A 31.2 psuZbA] d<3lsithFig 2B).

dokRol AlZHY Hst

ZAR oA FEUOKNH,), EAFE (NOy), oFAE (NO)E
%321 57172 2 (Total Dissolved Inorganic Nitrogen; TDIN)| 3
7552 ACET(Average Concentration at Each sampling Time:
ZA 71 BE A8 2439 H)e| 9= 8Y 10¥0l 3.7 uM
2 ko) 99 1699 6.7 pME Z71s] ARl 108 79
A& Azl 9.5 uMell =25k, 108 18Y7HA] 9.4 uME ¢
Ak 118 11900+ 6.0 uMZ FZ3F3THFig 3A).

2l(P)e] ACET 79+ 88 10254 99 16ell 02 uME Rih
109 79= 0.7 uME F331901) 109 1880 05 uM= 7
a7 Al 119 11990 03 pME H ] S| Yebsith(Fig 3B).
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Fig. 2. The temporal variations in surface water temperature (A) and
salinity (B) from August 10 to November 11, 1999. The symbols
represent mean-+standard error. Means are calculated by averaging
all values measured at each station at each sampling time.
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Fig. 3. The temporal variations in total dissolved inorganic nitrogen
(TDIN, A), phosphate(PO,, B), and silicate (SiO,, C) from August 10 to
November 11, 1999. The symbols represent mean+standard error.
Means are calculated by averaging the values measured from all
depths and stations at each sampling time.

TSl ACET 73-%= 82 1090 11.6 uMelA 99 1629
15.1 uMZ Z71317] Alzksted 109 7890 19.3 pM7ER] 7180k
7} 104 18Y°l 18.6 M= FAIHR Y 119 119 142 uME
7319 oh(Fig. 30)..

] 7R AR GOM A EEHIEY F2 1 cells mlTe]

%9 47 ¥ 1609F 0| A=t (Table 1), 2 & F2F
(dlatoms) EY-SHEHT SRR M 11959 36502 B
2 F 75 BYAN, silicoflagellates, raphidophyceae®l &&=
58 747 4, 33 S

THEF, SY-Eg9UA R 28E 49 A7 ¥}
© T8 veltedl (Fig. 4), 7259 725 88 10949 44
FTO= H9ko 9d 1690 81T FVIstY 108 74E
81522 FAIERY /34 Cochlodinium polykrikoides? Z7}
dAE 108 18Y00E 43%2 ST AZ7F B 114 11
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Table 1. The list of phytoplankton>1 cells ml™ occurring in the waters off
Saemankeum, Korea from August 10 to November 11, 1999.

10-Aug 16-Sep 7-Oct 18-Oct 11-Nov

Species name\date

Bacillariophyceae

Actinocyclus octonarius var. + + +
tenellus

Actinoptychus senarius + +
Actinoptychus splendens +

Amphora lineolata +

Asterionellopsis glacialis + + + +
Asterionellopsis kariana + + +
Asteromphalus flabellatus +

Azpeitia nodulifer + + + +
Bacillaria paxillifer + + + +
Bacteriastrum elegans +

Bacteriastrum furcatum +

Bacteriastrum hyalinum +

Bellerochea malleus +

Biddulphia alternans +

Chaetoceros affinis + + +
Chaetoceros bervis + + + +
Chaetoceros compressus + +

Chaetoceros convoltus +

Chaetoceros costatus + + + +
Chaetoceros curvisetus +

Chaetoceros danicus + + + + +
Chaetoceros debilis + + + +
Chaetoceros decipience + + + +
C. decipience forma singularis + +

Chaetoceros diadema + +

Chaetoceros didymus + +
Chaetoceros lorenzianus +

Chaetoceros pendulus + + + +
Chaetoceros peruvianus + + +

Chaetoceros pseudocurvisetus + + + +
Chaetoceros sp. type A + + + + +
Chaetoceros sp. type B + +
Cocconeis sp. +

