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In this study, we conducted a detailed investigation into the changes in the
marine environment related to ocean deoxygenation. Analysis of observational data from the past
half-century and Earth system model results revealed that Earth system models generally
underestimate ocean deoxygenation in the North Pacific. Numerical calculations showed that
refractory dissolved organic matter, which constitutes a significant portion of the carbon in the
ocean, contributes to some extent to the long-term progression of ocean deoxygenation. For the first
time, we comprehensively analyzed marine biological indicators in both the eastern and western
North Pacific, finding that bottom fish are decreasing in both regions, suggesting that ocean
deoxygenation may be influencing this decline. Additionally, we clarified the distribution of ocean
deoxygenation around Japan, suggesting that it could impact several fish species in the future.
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