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Chatfonella marina

(Subrahmanyn) Hara et Chihara (Raphidophyceae)2]
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Effects of Water Temperature, Salinity and Irradiance on
the Growth of the Harmful Algae Chatfonella marina
(Subrahmanyn) Hara et Chihara (Raphidophyceae)
Isolated from Gamak Bay, Korea

Il Hyeon NoH, Yang Ho YooN*, Dae-Il KiM' and Seok Jin OH?
Department of Fzsherzes Science, Graduate School of Chonnam National University,
Yeosu 550-749, Korea
'Marine Pollution Control Bureau, Korea Coast Guard, Incheon 406-741, Korea
®Korea Inter-University Institute of Ocean Science, Pukyong National University,
Daeyeon-dong, Nam-gu, Busan 608-737, Korea

The effects of water temperature, salinity and irradiance on the growth of harmful algae Chattonella marina
isolated from Gamak Bay in South Sea, Korea were investigated. C. marina was able to grow in temperatures
of 15-30°C and salinities of 10-35 psu. Maximum specific growth rate (0.64/day) was observed with
combination of 25C and 25 psu. Optimal growth (=70% of maximum specific growth rate) was obtained
with all salinities of the above 20 C. This result indicated that C. marina is a stenothermal of the hlgh
water temperature and euryhaline organism. C. marina was did not grow at irradiance <10 xmol photons/(m
s). Photoinhibition did not occur at 300 #mol photons/(m2 s), which was the maximum irradiance used
in this study. The irradiance-growth curve was described as £=0.78(I-11. 4)/(I+34 1) at 25C and 25 psu.
The half-saturation photon ﬂux density (PFD) (K;) was 56.9 zmol photons/(m s) and compensation PFD
(I) was 11.4 zmol photons/(m” s). The result of the present study indicate that C. marina has advantage
physiological characteristic to the interspecific competition at the embayment and costal areas of South

and West Sea, Korea in summer.
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(Harmful Algae Blooms, HABs) 3| A EIA] 2 Q1F A7)
238t 18-S 31 At} (Anderson, 1989; Hallegraeff, 1993).
HABs %< AHEZF Chattonella marina (Subrahmanyn)
Hara et Chiharat™> Chattonella antiqua®t 317 brevetoxins (BTX)
Aok FAL 84 AA5E BAsle T2 (Onoue et al,
1990; Ahmed et al,, 1995), o172l Adolet TFA] fre) A4t
(free fatty acids)¥} T/ AkA (reactive oxygen species)oll 2]8h
2 A0 2 AR ARE BEdoA of7E HA
2121t} (Shimada et al., 1983; Oda et al.,, 1992; Marshall et
al., 2003; Tang et al., 2005). ©]9} Zo] o]Fo] AWHY
A C maring®l €3 HZF+= QX Malabar S¢tA] S0 2
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WABte] o] Fo] Ak HALE Yo AT (Subrahmanyan, 1954).
Ol% C marinas VIZ3Z Chattonella spp= YE-2] FHLFosld
ekl ds 4o 2 HxE FA4st Zoigk #+49HE
YA F] AL Q)21 (Imai et al., 1986; Okaichi, 1989; Yamaguchi
et al., 1991; Hiroshi et al., 2005), ©] o= F=r, FolA|o},
5%, v, §¥ Bebd aeln dgas § ExTEe 29
3 tprAlo] B Ew QAU (Tseng et al, 1993; Obedrecht
and Abreu, 1995; Vrieling et al., 1995; Zhang et al., 2006).
ojoll we} HZ, UNESCO 4+3te} 10CANME C. marinas
2AA GB D FARE 2ol AR Ho- 5
ZFE BERstn Aok

3+, Hara et al. (1994)0] W2, MAIH L2 Chattonellas
2 A C marinas VIE3tA C. antiqua, C. globosa, C.
C. verruculosa 5 7%°] RiH
I %o, o1& C marinaE WES C antiqua, C. globosa
W C ovata 5 450°] 3= AgklA &3 U} (Kim et

