EMP
Habitat

Monitoring
2022-2023

Lower Columbia

Estuary
Partnership

Dr. Sarah Kidd
Senior Scientist

lan Edgar
Research Scientist

Sneha Rao
Research Scientist

o ! Jkranz Lake'Slough 2018

¥ S\ e




EMP Habitat Objectives

Hydrology
e Evaluate differences in growing season and daily
marsh inundation among the sites across years

Vegetation
* Compare species abundances, diversity, and
similarity across sites and years

Sediment accretion and erosion

* Calculate the accretion and erosion rates across
the sites by year

e Sediment dynamics and SLR Implications

Biomass

* Compare summer and winter biomass across
sites and years, identify biomass export

e Evaluate detritus and biomass quality and
guantity
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J Two additional sites are monitored

for a more limited suite of metrics:
* Cunningham Lake (habitat
conditions)

llwaco Slough .
Welch island * Steamboat Slough (biomass/flux)
o ||
o Steamboat Slough
9 +
= ki
llwaco — EMP
L e Y : 43 m [ ) c h /,"‘ \\
- 4 s % \\‘
m - W

Whites Island N\ Legend:
. Level of Monitoring

2;3

3

3, biomass
EMP
Pittag, 2, 3
Pittag, 3
Pit tag, EMP

¥OO0O=x+H®O

Cunningham Lake )

| Campbell Slough

2012 — Now: 5 sentinel sites represent
estuarine-tidal freshwater continuum:
* llwaco Slough (Reach A)
e Welch Island (Reach B) =R e
* Whites Island (Reach C)
* Campbell Slough (Reach F)
* Franz Lake (Reach H)

Franz Lake




2023 Summer Habitat
Sampling Stats

* 900 plots of detailed plant community data recorded

* 4,800 soil measurements recorded

* 1,100 sediment accretion and erosion measurements Franz Lake 2022

taken
* 400 bags of above-ground biomass collected

e ~45 data loggers (~450,000 water depth and
temperature measurements) swapped

e 250 Ground Control Points laid
8 TB of drone data collected
e 1500 ground elevations surveyed

* 50+ miles hiked while collecting these data this
summer

West Sand Island, 2023




2023 EMP Hybrid Report

Combination of written report and Tableau
dashboard

* Written report includes

* Brief Executive Summary

* Background and Methods, static results and
discussion

* Links to tableau dashboards

Tableau Dashboards

* Standalone tableau dashes for research
focus showing detailed results and
discussions

* All dashes are interlinked allowing for easy
navigation

Lower Columbia River Ecosystem Monitoring Program
Annual Report for Year 17

BPA Project Number: 2003-007-00
Report covers work performed under BPA contract # 80237
Report was completed under BPA contract # 90999
Report covers work performed from: October 2022 — September 2023

Technical Contacts: Sarah Kidd & lan Edgar
Lower Columbia Estuary Partnership
400 NE 11th Ave
Portland, OR 97232
Phone: (503) 226-1565 x 239
skidd@estuarypartnership.org
iedgar(@estuarypartnership.org

Lower Columbia River Estuary Ecosystem Monitoring Program Overview Dashboard by Ecosystem Monitoring Program

Welcome to the Ecosystem Monitoring Program Overview Dashboard

Lower Columbia River Ecosystem Monitoring Program
Hybrid Tableau Report
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Lower Columbia River Ecosystem Monitoring Program
Annual Report for Year 17




+ableau*’public Create v Learn SignIn 0

Want to take your data skills to the next level? Connect with the Tableau Community to accelerate your learning. Show me —

Habitat Structure by Ecosystem Monitoring Program K & P O”

Welcome to the Habitat Metrics Ecosystem Monitoring Dashboard

. o : /igé fir ) ashboard by Clickii he Sections 4
Developed for Bonneville Power Administration Navigate through the Habitat Dashboard by Clicking on the Sections Below
Authors (Lower Columbia Estuary Partnership): Sarah Kidd, lan Edgar, Sneha Rao

Navigate to Section 1 - Sampling Effort and Data Inventory

Lower Columbia
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Navigate to Section 2.0 - Hydrology

