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Executive Summary

The Ecosystem Monitoring Program (EMP) is managed by the Lower Columbia Estuary Partnership and
is an integrated status and trends program for the lower Columbia River. Under the EMP, researchers
collectkey information on ecological conditions for a range of habitats throughout the lower river
characteristic of those used by migrating juvenile salmon and provide information to aid the recovery of
threatened and endangered salmonids. The program inveriteidifferent types of habitats within the

lower river, tracks trends in the overall condition of these habitats over time, provides a suite of reference
sites for use as end points in regional habitat restoration actions, and places findings frormeranage
actions into context with the larger ecosystem. The EMP is implemented through-agentty

collaboration, focusing sampling efforts on examining temporal trends within a study area that extends
from the mouth of the river to Bonneville Dam. The Igafahis executive summary is to provide a brief
synopsis of the ecological conditions observed in the trend sites in 2022. The full report linked throughout
this report should be consulted for detailed scientific methods and findings.

In 2022, data wie collected on fish and fish prey, habitat, hydrology, food web, abiotic site conditions,
and mainstem river conditions at llwaco Slough (river kilometer; rkm 6), Welch Island (rkm 53), Whites
Island (rkm 72), Campbell Slough (rkm 149), and Franz Lake @R1). Habitat and hydrology data

were also collected at Cunningham Lake (rkm 145) along with with primary production and hydrology
data collected at Steamboat Slough (rkm 57, a restoration site included in eterharigjomass study).

The trends samplnsites are minimally disturbed, tidally influenced freshwater emergent wetlands with
backwater sloughs that represent a subset of the eight hydrogeomorphic reaches across the lower river. In
addition to tracking ecological changes in the Lower ColumbiaRthis year a collaborative effort has
been made to study the effect of varying flow regimes over the monitoring period, of the mainstem on
site-specific biotic and abiotic conditions as well as answering specific longterm questions about the
lower Colunbia river. The primary research questions we have attempted to answer with this report are

iwhat are the |l ongterm status and trend condition
data to address the uncertainties brought forth by the ER@®thars about restoring sustainable habitat
conditions in the estuary?o We believe that expl

restorative planning in the face of rising water levels and shifting climate patterns.

In asignificant advancement this year, the EMP report has adopted a hybrid format leveraging the
capabilities of Tableau, an interactive data visualization platform. This ensures that the data and analyses
presented in the report are not just static but canteeacted with online, providing a more immersive
experience for readers and stakeholders. The integration of Tableau allows for dynamic engagement,
facilitating deeper exploration of the data and insights, thereby enriching the understanding and
interpretation of our findingsBelow you will find a summary of results, for the full hybrid report, please

see thidink. For archival purposes and to ensure kergn accessibility, we have provided a static

snapshot of the Tableau dashboards in the appenthisafocument.

This report is a collaborative effort by many researchers. Habitat structure research leads from Lower
Columbia Estuary Partnership are Dr. Sarah Kidd, lan Edgar, and Sneha Rao. Water Quality and Food
Web dynamics research leads from Orefealth and Science University are Dr. Joseph A. Needoba and
Dr. Tawnya D. Peterson. Salmon Prey and Diet research leads from University of Washington are Dr. Jeff
Cordell, Dr. Jason Toft, and Kerry Accola. Fish community and genetic composition resaa<firdm

NOAA i Fisheries ar®r. Curtis Roegneand Susan A Hinton. Dr. Sarah Kidd, lan Edgar, and Sneha

Rao, are the lead report Editors.


https://public.tableau.com/app/profile/ecosystem.monitoring.program/viz/LowerColumbiaRiverEstuaryEcosystemMonitoringProgramOverviewDashboard/WelcometotheEcosystemMonitoringProgramOverviewDashboard#1

Mainstem Conditions of the Columbia River

Mainstem conditions are evaluated through measures of river disetddganeville Dam and at Beaver
Army Terminal (river mile 53). In addition, temperature data and other variables are provided through
situ sensor measurements at the Port of Camas (river mile 122) and at Beaver Army Terminal (BAT).

River Discharge

The 2022 water year in the Columbia River was characterized by periods of high pluvial flow associated
with the Willamette River in the winter, below average flows in the early spring, andiigineaverage

flows associated with the spg freshet, which peaked in midine.

Columbia River discharge at Bonneville Dam was close to the-20R2 average during the winter

months; after mieMarch flows were lower than average and reached minimum values for the time period
in mid-April. Flowsincreased from early and peaked in flithe at volumes close to the letegm

maximum, observed in 2017. The decline in river discharge following peak flows was steeper than in
2017, but flow remained above average through the end of August after wahichete close the loRg

term average. River discharge associated with the Willamette was higher than average during a few
peaks in winter and spring (early January, early March, early May and early June) and was otherwise
close to or below average valudsserved between 2022.

Water Quality

The average daily water temperature in 2022 was average in the winter, slightly below average in the
spring leading up to the freshet, average during the freshet, and higher than average after the freshet.
Therewere 50 days having temperatures exceeding 190C, similar to thielom@verage. At the off
channel EMP sites, temperatures were highest after July at Campbell Slough and Franz Lake Slough.

Water quality was generally good at the-cfannel EMP site$i2022, with pH being in the acceptable

range except at Campbell Slough after early August where values exceeded 8.5 units, alongside peaks in
dissolved oxygen saturation and chlorophyll, indicating that environmental conditions were dominated by
biologicd activity.

Tidal Wetland Habitat Conditions of the Columbia River

Native and nonanative Plant Communities
Native and nomative Plant Communities

Overall, 2022 total plant cover was relatively stable across llwaco Slough, Welch Island, Whites Island,
and Franz Lake compared to historic, laagn averages. Cunningham Lake total cover has continued to
increase through 2022, beginning to rebound from the heavy cattle grazing observed in 2017. Campbell
Slough exhibited a slight increase in total coveelg in 2022; however the overall cover at Campbell is

still low compared to nograzed conditions; cattle grazing has continued at Campbell Slough since 2017,
with fencing efforts failing to keep the cattle out of the wetland.

Between 20122022 the st most common plant species identified throughout the tidal estuary (across the
6 trend sites) in order of overall abundance are Phalaris arundinacea (PHAf®Rtineh reed
canarygrassCarex lyngbyefCALY, native), lyngby sedge;leocharis palustrigELPA, native),

common spikerustBagittaria latifolia(SALA, native), wapatol.eersia oryzoided.EOR, native), rice

cut grass, andudwigia palustrifLUPA, native), water purslane. While these species are the most
common and abundant across all sites twerears, they are not necessarily present at all sites every
year.



In 2022,P. arundinaceaover levels stayed relatively consistent to those observed in 2021 and previous
years. Data continues to support our findings that annual shi®tsarundinaceaover are strongly

correlated with Columbia River discharge levels and site water levaetgydbe growing season, with

lower water levels (and lower discharge levels) favoRngrundinaceagrowth and observed abundance.
These findings indicate that annual flooding conditions within sites and across the river (freshet
accumulated dischargedeaimportant mechanisms driving much of the observed annual variabifity in
arundinaceadominance across the estuary. The Hargn trends in the abundance of native species

Carex lyngbyeiSagittaria latifolia, Polygonum amphibiuave also been found be strongly (and
significantly) linked to annual river discharge conditions. Gener@llyyngbeyiabundance has been

found to increase in years of greater freshet and discharge levels, especially in llwaco Slough, where
salinity levels are reduced daog large discharge years, making growing conditions more favoralle for
lyngbeyi. S. latifolishas been found to have a delayed reaction to freshet and river discharge conditions,
with lower discharge years resulting in an increas®. ilatifoliaabundance the following year.

Additionally, P. amphibiurevels at Franz Lake have also been found to follow a similar treé®d to

latifolia with a oneyear delayed reaction (increase in abundance) to decreased river discharge conditions.
For both specieghis might be a result of increased rhizome stores from positive growing conditions (low
water levels), providing for more robust growth in the following growing season.

Phytoplankton and Zooplankton

Total algal biomass, as estimated by concentratibnblorophyll atends to béighest in Marclor

April, prior to the spring freshet, at Welch Island and Whites Island; in contrast, the highest algal biomass
at Campbell Slough and Franz Lake Sloigyhsuallyobserved irduly-August.Similar to previos years

the highest chlorophyll concentrations observed in Z0RPWere found at Campbell Slough and Franz
Lake Slough. These sitse are prone to the development of algal blooms in the summer months, which
often discolor the water. No chlorophyll measurataé 2020 or 202kxceeded 25y L%, a level above
which is associated with poor water qualifya benchmark of 16y L is used, four observations were
above the recommended threshold over the 202fme period, suggesting poor water quality (Oreg
State Water Quality Standards). However, since a body of water is only considered impaired when the
threshold is exceeded in observations from three consecutive months, no site met this criterion.

Typically, observations show that chlorophyll concetitires are highest in March at Welch Island and
Whites Island, while at Campbell Slough and Franz Lake Slough the highest algal biomass is observed in
July-August. In 2020 and in 2021, peak chlorophyll concentrations were observed in March or April at
Camplell Slough. Similar to previous years, the relative proportion of diatoms at the EMP trends sites
was higher in the spring compared to summer, when chlorophytes and cyanobacteria made significant
contributions to the total assemblages.

Often, cyanobacte& can account for a large proportion of the phytoplankton assemblage in the summer;

in 2020, relatively high densities of cyanobacteria were also observed in February and March at Campbell
Slough, and in June at Franz Lake Slough. Data for 2021 aretrentajiable for comparison. The lack of
temporal data makes it difficult to discern patterns related to season or to the hydrograph; cell densities
were higher in March compared to August, at the sites where data are available and this is consistent with
observations from previous years.

Similar to previous years, analysis of relationships between environmental variables and phytoplankton
assemblages revealed that high relative proportions of diatoms are associated with high concentrations of
dissolved oxgen. Diatom growth is also associated with a reduction in nutrient concentrations and are
indicative of good water quality. Diatoms tend to dominate in the spring months, where populations can
get quite large; most of the annual growth of phytoplanktonrsda the spring and is accomplished by
diatoms.



Zooplankton assemblages differ along the spatial gradient from llwaco Slough to Franz Lake Slough and
over time from early spring to summer. llwaco Slough is consistently dominated by copepods, wsth input
from rotifers, but very few cladoceran taxa. At the other sites, copepods generally dominated the
zooplankton assemblages. At Welch Island and Whites Island, there was an increase in the proportional
contribution by cladocerans from spring to summetaicheof 2017, 2018, and 2019. At Campbell Slough
and Franz Lake Slough, an increase in the proportional contribution of cladocerans was observed from
March to June; however, by July, the relative proportions of cladocerans decreased at both sites in 2017
ard 2018 and 2019.

Stable isotopes ratios of Carbon and Nitrogen

Stable Isotope Ratios (SIR) is used to determine the relative importance of food saluc@asgalgae

and wetland plants to the food web supporting juvenile salmaniziends sites. Caob and Nitrogen
isotope ratios yield different inforation:d*C (**C/*%C) ratio used to identify the primary source

organic matter (i.e., primary producers). In contrdidN (**N/*“N) values are useful in determining
trophic position.The SIR of C and N were measured in juvenile Chinook salmon muscle tissues and
several potential food sources to provide information on the food web supporting juvenile salmonids
These were studied forflnence of cumulative mainstem discharge.

Isotopic values of carbon in particulate organic matt€C{POM) collected onto filters reveal&fC
signatures in the range of freshwater phytoplankton most of the time, with values closer to terrestrial
vasailar plants in May and June at Campbell Slough and Franz Lake StB#gPOM at llwaco was
closer to marine values.

When stable isotope signatures for carbon and nitrogen associated with all primary producers is
combined, two broad patterns emerge. aheraged'>C for all primary producers is slightly higher in

very dry years (for example, 2015) as well as very wet years (for example, 2017), and lower for more
moderate years. In the case of nitrogen, this effect is more pronounced. Heavier carbersigoatpres

in particulate organic matter (POM) were associated with dry years. In contrast, there were no significant
differences in the stable isotope signatures of nitrogen in PFD&Istable isotope signatures of

periphyton collected across the tresidss between 2011 and 2019 varied widely across the data set.
Average values af**C for periphyton were higher during moderately wet and wet years. There was an
increase in the averagé®N for periphyton over a gradient of dry to wet years, with the largest spread in
data observed for wet years. When the samples from EMP trend sites were grouped according to whether
they came from years with low, moderate, or high cumulative dischargediwerdry, moderate, wet),

there were significant differences in avera&i€, but not ind™°N.

According to a Bayesian Inference stable isotope mixing model, phytoplankton carbon contributes to the
juvenile salmonid food web as part of the diet of amirmid prey, based on stable isotope signatures of

carbon; this carbon is incorporated as particulate organic matter and as periphyton. Models looking at

how different sources of primary production contribution to additional prey sources are being itegkstiga

as more data are gathered, but analysis thus far suggests that periphyton constitutes an important source of
organic matter for the preferred prey of juvenile salmonids (i.e., amphipods and chironomids). Estimates

of dietary contributions from differémprey items inferred from stable isotope mixing models suggest that
juvenile salmonid growth is supported by amphipods, chironomids, and other crustacean prey, which is
consistent with observations derived from stomach analysis.

Macroinvertebrates
Juvanile salmon diets in the Lower Columbia estuary consist mostly of amphipods, dipterans, and
cladocerans.



Young salmon consume primarily wetland insects (dipterans) at Franz Lake, the uppermost site,
incorporate cladocerans at Campbell Slough, tranditi@ipterans and amphipods at Welch Island and
Whites Island, and consume primarily amphipods near the estuary mouth at llwaco Slough.

Diets are most metabolically beneficial to small salmorn3® mm). Larger salmon have higher
metabolic costs that are directly influenced by larger body mass and higher water temperatures. Top
salmon prey sources have small yet consistent contributimmsbenthic core and neuston tow samples.

Fish Communities

Examinations of fish communities for all years of sampling show that all five trend sites are different

from each other. The one exception is that Welch and Whites, when compared direattydtheg are

similar. Thirteen major families of fish have been consistently present at the trend sites. Within those
families, the fish species range from native marine species at llwaco Slough, to freshwater native and
norrnative species at the remaigiEMP trend sites sampled through 2022. Chinook salmon are captured

at all five trend sites and are often the numerically dominant salmonid species. Chum salmon (primarily at
llwaco Slough) and coho salmon (primarily at Franz Lake) have also been cagttiredive sites in low
numbers.

llwaco Slough, sampled for fish since 2011, is the only trend site that is influenced by marine waters due
to its proximity to the mouth of the Columbia River (rkm 6). The species most consistently captured

(eight or moreof the last 10 years of sampling) are the native threespine stickleback, staghorn sculpin and
shiner perch and the norative banded killifish. Two salmon species, chum and Chinook, are regularly
captured at this site. Chum salmon was the dominant sfeci€9% of the total salmon numbers)

except during 2012 and 2015, when few salmon were captured. Through 2022, six or less individual
Chinook salmon were captured during eight of the eleven years of sampling. Most were unmarked salmon
(presumed wild); hoewver, marked salmon (presumed hatchery reared) were captured in 2017 and 2018.
The majority of Chinook salmon captured at llwaco Slough were subyearlings (fork length <60mm,

weight < 2 grams). Genetic analysis of unmarked and marked Chinook salmoedaptiwaco Slough
has identified two stocks, Spring Creek grdalh and West Cascadall.

Welch Island, sampled for fish since 2012, is a tidally influenced, freshwater marsh habitat in the lower
Columbia River (rkm 53). The species most consistaraptured (11 out of the 11 years of sampling) are

the native Chinook salmon, threespine stickleback, and theatore banded killifish. Chinook salmon
comprised 96% or greater of the total numbers of salmon captured within a year and were captured each
year. Chum were the second most frequently seen salmon, making up 4% or less of all salmon in a given
year, and have been captured in seven of ten years of sampling. EacH 687 0f the Chinook

salmon captured at Welch Island were unmarked (presumdlblyjuveniles. Genetic composition of
unmarked Chinook salmon captured at Welch Island has been dominated by West-@didcideved

by upper Columbia Rivesummer/fall. There have been minimal instances of Snake-RiNeEpring

Creekfall, and Roge River. Genetic composition of marked Chinook salmon at Welch Island had been
comprised primarily of two genetic stock groups, West Castaldand Spring Creek Groviall.

Whites Island, sampled for fish since 2009, is a freshwater, tidally influenaesh, located on the north

side of Puget Island in the Columbia River (rkm 72). The species most consistently captured in all years
are the native Chinook salmon and threespine stickleback and tmatinoa banded Killifish. Five

different species in thSalmonidae family have been identified at Whites Island since 2009. The site has
been dominated by juvenile Chinook, followed by chum salmon. Coho, sockeye and mountain whitefish
are other species of the Salmonidae family caught at the site. The mafj@hinook salmon captured

were unmarked, making upi7000% of the yearly total. For eight of the sampling years, unmarked
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juvenile Chinook fry have made up over half of all Chinook catches. Marked Chinook (presumed

hatchery origin) were primarily fingenigs with the occasional yearling seen in 2009, 2010 and 2019.

From the genetic stock analysis of unmarked Chinook salmon, seven different stocks have been identified
since 2009. West Cascafidl stock is the predominant group, comprising 80% or morhefish

analyzed. For marked Chinook, four genetic stocks have been identified at Whites Island since 2009. The
two major groups are West Cascddkl and Spring Creek Group fall.

Campbell Slough (rkm 149), sampled for fish since 2008, is a freshwaagihateas highly influenced by
Bonneville Dam discharge, and minimally influenced by standard tidal fluctuations. The species most
consistently captured in all years are the native Chinook salmon, threespine stickleback, and the non
native banded Killifis. Six species of the family Salmonidae have been observed in Campbell Slough
since 2008. The most common species is Chinook salmon followed by chum salmon. Coho, cutthroat
trout, sockeye salmon, and mountain whitefish are the remaining species in tbaiGaéramily. Fry

and fingerling unmarked juvenile Chinook make up most of the salmon catches at the site. No marked
juvenile fry chinook have been captured at the site. Marked juvenile Chinook are primarily fingerlings.
Seven distinct genetic stocks ofrked and unmarked Chinook salmon have been found in Campbell
Slough. The most consistent stocks for both marked and unmarked Chinook are Spring Cred&liGroup
followed by West Cascadfall, although percentage contribution in catches vary extensivelytbe
monitoring years.

Franz Lake, sampled since 2008, is a freshwater site located at the confluence of the Franz Lake outlet
channel and the Columbia River (rkm 221). The water levels at this site are almost exclusively controlled
by discharge fromhe nearby Bonneville Dam. High water levels in the spring and warm water
temperatures in the early summer regularly prevent monthly fish sampling. The most consistently
captured fish species (9 out of 11 years of sampling) are the native threespinkastickrgescale

sucker, northern pikeminnow, and the aative banded killifish. Nine species of Salmonidae have been
captured at this site in the past years, contributing to less than 5% of total catches per year at this site.
This could be an outcomé lack of optimal conditions for sampling at this site, among other
environmental factors. Salmon catches predominantly consisted of juvenile Chinook and coho. Juvenile

Chinook at Franz Lake are primarily unmarked, and Chinook catches were strong,ideXj#@ only
sampling one month. The unmarked category of Chinook was predominantly fry (<60 mm fork length)
making up more than 70% of those captured followed by fingerlingd@0nm fork length). Marked
(presumed hatchery origin) Chinook have onlgrbeaptured in 2008 and 2009. Genetics analysis of
Chinook salmon over the course of the 14 years of sampling has been conducted on very few unmarked
(23) and marked (41) individuals. No one group is dominant, and no discernable pattern can be seen
among he stock groups identified. For unmarked Chinook salmon, stock groups include Spring Creek
Groupfall, upper Columbia Rivefall, Snake Riveffall, West Cascadéall, mid and upper Columbia

spring, and Willamette Rivespring. For marked Chinook salmon g Creek Grougall are the most
common, and West Cascafid and Willamette Rivespring have also been present.