minima, C. ovata, C. subsalsa 2



488 =U¥-H%

al., 2005). S-2lve}ell 9] Chattonelladsol et 7122 1983
A JFTAM Chattonella sp.oll 213+ R A x7 Baglon}
(Park et al, 1988), Aol gt ojsjFo] HA} 59 F4t]s)
7152 gIth. ol Chattonella?s £33 BT 7|22 Kol
A BTt 2004 o) F Faiet AAE FAHLE AR EH o
g -F7HE = S JER AT (Kim et al, 2005; 554
5k &9 0] A http://ssfrinfrdire.kr). 53], 200513 314 §
T ARl FEAL 4 AR F 3% AFE Y
S TALE C antigua’t IR EZ ZH (A 850 cells/mL)
3} Cochlodinium polylrikoidesS} A 7717 o] A £33
ZE gAsIA T, 2006 A GAl Chattonella spp.7} A3
Bt AWz ddod nEEZ @t (HWH 3,000
cells/mL, T @54}t 0] A http://ssfri.nfrdi.re.kr) T+
d FA A AFAES WA 7 AT
ol A AEEFAE AEFY 43 SV A2LA
o] dalol7]d g AEL Gl &L v = &7
273 e -4y 54S gotdte A AT} Fa
stk 53], i ol 7HAE 7 A8 2 W HAHxH
2 1 Fo] AR didd] g 2o "t ZeoA 2
2 ¥ C marina® 7, & 2 Yol Ot T4 YEAHY
7%, 37 Boston Bay9t Y+ Seto Inland Sea®] Suo-Nadaoll
A ztzr BeE S5 A 44z 2114 Boston Bay
2257 10psu A 2 HE2 o= 3 i, Ho 4%
L5 Suo-Nada HE|F7}F €50 & Zo=E HuHT
(Yamaguchi et al., 1991; Marshall and Hallegraeff, 1999). ¥ ojl
e 320 GA] 2Fo]E Ko, Y& Kagoshima Bay &
Z7} 20 #mol photons/(m” s)oll A “d#o] 71531, Suo-Nada
859 A9 BASE (1)°] 10.5 zmol photons/(m” s)2 v
£ $+-& b, Boston Bay £2132} I 25 #mol photons/(m’
$E 28] ol e & S UEio 7] b A digh
ZFH AP B 2ol & Hol= Aoz veldtt £33 dut
Ho g FAdFo|g}t GAEE FEFQ Skeletonema costatum
o] A A BelFol mel B2 A xo)E Holg Ao
2 4#A A7)0 (Gallagher, 1982), A ¢-2uhe} ¢Igt s
dA Edo] F-ZIEI A= C maringdl N3 Z24 A
54¢ sjotsle R ¥oud Fadnn duHn,
At el Zpetel X 228 C o maring® HA A7l

FE e, 9% % We) 24 sopaech
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Chattonella marina2| 22|t & HHLEEZ1

20043 7€ 3= el SOl YA ko] o F 3
A7FFE gl AXE S Q1 A H A TS
A3t HEt. C marina®] M 3E= pasteur pipette (ca. & 50-100
pm) o2 B3ttt (Guillard, 1995). 288 A FE o743
4= (Membrane filter, pore size 0.45 #m; 32.5 psu)E ©]-8-3} 3-4
g ke A H3 F CmGM-0407 852 sl wjdRa

(Costal Co., NY-14831)°] o] X3ttt AMg-H wiA= Fall
k8 vlgo g 3 32,5 psu] MEFEE SWM-3 ¥ R] (Itoh
and Imai, 1987)2 pHE | N-HCI} | N-NaOHE ©]-&3}] 82
2 A AHgEg A YA 2x9t F 20L& 25T,
130 #mol photons/(m* s) (12L:12D; cool-white fluorescent
lamp)oll A AAJBHATE € maringsl) D13 573 Aele 1A
eFokAIRE, 22 BESH 2 He Y] Y3 BRE ARU)4e
T 4ET (202 kpa, 20 min) 2 AGEF (1207, 3 hr)dted A}
gt

T2 HE CHAY MESE #Het
T o wE A4ZAY A=
9 30To] sTA|, AF-2 10, 15, 20, 25, 30 2 35 psud) 6DAS
23 F 30 DAl 2FEA0AN AFEEE BESIA
Ao AME-S WY E LTl +1T e AXE
7HA 2= 718 7) (Vision Co., VS-3DM)E o] &3}t ¢
BEE AL 93 10-30 psue 250|252 Hrtaa,
35psuss 60CE AAE wik71S o] &a) A Th
S AE-o FA43 Hald 93 HE HEL AL
Zo]7] YA £ 25T, FHE 32.5psu, F 27 130 #mol
photons/(m” s)3Fol A A Wl Y-g A ste] FL B4R
AZE 120l 2A 3% $23 d8 284 ¢4z
SAA Pl SSAIH L, 10C3e] BE QREZAANA AE
ool o] FAAA kol FES 0/day= 3T
Z4zre] S B GACNA H-8E AEE 25cm’ £2 9
woF ZalA 3 (Sarstept Inc. Co., NC-28658)) 71 &8 SwM-3
HiZ] 25 mLE 9935 3, AFEE L7} oF 100 cellymL7} B %
= HEsl9x, BsHa )7 (Nikon, Optiphot-2)8}tell 4] Sedwick-
Rafter counting chamberE ©]-§-8}ed 29 1Ao7 ZH A A
ofaf NE9 FAEEE FaSIHUTE T3k v FAEAl F
AL wFr] Yxlol we} FFo] ZFH Watrlo] 1Y 23
wj k8719 XS 2ElgH FA Axe] HAH At
g AE S-S BASIYS REQA B FALh &
Fo3 AF 2y HYL riplicate® §-3)stgom, A4
v Hages Yehlolok ol triplicate & B33 OF
ITE e HTA A
AEQ vAFET (u)y= H433 7] (exponential growth
phase) F¢F2] Al Z=ol tia o} o] A& o] 83 AT
1 N,

