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Connecting marine productivity to 
sea-spray via nanoscale biological 
processes: Phytoplankton Dance 
or Death Disco?
Colin O’Dowd1,*, Darius Ceburnis1,*, Jurgita Ovadnevaite1, Jakub Bialek1, 
Dagmar B. Stengel2, Merry Zacharias2, Udo Nitschke2, Solene Connan2,†, Matteo Rinaldi3, 
Sandro Fuzzi3, Stefano Decesari3, Maria Cristina Facchini3, Salvatore Marullo4, 
Rosalia Santoleri5, Antonio Dell’Anno6, Cinzia Corinaldesi6, Michael Tangherlini6 & 
Roberto Danovaro6,‡

Bursting bubbles at the ocean-surface produce airborne salt-water spray-droplets, in turn, forming 
climate-cooling marine haze and cloud layers. The reflectance and ultimate cooling effect of these 
layers is determined by the spray’s water-uptake properties that are modified through entrainment 
of ocean-surface organic matter (OM) into the airborne droplets. We present new results illustrating 
a clear dependence of OM mass-fraction enrichment in sea spray (OMss) on both phytoplankton-
biomass, determined from Chlorophyll-a (Chl-a) and Net Primary Productivity (NPP). The correlation 
coefficient for OMss as a function of Chl-a increased form 0.67 on a daily timescale to 0.85 on a 
monthly timescale. An even stronger correlation was found as a function of NPP, increasing to 
0.93 on a monthly timescale. We suggest the observed dependence is through the demise of the 
bloom, driven by nanoscale biological processes (such as viral infections), releasing large quantities 
of transferable OM comprising cell debris, exudates and other colloidal materials. This OM, through 
aggregation processes, leads to enrichment in sea-spray, thus demonstrating an important coupling 
between biologically-driven plankton bloom termination, marine productivity and sea-spray 
modification with potentially significant climate impacts.

The marine aerosol produces haze and cloud layers overlying an immense ocean covering > 70% of the 
Earth’s surface. Small changes even in low-albedo layers superimposing this relatively dark surface can 
have profound effects on the global radiation budget and climate change. Organic matter mass-fraction 
enrichment in sea spray aerosol (OMss, defined here as the percentage OM mass in sea spray relative to 
the total OM plus sea salt mass) influences the global albedo through altering the reflectance of marine 
haze1 and cloud layers2. Recent results3 assert that a relatively constant sea surface carbon pool controls 

1School of Physics & Centre for Climate and Air Pollution Studies, Ryan Institute, National University of Ireland 
Galway, University Road, Galway, Ireland. 2School of Natural Sciences & Centre for Climate and Air Pollution 
Studies, Ryan Institute, National University of Ireland Galway, University Road, Galway, Ireland. 3CNR-ISAC, 
Bologna, Italy. 4Agenzia nazionale per le nuove tecnologie, l’energia e lo sviluppo economico sostenibile, ENEA — 
Centro Ricerche Frascati, Frascati, Italy. 5CNR-ISAC, Rome, Italy. 6Department of Life and Environmental Sciences 
Polytechnic University of Marche, Ancona, Italy. *These authors contributed equally to this work. †Present address: 
Photobiotechnology, INTECHMER, Conservatoire National des Arts et Métiers, BP 324, 50103 Cherbourg Cedex, 
France and CNRS, GEPEA, UMR6144, Boulevard de l’Université, CRTT BP 406, 44602 Saint Nazaire Cedex, France. 
‡Present address: Stazione Zoologica Anton Dohrn, Naples, Italy. Correspondence and requests for materials 
should be addressed to C.O’.D. (email: colin.odowd@nuigalway.ie)

Received: 26 May 2015

Accepted: 08 September 2015

Published: 14 October 2015

OPEN

mailto:colin.odowd@nuigalway.ie

	Connecting marine productivity to sea-spray via nanoscale biological processes: Phytoplankton Dance or Death Disco?
	Results
	Discussion
	Methods
	Aerosol Measurements. 
	Bubble-mediated experiments. 
	Description of the Satellite Products. 
	Analyses of viruses and prokaryotes in the seawater and marine aerosol. 
	Analyses of carbohydrates, proteins, lipids and DNA in the seawater and marine aerosol. 

	Acknowledgements
	Author Contributions
	Figure 1.  Left column and Right column plots relate to low OMss experiments and high OMss ‘explosions’, respectively.
	Figure 2.  The correlation map of sea spray enrichment, measured at Mace Head, and Chl-a over the North East Atlantic.
	Figure 3.  Temporal seasonality of OMss in sea spray aerosol, sea water chlorophyll-a (Chl-a) and Net Primary Production (NPP).
	Figure 4.  (a) Scatter plot of sea spray OMss as a function of Chl-a for daily, weekly and monthly temporal resolutions and NPP for monthly temporal resolution (b) correlation coefficient as a function of temporal resolution of biological indicators
	Figure 5.  Correlation coefficient spatial distribution between OMss and NPP for 0 days time lag (left) and for 24 days time lag (middle) at each grid cell upwind of Mace Head.



 
    
       
          application/pdf
          
             
                Connecting marine productivity to sea-spray via nanoscale biological processes: Phytoplankton Dance or Death Disco?
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14883
            
         
          
             
                Colin O’Dowd
                Darius Ceburnis
                Jurgita Ovadnevaite
                Jakub Bialek
                Dagmar B. Stengel
                Merry Zacharias
                Udo Nitschke
                Solene Connan
                Matteo Rinaldi
                Sandro Fuzzi
                Stefano Decesari
                Maria Cristina Facchini
                Salvatore Marullo
                Rosalia Santoleri
                Antonio Dell’Anno
                Cinzia Corinaldesi
                Michael Tangherlini
                Roberto Danovaro
            
         
          doi:10.1038/srep14883
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep14883
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep14883
            
         
      
       
          
          
          
             
                doi:10.1038/srep14883
            
         
          
             
                srep ,  (2015). doi:10.1038/srep14883
            
         
          
          
      
       
       
          True
      
   




