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Abundance of Harmful Algae, Cochlodinium polykrikoides,
Gyrodinium impudicum and Gymnodinium catenatum in
the Coastal Area of South Sea of Korea and Their
Effects of Temperature, Salinity, Irradiance and
Nutrient on the Growth in Culture
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Three harmful algal bloom species with similar morphology, Cochlodinium polykrikoides, Gyrodinium impudicum and Gymnodinium
catenatum have damaged to aquatic animals or human health by either making massive blooms or intoxication of shellfishes in 2
food chain. Eco-physiological and hydrodynamic studies on the harmful algae offer useful informations in the understanding their
bloom mechanism by giving promising data for the prediction and modelling of harmful algal blooms event. Thus, we studied the
abundance of these species in the coastal area of South Sea of Korea and their effects of temperature, salinity, irradiance and nutrient
on the growth for the isolates. The timing for initial appearance of the three species around the coastal area of Namhaedo, Narodo
and Wando was between late July and late August in 1999 when water temperature ranged from 22.8C to 26.5C. Vegetative cells
of C. polykrikoides and G. impudicum were abundant until late September when water temperature had been dropped to less than
23C. By contrast, vegetative cell of G. catenatum disappeared before early September, showing shorter period of abundance than
the other two species in the South Sea. Both G. impudicum and G. catenatum revealed comparatively low density with a maximal
cell density of 3,460 cells/L and 440 cells/L, respectively without making any bloom, while C. polykrikoides made massive blooms with
a maximal cell density more than 40X10° cells/L. The three species showed a better growth at the relatively higher water temperature
ranging from 22 to 28C with their maximal growth rate at 25C in culture, which almost corresponded with the water temperature
during the outbreak of C. polykrikoides in the coastal area of South Sea. Also, they all showed a relatively higher growth at the
salinity from 30 to 35%. Specially, G. impudicum showed the euryhalic characteristics among the species. On the other hand,
growth rate of G. cafenatum decreased sharply with the increase of water temperature at the experimental ranges more than
35%. The higher of light intensities showed the better growth rates for the three species. Moreover, C. polykrikoides and G.
impudicum continued their exponential growth even at 7,500 lux, the highest level of light intensity in the experiment. Therefore, It
is assumed that C. polykrikoides has a physiological capability to adapt and utilize higher irradiance resulting in the higher growth
rate without any photo inhibition response at the sea surface where there is usually strong irradiance during its blooming season.
Although C. polykrikoides and G. impudicum continued their linear growth with the increase of nitrate (NO,”) and ammonium
(NH.") concentrations at less than the 40 uM, they didn’t show any significant differences in growth rates with the increase of nitrate
and ammonium concentrations at more than 40 M, signifying that the nitrogen critical point for the growth of the two species stands
between 13.5 and 40 uM. Also, even though both of the two species continued their linear growth with the increase of phosphate
(POs7) concentrations at less than the 4.05 uM, there were no any significant differences in growth rates with the increase of
phosphate concentrations at more than 4.05 uM, signifying that the phosphate critical point for the growth of the two species stands
between 1.35 and 4.05 uM. On the other hand, C. polykrikoides has made blooms at the oligotrophic environment near Narodo and
Namhaedo where the concentration of DIN and DIP are less than 1.2 and 0.3 uM, respectively. We attributed this phenomenon to
its own ecological characteristics of diel vertical migration through which C. polykrikoides could uptake enough nutrients from the
deep sea water near bottom during the night time irrespective of the lower nutrient pools in the surface water.
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HzAE, Cochlodinium polykrikoides Margareff®} Gyrodi-
nium impudicum Fraga et Bravo, 21283l Gymnodinium catena-
tum Graham< T %9 A4 & H{FES /MU FA4E
< AMRAAY FE5A7e Fo2 A U9 (Morey-Gai-
nes, 1982; Estrada et al., 1984; Mee et al., 1986; Yuki and Yoshi-
matsu, 1987; Anderson et al, 1989; Bravo and Anderson, 1994;
Fraga et al, 1995; Kim, 1998).

kel C. polykrikoidess 904 o] ¥ A EFHREH ZHS
Abolel Faigt At FAAMA id A2g Yo7IL Yom, 1998
dES 19995 3¢ % ARAAANE F2E dod w
A (Kim et al, 2000). o1&l & F2HHe 1959 IF
T FHAAEA % 164999 FAHE opr|AF oM, 2 F
T od FAUduA] F4d9Y FAGHE oA de 4
Aoltt,

