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Fig.1 Time series of maximum cell density of K. mikimotoi in summer from 2022 to 2025
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Imari Bay is a highly enclosed inland bay located on the border between Saga and Nagasaki prefectures in
northern Kyushu, Japan. Marine aquaculture of species such as tiger pufferfish is thriving here, but mass
mortality caused by harmful algal blooms (HAB) dominated by dinoflagellate Karenia mikimotoi (hereafter
K. mikimotoi) in the summer has become a major problem. Figure 1 shows a time series of maximum cell
density in the inner bay from the summer of 2022 to 2025. Cell density gradually increased from early
June and in 2022 and 2025, it exceeded 500 cells/mL (red line in the figure), the cell density defined as a
red tide, from late June to early July, whereas in 2023 and 2024 they began to decrease during the same
period. In this study, we used 4-yaer field observation data and numerical simulations using particle
tracking methods to examine the environmental regulations that influenced the occurrence or
non-occurrence of HABs.

Data analysis of the 4-year field observation suggested that HAB-occurrence years were characterized by
weaker mean currents and less active seawater exchange compared to non-occurrence years. This was
likely due to low river discharge and different wind patterns. Furthermore, it was suggested that favorable
underwater light environment also contributed to HAB occurrence. To further examine the influence of
these environmental factors on HAB occurrence, we conducted numerical experiments using a particle
tracking method that took into account the diurnal vertical migration and biological changes. Results
indicated that particles tended to remain in the initial proliferation area in occurrence years, whereas in
non-occurrence years, outflow from the initial proliferation area increased with decreasing salinity. This
suggests that enhanced density currents induced by the increase in river water inflow enhanced seawater
exchange and suppressed HAB occurrence. Furthermore, the proliferation rate of K. mikimotoi was higher
in occurrence years than in non-occurrence years, likely due to favorable underwater light environment to
which particles were exposed. The results of the observations and numerical experiments confirmed that
enhanced retention and favorable light environments are important environmental regulation contributing
to HAB occurrence in Imari Bay.
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