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Conclusions 

-Coastal ecosystem chemistry is complex, many drivers 

-Organisms may have different sensitivities to acidification from different sources 

-Timing is key, coupled monitoring must account for time-scales 

-Life history bottlenecks, legacy effects, and drivers of local chemistry 

-Biological monitoring will have to include non-sensor measurements 

 



Contributors to ocean acidification. In addition to global 
atmospheric CO2, this figure depicts the major local (within 
100 km) sources contributing to coastal ocean acidification. 
(Kelly et al. 2011) 

NOx 
SOx 
CO2 
NH3 

emissions 

Stormwater 
runoff 

Point source 

Erosion Fertilizer 

Ocean 

River 

Erosion  
and Runoff 

Erosion and 
Stormwater Runoff 

Upwelled water 
River input 

Acidification in the Coastal Zone is a Problem of Multiple Drivers 

Hood Canal, WA 
 
24-49% due to OA 
49-82% @2X pCO2 
Feely et al. (2010) 



pH units per year 

Chesapeake Bay Eutrophication 

Daytime samples only 

Average of ~monthly samples 

Waldbusser unpublished 



Acidification effects on shell growth 

From Waldbusser et al. 2011 

Different drivers may have different effects? 



Some VERY preliminary C. gigas data… 

However, we don’t 
know if effects manifest 
later… 

 

Does not mean 
saturation state is not 
important.  



The Acidification View from 
Whiskey Creek Hatchery 



Hatchery Production and Variable Carbonate Chemistry: 
Tracking Larval Cohorts 
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Whiskey 
Creek 
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124° 00’ 123° 54’ 
Whiskey Creek Shellfish Hatchery 
 

Important physical 
perspective- 

Hatchery- Larvae are 
Eulerian 

In wild- Larvae are 
Lagrangian… 

but not fully passive. 

Important consideration 
for biological monitoring 



Multiple “Boxes” Set the Stage for Oregon Estuarine Conditions 

Open  Pacific Ocean Oregon Shelf 
Netarts Bay 

Baseline CO2  
Uptake from atmosphere Plus 
respired deep water carbon 
signal 

Upwelling, 
Production-
respiration 
Water-benthos 

Tides 
Light cycle 
Seagrass 

Increasing temporal variability 
Increasing complexity in signal 



Upwelled source water is CO2 rich because it spends a long time in the 
dark, experiencing respiration of OM exported from above. 

Water takes a circuitous 
path to upwelling centers. 
 
Takes decades (3-5?) to get 
here. 
 
Water stays in the dark and 
gets as deep as ~500m 
along its route. 
 
During its entire transit, 
metabolic processes add 
CO2. 
 
Climate-driven circulation 
and biological pump 
changes will impact source-
water signatures. 

Sinks here 

Actually mixes with SO here? 

Slide from B. Hales 



The water upwelling on the Oregon coast now, carries with it a 
baseline CO2 15-20% lower than current atmospheric concentrations. 



WC Hatchery Intake Water 

Upwelling and 
Diurnal Variability 
Interannual Change? 

Mitigation Strategies 
2010 timing pumps 
2011 buffering water 
 

Barton et al. in press 



pCO2 in Netart’s Bay, Hatchery Intake 

Hales and Vance unpubl Timing is everything… 

Apr. June Aug. Oct. 



Impacts on Hatchery Reared Larvae (Eulerian) 



Spawn conditions don’t affect early growing larvae, but affect 
later growing larvae and overall production in hatchery. 

Whiskey Creek Hatchery Records, 2009 cohort tracking 

a. Early Development 
b. Early Growth 
c. Mid Growth 
d. Overall Biomass 

Barton et al. in press 

Notice Omega 
values 



Windows of Opportunities 

More often than not conditions are not 
terribly favorable 
 
Analog to natural recruitment dynamics? 
 
Going with the flow… 



One bottleneck at initial shell growth 

Initial shell growth is energetically demanding 

Eggs are 100% organic 
matter 
 
Utilizing egg reserves 
during first week 
 
Incredible investment in 
initial shell growth 
 
~70% shell after 2 days 

Brunner et al. in prep 
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Amount of metabolic 
carbon in shell doubles 
during larval period 

Abiotic aragonite 
~2.7 
 
Nearly all the very 
early shell is made 
from seawater 
carbon.  
 
Adult shells > -1.5 
 

Early Shell Growth 

Brunner et al. in prep 



Brunner et al. in prep 

B. 2 days, 2.40 µm 

C. 11 days, 3.36 µm 

D. 19 days, 4.69 µm 

Initial Shell Deposition  



Conclusions 

-Coastal ecosystem chemistry is complex, many drivers 

-Organisms may have different sensitivities to acidification from different sources 

-Timing is key, coupled monitoring must account for time-scales 

-Life history bottlenecks, legacy effects, and drivers of local chemistry 

-Biological monitoring will have to include non-sensor measurements 

 
Some additional (acidification-centric) thoughts 

-Biological monitoring should be Eulerian (hatchery) and Lagrangian 

-We’ll need measurements that capture/integrate acidification stress over 
relevant time scales on organisms  

-Timing between chemical and biological measurements (biological time scales) 

-In hatchery setting suite of operational strategies are needed and biological 
measurements should help inform Best Production Strategies under different 
acidification “climatologies”.   

-Opportunities may also lie in “monitoring” native oyster restoration efforts 
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