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High growth rates of the red tide flagellate Chattonella marina (Raphidophyceae) observed in culture

Ichiro Ima1

Abstract

Growth of the fish-killing raphidophyte Chattonella marina MS3-P was examined in the 200 mL modified SWM-3 culture
medium in a 500-mL flask at a temperature of 25°C with light intensity of 120 pmol photons m* sec ' under a photo-cycle of
14hL-10hD. Growth conditions were supposed to be ideal and sufficient to achieve the potentially maximum growth rates, and

the obtained growth rates were 1.42 and 1.48 divisions day ™.

C. marina MS3-P also grew in the filter-sterilized (0.1 pm pore)

seawater (collected in winter) with a growth rate of 0.81 divisions day ', suggesting a possibility that C. marina can reach from
the cell density of several cells mL™ to the red tide level of several hundreds cells mL™" (fish-killing level) or higher within about
aweek. These rather higher growth rates presumably contribute to form harmful red tides in the coastal seas of Japan such as

the Seto Inland Sea, Yatsushiro Sea, and other embayments.
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RN, K ORUNEY), FEEE AT A T
Y7 b Y ORERGER LM DR RIELET B K DA Bl
ROFEIRT CalE, 1976) DVERGEEIZ BV TS
JEREFE R E R LS T L 722 82 & D,
TR DFEEM BT L CHIN LB S R&E <2 D), ol
ANHOKEREILDPF | ERIIND L9127 > THERM
AL L 72 (Imai et al,, 2006), 7RE 2 TR T 20 77 >~ o
M ESHELEETH D 100 FELL EIC R S FEL S,
1990), ' CH 77 4 NEED Chattonella J& DRI & % #25H
BAEOBIEHEE T2 I TRE W (B9, 2012)

REIANFELE T B 7201213 M E%HE O Mfa EL o A wir$e
L7 BN, Chattonella J&DFEIZ BN TIEHE 542 X A5
fam g 208 U Cifa 2 i s 2 % (59 - W, 1993).
PeoC, MMMEAILIET 5 2 &1L, RoORAEEE
PFES 5 L CRARMICEE2FHIETH D (L, 2000,
NETIZ, BEL Chattonella J&DTED IG5z % Bebi
SR OKim, oy, JGEEE, RS OREIIOWTR
237 & C £ 72 (Nakamura and Watanabe, 1983a, b ; 1111
5, 1991 ; Khan et al., 1998 ; Marshall and Hallegraeff,
1999 ; Yamaguchi et al., 2008, 2010 ; Z5h1H &, 2010, 2011).
LA L7%ds, BREZEIC L ZHIRATRE WS T T,

E DR DI RIETE AR LS ERIER T E L DD DOWn
THETEINBNZIT E A E RV RIFZETIE, Chattonella
marina DR 7 0 — » BEFER & FI Vs CHEM L 728528 55
DFERZHRET %o

MR B L UHE

FEERIZIE, BT PRETEER O JE DD & 1985 4RI 45HERS
L, 3706y MEEEEF, 1967) 12X ) EEAL
L 727 1 — V5K Chattonella marina MS3-P % 72,
HRACHERFRE 28 8 L OVRE SR EBRIZIL, SR Th %
2 28 SWM-3 55 #b (Table 1) % f#i il L 72 (Chen et al., 1969 ;
g - S, 1987)0

W 25°C, JGIEE 120 pmol photons m* sec™’,  HHIE & 1]
14hL : 10hD DM T THIFF#E 21TV, BIFIZHEEL 72 C
marina MS3-P ¥ (29,800 cells mL™" @ #ll Jlig % 1) % & %
SWM-3 5538 C 10 BEA ML, S00 mL AD =77 A1
o> 200 mL ORFEHIC | mL 550 L CHEEER 17572,
FEREBAIGREE OMIEE L 148 cells mL' T 0, IR
MIHEE % FE AT ) T E D L) IR LTz EBRO
7T A TNX ARG, BiEEAR L W] U4 T CRAAR R FEMi L,
FHIE LC2HICLES Y 7Y 7 %27, &4 E0F
BoMifati® sk 7z. F 7B O 7 — & A

AR BER R A S et A W R R e A 2 0 T e e A ) 2

(Plankton Laboratory, Division of Marine Bioresource and Environmental Science, Graduate School of Fisheries Sciences, Hokkaido University)
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Table 1. Composition of the modified SWM-3, an enriched seawater medium.

