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Too many slides I fear, can’t help it.Too many slides I fear, can t help it.

• Wetland restoration metrics in the literatureWetland restoration metrics in the literature

• Is this enough considering where we start?

i h l h• Metrics themselves are emergent phenomena

• Adding landscape ecology perspective

• Imagine a Suisun Marsh restoration 
opportunity… what next?pp y

• Implications for observations.  



Special Issue:
Dike/Levee Breachingg



Base Map Variables

From: A Monitoring protocol to assess tidal restoration of salt marshes on local and regional scales 
Neckles et al. 2002



Core variables
Variable Description

Sampling
Method

Annual Sampling
Frequency

Core variables

Both restoration projectsBoth restoration projects
and reference sites

F A M it i t l tFrom: A Monitoring protocol to assess 
tidal restoration of salt marshes on 
local and regional scales, Neckles et al. 2002



Additional variables for process understanding

From: A Monitoring protocol to assess 
tidal restoration of salt marshes on 
local and regional scales, Neckles et al. 2002



“Pentagram” metrics groupings:     1. Physical/chemical/nutrients
2. Vegetation
3. Food web (in‐situ)
4. Processes
5. Fish



Conceptual Model/HypothesisConceptual Model/Hypothesis



Link to Logic Chain Sub objectivesLink to Logic Chain Sub‐objectives



Comparison options: 
reference, treatment, pre‐project, modeling



Observation methods: 
log continuous discrete sample special studylog continuous, discrete sample, special study, 
remote sensing, survey, modeling



Are these enough? Consider:Are these enough? Consider: 

1 Initial condition is hyper‐degraded (e g1. Initial condition is hyper degraded (e.g. 
subsided). Therefore, metrics should change 
through timethrough time.

2. Most metrics themselves are emergent 
phenomena (e g elevation recovery)phenomena (e.g. elevation recovery)

3. Little emphasis on landscape perspective, so 
ffar.



The initial condition 
i h d d dis hyper‐degraded 
(e.g. subsided).

1. Metrics should 
change over timechange over time.

Brown = ~Natural tidal marsh

Green = Intertidal elevationGreen = Intertidal elevation

Blue = Below sea‐level



1. Metrics should change over time

Hypothetical Sheldrake SloughHypothetical Sheldrake Slough
project areaproject area

First Mallard First Mallard BranchBranch
(reference system)(reference system)

Suisun SloughSuisun Slough



d f

1. Metrics should change over time

Land‐water interface structure 

=

Simple (degraded) L‐W interface Complex L‐W interface



1. Metrics should change over time

Marsh plain

MHHW
First Mallard BranchFirst Mallard Branch

MHHW

MSL

MLLW

~ High ~ High 
TideTideChannel Channel 

HypsographyHypsography



1. Metrics should change over time

Sheldrake SloughSheldrake Slough

Diversion/Drain CulvertsDiversion/Drain Culverts

Suisun SloughSuisun Slough



MHHW ChannelChannel

1. Metrics should change over time

MHHW

MSL

MLLW

~ High TideHigh Tide

Channel Channel 
HypsographyHypsography

Sheldrake SloughSheldrake Slough

Suisun SloughSuisun Slough



MHHW ChannelChannel

1. Metrics should change over time

MHHW

MSL

MLLW

~ High TideHigh Tide

Channel Channel 
HypsographyHypsography

Sheldrake SloughSheldrake Slough

Suisun SloughSuisun Slough



MHHW ChannelChannel

1. Metrics should change over time

MHHW

MSL

MLLW

~ High TideHigh Tide

Channel Channel 
HypsographyHypsography

Sheldrake SloughSheldrake Slough

Suisun SloughSuisun Slough



1. Metrics should change over time

Project Reference

I iti l t iInitial metrics

Landscape scale structure and connectivity:
• Tidal signal
• Elevation of everything
• Dendritic channel complexity, density
• Allometric diversity
• Tidal/S‐N/Seasonal sediment dynamics• Tidal/S‐N/Seasonal sediment dynamics
• Soil OM
• Spatial pore water salinity
Veg., Fish, Food Web, Processes:
• Soil OM
• Seasonal plant and animal composition‐ abundance, 

height, density, length, biomass
• Species richness
• Veg composition (ID, density, richness, biomass etc)
• Fish abundance by species diet percent alien sub habitat• Fish abundance by species, diet, percent alien, sub‐habitat
associations etc.

