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Figure 1 Main mechanisms of ocean carbon sequestration and their synergistic effects. (a) Mechanisms of MCP, BCP and CCP; (b) synergistic effects

of MCP with BCP and CCP
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The ocean, being the largest carbon reservoir on the Earth surface, plays an irreplaceable role in regulating climate change
and also has great potential for negative emissions. Here, we briefly review the ocean carbon storage processes and
mechanisms that have been recognized to date, including the solubility pump (SP), carbonate counter pump (CCP),
biological carbon pump (BCP), and microbial carbon pump (MCP). However, several scientific questions remain: How is
the huge dissolved organic carbon pool in the ocean formed? What are the biogeochemical processes and regulatory
mechanisms of the ocean carbon sink? How are they involved in regulating climate change? Three scientific hypotheses are
thus proposed: The MCP is the main mechanism responsible for the formation of the oceanic organic carbon pool; the
spatial and temporal partitioning of the MCP and the BCP substantially regulates the carbon source-sink patterns; the MCP
amplifies the climate effects induced by changes of the Earth’s orbital parameters. Synthesis of the three hypotheses on
spatial and temporal scales can lead to a more general scientific hypothesis: The MCP is a two-way regulator of climate
change, that is, it can both accumulate an ocean carbon sink under a high CO, environment and thus slow down global
warming and also release CO, after an “ice age” contributing to the return of a warm world.

Toward address these hypotheses, the following research contents should be conducted: (1) The roles of key microbial
functional groups in representative marine environments and their contributions to marine carbon sink, including
production, decomposition, transformation, and sequestration of dissolved and particulate organic carbon; (2) the
evolution, physical-biogeochemical regulation, and environmental effects of carbon source-sink patterns in the China Seas,
including the quantification of the sea—atmosphere CO, flux and its evolution at marginal seas, the physical and
biogeochemical processes and mechanisms controlling the carbon cycle and a comparison of BCP, MCP, and the impacts of
carbon cycling processes on eutrophication, acidification, and anoxia formation; and (3) the responses and feedbacks of
ocean carbon sinks to climate change, linking the changes in ocean carbon pools with the ice age cyclone, exploring
boundary conditions for MCP, BCP, and CCP processes toward potential maximum outputs of carbon sequestration.

We recommend working toward integration of the coupled carbon storage mechanisms of MCP, BCP, and CCP through
cross-disciplinary research, which would overcome the limitation of considering only individual carbon storage
mechanisms and facilitate maximization of ocean carbon storage. For example, the coating and aggregation effects of
RDOC on POC shows the synergistic effects of MCP with BCP; the role of RDOC as condensation nuclei and the increase
of alkalinity during microbial processes shows the synergistic effects of MCP with BCP; the sinking and production of
CaCO; of Coccolithophores and Foraminifera shows the synergistic effects of BCP with CCP. Simultaneously, a
theoretical system of ocean carbon storage based on the concepts of ecological balance and sustainable development will
form and may serve as a key to interpreting climate change and an effective way to understand the past and predict the
future of global climate.

biological carbon pump, microbial carbon pump, carbonate counter pump, carbon neutralization, ocean negative
carbon emission, marine carbon sink
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