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Although planet

Earth looks 

mostly blue

from space… 



Water

... water is 

relatively scarce.

Life appeared in, 

and is sustained   

by, the Ocean.



The Ocean 
Our life support system
The Ocean covers 71% of our planet and is a Key player !

Ocean microbes perform 50% 

of photosynthesis on Earth.

The Ocean captures 25% 

of human CO2 emissions 

and 90% of the heat.

The Ocean regulates the 

temperature on Earth.
… and yet it is still poorly known !



A four year expedition

• To explore marine planktonic  
ecosystems and their sensitivity 
to climate change-induced 
modifications to the ocean

• To popularize science

• To educate

• To improve ocean governance

Eric Karsenti



Who lives in the ocean ?



Plankton are very small



Marine micro-eukaryotes are found

throughout the tree of life



THE INVISIBLE MULTITUDE

✓ BASIS OF THE OCEANIC FOOD WEB

✓ SEQUESTER ATMOSPHERIC CO2 IN 

THE OCEAN AND GENERATE 

BIOMASS

✓ GENERATE OXYGEN

✓ THE MOST IMPORTANT 

BIOLOGICAL CARBON PUMP ON THE 

PLANET

✓ AFFECT AND ARE AFFECTED BY 

CLIMATE CHANGE

>65% of the biomass in the ocean

The Plankton



Tara Oceans: An eco-systems biology framework to 

understand a complex system at planetary scale

Global coverage Standardized sampling 
and analysis pipelines

The entire community, 
from viruses to small animals 

Who is there, what do they do, with whom, and why ?



Science, May 22nd 2015



Some very basic questions

Which plankton group is the most

abundant ?

Which plankton group is the most

diverse ?



Biomass and number of species 

in terrestrial ecosystems

The Insects: An Outline of Entomology, P. J. Gullan, 5th edition, 2014 



Collodaria and Phaeodaria (radiolarians) are
unexpectedly abundant

A new world of 
marine 
protists



Diplonemids are the most diverse eukaryotic group 
in the ocean

A new world of 
marine 
protists



Defining the plankton interactome

in the global ocean

a.k.a The Ocean’s Facebook)



The global plankton interactome –

an integrated “network of networks”

127,995 associations
92,633 taxon-taxon
35,362 taxon-env



Most interactions are positive …

Cooperation is more important than competition

N = 68,856 N = 23,777

Lima-Mendez et al. Science (2015)



127,995 associations
92,633 taxon-taxon
35,362 taxon-env

The global plankton interactome – 

a playground to discover new interactions



➔ Do we find Symbiodinium in 
symbiosis with plankton ?

The super symbiont Symbiodinium



334 communautés

Symbiodinium in symbiosis with a planktonic ciliate

…widely distributed in the ocean

28S phylogenetic ML tree



>150 publications



Tara Oceans

and climate change



Homo sapiens – the superpower



Consequences of human 

activities in the ocean



Tara Oceans

and climate change
Digging into the past - Evidence for effects of ocean

acidification



Evidence of the effects of ocean 

acidification on marine ecosystems ?

Foraminifera calcification has
decreased in the last 150 years



Tara Oceans

and climate change

Looking to the future - Projected changes in plankton 

biodiversity by the end 21st century

Digging into the past - Evidence for effects of ocean

acidification



Current patterns of diversity of

major plankton functional groups

Six plankton functional groups have highly explanatory GAMs

Shannon diversity

Photosynthetic bacteria

Heterotrophic bacteria

Photosynthetic eukaryotes

Parasitic protists

Copepods

Photosynthetic symbionts



Projected changes in ocean temperatures

and primary productivity by 2100

IPCC CMIP5 model outputs
Bopp et al. 2013

Dots show areas of highest certainty



Projected diversity anomalies

by end of 21st century

Heterotrophic bacteria Photosynthetic eukaryotes

Parasitic protists CopepodsPhotosynthetic symbionts

Photosynthetic bacteria



Projected effects of diversity changes on marine

ecosystems, fisheries, and biogeochemical cycles

Density of Marine 
Protected Areas (MPAs)

C exportDiversity anomalies
C

Fish catch



The Tara Oceans multiverse

Multiple new discoveries have been made about ocean 

life, together with a wealth of open-access resources 

Our eco-systems biology approach has shed light on a 

complex invisible ecosystem at global scale

Provides a baseline for understanding the effects of 

climate change on marine ecosystems 



DIATOMITE

DIATOMIC

Fondation

Louis D.
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