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Fluctuations of algicidal microorganisms against the harmful dinoflagellate
Heterocapsa circularisquama in Ago Bay, Mie Prefecture, Japan

Ichiro Imai, Sakae Nakagiri, Kiyohito Nagai, Keizo Nagasaki,
Shigeru Itakura and Mineo Yamaguchi

In Ago Bay, Mie Prefecture, red tides of the harmful dinoflagellate Heterocapsa circularisquama
have recurrently occurred since 1992 and have caused mass mortality of pearl oysters (to do substantial
damage to pearl industry). Studies on killer microorganisms against H. circularisquama were carried
out for water samples collected in Ago Bay in summer using the newly developed microplate MPN
method.

A comparison was made on the numbers of killer microorganisms against Chattonella antiqua,
Heterosigma akashiwo, Gymnodinium mikimotoi, and H. circularisquama using a water sample col-
lected on 16 August 1994, when a red tide of H. circularisquama was observed. The water sample
contained H. circularisquama at a density of about 8000 cells - m1™'.  Killer microorganisms against all
the four algal species were scarce (< 1 - mI™).

Temporal fluctuations of algicidal microorganisms against H. circularisquama and C. antiqua
(Raphidophyceae) were investigated during the summer of 1995 to elucidate effects of those microor-
ganisms on H. circularisquama red tides. Killer microorganisms against H. circularisquama were
scarce (< 1 - ml™) during the summer of 1995, although vegetative cells of H. circularisquama appeared
at rather high density (1493 cells - ml™). (Stn. K3W).  Killer microorganisms against C. antiqua were
also scarce (maximum 1.52 - ml™).

Red tides of H. circularisquama tend to last 1 month or more. It is suggested that the scarcity of

killer microorganisms against H. circularisquama in the coastal seas such as Ago Bay presumably con-

tribute to maintain red tides of this species for rather long period.

Key words: red tide, Heterocapsa circularisquama, algicidal bacteria, viruses, Ago Bay
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Fig. 1. Location of the sampling stations (Stns. U and K3W) in Ago Bay, Mie Prefecture.
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Fig.2. Procedures of the microplate MPN method for the enumeration of killer microorganisms that are lethal to red

tide flagellates in seawater samples.

L7, SAFBBICOVWTIRO~I70T
L — FE2HV, H. circularisquama 23T 4
# (10°~107° H), MOWERTIIIKDO=
1r7a7L—=1F (10°~107HR) 2 EBRIAH

Too BERIRREIX 22°C, MEMHI, LR 50
pmol - m™-sec”, BAREREIRA 14 hL: 10hD & L7z,
ayhu—E LT, 08umEARAEA—
I L—T L TEADREHEEEIZMR THEEL



56 4 b M-k F-FE WK &0 O

LD EHREL. KREBROBIBRIZBIT
W EEL, C antigua TS51008if2 - ml™”', H.
akashiwo C5200080/4 - ml™, G. mikimotoi T3300
#BRa - ml™, H. circularisquama "Ci3 280004843 -
ml' THh o 72, HERHR, 5, 10, 15, BLU
1ISHE BV EME T AV CHREZITY, &
T VFOWEREOEBEFORTTRLHL
72 C. antiqua, H. akashiwo, G. mikimotoi Z 5\
Tid, &7 2 VOB THBLO KRS (99%LL 1)
PRBLI2D O (MR HER) 2EHEE L7,
H. circularisquama i3 EEL 3D X ) 12i2iT%R
ZZHBLTLE)BEVREE,L>LODT,
7z L OHFOMBLO KIS (H80%FEELL L)
PHBAL, HLWIIEEFELELTT VKT
U= A+ (RE-BE 1995) RIZ%-725E
e L7z (Fig 3). SARERICBT LK
HHOMEELNS, T a—F—FHWTE
RMEMOBRBBOREERIT o 72 (AEM
1986, Koch 1994),
EFOERTEKPOEMED DR

1995467 4 3 B, 24H, 8 7H, 218, 9
Ha4H, 188D 6[H, Fig 11IR L7I:EEED
EH Stn. K3W (KERH 22 m) 2 HERKEBKEH
T, ¥4 707 —FMPN#E (Fig.2) I2&9,
H. circularisquama (=Xt 3 5 BREBMED O B E
Fole FECHEXEE LT, C antigua
EMAYOTTROERL .

#okiz, =EROIFE NERMEHLIDS

BEIC L o THERIROBHFRIP ETICA
F Lz EBOFIREER LB THb, &
EEBIZBWTIE, LE0Sum BL Y02 um @
Nuclepore filter * BWTEHAZEEL, 2480
DR FEE S % AR L 72, FLEZE0.8 um DiEEH
ARIZHEE 7 ANVAE, FLE2um D DY
ANAEERFE LUTHBL:, BEEERER
22°C, Je&eftid, JERAE 90~ 120 ymol-m™-sec”,
BAREEIM 14 WL 10hD TH 5, ZOHREMT
T, AEIRFICHEAMTE 5 (Yamaguchi et al.
1997) . EERBEREICBIT S H. circularisquama
DM FTE IR 1X10°~5X10* - ml™ #2ET
Hot, BHERKEKSHERTISHE £ TR
EMEET AW THELZITY, 72 VRO H.
circularisquama DFER. HFORT R L 720
ERHMEREIC BT HBEROMEGEDN S, RiE
MEY ORERE RD 72,

BREIUEE

H. circularisquama FREEK P D ESEMAEN DEL
B

19944 8 A16H ® Stn. U 12354} % H. circu-
larisquama DFRF KRR (VL% B HI80004H
fa - ml") BIZHEFE L7z C antigua, G. mikimotoi,
H. akashiwo, 72 5 USIC H. circularisquama [
HREMENEY A 70T L —F MPN Ex H
WTERHBR L 72#R % Fig 4 IR L7

Fig. 3. Microscopic observations on algicidal activity of killer microorganisms against Heterocapsa circularisquama. A:
Live cells of H. circularisquama. B: Deformed cells of H. circularisquama to spherical form that was caused by
algicidal microorganisms in seawater sample. Empty thecae (arrows) are also visible.



BB D Heterocapsa circularisquama & FEBAEY 57
~ C.antiqua
T 1.0 JAr----1n
E -~

7
g g
e
s 7 H.akashiwo
5 0.5
,.'g - A”—"/
x // //
, -
5 7 H. circularisquama
/// ////
s
L -
7
10

15

18

incubation time (days)

Fig.4. Temporal changes in the numbers (MPNs) of killer microorganisms against Chattonella antiqua,
Heterosigma akashiwo, Gymnodinium mikimotoi, and Heterocapsa circularisquama in the
surface water sample collected at Stn.U on 16 August 1994 in Ago Bay, Mie Prefecture,

Japan.
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Fig. 5. Fluctuations in maximum cell densities of Hetero-
capsa circularisquama (upper) and killer micro-
organisms against H. circularisquama and Chattonella
antiqua in surface water (lower) at Stn. K3W in
the summer of 1995.  Killer microorganisms were
enumerated by the microplate MPN method.
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