ﬂ:TtlnTO

L 10, 15, 20, 25
p=d

hu

Ny, Ne 5478718 2719 tAIZ (day) 9] AlEE®
(cells/mL)
Af WA v A (day)
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Heepzhage 2 £3AR4S QAo -1
HZBaR ~T )+<1—1)

=Byt B THBy TP+ By T+ By S+B-

S+ By S*+ By T -St+R,,- T Si+ u: AFEHE (specific growth rate/day)
F By TS+ ..., B T 8"+ I: 32 (irradiance; #mol photons/(m” s))
I 243 (compensation photon flux density;

- ARAERT i
1 B85 (specific growth rate/day) pmol photons A(m? 9)

. 20 .
T: g; (wa'tef' temperature; €) o A AFEE (maximum specific growth rate/day)
8: S (salinity; psu) K BWFEEERF (half-saturation light intensity;

m S AA G (regression coefficient)

#mol photons/(m2 s))
30 J_?’\}Eo} (error term)

AZAANAG olF o] W7 AEE 25cm’ 83 Y T2 EHANA Ggste Ao vehgtl Agao] ol %
& Fepaael JNEE SWM-3 Wl A 25 mLE FA% &, o A 9AE 2 T AL 20 wE g7 g A
AELETL o 100 cellyml A% HA RE3ch F 2de 29 ¥ 49RY, $£& 15T HE 0.02-0.11/day (0.09+
25T, 25 psudtell Al (0, 30, 50, 70, 90, 110, 130, 150, 200,  0.04/day; 10 psucll A= A3go} ofFolA=] kol A3, 20T
250 2123 300 p#mol photons/(m* 5)2] 11HAIE 3Hch wl<k M= 0.24-0.37/day (0.32+0.05/day), 25 CAXE 0.43-0.64
717t = WY 238 w9 9XE Dulste wjekr) W /day (0.55+0.07/day) LE]31 30 Col A= 0.40-0.55/day (0.49+
FFel 895 A4 Sk o) 48 =9 miplicae® 7R3 0.07day)E JERRTH (Fig. 1). TF 230 GE) Uig 4%
A}, AAS =9} FFptol BAl= Lederman and Tett (1981) 25 contour plotting®. 2 ¥ A A $L0] £852 A

¥ 220l 0 Yyas s a2 =

Ad) mE gy 9] ZEn A e o] 8e A4 TR ARTAY MASE
Zﬁ@oi B AT P27 G8 9AE 3PS $Yd C. marina®] /37 e +23 LAY gL 52
20 A wjFe AAE MEYE ¢k 8.0x10° cens/mw} 10Ce RE G207 £ 15T 98 10psuE A3
A} 2
bl

o) mdg AFF otele 2L o]&sia Ak A2t Z45le] 2 2530 ColA B AFES YT,
10°
15°C 1opac 20C

10%4 ~—h—— 15psu 4
—O— 20psu
~—B— 25psu
~—(O— 30psu

10°4 ~—&— 35psu 4

1033
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Fig. 1. Growth curves of Chattonella marina grown at various water temperature and salinity combinations. Each symbol
represents the average of triplicate data. pH 8.2, 130 umol photons/(m s)(12L: 12D; cool-white fluorescent lamp).
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A AAEEE L 25C, G 25 psudll A 0.64/dayE LEL
%o} (Fig. 2). C. maring®] W YA o g2 Aol AT
wE F27 @Y 210& o)&F old Hjx BAEH
(two-factor ANOVA) A3}, 0.001% 5 WA C. marina®]
AAEE gtk =23 @89 o3 9T e
T |8 9 350 W AE-9 Al 3 (sum of squares)
F AlF F (total sum of squares)oll A Z}Z} 90.6%, 2.3% =
55%% APt 719 C marina® AAEEE F£L9) 3A
ojEd B dR3 W Age] P vff FL FHo= e}
ST (Table 1). T8+ S35 A2 A0l o3| S EA2S ALkt
A olgfo] 2]& 4L 4 SUUh

35

30

25

Salinity (psu)

20

10

Water temperature (°C)

Fig. 2. Contour plots of specific growth rate/day of
Chattonella marina as a function of temperature and salinity.

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

S°“.“’9 of d.f. Sum of Mean square F

variation squares
Temperature 4 4.383 1.096 957.576*
Salinity 6 0.110 0.018 15.979*
Interaction 24 0.267 0.011 9.729*
Error 70 0.080 0.001

Total 104 4.893
*p<0.001.

£=1.157—10.2937+0.018 72 —0.00031 T3+ 0.001 7S
+0.0000068 7 2S—0.00001851 7S 2
TR 2dae] BAYE RS 0959, Bl E A
ASHT 53k Alolol #L& Z4B/AF 1=0976)F HER
9, C. marma«] 37kl % 7‘7‘]&} A Agasl 53
28 IFAARSTEL AT AL Ao Fo7 FE =5 E
o] &3 T YALEE FAHY 4 AU} (Fig. 3).

e D REREEY

y=0.655x + 0.102 °
06} ™=0.976, n=30

Experimental value/day

02 0.0 02 04 06 08
Simulated value/day

Fig. 3. Relationship between experimental value and
simulated value of growth rate in Chattonella marina.

