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= FallolM BEld KT Chattonella ovata®] /378l wIAE $27 G& 2 #F] 4TS 2RI
C. ovata= 10~30°CS] T3 7.5~40 psud] HEZF F 10°Ce] ZE FEXHEF 15°CY 7.5 psus} 10 psu, T
21 20°Cg 30°CY 7.5 psuE A BE el st H AFETE 30°C, 30 psu ZEIA 0.62
day'Z TEFE G, o] YulR] AR (two-way ANOVA) 2H2RE] 159 AFERE 52 ZA ST o
B we gl g w|ekEln). o]g) e A= C ovat’} TS AF R FIAFTYE AAEKIH ¢
ovatai= 30 pmol photons m? s 0]3}2] FFellM= 7o) o]Fo=iA] gk, £ AellA ATk HAoh F= 800
umol photons m? s'4 F AF L2 Rolx| gsith. F A o8 F=d A u=0.74(1-16.0)/(J+43.9) 22 H
B g7ge] et WEESEEHK)2 75.9 umol photons m? s, HThFE(I)S 16.0 pmol photons m? s'2 LFEFES.
o, 53] K= TEFR Skeletonema costatume B|ES ThE o] ARZHFRT Wit} ol A2 EE C
ovata= 3HA| ¥ Rt ARle| oA FIHE A fEl8t BB VR FoE wdEHi

We investigated the effects of water temperature, salinity and irradiance on the growth of the harmful algae
Chattonella ovata isolated from South Sea, Korea. C. ovata grew under all combinations of water temperatures
and salinity, except for all the salinity conditions at the water temperature of 10 °C, with the salinity of 7.5 psu
and 10 psu at 15 °C, and 7.5 psu at 20 °C and 30 °C. The maximum specific growth rate was 0.62 day™ at the
combination of 30 °C and 30 psu. The results of two-way ANOVA indicated that growth rate depended greatly
on the water temperatures while not being affected by interactions with the salinity. This indicates that C. ovata
is a stenothermal and euryhaline organism, preferring high water temperatures. C. ovata did not grow at irra-
diance <30 umol photons m™s™. Photoinhibition did not occur at 800 pmol photons m?s™, which was the max-
imum irradiance used in this study. The irradiance-growth curve was described as p = 0.74(1-16.0)/(/+43.9) at
30 °C and 30 psu. The half-saturation light intensity (K,) was 75.9 pmol photons m™ s and compensation pho-
ton flux density (I.) was 16.0 umol photons m™s™, especially this value was comparatively lower than those
of Skeletonema costatum and other flagellates previously reported. Therefore, our results indicate that C. ovata
has advantageous physiological characteristics for interspecific competition at the embayment and coastal areas
of Korea in summer.

Keywords: Harmful algae, Chattonella ovata, Temperature, Salinity, Irradiance, Maximum specific growth rate

*Corresponding author: yoonyh@chonnam.ac.kr

140



3
<

M

rhu

HZ FHAEEF Y (harmful algae blooms, HABs)yS
HA)FHR @AFO R, o|F Fibrocapsa, Heterosigma®s 3} 37 3
HEZF S35= Chattonella T2 4l o}dd 2 2054
o 2dsloy tPEAl A ES] A WAl 5o gt
ZBAA EAE op|Et] AR EAIE dod)e A Fajdx
A E-o|t}h(Subrahmanyan, 1954; Imai et al., 1998; Vrieling ef al.,
1995; Lu and Hodgkiss, 2001; Barraza-Guardado et al., 2004;
Hiroishi et al., 2005; Zhang et al., 2006). A|AIA S 2 Chattonella
%2 & 7EO0F Hil(Hara er al., 19945901}, H DNA 2
Mg B3 AR B 71x8] C antigua®} C. ovataZ C.
marina®] WESZE Q48h= Ul-go] Eil(Demura et al., 2009)%]
I e 7R, e AKEE C ovataS BIESE C. antigua,
C. globosa 2 C. marina 5°] EE3I7 (= 5, 2010) = Al
o} FAMEE TSR NS gl g Bolx QithEHEs
AbsEhRl | 2003, 2007, 2008).

