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Distributions of the Algicidal Microorganisms against the Harmful Phytoflagellates in Tanabe Bay
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Abstract

Seasonal fluctuations of killer microorganisms (substantially algicidal bacteria) were investigated with the microplate MPN
method in surface seawater and on the surface of the green alga Ulva pertusa in Osaka Bay and Tanabe Bay of Wakayama Pre-
fecture. Main species of target red tide oganisms were the raphidophyte Chattonella antiqua and the dinoflagellate Karenia
mikimotoi.  On the surface of U. pertusa, K. mikimotoi killers (Km-killers) were most abundantly detected with a maximum
value of 1.38 X 10 MPN g (wet weight) and C. antiqua killers (Ca-killers) also showed a high value of 3.60 X 10° MPN g™ (wet
weight). In seawater, most part of killer microorganisms was substantially algicidal bacteria, and Km-killers showed the maxi-
mum values of 10°>~10* MPN ml™ at intertidal seaweed bed and aquaculture pond with abundant U. pertusa. Km-killers were
less abundant in offshore seawater (< 10' MPN mL™" in Osaka Bay and < 10> MPN mL"' in Tanabe Bay). Ca-killers also
tended to be a little bit more abundant in seawaters of the coastal seaweed bed. It is suggested that seaweed beds composed of
such as Ulva pertusa play an important role for harboring and supplying killer microorganisms to adjacent coastal environments,
and contribute to prevent massive developments of harmful algal blooms in the coastal sea.

Key words : Red tide, Prevention, Killer microorganisms, Algicidal bacteria, Ulva pertusa, Seaweed beds, Karenia mikimotoi,
Chattonella, Heterosigma
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MHEICATE L, KRR 28 m C, 500m x 300 m /&) 35X
A S8 10 m BEN 2T CH B
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Location of the sampling stations in Osaka Bay (upper panel) and Tanabe Bay (lower left panel).
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R (L0Z8 SWM3 ¢ Chen et al., 1969 ; 4-3F, 2000) CiEH.
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VRS0 IO, AV FA Y TF—T RN
TvA7a7L—bEFE LK WE22°C, GHMERD
100 umol photons m? sec”’, BHREEH] 14 hL : 10hD OSMET
THER T2 MEXA 2707 L — sOKT 2 )LOBIEE
% BN RIVESHHOBEAMEE & VTV, Kokl 75
YN U LTy o VRS L CRRER L 7o AR
BRICBUIL2HEY 2 VBEOMAEDEDL S, REHK
(MPN) % % 2 L "C MPN (Most Probable Number : #5i#%))
wHE ML (FHE S, 1986; Koch, 1994), FEEEHUE A o B
MR A RD7z 7z, WEAFHIOWCLEER Y

Filtration with Nuclepore filter
(pore size 1.0 um)

Serial dilutions (10 times)
with autoclaved seawater

Inoculation of diluted samples
(0.5 mL/well in 5 wells

at each dilution level)

Red tide flagellates culture (0.5 mL/well)

Microscopic observation after incubation for 2 weeks

$

Calculation of MPN of algicidal bacteria

Fig. 2. Procedure of the microplate MPN method for enumeration of algicidal microorganisms (substantially algicidal bacteria).
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ANV, FO01um LT O/NEIOY) (RNA 7 1 L R)
M ST S (FEIF - #4AL, 2009 ; Nagasaki and Bratbak,
2010)s
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R SN o 72,

WA 0 7 A 2 S A S L7 R BRI AR W B D 224k
% Fig 3 1R L7ze BEEMAWIE, K mikimotoi | 2% %
IRT D DY C oantiqua \ KT H DD L) b ENNETIHRE S
N DMEPDFED 5720 K mikimotoi DR FEMAEY (Km-
killers) 735 & 1.38 X 10° MPN g ((BE) Ol C, REOR
W75 2001 4F 10 15 HiCK S vz L Lz
A0 &R & LT, Kmkillers [XAREEDIE N7 4 4
DOEMMIZE ) EHAEETHELEL L TV BHRIZEZIT S
N72e C antiqua (2% U TR E 2 79 R ERGAEY) (Ca-
killers) 12 fEEEIZ R 2 5 7 A 40 S I3 SN e dr o 7278,
2001 4F 9 H 17 HIZIREBOENT 4425 1.65% 10° MPN
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Fig. 3. Fluctuations in densities of killer microorganisms against
the raphidophyte Chattonella antiqua (Ca-killers) and
the dinoflagellate Karenia mikimotoi (Km-killers), asso-
ciated with the healthy thalli (filled symbols) and deteri-
orating thalli (open symbols) of the green alga Ulva
pertusa at the sampling station in macroalgal bed in the
intertidal coast of Misakikouen during the period of July
to November of 2001. Samplings were made once a
month.
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BEXA, L1 um D7 1 V7 — I X 5 TR HR
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T A4V E DEEDTE N Cakiller 28 HMT 2 H D MHE X
&9 (Figs. 3,5

W25 (Stn, M) O D ESHEK BT, C anti-
qua FEEEY AWM %298 L C 10' MPN mI" & ) fHws
fECTH - 72 (Fig. 4)e —H, K. mikimotoi RIS EE L
8 HIZ 1.1x10* MPN ml! D&l Z 7~ L 72, 154 125K
BL10HFTIZ 1P MPNmL! L EOEETH - 7278, 11
A /M 33 x10° MPN ml™! % 7R L 720 WRZNEE (Stn. M)
X Skm A D Sm2 & OHRETH S Stn. MO 22 5
SN RBHKTTIX, C antiqua B S HBR TR
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Fig. 4. Fluctuations in densities of killer microorganisms against
the raphidophyte Chattonella antiqua (Ca-killers : filled
squares) and the dinoflagellate Karenia mikimotoi (Km-
killers : open circles) in seawater samples collected at
three stations (Stns. 2, MO and M) in Osaka Bay during
the period of August to November of 2001.  Samplings
were made once a month.