Closing Summary

The Ecosystem Monitoring Program is the only study in the lower Columbia river that colleetsriong

habitat data fronnelatively undisturbed tidal freshwater marshes to upper freshwater reaches to allow

researchers and restoration practitioners to differentiate betxaeability associatedith natural

conditions andvariability resulting from human influencand enhare our understanding of the degree

to which these wetlands aid in supporting-tifecle and recovery of endangered and threatened

salmonidsin both 2022we monitored water quality, habitat structure, food web dynamics, and fish use at

five trend sites fronthe mouth of the Columbia River to the Bonneville dam to assess habitat function at

these sites. We also began a focused effort to evaluate the influence of river discharge on wetland habitat
8



conditions. Results from our collective analyses indicatediffarences in annual Columbia River
discharge and climate conditions are correlated with significant shifts in wetland food web and habitat
conditions including plant community, plankton, and zooplankton abundance; as well as composition,
food web nitroge, and carbon dynamics. These findings are crifaratévaluating how future
environmental fluctuations predictedhie associatedith climate change may impact salmonid habitat
and food web dynamics. Future EMP research will focus on synthesizing these environmental
observations and identifying how shifting climaandhabitat conditions will impact the salmonid food
web.

Management Implications
There are a number of questions that emerge based on several years of observations in the lower
Columbia. Some of these include:

1 How important are biogeochemical processes upstream of Bonneville Dam for the tidal
freshwater estuary It is unclear how conditions above Bonneville Dam influenager
chemistryand plankton stocks observed downstream. Measurements of water quality and food
web components from above the dam would help to determine the degree to which advection is
important versus in situ processes such as growth and gas equilibration with the atmosphere.

1 Whatis the importance of decomposition of organic matter by microbial organisms in
determining its quality for salmon prey®i cr obi al decomposophici on often
upgradingo, whereby | ess | abile compounds are
compounds that are more easily assimilated. How are these processes influenced by water
chemistry, temperature, and nature of the organic matter (e.gnatioa vs. native plant
species)?

1 What factors contribute to cyanobacteria blooms in Franz Lake Slou@dé’these blooms pose
a problem for wildlife, and if so, what is the extent of the proble@®er the last few years,
elevated phosphorus concentrations Haaen observed at Franz Lake Slough in advance of
cyanobacteria blooms, although the source is unknown.

9 How do pulses in primary production from different sources vary in space and time, and how
does this influence secondary production and salmon food s@8the timing of availability of
different sources of organic matter produced through primary production varies between pelagic
phytoplankton and marsh vegetation. It would be helpful to compare the magnitude of these
stocks to identify patterns that cottdorm food web models. In addition, pulse events, such as
the production and deposition of pollen, could produce reservoirs of organic matter originating
from vascular plants in the water column that is independent of detritus transport.

1 How does preyuality and quantity vary spatially and temporally across the estuafitle
studies have shown that emergent wetlands are important for prey production and export, accurate
assessments of information on prey source in the mainstem and floodplain laabitesto be
made in the lower Columbia river. The spatial and temporal variation of energy densities of
chironomids and amphipods in these undisturbed sites of the lower Columbia river would provide
an important functional tool for restoration design.ifienance metabolism and energy ration
calculations from juvenile salmon diet data, or future calculations of modeled growth, may
address questions about habitat quality for juvenile Chinook salmon. High prey quality and
guantity may help mitigate effead$ suboptimal temperatures and hydrological conditions.

1 How does mainstem cumulative dischargiect prey availability and juvenile salmon health
and habitat useAdditional information is needed to explore the effect of different mainstem
hydrologic cowlitions on the food web and habitat structure for the EMP. Since many EMP sites
serve as reference sites for restoration projects, additional information about changes in habitat
use and structure under various freshet conditions would help determirad acticins in
restoration design, and mitigate effects of climate change.

9



1 How much do specific environmental factors impact growth, fish condition, residence time, age
at maturation and survival of anadromous salmonids in the estuaj@bitat use irthe lower
Columbia depends on a myriad of abiotic conditions, and a closer look into specific
characteristics such as temperature, DO, discharge, etc. would provide critical information about
juvenile salmonid behavior which can be used to inform landguapeples in restoration
planning. Bioenergetics analysis of subyearling Chinook could be a useful tool for determining
impacts of temperature, flebvased variation in food availability, and habitat availability on
subyearling growth and presumed surligiinks with topic above on discharge and prey
availability).

1 How does sediment carbon interact with Greenhouse gases in EMP Trend Sites®er to
understand the effects of climate change on the EMP sites, another aspect that needs to be
explored furber are the exchanges between carbon and greenhouse gases in emergent wetlands.
While some data is available from sediment analysis, further exploration is required in terms of
accretion and nutrients and carbon sequestration.

1 How does discharge and rivélow impact availability of offchannel habitat including restored
area® Availability of alternate migration pathways and rearing opportunities is important for
building population resiliency. Impacts of climate change may limit access to rearing aabitat
flows decrease. Applying habitat connectivity models used in Puget Sound to the lower Columbia
River could help identify under what flows habitat connectivity is constrained or maximized
throughout the entire lower river or specific reaches.

The Estugy Partnership sharessultsfrom the monitoring program with other resource managers in the
regionandresults from this multfaceted program are appliedresource management decisioResults
from the EMP are presented and discussed anaualScience Work Group meeting. The Science Work
Group is composed of over 60 individuals from the lower Columbia River basin representing multiple
regional entities (i.e., government agencies, tribal groups, academia, and private sector scientists) with
scientiic and technica¢xpertsewho provide support and guidance to the Estuary Partnetship.

addition EMP results will also be shared with regional partners at various conferences throughout the
year.Dataare often providetb restoration practitioners foise in restoration project desigmd project
review templates (e.g., ERTG templatdsnally, data from the EMP atesed to comparand
contextualizeesults from théction Effectiveness Monitoring Bgram(see 2@3 AEMR report)ink).
Furthermore, the Estuary Partnership is working on shifting all EMP and AEMR data into a regional
database to store, share, and conddditional, largescale synthesis analyses of these data by utilizing
Tableau.
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1 Introduction
1.1 Background

The Columbia River supported diverse and abundant populations of fishldliid &nd is thought to

have been one of the largest producers of Pacific salmonids in the world (Netboy 1980). Anthropogenic
changes since the 186@scompassingike construction, land use conversion, and the construction of the
hydropower systeran theColumbia River basin have resulted in alterations to the hydrograph (i.e.,
timing, magnitude, duration, frequency, and rate of change in river flows); degraded water quality and
increased presence of toxic contaminants; introduction of invasive spexiediexred food web
dynamics.These changes havelsequently significantly reduced the quantity and quality of habitat
availablefor fish and wildlife speciesThe availability of suitablehabitats affectthe diversity,

productivity, and persistence of salmon populations (Fresh et al. Z¥8gadation and loss stiitable
estuarine habitats can threaten salmon population viability, thus highlighting the importance of
identifying limiting factors to salmosurvival and filling key knowledge gaps across the habitat gradient
of the lower Columbia River to promote salmon recovery.

Threatened and endangered salidsuatilize theshallow water wetland habitats of the lower Columbia
River for rearing and refugj with some stocks utilizing these habitats for long time periods before
completing their migratory journey to the ocean (Bottom et al. ZB@sh et al. 2005, 20pRoegner et
al. 2008 McNatt et al. 2016 Traditionally, fish and fish habitat reseasnid monitoring efforthave
beenconcentrated in the lower reaches of the estymasticularlynear the mouth of the river, leaving
knowledge gaps in theasic understanding &ith habitatuse and benefitwithin the upper, freshwater
dominated reaches the Columbia River

Tidal emergent wetland vegetation provides rearing and refuge habitat for juvenile fish and a source of
organic matter to the mainstem and downstream habitats, while tidal channels provide access to wetlands
and to foraging opportities. Most anergent wetlands in the lowgver cover a narrow elevation range

of 0.8 to 2.6m, relative to the Columbia River Datum (CRheannual fluctuations in hydrology drive

the spatial and temporal variability of wetland vegetatsmpecificallythe cover and species compositjon
and affecbverallwetland inundatioriSagar et al. 2033The \egetation species composition in the lower
river is spatially variablewith the middle reachegenerallyshowing the greatest species diversity;
although sme areas are dominated by frativespecies such ased canarygras®lalaris

arundinacey, particularly in the rivedominated upper reaches (Sagar et al. 20d8tification and
guantification of vital habitat metricdlow for agreater predictahbtly in biotic responseto changing
environmental conditions and improves ouerallunderstanding ahe ecological functions in the lower
river.

Salmonids occupy the upper trophic levelshe Columbia River system. Thegend portions of their

life cycle in fresh, estuarine, and oceanic wafBhreats to theisurvival could arise from variety of
sources ostressors occurring at any one of sevifi@bktages or habitat typesarge scale changes to the
ecological characteristics of the lower Qaibia River food web as a consequence of wetland habitat loss
have resulted in significantreduction ofmicrodetritusinputs to the system that historically formed the
basis of the aquatic food web (Sherwood 1890).0Organic matter derived from flisd phytoplankton
(rather than microdetritushay be a seasondtiver of the salmorfood web (Maier and Simenstad 2009).
The consequences ofthpparent shift in the type of organic matter fueling food web dynaanics
uncertain andthe understanding of shifts in the food welhuiresa detailed examination dghe

interactions between multiple trophic levels and environmental conditions. Sjutlgimbundance and
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assemblage of phytoplankton and zooplankton over space and time poouitlaEnformation onthe
diets of preferred salmon presuch aghironomids and benthic amphipodis turn, characterizinghe
abiotic conditionsvithin emergehwetlands, and in the river mainstésressential for elucidatingpatial
and temporapatterns irthe primary and secondary productivity in the lower river.

The Lower Columbia Estuary Partnership (Estuary Partnership), as parsfiinenmental Protection
Agency (EPA)National Estuary Program, is required to develop and implement a Comprehensive
Corservation and Management Pldiis Management Plan speciily calls for sustained loAgerm
monitoring to understanithe ecological coditions and functions, to evaluatee impact of management
actions over time (e.g., habitat restoration), &rarotect the biological integrity in the lower Columbia
River. The Estuary Partnership implements laagn monitoringhrough the Ecosystem Monitoring
Program (EMP). Ultimately, the goal of the EMP is to track ecosystem corsthtren timeand allow
researchers and managers the ability to distinguish betiegariability associatedavith natural

conditions andrariability resulting from human influence. The EMP partnership collecte@ground

data from relatively undisturbed emergent wetlands to peosiidcialinformation about habitat structure,
fish use, abitic site conditions, salmon food web dynamics, and river maingt@mconditions to assess

the biological integrity of the lower river, enhance our understanditigeestuary functiog, and

ultimately support recovery of threatened and endangered samdhe creation and maintenance of
long-term datasetare vitalfor documenting the history of change withingortant resource populations.
Therefore, througthe EMP, we aim to assess the status (i.e., spatial variation) and track the trends (i.e.,
temporal variation) in the overall conditisof the lower Columbia Rivetp provide a better basic
understanding of ecosystem functionsptovide a suite of reference sites for use as end points in regional
habitat restoration actions, ataplace findngs from other research and monitoring effostech as the
Action Effectivenesdvionitoring into congxt within the larger ecosystem.

Ecosysterrbased monitoring of the fish habitat conditions in the lower river is a regional priority

intended to aid in the recovery of historical productivity and diversity of fish and wildlife. In addition to
tracking ecological changes in the lower CdhimRiver, we also measure and study the effect of varying
flow regimes over the monitoring period, of the mainstem orsgigeific biotic and abiotic conditions.

This year, we are specifically addressing uncertainties brought forward by the ExperaRégamical

Group (ERTG). The hydrology of the mainstem Columbia is strongly influenced by winter snow melt and
precipitation between the months of October and March (Arelia Werner et al., 2007). The resulting
cumulative discharge of the spring freshgteteds on the magnitude, frequency, and duration of
precipitation (Nilsson anBenofalt, 2008)Several studies indicate that river discharge exerts a

significant influence on ecosystem processes like nutrient, sediment, and organic matter transpbrt, as wel
as biotic structures. Moreover, studying these relationships will allow us to inform impacts associated
with extreme high and low flow events, informing restorative actiBosdda et al., 2006; Larned et al.,
2007; Leigh et al., 2010; Rolls et al., 201Phe primary research question we have attempted to answer
wi t h t hi Whatrae tfhéongtermistatusiand trend conditions we see acrosestoary and how

can we use these data to address the uncertainties brought forth by the ERTG anabatimtersstoring
sustainable habitat conditions in the estuamAdditionally, this year, in FY22we transitioned our

databases into a new format to allow additional lmagde synthesis analyses for the 2023 report as well

as increasing the public accessibility of the EMP project through the use of Tableau Dashboards.

The EMP is funded by the Nibwvest Power and Conservation Council/Bonneville Power Administration
(NPCC/BPA) and a primary goal for the action agengies the BPA and US Army Corps of Engineers)

is to collect key information on ecological conditions for a range of habitats asttievtthe habitats in the
lower riveraremeeting the needs of outmigrating juvenilarsahids for growth and survivabuch data
provide information toward implementation of the 2008 Federal Columbia River Power System (FCRPS)
Biological Opinion (BiOp; NMFS 2008). Specifically, NPCC/BPA funding for this program focuses on
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addressing BPAG6s Columbia Estuary Ecosystem Resto
opportunity, capacity and realized function for aquatic organisms, specifically salmonids

The EMP addresses Action 28 of the Estuary Partnership Comprehensive Conservation and Management
Plan; Reasonable and Prudent Alternatives (RPAs) 161, 163, and 198 of the 2000 Biological Opinion for
the Federal Columbia River Power System; and RPAS®&0, and 61 of the 2008 Biological Opinion.

The Estuary Partnership implements the EMP by engaging regional experts at-BattditeNorthwest

National Laboratory (PNNL), National Oceanic and Atmospheric Administration National Marine

Fisheries Serce (NOAA-Fisheries)Estuary Technical Group (ETG), University of Washington (UW),

and Oregon Healt& ScienceUniversity (OHSU).

1.2 Study Area

The | ower Columbia River and estuary ilytheesi gnat e
EnvironmentaProtection Agency (EPA3nd as such, it is part of the National Estuary Program (NEP)
established in Section 320 of the Clean Water Act. The EMP aredyencompasses that of the NEP

(a.k.a., the Estuary Partnership), including all tidally influence@msaextending from the mouth of the

Columbia River at river kilometer (rkm) 0 to Bonneville Dam at rkm 235 (tidal influence is defined as

historical tidal influence, relative to dam construction in the 1930s). The Estuary Partnership and

monitoring partnes collect data fothe EMP fromhabitats supporting juvenile salmonids, in tidally

influenced shallow water emergent wetlands connected to the Columbia River.

The Estuary Partnership and monitoring partners use asoalgd stratification sampling dgsifor

sampling the emergent wetland component of the EMP based on the Columbia River Estuary Ecosystem
Classification (Classification). The Classification, a ®BESed data set, is a gigr hierarchical

framework that delineates the diverse ecosysterdsamponent habitats across different scales in the

lower river. The primary purpose of the Classification is to enable management planning and systematic
monitoring of diverse ecosystem attributes. The Classification also provides a utilitarian frafeework
understanding the underlying ecosystem processes that create the dynamic structlwever thesr. As

such, it aims to provide the broader community of scientists and managers with a larger scale perspective
in order to better study, manage, aastordower riverecosystems. The EMP sampling design has been
organized according to Level 3 of the Classification, which dividekother riverinto eight major
hydrogeomorphic reachekigurel).

More recently, subsequentttee development of the sampling design, data collected as part of the EMP
andother studies (Borde et al. 2011; Borde et al. 20ib2e been used to definediemergent marsh

(EM) zones based on spatial variation of the hydrologic regime and vegetation patterns observed in the
lower river(Jay et al. 208). Vegetation species assemblages vary temporally and spatidllgre

broadly grouped into categories,Ei¥ zones, Bsed on vegetatiatover and species richneg&M zones
areused here to evaluate vegetation patterns within the tidal wetlandslofvereriver because they are
more representative of vegetation patterns than hydrogeomorphic reach. Thewodaries are meant

to be broad, and variation of the zone boundaries is observed between years. The following river
kilometers are currently used to delineate the zones:

EM Zone River Kilometer (rkm)
1 071 39
2 3971 88
3 8971 136
4 1377 181
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Figure 1. Lower Columbia River and estuary with hydrogeomorph|c reaches (AH) speC| ied by color
(Simenstad et al. 2011) and wetland zones-8) delineated by white lines (Jay et al. 2016). The 2DEMP
trends sites are shown in orange.

1.3 Characterization dEmergenWetlands in thd.ower Columbia River

1.3.1 Sampling Effort, 2008022

The objective of the EMP is to characterize habitat structure and function of estuarine and tidal freshwater
habitats within the lower riven order to track ecosystem condition over time, determine ecological
variability in these habitats, and provide a better understanding of ecosystem furtotidMPis

largely focused on characterizing relatively undistartidally-influenced emergent wetlands that provide
important rearing habitat for juvenile salmonids, which also serve as reference sites for restoration
actions.The Estuary Partnership and its monitoring partners have focused on providing an invientory o
sal mon habitats (or fistatuso) across the | ower ri
assessing inter ann uBetween 2005iardi2012, thteg/to fouostatusisitesima d s 0 )
previously unsampled river reatds denoted ithe Classification described abovedre selected for

sampling each year, along witihgoingsampling of a growing number of trends sit€alfle1). Snce

2007, we have conducted-tmrated monitoring of habitat structure, fish, fish prey, and basic water

guality metrics at multiple emergent wetland sites throughouother river.in 2011, the Estuary

Partnership added foadeb and abiotic condition&e., conditions influencing productivity such as
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temperatureturbidity, dissolved oxygen, nutrients) sampling and analysis in both the mainstem Columbia
River andat thetrendsites

In 2013 the EMP sampling schem&s adjustetb no longer include data collection at status sites and
monitoring efforts focused solely on the six trends sibg.six trends site selected based on EM Zones
were llwaco Slough (201R021), Secret River (2012016), Welch Island (201R021), Whitedsland
(20092021, Campbell Slough in the Ridgefield National Wildlife Refuge (@021, andFranz Lake
(20082009, 20112021). Habitat and hydrology dat@erecollected aCunningham Lakéin addition to
the trends sitegsareference sitéor habitda and hydrology representative of Reach F sites because
vegetatiorhas been periodically tramplég livestock at Campbell Slough in past ye&ampling efforts
was discontinued in Secret River from 20Béginning in 2018, Steamboat Slough, an Action
Effectiveness Monitoring and Research site, was included in the habitat biomass data collection efforts to
aid in the applied interpretation of these d&ehjvartzet al. 2019)Methods from the protocol Lower
Columbia River Habitat Status and Trends (vIDO35) were used to monitor the status and trends of
specified metrics.