o]9} 7He&- HABs? NEFQ! Chattonella®s = C. ovata®)

bl 7152 20019 oA 7135 e S5 E5-2) Dapeng
Bay°ll] YER (Lu and Hodgkiss, 2001), 20031 #A|F.2] Kun
Kaak Bayoll A 2144 sl 72] g% sjAl Q1o o] sjHe A of
S C maring®} C. ovata®] P840] A7) E3icHBarraza-Guardado
et al., 2004). 28|31 2004 U+ Seto Inland Sea®) Kagawadl
9] Suo-Nada®llX C. ovata®] 22 <k 20,0009 v} 9]
G277} FALE A o] Fof| 23t oAFAAPL T}
(Hiroishi et al., 2005).
B, sl o159 Uy, 3 42 IYAE 4BE T80
R0 %= L, G, ¥ 24 9 R 5o Eel-gey
A ohE Aol A%t T4, cyst A7) o} 5o AETA
, 7813 JYE = T 38 29l0] XA ol
F T AEEHIEY 54030 Holdle] gukdor 42
&0l 453t AZBNE F71e wet gl 57181 (Epply,
1972; Goldman and Carpenter, 1974), Zo|| e} Aol e
B3} cyst FAJdolell A A mATH(Imai ef al., 1989; Imai
and Itoh, 1987; Khan et al., 1998). G- HE2 4159t 24%
g3 WAl 7108 AEEHaEe] FHQ B (patch B
)l ZA #o35 (Okubo, 1982), 3] 0152] Av-uiid= 3%
£ 59 A4 1A Aole Fhdell 93l ©)F (advection)- &
Ah(diffusion)o] B2 e sl AT G 2 $ETE DR
##-& ZH=TH(Yamamoto and Okai, 2000). B8t 2] A|- 37+
k= ASEFAEY A9 e A 2% 2o F (Law
and Bannister, 1980), 2 EZZTEL ol tf3t AAEAH F5
v 3= F 2300 el A FHEE 5 MR Ao
£ YERATH(Wallen and Geen, 1971; Kirk, 1994). ]} 7+ o)
2 B Fol 7HE 23 98 2 B9 HHFxHe 1 F9
7ol tieds] Fa3t 27l FHoh

AF7H] U eA BARE C ovatadl] TS A= Ad%
gz el o5 AZ dmd e o7 AR i3k A
T(Hiroishi ef al., 2005)2} o] F2] cyst YoFE54d(Yamaguchi et
al., 2008) B F¥He] AT HFTHEA A7 5, 2009
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Yamaguchi et al., 2008) 5-22 33| AgtE o] 9len, 1 A
EXRE C ovata= T 42 C. antigua, C. marina®} P2
cyst A AL 92-& FA71AZ 7T Al FEjEoR
ul$- EARs1e] dm|stellAf el o] BYFs AR, o] FET
=2 201 27.5-30 °ColA cyst Lolol] st HHzAE 7HA
Aoz defA k. T3 C. antiqua®t C. marinaR VT Y&+
d7el gk Pty Qo] Hol U vt e 84
Z200A oA Ao v Avhs 3 55 AlYSH C ovata®
37l digk A AEErd AR S8 Bieks Aol
2 A7E HT fEdE AdelM 283
C. ovata®] HA ‘Jg TS T+ 72, ¢

sfefsiict.

R

Chattonella ovata®| 2|2} HIQF

2005\ 8¥ H3l] FTAME] FF3FEFE pasteur pipette (ca.
0 50-100 pm)yS ©]-&31] C ovata® FEESGT P AT
o} 7} (Membrane filter, pore size 0.45 pm; 32.5 psu)E ©|-%
& 4~58] Wk A2 3 TH-0508 TS Fisto] wikRE
(Costal Co., NY-14831)°]] ©]21813ich AR&E iA1= ) 2oF
& ulg o2 3 325 psud] modified SWM-3 8= (Itoh and
Imai, 1987)% pHE 6N-HCI 5= IN-HCI} IN-NaOHZ |83}
8.1~8.2% Z273}o] AREBISITE. A wlokA] 529 F 2712 25 °C,
130 pmol photons m? s'(121.:12D; cool-white fluorescent lamp)
oA AABIATE. C. ovata®ll W3l 3 AHY 219 ETHE S+
Al AABEA GAEE, 22F AEsE egE W] i EE
AH7) 7= D4ETF (202 kpa, 20 min) W ZAZHEFE(120, 3 hr)st
o] A gEg o, BE A8 clean bench(Jisco Co., CBW2)]
A F3slelT).