Navigate to Section 2.1 - Sediment Accretion and Erosion

Overview Map

Navigate to Section 2.2 - Soil Development

Navigate to Section 2.3 - Vegetation Development

Navigate to Section 2.4 - Biomass Analysis

Executive Summary
In 2022, habitat conditions remained rel

lant cover maintaining
consistent abundances across key areas, including llwaco Slough, Welch Island, Whites Island, and Franz Lake, adhering to historical,

\\ ong-term averages. Yet, Cunningham Lake saw an ongoing increase in plant cover, indicating a likely recovery from heavy cattle grazing
\ ‘ documented in 2017. Meanwhile, Campbell Slough presented a minor increase in total cover levels this year. Despite this, overall cover
}' at Campbell remains low compared to non-grazed conditions due to persistent cattle grazing since 2017. Previous fencing efforts aimed
Cunningham Lake ) at mitigating this issue have proven unsuccessful. To aid future analysis and generate data less affected by grazing, we introduced new
LY transects at Campbell Slough in 2021.

i " Inthe last decade, the six most common plant species identified throughout the  https://public.tableau.com/app/profile/ecosystem.monitoring.progr

§ o arundinacea (non-native), reed canarygrass, Carex lyngbyei(native), lyngby sed¢ am/viz/HabitatStructure/WelcometotheHabitatMetricsEcosystemM
© - Franzlz«s Sagittaria latifolia (native), wapato, Leersia oryzoides (native), rice cut grass, ar  QnitoringDashboard



https://public.tableau.com/app/profile/ecosystem.monitoring.program/viz/HabitatStructure/WelcometotheHabitatMetricsEcosystemMonitoringDashboard
https://public.tableau.com/app/profile/ecosystem.monitoring.program/viz/HabitatStructure/WelcometotheHabitatMetricsEcosystemMonitoringDashboard
https://public.tableau.com/app/profile/ecosystem.monitoring.program/viz/HabitatStructure/WelcometotheHabitatMetricsEcosystemMonitoringDashboard

Data Collected

Navigate to Section 2.0 - Hydrology

Navigate to Section 2.1 - Sediment Accretion and Erosion

Navigate to Section 2.3 - Vegetation Development

e Metrics include:

Hydrology — most data available from 2008.
Steamboat slough from 2020

Sediment Accretion — consistent measurements
from 2012

Vegetation Plot data — Campbell and Cunningham
data from 2008. Welch Island from 2012.

Soil chemistry —included in 2017

Biomass (Primary productivity) — inventory shows
the evolution of monitoring into the protocol we
follow today,




Hydrology dashboard

Habitat Structure by Ecosystem Monitoring Program

Key features - Hydrology: Water Surface Elevation and Temperature

Overview Map

* Hydrographs

~

* Percent _
exceedance L

x__v\_ L
Ove rl aye d O n Summary: Water surface elevation (WSE), water cepth, and water temperature data were collected in L hour
2 = S0KM  jqezryals a0 Welch
& 2023 Mapbox & OpenStrestMap intervals at Welch Island.
e | evat I O n Both Welch Island (rkm 53} and amboat {rkm 57) site hydrologies are predominantly tidally driven. Annual

WISE E

maximum WSE in 2021 at this s

observed in January, which coincides with king tide elevations for winter
2021 Tre average tidal range &t this site across sll monitoring vesrs is between 2.1 mand 2.2 m. Slightly elevated
WSE were detectable during the prolonged spring freshet in 2012, 2014, 2017, and 2018. Winter storms also drive

migherwater levels atthis site, particularly elevating the low tide levels.

histogram

Interactive Data: Click on & site within the map to acjust the content on this pag
sites). Toggle monitoring yea and off (chec monitering location shifted
through the vears. Keep scrolling to the bottom of this dashboard to see a summary of habitat opporunity results
for the same time pericd.

(use ctritclick to select multiple

(=
) to see how any one spe

Habitat
Opportunity
Analysis

© 2023 Mapbox © OpenStreetMap
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Overview Map Return to Overview Page

Navigate to Section 1 - Sampling Effort and Data Inventory

(e} Navigate to Section 2.0 - Hydrology

Welch Island .~
\ Navigate to Section 2.2 - Soil Development

\\ Navigate to Section 2.3 - Vegetation Development
Navigate to Section 2.4 - Biomass Analysis

f\ P //‘/\- Click the image be:

- Sediment Accretion Dashboard

Key features —

P e * Interactive map of sites — toggle between sites to see
net accretion rates in high and low marsh areas.

