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The effects of temperature, salinity and irradiance on the growth of the harmful red tide dinoflagellate
Cochlodinium polykrikoides Margelef isolated from the South Sea of Korea were examined in the laboratory.
Growth was examined under the following combinations of temperature and salinity: 15, 20, 25 and 30C,
and 15, 20, 25, 30 and 35 psu at a constant irradiance of 180 umol/m /s. No growth was observed with
a temperature of 15C and a salinitiy of 15 psu. Moderate growth rates of more than 0.30 /day were
obtained at 25°C with salinities of 25-35 psu. These values are similar to in situ observations for this
species. The maximum growth rate, 0.35 /day, was obtained at 25°C and 30 psu. In light experiments,
cell growth of C. polykrikoides was conducted with constant temperature (20°C) and sahnlty (30 psu) under
light photon flux densities (PFD) of 10, 25, 50, 70, 100, 150, 250 and 350 pmol/m’/s. C. polykrtkozdes
did not grow at 10 umol/m®/s. Cell growth was observed at 1rrad1ance values of 25 umol/m’/s and above.
The irradiance-growth curve was descrlbed as u= 0.30-(I-15.27)/(1+27.22), (r=0.99). This suggests a
compensation PFD of 15.27 umol/m*/s and a maximum growth rate of 0.30 /day. In conclusion, C.
polykrikoides prefers high salinity, temperature and irradiance in summer in Korea. These results prov1de
important information for understanding the mechanism of C. polykrikoides blooms and developing technology
to predict blooms of this organism in the field.
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3l SFHEZF Cochlodinium polykrikoides MARGALEF 7o o 3}etz 0l g oly} EAx1e] Aot By 7o A&
= Puerto Rico AARtolA HF o= WHES O™ (Margalef, A 89S & F Ak 2 A EEIFIAEY 4849
1960), 1= A, ST, 25 Qe Sl 428 e g 3] e F Sol4d we gHe] Hed A
713 T} (Hallaegraeff, 1992; Turquet et al., 1998; Whyte et Z=&0] tht} (Eppley, 1972; Goldman and Carpenter, 1974).
al., 2001; Garate Lizarraga et al., 2000). 1990 At} o] ol = a3 FHYER AL Xl D5 T) ol i 2 A
H”‘ FEue), A2 2 FEeME sl Ax2E doA Howm e nxy] wie] FxHo] 2 AEAeke] glo]
T Sl 2 H3E o7 Ut (Kim et al., 2001). 038 291 Fof 3lbo|t} (Yamaguchi, 1994). Q-8 A Z 9]
Aol A AEZHAES] o) Aol TS F= HE jp=ory) #alo] glo] FAS AR wsl= 934 Haut
Al AAE FE A 71 A1 (Boney, 1979), Aol tigh &9
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At A A2E sl T2 PR
-30 psu “12]31 HMARZFE 8-30 psucll A
2 A A} (Iwasaki, 1979).
o] 712 AARI A=EFIAES H
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Fo o] Ao wpat 3A FHe-HH, 53] 4
P AE 9 HEEAA A= A AR 7t
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S H&st loﬁ Bl o 7 AJA3 4=
frdo] 7testnRE AT FH J4US
CoERbA B e F 2L AT 5
1571 dojA & S fEg & A

— Mo

l\)
m}i"ﬁ

ox

o o
%

al

rl
SN
o

2
02

Lo

o

o
3
ot =
W
D)

YE i

4 o

¥i
n‘,O*' oX,
> o ﬁ
o o
lo, o i

o:i

)

ﬁ offt L
o of &
°n g
ftlo
|
o A fr tﬁ N
@ 3o I o

ope 1t

Y0 o o
Wy o v Kol me oXx xSt ofo

N

2F
=

o
N
N

4 %o 30 N Ho My flo o o
jul

vo 02 &

E

=)

AxF AR A S4e veld oo % Al g
27] wjZol (Gallagher, 1982), 7]E0l HialE o] = A=
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Cochlodinium polykrikoides®) 2] <} wj <k