& =0 o2 MASE

C. marina= 10 pzmol photons/(m” s)2] 3 Z 7 A=A}
) X9kl 30 #mol photons/(m’ s)F-E] AAo] o]FojF o1}
H AEUTE 477 cellymLE A Vet 28 50-70
umol photons/(m® )l A Z+2}F 2.3x10°9} 2.6x10* cells/mL7}2)
Z7}$.919, 90-300 zmol photons/(m* s)9I A 6.0x10*-8.9x
10* cells/mL7}A M EAE 7} A 2718140 (Fig. 4, A). &
3 AAo] o]Fo}x 33 271 (30-300 mol photons/(m® )l 4]
AREC o] WE (.17-0.63/dayE VERG OV, 84 T3t
B2 ¥l 90 #mol photons/(m2 s) o]4re] B AL
= A9 AT (Fig. 4, B). F 2300 8 =g 444
o ol ot A

I—11.4
I+34.1

lo

#2=0.78 (»=10.976)

A7)AM par2 0.78/day, 1= 11.4 #mol photons/(m’ s) ~L8) 3
K& 56.9 #mol photons/(m’® s)2 EFRLTH

2o

&l sttt E2lg C marinas 2 15-30C, €8
10-35 psu WA o] 7HadtRen, A 4d&E=
(0.64/day)= 2 25CS @& 25 psuol A BRH AT o) 9
o] Aol 71Ee 2 QR WHe YE Suo-Nada
9} Kagoshima Bay %259} Y3, o5
Bay B35 Hupe 27 o] 52 52 9 U2 dRox 4%
o] 71538t (Table 2). 2232 YE- Suo-Nada®} Kagoshima
Bay £2]57F 25C, 20 psucll A, 5 Boston Bay 2&|F7}
25C, 30 psudll A A AAEEE Ho H4 2272 F
dg v, ARz 5 geiA i Ajolg Bt
(Table 2). o] Qo 7}t C marinav= T £ C antiqua
(Y Suo-Nada E25)¢} C. subsalsa (T1= Delaware Inland
Bay elF)el Al 4w A9l $2, d¥ 207 FAK
Wb 15C, 25psuollA w- w2 AASLEEE H
verruculosa (¥ Hiroshima Bay 8] F)RUe 33 20|
A F& AT YT (Table 2). T3 2] fr3l4 9=

W5 Boston
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Fig. 4. Growth curves (A) and specific growth rate/day (B)
of Chattonella marina as function of light intensities at
constant temperature and salinity.

HZE

HEF B aldlH, 7129t C. marinas  Alexandrium

tamarenseSt Gyrodinium aureolumB.T} T F£LNA, A
tamarense, Gymnodinium
catenatum R Cochlodinium polykrikoides BT} & Q& Z3
A A AAEEE JehH T 910, Karenia mikimotoi$h
H. circularisquamas A 913 T2 FE0 vlsiA o 4%
&7} WE AL ¢ 4 AU (Table 2). Kahn et al. (1998)
C. marina® &Y 3lo] 7P Fag FFa1L F20]
gt Bagi H eyl JFActdl A C marinaE 8l
$3) Chattonella spp.i= 20.8-28.4C S Edsg e
(Kim et al,, 2005), ‘23l ZF, 4= 9 1F A
As BHgE AU YoM o 22.1-23.1TC HHANA
Chattonella spp.ol 213+ ZZ (1,000-3,000 cells/mL)7} EAY s}
A (FHFAHEY EH o)A hup//sstrinfrdire kr). 0] 94
2E w2 Hee E A7y A Ay 22 Jehd Ho)
A& of 70%°) Fete AR WAy Aet &
A s}, =3 Aol e HA52-L C. marina cyst’} =
L& ol ES HolE 229 (20-25C; Imai and Ttoh, 1987,

Heterocapsa  circularisquama,
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Imai et al., 19919} AL} 7]0], Wold FHH XTI WE A
d Qb oA & £ UES dAIGTE FH, AE Seto
Inland Sea®ll A C. marana= S22} A3 23C o} A9
T2 HZFE A (Imai et al,, 1986)3 #rd ddg=
Aotz FF Boston Bayoll A= o] BT} & 18T o3l A=
iAol 7hest Aoz HuEHAT (Vrieling et al, 1995;
Marshall and Hallegraeff, 1999). & 2-& Folg} X8 7
BEFd 2 A4 zlole AAT B4 F7EEE 9
g RIAE A8E 5 Utk

7Veere C. marinae 37 FaR10 2 F83 2R
el gz FHAT WS 7T AL E JEIRT (Fig.
2, Table 1). Y¥HH o2 AN 3799 FE2FE HS G
WA AE0] 71538+, Thalassiosira pesudonanasl 73-5-
0-34 psu o] HEHYHANAN & Al AR YA
20t} (Guillard and Ryther, 1962). C. marina®] GEo &
YA olfd F2F Robe AT 3= A F8
AR FHRLZF/R Co. polykrikoides BT W2
FEH AN o) 7Hsd A2 ettt (Table 2). 3

