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Qu’est-ce que le plancton?
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Pourquoi l’étudier à petite échelle?
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Box 2 Frontal and submesoscale dynamics

Submesoscale motions, with lateral scales a decade or so below the mesoscale, are best defined in terms of dynamical balances11: unlike mesoscale
dynamics, submesoscale dynamics are not well-approximated by geostrophic balance, and so all the terms in the equations of motion are potentially
important. Submesoscale dynamics are often closely linked with fronts. The purpose of this box is to give a brief overview of the physical forcings that
lead to fronts and submesoscales, and the phenomenology of the flows themselves.
Early evidence of dynamical features much smaller than the mesoscale came from sun-glitter in photographs taken during the 1970s Apollo Mission,
which revealed predominantly cyclonic spiral eddies in the ocean, with scales of around 10–25 km135. All such submesoscale motions derive their
energy from lateral density gradients in the surface ocean (see schematic). These density gradients are driven by atmospheric forcing: heat and fresh-
water exchanges, and winds, which inhomogeneously mix the upper ocean. Horizontal straining by mesoscale eddies (red arrows) can squeeze these
density contrasts into nearly vertical planes (gray surfaces), intensifying their geostrophic along-front, sheared currents (green arrows)—this is an
example of frontogenesis. Fluid instabilities feed off these localized sources of potential and kinetic energy, generating submesoscale vortices and
filaments that carry of some of this energy away. A sufficiently strong front will generate a cross-frontal ageostrophic secondary circulation—an
overturning circulation directed in the sense of trying to flatten the density surfaces in the front (yellow arrows). Next we describe persistent fronts,
submesoscale fronts, and a more complicated scenario that inextricably links mesoscale and submesoscale motions.
Persistent fronts like those associated with the Gulf Stream and Kuroshio are locked in place by the coastal boundary and large-scale atmospheric
forcing. Strong winter-time winds are directed nearly parallel to the axis of the jet, driving cold dense water southward across the front through Ekman
forcing—a dynamical balance between surface friction, pressure, and Coriolis acceleration that moves upper ocean waters to the right of the wind in the
Northern Hemisphere—keeping the density surfaces steep, the stratification low, and strengthening the jet24, 136. This forcing is directly balanced by
submesoscale symmetric instability, which takes energy mostly from the kinetic energy of the jet, and baroclinic instability, which converts the potential
energy of the sloping density surfaces into large meanders and eddies. Associated with these highly energetic processes is a deep vertical velocity
structure137 that reaches into the thermocline.
The ubiquitous submesoscale density fronts and filaments that are continuously created at the ocean’s surface by mesoscale strain differ from persistent
fronts like the Kuroshio and Gulf Stream. Unlike their more powerful cousins, submesoscale fronts are continuously forming, moving, and dissipating—
they are not in a steady-state balance between forcing and dissipation at a fixed location. These fronts have associated cross-frontal secondary
circulations that are generally confined to the vertically well-mixed upper layer of the ocean138. In the presence of shallow summer-time mixed layers,
these features do not carry much energy and thus have little impact on the local circulation. In the winter, on the other hand, the nearly vertical density
surfaces associated with these fronts and filaments extend through the deep mixed layer, and so contain significant potential energy in addition to the
intense kinetic energy of their cross-front currents. In the last few years, ample evidence8, 139–141 indicates that this energy is converted to kinetic energy
by mixed layer instability142, 143: a submesoscale baroclinic instability with maximal growth at the mixed-layer deformation scale, LML=NMLhML/f, where
NML and hML are, respectively, the mixed-layer buoyancy frequency and mixed-layer depth. In mid-latitudes in winter, with NML~10−3 s−1, hML~200m and
f ~2 × 10−4 s−1, this gives LML ~1 km, and like mesoscale baroclinic instability, the result is the formation of submesoscale vortices with sizes close to this
scale143.
Sufficiently steep density contrasts confined to the mixed layer can generate significant submesoscale energy, as above. But less-steep density surfaces
that intersect the surface and reach deep into the interior can also generate significant energy at submesoscales, through a process called Charney-type
baroclinic instability, which is likely widespread in the ocean144. This mesoscale-driven process provides an alternate but potentially important pathway
between the surface and interior23, 25.
In all cases, submesoscale processes act against fronts, reducing mixed-layer depth, increasing stratification, and decreasing vertical mixing145. The
eddy kinetic energy produced in these processes likely enhances lateral turbulent mixing at the submesoscale146. Ultimately, submesoscale turbulent
energy undergoes an inverse cascade, coagulating small vortices into larger features and ultimately increasing the energy of the mesoscale5, 31, 147

indirectly modifying the large-scale circulation.
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Identifications de structures de submésoéchelle
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Conséquences pour le phytoplancton



