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The
challenge
of ocean

acidification

what do we need to know?




Q1: Why do we need to study
ocean acidification?

Q2: What Is the cause of ocean
acidification?



2 Planet infected by humans
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M Energy = carbon dioxide (CO,)
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Global Fossil-Fuel C(}2 Emissions
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M Symptoms
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Global warming

Catastrophic events
lce melting

Sea level rise
Hypoxia

Salinity changes
Ocean acidification
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M Ocean acidification iIs
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happening now
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b Fast and strong

UNIVERSITET

84

8.3 i
B2 = 5 \W" N
: ”~ "\] \f“ A \Mst 1800
/ 1

B 2000
LT 3

Oceanic pH
79 B

78 #2100
7.7

76

-25 -20 -15 -10 -5 0 S
time (million years before present)

Ocean 2x more acidic by 2100



GOTEBORGS
UNIVERSITET

? Ocean acidification is a real, fast and directly related
to our CO, emissions



Ocean acidification

On the menu today

Challenges
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Research strategy

Get ready for Ocean aCidification Conclusion/Questions

P> What is ocean acidification?

? Why shall we care?

P> What do we need to know and what are the
main challenges?

P> The critical role of physiology — a strategy to
move forward

P> Conclusion / Questions
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Last ocean acidification

event: the third extinction

RESEARCH

EARTH HISTORY

Ocean acidification and the
Permo-Triassic mass extinction

M. O. Clarkson,'t S. A. Kasemann,? R. Wood,* T. M. Lenton,* S. J. Daines,® S. Richoz,*
F. Ohnemueller,” A. Meixner,” S. W. Poulton,” E. T. 'li|:||:||.'rB
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(Knoll et al. 2007)

Extinction of 92% of all marine species
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#-4 Challenge marine ecos

50% of marine
animals
threaten by
ocean
acidification

(Wittmann & Portner 2013)



B Can lead to species extinction
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(Dupont et al. 2008)



Impact aquaculture and industry



Q3: What can we do?

Q4: What do we need to address
this challenge?
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Fight?

Flight?

or nothing?

-4 @ R, i~
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NOTHING: Face to the consequences

FIGHT: Mitigation - Work on the cause
(decrease CO,)

FLIGHT: Adaptation - Work on the symptoms
(buy some time)



A problem of scale

GLOBAL challenges

GLOBAL options: l CO,

GLOBAL/LOCAL data




Scientists are “virtually certain” that
ocean acidification will lead to
dramatic consequences
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OCEAN
ACIDIFICATION

Summary for Policymakers
Third Symposium on the Ocean in a High-CO, World

Arctic Ocean
Acidification
Assessment:
Summary for
Policymakers

wwwmarineboardeu  advancing 5o




p- Global Observatory Network
for ocean acidification
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Ocean Acidification
International
Coordination Centre

OA-ICC

:..(,Q'cean AC|d|f|cat|on Internatlonal

Coordination Centre (OA-ICC)
Communicating, promoting and facilitating global actions RN
in a changing ocean world

Lina Hansson
OA-ICC Project Officer

Michel Warnau
OA-ICC Programme Manager

IAEA Environment Laboratories
International Atomic Energy Agency
Principality of Monaco

laea.org/ocean-acidification
news-oceanacidification-icc.org

©Lina Hanssor



Demography CO, emissions

WHY NO MORE ACTIONS???
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" People have to sacrifice a little bit of their short term self interest to help the
world be a better place for the long term. And how you get people to do that,
| think, is the most important research that can be done.” T
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CENTRE FOR COLLECTIVE ACTION RESEARCH

g
CeCAR®
mBEOFPHa% Social dilemna:
N Y ~Action, acceptance and compliance

linked to psychological factors,
values, beliefs, norms, policy-
.§ specific beliefs, freedom, fairness,

3

effectiveness, personal outcome,
trust and reciprocity, etc.
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Need to be ocean literate
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Tim Minchin

The idea that (...) the science of
anthropogenic global warming
is controversial is a powerful
indicator of the extent of our
failure to communicate.
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Scientists are
sometime poor
communicators...




A need for a new strategy

OCEAN ACIDIFICATION .
Information

Natural Sciences [e.g. OA major threat]
Information NEEdEd Change

| . . . .
| [e.g. cut carbon dioxide emission]

Stakeholders

Science supply paradigm



LM A science based on values
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chaos

Societal
values

Zone of complexity

0)
aell Consensus

- Scientific T

uncertainties
(Dupont et al. 2014)



M Go local: Bohuslan, a
seafood paradize

Hypothesis: By

targetting values,
we’ll attract more

attention




Can you taste ocean
acidification?
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Journal of Shellfish Research, Vol. 33, No. 3, 857861, 2014.

