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Outline 

1. Tidal Marsh as a component of California estuaries 

 

2. Tidal Marsh as a component of SF Estuary 

 

3. Transformation of SF Bay and Delta Tidal Landscape 

 

4. Landscape ecology of Delta tidal marsh 

 

5. Delta tidal marsh as part of functional landscapes 



Drawing from today: 

• Delta Historical Ecology Investigation  

• Whipple et al. 2012 

 

• Delta Landscapes Project  

• Management Tools for Landscape-Scale Restoration of Ecological 

Functions 

• PIs: Grossinger and Grenier  

• Full Delta 

• 2012-2015 (funded by ERP through DFW) 

 

• Historical Coastal Wetlands of Southern California Atlas 

• Grossinger et al. 2012 

• with SCCWRP, CSUN, USC 

• Funded by State Coastal Conservancy 

 

• California Estuaries chapter research 

• Cloern et al in Ecosystems of California (Mooney and Zavaleta in 

press) 



 Tidal marsh in historical California estuaries 



u 

Regional archetypes (from South Coast T-sheet Atlas) 



u 

  San Francisco Estuary 



u 

  San Francisco Bay 



u 

  Delta 

• 365,000 acres tidal marsh 
• >90% tidal marsh 
• Almost 2X SF Bay tm 
• Almost 150X SD Bay tm 
• Freshwater tidal 



u 

  multiple estuaries 



ca 1850 



Open Water : Marsh Ratio 
1.4 : 1 

 
 
 

6.3 : 1 

2009 



ca 1850 



Open Water : Marsh Ratio 
1 : 14 

 
 
 

6 : 1 

2007 



ca 1850 



2007/2009 

- ~80% - ~97%* 



  tidal marsh as part of Delta landscape 



Landscapes characterized by: 

• connectivity 

• local complexity 

• temporal variability 
Central Delta: where tides dominate 

North Delta: where flood basins flank rivers 

South Delta: where floodplains meet tides 



“The small fish run into the sloughs and lakes as 
soon as the water gets sufficiently high, and 
return to the river when it begins to get low.” 
(Sacramento Daily Union, 6 June 1854) 

Tule marsh water was “so thoroughly 
impregnated with decaying vegetable matter 
that it looked more like sherry than water...” 
(Wright ca. 1850) 

Salmon Slough: “The stream bed is full of logs 
and the boats grounded two or three times.” 
(Abella 1811) 

Inter-relationships between components of 
the Delta landscape 



• 1 inch 
• Twice daily 



• 1.5 feet 
• ~3 days per month 



• 4 ft. 
• December - May 



• 1 inch 
• Short lived events 

(~1-2 days each) 
during winter 



• 4 ft. 
• April - July 



• 1 inch 
• Short lived events 

(~1-2 days each) 
during summer 









  tidal marsh channels  open water 



channel length by width class (draft) 
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“blind” or “dead-end” channels (not correct yet) 

historical modern 

blind 
flow-through 
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freshwater emergent wetland patch size distribution: 

historical vs modern 

Historical

Modern

patch size (acres) 











2007 



Linear extent of habitat 
adjacent to open water 

(km) 

Habitat 
Historic
al 

Mode
rn 

Percent 
change 

freshwater emergent 
wetland 4,137 1,092 -74% 

wet meadow/seasonal 
wetland 981 82 -92% 

valley foothill riparian 960 540 -44% 

vernal pool complex 470 0 -100% 

oak woodland/savanna 443 0 -100% 

willow riparian scrub/shrub 159 709 346% 

willow thicket 147 84 -43% 

grassland 144 105 -27% 

alkali seasonal wetland 
complex 129 1 -100% 

outside study extent 78 31 -60% 

stabilized interior dune 
vegetation 5 0 -100% 

agriculture/non-
native/ruderal 0 1,068 INF 

urban/barren 0 697 INF 
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linear extent of habitat types adjacent to aquatic 
habitat 

