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? 

How do we create ecologically functional, 

resilient landscapes? (not just nice projects) 



The Delta Landscapes Project 

Management Tools  

for Landscape-Scale Restoration 

 

 

Funded by the Ecosystem Restoration 

Program 

https://www.dfg.ca.gov/


What are we trying to accomplish? 



1. Provide a framework that helps individual 

projects add up to a larger functional 

landscape (pieces of the puzzle) 

 

2. Provide guidance for what kinds of 

projects make sense where (avoid one-size-

fits-all) 

 

3. Reduce conflicts and mistakes (shared 

understanding of priorities and current science) 

 

4. Make better use of long-term 

physical/climatic trajectories (work with 

processes, not against them) 

 

5. Meet landscape-scale species needs 
(connectivity, migration) 



1800 1939 2011 2100 

Use an understanding of pattern and process… 
 
to inform landscape scale restoration… 
 
that supports ecological function 

Central concept 



What constitutes a functional landscape? 

ecological 
functions 

physical  
drivers 

operational landscape 
unit 

(Verhoeven et al. 2008) 

+ = 

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) 



• 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/


1. Define target ecological functions 
 

2. Identify associated system attributes 

(spatial metrics) 
 

3. Quantify landscape change metrics 
 

4. Describe subregional potential (physical 

drivers, opportunities) 
 

5. Create conceptual Operational 

Landscape Units (e.g. “archetypes”) 
 

6. Produce restoration guidelines and 

potential performance metrics 



Landscape Interpretation Team (LIT) 

Stephanie Carlson  (UC Berkeley) 

Jim Cloern  (USGS) 

Brian Collins  (University of Washington) 

Chris Enright  (Delta Science Program) 

Joseph Fleskes  (USGS) 

Geoffrey Geupel  (PRBO Conservation Science) 

Todd Keeler-Wolf  (CDFW) 

William Lidicker  (UC Berkeley) 

Steve Lindley  (NMFS) 

Jeff Mount  (UC Davis) 

Peter Moyle  (UC Davis) 

Anke Mueller-Solger  (USGS) 

Eric Sanderson  (Wildlife Conservation Society) 

Dave Zezulak  (CDFW) 



Ecological Functions framework (Task 3) 

Level 

Theme 

Ecological 
functions 

Wildlife 

groups 





Ecological Functions list (Task 3) 

Habitat and 
connectivity 
for pelagic fish 

Habitat and 
connectivity 
for resident 
mammals 

Habitat and 
connectivity 
for native plants 

Maintain 
genetic/pheno
typic diversity 

Nutrient movement 
and recycling 

Habitat and 
connectivity 
for demersal fish 

Habitat and 
connectivity 
for marsh birds 

Habitat and 
connectivity 
for anadromous fish 

Maintain 
connectivity 
for fragmented 
populations 

Gross food supply 

Habitat and 
connectivity 
for littoral fish 

Habitat and 
connectivity 
for riparian  birds 

Habitat and 
connectivity 
for migratory 
waterfowl 

Maintain diverse 
native 
communities 

Net food supply 



Landscape Metrics list (Task 3) 



   
Support for: 
• marsh wildlife 
• marsh patch size 

• native fish 
• marsh:open water ratio 
• length of marsh-water edge 
• inundated areas 

• riparian wildlife 
• riparian forest width 

• edge wildlife 
• marsh-terrestrial transition zone 

 



historical modern 

<= 10 ha 
10 - 100 
100 – 1,000 
1,000 – 10,000 
> 10,000 

marsh patch size class (hectares) 

support for marsh wildlife    
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Historical
Modern

historical modern 

Patch size class (ha) 

<= 10 ha 
10 - 100 
100 – 1,000 
1,000 – 10,000 
> 10,000 

marsh patch size class (hectares) 

support for marsh wildlife    

Marsh in patches large enough to fully support rails 
(based on Liu et al. 2012, Spautz & Nur 2002): 

Historical:   192,000 ha 

Modern:          1,000 ha 



support for marsh wildlife    

historical  
marsh patches 

marsh patch size class (hectares) 

Largest patch: 
Sherman Island 

(749 ha) 

Largest patch: 
South & Central Delta mega-patch 
(110,527 ha) 

larger 
than all 
modern 
marsh 

combined 

1,211 
 patches 

43  
patches 

modern 
marsh patches 



4 ha 
average patch size 

4,493 ha 
average patch size 

support for marsh wildlife    

historical  
marsh patches 

marsh patch size class (hectares) 

Largest patch: 
Sherman Island 

(749 ha) 

