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Effect of Harmful Phytoplankton on the Survival of the Abalones,
Haliotis discus and Sulculus diversicolor
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During harmful algal blooms (red tide) on the coast of Japan, massive mortalities of marine animals

including commercially important gastropods have resulted in economic losses of wild resources and

local aquaculture. In order to evaluate the detrimental effect of the algal blooms, the effects of three

phytoflagellates, Heterocapsa circularisquama, Gymnodinium mikimotoi, and Heterosigma akashiwo

on survival of juvenile abalone, Haliotis discus and Sulculus diversicolor were studied in the laboratory.

The results demonstrate that H. circularisquama and G. mikimotoi frequently kill both abalone species

within 24h at densities > 10* cells/ml accompanied with unusual avoidance behaviors; vigorous contrac-

tion of tentacles, escape locomotion, and paralysis of the animals. The raphidophyte species H.

akashiwo showed lower detrimental effects compared with the two dinoflagellates.

Key words: Red tide, Dinoflagellate, Gastropod, Abalone, Mortality

The global increase of harmful algal blooms
has been a concern in the last several decades.
(Shumway 1990, Honjo 1994). The studies on
impact of harmful algal blooms have focused on
the shellfish poisoning which causes human
illness after consumption of phycotoxin-con-
taminated organisms (Shumway 1990). In
addition, harmful algal blooms impact on the
physiological processes and survival of marine
organisms (Shumway 1990, Honjo, 1994).
These impacts lead to economic losses in the
aquaculture industries, and sometimes impacts
on the overall marine ecosystem (Shumway
1990, Honjo 1994).

Historically, “fish killing” by harmful red tide
in Japanese coastal waters has been well docu-
mented (see Honjo 1994). However, there are
few data concerning harmful effects on marine
invertebrates although massive “shellfish killing”
has been accompanied with red tides in Japan.
Recently, a novel red tide dinoflagellate, Hetero-
capsa circularisquama caused mass mortalities
of bivalves on the west coast of Japan (Yamamoto
and Tanaka 1990, Matsuyama et al. 1996). In
addition, harmful red tides due to Gymnodinium

mikimotoi (= Gymnodinium nagasakiense, Gym-
nodinium sp. Type ‘65, see Takayama and
Matsuoka, 1991) which is known as a fish killing
dinoflagellate (Takayama and Adachi 1984,
Honjo 1994) accompanied mass mortalities of
shellfish (Shiokawa and Irie 1966, Hanai et al.
1992, Takayama 1986, Yamaguchi 1994).
During H. circularisquama and G. mikimotoi red
tide periods, massive mortalities of commer-
cially important gastropods have also been
found (Yamamoto et al. 1989, Yoshida and
Miyamoto 1996), which impacted on local
aquaculture. However, quantitative studies
about lethal effects of harmful phytoflagellates
on gastropods are lacking (see Shumway 1995).
The present study focuses on the effects of three
phytoflagellates species on two commercially
important abalones, Haliotis discus (Kuroawabi)
and Sulculus diversicolor (Tokobushi).

Materials and Methods
Juveniles (ten months old) of Haliotis discus

(shell width 10.3 £ 1.1 (SD) mm, n = 44) and
Sulculus diversicolor (shell width 15.2 + 1.2
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(SD) mm, n = 44), were provided by Ehime Pre-
fectural Fish-farming Center. The juveniles
were reared in running seawater at temperatures
ranging from 13 to 26°C, and salinities from 33
to 34 S. Prior to the experiments, each individual
was placed into a container and gut contents
were cleared by maintaining in filtered seawater
(GF/F Whatman, pore size ca. 0.7 um) over 18h
at 22°C £ 1.5°C. Seawater was replaced at
least once prior to the start of the experiments.
Healthy individuals which tightly attached to the
container were used for the experiments.

Isolation records (place and years) of phyto-
flagellates used in the present study were as
follows: Heterocapsa circularisquama (Ago
Bay, central Japan in 1992), Gymnodiniwm
mikimotoi (Hiroshima Bay, western Seto Inland
Seain 1991), Heterosigma akashiwo (Hiroshima
Bay, 1992). Clonal cultures of these species
were obtained by repeated washings using
capillary pipettes. Each species was grown in
modified SWM-3 medium (Chen et al. 1969,
Itoh and Imai 1987) at 22°C on a 12h light: 12h
dark cycle under illumination at 3,000 lux pro-
vided by cool-white fluorescent lamps. All
cultures except for G. mikimotoi were not axenic.
Cultures in the late exponential to early station-
ary phase (10 to 16 days after inoculation) were
used for the experiments.