A =gl ol F £9 C subsalsa FA] 11-28 psu?
42 el A bloomo] LM (Zhang et al., 2006),
o HAHEZEF Heterosigma akashiwo A1 1-50 psu]

MY A E88H T (Smayda, 1998; Zhang et al.,

2006). ¥4, Fibrocaps japonica= ©|9} Y2 @& 2
g WA 5Tl AEATH] glow, did ik y4de
C. marina®.vF A o] 15 psu o}l o] FioA JGehx] &2
202 JEPGT) (Khan et al, 1996). = Blwz] PH et G2
WS ZHE C maring® BRI5AAE A 25 2 R a4
ol o3 dE ®ise] & vt dinka) Ak s oo A
OE el AZAETY] 1 AA feshl 288 sl
C. marinav= At 3 229 300 #mol photonsi(m” )l A]
F AL Bolz] ¢rgkr} &1A]9F Marshall and Hallegraeff
(1999)e] W= B 2.9 1000 #mol photons/(m” s)o| A 33
A& @adol UERYH, 1,200 umol photons/(m” s)ol A wFo]y
2 e BT 3 shetae) Easieol YAKsRe o)
Feks 128 w) (H 2,400 #mol photons/(m” s), Noh et al.,
unpublished), & A9 3 2AHT oF g AT o} upebA
C. marina®] % YT & & ML AHEALE ¢7]
AaMe o 2 F st A7 F5FHole} 312
ok, 749 C omaring®] 1E 11.4 #mol photons/(m” $)& Y
Suo-Nada #-2]5= (10.5 #mol photons/(m2 s), Yamaguchi et al.,
1991)9} Bl =3l A 9, Z5 Boston Bay ®8]F Hrhs e
%k (25 mol photons/(m” s), Marshall and Hallegraeff, 1999)<&
R 9t} Marshall and Hallegraeff (1999)%= ©]¢} 28 Ea]|F
£ 3 o)) Aold) thal, vlsnd FARE SL22S 74
U ¥l aFzdo] thE oprlok (3, 4, T 25T 35
FHIE 2F, 392 EdAS 3¢ A=/m159 Florida

=
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Table 2. The comparison of temperature and salinity ranges for growth of the Chattonella marina, Chattonella spp. and

other dinoflagellates from various environments

Strains(Environments) MSGR/day Temperature Salinity Reference
Chattonella marina
Gamak Bay, Korea 0.64 25% 15-30° 25% 10-35°  This study
Suo-Nada, Seto Inland Sea, Japan 0.56 (0.81%) 25% 15-30° 20% 10-35° Yamaguchi et al., 1991
Kagoshima Bay, Japan 0.42 (0.60%) 25% 15-30° 20% 10-35°  Khan et al., 1998
Boston Bay, Australia 0.33 (0.47%) 25% 10-30° 30% 15-45° Marshall and Hallegraeff, 1999
Chattonella spp. -
Suo-Nada, Seto Inland Sea, Japan (C. antigua) 0.67 (0.97%) 25% 15-30° 25°% 10-35° Yamaguchi et al., 1991
Hiroshima Bay, Japan (C. verruculosa) 1.21 (1.74%)  15% 15-25° 25% 15-35° Yamaguchi et al., 1997
Delaware Inland Bay, USA (C. subsalsa) 0.78 207 4-30° 25% 5-30° -Zang et al., 2006
Other HABs dinoflagellates
Suo-Nada, Japan (Karenia mikimotoi) 0.70 (1.0%) 25% 10-30° 25% 15-30° Yamaguchi and Honjo, 1989
Oslofjord Sea, Norway (Gyrodinium aureolum) 042 (0.61%) 20% 12.5-225° 22.3% 17.8-34° Nielsen and T@nseth, 1991
Mikawa Bay, Japan (Alexandrium tamarense) 0.23 15% 5-20° 32% 10-35°  Yamamoto et al., 1995
Ago Bay, Japan (Haterocapsa circularisquama)  0.90 (1.30%)  30% 15-30° 35% 10-35°  Yamaguchi et al., 1997
Yeosuhae Bay, Korea (Gymnodinium catenatum) 0.50 25% 15-30° 30% 15-35° Oh and Yoon, 2004
Furue Bay, Japan (Cochlodininm polykrikoides)  0.41 25% 15-30° 34% 20-36° Kim et al.,, 2004
Hakozaki Harbor, Japan (Gyrodinium instriatum) 0.49 (0.70%) 25% 15-30° 30°% 5-40° Nagasoe et al., 2006

MSGR/day, maximum specific growth rate; *Original paper(division/day)
®Maximum growth rate condition, °Total growth range, ND: no data.

