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First studies analysing the oceanography in the Bay of Banyuls
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surface
3 m

bottom
24 m

(seasonal Kendall 

slope estimator)

Over the last 25 years, we detected an increase in temperature at 3 and 24 m, 
and an increase in chlorophyll a at 24 m

How has the coastal environment at the Banyuls Bay changed over the last 25 years?1

Temperature Chlorophyll a



At 24 m, temperature anomalies have become 
positive for the last seven years. Also, the 

anomalies at this depth were both more frequent 
and of higher intensity. 
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How has the coastal environment at the Banyuls Bay changed over the last 25 years?1
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At 24 m, temperature anomalies have become 
positive for the last seven years. Also, the 

anomalies at this depth were both more frequent 
and of higher intensity. 



Thermocline vertical oscillations

Chlorophyll a
Nitrite & Nitrate

Phosphate
Salinity
Oxygen

How has the coastal environment at the Banyuls Bay changed over the last 25 years?1

When the thermocline is shallow, deep 
water at SOLA have 



Bloom of picoeukaryotes

High winter chlorophyll a

at all depths driven by 

picoeukaryotic blooms

Chlorophyll concentrations 

are elevated at 24 m when the 

thermocline is shallow

How do changes in the thermal structure of the water column generate environmental 
variability?2

Bloom of picoeukaryotes



Bloom of picoeukaryotes

How do changes in the thermal structure of the water column generate environmental 
variability?2

Bloom of picoeukaryotes

Vertical oscillations of the thermocline promote blooms of phytoplankton at 
the near bottom of SOLA during spring and summer



How do changes in the thermal structure of the water column generate environmental 
variability?2

Thermocline oscillations 
drive environmental 

variability across the water 
column that and promote 
changes in the diversity of 
microbial communities at 

SOLA

Chlorophyll a
Nitrite & Nitrate

Phosphate
Salinity
Oxygen



Ordination based on Bray-Curtis 
dissimilarity for the 16S 

What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3



Samples below the 
thermocline cluster 

together

What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3

Ordination based on Bray-Curtis 
dissimilarity for the 16S 



Cluster of samples below 
the thermocline 

Some taxonomic groups are 
significantly more abundant 

below the thermocline

What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3



ASVs recurrently 
found below the 
thermocline

ASVs specific to the 
sub-thermocline community
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What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3

We identified ASVs that were specific and 
recurrent in samples below the thermocline 

with an IndVal analyses
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We identified ASVs that were specific and 
recurrent in samples below the thermocline 

with an IndVal analyses

And analysed their abundance patterns and 
seasonality using Lomb-Scargle Periodogram:

What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3



events of shallow thermocline

What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3

The main components of the sub-thermocline community are 
species typical from winter and spring



What are the consequences of this environmental variability  for phytoplankton and 
microbial communities?3

Where does the sub-thermocline community come from?

H1: DISPERSAL
Present below the thermocline offshore

Appear at SOLA through dispersal

H2: LOCAL SELECTION
Rare/absent below the thermocline offshore

Increase at SOLA under favorable conditions
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TIME

1

2
These shifts promote blooms of 
picoeukaryotes at 24m deep during spring 
and summer… 3

4 These processes are recurrent, they appear every year, and they 
seem to have increase their frequency over time.

During summer, deep waters at SOLA are subjected to strong 
shifts of temperature due to thermocline oscillation

…and increases the differences between surface and near-
bottom communities during spring and summer

Take home messages



Merci!