For each assay, an individual was transferred
into a Petli dish (® 90 x 20 mm) filled with 40
ml of phytoflagellate culture (10°, 10*, 10 cells/
ml). When the cell density of G. mikimotoi
culture did not reach 10° cells/ml, the culture was
kept in a dark for 1 hour, and then concentrated
by the decantation. The treated animals were
kept at 21-22°C under the low light illumination
(800-1000 lux). Aeration was not adopted
during the experiment. Control was set using
filtered seawater without any algal cells. The
culture media (100% SWM-3) without any
algal cells were also used. Experiment was
conducted at duplicates. Observations on the

condition of abalone were done twice through-
out experiment, and mortalities were confirmed
by needle stimulation on foot at 24h and 48h.
Individual which was not attached to Petli dish
but showing slight responses by needle stimula-
tion were treated as paralysis.

Results and Discussions

Although aeration and seawater replenishment
were not conducted throughout the experiments,
no control animals (filtered seawater) died
within 48h after the start of experiment (Tables
1-2). In preliminary studies, exposure of 10*
Isochrysis galbana cells/ml (non-toxic phy-
toplankton) to juvenile abalone did not resulted
in death (n = 5) even through four days. We
presume that survival of abalone is not interfered
due to oxygen depletion in this procedure. In
SWM-3 medium, no death was observed within
24h, but one individual of Haliotis discus died
24-48h after the start of the experiment (Table
1). The culture medium may be slightly toxic

Table 1. Effects of three phytoflagellates on the sur-
vival of Haliotis discus

cells/ml Condition
24h 48h

Heterocapsa circularisquama.

10° DD DD

10* DD DD

10° AD PD
Gymnodinium mikimotoi

10° DD DD

10* DD DD

10 AP DD
Heterosigma akashiwa

10° DD DD

10* AD AD

10° AA AD
Filtered seawater AA AA
SWM-3 medium AA AD

A = Alive, D = Dead, P = Paralysis
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to H. discus. Indeed, the culture medium
(SWM-3) contains some heavy metals (i.e. Cu*;
1x 10° M, Zn**; 3.2 x 10° M) which are toxic
to mollusks (Akberali and Trueman, 1985) in-
cluding abalone (Hunt and Anderson 1989).
Therefore, it should be noted that the culture
medium used in this study is not always appro-
priate as a basal medium of the test organisms
for the long-term (= 48h) experiment.

Heterocapsa circularisquama effect  When H.
discus and S. diversicolor were exposed to
Heterocapsa circularisquama, they exhibited
various avoidance behaviors (vigorous contrac-
tion of tentaclies, twisting of foot, escape
locomotion) within a few minutes. Most indi-
viduals tended to rush to the outside of Petli dish.
These avoidance behaviors were observed even
at 10° H. circularisquama cells/ml exposure.
Abalones were paralyzed and lied on their back
within five hours at 10*~10” H. circularisquama
cells/ml exposure.  All individuals died within
24h (Tables 1-2). According to previous stud-
ies, H. circularisquama kills bivalve mollusks
accompanied with various avoidance behaviors;
valve clapping, mantles contraction, gill shrinkage,
inhibition of byssus production, reduction of
clearance rate and cardiac termination (Nagai et
al. 1996, Matsuyama et al. 1997). However,
little is known about the effect of this harmful
dinoflagellate on other mollusca.

In 1992 in Ago Bay, a massive killing of pearl
oyster Pinctada fucata were observed during a
H. circularisquama red tide, accompanied by
death of several gastropods (abalone and top
shell). In addition, mass mortalities (70%) of
various bivalve mollusc species and a carnivo-
rous gastropod Glossaulax didyma were also
observed during H. circularisquama red tide oc-
curred in Kusuura Bay, 1994 (Yoshida and
Miyamoto 1996). In the present study, H.
circularisquama was found to be toxic to not
only bivalve but also some gastropod species.

Table 2. Effects of three phytoflagellates on the sur-
vival of Sulculus diversicolor

cells/ml Condition
24h 48h

Heterocapsa circularisquama.

10° DD DD

10* DD DD

10° AD AD
Gymnodinium mikimotoi

10° AA DD

10* AA PD

10° AA AP
Heterosigma akashiwa

10° DD DD

10* AA AA

10° AA AA
Filtered seawater AA AA
SWM-3 medium AA AA

A = Alive, D = Dead, P = Paralysis

Further study is necessary to clarify the toxicity
on other marine mollusks.

