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news

Researchers seek to turn the
tide on problem of acid seas

Duirin Schigmmeler, Munich
Hesearchers met kst week to map out plans
to study a serious but largelv neglected

marine organisms will play a promanent part
i the research plan. Last month, researchiers
shaowed that the shells and hard skeletons of
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Ocean fix for climate change finds tentative support

Jin Gilies

Barine organisms can sense and avoid high
concentrations of carbon dioxide, aocording
toa study of a seafloor vent off the coast of
Hawaii The result provides Lentative

to ladkle climale change
bon dioxide in the acean.
have lang been concernad

b concentrations of 0 to
cause serious damage to
some stisdies have

o kill marine organisms

s (see Mafmee 4311, 19];
renialists have blocked some
t further tests, fearing that
tioms of CO. might open the
ety or industrial projects.
chers turmed instead to

ral plume of COy that
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bubbles up from a subseas volcans called
Loihi, mear Hawadi. They wanted to assess
fears that adiding C0O, (o the scean might
create a ‘mortality sink” — a spot where
marine organisms die, attracting scavenging
creatures that would in turn be killed.

Bui this kind of death trap is unlikely to
occur, says Jeffrey Summers, a physicist with
thie Office af Fossil Energy at the US energy
department in Washington IC. Sunimers
and colleagues set cages baited with
mackerel close to the Lothi plume and at
varinus distances from the GO The bait
away frem the plume was eaten inless than
24 howrs, whereas the bait over the vena
remained untosched for more than a weck.

Eric Yetter, a marine biologist al Hawaii
Pacific University wha worked with
Sommers an the project, thinks animals

frs
WL Rahers Baiklimhiemn feman

are avoiding the cages because they can
sense the high CO, levels. “The results are
promising.” he says.

The study, scheduled fo be presented on
& September at the Tth International
Conference on Greenhouse Gas Control
Technologies in Yancouver, Canada, also
sugpests that ses creatures can recover from
short blasts of OO, Summers’ team dragged
cages of amphipods — shrimp-like creatures

over the vent. The animals szemed to be
anaesthetized by the gas within 10 minutes,
but became active again around half an heur
after being remeved from the plunse

Wetter stresses that the work is “very
preliminary’; and adds that much more
data are needed before conclusions can be
drawn about the wisdom of damping €O,
im the sea.

118

news

Project probes impact
of waste carbon
dioxide on marine life

David Cyranoski, Teloys

The Fate of Industrial
Carbon Dioxide

conceniration and the crigrmal eaypen co
lapanese researchers are beginning to
make public the first data from a prisject
that could allow waste carbon dicxide to
be damped in the ocean. The tests are
aimed at finding what concentrations of

surhan dinvida ~an ks ialaraiad ke umenss

centration, wheh m uen s ehtamed by a
sunung saturalion with the .ill:l'.l:l\.1|:llll\.'ll.'
the lemmperatire ol waler The amoeunt o
Caly, disseluton s estunated from o
difference between the abserved alkalmny
witlue and the amgimal at-surlace {or pre-
Tara Takahashi witlue that i3 estmated as a fun
phasphate, amd oxyg

Tiortaved |

ton of :h:lll:llt'\" MATUEE | WOl 430 22 [ULY D6 | wrwrwr rastose.oo

HELP SUBSCRIPTIONS FEEDBACK SIGN IN “MAS
SEARCH ARCHIVES

Scienc
now

= NEWS TIFS » MASTHERD

28
September
2005

Ocean Acidification Bad for Shells and Reefs

Rising levels of atmospheric carbon due to fossil fuel emissions have made seawater
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What is the cause of OA?

e CO-> emissions:

e 1990-1999 : +1% per year
e 2000-2007 : +3.4% per year

Global
Carbon
Project
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2000-2007

9 billion
tons C y-1

Carbon
Le Quéré et al. (2009)
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2000-2007
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Sabine et al. (2004)
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Acidity and pH

¢ | ogarithmic scale
¢ | ike the Richter scale

e Decrease of pH from8to 7 =10 .2
times increase in acidity! S
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Acidity and pH

¢ | ogarithmic scale
e | ike the Richter scale

e Decrease of pH from8to 7 =10

times increase in acidity!

