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OVERVIEW
• Action Effectiveness Monitoring and Research Status

• Programmatic AEMR
• 2020-2021 Results Highlight
• Group Discussion: ERTG Site Revisits 



COLUMBIA ESTUARY ECOSYSTEM
RESTORATION PROGRAM (CEERP) 
OBJECTIVES:
1. Increase the capacity (quality) of 

estuarine and tidal-fluvial 
ecosystems

2. Increase the opportunity for 
access by aquatic organisms to 
and for export of materials from 
shallow water habitats

3. Improve ecosystem realized 
functions for juvenile salmonids



Action Effectiveness Monitoring Research Program

 Habitat Structure, Hydrology, Soils, Sediment Accretion - Sarah Kidd, Sneha Rao, Ian Edgar (LCEP)
 Spot Check of Macroinvertebrate Community - Jeff Cordell, Jason Toft, Kerry Accola (UW) 
 Spot Checks at Year 5 and 10 Post - Fish Community and Occurrence - (NOAA) Regan McNatt, Susan 

Hinton, Jeff Grote, Paul Chittaro, Dan Lomax
Critical Field, Lab Support, UAV pilot - April Silva, Narayan Elasmar (CREST)

AEMR = Selected sites (Level 2) receive Full Habitat surveys – Pre, 1, 3, 5 and 10 yrs. post-restoration – Methods here
All sites (Level 3) receive Basic Hydrology and Sediment Accretion Monitoring Years 1-5, 10 yrs. post-restoration

https://www.estuarypartnership.org/action-effectiveness-monitoring-lower-columbia-river-and-estuary-habitat-restoration-program-1


COMMON GOALS
• Plant community development 

• Native plant community recovery
• Tidal hydrology

• No longer restricted by dikes or tide 
gates

• Sediment and channel dynamics 
• Tidal wetland sediment 

erosion/accretion and channel and 
floodplain development and 
maintenance (SLR, Carbon dynamics, 
etc.)

• Macroinvertebrate and Salmonid food 
web dynamics

• Conditions which foster salmonid 
utilization and sustainable food web 
interactions (such as flux of detritus 
and macros into the mainstem) 

LEVEL 2 & 3 OVERARCHING QUESTION: HOW ARE RESTORATION SITES DEVELOPING OVER TIME COMPARED
TO REFERENCE WETLANDS (IDEAL) AND GOAL (PLANNED) CONDITIONS?

Wallooskee, Year 3, Cowlitz Tribe



Need for a proper 
Data Management 
System 71+ Sites across the lower 

Columbia

Level 3 AEMR 
Data

Hydrology
•6+ million datapoints
Sediment Accretion
•8000+ datapoints

Level 2 AEMR 
Data

Vegetation and Soil
•50,000+ datapoints

Other Macros, Fish, Biomass, 
drone, etc. 

RIP Oncor 
2011-2018



Where are we in the process 
• Wallooskee – published Tableau Dashboard 

highlighting results on Level 2 & 3 metrics. Also 
took this opportunity to create the following 
models:

• Plant Community Assessment
• Salmonid Habitat Access and Opportunity
• Overall Salmon Habitat Assessment 

• In Process –
• Finalizing Dashboards for 2020 and 2021 Level 2 sites. Brief 

results presented here.
• Transitioning EMP Data (Hydrology, Veg, Macro and Fish) into 

Tableau
• EMP 2022 and AEM 2022 reports
• Updating Monitoring Protocols Draft



Project is Funded 
for Restoration –

or Adaptive 
Management

Project 
Construction/ 

Adaptive 
Management

Pre/Post Project 
Monitoring

AEMR Report out 
and 

ERTG Re-visit

• Recommendations 
• Phase re-visits to coincide with 

AEMR report outs and data 
collection

• Provides adequate time for data 
gathering and reporting

• Adaptively update monitoring 
based on project uncertainties 

• as defined by ERTG and Project Sponsors
• What are the various 

uncertainties going into each 
project and where is that project 
data found? 

• Can we connect the dots – with data 
collected vs. questions?

