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Part I
Water Quality Management and 
Regulation In San Francisco Bay
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Regulatory Framework

Dissolved Oxygen?
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Discovery from monitoring
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Lesson 1
Documents response to 
management actions



“Nutrient over-enrichment is a significant 
problem for the coastal regions of the United 
States…

Of 139 coastal sites .. 44 experiencing 
symptoms such as low dissolved oxygen, 
nuisance and toxic algal blooms…”

NRC (2000)
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Mercury
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Regulatory Framework

Nutrients ?



Discovery from research
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Lesson 2
Ecosystem variability of 
response to stressors
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Remove Cu ?



Discovery from monitoring
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Discovery from analysis of monitoring data

Then, 
point-source inputs

Now, 
urban runoff

Lesson 3
Reveals changing sources 
of contaminants
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Why ?



Discovery from research



Discovery from coupled monitoring & research
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Lesson 4
Disturbance from

biological pollution



“The ecological impacts of the Potamocorbula invasion are as 
dramatic as any documented in the literature, and provided the 
impetus for the Board’s 303(d) listing decision.”
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Scientific Discovery:
• Regulatory frameworks adapt to change
• Ecosystem-specific regulation



Part II
Ecosystem Restoration
in the Bay-Delta



The Delta

• Tidal freshwater
• 3 sources
• Transformed landscape
• Manipulated hydraulics
• Agriculture
• Municipal
• Habitat for native species
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PROBLEM: Declines of living resources

Zooplankton
(native copepods)

Data from California Department of Fish and Game
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43% decline from 1975-1995

Low Productivity Ecosystem

Zooplankton are food limited

Discoveries from exploratory science



Lesson 5: identify limiting factors



Discovery from a 
simulation experiment Delta Cross
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Gate Open Gate Closed

12 Sep 2001

Lesson 6: local manipulations affect regional transport





Discovery from time series and models
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Lesson 7: 
regional variability propagates
into shallow habitats (fast)



Monsen et al. (2002)

Lucas et al. (2002)
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Lesson 8: 
Within-habitat variability is shaped
By tidal mixing and habitat geometry

Discovery from mapping 
and models



Interconnections between regional- and local-scale flows, water quality, and habitat quality


