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Three	  Big	  Challenges	  in	  OA	  Research	  

1. Characterize	  spa/al	  and	  temporal	  varia/on	  in	  
carbonate	  chemistry	  and	  satura/on	  state	  	  

	  
2. Characterize	  biological	  responses	  and	  project	  

ecological	  impacts	  	  

3.  Iden/fy	  and	  mi/gate	  societal	  impacts	  
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Specific	  Challenges:	  Pacific	  Northwest	  

Substan/al	  varia/on	  exists	  in	  carbonate	  
chemistry	  and	  satura/on	  state	  in	  space	  and	  /me	  
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Photo:	  George	  Grall	  



Examples	  of	  Local	  VariaQon	  
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September	   October	  
2011	  

pCO2	  in	  Air	  and	  Seawater	  at	  La	  Push	  
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400	  μ	  200	  μmol/mol	  

Source:	  NOAA	  Pacific	  Marine	  Environmental	  Laboratory	  

400	  μ	  400	  μmol/mol	  



September	   October	  
2011	  

pCO2	  in	  Air	  and	  Seawater	  at	  Dabob	  Bay	  
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400	  μ	  300	  μmol/mol	  

Source:	  NOAA	  Pacific	  Marine	  Environmental	  Laboratory	  

400	  μ	  900	  μmol/mol	  

400	  μ	  

1000	  μmol/mol	  
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September	   October	  
2011	  

pCO2	  in	  Air	  and	  Seawater	  at	  Dabob	  Bay	  
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400	  μ	  300	  μmol/mol	  

Source:	  NOAA	  Pacific	  Marine	  Environmental	  Laboratory	  

400	  μ	  900	  μmol/mol	  

400	  μ	  

1000	  μmol/mol	  

Examples	  of	  Local	  VariaQon	  
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Consequences	  of	  Local	  VariaQon	  

1. Varia/on	  causes	  difficul/es	  in	  es/ma/on,	  
representa/on,	  and	  interpreta/on	  of	  
carbonate	  chemistry	  in	  local	  systems	  

	  
2. Observa/ons	  and	  monitoring	  will	  help	  address	  

this	  issue	  
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Characterize	  biological	  responses	  and	  project	  
ecological	  impacts	  	  
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Source:	  Doney	  et	  al	  2009	  
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negaQve	   none	  posiQve	   non-‐linear	  

Biological	  response	  variables	  include	  	  
calcificaQon,	  photosynthesis,	  growth,	  reproducQon	  	  

Biological	  Response	  Varies	  by	  Species	  



oysters	   limpets	  seagrass,	  
algae	  (?)	  

phytoplankton?	  
seaweeds?	  

Biological	  Response	  Varies	  by	  Species	  
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Surprises	  Will	  Occur	  
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Local	  Diatom	  Pseudo-‐nitzchia	  produces	  toxins	  	  

Image	  credit:	  Thomas,	  IAN	  Image	  Library	  (ian.umces.edu/imagelibrary/)	  



Growth	  Rates	  Highest	  at	  High	  pCO2	  
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HIGH	  pCO2	  

MED	  pCO2	  

LOW	  pCO2	  

Light	  Intensity	  (Irradiance)	  
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Source:	  Sun	  et	  al.	  2011	  (modified)	  



Toxin	  ProducQon	  Highest	  at	  High	  pCO2	  
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MED	  pCO2	  

LOW	  pCO2	  

Source:	  Sun	  et	  al.	  2011	  (modified)	  



Toxin	  ProducQon	  Highest	  at	  High	  pCO2	  
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See:	  Fu	  et	  al.	  2010	  	  
Similar	  result	  for	  dinoflagellate	  species	  
Image	  credit:	  Saxby,	  IAN	  Image	  Library	  (ian.umces.edu/imagelibrary/)	  



Consequences	  of	  Biological	  VariaQon	  

1. Biological	  varia/on	  causes	  difficul/es	  in	  
predic/ng	  impacts	  to	  local	  ecosystems	  

	  
2. “Response	  diversity”	  will	  favor	  some	  species	  

over	  others	  

3. Unan/cipated	  responses	  will	  cause	  surprises	  
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Understanding	  VariaQon	  
1.  Physical	  system	  varies	  in	  space	  and	  /me	  

	  need	  to	  understand	  the	  scales	  of	  variaQon	  
	  
2.  Biological	  responses	  vary	  within	  and	  among	  

species,	  and	  are	  influenced	  by	  other	  factors	  
	  need	  to	  understand	  the	  scope	  of	  biological	  variaQon	  
	  and	  the	  nature	  of	  interacQons	  

3.  Biological	  and	  ecological	  surprises	  will	  occur	  
	  need	  to	  prepare	  for	  surprises	  by	  increasing	  
	  ecological	  and	  social	  resilience	  
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EducaQon	  Promotes	  Social	  Resilience	  