Coreathron criophilum + + + +
Coscinodiscus asteromphalus + + +
Coscinodiscus centralis + + + +
Coscinodiscus concinnus +
Coscinodiscus gigas + + + + +
Coscinodiscus granii + +

Coscinodiscus jonesianus + + +
Coscinodiscus marginatus +

Coscinodiscus megalomma + + + +
Coscinodiscus oculus-iridis + + + +
Coscinodiscus radiatus + + + +
Coscinodiscus subconcavus +

Coscinodiscus sp. type A + + +

Coscinodiscus sp. type B +

Cylindrotheca closterium + + +

Dactyliosolen fragillima + + + + +
Detonula pumila + + + +
Diploneis crabro +
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Table 1. continued Table 1. continued

Species name\date 10-Aug 16-Sep 7-Oct 18-Oct 11-Nov  Species name\date 10-Aug 16-Sep 7-Oct 18-Oct 11-Nov

Ditylum brightwellii + + + + Thalassiosira decipiens + + + +
Eucampia zodiacus + + + + Thalassiosira eccentrica +
Grammatophora marina + Thalassiosira gravida + + + + +
Guinardia flaccida + + + + Thalassiosira hyalina + + +
Guinardia delicatula + + + Thalassiosira mala +
Gyrosigma balticum + Thalassiosira nordenskioeldii +
Gyrosigma scalproides + + Thalassiosira rotula + + +
Hemiaulus hauckii + + Thalassiosira sp. A + + +
Hemiaulus sinensis + Thalassiosira sp. B +
Lauderia borealis + centric diatom + + + + +
Leptocylindrus danicus + + + + + pennate diatom + + + +
Leptocylindrus minimus + + Dictyochophyceae
Melosira lineata + + + Dictyocha fibula + + + + +
Melosz.ra nummuloides + + Distephanus speculum + + +
Melosira sp. * Distephanus speculum var. + + + + +
Meuniera membranaceae + + + + octonarius
Navicula sp. + + + + Ebria tripartita + + +
Nitzschia lanceolata + Dinophyceae
Nitzhschia longissima + + + Akashiwo sanguinea + + + +
Nitzschia pacifica + Alexandrium minutum +
Nitzschia sigma + + + Alexandrium tamarense + + + +
Nz.tzschu'z sigma var. intermedia + Alexandrium sp.type A + + + +
Nitzschia vitrea + Alexandrium sp.type B + +
; 1 + + o
Nztzchza sp- type A + + Amphidinium sp. + + +
itzschia sp. + + ;
g ZZSC ;7 sp. type B Ceratium breve + +
j + + .
Odontella ;mr ”“1 Ceratium furca + + +
ontella longicruris + .
Odontella I g ) i . Ceratium fusus + + +
lontella longicruis var: hyalina + . o
& I s Ceratium kofoidii + + + +
Odontella mobiliensis + + ) ;
] ) Ceratium tripos + +
Odontella sinensis + + .. oo
i Cochlodinium polykrikoides + + +
Paralia sulcata + + + + + -
, .. Cochlodinium sp. + +
Plagiogramma vanheurckii + , , .
. . Dinophysis acuminata + +
Pleurosigma aestuarii + . .
. Dinophysis caudata + +
Pleurosigma angulatum + + Dinophvsi .. . .
Pleurosigma elongatum + + + + l.VZOp y st.sf ortit
) Dinophysis rotundata +
Pleurosigma longum + . Jomsi .
Pleurosigma normanii + glp lop S; opsts ‘jfy mmetrica *
‘ . +
Pleurosigma sp. . . + onyaulax spinifera
Proboscia alata for. indica + + + + + Gony aulax.p olygramma +
Pseudo-nitzschia delicatissima + + Gymnodinium catenatum - * *
Pseudo-nitzschia pungens + + + + + Gymnodinium impudicum * * * *
Pseudo-nitzschia sp. type A + + + Gymnodinium simplex * * *
Pseudo-nitzschia sp. type B + + Gymnodinium sp.type A * * + *
Rhizosolenia bergonii + + + Gymnodinium sp.type B * + + +
Pseudosolenia calcar avis + + Gymnodinium sp.type C + * *
Rhizosolenia imbriacata + Gyrodinium aureolum + +
Rhizosolenia robusta + + Katodinium sp. T
Rhizosolenia setigera + + Pyrophacus horologium + +
Rhizosolenia stolterforthii + + + + Scrippsiella trochoidea * + +
Skeletonema costatum + + + + + Scrippsiella sp. + +
Stephanopyxis palmeriana + + + Raphidophyceae
Stephanopyxis turris + + + + Chattonella antiqua +
Thalassiothrix frauenfeldii + Chattonella sp.type A + - +
Thalassionema nitzschioides ~ + + + + + Chattonella sp.type B +
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Fig. 4. The temporal variations in the species number of diatoms (A)
and autotrophic (ATD) + mixotrophic dinoflagellates (MTD) (B) present
from August 10 to November 11, 1999.

