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Restoration for what, to what

Goal: Conserve native species. 

Premise: Native species are native species because 
populations adapted to the historical climate, 
hydrology, community ecology, and landscape 
pattern.

Overarching strategy: Restore physical landscape 
components, flows, connections, and processes 
at scales that allow for full expression of native 
species life history strategies.



Mostly, restoration opportunity areas 
begin degraded (subsided) so…

Restoration challenge: dual imperatives–
(Teal et al. 2009)
1. allow landscape “self design”

“work with nature, let nature do the work”

2. Be bold--provide self-sustaining 
habitats/processes now for native species: 
use landscape perspective.



Challenges to self design

1. Sea-level rise
2. Subsidence (the root problem I think)
3. Sediment
4. Tidal energy



Challenge 1: sea-level rise

• ~2mm per year—accelerating
• BDCP, BCDC plan documents use 55” by 2100
• Climate change increases sea-level extremes 

(e.g. Cayan et al. 2007)
pressure and shear stress on levees goes up ‘n up 

‘ up.
San Francisco

M
SL

 (c
m

)

From Knowles et al. 2008

San Francisco (future GFDL CM2.1)

San Francisco (historical)

From Cayan et al. 2007



Challenge 1: sea-level rise
Possible future themes



1. Convert to open water, one way or another:

Challenge 1: sea-level rise
Possible future themes

Present elevation
-at the threshold-

With 55” SLR

Intertidal 1.5-6.5 ft NAVD88 0-3 ft  lower 3-6 ft  lower >6 ft   lower (OMG!)

Co
ur

te
sy

 S
tu

ar
t S

ie
ge

l



Challenge 1: sea-level rise
Possible future themes
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1. Convert to open water, one way or another
2. Estuarine transgression

From Knowles et al. 2008

Below MSL
Below MHHW
w/ 1m SLR



Challenge 1: sea-level rise
Possible future themes

1. Convert to open water, one way or another
2. Estuarine Transgression
3. “Fortress Marsh”

(basically the 
current strategy)

It’s a Cartoon!



Challenge 2: land subsidence

1. Soil consolidation
2. Organic oxidation
3. Wind erosion
4. Burning

Accommodation space is now ~250,000 acre feet
– Suisun/Grizzly/Honker Bay ~ 500,000 acre feet
– Folsom Reservoir ~ 1 MAF



Challenge 2: land subsidence

• Rate averaged ~ ¾” per year historically, likely 
more early, less later.

• Rate depends on organic fraction and land use
• Decreasing over time (~0.4” per year in Delta 

now—Deverel 2010)
• So, assume rate is 0.2” per year through 2100…



Present  elevation with 55” sea-level rise
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+ 18” subsidence by 2100

Challenge 2: land subsidence

With 55” SLR

Intertidal 1.5-6.5 ft NAVD88 0-3 ft  lower 3-6 ft  lower >6 ft   lower (OMG!)

Present elevation 



Present  elevation with 55” sea-level rise
+ 18” subsidence by 2100

Challenge 2: land subsidence

Present elevation With 55” SLR

Intertidal 1.5-6.5 ft NAVD88 0-3 ft  lower 3-6 ft  lower >6 ft   lower (OMG!)

With 55” SLR + 18”Present elevation 



Challenge 3: sediment

1. Suspended sediment discharge decreasing (Wright 
and Schoellhamer 2004)

2. Erodible sediment pool depleted in 1999! 
(Schoellhamer 2011)

3. Reservoir capture 
accounts for trend.

 Supply avg. ~ 10M yds3
(Krone 1979)

- Suisun accommodation
space is ~ is 400M yds3

From: Wright and Schoellhamer 2004



Challenge 3: sediment
Evidence of elevation recovery by 

Sedimentation      vegetation feedback.
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Challenge 3: sediment
Evidence of elevation recovery by 
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Challenge 3: sediment
Evidence of elevation recovery by 

Sedimentation      vegetation feedback.

Ebb-flood asymmetry + decanted sediment on ebb tide?



Challenge 3: sediment
Elevation recovery depends on
• Initial elevation—geomorphic threshold
• Physical forcing– currents, wind (transport)
• Proximity to erodible bed sediment
• Ebb-flood asymmetry
• Vegetation—sedimentation feedback
• Since 1999, supply
• In general, each location is different- “work with 

nature…”



Challenge 4: Tidal energy

• Sun-moon-earth gravitational interaction 
generates a moving bulge in the world ocean.

• Earth spins through the bulge
• Imparts a wave ~2x per day through the 

Golden Gate—the tide.
• The wave has finite energy: potential (height), 

and kinetic (motion). 
• Tide energy is dissipated by friction, reflected, 

or transmitted.