21 G CHE 438 W3
G2 Qo w2 AR ARE 2 10, 15, 20, 25 18
I 30°CY) s9HA, GE2 7.5 10, 15, 20, 25, 30, 32.5, 35 18]
XS T 45 DAY UM AFEEE
FEsIGT) ikl ARgE Wiy A2 olA £l °Ce
Az2LE 7 LT (Vision Co., VS-3DM)E ©]-8-315it}.
ARET 24E 98l 10~30 psut= 25O FE ArlE L,
35~40 psu= 60 °CE 23 WiV E olgsl SaA|FTh
2k GE2 FAg wgl o3t HE AE] AE Eo|
F3A 42 25°C, G 32.5 psy, & 71 130 pmol photons m™ s™
slellA A BlokS AAEle] 2 digdAdr] MEE 127190
A= Y 3 G 274 SAEoE $AA vl SSAIA
th T8y C ovatais 10 °CE BE GRz0)4] AxidRgo] o]
Fojx)7] ¢ko} AAEEL 0 day' 2 SIS
22re] =23 FE WAlA AgH AMEE 25 om® £3 |
ok Ze}H (Sarstept Inc. Co., NC-28658)l modified SWM-3 Hl}
A 25 mLE FU3 &, AEUE7} oF 100 cells mL'7F HEF
%5193 11, 348Hel )7 (Nikon, Optiphot-2)3tellA] Sedwick-Rafter
counting chamberZ 0|83l 29 HA o= A A g Al
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X9 FHSEE BEIUT. T8 AFABA F 28 wj

ARl ma} o] 254 WMl 1Y 23] wjdE7]e) 9
A Ged FAlo] AE Fad Aite] o3t AE SHS
P79l FEHA E5FAh 7 527 GF 23 A
8 triplicate® 3 oH, AFEEE FEFoE Yeh
k. TR, triplicate % W] QFE wkE g HEA] A
o]3k3ict. '

Aze] BPdAEE (s th%7] (exponential growth phase)
] AZpel] sl okl 2 (1) ol g3l AXkslict

h=Linl M

No, Ne: th98719) 2719} A7k (day) $9) AZLE (cells mL™)
A 59771 vjoA](day)

B, C ovata®] FH QS viAE 23 9B #AE
slekslr] 8 ok 28 oy ()% EE?%EM o2 &9
EE &3l Al on, A 33; E7kx) W7ol ulE
FEARE HAABISITH

M= ﬂoo'*‘ﬂm'T+,323'T2+ﬂ30‘f+ﬁ01'S+ﬁ02'S2+ﬂ03’S3
"‘ﬂn'T'S"'ﬂlz'T'Sz'*'ﬂn‘f S+ -’;gnn'Tm'Sn+g (2)

w: 373E S (specific growth rate; day™)
T. S2-(water temperature; °C)
S: Q¥ (salinity; psu)
Pt BTAAIT (regression coefficient)
& X8 error term)

I HI7loff e MESE W

F AP W SR A FEAu)F S o83 A A
oz FrrEiieh. 23 FE 9AE AP 5Y 249
A A RS sl 8 Ui AIES 25 om® £ 9
ulof Zebi ol modified SWM-3 vl 25 mLE FUT 3, A
FUEA} oF 100 cells mL'7} A BESI0ic}. 3 24L o)
e} Aol digt HH2791 30°C, 30 psudtelA 10, 30, 50, 70,
90, 110, 130, 150, 200, ~2&] 3 800 umol photons m? ¢} 105+

AZ SISk ojo B EL i) |l 835 g 22
2 7MA AR S-S o] 8. Wi 717 F vl 2318 w)
8719 AXE GElsl vl U B x5 243 %)
t}, o] A% E3F triplicate® 53510} *‘7%}5‘—1:9]. Bgwlo)

=L

A& Lederman and Tett(1981)¢] E&-& 7gkel 0] 4 (3)&
o] 831y Akt
T T (s /S @)

(Ks -Ic) + (]_'Ic)

w: ST (specific growth rate; day™)

I ¥ (irradiance; pmol photons m?s™)

I: 233" (compensation photon flux density; pmol photons m?s™)
1 AT 4AE E (maximum specific growth rate; day™)

