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            Abstract
Anthropogenic carbon dioxide has been accumulating in the oceans, lowering both the concentration of carbonate ions and the pH (ref.Â 1), resulting in the acidification of sea water. Previous laboratory experiments have shown that decreased carbonate ion concentrations cause many marine calcareous organisms to show reduced calcification rates2,3,4,5. If these results are widely applicable to ocean settings, ocean acidification could lead to ecosystem shifts. Planktonic foraminifera are single-celled calcite-secreting organisms that represent between 25 and 50% of the total open-ocean marine carbonate flux6 and influence the transport of organic carbon to the ocean interior7. Here we compare the shell weights of the modern foraminifer Globigerina bulloides collected from sediment traps in the Southern Ocean with the weights of shells preserved in the underlying Holocene-aged sediments. We find that modern shell weights are 30â€“35% lower than those from the sediments, consistent with reduced calcification today induced by ocean acidification. We also find a link between higher atmospheric carbon dioxide and low shell weights in a 50,000-year-long record obtained from a Southern Ocean marine sediment core. It is unclear whether reduced calcification will affect the survival of this and other species, but a decline in the abundance of foraminifera caused by acidification could affect both marine ecosystems and the oceanic uptake of atmospheric carbon dioxide.
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                    Figure 1: Location of Holocene core-top samples, sediment-trap mooring and sediment core GC17 used in this study.


Figure 2: SAZ Holocene core-top (filled circles) and average flux-weighted sediment-trap shell weights (open squares) for G. bulloides.


Figure 3: G. bulloides shell weight and shell flux for 47âˆ˜â€‰S sediment trap at 2,000â€‰m below sea surface and the distribution of individual G. bulloides shell weights from core SO136-140BX.


Figure 4: Measured shell weights for G. bulloides (300â€“355â€‰Î¼m) in GC17 (filled diamonds) and Vostok pCO2 record (grey solid line; ref. 20).



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Decrease in volume and density of foraminiferal shells with progressing ocean acidification
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 October 2021
                                    

                                

                                Azumi Kuroyanagi, Takahiro Irie, â€¦ Kazuhiko Fujita

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Pteropods make thinner shells in the upwelling region of the California Current Ecosystem
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 January 2021
                                    

                                

                                Lisette Mekkes, Willem Renema, â€¦ Katja T. C. A. Peijnenburg

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Anthropogenic acidification of surface waters drives decreased biogenic calcification in the Mediterranean Sea
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 August 2023
                                    

                                

                                Sven Pallacks, Patrizia Ziveri, â€¦ Belen Martrat

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Feely, P. A. et al. Impact of anthropogenic CO2 on the CaCO3 system in the oceans. Science 305, 362â€“366 (2004).
Article 
    
                    Google Scholar 
                

	Bijma, J., HÃ¶nisch, B. & Zeebe, R. E. Impact of the ocean carbonate chemistry on living foraminiferal shell weight: Comment on â€˜Carbonate ion concentration in glacial-age deep waters of the Caribbean Seaâ€™ by W.S. Broecker and E. Clark. Geochem. Geophys. Geosyst. 3, 1064 (2002).
Article 
    
                    Google Scholar 
                

	Riebesell, U. et al. Reduced calcification of marine plankton in response to increased atmospheric CO2 . Nature 407, 364â€“366 (2000).
Article 
    
                    Google Scholar 
                

	Langdon, C. & Atkinson, M. J. Effect of elevated pCO2 on photosynthesis and calcification of corals and interactions with seasonal change in temperature/irradiance and nutrient enrichment. J. Geophys. Res. 110, C09S07 (2005).
Article 
    
                    Google Scholar 
                

	Orr, J. C. et al. Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying organisms. Nature 437, 681â€“686 (2005).
Article 
    
                    Google Scholar 
                

	Schiebel, R. Planktic foraminiferal sedimentation and the marine calcite budget. Glob. Biogeochem. Cycles 16, 1065 (2002).
Article 
    
                    Google Scholar 
                

	Passow, U. Switching perspectives: Do mineral fluxes determine particulate organic carbon fluxes or vice versa? Geochem. Geophys. Geosys. 5, Q04002 (2004).
Article 
    
                    Google Scholar 
                

	Erez, J. The source of ions for biomineralization in foraminifera and their implications for paleoceanographic proxies. Rev. Minerol. Geochem. 54, 115â€“149 (2003).
Article 
    
                    Google Scholar 
                

	IPCC. Climate Change 2007: Impacts, adaptation and vulnerability. Summary for policymakers. Working Group II contribution to the intergovernmental panel on climate change fourth assessment report, Brussels, April 2007 &lt;www.ipcc-wg2.org&gt; (2007).

