
Instituto Español de Oceanografía. Centro Oceanográfico de Canarias.

www.ieo.es

Partículas atmosféricas sobre los océanos: 

-Transporte atmosférico global de microorganismos
-efectos del polvo sobre los ecosistemas marinos.
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The Malaspina 2010 Expedition
December 2010- July 2011 
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>30,000 nautical miles in the Atlantic, Indian and Pacific Oceans. 
Over 500 samples of air and water from 0-4000m depth
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Why do we care about airborne microbes?

• Airborne microbes are believed to be important for:
• Propagation of diseases

• Formation of clouds at low latitudes

• Maintenance of microbial diversity in surface environments
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What is known?
What are the questions?
• Little information on abundance. 

• How many?

• Even less information on fluxes. 
• What are the fluxes?

• Very little is known about their identity. 
• Who are they? 
• Where do they come from?

• Most information from terrestrial and coastal systems, no 
information over the oceans.
• What is found offshore?
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Abundance between 500 and 80,000 cells m−3 

About 20% of microbes remain suspended >1000 km

Exchange rates 105-107 microbes m-2 d-1
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Where do they come from?
Abundances that can be supported by the ocean



Instituto Español de Oceanografía. Centro Oceanográfico de Canarias.

0 500 1000 1500 2000
0

5000

10000

15000

20000

25000

30000

E
xc

es
s 

pr
ok

ar
yo

te
s 

(c
el

ls
 m

-3
)

0 500 1000 1500 2000
0

10000

20000

30000

40000

Distance to nearest land mass (km)

E
xc

es
s 

eu
ka

ry
ot

es
 (c

el
ls

 m
-3

)

Number of cells that 
cannot be explained by
oceanic spray flux increases 
with proximity to land

Small islands in the Pacific make a big 
difference



Instituto Español de Oceanografía. Centro Oceanográfico de Canarias.

Most abundant genus, found in every sample over the global ocean Aquabacterium sp

Are there common/characteristic air inhabitants?
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Sequencing of amplicon pools

Specific primers for 16S rDNA (prokaryotes) or 18S rDNA (eukaryotes)
Index sequences allow mixing of many samples in one run
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>5e9303cede4bef355ccb126e5e666f6d9afd0876
AGCTCCAATAGCGTATATTAAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCTGAAGCAAACCGGTCCGCCCTCTGGGTGA
GCATCTGGTTTTGTTTTGGCATATGCTTAGACTTTGCAGCTGCACTTGACTGTGTGGTGTGAAGGCTGAGCCATTTACTTTGAGGAAATC
AGAGTGTTTCAAGCAGGCCATTGCCTTGAATACACTAGCATGGAATAATATGATATGACTGTGGTTTTATTTTGTTGGCTTTTAGAATTAG
AGTAATGGTTAATAGGGATAGTTGGGGGCATTCATATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTTAAGGATGAACGACTGCGAAA
GCATTTGCCAAGGATGCTTTCA

>44169337c1df3271fb64e5e608cf8c0f75242ce4
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCTGAAGACAACCGGTCTGCCCTCTGGGTGAGC
ATCTGGTTTGGATTCGGCATCATCTTAGAGAACGTAGCTGCACTTGACTGTGTGGTGCGGTATCTTAGACTTTTACTTTGAGGAAATCAG
AGTGCTTCAAGCAGGCGAATGCCTTGGATACATTAGCATGGAATAATATTTTAGGACCTTGGTTCTATTTTGTTGGTTTCTAGAATTGAGG
TAACGTTTAATAGGGATAATTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTTAAAGACGGACCAATGCGAAAGC
ATTTGCCAAGGATGTTTTCTT

>548d656b0e8bac3dda9d385c7fa3c1c16ebc84ca
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGATTTCTGCCGAGGACGACCGGTCCGCCCTCTGGGTGTGT
ATCTGGTTTGGCCTGGGCATCTTCTTGGAGAACGTAGCTGCACTTGACTGTGTGGTGCGGTGTCCAGGACTTTTACTTTGAGGAAATTA
GAGTGTTTCAAGCAGGCACACGCCTTGAATACATTAGCATGGAATAATAAGATAGGACCTTGGTTCTATTTTGTTGGTTTTCGGGACTGG
AGGTAATGATTAAGAGGGACTGACGGGGGCATTCGTATTGCGGTGTTAGAGGTGAAATTCTTGGATCGCTGCAAGACGAACGACTGCG
AAAGCATTTGCCAAGAATGTTTTCA

