SERENADE - 27st June 2022

Switching off the Sun to observe the

twilight zone spatial dynamics
across Saint-Paul and New Amsterdam Islands,
Southern Indian Ocean

PhD student: L. Izard
Supervisors: C. Cotté & J.-B. Charrassin

Credit: Paul Edward Caiger

Institut

Pierre Q SORBONNE
b UNIVERSITE

Simon
Laplace




The twilight zone: a complex ecosystem

Phytoplankton

Micronekton

(2-20cm)

Ability to swim freely 200m

Twilight zone
Poorly understood...
1000 M
...but plays a key role Active carbon Zooplankton
(200 pm -2 cm)
Deep ocean
& facing risks




Where and how?
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Active acoustic data acquisition
o Echosounder EK80 (Simrad, Norway)
o 5frequencies: 18, 38, 70,120,200 kHz
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—— Front subtropical (Orsi 1995) 20°S
~— Front subantarctique (Kim & Orsi 2014)
= Front polaire (Kim & Orsi 2014) 0.7

o Micronekton structuring
o Contrasted oceanographic domains
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o (Canwe detect spatial changes in
micronekton structuring from acoustic
data and explain them by
environmental factors?
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Multivariate Functional data analysis

1. Discrete to functional data (Ramsay & Silverman, 2005)

2. Multivariate Functional Principal Component Analysis

A

o Find modes of variability
o Link them to temporal and/or spatial variation

3. Identify sharp transition in the spatial components



Results

o  The statistical analysis allow to determine 3
zones along the transect

o  The vertical structuring follows a latitudinal
pattern
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Subantarctic front

Acoustic ruptures match surface
hydrological and biogeochemical
gradients

Perspective: micronekton 3D
distribution modelling

Subtropical front?
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Switching off the Sun to unravel the twilight zone structuring
across a transition system
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The twilight ecosystem extends from 200 to 1 000 meters, between the well studied euphotic layer and the deep ocean. It is: \
...heme to mid-trophic organisms ...poorly understood .facing risks. e o
o Zooplankton & Micronekton o Hard to sample o Future exploitation ﬁ% L - .f
o Size between 0.5-20 cm o Spatial & temporal dynamics o Response to climate change? " o comar
o Can swim across currents o Complex environment
mp Need to better understand the functioning of this ecosystem
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Active acoustic data

° :ﬁ Echosounder EK80
2 . o Detect sound scattering layers (SSL)
ank you for your attention
3 l o Non-linear response of organisms to
kA . different frequencies
. ° ° 200 N p = _Prpenisson [ ——
More information in the poster! (T A
L] ol - v:k (=] = 1 Discrete to functional data (Ramsay & Silverman, 2005)
R | # in o Linear combination of basis functions
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! i < o The ;. coefficients = information on the shape of the profile

o 1 acoustic observation = 5 curve (frequency) coeffidents
& Ihe imperance of muifrecuency deces: Peprasentation of
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dy m@:‘:‘:ﬁd sy Functional Principal Component Analysis (FPCA)
betuween surface “

st fih stock in the ocean . o PCAof the coeffidents
chni o Identify principal modes of variance in data

Finding ruptures (sharp changes) in micronekton distribution

Discussion

Twilight zone biogeography il

o Reflect regional biodiversity and
functions

o Integrating temporal variation is
complex and data is lacking

> Principal components (PC) are
asseciated to temporal and/or spatial =
variability =
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o Tempoeral variability is filtered

> Ruptures indicates spatial changes in
the micronekton vertical structuring

Proposed twfkgnt zone ecoregions of the werkds ceans (Surton e, 2017)

A novel statistic approach
) 5 o o Multifrequency study = community
wW o Acoustic structuring present a latitudinal consideration
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ol pattern (e.g., number of SSL, intensity) o Consider all the vertical information
. R T o Decompose temporal variability
(o] UPMCS ing, = %...—“‘%“m:w;‘, S o Ruptures match surface hydrological and
. o ET1E biogeochemical gradients (fronts) Perspectives
gl oA ""’""';“““ s o Micronekton distribution modelling
e - | | W o Integrating and quantifying temporal and
} i | w L I ? £ spatial variations
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