dolle 66522 Tha F7I8ItHFig. 4A). HH-EHE WA
HEF A7 F F9= 89 1040 185322 Higtony,
16¥el= 28% 02 71 A YERoU, 108 7Ho0= 20F, 10
2 18¥90= 187, 1Y 1Yol 11202 H3} 7hhdle] 7z
Fobe e e By

TZF9 A7 HE = (Maximum Abundance at All Stations
in each sampling time; ©]3} MAAS)= 8% 10291 1,753 cells ml™'2.
2 Ee S UEou) 99 16¥9 175 cells mIN'E BE F9
A F7et7) AlEste] 109 7290 101 cells mi™, 804 2 zut
A 17191 102 18Y9l 25 cells mI"'E HAZEL eI O &
27 28" 1149 1120E 981 cells mI™'& ohA] F2 3+ ch(Fig
5A). SE-SFAUA FHRRY MAASE 82 10000 336 cells ml™
2 8wa =4 Jephdou 09 1684 127 cells mI'= F75}
71 NAsted 108 7890 37 cells mI'E7k1] Z4skgdch 2
10€ 18Y9l 463 cells mI"E EY-EFYUA JHRRE 35
3t C. polykrikoides BZWE FA G thFig. 5B). 24 11
4 1149= 15 cells mI"'Z 5Y-EFAGSP T I8
ot 2HEE {4 C. polykrikoidesBZHAY A, 321 109 7
4, 18Y, 11€ 11Ydl= &7, SH-EHIPY HlmFY A
718 MAAS7} RHZ VeSS & 4 Aot

gk ZAM 719 ZAME BE A 27 Ha TEQ
AAASE 89 10¥€°0 ZHz} 925 cells mIT'2. 2 E¢ko ) 99 169
ol 71 cells mi™, 108 7l 37 cells ml™, a4 Fzgha8 2171¢]

s}
9¥

Date

Fig. 5. The temporal variations in the maximum (closed squares)
and mean (open circles) abundances of diatoms (A) and autotrophic
(ATD) + mixotrophic dinoflagellates (MTD) (B) present from August 10
to November 11, 1999. The symbols represent mean+standard error.
Means are calculated by averaging the values measured from all
depths and stations at each sampling time.

