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“Nutrient over-enrichment is … a serious 

threat to estuarine and coastal waters 

throughout most of the United States” 

 

 

“The Clean Water Act (CWA) directs 

states to adopt water quality 

standards….. to protect designated 

uses” 

 

 

“Effective nutrient criteria should be 

developed within the framework of 

existing data and knowledge of 

responses by ecosystems to nutrients.” 
 



IEP  

Interagency Ecological 

Program 

+ 
USGS / RMP  
US Geological Survey / 

Regional Monitoring Program 

Number of Combined Measurements: 

 

159,462 chlorophyll a 

126,599 dissolved oxygen 

135,958 suspended particulate matter 

169,515 salinity 

168,588 temperature 

10,811 dissolved inorganic nitrogen 

10,224 dissolved inorganic phosphorus 

 

 



San Francisco Bay has high nutrient loads 



But, San Francisco Bay does not have chronic problems of 

harmful algal blooms (HABs), hypoxia or fish kills 

Why is San Francisco Bay  

different from Chesapeake Bay? 

photo credit: Kai Schumann 

http://oceanservice.noaa.gov/hazards/hab/  

 

http://oceanservice.noaa.gov/hazards/hab/


Reason 1 – High Turbidity from Sediments in Water 



Reason 2 – Filtration by Clams 

Gemma gemma 

Mya arenaria 

Musculus senhousia 

Tapes japonica 

Corbula amurensis 



Resilience to nutrient enrichment from: 

 

1. turbidity (slow growth) 

 

2. fast grazing (consumption) 
 

Signs that this resilience is changing  



Phytoplankton biomass 

(chlorophyll) is increasing  

and  

dissolved oxygen (DO) in the 

bottom waters is decreasing  

* in all regions * 
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Largest change occurs during the warm season 



Suisun 

South  

Bay 

San Pablo 

+ 72% chlorophyll 

- 3%    bottom DO 

+ 105% chlorophyll  

+ 213% June-Oct chlorophyll 

- 4%      bottom DO 

Why is chlorophyll increasing? 

+ 32% chlorophyll 

- 2%    bottom DO 



Data from Point San Pablo, mid-depth 

Dave Schoellhamer, Pulse of the Estuary 2009 

North San Francisco Bay is getting clearer,  

phytoplankton grow faster 
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Janet Thompson, USGS 

Something happened 
after 1998 



San Francisco Bay is a nursery for marine animals 



Record-high numbers of flatfish, crabs, and shrimp 



PREDATORS 

HERBIVORES PRIMARY 
PRODUCERS 

X 

With the increase of predators that eat bivalves,     

less phytoplankton biomass is consumed 
Why did we see these increases in juvenile shrimp, crabs and fish?  



1999 Climate Shift 



So we have an idea of what happened….  

will these trends continue? 

 

Could San Francisco Bay’s water quality become impaired by nutrients? 
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Suisun 

South  

Bay 

San Pablo + 72% chlorophyll 

- 3%    bottom DO 

+ 105% chlorophyll  

+ 213% June-Oct chlorophyll 

- 4%      bottom DO 

There is need for a locally supported San Francisco 

Bay water quality monitoring program 

tschraga@usgs.gov 
 

+ 32% chlorophyll 

- 2%    bottom DO 