Substance Substance

NaNO; 2 mM P-1metals (in 10 ml)

NaH,PO,-2H,0 0.1 mM H;BO; 1 m mol

Na,SiO; - 9H,O 0.2 mM MnCl,-4H,O 3.5%10” m mol

Fe-EDTA 2 uM ZnCl, 4.0% 10" mmol

Na,EDTA 30 M CoCl,*6H,O 1.0X10™* m mol

Na,SeO; 2 nM CuCl,'2H,0 1.0 X 10° m mol

TRIS 500 mg

P-1 metals 10 ml S-3vitamins (in 2 ml)

S-3 vitamins 2ml B,-HCl 0.5 mg

Seawater up to 1,000 ml Ca-Pantothenate 0.1 mg
Nicotinic acid 0.1 mg

pH 77~17.8 p-Aminobenzoic acid 10 pg
Biotin 1 ug
Inositol 5 mg
Folic acid 2ug
Thymine 3 mg
Vitamin B, 1 pg

5, MEREAEE (1 H%720) 0% m%EL : divisions day ') % 1%
726

WIZEREEKFNZ BT S C marina MS3-P FROBEHE % #57
S U720 1986 4E 12 H 3 HIZIA BB 51572 K 365
31.6 psu) & GF/C 77 AMEHEMEACCUES L C 1+ JLLE
BEL, Il um DWE7 4 VY —ClEBLZb D%
HIRTAE S L OERRICH 2, S SWM-3 B3 C BT
VZHETE L 72 Eal O AR (29,800 cells mL™ ORI ) % 8
W KT 100 AR L, SOmL BED=/MA7 5 Ao
25 mL O JEEEE HEKIC 0.5 mL 0 L CRikEEZ 7o 72
(%7 6 cells mL™")o BIEFFEZ 2 JBEAT - CUE S HEA 2B
FHEsE X 72 (70 cells mL™) & V>, 300 mL D=1
77 A IHO 100 mL OPEBFER HEKIZ 3 mL FE LT (W
2 cells mL") 542 5EBR & e RE 42 & W] U4 T OO L 72,
JFHIE LT3 HICLEY Y 7Y v V%27, &4 EOF
BocHifat e -, RS L ARSI (1 H472 ) o
SEE%L : divisions day ') &K 72,

BRBIVUER

2% SWM-3 B: #h ip 12 B 1T % Chattonella marina MS3-P
BROBEGE% Fig. 1 (R L7z, BEEFEBROBMGE, FHEHIX
FEALEREDLNT, T CICHEA BB L7z, &4 Dk
LR D C marina MS3-P FROIHEA S 1L, 1.42 divisions
day' & 1.48 divisions day' T& o 720 AFE O Gl 13 il &
25°C, 3557 31.3 psu DSMET, JEIREE 110 pmol photons m™
sec' DL THEQEZAIT 20T LS, 1991), AHZEDNE
ST EARAE & b b, AWIFE & F—RkcIlim
5 (1991) 12 & » CEE M SN2 @) & WHEEE (m)
OBRIE, n=139x1-10.51)/1+4236) THDHZ LEh b,

BEHAY 72 e RIETE R 1F 1.39 divisions day! & 72 be T D
Z & KAWL TS L LR oM EE OfE 1L, B
ST TER SN D IIITRROBFHELE & 2 HFHHT
xL&9.

F—=ANZ ) TED C marina CMPLO1 $R1Z, JCHHE
400 pmol photons m? sec™ P CHIGEASEIFAI L (AE 25°C,
35453 25psu),  HOKIESE MU (X 1.57 divisions day ! & #iiF S
LT\ % (Marshall and Hallegraeff, 1999), &5l A3 a1 %
HHREADSH ARFED C marina £V b 270 & (LEHS,
1991 ; Marshall and Hallegraeff, 1999), 55 114 fix KD 1§l
WL AWML D DV LEWEE TR L),

VRSB D C marina OBEFEHAEL L, L 25°C &3
5330 psu DSET, JEHREE 100 pmol photons m™? sec™ LI
TR L, FARMEIEETRE 140 pmol photons m > sec” T 0.74
divisions day ' 2%k U 541 T\ % (Khan et al,, 1998), Z D
REGGE R IR IE DRI DETH Y, 27 DKW X
BB S, Khan et al. (1998) 12 & 781342 UITEER
BEHWTTOILTEY, TAKBROREDEER i
B RMEWT T+ OMBICKRE L EEY52 5
7> 5 (Yamamoto and Nakahara, 2005), /" AZHLAH F 1)
B o745 RTHLMRENREZ HILD,