Activities Performed, Year7lContract (October 1, 207 September @, 2®2):

1 Salmonid occurrencepmmunitycomposition, growth, conditiorliet, prey availabilityand

residency

Habitat structure, including physical, biological and chemical properties of habitats

Food web characteristics, includitite primaryand seondary production of shallow water

habitats and in the mainstem lower river and,

1 Biogeochemistry of tidal freshwater region of the lower river for comparison to the
biogeochemistry of the estuakgy for assessing hypoxia, ocean acidificatiandclimate
change impacts.

T
T
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Table 1. Summary of sampling effort by site and yeas) conducted atEMP sampling sites.Bold text indicates thatdata were collectedin 2022.
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A Trend llwaco Slough BBM 20112022 20112013 20112013 20152022 | 20112013
20152022 20152022
B Trend Secret River SRM 2008, 20122016 | 2012, 2013 2012, 2013
Tributary | Grays River, lower - 2015 2015
Trend Welch Island WI2 20122022 20122022 2014 20192022 20122022
C Status Ryan Island RIM 2009 2009
Status Lord-Walker Island 1 | LI1 2009 2009
Status Lord-Walker Island 2 | LI2 2009
Trend Whites Island WHC 20092022 20092022 2009, 20112022 20112022
Status Jackson Island JIC 2010 2010
Status Wallace Island WIC 2010 2010
Status Bradwood Landing BSM 2010
D Status Cottonwood Island 2005
Cl2
smallslough
Status Cottonwood Island 2005
Cl1
large slough
Status Dibble Slough DSC 2005 2005
E Status Sandy Island 1, 2 SI1,SI2 | 2007 2007
Status Deer Island DIC 2011 2011
Status Martin Island MIM 2007
Status Goat Island GIC 2011 2011
Status Burke Island BIM 2011 2011
Tributary | Lower Lewis River - 2015
Status Lewis River Mouth NNI 2007
F Status Sauvie Cove SSC 2005
Status Hogan Ranch HR 2005
Trend Cunningham Lake CLM 20052022 2007%2009
Trend Campbell Slough Cs1 20052022 20072022 20082022 20162022
G Status Water Resources 2006
WRC
Center
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Status McGuire Island MIC 2006
Status Old Channel Sandy 2006 2006
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River
Status Chattamlsland CIC 2006
Status Government/Lemon 2012 2012 2012
GOM
Island
Status Reed Island RI2 2012 2012 2012
Status Washougal Wetland OWR 2012 2012 2012
Trend RM122 - 20122022
H Trend Franz Lake (slough) FLM 20082009, 20082009, 20112022 20112022
20112022 20112022
Status Sand Island SIM 2008 2008 2008
Status Beacon Rock 2008 2008
Status Hardy Slough HC 2008 2008

1 Vegetation biomass dateere not collectedt any EMP sites in 2014. Only the four upstream trendswsées sampledor biomass in 2015.

2 Site sampled as part of the Reference Site Study; thus, only vegetation and habitatelatidlected

3Lord-Walker Island 2 was sampled by the EMRonjunction with the Reference Site Study; thus, only vegetation and habitatedateollected
4Phytoplankton and zooplartt only sampled from 201112019

SFish prey datavere not collectefbr juvenile Chinook salmon diet and prey availability analyses in 2024020

22



1.3.2 Site Description

In 2022 the EMP focused primarilgn thefive trends sites thatere monitoredvermultiple years

llwaco Slough, Welch Island, Whites Island, Campbell Slough, and Franz Lake SHalmtat and
hydrology datavere collectedt allfive trends sites plus Cunningham Lake, which is typicsdimpled

for habitat and hydrology metries a control sitsincelivestock grazing activities occasionally occur at
Campbell SloughTablel). Coordnates for trends sites sampled in 2@2€ listedn Table2. The 2@2
trendsmonitaring sites are described in order below, starting at the moukie éolumbisRiver and

moving uprivertowards Bonneville DamA{gurel). Maps of the sites, including vegetation communities,
are provided ilAppendixA and photo points from all sampling years providedn Appendix B.

Ilwaco Slough This siteis locatedn Reach A, EM Zone &t river kilometer km) 6, southivestof the
entrance of llwaco harbor, in Baker Bay, WiHe property is currently owned by Washington
Department of Natural Resourc@e site has developed in thast century as the bay filled in, likely
due to changes in circulation fraime constructiorof the jetties at the mouth of the Columbia River, the
placement of dredge material islands at the mouth of the bay, and changes in river flows. llwaco Slough
maishis dominateby | us h f i el d sCamxlyngbygiwghbhighiersportiorsaarupied by
tufted hairgrasgDeschampsiaespitosaand cattail Typha angustifolia Being so close to the mouth of
the Columbia River, the tidal channglregularly inundatedith brackish watergveragesalinity <10
Practical Salinity Unit§PSU), however salinity up to 20 PSU occur in the late sunrSelected as a
long-term moniteing site in 2011, llwaco Slough was sampleddll EMP metrics every year except
2014 when only habitat and hydrologsre monitored

Welch Island. The monitoring site on Welch Islamsllocatedn Reach B, EM Zone &n the northwest

(downstream) cormeof the island atkm 53, which is part of the Lewis and Clark National Wildlife

Refuge. The island was present on historicatlag@ 0 0 6 s maps; however, the isl:
then andwetland vegetation has developed where there was previoustyader near the location of

the study site. The site is a high marsh dominate@.byngbyej but with diverse species assemblage and

a scattering of willow trees. Small tidal channels grade up to low marsh depressions within the higher

marsh plain. Thareawas selecteds a longterm monitoring site in 2012; two other areas of the island

were monitored as part of the Reference Sites Study in 2008 and 2009 (Borde et al. 2011).

Whites Island. The Whites Island site Reach C, EM Zone Bcated on CuOff Slough at the southern
(upstream) end of Puget Island, near Cathlamet, Washingtkm &2. A portion of the islant owned

by Washington Department of Fish and Wildlife (WDFW) @chaintainedhs Columbia whiteailed

deer habitat. Whites Islandi®t present on historical maps from the 1880sveawsllikely createdrom
dredge material placemerithe siteis locatedat the confluence of a large tidal channel and an extensive
slough system, approximately 0.2 km from an outlet to Cathlamet Channelydip according to

historic photos, this outlet was not presenior to 2006andthe connection to the river mainstem was
approximately 0.7 km from the monitoring site. The steharacterizetly high marshsome willows,
scattered large wood, andmerous small tidal channelshis longterm monitoring site has been
surveyed annually since 2009

Cunningham Lake. Cunningham Lake is a floodplain lake locatedrkeach F, EM Zone dtrkm 1450n
Sauvie Island in the Oregon BFWildlife Area. The site is a fringing emergent marsh at the upper extent
of the extr e mdigue2fsamdattheend offiCurmikgbain Slough, which rdeem
approximately 8.7 km from Multnomah Channel (a side channel of the Columbia River). The mouth of
the Sloughis locatedbetweerrkm 142 and 143 near where Multnomah Channel meets the Columbia
River. This longterm monitoring site has besampled exclsively for habitat and hydrology data
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annually since2005.In someyears he Al ak e 0 wapato(Sapittaeia laiflia) vinoweverin

all years since 2005, this cover has been sparse existentuntil 2016 when cover increased once

again In 2017 Cunningham Lake was heavily grazed by cattle. In 2018, greater efforts were made to keep
the cattle out; however, some grazing stilhiboued at a lesser extent through 2022 and is expected to
continue.

Campbell Slough.The Campbell Slough site locatedn Reach F, EM Zone dtrkm 1490n the

Ridgefield National Wildlife Refuge in Washingtofihis longterm monitoring site has beeurgeyed

annually since 2009'he monitoring site is an emergent marsh adjacent to the slough, approximately 1.5
km from the mainstem of the Columbia River. The site grades from Wapato up to reed canariigrass.

US Fish and Wildlife Service manages the atipof reed canarygrass within the extensive refuge by
allowing cattle grazing in some areas. The site is usually fenced off from cattle except for times during
and immediately after high freshets, which can cause holes in the fencing due to high flows and
occasional woody debriExtensive grazing occurred at the site in 2QQi vegetation appeared to

recover in subsequent yeahs 2010 and 2011, slight evidenakgrazingwas again observe8ince 2012

the site has been periodically grazed and tramipyetbws, affecting primarily the upper marsh portion of

the site that is dominated by reed canarygias8017 this site was heavily impacted by cattle grazing

due to the removal of the protective fence in the previous winter (2016). In 2018 an tdactiwas

installed however it failed to keep cattle out, and the wetland was grazed during the growing season prior
to habitat monitoring. The electric fence was updated in 2019 in an attempt to prevent further grazing, but
it failed. Due to COVID19, nofence was installed in 2020 and grazing has continued to impact the site
through 2021 and is expected to continue. In 2021, a secondary area of the site, named Campbell Slough
Channel, located just across the main slough channel from the historic nmgnétaea, was established in

a region of the site where minimal grazing appears to occur.

Franz Lake. The longterm monitoring site locatedd Reach H, EM Zone 5, tharthestup riversiteat

rkm 221 is Franz Lake, which is part of the Pierce National Wildlife Refuge. The site has an expansive
area of emergent marsh extending 2 km from the mouth of the slough to a large, shallow ponded area.
Several beaver dams have created a series of ponddiaddeagth of the channel resulting in large areas

of shallowwater wetland with fringing banks gradually sloping to an upland ecosystem. The sample site

is located approximately 350 m from the channel mouth, spanning an area impacted by a beaver dam. The
site is primarily high marsh with scattered willow saplings, fringed by willows, ash, and cottorivaod.

beaver dam has come and gone throughout the monitoring years but remained somewhat stable between
20172020, and then was breached in 2021 impadtiadhabitat conditions. The dam was rebuilt by

beaver in the fall of 2021 and was observed in place during the winter 2022 field sampling.

Table 2. Coordinates of the trend sites sampled in 2022

Site Name Latitude Longitude
llwaco Slough 46°18.035'N 124° 2.784'W
Welch Island 45° 47.032'N 122° 45.291'W
Whites Island 45° 9.561'N 122° 20.408'W
Cunningham Lake 45° 48.448'N 122° 48.285'W
Campbell Slough 45° 47.032'N 122° 45.291'W
Franz Lake 45° 36.035'N 122° 6.184'W
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a) llwaco Slough

/

lode Mo o . - ’ s

f) Franz Lake Slough
Figure 2. Ecosystem Monitoring sites sampled ifphotos taken in 2016): (a) llwacdlough; (b) Welch Island;
(c) Whites Island; (d) Cunningham Lake; (€) Campbell Slough; ) Franz Lake Slough Updated site photos
were unavailable at the time this reportwas compiled UAV images from 20192022 are available upon
request and within the tadeau dashboards

25



1.3.3 Water Year

River flows in the Columbia and its tributaries are influenced by a combinatiomiiranowpackand
pluvial flows driven by rainfall. High snowpack arises from cold and wet winters, while low snowpack
arises from dryonditions throughout the winter, which can be either warm or cold. The timing of
precipitation and whether it falls as snow or rain influences the timing and magnitude of the spring
freshet. Typically, the freshet begins in late April/early May and stsrsito June. After that, the summer
period tends to be dry and river flows are low between June and October.

This section has been updated to include 2022 in the Tableau Dashboard with interactive figures.
Compared to the previous nine yedfg(re3), discharge at Bonneville Dam during the freshet in 2022
was most similar to those seen in 2011, however
as tlose conditions observed in 2011. There were periods in 2022 where flows were quite low; river flows
from February, April, and late September were some of the lowest on record; however, the onset of the
spring freshet in June peaked at a redmehking rag¢ (based on the historic data back to 2009), for a

short duration. In contrast, flows in 2021 were extremely low and 2020 were more inline witerong
average conditions.

River discharge at Beaver Army Terminal

Avg. Daily Discharge at BAT (m3/s)

Figure 3. Daily average discharge volume (in rhs?) in blue for the years2011, 2020, 2021, 202Each panel
represents one year (Jafi Dec). Also shown in each plot is the maximum and minimum daily average flows
for all years combined If the yearsline matches either the minimum or maximum, those are th values that
constitute the lowest or highest, respectively, in the time series.

Based orFigure3 an NMDS plot of differences in river discharge and river temp éetvwyears,

hydrologic conditions or cumulative discharge of the Mainstem since 2010 were classified into four
categoriesTable3). The results presented in this reguate compared the evolution of abiotic and biotic
conditions over the monitoring years and differentiated the results between the tabulated categories. Any
additional or modified freshet categories have been included in respectisecians.
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Table 3: Classification of Monitoring years according to cumulative river discharge during the spring freshet

between 20162022

CIIEINTE (R0 River Temperature?
Year Discharge (n¥ x 10'°) for P Classification
Mav i Aud? (days)
ay i Aug
2022 7.7 55 Mid/Wet
2021 5.4 73 Very dry
2020 7.5 50 Mid
2019 5.9 85 Dry
2018 7.8 79 Mid/wet
2017 8.7 78 Wet
2016 5.5 85 Dry
2015 4.7 102 Very dry
2014 7.3 86 Mid
2013 6.7 84 Mid
2012 9.2 59 Wet
2011 104 59 Wet
2010 6.3 47 Mid

IRiver temperature: Number of daysdays that the river temp was >19C May i Sep

2Freshet: cumulative river discharge (n¥x 10'°) forMay i Aug. Al so referred to

this report

1.4 Report Organization

We have divided this report into six sections, excluding References and Appendices. In section 2, we
describe methods used to collect data from the mainstem arsphaddic abiotic and biotic aspects.

as

Methods of analysis are also described in this secBectior3 presents results of the 2022 monitoring
effort. We begin by describing abiotic and nutrient characteristics of the mainstem, and then move onto

site-specific abiotic conditions. We then report on sipecific hydrological patterns, sediment dynamics,

AiFres

habitat structure, and channel morphology. We then move on to food web dynamics at the trend sites,

reporting on primary and secondary productivities, glamlassemblages, as well as isotope analyses of

carbon and nitrogen for vegetation and plankton. Stable isotope ratios for salmon prey and whole body

salmon have also been presented in this report. S&balescribes prey availability for 2021 and
Section3.6reports out on Juvenile Chinook community and genetic stock comnopdgit 2022 at the

trend sites. GLM models have been used to study the influences of environmental variables and genetic

stocks on growth rates in juvenile salmon. Salmon health were determined by lipid content in body

samples. Due to a lack of signifidatifferences between freshet conditiomalfle3), salmon community

composition, influence on growth rates or health, and CGMDab closures, no results have been

included for this aspect in this report. Based on the overall results, trends observed over the years have
been discussed in Sectidnin order to inform restorativactions in the study area, Adaptive
Management measures have been provided in Section 5.

1.5 Data Visualization and Reporting

Our mission to enhance data visualization, accessibility, and reporting for the Columbia Estuary
Ecosystem Restoration Program (CEERP) has guided our transition to Tableau, an interactive and user

friendly data visualization software. Capable of processnmmarizing, and displaying both geospatial
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and nongeospatial data, this robust tool has become an integral part of our efforts in salmon habitat
monitoring in the Lower Columbia River Estuary.

The move to Tableau aligns with the objectives of the y&tem Monitoring Program (EMP). It offers a
platform for data exploration, empowering researchers to delve deeper into the data, and providing our
target audience with an engaging, editaven narrative.

Tableau Desktop, in particular, has proven indispbte for our needs, facilitating the storage and

guerying of extensive data from the EMP and the CEERP Action Effectiveness Monitoring and Research
Program (AEMR) in a usdriendly manner. Its compatibility with other languages like SQL, Python, and
R, even without advanced coding knowledge, enables complex queries and analyses. The collaborative
functionality of Tableau further strengthens our approach, allowing multiple researchers to connect,
analyze, and contribute to the same datasets seamlessly.

In our efforts to effectively transition to Tableau, we have taken strategic steps to format and clean our
salmon habitat monitoring data for compatibility. We're also refining best practices for crafting dynamic
visualizations and dashboards, and workingaboratively with project partners and stakeholders to
design customized dashboards and reports.

Our hybrid reporting approach takes advantage of Tableau's ability to manage a variety of datasets,
encompassing hydrology, vegetation, sediment accretionednalysis, macroinvertebrates, and fish.

We have publicly disseminated these datasets and their corresponding analyses in the form of interactive
Tableau dashboards designed to supplement our reports. Our inaugural hybrid Tableau report for the
AEMR Program was published in 2022 and is accessible online.

This 2023report signifies the first step in our ongoing initiative to integrate the EMP report and program
onto the Tableau platform. As we advance with this integration across our réseanshour ultimate

goal is to have the data linked and ready for synthesis analyses across all our EMP research partners by
summer 2024.

These dashboards offer stakeholders and other interested parties an immersive way to visualize and self
explore the eolution of restoration sites from praonitoring to their current states. They also render
these results more accessible and comprehensible to a broader audience.

For a more interactive experience, the layout of the Methods and Results sections haseerto be

directly accessible in Tabledlink). For static results, refer to the appendig#ease note that these static
results are preliminary as of the writing of this report and the user should check the active link for updates
and correctionsThe methodologies for the EMP an&MR have now been integrated into a separate,
continuously updated document, available alongside our other resources on MonitoringMethods.org. You
can access this document héfeld et d. 2023

2 Methods

Methods for the Ecosystem Monitoring Program and the Action Effectiveness Monitoring Program have
now been integrated into a separate living document in addition to beingkvaia
MonitoringMethodsorg
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https://public.tableau.com/views/EMPOverviewDashboard-2023/WelcometotheEcosystemMonitoringProgramOverviewDashboard?:language=en-US&:display_count=n&:origin=viz_share_link
https://www.estuarypartnership.org/our-work/monitoring

Kidd, S., I. Edgar, S. Rao, and A. Silva (Eds.). 2023. Protocols for Monitoring Juvenile Salmonid
Habitats in the Lower Columbia River Estuary. Portland, Oregon: Lower Columbia Estuary Partnership.
https://www.estuarypartnership.org/enork/monitoring

Visit the tableau dashboards for additional contéxk) and data availability. The methods below hold
true for all data collected prior to 2022.