EXPERT REGIONAL
TECHNICAL GROUP (ERTG) 
RE-VISITS





ADAPTIVE
MANAGEMENT
TRIGGER TABLE
• What metrics can 

we monitor?
• What data do we 

already have?

Recommend 
providing more 
quantitative 
guidelines on all 
metrics being 
evaluated 



Scappoose Bay, 2019



Wallooskee, Year 3, Cowlitz Tribe

Flights End, Year 3, CREST & ODFW

La Center Wetlands, Year 5, LCEP

OVERVIEW 2020: ACTION EFFECTIVENESS MONITORING AND RESEARCH

 Looking great! Abundant native 
recovery

 Progress slow and hard to access 
due to heavy mowing

 Shrub-scrub plantings 
doing well

 Low marsh zones dense 
with Wapato

 Reed canarygrass 
abundant in high marsh 

Steigerwald, Pre, LCEP



Wallacut, Year 5, CLT

NU1: Ruby Lake, Year 8, CREST

PLANNING 2021: ACTION EFFECTIVENESS MONITORING AND RESEARCH

Steigerwald, Construction, LCEP

John Palensky, Pre, CREST



Dibblee, Year 10, CREST

PLANNING 2022: ACTION EFFECTIVENESS MONITORING AND RESEARCH

Steigerwald, Construction, LCEP

John Palensky, Year 1, CREST

Wallooskee, Year 5, Cowlitz Tribe



Svenson Island, Year 1/Pre, CLT

PLANNING 2023: ACTION EFFECTIVENESS MONITORING AND RESEARCH

West Sand Island, Year 2, CREST Steigerwald, Year 1, LCEP

NU1: Ruby Lake, Year 10, CREST



RESEARCH QUESTION: WHAT IS THE PROGRESS OF NATIVE PLANT COMMUNITY RESTORATION? 

La Center Phase 1 – 2020, Year 5 



Major Drivers of Plant Community 
Distributions and Recovery:

• Flooding Frequency and Duration (site 
elevations and hydrology)

• Salinity (flood waters and soil)

• Soil Conditions (flooding, scrape down, 
existing conditions)

• Existing Plant Community (resistance 
to change, Reed canarygrass, Common 
Rush, etc.) 

• Available Seed Bank

• Ongoing Management (such as 
grazing, mowing, plantings, and 
spraying herbicides)

La Center Phase 1 – 2020, Year 5 

RESEARCH QUESTION: WHAT IS THE PROGRESS OF NATIVE PLANT COMMUNITY RESTORATION? 



WALLOOSKEE, 3 YEARS
(2020) POST-RESTORATION

PROJECT SUMMARY

The Wallooskee restoration site is in Youngs 
Bay, near the City of Astoria in Oregon 
(Columbia RM 16, Reach A) . 

The 200-acre tidal reconnection restoration 
project was funded by BPA and is currently 
owned and managed by the Cowlitz Indian 
Tribe. The overall goal for this project was to 
restore full tidal reconnection and provide 
juvenile salmonid access. 

Dr. Sarah Kidd, with the Lower Columbia 
Estuary Partnership, has been conducting 
restoration effectiveness monitoring at this site 
in partnership with the Cowlitz Indian Tribe 
since 2013.

In July of 2017, tidal flooding was restored 
throughout the wetland through the removal 
and lowering of levees that bordered the site.  
Additional channel enhancements were 
conducted in areas to expand channel density 
and access to wetland habitat. 