Distribution de prédateurs zooplanctoniques



Protistes: Radiolaires Cellules géantes, mixotrophes
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Phaeodaires: entrainement en profondeur (mais orientation)
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Protistes: Collodaires La vie en colonie
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In the Jelly of a  
Radiolarian Colony
Collozoum sp. are radiolarians that form round or 
sausage-shaped colonies within a gelatinous mass 
varying in size from a few centimeters to 1 meter. 
Individual cells appear as whitish spheres within 
the jelly. The small ochre-colored particles are 
symbiotic microalgae.
Bottom right: Close-up of a young acantharian, 
Lithoptera fenestrata. In the top image, the 
Lithoptera appears stuck in the jelly of the colonial 
radiolarian Collozoum sp.
PLANKTON COLLECTED DURING A WINTER BLOOM OF THESE RADIOLARIANS 
IN THE BAY OF VILLEFRANCHE-SUR-MER.
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200 µm
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Mixotrophie et acquisition de symbiotes
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Remontent 
avec des vacuoles lipides

Se stabilisent au 
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Acquièrent des symbiotes
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Grégarité?

Les organismes sont plus proches qu’attendu au hasard 

À la fois au sein de chaque groupe (a) et entre les 
groupes (b) 

Sauf Oithona <> Ctephonora : évitement de la prédation? 

Un simple modèle d’attraction (distance 10 cm, 
déplacement 2 mm) reproduit bien les observations 

Le déplacement est réaliste, le champ sensoriel est 
beaucoup plus grand qu’attendu 
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Grégarité?

Les organismes sont plus proches qu’attendu au hasard 

À la fois au sein de chaque groupe (a) et entre les 
groupes (b) 

Sauf Oithona <> Ctephonora : évitement de la prédation? 
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Robots 
autonomes

“Planeur” sous-marin 

Vole en changeant son 
centre de gravité 

Télécommandé quand il 
revient en surface 

Équipé d’une caméra à 
plancton et particules 
marines



Échantillonnage au travers d’un front

Courant Ligure
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Côte Large~1km



Copépodes

Il y en a 1.34 × 1021 

Leur masse totale 
correspond à 400 fois la 
masse des humains sur 
Terre 

50 µm



Appendiculaires Des filtres à plancton jetables
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Salpida Des aspirateurs coloniaux

Pegea confoederata salps lined up side 
by side in a chain. Their mouth openings 
are seen at the top. At the other end are 
brownish orange nuclei with food-filled 
viscera, the hepato-pancreas, and fecal 
pellets.
PHOTO TAKEN BY DAVID WROBEL WHILE DIVING IN 
CALIFORNIA.

Chains of Clones
Posterior part of an oozooid of a 
Thalia democratica salp. Visible here 
are the small, cloned individuals 
(blastozooids) developing in a chain 
that will eventually trail behind the 
salp. The orange-tinted viscera and 
hepato-pancreas are also visible.
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Février: début de l’efflorescence de plancton
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Février: début de l’efflorescence de plancton

Entrainement en profondeur 

...des particules, copépodes et 
appendiculaires

isohaline

isopycnal



Mars: Mélange par le vent
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Mars: Mélange par le vent

Le mélange entraine les copépodes 
Appendiculaires -> Salpes 

Accumulation au niveau du front



Juin: Une eau “nettoyée”
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Juin: Une eau “nettoyée”

Les eaux de surface sont vides, il 

ne reste que le maximum profond 

de phytoplancton 

... et des Rhizaires mixotrophes



C’est aux fines échelles que les petits organismes 
planctoniques interagissent avec leur environnement, 

et maintenant nous pouvons les voir !
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