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Tab. 1 Advantages and disadvantages of the primary detection methods for determining marine phytoplankton primary
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Tab. 2 Advantages and disadvantages of the primary detection methods for determining marine phytoplankton carbon
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Abstract: Phytoplankton are major primary producers in marine ecosystems, supporting marine food webs, bio-
logical pumps, and elemental cycles (carbon, nitrogen, and silicon cycles). Therefore, elemental cycles and energy
flow in marine ecosystems are closely related to phytoplankton growth and metabolism. The marine carbon (C)
cycle is key to the global C cycle and an important part of the biogeochemical cycle. Although phytoplankton plays
a critical role in the marine C cycle, the direct determination of phytoplankton primary productivity and C biomass
remains limited to traditional methods. In this review, various methods associated with phytoplankton primary pro-
ductivity and C biomass estimation are discussed in detail, along with their respective advantages and disadvantages.
Currently, the main methods for determining the primary productivity of marine phytoplankton include the
black-white bottle method, remote sensing estimation method, C isotope determination, and fast repetition rate
fluorescence method (FRRF). The primary methods for determining the C biomass of marine phytoplankton include
cell volume conversion, flow cytometry, electron probe X-ray microanalysis, and quantile regression model estima-
tion. Through comparative analysis, we established that combining the C isotope and FRRF method can determine
primary productivity more efficiently, while the most promising method for C biomass detection was quantile re-
gression model estimation. This regression model has the advantages of fitting outliers and providing accurate
measurement results, including C biomass estimations for phytoplankton communities and each functional group in
the field. The approach can also be combined with satellite remote sensing technology to estimate biomass on a
large scale and for a prolonged period. Although this review offers a basic and systematic understanding of phyto-
plankton primary productivity and C biomass analysis, it provides a valuable reference for future research on the

role of phytoplankton in the marine and global C cycles.
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