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Effects of temperature and salinity on the growth of four harmful red tide
flagellates occurring in Isahaya Bay in Ariake Sound, Japan
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MITSUNORI IWATAKI,2 AND Kazumi MATSUQKA?

Nagasaki Prefectural Institute of Fisheries, Taira, Nagasaki 851-2213, 2Institute for East China Sea Research,
Nagasaki University, Taiva, Nagasaki 851-2213, Japan

Three harmful red tide causative raphidophytes Chattonella antiqua (Hada) Ono, Chattonelle marina
(Subrahmanyan) Hara et Chihara and Heferosigma akashiwo Hada, and a dinoflagellate Cochlodinium polykrikoides
Margalef were isolated from Isahaya Bay, Japan in 2003-2004. The growth characteristics of these four clonal cul-
tures were examined in 60 different combinations of temperature (10-32.5°C) and salinity (16-36) under a light
intensity of 80 umol/m?/s. C. antiqua reproduced at 15-32.5°C and 16-36 PSU, and the maximum growth rate was
0.99 day ! at 30°C and 32 PSU. C. marina reproduced at 12.5-32.5°C and 16-36 PSU. The maximum growth rate
was 0.83 day~!, which was obtained at 30°C and 24 PSU. H. akashiwo reproduced at 10-32.5°C and 16-36 PSU.
The maximum growth rate was 1.14 day—! at 25°C and 24 PSU. C. polykrikoides reproduced at 10-32.5°C and 16—
36 PSU. The maximum growth rate was 0.56 day ! at 27.5°C and 32 PSU. Four red tide flagellates examined in
this study appeared to be euryhaline. The optimum temperatures for maximum growth were different in each spe-
cies and these conditions clearly corresponded with recent red tide occurrences in Isahaya Bay. Compared with
growth conditions previously reported, four isolates from Isahaya Bay are likely to tolerate relatively higher tem-

perature.
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HELTTH VOB EF|ERIL TOBHD0 &\ D 5ER
IR L TR I3V WTRICL TR T Y U SR
BEENEALDIAY, ABR RARSRRALTC
FOEBDPE S HEIND, €T, THYOKERE
BRI BT B 720iiE, BBESCHREORERBY
BT 52 LI3ABTHASH, MABLRITEEREORIEIHE
DEHRTH A, O & D i EEO KO ER M
THHDOPEMSH DI, REABEOERIEIE S =
WOMICT AT EBUNATH L, —BRINCHEY TS 7
FYOBBEBEIBRS CICERDPBHEEZDN
ABWOT, FREFRE T Z ORI L
CEICIME T AMELR DD, T, WBBRICEVWTRE
OFERERT 5V 7 b/ 3EFRHEOFMICELTH T
EBRHIHN TV 51510 COEFIEHRFBICE VT A
HN, FEOFEESHEDOFHICAEZHHRL T
5.9 Ok IBEREEMEERPICRELT SR
CTREERE LT KR, ESBPELONS, BT,
KERFREFEREOER, W, EELFICEHOTE
B gELRIET, REBOWEREDO—2LL T,
EZFI230°C Ll EORKRBSE ARG & sh LIS S N
HIEDETOND, £z, KB TRIBOEKRRIC
HE&EERE L LT C. antiqua, C. marina, H. aka-
shiwo, C. polykrikoides O 4 TP N E CICHERINTE
7218 KPR T, HTBICBT 2 E SRR ERER
HOBEH D, ZOREBREER%E 5720 T 2003
~2004 FEIZ S BEL - HEAREE 4 7 C. antiqua, C. ma-
rina, H. akashiwo, C. polykrikoides D¥&FEk A I\, I
CRIFT KB LES OB OWTERNERTT- 7

