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Effect of Marine Bacteria Isolated from Tanabe Bay
on the Growth of Marine Red Tide Dinoflagellate,
Gymnodinium mikimotoi

Masashi Ona1?, Tomoo SAwaBEY
and Yoshio Ezura?

Abstract

The effect of marine bacteria isolated from seawater samples collected at Tanabe Bay
(Wakayama Prefecture) in 1990 on the growth of a red tide dinoflagellate, Gymnodinium
mikimotoi (=G. nagasakiense) was investigated. Sixty-six bacterial strains of the
Moraxella-Acinetobacter group and 33 strains of Vibrio spp. identified in a previous report
(Miyazaki et al., 1995a) were used in mixed cultures with G. makimotoi. Thirteen strains of
bacteria isolated from the forming stage of the red tide at Tanabe Bay had a promoting effect
on the growth of G mékimotoi. Strains from the genera Vibrio and Acinetobacter had an
especially strong promoting effect. Many of the Morazella strains isolated during the decline
stage of a red tide at Tanabe Bay had an inhibiting effect on the growth of G. mikimotos.
These results suggest the presence of bacteria that influenced the growth of G. mikimotos
during the development and decline of G. mikimoto: red tides.
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EE, Th—3 v 7 BEREANIERTOME - LERNAEEOE=F YV Ik Y, HEM
HWEED 7TV — 3 ¥ 7 OFE - MRS ST 2 BEROBERS LT, SYENRED S HEE
BEO 7NV — LD - MERBE LS » T AHESEADOH S (GH, 19%), HTH, &K
HOMBEIED TAFEKT 2B CRYHE - LENEROM AL BERSESL Tns
ZEMRBRENTED (AH, 1994), REOFRMIC 7V — A O FEER 2 BB 5 MEREL3E
MTsroBEsasnTw2 (Fukami &, 1991; ER-THE, 1994), Lo L, HEMERED
T— LD « MEERCEST 2 EEMEREEET 21, L VELLOBROFRENLE
Th3,

JOTH - 1250 (1993) B L UVEIES (19958, b) i3 1989 &0 & 3 FEfic b2 0, MR - HIE
BB Gymnodintum FREDIGR « MBI HBEBHOEE LM, Gymnodinium 7R

U iR KEAKE IR F R
(Laboratory of Microbiology, Faculty of Fisheries, Hokkaido University)

— 39 —



. K & E & & 46(2), 19%.

DK « HBWEE L 7B E OMBEHOEERH B Z L 2 RB LI, 2T, AR TR IO
VAUV TDEES S 5 CEHICHES »IZT 370, REIBEETH - 72 1990 0 LB IEAR
o5 BEL - BEME L G mikimotor ¥ DRSEBEZITRV, G mikimotoes DIREIZH T 5
B2 OBHEHABOBEL DV ITHANZDT, FOBEL2HRET 5,

£ B 5 &

HLEANE

EBI I REEEE Gymnodinium mikimotor HEHE LB (NIES-249 #%), G mikimotos FEfEE
Btk (Ka-34#R) 0 28k 2HtL 72,

%8, G mikimotor (NIES-249 ¥f) 1ZE I BBEARF D &, G mikimotor (Ka-34 £R) 3F/I|IR
FEHTF» S5SNIk TH S,

Higke b, hUORBRFICSEL, BEME L/ {/2 5 (Watanabe and Nozaki, 1994) 12 5
W, 2090: 4’100 LllX, 14:10 ﬁﬁﬁﬁmaﬂﬁlﬁﬁﬁ—l’:‘?ﬁﬁgé%ﬁ&‘? 7;.’.0

%70, WMEABEROEEIREOHERI: STP ###h (Watanabe and Nozaki, 1994) TiT% 572,

B

1990 £ IR HAE OFREMFEEROE S 4 TR U AR>S 8L, BV _VET
FEZ{TRoI-HEK (BFS, 1995a) oty s, REOHNA B L B L EERIC, Bl
Moraxella J& 33 Bitk, HrER Acinetobacter J& 33 Bk, YoRER Vibrio 8§ 33 BikkDEF 99 Bk %R TS,

Table 1. Marine bacteria used to the mixed culture of this study.

Pre-blooming stage®*! Blooming stage (Red tide)V*? Decline stage!**

Source of strain

Om
Moraxella 8 straing NT? 8 strains
Acinetobacter 5 strains 7 strains 1 strain
Vibrio 5 strains 9 strains 2 strains
8m
Morazella 2 strains 1 strain 1 strain
Acinetobacter 6 strains 7 strains NT?
Vibrio 2 strains 3 strains 7 strains
mud
Morazella 11 strains 2 strains NT?
Acinetobacter 3 strains 4 strains NT?»
Vibrio 4 strains NT?» 1 strain

U Three forming stages of red tide by G. mikimotoi in Tanabe Bay, 1990, are difined by the
fluctuations of cell densities of G. mikimotor at Stn. 4 in Tanabe Bay, *1 Pre-blooming stage from
12 June to 24 July in 1990, *2 Blooming stage (Red tide) from 7 August to 21 August, *3 Decline
stage from 4 September.

