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1:   Responses to  
Nutrient Reductions	
  

Johansson 2010	
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2:  Variable Sensitivity 
      Across Estuaries	
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3:  Disappointing/Unexpected Responses to Nutrient Reductions	
  

Duarte et al. 2009	
  



4:  Things Change	
  

Cloern & Jassby 2012	
  



What are the Drivers? 
Examples from SF Bay 

•  damming rivers 
•  water diversions 
•  introduced species 
•  sewage disposal 
•  environmental policy 
•  climate shifts 
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Priority Management Issue: Endangered Native Fishes 



DRIVER #1:   damming rivers 



RESPONSE:    reduced sediment supply and sediment concentrations 
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IMPLICATIONS: 

increasing  
transparency	
  

loss of mudflats	
  

sustainability of  
tidal marshes ?	
  



DRIVER #2:   water consumption and diversions  



RESPONSE:  

39% reduction in 
freshwater inflow	
  

altered hydrograph	
  



IMPLICATIONS: 
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New Flow Standard 



DRIVER #3:   introduced species  

"San Francisco Bay and Delta ecosystem 
may be the most invaded estuary in the world" 

Corbula amurensis 



RESPONSE:  

5-fold reduction of  phytoplankton 
biomass and production	
  



RESPONSE:  

5-fold reduction of  phytoplankton 
biomass and production	
  

food limitation of consumers	
  



loss of zooplankton	
  



IMPLICATIONS: 
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DRIVER #4:   sewage disposal  

4 M people 
375 Mgal/day 
 
11,000 tons/yr DIN 
  1,900 tons/yr DIP 
 



RESPONSE:  high N and P concentrations  
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RESPONSE:  high N and P concentrations  

28 

4.8 



IMPLICATIONS:  potential for very high phytoplankton biomass 

freq	
  distn	
  instead	
  

But South SF Bay has low phytoplankton biomass, 
partly because of strong grazing by bivalves 

4.0 



DRIVER #5:  environmental policy  

mandated secondary treatment to  
remove BOD and NH4 

 
"to restore and maintain the chemical, physical 
and biological  integrity of the nation's waters" 

 
and attain 

 
"fishable and swimmable waters" 



advanced tertiary  
treatment 1980  



RESPONSE:  elimination of 
summer hypoxia  



DRIVER #6:  climate shifts  
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RESPONSE: record-high 
abundances of (juvenile) 
flatfish, crabs, shrimp 

increasing phytoplankton 
biomass 



because of intensified 
coastal upwelling and 
productivity 
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Climate-driven trophic cascade 
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IMPLICATION:   nutrients have become a policy issue 



5:  Nutrient Management in                                             
----an Ecosystem Context	
  



6:  The Unique Value of Sustained Observations	
  


