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Healthy, resilient,
productive, diverse

sustianbly managed
ocean, whose future
we can predict




Human threats on the ocean

Multiple stressors



Different interacting categories

v Habitat destruction (physical, pollution)

v" Over-exploitation of resources (e.g.
fishing)

v" Movement of species (invasions, diseases)

v" Global changes (climate change, ocean
acidification, deoxygenation, etc.)

BN ;

v' Interactions

e.g. extreme event + invasion

L_ocal
VS
Global

Natural
VS.
Foreign

Abiotic
VS.
Biotic




What Shal I We d@? Implementation of dadaption and

Policy action mitigation strategies addressing the
effects of multiple ocean stressors

Adaptation and

mitigation Implementation of adaption and
strategies to mitigation strategies addressing the
combat the effects of multiple ocean stressors

Healthy, resilient, impacts of
. . multiple stressors
productive, diverse
sustianbly managed
ocean, whose future

we can predict [ : Wl Understanding Taking into account locally specific
)" & biological response combinations of stressors over time
and space




|dentify priorities







Strategy to identify priorities

Effects

’ o
@ Local, Regional, Global

- EXposure

- Effects

- Solution
availability

Different all
every location



EXposure
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Take home messages

v" Different combination of stressors at each location



Foreign vs. Natural stressors

E.g. pollution (ecotoxicology)

Thresholds

Chemistry
(monitoring, models)

Services, Society

Mitigation, Adaptation




Foreign vs. Natural stressors

E.g. Temperature

Threskolds

Chemistry
(monitoring, models)

' Services, Society

B 10 I Ogy Mitigation, Adaptation




Effects — What 1S a stressor?

O Stressor A pressure that causes a quantifiable negative effect on
an organism, process or community.

O D river A pressure that causes a quantifiable change (positive
Or negative) an organism, process or community.

® Stresg A measurable response that is deleterious to an
organism, process or community.



Biological thresholds different from
chemical thresholds

Performance

A

_______

]
Stress v

Environmental factor (Van Straalen 2007)



A driver can become a stressor
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Biological response is locally dependent

Murine Ecology. ISSH 07739565

SHORT COMMUNICATION

Adaptive variability to low-pH river discharges in Acartia
tonsa and stress responses to high ,CO, conditions
Vidor M. Aguilera™?, Cristian A. Vargas**%, Marco A. Lardies* & Maria J. Poupin®
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Biological response is locally dependent

Murine Ecology. ISSH 07739565

SHORT COMMUNICATION

Adaptive variability to low-pH river discharges in Acartia
tonsa and stress responses to high ,CO, conditions

Vidor M. Aguilera™?, Cristian A. Vargas**%, Marco A. Lardies* & Maria J. Poupin®

slutionary in
ypic plsticity. Th
ingastion rates (IR) and expression of
0 (Hsp70) and Ferritin] in the

0111 Umaec 12222

multiple driw
detal as a pe

limate change, this biologi
ntial tool for ridk mitigation po

Introduction

pread species must cope
amang habi
od by genetic differentiation andior  phologic. and metabolic trsits show variation

Geogeaphically wi
ul

Nusns Seingy 21 GONE)215-226 ® 705 St Vorag Gt s

Chile

Santiago

Population Population 2

Max=8.58

pH

Mean=

Max=8.11 8.18+0.13

= Mean=
8.0810.01

8 Min=8.03

. ) Min=7.88

Time Time

Same species, different responses



Theory: adaptation drives sensitivity

No Stress

Estuary

C O Positive effect Negative effect
2



|_ocal adaptation

0.5 o opepoe o - ANALYSIS
o : L IBI I l I I I l I I I l I I I | I I I | . Ju Venhre gaSTrOPOdS CC()lOgy & CVOl thl(')l] PUBLISHED: 13 MARCH 2017 | VOLUME: 1| ARTICLE NUMBER: 0084
- - O Veliger gastropods
'E T “ O Juvenile mussels " o raaie M
p R % ® Aduf mussels Species-specific responses to ocean acidification
2 0.0 o™~ e o0 | should account for local adaptation and adaptive
2 08 x:: ~ | plasticity
g o ~ - b\_\ ™ . = . -] Cristian A. Vargas'#**, Nelson A. Lagos**, Marco A. Lardies**, Cristian Duarte*, Patricio H. Manriquez’,
_; (14 _O 5 | s - . T - | Victor M. Aguilera*®, Bernardo Broitman?’, Steve Widdicombe® and Sam Dupont™
@ 5 B % h o N e T — 7]
E — N T - - - e _ - ]
s —
= i O o T - nature ANALYSIS
g -1 - O [ R2 = I:] 661 - Q o~ \’ T _ climate Chaﬂg(f https://doi.org/10.1038/541558-021-01269-2
i L P . ~i |
¥ - g.ggggxm 0.363 ® NG N
—_ - - S . . eg e o
£ I S ' o - Upper environmental pCO, drives sensitivity to
B S SR T ST RN B SO ocean acidification in marine invertebrates
-400 -200 0 200 400 600 800 1000

Cristian A. Vargas 23, L, Antonio Cuevas®'3, Bernardo R. Broitman®3#, Valeska A. San Martin?,
Nelson A. Lagos?**, Juan Diego Gaitan-Espitia®® and Sam Dupont’®

ApCO, (patm)
(Experimental high pCO, — Extreme Environmental pC0O,)

The more you deviate from today, the more
negative impact (stress Is relative)



Take home messages

v" Different combination of stressors at each location

v What defines a stressor is relative and depends also on each
location



THE question

Multiple drivers/stressors
(A, B, C, D, etc.)