G. catenatume "B H{FES Ze Fo
AA QIie] Hxg dod|n FAYES SN2 2H HF
Ao tARAE of7|A A E Folt} (Anderson et al, 1989;
Franca and Almeida, 1989; Fraga et al., 1990; Fraga et al., 1995).
FEvEe A e o} F7tA] H2E dogl Bug gov, 1527
¢ AL Aol 2FH FHR e 4AolT (Kim,
1996; Kim and Shin, 1997; Kim, 1998; Lee et al, 1999), ¥% &
Z2E 2N F de FAAY 2o ¢o g AEHA 2y
EHFol a7HE Folth

G. impudicume S vetol A g5 827t Bi1E Hhe flon
F3lte} C. polykrikoides HZEAA EA3t £d3te Foltt
(Lee et al, 1999). &3], 1% C polykrikoides¥ wHA7IA 2
0#Fe FA4E RN AN 7S AL £
AE 7HEA el U7 W& (Kim et al, 1999a) 97} SFHE
Foltt.

o]F 3T EF FHHOZ {AIY Bdtehzg 28 A4 3
ANE Ag AAHE Al Aok GeAA, of FES Az
71%4g oldjstn, ALY §& dF37] HMe AN
o 28487 #8d 3 AeiAE (eco-physiology)d] 54 5
< ot "art Qv B 48dAME 19999 % vkt gaeet
AetelA ol 3% FIYANE 2IRFE FAFYL EE F
HINAM B2d £& dFez go 2 A& X 2 YUY
F 53 28 87299 Be Y8 ZAFL2H o FE
283 #8d A4 54 ggstnA A

% 330 B ¥F % 464 54 5o BY HIE s
ey} (Moray-Gaines, 1982; Estrada et al, 1984; Fraga ct al,
1995; Lee et al., 1999; Jung et al, 1999; Kim et al, 1999b; Jeong
et al, 2000), 48] W& FFEA B¢ Hie viF n|
ng Hola 53], FALE Al7]9] B 283 ol 3% 54

2 2927 oA um, AT AaE A9 9.

1

RO

32 TA}

19999 #= dajoh datellA 3%y 2 FAe F~¢
T donA £ 2100 AAE A2 dhd 7~10¥ 0 AAEA .
A F71e 3% FYAXY 2d0] §AH7 A7AE € 2~43
ANgPen, 1 FREHE ¥ 1~23 AA3AG (Fig 1.

Fig. 1. Map showing the study area and sampling sites.

ANEY AL 23 104004 2F 54 Abolo] EFF 1~2LE
AsstActh. A Age 1F4E 27 ¥ A 39 2434
o Age B e QAR F 250~2,000mLE F 100 yumSH
15m9 BAE o] 43t 1~15mLE 55 F F&dAn 3 &
AN FF L FAEAE ANEAAT AEE AP ZE FH
8] A= CTD (Seabird Electronics, SBE 25)& ol &38to =23}
E ¢ A%

C. polykrikoides AZEA7I1t 9 Y AXYTe & 24
23} FHRFANELNA B ste Hz2&Ho) 7IAE A F &

eI EXR- 3 =3

Al 4

#4899 B A5 ZA ©]88 FL& C polykrikoi-
des?] 7% 1998 % 94 ALY HZHAA 7] capillary pi-
pette® o] &3t FIHMTZRE ¥ Ao|UX, G impudi-
cum¥ G. catenatum 19989 % 84 ofFALA A& A
F9 FEERE oA AL o] F3AT 3% Y strain 2T
F el AYL 2 WA AA 2~6/E BE A WIS A
o)ttt

Foo) e A4 21CM WYE & 10~31T HY W)
oA 3T HHoz FREY AAHAY. G BE JFEFL
BholM MFE FE 15~50% HH Wl 5% THLR 3
o AN, 929 2-L 0% e THRFE ol £3hd,
35% o4& NaClE ol g3t A3 %L, &9 4L salino-
meter (T.S-digital Lab. Salinometer Model 3-G)& AH&3t %t
JEAY L WAAZ oM E FHF 4 BE JYIAF 5
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o #AE 13y HE dYARY T2 718 487U 3%
o} FYBTE /2 stock solution H7EFS ZHFUt

2o W2 AL 3000 lux WA siekd Z& 100~7,500
lux°ﬂ/‘1 670 o2 TRt dAFHY, FHoezes YHYE
g olg3lgen, ZX & shield screens o] &3te ZH3gt
=9 AL light meter (LI-COR, LI-250)& o]-£3
FEEH Txd B2 AA: 4ge L9 ZME NaNo;,
NH.CI& AH&-3td e, dete QlgdsE JF 4455 15,45,
135, 40.5, 121.5, 364.5 M/L2 ZA3ted 2FL AA ) o4
Ao 2HE KHPOS AHgatgded, Ad87E 0.15, 045, 135,
12.15, 3645 M2 3Slch s8R AEs AN AF d%
AHFY srgd BZ FE71E HAANI A8 AP
L F2odAM & 2~34d ATE A wjyd F RAYS 4
AMEtgn, AEY 271P2FEE 200 cells/mLE 3Tl

