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Three harmful red tide causative raphidophytes Chattonella ovata Y. Hara et Chihara, Chattonella antiqua (Hada) Ono, and Chattonella
marina (Subrahmanyan) Y. Hara et Chihara occurred in Usuka Bay, Japan in 2005. The growth characteristics of these three clonal cultures
were examined in 60 different conditions combined with temperature (10-32.5°C) and salinity (16-36 psu) under a light intensity of 80 gmol
m?s’. C. ovata reproduced within 10-32.5°C and 16-36 psu, and the maximum growth rate was 1.09 day"' at 30°C and 28 psu. C. antiqua
reproduced within 12.5-32.5°C and 16-36 psu, and the maximum growth rate was 1.15 day™ at 30°C and 24 psu. C. marina reproduced
within 10-32.5°C and 16-36 psu, and the maximum growth rate was 0.87 day' at 30°C and 28 psu. Their growths are characterized by

euryhaline. Compared with growth conditions previously reported, they showed the tendency to tolerate relatively lower temperature. These

results suggest that three flagellates cause red tides during warm seasons in Usuka Bay.
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¥EE 7 7 4 F ¥& Chattonella, % \Z Charttonella antiqua
(Hada) Ono & Chattonella marina (Subrahmanyan) Y. Hara
et Chihara i3 KB R 2 R L, BREAEO KR
2RI TEREDE L THIGNTYV S, BEHAICE T
% Chattonella FIC & 2 EHFIHRARREETHY,
HELHV TS REFAMEEREEBRT 2006, 5H
2000a, Imai et al. 2006), — %, I #1& Chattonella J& 2
fEL AL S UREL RO EEICL BT
% C. ovata Y. Hara et Chihara i3 (Fig. 1), MWFWN#E%ICE
FaHBEREREIN TV 0D, ZOEEET SRl
BRINTOADo1, #-oT, ThFTIoBEzEEREL
LCR#ET B L i3nh o7 (1990, Hara er al. 1994),
L L, 2004 EEFICHEHFNIEBOIZIELETC. ovata I
kaREoFEEL, B IX, ¥4, "eFILE&BEHL
LTH2EHOBER b 726 L OKEREFNEXRE
FEEEAT 2005), FEIEAR IS NGBS L B
BEICHET L (55 - ik 1985, & - ANEF 1986,
Hara et al. 1994) % C. antiqua, C. marina L& L THHE
T3IEDHVLIE (FHH 2006) BHSNn 228, FEMiki
BERREPEF RS CET 2 EREBDO AR (- T
J& 1987, & 1990), EIHERFETIZ, #BEIC C. antiqua
L C. marina \= X B REDBEEL, ZHUHE) BEHEED
EXINTV 3B, C. ovata DHE LKL KEZTH -

7= (RIGRKERERS 1979-1997, RIGERBEKERERS
1998-2005a),

INSDORMIC K ZREHFHEZPET 2D IcdZNTN
DHBROHEERES, EANLERZIEE T2 L0E
FECHD, B, C ovatalz2wTid, HERREFEEHEH
B, HoH U HHEREPHEBEREZEEL TR Z
EERELZRRCHIETI2OICENEEZ OGNS,

=5 D Chattonella ® BB I 2EE 2 M OB HBETEEE
EEOHZRIBRICE > TEBE TS 5, 2004 £F & 2005 F
i, BRSNS GEFRERE#) <, C. ovata
DHELHEREINTEY (LEE - B4 2006, MIZTBIEA
KEBETIZE L v ¥ — 2005), FHOBABBE I N T,
DL EBERAEORRICB T AHEOBERZAS 7D
iE, BEERERAVEERNERICELD, Z0oEOEARNETE
ZEEHOPICT B I ENMATH 5,

—BRACHEY 75 v 7 b v OETERE IR T L ICERY
brrtEzonTEh (LUE - #HA 1997, Watanabe et al.
1982, ILfi& & 2006), Chattonella BOBETH 21 6 F-3
ARRTERE 2 IR T L ITIRE T 2 R EDH B,