What is the effect of A+B+C+D+etc.



Increased drivers = increased stress
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Combined effects are complex

Additive
Synergism/Synergistic

Antagonistic



E.g. Impact of temperature on
mussels

GROWTH

control +2C +4C

Effect on growth:

+2C (A): +10%
+4C (B): +15%
+6C (A+B): ?



E.g. Impact of temperature on
mussels

An increase by 2C = 10% increase in growth
An increase by 4C = 25% increase in growth
What is the % of increase in growth after a 6C increase in temperature?

35%
<35%
>35%

It depends

O O O O



Why does It depend?

8 Performance
curves are not
linear




For additive driver, the effect depends on the
shape of the curve and starting point

rformance
Effect (E)

Driver B A+B

Additive drivers E;Vib — Ea + Eb
Additive effect



For additive driver, the effect depends on the
shape of the curve and starting point
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For additive driver, the effect depends on the
shape of the curve and starting point
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Additive stressors add in a non-linear way (depends on the shape of the
curve) so It does not translate into an arythmetic mathematical addition at
the effect level

As a consequence:

1. What you see at the effect level does not say anything on the additivity of
stressors

2. Multiple stressors experiments have limited potential to resolve how
stressors work in combination



Take home messages

v" Different combination of stressors at each location

v What defines a stressor is relative and depends also on each
location

v Combined effects are complex and cannot easily be
understood from classic effect studies



To understand how two
stressors work 1n combination
you need the mode of action



I\/Iode of action and Interactions

Driver 1 = beer

— No Interaction / Additive

\

Driver 1 = wine

— Interaction

Driver 1 = drugs

Mechanistic studies



Definitions

i Absence of interaction between drivers/stressors
o Additive (dose-addition)

o Synergism/Synergistic |

— Interactions between drivers/stressors

o Antagonistic B



Four options

o Same or different mode of action
o Interactions or no interactions

Interaction

Yes No
(additive)

Same

Mode of action

Different




Case study: warming and over-fishing

Global warming (A): kills 50% of fish

Fishing (B): kills 50% of fish

A+B?



Different mode of action and
NO Interactions

Interaction

(additive)

Mode of action

Different ‘




Different mode of action and

f .- 2% Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ?7?7?




Different mode of action and
Nno Interactions

Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ?7?7?




Different mode of action and
no Interactions

Stressor 1 = overfishing (50%)

Stressor 2 = Global warming (50%)

Stressor 1 + Stressor 2 = ?7?7?

Ra.n =R, + Ry — RAXRy = 75%



Same mode of action and no
Interactions

Interaction

(additive)

Mode of action

Different




A + temperature
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Additive stressor,
Depends on effects



Different modes of action and
Interactions

(additive)

Mode of action

Different ‘




Ocean acidification with toxicants
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Take home messages

v" Different combination of stressors at each location

v What defines a stressor is relative and depends also on each
location

v Combined effects are complex and cannot easily be
understood from classic effect studies

v Mechanistic studies are needed to understand multiple
stressors



THE question

Multiple drivers/stressors
(A, B, C, D, etc.)

What is the effect of A+B+C+D+etc.



How to answer this question

Multiple stressors experiments

v' Many stressors
v' Many scenarios

Complex to perform

Complex to interpret !




Research strategy

1. List your drivers/stressors
(intensity, duration, thresholds, etc.)

2. Understand the mode of action and
Interactions

3. Understand your performance curves

4. Model
5. Test your model

Monitoring

Single stressor
experiments

Modeling
Multiple stressors
experiments



Take home messages

v" Different combination of stressors at each location

v' What defines a stressor is relative and depends also on each
location

v' Combined effects are complex and cannot easily be
understood from classic effect studies

v Mechanistic studies are needed to understand multiple
stressors

To build a local priority list of stressors, you need a good
understanding of the local conditions (monitoring) as well as a
mechanistic understanding of each stressors and their
combined effects (mode of action)



+ Solutions — The science we need
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practices Pl activities

Use ecosystems O

e Relocate
to protect assets

species

Science priority based on
development and
implementation of solutions

v" General vs. Specific?
v Already available

v Timeline

v" Science needs



Other resources: SCOR WG 149
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Other resources: Training

Basic Training Course on Multiple Stressors

May 2022 (2 weeks)
Monaco (IAEA), Villefranche-sur-Mer (LOV)
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\{\;}hj Coordination Centre PRINCE ALBERT Il

i ' DE MONACO
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Check: https://news-oceanacidification-icc.org/



Thanks a lot for your attention !
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Understanding how multiple stressors alter marine eco-
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