20084 8¢ S-X| %= 50 km HoZl S (N34°15°009”,
E128°35°120”; Fig. 1)l A A= & 3| 5=¢ll Al pasteur pipette
(ca. @ 50-100 ym)E- ©]-8-3} C. pobkrikoides] AL (HEH
°F 10 cells/L)Z 2] a3t 2250l AEe Ansf4
(0.22 um pore size, Millipore GSWP)°ll 4-53] A2 s+ T njj <k
H (TB-2800, Japan)©ll ©]2a}lt}. o] wf A&5 o]zl ulj %]
= dAFE vgeZ 3 12 (Guillard and Ryther, 1962)=
selenium (H.Se03)S FHF-5%7} 0.001 yM S Al 3 71ske] A}
23}t (Doblin et al., 1999). Bl 2=} > AX423
GEO® (227, 33 psu), =% 9F 100 pmol/m’/s (12L: 12D;
cool-white fluorescent lamp, DW-500M)3I T}, 2] 3k A 3L oj
gk st Aels T Gk 22 AEA e As
u]—7] _?4:5]] e /\1 & 7]:rL.L; 7}01—57]131;,'- (202 kpa 20 min)
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Fig. 1. Sampling station of the Cochlodinium polykrikoides
in South Sea of Korea, 2008.
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Fig. 2. Growth curves of Cochlodinium polykrikoides grown at various Water temperature and salinity combinations. Each
symbol represents the average of triplicate data. pH 8.2 and 100 pmol/m*/s (12L: 12D; cool-white fluorescent lamp).

u=Boo+B1o'T+B20T*+ B30 T +Bo1-S+Bo2 S +Bos S +B11-T->+ coefficient)E F-3}31t}.

2 2 n on

B2 T-S™+B21- TS+ Bun'T™S™+e 2700 W AgLEw W
w: A 445 e (specific growth rate; /day) %174 of & S &L A= C polykrikoides s T
T: 4 (temperature; C) 22°C, 93 33 psu, 2% 100 umol/m’/s (12L: 12D; cool-white
S: 9 ¥ (salinity; psu) fluorescent lamp)oll A A EZDE ¢F 3.0 x 10° cell/ml7bA] 2332
Bun: 3] 7] 7| S~ (regression coefficient) 71 % 100 ml Al 2 94 10 mlE F438taL, HFA 2L
e: 9 %8k (error term) E7F 100 cellsml7} =3 HEskA ) B2 10, 25, 50,
70, 100, 150, 250 umol/m?/s (QSL-2100 Series; Laboratory
o 7)o M= 33872 WM4Z7HH (forward-backward Radiometer, Biospherical Instrument Inc.)9] 7 ©HA| 2 Zd3}3
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20081 A% F3l| Q] C. polykrikoides®] & <A W7d2 719
BHasolxl Slajt A5 ApgE el A BAstE A e,
2008 % Hze W AEz Aot dd 34
A4 5 Atk (Lim et al, 2009). =3+ &2 T2 dxe) e
A3 e A Fd8e Holon, g4ty
(http://www.nfdrire.kr)2 787 8¢ RS F20] FHIAGR
o vtol WFa R E HE 7744 shgle mgh vk A
ol wet sjrR FHEe dEH TEE solA, date
Az AL JANZ Aoz AT (Lim et al, 2009).
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Fig. 3. Contour plots of specific growth rate (/day) of
Cochlodinium polykrikoides at various water temperature and
salinity combinations. Calculation was made for the
exponential growth phase in the batch culture incubation (see
Fig. 2).

2 ol A Sasolal et QI wolel et g
T#HZE Fig. 39 WEFNATE. C. polykrikoides= 15 psu®]
15CE AQstales B 23 9 H9ldA 44S 3kl
o} 15 psucll G2l it AJg&=2] HE = 0.10-0.12 /day©]
™, 20 psull A= 0.10-0.21 /day, 25 psu®ll 4+ 0.13-0.29 /day,
30 psuoll A= 0.16-0.35 /day L2 3L 35 psuoll A= 0.20~0.32
/[dayolATh. ol AFELE A7 £ fiel gt
contour plottingS 233, H &= 25C 2 30 psul
A1 035 /daye] FEEE BT (Fig 4). =3 Ho] 44&5=
9] 85%% A= 0.30 /dayol o] AAEEE 25T lA
25-35 psu®] T2 PF FHIR 2, A = 4S5
L5 Holx 5A4E Bt

el A 2|8 C polykrikoides= Y- Furue Troll A 8]
& strain®] HHFGELEE BAWE F23 Ao, ¢
Bo v vHA vehgow (25T, 34 psu; Kim et al., 2004),
0.3 /dayel’de] 2385 E BIIH M9l 30-36 psu & AT
strain}.0F A G4 Q1 A2 Al EAS Bl 1999d = &
AT G FARSE ol A E2]3F straine 25 T2 35 psucll Al
o)A 7o] AR, 30 puol o] HREESL 2 Aol7)
S1AH (Lee et al, 2001). 199213 3-E] 2007 744] =g 5= 2k}
stelo] AN e SFRAZ AW AR} A2ARARE B4
gt Lee and Moon (2008) C. polykrikoides = G~2-9|
23.1-27.8C (H+ 25.47T), BE2 27.75-33.83 psu (H 29.12
pw) BIERen, ®uFAR] A REES B
e, AR QG AaE et

