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1. Global warming

1 Böning et al., 2008 

Llovel  and Terray, 2016
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2. Changes in ocean circulation dynamics
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Fogt et al., 2020
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Shi et al., 2021
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Redistribution of
nutrients

(Fe, NO₃⁻, Si)
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Warming of the water column

Heat Waves

Changes in ocean circulation dynamics

Modification of water masses
stratification and vertical mixes
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Provide a better understanding of phytoplanktonic changes
across the Southern Ocean from satellite water color data

Projet SO-BIOSAT
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ESA Ocean
Color CCI Questions

Provide a better understanding of phytoplanktonic changes
across the Southern Ocean from satellite water color data
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How has phytoplanktonic biomass evolved since
1998 during the productive season ?

How was the phenology of phytoplankton changed
durging the productive season ?

Are these changes structured according to the
water masses ?
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Hydrologic
Ecoregions

4
Fig.1 : Ecoregionalization of the Southern Ocean: Mean cluster values
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ESA Ocean Color CCI

Biomass
(cumulated)
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(n) (n+1)

1998 2024
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Linear regression

Decade changes ?

Chl-A  - V6.0 - 4x4km -  Monthly
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Fig.2 :  Change of phytoplankton biomass associated with ecoregions

Phenology analysisBiomass analysis
-

6 Fig.3 : Boxplot of biomass changes by ecoregions 
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Fig.2 :  Change of phytoplankton biomass associated with ecoregions
Fig.3 : Boxplot of biomass changes by ecoregions 
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Global increase in biomass in the Southern Ocean

More homogeneous trends to the north (1–5)

Strong variability in the Antarctic regions (8)

  Explanatory factors:

                  SST warming

                  Changes in ocean circulation

                  Climate variability (SAM / ENSO)

                  Community changes

Pinkerton et al., 2023

Brown et 
al., 2019

Fig.2 :  Change of phytoplankton biomass associated with ecoregions
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ESA Ocean Color CCI

Oct Mar

Phenology

(n) (n+1)Filtration
+ Standardization

+ Linear interpolation

1998

2024

Loïc LeSter (2024)

Chl-A  - V6.0 - 4x4km - 8days
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Biomass

Decade changes ?

functional PCA
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1998

2024
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Fig.4 : Profiles of the different
modes of variation of the ACPf

with the associated inertia (in %)
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Fig.4 : Profiles of the different
modes of variation of the ACPf

with the associated inertia (in %)

8

Phenology analysis ConclusionIntroduction Biomass analysisEcoregions
-



N                                                                S

Phenology analysisBiomass analysis
-

9
Fig.6 :  Change of PC2 values associated with ecoregions Fig.7 : Boxplot of PC2 changes according to ecoregions

2

ConclusionIntroduction Ecoregions



N                                                                S

Phenology analysisBiomass analysis
-

9

2

Fig.6 :  Change of PC2 values associated with ecoregions Fig.7 : Boxplot of PC2 changes according to ecoregions
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Fig.6 :  Change of PC2 values associated with ecoregions Fig.7 : Boxplot of PC2 changes according to ecoregions
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Fig.6 :  Change of PC2 values associated with ecoregions

    Explanatory factors:

               Sea ice dynamic

                  Stratification variations / MLD

                  Community changes         

Strong global heterogeneity

Earlier blooms south of the subantarctic front

High variability in sea ice regions
Overall delay
Localized precocity (polynias, Ross Sea)

                 
             Liang et al., 2023
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1998

2024

functional PCA

PC3 < treshold

PC3 > treshold 

Set a PC3 percentile
threshold to identify double

blooms profiles

10

Fig.4 : Profiles of the
different modes of

variation of the ACPf
with the associated

inertia (in %)
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Fig.9:  Double blooms persistence since 1998

Fig.10 : Boxplot of double bloom persistence according to ecoregionsProportion of seasons with
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Fig.9:  Double blooms persistence since 1998

Fig.10 : Boxplot of double bloom persistence according to ecoregionsProportion of seasons with
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Fig.9:  Double blooms persistence since 1998

Fig.10 : Boxplot of double bloom persistence according to ecoregionsProportion of seasons with
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Biomass changes Phenology changes Structured by ecoregions

Conclusion
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Limits

Difficulty in interpreting functional analysis

Lack of data due to the cloud cover Uncertainty
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Water masses advection analysis

Difficulty in interpreting functional analysis

Lack of data due to the cloud cover Uncertainty

Biomass changes Phenology changes

Conclusion
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Limits

Altimetry
Lagrangian methods

Rebuild chl-a maps

(with Marius Molinet, PhD candidate)

Perspectives

Zhao et al., 2020

Structured by ecoregions
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Difficulty in interpreting functional analysis

Lack of data due to the cloud cover Uncertainty

Water masses advection analysis

Perspectives

Link to the trends in phytoplanktonic communities

Correlation between observed changes and environmental variables (MLD, EKE, Sea Ice Cover)

(with Ziad Sari el Dine, PhD candidate)

Limits

Biomass changes Phenology changes Structured by ecoregions
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Thank you !
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