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Don Edwards San 
Francisco Bay National 
Wildlife Refuge 

Nation’s first “urban” refuge; 
established 1974

• preserve and enhance 
wildlife habitat

• protect migratory birds and 
threatened and endangered 
species

• provide opportunities for 
wildlife-oriented recreation 
and nature study for the 
surrounding communities



 Ramsar Treaty Wetland of 
International Importance

Western Hemisphere 
Shorebird Reserve Network

C. Benton

San Francisco Bay today

http://photos.southbayrestoration.org/gallery2/main.php?g2_itemId=8323&g2_imageViewsIndex=1
http://photos.southbayrestoration.org/gallery2/main.php?g2_itemId=8323&g2_imageViewsIndex=1


Source: U.S. Army Corps of Engineers Digital Visual Library

San Francisco Bay today



© David Sanger

Salt production has left us 
with a dramatically altered 
Bay ecosystem.

© Cargill Salt



• Salt Pond Acquisition in 2003
• 16,500 acres 

– 15,100 in South Bay
– 1,400 in North Bay

• Public/Private Partnership
– $100 million

– State, Federal and Private dollars



SBSP map
CDFW Eden Landing 
Ecological Reserve

USFWS Don Edwards San 
Francisco Bay NWR



Balancing Multiple Objectives

• Restoration of fish and 
wildlife and their 
habitats

• Recreation access for 4+ 
million people 

• Flood protection for 
Silicon Valley
















Key Uncertainties
 Wildlife use of changing habitats
 Habitat evolution and sediment dynamics
 Mercury methylation
 Water quality
 Invasive species
 Public access & wildlife disturbance
 Infrastructure support
 Sea level rise and climate change

Balancing Multiple Objectives



 Tidal Marsh species vs. Salt Pond species
Balancing Multiple Objectives



Pelican Media

Balancing Multiple Objectives
 Public recreation vs. wildlife sanctuary



50-year restoration plan



Managed Pond Emphasis Tidal Marsh Emphasis

Pelican 
Media

Pelican Media



Why manage ponds?
 Key habitats for dense 

migratory bird populations 
in migration and winter

 Western snowy plover 
nesting habitat

 Pacific Flyway Migration and 
Wintering Area for water 
birds

 Western Hemispheric 
Shorebird Reserve Network 



Why restore tidal marsh?
 90% of historic SFB tidal marshes 

have been lost to development
 Many tidal marsh species are now 

threatened or endangered
 Conversion of salt ponds to marsh 

is critical for the recovery of these 
species
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CATEGORY/ RESTORATION 
TARGET

MONITORING 
PARAMETER 
(METHOD)

SPATIAL 
SCALE FOR 

MONITORIN
G RESULTS

EXPECTED TIME 
FRAME FOR 
DECISION-
MAKING

MANAGEMENT 
TRIGGER

APPLIED 
STUDIES

POTENTIAL 
MANAGEMENT 

ACTION

Sediment 
Dynamics
Project 
Objective 1

1. No decrease 
in mudflat or 
subtidal 
channel 
habitat

2. Accretion
rate of ponds is 
sufficient to 
create marsh

3. No long-
term net loss 
of tidal marsh 
in S. Bay

1. Area of 
mudflats

2.Sedimentation 
rate inside 
breached ponds

3. Total area of 
marsh in S. Bay

1. Pond 
Complex 
level and 
South Bay

2. Pond 
scale

3. Pond 
Complex 
level and 
South Bay

1. 10-20 years for 
mudflats;  0-5 
years for 
channels

2. Two to 10 
years depending 
on initial 
elevation

3. 10 to 20 years

1. Mudflat 
decreases 
greater than 
natural 
variability

2. Projected 
accretion rates

3. Observed 
net loss of 
marsh greater 
than natural 
variability 

1. Will 
sediment 
move from 
mudflats to 
restored 
areas; will 
this impact 
biota?

2. Is there 
enough 
sediment to  
create new 
marsh?  

3. Is there 
enough 
sediment to  
maintain 
existing 
marsh and 
create new?

1. Studies; 
slow 
restoration;
redesign 
restorations.

2. Studies; 
slow 
restoration; 
redesign 
restorations.

3. Studies; 
slow 
restoration; 
redesign 
restorations.

Excerpt from South Bay Salt Pond Restoration Project 
Adaptive Management Plan
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Stakeholder Engagement
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Project Management Team
 Multi-agency
 Meets monthly
 Working Groups: Pond management, 