FIRST EVIDENCE OF ALTERED SENSORY QUALITY IN A SHELLFISH EXPOSED
TO DECREASED pH RELEVANT TO OCEAN ACIDIFICATION

SAM DUPONT,"* EMILIE HALL.? PIERO CALOSI* AND BENGT LUNDVE?

'Department of Biological and Environmental Sciences, University of Gothenburg, 566 Kristineberg,
Fiskebdckskil 45178, Sweden; “School of Marine Science and Engineering, Plymouth University,
Plymouth PL4 8AA, UK; * Département de Biologie, Chimie et Géographie, Université du Québec a
Rimouski, Rimouski QC GSL 3A1, Canada; *The Sven Lovén Centre for Marine Sciences—Kristineberg,
University of Gothenburg, 566 Kristineberg, Fiskebdckskil 45178, Sweden
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p-A A timely press release
COMPASS

Ocean acidification can
alter the taste of shrimps
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Ocean acidification is often referred as the
silent storm because you can’t see it, you
can’t hear it, and you can’t smell it, but our
research suggests that you just may be
able to taste it
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rl Sclentific Impact

Daily News qj

NEWS SCIENCE JOURNALS CAREERS

I.I ADVANCED

COLLECTIONS

MULTIMEDIA

News Home Hot Topics Categories From the Magazine Sciencelnsider ScienceShots Sifter About Us

News > Climate > Less tasty shrimp, thanks to climate change

SCIENCESHOT

Stimulate research:
- Chile
- USA

DEZIDORMWIKIMEDIA/CREATIVE COMMONS

Less tasty shrimp, thanks to climate change 'POWER SHIFT:|
v EEGEE) |SCIENCE AND THE |
19 December 2014 4:45 pm 91 Comments Tw CQNG'RES’S {

By Puneet Kollipara

Climate change won't just harm marine life—it could also affect how it
tastes. A new study finds that as oceans become more acidic—thanks

o



ular impact

UNIVERSITET

il NPK
LAVANGUARDIA

@ HEm AR | YR | PR | TR | RERRS | RN | SIEHE |

%
ScienceNet.cn
(A

]tz BOHEI AT I RAIRLTIAA Ez|HE|IER

COHITAGE Y RRYE: 2015/1/8 14:41:19 #EFS: =

fE#: Sam Dupont

SIEZILEREREZ R

J [ shrimp taste acidification .. * [

hrimp+taste+ acidification&ie=utf-8&oe=utf-8 qQMILag7IgraAN c E' shrim

€ | & hitps//wur.googleno/sear:

A PloS One Dragon Ball Z Dbz Ho... ## Screen Recorder | Scre... [g Pourquoi une pomme ... E The KVA Fund - The S... -% E-mail in mobile unit:

GO gle shrimp taste acidification Ed “

NS

Webben Videor Nyheter Bilder Kartor Fler ~ Sékverktyg SEEUARSRESFENNLE, TEHESINWE. —RHOHREN, BT SFSRR
&R, SRS, AMSEEIFHETE . FAAREHERREELR (Pandalus
borealis, ME) MABRIKELE (prlEHS) BFRRAI200EFFEEE (GHENT. 5) PEKEER.

Ungefar 87 100 resultat (0,39 sekunder) AoBR1ERE, XEEFE AR T ENSaEs.

Ocean acidification can alter the taste of shrimps - University ...

science gu se/ /ocean-acidification-can-alter-the-t . ~ Oversatt den har sidan l-{epe3 CTO net erBeTKVI CTaHyT
Ocean acidification can alter the taste of shrimps. News: Dec 29, 2014. A recent
scientific study published in the Journal of Shellfish Research demonstrates that HeBKYCHbIMM

TexcT: AxHa Mosoposa/Infox.ru

Study shows rising ocean acidification likely to cause shrimp ...
phys org » Biology » Ecology ~ Oversétt den hir sidan

Joddd Betyg: 3.7 - 14 roster

23 dec. 2014 - All of the shrimp were cooked by professional chefs and fed to volunteer
shrimp lovers who rated the shrimp on how well they tasted

Ocean acidification affects the flavour of shellfish, study ...
www dailymail.co.uk/.__/Climate-change-leave-pra. .. - Oversétt den har sidan
22 dec. 20714 - Climate change will leave a sour taste in our mouths - literally: Study
Biologists put shrimp into tanks of sea water with pH 8 and pH 7.5 levels