IR %38 L T 10' MPN ml' & V) W ETHER L 72 (Fig.
4)o HMED Sm. 2/ 1I2BWTIL, K mikimotoi FX R
1% 8 HIZ 44x10° MPN mI! D& Wil % 7% L 72 DAk,
10' MPN ml" & D) v il (FR/IMiE 3.3 x 10 MPN ml!) TH o
72

C. antiqua FFEMAEPIZE LT, WA HE S O i 7 12
BUAELETIIMMZE L CREE225 bR S hr
3, A DER (Sth. MO & Stn. 2') TIIMHRA LT TH
5 EDE o720 K mikimotoi FEEBUERIZOWTI,
MED SN, 2 T8 HICEHWEEZ I RTESH o720, WaE
D2 EH LY BEIRATES T H A AR (St M) DT
Km-killers |35 B \AFEAET DM DSFRD S 7z, W
VAT RIS ZBGR L TR Y, ZORIGED R IIRE
YRR ICABEER L TW 5 (B9, 2002 ; Imai et al,
2002,2006 ; 535, 2012) o F72 Fig. 3 IIRSNT-LH 1,
T T A OREIRBMET 10°MPN g (BE) # B2 5
EHEED Kmkillers DHERR S LT WA T L5, IFHEER
DREMAD AR PIAEG S, S0 X9 RIS
U7zsZ2 515, A Sm. 2" THEME - Km-killers
DR S N7225, T AULBEVE 2208 B W O AR R E R O
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Fig. 5. Fluctuations in densities of killer microorganisms against

the raphidophyte Chattonella antiqua (Ca-killers) and
the dinoflagellate Karenia mikimotoi (Km-killers), asso-
ciated with the healthy thalli (filled symbols) and deteri-
orating thalli (open symbols) of the green alga Ulva
pertusa at the sampling station in aquaculture pond of
the Experimental Station of Kinki University during the
period of August to November of 2001. Samplings
were made once a month.
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C. antiqua & K. mikimotoi \=xF L TVER 3 5 BEEREEY O %
FE DAL % Fig. 5 1278 L 720 Kmekillers 1 # 72 10°~10°
MPN g' (E) OFE TR E N, Cakillers £ ) b BV E
TR SN AMEEDRD SN 720 F72, Km-killers 13 IR
DENT A OERME, L) EHVHETHEEELTW
HERICHAZT BTz C antiqua \ 25 L COIEME 2 7R3 & 58
WEYD (Ca-killers) 1%, FEARMITHLBRTLLLUT 20 10° MPN
g (BE) LTOREETH - 7275 20014E11 H19 HIZ
REED BT F 4205 360 % 10° MPN g ((RE) O E W
JETRR Sz Cakillers &, Km-killers £ 0 & 7 F 74



SIS - HRRILIRHEE & RBGE 2 B 1) 2 ARl e M o 554

106
- Stn. TC
104 -
T [,
O-----0.__

T w “§“\\\r//én
= -1
e <10 T T T
Z 100
> - :
= ) ey Stn.R
g 10% P ~
8 {1 o” N
&C‘b 107 A “OaL
5 b =0
© 100 - .\l\l—n
é < 10-1 T T T T
3 106
& Stn. P

10% +

4 O-_ _O.
2 hh o e S
10 o
100 .___,._—I———.\'_
<10? T T T

Aug20 Sep17 Octl15 Nov19

Fig. 6. Fluctuations in densities of killer microorganisms against
the raphidophyte Chattonella antiqua (Ca-killers : filled
squares) and the dinoflagellate Karenia mikimotoi (Km-
killers : open circles) in seawater samples collected at
three stations (Stns. TC, R and P) in Tanabe Bay,
Wakayama Prefecture, during the period of August to
November of 2001. Samplings were made once a
month.

P ANORFERRE A RBTENTH D LEZ 5N 5,
& B VIZIMAROYE L FERS, Cakillers 133514 4 7 4
W AANDNE TR D 720 OIE B IZ X ) RS h/z
TREMEDS S %0 HAEDIETH B T I IEDIFEIEIC
BWCTT F 7 A HIAE LT B BEMEY DD,
FERPAREEM IR SN -au=—% 558 L C antiqua
& DB EEEER TR SN E, 38 10°~ 94 % 10
¢! ((BE) DETHIE SN TWA (595, 2012) L7229%5
T, ¥4 707 L — b MPN{EIZ L5 Cakillers O FHEfiE
/NS L <, BRSSO (Cakillers)
T AV ORMER L TnLEEZLND,
PRERFFEMAM (S, P),  [AIZEFHAR (Stn. R) 72 5 UNIZHA
B O G (Stn. TC) DK BT % Cakillers
& Km-killers DZE 8% Fig. 6 (278 L 720 Cakillers 1%, #H7F
MA@ T3 2DEST10' MPN mI™ X O Wl % 7R
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Fig. 7. Fluctuations in densities of killer microorganisms against
8 microlgae in seawater samples collected at the station
on the gentle slope revetments surrounding the Kansai
Airport Island during the period of August to November
of 2001.  Samplings were made once a month.

A Densities of killer microorganisms against three
raphidophyte species of Chattonella (C. antiqua = Ca, C.
marina = Cm, C. ovata = Co) ; B Densities of killer
microorganisms against three other raphidophytes (F
Japonica = Fj, H. akashiwo strain IWA = HalWA, H.
akashiwo strain 893 = Ha893) ; C : Densities of killer
microorganisms against two dinoflagellate species (Het-
erocapsa circularisquama = Hc, Karenia mikimotoi =
Km).
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