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Anthropogenic carbon and ocean pH

The coming centuries may see more ocean acidification than the past 300 milion years.
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Ocean acidification
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Calcifying shellfish potentially vulnerable to
ocean acidification




Top fisheries in New York, 2012, NMFS data

The success of NY’s fisheries depends on the ability of marine
animals to successfully calcify.
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Effects of past, present, and future ocean carbon
dioxide concentrations on the growth and survival
of larval shellfish
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Hard clam
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Cross-section of juvenile clams
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Calcifying shellfish negatively
affected by ocean acidification




Ocean acidification and fish:
One less thing to worry about?
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nature LETTERS

Reduced early life growth and survival in a fish in
direct response to increased carbon dioxide

Hannes Baumann, Stephanie C. Talmage and Christopher J. Gobler*
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Forage fish: an important energetic link



Presenter
Presentation Notes
Dual importance of facilitating energy flow and controlling plankton population


But the commercial and
recreational fish are OK?




|_arval summer flounder are

1.0

Survival to hatching
O
(8]

0.0 |= Chambers et al 2014 _
1 I :

low intermediate high
(775) (1,808) (4,714)

CO, level (pCO,, uatm)

US fisheries are valued at >$5B annually.




Anthropogenic carbon and ocean pH

Theglcoming :::emturiealmay see more ocean acidification than the past 300 milion years.
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Coastal ocean acidification:

air-sea exchange
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Presenter
Presentation Notes
Changes include acidifying surface waters (i.e. reduced pH), CO2 enrichment, and making waters less enriched in certain chemical compounds (carbonate ions) important to shell formation and stability.

Today's rate of change is thought to be ten to a hundred times faster than any time in the past 50 million years. 



Take a deep breath...




Nitrogen loading leads to low oxygen and high CO2
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Phytoplankton

Respiration
CH,0 + __LSSULEILIOL + H,0

“More algae and warm temperatures during summer make bacteria hyperventilate”
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The annual occurrence of hypoxia and
acidification in Long Island Sound
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Co-occurrence of
low oxygen and
acidification in

LLong Island Sound

The intensity of acidification in
Long Island Sound during
summer exceeds levels project
for the open ocean in 2100.
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7.7

Temporal dynamics of acidification,
Western Long Island Sound,
bottom water pH, 2014
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DO (mgL™)

Bottom DO & pH from western LIS (st. A4)
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Bubbling with N, gas, CO, gas, and air to create hypoxic
and/or acidified conditions




Experimental dissolved oxygen and pH levels
achieved via mixtures of N,, CO,, and air
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Growth of juvenile hard clams (4 months old)
exposed to low oxygen and acidification
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Survival of larval silversides exposed to
low oxygen and low pH (acidification)
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Are there effects in an ecosystem setting?
The Forge River, NY, USA
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Amending hypoxic and acidified water via
sodium carbonate addition and aeration
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Effects of carbonate and aeration on survival bay
scallop larvae in hypoxic and acidified water
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Effects of hypoxia and acidification on size
of bay scallop larvae
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Excessive nitrogen loading leads to hypoxia or low oxyoen
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How do diurnal patterns in pH and
DO affect marine life?

pH (total scale)
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Experimental patterns in hypoxia
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Survival of larval scallops exposed to chronic and diel
fluctuations in hypoxia and acidification
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The fate of marine ecosystems under OA?
- complex; many interactions, many unknowns

‘Wind, Tides,
Mixing

/Y

1, Picophytoplankton: Brown Tide *\ \

2. Nanophytoplankton: '
small Dinoflagellates,
Prorocentrum

3. Microphytoplankton: Diatoms

4, Microzooplankton: Ciliates

5. Mesozooplankton: Copepod

6. Ctenophore

7. Clam Larvae




Conclusions:

US East Coast estuaries experience hypoxia and acidification during the
seasons when early life stage fish and shellfish are spawned and are
developing.

*The levels of hypoxia and acidification attained in estuaries can both additively
and synergistically depress the growth and survival of multiple early life stage
forage fish and bivalves.

«Diurnal fluctuation in acidification and hypoxia provides a refuge for some but
not all larval bivalves.




The End
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