AR TR, BERRER TAEEENTON TV 31
i, BICZNE T C. antiqua & C. marina DHBR ER
BIREINERIN TV EHFHRICE VT, C. ovata, C. antiqua
8 LU C. marina DHBEBERIBET 2700 HAEEZE
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Fig. 1. Light microscopic photographs of three species of Chattonella collected from Usuka Bay. a, b: C. ovara (05U3 strain); ¢, d:
C. antiqua (04U1 strain); e, f: C. marina (05U1 strain). Scale bar = 10 ym.
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Fig. 2. Maps showing sampling stations ( e ) of coastal
waters in Nagasaki Prefecture.
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PG TO05, 5, 10mE, BXOB-1 m (HEH -1 m)
JETHEINL 72, BRI L 723k ofilaoitfix, 2 H2
5B H E TICHEE i > 7o HAME, GHTERBOY Y 7L
&, EdEK (1 x 3 mL) thoffilasz, o 7 ko 7
Wi, BREEOEK (02-1L) 2o —27kF—F7 4
NE— (HEEAHAEL, ¢ 8 um) 12 & - THIEME (i
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Fig. 3. Maps showing the maximum cell densities and distributions of three species of Chattonella in each sampling station of

Nagasaki Prefecture in 2005.
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36 psu D 6 B A AEDE, 608D TEML 7, B
DFEIZ 1999 £ 3 BIc HEFIBTEH# 60 km (32°55.5'N,
128°15.5'E) THREXL 7= K@K% GF/IC 4 7 A MR T A
ML DORERGK (55342 psu) &L, Thzidhtik
THER, b33 S0°CHOEEREE % AV 72 NRRHEIC X > T
fiotee ESMBINIC X 285 0F SR THED TS
BT LEMAL 72, EBIIFABE (¢ 15 % 150 mm) <K
%5 mL AN, A—b27L—7HE (120°C, 20 min) #
I, NBOHEE & CRIBEE L 224 % 100 cells mL!' ©
RIS 5 &) ICRBHHbABEE L, 3K TT, MK 80
umol m? 5!, 14 F5REEA 10 KefERE D BAREY £ 7 L DSMAFT
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B (n) Z2kodik, wldNHBEREME (day!) 28T, ¥
7=, EEORBMIAEE & AR E o £ & BRI
B (cellsmL!) & L7, &b, ENEBRTESNIHEER
e, HEBE X WERKER (RNEBLIL) ckiFsIns
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B L ORAKERBS I &> TEMBINBERERE (R
I ELKEESRERYS 1979-1997, RIRE/KERES 1992-1997,
B EBAKERERS 1998-2005a, b) THONLT—FD
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Fig. 4. Final cultured cell yields of three species of Chattonella at different temperature and salinity combinations. Vertical bars:

standard deviations.

12 H 12 0.01 cells mL!, 10 H 11 H (2 0.01-0.03 cells mL"!
B L 7c, C. antiqua 133§ T12 7 H 20 H1i2 0.10 cells
mL"', 9 H 12 H 12 0.02-0.03 cells mL", 10 /] 11 H 1= 0.01
cells mL", AHETIE9H 15 HiZ 0.01-0.27 cells mL!,
WI#ETIE 7 H 19 HIC 40.7 cells mL*, 7 H 28 12 0.7 cells
mL", 8 H 12 HiZ 0.3 cells mL-', 8 H 23 [ 0.3-27.7 cells
mL', 98 HIC03 cells mL HBIL 7, 7TH19HICC.
antiqua 23 40.7 cells mL" B L 22450135 1180 M2
AU THIN 7 ) 77 FRHYEIE L 7o, T AE 3608 S 46 it
Y I =5 DERIC LK NUE, TNETHED LD - - BT
K K25 C C. antiqua 737 A F 4012 0.3-0.5 cells mL! H!
BlLTwie, C. marina \$#ECIx 7 H 20 HI2 0.10 cells
mL', 9 A 12 Hi2 0.01 cells mL' , KFE<TI29 H 15 Hic
0.02-0.22 cells mL-!, HWIHETIE 7 H 28 Hiz 0.3 cells mL!,
8 123 H1z 0.3-0.7 cells mL' B L 7=,