u]=9] C. polykrikoides 222 73-9-, Long Islandol| 4] 4~
o] 20-25C, @] 22-30 psudl Al TASIA S (Gobler et
al.,, 2008), Monterey WH& Long Island .t} 1 9191 11-30C
psu, FES 30-34 psu®l ATt (Kudela et al., 2008) =3+
Pettaquamscutt Covei= =+ 19-28°C, 3+ 25-30 psu= (Tomas
and Smayda, 2008), %-2]1}2} strain¥} =23} FEol ot
e QL Apol= A4 Fokth. A9] Imari RH 20.0-30.6C
27.9-34.1 psu (Yamatogi et al., 2002), Ariake 3}l 27.9-29.0C
18] 3l 29.33-29.36 psu (Yamatogi et al., 2006)% ©] GA] &
2ol 7F AR AR, C polykrikoides7y 2 %5 DAYt o
At AEEEZE FTbeke &5 ohR
Gymnodinium catenatum®] 75-= 3Gl upg} H2E {143
© o] gl AT S Eske T8% 84w Fhadit
(Oh and Yoon, 2004). =3+ G+ 27 Skeletonema costatum2]
855 Aol whet e Al S4do] depxlvs Bavt 9l
(Gallagher, 1982; Lee and Shim, 1995). | F7}#] H 15|
A= C. pobkrikoides®] T2 R A9 475 0] strain®l
upe} 2 zpo]7t Qlo] e RAlTel ke Ao HolA|uh
ole} & ARE sy falde A B4 22
AE s o] Zod Aow WAl
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C. polykrikoides®] 737l v X &= &, & 21831 Fx21 719
259 WAL Ay 3 (sum of squares)> F Al ¥ 10F
(total sum of squares) A1 Z+Z} 30.5%, 65.8% “LE]3L 96.3% % 8 F
c
Argstar 7] wWiEoll C. polykrikoides2] 737¢4 = AEo] 2
Fent 4L vATT & £ AT, 1 6o} T gge) 6 S
o= 1t
WG AGo] A Qlol o & °§75J% FEAS LT A 25 °f
(Table 1). 3, Aozl AFS FLa G 2914 @Qlow =2
A3 AT}, C polykrikoides > 58 = RO Zt7te] FE e |
s} TR5 ] FEAGo] 1% Felah M 33 2oL
7] sl o, WSl we F3]7]EA ol uhel A3 N F
AAFE Fstieh webs Aol 374 e 2o = -
_ ) T2 Q2 T3 Q3 0.01 1 1 1 1 1 I I I
u=-0.050-S+0.002-T°+0.003-S*-0.00007597-T°-0.000035-S°+ 0 3 6 9 12 15 18 21

0.0000457-T2S-0.00003529-TS> 1
& Date (day)

7141 F3]AAFE 0.995 (F=159.819; <0.0001)E 27, Fig. 5. in vivo chlorophyll fluorescence values of

oJorel g3 AT HAT e HAQAE A8 e} (Cio;{zl@ilzzrg;m polykrikoides grown at various light intensities
AR U 01831 C polykrikoides®] W FEEE 7 B
& Ao (Fig. 4. 0.35
) ) 0.30 |-
Table 1. Summary of two-way analysis of variance (ANOVA) =
of the population growth rate of Cochlodinium polykrikoides g 0.25 -
as a function of temperature, salinity and their interaction g 0.20
T 0
Source of variation df Sumof - Mean o e P value S o015fF
squares square c;)
S 010
Temperature 3 0.058 0.019 33.258 4.279E-6 )
Salinity 4 0124 0031  53.866 1.441E-7 g 0.05
Interaction 7 0.182 0.026 45.034 1.119E-7 » o000t
Error 12 0.007 5.58E-4 - - -0.05 t‘;%'gg(l_15'27)/(|+27'22)
Corrected total 19 0.189 - - - 010 | | | | ! !
0 50 100 150 200 250 300
Irradiance (umol/m?/s)
0.5
Fig. 6. Specific growth rate of Cochlodinium polykrikoides
as function of light intensities.
= 04
& °
2 o mE s st
% 03 10 umol/m*/s®] ZX= M C. polykrikoides©] 7373k
£ AL, 25-100 pmol/m’/soll A &= =] Z7feb A A%
S &5 % 2713190t} (0.08-0.20 /day). 150-300 pmol/m?/sol 4]
5 027 452 0.24-0.26 umol/m*/s©] ™, 150 umol/m?/s©] 42
5 & Ao fA (Fig 5). 1 AP H 2ol )
.(% 01 J g R A 1=0.30-(1-15.27)/(1+27.22), (=0.99)%, pn-e
y= 10'1854’1)(_0'01 0.30 day’, Iy 15.27 ymol/m¥s, Ksi= 53.18 umol/m*/s& U}E}
r2=0.
ot (Fig. 5).
0.0 = B A Al eE Hxr= YsE QX 1
0.0 01 02 03 04 05 Aol A }1_" e S 250 pmol/m’/s 2. - ¥
, Azl Al Keli= A3 (photoinhibition, Oh et al.
Experimented growth rate (/day) 2007)& Ho|x| ekorrt (Fig. 6). o]} 7o A= rhE od1x}

