e S(eﬁ@n(e@ n{F ®©cean! /\(cﬁr‘lﬁ{Fﬁ(cﬂi‘tﬁnn"

B Barer P.Lrofessor of Sustamablllty SEIRNCE
Dlrgﬁfh School of Marme & [mwn[? NRIIFS

Image: http://kimprint.wordpress.com/

. ") / J ' i
: 0 o w



OA has chemical, biological, & socio-economic impacts

Ocean warming and deoxgen

Driver Atmospheric Changes to organisms

change and ecosystems Socioeconomic impacts Policy options for action
« UN Framework Convention on
» Reduced shell and « Fisheries, Climate Change: Conference
skeleton production aquaculture, and of the Parties, IPCC,

Burning of fossil « Changes in food security {D‘P'r'Z'TI’:EI’I'L:'T"': F:’i'ilt‘t;i't';!f‘l-'l'f
fuels,cemert Increase In ::Icarhun%atzd assemblages, food « Coastal protection HEOPIENT EeE
manufacture, atmospheric ons, and acidity webs, and ecosystems » Convention on Biological
and land use co, » Decreased « Blodiversity loss « Tourism Diversity

change :?I:‘“m ions « Changes In biogas » Climate regulation ~ « Geoengineerinc
PH production and « Carbon storage
feedback to climate
""ﬁ;‘ltm““ (WGl 2.2.1) (WGII 5.4.2. 6.3.2, 30.5) WGll54.2.2,5.4.2.4, (WGl 30.6.4,30.7.1)

30.6.2, Box CC-CR)

High certainty Low certainty

Gattuso, Brewer, et al. 2014
adapted from Turley and Gattuso, 2012



OA has chemical, biological, & socio-economic impacts

Ocean warming and deoxgen

Driver Atr;:l::::ric cm'ﬁ';%i::;:_;?::li:ms Socioeconomic impacts Policy options for action
« UN Framework Convention on
» Reduced shell and « Fisheries, { I _Trert:h_:% F{Il::nference
skeleton production aquaculture, and :__l’r_tl}lf' F'--I r'tlr- F {T e

Burning of fossil 2 « Changes in food security DL‘PP'TI’:EI’I'L:'T"': F':i'il-‘ *}'['I"I“ -5

fuels,cemert Increase In ::Icarhun%atzd assemblages, food « Coastal protection HEOPIENT EeE

manufacture, atmospheric ons, and acidity webs, and ecosystems » Convention on Biological

and land use co, » Decreased « Blodiversity loss « Tourism Diversity

change carbonate ions

e Climate regulation = Geoenagineering
and pH = Changes in biogas g

production and = Carbon storage
feedback to climate
“"f.;?,;,‘ fﬂ}m (WGl 2.2.1) (WGI15.42. 6.3.2,30.5) ol e (WG1130.6.4, 30.7.1)

30.6.2, Box CC-CR)

Low certainty

Gattuso, Brewer, et al. 2014
adapted from Turley and Gattuso, 2012



Effects occur across critical life processes
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Effects occur across tropic levels
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Harmful algae grow faster and are more toxic
under OA conditions

Image : D. Anderson, Woods Hole Center for Oceans and Human Health



Harmful algae grow faster and are more toxic
under OA conditions
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Planktonic shells dissolve under OA conditions
Calcification rates decline

Behavioral changes are induced
Q-

Image: Climate.gov



Strong correlation between intensity of OA and

shell dissolution in Washington waters
Hood Canal>Whidbey Basin>Strait of Juan de Fuca>Outer Coast
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Calcified foraminifera
are disappearing from sites in Puget Sound

Photo: Burke Museum




Species richness among forams has declined
in Bellingham Bay
Link to OA suspected (not yet demonstrated)
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Pink salmon show dose-dependent reductions in
critical life-history and behavioral traits
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Absolute growth rates following transfer

Pink salmon fry respond negatively to high CO,

to different SW pCO2 treatments

Growth rate (mg d™)

rol FW -> Control SW
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Ou et al., Nature Climate Change (2015)
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OA co-occurs with other stressors

temperature, dissolved oxygen of particular concern
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Warming temperatures can modulate response
to OA




Warming temperatures can modulate response

to OA
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Co-occurring stressors can cause synergistic
effects in forage fish
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Effects of low pH most pronounced under

Post-hatch survival

DePasquale et al. 2015
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Emissions scenarios describe alternative futures
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“Signature of acidification found in Permian
extinctions 250 million years ago” (k. Hand, science 2015]
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Mus'ahdam fno’untai'n cliffs in the United Arab Emirates include rocks Iaﬂid'ﬁdo-__j‘,_‘ A
250-million-year-old catastrophe that killed off 90% of life on Eartﬁf{ -l
Hand Science 2015 B - ; =