108 189l 13 cells mI™'& A &Aoo g2 AA ZHASIA T, Ax
7} AEE 1€ 11LE 417 cells mI'E A F3581] chFig.
5A). EH-ETGUA FHEF AAASE 8Y 10¥] Z17) 141
cells mI7'2.2 Hw3 E9kov} 9 16Y9]] 38 cells ml™!, 10€ 7
ol 7 cells mI™'& 2280 hFig. 5B). L2 108 180l
C. polykrikoides BZZAH 07 AR F] AAASZ} 92 cells mI™'=
FEFINT, A H2) 118 11€9E 6 cells mIT'2 7443190

MAAS: AAAS PFl&2 EHAEEC] grht 23t pacch/t 3
AEo] JEAE Ao dEFs ez 109 1899 #F

T, o Al71 9 o A9 5 SR JunRe 2
F 7S HEo] EF 05~2.7 FEoRey 10¥ 18ddE &
EgUA oPHR R HIE MAAS: AAASe] ¢F 5.12 o] A7)
o SY-ETHFGYA FHEFIF F& dlgo] 2UE9 patchE &
AT USS & 4 Uk =, 109 18U 2] EH-EFPUA ¢}
HEFo] Y Ha T AAESY 32 X7} A3 40A
o ko) FA 20 = 2R wA Jehd A 4F wrt
Y& YA U NI DThFig. 6).

TEF] HEAE - 89 10Y, 9¥ 169, 1Y 11
A= Skeletonema costatum, 108 743} 18U 9ll= Paralia sulcata
F oIl thFig. 7A-C). SH-EFF P AU ER IAZA71E &
HZE2 89 109 Gymnodinium sp. A(20 um), 99 16% ol
Gyrodinium aureolum®] 21} 108 7954 109 18, 119 11¥
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Fig. 6. The spatial distributions of diatoms (A) and autotrophic
(ATD)+mixotrophic dinoflagellatestMTD) (B) on October 18, 1999 when
the red tide dominated by C. polykrikoides/G. impudicum outbroke.
Closed circles are the sampling depths.

ol= 25 Cochlodinium polykrikoidesZ VeV THFig. 7D-G).

HZ57ol 8= Chaetoceros danicus, Leptocylindrus danicus,
Faralia sulcata, Pseudo-nitzschia pungens, Skeletonema costatum3t
E7] E3Ngo HRRR) Gymnodinium sp. AQ0 um)e} Prorocentrum
minimum 5-& ZE A7l e, §3d A2 A2
Cochlodinium polykrikoidesSt Gymnodinium impudicums 9% 164
o|F A& A3l tH(Table 1).

ATl MESE]

ZANZE F ZAE G 28 dEEA H2PEL
Alexandrium tamarense, Ceratium kofoidii, C. furca, C. fusus,
Cochlodinium polykrikoides, Dinophysis acuminata, Gymnodnium
catenatum, G. impudicum, Gymnodnium sp.A(20 um), Gyrodinium
aureolum, Provocentrum dentatum, P. triestinum, Scrippsiella trochoidea
5 1320]3, #2543 F J2AEE Pseudo-nitzschia pungens
o1THTable 1). ¢] & F AAZE H2WE A5t HxE o
7 FELS Gymnodinium sp. ASE 109, HNFEE=264 cells ml™),
G. aureolum(9% 162, AHFEE 200 cells ml™, A 4 A2),
C. polykrikoides(108 18, HU|FE=463 cells mlI")°|Ar}.

Cochlodinium polykrikoides= =2 SATHENEE 5 cells
mi™) 9% 16%9 BAE 40lA HE ZAHA. 108 7l A&
o2 o] Fof % Az wr} BAHRLH 108 18¢l BH 1,
2, 3, 49X 9] C. polykrikoidesS] T-E= 237} 24, 20, 31, 463 cells
ml™'Z YeEbgth 23y A 4949 C. polykrikoides F 5=
2 sj99] A= patcht} slickellA ] Fx=of B]3fe] W Holr},

feld Az 2T 135

Skeletonema costatrum

1A
500
0 T . T
167 B Pseudonitzschia pungens
8
0 1 -
127 C Thalassionema nit=schioides
6 .
o0
g 600 D Cochlodinium polykrikoides
@
£
3 0-—m— ol T
S 400,
= Gymnodinium sp A.
= g00{E k.
=
< 0l — = =
60 Gyrodinium aureolum
30 F ‘
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40j G Gymnodinium catenatum
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Fig. 7. The temporal variations in the maximum (closed squares) and
mean (open circles) of the dominant diatoms (A) and autotrophic
(ATD)+mixotrophic dinoflagellates (MTD) (B) present from August
10 to November 11, 1999. The symbols represent mean+standard
error. Means are calculated by averaging the values measured from
all depths and stations at each sampling time.
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BAQ0lol AlZHY H5}

