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Complete tidal wetland system  



Baylands Goals Update Regional Recommendations 

1 Restore estuary-watershed connections. 

2 Design complexity and connectivity into the Baylands 
[and Delta] landscape.   

3 Restore and conserve complete tidal wetlands systems.  

4 Plan for the Baylands [and Delta] to migrate. 



The Delta Landscapes Project 

Management Tools  

for Landscape-Scale Restoration 

 

 

Funded by the Ecosystem Restoration Program 

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




? 

How do we create ecologically functional, 

resilient landscapes? (not just nice projects) 



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) 



• 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 
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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) 

Associated ecolo9ical functions 
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- Density (by depth class) 

- Total length (by width class ond depth doss) 

- Total areo (by depth doss ond season) 

- Ratio of flow-through to blind channels 

Total riparian forest area 

-Number of riparian forest patches 

- Riporion forest patch length (by type ond width class) 

X -Gap-absence 

landscape metrics list 
.( • "-..t" -Potch size distribution (for select habitat types) 

·~ • ""'- I X -Edge to orea ratio (for select hobitot types) 

i • '- ~ X -Nearest neighbor distance (for select ho bit at types) 

~ ~ A -Potch adjacency diversity 

~ le -Potch type richness 

O< ~ - Area of wetland habitat (by depth class and season) 

.( • -Ponded orea in summer (by depth doss ond duration) 
..t" -Wetted areo in winter (by type) 

~I • ~ 1-Estimated onnual primary production (by habitat) 
~ ~ - Volumes of net outo- vs. net hetero-trophic habitat ( • le 1-Lineor extent adjacent to wetlands (by type) 

~ - Total length of wetland/upland or wetlond!riporion edge ~ I .( • • ~ I -Area of marsh (by type) 



There has been a 73-fold reversal in the ratio between marsh and 
open water in the Delta, affecting the character and quality of aquatic 
habitats. 
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There is twice as much shallow-water habitat (<2m) in the Delta today 
as there was historically. 

Historical DEM co-developed with UCDavis CWS (Fleenor, Whipple, Bell, et al.) 
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Complex dendritic channel networks likely provided high productivity 
habitat for fish. 
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Most of the temporarily flooded habitat available to fish in the Delta 
has been lost. 
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Mostly perennial open water features 
• variable depth 

 
         TIDAL INUNDATION 
Diurnal overflow of tidal sloughs into 
marshes 
• high recurrence (2x daily to monthly) 
• low duration (< 6 hrs per event) 
• up to .5 m)  

 

         SEASONAL LONG 
DURATION FLOODING 
Prolonged inundation from river 
overflow into flood basins 
• low recurrence (~1 event per year) 
• high duration (persists up to 6 month) 
• -

 
 

         SEASONAL SHORT-TERM 
FLOODING 
Short-term fluvial inundation 
• can be multiple events per year 
• low duration (days-weeks per event) 
• generally shallower than 

long duration flooding  



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 

            PONDS, LAKES, CHANNELS,            
              FLOODED ISLANDS 

             TIDAL INUNDATION 

             SEASONAL LONG DURATION 
             FLOODING 

             SEASONAL SHORT-TERM  
             FLOODING 



Native fish are adapted to a complex, variable landscape with 
extensive aquatic resources throughout the year. 
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There are a number of additional elements to a complete Delta 
ecosystem. 
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Modern

historical 

modern 

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 
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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); 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 

 

http://sfei.li/deltametrics 

THANKS 

https://www.dfg.ca.gov/
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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 
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modern 
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marsh patch size class (hectares) 

support for marsh wildlife    



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 

4,493 ha 
average patch size 

4 ha 
average patch size 

modern 
marsh patches 
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Provides Maintains Maintains food Maintains 
habitat and adaptation supplies and biodiversity 

connectivity for potential nutrient cydln9 by supporting 
marsh-terrestrial within wildlife to support robust diverse natural 
transition zone populations food webs communities 

wildlife 

Leng1h or ma,,h· 
To be addressed w11 h Expected IO be To be addressl1d wltti 

lerrl!\lrtal 1ransttlon 
qualitative conceptual addr~wttha qualitative conctplual 1one by terreslTial 

models in Taslc 4. 1?lawd proje<t models In laslc 4 
habita1 1ype 



POPULATION 

life history support 

Provides Provides Provides Provides 

z habitatand habitat and habitat and habitatand 

~ connectivity connectivity for connectivity for connectivity for 
u for fish marsh wildlife waterbirds riparian wildlife z 
:;, .... 

