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Occurrence of hypoxic water mass and their drivers in Mikawa Bay, Japan

KAWASUMI Taiga”*, TSUGE Asataro *, and MATSUMURA Takaharu *

Abstract: This study investigated long-term trends and controlling factors of hypoxic water masses in
Mikawa Bay from 2000 to 2024. The results revealed a long-term expansion of hypoxic areas. Hypoxic areas
exhibit an earlier seasonal onset in June and a delayed dissipation after October, resulting in a prolonged
hypoxic period. Monthly analyses from June to October showed that expansions in July and September
particularly contributed to the long-term increase of hypoxic areas. Correlation analysis demonstrated strong
relationships between hypoxic area and physical factors—especially elevated surface water temperature,
reduced salinity, and enhanced vertical density stratification. Multiple regression analyses similarly identified
these physical factors as significant drivers of hypoxic variability. Moreover, hypoxic areas have shown a
strong negative correlation with Manila clam (Ruditapes philippinarum) harvests in recent years. While no
positive correlation was found between TN, TP and hypoxic area, no tendency for hypoxic areas to expand
with increasing nutrient levels was observed. These findings suggesting that increasing nitrogen and
phosphorus to support the recovery of suspension feeders such as Manila clams may be an effective measure

for mitigating hypoxic water masses in Mikawa Bay.
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Fig.1 Locations of the 24 observation stations in Mikawa Bay. Data used in this study were collected at

these stations.
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Fig.2 Long-term trends in average (A) and maximum (B) hypoxic water areas with less than 30% (A) and
10% (O)saturation in Mikawa Bay from 2000 to 2024. The z and p-values in the figure show the results

of the Mann-Kendal| test.
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Fig. 3 Long-term trends in monthly hypoxic water areas with less than 30% saturation in Mikawa Bay from
June to October during 2000 to 2024. The solid circle indicates the maximum hypoxic water areas for each

year. The z and p-values in the figure show the results of the Mann-Kendall| test.
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Table 1 Correlation coefficients between the
mean area with DO saturation below 30% from July
to September in each year and the monthly areas
with DO saturation below 30%.

Jun. Jul. Aug. Sep. Oct.

Jul.-Sep.  0.46 0.74 0.65 0.79 0.43
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Fig. 4 Long-term trends of hypoxic layer thickness with less than 30% saturation at A5 from 2000 to 2024.

The z and p-values in the figure show the results of the Mann-Kendal| test.
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Table 2 Correlation coefficients between the area of hypoxic water masses with DO saturation below 30%

in Mikawa Bay and various environmental factors

Density Density

Month TN TP temv;\)’Z::;ure Salinity  Transparency COD Chlor:phy" TI\??K:SO,"IQS) TF?(()E;T%) Difference Difference
(A5) (K5)
Jun. 0.02 -0.24 0.44 0.05 0.21 0.01 -0.19 -0.06 -0.04 -0.02 0.11
Jul. 0.21 0.17 0.33 -0.43 -0.46 0.46 0.39 0.04 0.31 0.50 043
Aug. 0.11 -0.39 0.07 -0.25 0.17 -0.16 0.11 0.12
Sep. -0.15 -0.29 0.42 -0.12 0.20 -0.32 0.06
Oct. -0.28 -0.11 0.27 0.24 0.06 0.01 -0.12 0.03 0.25 -0.07 -0.14
Jul.—Sep. 0.01 -0.39 0.28 - -0.29 0.33 0.09 0.08 0.23 0.47
Jun.,Oct. -0.28 -0.25 0.43 0.07 -0.04 0.14 -0.08 -0.15 -0.01 0.19 0.18

Table 3 Multiple regression analysis results
for the area of hypoxic water masses with DO
saturation below 30% in Mikawa Bay in June and

October and related environmental factors

Jun., Oct
Variables Coefficient t value p value
Estimate SE
(Intercept) -135.378 67. 093 -2.018 p <0.05
Surface water temperture 7.288 2.954 2.467 p < 0.05

Table 4 Multiple regression analysis results
for the area of hypoxic water masses with DO
saturation below 30% in Mikawa Bay from July to

September and related environmental factors

Jul. -Sep.
Coefficient
Variables t value p value
Estimate SE
(Intercept) -32. 033 28.459 -1.126 0. 264
Bottom TP (A5, K5) 1. 462 0.457 3.196 p <0.01
Density Difference (A5) 18.371 3.071 5.983 p < 0.01
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Fig. 5 Scatter plots of estimated and observed values obtained from multiple regression analysis for the

area of hypoxic waters with DO saturation below 30% in Mikawa Bay for (A) June and October and (B) July

to September. The dotted line in the figure indicates the regression |ine.
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Fig.6 Long-term trends in (A) annual average surface water temperature from June to October, (B) annual

average surface salinity from June to October in Mikawa Bay, (C) annual average density difference between

the surface and bottom layers at stations A5 and K5 from June to October, (D) annual average river

discharge of the Toyogawa and Yahagi Rivers from June to October, (E) annual fishery catches of clams in

Aichi prefecture and (F) summertime (July-September) average hypoxic water areas with DO saturation below
30%, from 2000 to 2024. The z and p-values in the figure show the results of the Mann-Kendall test
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