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            Abstract
About one-third of the carbon dioxide (CO2) released into the atmosphere as a result of human activity has been absorbed by the oceans1, where it partitions into the constituent ions of carbonic acid. This leads to ocean acidification, one of the major threats to marine ecosystems2 and particularly to calcifying organisms such as corals3,4, foraminifera5,6,7 and coccolithophores8. Coccolithophores are abundant phytoplankton that are responsible for a large part of modern oceanic carbonate production. Culture experiments investigating the physiological response of coccolithophore calcification to increased CO2 have yielded contradictory results between and even within species8,9,10,11. Here we quantified the calcite mass of dominant coccolithophores in the present ocean and over the past forty thousand years, and found a marked pattern of decreasing calcification with increasing partial pressure of CO2 and concomitant decreasing concentrations of CO32âˆ’. Our analyses revealed that differentially calcified species and morphotypes are distributed in the ocean according to carbonate chemistry. A substantial impact on the marine carbon cycle might be expected upon extrapolation of this correlation to predicted ocean acidification in the future. However, our discovery of a heavily calcified Emiliania huxleyi morphotype in modern waters with low pH highlights the complexity of assemblage-level responses to environmental forcing factors.
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                    Figure 1: 
                        Relationships between coccolith mass and carbonate chemistry.
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Figure 2: 
                        Variation of coccolith mass, species composition and CO
                        
                        2
                         concentration over the last 40â€‰kyr.
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Figure 3: 
                        Physico-chemical and coccolithophore variability along an eastâ€“west acidity gradient in the south-east Pacific.
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        Editorial Summary
Phytoplankton response to ocean acidification
The nature of the response of calcifying organisms, such as coccolithophores, to ocean acidification as a result of increasing atmospheric carbon dioxide is key to predictions of the future carbon cycle and its feedback on anthropogenic change. Laboratory experiments shed little light on the matter as they usually follow the response of a selected strain to just a few changed parameters. By analysing both contemporary surface water samples and fossil sediment cores, Beaufort et al. show that an increase in dissolved CO2 causes a decrease in calcification rates, and that the abundance of heavily calcified coccolithophore morphotypes is dependent on carbonate chemistry. The surprising discovery of heavily calcified Emiliania huxleyi in modern waters with low pH, however, indicates the complexity of the marine response to increasing CO2.
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