Largest patch: 
South & Central Delta mega-patch 
(110,527 ha) 

larger 
than all 
modern 
marsh 

combined 

modern 
marsh patches 



historical modern 
support for native fish 

open water 

historical modern 
16,300 ha 26,600 ha 

+ 63% 



historical modern 
support for native fish 

open water 
marsh 

historical modern 
16,300 ha 26,600 ha 

193,200 ha 4,300 ha 

- 98% 



historical modern 
support for native fish 

open water 
marsh 

historical modern 
16,300 ha 26,600 ha 

193,200 ha 4,300 ha 

100 : 1,182 100 : 16 

74x decrease in marsh to open water ratio 



historical modern 
support for native fish 

open water 
marsh 

historical modern 
16,300 ha 26,600 ha 

193,200 ha 4,300 ha 

100 : 1,182 100 : 16 

“channels  
in 

marsh” 
“marsh 

in 
channels” 

74x decrease in marsh to open water ratio 



historical modern 
support for native fish 

open water 
marsh 

historical modern 
16,300 ha 26,600 ha 

193,200 ha 4,300 ha 

100 : 1,182 100 : 16 

“channels  
in 

marsh” 
“marsh 

in 
channels” 

74x decrease in marsh to open water ratio 



historical modern 
support for native fish 

open water 
marsh 

16,300 ha 26,600 ha 
193,200 ha 4,300 ha 

edge 
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historical modern 
support for native fish 

open water 
marsh 

16,300 ha 26,600 ha 
193,200 ha 4,300 ha 
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edge 
classified by 
marsh size 

  - 72% total 
     edge length 



historical modern 
support for native fish 

open water 
marsh 

16,300 ha 26,600 ha 
193,200 ha 4,300 ha 
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historical modern 
support for native fish 
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historical modern 
support for native fish 
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historical modern 
support for native fish 

Juvenile salmon reared in ephemeral 
floodplain habitats of the Cosumnes River 

have been found to grow significantly larger 
than juvenile salmon reared only within the 

Cosumnes River (Jeffres et al. 2008). 

photos by Jeff Opperman, 2006 



historical modern 
support for riparian wildlife 

riparian forest width (transects) 
> 100 m wide 
> 500 m wide 

riparian forest < 100 m wide not shown 



historical modern 
support for riparian wildlife 

riparian forest width (transects) 
> 100 m wide 
> 500 m wide 

riparian forest < 100 m wide not shown 

not shown 
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Riparian habitat width 

“unsuitable”  “marginal” & “suitable” ~ “optimal” 

Majority of riparian habitat today is of 

“unsuitable” width to support yellow billed 

cuckoos (Laymon & Halterman 1989). Length of 
forest of “optimal” width has decreased by 91%  
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1. Define target ecological functions in HL 
 

2. Identify desired system attributes or 

characteristics (spatial metrics) 
 

3. Quantify landscape change metrics 
 

4. Describe subregional potential (physical 

drivers, opportunities) 
 

5. Create conceptual Operational 

Landscape Units 
 

6. Produce restoration guidelines and 

potential performance metrics 



historical modern 
support for riparian wildlife 

riparian forest width (transects) 
> 100 m wide 
> 500 m wide 

riparian forest < 100 m wide not shown 
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Majority of riparian habitat today is of 

“unsuitable” width to support yellow billed 

cuckoos (Laymon & Halterman 1989). Length of 
forest of “optimal” width has decreased by 91%  
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Case study: McCormack-Williamson Tract 
 

 

✤ Opportunities 

✤ Large restoration 

opportunity 

✤ Variable 

topography 

✤ Connection to 

uplands and  tides 

✤ Remnant 

historical features 

 



Topographic Variability 



Habitat and Connectivity for Native Species 

Wide Riparian Forest (>500m) none 2 km? 

Wide and Connected Riparian 
Forest 

none >10 km 

note: sample #s 

MWT proposed MWT as part of OLU 



historical modern 
support for riparian wildlife 

riparian forest width (transects) 
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riparian forest < 100 m wide not shown 
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Riparian habitat width 

“unsuitable”  “marginal” & “suitable” ~ “optimal” 

Majority of riparian habitat today is of 

“unsuitable” width to support yellow billed 

cuckoos (Laymon & Halterman 1989). Length of 
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What constitutes a functional landscape? 

ecological 
functions 

physical  
drivers 

operational landscape 
unit 

(Verhoeven et al. 2008) 

+ = 

with specific Landscape Metrics 
and associated Ecological Functions 
at Regional and Subregional scale 



 
 

SFEI-ASC 

CDFW: Daniel Burmester, Carl Wilcox, Dave Zezulak 

DSP: Peter Goodwin, Chris Enright, Anke Mueller-Solger, Cliff Dahm 

Cache Slough Team: Bruce Orr, Noah Hume (Stillwater Sci.);  

         Stuart Siegel (ESA) 

Lower Yolo Team: Curt Schmutte, Val Connor 

TNC MWT: Leo Winternitz, Rodd Kelsey 

 

 

The LIT 

CDFW, ERP, DWR, SFCWA , TNC for funding 

Ruth Askevold 

Julie Beagle 

Erin Beller 

Josh Collins 

Letitia Grenier 

April Robinson 

Sam Safran 

Micha Salomon 

THANKS 

https://www.dfg.ca.gov/

