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Heterocapsa circularisquama
H. circularisquama

Physiological and ecological studies on harmful dinoflagellate Heterocapsa circularisquama -
Clarification on toxicity of H. circularisquama and its mechanisms causing shellfish kills

Yukihiko MATSUYAMA

Abstract Heterocapsa circularisquama Horiguchi (Dinophyceae) is a causative agent of
red tide organism, appeared in 1988 in first time and then rapidly dispersed off the coastal
waters of western Japan. The red tide due to H. circularisquama was associated with mas-
sive killing of commercially important bivalve species: pearl oyster Pinctada fucata
martensii, Pacific oyster Crassostrea gigas, manila clam Ruditapes philippinarum, blue
mussel Mvytilus galloprovincialis, etc. Until 2000, 31 cases of H. circularisquama red tide
(including 16 incidences leading to fisheries damage) had been recorded in western Japan.
Economic losses in shellfish aquaculture by direct killing of marketable products were es-
timated about at least 10 billion-yen in the last decade. Although the recurrent blooms of
H. circularisquama had damaged the shellfish aquaculture, no harmful effects on wild
and cultured finfish, other marine vertebrates, and public health hazard were recorded.
Therefore, this phenomenon is referred to as "novel red tide." The red tide due to H.
circularisquama has devastates shellfish aquaculture in most of the region, in terms of
mass mortality in farming organism, cost of measures to prevent the damage, adversely
affects the development of shellfish aquaculture, and secondary damage, i.e. decline of de-
mand due to misinformation. Incidence of this species has increased recently, and the eco-
nomic losses in aquaculture have been a cause for concern for the industry and society. In
the present study, mechanism of damage caused to shellfish aquaculture, toxicity of the
organism were conducted, in order to clarify the mechanism to be causing shellfish death
due to H. circularisquama red tide.

In field observations, pearl oysters exposed to 4,000-6,000cells/mL of H.
circularisquama resulted in death within several days although the level of dissolved oxy-
gen was not critical for their survival. The dead individuals were characterized by various
negative symptoms: valve closure, marked shrinkage of the mantle, decrease of glycogen
lobe attached to the mantle, gut discoloration, cardiac disorder, paralytic etc.. The symp-
toms caused by the H. circularisquama exposure clearly showed a potent cytotoxic effect
on bivalve physiology. The consist cytotoxicity to the bivalve molluscs was also confirmed
in laboratory-reared experiment. Further, laboratory exposure experiments revealed that
various marine animals such as bivalves, gastropods, ascidians, jellyfish, ciliates, and
some naked phytoflagellates are affected by H. circularisquama unlike vertebrates, crus-
taceans, starfish, and sea urchins, and mouse.
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According to survival experiments using various culture condition of H.
circularisquama, toxicity of H. circularisquama on the mussel were increased in the high
water temperature and high salinity culture conditions, but markedly decreased in nitro-
gen-limited conditions. These results suggested that toxicity of this dinoflagellate was
considerably affected by environmental conditions in nature. Further, comparative stud-
les on toxicity of H. circularisquama cells showed that toxicity of this algae clearly varied
among strains which isolated from various locatities in Japan.

The toxicity of H. circularisquama to bivalves molluscs was clearly mediated by a
chemical agent. The toxic effect of H. circularisquama on bivalves was not due to
extracellular metabolites, cell exudates, and "naked cells" prepared by sonication and cen-
trifugation. Furthermore, SDS (sodium dodecyl sulfate), triethanolamin, and trypsin
treatments were found to decrease drastically the toxicity of H. circularisquama cells.
The metabolism inhibitor for protein and glycochains also reduced the toxicity of H.
circularisquama. Therefore, labile glycoprotein-like complex localized on the cell surface
of H. circularisquama presumably exerts a detrimental effect on bivalves. Furthermore,
H. circularisquama did not affect on the anterior byssus retractor muscle of the mussel
M. galloprovincialis but significantly affects on the radula retractor muscle of rapa whelk
Rapana venosa, having various chemical receptors against peptide and other related sub-
stances. These results indicated that H. circularisquama does not synthesize monoamines
such as dopamine and acetyl-cholin, alternating bivalve physiology. Some bivalve species
resulted in gill damage and cardiac disorder in early periods of the exposure experiment.
Histological study on manila clam exposed to H. circularisquama demonstrated that
marked collaps of the mitocondria and muscle fiber occurred in several minuts. This is
considered as a potencial factor causing short-term death in shellfish species. Further, H.
circularisquama showed lethal effects on the early stage of bivalve species. Exposure of H.
circularisquama to non-fertilized eggs of bivalve causes rapid collapse of vitelline envelope
of eggs. These results indicated that a receptor destroying enzyme or related substances
in the cell surface of H. circularisquama is the causative agent of shellfish kills. Further,
affected larval stage of R. philippinarum by the H. circularisquama showed drastic in-
creases of intracellular calcium concentration. Therefore, detrimental effects of H.
circularisquama cells to the targeted organs (gills and mantle etc) led significant increases
the concentration of intracellular calcium at critical level, that is probably brought about
collapse of bivalve homeostasis.

