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�)�L�J�����,������ Summary of the carbon cycle in the ocean. After dissolving in the ocean, CO2 is found in three main 

forms of DIC (CO2, CO3
2-, HCO3

-). DIC is converted to organic carbon by phytoplankton photosynthesis in the 

upper ocean. Large fraction of organic carbon is respired by heterotrophic respiration and returned to the 

atmosphere, while only 25% sinks into the interior of the ocean (Falkowski et al., 1998; Laws et al., 2000). This 

vertical transport of organic carbon is known as “soft-tissue pump” (Volk and Hoffert, 1985). Besides converted 

to organic carbon, minor component of DIC in the surface layer are utilized by phytoplankton and zooplankton 

to form CaCO3 shells, which sink into the deeper ocean. Half of the CaCO3 in the deep ocean is re-dissolved 

and joins the DIC pool (known as “carbonate pump”; Milliman, 1993), while the other half buries in the deep 

sediments. The soft-tissue combined with carbonate pumps are the full “biological pump” (Volk and Hoffert, 

1985; Marinov and Sarmiento, 2004). Additionally, “solubility pump” also contributes to the higher DIC 

concentration in the ocean interior. “Solubility pump” is the process that cool and dense water mass (especially 

in the North Atlantic and in the Southern Ocean confluence) controls the sequestration of atmospheric CO2 in 

the ocean interior (Falkowski et al., 2000), since CO2 is more soluble in cold and high salinity water. Figure is 

taken from Prentice et al. (2001).  

 

Most of the DOM is respired to CO2 by heterotrophy respiration, while a fraction is assimilated by 

organisms and returned into the food chain (Fig. I.3). The sinking aggregates, e.g., fecal pellets, 

macroaggregates and marine snow, are a dominate vehicle for exporting organic matter to the  