AHBLUHE

Hstpk &ty ERRICH /- C. antigua 04A3 FRIZ 3R
BEOEm, C omaring MALBRBFHEBA T ThD
2003 4 11 BT L ZERFOV A T ERF S, #
b -k S8 L 7o, H akashiwo 04A2 t,
C. polykrikoides IS-ND69 #RIZHFEBH O KL L
NZFN 2004 48, 2003EDVFhd 8 AICHE, 4Bt
L7ze MEABEWTRLERy PEEER LU KA
FEOC L > TN F )T L BFERERDRICH 2
o7 A=V TH D, BAKORE L JURBRREHICIE
ESM20 % Fi\ 7z,

BECRETKELEFTOXE ERITKEZ 10,
12.5, 15, 17.5, 20, 22.5, 25, 27.5, 30, 32.5°C © 10 Btf&,
4 16, 20, 24, 28, 32,36 D6 B L L, b
AEDRETET60BDICHTE L7, WAL 199547 A
W EEFE M 60 km (32°55.5'N, 128°15.5'E) THHLL
7-EB K% GF/CT7 4 VA —%RAWTAHBL, it
K (a5 344) L, ChEBMATER 50k
50°C DIER % & F\ 72 RIS K-> THEL -, 5

FIIH 5 ABORRE ($15x 150 mm) (ZEEHIA 5 mL
AR, A—t27V—=7®EE (120C, 20 min.) 2, f&
7B Mo C P BUBTE A4 B & CRiESE S h &k 100
cells/mL DEREIC /x5 L DI EREH~EEL, 3K
AT, 2Ny FEEEIRT, KHREE 80 umol/m?/s, 14 I
B, 10RO Y A 7 VOLEBET TTo7 &
B, PiEHELERKEY 175, 22,5, 275°C, Ay %
28 b L7z, BEHEREIZ1IAIC1~25CFoERB LW
TR, 0~2HETO3 HECTHEREEABIT
L7z B E 28 OB FERMG~NBEEBTL 7, MY
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FMAV AL P75 AW CEETRL, FaB7
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(% 53~167 cells/mL, HIEAEEE 3 0.09~0.11 day !
Th o7z 17.5~32.5C T, +XTOESL THIANR
Db, BoNIREMRRED0.180 X 103~37.9 X
103 cells/mL, HIEREEE T 0.23~0.99 day ! O#EiFHIC
Bote RAHBEEEE (0.99day-!) (330°C, S
28 DEMHTHE LN,

Chattonella marinea 4% KR « 5 & EICBT 5
04A1 RO B MK E 35 5 U IR 5 % Fig. 2 107
T, 10°C TR RTOES THELA LN -7,
12.5°C Tid, #5920 TOARMME L, REMAREL 87
cells/mL, HWEERE|L0.13day 1 CH o7z, 15~
325°CTlE, ¥ XNTOES THEIRDON, BbH
7= T B B 13 0.64 X 103~40.9 x 103 cells/mL, H
AR FE L 0.14~0.83 day ! DEPHIC B - 72, AL
wREEEE (0.83day!) (2 30°C, 4% 24 OL&MHTHES
iz,

Heterosigma akashiwo %7K « o &EICBT 5
04A2 PR FAE MBI E 3 & U R E % Fig. 310
T, TRNTOKE, HHOHAEHLE THESRD D
N, BRI R 54.6 X 103~118 x 108 cells/mL, H
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Fig. 1 Growth rate (A) and final cell yield (B) of Chattonella antiqua at different temperature and salinity combinations.
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Fig. 2 Growth rate (A) and final cell yield (B) of Chatfonella marina at different temperature and salinity combinations.
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Fig. 3 Growth rate (A) and final cell yield (B) of Heterosigma akashiwo at different temperature and salinity combinations.
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Fig. 4 Growth rate (A) and final cell yield (B) of Cochlodinium polykrikoides at different temperature and salinity combinations.