	Iglesias-Rodriguez, M. D. et al. Phytoplankton calcification in a high-CO2 world. Science 320, 336â€“340 (2008).
Article 
    
                    Google Scholar 
                

	Barker, S. & Elderfield, H. Foraminiferal calcification response to glacialâ€“interglacial changes in atmospheric CO2 . Science 297, 833â€“836 (2002).
Article 
    
                    Google Scholar 
                

	de Villiers, S. Optimum growth conditions as opposed to calcite saturation as a control on the calcification rate and shell-weight of marine foraminifera. Mar. Bio. 144, 45â€“49 (2004).
Article 
    
                    Google Scholar 
                

	Gonzalez-Mora, B., Sierro, F. J. & Flores, J. A. Controls of shell calcification in planktonic foraminifers. Quat. Sci. Rev. 27, 956â€“961 (2008).
Article 
    
                    Google Scholar 
                

	Gille, S. T. Warming of the Southern Ocean since the 1950s. Science 295, 1275â€“1277 (2002).
Article 
    
                    Google Scholar 
                

	Sokolov, S. & Rintoul, S. R. Structure of Southern Ocean fronts at 140âˆ˜â€‰E. J. Mar. Sys. 37, 151â€“184 (2002).
Article 
    
                    Google Scholar 
                

	SallÃ©e, J. B., Speer, K. & Morrow, R. Response of the Antarctic circumpolar current to atmospheric variability. J. Clim. 21, 3020â€“3039 (2008).
Article 
    
                    Google Scholar 
                

	Trull, T. W., Bray, S. G., Manganini, S. J. & Francois, R. Moored sediment trap measurements of carbon export in the Subantarctic and Polar Frontal Zones of the Southern Ocean, south of Australia. J. Geophys. Res. 106, 31489â€“31509 (2001).
Article 
    
                    Google Scholar 
                

	Sabine, C. L. et al. The oceanic sink for anthropogenic CO2 . Science 305, 367â€“371 (2004).
Article 
    
                    Google Scholar 
                

	King, A. L. & Howard, W. R. Planktonic foraminiferal Î´13C records from Southern Ocean sediment traps: New estimates of the oceanic Suess effect. Glob. Biogeochem. Cycles 18, GB2007 (2004).
Article 
    
                    Google Scholar 
                

	Petit, J. R. et al. Climate and atmospheric history of the past 420,000â€‰years from the Vostok Ice Core, Antarctica. Nature 399, 429â€“436 (1999).
Article 
    
                    Google Scholar 
                

	King, A. L. & Howard, W. R. Î´18O seasonality of planktonic foraminifera from the Southern Ocean sediment traps: Latitudinal gradients and implications for paleoclimate reconstructions. Mar. Micropal. 56, 1â€“24 (2005).
Article 
    
                    Google Scholar 
                

	Moy, A. D., Howard, W. R. & Gagan, M. K. Late Quaternary palaeoceanography of the Circumpolar Deep Water from the South Tasman Rise. J. Quat. Sci. 21, 763â€“777 (2006).
Article 
    
                    Google Scholar 
                

	King, A. & Howard, W. R. Planktonic foraminiferal flux seasonality in Subantarctic sediment traps: A test for paleoclimate reconstructions. Paleoceanography 18, 1008 (2003).
Article 
    
                    Google Scholar 
                

	McNeil, B. I., Metzl, N., Key, R. M., Matear, R. J. & Corbiere, A. An empirical estimate of the Southern Ocean air-sea CO2 flux. Glob. Biogeochem. Cycles 21, GB3011 (2007).
Article 
    
                    Google Scholar 
                

	Russell, A. D., HÃ¶nisch, B., Spero, H. J. & Lea, D. W. Effects of seawater carbonate ion concentration and temperature on shell U, Mg, and Sr in cultured planktonic foraminifera. Geochim. Cosmochim. Acta 68, 4347â€“4361 (2004).
Article 
    
                    Google Scholar 
                

	HÃ¶nisch, B. & Hemming, N. G. Surface ocean pH response to variations in pCO2 through two full glacial cycles. Earth Planet. Sci. Lett. 236, 305â€“314 (2005).
Article 
    
                    Google Scholar 
                

	Yu, J., Elderfield, H. & HÃ¶nisch, B. B/Ca in planktonic foraminifera as a proxy for surface seawater pH. Paleoceanography 22, PA2202 (2007).
Article 
    
                    Google Scholar 
                

	Hemleben, C., Spindler, M. & Anderson, O. R. Modern Planktonic Foraminifera (Springer, 1989).
Book 
    
