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Abstract 

Automated, high-throughput DNA sequencing and imaging technologies are revolutionizing 
ecology, allowing to dramatically increase spatio-temporal sampling granularity while 
erasing the boundaries between organismal size fractions and taxonomic divisions.  In Tara 
Oceans, we used massive DNA metabarcoding to assess the entire diversity of eukaryotic 
organisms from the smallest unicell (or protist) to small animals across a planetary biome. 
The sequencing of ~800 million metabarcodes from >300 size-fractionated plankton 
communities allowed biodiversity assessment close to saturation, both locally and globally. 
We estimated that sunlit marine plankton contain ~150 000 genetic types of eukaryotes, 
which is much greater than the ~11 000 described species of eukaryotic plankton. The large 
majority of this biodiversity belongs to protists, and most of it comes from unknown and 
uncultured organisms. This eukaryotic biodiversity is significantly greater than the bacterial 
one, and ~2/3 of it belongs to poorly known groups of heterotrophic protists, including a 
huge variety of parasites and species known to live in symbiosis. We assigned broad 
ecological functions to the metabarcodes and used OTUs abundance profiles to better 
understand the ecological behavior of this unveiled majority of plankton life, and reconstruct 
a global photic plankton interactome including viruses, prokaryotes, eukaryotes, and 
environmental parameters. Eukaryotes appear to play a fundamental role in structuring the 
plankton network, and, overall, biotic and positive interactions -in particular through 
parasites- are significantly more prevalent than abiotic and/or negative interactions. We 
finally developed a new automated confocal fluorescent imaging process (eHCFM) to 
validate network-generated hypotheses, unveil and quantify the complexity of novel 
plankton symbioses, and provide the needed tool to link genetic and morpho-functional 
diversity for future holistic studies of plankton systems. 

 


