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In the 1990s, Cochlodinium polykrikoides red tide has been annually occurred in the southern coast of Korea and caused the mass
damage to the fisheries with a huge amount of economic loss. The present study was done to establish the biological foundation for
the elucidation of the mechanism of C. polykrikoides red tide. The growth response of C. polykrikoides to physico-chemical factors
such as temperature, salinity, pH, and light intensity were examined using axenic cultures to evaluate the relative importance of these
factors on the dynamics of natural populations. It was found that the highest growth conditions were 25C, 40%, pH 7.5, and
7,500 lux, respectively. The tolerable salinity range of growth was relatively wide at an optimum temperature and was reduced to a
much narrower range at a sub-optimum temperature. These findings indicate that C. polykrikoides is an eurythermal and euryhaline
organism. The organism demanded higher light intensity and oceanic pH narrow in its growth. C. polykrikoides utilize inorganic
nutrients, such as nitrate and ammonium as N, and phosphate as P. The nutritional requirements of C. polykrikoides were 40 uM
for nitrate, 50 M for ammonium, and 5 uM for phosphate. The half saturation constant (Ks) for growth was 2.10 uM for nitrate,
1.03 yM for ammonium, and 0.57 uM for phosphate. These values were comparatively smaller than those of other dinoflagellates
reported previously. We confirmed that the organism is characterized as an eutrophic species. However, ammonium Ks value is
smaller than that of other eutrophic species. This result indicates that C. polykrikoides red tide may outbreak in the waters which
eutrophication is in progress rather than eutrophicated waters. C. polykrikoides preferred ammonium better than nitrate as a nitrogen
source when in a growth stage. Therefore, our results indicate that ammonium is more important nutrient on the growth of the
organism in comparison with other inorganic nutrients and C. polykrikoides red tide is related with the increased ammonium
concentration in the coastal waters.
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el M AR - B2d R2=2A §2-Si WA (Guillard and Ryther,
1962) 9l A} Aol % (sub-culture) 3+ ot

2. Hi S A

HAAZE e THTALEY FL814E membrane filter
(37, 045m) 2 A7 e F 71t dFstn A2 WAl ¥
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@ The rate of growth (divisions/day).

pm: The maximum rate of growth (divisions/day).
Ks: Half saturation constant (uM).

S: The ambient substrate concentration (uM).
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Fig. 1. Specific growth rate (—0—) and maximum cell density (®) of C. polykrikoides at different temperatures
(A), salinities (B), pH (C), and light intensities (D).
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Fig. 2. Specific growth rate (—0—) and maximum cell density
(@) of C. polykrikoides at different nitrate (A), am-
monium (B), and phosphate (C) concentrations.

Yo e 9 RE0) 0.145~0278 div/dayR 5=7F FE4
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Fig. 3. Specific growth rate (—7—) and maximum cell density
(@) of C. polykrikoides at critical nitrate (A), ammo-
nium (B), and phosphate (C) concentrations.
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TFHE AL drdoAx A4kl tE 42 40, 50, S uM
olle). wiEFAFE ANAL g opAs A gl &
Z+ 2,10, 1.03, 0.57 yME AAFE Ao}

2.3. NH,*-N&f NO, -N2| M&f4y

C. polykrikoides= F-7180 A4 FlA ARZA ol B4
FES B4z AdeAE Yol H3td &4 FrrdEE
NaNO;9 NH.CI& Z& %22 C polykrikoides? 43 % 4%
d ¥5e dvuged 1 e gy 209

AdAL e drYotdart 47 0~30 uM B elAE C. poly-
krikoides?] ATARAED HNAEZE7 0090~0.334 div./day,
450~4,050 cells/mLZ =7t 371852 22 43¢ 333, 2
o]y FEoAMNe dFEN HNAXLEI} 0324~0337 div.
/day, 3,700~4,160 cells/mLZ ¢} ¥j&d FE& e
(Fig. 4).
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Fig. 4. Specific growth rate (—0—) and maximum cell density
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nium concentrations.
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Fig. 5. Nitrogen concentrations in the media after uptake on the growth of C. polykrikoides in elapsed times.
A: 0days after, B: 5days after, C: 10 days after, D: 15 days after, E: 20 days after.
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F5E A%o] olFojAe Aoz YERT