2.1 Mainstem ©nditions

2.1.1 Overview

There ar@wo in-situ water quality monitoring platforms in the mainstem Columbia River that provide
baseline water quality measurements in support of the Ecosystem Monitoring Program. The first platform,
funded by the National Science Foundation, was installed in July 2&Ri9eatMile 53 (in Reach C) and

is physically located on a USGS Dolphin piling (46 11.070 N, 123 11.24&6\ire4). A second

platform, funded by the Ecosystem Momitgy Program, was installed in August 2012 at River Mile 122
(in Reach G) and is physically located on the eutest floating dock at the Port of Cam&&shougal

(45 34.618 N, 122 22.783 \Wigure4). The monitoring protocol cae foundon monitoringmethods.org
(Protocoal ID 459. Each instrument platforronsists of a physical structure, sensors, sensor control,
power supply and distribution, and wireless communication. Data transmitted from the sensors is
available within 12 hours of collection. Raw data can be downloaded inregitime from a dedited
webpagelfttp://columbia.loboviz.con)/anddata that have been examined for quality assurance is
available upon requéstn addition to apturingspatial and temporal restion of basic water quality and
biogeochemical observations for the mainstem Columbia Rineputcome of this effort is to provide

daily estimates of parametarscessaryor the assesment ofecosystem conditioret sites upstream and
downstream of the Willameti€olumbia confluence. Knowledge of daily conditions at these sites allows
the identification of contributions from lower river tributari@sailability of these data enables the
calculation of fluxes ofarious inorgani@andorganic componentsuch as nitrateoncentratioror
chlorophyll, and an estimate phytoplankton biomass. Knowledge of nutrients and organic matter flux
for a large river is important for a variety of applications, includingsssset of pollution, anindication

of eutrophication, and quantification wfaterialloading to the coastal zone, where many important
ecological processes may be affectedotherproduct is the assessment of Net Ecosystem Metabolism
(NEM), which provides aally measure of the gross primary production and aerobic respiration occurring
in the river as measured by hourly changes in dissolved oxig.is often used by managers to

identify changes or impairments to water quality (Caffrey 2004).
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https://www.estuarypartnership.org/our-work/monitoring
https://public.tableau.com/app/profile/ecosystem.monitoring.program/viz/LowerColumbiaRiverEstuaryEcosystemMonitoringProgramOverviewDashboard/WelcometotheEcosystemMonitoringProgramOverviewDashboard#1
https://www.monitoringresources.org/Document/Protocol/Details/459
http://columbia.loboviz.com/
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Figure 4. Station locations for the twoin-situ water quality monitoring platforms in the mainstem Columbia
River that support the Ecosystem Monitoring Program.RM-53 (river mile 53) is Beaver Army Terminal,
while RM-122 (river mile 122)is locatedin Camas, WA.

2.1.2 Operation of RML.22 Platform at Port of Cam&¢ashougal

Water quality was measured by a YSI sonde equipped with temperature and dissolved oxygen (DO)
sensors at the Port of Carid&shougal (RML22). At Beaver Army TerminaRM-53) the platform is a
LOBO (LandOceanBiogeochemicalDbservatory) equipped with temperature sensors. These data
provide information about conditions in the Columbia River mainstem for comparison with-the off
channel, EMP sites both upstream (REPR) aml downstream (RM3) of the WillametteColumbia
confluence.

2.1.3 Sensor Configuration

Instruments and sensatsployed at Camaare describeth Table4. Sensors are configured to collect a
sample every hour

Table 4. Description of the components on the LOBO sensor platforms located at Ri83 and RM-122. Note
that the LOBO system was deployed from January through June; aftethis, the system consisted of a YSI
sonde equipped with temperature, conductivity, and dissolved oxygen.

Company Sensor Parameters
SeaBird (formerlySatlantig LOBO

Power distribution
Sensor control

Wireless communication
Data management
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SeaBird(formerly WET WQM Water  Conductivity, Temperature, Dissolved
Labs) Quality Monitor  Oxygen,Turbidity, Chlorophylla Concentration

2.1.4 Sensor Maintenance

The sensors are designed to operate autonomously, at high temporal resolution (hourly), and over long
periods between maintenance (estimated at three months, although aemgguially maintainedt

shorter intervals)Thisis achievedhrough a desigthat maximizes power usage and minimizes

biofouling. Antifoulingis achievedhrough the usef sunlight shielding (to prevent algae growth),

window wipers, copper instrument surfaces, and bleach injection of the internal pumping chamber.
Maintenance trip include cleaning of all sensors and surfaces and performing any other needed
maintenance. Additionally, water sampéae collectedor laboratory analysis of nutrients and

chlorophylla. Maintenance activitie®ok place approximately every three wewkerder tochange the
batteries, clean and calibrate the instrumetdsnload dataand make any necessary adjustments.

2.1.5 Quality Control

Initial sensor calibration was performed by the manufacti@ech instrumeris suppliedwith a

certificate of calibration, and where appropriate, instructions for recalibration. For example, the Seabird
SUNA for nitrate measurements operates with a calibration file determined at the factory under strictly
controlled environmental conditiotsit which carbe periodically checkeand modified for sensor drift

by performing a Ablankod measurement at our OHSU
(every 1 2 years) the sensors are returned to the factory for maintenance andataoalibr

During periodic sensor maintenance, samphescollectedor additional quality control criteria. At RM

53, nutrientsandchlorophylla samplesare returned tthe laboratory aDHSU and analyzed using
established laboratory techniqueaboratoy-based hlorophylla measurements are used to correct the

in situfluorometer measuremeniBhe discrée samples and the corresponding sensor data for nitrate and
chlorophylla are shownn Table5.

Table 5. Comparison of in situ data with laboratory measurements of water samples.

Location/Parameter/# measurements Regression equation
RM-122/Nitrate/46 Y =0.95x +1 = 0.99
RM-122/Chl/13 Y =0.8x+17#=0.93

2.2 AbioticSte Conditions

2.2.1 Continuous Water Qualityaia (Temperature, DO, pH, Conductivity)

Water qualitycontinues to beontinuously monitoredtfive trends sites, llwac8lough, Welch Island,
Whites Island, Campbell Slough, alRchnz Lake Table6). The monitoring protocol calpe foundon
monitoringmethods.orgethod ID 81§. Figure5 shows how the sensors were deployed to ensure ready
access for servicingnd data downloadmdFigure6 shows the periods of deployment of in situ sensors
between 208-2021

Table 6. Locations of water quality monitors (YSI sondes) at trends siteDeployment periods for sensors at
each of the sites is shown iRigure 6
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https://www.monitoringresources.org/Document/Method/Details/816

Site name* USGS site number Site name* Reach Latitude Longitude

llwaco Slough A 46A 18¢ -124A 02
Unnamed Slough, Welcl
Welch Island 461518123285700 Island, Columbia River, B 46A 15" -123° 28'56.8"
OR

Birnie Sl ol
Whites Island 460939123201600 Island, Columbia River, C 46A3®H9¢ -123A1620
WA

Ridgefield NWR,
Campbell Slough ~ 454705122451400  Campbell Slough, Roth F 45A087¢ -122A154%5
Unit, WA
Franz Lake Slough
Franz Lake 453604122060000 Entrance, Columbia H 45° 36'04" -1 22 Aoo® 6
River, WA
*Site names used in this report differ from official USGS site names to be consistent with site names used by other
EMP partners.

Figure 5. Imagesare showing deployment of water quality monitors (YSI sondes) at study sites.

The water quality monitors weiellow Springs InstrumentsySl) models 6600EDS and 6920V2,

equipped with water temperature, specific conductance, pH, and dissolved oxygenipratiéision

YSI EXO2 units equipped with fluorometeereinstalledat Campbell Slough and Franz Lake Slough.
Addition of a fluorometer pnddes a capability to detect and monitor chlorophyll and phycocyanin,
pigments thaapproximags the biomass of total phytoplankton and cyanobacteria, respecinaddie7

provides information on the accuracy and effective ranges for each of the probes. The deployment period
for the monitors was set to characterize water quality at the trend sites duljingethile salmonid

migration period Themonitorsare generallyleployed frommid-Marchthroughmid-SeptemberTable
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7). Data gaps reflect issues in data acquisition, which were unfortunately not caught early due to travel
limitations associated with the covi® pandemicln this report, given that the majority of the trends

sitesare locatedvithin WashingtorState site-specific water quality data are compared to standards for
temperature, pH, and dissolved oxygen set by the Washington Department of Ecology to protect salmonid
spawning, rearing, and migration, availabl@t@b://www.ecy.wa.gov/programs/wag/swaqs/criteria.html

Note that water temperature standards set by the Washington Department of Bbobsinld of

17.5°C) are more conservative than those outlinethdynaximum proposed by Bottom et al. (2011)

used for comparisons in the mainstem conditions section of this report (Szt}ion

Table 7. Range, resolution, and accuracyf water quality monitors deployed at four trends sitesm, meters;
°C, degrees Celsius; uS/cnmicrosiemensper centimeter; mg/L, milligrams per liter.

Monitoring Metric Range Resolution Accuracy
Temperature -51 70°C 0.01°C +0.15°C
Specific conductance 0i 100,000 puS/cm 1 pS/cm +1 uS/cm
ROX optical dissolved oxygen 0i 50 mg/L 0.01 mg/L +0i 20 mg/L
pH 0i 14 units 0.01 units +0.2 units
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2.2.2 Nutrients(N, P)

Nitrogen and phosphorus atessolvednutriens that are often present at low enough concentrations to
limit plant and phytoplankton growth in aquatic environments redabvother growth requirements.
Conversely, in many water bodies, high levels of these nutrients arise from fertilizer and attsgr inp
which leads to the impairment of water quality following the stimulation of algal and bacterial gfawth.
analyze water column nutrient concentratidn® 1 L water grab samples were collected from
representativepen wateareas within the sites drsubsampleteforeprocessing. Three fractiomgere
determinedrom the subsamples: (1) dissolved inorganic species of nitrogen and phosphorus (nitrate,
nitrite, ortho-phosphatgammonium), (2) total dissolved nitrogen and phosphorus (TDN, TDP), and (3)
total nitrogen and phosphorus (TN, TP). Nitrate+nititelorthophosphateere determinedccording to
EPA standard methods (EPA 1983a), ammonitan determinedolorimetrically (APHA 1998), and

total phosphorus/eredetermined according to USGS (1989). Detection limits for each ion or speeies
givenin Table8. The dates corresponding to sample collecti@ndiscusseith Section2.4.1.2 The
monitoring protocol cabe foundon monitoringmethods.ord/ethod 1D 159).

Table 8. Detection limits for colorimetric analysis of nitrogen and phosphorus species. TDN = total dissolved
nitro gen, TN = total nitrogen, TDP = total dissolved phosphorus, TP = total phosphorus.

lon or element Detection limit (mg/L)
Ammonium 0.00280134

Nitrate + Nitrite 0.00700335

Nitrite 0.00140067

TDN 0.01540737

TN 0.1960938
Phosphate 0.00619476

TDP 0.00619476

TP 0.9601878

Silicic acid 0.0280855

2.3 Habitat Structure

LCEP and ETQollected field data on vegetation and habitat conditions aixhieends sitesHigurel).
Monitoring datesare providedn Table9, anddetailed maps of the monitoring sita® presenteih
AppendixA.

Table 9. Site location and sampling dates for each sitsampledin 2021. All habitat and hydrology metrics
were sampledat these sites except as otherwise noted.
River

Site Name c;s(;t;e kilometer Site Type Sagwa;?[gng
(rkm)
llwaco Slough Baker Bay BBM 6 Trend
Welch Island wi2 53 Trend
Whites Island WHC 72 Trend
Cunningham Lake CLM 145 Trend
Campbell Slough Cs1 149 Trend
Franz Lake FLM 221 Trend
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2.3.1 HabitatMetrics Monitored

The habitat metrics in this study were monitored using standard monitoring protocols developed for the
lower Columbia Rive{Roegner et al. 2009\ onitoring efforts continue to béocusedon vegetation

cover, elevation hydrology, sediment accretipandthe quantification of vegetative biomass production

and breakdowrThese metrics have been determined to represent important structural components, which
can beusedto asses$abitat function The rationale for choosing these metrgcdiscussethelow.

Elevation, hydrology, and substrate are the primary factors that control wetland vegetation composition,
abundance, and cover. Knowing the elevation, soil, and hydrology required by natiwestidnd

vegetation is critical to designing and evaluating the effectiveness of restoration projects (Kentula et al.
1992). In the lowest part of the estuary, salinity is also an important factor determining vegetation
composition and distributioedment accretion is important for maintaining wetland elevation.
Accretion rates can vary substantially between natural and restored systems (Diefenderfer et al. 2008
Borde et al., 2012})herefore, baseline information on rates is importantificlerstandinghe potential
evoluion of a site. Evaluating vegetative composition and species tmieateshe condition of the

site Vegetation composition is important fitre production of organic matter (released to the river in the
form of macrodetritus), food web support, habita many fish and wildlife species including salmon,

and contributions to the biodiversity of the Columbia River estuarine ecosystem. Likewise, vegetative
biomass is being collected at the trenites to begin to quantify the contribution of organictararom

these wetlands to the ecosystem.

Assessment of channel cross sections and channel networks provides information on the potential for
many important estuarine functions including fish access habitat opportunitySimenstad and Cordell
2000)and export of prey, organic matter, and nutrients. This information is also necessary to develop the
relationship between channel cragstional dimensions and marsh size, which aids in understanding the
channel dimensions necessary for a-s@intainirg restored area (Diefenderfer and Montgomery 2009).

2.3.2 Annual Monitoring

The monitoring frequency for the habitat metrics depends on the variability of the metric between years.
The composition, cover, and elevation of vegetation have been moratoradly since 2005Plant

species composition and cover can vary substantially from year to year, depending on climate and related
water level differences. Beginning 2009, we also measured channel cross sections, water surface
elevation, and sediment accretiatesBeginning in 201 Plant biomassvas collectedt the trendsites,
excluding Cunningham Lakennually In 2015, lomasswas collectedt the four upstream sites,

including Cunningham Lak® maximize collection at sites with reed canarygrassiment samples

were collected once from each site to characterize sediment grain size and total organic coatent, but

not repeatedly collected

Similarly, vegetation community mapping methods were used to chazadtes landscape at the site.
After repeated mapping at each site, we determined that-targle changes were not occurring between
years; therefore, this effort is no longer repeated during annual monitoring atsitesdinless
vegetation changese observed.ow inter-annual variabilityof channel morphology at the tresgites
hasbeen observeih prior sampling yearsThusonly thecrosssectionat the channel mouth was
measured in 201%hoto pointsvere also designated each site from which photographs were taken to
document the 36@egree view each yed@eginning in 2019, UAV photography began being used,
generating high accuracy talmwn orthomosaics of each site.
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2.3.2.1 Hydrology

Continuous water level data is collectathually at all the trends site®ccasionally ensor failure or

loss occurredhowever the sensors have been downloaded and redeployed every year since the initial
deployment fothecollectionof a nearly continuous datagé&trror! Reference source not found). The

sensors were surveyed for elevation so that depth data could be converted to water surface elevation and
evaluated against wetland elevations. The mn&ieface elevation data was used to calculate the following
annual hydrologic metrics for each site:

Mean water level (MWL) the average water level over the entire year

Mean lower low water (MLLW) the average daily lowestater levelthis may shifslightly

with different annual deployment elevations of the data logger)

1 Mean higher high water (MHHW) the average daily highest water level

1 Annual water level rangethe average difference between the daily high and low water levels
1 Annualmaximum water level the maximum water level reached during the year

1
1

The monitoring protocol calme foundon monitoringmethods.orgviethod 1D: 3982.

2.3.2.2 Sediment Accretion Rate

At each sitdbeginning in 2008PVC stakesvereplacedone meter apagnddriven into the sedimennd

leveled. The distance from the plane at the top of the stakes to the sediment surface is measured as
accurately as possible every 10 cm alongotieemeterdistance. The stakavere measured at

deployment then subsequently on an annual badditional stakes were deployed in Whites island in
2012.New stakes were deployed at four of the five trend sites in 2015 to measure accretion at additional
elevations within site. A new set of PVC stakes were installed at Campbell Slough at a lower elevation in
2019, across the slough at Campbell Slough in 2021, and at Cunningham Lake in 2020 due to previous
stakes going missin@.he stakes, termed sedimentation stakes or pins, are used to determine gross annual
rates of sediment accretion or erosion (Roegner. 2080).

The accretion or erosion rate is calculated by averaging the 11 measurgomgtheonemeter

distancerom each year and comparing the differemde t h  p a st .yeaadcrétion oaerosiona g e
rates were plotted against marsh elevation@RD) to test the hypothesis that high accretion is observed

at lower marsh elevations. The accretion or erosion rates were also regressed against annual cumulative
discharge from the mainstem over the monitoring period. The monitoring protodmt ¢amdon
monitoringmethods.orgMethod 1D 818§.

2.3.2.3 Salinity

In order tobetter assess the influence of salinity on habitat, a conductivity dmger|Onset Computer
Corporationwas deployedt the llwaco Slough site in August of 2011. The data logger records
conductivity and temperature within the slough and derives salinity from those two measurements based
on the Practical Salinity Scale of B{ee Dauphinee 1980 for the conversion). The monitoring protocol
canbe foundon monitoringmethods.ordg/ethod ID 819.

2.3.2.4 Vegetation Species Assemblage

The vegetation samplirgyeas at each site were selected to be near a tidal channel and to be
representative of the elevations and vegetation communities present at fhieisites easier inhie
upper portions of the studyea where the sites were generally narrowadthe entire elevation range
couldbe easily covereih the sample area. In the lower estuary, the aitelsroad and covered a larger
area, so in somgasesmultiple sample areas were surveyed if posdibleover different vegetation
communities (e.g., low marsh and high mar3ime monitoring protocol came foundon
monitoringmethods.orgMethod ID 823.
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Along each transect, vegetative percent cover was evaluatédlft @ intervals. This interval and the
transect lengtheere basedn the marsh sizend/orthe homogeneity of vegetation. At each interval on
the transect tape, a ?iquadatwas placean the substrate and percent cover was estimated by
observers in 5% increments. If two observers were collecting data, they worked together initially to
ensure their observat wearacordetyrfoar lefter codlesldt twaletterdof 6 Spec
thegenus and 1st two letters of species, with a number added if the code hadlzeradgede.g.,
LYAM is LysichitonamericanusandLYAM2 is Lycopus american(sin addition tathevegetative
cover, features such as bare ground, open water, wood, and driftwaachklso recordedVhen plant
identification could nobe determineth the field, a specimewas collectedor later identification using
taxonomic keys or manuals at the laborattfrgn accurate identificatiowas not resolvedhe plant
remained fiunidentifiedo within the database.

2.3.2.5 Elevation

Elevationhas been measured many times in previous monitoring gealidrend siteat the locations of
vegetation quadrats, water levehsor, sediment accretion stakes, and in the chahkbike elevations

change over time, the change from one year to the next is misinadjh-resolution elevation
measuremeniare notalwayscollectedeach year (e.g., elevationgre surveyeth 2016sowerenot re

surveyed in 2017)The devationis surveyed using Trimbleor TOPCONreattime kinematic (RTK)

GPS with surveygrade accuracy. All surveyingas referencetb the NAVD88 vertical datunthe
horizontalpositionwas referencetb NAD83. Datecollected from the base receiver were processed using
the automated Online Positioning User Service (OPUS) provided by the National Geodetic Survey. OPUS
provides a Root Mean Squared (RMS) value for each set of static data collected by the base receiver,
which is an estimate of error. A local surveyed benchmark was located whenever possible and measured
with the RTK to provide a comparison between the local benchmark and-@&tlv&d elevations.

Trimble Geomatics Office (TGO) software was used to pratesdata. Each survey was imported and
reviewed. Benchmark informatiomas entere¢hto TGO and rover antenna heights were corrected for

disc sink (measured at each survey point to the nearest centimeter) at each point. The survey was then
recomputed wit TGO and exported in a GIS shapefile format. Surveye visually checkedithin

TGO and GIS software for validitidistorically devationswere then converteidlom NAVDS8 to the
Columbia River Datum (CRD) based on conversions developed by the USAQblghed). Using the

CRD alleviates elevation differences associated with the increasing elevation of the river bed in the
landward direction. Sites belokm 37, the lower limit of the CRD, were converted to mean lower low
water (MLLW). Beginning in 2019NAVD88 elevations were not converted to CRD to aid in the
translation of wetland plant community and elevation results to project sponsors implementing restoration
projects throughout the river (CRD not being as accessible of a datum as NAVDS88).