A2AE W FAE L B34 7|47 A< 858 045 um mem-
brane filter2 o3 sle] IAPF7|2 BFF S dFIEFY &

BN

_E?_ﬂ

T dEE 58 3T F o)RE H¥zdd 2A =AY
Ab&-3lglch w9k 71 2 multi-incubator (EYELA MTI-201)< o]
39, 48 8I12E screw cap test tube (15X130 mm)E Ab

S BUozE FFSE oAU
29 on

T, G
gk Axe 27 HEUE AFEEE
polykrikoides, G. impudicum ‘;’:l G. catenatumE& 22+ 150, 150,
80 cells/mLE 8tRAt M ES AFe FFL2FH JdLEd =
28 grx] AYnAoz 2ASAG. BE P2 ge 33 wE
g g st FIyen, 47 4FEL (Specific Growth
Rate, SGR) MEZ =7} HA7]d 228& Ao AXYEE A4
Arete] Stein (1973)9) 422 FaAch

), 4571 14L: 10D,
9 2% & 74tz 25c 3% 2 50001uxE 8k %

T FY¥ERLEL Agstie C

SGR (division/day) =In (N,—Np)/(T,-1)In2
(T, Tp BYZEAARAY LadF,

No: H8AANY HXEE,

N;: 485849 MIYE)
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19999 $-2vie} Fal<t A¢AAM C polykrikoides 9 M X
7t g2 289 AVl 79 FE~8E FEolded, A9
Hz2dAN79 FNYEE Fig 2 2 Table 13 2o g¢xd¢
oAX C. polykrikoides +BHE7F Hz2 £dH A7le 7€ 2
daA Gl A% F Mg 9 £9€E Az AHAL, 2
ol YEE 10cells/LYTH YEE AN HzxEIA)e
]EE} T 52 79 29901901, EE 40cells/LAT HE=E
Aol A Hx 2dAIe Y F MY &L
AL, 2de] == 1,510 cells/Lo At

Azt Az A 9L JEx Fus e, $AYR
T #FEAE Y2 ddelA HFoz ¥ A 129 W

4 3¢l

ol - AT - A -

ERN

100000 g

B G. catenatum
O G. impudicum

10000 E
b A C. polykrikoides

1000
100

10 |

Cell Number (cells/L)

1 i 1
JUN 19

JUN 29 AUG 16 SEP 28

100000 ¢
10000 b
1000 F

100 F

Cell Number (cells/L)

10 f

|

JUL 29

1 [ i

JUN 19 AUG 17 SEP 29

100000 f
10000 é
1000 ;
100 ;

10 E

Cell Number (cells/L)

. £

JUN 20

JUN 30 AUG & AUG 17 SEP 30

Date

Fig. 2. Abundance of Gymnodinium catenatum, Gyrodinium
impudicum and Cochlodinium polykrikoides in the coa-
stal area of Namhaedo (a), Narodo (b) and Wando
(c) in 1999

Table 1. Maximal cell densities of three harmful algal bloom
species observed in the coastal area of South Sea of

Korea in 1999 (Unit: cells/mL)

Species July  August  September October
Cochlodinium
polykrikoides 0.2 18,000 35,000 550
Gyrodinium 0.02 03 35 -
impudicum
Gymnodinium 0.1 0.5 02 _
catenatum
Surface water B2 254 247 196

temperature (C)

89 10401t} 89 F& olFFHE WS Aol HA FitH
B4 9¥x7HA Bt Fatdol LU A2 E AL,
HAWLEE 4300X10°cells/LoIA AzE 99 F&4H IF
AE7)e Holgol 1082dE ZE AU FYAE} 28
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A gkskd

daiok AdtelM G. impudicum©) AZE £8F &9 5l
ezH FHYEE 7€ 3089 S0cells/LS B U2x ¢ |
A= Akl e HxZHA Ve ol =2 8Y T£HlUT, 3

L]

%2 28AY U5E 47 140 cells/LY 180 cells/Lol it dafiet
oA o]F9 &4 7ie MG we di zfole ov 749
BeE 99 FEAteldl of 1NY Ax 28I, C polykri-
koidesd] E¥A7I9 QAR A&t 28T F 95, Y2
T, BT detelA MEY HudEs 77 210, 140, 3,460 ce-
Is/LEA FaE At e xR s} v s 54 velgoy
HZE YAY Ax27A YT 248 A Fin ALEER
FANdrt 28EAG

