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Fig.2 Long-term changes in nutrients, stoichiometric ratios, and occurrences of harmful algae blooms
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Abstract: Recently, anthropogenic nitrogen (N) and phosphorus (P) loadings in coastal seas have significantly in-
creased, seriously impacting the environmental evolution of coastal areas, thereby gaining the widespread attention
of scientists and local governments. In addition to the elevated abundances of N and P in the coastal zones, the
stoichiometric imbalance of these nutrients could play an important role in stimulating environmental changes.
However, the detailed influence of terrestrial N and P and their unbalanced nutrient ratios on marine ecosystems has
been poorly documented. In this study, terrestrial nutrient inputs were analyzed from rivers, submarine freshwater
and groundwater discharge, atmospheric deposition, water—sediment benthic flux, and water exchange to coastal
seas. We reviewed the key biogeochemical processes controlling N and P transport and retention in the coastal areas,
highlighted the unbalanced nutrient and P depletion, and explored the ecological influence of imbalanced N and P
structures on the ecosystem. In the future, a multiapproach strategy is required to identify the contributions of dif-
ferent interfaces on the N and P concentrations, forms, and distributions. Additionally, a theoretical framework for
reducing N and P loadings should be developed based on the land—sea coordination. Within this context, studying
the response of terrestrial N and P in the coastal sea would improve the understanding of regional ecological pat-
terns and provide a scientific foundation for marine ecological research and management. Addressing these scien-

tific problems would offer a key basis for preventing and controlling environmental issues in coastal seas.
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