Urban/Barren

Agriculture/Non-
native/Ruderal
stabilized interior dune
vegetation
outside study extent

alkali seasonal wetland
complex
grassland

willow thicket

willow riparian scrub/shrub

oak woodland/savanna

vernal pool complex

valley foothill riparian

wet meadow/seasonal
wetland
Freshwater emergent
wetland

+ INF 

+ INF 

- 100% 

- 60% 

- 100% 

- 27% 

- 43% 

+ 346% 

- 100% 

- 100% 

- 44% 

- 92% 

- 74% 

 
 
 

percent change habitat type 
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Length of edge between aquatic habitat and adjacent patches by size of those patches 
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flood basins-tidal marsh relationship 

• Floods connected components 

• Seasonal and inter-annual 

variability  

Sacramento 

“the great basins…act as enormous 

regulating reservoirs…to cut down the 

crest of the great flood waves”   

 - Dabney Commission 1905 

Overflow: Sacramento Basin 



Habitat complexity 

• Different features depending on position along gradients 

Courtesy of UC Davis Special Collections 

Courtesy of California State Library 

Courtesy of Solano County Surveyor 



Ralph W. Norris, October 1851 

Walking east 

South Delta: where floodplains meet tides 

• Diverse suite of habitat types at local-scale 

Laura Cunningham 2010 



? 

How do we create ecologically functional, 

resilient landscapes? (not just nice projects) 
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Extent of habitat changes 
 





Modern Blind 



• Funded by Ecosystem 
Restoration Program (CDFG, 
NOAA, US FWS) 

• Final Report/GIS Available: 
www.sfei.org/DeltaHEStudy 

• Collaboration with KQED QUEST 
and Stanford’s Bill Lane Center 
for the American West: 
science.kqed.org/quest/delta-
map/ 

 

Sacramento-San Joaquin Delta 
Historical Ecology Investigation: 
Exploring Pattern and Process 

http://www.sfei.org/DeltaHEStudy
http://science.kqed.org/quest/delta-map/
http://science.kqed.org/quest/delta-map/
http://science.kqed.org/quest/delta-map/


• Low banks  

• Frequent tidal inundation 

• High degree of connectivity between land and water 

• Numerous sinuous tidal channels of different sizes 

• Organized into networks branching into wetland 

• Diverse vegetation community including willow-fern 

swamp 

• Gradual transition along tidal-fluvial gradient 

• Relatively isolated by natural levees 

• Floods connected components 

• Wet late into summer 

• Seasonal and inter-annual variability  

• Different features depending on position along 

gradients 

• Dense and structurally complex riparian forest 

• Bounded flood basins on natural levees 

• Broadening floodplain with no large basins 

• Wet late into summer 

• Complex flows across topographically variable 

landscape 

• Lakes and ponds connected to rivers 

• Channel complexity 

• Diverse suite of habitat types at local-scale 

• High degree of tidal influence 

• Networks of branching channels 

• Tidal wetland of tule and willow-fern 

swamp 

• Floods wetted and connected 

landscape 

• Channels to lakes along gradient 

• Riparian forest bordering tule basins 

• Floods within a complex landscape 

meet the tides 

• Side-channels connected to rivers 

• Habitat type diversity at local scale 

Delta Historical Landscapes summary 



SACRAMENTO RIVER 
5.6-48.4 (21.6 average) MAF/yr  

High sediment 
Rainfall-event driven 
(high peaks, winter) 

SAN JOAQUIN RIVER 
1.1-19.0 (6.2 average) MAF/yr 

Low sediment 
Snowmelt driven  

(low peaks, late summer) 

Landscapes reflect 
physical gradients 



Acres x 1000 

Subtidal (<MLLW) 

Intertidal (tidal flat and marsh) 

Ca 1850 
San Francisco Bay 



Acres x 1000 

Subtidal (<MLLW) 

Intertidal (tidal flat and marsh) 

2000 
San Francisco Bay 



What constitutes a functional landscape? 

 
ecological 
functions 

physical  
drivers 

operational landscape 
unit 

+ = 

with specific Landscape Metrics 
and associated Ecological 

Functions 
at Regional and Subregional scale 

• Conceptual design for restoration 
projects 

• Performance measures 
• Regional vision products 
• Test thru research (field, modeling, 

experiments) 