>4aeac6e971fa738019a751a3c85758a2a1a0d94a
AGCTCCAATAGCGTATATTAAAGTTGTTGCGGTTAAAAAGCTCGTAGTTGGCTTTCTGCCGAGGACGACCGGTCCGCCCTCTGGGTGTGT
ATCTGGTTTGGCCTGGGCATCTTCTTGGCAAACGTAGCTGCACTTGACTGTGTGGTGCGGGGTCCAGGACTTTTACTTTGAGGAAATTA
GAGTGTTTCAAGCAGGCACCCGCCTTGAATACATTAGCATGGAATAATAAGATAGGACCTCGGTTCTATTTTGTTGGTTTCTAGAGCTGA
GGTAATTTATTAATAGGGATAGTTGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGTGAAAGACGGACTACTGCGAA
AGCATTTGCCAAGGATGTTTTCA
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50c013d0ab498b2605ab73ae7f009e11a9f39523
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata 0.670

904c1f0ecfed354fca75b6a4bb1484beabd8f4a5
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata 1.000

85f7713e8a3b85aad8b557b0976b3b7cc595c7b6
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata;D_6__Suessiaceae;D_7__Pelagodinium;D_8__Pelagodini
um beii 0.700

Fd45f62b5e4653aa42eb36acd0e648d4159a0520
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata;D_6__Kareniaceae;D_7__Karlodinium;D_8__uncultured 
marine alveolate 0.900

99c928c392d75b3e474b2a67cc5a4b8dd992ddda
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata;D_6__Kareniaceae;D_7__Karlodinium;D_8__uncultured 
marine picoplankton 0.670

9ab00e11c05c0478e222a30310382084267b6d94
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata 0.500

380e4384d59c9e6388270ccf5813fc077b85dcbe
D_0__Eukaryota;D_1__SAR;D_2__Alveolata;D_3__Dinoflagellata;D_5__Gymnodiniphycidae;D_6__Gyrodinium;D_7__uncul
tured eukaryote 0.590
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• Pooled samples are separated 

(demultiplexed) using the index

sequences

• Two reads per sequence are 

quality filtered and assembled

• Reads are dereplicated, grouped 

into 97% similarity clusters 

(OTUs)

• Each OTU is compared to a 

database of known sequences 

to assign taxonomic identity

• Original sequences are mapped 

to each OTU and a OTU table 

(BIOM file) is created.

FINAL OUTCOME
OTU table describing the relative 
abundance of each OTU in each 
sample.
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>2,800 OTUs observed, estimated >4,500 prokaryotic OTUs over Malaspina expedition

OTU accumulation curve. 
Airborne prokaryotes over the global ocean
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Identity of airborne prokaryotes over the ocean.

Based on 16S rDNA amplicons ~250 bp in the V4 region
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Terrestrial organisms found very far
away from land

About 20% of microbes remain
suspended >1000 km

Potential for intercontinental
transport

33-68% of global microbes from
marine sources
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Contrasting effects:

• Nutrients stimulate phytoplankton primary production
• Phosporus
• Iron

• Pollutants inhibit phytoplankton primary production
• Heavy metals (Cu…)
• Organic pollutants
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Soil respiration
60

The Contemporary Global Carbon Cycle
Stocks in Pg=1015g, fluxes represented by arrows in Pg C year-1.
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Jickells, T.D.et al. (2005) Global iron connections 
between desert dust, ocean biogeochemistry, and 
climate. Science 308: 67–71.

It is hypothesized that:

• Elimination of the biological pump 
would result in 200ppmv increase in 
atmospheric CO2

• Ocean fertilization (by increased dust 
input) could enhance the biological 
pump by 8-40 ppmv
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Trichodesmium sp.
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Structural analysis of the Trichodesmium nitrogenase iron protein: 
implications for aerobic nitrogen fixation activity

FEMS Microbiology Letters
Volume 153, Issue 2, pages 303-309, 17 JAN 2006 DOI: 10.1111/j.1574-6968.1997.tb12589.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb12589.x/full#f2

http://onlinelibrary.wiley.com/doi/10.1111/fml.1997.153.issue-2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6968.1997.tb12589.x/full
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Dust (Fe+P), calm weather and high temperaturesàTrichodesmium bloom
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Berman-Frank, I., Rubin, M., and 
Shaked, Y. (2011) Dust- and mineral-
iron utilization by the marine 
dinitrogen-fixer Trichodesmium. 
Nature Geoscience 4: ngeo1181.
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Nitrogen fixation in the ocean

Fowler, D. et al. (2013) The global nitrogen cycle in the twenty-first century. Philos Trans R 
Soc Lond B Biol Sci 368:.

60–80 Tg N
by Trichodesmium sp

Bergman et al. 2013
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Summary

• Dust transports large numbers of microbes 
• Helps keeping  microbial diversity in natural ecosystems
• Can transport pathogens 

• Dust fertilizes the ocean

• Removes CO2 from the atmosphere throught the biological pump

• Feeds the ocean
• Enhances productivity
• Anchovy stocks in the Pacific have been linked to dust

• Dust can trigger blooms of Trichodesmium
• Fertilizes the ocean with Nitrogen
• Can be a nuissance in turistic areas