FaAg M2t oAl 2R B 2AP)TE B, RARIG M 5
£(15.9~24.9°C)2 At 5137k AL Gl 9] $2(14.7~25.2°C)
3} sl vElte | JE(294~31.5 psu)= A 537 FE
(28.2~32.5 psu)a} 2 2o)7t ATt

B AZ7|7F B¢ 109 7¢7 10¥ 18U 22 0.5 psu G
o] ZHae ZH$3o] 109 2% W™ 26 mm, 102 10¥-14¥ A}
olo W& 115 mm 7+-$-0l] 7113tk A ThZ]44, 2001). ©]
#38l T fde2 osle] TDIN, PO, SiO7F 2+t 9, 0.5~
0.7, 1I8uME ®12d =74 ARAEAYN Aoz ATEriFg. 3).
108 72-18Y Aleldl] Si0ASE A AT FES XA
=8 ol FERF7F Fo] A &Mt gIY AeE #dEY,
PO= 220 Cochlodinium polykrikoides 5 AZAE0] PO,
2 g3 2832 reAle) BE o2 HuEH oje AR
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HollA POs2| F=7t C. polykrikoidesS] Bz Aol d3+e Z 7}
5 = Aoz oo ti3 HelF dYe] Yasirt

o AIZHY His}

F%= Cochlodinium polykrikoides7}t -
Ash= A=x7F 2l 108 18d9l 7 WA Yeldnt o o
F3 AAE falld A=A A 108 793 A2 FF9)
10€ 18¥¢] TDIN PO,, SiO; 5 F4HF s/t AV &
7P & A7leA AREo] JHER BlEte] A wE 72
7t 7P A g AL #43] ol e Kol oy 34
3 & T e AL gRFR g ZARE] § ¥Age] =
3L, C. polykrikoides®l T8t I2lqto] Ao g z2hg 7 9ot}
AAZ 108 18Y H4EF(Y 5, submitted)?} FAEEZTHA
E(@E %, submitted)®] FE7T ZAZ|ZF Foll 7P Fo} olo o
g 7Es8E =t olF SHEl AsliMe FHEU Aol
Aol 29k &4 Aol Wasith AAZ HAEF FolM 2R
E AR anE ¢ AUe T4 = F(naked ciliate) TE°]
%OV (Montagnes et al., 1996), C. polykrikoides\} Gymnodinium
impudicum®| 73-5- 3717} 150 um oV = 278 3 Strombidinopsis
glo] dzpH oz ¥A8 4= Qlti(Jeong et al., 1999).

ZAPIZE E3F ZARNG A A EEHAEY] ¢ 1 cells mI™
ol U= &9 F2 svlt} C. polykrikoides/G. impudicum®] -3
ke Azt /b WA dAske Ay 2T-o5 dlodelA] 1997
d 8Y-11¥€0] 283 A EZHIAE £79Y 80%A T HSE e
b 2 F FR2FE 85%, JHEFE 76%, silicoflagellater= 75%,
raphidophyceans= 33%7} 27 Ueht 89-11¥ €8 27, &
HRH, silicoflagellate7} 48] Hl5:8he & 4= JUTHE 5, 2000a).
53] 3l Azt ABE 5P THIYY JHRRES AE
ARG 28T T2 5 368U, ol ZZ-oF Y
oA 1997 89-11¥9] 23T 42534 H|5=8l(F &, 2000a),
T #do] MHHOZ 200 km o) BoA UL, BAZI] AL
F2A Q9] 74, g9 Rpo] Fo] AE3] BEd=
528t Fof) 98 Hxot wE JlsAdol b

