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Context: A global in-situ observation of phytoplankton community composition and its response to environmental 
forcing, over a broad range of space and time scales, is fundamental to improve our understanding of 
biogeochemical cycles in today’s oceans and predict their evolution under climate change. 
 
Objectives/Scientific questions: The objective of this project is to develop a capability for observing phytoplankton 
diversity from BGC-Argo floats. We propose a generic approach that can be implemented onto field cruises, in 
order to build an optical-biogeochemistry-diversity database. This will be exploited to develop regional or global 
algorithms, further used to retrieve phytoplankton diversity information from BGC-Argo optical observations. 
 
Main results: This project considers two main approaches for deriving phytoplankton diversity from in situ optical 
measurements: (1) The first method (Rembauville et al. JGR-Oceans 2017) is based on a multi-variate regression 
model that retrieves the carbon biomass of three phytoplankton size classes from measurements currently 
acquired by BGC-Argo floats (chlorophyll fluorescence, particulate attenuation and backscattering coefficients, 
temperature and salinity); (2) The second approach (Proctor & Roesler L&O-Methods 2010) relies on a 
multispectral fluorometer with three excitation channels. Such fluorometers excite specific regions of the 
phytoplankton absorption spectrum, corresponding to distinct accessory pigments used as biomarkers of 
taxonomic groups (e.g. cyanobacteria, diatoms, haptophytes). Our work has so far essentially focused on the 
second approach. 
An international community consensus for the implementation on BGC-Argo floats of fluorometers with two 
excitation channels (instead of one as currently the case) emerged from the BGC-Argo Data Management Team 
Meeting in 2020. These discussions were fostered by the study of Roesler et al. (2017), explored further by Flavien 
Petit as part of his Master 2 internship and first year of PhD work at LOV. Using a dataset of concurrent 
fluorescence measurements from BGC-Argo floats and phytoplankton pigments analyzed by High Performance 
Liquid Chromatography (HPLC), Petit et al. (in prep.) showed a large regional variability in the ratio of Chl derived 
from fluorescence (Fluo_Chl) and determined by HPLC (HPLC_Chl) (Fig. 1). Interestingly, Petit et al. (in prep.) 
demonstrated that this variability can be largely explained by pigment-based phytoplankton diversity (Fig. 2), with 
low Fluo_Chl:HPLC_Chl values in picophytoplankton-dominated provinces (Subtropical Pacific waters) and high 
values in provinces dominated by larger-sized phytoplankton (Polar and Subpolar North Atlantic, Southern Indian 
Ocean). Finally, the spectral characteristics (excitation channel ~470 nm) of the fluorometers currently mounted on 
BGC-Argo floats appear sub-optimal for the retrieval of the chlorophyll a concentration. These results have two 
major implications: the use of a multichannel fluorometer should permit to both improve the calibration of 
fluorescence into chlorophyll a concentration and yield information on phytoplankton diversity. 
From a practical perspective, this project relies on the development and deployment of a dedicated optical 
package that permits to collect concurrent optical, biogeochemical and diversity measurements during selected 
field cruises in various regimes. In the first year of the project, the multispectral fluorometer has been purchased 
and combined with two other optical sensors, already available from previous projects, in order to build the 
required optical package. We also designed a waterproof multiplexer that ensures that the optical sensors can be 
simultaneously interfaced to the CTD-rosette and acquire depth-resolved data without interfering with the regular 
hydrocasts of the deployment cruises. Because of unexpected, significant delays in the production and availability, 
of the multispectral fluorometer, the optical package could not be tested before December 2019. The first 
deployments revealed that the sensor gain had not been properly set for use in low-chlorophyll conditions. 
Subsequently, the sensor was shipped back to the manufacturer for recalibration and gain setting. The Covid-19 
pandemic prevented us from conducting further deployments until September 2020. In this context, the sampling 
implementation plan and schedule of the project have been reconsidered (see Future of the project). 
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Figure 1 

 
Figure 2 

Figures 1 and 2 present the results of the analysis of a dataset comprising concomitant chlorophyll a 
concentrations derived from BGC-Argo float fluorescence measurements and pigment concentrations determined 
by HPLC analysis of seawater samples collected at float deployments in various open-ocean provinces. Figure 1 
shows the mean ± SD of the ratio of the fluorescence-derived (Fluo_Chl) and HPLC-determined (HPLC_Chl) 
chlorophyll a concentrations for each oceanic province as indicated by the color code. The dashed line indicates a 
Fluo_Chl:HPLC_Chl ratio of 1. Figure 2 displays a ternary plot with the association between phytoplankton 
composition, expressed as the relative contribution to Chl of three size classes derived from pigment 
concentrations (fmicro, fnano and fpico for micro-, nano- and picophytoplankton) and the values of the 
Fluo_Chl:HPLC_Chl ratio, indicated by the shades of gray. As in Fig. 1, the color code indicates the oceanic province. 
Source: Petit et al. in preparation. 

Future of the project:  
First we plan a set of laboratory experiments in order to characterize the multispectral fluorometer based on 
phytoplankton cultures. Conducted in collaboration with the Station Biologique de Roscoff (SBR) and the Roscoff 
Culture Collection (RCC), these experiments will enable to characterize the sensor in terms of detection limits and 
channel-specific sensitivity to phytoplankton composition, which is essential to optimize the interpretation of the 
in-situ data to be collected. Second, we will implement the OBOO approach in the North Western Mediterranean, 
at the BOUSSOLE site, which is optimal from both scientific and logistic perspectives. We will participate to the 
monthly cruises for one year in order to cover a full seasonal cycle and capture phytoplankton community changes. 
The exploration of the two considered bio-optical approaches to phytoplankton diversity will be performed using 
the data to be collected in the Mediterranean, as well as a previously acquired Southern Ocean dataset (SOCLIM 
cruise). Although not covering the global open ocean, this dataset is a powerful tool for the evaluation of both 
approaches as it comprises data from contrasted biogeochemical and optical conditions. 
The proposed analysis should (1) provide an assessment of the skills associated with each approach and (2) help to 
identify the most relevant one for application to a given oceanic regime. The latter is important in the context of 
applications BGC-Argo floats because it will determine the type of “diversity” sensor to be implemented, either a 
transmissometer (which is currently mounted on a limited number of BGC-Argo floats) or a multichannel 
fluorometer, if not both. Our final goal is to discuss the pertinence of such optics-based diversity approaches in the 
context of the BGC-Argo program and emit recommendations for large-scale implementation. 
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