3t AGelA G catenatumol 7HE WA FET e gz
Fals dgte g 2EYEE 79 29~30U 42} 80 cells/L
100 cells/Lol it U2 % dtelXg #Hx £@A7IE it %
< 8Y FEA)UT, YEE 60 cells/LoI T, gafigtel A o] %9
287172 79 <M 89 FEAE dAZ Y v)ge
e 7IEGA T £HIAYG 2ENY F 45, UEE Y
et A Mo AdTs 27 440, 60, 220 cells/L2A 4@
2E g% 4o did 5 Aoz Jrlgo Awtzgoz of
F e Ur g

ZAI F g2, UER, B Faddy B £35eH
AE¥L Fig 3% 20 ¢~ s Ao 79 34, 74 8¢,
89 2, 849 ¥, 94 3¢9 Hd FFF2S 4 228~232
239~242, 25.1~25.7, 256~26.5, 24~NICER 8Y F&AAE
Fgo] Feaigot 9¥ gl £fo] 23C o3 FA3A
o g9 Fed ldMe Az usE e Egoy, 8¢
F¢7de glES U2s detitde ¢x AN 9 w2
Ao g veydt

e~ e ASdAM 78 34, 7€ 3¢, 84 ¢, 88 F&,
94 &9 YT X2 PEL 77} 322~328, 31.8~32.1, 314~317,
308~317, 32~323% 2 UEsth 9 Aoz A4y 9
Hguvte §59 S Bol ¥e AUy WEAA i 3%
3, B3 A% AR dehiEdA ve ez YEydd. AUd
2E 889 71 9on, d9dz e s dgrge 429
U2 AgaM vnd we Aoz eyt

£20 ©E NF
F& 10~31CAM C polykrikoides®) 97+ AAEL 0.09~043
Bged, 9tAAE $£&0) 2245 YFEX 23 F7t
He Aoz ygRtd (Fig 4). $& 22~28CAMe HPEL
038~04322 AR ¥& AFAES YooY, 3TN E 4%
E0] 02602 F43] 225U A 4ZEF A AEUEe
25T Z+Zt 043 2 7,000 cells/mLE VERGTH

10~31CAA G. impudicum®] 93 4 ELE 015~0482 “}
ehed, 19T £&0] ¥24F ARERE 33 F7HEA
o} 19~28Col Y AFEL 044~0482H FIZT HFE B4Y
oy 31TAME 0392 AR g0l dA3 FAHAG Hd 4%
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Fig. 3. Variation of surface water temperature (a) and salinity
(b) in the coastal area of Namhaedo, Narodo and
Wando in 1999,
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Fig. 4. Growth rates of Cochlodinium polykrikoides, Gymnodi-

nium catenatum and Gyrodinium impudicum depend on
the different water temperatures.

3 Hd AXL=T 25CAA 242 048 € 11,600 cells/mLE Y
Byt

10~31CAA G. catenatum®) Yt HFEL 001~0458 BYe
H, 2CAAE £&0] 542 AFER F7hhs 22 vgy
o 22~28ColM S AAEL 040~0452M B F ¥A e
o} 31CANE 0342 AFEo] dAT #BAFADG Hd 4F
B2 25CA 04593, A EAEE 220l A 5200 cells/mLE
Hgzhe 1y

AwA o2 C polykrikoides, G. impudicum, G. catenatum 3%
& 0~28ColM F3F AAE RYed 53, 25C WY 2
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LA TEHoT MY GAT F4E e Ao Jebgd
3, G. impudicume 4= 2 A% A+ ¥t dE F

2o oa g2 202 Yeyd

ofN i

HEo o= NF

A8 15~50%NA C. polykrikoides® 47+ AFEL 005~
0372 Jettedl, 15~25%9 AQRT 45~507% 9 TILA
£ A3E] 44 0.14~028 2 005~0.16224 HIH Az 4
ZEE HAT (Fig. 5. 35% A 98 ¥25E ARE: &
7h3td o} 1 ol 4elide o wtd) H4E B 53] 45% oY
9 nPRANME 44 Eo F2438 AFHUL 30~0%h X e
032~0379 vl Y5 AAEL BYn, FPAAE 2 H
AXELEE 35% N4 42 037 2 6,700 cells/mLE Wbl
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Fig. 5. Growth rates of Cochlodinium polykrikoides, Gymnodi-
nium catenatum and Gyrodinium impudicum on the di-
fferent "salinities, -

15~50 %9 HEANN G impudicum® YT HAEL 025~
0422 e, 15~20% S AGEFH 5059 THEANE 4
A5 47k 025~0313 03224 H2ZF Az ALFEL BY
. 35 HAE g0 4% AFET oY 1 oY
dMe 1 iz Jebgth 25~45 %M AAEL 037~042
2R G358 AAE 241, JUATES FPAEEEE 5%
oA Z+zt 042 2 11,400 cells/mLE “FeRtct,

