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A thin layer of life in peril: the biosphere
(Folke et al 2021)
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GAIA Hypothesis

* Hypothesis of climatologist James
Lovelock and microbiologist Lynn
Margulis in the 1970s

* The Earth 1s said to be "a dynamic
physiological system that includes the
biosphere and has kept our planet for over
three billion years in harmony with life"

« 2° C warming: imagine the temperature of
the human body constantly rising to 39° C



Numerous pressures on the Oceans
(McCauley et al Science et al 2015)



A connected world fully exploited

(Folke et al 2021)
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Concentration in ocean economy

top 100 companies "Ocean 100" = 60% of total revenue
(Virdin et al 2021)
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.and many impacts
hot, acidic, polluted and overexploited ocean
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Transformation of the Oceans

IPCC Ocean report 2019 Burke et al 2018-Easac 2021
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Catch that are stagnating at the global level A 1950s

and industrial fishing that consumes ever
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A growing
appetite for
fish...... made
possible by
expanding
aquaculture!

(Fao Sofia 2022)
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Evolution of the situation of world marine fish stocks

from 1974 to 2019
(FAO Sofia 2022)
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Vanishing marine species
(Soldo com. pers.)

Carcharodon carcharias Odontaspis ferox  Squatina oculata Isurus oxyrinchus
Squatina squatina Heptranchias Sphyrna zygaena Pristis pectinata
Carcharias taurus perlo
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Overexploitation = less abundant and smaller fish




1 CLIMATE

ACTION

Biodiversity and climate " 0
1 BELOW WATER 2 HUNGER
change =S (¢
(Smale et al Nature CC 2019, Cheung et al GCB 2016) » '

D. SMALE

Catch in the tropics might decrease

by -40% in 2050
(Cheung et al 2010)



Rate of change in MTC (°C yr™)

MTC (°C)

0.15 -

0.10

0.05 -

0.00 -

-0.05 -

-0.10

-0.15

-0.01

26.4 -

0.01

0.03

Rate of change in SST (°C yr™)

- 0.6

0.4

- 0.2

L 0.0

Alewoue ]SS

o

L0238

~

--0.4

T
2000

Tropicalization of catches:
more and more warm water
species

MTC mean temperature of the catch
(Cheung, Watson & Pauly
Nature 2013, FAO 2019)
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Future of cod ?

Loss of habitats 1f global warming exceeds 1.5°C
(Dahlke et al. Sci Adv 2018)

~i Sea-ice cover during spawning seasons ——3» Egg and larval drift

@ Spawning area (winter-spring)
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Conceptual diagram illustrating the relationship between estimated catch potential, and its
change over time driven by climate considerations and realized catch

A Model estimated
CATCH catch potential

A Catch
potential

Global catches will
decrease: Primary e Wil
production would fall by MR
7-16% A decrease in
potential fisheries
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FISHERIES

Chinook salmon
—
! Albacore tuna
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Source: OCEANA; “FORAGE FISH: Feeding the
California Current Large Marine Ecosystem,”
Marine Forage Species Management off

the U.S. West Coast, October 2011
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MARK NOWLIN / THE SEATTLE TIMES

Role of

pelagic fish in
wasp-waisted

ecosystems

(Cury et al 2000)



Regime shift in

the Benguela
(Cury and Shannon 2004)
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‘Jellification’ of the Namibian ecosystem!

Méduses (Cnidaria, Medusozoa) négligeables avant 1970, ont atteint 40
MMT dans les années 1980 et 12.2 MMT en 2000s (Lynam et al. 20006),
approximativement 2.5 fois la biomasse combinée des poissons exploités.
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Chrysaora Aequorea Horse mackerel Small pelagic
fish

(tonnes.nm?)

hysoscella orskaela & hake

Jellyfish = 12.2 million t
H/m & hake = 2.8 million t
SPF = 0.8 million t

(Lynam et al 2006)




“For these fishermen
[jellyfish] have
become an
increasingly irritating

nuisance”’
(Venter 1988)




d gannets have declined by
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2. Ecosystem Approach to Fisheries — EAF:
Fisheries management that integrates

biodiversity... and the climate




Ecosystem Approach to Fisheries (EAF): Reconciling exploitation

and conservation of marine species in a context of climate change
(Worm et al science 2009)