Quality assurance checkgere performedn all data. Elevations from the RTK survey were entered into
anExcel spreadsheand a Tableau Workbodk correspond to the appropriate transect and quadrat
location. All elevations in this report are referencet£/D88 unless noted otherwis&€he monitoring
protocol carbe foundon monitoringmethods.ord/ethod ID 81§.

2.3.3 Analyses

2.3.3.1 Inundation

The data from the water level sensors were used to calculate inundation metrics from the marsh and
channel elevations collected aesites The percentfatime each marstvas inundateevas calculated

daily across each nTheragetagesnureldtiendailyt, as mneasuged lay dhe &verdge
numbers of hours a day (converted to a %) the water surface level is above the marsh elevation, is a
mears of comparing sites to each other and over time. This is similar to the historic sum exceedance value
(SEV) analysis; however, it is summarized by day instead of over the entire growing season (Kidd 2017).
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The average inundation daily at each site is deest on the elevation, the position along the tidal and
riverine gradient, and the seasonal and annual hydrologic conditions. The average % of the day the mean
marsh elevation is inundated for the month of Auguest calculated for all sites and yearse Thionth of

August was chosen because it is a critical time for plant development in the upper river sites, as the
freshet draws down and exposes the marsh surface.

Additionally, we have the most consistent amount of data for the month of August ahsitall years
monitored. Generally, the trends in % time inundated identified in August correlate well with average %
daily inundation for the year. Freshet conditions were also used in the hydrologic analysis; Freshet
conditions were defined as the accuative river discharge at Bonneville Dam from MAugust (n¥x

1010), this metric was developed hyNeedobat Oregon Health & Science University (OHSU)

We continue to perform a combination of the SEV analysis and the average inundatienalggis by
calculating the percent of hours during the month of august that the site was inundated at each elevation
band.

The monitoring protocol cape foundon monitoringmethods.ordg/ethod ID 953.

2.3.3.2 Vegetation Community Change Analysis

Plant species composition and productivity in tidal wetlardpondo annual variability in key

ecological processes such as hydrology, salinity, sedidyeaimics, and biological interactions. These
processes vary naturally but are also projected to change substantially with climate change. For this
reason, understanding how key characteristics and functions of wetlands change in response to these
processess important to longerm salmon recovery.

Processes such as hydrology can vary due to normakinteral climate variation that affects the amount

and form of precipitation. For example, the phases of ENSO (El Nino/Southern Oscillation) and PDO
(Pacific Decadal Oscillation) diffaregardinghe volume of precipitation received in a year, and the

relative ratio of snow to rain which affects the spring freshet. Similarly, sea level and the effects of storm
wavescan vary from year to year in response to ENSO and other climate patterns. Marsh inundation
patterns also vary as a result of the actions of bioengineers such as beavers. Grazing by cattle or other
herbivores can affect species composition and wetlamdasie productivity. Finally, species interactions

such as competition from invasive Rpative species can alter vegetation composition and wetland

function. The strength of biotic interactions is affected by environmental conditions such as inundation, so
the effects of biotic elements like invasive species can also vary from year to year.

Data Classification

To begin to evaluate the spatial and temporal variations in vegetation composition, we calculated changes
in species richness, percent cover, aldtive % cover within and among trend sites over time. Species
richness is simply the total number of plant species. Total richveessalculatedor each site and each

year, as well as average richness per plot. Percent cover is the % of the salthatfeccovered by a

plant speciesTotal plant cover for a plot may exceed 100% when plants overlap. When recording percent
cover, maintaining consistency among observers or between years can be, diffitfoit this reasonwe

use relative percent ger to compare species with each otfigre relativecover is the proportion of total
vegetative cover represented by a species or guild of species. With relative cover, the sum of all species
always adds up to 100he lativecover is a more reliable rtieod for comparing species with each

other or evaluatinghe changedn a species over time. We further segregated plant species by key
characteristics including native/nomative provenance and wetland indicator statdslitionally,

Shannon diversityH) and evennesd) indices were calculated from the relative plant cover data using

the standard methods outlined by Magurran (1988)
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Most plants were identified to the species level or finer, allowing for clear categorization as native or non
native. Howeer, occasionally at some growttagescertain plants could not be identified to species

level. A few of these taxa contaidboth native and nenative species or varieties awere classifieds

fi Mi x Bad example, at certain growstagesseveral spcies of Agrostis (bentgrass) are difficult to tell

apart and wer e | umpBmak ths genus ikgdudes Both inagive anoteatve e s

species, itvas classifiech s A M imxadcdlations involving nativevs.nanat i ve speci es, A M
taxawere includedvith the nonnative group.

Most species also have a clear wetland indicator status thbédasdentifiedn the literature. Wetland
indicator values reflect how dependent on wetland hydrology a species may be (Reed 1988). Obligate
wetland species (OBL) are those that appear in wetlands >99% of the time. FacWeitiwetland

species (FACW) are those that occur in wetland9®% of the time and occasionalye foundn non
wetland habitats. Facultative wetland species (FAC) are thasappear in wetlands about half the time
(34-66%), and in nowwetland habitats at other times. Facultative upland species (FACU) are those that
occur mostly in upland habitats and less than 34% of the time in wetland habitats, and Upland species
(UPL) are those that occur in wetlands less than 1% of the time. The relative proportion of species that
fall into those categories, and their respective percent cover, change as the environmental conditions and
biotic interactions vary. These changes can indichanges in wetland functions and valwéh respect

to salmon.

Longterm Trendsand Drivers Analysis

Long-term plant community change analysis was conducted across all active EMP sites including annual
plant community data starting in 2011 through 20&B&en applicable plant community metrics were
transformed and correlated with hydrologic conditions such as annual freshet conditions and daily
inundation, only significant @walue < 0.05) correlation and regressions were reported. Data analysis was
conducted using Microsoft Office Excel (2016), Exploratory (2017), R (2020), and Tableau (2022
present) softwares.

2.4 Food Web

2.4.1 Primary Productivity
2.4.1.1 Emergent Wetland Vegetation

2.4.1.1.1 Aboveground Vegetation Biomass, Macrodetritus, and Soil

Starting in thesummer of 2017 detritus sampling was included in the biomass sampling and analysis to
evaluate detrital production and export. In the winter of 2018 (and all sampling events to follow through
2021) biomass sampling protocols changed slightly to accommaelaital sampling and streamline data
collection Tablelo, Tabl e 11). This included shifting from
high and low marsh stratiescriptions across all sites sampled. This change has also included species
biomass weights to be recorded individually to assess spgagesic contributions to each high and low

marsh stratum (in the past mixes of species were assessed togethemgrai, these changes will allow

for a more detailed understanding of spesigscific biomass contributions and still allow for letegm

comparisons to overall site, high, and low marsh contributions.

40



Table 10: Seasonalata collection schedule Winter 201&ummer 2021. Sp= Species. Some data is still under

analysis.
SeEe Live Sp | Live Sp | Detritus | Detritus | Live Sp | Live Sp Soll Soil Bulk | Soil Grain
Cover | Weights| Lignin C:N Lignin C:N C:N Density Size
iy X X X X X
S | x| x| x| x
it X X X X X X X X X
| x| x| x|
e | x| x| [ [ x|
@0 X X X X X X
S | x| o | [ x|
oz X X X X X X
e | [ [ [ x|

Field Methods
FromSummer 2011 t&&ummer 2022aboveground biomass was sampled to estimate the primary
productivity atthreetrends sites. Samples were collected in the suni@aér or Augusk duringthe peak

biomasgeriodand agairduring the winter JanuaryFebruary or early Marchpuring the winter low

biomass periodn 2018, Spring sampling also took place in late MaFah.the emergent marsh biomass
sampling, a 1rhplot was randomly placedlong the established vegetatiomsact, but ofiset 2 m from

the transect to ensure that the biomass plots did not intersect the vegetation percent coBampiss.

was randomly sampled within distinct vegetation strata as determined by plant species dominance, to 1)
more clearly assate the samples with vegetation typad 2) reduce the variability between samples
within strata. Within the 1Abiomass plot, a 0.1fguadratwas placedn a randomly selected corner and

all rooted vegetation, live and dead, was removed using sheatssample was sortadthe fieldto

separate the primary strata species from other species and to distinguish live frquiacieacterial.

The biomass samples waakaced in uniquely numbered Isand held in a coolarntil samplesvere

transportedo the laboratoryDominant vegetation specie®re recordedlong with the corresponding
biomass sample number. Submerged aquatic vegetation (SAV) plots were sampledd@12ding
similar methodshowever due to the relatively low contribution of thétrata to the overall macrodetritus

production the collectiondid not continue in subsequent years.

Beginning in Summer 2018 at each site, we collected data and samples from at least 18 plots, nine high
marshes, and nine low marshes. Plots were lodataach a way to sample the dominant plant species
present at each site in the high and low marsh and were distributed across the site while avoiding the
permanent vegetation transects. During summer 2018, vegetation composition was assess&olan a 1m
by quantifying % cover for each species that had at least 5% cover and noting any species that was
(speci es
stems or leaves that were still attached to thesystem), the % cover of dead biomass was measured
separately from the % cover of live biomass. For species with greater than 5% cover, we recorded the
average maximum height for both live and dead biomass. The % of the plot that was covered by water
wasnoted, and its depth in cm. The % cover of bare ground and detritus was also noted. Biomass and

present
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detritus collection occurred in a 0.1subplot in one of the corners of the larger plot. For this subplot, we
noted which of t he fstelthese werexqlected fer biomass analysis.r e s e n t
Beginning in winter 2019, the field data methods were changed, and vegetation height, species cover,
water, bare ground, and detritus cover data were collected only for the smalp@tm

Beginning in Smmer 2020, due to COVHD9, we reduced the number of plots from 18 plots, 9 high
marsh and 9 low marsh plots to 10 plots, 5 high and 5 low marsh hatsiumber of plots remains
consistent at aproximantly 6 high plots and 6 low plots per site.

Biomassand DetritusCollection

In a 0.1n3, we used clippers to cut all plant biomass at the soil surface. Plant matter was cut around the
outer edge of the quadrat frame, and all material that was in or over the subplot was collected, whether or
not it was rootd in the subplot. For plants rooted in the plot, only material that was in or over the plot

was collected. The material was laid out on a plastic sheet in the field and separated by species and
according to whether it was alive or dead. Species with ceébférin the large plot were separated into
separate plastic bags for analysis, while all species that were <5% in the large plot were combined into a
single bag. All detritus within each subplot was also collected into a single plastic bag. Detritus was
defined as any organic material that was not attached to roots. Samples were stored in coolers on ice until
they returned to the lab where they were stored & €&til processing.

Beginning in Winter 2020, we began storing samples urfifeuftil procesisig due to issues with
samples molding.

Soil Collection

Soils were collected during summer 2018 at five high marsh and five low marsh biomass plots at each
site. PVC coring tubes were made with sharpened ends to facilitate soil penetration with minimal effects
on soil compaction. Coring tubes had an internatgiter of 5.1cm and were marked around the outside

at 10cm from the lip to indicate the depth of the sample to be collected. Spades and sharp knives were
used to cut the soil around and beneath the cores. Samples were placed in plastic bags andcstaned on i
a cooler until return to the lab.

Beginning Winter 29, soils were tested at each plot for pH, temperature, salinity, conductivity, and
oxidation reduction potential. We used an Extech TE300 ExStik ORP Meter and an Extech EC400 ExStik
Waterproof @nductivity, TDS, Salinity, and Temperature Meter to measure the soil properties. The
probes were pushed into the soil to a depth of 2cm. They were left to acclimate for 5 minutes before the
values were recorded@hese data are still under analysis attifme of this report.
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Table 11. The number of samples collected in each year and season (S=summer, F=fall, W=winter, Sp=Spring) for all sample sites and vegetatiotastra
In 2017-2021 we also sampled at SteambbSlough, a restoration site located near Whites Island.

201312 201213 201314 | 201516 201617 201718 2%8 2019 | 2020 | 2021

Sitt  Strata s wl|scF w s w [§swWls W s W g STWTs W] s s | Total
W w | w

BBM  CALY 3 46 6 R 6 6 39

BBV CALVIAGS AT 4 ] 6 66 39

P

BBV SAV A I 6 6 56

SRMHM 5 5 g g 6

SRM M 5 5 g g 6

SRMSAV 6 6 6 18

Wiz HM 5 5 g T R I T R R B IR 5 1)
2 4 2 9 9

Wiz"TTM 4 R B IR 5 7
9 9

Wiz SAV 4 4 6 i

WHE ™ CALY g 3 R I T T B S T W 3 31

WHE ™ HM i i g TeTe e 5 70
9 9

WHE ™ PHAR 171 i 5

WHE ™ PHARIEM 84 B 5 R - B T T R (- 8 85

WHC ™ SALA 533 3 68 TE TS e e 66 6 59

WHC ™"SAV R 6 6 34

WHE ™ TM R I NI 5 68
9 9

CiM ™ ELPAISALA SR 5 53

GV PHAR 7T 6 57

CIM ™ SALA i i

C81 T ELPAISAL S S 6 6T 40

A

G817 PHAR 377 6 678 55

G817 SALA 5 R I (R 35

G817 SAV R 6 55

FIM ™ HM R B IR 6 69
9 9
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FLM PHAR/HM 4 713 2 4 3 5 6 6 6 46

FLM PHAR/POA 2 5 2 9

FLM '\P/IOAM 3 2 1 6 4 6 6 6 34

FLM SAV 5 8 6 6

FLM LM 9 919 9 9 4 67
9 9

1BBM i llwaco Slough, SRM Secret River Marsh, WIR2 Welch Island, WHG Whites Island, CLM' Cunningham Lake, CSi1Campbell Slough, FLM Franz Lake.
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Laboratory Methods

Biomassand Detritus dry weight

In the laboratory, live, dead, and detritus samples were stored in a refrigerator prior to processing.
Samples were individually rinsed of all ronganic material oveast 50@m sieve, and any obvious root
material was removed. Preeighed paper bags or tinfoil were used to secure the individual biomass
samples, a wet weight was measured, and the samples were placed in a drying ovefiGé& a0

least four days. Whesamples were deemed completely dry (checked by reweighing a subset of samples
on consecutive days), a dry weight was measured for each sample and its corresponding bag or foil tray.
If paper bags were used, they weraveghed empty to account for anyiglat loss of the bag. The final
sample dry weight was determined by subtracting the dry bag or foil weight from the dry weight of the
container with the sample.

Beginning in Summer 2020, wet weight was no longer measured and recorded. Additionaflyinthe d
oven temperature was adjusted to 60°C.

CN Analysis

All detritus samples and a subset of live and dead summer biomass samples were analyzed for carbon and
nitrogen content. Live and dead summer biomass samples from each plot were selectegbteifanal

they covered at least 20% of that plot. Dried samples were pulverized with a small food processor and
stored in a desiccator prior to analysis. Carbon and nitrogen content were analyzed with a FlashEA 1112
CN analyzer (Thermo Elecron Corp.). Appimately 1822 mg of each subsample was packaged in a tin
capsule. Chemical and soil standards were analyzed approximately every ten samples, and at least 10% of
the samples were randomly selected and reanalyzed on a different day. Replicate measurements we
averaged for reported results.

Beginning in Winter 2020, all live and dead summer biomass samples with a dry weight greater than 20
mg were analyzed for carbon, and nitrogen content.

ADF Lignin

Dried and ground detritus samples were tested for kddin following Soiltest 2016 Standard Operating
Procedures for feed lignin (Section 50.400.600). Soiltest uses an acidified detergent solution with the
Ankom digester to dissolve cell solubles, hemicellulose, and soluble minerals leaving a residue of
cdlulose, lignin, headamaged protein, a portion of cell wall protein, and minerals. This residue is then
placed in an acid wash, and lignin is determined gravimetrically as the residue remaining after extraction,
followed by an ash correction. Referemsaenples were run with each batch, and a duplicate sample was
analyzed every ten samples.

Soil Bulk Density

Soil cores were frozen in the laboratory until processed. Each sample wedriedeat 60C for at least
four days. The mass of each dried samyas recorded, and bulk density was calculated as the ratio of
dry weight to wet volume. Wet volume was assumed to be 204.2Based on a coring tube internal
diameter of 5.1 cm and a coring depth of 10 cm.

Soil TOC/N Analysis

A subsample of each drisoil sample was pulverized and homogenized with a mortar and pestle, and

large root fragments were removed. Soil subsamples were tested for the presence of inorganic carbon with
a few drops of hydrochloric acid (HCI), which would cause the sample toestar with CQbubbles if

a significant quantity of carbonate were present. No effervescence was observed; therefore all soil
samples were analyzed for total carbon under the assumption that total carbon measurements were
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representative of organic carbon content. Carbon and nitrogen content were analyzed with a FlashEA
1112 CN analyzer (Thermo Elecron Corp.). Approximately 100 mg of each subsample was packaged in a
tin capsule. Chemical and soil standards were analyzedxamately every ten samples, and at least

10% of the samples were randomly selected and reanalyzed on a different day. Replicate measurements
were averaged for reported results.

Soil TextureAnalysis

Dried soil samples were sent to Materials Testingdastilting, Inc. (MTC) in Olympia, Washington for
particle size distribution following recommended protocols for measuring conventional sediment
variables (PSEP Report T8991-04, 1986). Samples were shaken in appropriately sized sieves to
separate graveb2000 microns), sand (between 622000 microns), and fines (<62.5 microns). The

fines were further separated into silt (8.82.5 microns) and clay (<3.9 microns) using a pipetting
technique to measure the differential settling rates of different peatidles. Samples were processed in
batches of a maximum of 20 per batch. Each batch included one sample that was analyzed in triplicate.

Analysis

Average dry weightvas calculatedor various strata and site values. For 2020 to 2021 datag11),

the proportion of the dominant species comprising each samaglealculatedThose data were used to
identify samples that were primarily a single species. Those sample then used to make estimates of

the aboveground biomass for specific species within the study area. Foelongomparative analysis,

all biomass data collected prior to 2021 was assigned wetland elevations based historic RTK survey data
collectedat plant community plots when elevation could not be determined it was left blank, and the
biomass data point was not included in the high vs. low marshiésmgbiomass assessment. Starting in
2021 all biomass plots were surveyed in directly with RTKimgent.

When applicable biomass, detritus, and soil metrics were transformed and correlated elevation and with
hydrologic conditions such as annual freshet conditions and daily inundation, only significahig(:

0.05) correlation and regressions eeeported. Data analysis was conducted using Microsoft Office

Excel (2016), Exploratory (2017), R (2018), and Tableau (2WR) software.

2.4.1.2 Phytoplankton

Abundance

Phytoplankton abundance was estimated in two ways: (1) from pigment concentrations, and (2) by direct
counts using light microscopy. Phytoplankton abundancéeastimatethy measuring the

concentration of chlorophydl, a photosynthetic pigment thatdemmonto all types of phytoplankton.

Surface vater samplewere collectednto two 1 L brown HDPE bottles and stdampledprior to

processing. A subsample of water (typically betwedr860 mL) was filtered onto a 25 mL glafiiser

filter (GF/F) for chloophyll a and kept frozen-80°C) pending analysi<hlorophylla was determined
fluorometrically using a Turner Designs Trilogy fluoromaisingto the noracidification method, which

is highly selective for chlorophyd evenin the presence of chlorophyli(Welschmeyed 994).

