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Distribution of algicidal bacteria against red tide phytoplankton in seawater and on the surface
of the green alga Ulva pertusa in Shimo-Haya Bay, Wakayama Prefecture

Ichiro Imar”, Satoru Oxamoto”, Tomokazu Nistigakr”, Ikuo Yosumaca® and Terufumi Takeuchr”

Abstract

Seasonal fluctuations of algicidal bacteria were investigated with the microplate MPN method in surface seawater and on
the surface of the green alga Ulva pertusa in cage culture for poly-culture at the stations in Shimo-Haya Bay, Wakayama Prefec-
ture. Target red tide species were three raphidophytes of Chattonella antiqua, Heterosigma akashiwo and Fibrocapsa japonica,
and two dinoflagellates of Karenia mikimotoi and Heterocapsa circularisquama. In seawater, most part of killer microorgan-
isms was substantially algicidal bacteria, and the most abundant killer bacteria were killers for Karenia mikimotoi and followed
by killers for Fibrocapsa japonica. The maximum value was 2.2 X 10* MPN ml" for K. mikimotoi killers. On the surface of
U. pertusa, K. mikimotoi killers were also most abundantly detected with a maximum value of 1.1 X 10° MPN g (wet weight)
and F. japonica killers also showed a high value of 1.9 X 10° MPN g ' (wet weight). Isolation of killer bacteria after colony for-
mation and co-culture experiments, K. mikimotoi killers and F. japonica killers also displayed high abundances, and other killers
such as C. antiqua killers were detected with rather high values of 10*~10" cells g (wet weight). Poly-culture of seaweeds
and fishes is not only environment friendly in aquaculture but also useful sources for preventing harmful red tides in the coastal

sea.
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Location of the sampling stations (Stns. 1-3) in Shimo-Haya Bay, branch of Tanabe Bay, Wakayama Prefecture.



GG T A LR OB R

Fig.2. Photograph of the fishing farm at Stn. 1 located in Shimo-Haya Bay.
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Fig. 3. Procedure of the microplate MPN method for enumeration of algicidal bacteria.
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Fig. 4. Seasonal fluctuations of algicidal bacteria (enumerated with the microplate MPN method) in surface seawater at the stations
in Shimo-Haya Bay. (A) Stn. 1, (B) Stn. 2, (C) Stn. 3
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Ulva pertusa cultivated in a cage at the Stn. 1 in Shimo-Haya Bay.
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Fig. 6. Fluctuations of algicidal bacteria in surface seawater at the stations in Shimo-Haya Bay during the period of April to October
in2003. Enumeration was made with co-culturing experiment using bacterial strains formed colonies on nutrient agar plate

and red tide plankton.
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Table 1. Fluctuations of algicidal bacteria (X 10° cells g wet weight) on the surface of the green alga Ulva
pertusa cultivated in a cage at the Stn. 1 in Shimo-Haya Bay during the period of April to August in
2003. Enumeration was made with co-culturing experiment using bacterial strains formed colonies
on nutrient agar plate and five species of red tide plankton.

Target red tide plankton species April 24 June 13 August 28
Karenia mikimotoi 351 7.98 1.13
Heterocapsa circularisquama 1.87 <028 0.57
Chattonella antiqua 0.94 0.86 0.38
Heterosigma akashiwo 0.47 <028 0.19
Fibrocapsa japonica 1.64 228 1.70
* Total algicidal bacteria 491 9.12 246
Total colony forming bacteria 7.01 11.4 7.56

*Number of bacteria that killed at least one species of red tide phytoplankton. Some bacteria killed two or more

plankton species.

FIRICFU L 72b D TH 5720 TAYH 5 b Kmkiller &
Fi-killer 3%\ » &\ 9 FHRERAMS H 7z (Table 1), 7 4
A7 L QW BRI OB 1, BE 1g 4720 100~
10°DF — ¥ —DE W EZE R L7z F 72 Cakiller % Ha-
killer, Hc-killer [IZ25B\WT3, ¥4 2717 L — b MPN (2
HARTHL IR WETHRHE S, BE 1g 4720 10°~10°
cells DA — 5 — DR TEFHRUEIE SN TV 5, 1Eo T,
a0 = — % 4HE L C BRI A AT ) LT, LD IR
LREMROEBHRELILETE2bDLEZ bk,

RBEANE O E W5 &, RIOFEE T AR TR
DI O THIRE RIS 5 5%, H. akashiwo 7R
THERRE LT\ 5 (Imai et al., 1998a ; Kim et al,, 1998 ; Yoshi-
nagaetal, 1998 ; 53 2011b), 2003 4 1 Fi2iE, 4ZFETH
B SRENE R DS s M S e, 722 oo
FHICBWT L, Kmekiller 2HIXTIIZE {HER L Tz
(Figs. 4,5)e ZOAKIFIZBWTIE, WZEIH % 8 U Cfzekt
KELTRMTT 7 b A BRI L o 72,
CoOZ L LY, HEBNEWEEOREMRORIRIE, AR
DFELIIHNDHDTHE Z ENHLNTH 5,