AR 15~50 WA G catenatum® 4 AAEL 0.16~0362
2 Jeigted], 15~20 %9 AEEFH 40~50% 2 ngLdMEe A
AEo|l 27t 0.18~0.229 0.16~02324 Azd AAEL BYch
5% AT GE0 E24E AFEE /Yo Y T odd
Me w2 Jehgh 25~35%949 JAES 029~03622
A uad ded AFE 2Et 0% NEEHe AFE] 023
oj3lz FA3% AP o2 G catenatum 40% °|4Y ¥
B2HOE 238 25~30% 9 AGENA AHoz o] £
Aoz et AA4REY AAZUEE 30~35% A 24
0.35~036 2L 4,000~4,100 cells/ymLEA MZ FAFS &S B{TH

NHE S BHT - o

3% 3 53, G. impudicum® FE 20~40% 4 Aol 7

A F53 Aoz ey

Zo mE ME

2% 100~7,500 lux®l X C. polykrikoides®} ¥t 4Z &L 0.0~
0482 e (Fig. 6). X 500, 1,000, 2,500, 5,000, 7,500 lux
Mg 4AEL 4 0.06, 026, 039, 044 L 048X X&) &
S+E AFEE F7HEH AT 53, 5,000~7,500 luxd] LZZolA
£ 044 o1 & AFES BYd AMAEATE 227} 7}
Z =9 7,500 luxl A 11,800 cells/mLE Vet
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Fig. 6. Growth rates of Cochlodinium polykrikoides, Gymnodi-
nium catenatum and Gyrodinium impudicum depend on
the different light intensities.

Z% 100~7,500 luxl A G. impudicum?] 93t BFEL 0~
0.522 vEhgtth 2% 500, 1,000, 2,500, 5,000, 7,500 luxl A ¢} A
FEL 47} 012,029, 041, 049 R 0.522H 227l #5545 A
AEE-F7ee Aoz JERt 2252 5000~7,500 luxol A
E A%EC 041 o) o 2N 2 AFES BAY HUAHELEE
Z27F 71 44 7,500 luxl A 16200 cells/mLE WEFETE

Z% 100~7500luxl X G. catenatum® 4T AFEL 0~
52 et 25 500, 1,000, 2,500, 5,000, 7,500 luxol A 8] 4
o 2 007, 0.17, 027, 034 B 0352R AWFoZ 2m7t
2 AZEx F7hee A2E vt ¢, 5000 lux7tA
5o g AREY F7tEe] & Aoz JYgYoeH, 3
=7 549 7500 luxol A9 AREL 5000 luxdl A} H&@
A#%E BYth HWAELEE 5000~7,500 luxol A 3,700~3,900
cells/mLE M Z v]£3 e B

f=1]
>

mlo
4

e Hie X
PN

AR sz @WE HFE

ANAZL (NOy7), ¢EYHEA (NH, ), 2 42 (POS)
o W& C polykrikoides @ G. impudicum®] 44 == Table
2 2 Table 33 2ch AdALe FE7} 15~405M € 9 C
polykrikoides 2 G. impudicum® ¥R EL 47 020~033
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Table 2. Specific growth rate and maximum cell density of
Cochlodinium polykrikoides at different nutrient con-

centrations
. Maximum
Nutrient Coméerllvtir)a tion ( divissic?R/ dav) cell density
K nsaays  (cells/mL)
15 0.197 895
45 0219 1370
. 135 0201 1,165
Nitrate 405 0334 2545
1215 0339 2,660
364.5 0351 2,905
15 0217 1,050
45 0315 2210
Ammonium 135 0320 2295
405 0385 3,765
1215 0323 2345
364.5 0.148 620
0.15 0.084 380
0.45 0.109 460
135 0238 1225
Phosphate 405 0378 3575
1215 0377 3,540
36.45 0376 3520

Table 3. Specific growth rate and maximum celi density of
Gyrodinivm impudicom at different nutrient concent-

rations

Concentration SGR Maximum
Rutent (M) (divisions/day) <11 density
! ¥ (cells/mL)

15 0.147 1,080

45 0.164 1230

Nitrat 135 0.132 1,020

itrate 405 0250 o

1215 0.243 2,950

364.5 0.262 3,640

15 0.149 1105

45 0.165 1280

Ammonium 135 0227 2,490

40.5 0256 3420

121.5 0.259 3,540

3645 0.069 45

0.15 0.105 640

045 0.103 785

135 0207 1,980

Phosphate 405 0276 b

12.15 0.287 4,820

36.45 0.287 4830

92 0.15~0259=d, ANFoz ANALY FEIl FEFE
ARET F7Vte A2 eyt AdRAY ¥t 405~
3645uM 4 W) AFELS 4 033~035 E 025~02622H