The toxicity of H. circularisquama can easily lost by the simple mechanical disturbance
such as centrifugation of their cells. Further, the toxicity of H. circularisquama cells has
been dropped by gently treatments of SDS (sodium dodecyl sulfate), triethanolamine, and
trypsin. These detoxicated cell are readily cleared by the filter-feeding bivalve without
any negative responses. Therefore, physiological and chemical treatments can be apply to
prevent the detrimental effect of H. circularisquama in future. However, widespread ap-
plication of these procedures for marine environments may exert a secondary harmful ef-
fect on the other valuable aquatic organisms. It is necessary to improve the economically
cost and to asses risk management. Biological control of H. circularisquama; 1. e. diatoms
growth promoting due to silicate conditioning in coastal waters and clearances of H.
circularisquama cells by the other filter-feeder such as dense population of ascidians is
likely to be low cost and environmentally acceptable techniqus for mitigation in future.

Key words: Heterocapsa circularisquama, dinoflagellate, bivalve, mortality, toxicity
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K. mikimotot
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50

Fig. 2. Light and electon micrographs of the dinoflagellate Heterocapsa circularisquama Horiguchi. 1: Light
micrograph (Scale bars 10p m). 2: Scanning electon micrograph (Scale bars 5y m). 3: Transmition electon
micrograph. autolysosome (al), chloroplast (c), endosynbiosis (b), nucleus (n), pyrenoid (py), starch grain (s).



Fig. 3. The red tide of the Heterocapsa circularisquama occurred in Etajima Bay, a small branch of the
Hiroshima Bay, in September 1997
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Fig. 4. Photographs of dead shellfish species during Heterocapsa circularisquama red tide. 1: Kochi News Paper
reported a red tide and associated catastrophic death of farming manila clam Ruditapes philippinarum in
Uranouchi Bay, 1988. 2-3: Dead pearl oyster Pinctada fucata martensii in Ago Bay, 1992. 4-5: Dead shellfish: mus-
sel Mytilus galloprovincialis, razor clam Solen strictus, manila clam R. philippinarum etc. due to red tide of H.
circularisquama (Fukuoka Bay, 1989, photograph is provided by Y. Tanaka) in Fukuoka Bay, 1989. 6: Dead ma-
nila clam in Hiroshima Bay, 1998. 7: Dead mussels M. galloprovincialis in Hiroshima Bay, 1998.
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Fig. 5. Occurrences of Heterocapsa circularisquama in the western Japan. Numbers in the map are referred

to Table 2
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Table 2. Records of shellfish
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Chattonella