Mt sHefel MxME W Ry M=ol Y

Mwrz siGell A Cochlodinium polykrikoides?t 3-8k A%
7F 199839 olo] 1999d == HAER=E 19999 C.
polykrikoides?] HHFE (463 cells mI™ye 19982] ZHIEE (630
cells ml™)2} B8 T} 19981 o] Aol AfE-S B Z3) 2 &
Aol C. polykrikoides7t TR 7150] Gl 7HAZ o2 WA g
F UYL H=2 ot FAR FHo] gl 1998d¢] 9 104
23 1A27] Az urt 29, A5 207 ATl ZAkA
NolEHwsR] 54 km(EAF KBS 33 29 18y 24 &%
3leg oln] T2 sl FAHHAA Az w7} A sjeoz
FAHAE 7HsAle] Ednh et 199932] 3¢ ARk 8
| WS Cochlodinium polykrikoidesEZE TH F 714 4
2 o FolM FUER b 2AKEY Wl NES
S35l FAHNE e HiAE 5 finh R, A2 A
2 dl9e] AANA Cochlodinium Zi(genus)ol| &= FHE
AH(dormant cyst)’} EAHP =, o Y FFM vehG

o g
2

g5 d
tjo o

¢

LB - oA - ol - AR -

WpRI - ElER

Cochlodinium®2 C. polykrikoides 15 ¥ o] o802 o] FHE
A= C. pobykrikoides®) 710190 7Fs/d°] =8} &, unpublished
data). B4, A¥HE slolx £a], vt C. polykrikoides®]
20~ 25°ColA] AhAAAE 0.3~04 d'E 2¢rsPH (3 5, unpublished
data), 4224 1719 291 99 16Y 5cells mIol|A] 102 18 463
cells mi™'el] |7 =28 = o}, 2u) GA] o] gt sk ekl
3] Z293)7] YA C polykrikoides®] 02 2=l FHIAL
& WolAAH I FUAE HEs| FAgsloF stal, Wi (wrbulence),
2120 2]3F 34 (mortality due too predationyS 73t AAES
Fafof st} ojglel Zi5e] AR FHE T Yo R T AR 3
ol 2A17F 9t AR vSs=3t A3 9] C polykrikoides 2
Z7FHHEA o2 WA shsAdo] T

MotE signt T15-0 o] H=UHM vl
A g o< 3492 19953 ofeh ol {383 C. polykrikoides/
G. impudicum@ Z7} 71 WA A3 o2 5 2000, 4
5 20002 & b), o] A Hz@A B Aol Az
WA S BlwE g avk ok ARk s TR w17

of #UHT o] FYE Hof BhE f4o) Y& BS A

O

T AL
] TS = T UT A T, LEAF FgLe qF
BEZo)| AK7}o] gxisla glovt o2 Agrr s 2a 7%
o s telehs AFA7E Yot o] oA WEEE g ¥

e g =R godea FHAHE F, 2000).

S M= 828-10¥ Akl F= C. polykrikoides/
G. impudicum®| 23+ 34 Az QA= ghout, A &
oAl 84l Gymnodinium sp. A, 98 9l= Gyrodinium aureolum,
a3 10890 C. polykrikoides7t 225 407l & A%Y
JABE Fol WEA vid o] AjRHE s FFHs 13-
BT} 45t o] g WSt Az W FE A&
HE 4 Ak W@ T (Table 2).