BEREZRAVIBEICRIFTIOR & I8H OB EMmiT
JEW 2 AT > 72 %KL - H SIS B B Chattonella 3 ¥
DS HINE ULt % Fig. 412, Ry R# IE % Fig. 51537,
C. ovata l%, 10°CTI% 24-32 psu THIG L, I f&i g it
1& 107-213 cells mL-, L3114 0.07-0.08 day!' Tdh -
oo Flo, WHRUEPEAS0 LLF & 7 2415513 16-22 psu &
34-36 psu TH > 7z, 12.5-32.5°CTIETRTOE &M T
THRGHDSRD S, 156 N7 IR 12 133-34.2 % 103
cells mL',  HEHIAEIEE 13 0.10-1.09 day! il 12 & - 72
I K HER L (1.09 day) 1%, 30°C, 28 psu ®4fFC
f#5htz, C. antigua 13 10°CTIETRTOES LM T Y
FEL Zdof, 12.5°CTl, 20-28 psu THUAE L, dref&ile
ICEEIE 100-1.25 x 103 cells mL-, 4% 15 13 0.08-0.14
day' Tho7c, F/o, HRRORED O LIT & 4 255013 16
psu & 30-36 psu TdH > 7z, 15-32.5°CTIF TR TDOH 4
PETTHIINL, Ief&HilEI Rt 1+ 40-35.3 x 10° cells mL-, 1
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Fig. 5. Growth rates (day™) of three species of Cattonella
under various conditions combined with temperature and
salinity.

BT 1% 0.14-1.15 day! O#EFHICH - 7, RAHIETEHE
B (1.15 day') i%, 30°C, 24 psu DSt/ oNn s, C
marina 1%, 10°CTix 20 & 28 psu Tl L, mA&MEINE
1% 53-127 cells mL"!, MIETEBEE L 0.09-0.10 day' TH -
Teo Fo, HIETHEEEN O AT &2 2385713 16 & 24 psu &
31-36 psu TH o7z, 12.5-30°CTIF TR TOEFLT &M T TH

FEL, SAEAIREUE X 493-39.8 x 103 cells mL-!, HiighsE
EEi3 0.12-0.87 day! DEEFHICH 7=, 32.5°CTIE 20-36 psu
THTEL, BRAEHIMINE & 267-15.6 x 10% cells mL, ki
FEHE B 12 0.23-0.39 day! TH o7, F7, HIETEBEHO
BUF &7 235713 16 psu TH - 7z, BRAHMEFEEE (0.87
day') %, 30°C, 28 psu D&MTE LN,

£
Chattonella 3 B D HIRRR

HENMEE L OCBREBUA TR INE THED D o7
C.ovata DEFED, SEORECHEELE TCOLHERTE, C
antiqua £ C. marina \Z2\» CIZHEEE, KNE, HHET
DHHREHHE L7, £/, BHEETIHIC, BFNETO
BERER (Hh 2006) L FkIC, C.ovata, C. antiqua & C.
marina DSETEL THETBZ L 2HRA LA, X515, AE
UG TIRBEDd o7 C. antiqua BEZFBICHEL T
LIlDbhot, HoT, S8, IhoDuEHEE X NI
AKIBIZ B B Chattonella DEBRPLFHMEEDE=S Y v/
2t 2 EMH B,