Karenia mikimotoi

species damage due to Heterocapsa circularisquama red tide in western Japan

Date| Shellfish species affected Notes Occasion Reference
1988 | Ruditapes philippinarum | 1560 ton losses Uranouchi Bay
1989 | Crassostrea gigas Fukuoka Bay Yamamoto and Tanaka (1990)
Mactra chinesis
Mpytilus galloprovincialis mass mortality
Ruditapes philippinarum
Solen strictus
1992 | Pinctada fucata 30-90% mortalities Ago Bay Matsuyama et al. (1995)
loss of 18 million individuals
Crassostrea gigas
Mpytilus galloprovincialis mass mortality
Chlamys nobilis
1993 | Ruditapes philippinarum | 50-90% decrease of harvest Lake Hamana
Crassostrea gigas mass mortalities
1994 | Pinctada fucata 40-90% mortalities in areas with Ago Bay Matsuyama et al. (1996)
extensive assemblages
1994 | Pinctada fucata mean 65.4% mortality in 2 years old |Kusu-ura Bay | Yoshida and Miyamoto (1995)
individuals
Ruditapes philippinarum | mean 69.5% mortality, 100 ton losses
Crassostrea gigas
Solen strictus
Mactra veneriformis
Musculista senhousia mass mortality
Anomalocardia aquamosus
Dosinorbis japonica
Glossaulax didyma
1995 | Pinctada fucata 9-36% mortality Ago Bay
Crassostrea gigas 36-68% mortality, 610 ton losses Hiroshima Bay | Matsuyama et al. (1997)
Ruditapes philippinarum 70% mortality, 210 ton losses
Mpytilus galloprovincialis | 10-55% mortality
1996 | Pinctada fucata mass mortality Ago Bay
losses of 1.5milion individuals
1997 | Pinctada fucata Obama Bay

1998

1999

Crassostrea gigas
Mpytilus galloprovincialis

Crassostrea gigas
Mpytilus galloprovincialis
Sulculus diversicolors
Ruditapes philippinarum
Ruditapes philippinarum
Crassostrea gigas
Mactra veneriformis
Crassostrea gigas
Ruditapes philippinarum

Atrina pectinta

Haliotis discus

} mass mortality

mass mortality in spat and adult
75% mortality in assemblage area
mortality in natural population
210 ton losses

90% decrease of spat yield
considerable mortality

30-98% mortality

ca. 5,000 ton losses
50-90% mortality
considerable mortality

5,100 individuals dead

Hiroshima Bay

Buzen Sea

Suo-nada

Hiroshima Bay

Suo-nada

Wakinoura Port

Etoh et al. (1997)

The data sets were obtained from Fishery Regulation Office, Fisheries Agency of Japan
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Table 3.(1/2) Records of damage to shellfish species (bivalves and gastropods) due to red tides associated
with harmful algae in western Japan (1973 1986)

Date| Shellfish species affected Notes Occasion Causative taxa
1973 | Meretrix lusoria 6 ton losses Fuku-ura Bay Karenia mikimotot
1975| Crassostrea gigas 30% losses (deoxygenation) |Hiroshima Bay Prorocentrum
1976 | Haliotis discus 12 ton losses Wakayama Coast | Karenia mikimotot
Sulculus diversicolor Prorocentrum
Turbo (Batillus) cornutus Ceratium furca
Polykrikos
1977| Pinctada fucata 3 million individuals dead Tanabe Bay Karenia mikimotot
1979 | Ruditapes philippinarum 3,416 ton losses Buzen Sea Karenia mikimotot
1980| Haliotis discus 1,192 kg losses Katsu-ura Coast |Karenia mikimotot
Turbo (Batillus) cornutus 265 kg losses
Sulculus diversicolor 64 kg losses
Chlamys nobilis 60 kg losses
1981 | Sulculus diversicolor 95.8.kg losses Nyuzu Bay Karenia mikimotot
Haliotis discus 25.4 kg losses Heterosigma akashiwo
Prorocentrum
small flagellates
Sulculus diversicolor 2,000 individuals dead Asai Bay Karenia mikimotot
1982 | Haliotis discus 11.3 ton losses Buzen Sea Karenia mikimotot
Ruditapes philippinarum 219.2 ton losses
Fulvia mutica 18.5 ton losses
1983 | Ruditapes philippinarum 2 ton losses Nyuzu Bay Prorocentrum
1984 | Pinctada fucata 6.6 million individuals dead |Kumano Nada Karenia mikimotot
Chlamys nobilis 3.1 million individuals dead
Sulculus diversicolor 10,710 individuals dead
Haliotis discus 7.4 ton losses
1985 | Ruditapes philippinarum 1,550 ton losses Suo Nada Karenia mikimotot
Turbo (Batillus) cornutus
Sulculus diversicolor
Haliotis discus 3,720 ton losses
Fulvia mutica
Meretrix lusoria
Haliotis discus Moji Port Karenia mikimotoi
Turbo (Batillus) cornutus } mass mortality
Sulculus diversicolor
1986 | Haliotis discus mass mortality Kariya Bay Karenia mikimotoi