24, dloisdfdg S8 MF

AA HFAME L 4 JIELATSR d53e8 TF
71 Q&) AP batch cultureo] W3 FAYE B3
Aste grASuGE T AR 4¥E HAden 2 AHe
453 2k C polykrikoidess= A3A 7] (lag phase) 7t A

o A uZ e HolEo HE F 14UAA A
D= 2,700 cells/mLoll =93, 1 o]F& Aa JFEo] €
ojAe AAE YAt (Fig 6A). C. polykrikoides® Wa %
A WA dUY 27 RE gEUolds ANFA A
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=8 1Y 10,2 02 MY FA3S 223, AR 93 F48
F oA o] Folgle FEAS 28 & W4 XY Asd
A 23sgen 2 498 Fig 6Bol JehAAT AE ¥ 24
Ao dxYolAAE 21428 uM, AL E 7365 uM, Q0L
0579 pMol FFE AL, 18939 W YrITE¢ AdHE e &
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ol e ABZ C. polykrikoidesd] WAL FA] dadoze
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o) FoAh YMRIE wjd FUT FF FE8 AE A
o] gH A

il &

C. polykrikoides 224 713 Y& 1900 EA 7
Zro]l A7igtsln o dUE =3 1UEE A Jde RS
YJepl 2 Aot (Table D).

L% FY C polykrikoides®) 4% A@NA 25CEY &
FLAgE HYAELTY o2 AlTe] RofAoH, oRT F
& FeoHE HAYLxe oj2E Aol Hopd AL ¢ F 4
At o) AL BEAAY ol FEEHLZ B4 A 17
Q7 FRFAAT YY) 38 E AR g9 #2373 C
polykrikoides AZ 24 ¥z otel BAE Fig 79 Jdehigien,

Table 1. Cell densities and outbreak periods of C. polykrikoi-
des from 1982 to 1998 (After NFRDI, 1997; 1999)
Year Cell density (cells/mL) Outbreak period
82 430 ~ 1,700 8th Sep. ~ 10th Sep.
84 900 ~ 1,100 14th Sep. ~ 14th Sep.
85 920 ~ 2,000 10th Sep. ~ 12th Sep.
88 1,200 ~ 8,700 8th July ~ 23th July
89 800 ~ 2,000 11th Aug. ~ 13th Aug.
90 250 ~ 5,140 Sth Sep. ~ 13th Sep.
91 2,900 ~ 3,100 12th Sep. ~ 30th Sep.
9 120 ~ 25,000 4th Aug. ~ Tth Aug.
93 120 ~ 9,800 5th Oct. ~ 25th Oct.
94 320 ~ 15,000 3rd Aug. ~ 23th Aug.
95 30 ~ 30,000 29th Aug. ~ 16th Oct.
96 40 ~ 23350 4th Sep. ~ Ist Oct.
97 30 ~ 20,000 25th Aug. ~ 18th Sep.
98 10 ~ 25,000 30th Aug.~ 31th Sep.

Number of outbreak
n
o
1

22-23 23-24 24-25 25-26 26-27 27-28 28-29

0 -d
19-20 20-21 21-22
- Temperature (C)

Fig. 7. Relationship between the outbreak frequency of C.
polykrikoides red tide and seawater temperature.

AA C polykrikoides HZE 25CHT RAY & FLANR
N3] SR, 25~26C FEANA M 22 Hx 24

CHEE BAFT Qi 199899 A$, C. polykrikoidesol °E

8 H27) 89 30Y A 2EFT ASE UM A AHZ E
A Fa7Ae] ol 500~1,900 cells/mLe Beg HE M3
gon oo &2 247~249CoIAH (NFRDI, 1999). oA
8 A7 9 C polykrikoides® 2473 HAA £ 25Ce o
A BF

ART7E A% 49 2HE2RH C polykrikoidess A BEE
e 1GEY AN 4Fo] Eadde Rol A=A 4
A C. polykrikoides BZE &A%} 27T WiZEo] opet &34
9 o FolA nPEQ S5 B WBFoZ &
Abglo] APan] 1998359 A A UY2E Y4EFHA F
z7 Agoz Bt Ug 2 A AAHIRHA FAH o]
F3e d4e JeEhidd (NFRDI, 1999).