S C. marina= F/0e] BB e Al Ao AHH
AEAS Zdevx Aty Aot §H4, 2 Fo L @S
Fajol A5 2@she freld HEE RS} Blwstd, K
mikimotoi (Y Suo-Nada {&2]5%; Yamaguchi and Honjo, 1989)
9] 0.7 #mol photons/(m® s)$+ He. akashiwo (Takahashi and
Hara, 1989)2] 1.0 #zmol photons/(m” s)E.T} =& Wk, 4.
tamarense (Y- Hiroshima Bay 2]5%; Yamamoto et al., 1995)
9] 45 ymol photons/(m” sYR.TF W31, Co. polykrikoides (¥
Furue Bay +2]5; Kim et al., 2004), G. catenatum (3+= <=3}
o} strain; Oh and Yoon, 2004)2] 10.4 #mol photons/(m® s)3}
A

Oh and Yoon (2004y& -glutz} wa] Ate] Fd FH=R
HE dojd 4&3ATe) s FE 9 A e
I 3+ 7FAA G catenatum® A& 14 mZ A2
). C. marinas G. catenatum FAFS 1. 3-8 YERA 7)o
Gl Aokl A C. marina? Ad7#o] 7had 4 GA] ol9
FAR oF 14m 457} B Aoz FHUL okAAA C
marina®) AERF % FobrAo|Fe] o W1EA Bk
A%, 5 oA WA B4 % ot DAE TS Ae)
E-4Jo] KAt C antiqgua (Imai and Itoh, 1987; Imai et al.,
1984, 1991; Yamaguchi et al., 1991; Kahn et al., 1998)2] 7H-$-
Co. polykrikoides®}; G. catenatum 3} Zo] Wi} GLFH 2
FEF o8& 93 FokrAolE s s FoE A vt
(Watanabe et al., 1991, 1995; Bada et al., 2001; Kim et al.,
2004). C. antiqua®] ForrAolE £+ Watanabe et al.
(1995) &3] YE Harima-NadaolA] 2] 18m, d74 5m
719 AAd3AA wFI 7153 mesocosmol| A #EAE
3, A% AEA £t FAEE 0.8 m/hrE AHEE o H

o
Hiorgh oy

(Watanabe et al.,, 1995), ¥ =13} A9 T3 HE=
ZANME FUAES T (F 219 83930 F AE A
2 YEMT) (Nakamura and Watanabe, 1983). ©]|Z5-E
marina G| oFtoll= dHAEte] AFoA FEI LA
F58ta, Folle st A7Fs 4 WellA £83
3 o]g&o] Vi Aow FAHHAD tut B dAFoA
marina®] FoprZlolEs R FAdel ot ISE F55Y
59 A7 FHHEA Fo o) F TGP

ojg} e Lo 7R F23 A
st s, 7tautel C marinae= %
7bFseh, g Mg Fed 1

Ahmed, M.D., O. Arakawa and Y. Onoue. 1995. Toxicity
of cultured Chattonella marina. In: Harmful Marine
Algal Blooms. Lassue, P., G. Arzul, E. Erard, P.
Gentien and C. Marcaillou, eds. Lavoisier, New York,
499-504.

Anderson, D.M. 1989. Physiology and bloom dynamics
of toxic Alexandrium species, with emphasis on life
cycle transitions. In: Physiological Ecology of
Harmful Algal Blooms. Anderson, D.M., A.D.
Cambella and G.M. Hallegraeff, eds. Springer, Berlin,
29-48.



ol AEEEF2 g v

Bada, T., S. Hiyama and T. Tainaka. 2001. Vertical
migration of the toxic dionoflagellate Gymnodinium
catenatum and toxicity of cultured oyster in Senzaki
Bay, Yamaguchi Prefecture. Bull. Plankton Soc. Jap.,
48, 95-99.

Guillard, R.R.L. 1995. Culture methods. In: Manual on
harmful marine microalage. Hallegraeff, G.M., D.M.
Anderson and A.D. Cembella, eds. UNESCO, Paris,
45-62.

Guillard, R.R.L. and J.H. Ryther. 1962. Studies of marine
planktonic diatoms. Cyclotella nana Hustedt and
Detonula conjervaces (Cleve) Gran. Can. J. Micro-
biol., 8, 222-239.

Hara, Y., K. Doi and M. Chihara. 1994. Four new species
of Chattonella (Raphidophyceae, Chromophyta) from
Japan. Jpn. J. Phycol., 42, 407-420.

Hallegraeff, G.M. 1993. A review of harmful algal blooms
and their apparent global increase. Phycologia, 32,
79-99.

Hiroshi, S., H. Okada, 1. Imai and T. Yoshida. 2005. High
toxicity of the novel bloom forming species
Chattonella ovata (Raphidophyceae) to cultured fish.
Harm. Algae, 4, 783-787.

Imai, I. and K. Itoh. 1987. Annual life cycle of Chattonella
spp., causative flagellates of noxious red tides in the
Inland Sea of Japan. Mar. Biol,, 94, 287-292.

