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HdellA] 19980l 2202 falld AFAEQ] Cochlodinium polykrikoides/Gymnodinium impudicum
e 27 A H A8l FRe BEHQ] B g 7 $EFH JeBE ) o] A
HE3 AESHIAE Y old] &S £ F AT FAXAARI AUFE| e d7vt FH B
1ch. o] sl YAFTESY A7 Egd] dig AFE 37 $38ked, 19993 88 10478 11¥ 11
saklell A W ol e 2-57) FElA AES AHAT. AT EL FE5YYY JHRFY
(ciliates)®] FZAH FT5 Rk, & A7t SAd 2AHE f8d AZAES TS A EE9aE

AE A7t AP F FE5EYYA JHRF, T34 HAREF 2 R dEERY I F

TEF7E AT 21710 HUREE: FEISY AHEFE 1L, Y AEEFE 10, FH4 AR
12 cells mI™)yg 7153 ¥WWA, C. polykrikoides/G. impudicum?}. 3= 314 2 @A A7|ole w2
FEYYE JUERE |, 94 HEZFFE 05, T4 AEFRE 24 cells mI™)S e TH B8
gk AI7190 89 10¥ 3 11€¥ 1199 T34 ARFFA T8 2RI /9 vlus £2 4o
vERY ool HF27F Fad EAAE LY L 7Rl w3, BA 727 Rt 94
Fo4d ARESR FE R & 9L FUL 7] v SY-E89] dHERIE 949 9
1645} 10¥ 18Ul E T5YYY JHERV 5P -EFIAYY SHER 22 JH3AE Eded, 108
189l A $"E Noctiluca scintillans= C. polykrikoides/G. impudicum®] F95571 91X oA S W) &
FHoZ 22T £ Qe FHE 7L Ao, Bl EFAdol AL C. polykrikoides/G. impudicum NAES] E2|
A9-g 7heAde] o £ dxsioeA 2Ale S5ddd dHERR, F94 ARERF, Fu4 4EREFY AT
=¥ C. polykrikoides/G. impudicum®] 343 A7) 714 WA Aoz dlsls Ad 8ol gl
19974 8-9¢ HzA) AT ZALE TR 4] 2A UERdth 2 I e d7sige] 3 4
EEHAEY TE5YYE SRR, TN HAEESF, FO4 ARER 1o 3AA-Ha 34 S f% 1z
Z87F 2 8 ol Yozt Aslicke] #3143 Az A7 oM YAETEL ZAAEY AT A1E 9
3 83 252 g8 Aot
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We investigated the temporal variations in the heterotrophic dinoflagellates (hereafter HTD), tintinnid ciliates
(TC), and naked ciliates (NC) from August to November 1999 in the coastal waters off the southern Sae-
mankeum areas where a huge red tide dominated by Cochlodinium polykrikoides/Gymnodinium impudicum was
first observed in 1998. We took water samples from 2—5 depths of 4 stations in each of the 5 cruises and then
measured the species composition and abundances of HTD, TC, and NC. The maximum species numbers and
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densities of HTD, TC, and NC (11, 12, and 10 cells ml™, respectively) were observed when the density of dia-
toms was highest (August 10), while the lowest values (1.0, 0.5, and 2.4 cells ml™', respectively) were found
when the red tide dominated by C. polykrikoides/G. impudicum took placed (October 18). On August 10 and
November 11 when diatoms dominated the abundance of phytoplankton, the correlation coefficients between
TC, NC and diatoms were relatively high. However, On September 16 and October 18 when autotrophic+mix-
otrophic dinoflagellates(ATD+MTD) were abundant, the correlation coefficients between HTD and ATD+MTD
were relatively high. The large HTD Noctiluca scintillans was the most dominant heterotrophic protists during
the C. polykrikoides/G. impudicum red tide on October 18. N. scintillans has been known to feed on the prey
cells when the swimming speeds of C. polykrikoides/G. impudicum markedly reduced at the decline stage of
the red tide. Therefore, N. scintillans could be effective grazers on C. polykrikoides/G. impudicum. The max-
imum densities of HTD, TC, and NC in the study area were fairly lower than those obtained in the waters off
Kohung-Yeosu areas in the summer-fall, 1997. The results of the present study provide the basis of under-
standing predator-prey relationships between dominant phytoplankton and heterotrophic protists and the roles
of the protist grazers in bloom dynamics in the waters off the western Korea.

