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Ubiquitous healthy diatoms in the deep sea confirms deep carbon injection
by the biological pump
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The role of the ocean as a sink for COs is partially dependent on the downward transport of phytoplankton cells
packaged within fast-sinking particles. However, whether such fast-sinking mechanisms deliver fresh organic car-
bon down to the deep bathypelagic sea and whether this mechanism is prevalent across the ocean awaits confir-
mation. Photosynthetic plankton, directly responsible for trapping COs in organic form in the surface layer, are
a key constituent of the flux of sinking particles and are assumed to die and become detritus upon leaving the
photic layer. Research in the 1960-70’s reported the occasional presence of well-preserved phytoplankton cells in
the deep ocean, but these observations, which could signal at rapid sinking rates, were considered anecdotal. Using
new developments we tested the presence of healthy phytoplankton cells in the deep sea (2000 to 4000 m depth)
along the Malaspina 2010 Circumnavigation Expedition, a global expedition sampling the bathypelagic zone of the
Atlantic, Indian and Pacific Oceans. In particular, we used a new microplankton sampling device, the Bottle-Net,
16S rDNA sequences, flow cytometric counts, vital stains and experiments to explore the abundance and health
status of photosynthetic plankton cells between 2,000 and 4,000 m depth along the Circumnavigation track. We
described the community of microplankton (> 20pm) found at the deep ocean (2000-4000 m depth), surprisingly
dominated by phytoplankton, and within this, by diatoms. Moreover, we report the ubiquitous presence of healthy
photosynthetic cells, dominated by diatoms, down to 4,000 m in the deep dark sea. Decay experiments with surface
phytoplankton suggested that the large proportion (18%) of healthy photosynthetic cells observed, on average, in
the dark ocean, requires transport times from few days to few weeks, corresponding to sinking rates of 124 to 732
m d-1, comparable to those of fast sinking aggregates and faecal pellets. These results confirm the expectation that
fast-sinking mechanisms inject fresh organic carbon into the deep-sea and that this is a prevalent process operating
across the global oligotrophic ocean.



