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Red tide and seasonal occurrence of the harmful raphidophyte Heterosigma akashiwo in Hakodate Bay, Hokkaido
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Seasonal sampling at the Hakodate Bay, Hokkaido, from April to November 2018 revealed the occurrence of the harmful
raphidophyte, Heterosigma akashiwo, detected first in early July at a density of 5 cells mL-!, which subsequently increased
rapidly until mid-July, with the maximum density reaching 6,000 cells mL"'. H. akashiwo was observed until August at low
densities (< 1 cells mL") and not detected from September to November. When H. akashiwo occurred in high density, surface
water temperature ranged from 14.8°C to 18.1°C, which was reported to be the optimal growth temperature for H. akashiwo
in culture experiments. Lower salinity (< 30) at the surface layer, caused by precipitation, was observed in Hakodate Port
when the density of H. akashiwo increased rapidly. A red tide of H. akashiwo was observed in Hakodate Bay in mid-July
2018. Fish mortality was not reported during the occurrence of the red tide, even at the maximum cell density (113,000 cells
mL") in the bay. Some other red tide-causing species that are lethal for fishes, such as Fibrocapsa japonica, were detected
from July to November. Thus, continuous monitoring of harmful flagellates is important in the Hakodate Bay, to detect the

occurrences of harmful red tides.
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Fig.1 Microphotographs of (A) Heterosigma akashiwo, (B) Eutreptiella sp., (C) Karenia mikimotoi, (D) Fibrocapsa japonica, (E)
Pseudochattonella verrculosa, (F) Dictyocha sp., (G) Scrippsiella sp., and (H) Akashiwo sanguinea observed during the
red tide in Hakodate Bay in July 2018. All microphotographs were taken with an inverted, differential interference
contrast microscope. The scale bar (black line) indicates 20 pm.

Table 1 Fishery damages, worth over 20 million yen, caused by the Heterosigma akashiwo red tide in western Japan.
A t of da A tof da
Year Sea areas Fisheires style Mortality species (113332) i(l)’l divi:n;ii (rrlllilll(;)lr? }(/)en) fnage
1974  Bungo Channel aquaculture  Yellowfish 7 70
1975  Harima-Nada aquaculture  Yellowfish 3 88
1988  Tosa Bay aquaculture  Amberjack etc. 0.15 28
1995  Kagoshima Bay  aquaculture  Yellowfish etc. 71 1,000
1997  Tosa Bay aquaculture  Amberjack etc. 11 258
Sea b juvenil
2001  Tosa Bay aquaculture eteca FEATLUVERTE 560 64
2001  Kagoshima Bay  aquaculture =~ Amberjack etc. 7.8 135
Kitaura Bay .

201 t A k etc. 1.

010 (Miyazaki Pref.) aquaculture mberjack etc 0 30
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Fig.2 Location of the sampling sites. Open triangle shows

the sampling site (St. A) for regularly sampling, and
open triangles show the sampling site for the
extraordinary sampling.
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Fig.3 Seasonal change in Heterosigma akashiwo cell density
at depths of 0 and 5 m in St. A from April to
November 2018.
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Fig.4 Seasonal changes of in (A) water temperature (°C), and (B) salinity at depths of 0 and
5 min St. A from April to November 2018.

Table 2 Dominant phytoplankton species and their densities (figure in parenthesis) recorded during the
red tide in Hakodate Bay in mid-July 2018.

First dominant species

Second domonant species

Date Station 1 1
(cells mL ) (cells mL )
July 13 St. A Heterosigma akashiwo (6,000) Eutreptiella sp. (400)
St. 1 H. akashiwo (4,700) Scrippsiella spp. (40)
July 19 St. 2 H. akashiwo (38,000) Eutreptiella sp. (2,000)
St. 3 H. akashiwo (113,000) Scrippsiella spp. (60)
St. 4 H. akashiwo (86,000) Akashiwo sanguinea (330)
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