Key words: Cochlodinium polykrikoides, Harmful algal bloom, Noctiluca, Predator, Protist, Protozoa, Tintinnid
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YATEL A EH=2E 2 W F8 74 84 F 3
toltt, 0|5 F FEHIPY JHUEF S} HRFF(ciliates)= A Al
Al A9l BE el &, 7HE T AA A 7P £
Aol YA FEolth(Lessard, 1991; Pierce and Turner, 1992,
Jeong, 1995). ©]5-2 FABA A w9 TFet 4EL2 st
&, M, 2 &= E (Fenchel and Jonsson, 1988; Jeong
and Latz, 1994; Naustvoll, 1988; Jeong 1999; Jeong er al., 1999a,
1999b, 2001a, 2001b, 2002), T}& TEEFIES] dolut FA
(Kimor, 1979; Jeong, 1994b)e] ZA2} 428 s FAlo 44
HFHAlel e FATESHIENY Aol £2 Yo7} He
RoZ d#]A UAth(Stoecker and Sanders, 1985; Jeong, 1994a;
Jeong et al., 2001b). T3t o]5-2 559 UE /MAIE XHFI=
B} (cannibalism) (Jeong and Latz, 1994; Latz and Jeong, 1996),

2 Fo S3hs YUAEL Mol FA), 2 Fo| BE A
Aol 2]3te] zolH s 7|2 Foh(AE XA, reciprocal predation)
(Jeong et al., 1997). 1990t} ol So] EAs}E EL9904] obH
HRe ARER] A A ti3 o]Hd AR 2HE
& JFARA 9¥A Holg wg 243 Holge s Pzl
2, o] ool A t% wkxE 718 319t (Jeong, 1999).
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2 A
%

F AEZFaEe] B AFe 8 ARE =g 2F
2} o S microalgal bloom dynamics)S ©]3}3k=t] ZZ o)
2 FRF B ATELE F5YY JUERRY YRSREC] 4

53] SPHERY AFANES EHH R FAEER
A Az gAY A A7) (Watras ez al., 1985), 771 4
& G Folle HZAE AT ddol AFE dFL & &
Aol B2 ATE ot YFHUTHEppely and Harrison, 1975;
Nakamura et al., 1995; Jeong et al., 1999b, 2001a, 2002). 12
B2 FH99Y JHUERS YRFFIV ARAEY MAE 98t
off vz WS 37T Hste] ©A Hz7t WA= sl

A AZAF FF % A2AS0) e THIPY JUF

ARk N Abgel
SAE 70% 7HEF SAE el

E - A E2A - @NEE e o 2 lERte] B4
Hol(Fig. 1) 359 380 AL FF(trbulence)?] =7}
okglElo], ofH R AzAYEL HFES FT7ZE 4 YT (Thomas
and Gibson, 1990; Tynan, 1993). B-50] Q1 FHE3 W] 57}
oz fE5FHe w9 vig Ee] B o 2 AFThe)
sk vl Al ZEEe] AYEFE TS S5 AR F
Yo it Az WA 7FsAdel Aotk 53] 1998 AjRks 3
QollM J3A C. polykrikoides/G. impudicum 2z W7F AL
2 YA EA4EUA e AR o, o2y AxAE9
A A (specific growth rate, k)oll 2] &H2, 2 A42] 520 2]
A5 (mortality due to predation, g)°] 38 A% A& o83 #
a4 FHzx7F WAE 4= ITHECOHAB, 1995).