Tasting Ocean Acidification | Ocean Currents
blog.oceanconservancy.org/.../tasting-ocean-acidif... ~ Oversatt den har sidan
15 jan. 2015 - Ocean acidification didn't affect texture at all, but it significantly hurt the
shrimps’ appearance and taste scores. Shrimp raised under regular

bad-tasting shrimp - Los Angeles Times Fpynna y4eHblx M3 BenukobpuTaHuu, KaHagbl u LlBeumu npuwna K

www latimes.con/../la-fi-mh-badtastina-shrimp-2... ~ Oversatt den har sidan BbiBOAY, 4TO B 6yaywem (K 2100 roay) KpeBeTKM CTaHyT MeHee
BKYCHBIMW. TPUYMHON YXYAWEHWS WX BKYCOBbIX Ka4ecTs, CYMTaloT
aBTOpbI, CTaHeT rnobanbHOe NoTenneHne KmMaTa 1 noBblleHne YPOBHS
KWUCOTHOCTM MMPOBOrO OKeaHa.



- You talk the talk, do you
walk the walk?

This information attracts interests
but
Does it drive changes?
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(tested in Summer 2015)



h-M A problem of scale
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GLOBAL challenges

GLOBAL options: l CO,

GLOBAL/LOCAL data

LOCAL challenges

LOCAL options

[management, adaptation, etc.]

LOCAL data




to better
manage the
future




Biology Is always the
bottleneck

- Local scenarios

- Local variability

- Local stressors and other modulating
factors

- Ecological interactions

- Evolution

- Etc.
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AN Building the bride

GLOBAL options: 1 CO,

GLOBAL/LOCAL data

. v » ” .
| o A
LOCAL challenges - ' rsenitions -
g Coordination Centre

LOCAL options y 2 OA-ICC

[management, adaptation, etc.]

LOCAL data

GOA-ON

Re-evaluation of the literature to develop a —
. Global Ocean Acidification
mechanistic model (+ post-doc, WG) Ciionrsing Rakicee

\ The Ocean in a High-CO, World

Deadline:

An international science symposium series



Playing jenga with the ocean

Healthy ecosystem

Pressure
;} (e.g. OA)
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AW Adaptation: Buy some time

"l am still convinced that a lot of it was acid-
based. It may have happened without, but it
probably would have taken longer.”

? Change practices (e.g. aguaculture)

? Make ecosystem more resilients (e.g. MPA)

? Decrease other sources of stress (e.g. pollution)

7 Select resilient strains

? Protect hot spots

2 etc.




2005 crash of oyster industry



LM A viral story
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THE SACRAMENTO BEE <. Oysters at Risk From Ocean Acidification, as
Are Farmer Livelihoods | Commentary

Viewpoints: Ocean s e riosarots msos o
acidification threate: s’ s ROLL. CA\LL
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Ocean Acidification Eats Oysters

| Hits Home at Bill Dewey’s Dabob Bay Farm

Oysters may struggle to build shells as
carbon dioxide rises ~ Wednesday, March 13, 2013
Ocean acidification could hamper larvae's growth RS IR TIm mNeT)

@ Andrew Dickson



Policy response
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Solution implemented

Monitoring / Research
Larval production in Hawalili
Treating water

Selection of resilient strains

) Back into business
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NEARLY 3 BILLION PEOPLE RELY ON FISHAS A MAJOR SOURCE OF
PROTEIN.

POPULATIONS OF FISH SPECIES
UTILIZED BY HUMANS HAVE FALLEN BY HALF, WITH SOME OF THE
MOST IMPORTANT SPECIES EXPERIENCING EVEN GREATER DECLINES.

WORLDWIDE, NEARLY 20 PER CENT
OF MANGROVE COVER WAS LOST BETWEEN 1980 AND 2005. 29 PER
CENT OF MARINE FISHERIES ARE OVERFISHED. |F CURRENT RATES OF
TEMPERATURE RISE CONTINUE, THE OCEAN WILL BECOME TOO WARM
FOR CORAL REEFS BY 2050. SEABED MINING LICENCES COVER 1.2
MILLION SQUARE KILOMETRES OF OCEAN FLOOR.

JUST 3.4 PER CENT
OF THE OCEAN IS PROTECTED, AND ONLY PART OF THIS IS
EFFECTIVELY MANAGED. INCREASING MARINE PROTECTED AREA
COVERAGE TO 30 PER CENT COULD GENERATE UP TO
US$920 BILLION BETWEEN 2015 AND 2050.



Q1: Why do we need to study
ocean acidification?

Need solutions (mitigation, adaptation)

Need better information

Think carefully of your question