Fro mE} 2 ol Mol 4yt =Y, AXs Hudxo
EEEE AIZEE 405 uM 3ol E AR 4Y FEIH RESE
Btoy I ojddMe FE/} #2542 ZoAe Aoz e
wet

drjordre FxI} 15~405uM 9 W C polykrikoides]
AAEL 022~039% =, YEYGELY &7t 255 43
Ex F7ldke Aoz veyth 23y, vE7F 249 1215 ¥
364.5 Mol M9 AZEL 47 032 B 015ER HEYopELY
FE BE4E AZEL 349 AdHAY. G impudicum®]
A% 1.5~405 MM £ 0.15~0268 Ve R old o] F
=7t 2 &4E AREE AR TUEe Ao vERt a3y
dryole] F=7t ¥ 1215 B 3645 uMolAN Y HFEL 4
027 2 00824 C. polykrikoidest w}3A7}AZ G o}A L9
FE7t #44E AR EL 748 FadHe ALE Uy

A4 57} 045 o18tY W C. polykrikoides R G. impudi-
cumd A7 AAEL 47 008~0.11 2 0.10~0.112A FE
¢ AzaAch 23y, 135~4.05 uMAAN F £ AFEL &
7 024~038 2 021~0282 % 4 Eol §A3) HotAT o2
vebtt), 38, 2552 12,15 M o) del A AR EL 44 037
2029 W zA Fx Aojd ma & Heoje YU

ik

i

HZME G. impudicum, G. catenatum, C. polykrikoides& ¥
HIAS YA, EAZRE dolslo] 7HE FAYHEE T3
87 oM dEEAE dHA J2E st RoE ¢¥A
Aot (Nehring, 1977; Figueiras and Pazos, 1991; Ellegaard et al.,
1993; Bravo and Anderson, 1994; Fraga et al., 1995, Sonneman
and Hill, 1997; An, 1998). $-BlVEtol M ol & 359 FIHE &
HANE 25271 T~109 2R H&g Al7ld A2 Exstd
2d5e Aoz Hugx ok (Lee et al, 1999). ¥ 4845
19999 % daletastall A 3% FI9HEs 2AEYY dEls,
2, §EH¢ BF 7~99q] EAdd 2HEHUL, Hx 284
719 7929 52 228~242CH T Lee et al. (1999) 8] 2ol
Had 19989 BG4, BEe 2 UJ2e Ay 3% 284
7€ 1~980Aed, 350 HE2 2VY 9o F2& 23~25C
22X B Age 4749 dAZ H§ FFoI

G. impudicum®) #Hz 23A7le #T Qo9 A9 79 309
o)A HHEY YRENM e 8Y 1TYEN 25 o) Aol7t 9l
€ Aoz Jyeidd. a#y, 8¥ e BilEYd Y2 xd4
ZA7t o) RO AA ¥y, & 8Y 179 E £dAY LER
140~180 cells/L2A Bl A £4d A& 7eHed 88 273
Az 2HUEL 7t5A0) b waA, ok A o] E 3
29 Jz 2¥N7E AR 7¢ sedA 8Y FoALRE 4
Hoh =3 2 A¥dA 3% 2EA7IE AN LR getadA
99 &AL, of "W 26T WY nyeoA 23C o2
43 3FHE A7 wehs, ol & 3% T FILadt)
283t F48ke L& QAZ 23~26C9 527 HFH



542 VAT AYH - ol - RS- AAT - AL

v Rog Fusith AUaE AHd JJME C polykrikoi-
desd) A% AL 25C Y2 Yegn T3, dajer dgtelA
o] 22 AzLA 7% £ WA R 20~28CH o) HZEAAA
718 $£&& fAZ 24~26C2M (Kim et al, 1999b) £ 2F9)
Azet & g H

q¥d we 329 4AL C polykrikoidesd] % 30~35% °l
N ABES A AEFE 7MY B A2 JEyed, o
3 Azte gl AN C polykrikoides BZLYA &) FEQ
30~33% ¢ DA 2 dxste 2RYt G. catenatume 30 %o o A
7 F5E AAEL BYT BF, 40% 904 BFES 20% o
ARt ge Aoz Jept 1ERAN BoE 238 QR
A Aol 5% Aoz et Labib (1998)€ o|JE A%
& A¢tolA o] Fo] x4 AFE nAE ARE 0% °
3tel AQE solA s d4te] Fo) FrksHe A EAF
Bdol v Ao Rudded, o8 Adae 499 A9
9 AASFAY. G. impudicume AFE 20% 9 LEEQ 45%
AME 03 o]de vud Y33 AREL BRYSZH 3% F 7}
Z B4 Aeg AU