Cntrl+click allows the selection of multiple sites.

* |Location of sed benches at the site.

Welch Island
Sea Level Rise Rate vs Mean Net Accretion Rate

e Comparison of net accretion rates with USACE Army
Corps SLR Scenarios

Keeping Pace with Sea Level Rise

Understanding how our tidal wetlands and floodplains are keeping




Forecasted Sea Level Rise by River km and Site

Trendsin sediment 4 © Eemeen
accretion and erosion - ° o L mslE
and Implications of ®
SLRin tidal wetlands - ® o

of the LCRE

* Net Accretion/Erosion rates of

® ®

. 0.8

trend sites were comparedto  : .. .
Sea Level Rise Scenarios.

e USACE's 2020 Lower g 0
Columbia River Adaptive - )
Hydraulics (AdH) Model N o
Scenarios . )

e Each site, except for Franz
Lake, is accreting slower than
the most extreme forecasted
sea level rise scenarios.

Avg. Net Accretion (cm/year)
SLR Rate cmfyr

Waco S ougn vwWelch island YWmites island ningnam Laxe Lampoell oug e
River km 6 River km 53 River km 72 River km 145 River km 143 TErET ees (Pevey et al. 2020 model)



Habitat Structure by Ecosystem Monitoring Program W o g

Soil Development

Soil Development Dashboard
e * Key features —
b * Interactive map of sites — toggle between sites to see
various soil parameters.
T T = Z= i « Data collection since 2017, available for 2017, 2018,

DOl — = 2021, 2022.

= 0
—t =t * Opportunity to understand the biogeochemical
e template required for successful native plant
e community establishment.
?’: ° e i i I

* Link to poster showing results of soil monitoring

Lower Columbia
Estuary
Partnership
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Abstract

Through monitoring soil conditions, this research aims to help us better understand the
ecological mechanisms driving plant community development within tidally restored
wetlands. Pre-restoration agricultural sites typically consist of well-drained soils with high
oxygen concentrations. Reintroducing tidal flooding saturates the soil, creating an anaerobic
wetland environment. In more saline sections of the estuary, this shift in soil oxygen levels is
also accompanied by a shift in salinity. The restoration of these tidal wetland dynamics causes
a cascade of biogeochemical and microbial reactions in the soil—ultimately affecting plant
community establishment. In this study, we monitor these biogeochemical changes using in-
situ soil ORP (oxygen reduction potential), pH, and salinity probes across multiple restoration
and reference sites throughout the Lower Columbia River Estuary. These data provide insight
into factors that drive the continued dominance and spread of Reed canarygrass (Phalaris
arundinacea). In contrast to successful native plant communities, Reed canarygrass (Phaloris
arundinacea) was found to thrive primarily in soil with lower pH and salinity values, and
higher ORP levels. The results and methods developed from these soil monitoring efforts can
be used to guide continued native plant community restoration and adaptive management
efforts throughout the estuary.

Why Monitor Soil?

Soil is a fundamental component of ecosystem structure and
function. In wetlands, it drives essential functions such as
nutrient retention, seed germination, and plant growth.

* Wetland restoration, including reintroducing or shifting
flooding regimes, dramatically alters soil conditions.

* These soil changes form a new template for wetiand plant
community development.

* Monitoring these soil transitions allows us to better
understand and manage this plant community development.

* This understanding guides more effective and resilient
wetland restoration efforts.

Wetland Restoration and Refarance Sites Monitored Throughout the Lower Columbia

+0»>
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Sarah Kidd, PhD, lan Edgar, *Derek Marquis, Sneha Rao Manohar
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Soil Parameters Measured

Oxygen Reduction Potential (ORP): Indicates the shift from
oxygen-rich, well-drained pre-restoration soil to anaerobic,

waterlogged post-restoration soil.
pH: Infl es nutrient

canarygrass thrives in lower pH soils.

