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The relationship between Karenia mikimotoi red tide and the Kyucho in Uwajima Bay in autumn 2020
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A red tide of the harmful dinoflagellate Karenia mikimotoi occurred in Uwajima Bay from early Sep-

tember to mid-November 2020, the latest occurrence observed in this bay. Although genes of K. mikimotoi

had been detected since the winter, low water temperatures associated with the offshore shift of the Kuro-

shio Current and the existence of competing species apparently delayed its bloom. The Kyucho in mid- and

late-August potentially promoted the bloom by raising water temperature, dispersing competing species,

and supplying nutrients to the bottom layer. In addition, typhoons approaching in early September ap-

peared to have caused plankton to accumulate in the inner parts of Uwajima Bay by the west wind and to

have reduced the duration of sunshine, consequently promoting the bloom of K. mikimotoi.
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Fig. 1 Map of the study area in Uwajima Bay, Japan. Filled circles and triangle indicate the sampling stations of Karenia
mikimotoi and the meteorological station of Uwajima, respectively. Water temperature data were obtained by the buoys

deployed at Stns. Stb, Fkr (black stars) and U6.
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Fig. 2 Spatio-temporal variations in cell density of Karenia mikimotoi in Uwajima Bay. Sizes of circles indicate maximum
cell densities of water columns at sampling stations in each period.
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Fig. 3 Temporal changes in (a) daily average tempera-
ture (black solid line) and 30-year average (black
broken line), (b) daily precipitation (gray bars,
3-day running mean) and 30-year average (black
broken line), and (c) daily duration of sunshine (gray
bars, 3-day running mean) and 30-year average
(black broken line) at the meteorological station of
Uwajima, respectively.
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Fig. 4 Temporal changes in vertical distributions of (a) water temperature, (b) salinity, (c¢) turbidity, (d) DIN, (e) DIP, and
(f) DSi concentrations at Stn. U6 from May to October 2020. The blanks and black circles of (d)—(f) indicate missing data
and sampling depths, respectively. Arrows indicate the timing of the Kyucho.
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Fig. 5 Temporal changes in vertical distributions of
cell densities of (a) Karenia mikimotoi, (b) diatoms,
and (c) other flagellates at Stn. U6 from May to Oc-
tober 2020.
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Fig. 6 Temporal changes in cell density of Karenia mi-
kimotoi estimated by real-time PCR at Stn. U1-5.
“N.D.” on the vertical axis means not detected.
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Fig. 7 Temporal changes in distances between the
Kuroshio Current axis and Cape Ashizuri (black
solid line) and Cape Toi (gray broken line). The
black broken line indicates the average distance be-
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Fig. 8 Temporal changes in average daily water tem-
perature (a) at 5 m (black solid line) depth and its
30-year average (black broken line) at Stn. Stb and
(b) at 5m (black solid line) and 20 m (gray solid
line) depths at Stn. U6. Arrows indicate the timings
of water temperature increase. The empty and filled
circles indicate full and new Moon, respectively.
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Fig. 9 Temporal changes in water temperature at
20 m depth (black solid line) at Stn. U6, at 20 m
depth (gray solid line) at Stn. Stb and 50 m (black
double line) and 60 m (black broken line) depths at
Stn. Fkr.
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Fig. 10 Temporal changes in wind vectors at the meteorological station of Uwajima from September 1 to 8.
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Fig. 11 Schematic diagram of mechanisms of the Karenia mikimotoi red tide development in Uwajima Bay in 2020.
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