K,: "B 8= (half-saturation light intensity; pmol photons m?s™)

e - 97 - 2
2 1
421} RChiY MYET

Fig. 1] Z} 2227004 FE2A W& C ovara®] 733
AL Yehio). C ovate= F2 10°CoME= o G827
ME SR 4k, F& 15 °ClE G 7.5 psust 10 psy,
20°CS} 30°ColAE P8 7.5 psulld] AdAeA sieh Aol
olfold 2 F 5 Frlol e IR dAME AAERe |
8 Aurd, =2 15°Co1AE 0.03~0.07 day’(0.04:0.02 day;
B4 } ols}t ), 20 °CME 0.23~0.52 day'(0.35+0.16
day™"), 25 °CollAE= 0.11~0.56 day'(0.43£0.15 day™), 2212 30°C
X E 0.29-0.62 day'(0.44+0.19 day)Z VFERTH T3 223
Aol gk AAETE contour plotting® & XA A, 2
o] kﬁrig»ﬁ ARAETI}F ZIKR] 2 25~30 °ColA =2 4%
a1, Hull S5 30°C, 30 psu] oA 0.62 day!
2 ‘/}EJ")’J}P}(Flg. 2).
C. ovata®] WP O R Pojrl &R nhE 523 G
2208 0]83) o] WiR] HAMEA (two-way ANOVA) 27, 0.001%
FFE vl AFEEe st =27 GE9 23 9
‘—}E]‘"H%D} o) FE9] AlF S(sum of squares)E F AlF T
(total sum of squares)olA ZHzt 70.0%$} 17.5%%= A48k 17
o) 0|59 AFETE £ I &Y B JEH o]5Y &
TAE9 PR vlud A2 20T YEHTHTable 1). =3 F
A 2la) EFR DS A AT g A OF B
T ATk

2.0
TE

u =-0.294 - 0.000009467 %S - 0.000003865° + 0.002287S

- 0.000030175" @
7. 85psu ~$10psu —¥—15psu —fy Z0psuy i 25084
—{+30psu ~W~-32.5psu —O—35psu ~ @ 40psu

18T

20T

10°

25C 30¢

Cell density (cells mL™)

10

ST E 0 4 Te 8IS 0 2 4 6 B 30 12 14 16 18 20

Incubation time (days)

Fig. 1. Growth curves of Chattonella ovata grown at various water
temperature and salinity combinations. Each symbol represents the
average of triplicate data. pH 8.2, 130 pmol m?s™', 12L:12D (cool-
white fluorescent lamp).
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Fig. 2. Contour plots of specific growth rate (day') of Chattonella
ovata as a function of temperature and salinity.

Table 1. Summary of two-way analysis of variance (ANOVA) of the
population growth rate of Chattonella ovata as a function of
temperature, salinity and their interaction

Source of Sum of Mean
variation df squares square F
Temperature 4 4.941 1.235 1471.253"™"
Salinity 8 1.232 0.154 183.438™
Interaction 32 0.811 0.025 30.184™"
Error 90 0.076 0.001
Total 134 7.059
"p<0.001

Tl mElale] RAE RPZRS 0.8500F, vy e Avkel A
S A5 Aolell B ABAS=0.922)F R l(Fig. 3),
F 20 U ARl B2 AFUFES AT A4S 49

587} QY TS OL8H C ovad) AHHEE FHT 5 ek,

H M7 WE MESE

C. ovata¥ 10 umol photons m?s'9} 30 pmol photons m™ s
B 2ol ek 93EaL, 50 pmol photons m? sH-E] A
ol olfolg o) Ao MEYUEE 1,210 cells mL'® W),
BEA]RE 70 umol photons m? sl Tl XTI} 1.8x10° cells
mL'E F7tE 29, 90~800 umol photons m? s’ oA = 5.1~
8.7x10" cells mL 7} AZEUE7} FA S7181004Fig. 4, A).
5 o] o]foR F 2HelA 4= 50 umol photons
m2s'olA 0.16+0.03 day”, 70 umol photons m?sox 0.32£0.01

0.8
— C. ovata
& 08f
=2
@D
=
©
>
® 04} .
3
g ¥ =0.9993x +0.05
§ R =0.850, n=45
x 0.2}
w

, o ; .
0.0 l—e-00)(®)
02 0.0 0.2 04 0.6 0.8

Simulated value (day™")

Fig. 3. Relationship between experimental value and simulated value of
growth rate (day™) in Chattonella ovata.
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Fig. 4. Growth curves (A) and specific growth rate (B) of Char-
tonella ovata as function of light intensities at constant temperature
(30 °C) and salinity (30 pau). The values (A) are represented with
means of triplicate. The curve (B) was fitted to the observed values
(@) using a non-linear least square method.
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day, 90 pmol photons m?s'ol4] 0.51£0.02 day™, 110 umol photons
m?s'oA 0.56:0.04 day”!, 130 pmol photons m? s'olA] 0.56+0.06
day”, 150 pmol photons m? o141 0.560.04 day™', 200 umol photons
m? s'ellA] 0.55+0.00 day”, Z#]1. 800 pmol photons m? s'oll4]
0.59+0.06 day '€ VERJo] A7 Z3PJElE 221 90 pmol photons
m? gt ol kel AFhM AAEEE A FARIGT F 27 9
A FEH C ovata®l AAHNOZRE 4,2 074 day!, L=
16.0 pmol photons m? s, 72 I K= 75.9 pmol photons m? 5™
2 JeldthFig. 4, B).