2 NT; No bacterial strains was tested.
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BERBRERIC LT, HERERO BRI Table LI % £ » TRUT, 28, HABROMEE
i3 CPY R (B &, 1995a) W7z,

SBER L G. mikimotol ¥ REIER

BB I: CPY RITEH Ol U - SR iif » ME R R AKCEE L 10~10° CFU/ml
YB3 E3 B L bORHRA LK, B, RREKRIC X 5 FHEE T 620 nm TOEES 0.01
5z 2 HBBROLEFEBIE 100~10° CFU/ml 0EHEARICH o7z 2 L SHBE T BEOHE
ko THRELK,

%72, G mikimotos IR SISEERICHEA T 2HIC, 300ml F=A7 7 X 7 Al 100ml O
£/2 B TN E R RIBICR T 3  CTEER TR o 1otk BEEE 10°~10° cells/ml & 7%
RES5RTFEL-bOEBHEALL,

WAL G mikimotol & DESHBERIFENISERAO 24 v 2 Vv — b (BB 7
R) BV, EBRETE 5T, THb L, BIARO & 5 CHllaEERE L - HEBRERRT0.1ml &
G mikimotos 3295 0.2 ml PEEFANA L 213 /255 % 1ml SORMUL Y = VICEEL,
20°C, 9,000 Lux, 14: 10 ¥R E T CRIE R TRV, TRThOBEESEERL b 2HRK
SoOBE LTz, B 10 Btk 20 BRI 2 FhOREMRE e MR8 (z 1 ~i) 2/
TEEL, G mikimotor DRIFER ¥ RIFE LTz, RIESHEBEBRR L b, 2HRKOFHELZHEHL,
BEREBEEREMLTWELRD G mikimotos DISEE PR L L, HEABEKSZLELOD G
mikimotos DERT 5 2 2 HBRFANT, LT, NEOBRGHKO 2 EU LOBHEEZEZX 25D %
G mikimotos IEGREIEHESIE 2RI, WEBO /2 UTOWEEEZ b D% G mikimotol 12
RSN R 2 R TR L EHE L. BB, /285t L RATEAE BV BERRRBR TRRY—
HULBSICRY, HREOMBERED S IIEERENRENS S LHE L,

%72, G mikimotos R (NIES-249 #k) W3 OF <, FEREHTO {/2 i TRA 10°
cells/ml ¥ TUDHRE L 22\ & & 2 S WAEAE OHIELEE TH - o 1o, HEFEEEME OHE
12 Ka-34 ¥ (GEEEH) CORSEBEOKERTHEL .

G. mikimotoi ARBRERITE X

BEEah O G mikimotor ISR IMBRETHEE 2 v TAEL, A—FBHc 2w TRE2H
DRI (FHEEIA E BESD 5 I BE ) 2R, VB U, G mikimoto:
WEEMEEET A L5 109, k<) v L RAKERE 1:6 TEAL, BELTHHEEL
720

=1 2
G. mikimotoi DYSFEI- RITTHIEOEE

WREROHT, G mikimotoi NIES-249 #k3 & Uf Ka-34 kDM HE 2 RIZ LI REH 2
Fig. 1 iR L7z,

Fig. 1-A i3 G. mukimotos NIES-249 Bk DR % (i 3 5 T40-7T HROFERET L T %, FKIZ
FEREFTOE b 538 S iz Vibrio BT V. campbellis LS (group IV, EHiFj 5, 1995b) T
%%, Fig. 1-B it G. mikimotoi Ka-34 kORI IMNGIZNRE 2R3 HA0-11 BROFER T, FEPRI
SRR ORBAD S8 L - BEE Moraxella BTH 5,

S BEEREREDS G mikimotor DYEREC RIZ T &% Table2 & Table3 WRL 7, O, O, XB &
UVYHIRESEETHBOBEEC A6 5,245,1/2,1/0 L K-> REHREZRETRRL T 5,
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Fig. 1. Changes of growth profiles of Gymnodinium mikimoto: in £/2 medium and sterilized
natural seawater inoculated with bacterial suspension.
A : Cultivation of Vibrio campbelliz like (group IV) strain T40-7 and G mikimotos
NIES-249.
B: Cultivation of Morazella sp. strain H40-11 and G. mikimotor Ka-34.
—@——: Mixed culture of G- mikimotoi with marine bacterium in f/2.