11 % IS-ND69 # D F & MR E ¥ & U FLIET R EE % MR & 13 73~133 cells/mL, HIEREEE L 0.06
Fig. 4 12757, 10°C Tid, % 28~32 THEL, &K ~0.09 day ! Tdh - 72, 15~30°C TiZ T X TDKIE,
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HIC D - 7z, 32.5°C Cld, 4 20~36 CHEFEL , WK
MBI B 20~67 cells/mL, HIERHEE 0.12~0.23
day=! CTh - 7o, BAIHIHEE (0.56 day~!) 13 27.5
C, #4532 OEETHR LN,

z =

WEZS5ZZ2MRRELT TORBRE 4 EHEES
FEHNERCTHBEL - KE&BE L, C antiqgua 15~
32.5°C, C. marina 7> 12.56~32.5°C, H. akashiwo 5 &
* C. polykrikoides 75 10~32.5°C, E4#EEIIVTh i
16~36 ThH-7cl &h b, INHABIEVRE « 1§
STV R AR BV E A B L T 5 2 &
b EieoT,

C. antiqua 33 5. U C. marina PEREN< F I I
52 300 cells/mL Ll E X ¥ 5,2 SEOE
P EBR TRAL AT & 25 300 cells/mL LL B Hh 720
i, C. antiqgua 75 17.5~32.5°C, C. maring 7 15~32.5
CTHotzo Tz, C maring 37 1) OERICHE L
RAF T EL 2.5 x 104 cells/mL » X h 5,12 EH
LB T C. maring I E A 2.5 x 104 cells/mL EA

FHBOENDIF17.5~30°C Th - 7=, H akashiwo 7
BN T HEIE S & A MEEIIET cells/mL & &
N5 WENERTHE O N7 H akashiwo A% I E:
{3 KR 10~32.5°C T, 54.6 X 103~118 x 103 cells/mL

- &7z, C. polykrikoides 1% 500 cells/mL & E (450

~865 cells/mL) CTHEJv.I~<Y, \IF, 577 %
B IH T 5,25 BRERTE SN/ C. polykrikoides
BRI BT KR 15~30°C T, 0.147 x 103~7.57 x
103 cells/mL TH» 7z, #- T, Thb 4 BHEEITE
WRERIFTRED 5 W EHOARICHELY RITTH
FaBRE & TS 5 C L AARETH 5,

s RE S RGHRIRE 4 EOKE » H5 I
% K HEREE EE & Fig. 510, 1994~2004 1R E T4
OB L /BB OKE, ESME% Fig. 6 1Irt, C
antigua 1 B K O B % kR 13 23.6~33.1°C, #H45
18.40~35.93 T V), 1 ZIFEPIFER THIERHERE S 0.7
day ! LA E ¥ 7 A 7kiE 25~32.5°C, 54> 16~36 OEIH
PIZ 3 - 7z, C. antigua 7> 1000 cells/mL L EHE L 72
B D KIB 1L 26.6~33.1°C, #4013 18.40~35.93 12 %
0, HHFHEE 0.8day !t Ll & &< A KR 27.5~
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Fig. 5 Growth rate (day 1) of four phytoplankton.
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Fig. 6 Relationship among abundance of four phytoplankton, water temperature and salinity in Isahaya Bay during 1994-2004.

30°C, 45 20~36 OHHIC—FKT AHELLV, TD
C &3 C. antiqua @& KIERE, A\ 5 EE C AR
CEFERET AR R L TWAZ LR ERLTY
%, C. maring HBREOBIKIRIL 25.6~33.1C, HFy
13 23.39~35.931CH 0, (TI1F LM HEE 2 0.6 day !
LAk & 73 5 7KIR 256~32.5°C, % 16~36 OFEFANICH
72, C. marinag 75 1000 cells/mL L EHER L 2B K
1T 28.2~32.7°C, #4513 24.13~35.931CH 1, HiE
FHERE 2 0.7 day ' DA E & & < 72 A KR 27.5~32.5°C,

15 20~36 DEHIC—H T HHBEVE ., O L
& C. marina i3 C. antiqua ¥ B EKIER, KW
SEE CEPRICSBERE T AL EL b Ew
2 5o H akashiwo B OBEEKEZ 18.1~33.1°C,

