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Phytoplankton cells are the first stage for mineral transformation into organic matter, and fuels the biological 
pump and the trophic network. In the oligotrophic open waters, most of the primary production is supported by 
phytoplankton cells that belongs to size classes < 10 µm. The property of those size classes is to grow under low 
concentrated nutrient waters, and react fast to pulsed events thanks to high growth rates. The understanding of 
this living compartment requires high frequency and high-resolution acquisition sensors, especially to study the 
pico-nanophytoplankton pulsed growth events on the primary production and the trophic network. This was 
investigated by triggering a pico-nanophytoplankton bloom in a light and temperature controlled microcosms (450 
dm3, MICROCEAN, L. Chirurgien, D. Lefèvre) facility by simulating post winter conditions. The objective was to 
study the contribution of pico and nanophytoplankton size classes to the net primary production and the net 
community production thanks to single cell and bulk primary production measurements, and the interaction with 
the heterotrophic network.  Microorganisms were studied for 10 days using automated flow cytometry on a semi 
continuous way combined with continuous oxygen/argon spectrophotometry (D. Lefèvre, O. Grosso). The high 
frequency acquisition of phytoplankton community structure at the single cell and net community production 
were strengthened by discrete classical sampling for heterotrophic prokaryotes, small heterotrophic flagellates, 
and virus counting’s using bench top flow cytometry (G. Grégori, PRECYM facilities). Samples for nutrients (S. 
Helias), particulate organic carbon (PAPB, P. Raimbault), dissolved organic carbon (PACEM, C. Panagiotopoulos), 
bacterial production (F. VanWambeke), chlorophyll a (PAPB, N. Garcia) and phytoplankton taxonomy (V. Cornet) 
were collected and analysed. Standard measurements for primary production using 13C  incubation (PAPB, P. 
Raimbault) were compared to growth rates processed from pico-nanophytoplankton cells cycles as resolved by 
flow cytometry, and biogenic oxygen production. In parallel, the trophic web organization and hydrological 
analysis enabled to understand the undergoing processes. 
Objectives / scientific questions  
The main objective was to characterize the primary production belonging to pico-nanophytoplankton size classes 
during high growth rate conditions as observed after strong wind events in the oligotrophic conditions of the Bay 
of Marseille. The second objective was to follow the configuration of the trophic web in response to the pico-
nanophytoplankton pulse thanks to hourly frequency sampling strategy. 
Main results  
During the PIANO project, three Microcean trials were run using sea water collected in the Bay of Marseille with a 
transfer to the Microcean facility within less than 2 hours. The objective was to trigger a pico-nanophytoplankton 
bloom. The first experiment occurred from 27/03/2017 to 07/03/2017 with an increase of 2°C compared to in situ 
and a 12h/12h light cycle. The analysis of the results evidenced the increase of heterotrophic prokaryotes with 
concentration kept above 1.107cells/cm3 that may be the reason of low phytoplankton growth due to nutrient 
competition, with initial values for NO3=1.43 ± 0.9, PO4=0.06 ± 0.01 and NH4=383 nM. No explanation for the high 
growth of heterotrophic prokaryotes was found. Although the main objective was not fulfilled, strong results came 
from the first successful testing of the Cytopro prototype, module for automated marine heterotrophic 
prokaryotes and eukaryotes staining (Silovic et al., 2017). A second experiment was scheduled a few days later 
(13/03/2017 to 30/03/2017), with similar light and temperature modifications as the first trial, and with a direct 
addition of nutrients (NO3= 2.47 ± 0.01, PO4=0.31 ± 0.00 and NH4=724 nM). A pico-nanophytoplankton bloom 
occurred, followed by colonies of microphytoplankton diatoms which abundance reached more than 1,000 
cells/cm3. The production was mainly dominated by the large colonies, making the picophytoplankton production 
signal relatively poor for the study objectives. The third experiment ran on post winter conditions and the water 
was sampled on the 29/01/2018. The post winter condition was chosen because winter mixing provides nutrients 
that have not yet been consumed by the phytoplankton bloom. Therefore, we kept the natural conditions to   
observe the expected pico-nanoplankton Mediterranean bloom. The only slight differences with the natural 



conditions were temperature and light conditions that simulated classical bloom conditions (late February 
conditions, i.e ~1h more light and +1°C). No nutrients were added (initial values were for NO3= 2.92 ± 0.13, 
PO4=0.05 ± 0.00 and NH4=118 nM), ensuring a sensu stricto pico-nanophytoplankton bloom (Figure 1.). 
Size structured population growth models were applied on the pico-nanophytoplankton size classes observed with 
automated flow cytometry and compared to the 13C incubation values. The results evidenced important 
differences for the first three days, where the net primary production computed from pico-nanophytoplankton 
single cell analysis showed the highest abundances peaks (Figure 2). Discrete virus and heterotrophic prokaryotes 
analysis using the PRECYM Cytoflex flow cytometer evidenced an explosion of virus that could infect 
picoeukaryotes. The increase of viruses just after the increase of picoeukaryotes may therefore explain the 
collapse in picoeukaryote abundance after day 3, and the release of dissolved organic matter (Figure 1). 

 

 
Figure 1. 

 
 

 
 

Figure 2. 

Figure 1. illustrates the picoeukaryote abundance  (black dots) increase within the first three days of incubation, 
followed by the eukaryote virus abundance increase (red line, Baudoux et al., 2008), concomitant with the 
dissolved organic carbon release (DOC, yellow triangles). Figure 2.  evidences the resulting net primary production 
estimated from the in situ growth rates assessed by flow cytometry (red bar), compared to the 13C day incubation 
(purple bar) and the estimated dark respiration rate (green bar). Results evidence the possible discrepancy when 
virus impact 13C sampling by DOC release. 
Future of the project : 
The next expected step is to use similar instrumental combination for in situ study of the pico-nanophytoplankton 
fast and important productions capabilities, and especially after environmental changes such as strong wind 
events. The instrumental configuration to follow in situ communities that evidence such responses (Bay of 
Marseille) will be implemented on the future Sea Water Sensing Laboratory @ MIO Marseille. In this laboratory, 
marine biogeochemical, biological and chemical continuous and semi-continuous study will occur thanks to 
innovative sensors. They will benefit from a clean sea water supply pumped from a coastal point to a laboratory 
where sampling conditions and testing of new technologies will be optimal. 
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