IC

ic More aci

Less aci

Concentrations
of Hydrogen ions
compared to distilled

Examples of solutions
and their respective pH

water (pH)
10,000,000 Battery Acid
1,000,000 Hydrochloric Acid
100,000 Lemon Juice, Vinegar
10,000 Orange Juice, Soda
1,000 Tomato Juice
100 Black Coffee, Acid Rain
10 Urine, Saliva
1 “Pure” Water
1710 Sea Water
1/100 Baking Soda, Toothpaste
1/1,000 Milk of Magnesium
1/10,000 Household Ammonia
1/100,000 Soapy Water
1/1,000,000 Bleach, Oven Cleaner
1/10,000,000 Liquid Drain Cleaner
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What is ocean acidification?

Increased

CO: \

002 + H20 — HCOé+ H*
H* + Cog- — HCO;
002 + COg- + HZO —> 2HCO£3

T T

Decreased Increased
carbonate bicarbonate
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What is ocean acidification?

Increased

CO: _
\002 + H,0 —HCOy + H* H K HCO;| 7
H* + CO2- — HCO; I CO57|

002 + CO%‘ + H20 — 2HCOE3

T T Hydrogen ion

concentration increases
Decreased Increased

) and pH decreases
carbonate bicarbonate

Acidity increases:
“ocean acidification”
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What is ocean acidification?
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OA can be measured
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Research projects

Ocean acidification

Affecting and mobilising the global communit

— -
UK Ocean Acidification & -
Research Programme {UKDA_RPS‘ 3

UK

National Science Foundation
: - Ocean Acidification Programme:

first phase underway: other
programmes imminent
; [
Mediterranean Sea Acidificatio 7
under changing climate (MedSeA).

/ b ' UNITED STATES —

y

F

s——— W

e

Figure 1: Major ocean acidification research %é}ammes
around the world in 2011 (Courtesy Keizer et al., PML).
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Considerable increase in research efforts
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Gattuso & Hansson (in press); Gattuso et al. (in press)
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Biological response: meta-analyses



Biological response: meta-analyses

e Hendriks & Duarte (2010): ... limited impact of
experimental acidification on organism processes...
except on calcification

e Kroeker et al. (2010): ... biological effects of ocean
acidification are generally large and negative...

e Liu et al. (2010): This review and analysis ...
suggest that ... the rates of several (microbial)
processes will be affected by ocean acidification,
some positively (N2 fixation...), others negatively.



OA: knowns, unknowns and perspectives

1. Ocean acidification: background and history (Gattuso & o T . e
Hansson) e _;E-E — =

2. Past changes of ocean carbonate chemistry (Zeebe & - e ~ il — — e e S
Ridgwell) e T e g v R

3. (Fgac;ant and future changes in ocean carbonate chemistry =
rr

4. Skeletons and ocean chemistry: the long view (Knoll &
Fischer)

5. Effect of ocean acidification on the diversity and activity of
heterotrophic marine microorganisms (Weinbauer et al.)

6. Effects of ocean acidification on pelagic organisms and
ecosystems (Riebesell & Tortell)

7. Effects of ocean acidification on benthic processes,
organisms, and ecosystems (Andersson et al.)

8. Effects of ocean acidification on nektonic organisms
(Portner et al.)

9. Effects of ocean acidification on sediment fauna
(Widdicombe et al.)

10.Effects of ocean acidification on marine biodiversity and ec
osystem function (Barry et al.)

11.Effects of ocean acidification on the marine source of
atmospherically-active trace gases (Hopkins et al.)

12.Biogeochemical consequences of ocean acidification and Jean-Pierre Gattuso and Lina Hansson
feedback to the Earth system (Gehlen et al.)

13.The ocean acidification challenges facing science and
society (Turley & Kelvin)

14.Impact of climate change mitigation on ocean acidification
projections (Joos et al.)

15.0cean acidification: knowns, unknowns and perspectives
(Gattuso et al.)