DL S NTRERD S IR P ORI & 5 (7
7 ) KA OFGEM AR S 2 AREAWTEDS K. mikimotoi
& Ejaponica TH B M T—HL T2 & LY, HEOS
B EE OB N O MR LI SR I T B W RETED IR < IR
a7z, 2O &, ABMIHEE S AT AT
THILIZLoT, EEGIIBEMR MR A L
WTELILEERL TS, SHERE S NREEIHOH
Bild7z o072 1 DOFEAETETH ), RS AR AT
EFREIMIETE AR TV EIEH S TH L, 2D
EDIEIIRROMERE LML TBY, Thb
HEF LB S O L DI 51T TTH Y, SEESR
72U DR | 2D TR B N2 RHERE RO S
X, THEEELNFERLOELORETH S LTINS,
L2 L7ah s, SEHERAREE L7 A oK
10°~10° cells g ((IE) OFFEMBMFE LR L T2 H:E

DL LR oTz, SHROPEE LTE, REFEET il
HHOMH L BUEO B D ) 25h 1 F o, g EI O
BRI OHR % 8 U ol 72 A O FENti: & BT & ok
DTV ZEDPHEETHA ). SHIEHE, HFEKPET
T OFEIMNCE  OFKEME * L LadE L7225 2o
ORI &, BUGHEKR TR T4 ~ T L 7R
LT < BEMBEDF L 7NV — T DX 2 N—T2DH 4L
B DOPIZOWTHLNIT 2HD, FROEE LI
MHEETH D,

AR A SR L 727 A Y RIE OB O K7
BIGL, KEEH L BB AN L ) BT OIS H
B UC, REOFETFTHBEMOMIIcEEZH DL
FEND (BH, 2002, TRDOLHSTHRREIZLY,
e L2 A AS KRB O FTH 7 B i R ~RUBEG &
N5 LIiZdoT, WITHRETFHEELHE S LAEMAT S
Nbe, WhiE, T 7 b ORFEBIEE L)
BIRT, o [EEERGE] 2T s28ichbeEx
Bb, 512, EAZ BV TR AEO PRI &
L CEM SNAFFEOWINZ HEHEDTTH) 2 212k ), &’
TISIERERE D I T & 5 (CFH, 1999 ; AL, 2003),
O L) AN L REOBE AT @ U ORI OSAT
BEASHTRELZ 22 AU, BRBEIC R & LW IR SREHT & 72 )
KEOAZL B, WFHROFEREIC X 2 BNFHOBEIEH
F e AEEIEI, FHY AN AR VWBEEY 52500
LR E NS,

Eil &

AWFEIZ BT, REEGORIERR, ¥ 7)) v 75
(AT 7 T % B 22 AR LR R AMOK RE RS S BT 2
& — IR BRI TE T () OBIFRIRE D5 4 12,
LD DEHH L BT E 3, ARMROFTICEL, HE
72 ZBE % W o 7R RS AR B O T R 2R
BILEW L BT E . ABEIE, B AL i B R E T

27 —



b K K

FeBE 2T THEY, L UE#HOEERL I,

X 3

Chen, L.C.M., Edelstein, T. and McLachlan, J. (1969)
Bonnemaisonia hamefera Hariot in nature and in culture. J.
Phycol., 5,211-220.

SEHUCER (1999)  #lfNFE~ ORI, pp. 106-117, HE
BRI (W), 74 ORI & BRISE, BulaEF b,
g

S —HE (1995) EHEHEH WY v v M A TREOE
RESERIBEER O REYE. AR, 27, 603-612.

S I—BB (1997) PR BCE T B M T 12 & 2 M e
W7o v b roREMNN. BET I 27 b rpadi,
44,3-9.

SIE—HE (1998) AR DI BEO T REE. H A K
FANRE, 52,216-227.

SIE—HB (1999) EWE V7 ARB OB, (b1,
50, 668-676.

4FF—HB (2000)  AREITANFEE O B & MRS ER . pp.
85-90, FIHM=HE - LHGY (), WHFERET LA X

¥ M O7=H ORISR, ERAEAERM, B

SIE—HE (2002) RTUHEAE & AFHORAEGEIC £ AR
OFETE. pp. 1929, INAME - SI—HR - AAL B
(), HEEFEE 7V —LAOTR & Bk HREEFEE
M, A

AFE—HE (2007) AR X BAREREER. pp. 110-123,
FEER - BHGT - ETHHE @), BEEw oA &
H—EDEEH SEREE RS $ T, [HAMEA R, Ht

SH—HB (2011a) HEFHRMOLEWY (13) ARl 77 ~
7R Bl S Y, 33,97-103.

SH—HE 011b) HEAHREOEYF (17) B
B DR LA TS 7 b OBR-L R &
W, 33,457-466.

