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Context: Future projections indicate an intensification of Patagonian Fe-dust deposition in the Southern Ocean (SO), as well as
acidification and warming of surface waters. However, the cumulative effects of these multifaceted changes on the
phytoplankton community are not yet known, providing a major limitation for anticipating the future direction of the primary
production in the SO.

Objectives: The SO-dust project aimed at evaluating the effects of anticipated anthropogenic changes (Fe dust input, pH, T) in
the SO on the natural phytoplankton assemblage and on Antarctic key diatom species.

Main results: Onboard incubations were conducted during the Austral summer 2022 in the Indian sector of the SO aboard R.V.
Marion Dufresne to test the impacts of anthropogenic changes projected to the 2100 horizon on the natural phytoplankton
community in the Polar Frontal Zone (PFZ) and the HNLC area, where Fe is a limiting micronutrient, following a reduced factorial
experimental design (with the input of dust as the target stressor, and ocean acidification and warming as a combined factor).
Phytoplankton responses differed between biogeochemical provinces, mainly due to the variations in the diatom responses.

In the PFZ, the nano- (coccolithophorids) and pico- (cyanobacteria) phytoplankton growth and biomass were strongly
stimulated under future warmer and more acidified conditions. Diatoms responded poorly to the addition of Fe dust alone,
probably due to Si limitation during the post bloom summer period, when their biomass increased under warming and
acidification, although much less than the smaller species (Figures 1 et 2).

In the HNLC area, future conditions also favoured smaller species (haptophytes and prochlorophytes) due to the cumulative
positive effect of the multistressors. Fe dust input of increased the biomass of diatoms (mainly F. kerguelensis) under current
T and pH conditions, probably due to the alleviation of Fe-limitation. In contrast, future conditions will put diatoms at a
disadvantage compared to dust addition alone, likely due to the negative effect of acidification and warming counteracting the
positive impact of Fe-dust input. In both provinces, future conditions could mainly benefit smaller species, while the relative
abundance of phytoplankton biomass would not change under future SO, with diatoms still representing the largest biomass
in the HNLC area and picophytoplankton in the PFZ during the austral summer. Future production of particulate organic carbon
(POC) by photosynthesis was of the same order of magnitude as under current conditions in both areas. This suggests that
primary production may not change in the future SO. However, the increase in the number and the length of long-chain diatoms
observed in the HNLC area under future conditions may lead to an intensification of the biological gravitational pump and of
POC export in the future.

In the laboratory, monospecific cultures in HNLC-sampled waters showed on the contrary that future changes in the different
stressors could have a neutral cumulative effect on the growth of the Antarctic diatom F. cylindrus and a positive cumulative
effect on its POC production.

The SO-dust project clearly demonstrated that future predictions are biased when only a subset of multi-stressors is
considered, stressing the need to develop more experiments to study the cumulative effects of multifaceted changes on
phytoplankton, at the scale of the assemblage and key species, in order to better anticipate the impact of anthropogenic
changes on the primary production in the SO. These experiments should be accompanied by the development of new multi-
stressor parameterisations in biogeochemical models.
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Impact of Patagonian Fe dust input, T and pH on phytoplankton biomass in the Southern Ocean in the PFZ (Figure 1, left) and HNLC areas
(Figure 2, right).: changes in phytoplankton pigment concentrations between day 0 and day 5 under different scenarios (A, B, C, D, TA and
TF) in the PFZ (left) and HNLC areas (right). Zeaxanthin refers to cyanobacteria and prochlorophytes, TChl b to prochlorophytes, alloxanthin
to cryptophytes, 19'-butanoyloxyfucoxanthin to haptophytes and pelagophytes, 19'-hexanoyloxyfucoxanthin to haptophytes, peridinin to
dinoflagellates, and fucoxanthin to diatoms (Uitz et al., 2006).

Future of the project: This project has served as a basis for a larger proposal submitted to the ANR. It will be in the background
of the SOPHYAC-Light project (Pl K. Sellegri) financed by LEFE in 2024-2025 and of the SOPHYAC campaign (chief scientist M.
Boye) on board the R.V. Marion Dufresne in December 2024/February 2025.
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