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            Abstract
THE export of biogenic carbon from the upper ocean is responsible for maintaining the vertical gradient of dissolved inorganic carbon and thus indirectly for regulating the level of atmospheric CO2 (ref. 1). Large, rapidly sinking particles are thought to dominate this export2, and this sinking flux has been thought to balance new production3. Recent measurements of particle export4â€”6 and estimates of new production7â€”9 have questioned this picture, however. Here we report measurements of dissolved organic carbon (DOC) off Bermuda, which provide strong support for the idea10â€”15 that this component of oceanic carbon is also an important and dynamic part of the ocean carbon cycle. We find that DOC accumulates in the early spring owing to increased primary production, and is partially consumed in the summer and autumn. The DOC that escapes remineralization is exported from the surface ocean the following winter, and we estimate this export to be equal to or greater than the measured particle flux, allowing us to close the annual vertical carbon budget for this site to within a factor of two. Our observations should be applicable to other temperate, sub-polar and continental-shelf regions of the world ocean which exhibit convective mixing and vernal restratification.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more



Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more



Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    
                


                
                    
                
            

            
                References
	Sarmiento, J. L. & Siegenthaler, U. in Primary Productivity and Biogeochemical Cycles in the Sea (eds Falkowski, P. G. & Woodhead, A. D.) 317â€“332 (Plenum, New York, 1992).
BookÂ 
    
                    Google ScholarÂ 
                

	McCave, I. N. Deep-Sea Res. 22, 491â€“502 (1975).

                    Google ScholarÂ 
                

	Eppley, R. W. & Peterson, B. J. Nature 282, 677â€“680 (1979).
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Altabet, M. A. J. geophys. Res. 94, 12771â€“12779 (1989).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lohrenz, S. E. et al. Deep-Sea Res. 39, 1373â€“1391 (1992).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Michaels, A. F. et al. Deep-Sea Res. 41, 1013â€“1038 (1994).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jenkins, W. J. & Goldman, J. C. J. Mar. Res. 43, 465â€“491 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jenkins, W. J. Nature 331, 521â€“523 (1988).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Spitzer, W. S. & Jenkins, W. J. J. mar. Res. 47, 169â€“196 (1989).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Copin-MontÃ©gut, G. & Avril, B. Deep-Sea Res. 40, 1963â€“1972 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Toggweiler, J. R. in Productivity of the Ocean: Present and Past (eds Berger, W. H., Smetacek, V. S. & Wefer, G.) 65â€“83 (Wiley, Dahlem Donferenzen, Germany, 1989).

                    Google ScholarÂ 
                

	Bacastow, R. & Maier-Reimer, E. Globl Biogeochem. Cycles 5, 71â€“85 (1991).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Najjar, R. G., Sarmiento, J. L. & Toggweiler, J. R. Globl Biogeochem. Cycles 6, 45â€“76 (1992).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Suzuki, Y., Sugimura, Y. & Itoh, T. Mar. Chem. 16, 83â€“97 (1985).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Goldman, J. C., Hansell, D. A. & Dennett, M. R. Mar. Ecol. Prog. Ser. 88, 257â€“270 (1992).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sugimura, Y. & Suzuki, Y. Mar. Chem. 24, 105â€“131 (1988).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Suzuki, Y. Mar. Chem. 41, 287â€“288 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Sharp, J. H. et al. Limnol. Oceanogr. 38, 1774â€“1782 (1993).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hansell, D. A., Williams, P. M. & Ward, B. B. Deep Sea Res. 40, 219â€“234 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sharp, J. H. et al. Mar. Chem. (in the press).

	Peltzer, E. T. & Brewer, P. G. Mar. Chem. 41, 243â€“252 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Benner, R. & Strom, M. Mar. Chem. 41, 153â€“160 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Menzel, D. W. & Ryther, J. H. Deep-Sea Res. 6, 351â€“367 (1960).
ADSÂ 
    
                    Google ScholarÂ 
                

	Malone, T. C., Pike, S. E. & Conley, D. J. Deep-Sea Res. 40, 903â€“924 (1993).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bauer, J. E., Williams, P. M. & Druffel, E. R. M. Nature 357, 667â€“670 (1992).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Duursma, E. K. Neth. J. Sea Res. 1, 1â€“148 (1961).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Siegel, D. A. et al. J. mar. Res. 48, 379â€“412 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Michaels, A., Buesseler, K., Bates, N., Carlson, C. A. & Knap, A. Nature (submitted).

	Sarmiento, J. L., Thiele, G., Key, R. M. & Moore, W. S. J. geophys. Res. 95, 18303â€“18315 (1990).
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Martin, J. H., Knauer, G. A., Karl, D. M. & Broenkow, W. W. Deep-Sea Res. 34, 127â€“143 (1987).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Carlson, C. A. & Ducklow, H. W. Deep-Sea Res. (in the press).


Download references




Author information
Authors and Affiliations
	Horn Point Environmental Laboratory, University of Maryland, PO Box 775, Cambridge, Maryland, 21613, USA
Craig A. Carlson

	The College of William and Mary, Virginia Institute of Marine Sciences, PO Box 1346, Gloucester Point, Virginia, 23062, USA
Hugh W. Ducklow

	Bermuda Biological Station for Research, Inc., St Georges, GE-01, Bermuda
Anthony F. Michaels


Authors	Craig A. CarlsonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hugh W. DucklowView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Anthony F. MichaelsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Carlson, C., Ducklow, H. & Michaels, A. Annual flux of dissolved organic carbon from the euphotic zone in the northwestern Sargasso Sea.
                    Nature 371, 405â€“408 (1994). https://doi.org/10.1038/371405a0
Download citation
	Received: 02 June 1994

	Accepted: 23 August 1994

	Issue Date: 29 September 1994

	DOI: https://doi.org/10.1038/371405a0


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

                
                    	
                            
                                
                                    
                                        Potential transformation of organic matter by microbes in cryoconite, Tibetan Plateau
                                    
                                

                            
                                
                                    	Bixi Guo
	Yongqin Liu
	Ruanhong Cai


                                
                                Science China Earth Sciences (2024)

                            
	
                            
                                
                                    
                                        Carbon sequestration by multiple biological pump pathways in a coastal upwelling biome
                                    
                                

                            
                                
                                    	Michael R. Stukel
	John P. Irving
	Natalia Yingling


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Spatiotemporal characteristics and remote sensing estimation of colored dissolved organic matter around the Leizhou Peninsula
                                    
                                

                            
                                
                                    	Dongyang Fu
	Shiyun Wei
	Zhaoguang Chen


                                
                                Journal of Oceanology and Limnology (2023)

                            
	
                            
                                
                                    
                                        Spatialâ€“seasonal characteristics and influencing factors of dissolved organic carbon and chromophoric dissolved organic matter in Poyang Lake
                                    
                                

                            
                                
                                    	Jian Xu
	Zhengjun Jian
	Qiwu Hu


                                
                                Environmental Earth Sciences (2023)

                            
	
                            
                                
                                    
                                        Characteristics of dissolved sugars in the Southern Yap Trench from sea surface to hadal zone
                                    
                                

                            
                                
                                    	Dong Cui
	Chengjun Sun
	Haibing Ding


                                
                                Journal of Oceanology and Limnology (2023)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    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 (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (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
            
        


    









    