Phytoplankton abundanees also determindaly enumeration of individual cells using inverted light

microscopy. The dateorresponding to sample collection for determination of nutrient concentrations,
zooplankton abundance, and phytoplankton abundamecehowrin Table12. Duplicate100 mL whole

water samples were collected from eacthetrencss i t es. The samples were pres
iodine and examined at 100, 200 and 400x magnification using a Leica &MIFZeiss Axiovert 200M

inverted light microscopsfollowing concentation achieved through settlirdg5 50 mL of sample in

Utermohl chambers (Utermohl 1958)ernight (~24 h). Cell countsere performeat 200 and 400x

magnification, with an additional scan done at 100x magnification to capture rare cells in a broader sca
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of the slide. The estimated error in abundance measurements was <5% at tbeatlasd ~10% for
genuslevel countsThe monitoring protocol calpe foundon monitoringmethods.ordg/fethod ID 1589
and1590).
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Table 12. List of samples analyzed (Xs) and dataf collection from five trends sites in the Lower Columbia
River in 2021

Site Zone Reach Date Nutrients Zooplankton Phytoplankton
ILWACO 1 A 3/13/19 X X X
SLOUGH 4/8/19 X X X

5/5/21 X X X

6/11/21 X X X

7/9/21 X X X

8/10/21 X X X

9/--/21 X X X

WELCH 2 B 3/1/21 X X X
ISLAND 4/8/21 X X X
5/7/21 X X X

6/8/21 X X X

716/21 X X X

8/9/21 X X X

WHITES 3 C 3/1/21 X X X
ISLAND 4/9/21 X X X
5/7/21 X X X

6/8/21 X X X

7/6/21 X X X

8/9/21 X X X

9/--/21 X X X

CAMPBELL 4 F 3/2/21 X X X
SLOUGH 4/5/21 X X X
5/3/19 X X X

6/10/21 X X X

77121 X X X

8/10/21 X X X

9/--/21 X X X

FRANZ LAKE 5 H 3/4/21 X X X
SLOUGH 4/6/21 X X X
5/4/21 X X X

6/10/21 X X X

717/21 X X X

8/10/21 X X X

9/--/21 X X X

Multivariate Statistical Analyses

NonmetricMulti-dimensionaScaling (NMDS) and Canonical Analysis of Principal Coordinates (CAP)
routines were performed using PRIMER.7 with PERMANOVA+. NMDS is a multivariate technique
that identifies the degree of similariynongbiological communitiesvithin a group of sampk in adata

set In NMDS, samples are typically represented-irBensional ordination space usithg distance
between sample points as a measure of similarity of biological communities; short distances itgresent
relatively high similarity betweeramples, while longer distances represbatelatively low similarity
between samples.

Major phytoplankton taxa were selected for multivariate analyses if their abundance constituted at least
10% of total phytoplankton abundance in any sample. Taxaithabt meet these criterveere excluded

from theanalysis. Two NMDS analyses were run for this study that incl(iflel major phytoplankton

taxa (NMDSua) and(ii) only major diatom taxa (NMDéuom). Abundances for 25 major phytoplankton
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taxa (NMDSuta) andtenmajor diatom taxa (NMDdwom) Were standardized by sampdand the data were
squareroot transformed in order to achieve a normal distribution of the data prior to analysis.

Canonical Analysisf Principal Coordinates (CAP) is an analytical technique that uses canonical
correlation to determine the degree to which environmental factors explain variability among biological
communities. A BrayCurtis resemblance matrix was assembled using thda@ized, squarmot

transformed phytoplankton abundance data and six environmental variables includingN®Ng NH.*,

PO, mean daily water temperature, mean daily dissolved oxygen saturation, and mean daily discharge
(at Bonneville Dam). Environental data were normalized prior to analysis to compare variabtes

same scale. Samples with missing environmental data were excluded from multivariate analyses. A total
of 70 samplesvere analyzeth both NMDS analyses, and a total of 38 samples imeteded for CAP.

2.4.2 Secondary Productivity

2.4.2.1 Zooplankton

Secondary productivity (the rate of growth of consumers of primary production) was not measured
directly butwas estimateffom the abundance of pelagic zooplankton. The samy#es collectedrom

near the surface of the waterX<m depth) using an §dm nylon mesh net with a mouth diameter of 0.5
m and a length of 2 m &ive trend sitesA list of the collection dates and sampling sites are given above
in Table12.

Abundance

Zooplankton abundances collected via netwmre determinedt each othe five trend sitesThe net

was fully submerged under the water and was dragged back and forth froith lzosinidarough the water

for approximately & min or over approximately 100 m. The samplese preserveth 1.5% formalin
immediately after collection. A flow meter (General Oceanics Inc., Model 2030R) was mounted to the
net 6s br i dl e ateofthp volumeiflowéng throughetre n@hervolume of water passing
through the net was determined by knowledge of the distance of water passing through the net, the
velocity of the water passing through the net, and the volume of water passing thengh as

calculated from both the distance traveled and the net diameter (as described in the flow meter manual).
The distance covered (in metevgs determinetrom:

0Qi 0 WEO (1)

where the difference in counts refers to the difference between the initial and final counts oligjie six
counter, which registers each revolution of the instrument rotor. The ispesddulatedrom:

YR QQe )

The volume is determined as:

8

wé aoain 3)

For each net tow, the volume of material collected in the cod end of thasetcordedrrom this, a
concentration factowvas calculatedand a final estimate of the volume examines determinedy
multiplying the concentration factor by the final volumelw concentrated sample examined under the
microscope.
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Taxonomy

Zooplankton taxawere broadly categorizedto one of the following groupings: rotifers, cladocerans,
annelids, ciliat es Withathese graugsadngividiias,wera idedtified o t{genes ror
species where possible (rotifers, cladoceransiesjannelids), or to order (copepod&jgs of rotifers,
cladocerans, and copepods were enumerated separately.

2.4.3 Stable Isotope Ratios

The ratios of carbo(C) and nitroger(N) stable isotopes in tissues of consumers reflect the stable isotope
ratios(SIR) of their food sources (Neill ardornwell 1992, France 1995). Therefore, SIR are useful in

the determination ahajor food sourcess long ashelatterhave distinct isotopic ratidkat allow them

to be distinguishedVithin the scope of the EMSIR analysis is used to estim#te relative importance

of food sources includinglgae and wetland plants to the food web supporting juvenile salrmainids

trends sites including llwaco Slough, Whites Island, Campbell Slough, and Franz Lake Sl&usgk

suitable for identifying food sources assimilateer a longer timé&ame compared tpointin-time
techniquesuch agyut content analysisdeally,a combination of the two approact@svides the best
indicator of diet

C and N isotope ratios yieltifferent information: since thé*C'**C (d**C) ratio varies by only a small

amount (<1a) during the assimilation ofoforganic m
organic matter (i.e., primary producers). In contridwgt ratio of**N/**N (d °*N) changes markedly with
trophic |l evel, increasing by 2.2 to 3.4 parts per

level (i.e., from a plant to an herbivore or an herbivore to a carnivore). @Hbsyalues are useful in
determining tophic position.

The SIR of C and N were measured in juvenile Chinook salmon muscle tissues and several potential food
sources to provide information on the food web supporting juvenile salmonids (

Table13). Juvenile salmon were collected by NOAA Fisheries staff during monthly beach seine sampling
and frozen (see Sectidiror! Reference source not found). Skinned muscle samples were collected

for analysis since SIR signatures are more homogeneous within muscle tissue and since muscle is a good
long-term integrator of the food source.

Aquatic invertebrates were collected using a@B0mesh net with a rectangular opening in emergent
vegetation at t he wat ehimmmidgaeandamphipoddver selectadat i ¢ mi d
because they have been found to be preferreddoates for juvenile salmonids in the lower Columbia

River (Maier and Simenstad 2Q(@agar et al. 2013, 2014, 2015). Most invertebrate specimens were

found attached to submerged portions of vegetation. Invertebrates were collected by rinsing the exterior

of the vegetation with deionized water and removing the invertebrates from the rinse water using clean
forceps. Invertebrate samples were then rinsed with deionized water to remove alylearrexternal

particulate matter. Salmon and aquatic invertebsamplesvere frozerfor later processing.

Table 13. Potential food sources for marked and unmarked juvenile Chinook salmoand invertebrate
consumers.

Potential food sources for fish (marked and unmark Potential food soues for invertebrates
Chironomidae Particulate organic matter
Amphipoda Periphyton
Oligochaetes Live vegetation
Nematodes Dead vegetation
Gastropods

Zooplankton
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Hatchery food
"Only applicable to marked fish

A variety of autotrophs wersampled to characterize the range of potential food sources for invertebrates.
Samples of terrestrial and emergent vegetation, aquatic macrophytes, and maduhedgsed(

miscellaneous seaweeds) were collected from representative areas within edfeysttgion samples

were rinsed at least five times in deionized water to remove external material, such as invertebrates and
periphyton, and were kept frozei2Q°C) for later processing. Samples of particulate organic matter
(POM) and periphytomere filteredonto combusted 25 mm glaBker GF/F filters and frozenZ0°C)

for later processing.

Frozen filters, salmon tissue, invertebrate, and plant materialfigemedriedusing a Labconco
FreezeZone 2.k benchtop freeze dry system (Labconco CorpAlJ8lantswere categorizeds live or
dead during field collections based on whether they were attached and by their physical appearance;
mixtures of live plantfrom the same sampling date were composited and ground usioga and

pestle as were mitures of dead vegetation (designated when plant material was detached rather than
rooted) Freezedried invertebrates of the same taxa from the same collection site and collectimerdate
compositedground using a clean mortar and pesiled subsampledhen enough material was present.
Otherwise, whole bodies of all individuals of the same taxa from the sameesit&ompositethto a

single sample. Skinned muscle tissue samples from individual juvenile salmonids were analyzed
separatelpy theindividual, muscle tissue samples from different bodiese not composited

SIRof caf®and( di t'>N)ovgredaterrhinedcat the UC Davis Stable Isotope Facility using
a PDZ Europa ANCAGSL elemental analyzer interfaced to a PDZ Europa@i3oto ratio mass
spectrometer (Sercon Ltd., Cheshire, UK). The atomic ratios of the heavy i€8@peN) to the light
isotope(*?C, *N) were compared to universal standaidienna PeeDee Belemnite and air @andN,
respectively and reported in pani | (a) wunits.

To estimate the proportional contributions of different food sources for juvenile salmon, the stable isotope
mixing mode] simmrwas implementeth R.

2.5 Macroinvertebrates

2.5.1 Salmon Prey Availability Sampling

2.5.1.1 Open Water ad Emergent Vegetation

To assestheavailability of salmon prey at the trends sites, we conducted neuston tows in both open
water (OW; in the center of the channel) and emergent vegetation (EV tlaémugeof the wetland

channel among vegetation). FOW samples, a Neuston net (250 um mesh) was deployed from a boat for
an average distance of 100 m and positioned to sample the top 20 cm of the water column. For EV
samples, the Neustonneds pulled hr ough a 10 m tr ansecthewpteratal | el
least 25 cm deep to enable samples from the top 20 cm of the water défomr2008 2016, reuston

tows were taken concurrently with monthly beach seine collections when juvenile Chinook salmon were
present at a site (i.e., captured dumsegie setsBeginning in 2017neuston tows were completed during
every beach seine collection regardless of whether salaoscapturediwo OW and two EV samples

were collected at each site per month; although, occasionally one or three tows weneegerfeach

habitat type depending on field conditiofigble14). Samples were preserveddt% ethanolThe

monitoring protocol cabe foundon monitoringmethods.ordg/ethod 1D 1622.
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Table 14. The number of invertebrate tow sam

ples (OW and EV) collected at each site per sampling event, 2@08.3, and 20152018.

Ee) (]
oy 5 = 3

< N 3| 2|e|2|2 s | o 5| &

s 25|22 le|s 8|88 2|22 |8|g|Bleld| 2

w|leg|2 38|28 |2|8|8 |3 |23 3|3|a S

3| s|s|c| 22| 8|5 Sl | 2|28 |85|2 35| ~n]|2> E

S| | s | S| 8 |S|E|3|B|=|S8| 8| E|E| 8| | 8| %5 g

= o} > o & o =1 o 5 © o @© e © o

2|l |2 |g|la|S| 2|29 |a|lo|la|lo|ld|2|v || -
April 3 6 6 15
2008 May 6 6 12
June 4 4
May 3 4 4 5 4 20

2009 June 4 4
April 4 4 4 4 4 20
May 4 4 4 4 4 20
2010 June 4 4 4 4 4 20
July 4 4 4 2 14

April 2 2
2011 May 8 10 4 4 4 4 2 36
June 4 4 8

February 4 4

March 2 2 3 7
2012 April 4 5 6 4 2 21
May 1 4 4 4 4 4 21
June 6 4 4 4 2 4 24

March 4 4
May 4 4 4 16
2013 June 2 2 4 15
July 4 10
April 5 6 6 17
2015 May 2 4 2 5 13
June 6 4 10
February 2 6 2 10

March 2 2
April 2 4 6 4 16
May 4 4 4 12
2016 June 6 4 6 16
July 4 6 10

August 4 4
September 4 4

(Table 13 continued)
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2.5.1.2 Benthic Macroinvertebrates

To characterize the benthic macroinvertebrate assemblage, benthic core sitedegtzd to correspond

to locations directly adjacent those where the fish community, food web metrics, and vegetation were
sampled. Benthic cores were collected monthly at the trends sites (n = 5 per site) between April and July.
Cores were collected todepth of 10 cm by driving aidch diameter PVC pipe into the ground at each
sampling location. Each core was then placed in a jar and fixed in 10% formalin. Core samples were
collected at low tide from exposed sediments and among emergent vegétatioranitoring protocol

can be found on monitoringmethods.okfethod ID 1593.

2.5.1.3 Laboratory Methods

Invertebratesamplescollected in neuston towe = 36)and benthic core@ = 77)were identified in the

lab using higkresolution optical microscopy and taxonomic refereiibteson1993 Kozloff 1996

Merritt andCummins 1996Thorpand Covich 2001Triplehorn and Johnson 200%)lost individials

were identified to family, although some groups/individwedse identified to coarser (e.g., order) levels.

For each sample, the number of individuals in each taxonomic group was counted, then each group was
blottedon tissueandweighed to the neare8.0001 gAnalysis of neuston tow data included all

invertebrates. In benthic core samples, taxa that were not aquatic and/or benthic in their ecology (e.g.,
adult flies) were considered contaminants and were excluded from analyses of benthic core data.

Samples with an overabundarafdaxaweresubsampled via volumetric subsamplifithesamplewas
dilutedto a particular volume, a portion of the volumas processe@nd total counte/ere calculateds
a ratio of the volume sampled. Multiple subsampleise processed to ensure subsample coueats
comparable.

2.5.2 Salmon Diet

2.5.2.1 Field Data Collection

When juvenile Chinook were captured at a site, fish were typically euthanized within an hour of
collection.Fish were kept on ice until arrival at the NOAA field station laboratory where they were stored
in a-80°F freezer. Chinook salmon bodies were necropsied at the end of the sampling\&taden.

stomach samples were preserved in 10% formalin until delivered to the laboratory for processing. The
total number of diet samples collectedrat EMPsites since 2Mis provided inTable15. The current

report is for sampling in 2020. Neither 2021 nor 2022 diets have been processed

2.5.2.2 Laboratory Methods

Organismsn the diets were identified in most cases to the family level, although some groups/individuals
were identified to coarser (e.g., order) levels, and crustaceans were usually identified to genus or species.
Some contents were unidentifiable due to digesti@th prey taxon was counted, blotted on tissue, and
weighed to the nearest 0.0001 g.
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Table 15. The number of Chinook salmon diet samples collected at each site per sampling event, 22083, 20152018.
= <

< s |z o 2
Sl s| 2|2 |D g ;85 8| 3 2lwo| T UQ) % s 2] o 2 -§)
el 2l &8 5|32 5|2 |2 |8 |5|§|=|2|o&8|%|2|2 =
nlxx| 2| 5|8 c| = o | B | v | &8 0| = |3 | G| S|2|n R4
sl s |2 8|88 |8 (54|22 2 5|2|2|3|s|3 =2
Q @ (&) = S kY 2 < g X e = o & °© o S
S|l s | S| 8|g|E|=|8a5|8 |8 E|5|/8|s5|c|2|5| £5
2| |z |a|S|z|2|89a8|6|8|8 |8 |z2|8|lc|lal|lf| ~H
April 6 13|15 | 9 43
2008 | May 19 7 26
Jure 13 13
May 9 10 6 10 8 43
2009 June 10 9 19
April 10 | 19 | 16 6 12 63
May 17 | 15| 14 | 14 24 84
2010 | Jure 9 8 | 18 | 11 18 64
July 10 19 | 11 15 55
August 8 13 21
May 10 10 | 13 | 10| 22 65
2011 | June 25 25
July 2 2 4
February 15| 16 31
March 14 13 13 40
2012 | April 15 | 14 10 7 15 61
May 30 11 18 | 15 | 18 92
June 14 | 15 15 15 | 15 | 36 110
March 9 9
May 12 | 30 15 34 91
2013 Jure 1 23 13 9 46
July 2 25 1 28
April 6 6
2015 | May 15 15 15 4 49
June 7 13 20
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2.5.3 Salmon Prey Data Analysis

Descriptive statistical analysis of the invertebrate community was calculated, in addition to specific
analyses of taxa that have been shown to be important prey of juvenile Chinook salmon in the lower
Columbia River(Lott 2004 Spilseth and Simenstad 201These include®iptera (predominantly
comprised of bironomids), Amphipoda (predominan#ymericorophiunspp.), and Cladocera
(predominantlyDaphniaspp.)

Benthic coreand neuston tow invertebradata werequantified by numeric composition (count

proportion) and gravimetric composition (weight proportid¢igr benthic corelatg the density and

biomass ofaxa in each sample were calculated as the total count or weight for a given taxon divided by
the core volume (# individuals g n1®). For neuston towlatg the density and biomass of taxa in each
sample were calculated as the total count or weigha fven taxon divided by the meters towed (#
individuals m! towed, mg mt towed). To compare taxa densities and biomass between study sites,

density and biomass data for each taxon were summed across replicate samples taken within a given site
each monttand then divided by the number of replicates to give an average total density and biomass at
each sampling site per montiveragesof predominanjuvenile salmonid prey in density/meterz were
alsoincluded

Juvenile Chinook dietomposition wasissessdwith three variables, includingrey numeric

composition (NC), gravimetric composition (GC), and frequency of occurrence (F). These measurements
were used to calculatn index of relative importance (IRI) apdrcent IRI, wher¢Rl is the percentage

of the total IRI for each prey taxand

OYO> PUO b 06

An IRI has the advantage of accountiogprey weight and numbers, as well as the likelihood of taxa
appearing in the diet of individualsiao et al.2001) Because the indg@ncorporates taxa counts, items

that were not countable (e.g., plant matter, unidentifiable, highly digested material), were removed from
descriptive analyses of diet composition.

Instantaneous and energy rat{tlR, ER) measurdoraging performance dish, incorporatingprey

weight, fish field weight, and energy density in the dietculated as:

oY oY

Instantaneous ratianeasures fish fitness and is the ratio of the total prey weight to the total fish mass.
Total prey weight was calculated as the sum of the weights of all individual taxa counted in the diet.
Energy ration measures energy consumption. For each juvenileckrgalmon, the sum of individual

prey taxon masses were multiplied by the energy density {kdeg mass) of each prey taxon and divided

by the total fish mass. Thus, energy ration equals kilojoule consumed per gram of fish. Energy densities
of prey taxa were compiled and acquired fri@avid et al., 2016)For descriptive analyses, IR and ER

was calculated for each individual salmon diet and averaged across d&y/fishk length, within 2020,

by site, overall, among sites for February to March, and overall by year.