W41 23.60~34.78 10 B V), (1 FIT HLIETHE K 45 0.8
day-1 LA E &7 AKIR 15~32.5°C, 4 16~36 OHifH
WIZH o 72 H. akashiwo 75 1000 cells/mL LA EHI L
7o KR 18.1~31.5°C, 1#E41E 23.60~34.78 IZ %
D, Chattonella TEEI N/ k> HBEEOMBEE
P HBEE L OBRRB AN P Tz, T, EiEHY
RS (FEROEE 1.0day ! D EA R KE, EOR

B) WHYSTAKROBRIZESD EIABEIN TV
W, ZDC EH 5 H akashiwo it Chattonella & H#g L
TRWAKER, BOEF CRBEICEETE 2REEEL
TWw3EE2bN5S, C polykrikoides HH ks DR K
B 25.2~30.5°C, #4413 27.88~32.2212H D, 13T
HRERE 2 04 day ' DLk & 7 5 K8 25~30°C, &
5 16~36 DEFNICH - 7=, C. polykrikoides 7> 500
cells/mL Lh EHBL 2R D KIRIT 27.9~29.0C, 157
1129.33~29.36 12 0, 1FIF HIEAEEE A 0.55 day !
DLE X7 % KR 27.5°C, 5 28~32 (EHHEEERE)

LR —FH LT, TDT EDD C polykrikoides I3 &K
B, SES&tCEIRICERERE S 2R EHL T
WhHhEEZOND, UMD, RRBEAEELIED
REAKE - WoBE T 5 &, C antigua 35 XU
C. marina |3 EKE « INEHH, H akashiwo 135 KR
o IN¥a G E, C. polykrikoides |3 B KR « HEAHHI O
FERHE AL TV AT KB L7, HFBICRT 54
BAREOFEOFRERR % Table 1 1TRT, BEEERT
1%, C. antigua, C. marina 3 LU C. polykrikoides i3 7
Aot b9 AR COEKRIICREMLL TW5
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OIH L, H akashiwo iz 4 B FaR»5H8 A THETO
ISVKIEEBIC B W TREIAER SN TS, TOT &
»5d, C antigua, C. marina 3 XU C. polykrikoides
EKIEENC, H akashiwo 3R\ KR PR C &% 1
L, FREEMEL TWAI Ehbhb,

ABICHT ZEBEEE—MESEKEOLER C an-
tiqua {EEEMPE R0 13 15~28°C THg5E, 25°C TRk
EEEAZRL, 100C B LU31C TREMTERV, K
BRISEERECIE, &E01T 20~30°C TifF#iEsE, 27C T
EHEE AR, IICLUTFCHmcERwvwel, b
52013 15~30°C THGH, H ML 256°C, 10°C T
FARTRE L HE L T\ b, THICK L THFBEKIT
15~32.5°C THIME L, HOAHIEEEE L 30°C THLN
722 D, MEERER XD L EARIC T AR A
B2 hkEVWEEZ BN, C maring KRB EKIT
21~30°C ClF @A, 31°C CHMERL, 13°CLITT
BEREC 270\, 10 Py #ipERRIL 15~30°C TR, &#
#EREIE 25°C, 10°C THFEARATRETH 5,77 B R B EE
2813 17.5~27.5°C CHE, #RiL 22.5°C, 15CH %
W 30C TR EACHEERADNV EREIN T
%, FEEERT 12.5~32.5°C TR L, RAHIEH
W 30C CHLNIC LD, MEEEERICEAK
K e EKBCKH T AR AS K E L, C omarina
C. antiqua > FRRIC L DV EKBE CTHVWHEEREEZ R T LD
LHIMr I N, F7-, FPEED C. antigua b C. mari-
na 75 10°C TR T X e W2 &1, XFKRS 9~ 10C
FCETTAHBBY T, Th b Chattonella &
LR MBEORE TEBATERWI EAERL T
%o 523 Chattonella (33 A+ ORBETHELAL, 11
CLITFCHE, 15~30C CHRFETHELTVA, s
T, 5 Chattonella FifEIL R ORFREIC &<
BHELAEERREREL VWA LEELZLNS, H
akashiwo KRBT, RFOIHR 10~30C THY
REL, R 18~26°C, EEmAiE 22°C THY,
30~31°C LA ECHmAME S 5 & L, Watanabe ef.
al Wi 15~25°C TR, 10°C ¥ kU 30°C TI3HE
BEEALBICHD THEREL T 5, BREBE
BRIV I3 15~30°C THARE L, RoEIEAEIE 20~25C &
BLONTWS, HFBEKIE 10~32.5°C THAL,
BAHMAEE L 25°C TRONAL T &6, fiE
HRICHAEARIC T AR A2 & 0 @R My 7
FLTWS BTSN, B, 30~32.5°C OEKIR
THEVEEEE (0.70~0.97day 1) 2RI A
Protme Elz, ABRIE 10°C CHERERETH - 722 &b
5, ENETIt H akashiwo \3 kMO IRAE T LA
TR L £ 2 Db, 540613 H akashiwo i3y A T &l
FL,®5CTREELEVWAI0C TENMIRFET S
FHELTVWABRE- T, REBICLKTLHH