OCEall

acidification

Oxford University Press, September 2011
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i e
INTERGOVERNMENTAL PANEL oN Clim3Te change WO

Guidance Note for Lead Authors of the
IPCC Fifth Assessment Report on
Consistent Treatment of Uncertainties

Core Writing Team:

Michael D. Mastrandrea, Christopher B. Field, Thomas F. Stocker,
Ottmar Edenhofer, Kristie L. Ebi, David J. Frame, Hermann Held, Elmar Kriegler,
Katharine J. Mach, Patrick R. Matschoss, Gian-Kasper Plattner, Gary W. Yohe,
and Francis W. Zwiers

Mastrandrea et al. (2010)
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Guidance Note for Lead Authors of the
IPCC Fifth Assessment Report on
Consistent Treatment of Uncertainties

Core Writing Team:

Michael D. Mastrandrea, Christopher B. Field, Thomas F. Stocker,
Ottmar Edenhofer, Kristie L. Ebi, David J. Frame, Hermann Held, Elmar Kriegler,
Katharine J. Mach, Patrick R. Matschoss, Gian-Kasper Plattner, Gary W. Yohe,
and Francis W. Zwiers

Mastrandrea et al. (2010)

Level of evidence

Level of confidence

Very low

Low

Medium

High

Very high

Limited

Medium

Robust
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Assessment

Level of confidence
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INTERGOVERNMENTAL PANEL on Climate change %6’ \’\J"N%!f
§ Very low Low Medium High Very high
. ()]
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IPCC Fifth Assessment Report on b "
o . G — edaium
Consistent Treatment of Uncertainties g
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Ottmar Edenhofer, Kristie L. Ebi, David J. Frame, Hermann Held, Elmar Kriegler, g L
Katharine J. Mach, Patrick R. Matschoss, Gian-Kasper Plattner, Gary W. Yohe, Q
and Francis W. Zwiers o
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Mastrandrea et al. (2010)
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15 declarative statements assessed:
e Chemical aspects
* Biological and biogeochemical responses
* Policy and socio-economic aspects

Mastrandrea et al. (2010)
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OA occurred in the past
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Zeebe & Ridgwell (in press); Gattuso et al. (in press)
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Challenge:

Better monitoring of key
areas (e.g., coastal
sites, coral reefs, polar
regions and the deep
sea)
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OA will continue at a rate never encountered in the past 55 Myr
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Future OA depends on emission pathways
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The legacy of historical fossil fuel emissions on OA will be felt for centuries
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Joos et al. (in press); Gattuso et al. (in press)

Surface Q,

850

750 ;
650 ;
550 ;
450 ;
350 ;

250

Evidence

1900 2000 2100 2200 2300 2400 2500

Year

Confidence

VL| L M| H|VH

Challenge:

Improve the
representation of
physical regimes at the
regional scale to derive
regional estimates


http://epoca-project.eu
http://epoca-project.eu

Biological and biogeochemical
responses
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OA will adversely affect calcification
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Kroeker et al. (2010); Gattuso et al. (in press)
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OA will stimulate photosynthetic carbon fixation

Group

Response

References

Diatoms

Riebesell et al. (1993), Burkhardt and Riebesell (1997),
Burkhardt et al. (1999), Gervais and Riebesell (2001),
Wu et al. (2010)

Coccolithophores

Buitenhuis et al. (1999), Riebesell et al. (2000), Rost et
al. (2002), Zondervan et al. (2002), Leonardos and
Geider (2005), Feng et al. (2008), Barcelos e Ramos et
al. (2010), Shi et al. (2009), De Bodt et al. (2010), Miiller
et al. (2010), Rickaby et al. (2010)

Sciandra et al. (2003)

Langer et al. (2006)

Dinoflagellates

Burkhardt et al. (1999), Rost et al. (2006)

Cyanobacteria

Barcelos e Ramos et al. (2007), Hutchins et al. (2007,
2009), Levitan et al. (2007), Fu et al. (2008), Kranz et al.
(2009)

Czerny et al. (2009)

Natural
assemblages

Hein and Sand-Jensen (1997), Tortell et al. (2002,
2008), Riebesell et al. (2007), Bellerby et al. (2008),
Egge et al. (2009)

Riebesell & Tortell (in press); Gattuso et al. (in press)
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Challenges:

More work needed at
the community level
and under field
conditions to better
assess the global
magnitude of the

response
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OA will stimulate nitrogen fixation
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Species Response | References

Trichodesmium Barcelos e Ramos et al. (2007), Hutchins et al.

erythraeum (2007), Levitan et al. (2007), Kranz et al. (2009,

2010)

natural colonies of

preliminary data reported in Hutchins et al.

Trichodesmium (2009)
Crocosphaera Fu et al. 2008
watsonii

Nodularia spumigena

Czerny et al. 2009

Riebesell & Tortell (in press); Gattuso et al. (in press)
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Challenges:

* Investigate more
species to test
whether it is a
widespread response.