B Ao Me AZHES T3 AZEFIE VAT FE

7P Fad A #8789 T shikl 952 24 o
o] A SRS R Y, e Al A, A
28 A7) ol AN, B Ao} Ao FE HxAEE
33 HEEFAE e e A7 5, 2002) A
i BT o wolrh ik slgol HEEFIE]
FAF wsl mE FA4A ATEY TAAE Foh)

Mg dgellxe] ABEHaE T FoAd FadAld
P ol g9 Aty dgg sk $18 712H ARE A
2poo] AFHERs AL st EI B A7 A
vt} C. pobykrikoides/G. impudicum@Z7} 7V WA &
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(8 & 2000a and b), 58] HelolA mid AF-7kol WHEsHE
C. polykrikoides/G. impudicum@ 2] BA, §2], &F 7]zl 9l
oA AT Ee IS Wl 71239 AEE ATz}
ol B3 AT ESY F8 Y AR FHFEEFZA
(metazooplankton)}2] A= B A7 FA AEE A,
A8 Aolla] WAt oA 5, unpublished data).

Suay e

NE H 9y

AEAE ¥ 24 WY

AR ARhg sjGolM AT =TFIER SS5YYPI e
+ (heterotrophic dinoflagellates), &34 4 =% (tintinnid ciliates),
T34 A 2EF (naked ciliates)o] A7 W3t ATE Y5t &
314 Cochlodinium polykrikoides/Gymnodinium impudicum 23
A oAl 1999 8¥ 10¥, 9¢ 16Y, 108 7Y, AT F
% 109 18¢, A= 48 AF<) 1€ 1199 4719 FH(Fig. 1)
oM AEE AR 2 B sl Aue 75 WY 2
~57 ZelellA 3 L Niskin 5715 0|83l AY3luct A8
% YASEEYRE A B AsE 500m EelEd 3
o] Y2 ¥ Lugol £95 Bouin £Y 02 Z}7F ZA] IAHIH L,
Lugol 84-& A7kt H-2 jodined] F4SHE 97] H3ld ¢Fv]
T ERAE G 5 o] BAst] AR SNBIHTE A
= AFHE 2N EHIE YEMES 20 umE A3k 100 ml
Zgogd Yol Y& & Glutaraldehyde 890 2 ZA] 74515}

HAFTEEHIEY] AHEH L 359N dHER &3k
Amphidinium spp., Gyrodinium spp., Gymnodinium spp.2} 2°]
At FEFv| A AM = FEIFIUA, FHIFIIAE 753
7] o}#1& A9l Glutaraldehyde £ 02 T3 A|EE o]&,
%Z¥ |7 (Olympus BX 50)3l0|4] 272 Fasle] $819ch &
3 F8 FLHGUHA AHEFQ Protoperidinium spp.2F 220] plate
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Fig. 1. A map showing the sampling sta-

126 S4°€ tions off southern Saemankeum Areas.

patterne ©]8-3}] & 5742 dlloksh= 73-% Calcoflour-8<Y (Skovgaard,
1996y 718k 5 38R sollA plaes] Y¢S B F &
At AFEAE e 2" AIEE 10038] ol AA
3] &9 & ¥ 1 mlE Sedgwick-Rafter counting chamberdl]
Aom, NES7F Be AEE 1 5 48~64%HE, AEF7H 4
2 A BT 100% 25 F83 )7 (Olympus model BX50)2.
2 A%, A $59%8 JH=Re S8 HARERe
F T s AFRE sislovt ¥ A RSF+ Tarina
SfususE AT NE ZVE 7|ECE ) EFTOE Ve
5 =23} st
AR 75 MR ERQ Mesodinium rubrume] @310

o] F& £ TEHYYA o] o EFFYYI HESFolEE B

A s ALt

R e

E 2ARIEE 247 27 2 2R Al EEXHUE
7 AR AET AES T a2 ol 83te Aol Efgsitt
3 Hdete o a2 Fxo TEE A8k ol gttt ¥
A 3 i SRS 252 AP TE A= (Maximum Abundance
at All Stations in each sampling time; ©]3} MAAS)E & ZARA|
71 AT RE AREE ZRHFG BE Fo)) ZlA T F
e BR/E 1259 F=E 7 H o F M =2 we et
o2, B & A9 5= (Averaged Abundance at All Stations;
o|&} AAAS)E g A7) BE A|BoAM 73t dE £ T= e
gk grol}.
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ZAWZE Bt ZARG LA 0.1 cells mI™! o]} EXEE e}



A% AE 9= e

h=4

Table 1. The list of heterotrophic dinoflagellates and ciliates >0.1
cells ml™', present in the waters off Saemankeum, Korea from August
10 to November 11, 1999.