~——a——: Mixed culture of G- mikimoto: with marine bacterium in NSW.
—O———: Control culture in £/2.
—2a——: Control culture in NSW.

G. mikimoto: NIES-249 t & 3Btk & OB SR EBRER TIX, G mikimotor NIES-249 £k
B TTHR D 2.0 fELA_ R B & ¥ - HilkD Moraxella JEVZ 6 %, Acinetobacter JBiz 3 &, Vibrio
B 0KBEIN: (FEE10HRESE), UL, BERHET2 L0k, BESEL R
{ESIBRVBES h, 553 20 DB OERTIE, Acinetobacter J§ 3£k, Vibrio & 98k G mi-
kimotoi NIES-249 DISFEI{RERR 5 R L7 (Table2), $E 0 HEH» 5% 20 HEICH T T
TRAEZNR D3RR L 7- Btk IS Acinetobacter B I 38k, Vibrio BiZ SBZD &NT0 S 512, G mi-
kimotor NIES-249 #E DR IC{BHEZIR 2R L - Bk RS S L ki 2 L EE 3 h,
BEIOHETHREK (68K - HEA QEK) - EL (6 5kk) Sk b T 13 Bz (LS
DR SNz T RFRENOREAD 2V IZEL b 5538 X 0T Acinetobacter |B & Vibrio B
DERICTEWEESNR 2T & DD & iz, & 12, Vibrio BE/KRD 35 b RESHEROHEAH
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Table2. Effect of bacteria isolated from Tanabe Bay on the growth of Gymnodinium
mikimotor (NIES-249).

Bacterial effect on algal growth?

Culture 10 days
Pre-blooming stage®*!  Blooming stage (Red tide)®*?>  Decline stage®*?

Source of strain

Om
Morazella OQe =+ +0O NT Qe o oo sae
Acinetobacter YL o e o e s a e .
Vibrio NI e oL ..
8m
Morazella O- . .
Acinetobacter A NT
Vibrio Ne) O- - O+ O -
mud
Morazella e o v e e 0 e .. NT
Acinetobacter - 00 ) NT
Vibrio + O0C0 NT .

Culture 20 days

Pre-blooming stage®*! Blooming stage (Red tide)®*?  Decline stage?*®

Source of strain

Om
Morazella e e as e s NT c e e e s e e
Acinetobacter RN OR c e e e e e .
Vibrio N e Qe O .
8m
Morazella .. . .
Acinetobacter s e e e e c e e e e e NT
Vibrio e Q- - O O+
mud
Moraxella s s o % 5 s o e s s @ P NT
Acinetobacter ele) e e e NT
Vibrio + < OO0 NT .

U Bacterial effects on the algal growth are defined as follows; ©, highly stimulative; O,
stimulative; +, insignificant; NT, no bacterial strains were tested.

» Three forming stages of red tide by G. mikimotoi in Tanabe Bay in 1990 are difined by the
fluctuations of cell densities of G. mikimotos at Stn. 4 in Tanabe Bay, *1 Pre-blooming stage
from 12 June to 24 July in 1990, *2 Blooming stage (Red tide) from 7 August to 21 August,
*3 Decline stage from 4 September.
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Table 3. Effect of bacteria isolated from Tanabe Bay on the growth of Gymnodinium
mikimotoi (Ka-34).

Bacterial effect on algal growth?

Culture 10 days -
Pre-blooming stage?*! Blooming stage (Red tide)**? Decline stage?*?

Source of strain

0m
Movaxella e s s e X VW NT - VVVVVVYYVY
Acinetobacter voe e o e e XWX e X
Vibrio X o X o o e e s X e s e e X . .
8m
Moraxella .. X .
Acinetobacter e e e X oo X o oo XV NT
Vibrio .. * X o e o X e o XX
mud
Moraxella e o s o X s o e 2 . o X NT
Acinetobacter LRI c W . NT
Vibrio o e s NT .

Culture 20 days

Pre-blooming stage?*! Blooming stage (Red tide)?*? Decline stage?**

Source of strain

0m
Moraxella s oW o NT - VVVVVVYY
Acinetobacter ce e o e e s e X e v
Vibrio AR XX o s o o oo ..
8§m
Moraxella .. . .
Acinetobacter se e X e c e e e XXV NT
Vibrio .. .« e X e e s s s a
mud
Moraxella s e e e s X e UXVYY .. NT
Acinetobacter .. e e o NT
Vibrio s e NT .

' Bacterial effects on the algal growth are defined as follows; X, inhibitory; ¥, highly
inhibitory ; -, insignificant ; NT, no bacterial strains were tested.