BEEZS5 X HHMIREE X TOBBERE

FENERCRETE L 7o KIR#EIF X, C. ovara 3 10-32.5°C, C.
antiqua %3 12.5-32.5°C, C. marina %% 10-32.5°C, 54y &iFH
B Fhd 16-36 psu THo7Z &6, Zhsd 3FIFAE
IEE - BB ICE VO AL B L T3
ZEDHS LR,

C.ovata SEERPAE L BILI ¢ 2 lIAEE I, <54
T4.1 x10%-6.8 x 10 cells mL!, = 7 < T 5.4 x 103 cells
mL!, "< F T28x10cellsmL!' &t HEHINTWV3B
(Hiroishi et al. 2005), %7, C. ovata DK (BX %
300 cells mL!) W/ REEERT, 7 X8%ELI-L
I d (BTBUEAKEREHZE L ¥ — 2004, Eidk S
2005), C. antiqua 8 & & C. marina &5l < F % BIL X
¥ 5 MM 300 cells mL!' ML EE X3 (RH 1988),
[0 ) N R TRAGHIINE S5 300 cells mL!' M EB/S5hn
7oK, 3FE D 12.5-32.5°CTH o7, AAFEICEITS
BHRFAEHOEN 7)) 2 8IE X7 C. antiqgua DR IX
40.7 cells mL! T - 7= (RIGRKEKERES 2006a),
FENERT C. antiqgua DB HRAIEAS 40.7 cells mL* B
EBoNDIF125-325°CTH o7, £/, C. marina
7YY OERICHE R FIE TR 2.5 x 10° cells mL!
L& s (Kim et al. 2004), EWNEERT C. marina DH#H
HREI R AS 2.5 x 104 cells mL! LA BB S N /-Dix 17.5- 30°C
THo1, #>T, Chattonella 3 BIZEVIRERHET, A
BOWILH 5 I EFEOAERICEEL I THRATE S °H
BT LI ENHEL VRS, i, HEBICKITIRED
FEAKIRIZ 12.3-27.6°COFHTH h (RIFRBEKERER
# 2005), FEEHFETIE Chattonella 3 FIZIZITERZHEL T,
WM ELFHED T 2 MIIAFE £ CHIETTRE L b IEETE 5,
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Fig. 6. Growth relationships between temperatures and

salinities of three species of Chattonella collected from
Usuka Bay and adjacent sea in 1990-2005.

LEETERE & RIGHIRERE

1990-2005 £ i & B 8 & CHEBE ¥ T C. ovara, C.
antiqua ¥ X O C. marina B HE L B0 KilE, HEoIE%
Fig. 6 iR ¥, C. ovata B DK 1 23.5-23.6°C,
43 32.96-33.38 psu TH H, FHNEERTHIMTEEE 0.7
day! DA k&7 2 KiE, BOOHBENICH -7, BENED

1BE#ETIX, C. ovata 137K 15.8-31.3°C, 4 18.4-33.02
psu (AH 5 2005), i & & TldKiE24.9-29.3°C, E7
22.8-31.2 psu (&t 5 2005) DHiFHTOHBEMBHERE ST
W3, TDXIICHEESLBERICEWT C. ovata BT
KB EESOHEIZIZIFEREL TWE I BT oT, &
7L, BEETE, BEECLEETC ovata DHBEDRA
SNt k) R EMIERE (HEEEE 1.0 day!' A L2 R
F ki 27.5-30°C, 45 24-36 psu) k> T FEIEIIBIE
ENledolz, C. antiqua HBERDOBSKiRIZ 21.0-28.3°C,
547 1% 27.50-33.95 psu T % b, 5PN B T L A
7230.5 day! DL E & 2 2 KiE, Bo0@EBERNICH >, C.
antiqua %3100 cells mL' B BB L 72 & Z OBBFAKIR X
24.9-26.6°C, #E45r1x27.9-31.40 psulcdh b, ENERTH
7o HEWTEEEE S 0.8 day!' A EIC 72 5 & DKl Ly D
FICIZE—%T 3, 2D LDd 5 C. antiqua i 25°CHRHED
FKIRSGHET T, AHMO) BICHEEICHET 2 /FiE2
bD2EWwZ B, C. marina HERDOBEKEIX 19.5-30.1°C,
4713 17.10-34.63 psu ThH H, BN EERTHIETEERES? 0.5
day' DL EE %3 & F QKR HAOWEL IHEAL TH-
720 C. marina %% 100 cells mL' DL EH B L 2R DK
20.0-27.0°C, #84313 31.5-34.24 psu i H Y, C. marina ¥ C.
antiqua IR, BKBRIDIE WIESHE CREERET 5
REZELTVWE EVZ 3,