Aug. Sep. Oct. Oct. Nov.

species name date 10 16 - 18 1

Heterotrophic dinoflagellates
Amphidinium crassum . + + + + +

+
+
+
+

Gyrodinium spirale
Gyrodinium sp. +

Noctiluca scintillans + +
Polykrikos kofoidii + + +
Protoperidinium bipes +

Protoperidinium brevipes +
Protoperidinium cerasus + +
Protoperidinium conicum +
Protoperidinium crassipes

Protoperidinium depressum +
Protoperidinium minutum +
Protoperidinium ovatum +
Protoperidinium ovum
Protoperidinium pellucidum
Protoperidinium pentagonum

+ o+ o+ o+

Protoperidinium steinii
Protoperidinium spp. +

Tintinnids ciliates
Codonellopsis morchella
Helicostomella sp.
Leprotintinnus neriticus

+ + + +

Leprotintinnus norqvisti +
Leprotintinnus simplex +
Stenosemella pacifica + + +
Tintinnopsis angustior +
Tintinnopsis gracialis +
Tintinnopsis kofoidii +
Tintinnopsis lohamanni

Tintinnopsis radix

o+ o+ o+

Tintinnopsis tocantinensis
Tintinnopsis tubulosoides + + +
Tintinnopsis sp. +

Naked Ciliates
Tiarina fusus +
Unidentified naked ciliates(<30 um)
Unidentified naked ciliates(30-50 um)
Unidentified naked ciliates(50—70 um)
Unidentified naked ciliates(70-100 um)
Unidentified naked ciliates(>100 pm)

+ + + + 4+
+
+
+ +
+

+

W FE5Yd JHERY T ARERY &
14%0|lo, tge] R HA2F

(Table 1). &9y AHART A$- Protoperidinium 59l &
3R To] 13208 AX FHGPY HERR F 12%E AA S
AR, F YREF A% Tintinnopsis Sl &3k Fol 8%
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Fig. 2. The temporal variations in the species number of het-
erotrophic dinoflagellates (HTD, A) and tintinnid ciliates (TC, B)
present from August 10 to November 11, 1999.

Fagoy HEFe 94 ARERY Y F 74 A%
A7+ syt FREIATHFg. 2). T5IYYE FHRRE T4E
89 1020 8F, 9% 16Yolle 9% o g vlwE A FAEHAS
1}, 104 790E 5208 2443 9 109 18U 1149 1199 4
Futo] 233t T HAEFFY < 84 10¥74 98 16
ol 5Fo| o} 108 7Y 3T R PSR FA
Cochlodinium polykrikoides/Gymnodinium impudicum 217048 Al
7191 109 18¥elE 1F22 /M e & 8 7ISsisey 11
4 11990+ A 5502 FUketith

ZE&ekM olmn=el MoERo| ETo| AZH Y5t

Z299%4 GHRFo MAASHIZIE HUEE)y= #2794
Zerl 714 299 89 10240 11.0 cells mlIT'e 2 FHojghE v
ERJOLE, 99 1620l 74 cells mIMZ 7H4817] A1, 1092 789
1.1 cells mi™, G304 2z=2A Al71el 109 180l 1.0 cells mI"=E
A7k YePIthFig. 3A). 227 AEE 119 1190 1.7 cells
m'E k7 st B3 98 F5YGAL GHER
Protoperidinium spp.8] MAASE H]528F 448 VeI THFig.
3B). T4 AREF MAAS S £5994 JHRFe] MAAS
9} H)5=3k okakS JeEPAET 8Y 100 11.6 cells miT'E Aty
Zre Vet 99 1629l 27 cells mi™, 109 7o) 2.3, cells mt™
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Fig. 3. The temporal variations in the maximum (closed squares)
and mean (open circles) abundances of heterotrophic dinoflagellates
(HTD, A), Protoperidinium spp. (B), tintinnid ciliates (TC, C), and
naked ciliates (NC, D) present from August 10 to November 11,
1999. The symbols represent mean+standrad error. Means are cal-
culated by averaging the values measured from all depths and sta-
tions at each sampling time.