Imai, 1., K. Itoh and M. Anraku. 1984. Distribution of
dormant cells of Chattonella in Harima-Nada, eastern
Seto Inland Sea, and temperature characteristics of
germination. Jap. Bull. Plankton Soc., 31, 35-42,

Imai, 1., S. Itakura and K. Itoh. 1991. Life cycle strategies
of the red tide causing flagellates Chattonella
(Raphidophyceae) in the Seto Inland Sea. Mar. Poll.
Bull., 23, 165-170.

Imai, I., K. Itoh and M. Kamizono. 1986. Distribution
of dormant cells of Chattonella (Raphidophyceae)
and occurrence of summer red tide in Suo-Nada,
western Seto Inland Sea. Bull. Jap. Soc. Sci. Fish.,
52, 1665-1671.

Itoh, K. and I. Imai. 1987. Raphidophyceae. In: The Japan
Fisheries Resources Conservation Association. ed. A
Guide for Studies of Red Tide Organisms. Shuwa,
Tokyo, 122-130.

Kahn, S., O. Arakawa and Y. Onoue. 1998. Physiological
investigation of a neurotoxin-producing phyto-
flagellate, Chattonella marina (Raphidophyceae).
Aquacult. Res., 29, 9-17.

Khan, S., O. Arakawa and Y. Onoue. 1996. Growth
characteristics of a neurotoxin producing chloro-

P
=5e ¢

s

ghd
wo,
W,
fo
o2
oft

493

monad, Fibrocapsa japonica (Raphidophyceae). J.
World Aquacult. Soc., 27, 247-253.

Kim, D.-I., Y. Matsuyama, S. Nagasoe, M. Yamaguchi,
Y.H. Yoon, Y. Oshima, N. Imada and T. Honjo. 2004.
Effects of temperature, salinity and irradiance on the
growth of the harmful red tide dinoflagellate
Cochlodininm  polykrikoides Margalef (Dinophy-
ceae). J. Plankton Res., 26, 61-66.

Kim D.-I., S. Nagasoe, Y. Oshima, Y.H. Yoon, N. Imada
and T. Honjo. 2004. A massive bloom of
Cochlodinium polykrikoides in the Yatsushiro Sea,
Japan in 2000. In: Harmful Algae 2002. Steidinger,
K.A., J.P. Landsberg, C.R. Tomas and G.A. Vargo,
eds. UNESCO, Florida, 83-85.

Kim, D.I., LH. Noh and Y.H. Yoon. 2005. Chattonella
spp. (Raphidophyceae), a novel species responsible
for the potentially harmful algal blooms in Korean
coastal waters. Proc. KOSMEE Fall Annual Meeting,
127-131.

Lederman, T.C. and P. Tett. 1981. Problems in modeling
the photosynthesis-light relationship for phyto-
plankton. Bot. Mar., 24, 125-134.

Marshall, J.A., P.D. Nichols, B. Hamilton, R.J. Lewis and
G.M. Hallegraeff. 2003. Ichthyotoxicity of Chattonella
marina (Raphidophyceae) to damselfish (Acantho-
chromis polycanthus): the synergistic role of reactive
oxygen species and free fatty acids. Harm. Algae,
2, 273-281.

Marshall, JM. and G.M. Hallegraeff. 1999. Comparative
ecophysiology of the harmful alga Chattonella marina
(Raphidophyceae) from South Australian and
Japanese waters. J. Plankton Res., 21, 1809-1822.

Nagasoe, S., D.I. Kim, Y. Shimasaki, Y. Oshima, M.
Yamaguchi and T. Honjo. 2006. Effects of tem-
perature, salinity and irradiance on the growth of the
red tide dinoflagellate Gyrodinium instriatum Freu-
denthal et Lee. Harm. Algae, 5, 20-25.

Nakamura, Y., J. Takashima and M. Watanabe. 1988.
Chemical environment for red tides due to Chattonella
antigua in the Seto Inland Sea, Japan Part 1. Growth
bioassay of the seawater and dependence of growth
rate on nutrient concentration. J. Oceanogr. Soc. Jap.,
44, 113-124.

Nakamura, Y. and M.M. Watanabe. 1983. Nitrate and
phosphate uptake kinetics of Chattonella antiqua in
light/dark cycles. J. Oceanogr. Soc. Jap., 39, 167-
170.

Nielsen, M.V. and C.P. Tenseth. 1991. Temperature and
salinity effect on growth and chemical composition



494 =U8H-&Y5-

of Gyrodinium aureolum Hulburt in culture. J.
Plankton Res., 13, 389-398.

Obedrecht, C. and P.C. Abreu. 1995. Raphidophycean in
~ southern Brazil. Harm. Algae News, 12/13, 4.
Oda, T., A. Ishimatsu, S. Shimada, S. Takeshita and T.
Muramatsu. 1992: Oxygen-radical-mediated toxic
effects of the red tide flagellate Chattonella marina
on Vibrio alginolyticus. Mar. Biol., 112, 505-509.