Salinity: Critical in estuary environments as it directly affects
plant growth, species composition, and diversity. Shifts in

salinity influence plant community responses and
adaptations.

Hypothesis 1: The Oxygen Reduction Potential (ORP) in
the soll is expected to decrease significantly after the
reintroduction of tidal “00dl.
low ORP will mark the tr: (
well-drained soil environment to an an

d condition typical of wetland ec
Consequently, we anticipate a corresponding decrease in
the preva e of
arundinoces), a spe:
conditions, as ORP §

304 O P vy Yy Sost Res Tratien

eed canarygrass (Phall

The findings of our study confirm the hypothesis

that the Oxygen Reduction Po ial {ORP) In the soil
significantly decreases after the reintroduction of tida
flooding (P =0.023 ve, and below are significantly
Correiated with a drop in Reed canarygrass

abundance {p<0.001). This marked shift from high to low
ORP underscores the successful transition from an oxygen
rich, well-drained soll environment to an anaerobic,
wateriogged condition typical of wetland ecosystems

Reed Canarygross and Soil ORP

Lower Columbia Estuary Partnership
400 NE 11th Ave., Portland, OR 97232-2714
Email: monitoring@estuaryparternship.org

ilability and microbial activity,
impacting plant growth and community composition. Reed

Estuary

Hypothesis 2: The pH of the soil may Increase,
especially in areas exposed to prolonged flooding, after
tidal flooding is reintroduced. This shift. potentially
driven by changes in biogeochemical processes and
microbial sctivity in a waterlogged, anaerobic
environment, may be influénced by site-specific
conditians such as initial soil properties and the type of
vegetation presént. An Increase in soll pH is expected to
negatively correlate with the cover of Reed canarygrass
(Phalaris arundinacea), an invasive species found 10
thrive in lower pH soils and drier conditions.

Sot g va Yoars Mot Restarstion

Our research results substantiate the hypothesis that
soll pH increases after the reintroduction of tidal
flooding, particularly in areas exposed to prolonged
fiooding [P < 0.003]. importantty. we observed a
negative correlation between increased soll pH and
Reed canarygrass (Pholoris orundinaceo) covet,
supporting the assertion that this invasive species
thrives in lower pH solls and drier conditions.

Lower Columbia

Partnership

Saac Canarygrans ant Sohl & ) Ohanch )

Hypothesis 3
due to the re

n Reach A,
tion of tidal flooding, we

alinity ing

he hypothesis

o Ly - 28 g 84
P =
Lin plant

P

domina

ant community

the critical role of salinity In Influenciny

composition in restored tidal wetlands

Hypothesis 4: Changes in s0il parameters, including axygen availability (as indicated by ORP), pH, and salinity, are
expected to impact plant community composition in the restored wetland. As these soil conditions shift, it can
lead to changes in microbial community composition and activity, influencing nutrient cycling processes, and

Total Native and Non-natave Relwtve Cover (%) v Soil ORP

Qur research supports the hypothesis that wetland restoration significantly aiters soil conditions, which
In turn impact plant community dynamics. soll conditions in the restoration process:  Notably, non-native

species such as Reed
canarygrass {Phofaris
arundinacea) dedine,
white native emergent
wetland species like
Wapato (Sagittario
latifolio) increase post-
restoration. The provided
figures collectively
underscore these
findings, highlighting the
importance of
understanding sits-
specific soil conditions in
the restoration process.

Total Atrve 533 Mm-a v S athoe Lot (W 1% T BOr Fme s 3




Plant Community Development Dashboard

Key features —

* Toggle between sites on
the map to see the

Navigate to Section 2.4 - Biomass Analysis |Ocat|0ns Of Survey grids

e s e oo oo Frson and plant cover.

