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ABSTRACT

In contrast to terrestrial environments, the open ocean has a dynamic whose timescales overlap with the demography of the organisms it hosts. In particular, so called
meso- and submeso-scaleprocesses (1-100 km, days to weeks) have a strong influence in the eco-biological activity of the oceans, starting from the lower level of the
trophic chain up to the top predators [1,2,3,4]. However, the dynamics that explain this increased biological activity along the frontal systems are largely not known.
Here we explore the capability of frontal system to aggregate swimming organisms (fish) by analyzing an idealised model of the stretching region which is often found

in between mesoscale vortices. The rationale behind this a pproach is that an optimal niche for fish, defined in term s of a tracer like physical properties or prey
availability, may shrink with time under the coupled effect of stretching and diffusion. If the shrinking speed is less than the fish swimming capability, fish schools,
originally dispersed over a wide region, may move inside a smaller area and therefore increase their local density, until eventually the tracer fades away and fish
dispersion takes over again. The model is parameterised for one of the most abundant mesopelagic fish, the myctophid, particularly important in the Southern Ocean,
using physical conditions representative of their environment. We find that the fish are able to follow the tracer cue by swimming for a period of two weeks and may
improve their concentration of about 150%, starting from a 10 kms patch: these spatiotemporal scales are comparable with the lengths and durations of foraging bouts

of pelagic predators like the elephant seals.

MODEL STUDY

Evolution of a passive tracer exposed to stirring and diffusion, in
which the fish present a homogeneous starting distribution. Below,
illustrative scheme of the dynamic analysed in our study: green
patch represent the optimal niche, i.e. the area in which we
hypothesize the fish prefer to live. The black line indicates the
front, corresponding to a stretching region (unstable manifold).
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METHODS AND RESULTS

Development of a 1D and a 2D models, considering the Lagrangian
advection of a passive tracer (advection-diffusion equation):
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MD206 dans IOOcean Austral (January-February 017)

The reference fish of the study is the myctophid, one of the most abundant species of
the Southern Ocean and main sustain of most top predators in the area. In order to
measure its abundance and species richness, acoustic instruments (EK80, Themisto
project) and nets were used during the sea campaign on the Marion Dufresne ship.
This work is part of the experimental validation of the model. From the left: the
Marion Dufresne, EK80 monitor that detects a presence of fish school around 100m
depths, and some individuals of Electrona Antarctica , a common lanternfish of the

Southern Ocean.
SATELLITE PRODUCTS

Satellite products are used to
obtain the different parameters for

the model, like altimetry derived

velocities that allow to estimate

the Lyapunov exponents in the
Southern Ocean, one of the main
myctophids hotspot.

Concerning the experimental
validation, different products are

analysed (chlorophyll, SST ecc.) in
order to co-localize the position of
physical fronts with myctophids
detection. Near-real time products

were also used in order to drive the
track of the MD into one of the
main penguin hotspot near Crozet
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CONCLUSIONS

Clear relationships between Lagrangian structures and primary production are
documented [1]. Furthermore, colocalization of top pr edators within this
dynamical features has been recently shown, suggesting possible interaction
mechanisms. Nevertheless, coupling with intermediate trophic levels is largely not
clear, especially considering that dispersion
and not aggregation is amplified over fronts.
Here we develop a simplified model for the
evolution of an idealised passive tracer
acting as a cue for intermediate trophic
levels.

Results suggest that the dispersion of a cue
may translate in the aggregation of fish, at N— "}
least for time scales of a few weeks. b
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Interestingly, this temporal scale match ’
remarkably well with the characteristic Elephant seal trajectory in proximity of an
periods observed in foraging bouts of pelagic eddy, identified with FSLE. Circle color is
top predators like elephant seals. proportional to the attempt capture rate [5].
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