Honjo (1987) (X =EIRA 4 B 12 BT C marina O
HHEELrE=F— L7 Z L CHBEEREROS Y
JVOHIZ Guillard f 55 #b (Guillard and Ryther, 1962) % 0.2 mL
AT (55 33.5psu), HEKAF 25 1RSSR v EF 1) —
T R, B T2 mEEE LT 2 VICEEL, 2
2O B Gl % i B 24°C,  FREE 3,000 lux, B JE
12hL : 12hD DFAFT T3 HHEEIE L2 £ OfER, 3 H
] T KOHEGRIE 4 S OB DT 19.25 5 (1.42 divi-
sions day ) DB S, ZOHRTHRARDME LR L7/

7
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Fig. 1. Growth of the fish-killing raphidophyte Chattonella
marina MS3-P in the 200 mL modified SWM-3 culture
medium in a 500-mL flask at a temperature of 25°C with
light intensity of 120 pmol photons m” sec” under a
photo-cycle of 14hL : 10hD. Error bars indicate stan-
dard deviations (SD).

3 HMT27 I CHIML, HEFHEEE L 1.59 divisions
day' & B &I TV 5 (Honjo, 1987)0 AHWFFE TS 72
1.42 & 1.48 divisions day ' (Z_F7k 0> 4 HIHE o> BTG FE 0 S
WHELICHL T 5,

TR L 72K BT 5 C o maring MS3-P FROHE%E
% Fig. 2 |R L7z BE2EFBRO MG 3 HH OFFEH 0%,
RFEITIEIE % BAIG L 720 1551072 C. marina MS3-P ¥R 1
SEEEE L, 0.81 divisions day' & 72 o720 LIS ELAS 4
HR T 10 f%5, 8 HICHI 100 5128809 % MG ¢
HY, BIGMEST 10 cells mL' LU O HIILE 2 5,
I 7)) DBEILDOEHIEEL )V TH D 100 cells mL ' LA
T OMBEE DR A, BHHITEES S LI S R
JEE R TEHEITE S (4, 2000 ; Imaietal,, 2006),

5000 1

1000

100

Growth (cells mL-1)

N
o
|

1 | | | Ll

0 5 10 15 20
Incubation period (days)

Fig.2. Growth of the fish-killing raphidophyte Chattonella
marina MS3-P in the 100 mL 0.1 um-filter sterilized sea-
water in a 300-mL flask at a temperature of 25°C with a
light intensity of 120 pmol photons m” sec” under a
photo-cycle of 14hL : 10hD. Error bars indicate stan-
dard deviations (SD).

RIZERZ BT C marina MS3-P #k1d 2,620 cells mL™ 12
FTELZD, ZOBIITMBBOGHIE 2 )L 2
R EWEE LR LkEEZ R L Qe I
D Chattonella antiqua \ZB\>T, ZBRLBZB T 5 i/
N5 43 (minimum cell quota) 2S°KH HNTHB Y, £ D
fiE 1E N C 7.8 pmol, P CT062pmol &t U 5L T\ 5
(Nakamura et al., 1988). C. antiqua & C. marina O ¥z/INFEPR
FHHOPELWERET S L, 1 uM O N & 128 cells mL™
D C marina {2, 1 uM @ P 1% 1,613 cells mL™' OHIFLHEEEC
M2 elmEIND, NSOz, BEEIEERIC
WL BB KR ICE TN TV R EEHO R » R
5L, NOPHHOHRERTH - 72561213 20.5 uM D
N2EEN, PABEOHIRIER TH o 72361213 1.62
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WM D P EFENT W /2E W) 2 &Il b, TNHITIE
FEETH 5725, AZFOILEBORIEEIREIIN T 10
UM, PTIuM 2B Z 2 DIFEETH L Z &5 (LS,
1995), ZBLAEREZZ HNLD,

FAENT EE D Chattonella J& O 7RI AR C. antiqua, C.
marina, C. ovata V%, AL 2E5HM % I G2 A5
bo BIMGHERIC, REEE T KLMDHHH THLE
DA DOYGE I 2 NS Chattonella J& OFE X 7R % 12
B3 %A% (45, 2000, 2012), AHFZE TR S L7287 Lk
BT BT R THIGE S UL, B cells mL' L~V
WSS, 1EMEE CEEANEL LS5 LNV
I (B0E cells mL ) ORI O £ TELFIZFIC
FHAMREE E 2 b,

A &

RIFRIZBNT, Hiw/ TS &8\ 72 RO 16 i
X 7K BERTE 2 AT 7 0 8 7 0 AR W i 28 22 R o0 FP R e S T
% b NI AT RIIEE O St & LA
SO HEHH L BT T ARBFZEE, BT ORI
B 25 B 1R SR BR T 2R 2 1 & 2 “OR O 8 A 7 FHAR O
FEIZT B O—Bi L L TiThi,
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