Fig. 4. Relationship between experimental data and simulation £ Bt U3t A2 = Furue BF 2 Inokushi BFell 4]
data of growth rate in Cochlodinium polykrikoides. B2 8 strainoll A ZH2F H i 2307} 300 pmol/m’/se] F=TE ol A
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FA AL AT (Kim et al., 2004; Oh et al.,, 2006). F=3F

T Aol A g straine z’ﬂxﬂ HiE Z2LEHT o
7500 lux (¢F 100 pmol/m*so] #'@; 1 umol/ms = 73.86
lux)oll A Al s A3 FA s A e kgt (Lee

3
et al,, 2001). AT AA| sHA S FFoA YAEE e
C—’*2000 umol/m’/s ©] 4 -7} th--017] wiiToll B
of ZHAAY AE FET F AUH U =2 =
A Aslo] e Aow AZAFHL) g, EEol =
umol/m’”s = WA oFgk Zwol A S & O‘%
YEFE S ™, Furue W2 =%
Inokushi Fhol| A &
(Kim et al., 2004; Oh et al., 2006).

el okl A C. polykrikoides™} §-AF3E A7)0 &S &b

HENH o Z FALSE G. catenatum®] 735 (o] Wk A £
3} strain), 10.4 pmol/m*/s& F-AFSF 2ol th3l 4353 o]
A (Oh and Yoon, 2004), 3H7A $-21}e} At o A
93l ofFdadel FAE 3 QT Karania mikimotoi
) = Hiroshima ol A 228 strain)= 0.7 umol/m*/s& C.
polykrikoides 3.0} = SESkT) (Yamaguchi et al., 1989; 2000).
S Faute| A FAlof o|uju| {5 53A| 7= Alexandrium
tamarense (Y ¥- Hiroshima kol A 2] 3} strain): 35-76 |
mol/m*/s® %<& 7S B om (Yamamoto et al, 1995;
Yamamoto and Tarutain, 1997),
akashiwos= 1.0 ymol/m%s% S}t} (Takahashi and Hara,
1989). webA] 2 F2 9o dAT AEZZIAE F

HNHARZF Heterosigama

gal A AEA AAE A= Aow Azt
sk Galletol A C. polykrikoides®] 737¢ 7V A4S
Ao ww, ol AE7L 1 A3l 0] AT Aol
3}
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BlFge] Wt £EE 2,000 umol/m’/sZ351aL, Bl gFo]
Hol| Al JAReE o) oF 50%7} A4S, sl HYREs
1,000 pmol/m’/s7} ®th. Falete] T & o] upet 2
ztol= QIAIRE 4t 533 m (Yang, 1978)E VRS A, Aol
oA K=1.7/T (K, S5 745 D, F%H % (m); Poole and Atkins,
1929)% FFATE 0329 w2 €2 5 AUth ©]2E Lambert
o] WA =l - ™ Iy, AN = (umol/m?s); I, 3¢
Wol 2% (1,000 pmol/m*s)ell thdste] B Fo] Ao
a3 ol sE3E A oF 13 mE AlAtE o] A
-0 ek Ak AS7HA] s dE = Aol A, sl
o A FYFol FAHE Tl , C
polykrikoides®] 33 o] A E sk ] Fafote] Aok o
A A B sgdA 43T s Zi-‘li A .
C. pobykrikoides= ©13=G ol wet A NS FAJ3te] vy
W &2 93] (Park et al., 2001). Fraga et al. (1989)°]]
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m/hre] FZ ol FEEE (Park et al., 2001), G. catenatum<}
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