Az E fidte L HExFE &4 (eurythermal) ¥
#94 (euryhaline) £ ¢4 dor (Iwasaki, 1979), C
polykrikoides 94 ¥ A7dzzRH 22 AHEAHNE /1A F
oz AHAG.

zzd g AZAHL2RE C polykrikoidest ¥ F71H
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A o] zAH e £og F3& olRe FHA oz #FUHY
I, 1,0001lux oJ4eM Zx7t oW o ¥ 4%l
olFoj AT} 2y, g Y BAFHFEY A HEsts 28V}
8,000~10,000 luxol A7) W&l I o} zxol i 4L 4
HEA ER/AG HA C polykrikoides HZ7} A3 YL o F
o] YALF St wel JHAE Yt Frkste Ao Ho}
AP 4ET 2R Y £ 40000Iux o3 ¥R
23N AZA 9 & 328 Jed ez sdEd £
257 208 2E4E HUAEAA o2 At FHopd Aoz
Hadd,

Iwasaki et al. (1990)el 9&l%, Gokasho%te] Gymnodinium
mikimotoi= 300 ugN/L (=21 uM) ol4e] gdxyoldie 24
AA dgel AU} E£F Chattonella antiqua™ 150 uM ©]
3o A, Heterosigma akashiwo= 50 uM 9] T Lo}AL FE oA
Aol Asisle Ao Uelygtt (Takahashi and Fukazawa,
1982; Nakamura and Watanabe, 1983). £ dF7dME dASE
ole] drUolALE C. polykrikoidesd A473E& Asdthe A4
& BA3SlT, o)lA& H akashiwo Zo) U dAFE o4 ¢
Byeldie I 43S A@hc Watanabe et al. (1982)9] X2
19 YA3Ed. 184, Suo-nada® G. mikimotois 250 M)
dEYoldAL FRANT 4FE] ®o} o] §9Y G mikimo-

AYA BT T AYE - $HY

oic ¥ x99 dnYoldhd M WA 7Ae o2 B1
5o} (Yamaguchi, 1994) ¢ EYoldio] g 4 JEZFIEYY
AZ A e WAL I F9 28T A5, L Fo
e FAHLE g8 S4E 7MAT LR Ardd.
BHEFE (Ks) @9 Bedd Fa4d #HAME Dugdale
(1967) Eppley and Coatsworth (1968)7} &3t s} o] o]
Ks @2 999 5T ¢ A4A%7 o, dvtzez u
X357t e Ay Ay JFgdAT F40] 7ts A
o2 dex Aok Eppley et al. (1969b)& WX 3pAFghol e}
© ity Agge] AALY Ks ghol 22W dRYotAA Y
Ks &% som, Ax9 277t & & 52 Ks 38 Eojx,
YA F Ks @2 AU FHY ¥, YA o) 5L FYFE
$e FHG Ks @) @ AEE EAd2 ¥ 28I, Ks
e 2o oEdHY YFL W 2x9) o el Frpgo
(Thomas and Dodson, 1974; Eppley, 1977). C. polykrikoides®l A}
ANE Ze} 7] Y3t GURZR F A4 g3 K1
¥ BERF S Table 291 YERAUT o] R 93E C. poly-
krikoides®] WL FF UL dF F& AYtue YiE FEGY
e gog FAHAY RE JEEZF g (n=24) FAA
Ks>1.0 M2 2070 (83%), >20 yM< 1470 (58%), >50 uM< 7
A (29%)e)at, @A 17%%e] <10uMolUTh ¥ (<10 M)

Table 2. Summary of reported half-saturation constant (Ks: uM) for nitrogen and phosphorus on various marine dinoflagel-

late species

Species Nitrate Ammonium  Phosphate Reference

Dinoflagellates
Alexandrium tamarense 1.5~2.8 20 - Maclsaac et al. (1979)
A. tamarense - - 040 Cembella et al. (1984)
A. tamarense - - 1.85 Yamamoto & Tarutani (1996)
Amphidinium carterae - - 0.01 Deane & O’Brien (1981)
A. carterae 20 - - Hersey & Swift (1976)
Crypthecodinium microadriaticum - - 0.01 Deane & O’Brien (1981)
Gonyaulax polyedra 8.6~10.3 53~57 - Eppley et al. (1969b)
G. polyedra (red tide population) - 7.5~15.0 - Harrison (1976)
Gymnodinium bogoriense - 200 32 Lieberman et al. (1994)
Gymodinium breve - - 0.18 Vargo & Howard-Shamblott (1990)
Gymnodinium nagasakiense 0.8 06 0.14 Yamaguchi (1994)
Gymnodinium sanguineum (=splendens)

