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Global temperatures have increased by over 1.2°C
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In a context of rapid environmental changes:

Marine animals are becoming new tools for:
- Observing changes in the physics and biology of the ocean

- Assessing the ecological consequences of these changes.



The Southern Ocean

Relative to the Global Ocean it
represents :

20% of its surface

| | 25% of its primary production
40% of the carbon sink

70% of heat excess storage




f) Cumulative ocean heat uptake (10°J/m?)
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2) Increased wind stress (N.m?) : + 40 % (1979 -2016) (Lin et al. 2018, J. Climate)
(j) Mean Tog (ERA-Interim)
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— Meso-scale (eddies) activities
- Mixed Layer depth — Phytoplankton nutriments



Increased Mixed Layer Depth (MLD)
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Changes in the SO primary production

An increase of phytoplankton
biomasst

But a likely change in the

composition of phytoplankton
communities?
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Ice-edge feeding April-May
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Deep submesoscales in the Southern Ocean, revealed by elephant seals
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Tracks, at sub-kilometre resolution, of 25 elephant seals fitted with HR CTD tags
(0.5 Hz), 2014-2020.

Key findings

. 133,598 dives

. Fronts intensified beneath the mixed layer

. Year-round, from the surface to at least 500 m

. Seasonal cycle: peak in austral spring, low in autumn
. Correlates with surface eddy kinetic energy (r = 0.86)

Depth [m]
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500

Seasonality: lateral buoyancy gradient (x-axis) vs depth. Left to right: East, South, North-
west, South-east. Blue summer, green winter, orange autumn, red spring. Dashed
lines: mean mixed-layer depth.

Scientific significance and outlook

. Likely driver: frontogenesis induced by mesoscale eddies
. Strong vertical velocities expected, up to 100 m per day
. Heat and nutrient transports underestimated at depth

. Outlook: pair instrumented seals with SWOT altimetry

Siegelman L., Alford M.H., Picard B., Guinet C. (2026) Ubiquity and seasonality of deep submesoscales in the Southern Ocean revealed by elephant seals. Nat Commun.
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The power of biologging to address ecological and environmental
guestions:

Hydrophone

Accelerometer,
Magnetometer,

Pressure sensor,
GPS,

Light sensor,
Temperature sensor
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density estimated by regression between descent speed and drift rate
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The power of biologging to address ecological and environmental
guestions:
The case of passive acoustic as an example

Hydrophone

Accelerometer,
Magnetometer,

Pressure sensor,
GPS,

Light sensor,
Temperature sensor
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Every year 15 females southern Elephant seals are equipped with Oceanographic tags and
biologgers :

Cover 6.2
Perform .
123000 millions . .
km2 of the Allow to identify
dives .
SO Important SO
oceanographic &
Sample ~ 5 Consgr.ne ecological
- 3.3 million -
million km3 hab|tats
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Isotopy as a complementary tool
to investigate elephant seal
foraging ecology and
environnement la changes



. Stable Isotopes

Isotopy as a
complementary
tool for studying
the ecology of
elephant seals
and
environmental
changes

Nitrogen (8;5N) [15N/14N]

Enrichiment per trophic
level :

2-400



Results : Stable Isotopes

Blood samples

13.00 - Tyr 2yrs 3yrs 4yrs 5yrs +
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9.00 . . . .
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Bailleul et al. (2010) Ecography
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«Carbon stable isotopes

Tracks “/

- Mean Latitude of the May-July (4 mont before the return
on-land for breeding of the foraging zonesd’alimentation
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Spearman correlation test,

Mestre et al., 2020 p = 0,69, p-value <0,0001



Teeth archiveTissue (Phd M. Authier, co-directed with. | Bentaleb)

» Teeth crossection : ISEM-Spectrometer




Ontogeny and Behavioural plasticity !
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Mestre et al., 2020

Mother blood §'°C (%)
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a. 613C=-0.067 (+ 0.003) x year +113.6 (x 6.7)
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* Increasing number of females foraging in

antarctica versus in the subantarctic waters ?
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Cherel et al., 2008 ; Hulley et al., 1992; Séon et al. 2025

* Diet change ?

b.

. High trophic group
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* Primary production ?

- The incorporation of 613C depends:

of the ratio surface/volume of the cell

Deuser, 1970

Goerike et al., 1994 ; Laws et al., 1995 ; Bidigare et al., 1997 ; Popp et al., 1998 Montes-Hugo et al., 2009 ; Ferreira et al., 2020
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Amino acid stable isotope composition

Env./Baseline + Trophic/Metab.
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Classified Southern Ocean (SO) waters into 6

classes based on patterns in satellite-derived
bio-optical products

Diatoms

December Class Climatology Class

40°S

50°S

60°S

40°E 50°E 60°E 70°E 80°E 90°E 100°E

Y

Collaboration: Roy El Hourany & Ziad Sari el Dine,
Laboratoire d’Océanologie et Géoscience



Class 1
Class 2
Class 3
Class 4
Class 5
Class 6

Weekly PCA Correlation

Spearman Spearman
Classes vs. PCA Classes vs. Normalized PCA

-0.2305 -0.2466
0.0354 0.3873
0.1698 0.0120
-0.1183 -0.1801
0.3943 0.4815
-0.2750 -0.2724

Ziad Sari El Dine, PhD, Sari el Dine et al. Communication Biology, sous presse



Mathias Chla Annual Trend Southern Ocean: ESA-Climate-Change Initiative ?Broduct (4 x 4km, Daily)
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%% New biologgers to investigate the foraging ecology
of marine predators and the biology of the Ocean.

/Investigate the foraging ecology of
marine predators
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Quelle est la distribution et le comportement des organismes rencontrés par les éléphants de mer ?
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VACQUIE-GARCIA J., ROYER F., DRAGON A.C., VIVIANT M., BAILLEUL F., GUINET C. 2012. Foraging in the
darkness of the Southern Ocean: influence of Bioluminescence on a deep diving predator. Plos One
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Daily PrCR anomaly (capture/min)

0.57

Daily AD flash rate (flashes/min)
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Bioluminescence Prey Catch Attempts
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CTD-SRDL

105 x 70 x 40 mm
545 g

Capteurs de conductivité,
temperature et pression

Transmetteur

Argos Batterie

SPOT-293

72 x 56 x 24 mm
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| GPS Microsonar
Batterie §E % BE % 37 mim
200 g
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bioluminescence)
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Balise micro-sonar
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Investlgatl ng . Individual prey approach
the foraging
behaviour
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Conclusion:

Develop new biologgers to better evaluate the biological
component of the Ocean.

Assess the influence of the vertical structure of
oceanographic conditions on the distribution of marine
organisms

Understand the variation in MTL abundance and composition
in relation to the composition of phytoplankton communities.

While studying the at-sea ecology of elephant seals
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