• Food web (Chl a, phyto species, PP, zoop species, habitat
associations, bivalves, benthos, C/N etc. 



1. Metrics should change over time

ReferenceProject

I iti l t i
• Rate of elevation recovery Landscape scale structure and connectivity:

Initial metrics

• Spatial elevation
• Tidal asymmetry
• Sediment dynamics
• Spatial hydroperiod

• Tidal signal
• Elevation of everything
• Dendritic channel complexity, density
• Allometric diversity
• Tidal/S‐N/Seasonal sediment dynamics• Spatial hydroperiod

• Rate of veg. expansion
• Diversity of residence time

• Tidal/S‐N/Seasonal sediment dynamics
• Soil OM
• Spatial pore water salinity
Veg., Fish, Food Web, Processes:
• Soil OM

• Veg and animal composition
• Species richness
• Soil profile: OM, redox, etc.

• Seasonal plant and animal composition‐ abundance, 
height, density, length, biomass

• Species richness
• Veg composition (ID, density, richness, biomass etc)
• Fish abundance by species diet percent alien sub habitatp , ,

• Community interactions
• etc. 

• Fish abundance by species, diet, percent alien, sub‐habitat
associations etc.

• Food web (Chl a, phyto species, PP, zoop species, habitat
associations, bivalves, benthos, C/N etc. 



Metrics should change over time

F t t i

Project Reference

Future metrics
(~same for both)

Landscape scale structure and connectivity:Landscape scale structure and connectivity:
• Tidal signal
• Elevation of everything
• Dendritic channel complexity, density
• Allometric diversityy
• Tidal/S‐N/Seasonal sediment dynamics
• Soil OM
• Spatial pore water salinity
Veg., Fish, Food Web, Processes:
• Soil OM
• Seasonal plant and animal composition‐ abundance, 

height, density, length, biomass
• Species richness
• Veg composition (ID, density, richness, biomass etc)g p ( , y, , )
• Fish abundance by species, diet, percent alien, sub‐habitat
associations etc.

• Food web (Chl a, phyto species, PP, zoop species, habitat
associations, bivalves, benthos, C/N etc. 



2. Metrics themselves are emergent phenomena. 
For example: “Elevation recovery”

Delta 
Outflow

Reservoir 
Management

Impervious 
Cover

Channeliz‐
ation

Interactions are 
Wind / 
Waves

affected by
• non‐linearities

Tides Freshwater 
Inflow

Sediment 
Flux

Relative 
Sea Level

Sediment 
Size• feedbacks

• thresholds
• human decisions

S

Veg Production: 
Net Organic
Accumulation

Net Mineral 
Accumulation

Inundation 
Regime

• human decisions

Net 
Accretion/ 

Elevation recovery
metric Erosionmetric



3. Landscape perspective3. Landscape perspective

• Wiens 2002:  “…the influence of spatial pattern p p
on ecological processes.”

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

• Peterson 2003: “Nekton survival depends on… (1)Peterson 2003:  Nekton survival depends on… (1) 
approaching physiological optima, then (2) 
searching out life‐stage‐dependent structure…”
NRC 1992 “R i i h li i• NRC 1992: “Restoration… is a holistic process not 
achieved through isolation manipulation of 
individual elements.” 



3. Landscape perspective3. Landscape perspective

• Emphasis is on pattern‐process relationshipsEmphasis is on pattern process relationships

• The landscape is a connected mosaic of 
patches of variable permeability at multiplepatches of variable permeability at multiple 
scales. 

O i l d i• Organism response to landscape is 
determined by behavioral, morphological, life‐
hi ihistory traits



3. Landscape perspective3. Landscape perspective

• Fish population metrics for assessing wetlandFish population metrics for assessing wetland 
restoration success have not been conclusive 
(e g Simenstad 1997)(e.g. Simenstad 1997)

• What is the nature of estuarine dependency?