UAV IMAGERY MODELLING
METHODOLOGY

Establishing a new method for Synthesizing and 
Evaluating Habitat Data integrating existing data 
collection methods and UAV drone imagery

• Multispectral Drone with RGB and Near 
Infrared Sensor 

• Pix4D processing and ArcGIS image 
classification

• Datasets also include vegetation 
classification, elevation and hydrology

• Provide more robust habitat condition 
assessments

• Set the stage for modeling habitat shifts from 
climate change and future restoration efforts



UAV Outputs Combined 
Through Principal Components 
Analysis

Training Polygons Based on Field 
Data - used for a Supervised Image 
Classification

UAV IMAGE
CLASSIFICATION –
MANUSCRIPT UPDATE

PRELIMINARY OUTCOMES INCLUDED
• >15 plant community and land cover classifications 

made across the 200 acres of wetland 
• <0.25m2 resolution
• High accuracy

MODELS CREATED
• Site Wide Plant Community Model
• Salmonid Habitat Access and Opportunity 

Model
• Overall Salmonid Habitat Quality



Sedge/Carex Mix 

Bulrush Mix 

Spikerush Mix 

Cattail Mix 

Reed 
canarygrass

Cattail & Bulrush Mix 



Bulrush Mix 

Cattail Mix 

Reed 
canarygrass
Mix

Reed 
canarygrass
Mix

Cattail Mix 





Three years post restoration:
 native plant species - 69% of the site
 diversity of channel and aquatic habitats - 23%
 Non-native plant community abundance has 

dramatically declined, now representing a small 5% 
amount of the total landcover

PLANT COMMUNITY COMPOSITION



WATER SURFACE ELEVATION & TEMPERATURE



WATER SURFACE ELEVATION & TEMPERATURE

Bottom et al. 2011, Schwartz and Kidd et al. 2018

Juvenile Salmonids require 
 ≥0.5 m of water depth above 

the channel or wetland surface 
for habitat access 

 < 0.5 m of depth inaccessible to 
fish passage/use

 optimal conditions = <17.5 
marginal conditions > 17.5 °C 
but less than 22 °C

 Inhospitable > 22 °C



SALMONID HABITAT ACCESS AND OPPORTUNITY

- Model Water Depths and Temperatures 
Across the Site

- Based on data collected at logger location
- April 2021 = 135 Acres of Optimal Habitat 



OVERALL SALMONID HABITAT
 Combined Modeled Habitat Access With Site-Wide 

Plant Community Conditions 
 April 2021= 124 Acres of Native Habitat, Mudflats, 

and Channels – accessible Salmonid Habitat during 
High Tide



WRAP UP
- Interactive Dashboard = 

Published
- Habitat Models 
- Mound Study – Constructed 

High vs. Low Marsh
- Sediment Accretion and 

Erosion (Tracking with SLR?)
- Soil Conditions
- Macroinvertebrate Data
- Fish Community Data –

Coming Soon! 

Year 5 (2022) Publication of 
Data – will occur in Spring 
of 2023! 

https://public.tableau.com/app/profile/sarah.ann.kidd/viz/WallooskeeRestorationProject-June2022/WelcometotheWallooskeeRestorationProjectResearchDashboard


FLIGHTS END, 3 YEARS (2020) 
POST-RESTORATION

PROJECT SUMMARY

Flights End wetlands are located 
north of Crane Lake in Sauvie Island, 
OR (Col RM 92, Reach F). 

This restoration project was part of a 
landscape effort to restore 
connectivity of Sauvie Island Wildlife 
Area to Multnomah Channel. This 
restoration project aimed to connect 
42 acres of floodplain wetlands to the 
Columbia River to create natural wet 
prairie conditions. 

Cunningham Lake was chosen as 
reference site for monitoring efforts

Construction occurred in 2017, and 
construction actions included removal 
of two culverts, the artificial berm 
and marsh plain lowering. 



FLIGHTS END, 3 YEARS (2020) POST-
RESTORATION

FLIGHTS END, 1 YEARS (2018) POST-
RESTORATION



FLIGHTS END, 3 YEARS (2020) POST-
RESTORATION

FLIGHTS END, 1 YEARS (2018) POST-
RESTORATION







PROJECT SUMMARY

Wallacut Slough is in Bakers Bay. 
The reference Site is Ilwaco 
Slough, which is also an 
Ecosystem Monitoring Program 
(EMP) site.

In 2016, Wallacut Slough 
network was restored through 
the removal of barriers and 
channel enhancements. Data 
collection started in 2014.