AR S| HFANA C. polvkrikoides/G. impudicum®) S=7T 1 cells
ml™ oo Z e tr] AlASE A7) 98 16U EM, 19979 IE
o= F9e] 8¢ 1€E T 509Y A= = Vet oL} ojuf Algk
Z Qe 23} Fito] 2t 24.6°C, 31.5 psuE L& §] g9
24.8°C, 31.6 psust Tl HlS=eHA] YERTE FdiFel Aee Al
e FjdlM= TDIN, POs/t Z+2E 6.7, 02 pME 31835 3|
oA TDIN, PO} 242 4.5, 0.1 uMET} ¢f7F Z4t), N:PR]E A
HEE ANy FlEe 5260, ZF S|P 54702 AvE dHo]
o AP F=9 FFS HS 7FsAdo]l FoHTable 2).

Mg d|dollX C. polykrikoides/G. impudicum®) HZ W7}
Uehtr] A& A7) 109 18YEX], 19973 o5 &S
9] 8¢ 27U ETH YA 1L.57€E Ax =A JeEiT) o Az
e #F 23 i) Ha2 ZHzF 20.0°C, 29.4 psuE I1EF
- 99 26.3°C, 31.6 psulkth 2L 6.3°C, FE-L 2.2 psu
A ettt ddd 7o Aee AT sl9elA= TDIN, PO,
7} Z+7} 9.4, 0.5 pME 255 3|94 TDIN, PO/t 22t 2.4,
0.1 uM=} oF suf 71 o Eokoh Al sllgoliMe] N, P 5%
7t O B350l B33 C polykrikoides/G. impudicum®) 2T
ZTE 463 cells mI"O 2 7B % 31l 9] 31,700 cells mI™ B}k
R Gkt o] AR (1) 29 Fpol, (2) By WFAY] A,
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Table 2. Comparison of the process of red tides dominated by Cochlodinium polykrikoides/Gymnodinium impudicum off Saemankeum areas
(SMK) in 1999 and off Kohung-Yeosu (KY) in 1997 (Jeong et al., 2000a). Water temperature, salinity, and TDIN(Total dissolved inorganic
nitrogen), phosphate (P), diversity index were means calculated by averaging all values measured at each depth of the station where the
maximum abundances of C. polykrikoides/G. impudicum were observed at the different stages. Species number were obtained by combining
the values from all depths at the station. The maximum abundance of total diatoms were obtained from the same sample which gave the that for
C. polykrikoides/G. impudicum.

Stage Item SMK KY
Before the outbreak the first date when the abundance of September 16 August |
of red tides Cochlodinium/Gymnodinium>1cells ml™
Water temperature (°C) 24.6 24.8
Salinity (psu) 315 31.6
TDIN (UM) 6.7 4.5
P (uM) 0.2 0.1
TDIN/P 335 45
species number of diatoms 52 17
species number of dinoflagellates 12 10
diversity index 2.38 0.87
Outbreak of the first date when Cochlodinium/ October 18 August 27
red tides Gymnodinium red tides outbroke
Water temperature (°C) 20.0 26.3
Salinity (psu) 29.4 31.6
TDIN (uM) 94 2.4
P (uM) 0.5 0.1
TDIN/P 18.8 24.0
species number of diatoms 23 62
species number of dinoflagellates 11 15
diversity index 0.20 0.12
the maximum abundance of total diatoms 25 3,314
(cells ml™)
the maximum abundance of 463 31,700
Cochlodinium/Gymnodinium (cells ml™)
co-occurring dominant diatoms Guinaria flaccida, Skeletonema cos- ~ Chaetoceros pseudocurvisetus
tatum, Thalassiosira nitzchioides Psudonitzschia pungens
Skeletoname costatum
co-occurring dominant dinoflagellates Alexandrium tamarense, Gymnodinium Lingulodinium polyedrum
catenatum, Prorocentrum minimum Prorocentrum triestinum
Scrippsiella trochidea
disappearance of  the date when Cochlodinium/Gymnodinium November 11 September 21
red tides red tides disappeared
Water temperature (°C) 15.9 26.3
Salinity (psu) 312 31.6
TDIN (uM) 6.0 3.6
P (uM) 0.25 0.2
TDIN/P 24.0 18.0
species number of diatoms 49 21
species number of dinoflagellates 4 5
diversity index 0.87 0.69
the maximum abundance of total diatoms 899 275
(cells ml™)
the maximum abundance of 12.8 3.1
Cochlodinium/Gymnodinium (cells ml™)
co-occurring dominant diatoms Chaetoceros pseudocurvisetus Nitzschia longissima Guinar
Guinardia delicatula Rhizosolenia delicatula
Skeletonema costatum Skeletoname costatum
co-occurring dominant dinoflagellates Ceratium furca, Ceratium kofoidii  Ceratium kofoidii, Prorocentrum