                    Google Scholar 
                

	Hamilton, C. P., Spero, H. J., Bijma, J. & Lea, D. W. Geochemical investigation of gametogenic calcite addition in the planktonic foraminifera Orbulina universa. Mar. Micropal. 68, 256â€“267 (2008).
Article 
    
                    Google Scholar 
                

	Connell, R. D. & Sikes, E. L. Controls on the Late Quaternary sedimentation of the South Tasman Rise. Aust. J. Earth Sci. 44, 667â€“675 (1997).
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
This work was supported by the Australian Governmentâ€™s Cooperative Research Centres Programme through the Antarctic Climate and Ecosystems Cooperative Research Centre (ACE CRC) and the Australian Government Department of Climate Change. The Australian Antarctic Division (ASAC grants to T.W.T.) supports the ongoing sediment trap program. The Australian Institute of Nuclear Science and Engineering provided radiocarbon dates (AINSE Grant 07/072) and Geoscience Australia provided sediment samples.


Author information
Authors and Affiliations
	Antarctic Climate and Ecosystems Cooperative Research Centre, Hobart, Tasmania 7001, Australia
Andrew D. Moy, William R. Howard, Stephen G. Bray & Thomas W. Trull

	Department of the Environment, Australian Antarctic Division, Water, Heritage and the Arts, Kingston, Tasmania 7050, Australia
Andrew D. Moy

	University of Tasmania, Hobart, Tasmania 7001, Australia
Thomas W. Trull

	CSIRO Marine and Atmospheric Research, Hobart, Tasmania 7001, Australia
Thomas W. Trull


Authors	Andrew D. MoyView author publications
You can also search for this author in
                        PubMed Google Scholar



	William R. HowardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Stephen G. BrayView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas W. TrullView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
A.D.M. and W.R.H. conceived the foraminiferal shell-weight experiment; A.D.M. carried out laboratory processing; T.W.T. and S.G.B. run the Australian Antarctic Sciences Subantarctic Zone sediment trap program, including handling of moorings and laboratory processing of bulk sediment-trap samples; A.D.M. and W.R.H. wrote the manuscript, with all authors commenting.
Corresponding author
Correspondence to
                William R. Howard.


Supplementary information

Supplementary Information S1 (PDF 649 kb)




Rights and permissions
Reprints and permissions


About this article
Cite this article
Moy, A., Howard, W., Bray, S. et al. Reduced calcification in modern Southern Ocean planktonic foraminifera.
                    Nature Geosci 2, 276â€“280 (2009). https://doi.org/10.1038/ngeo460
Download citation
	Received: 11 September 2008

	Accepted: 06 February 2009

	Published: 08 March 2009

	Issue Date: April 2009

	DOI: https://doi.org/10.1038/ngeo460


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Anthropogenic acidification of surface waters drives decreased biogenic calcification in the Mediterranean Sea
                                    
                                

                            
                                
                                    	Sven Pallacks
	Patrizia Ziveri
	Belen Martrat


                                
                                Communications Earth & Environment (2023)

                            
	
                            
                                
                                    
                                        Late Campanian-Maastrichtian in Pondicherry Area (Cauvery Basin) Southern India: Bioevents and Palaeoenvironmental Inferences from Planktonic Foraminifera
                                    
                                

                            
                                
                                    	N. Malarkodi
	Orabi H. Orabi
	Jagruti Panda


                                
                                Journal of the Geological Society of India (2023)

                            
	
                            
                                
                                    
                                        Calcification of planktonic foraminifer Neogloboquadrina pachyderma (sinistral) controlled by seawater temperature rather than ocean acidification in the Antarctic Zone of modern Sothern Ocean
                                    
                                

                            
                                
                                    	Qianwei Song
	Bingbin Qin
	Tiegang Li


                                
                                Science China Earth Sciences (2022)

                            
	
                            
                                
                                    
                                        Decrease in volume and density of foraminiferal shells with progressing ocean acidification
                                    
                                

                            
                                
                                    	Azumi Kuroyanagi
	Takahiro Irie
	Kazuhiko Fujita


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Pteropods make thinner shells in the upwelling region of the California Current Ecosystem
                                    
                                

                            
                                
                                    	Lisette Mekkes
	Willem Renema
	Katja T. C. A. Peijnenburg


                                
                                Scientific Reports (2021)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Sounding sediments
                

                
                
    
        
            Nature Geoscience
        
        Backstory
        
        
            31 Mar 2009
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Press Releases
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Geoscience (Nat. Geosci.)
                
                
    
    
        ISSN 1752-0908 (online)
    
    


                
    
    
        ISSN 1752-0894 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