? Three forming stages of red tide by G. mikimotoi in Tanabe Bay in 1990 are difined by
the fluctuations of cell densities of G. mikimotoi at Stn. 4 in Tanabe Bay; *1 Pre-
blooming stage from 12 June to 24 July in 1990, *2 Blooming stage (Red tide) from 7
August to 21 August, *3 Decline stage from 4 September.
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3 1 &k & CRBIEBIHO P EAEE 2 BRSH O RESIR 2R Lz, Z2h o OB V. har
veys XEUE (group IT) 18k L V. campbellii SLE (group IV) 2k TH - 72,

G mikimotor Ka-34 ik & DIRSHEEER TIX, G mikimotor DHIRE% 0.5 LT ifl & w7
Bikkid, 5238 10 H T3 Moraxella JBi1Z 12 ¥k, Acinetobacter [ 9 ¥k, Vibrio Bz 8RR 5,
k2 3% 20 H # T 13 Morazella J& 1= 13 £k, Acinetobacter J& iz 6 1k, Vibrio B W 3%k » > 7=
(Table 3), #ZE 10 HH» 5 20 HE R THMHEIZIR B FEE L 72 Wik 1Z Moraxella J& i 8 Bk,
Acinetobacter Bz 3R SN iz, L L, Vibrio BEMR TSN ZHEZRRD SNk ol, 2
o RS R EREHTEIE IR ORREH 3 v EEBE OB AR ERCEEECT D51
Tro BT, FENBEAOERBAK > S8 L 72 Morazella J& T BRI WGBSR 2R L 72,

% =

HIBES (19958, b) 1, FIFILEHIEIZ BT 3 G mikimotor FREDE IO 2 H
~, Bz, FRERETIZ I3 Vibrio B3, BRI X Morazella-Acinetobacter BEEFEL BRI 1
ZIEEREL TS, SERAYHB (TS, 1990) B X X4 vitfa#EE (Romalde 5,
1990a, b) 2B T b HUE L AEOMBEROEHLBEE SN TE ), FEOBRFE BT OMEE
DEBHE-> TV B I ENTRENR TV S, :

DL BRFEOBRTLEEL - EBHERIMER 2SI S CHHCHARS LD ICFHRESE
(1990 4£) OHEUBHAEE D> S0 L - EikE H0BOKHFERETH % G. mikimotoi & DI
BEBRITR o IR, FEFEEHOHIBEASE BRI G mikimotor DIEFEIZ {REZNF
ERTEESE L B oh, Vibrio |§ & Acinetobacter BOBEKROHIEWEAETRT b OSEES
i (Table2), 7>, FREWEEIADOEEAKD & 538 L1z Morazella BOWEERIC G mikimotor DY
HEBWME T 2MRERTHONE VI L BB a N (Table3), Z DFERIZ, Gymnodinium
FE OB CEEL A EE ST HERONC SRR O A T — it L, G mikimotol O
HECEELRIZTERNSSEET A LB HDTH T2, KB, G mikimotos O
BREIEED 2 WIHEER2E T 2BKRRBE—BCET2b0TH->TH, BHRICL->TRES
BREPRTIEHS, HELEELOSBNEELZHENZ R, X VFlRSBRFOREIE2ET
3bDEEZSND,

Fukami & (1991) iz & viX, BHIR - BONB TD Skeletonema costatum %13 L &3 5 HE
FDOIN—LBERICR SN, G mikimotod FKEORENEIRoND ZENHEST LT
2, FEOFKEA D = X LZEML 2BHTCORAEBEERGOMATII L IRETHL L
2 5hd, 5%, FEREEROEMOEELIRLEBS, REMC TNV —3 > 724U 51
BEORBERD TORGEREE L HEIE & ORSEERRL, REREA L =X 52T RES
TANEREL LELDL, £, ZMETIRREVWE S o720, HEMEESE, BIoREE
BrBRTIHEEISES L, FOFESHEEEINTWS (Fukami 5, 1992; Sakata, 1990;
Imai &, 1991; Sawayams &, 1990), #h & ORESFEME B EE, 720 bBEMERICE
BEMT 2 Lo TR - BELDERITIA T LHEORERE D £ )V RBEYHLE
BREEBEXEITIA D22 KRAE NS, HiFWIZ, Saprospira B Cytophage Bix £ D
WEMEST SN THEYD (Sakata &, 1990, 1991 ; Imai &, 1991, 1993 ; Mitsutani 5, 1992),
##E 1213 Alteromonas B, Flavobacterium J&, Vibrio B ¥ OMBE ZHLICREWRZEANRTWS (B
B, 1988; Riqulme 5, 1989; Fukami 5, 1992), Zh & OFREBEERBPME QRGO
HERETZ 2 ESHBINTVE LD TH S, AR THRFEEOMME L5  HIH 3 24
HELSATBY, BEEREDO NV — IV IOREC L ZEZEHFOH LELAOHALIRFEI NS,
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