


- Average pH of the world’s oceans Is about
8.2, which Is moderately alkaline, and is
buffered by calcium carbonate

- Increases in CO, concentration in the

atmosphere are highly correlated with
declining pH of the ocean’s surface waters

— About 0.1 pH unit decline since late 1980s —
predicted to be ~ -0.3 to -0.5 units by 2100
(wide error bounds)
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- Can calculate the pH at which calcium
carbonate precipitates vs. dissolves — called
the “saturation state” (generally closer to
dissolution with increasing depth).
Saturation depth much shallower In the
North Pacific vs. North Atlantic

Because the ocean mixes slowly, Y2 of
anthropogenic CO, Is stored In the upper
10% of the world’s oceans
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Ca”™ + CO:?_ ® CaCO,(s) W>1= precipitation

” ; # W=1=equilibrium
: W<1=dissolution
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1 ) Patterns of
acidification

e.g. Puget Sound pH
maps

< Estimating species
— vulnerability

. J

e.g. Treatment experiments

Unknown
(Gastropods), n=26,
(25%)
Aragonite only, n=49,
(46%)
No Calcium

Carbonate, n=8, (8%)

Mostly calcite, some
aragonite, n=10,
(10%) Calcite only, n=2,
Mostly argonite, (2%)
some calcite, n=9,

e.g. Survey of mineralogy of
Puget Sound mollusks

Impacts on food
webs

e.g. Complete and
bivalve-centric Puget
Sound food webs
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Predicted effect of climate change
on pink salmon growth:

*10% increase in water temperature
leads to 3% drop in mature salmon
body weight (physiological effect).

*10% decrease in pteropod
production leads to 20% drop in
mature salmon body weight (prey
limitation).

(Aydin et al. 2005)
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Surface water pH recorded at the Taylor Shellfish Hatchery
In Dabob Bay, Wa
(September 08 to May 09)
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Our footprint in the oceans is now clearly detectable — It is warmer,
more acidic, and less diverse.

Since the beginning of the industrial age surface ocean pH (~0.1),
carbonate ion concentrations (~16%), and aragonite and calcite
saturation states (~16%) have been decreasing because of the
uptake of anthropogenic CO, by the oceans, i.e., ocean acidification.
By the end of this century pH could have a further decrease by as
much as 0.3-0.4 pH units.

Possible responses of ecosystems are speculative but could involve
changes in species composition & abundances - could affect marine
food webs, commercial shellfish, etc. More research on impacts and
vulnerabilities is needed.

An observational network for ocean acidification is under
consideration. Modeling studies need to be expanded into coastal
regions. Physiological response, mitigation and adaptation studies
need to be developed and integrated with the models. Estuaries
should be included in this study.
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Federal Ocean Acidification Research
and Monitoring Act of 2009 (H.R. 146)

e Introduced June and November 2007, respectively
« Senate Bill passed on 20 March 2009

» House Bill passed in 25 March 2009

» Signed by the President 30 March 2009

Goal: To establish an interagency committee
to develop an ocean acidification research and
monitoring plan and to establish an ocean
acidification program within the National
Oceanic and Atmospheric Administration.
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The purposes of this subtitle are to provide for —

1. Development and coordination of a comprehensive interagency plan to:

a) monitor and conduct research on the processes and consequences of
ocean acidification on marine organisms and ecosystems; and

b) establish an interagency research and monitoring program on ocean
acidification;
2. Establishment of an ocean acidification program within NOAA,;

3. Assessment and consideration of regional and national ecosystem and
socioeconomic impacts of increased ocean acidification; and

4. Research adaptation strategies and techniques for effectively
conserving marine ecosystems as they cope with increased ocean
acidification.

27



Adaptation:

Observation network

Ecosystem model

Spatial hazard assessment

Infrastructure for authoritative decision support

Mitigation:
For migratory resources — any feasibility to buffer a site (e.g.,
key spawning area)
Hatchery/aquaculture facilities — informed siting
Shellfish — buffer key enclosed bays

Address other stressors on the marine ecosystem that we
can more directly reduce impacts
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