Oh, S.J. and Y.H. Yoon. 2004. Effect of water temperature,
salinity and irradiance on the growth of the toxic
dinoflagellate, Gymnodinium catenatum (Graham)
isolated from Yeosuhae Bay, Korea. Algae, 19, 293-
301.

Okaichi, T. 1989. Red tide problems in Seto Inland Sea,
Japan. In: Environmental Science and Toxicology.
Okaichi, T., D.M. Anderson, T. Nemoto, eds. Red
tides: Biology, Elsevier, New York, 137-142.

Onoue, Y., M.S. Haq and K. Nozawa. 1990. Separation
of neurotoxins from Chattonella marina. Nippon
Suisan Gakkaishi, 56, 695.

Park, J.S., H.G. Kim and S.K. Lece. 1988. Red Tide
occurrence and succession of its causative organisms
in Jinhae Bay. Bull. Fish. Res. Dev. Agency, Korea,
41, 1-26.

Shimada, M., T.H. Murakami, T. Imahayashi, H.S. Ozaki,
T. Toyoshima and T. Okaichi. 1983. Effects of sea
bloom, Chattonella antiqua, on gill primary lamellae
of the young yellowtail, Seriola quinqueradiata. Acta
Histochem. Cytochem., 16, 232-244.

Smayda, T.J. 1998. Harmful algal blooms: Their eco-
physiology and grneral relevance to phytoplankton
blooms in the sea. Limnol. Oceanogr., 42, 1137-1153.

Subrahmanyan, R. 1954. On the life-history and ecology
of Hornellia marina gen. et sp. nov., (Chloro-
monadineae), causing green discoloration of the sea
and mortality among marine organisms off the
Malabar Coast. Indian J. Fish., 1, 182-203.

Takahashi, M. and Y. Hara. 1989. Control of diel vertical
migration and celldivision rhythm of Heterosigma
akashiwo by day and night cycles. In: Red Tides.

" Okaichi, T., D.M. Anderson and T. Nemoto, eds.
Elsevier, New York, 265-268.

Tang, J.Y., D.M. Anderson and D.W.T. Au. 2005.
Hydrogen peroxide is not the cause of fish kills
associated with Chattonella marina: Cytological and
physiological evidence. Aqua. Toxicol.,, 72, 351- 360.

Tseng, C.K., M.J. Zhou and J.Z. Zou. 1993. Toxic

phytoplankton studies in China. In: Toxic Phyto-
plankton Blooms in the Sea. Smayda, T.J. and Y.
Shimizu, eds. Elsevier, Now York, 347-352.

Vrieling, E. G., R.P.T. Koeman, K. Nagasaki, Y. Ishida,
L. Peperzak, W.W.C. Gieskes and M. Veenhuis. 1995.
Chattonella and Fibrocapsa (Raphidophyceae): First
observation of, potentially harmful, red tide organisms
in Dutch coastal waters. Netherl. J. Sea Res., 33,
183-191.

Watanabe, M., K. Kohata and T. Kimura. 1991. Diel
vertical migration and nocturnal up-take of nutrients
by Chattonella antiqua under stable stratification.
Limnol. Oceanogr., 36, 593-602.

Watanabe, M., K. Kohata, T. Kimura, T. Takamatsu, S.
Yamaguchi and T. loriya. 1995. Generation of a
Chattonella antiqua bloom by imposing a shallow
nutricline in a mesocosm. Limnol. Oceanogr., 40,
1447-1460.

Yamaguchi, M. and T. Honjo. 1989. Effect of temperature,
salinity and irradiance on the growth of the noxious
red tide flagellate Gymnodinium nagasakiense (Dino-
phyceae). Nippon Suisan Gakkaishi, 55, 2029-2036.

Yamaguchi, M., I. Imai and T. Honjo. 1991. Effect of
temperature, salinity and irradiance on the growth
of the noxious red tide flagellate Chattonella antiqua
and C. marina (Raphidophyceae). Nippon Suisan
Gakkaishi, 57, 1227-1284.

Yamaguchi, M., S. Itakura, K. Nagasaki, Y. Matsutama,
T. Uchida and 1. Imai. 1997. Effects of temperature,
salinity and irradiance on the growth of the red tide
flagellate (Dino-
phyceae) and Chattonella verruculosa (Raphido-
phyceae). J. Plankton Res. 19, 1167-1174.

Yamamoto, T., Y. Yoshizu and K. Tarutani. 1995. Effect
of Temperature, Salinity and Irradiance on the Growth
of Toxic Dinoflagellate Alexandrium tamarense
isolated from Mikawa Bay, Japan. Jap. J. Phycol.,
43, 91-98.

Zhang, Y., F.X. Fu, E. Whereat, K.J. Coyne and D.A,
Hutchins. 2006. Bottom-up controls on a mixed-
species HAB assemblage: Acomparison of sympatric
Chattonella subsalsa and Heterosigma akashiwo
(Raphidophyceae) isolates from the Delaware Inland
Bays, USA. Harm. Algae, 5, 310-320.

Heterocapsa circularisquama

2006 89 30Y H
2006 129 269 8



