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Food web transfer of domoic acid �
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1.  Toxic Pseudo-nitzschia multiseries culture from eastern Canada 
• Three CO2 levels (220, 400 and 730 ppm) under both 
     Phosphorus-limited and Phosphorus-replete conditions 
• Measurements of domoic acid production (ELISA)  

SCCOOS image 

Methods 

2.   Locally isolated toxic Pseudo-nitzschia fraudulenta  culture (Southern          
California) 

•  Three CO2 levels (210 ppm, 380 ppm, 770 ppm)  
      under both  Silicate-limited and  
      Silicate-replete conditions 
•  Measurements of domoic acid production (HPLC) http://www.smhi.se/oceanografi/oce 



Domoic	  acid	  
per	  diatom	  cell	  	  
increases	  	  
3-‐5	  3mes	  	  
at	  projected	  
year	  2100	  pH,	  
especially	  during	  
nutrient-‐limited	  	  
growth	  

Sun	  et	  al.	  2011;	  Ta?ers	  et	  al.	  submi?ed	  



The toxic dinoflagellate Karlodinium:  
Cellular potency increases under higher 

pCO2 and nutrient limitation 

Fu et al. 2010 Aquatic Microbial Ecology 



Alexandrium and PSP (saxitoxins)  



Alexandrium catenella 
acidification/temperature 

interaction experiment 

•  Two pH levels 
- pH 8.05, present day (pCO2 = 380 ppm) 
- pH 7.95, year 2100 (pCO2 = 750 ppm) 

• Two temperatures 
-  15oC and 19oC 



Low pH greatly stimulates 
saxitoxin production  

~3-4 times higher per cell at year 2100 pH 



Conclusions 
•  Domoic acid production by Pseudo-nitzschia 

spp. diatoms is dramatically increased by the 
combination of low pH and nutrient limitation. 

•  Karlotoxin production by Karlodinium spp. 
dinoflagellates is also dramatically increased 
by the combination of low pH and nutrient 
limitation. 

•  Saxitoxin production by Alexandrium 
catenella is greatly increased by the 
combination of low pH and low temperature. 

•  General principle?   
    Toxin production by all these HABs  
•  is strongly stimulated  
•  when low pH is combined with   
•  growth limitation. 



Implications 

• There is a potential for greatly increased  toxicity of 
Pseudo-nitzschia and Alexandrium harmful algal blooms in 
the future acidified ocean, resulting in aggravated economic 
damage to the West Coast shellfish industry. 

• Future ocean acidification observing networks should be 
closely coordinated with existing algal toxin monitoring 
programs by the California Dept of Public Health, Oregon 
Dept of Agriculture, the Washington Dept of Health, and 
tribal authorities. 
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