Gymnodinium mikimotoi effect Gymnodini-
wum mikimotoi caused death of abalone H. discus
and S. diversicolor at concentrations > 10* cells/
ml accompanied with avoidance behaviors such
as contraction of tentacles and escape locomotion
as observed in Heterocapsa circularisquama
exposure. However, death of S. diversicolor
was not observed within 24h even at densities
of 10° cells/ml.  Thus, S. diversicolor exhibited
high resistance against G. mikimotoi compared
with H. circularisquama (Tables 1-2). Thered
tide due to G. mikimotoi has caused massive kill-
ing of the shellfish, i.e. pearl oyster, (Shiokawa
and Irie, 1966), pacific oyster, Crassostrea gigas
(Hanai et al. 1992, Park 1982), clam, (Yamaguchi
1994), blue mussel, Mytilus edulis (Park 1982),
ark shell, Anadrana broughtoii (Shiokawa and
Irie 1966), and octopus and cucumber (Shiokawa
and Irie 1966). Indeed, several gastropods
have been killed frequently in G. mikimotoi red
tide (Yamamoto et al. 1989). Sawada and
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Wada (1983) examined the in situ effects of G.
mikimotoi-red tide on the survival of juvenile
abalone H. discus under oxygenated conditions.
100% mortality was found at 6h (240,000 G.
mikimotoi cells/ml), 8h (130,000 G. mikimotoi
cells/ml), and 18h (12,000-54,000 G. mikimotoi
cells/ml) after the exposure of red tide, respective-
ly. Inthis case, significant death of pearl oysters
Pinctada fucata was found above 16,000 G.
mikimotoi cells/ml within 24h. ~ They concluded
that H. discus was the most sensitive mollusk to
G. mikimotoi cells. Further, survival of cultured
adult abalone H. discus was significantly affected
by the presence of 10° G. mikimotoi cells/ml
even under oxygenated condition (Honjo T. and
Uki H., per. comm.). We clarified that notable
mortalities of abalones were observed at >10*
G. mikimotoi cells/ml of clonal culture. It is
clear that G. mikimotoi has a harmful effect
on the survival of abalone. In the blooms of
unarmored dinoflagellate Gyrodinium aureolum
(= Gymnodinium cf. nagasakiense) which is
closely related to G. mikimotoi (Tangen 1977,
Partensky et al. 1989), a massive killing of shell-
fish has been recognized (Shumway 1990).
The bloom of G. aureolum killed various fauna
including some gastropods (Southgate et al.
1984).

Heterosigma akashiwo effect The present
study demonstrated that death of abalone H.
discus and S. diversicolor were observed at con-
centrations 10’ H. akashiwo cells/ml exposure
(Tables 1-2). Nagai et al. (1996) noted that an
exposure of the juvenile pearl oyster to 10° H.
akashiwo cells/ml did not show any detrimental
effect. Further, the shell growth response of
the mussel, Mytilus edulis was not inhibited by
exposure to H. akashiwo (Nielsen and Str¢ngrem
1991). We presume that H. akashiwo does not
affect survival of bivalve mollusks. However,
there are possible concern that gastropods are
affected by dense H. akashiwo red tide. Few

data are available for learning the harmful effect
of representative red tide organism Chattonella,
H. akashiwo, and Fibrocapsa japonica on shell-
fish. Further study is necessary to evaluate the
harmful effect of raphidophyte on marine motl-
lusks.

In the present study, vigorous avoidance
behavior and subsequent death of H. discus
and S. diversicolor were observed in both H.
circularisquama and G. mikimotoi exposure
although the detailed mechanism of gastropod
kills by these species was unclear. Thus, concern
for fisheries damage due to H. circularisquama
and G. mikimotoi showed not only for finfish
killing but also for damage to other commer-
cially important species including gastropods
such as abalone and top shell. The outbreaks
of red tide due to harmful algae frequently bring
about mortallities of marine organisms and
subsequently impact on the overall marine
ecosystem. In European coastal water, the
harmful dinoflagellate G. aureolum forms
blooms involving massive killing of finfish and
other invertebrates (Tangen 1977, Foster
1979). The killing of fauna by G. aureolum
bloom led to unexpected succession of seagrass
in Rochy shore, S. W. Ireland because primary
grazers such as gastropods were eliminated from
the shore (Southgate et al. 1984).  Further work
is necessary for understanding the impact of
harmful phytoplankton on the physiological
activity and survival of overall marine inverte-

brates and commonly structure.
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