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Stream Recovery Takes Time

Saintilan & Imgraben 2012



Wetland Performance Curves
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Need for remedial measures

Four overarching attributes: 
1) Buffer and Landscape Context
2) Hydrology
3) Physical Structure
4) Biotic Structure



So … What is the Issue

• Required monitoring periods are typically much shorter than the time 
necessary for restoration sites to reach functional maturity

• Most mitigation sites require ongoing management, particularly in 
modified landscapes

• No easy mechanism for long-term monitoring and adaptive 
management
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Document



Module 3:
Resiliency of Compensatory Mitigation Practices

• Goal
üAssess long term resiliency and sustainability of compensatory mitigation sites

• Main Question
üHow well do compensatory mitigation sites achieve long-term functional replacement of 

impacted wetlands?
• Design Approach

üAssess a subset of sentinel sites relatively infrequently (e.g. every 5 years) over long periods 
of time

• Site selection
üSelect compensatory mitigation sites that have completed their required monitoring periods 

and been deemed “successful”
üSites should be subject to long-term protection (e.g. conservation easement) and readily 

accessible
• Approach to reference

üCompare reference standard sites in conserved areas
üCompare to ambient conditions 6



• Emphasize processes-based vs. structure-based standards 

• Include the entire suite of hydrogeomorphic properties necessary to support 
wetlands or streams

• Phase in requirements over time (tiering)
üGet the physical structure and hydrology right first
üRestoration trajectories allow for adaptive management 

• Evaluate relative to reference conditions or sentinel sites

• Require commitment to long-term management
üFew wetlands are truly “self-sustaining”
üStandards must be adaptive to changing conditions over time

It All Starts With Performance Standards



Components of a “Good” Standard

• Clear and unambiguous
üSomebody else will likely have to interpret what you meant

• Defensible
• Readily quantifiable with known levels of confidence
• Related to functional success
• Tied to established goals and objectives
• Can inform adaptive management actions and/or contingency actions



Example Performance Standard

• At the end of year 3, at least 80% of Area A shall have a benthic invertebrate 
index score within 10% of the median reference population score.
üIf this standard is not met, the site will be re-evaluated within 120 days of the original 

field assessment
üIf the standard is still not met, metric level analysis and/or causal assessment shall be 

conducted to identify likely reasons for failure



Considerations in Assessing Mitigation Performance

• “Successful” relative to what?
üFrame of reference
üTargets

• How to measure “success”?
üIndicators

• When are you “successful”?
üTiming for assessing performance
üAdaptability 



Successful Relative to “What”: Setting Expectations

• Reference locations

• Sentinel site

• Ambient condition

• Regional/watershed goals

Harris and Van Diggelen 2006



Comparison to Reference



Different Ways to Establish Performance Targets
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Types of Performance Indicators
• Wetland establishment approach

üvegetation, hydrology, soils

• Condition or Functional Assessment

• Ecological Indices  (e.g. IBI)

• Level 3 Intensive Measures
üPlant community composition
üGeomorphic Condition
üSensitive Species

Methods are not mutually exclusive

Inform
ation  . . . . . difficulty

Stein et al., in review



Recommended Stream Indicators
PHYSICAL INDICATORS
• Continuous flow (preferably through permanent 

instrumentation)

• Geomorphic condition, cross section and profile

• Floodplain connection

• Channel planform and evidence of migration 

• Stage of channel evolution as well as bank height 
and angle

• Bedform diversity / instream habitat 

• Evidence of sediment deposition or erosion

BIOLOGICAL INDICATORS
• Vegetation cover, community composition and 

structure

• Physical disturbance of the plant community

• Age stand distribution

• Evidence of recruitment

• Invasive plants

• Wildlife use and trophic structure

• Bioassessment indices based on benthic 
invertebrates, algae, fish, or amphibians
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Management

Tiered Performance Standards



Areas ineligible for abbreviated permitting
Legend

Great Park drainage and wildlife corridors

Restoration sites connecting high/medium integrity areas
Restoration sites with sensitive species
Remaining prospective restoration sites
Prospective enhancement sites

Restoration sites within existing open space

2 0 2 4 6 Miles

Landscape Setting:
San Diego Creek, California



Restore Headwaters
Reduce Erosion

Stream Restoration Based on Landscape Setting

Floodplain Restoration & Protection

Depressional Wetlands
Promote Infiltration



Physical Setting/Design

Appropriate elevation and morphology



Physical Setting Considerations 

• Physical structure should be appropriate for landscape position

• Consider substrate type relative to desired hydrologic regime and 
geologic setting
üClaypans in vernal pools
üOrganic content in coastal wetlands