o &

£ AT C ovata= & 15~30°C, BE 7.5~40 psu B
oA Aggol Zhssti o, Aol & EE 30°C, 30 psud]
el 0.62 day'Z JEFGTE Table 200 Fu12) 2} Thakst E730]
A EelE Chattonella®s 3} TRFS ARZFES A3 st &
<3 FRY 21& vmgitt. o|2FE C. ovatad] %0 7}
o S GEHAE F £ C marina(@= 7y 4B
Suo-Nada 21F)%} C. antigua(3+ Suo-Nada E215)2} FAIBIS
O}, C subsalsa(®}=r Delaware Inland Bay £8)5)Ec} 6%
T2 23 FBS 2T 813, C verruculosa(3E Hirosima
Bay ¥E|F)HHE O g 527 Q8RN A7) 75
gk A0 R VERtT SEARE C ovatas 4373l TS 3240
Qo] & C subsalsa®t $L3A T, 71 2] Chattonella ZEX1.
e G 22 527 GR2AE 2 207 Vet 53,
C. ovata®] HU] AAEEe HAZAE o8] ARZFe) vwst
H, & &2 Alexandrium tamarenseS} Fibrocapsa japonica %
Gyrodinium aureolumRTt =2 7204 ol YAEEE Holx,
Cochlodinium polykrikoides®} F. japonica X Heterocapsa
circularisquamal The 2 % 274 Ao AAETE B

g - oAl -

%5

o). 283 H. circularisquama, Karenia mikimotoi R Heterosigma
akashiwo® A|SJe A7} HRZFE vlsix] Aol S} w
£ 7107 el th(Table 2).

Chattonella®; ¥ £33 e 72 729 9= 24
Hh= 7107 Ad#x Qvi(Nakamura and Watanabe, 1983; Khan
et al., 1998). AU} FaNIANN ChattonelladrS HT 333+
(2005~2007<) 14.5~28.4 °C2] Blw3 FHLS oA S}t
gom, o|F C ovata= 18.7-284°C WA Ed3t] C
antiqua, C. globosa X C. marina®) E@A A 27} 183,
14.5, 16.9 °C)RT} =JTHe, 2009). Wb O& Chattonella &
EHT O B2 F220M 288 C ovae®] 8% 295

e B AT AN B ) Al e AHSLT S

DA BHFE Hol: YgoE dddrh T3 T2 A7
Chattonello®-2 239 FE, ot I 1% AW} A3 ek
ohaE Aol o 23.1~30.5°CS] HHoA A Ed 3,000
cells mL™") 3P chFE =248k, 2005, 2007, 2008). 0| ¢} 22
S e B ATl mojd Ao dREES] <k 70% ol
o] AAEEE e & H9) sigshe Zos widd
3 AFg) & A3} B3] C ovata® 3 D3 HH
2 o]E2] cyst Pololl tdt #5211 27.5~30 °C(Yamaguchi ef
al., 2008)9t FU37 ), Wold FFAHETL WE Al <tef o
B & F deS gAlEth

3, C ovata= Ao Fo910% FEe FRHELE G|
il Fast e B, v} Aol F8 faxF
C. polykrikoidesHThHe W& SR o] 71s3t Zow
UeRdTHTable 2). =3 A% 2@l oA 5 £ C. subsalsa
Al 11~28 psud] ¥ H9)ollA bloomo] #RIE 2 (Zhang
et al., 2006), = TF FHTZF/RL H akashiwo BA| 1~50 psu
o] FET HYelM & L A tH(Smayda, 1997; Zhang
et al., 2006). WY, F japonicae ©|9} WHE W& 2% st

Table 2. The comparison of temperature and salinity ranges for growth of the Chatfonella species and other flagellates from various

environments

Strains (Environments)

MSGR (day”') Temperature (°C) Salinity (psu)