* Determine the
interaction with other
variables in order to
better assess the
global magnitude and
biogeochemical
consequences
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Some species or strains are tolerant to OA
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Challenges:

Gain a better
understanding of the
molecular and
biochemical
mechanisms
underlying processes
such as calcification

Pértner et al. (in press); Gattuso et al. (in press)
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Some species or strains are tolerant to OA
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Pértner et al. (in press); Gattuso et al. (in press)

Confidence
VL| L M VH
L
M
: [ ]
Challenges:

Gain a better

understanding of the

molecular and
biochemical

mechanisms
underlying processes
such as calcification
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Some taxonomic groups will be able to adapt to OA
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* Two mechanisms to consider:
* phenotypic plasticity
* genetic (evolutionary) changes
* Geologic record: increased rate of extinction Challenges:
when environmental changes were fast * Initiate long-term

experiments

* |dentify approaches
and tools to estimate
the adaptation
potential

Riebesell & Tortell (in press); Gattuso et al. (in press)
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OA will change the composition of communities
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Barry et al. (in press); Gattuso et al. (in press)
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OA will impact food webs and higher trophic levels
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* Will replacement
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nutritional value?
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Cooley & Doney (2009); Gattuso et al. (in press)
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OA will have biogeochemical consequences at the global scale
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Riebesell & Tortell (in press); Gehlen et al. (in press); Gattuso et al. (in press)
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Challenges:

Better understanding
of key processes as a
function of carbonate

system variables
needed to improve

model parametrization
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Policy and socio-economic aspects
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There will be socio-economic consequences
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Challenges:

* Quantify the monetary
value of the goods
and services that
oceans provide

* Assess how these
may be impacted by
ocean acidification.

Territories

Pac
Territories
(10”-4)
Atl

(10-4)

Aguaculture
{104-3)

Cooley & Doney (2009); Turley & Boot (in press); Gattuso et al. (in press)
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An OA threshold that must not be exceeded can be defined
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Kleypas & Gattuso (in prep.); Gattuso et al. (in press)

Coral recruitment

in the Coral Reef Environment

Increased Cu
toxicity?'

Increased N-
fixation?
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Challenges:
* |nitiate and sustain an

international effort to
compile the
increasing number of
data being published
in order to defined
threshold(s)
Investigate the need
to consider thresholds
based on geographic
location, species and
ecosystems to advise
decision-makers
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Summary on statements

Chemical effects: robust evidence and high
certainty

Biological and ecological effects: much less
certain

e calcification, primary production, nitrogen
fixation and biodiversity will be altered but with
an unknown magnitude

e some cannot be assessed

Biogeochemistry, society and the economy
may change; whether it will be significant or not is
also unknown



Systems at risk

Polar areas

Deep-sea environments
Coral reefs

Nearshore ecosystems



Past limitations and future prospects

e Limited workforce and funding

e |nappropriate or inconsistent methods

e Duration of experiments

e Interactions with other stressors

e |ack of field evidence other than around CO2 vents
e [imited work at the community level

e Difficulties to perform meta-analysis

e Model development

e Need for a coordinated international effort



More information

TIPPING POINT

Project web site: epoca-project.eu

Ocean acidification blog u

B|og EPOCA Arctic campaigns C"‘“ﬂ:w?tdy:ﬁﬁtfé:md“'“
Movie “Tipping Point”

Book: Oxford University Press,
Sep. 2011

osphere are only causing Global warn
tities of CO? which in turn is changing their rhenmdl composition and

rchers, Tipping Point will take us around the world and under
urimcmon is changing marine ms and what scientific solution:

eful scientr ppr , the film tackle:
lutions before it's too late!

The film will be available for public projections and events after
the 15/12/2010.
For screeners or dvds please contact:

Georama TV Productions
2 rue de la Mairie

, N 1 F31400 Codows GEHRAMATV
acidification
mob:+33 671 419549

email:georamatv@free.fr

« Tipping Point » © Georama TV,52 min HDCAM,Scientific Advisers:Jean Pierre Gattuso, UIf Riebesell
Locations : France, Allemagne, Norvége, Islande, Ny-Alesund (Spitzberg), USA
Shooting:Mai a Oct 2010,Delivery December 2010
Versions : French and English

Jean-Pierre Gattuso and Lina Hansson
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EUROPEAN COMMISSION FOUNDATION
" European Research Area” gyrovision
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