SFt—HB - FKESE (2002) FREIO B & BRER. pp. 881-
888, AHULAT - INEETHT - ARG I - AAREE—AR - 7
W - RARIE & (), BEEWFRIE O RER, T -
T4 = LA, BT

LFfE—HE - WA S - He BESR (1999)  Heterocapsa circu-
larisquama EEFEARR & OBIR. HAT T > 7 b 54
#, 46,172-177.

Imai, I., Kim, M.C., Nagasaki, K., Itakura, S. and Ishida,
Y. (1998a) Relationships between dynamics of red tide-caus-
ing raphidophycean flagellates and algicidal micro-organisms in
the coastal sea of Japan.  Phycol. Res., 46, 139-146.

Imai, I., Kim, M.C., Nagasaki, K., Itakura, S. and Ishida,
Y. (1998b) Detection and enumeration of microorganisms that
are lethal to harmful phytoplankton in coastal waters. Plankton
Biol. Ecol., 45, 19-29.

Imai, 1., Sunahara, T., Nishikawa, T., Hori, Y., Kondo, R. and Hiroi-
shi, S. (2001) Fluctuations of the red tide flagellates Chat-
tonella spp. (Raphidophyceae) and algicidal bacterium
Cytophaga sp. in the Seto Inland Sea. Mar: Biol., 138, 1043-

e

5

Fﬂ?

28 —

o 62(1),2012.

1049.

Imai, 1., Fujimaru, D. and Nishigaki, T. (2002) Co-culture of fish
with macroalgae and associated bacteria : A possible mitigation
strategy for noxious red tides in enclosed coastal sea. Fish.
Sci., 68 (Supplement), 493-496.

Imai, I., Yamaguchi, M. and Hori, Y. (2006a) Eutrophication and
occurrences of harmful algal blooms in the Seto Inland Sea.
Plankton Benthos Res., 1, 71-84.

Imai, 1., Fujimaru, D., Nishigaki, T., Kurosaki, M. and Sugita,
H. (2006b) Algicidal bacteria isolated from the surface of sea-
weeds from the coast of Osaka Bay in the Seto Inland sea, Japan.
Afi: J. Mar: Sci., 28, 319-323.

Ishida, Y., Eguchi, M. and Kadota, H. (1986) Existence of obli-
gately oligotrophic bacteria as a dominant population in the
South China Sea and the West Pacific Ocean. Mar: Ecol. Prog.
Ser;, 30, 197-203.

Kim, M.C., Yoshinaga, 1., Imai, 1., Nagasaki, K., Itakura, S. and
Ishida, Y. (1998) A close relationship between algicidal bacte-
ria and termination of Heterosigma akashiwo (Raphidophyceae)
blooms in Hiroshima Bay, Japan. Mar: Ecol. Prog. Ser, 170,
25-32.

Mayali, X. and Douccette, G. (2002) Microbial community
interactions and population dynamics of an algicidal bacterium
active against Karenia brevis (Dinophyceae). Harmful Algae,
1,277-293.

FIGEE= (1998) RN A VAL X 2RI RO B
4. Microb. Environ., 13,109-113.

BRI - AR K F - lEEE - Rl -
B A RASEE - TR - MRS - B
B (2011) 2010 45 F12 /\RfE T I8 LE L 72 Chattonella
antiqua 7R O FIZEB—R RIS BT B B E—
IKFEMHERTSE, 75, 143-153.

WHZEE 20000 HHHETT v 7 b2 3EBRO$E
— MM X AR pp. 215-235, A I =R - AL
K- BARER - S @), FE - AEREoRE
ETHL - Biks, HAUKEERERGER S, WO

Salomon, P.S. and Imai, I. (2006) Pathogens of harmful microal-
gae. pp. 271-282, Granéli, E. and Turner, J.T. (eds.), Ecology of
harmful algae, Springer-Verlag, Berlin.

RHREZ (1992) AR OSSR FE & BT B 5 3Bk oo féi:
CHEEE. ATIHEE, 24,3-16.

TR U AR K A Bl 2 > &7 — 7K BB B 2 T
FEFT (2003) PRL 14 EELHARHEY T T v T~
HEER R A S (AR EUR), AL

Yoshinaga, 1., Kawai, T., Takeuchi, T. and Ishida, Y. (1995) Dis-
tribution and fluctuation of bacteria inhibiting the growth of a
marine red tide phytoplankton Gymnodinium nagasakiense in
Tanabe Bay (Wakayama Pref., Japan). Fish. Sci., 61, 780-786.

Yoshinaga, 1., Kim, M.C., Katanozaka, N., Imai, I., Uchida, A. and
Ishida, Y. (1998) Population structure of algicidal marine bac-
teria targeting the red tide forming alga Heterosigma akashiwo
(Raphidophyceae), determined by restriction fragment length

polymorphism analysis of the bacterial 16S ribosomal RNA
genes. Mar. Ecol. Prog. Ser., 170, 33-44.