9 GEAFL IS ARA FFF AR 9% FEY
3z 7248 HzgE7] 98 2 WAL stock solution FE
B2 3% FE 2A AU, 72 WA FEAA A
98 nFA2AAE 2HY £ YA gt oH T vFda
7t 2 A v 4L Gotvr] 98 AT Ful AU ASP
HAE o] &3t AuAdYL HE A WE, AT FAuANA 9
RAAE Afge i Bgoy A¥FEE Al A3z WA
2 AFF A8 A9E B, 2 MACA AYE v EFdat
B A% dne 9% 93¢ vXAe ¢ Ao gddUt

dutdoz 2§ (algae)d] A% LZE A PSI (photo
system I1)ol A FA 3] -8 (photo inhibitory response)©] et
W, 0,9 A4 2 CO, ¥480 ZAaHT, 4FEx A3dd
(Falk and Samuelsson, 1992; Vonshak et al, 1996), & A &AM
z%xo] B& C polykrikoides$t G. impudicum®] 44L& M %=
T7b =49 A¥7A 750 uxNHE AL AFE FHe
Aoz ygyth gatd, o8 F F9 A% 7,500 lux7AE FA
& A Holx| g Aoz #EHAY, 2, G. catenatum
A%e 1 2xoA 4AEe] 7500 1ux M} & ol K
o7 ggozH HYPAEEL A3 Y 22E 5000lux YR
2R5%om, 75001ux ©)49 LZEANE 238 FANE ¥
& 754 gL Reg FAHAUD

9, C polykrikoides®) &L 7,5001ux8] LEEA F3
# AL Bged, o)A of £ @A A7|J} FFHol B2
LodZd F2 SAYD =F FholE B o|fEL FuiA
71719 feld EFOERE 3m ol 3 IAFEFE Hole
A (Na et al, 1998) 53 2HF B e Aoz FHEY

JIFGF o W& C polykrikoides B G. impudicum®]
AR ojd ARALY FE7} 40.5~364.5 MY W) AFE
& 27 033~035 ¥ 025~0262 824 Fxo we & Aol
BolA gsteh mEbA, 405 M oA AAAL FxdMe F

Z 2% ool AAAEAA (growth limiting factor) 2 243
Ae ge Aoz FAHUL. BF, 40uM olddN e FFEF
FET eSS A AXYEd 293 Azl BUL, 2 9
FANE FEV} BEFE ZoAe Aoz vERed, odd
2L 3 JYAF FrdAe ATt dEEHE 2y 4R
A1, dFEFY T2 FEY 49 AT JEEFE 2
A3 227 LR AR¥€T

¥4, grvel Ak Fxo B AP AME 120 M
ole]l W= MXE C. polykrikoides ¥ G. impudicum 5 %
EF AAgel 43 Ast=HAdedl, o2 d 4L Watanabe et
al. (1982)$} Yamaguchi (1994) ¢} B o)A ¢} u}37A 2, Frhd
FEYcl ¥x9 Aoz A A AHE V7] gL E
ogch £ FEYel Ao T BE T T HFLE C
polykrikoides¥] A% 5uM ©13t8] AT ENAE gEYo} Ha 9
BRI 37tE 8 44 EC 343 FHUeY, G impudi-
cum® B4E 2L ZUNNE FRHI AR ]S BolA ¢t
oA drvol Aol o] 85 3 C polykrikoides®l G.
impudicum® % $537] AECE FAHAG,

A4 224713 & §$&%7134 (DIN) 2 §&571¢ (DIP)2
2z} 08~96.7uM 2 0.14~952uMEA Wspr} & A2z g
ged, Andez gty WEH AF HF A vebdoh
39, 3% EF e Hay IR vV 299 94U 4=
ARNME 2@ e 53], C polykrikoidess: DIN# DIP7}
2zt 12,M 2 03pM AEE WY Udzxg dEE ddy
Y2PNE HZE FAFAG. o AFAE £ 77124 %
£ 727199 F57 47 5puM 2 05uM 03t ¥ Fx
Ae ARE] g did Ay 48 ZAge gL Aol B
%t} Chattonella antiqua, Ceratium spp. Eutrepticlla sp. 53 2
L JHEZRE AFo TR JYIRE T30 93 optel
AFog o|Faa Fhole F& A8F 02 o] §317] 93 dA
EZ07g o]F§T} (Watanabe et al, 1991; Villarino et al,, 1995:
Macintyre et al, 1997; Amano et al, 1998). C. polykrikoides®]
AT ol¢} npAA R Foit dFEFE e TLE YA
91c} (Na et al, 1998). &AM, C. polykrikoidess] Aol &
g o142 9-& Watanabe et al. (1991)9} oA} o] ofzte
Aoz o)FA A dF EAdc JFEFE ol&¥ & 3
AL Aee FAHD TE2 AY 959 W& JIFERA ¥
EAE ol 7heRY Aoz A4dd.