£ 2023 Mapbox & OpenStrestMap

L e R—— SISl Shannon diversity index

' across all sites and survey
Welch Island Relative Cover by Habitat Type Welch Island Relative Cover by Species and Status
Cover of species and substrate common across EMPsites y ears
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Habitat Structure by Ecosystem Monitoring Program S - = I -

Key features

Biomass Dashboard

Overview Map Return to Overview Page
Navigate to Section 1 - Sampling Effort and Data Inventory
avigate to Section 2.0 - Hydrology

Navigate to Section 2

Navigate to Section 2.2 - Soil Development

Navigate to Section 2 Vegetation Developme

@

e Sampling locations
by site

Summary:
Our comprenensive sbove-ground biomass sampling, stratifiec by season and year, offers = detailed representation of

.
. e i
1 D ry We I g h t S by ©2023 Mapbox © OpenStreetMap dominant plant species in both the high and low marsh zones. Since 2017, we've expanded our scope to include detritus
sampling, aiming to assess detrital production and its ecological implications. From 2018-2022, we've augmented this with

Welch Island Biomass Plot Locations rigorous testing, capturing nutrient content from living biomass and decomposing detritus. This covers vital components
such as nitrogen, carbon, ADF lignin, and a plethora of essential minerals from calcium to zinc.
These rich datasets serve 3 dusl purpose:

Insight into Food Web Dynamics: By gsuging the nutrient composition and availability in vegetation, we can infer the
ootential energy and nourishment available for macroinvertebrates. This becomes particularly relevant when we consider
the varistion in nutrient composition across different plant species and their states (I iving, dead, or cetrith]. For instance,
certain species may orovide more energy-rich detritus, benefiting specific macroinvertebrates, and influsncing their
sbundance and role in the broader food web.

Role of Dominant Plant Species & Envirenmental Drivers: Recognizing the nutritional value and praductivity patterns of
dominant species allows us to predict their impact on local ecosystems. The consistency cbserved in high marsh productivity
juxtaposed against the more dynamic low marsh, which is sensitive to river hydralogy, reveals the nuanced responses of
these ecosystems to environments! crivers. Factors like Besver dam flooding at Franz Lake exemplify how external drivers
can markedly influence both marsh zones, affecting not just plant productivity but also the consequent energy flow through
the food web.

e Chemical
compositions of
dominant species

These insights are instrumental in deepening our understanding of the intricate ecological interplays and helping formulate
strategies o protect and restore these vital nabitsts. A= we continually refine our dats set, maore in-depth analyses will soon
be shared.

22023 Mapbox © OpenStreetMap

Dominant Species Interactive Data: Click on a site within the upper map o dive deeper into the details of each plot sampled in 2022, Biomass is
(Codes) _ T, . ~ . e - I .
a story of not just quantity, but also quality, and the multifaceted roles it plays in underpinning and driving diverse
CALY ELEA i PHaR ecnloqical pataoy




¥ Publications and Data Synthesis

e Multispectral UAV Data for Wetland Plant Community
Mapping: Predicting and Evaluating Restoration Impacts:
A case study of Wallooskee - published online

e Fcological implications of restored tidal wetland
topographic heterogeneity. - Wallooskee Mound Study

e Ecological drivers of Reed canarygrass dominance across
the lower Columbia River Estuary

e Trends in sediment accretion and erosion in tidal wetlands
of the LCRE

e Implications of SLR on sediment dynamics in wetlands of
LCRE

e Trends in wetland plant biomass and detritus quality in the
tidal wetlands of the CRE




WHAT’S NEXT?

» Synthesis of long-term habitat status and trends
data in Tableau

* Further investigations of wetland plant community
and biomass dynamics and their relationship to
annual and seasonal river discharge, WSE, salinity,
soil conditions, etc.

* Multispectral and LiDAR Drone Image Analysis for
site-wide vegetation and salmon habitat
opportunity models




Stay tuned..

Salmon Opportunity in the CRE:
applications with multispectral and
high-density LiDAR UAV data

« 755 million points within the LIiDAR
point cloud

True color image

e 2.5 million points in True color
image

Elevation classification

* Point density of 850 points per
square meter

e Accuracy of 3cm vertical, 2.5cm
horizontal

Habitat type classification

Wallooskee-Youngs 2023 LiDAR Flight



2023 Field
Crew:

Sarah Kidd, lan
Edgar, Derek
Maraquis,

Hurzeler, Max
Stecher, April
Silva, Narayan
Elasmar, Jodi
Reed, Kim
Biofra
Ve
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