Prorocentrum minimum triestinum, Scrippsiella trochidea
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(3) Z25t Ao, (@) ¥ FA S (front FF) 2lo] T FE0l
JPssiag 23 Aueloirel A, AEE A7rF Basit

C. polykrikoides/G. impudicum HZ2BA] 7Fo] vehd 7127
2 =Y ETFPIYH FHEF $HFTY A AR e 4=
229l Guinaria flaccida, Skeletonema costatum, Thalassionema
nitzchioides®t =9 -28939ky oFHRFQ Alexandrium tamarense,
Gymnodinium catenatum, Prorocentrum minimum?) ¥ 3150
% S|He FZF Chaetoceros pseudocurvisetus, Skeletonema
costatum, Pseudo-nitzschia pungens$t SH-E39 % SFHRRFC)
Lingulodinium polyedrum, Scrippsiella trochoidea, Prorocentrum
triestumQ 2 FZ25Q Skeletonema costatum HNe EF &
ARZo] xdo)] wgt eS¢ F YNUTHTable 2). 28U C.
polykrikoides/G. impudicum HZ7} WAL e A7 M &
AME F2FH Fot 7P B Avle|n, 35 g M E
$HA B S 1Y 7279 St Wolda5 C polykrikoides/
G. impudicum® A FE7t FoRXlE FE AT BA
FRES AN o)A 4= Qe 2710 BRI} C. polykrikoides/
G. impudicum BZ7} SR AY R0 deEt

C. polykrikoides/G. impudicum AZ7} 2ET Al71& B A=
de 119114, 1973 255 sjole] 98 YR A
5000 A A Ve ol ATk s e} BF et FE
Hag-g 717} 15.9°C, 31.2 psuZ 1545 39 9] 26.3°C, 31.6 psuld
t} 220 63°C, BE-2 22 psu WA YERGTH FSERe] A=
Ak s|99eldE TDIN, POt 2442} 6.0, 025 pMZ 8- 3
ollA TDIN, PO7} 242} 3.6, 02 uMETE °FF EHTHTable 2).

C. polykrikoides/G. impudicum A=} &8 & vehd 94
227} k2ol X Guinardia delicatula, Skeletonema costatum,
Chaetoceros pseudocurvisetus®) 3L, AL&- M= Guinardia
delicatula, Skeletonema costatum, Nitzschia longissimaZ» w-¢
vy, o GHRF B9l NUE gl e Ceratium
kofoidii, C. furca, Prorocentrum minimum®| 3L &35 s
C. kofoidii, Prorocentrum triestinum2-% ] fAVER] F S
o] Azam7|zto] vl&d sFsAel Eoh ¥ 5200000 25k
TEodfe] AL HAzual, §4 Al71e B4R 3 te
7} olEsle} o] e Azt AFHATT FHAEH ARt
2 9= 102 1899 AYH Fre] Fegoz Q1T JE
a7t Yo HAxaE § AU A FEOR FUsH
Aol g2k AL & 4 U

ek A A 7dddo] ET sl S50 AlFs
2GR AR SRR 1R dYERE LTHRT E
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o2 Bz 94 Fon A&H ATE LAsoF Tt
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