2 3A 74t 102 18Yell 0.5 cells mI'E AA|3LE 712
35 119 11990 1.6 cells mI'Z 27+ Z718F4 thFig. 3C). &
HA HEEF MAASE 82 10¥9 10.0 cells mI"'E gt
< Vel FE5GSY JHEFe T AREF vssige
U, 2 9] A)7)dlM e 99 1629) 33 cells mi™, 108 799 4.2 cells
mi™, 108 18¥9) 2.4 cells ml™, 119 11Y9]] 2.7 cells mI"'E &
A3} QIATHFig. 3D). I AEEF MAASE R34 2
Z A 217190 109 189 &Y EHRFY T4 dES
F¢ MAASHET} oF 2~5u) 713 =7 Vel

Hi T U AAASY S THYYY dHERE 72F

144 A - F9F - A

o] AUEFE7) Yeld 89 1029 4.8 cells mI"o& Aigke 1}
el o}, 99 16¥€00 1.1 cells ml™, 104 7¥€ll 0.3 cells mI'=2
Zasittzl, feiAd AREAI71 108 1890l 0.2 cells mIT'E
HAE 712532 42425 119 1199 0.6 cells ml™!
2 o7 Z7)519 th(Fig. 3A and B). 04 ARE72 AAASE
TEQPY JHEF A9 HIE S veRd=d 89 10d
ol 94 cells mI"'E Hujghe YePlE, 98 16Ul 04 cells ml™,
102 78 0.5 cells mI™'2 F723157E, 102 1849 0.1 cells ml™
2 XS 7125 2 3 119 1199 0.5 cells mIT'E <
7t Z7VslthFig. 30). 34 AEFFe] AAASE 8¥ 10Y9]
8.6 cells mI" 22 HuIZEE el o, 99 16Y9 0.7 cells ml™,
108 799 1.0 cells ml™, 102 1849l 0.5 cells ml™!, 11¥ 119
0.7 cells mI"Z ¥|=3HA A=Y cKFig. 3D). T4 H2EF e
AAASE A {314 Az B Al7]o| 2459dd dHER) F
4 AEZF AAASHTE oF 2~5u) 7haF A Vel

FHYYY DRt HuER FEHSBQ HsEl

HA2A 718 3 4% (most dominant species)ol] gJolA &
G FHEF 7% 8¥ 1049 Protoperidinium bipes, 98 16
Aol Amphidinium crassum, 108 74l= Gyrodinium spirale,
109 18Y 9= Noctiluca scintillans, 118 1149 Polykrikos
kofoidiiz. VFER Z2AFALZ] Bhch 2880 vl lck(Fig. 4). £
A ARZFY A= vV IAE 89 10¥ 9= Tintinnopsis
tubulosoides, 98 1643} 108 T¥l= Codonellopsis morchella,
102 18Y9l= Stenosemella pacifica, 118 114lE Tintinnopsis

104 A Protoperidinium bipes
5.,
0 T L —i L
64 o
B Amphidinium crassum
3
Ei
2 g
I 7] Gyrodinium spirale
e C
g 3
s
= 0 T
5 2- Polykrikos kofoidii
olykrikos kofoidii
= 1D v
< 14
0 as 9 T
1.0+ E Noctiluca scintillans
0.5
0.0-

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

Date (1999)

Fig. 4. The temporal variations in the maximum (closed squares)
and mean (open circles) of the dominant heterotrophic dinoflagellates
present from August 10 to November 11, 1999. The symbols represent
mean-+standrad error. Means are calculated by averaging the values
measured from all depths and stations at each sampling time.
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6? A Tintinnopsis tubulosoides
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= C
= 0.5
=
2 00l—m f———f—9
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Fig. 5. The temporal variations of the maximum (closed squares)
and mean (open circles) of the dominant tintinnid ciliates present
from August 10 to November 11, 1999. The symbols represent
mean-+standrad error. Means are calculated by averaging the values
measured from all depths and stations at each sampling time.