Current management includes 
active treatment of invasive 
species (gorse, thistle, and 
yellow flag iris)

WALLACUT SLOUGH, 5 YEARS
(2021) POST-RESTORATION



WALLACUT, 3 YEARS (2019) POST-
RESTORATION

WALLACUT, 5 YEARS (2021) POST-
RESTORATION



2021 – Year 5 Wallacut Images



2021 – Year 5 Wallacut Images



Wallacut fish data was collected at year 5 post-restoration, 
over two days in April 2021.

Fish sampling occurred at three areas at each site –
Wallacut Slough was fished in different channels. 

Majority of the community sampled in 2021 consisted of 
Non-salmonids. 38% of the community at the site was 
comprised of
Threespine stickleback and 24% Pacific Staghorn Sculpin.

Only one Chinook Salmon was found during sampling, 
indicating that other salmonids use the site.

WALLACUT, 5 YEARS (2021) POST-
RESTORATION FISH CHECK-IN



LA CENTER, 5 YEARS (2020) 
POST-RESTORATION

PROJECT SUMMARY

La Center Wetlands is a restoration 
site located in La center, Washington 
along the East Fork Lewis River 
(EFLR) (Columbia RM 88, Reach F). 

The wetlands are a collection of two 
sites – La center West and La center 
East. La center Control was selected 
as the reference for monitoring. 

The overall project goal was to 
restore hydrologic and geomorphic 
processes at the two sites. 

Construction at these sites occurred 
in 2015, and actions included levee 
breeches, weir and culvert removals 
and riparian revegetation.

La Center West

La Center Control

La Center East



LA CENTER WEST, 3 YEARS (2018) 
POST-RESTORATION

LA CENTER WEST, 5 YEARS (2020) 
POST-RESTORATION



LA CENTER EAST, 3 YEARS (2018) 
POST-RESTORATION

LA CENTER EAST, 5 YEARS (2020) 
POST-RESTORATION







La center fish data was collected at year 6 post-restoration –
this delay was caused due to COVID-19 lockdowns which 
prohibited the researchers to travel to the site. The site was 
sampled over two days in May 2021.

La Center West was sampled in the main channel and pond.

Chinook Salmon contributed to 20% of the community 
sampled at the site. 51% of the community at the site was 
comprised of Threespine stickleback and 10% Golden Shiner

LA CENTER, 6 YEARS (2021) POST-
RESTORATION FISH CHECK-IN



RUBY LAKE, 8 YEARS (2021) 
POST-RESTORATION

PROJECT SUMMARY

North Unit Phase 1 – Ruby Lake is a 
restoration site located in the northern 
portion of Sauvie Island, Oregon 
(Columbia RM 89, Reach F). 

This restoration project was the first of 
three planned phases in the Sauvie Island 
Wildlife Refuge area.

The goal of reestablishing juvenile 
salmonid access to 292 acres of historical 
wetland habitat (all 3 phases combined). 
Cunningham Lake was chosen as reference 
for monitoring.

Ruby Lake restoration occurred in 2013, and 
construction actions included removing water 
control structure, channel enhancements, 
strategic marsh plain lowering and 
implementation of a vegetation enhancement 
plan. These techniques were aimed at 
increasing habitat opportunity at the site.



RUBY LAKE, 8 YEARS (2021) 
POST-RESTORATION

PROJECT SUMMARY

North Unit Phase 1 – Ruby Lake is a 
restoration site located in the northern 
portion of Sauvie Island, Oregon 
(Columbia RM 89, Reach F). 

This restoration project was the first of 
three planned phases in the Sauvie 
Island Wildlife Refuge area.

The goal of reestablishing juvenile 
salmonid access to 292 acres of historical 
wetland habitat (all 3 phases combined). 
Cunningham Lake was chosen as 
reference for monitoring.

Ruby Lake restoration occurred in 2013, and 
construction actions included removing water 
control structure, channel enhancements, 
strategic marsh plain lowering and 
implementation of a vegetation enhancement 
plan. These techniques were aimed at 
increasing habitat opportunity at the site.