18T 38 1.1 - Eppley et al. (1969b)

18T 1.02* - - Thomas & Dodson (1974)

25¢C 6.55" - - Thomas & Dodson (1974)
Heterocapsa triquetra - - 31 Doremus (1982)
Peridinium cinctum 290 270 0.18~031  Sherr et al. (1982)
Peridinium sp. - 36 - van Rijn et al. (1987)
Peridinium sp. - - 63 Lehman (1976)
Prorocentrum minimun - - 1.96 Cembella et al. (1984)
P. minimum 2.66 - 153 Kim (1989)
Pyrocystis noctiluca - - 17~28  Rivkin & Swift (1982)
P. noctiluca - - 0.15 Rivkin & Swift (1985)
Chochlodinium polykrikoides 210 1.03 0.57 This study

* For growth
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Ks & & 42 2& 43 ¢ 2oz 4949 F54 94 Ks
#ERY dEE A% AW, C polykrikoidess 37 9
Ks #&t°] o4 & ZFHXE B

E Ay o8 C polykrikoidess) ¥WrE3E3L Eppley et

al. (1969b) 9] Hitol] < %4 % (oceanic species)® Ks &
Boe g3, A4 HEZF (neric flagellates)?] Ks gtEtie
dAH e *e g Yetloh 283, Maclsaac and Dugdale
(1969 & WFUA (oligotrophic) F& ofu™, L AFA
(eutrophic) &l F3AH FrYotAL Ks L FYIA T
Boh 2 g8 vtAe Ao YEsd o] RL C polykrikoides
Hzzb v A4 dve RYddad dgivde JE5AId W
YRR, AFE, AAE FAAte] FFELET 2ok e
HANA A5 ZAST e AT FHGS AAHAH F Glo
o AA C polykrikoides HZ7} A3 7] AAd L &Y
Fol EAze] AA Az WA AYsed Tt (e
2 484 g (Kim et al, 1999).
HRZFE B39M 499 st 82 AFo2 d3olF
AL Y &, 23 2 dFFol EASHARE
2 olFdted JUEY olfo] o]FojH AFo] 7t
19, @olls ¥302 BAstd Fg4s e ¥¢
of Aol e UL o] &3t Husi Utk (Eppley et
al,, 1968; Yamaguchi and Abe, 1984; Cullen et al,, 1985; Figueiras
and Fraga, 1989; Masataka et al., 1990; Kamykowski, 1995; Koi-
zumi et al, 1996). Smayda (1997)°l 2l3}H o] R L& HR =77}
2 Ks ¢ AeistA 2 4dy] 9% F28 € 1A
A3 F WA AFelgn AASE Stk G mikimotoi®) 73,
ofzte] 13~17m/hrd] =2 AFo2 Aol EiF
A2 (lizuka and Irie, 1966), #W 22m/hre) £E2 vjd #F
o}zl 20 m7HA] Aol gqctn AHA Ut (Koizumi et al., 1996).
C. polykrokoides¥] 7%, G. mikimotoi%t Y& o of$- wWE
£ 2§93y (AFEARE, 1999) ozt FE3] HFoz9
Aol o] 7t5d Ao AUHL,

C. polykrikoidest F-716) F4F F4 AALEY g2y
ol AAE ARA BY FAT YU R Agdte Yo &
dgon drYoldAE A YRE FFT o]Fde FoldE
ANALY F42 AFe] ol FHth oA & Paasche (1971)%
Harvey (1953)9) 219} 4x% Asoltt, 24 Y ¥ ammonium
chlorides HE&EFAE 3 4A ol &HAAL % HEE
FAEY 2902 A F2¢ 4L 33 Uk (Thomas, 1966;
1970). 53 gryotAig Foe uvAE E Fo2 7 o
2ol AgEFAE 93 HEHoZ FFEUE B2 (Wheeler
and Kokkinakis, 1990) 9} 43¢} =8 2& HEFYIE £
oA drEyeldirt ALY F4E AT ¢HA 3
A% (Eppley et al., 1969a; Bates, 1976; McCarthy, 1981; Zeven-
boom and Mur, 1981; Dortch and Conway, 1984), ¥Hl2 A%
AEZHIE ZMe AAAL7 dRYGALY F4E5 94
A%z BasEn 9t (Dortch and Conway, 1984). A, C
polykrikoides BZ7} $AsH S W A2 T4 A 4¥F v=