Turbo (Batillus) cornutus

Pinctada fucata

Haliotis discus

Sulculus diversicolor
Turbo (Batillus) cornutus

2.7 ton losses
200 kg losses

mass mortality

Bungo Channel

Karenia mikimotoi

The data sets were obtained from Fishery Regulation Office, Fisheries Agency of Japan
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Table 3. (2/2) Records of damage to shellfish species (bivalves and gastropods) due to red tides associated

with harmful algae in western Japan (1973 1986)

Date| Shellfish species affected Notes Occasion Causative taxa
1988 | Turbo (Batillus) cornutus 900 kg losses Tachibana Bay |Karenia mikimotoi
Turbo (Batillus) cornutus 1 ton losses
Haliotis discus 227 individuals dead
1989 | Haliotis discus 13.4 ton losses Beppu Bay Karenia mikimotot
Turbo (Batillus) cornutus 10.9 ton losses
Ruditapes philippinarum 6.7 ton losses
Solen strictus 900 kg losses
Scapharca broughtonii mass mortality Yatsushiro Sea | Karenia mikimotot
1990| Crassostrea gigas mass mortality Buzen Sea Ceratium furca
1991 Pinctada fucata 22,220 individuals dead Tsukumi Bay | Noctiluca scintillans
1992 | Haliotis discus mass mortality Fukuoka Bay Karenia mikimotot
Pinctada fucata 2.9 ton losses Uwa Sea Gonyaulax polygramma
Chlamys nobilis 676 kg losses
1995| Ruditapes philippinarum Harima Nada Karenia mikimotot
Haliotis discus } mass mortality
Turbo (Batillus) cornutus
Turbo (Batillus) cornutus mass mortality Yoshimi Port Karenia digitata
Sulculus diversicolor
Haliotis discus mass mortality Hagi Coast Heterosigma akashiwo
1996 | Turbo (Batillus) cornutus 30 kg losses Tki Island Noctiluca scintillans
Haliotis discus 14 kg losses
Haliotis discus 80% mortality Usuki Bay Karenia mikimotot

The data sets were obtained from Fishery Regulation Office, Fisheries Agency of Japan
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Partensky et al., 1988; Na-
gasaki et al., 1991; Suzuki and Ishimaru, 1992
Matsuyama et al. 1998b K.
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Matsuyama et al. 1998b
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K. mikimotoi
Hansen et al., 2000
1935 K. miki-

motol 65

Hansen et al., 2000
K. mikimotoi
G. aureolum Gyrodinium aureolum

Gymnodinium cf. nagasakiense

Fig. 6. Photomicrograph of the dinoflagellate Karenia mikimotoi and associated shellfish death in relation
to massive red tide. 1: Photomicrograph. 2: Dead manila clam Ruditapes philippinarum during the red tide
ocurred in Buzen sea, western Seto Inland Sea, 1985 (see Table 3). 3: Dead Pacific oyster Crassostrea gigas
during K. mikimotot red tide (Hiroshima Bay, 2002). 4: Dead blue mussel Mytilus galloprovincialis during
K. mikimotoi red tide (Hiroshima Bay, 2002).
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Fig. 7. Locations of sampling stations in Ago Bay

Fig. 8. The pearl oyster farming at Station B, in Ago Bay
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Fig. 9. Mortality of pearl oyster Pinctada fucata martensii after the summer red tide and mean

Heterocapsa circularisquama cell density (20-28 August, 1992)

Table 4. Behavior and synptoms of the pearl oyster Pinctada fucata martensii during
the bloom priods of Heterocapsa circularisquama in Ago Bay, 1992

Symptoms

Heterocapsa circularisquama cells/mL

Valve closure

Clapping

Decreases of cardiac activity

Decreases of glycogen branch

Shell growth suspension

Gut discoloriation (dark brown to orange)
Shrinkage of mantle edge

Paralysis

Death

50 200

50 200
1000
200 1000
200 1000
1000 2000
1000 2000
1000 2000
2000

1901
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, 2001



