Ocean Acidification: an update

Dr Steve Widdicombe

Coastal Futures 2010 — Review and Future Trends
20t — 21st January 2010
SOAS, University of London



Why is Ocean Acidification happening?

What will be the impact on marine
organisms?

Will Ocean Acidification interact with other
climate stressors?

Which major research efforts are underway
or planned?



@ Increased CO, usually buffered by reaction
with carbonate to maintain the balance of the
carbonate system: known as the “carbonate

buffer”
@ Recent uptake of CO, is too rapid for the 1
supply of CO,

@ CO,, H* (acidity) and bicarbonate levels are
Increasing, carbonate levels are decreasing
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Doney et al. 2009

Ocean acidification
IS being observed
In a number of
long-term datasets.

BATS, Bates & Peters, 2007

Iceland Sea,

ESTOC, Santana-Casiano et al. 2007 Olafsson et al. 2009
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Important to consider how changes in
Wh()Ie one physiological process can affect

. other, interdependent process.
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Physiological Trade-Offs



Observed responses

@ Lowered pH causes significant increase in
respiratory rate

@ Regrowth significantly longer at lowered pH

@ pH significantly affects calcium content in
arm regrowth

@ Arm regrowth has significantly higher
calcium content than established arms
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Wood et al. 2008. Ocean Acidification may increase calcification rates- but at a

cost Proceedings of the Royal Society B 275: 1767-1773
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@ A. filiformis activity increases the
release of nitrite and nitrate

@ pH altered the relationship between A.
filiformis density and nitrate flux

@ Up to 80% of the nitrate used In
primary productivity is cycled through the
sediment

@ Long-term impact on the presence,
abundance or activity of key benthic
species could have considerable
Implications for coastal productivity

Wood et al. 2009. The influence of hypercapnia and macrofauna on sediment
nutrient flux - will ocean acidification affect nutrient exchange? Biogeosciences
6: 2015-2025
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HS Findlay, et al (2009) Future high CO, in the intertidal zone
compromises development and hatching success of barnacle
(Semibalanus balanoides) embryos. Mar Ecol Prog Ser 389: 193-202

H Findlay, et al (2008) A novel microcosm system for investigating the
impacts of elevated carbon dioxide and temperature on intertidal
organisms. Aquatic Biology 3: 51-62
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In a future, high CO , ocean, snails may be less able to thicken their
shells and could therefore be more vulnerable to pr edation.

Changes in avoidance behaviour observed.

Bibby et al. 2007. Biology Letters 3: 699-701.
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NERC/Defra Ocean Acidification Research Programme (  UK)
5 year programme
£11.7m
Projects to start 2010

Biological Impacts of Ocean ACIDification - BIOACID (Germany)
3-6 year program
€8.9m (for 15t 3 years)
62 Pls from 18 institutes

European Project on Ocean Acidification — EPOCA (EU)
4 year program (2008-2012)
€6.5m (EU contribution)
>100 PIs from 27 institutes across 9 countries

Federal Ocean Acidification Research and Monitoring Act of 2009

— FOARAM Act (USA)
Signed by President Obama March 30t 2009
4 year program (2009-2012)
$45m (NOAA), $41m (NSF) — Funds have not yet been appropriated



@ The rate of CO, entering the oceans over the past 200 years is
so great that there is a measureable impact on ocean chemistry.

@ pH CO, Carbonate

@ This impacts on numerous, interconnected biological
processes across all stages of an organism’s life cycle, affecting
the long-term viability of populations

@ Variability in response between species will ultimately affect
community structure, diversity and ecosystem function

@ Ocean Acidification is occurring in an environment already
exposed to numerous stressors

@ Major international research efforts are underway but there is
much still to do

@ “Life in a High CO, World” 3"d meeting being planned for 2012