akashiwo DBEZFERIZHOW TR 2 2OWRER BB S &
#2005, C polykrikoides #5{LEEEM1Z 156~30°C
T, 25°C CREDWMEE R, NMUBEKD
15~30°C THEAE, 25°C TRL MO RE S, HE
BERETCIE 10~31°C THEfE, 22~25°C DR THed & <
WETA LML BN TV 5 (5 BBREKT T 15~
30°C CHYME, mEHMESML275C Thb, BFBE
FUEFBERT 12.5~30°C, EEBEMKIT 10~30C
THE, BEEEEHTI VTN 2T5CTH L. H
BB 10~325C THM L, RAHBEEER
275°CTHLNIZT 05, MEEERIC HAEKE

& ERKIBITR T AR R B 22K E <, KVEKRT
BWHERERER R T L O LHB SN, ABkIE 10C TH
BCEXAZ END, #HRE T C polykrikoides % H.
akashiwo & FARICHEKMIBIORBE THARELE 2D
o,

F& HPBEAERME4BOBMEFEICITE
TFOMENA LN, C antigua 3 XU C. marina HEK
18« [N, H. akashiwo 735 KiE « IR R, C.
polykrikoides 7 KIE « BiE A B OB B ERRHE L RE
T55, LEOBE LT, KR, AESORES
TR ABEREN D, BT, fKRIICIIER
M SBERET ABEAEL T 5EELDON L, €
5T, FRBTIRSHEL, BEHKRIZHLICIND
AEHRE TR T AR S E DD TRV LTS h
Do Tz, REREIC TS5V 7 bV ORBRHPINET B
L, BICEKBEROERE CRABEOMRZREL, U
WO LK ERAE R RS TRER A D 5, S8, BX,
FAEHIRE RS L W7 ) SRBESEEAEYORE
BHIE « B0, ThOHEEMPAREL RS % THE
WAECEKERICE, Tox ) VI REETAC LI
Lo THHRAREAIEL, AR EE2 LN LK~
(HERITMBEE I X ARBIERRESY %) AT H0E
DB 5o

it 33

COFEHRICEL TIHE 2B - 7ATBEEAK
PERR A BFE v & — U7 PIHg K BEBIFFERT O LI D e 2 1
HICREL 9, £/, HHREHTR OREREAF R
DEH—HEL, BEREFICTH AV RERES
KEABRGEGRER, RGRERKEREREE T
52—, BEREBRMEE S JONRIFITEERBRMA GO
EHRICHLER L BT E S,

X 53
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