RUBY LAKE, 5 YEARS (2018) POST-
RESTORATION

RUBY LAKE, 8 YEARS (2021) POST-
RESTORATION







Scappoose Bay, 2019



NEXT STEPS
MONITORING/RESEARCH

• Finalize and Publish Level 2 Tableau 
Dashboards Discussed today 

• Work with Project Sponsors on Report outs for 
Level 3 sites (Re-visits)

• Consistently incorporate UAV veg and soil 
conditions monitoring into all Level 2 data 
collection

• UAV general photo monitoring recommended 
for all sites (Level 1-3)

• Increase number and distribution of sed 
benches/pins across sites

• Monitoring Protocols Update (Fall 2022, for 
reals!)

RESTORATION TRAJECTORIES - ADAPTIVE
MANAGEMENT SUGGESTIONS

• Recommend not mowing Flights End
• Recommend limiting Grazing at all Sites 

Wallacut (2021)



THANK YOU! 
QUESTIONS?



SWG GROUP DISCUSSION

• What thresholds and endpoints are we looking for to determine if 
more restoration or monitoring is needed?
 Project Design 
 Frequency of Monitoring

• How should we better incorporate monitoring data into an adaptive 
management framework?
 Site topography and hydrology
Wetland plant community
UAV Technology
 Fish and Macroinvertebrate Sampling



Project is Funded 
for Restoration –

or Adaptive 
Management

Project 
Construction/ 

Adaptive 
Management

Pre/Post Project 
Monitoring

AEMR Report out 
and 

ERTG Re-visit

• Recommendations 
• Phase re-visits to coincide with 

AEMR report outs and data 
collection

• Provides adequate time for data 
gathering and reporting

• Adaptively update monitoring 
based on project uncertainties 

• as defined by ERTG and Project Sponsors
• What are the various 

uncertainties going into each 
project and where is that project 
data found? 

• Can we connect the dots – with data 
collected vs. questions?

EXPERT REGIONAL
TECHNICAL GROUP (ERTG) 
RE-VISITS



• https://public.tableau.com/app
/profile/sarah.ann.kidd/viz/BPA
RestorationProjectRe-
vistScheduleSuggestions/BPARe
storationProjectRe-
visitScheduleSuggestions#1



ADAPTIVE
MANAGEMENT
TRIGGER TABLE
• What metrics can 

we monitor?
• What data do we 

already have?

Recommend 
providing more 
quantitative 
guidelines on all 
metrics being 
evaluated 



ADAPTIVE MANAGEMENT
TRIGGER TABLE

• Level 3 
• WSE/Temperature data can be used to evaluate Habitat Opportunity and Access for 

Salmonids 
• Especially useful when coupled with site digital terrain data – such as the Wallooskee Model  
For how much time (% of the year?) and how many acres should a site provide 

optimal conditions for salmonids post-restoration? 
• Sediment Accretion/Erosion data can be used to evaluate if the site is Keeping Pace 

with Sea Level Rise
• Especially useful when collected at multiple elevations – at different distances from the main 

channels
Is the site keeping pace with sea level rise projections? Is the site keeping pace 

with reference site conditions?



Steamboat East (2019)



ADAPTIVE MANAGEMENT
TRIGGER TABLE
• Level 2 

• Plant Community Analysis 
• Especially useful when used to model vegetation across the site coupled with UAV data– such as the 

Wallooskee Model  
How much of the site is expected to be restored to native dominant vegetation? What 

threshold of natives is ideal for this reach of the river?
• Macroinvertebrate Data 

• Only collected during April or May – would be useful to collect more data for a longer period of time
Are macroinvertebrate communities representing reference level abundance and 

diversity – to support juvenile salmonids?
• Fish Data 

• Typically, only collected during April or May (Year 5)– would be useful to collect more data for a longer 
period of time
Are salmonids utilizing the restoration project? 
Are they occurring at similar abundances to what we see at reference sites? (This would 

require more data)



Contact us if you have questions:
Sarah Kidd – skidd@estuarypartnership.org

mailto:skidd@estuarypartnership.org
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