Following methods irfriechter et al(2015) maintenance metabolism was calculated for juvenile
Chinook salmon used in diet analysBecause sampling was attenuated in 2020 due to the coronavirus
pandemic, direct comparison of 2020 data with other years was only possitiie months of February
and MarchMaintenance metabolisnd () represents the cost of metabolic upkeep wheiethe mass
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specific maintenance costs at 0° C (0.003), d is the temperature coefficient for biomass assimilation
(0.68), T is water tempeae in °C, and W is fish body mass.

V AOQEOQAINd ODE AT 2k

Maintenance metabolism and energy ration were plotted on a quadrant chart, divided By the 50
percentile, to provide a general assessment of habiditygand juvenile Chinook salmon growth

potential at a given site. For juvenile Chinook salmon, low metabolic cost and high energy assimilation
represent relatively positive growing conditions (lower right quadrant), while high metabolic cost and low
eneggy assimilation represent relatively poor growing conditions (upper left quadrant).

Multivariate analyses were used to examine differences in juvsaliteon diet composition amosges.

A Bray-Curtis dissimilarity index was calculated squareroot transformed percent IRIs for edddh

size class, by site and yekor analysis of community composition, taxa were sorted by Ohkdeon-
metric multidimensional scaling (NMDS) plot was used to graphically represent variatr@janprey
species compositiofp = 0.05)among sites in reducatimensional spac@oints close together represent
samples similar in composition and points at a greater distance from each other represent differing
compositionVisual variation led to a direct gradieanalysis, an analysis of similarities (ANOSIM), to
explain statistical differences between groups. ANOSHlpies and Fstatistics showdwithin group
object similarity compared to other groups (1 = all objects in group are more similar than objacts fr
different groups; 0 = there was no difference among gro&pglly, paired sites were compared to
identify the species that were contributing to at least 70% of the diet composition differences for each site
pair. All multivariate analyses were pernfoed using the Vegan software package i{©Rsanen et al.
202Q R Core Team 2019)

2.6 Fish

2.6.1 Fish Community

In 2022, NOAA Fisheries monitored habitat use by juvenile Chinook salmon and other figives at
trends sites,llwaco Slough in Reach A (sampled in 262021),Welch Island in Reach B (samplad
20122021, Whites kland site in Reach C (sampled?ip0932021), Campbell Slough in Reach F
(sampled in 2002021, andFranz Lale in Reach H (sampled in 202816, 2018, 202@021) in order
to examine yeato-year trends in fish habitat use in the lower river. Coordirgftdse sampling sites are
shown inTablel6.

The project goal is to collect fish for six months of the year at all sites, Marwhand October.
Occasionally conditions at a site prohibit sampling, such as extremely high or low water levels, water
temperatures become to high for handling fishpadrconditions prevent travelling to launch sitEgsh
arecollected using 88 x 3m variable mesh bag seinE)(0 mm and 6.3 mm wings, 4.8 mm hdgag
seinesets were deployed using a 17 ft Bostohalér or 9 ft inflatable rafUp to three sets were

performed per samiplg month, as conditions allowedit each sampling event, the coordinates of the
sampling locations, the time of sampling, water temperature, weather, habitatoraaitid tide
conditionswere recordedrish sampling events conductasl part of our regular EMP samplimg2021

are shown imable16. We also list the limited sampling we were able to complete in 2020 before NOAA
COVID-19 safety protaals led to a suspension of fieldwork. The monitoring protocol can be found on
monitoringmethods.orgethod ID 82§. All non-salmonidfish wereidentified to the specidsvel and
counted. For salmonid species other than Chinook, up to 30 individuals were measured (fork length,
nearest mm), weighed (nearest gram), and released. Up to 30 juvenile Chinook salmon were euthanized in
the field, measwd, weighed, and retained for subsequent laboratory analyses (diet, genetic, lipid, and
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otolith). If present, an additional 70 Chinook were measured and released. Any additional Chinook were
counted and released. All salmonids weltecked for adipose fidlips, or other external markspded

wire tags and passive integrated transponder tagstinguish between marked hatchery fish and
unmarked (presumably wild) fish.

Fish bodiesetained in the fieldvere frozen and stored ®@0°C. At the end othe sampling, season fish

were necropsied, and samples were collected for laboratory an&tgseach amples for taxonomic

analyses were preserved in 10% neutral buffered formalin. Fin clips for genetic analyses were collected
and preserved in alcohoblfowing protocols dexibed in Myers et al. (2006Qtoliths for age and

growth determinatio were also stored dry in a vial. Whole bodies (minus stomachs) for measurements of
lipids remained frozen until processed.

Table 16. Location of EMP sampling sites in 2020 an@021 and the numbermf beach seine sets per montmg§
= not sampled. Sampling was stopped in mieMarch 2020 through February 2021 due to COVID19
pandemic safety protocols issued by NOAA.

2020 2021

Site Feb Mar Total | Feb Mar Apr May Jun Oct Total
llwaco Slough (Reach A)
46.300530° N, 124.045893° W 3 2 5 ns 3 3 3 3 3 15
Welch Island (Reach B)
46.255011° N, 123.480398° W 1 3 4 ns 3 3 1 2 3 12
Whites Island (Reach C)
46.159350° N, 123.340133° W 2 1 3 ns 1 1 2 2 3 9
Campbell Slough (Reach F
45.783867° N,122.754850° W 3 3 6 nst 3 3 2 ng 3 11
Franz Lake (Reach H)*
45.600583° N, 122.103067W 2 ns 2 ns 3 5 1 2 3 14
Total 11 9 20 0 13 15 9 9 15 61

! pandemic safety protocaisevented sampling
2water temperature exceeded sampling criteria

Fish species richnesS, the number of species present) and fish species diversity for each site were
calculated by month and ye&ish species diversity was calculated usingShannorAWeiner diversity
index (Shannon and Weaver 1949):

H&6 -&tplnp)

Where

pi = the relative abundance of each species, calculated as the proportion of individuals of a given

species to the total number of individuals in the community.
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Catch per nit effort (CPUE) and fish density were calculated as described in Roegner et al. (2009), with
fish density reported in number per 1000 m

Multivariate analyses were used to examine differences ifistheommunity between sites using the
Primere version {Plymouth Routines In Multivariate Ecological Research) software package (Clarke
and Warwick 1994Clarke and Gorley 20064 Bray-Curtis index of snilarity coefficients was

calculated for thequareroot transformed speciebundancelata at each sité non-metric, multi
dimensional scalinghMDS) plot was used tgraphically examine variation in the fish community
between sitedNe usel a multivariate analog to ANOVA called analysis of similarity (ANOSIM) to
guantitatively assess the variation in fish community based on site. The gledieRyenerated from

this analysis indicates the degree of separation, with O representing ratisamnd 1 representing
complete separation. ANOSIM also produces pairwise tests which computeaduneRor comparisons

of different site locations. Statistical probabilities of bothidRues are generated through permutation.

2.6.2 Salmon Metrics

2.6.2.1 GeneticSock Identification

Genetic stock identification (GSI) techniques were used to investigate the origins of juvenile Chinook
salmon captured in habitats of the Lower Columbia River Estuary (Manel et a| R@&fner et al. 2010
Teel et al. 2009)From 20082013 juvenile Chinook salmon stock compositiwasestimatedy usinga
regional microsatellite DNAlata se{Seeb et al. 2007Beginning in2014 stock composition was
estimated by using a Single Nucleotide Polymorphism data set that includes basalfoe sfzwning
populations from throughout the Columbia River basin (described in Hess et al. Rd dyerall
proportional stock composition of Lower Columbia River samples was estimated with the GSI computer
program ONCOR (Kalinowski et al. 2007), whignplemented the likelihood model Bannala and
Mountain (1997)Probability of origin was estimated for the following regional genetic stock groups:
Deschutes River fall; West Cascades fall; Wesscadesming; Middle and Upper Columbia River
spring; Spring Creek Group falSnake Riverdll; Snake Rivergring; Upper Columbia River

summer/all; Upper Willamette Rivering, Rogue River fall; and Coastal OR/WA fé8eeb et al.

2007, Teel et al. 200Roegner et al. 2010West Cascades and Spring €k&roup Chinook are Lower
Columbia River stocksThe monitoring protocols can be found on monitoringmethodshbeghd 1D

948)( Method ID 135§Method 1332 (Method 544%.

Multivariate analyses were used to examine differences igethetic stock groupgsetween sites using

the PRIMER (Plymouth Butines In Multivariate Ecological Research) software package (Clarke and
Warwick 1994 Clarke and Gorley 2006\ Bray-Curtis index of snilarity coefficients wagalculated

for thesquareroot transformed stockbundancelata at each sité non-metric, multi-dimensional

scaling GMDS) plot was used tgraphically examine variation in genetic stock abundance between sites

We used a multivariate analog to ANOVA called analysis of similarity (ANOSIM) to quantitatively

assess the variation in salmon stookiposition based on site. The globav&ue generated from this

analysis indicates the degree of separation, with O representing no separation and 1 representing complete
separation. ANOSIM also produces pairwise tests which computevatu& for compasons of different

site locations. Statistical probabilities of botkv&ues are generated through permutation.

2.6.2.2 Lipid Determination and Condition Factor

As part of our studywe determined total, nonvolatile, extractable lipid (reported as percentdipid)

lipid class content in Chinook salmon whole bodies. Lipid content can be a useful indicator of salmon
health (Biro et al. 2004) and also affects contaminant uptake and toxicity (Elskus et al. 2005). Studies
show that the tissue concentration of a lipibp chemical that causes a toxic response is directly related

to the amount of lipid in an organism (Lassiter and Hallam 1990; van Wezel et al. 1995); in animals with
high lipid content, a higher proportion of the hydrophobic compound is associatdtenmiid and
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unavailable to cause toxicitWhile lipids may help sequester toxins and protect fish from contaminants,
an overabundance of lipids can interfere with buoyancy regulation during early ocean entry and may
increase vulnerability to surface degors (Weitkamp 2008).

Prior to analyses, whole body samples from salmon collected in the field were composited by genetic
reporting group, date, and sitetb& collection into a set containing3fish each. The composited salmon
whole body samples (~ 2 g) were homogenizederthivith drying agents (sodium sulfate and

magnesium sulfate), packed into extraction cells, and then extracted with dichloromethane using an
accelerated solvent extractor. The sample extracts were collected halegmed, preveighed sample

tubes. Appoximately 22 mL of sample extract was transferred to aywegghed sample vial to determine

the amount of total, nonvolatile, extractable lifrieported as percent lipid) by gravimetric analysis as
described in Sloan et al. (2014). Another sample exatapiot (+ 2 mL) was transferred to a second-pre
weighed sample vial to measured lipid classes (i.e., sterol esters/wax esters, triglycerides, free fatty acids,
cholesterol, phospholipids/polar lipids) using thager chromatograplijlame ionization degtction

(TLCi FID) (Ylitalo et al. 2005; Sloan et al. 2014). In this method, each sample extract was spotted on a
silica rod (Chromarod) and developed in a chromatography tank containing 60:10:0.02 hexane:diethyl
ether:formic acid (v/v/v). The lipid classe®re separated based on polarity and measured using flame
ionization detection, using the mean of two measurements. The percent contribution of each lipid class to
the total lipid were calculated by dividing the concentration of each lipid class byahkpidtmeasured.

For all sal moni d s pe cK;Eulton 1982) Ridker 19853 was aalouthtedas ann f a c t
indicator of fish health and fitness, using the formula:

K = [weight (g)/fork length (cnf] x 100

The monitoring protocol can Beund on monitoringmethods.ortyléthod 1D 953.

2.6.2.3 Otoliths (Growth Rates)

Otoliths from fish ranging in fork length fro86-111 mm (mean = 66im, SD = 14.4 mmjvere

processed for microstructural analysis of recent gr@¢gak Chittaro et al. 2018 pecifically, left sagittal
otoliths were embedded in Crystal Bond and polish
grit silicon carbide, 5.0 alumina oxide, and 1.0 micropolish) and a grinding wheel with Buehler© 1500
micropolishing pads. Polishing ceased when the core of the otolith was exqruselidily increments

(Volk et al. 2010, Chittaro et al. 201&kre visible undea light microscope. We photographed polished
otoliths using a digital camera (Leica DFC450) mounted on a compound microscope (Zeiss©). Using
Image Pro Plus®© (version 7, Mediacybernetics), we took two measurements from each otolith; distance
from otolithcore to edge (i.e., otolith radius at time of capt@®,and distance from otolith core to

seven daily increments in from the otolith edge (i.e., otolith radius measured at seven days before capture,
0a). For each individual, fork length aevendays pior to capturel(a) was estimated using the Fraser

Lee equation:

Lc-d
Oc

La=d+ Oa

whered is the intercept3.98mm) of the regression between fish length and otolith raditis (81, n =
855 wherelLc represents fork length (mm) at capture. Néhttaverage daily gpwth rate (mm/day) was
calcul at ed f orsevaerndaysoflittigy i dual s6 | ast

0L QI QROAIuE DO =
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Seven days of growth was a reasonable amount of time to estimate growth while in estuarine habitats
because, depending onigratory type (i.e., oceaype versus streattype) and timing of migration (i.e.,
subyearling versus yearling migrant), Chinook salmon may inhabit estuaries for weeks or months
(Healey 1991, Thorpe 1994, Weitkamp et al. 2014)

We used a generalizeidéar modeling (GLM) approach to investigate the extent to which variability in

somatic growth rate (dependent variable) was explained by a suite of independent variables; collection

year and day, river discharge, -gtiannel distance, river kilometer, gic stock, hatchery or unmarked
classification, and fork lengtiRiver kilometer and ofthanneldistance are defined as the distance (km) a

site is from the mouth of the Columbia River and the distancdétm)een a site and the Columbia River

channel respectivelyf an individual had a clipped fin or codedre tag, then it originated from a

hatchery and was categorizediab at chery. o | f a fish did not have a
| abel ed as AunmarkedsédThesteaprdtiothadkadal Awi bdo
some hatcheries do not clip fins nieject coded wire tags or mark only a fraction of their releases (Sagar

et al., 2013).

For all models, we used a gamma family distribution with a log link to atdouthe normally

distributed, but positive, growth rate data. Preliminary analyses indicated a nonlinear relationship
betweergrowth rate and day dlfieyear, and therefor¢heday oftheyear was also included our

analyses. In addition, fork lerfgtvas included in ousinalyses so as to account for the linear relationship

we observed betweeagowth rate and fish siz&/eran all possible GLM model combinatiookthe

independentAll model parameters weestimated by maximizing the likelihood fuiat. To compare
models,wee al cul ated four values for eac hdeladAte | ; Akai k
relative likelihoodand AIC weight. Smaller AIC values indicdteb et t er 6 model s, and wh
two models, we calculated thi@ferencein AIC values (delta AIC; Akaike, 1973; Burnham & Anderson,

2002). A delta AIC of less than 2 indicates little difference between competidgls; a delta AIC ofi2

10 indicates moderate support fadiference between the models, and a delta AIC oftgréhan 10

indicatesstrong support (Burnham & Anderson, 2002). Relative likeliheptesents the likelihood of a

model given the data, whereas AIC weighthe discrete probability of each model (Burnham &

Anderson, 2002)The best model was definedlasvinga delta AIC of 0.00, although preference was

given to the simpleshodel if two or more models had a delta AIC of less than 2.

2.6.2.4 PIT Tag Array

Currently (as of 2023) the only operational PIT Tag funded under the EMP and AEMR programs is the
Steigewald Pittag, installed in the spring of 2023. These data are reported under our AEMR program,
the first annual report from this PIT Tag system will be in 2024.

A passive integrated transponder (PIT) tag detection system has been ope€dimgla¢ll Slough since
June 2011, with a hiatus in 2012 and 2017 and is no longer operational as of 2020. It is located
approximately 150 m into the slough channel from the mainstem Columbia RivesySthe consists of

a DestroAFearing FS100MTS multiplexing transceiver, which simultaneously receives, records and
storestag signalsfrommi x ant ennas mE@asydemispayverdddy abdyOWisdlad array
with battery backup and is also connected to a wireless modem that fallalady data dowloads.The
array is intended to monitor the presence and to estimate residency of PIT tagged fish in Campbell
Slough. Unfortunately, due to COVAID9 protocols, we were unable to power up and maintain the site in
2020. Furthermore, once we were able teasche site in October of 2020 we discovered that a large
tree and root wad had disabled some of the antennas and a few electrical components and our solar panels
were missing. Plans are currently underway to rebuild the PIT system utilizing updatexdicgghwith
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possible installation in 2022. Regretfully, the Campbell Slough PIT array has been decommissioned in
early 2023 due to significant damage.

The previous detection system at Campbell Sl ough,
in place from 20122017. It was not operational in 2017 due to power cables having been severed by

rodents and failed structural integrity of one of the anteniasievamped the PIT detection array at

Campbell Slough in 2018 by installing six antennasnreasm g 46 x 106. The antenna
verti ctahr dip@als & ¢ Egure7) which alowved gneate¢ detection capability at a larger

range of water levus. An elevated platform was installed to keep the electronic telemetry equipment

above potential water levels. The system continued to ResaonFearing FS100MTS multiplexing

transceiverand was powered kyy470W solar array with battery backd#pnew modem was installed to

update the equipment from 3G technology, which is no longer supported by cellular providers, to 4G
technology. The location of the interrogation site was moved approximately 90 m further upstream.

igﬁré '. Image of the new PIT detection system at Campbell Slough, installed February 2018.

From2013202Q a second PIT detection system was installed near the confluence of Horsetail and
Oneonta Creeks in the Columbia River Gorge nelseibstantial restoration actions were completed. The
Horsetail PIT detection arrays aids in evaluating the effectiveness of the restoration actions by monitoring
use of the habitat by fish in the mainstem Columbia RiMergetail Restoration Projelt Antennas are

located on both sides of the culvert allowing determination of whether salmon pass through the culvert to
access the restored floodplain.

The array consists @f Biomark FishTRACKER IS100MTS distributed Multiplexing Transceiver

System (MTS)which powers ten antenna units mounted within the culvert system at Horsetail/Oneonta

Creek site (Columbia River, OR) beneath IntersgteThe MTS unit receives, records and stores tag
signals from these ten ant enmyas606 wshn d harad | monemtseud
of the 5barrel culvert system running under the freeway. The system is powered by an 840 watt (W) solar
panel array and supported by ax@idt, 800 amphour battery bank back up. The unit is also connected to

a fiber opiic wireless modem that allows for daily downloads of tag data and system voltage monitoring
updates.
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3 Results

All results for this reporting period are presented using Tableau. Tableau is an interactive data
visualization platform that encourages setploration. Click here to view the overview dashbodndk).