mercury studies, plant restoration

Stakeholder Group
 Public & private entities
 Meets at least annually

Manager-Research Group
 PMT members & Principle 

Investigators
 Meet annually

Science Symposium
 Meets biennially



http://images.google.com/imgres?imgurl=http://bp0.blogger.com/_8OID9gJL_n4/R729yVdEu5I/AAAAAAAABYk/JYn_tddismE/s320/stanford_logo%255B1%255D.gif&imgrefurl=http://hackingcollege.blogspot.com/2008/02/stanford-now-fee-free.html&h=290&w=320&sz=136&hl=en&start=3&um=1&usg=__utlUAnEHdicIozrG1vSfWFAAPBo=&tbnid=lac96uGxs8f7OM:&tbnh=107&tbnw=118&prev=/images?q=stanford+logo&um=1&hl=en&safe=active&rlz=1T4GGLR_enUS245US245
http://images.google.com/imgres?imgurl=http://bp0.blogger.com/_8OID9gJL_n4/R729yVdEu5I/AAAAAAAABYk/JYn_tddismE/s320/stanford_logo%255B1%255D.gif&imgrefurl=http://hackingcollege.blogspot.com/2008/02/stanford-now-fee-free.html&h=290&w=320&sz=136&hl=en&start=3&um=1&usg=__utlUAnEHdicIozrG1vSfWFAAPBo=&tbnid=lac96uGxs8f7OM:&tbnh=107&tbnw=118&prev=/images?q=stanford+logo&um=1&hl=en&safe=active&rlz=1T4GGLR_enUS245US245


Regional Planning Efforts



Breaching a levee is the “easy” part… Breaching a levee is the 
“easy” part… 
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Sediment is key

2006 2014



Sediment Sources:
1. tributaries
2. sediments from north of Dumbarton
3. nearby intertidal flats and channel 

see Shellenbarger et al., in press

Coyote Creek

Newark Slough

- Sediment supply coming into South Bay
- Sediment accumulation in breached ponds
- Restoration impacts on scour and mudflats
- Impact of climate change and sea level rise 

Sediment is key



Sea Level Rise (SLR) Scenarios 

Vermeer and Rahmstorf (2009)

Last IPCC 
Estimates (2007)

IPCC Emission
Scenarios,

semiempirical
SLR=f(T)

From National Research Council (2012) “Sea-Level Rise for the Coasts of California, 
Oregon, and Washington”
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Estimated bay and restoration sediment “demand” from SLR

Sediment Volume
(Mcm/yr)

0

1

2 Bay and
restoration1

1 35 Mcm over 50 years = 0.7 Mcm/yr
from Schoellhamer et al. (2006)

Max 2100 

2100 Avg.

2050 Avg.

PresentBay keeps up
with SLR

1983-2005 
Sedimentation Rate

Courtesy Bruce Jaffe



Graphic from The Baylands and Climate Change: What We Can Do

If we act quickly, we can 
save over 80% of our 
existing wetlands over 
the next hundred years

If we act quickly, 
we can save over 
80% of our 
existing wetlands 
over the next 
hundred years



Management Response –
Adaptation Strategies

• Restore complete tidal wetland system
• Restore wetlands sooner rather than later
• Use of upland fill or beneficial reuse dredge 

material to increase elevation & accelerate marsh 
plain development

• Creating high tide refugia – planting upland 
transition zones and creating marsh islands



Restoring the complete tidal 
wetland system



Horizontal levee graphic courtesy of Bay Institute

“Horizontal” 30:1 sloped levee

Build transition zones to 
connect tidal marsh to 
upland habitats & provide 
marsh migration space

Traditional 3:1 sloped levee



Examples: Phase 2 
Alternatives

Eden Landing

Ravenswood



Photo: USFWS

Import clean upland fill 
material to 
build high marsh-upland 
transition zone

Example: Inner Bair Island Restoration



Raise subsided areas to 
accelerate marsh 
development by pumping in 
dredged sediment



UnTRIM San Francisco Bay-Delta Hydrodynamic Model graphics from: Bever et al. 2014

Augment natural sediment supply to 
mudflats and breached ponds with 
in-Bay placement of dredged sediment



Strategic placement of bird 
nesting islands serve as wave 
breaks and sediment catchers



Enhance marsh benefits for 
wildlife by building high-tide 
refuge islands and planting 
native species 

Photos courtesy of the Invasive Spartina Project
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Invasive Spartina
eradication

 97% reduction since 2005 
(805 acres reduced to less 
than 28 acres today
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 Informing 
regional 
restoration 
actions 
throughout the 
San Francisco Bay 



southbayrestoration.org
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