Challenge 4: Tidal energy
• The Point: 

Add wetted area (restoration or earthquake), 
spread out the dissipation on more space.
Tidal range is reduced
Tidal currents are slower
Tidal excursion is less



Water Surface Elevation at S-21 Sunrise Club in Suisun Marsh 
November 1998 - November 2000
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Challenge 4: Tidal energy



Tidal range is reduced on estuarine scale

Distance From Golden Gate

Van Sickle Island
Levee Breach
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Challenge: Marsh in transition
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Threshold between alternative futures:
Resilient Marsh landscape: biogeomorphology
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Challenge: Marsh in transition

Threshold between alternative futures?
Resilient Marsh landscape: biogeomorphology,

or,
The Marsh goes Delta:  hydrogeomorphology
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60 Years?



Landscape perspective

A unifying perspective for confronting the dual 
imperatives:

1. Habitat and processes for native species
2. Landscape self repair



“...life history strategies depend on structure and 
scale rather than habitat per se.” Simenstad et al. 2001 

• Emphasis is on pattern-process relationships
• Emphasis on scale (e.g. productivity timescales, 

material exchange in space/time, tidal excursions, 
species life history space)

• Emphasis on connectivity of landscape at multiple 
scales. 

Landscape perspective
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Alternative restoration approaches

=

“Postage stamp”
property scale restoration

Native species relevant
restoration scale

7000 ac
total

~7000 ac
each

For example:



Little Honker Bay

Suisun Marsh

Example “property scale” restoration
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Little Honker Bay

Suisun Marsh

• Key features cross 
property boundaries

• 0.9 miles of levees to
enlarge and maintain
High cost, low

ecosystem value

Example “property scale” restoration



Property scale restoration outcome

• 60 miles of levees
• Would require filling 
wetlands
• ~$150M initial cost
• ~$100K / year
• Should be policy: 
Avoid this scenario



Property scale restoration outcome

• 60 miles of levees
• Would require filling 
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Listed species relevant restoration



South of Roaring River

• Adjacent to X2
• Spans tidal excursion
• Large remnant tidal

creek systems.
• Salinity grad. corridor
• Excellent DS habitat
• Sediment source rich
 No levees

X2

Listed species relevant restoration



Nurse Slough Complex

• SLR accommodation
• Upland trans ecotone
• Minimal subsidence
• Terrestrial corridor
• Large remnant tidal
creek systems
• Fringing tule marsh.
 No levees

Listed species relevant restoration



Joice-Rush-Hill Corridor

• Estuarine corridor
• Mostly public or 

SRCD land
• Topographic diversity
• Remnant tidal sloughs
• Existing tidal marsh.

Listed species relevant restoration



• Suisun faces challenges on the geomorphic 
threshold: 
– Sea level rise
– Subsidence
– Sediment
– Tidal energy

• Restoration strategies should consider 
landscape scale interactions relevant to native 
species, communities, and processes

“Work with nature, let nature do the work”

Take-away themes



Thank you



Joice-Rush-Hill Corridor

• Estuarine corridor
• Mostly public land
• Topo diversity
• Remnant tidal sloughs
• Existing tidal marsh

2. Listed species relevant restoration

X2
South Suisun Region - Adjacent to X2 - Salinity grad. corridor

- DS habitat area - Sediment available
- Large remnant tidal - Minimal levee extents

creek systems. - Tidal excursion extent

Nurse Slough Complex

• SLR accommodation
• Minimal subsidence
• Terrestrial corridor
• Upland trans ecotone
• Large remnant tidal
creek systems
• Fringing tule marsh.



FWS Tidal Marsh Recovery Plan map for Suisun Marsh
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2. Metrics themselves are emergent phenomena. 
For example: “Elevation recovery”

Elevation recovery
metric

Interactions are 
affected by
• non-linearities
• feedbacks
• thresholds
• human decisions



Marsh front

Marsh front

40 acre marsh with
one 4th order drainage

•less access
•greater capacity

40 acre marsh with
four 3rd order drainages:

• greater access
• less capacity

Adapted from Simenstad et al. 2001 from Coats et al. 1995

Production = capacity x access 

Landscape perspective



Here’s how I would do a Southern 
Suisun restoration.

• Depends on objectives (species or processes?)
• Comparison to references is important
• Consistent observations support 

South Suisun Region 2008

Ryer
Island



Suisun Marsh circa 1860 - 1870

Consider the historical landscape



South Suisun Region 2008

Ryer Island
(potential reference site)

Hypothetical restoration area at ~reasonable scale



Potential restoration  “landscape scaled”
restoration project

~ 800 acres



Possible reference sites
Ryer and Roe Islands

2008

1988



1

2

3 4

references Grade down 
levee 
To MHHW

Narrow 
breach

Wide 
breach

Tide 
gate

Narrow 
breach

Each treatment has the same BDCP stressor sub-objectives,
but its own CM, hypotheses, and therefore metrics, about 
abiotic and biotic response



MHHW

MSL

MLLW

~ High 
TideChannel 

Hypsography

First Mallard Branch

Marsh plain

1. Metrics should change over time



Diversion/Drain Culverts

Suisun Slough

Sheldrake Slough

1. Metrics should change over time



Suisun Slough
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Suisun Slough

MHHW

MSL

MLLW

~ High Tide

Channel 
Hypsography

Sheldrake Slough

1. Metrics should change over time
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