Reference

Chattonella species

C. antiqua (Suo-Nada, Seto Inland Sea, Japan) 0.67(0.97") 25% 15-30° 25% 10-35° Yamaguchi et al., 1991

C. marina (Gamak Bay, South Sea, Korea) 0.64 25% 15-30° 25% 10-35° Noh et al., 2006(in Korean)
C. marina (Suo-Nada, Seto Inland Sea, Japan) 0.56(0.81%) 25% 15-30° 20% 10-35° Yamaguchi et al., 1991

C. ovata (Jangheung Coast, South Sea, Korea) 0.62 30% 15-30° 30% 7.5-40° This study

C. verruculosa (Hiroshima Bay, Japan) 1.21(1.74%) 15% 15-25° 25% 15-35° Yamaguchi et al., 1997

C. subsalsa (Delaware Inland Bay, USA) ca. 0.70 30% 10-30° 25% 5-30° Zang et al., 2006

Other flagellates

Akashiwo sanguinea (Hakata Bay, Japan) 0.78(1.13") 25% 10-30° 20% 10-40° Matsubara et al., 2007
Alexandrium tamarense (Mikawa Bay, Japan) 0.23 15% 5-20° 32% 10-35° Yamamoto et al., 1995
Cochlodininm polykrikoides (Furue Bay, Japan) 0.41 25% 15-30° 34 20-36 Kim et al., 2004

Fibrocapsa japonica (Adriatic Sea, Italy) 0.49(0.70") 20 16-26° 35% 25-42° Cucchiari et al., 2008
Gymnodinium catenatum (Yeosuhae Bay, Korea) 0.50 25% 15-30° 30% 15-35° Oh and Yoon, 2004(in Korean)
Gyrodinium aureolum (Oslofjord Sea, Norway) 0.42(0.61%) 20% 12.5-22.5°  22.3% 17.8-34*  Nielsen and Tonseth, 1991
Heterocapsa circularisquama (Ago Bay, Japan) 0.90(1.30%) 30% 15-30° 35% 10-35° Yamaguchi et al., 1997
Heterosigma akashiwo (Delaware Inland Bay, USA) ca. 0.78 247 4-30° 20% 5-30° Zhang et al., 2006

Karenia mikimotoi (Suo-Nada, Japan) 0.70(1.0% 25% 10-30° 25% 15-30° Yamaguchi and Honjo, 1989

MSGR (day): maximum specific growth rate, *Original paper (division day™), *Maximum growth rate condition, *Total growth range
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Table 3. The comparison of K, and I, of irradiance for growth of the Chattonella species and other phytoplanktons from various environments

. . K,
Strains (Environments) :

L

Culture condition

{(umol photons m?s™)

Reference

Chattonella species

C. antiqua (Suo-Nada, Seto Inland Sea, Japan) 424 10.3 12L:12D, 25 °C, 31.3 psu ~ Yamaguchi et al., 1991

C. marina (Gamak Bay, South Sea, Korea) 56.9 11.4 12L.:12D, 25 °C, 25 psu Noh et al., 2006(in Korean)

C. marina (Suo-Nada, Seto Inland Sea, Japan) 63.4 10.5 121:12D, 25 °C, 31.3 psu  Yamaguchi et a/., 1991

C. ovata (Jangheung Coast, South Sea, Korea) 75.9 16.0 12L:12D, 30 °C, 30 psu This study

C. subsalsa (Delaware Inland Bay, USA) 68.5 ND 12L:12D, 22 °C Zang et al., 2006

Other phytoplanktons

Akashiwo sanguinea (Hakata Bay, Japan) 92.5 14.4 12L.:12D, 25 °C, 30 psu Matsubara et al., 2007
Alexandrium tamarense (Mikawa Bay, Japan) 62.0 45.0 121:12D, 15 °C, 34 psu Yamamoto ef al., 1995
Cochlodininm polykrikoides (Furue Bay, Japan) 451 104 12L:12D, 25 °C, 34 psu Kim et al., 2004

Gymnodinium catenatum (Yeosuhae Bay, Korea) 42.6 10.4 12L:12D, 18 °C, 30 psu Oh and Yoon, 2004(in Korean)
Heterosigma akashiwo (Hakata Bay, Japan) 152.8 33.8 12L:12D, 22.5 °C Shikata et al., 2008

Karenia mikimotoi (Suo-Nada, Japan)' 53.6 0.7 14L:10D, 20 °C, 31 psu Yamaguchi and Honjo, 1989
Skeletonema costatum (Jinhae Bay, Korea) 92.4 53 121.:12D, 20 °C, 30 psu Oh et al., 2008(in Korean)
*Original paper (Gymnodinium nagasakiense), ND: no data
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