Dynamicmetrics

3. Landscape perspective

Dynamicmetrics
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Adapted from Peterson 2003



Dynamic
metrics

3. Landscape perspective

metrics
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Stationary



metrics

3. Landscape perspective

Dynamic
metrics
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“Flow” and species conservation is contextual
3. Landscape perspective

DynamicDynamic

DynamicDynamic

DynamicDynamic
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“Flow” and species conservation is contextual
3. Landscape perspective

DynamicDynamic

DynamicDynamic

DynamicDynamic
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“Flow” and species conservation is contextual
3. Landscape perspective

DynamicDynamic
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Production = capacity x access

3. Landscape perspective

Production = capacity x access 

40 acre marsh with
four 3rd order drainages:

• greater access

Marsh front

• less capacity

40 acre marsh with
one 4th order drainageone 4th order drainage

•less access
•greater capacity

Marsh front

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



Alternative restoration approaches
1 “P ” i

3. Landscape perspective

1. “Postage stamp” restoration 2. Landscape “scaled” restoration

=
7000 ac
t t l

~7000 ac
total each

• Limited space
• High levee costs

• Space for physical processes
• Stationary/dynamic overlapHigh levee costs

• Little stationary/dynamic
overlap

Stationary/dynamic overlap
• Capacity and access



1 “P ” i

3. Landscape perspective

Alternative restoration approaches
1. “Postage stamp” restoration 2. Landscape “scaled” restoration

=
7000 ac
t t l

~7000 ac
total each

• Limited space
• High levee costs

• Space for physical processes
• Stationary/dynamic overlapHigh levee costs

• Bad station/dynamic overlap
Stationary/dynamic overlap

• Capacity and access



Landscape scaled restoration
3. Landscape perspective

South of Roaring River

• Adjacent to X2Adjacent to X2
• Salinity grad. corridor
• Delta smelt zone
• Sediment source rich
• Large remnant tidal

kcreek systems.

X2



Landscape scaled restoration
3. Landscape perspective

Nurse Slough Complex

• SLR accommodationSLR accommodation
• Minimal subsidence
• Terrestrial corridor
• Upland trans ecotone
• Large remnant tidal

kcreek systems
• Fringing tule marsh.



Landscape scaled restoration
3. Landscape perspective

Joice‐Rush‐Hill Corridor

• Estuarine corridorEstuarine corridor
•Topographic diversity
• Remnant tidal sloughs
• Existing tidal marsh.
• …mostly public land



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

• Depends on objectives (species or processes?)Depends on objectives (species or processes?)

• Comparison to references is important

C i b i• Consistent observations support 

Ryer
Island

South Suisun Region 2008



Consider the historical landscape

Suisun Marsh circa 1860 - 1870



Consider the
modernmodern

landscape.

Brown = ~Natural tidal marsh

Green = Intertidal elevationGreen = Intertidal elevation

Blue = Below sea‐level



Consider BDCP objectivesConsider BDCP objectives



Gather <8 discipline polymathsGather <8 discipline polymaths

• Generate a site specific conceptual model that Ge e ate a s te spec c co ceptua ode t at
considers levee breach configurations. 
– drivers and processes affecting landscape structure 
trajectory, capacity to produce and give fish access to 
functions. 

– Develop several best guesses about how to tune leveeDevelop several best guesses about how to tune levee 
breaches to maximize function now.

– Design experiments to test guesses
– Breach some dang levees
– Observemetrics and processes, analyze, synthesize, 
write it up maybe adaptwrite it up    ….maybe adapt



Hypothetical restoration area at ~reasonable scale

Ryer Island

S th S i R i 2008

Ryer Island
(potential reference site)

South Suisun Region 2008



~ 800 acres

Potential restoration “landscape scaled”Potential restoration   landscape scaled
restoration project



Possible reference sitesPossible reference sites
Ryer and Roe Islands

20082008

19881988



3

2

3 4

Narrow 
breach

1

references Grade down Tidereferences Grade down 
levee 
To MHHW

Narrow 
breach

Wide 
breach

Tide 
gate

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



Take away’sTake away s

• Begin studying reference sites now. g y g
– e.g. Ryer, Roe, Browns Islands, and Rush Ranch.

• Recognize that metrics are emergence phenomena—g g p
therefore require mechanistic science observation…

• Proceed boldly, watch carefully, expect surprise, 
di t ith h ilit d b ldlpredict with humility, proceed boldly... 

• Restoration of native species will be an emergent 
property of restored landscape structure and processproperty of restored landscape structure and process 
at scale. Metrics and observation programs should 
reflect this.