Maintaining Maintaining Maintaining
biodiversity high catch high employment

Reducing Fossil energy




AEP approach is more conservative than the

conventional approach
(Cury et al 2011, Pikitch et al 2012, 2017)
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Agenda 2030 of the UN defines sustainability today
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Studying the interactions, synergies et compromises i

between the SDGs
(Moatti - Cury 2017 , GSDR 2019)

SDG7 SDG8

; _ SDG10
Affordable and Sustainable economic Reduction
clean energy growth, decent work of inequality
SDG5 L~ SDG12
Gender equality, » Sustainable
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and gir

production patterns
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Food security, , Combat climate
sustainable agriculture change
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End of poverty Conserve and sustainably SDG15
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' Life on land
marine resources
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Ev-Osmose model
Yunne Shin et col.
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Ev-Osmose model
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https://github.com/osmose-model/osmose



Ev-Osmose model
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Ev-Osmose model

CUMATS

ECONOMY

F\ECTIOy,

54
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DYNAMICS

Schenk, Barrier, Quaas et al. In prep.

Bio-economic module

Flsheries
policy




Application to the North Sea

2010-2019
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Model

Observed data

A 4

é model

Black-box optimization:
no need to recode the

++
model.exe

¢ model.jar

Objective function info |

|
) ) |
:- model variables to fit. |
I- type of function for :
:confrontation with data. |

|

|

:- weights for each variable.

(getObservedData ()>

B | ‘

I

Y

runModel function

calibraR

an R package for the calibration
of ecological models

Oliveros and Shin, 2016

Supports the
calibration of

stochastic models

v Objective Function
:GreateObjactivaFunction ()>—> - R function (Closure)

[ Ftutptytey T T T T T 1
|Parameter info

|
:— initial guess for parameters. :
|- lower and upper constraints. |
:- activation phase for each :

|

Uses a new evolutionary
algorithm for Global
Optimization

- Includes observed data

Iparameter.

Supports multiphases
and constrained

Distributed as a free,
open-source R package

http://roliveros-ramos.github.io/calibraR/

Y

optimization

calibrate () )—» Optimal parameters
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The level of protection of marine

biodiversity will influence the future
of the oceans - 30% 1n 203079

Grorud etal 2021 - Science - 10 Septembre
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Increasing but insufficient protection
(Lubchenco Science 2015)
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Sustainability Science : Marine protected |

areas and adaptation to climate change
Callum et al 2017 PNAS

MPAs promote genetic diversity
that provides raw material for
adaptation to climate change.

MPAs prevent the release

Protecting coastal habitats maintains carbon
sequestration and storage processes and
prevents loss of stored carbon.

- o «

of carbon from sediments Sy N - 4
disturbed by habitat . Reduction of human
modifying fishing gear. b @ ~ stressors in MPAs
© - +T —— promotes ecosystem
P’ @ recovery and prevents
= : - e biodiversity loss
R / g ’::“:-‘;;? by - enhancing livelihoods
™o -~ 8 and ecosystem services.
e ) - 1 5Hm “
MPAs protect apex predators U
that confer increased stability ) = gl

to coastal habitats that buffer L
climate-induced instabilities.

Large populations with greater
reproductive output often found

in MPAs will be more resistant to
extinction as climate stress increases.

MPAs can provide stepping
stones for dispersal and safe
“landing zones” for

High abundance of mesopelagic climate migrants.

fish in open ocean MPAs may

enhance CO2 absorption and buffer

acidification near the surface through

excretion of gut carbonates.

Fig. 1. Eight illustrative pathways by which MPAs can mitigate and promote adaptation to the effects of climate change in the oceans.



Contribution of Strong Marine Reserves to Climate

Change Mitigation and Adaptation
Jacquemeont et al; One Earth 2022
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Need for a
dynamic fisheries
management
Integrating

climate change
(Tittensor et al. Sci. Adv. 2019)

Current

Future
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Towards a blue transformation ?

Promote the implementation of the SDGs and the 2030
Agenda

Remove subsidies harmful to climate change and
biodiversity loss

Prioritize subsidies for social and economic ecological
transitions

Promote sustainable artisanal fisheries (selective
fishing gear, saving fossil energy, creating jobs - for
women, etc.)

Do what we promised to do and what we do not do
(30% AMPs with 10% with full protection sensu MPA

guide)
Eat sustainable fish



Il n’est pas necessaire d’esperer
pour entreprendre ni de reussir
pour perseverer

Guillaume d’Orange-Nassau, dit le Taciturne
1568
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