• Pay attention to elevations relative to desired hydrology



Hydrology



Hydrology Considerations

• Appropriate hydrologic regime relative to landscape position and 
desired wetland/stream type

• Consider issues of seasonality/perenniality relative to water source

• Avoid reliance on artificial sources of hydrology

• Allow for necessary dynamism (e.g. flood-scour cycles)



Sample Performance Standards: Hydrology

23

State of Wisconsin



Finally. . . the Plants. . . and the Critters

YES!

NO!



Considerations for Biotic Standards

• Focus on structural and functional elements (e.g. recruitment)

• Consider using standard bioassessment tools (e.g. FQAI, IBI)

• Allow for short and long-term succession cycles and response to 
natural disturbances



Sample Biotic Standards

Cover

State of Wisconsin



Account for Changes Over Time

San Diego River Watershed

2040 2100Baseline - 2010



Resilient Performance Standards
• Long-term sentinel monitoring sites
• Compare changes at mitigation bank/site to regional patterns
• Adjust standards over time relative to sentinel locations

ü“benthic macroinvertebrate IBI within 10% of mean 3-year average 
at sentinel sites within the watershed”

NEED 
commitment to 

long-term 
monitoring



Leveraging Opportunities
• Incorporate sentinel sites into ambient 

monitoring programs (e.g. Section 305 
b)

• Establish regional reference networks as 
part of state/regional monitoring
üILF and mitigation banks

• Partner with status and trends programs

• Establish long-term endowments or 
other funding mechanisms



Closing Thoughts
• Choose the right tool to 

assess processes

• Keep it simple
ürepeatability

• Consider element of time

• Provide clear, enforceable 
and process-based standards

Pr
ec

isi
on

 / 
In

te
ns

ity

Rapidity / Ease of Use



Thank You

Eric Stein
714-755-3233
erics@sccwrp.org



EXTRA SLIDES



The Big Picture on Performance Standards
• Ensure connection between long-term performance goals and specific indicators

üTied to clear targets, benchmarks, or reference
• Standards should be measurable in an objective and repeatable manner

üQuantifiable with know (and reportable) certainty levels
• Measures must be clear, concise and unambiguous

üAssume someone else will need to interpret them in the future
• Indicators should assess function/condition in addition to extent and structure

üEach performance measure should assess a single aspect of function/condition
üConnections should be scientifically defensible

• Standards should be resilient to changing conditions over time
• Structure data for digital submittal, storage, and recovery

üOpen data in geospatial format
üConnect goals, plans, standards, and monitoring measures



Restoration Trajectories

Mathews et al 2009

Morgan and Short 2002



Uniform Performance Standards for 
Compensatory Mitigation Requirements

Finalized May, 2012, covers 4 Corps Districts



Uniform Performance Standards Features

Types of Performance Standards
• Physical
• Hydrologic
• Faunal & Flora-Diversity 
• Water quality 

(ecological vs. human 
health)

Features
• Ecologically-based 

performance standards
• Incorporation of reference 

sites
• Incorporation of 

functional/condition 
assessments

• Allows for 
tiered/incremental 
implementation of 
standards



CA Performance Curve Development
• Collect CRAM data:

• Restoration projects of various ages
• Reference sites
• Sites that have naturally evolved

• Develop performance curves

• Test restoration project 
performance with data not 
used for curve development
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Performance Curve
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Chapter 2: Stream Restoration Performance Curves



Riverine Performance Curves



Wadeable Streams 



Stream Restoration





Tools Vary by Wetland Type





Putting it All Together

Physical site design Hydrology Plant community
Long-term monitoring

Harris and Van Diggelen 2006



Targets Based on Landscape Profiles

62% of target 
restoration goal
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Index of Biotic 
Integrity (IBI) is an 

integrative indicator 
of water quality



Data Management

• General Philosophy
üstrive for an integrated, electronic data flow through all steps of the data 

management process from data collection through publication; 
ümanage data in a geospatial format to enhance data visualization and 

interpretation and facilitate data integration across programs; and 
üuse an open data format that includes web services and application program 

interfaces (APIs) to facilitate data access and sharing. 

Collection Organization Visualization Publication