Ll

kofoidii= $HE0] 99 16€7 108 78S ALt vl AL
Al71etet v ATHEFg. 5).

E8QdA JHRF| &3 Amphidinium crassum
ZAA 710 889 3, Gyrodinium spirale 49, Polykrikos
kofoidii= 3 2] ZAM 710 2@t £ HuFRe B¢
Stenosemella pacifica= 388 ZAMA 719 E8stou), LR
FES 128 S H(Table 1).
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Sado SHInRe MRERe B8 5 4+
217178 Bk 2AlE| Fol A 0.1 cells ml™! o] F=E e
W E&qoky dHEFe) 294 AREFVF 4 185 14%
o] 33 =t o= dlvlt} Cochiodinium polykrikoides/Gymnodinium
impudicum®©) $8hs HZ27t 7PE AR wAEe g 8-
& QWA C. polykrikoides/G. impudicum®] HZ2TA A, &
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Table 2. Correlations (r) among diatoms, autotrophic+mixotrophic
dinoflagellates(ATD+MTD), heterotrophic dinoflagellates (HTD),
tintinnids ciliates (TC), and naked ciliates (NC) in the coastal waters
off southern Saemankeum Areas at each sampling time between
August 10 and November 11, 1999. There were no significant
correlated components on October 7.

(1) August 10

Components Diatoms ATD+MTD HTD TC NC
Diatoms

ATD+MTD —0.091

HTD 0.209 0.091

TC 0.644**  -0.275 0.364

NC 0.420 0.028 0.114 0.423

(2) September 16

Components Diatoms ATD+MTD HTD TC NC
Diatoms

ATD+MTD 0.327

HTD 0.074 0.842**

TC 0.219 —-0.094 0.038

NC 0.252 -0.070 -0.088  0.209

(3) October 7

Components Diatoms ATD+MTD HTD TC NC
Diatoms

ATD+MTD -0.139

HTD -0.142 0.011

TC 0.275 -0.177 -0.129

NC -0.125 0.325 0372 -0.175

(4) October 18

Components Diatoms ATD+MTD HTD TC NC
Diatoms

ATD+MTD ~0.505

HTD -0.262 0.577*

TC 0.171 0.057 0.278

NC 0.352 0.060 -0.015 -0.062
(5) November 11

Components Diatoms ATD+MTD HTD TC NC
Diatoms

ATD+MTD 0.434

HTD 0.357 0.360

TC 0.593* 0.393 0.718%*

NC 0.707** 0.078 0.687* 0.732%*

*p<0.05, **p<0.01

2 A17191 1997 84 -99d] & FEAYY R[S T
WA AREFY & 4 1753 1553 ¥IS3iAT (3 5., 2000b).
gy 4599 JHER AL oF 50%, T ARERe
7% oF 2597t0] T ZAN Q] FE FolArt. BA ZAME 4
EZGAEY] 39 FZF7E 85%, FHEF= 76%, silicoflagellate
E 75%7} FEHo] F alGoMe) AEZEHAE T2 E A4
e vkt FAE UV 5, 2002), TEHIYE SHHER

-
o 94 AEFFE A%E 493 0B ¢ 5 Atk olE F
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Sl 2} 60%7t Tintinnopsisa:oll &
ol oy}t 3Z-od4ro] A oF 35%%} Tintinnopsis 4ol
&5k ZolSlTt. Tintinnopsis spp.2l 213 (lorica)el] YAIEo] &
o] ol &= A& IIsl o2 A YA F= Tintinnopsis
spp- & T 2 Aol BAE A7 B 2avt o AR 8l
oA F&FU AHEF 5 Protoperidinium &0 &3 &
o] 12%E AASREH, ole L&-AFAM Y 65%} HlET ¢
2 Protoperidinium®] T 9 RFAAN 7P A FH5EY

hy> P
4 SHRFEYS I+ U

ol
FIF
ofN

ES5AYY qHn R} MoERS X

B A7 gollA A7 1F Ve LI SRR
FHHFES] 11 cells mI™e 31&-o5 a4 1997 84-99 0]l
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