Yang et al. (200002 1'd &3 FFIAN F4E A7
Fo 47t G nFAL H2%, oA o] C. polykrikoi-
desd) %71 SA 3 #do) Atz Ak ¥ JFAH A
etolMe] dRETE Al7|Ho2E g A BRI 53], ¢
9 59 ddrde U2xg g AN FhFer v
Ao 2 et 1999% o 3 Sxdety] Bads#e 78
& 727 546mm 2 698 mmP L 8H ZAPIT 8Y FEAAE
22t 110mm 2 180 mm ©J32A Hlid AL FolPed udt
o g 89 F&o 288 ¥tk Wb, Yang et al. (2000)
o] #AAY ANE YAZF Fol I tsHE AT &
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gk agy, Adddel ez g AT dre o9 4
olatdd A EF B FAlME x99
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3%9 #z 23N dAR ¥sddey G impudicum®
G. catenatume 4cells/mL ©]%4 52184 % ubd C. polykr-
koidesZo] 30,000 cells/mL °’3¢] LU= F4& 3t¢ch o @
42 A mE T Y - A S48 ¢ 44Ey 2
o] EL R F&dr}

38, Doblin et al. (19992 G. catenatum® W ¢ && &
7124 (dissolved organic substance)®] H7}7} o] 9 4%
0g EJA0Ga Basgtged, & 480M F719%99F st
M 3L YRS 9 G impudicumB A C. polykrikoides®} G.
catenatum®] 8 &0 598 ¥ o2 ey, oy g A&
C. polykrikoides$} G. catenatum® ZEHQ FHde F719%
HR7F 4R 54 FuAEMY 4L T 7t L AL
2 AMRECY webAM, ¢o g e ALeAM C polykrikoides
HAZEAAAE oF 7] A e FxLAHAGA £E2R7E
Ao Wzt Y oj9} BAHT T HFAAE 2T a4 S
Aoz Azdd,

4,
4
S

o ot
=S =

H2AE Cochlodinium polykrikoides, Gyrodinium impudi-
cum, Gymnodinium catenatume EA4& AUAY, Fz2E Yo
HozH #4493 2 BAJRFY EAE AT Fojdh
o] 259 HzuA 4 717 o8d7] Hide 4 A
A2 (eco-physiology) 54 & #td 87t Ao & Agd
Me &3 gt dddA og 3%y 2833 HYAEHS
etaty] 8 o] el Fed & LR 2 GF =
T 9 YYERd uE JFEE FAEYY.

19999 = galet Fale, y2e, &% AdelM o] & 3% F
Z2FHA7E §20} 228~265C 79 FwolAM 89 FEoEA
MEZ Higg Al7ld F¥F 2355 F9AEY 2EAVIE G
catenatum® ¢ 88 ¥, oA X, C polykrikoides? G. im-
pudicum& 0] 23C ©J8Z &7t 99 ol £d7]
% 29 HUIYEE C polykrikoides® 7% 40X 10° cells/L o4
oz 39 F4% qYLev, G impudicum® G. catenatum<
747t 3460 cells/L 2 440 cells/LEA ¢ W A5z 2A3%0.

Wt AHol N C polykrikoides, G. impudicum, G. catenatums
2~8CAA G5 4 EAL, FHFLL 25C gz @
geded, olgd A A2UPANY 27 gz dA5d
t dEe E H4FFL 3F EF 30~35%04 25 A%E
S 2. 3% ¥ G impudicume ¥ A FFAe EHLE B
A3, G catenatume 35% °©14e LYEAAM 53] AZH A
AES B 2R @& 43LE C polykrikoides$t G. impu-
dicum® A% 53] 7,500 lux o149 2T oA JFEo] AT
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2 Aoz YRt ol AB™E C polykrikoidesS] 7S %

b BE A BEOAM 2T AHEGE Ro|uME FAH
A4e DA ST 3G FHE £ e EAH B S
o2 F3H9aq.
C. polykrikoides®t G. impudicum®] A3t 2 o} A4 F
T B AR 40 MR E T S5 E AR ER U
oy I oA & AolE HolA o}, T Fo A UA
FTEE 13.5~40 ME SHEE A TF 4L 405 M AT
X7 2555 AFER UMY 12 oM E 2 A4RA
§ Bo|A Yo, F F EF QMY IAFTEES 135~405 ME
BeEA

9, C polykrikoidess DIN# DIP ¥x7t 47 12:M ¥
03uM o322 B3P UZx o dalz oM HxE
P43 A o9} Zo] R YFER oA G 4T +
AAD olFE ©] F9 A4 Uz £Ho|5E 5 ol A%
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