6D L&D, Chattonella 3 BOREKE - o H4
RT3 L, BEERER) S, 3FEICHEL TEKE:
RS FAECREMIEE T2 2 LOHBAEL 2, RSHRR
Bb 51k, C. antiqua ik 25-27.0°C, C. marina i3 20-30°C,
HoidmfE s b 28-34 psu BETEH  HET 2 fHARA L 1
B EBHSP LRI, 72, Chattonella 3 ED HHEHs
REMEEEE (30°C) ThHEHWBEINTOLEVLDIZ, H
FEL L ERREIC BT 2 BREREKBOREFEKER
A3, HEE27.6°C (ILEES 2005), B EE 27.5°C, KAt
% 28.4°C (RIBRBAKEREY 2006b) TH B L E
ZAbnb,

KBRICN T ZIBTEIGE — HUBIRER E OB

C. ovata |5 ES VB EERR X 15-32.5°CCHETE L, Bd s 1t
2530 CEEEEN TS (ILO5 2005), UK LT
FBERIE, RAMIEE X 30°CL KB EERK L FARE
THS N, 10-32.5°CTHIEL, EKBTHHETE 3
25, REBERED HEKRICHT 2MtEspRk
WEAD A S e,

C. antiqua $BIEHEEK (Nakamura & Watanabe 1983) i3
15-28°CTHESH, 25°CTRAMMBEE LR L, 10°CE LU
BSICTRBIATE RV L), KIREBEKTIE, 20-30°CT
BWIEL, 27°CUETIEBERORBA A SN, 11°CUUTF T
JHTERWwE XN (RFF 1984), 1hO5 (1991) 1T kg,
15-30°CCH4%H, RRBHEIHIE 25°C, 10°CLUTF CHREFEF T aE
ERESN TS, MEBEKIZ 15-32.5°CTHREL, &K
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WHETEERE 12 30°CTH 3 £ ) (ILEES 2006), Zduicw
U CHEEEERIE 12.5-32.5°CTHREL, B AHREHHE 2
°CTRON T EH 6, HEBER L RARICEKBRICHT
BIEDBKE C, fEHRER X ) EKBICNT 5 it
PREVEAZRLTVS,

C. marina KRB EMRIZ 21-30°C TH-ERETE, 31°CCHY
FEREA, 13 CUTTHTELRLEREINTVS (&
£f 1984), FEBHEEERRIZ 15-30°CTHIE, SEMIMAIE 25°C,
10°CCUUTF o3 (1O s 1991), BREEEWKIE
17.5-27.5°CCHg5H, HEilIZ 22.5°C, 15°CH %\ ik 30°CTIE
EAERETEDRB O N EREZIN TV 2 (BFR 1984), 3
FEERIZ 12.5-32.5°CTHIE L, RAHREAEERE X 30°C
TRoNnk (UEES 2006), ZHic X L CHEEFSERKIE
10-32.5°CCHFE L, mAHMIERE L 30°CTHR oA L
D5, REBEKLEARICEKRICHT 2MENKREL, it
HEREERR KX D b ARKIRIC N § 3 iE AR 0k & WiFE IR
ENnt, UEDkHic, EEBED Chattonella 3 #i33458E
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