lnund<Jllon men!, Marlh ~rea by patch Ponded area In 
duration. liming, and lilt (patch size summer by depth and 

R1pariiln habiral a1?a 

mquency dislTibunon I duration 
by patch size 

l 

I 
Maoo 10 09en wa1r1 Marshal?a by nearest Wened area by~ Riparian habitat lrng1h 

raUo 
t'.l 

lll!lghbot drstance in w1n1e1 by width class 

a: 
t:; 
::;; 

AdjiCfllCY or 11"1rlh to 
openwa1er by length Ma111l core area ralio 
and m.1rsbpa1Cb~lze 

Rauooflooped 10 
dend11ucchannel5 (by M.Jrsh liag.inen1a11on 
length and adjacent lndeK 

habi1a1 type) 

Provides 
habitat and 

connectivity for 
marsh-terrestrial 
transition zone 

wildlife 

Leng1h or ma,,h· 
lerrl!\lrtal 1ransttlon 
1one by terrestrial 

habita1 1ype 

Adaptation 
potential 

Maintains 
adaptation 
potential 

within wildlife 
populations 

To be addressed w11 h 
qualitative conceptual 

models in Taslc 4. 

COMMUNITY 

Food webs Biodiversity 

Maintains food Maintains 
supplies and biodiversity 

nutrient cydln9 by supporting 
to support robust diverse natural 

food webs communities 

Expected IO be To be addressl1d wltti 
addr~wttha qualitative conctptual 
1?lawd proje<t models In laslc 4 



z 
~ 
u z 
:;, .... 

Provides 
habitatand 
connectivity 

for fish 

lnund<Jllon extent, 
duration. liming, and 

mquency 

Maoo 10 09en wair1 

raUo 

Adjacency of 11"1rlh to 
openwam by length 
and m.1rsbpatcb~lle 

llauooflooped to 
dend11ucchannel5 (by 
length and adjacent 

habi1a1 type) 

POPULATION 

life history support 

Provides Provides Provides 
habitat and habitat and habitatand 

connectivity for connectivity for connectivity for 

marsh wildlife waterbirds riparian wildlife 

• . 
Marlh ~rea by patch Ponded area In R1pariiln habiral aJ?a 

lilt (patch size summerbydeplhand 
by patch size distTlbunon) duration 

-- . 
MarshaJ?a by nearest Wened area by~ Riparian habitat lrng1h 

lll!lghbot drstance in wintei by width class 

Mar1h core area ralio 

M.Jrsh lia9'll'enta11on 
lndeK 

Provides 
habitat and 

connectivity for 

marsh-terrestrial 
transition zone 

wildlife 

Leng1h of ma,,h· 
liITTl!\lrtal m1nsttlon 
1one bi te11?smal 

habitat 1ype 

Adaptation 
potential 

Maintains 
adaptation 

potential 
within wildlife 

populations 

To be addressed w11 h 
qualitative conceptual 

models in Taslc 4. 

COMMUNITY 

Food webs 

Maintains food 
supplies and 

nutrient cydln9 
to support robust 

food webs 

Expected to be 
addr~wttha 

J?lawd projKt 

Biodiversity 

Maintains 
biodiversity 

by supporting 

diverse natural 
communities 

To be addressed with 
qualitative conctplual 

models In laslc 4 



2100 



Wide woody riparian habitat has declined by 72%. 



historical 

modern 

modern 
support for riparian wildlife 

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

riparian forest < 100 m wide not shown 