=)
[
2
2
S o o
(o3 [O

vlwale] dote] dRUoldAs Fx7t £A YERY (Kim et al,
1999; 3 &, 1997), ol&lgt RE AN ERZYE dRYolAALE &
FAdEd Ao B a3 g9doz FLd sheio) o ¢

gokolls Aid2d R YolAAr} 7] & FEAN ¢
EAstd JEEFIEY T4 Bad d4d JFERE EA
8t it} Prorocentrum spp.¥ HAEZUAdE 24 2 2 FE
9 A&7t gastg (Kim, 19893 391, Honjo (1974)& Ha-
kataWol Al 292 A QAEH drYol A7 & W H
akashiwo AZ7} A8 9SS Rusda ey s 249
23 FolAe dryopdie AN4FELT HSHLR THEHIAL
7] mEol AuelFAEE B %Y F5E AHE 9, Fig
5CY Ade oln & JUdd nZE AT I FF 10¢4 o
39 4T o)A AFAxNY AA2T HAE + Yot w
A, i AR FFES WA d&HoR TFI 2P
dtd a9k (semi-continuous culture)- & & C. polykrikoides®]
AR 4G F4E oA AHEdd, 1 2 AF F 2944
AR Yolda, Aads, A A 21428, 7.365, 0579 uM A
F5Ho 2747 E BE FFHo] Al aulEHYUT 2 o
Fole gRYoldad dAAL FFE Fd AFee FF
Wk 18Y7HA] FE3 dolytAly, AitdiE AY F4HA &
Stk olei @ AMAZRE Frld 4 FolA fEYotdas
Qlakgle]l ARALBT C polykrikoides®) A Bd {EF
FFgoz ddHojAs Aoz FAHA Silva (1985)< Pro-
rocentrum minimume Z7143 0 ¢RUoldiel ANALT}

%ol Be3dm BAF,
2 9

St @aldelA mid f3 WEZFQ Cochlodinium poly-
krikoides 27} WAL glon g& FAHHE o 3
O 2 dfe £ Zo g3 Azdr)7E FHEss Yo 4
%A 7128 &3] A8 AU 48E WFdEE
%3 29 - gaty @7ale} did C polykrikoidesd] A&
ZAEGR, 1 ARE 84 e Er

X R C polykrikoides A EAY FHEFAA
23 398 f73899 A FLAAE BUket) 9 F2
98 pH, 2% Z27¥E ZFu%SE ¢ £ T AHE 4

3tttk 2 Ase 25T, 40%, pH 7.5, 7,500 luxel A 718 A3 E
o] Estrh 2 E, 19~28CAME AFo] & o|Rolx F24
(curythermal) %02 #Husdor, FAHAg dE WA
30~35%9 EA2AL wEdes, F Uty AGEETE 939
LHE A Bt dFee Fo2 FAHJL, FFA
(euryhaline) Folt}. 123, & GAFS 2739 FAAH Y

pH H8jol A o] 473 ol Folnt,

2o1e) ¥l Aagoer FM4ALe dRYALE, ¥
22 QARG o] &3t C polykrikoides®] B¥Hl Wd A%
A9S 9Tt 2 B3, C polykrikoides®) FFLTHE ANE
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, HEYorA A A4 i3 4 40, 50, 5 pMOl A, A7l

3 w4 (Ks) @2 44 210, 1.03, 0.57 M2 FAH o)
ole1d AMZHE C polykrikoidese EFSFUEZFAM H1g
Ks 2t A Zoz s 919 %4 (oligotrophic) & oty
o, 29%4 (eutrophic) Fol B3AT FEYolAAL Ks FHe
Rooky 2y @2 ghg JlXe Aeg Yyt oie ¢
polykrikoides BZE Wgte] F4si8 sigEvhe 24 3dd
7t ®olA R Qe A BAY eAde] W w2 AL Y
Bl =8 C polykrikoidese BAALHTG gRYoALE
AN B} fAT dYFes Hhsto LA ol R ¢
BUotdAv} B JUHFET AR B a8 8002 2§
31, C polykrikoides HZ< A FAA F713 dRYoldL ¥
9 d#HE Ao= ey

A
o

2 47E IYFLAEL A2 ATAARAY 9
o2 2SYFUT BB A4S LT AW AAALE
AN BAe EGU,

A2 1
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