3.1 Mainstem Conditions

View Mainstem Conditions at the online Tableau Dashboard higte). (

3.2 Abiotic site conditions

View Abiotic Site Conditions at the online Tableau Dashboard hertik) (

3.3 Habitat Structure

View Habitat Structure at thenline Tableau Dashboard herigkK)

3.4 Food Wb
View Food Web results at the online Tableau Dashboard tieid. (

3.5 Macroinvertebrates
View Macroinvetebrate results at the online Tableau Dashboard hiete). (

3.6 Fish
View Fish communities at the online Tableau Dashboard Hertie) (

4 Status and Trend3iscussion

4.1 Maintem conditions
The 2022 water year was characterized by periods of high pluvial flow associated with the
Willamette River in the winter, below averaGelumbia Rivefflows in the early spring, and
higherthanaverageColumbia Rivefflows associated with the spring freshet, which peaked in
mid-June.Summer flows in the Columbia were similar to the lbegn average.

4.1.1 Seasonality

During 2022, daily river discharge in thelG@mbia River mainstem was close to the ldagn

average in the winter months. Winter floivand in particular, flow variability associated with
climate changé can be an important influence on salmonid populations, as demonstrated in an
analysis of predtors of Chinook salmon productivity across the Pacific Northwest (Ward et al.,
2015) and southeast Alaska (Sloat et al., 2016). Increased variability in winter flows over the last
several decades has been associated with a decline in Chinook salmatiguogufiow

variability has been shown to be a stronger predictor of Chinook population growth across rivers
in Washington State that other metrics such as changes in average winter flows (Ward et al.,
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2015). This relationship is hypothesized to stermfthe timing of spawning relative to egg
development. In oceaype Chinook populations, spawning tends to occur at low flows in the
early fall; eggs spawned during this time are at risk of being scoured away if flows are too high
(DeVries, 1997). This iparticularly risky when very low flows encourage spawning near river
channels, which are more susceptible to high velocity as flows increase (Haschenburger, 1999).
The winter period is not only the time when river flows in the Paciifc Northwest tendtodte
variable (Mote, 2003), but also coincides with the timing of spawning and earbgdie
development of oceatype Chinook salmon when the greatest threat of mortiality occurs (Quinn,
2005; Ward et al., 2015). Predictions suggest that variabilityriter flows is likely to increase

with climate change (Mote & Salathe, 2010).

In March, discharge was much lower than average; minimum discharge volumes approaching
half the longterm averaged were observed in mipril (3500 n? s compared to 6625 hs?).

The period of very low flows lasted approximately two weeks. In early May, flows increased
rapidly at a rate of ~400hs! d! to approach the lontgrm average; this rate of increase
continued until peak flows were reached in fdighe (12,740 fs?). Peak flows in the

Columbia in 2022 were ~30% higher than the loegn averagd-lows increased from early and
peaked in mieddune at volumes close to the letegm maximum, which was observed in 2017
The decline in river discharge following the sgripeak (midJune to early July) was steeper

than in 2017, but flows remained above average through the end of August. From early
September until October, flows were at or below average.

4.1.2 Ecosystem impacts of flow variation

Having multiple years of data allows for il@nnual comparisons of flow as a driver of

ecosystem processeégotably, in the time series of discharge data between 2008 to 2022, there

are a number of years where a distinctfipeshet peak in flows is obsed (compare

hydrographs for each year in Tableau); these peaks are associated with reductions in elevation at
Roosevelt Lake behind Grand Coolee Dam in Washington in Apglfe4-1). Looking at

chlorophyll data from 2018, a year similar to 2022 and a year that had low elevation in the
reservoir in midApril, there was a peak in chlorophyll a that coincided with thed@wvation at

Franz Lake Slough; there was a similarly timed peak in chlorophyll at Welch I§lanot€4-2).

Since chlorophyll values at Campbell Slough appeareé tudgher then the mainstem, the peak

was not visible there.
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Figure 4-1. Elevation (ft) at Roosevelt Lake behind Grant Coolee Dam in Washington,
where water is stored for flood control and hydroelectric powr generation. Reduced
elevation at Roosevelt Lake in April coincides with peaks in flow prior to the spring freshet
in some years, including 2018, 2020, and 2022.
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Figure 4-2. Chlorophyll a fluorescence AEMP sites in 2018.

There have been a few yeaisce 2009vhere river temperatures have exceedeéd Lthe

optimum temperature for juvenile salmonid survival; these include 2015 and 2021. Aside from
2020, where river temperatures were cooler than avettagyears between 2015 and 2021 were
generally above averagehe number of days with average tengteres exceeding 18 (n=55)

in 2022was similar to the longerm average
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4.2 Abiotic Site Conditions

4.2.1 Temperature

Temperatures at the ethannel site tend to be highest, or else stay warm for longest, at Campbell Slough
and Franz Lake Slough. When groupedlusters of similar temperature, only Campbell and Franz had
observations in the highest temperature cluster (average temperatur€®©j.28dreover, temperature
variability was greater earlier in the season at Campbell and Franz, with observéaigimeof

temperatures included in cluster 1 (average =°C4.@nd 2 (average = 20®) observed in April 2022.
According to the deviation from average values shown-égore calculations, the warmest years in the

time series were 2015 and 2021. 2022 wlaser to average in terms of temperature, and the hydrograph
closely resembled that of 2020 and 2018, although with an approximate-imogtlag relative to the

latter.

4.2.2 pH

Low pH values were observed during the period of peaks flows at both Camplogh @ind Franz Lake
Slough, but otherwise, pH values were within the range considered acceptable by water quality standards
set by the Washington Department of Ecology.

4.2.3 DO

Percent saturation of dissolved oxygen relative to air was most variable at GaBhplogh, which had

both the lowest and the highest values. Whites and Welch Island were the least variable. There were two
time periods at Campbell Slough and Franz Lake Slough were DO saturation values were very low,
posing a risk to aquatic life. Themod of concern at Campbell Slough was associated with the spring
freshet, close to the end of the peak. Based on observations over the last several years, water elevation
appears to be an important driver of dissolved oxygen at Campbell Slough, wdnigigldy productive

habitat. During periods of high elevation, widdven and temperatwgriven convection is reduced,

resulting in less overturn and exchange with the overlying atmosphere. In contrast, when water levels are
low, there is greater vertitmixing associated with wirdriven and convective overturn.

4.2.4 Chlorophyili

Chlorophyll fluorescence is a good proxy for algal biomass in aquatic habitats, which drives biological
production and, in excess, can lead to large swings in dissolved oxyadypkiaA water quality standard

of three consecutive monthly measurementsmg b? is set to determine whether a water body is

impaired and/or eutrophic. Because our measurements are collected hourly and over the period of March
through September, it i®sewhat difficult to compare therBonth measurement metric versus hourly or
daily values. The data clearly show a high level of daily variability, with some values exceedipd. 15
significantly. The two sites that historically have shown elevated bigaass are Campbell Slough and
Franz Lake Slough; in 2022, Campbell Slough showed three chlorophyll peaks: one in April, one in May,
and one in September. The time between the April and May peaks coincided with the release of reservoir
waters from Rooselt Lake behind Grand Coolee Dam and likely contributed to interruption of the

bloom that began in April.
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4.3 Habitat Structure

4.3.1 Hydrology and Sediment Dynamics

Marsh Hydrology

Hydrologic processes are the primary environmental driver dictating wetland sediment accretion and
erosion dynamics, soil biogeochemistry, plant species assemblages, vegetation productivity, and overall
wetland condition. Understanding hydrologic processebvariability across tidal wetland sites in the

lower Columbia River is critical to informing conservation and restoration efforts throughout the estuary.

The maximum flood levels in recent years occurred during the peak freshet for all uppetasvéiranz

Lake, Campbell Slough, and Cunningham Lake. As one progresses down the river, the high flow
conditions become less apparent during the freshet periods, specifically at Whites Island, Welch Island,
and Steamboat Slough. The mid river sites seie thaximum flood conditions in the winter at peak tide
events during winter storms. llwaco has little to no influence from the freshet. These trends are similar to
past years.

In general, we have found that inmnual variation in inundation patterm®much greater at the upper
river sites, Franz Lake, Campbell Slough, and Cunningham Lake where seasonal flooitingnter

and freshet) can result in months of continuousdtation during higtwater years. In contrast, the mid
and lower estuary sites, Whites Island, Welch Isl&teamboat Slougland lliwaco Sloughare

dominated by tidal pattermghereinundation lasts just a few hours during high tide, but occurs
frequenty, usually two times dailnundation, as measured as a percent of time that the water surface
level exceeds the ground surface is a means of comparing sites to each other and oMez tiverage
inundation daily at each site is dependent on the ébevdhe position along the tidal and riverine
gradient, and the seasonal and annual hydrologic conditions. The average % of the day the mean marsh
elevation is inundated for the month of August is critical for plant development in the upper river sites
becausehe freshet draws down and exposes the marsh surface. Generally, the trends in % time inundated
identified in August correlate well with average % daily inundation for the year (unpublishedtdata)
does not, however, always correlate with the disaragnitude of the annual freshet. This is because the
timing of the freshet can vary from year to year, in some yeais a®011 and 2012he high flows

from the freshet have lasted into August, resulting in significantly greater daily inundatiermpait the
upper river siteswhile other yearssuch a017, freshet levels were high but receded quickly resulting in
low inundation levels in August and generally more of the growing season. These shifts in daily
inundation are critical for plant commity development and can have major implications for not only
plant species composition by also biomass production. Lower water years (in Asigcistas 2015,

2017 and 2021produ greater plant biomass than high August water y&deshypothesize thahe

annual timing, magnitude, and duration of the freshet may also impact theetangtatus and trends of
tidal wetland fish utilization, macroinvertebrate assemblages, and plankton productivity.

Sediment Dynamics

Sediment accretion rates are valgalithin the Columbia River estuary and within individual sites, likely

due to variation in elevation, sediment loading, and flood inundation frequi€adie¢ & Robbins, 1984

Chmura et al., 2003Voods & Kennedy, 20119nd may even be affected by the vegetation present

(Larsen et al., 2010; Mudd et al., 201@arani et al., 2018 The greatest sediment accretion ragtshe 5

trends sitebave been measured@ampbell Slougtand can likely be explaed by the large bovine

presence in the years before. The next largest accretion rate, and the highest average accretion rate, occurs
at Whites Islandn apatch ofC. lyngbyeiocated at anid- to low-marsh elevatior(2.46m, NAVD88)

very close to the primary tidal channel at the site (<10 m from marsh edge). This is a good example of
conditions conducive to high accretion rates: proximity to the tidal channel, high inundation frequency
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(about 50 percent), and vegetation that proginigh amounts of organic material and effectively traps
mineral and organic material, both important sources of sediment accretidal freshwatemarshes
(Neubauer 2008 Additionally, Campbell Slough had an average erosional rate of around 0.2acm/ye
with a standard deviation of 2.73. The high variability in the data set is likely explained by the open
grazing, the higher energy system with close proximity to the channel, the very high inundation
frequency, as well as the high sediment supply.

Overall, the erosion rates at Campbell slough and Cunningham Lake can be attributed to constant cattle
grazing trampling, which affects soil compaction and removal of above ground bifimeagse, 1994,

Nolte et al., 2013) In recent years, large variation in accretion and erosion rates weresabaeall five

trend sites and Cunningham laRdée 220 and 2@1 sediment accretion and erosion data for the EMP
were included with the 2021 sediment dataset, and were included into tiereondataset. This

inclusion is one possible cause of changgends observed in the tableau dashboard. Similar
observations were noticed in a study researchers in the marshes along Gulf of(@ek&may et al.,

1997)

When combining longerm sediment accretion rates across sites we found that marsh elevation (m, CRD)
was negatively correlated with sediment accretion rates, meaning thatdmsk zones accrete more
sedimenthan high marsh zones. This pattern of sediment accretion is well supported by other studies
(Harrison & Bloom, 1977; Cahoon et al., 19969cally, Kidd (2017 found similar patterns within

wetland sites in Young Bay. The mechanism diving these observations are the differences in daily and
seasonal tidal ranges that can manifest in differences in sediment loading across the marsh elevation
gradient. Sediment gesitions being more pronounced in low marshes near marsh channels, which
receive more daily inundation and sediment exposure than high marsh{ldassan et al., 2005; Larsen

et al., 2010; Jay et al., 2015)

While we have found significant trend in sediment accretion across the EMP sites, in general our study
of sediment dynamics at the trend sites is has limitations. Firstly, the overall lack of sufficient
sedimentation stakes prevents us from making definitive connectitmgwidation and flooding

frequency, effects of vegetation of accretion rates as well as studying the influence of cumulative
discharge. Secondly, there are still several questions that need to be answered.

The interplay of mineral sediment accretionl éime accumulation of organic material is important in
determining the rates of sediment accretion and also the rates of carbon sequestration (Craft 2007). In
Tidal Freshwatemarshes, carbon accumulation in the sediment comes from organic materiatedsocia

with mineral sediments in the water column and from in situ biomass production and breakdown
(Neubauer 2008). Similar to sediment accretion variability, carbon density and accumulation rates are
likely variables in théidal Freshwatemarshes of the CRE. Carbon density is often greater at higher

marsh elevations with lower flooding frequency and lower sediment loading; however, the inverse may be
true of carbon accumulation rates (Chmura et al., 2003). Overall, in LCRE marshes, carbon in the surface
sediments (~10 cm) accounts for approximately 3 to 10 percent of the sediment (Borde et al., 2011; Sagar
et al., 2013). This carbon content is similar to those amounts found in a prograding riverine brackish
marsh with high mineral sediment accretion réfds®om 1992), but lower than some otfiddal

Freshwatemarsh sediments (Craft 2007; Thom 1992) where organic material may account for more of
the accretion. In generdlidal Freshwatewetlands store more carbon and have higher carbon
accumulation ratethan salt marshes (Craft 2007), but understanding the variability of this process in the
LCRE will be important to gain a better understanding of the overall storage capacity of these wetlands
now and in the future.

In the future, it may be informative telate site hydrology and sediment dynamics between and among
both EMPsitesas well as AEMR sites throughout the lower Columbigis effort may require more
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detailed tracking of sediment accretion and erosion rates within and across sites duagtoléwehof

variability seen in the historic data and generally inherent to monitoring sediment dynamics (Takekawa et
al. 2010).Furthermore, it is vital to compare rates of sediment accretion to forecasted sea level rise to
determine the rate of drownageross wetlands; we have found that many sites across the lower

Columbia are not keeping pace with forecasted sea level rise. Further study to quantify the rates of
accretion across all sites of the lower Columbia, including both the AEMR and EMP siliéisnadi

analyses of forecasted sea level rise; and the impact of both on overall extent and quality of marsh
habitats are planned for 2024.

4.3.2 Vegetation Community Condition and Dynamics

Overall rends in plant community compaosition

Overall, 2022 total plat cover was relatively stable across llwaco Slough, Welch Island, Whites Island,
and Franz Lake compared to historic, ldagn averagesCunningham Lake total cover has continued to
increase through 2022, beginning to rebound from the heavy cattleggadmiarved in 20:2020.

Campbell Slough has exhibited a small increase in total cover levels in 2022, however the overall cover at
Campbell is still low compared to n@mazed conditions; a new vegetation grid was established at
Campbell Slough in 2021 tapture norgrazed conditions and continues to be used for comparisons.
Cattle grazing has continued at Campbell Slough in the historic plant community study area since 2017,
with fencing efforts failing to keep the cattle out of the wetland. The nevgramed transcects (out of

reach from cattle on the other side of the slough) at Campbell clearly shows significantly more species
cover and biomass accumilation than the historic transects.

Generally, native and nemative cover are more similar from yeda year in the zone 1 and 2 sites

(llwaco, Welch, Whites) compared to the zone 4 and 5 sites (Cunningham, Campbell, and Franz), this is
likely due to the general hydrology of these sites, inundation patterns being much more stable from year
to year in tle tidally drive lower river, zone 1 and 2, sites compared to the fluvially dominated mid and
upper river, zone 4 and 5, sites. These trends were generally ohise?02@, with Ilwaco Slough,

Whites Island, Welch Island, and Franz Lake retaining similtiven cover conditions as to previous

years.

At llwaco Slough, in 2022, we continued to observed a general reduction-imatisaAgrostis
stoloniferacover and a corresponding increaseative Carex lyngbyecover, in addition to increases in
other natives such @ggentina egedii ssp. Egedideschampsia cespitodalaeopsis occidentalisand
Symphyotrichum subspicatuit Franz Lake, this shift was a result of a general mixed increase in native
species covancludingArgentina egedii ssp. Egeditraxinus latifolig Salix lucida andHelenium

autumnale Comparatively, Campbell Slough continues to show a marginal increase in native relative
cover.This shift can be accounted for by an increase in nativisisich agleocharis ovataHelenium
autumnaleLindernia dubia andLudwigia palustrisvhich were found growing in the plots heavily
disturbed by grazing. This shift, caused by grazing, indicates that these native species are found in the
seed bank butra normally (under no grazing) suppressed by more dominataative species such as

P. arundinacedKidd 2015). Comparatively, Cunningham Lake, which matsexperienced heavy

grazing since 2017, had a decrease in native cover from a historic high af 86%8 to a mere 46% in
2021. This decrease in native cover was accompanied by a general increasedtiveorover including

at 47% increase iR.arundinaceacover between 2018 and 20Zhis increase if.arundinaceas to be
expected both becausetbé reduced grazing pressure and because of the lower water conditions
experienced during the 20growing season, which favols arundinaceayrowth (see more on this

below)
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Between 20122022 the six most common plant species identified throughotittiesstuary (across the

6 trend sites) in order of overall abundanceRdralaris arundinacedPHAR, nonnative, reed
canarygrassCarex lyngbye{CALY, native, lyngby sedgeEleocharis palustri§ELPA, native,

common spikerustBagittarialatifolia (SALA, native, wapatq Leersia oryzoidefEOR, native, rice

cut grassandLudwigia palustrigLUPA, native, water purslaneWhile these species are tmest

common and abundant across all sites over the years, they are not necessarilgtpn sites every

year. For exampld&. arundinacealoes not grow at llwaco, likely due to the saline conditions present at
this wetland Kidd 2017) However it is found growing in abundance at all the other trend sites across the
lower river.

Trends inP. arundinaceabundance

In 2022, P. arundinaceaover levels stayed relatively consistent to those observe@h&t previous
years however, at Cunningharthere was a significaimcreasean P. arundinacedevelsfrom 21% in

2018 to 68% in 2021. Franz Lake also experienced an increBsatinndinaceaP. arundinacea
frequency (spread across the sitefreasedt Cunningham, but only slightly from 74 % of plots in 2018
to 63 % of plots in 2021, and overBll arundina@eafrequencyincreased significantly at Franz Lake from
60 % of plots in 2018 to 75 % of plots in 20Zhis shift inP. arundinacedevels observed at
Cunningham and Franz Lake is likely a product of vatty low freshet flooding conditions in 2Q and,

at Cunningham Lake, r@duction ofgrazing pressure. The last several years cattle have heavily grazed
Cunningham Lake wetlandi is well known that cattle pressure can significantly reducaundinacea
abundance during tlgrowing season (Kidd 2017kenerally,P. arundinaceaabundance has been found
to decrease in years of greater freshet discharge levels, especially in Cunningham Slough, Campbell
Slough, and Franz Lake where wetland water levels are tightly correlated with Columbia River discharge
conditions, higher water levels makiggowing conditions less favorable fBr arundinacea

Water year conditions and impacts of plant community composition.

In 2022, data continued to support our findings #matual shifts irP. arundinaceaoverarestrongly
correlated withColumbia River discharge levels and site water levels during the growing season, with
lower water levels (and lower discharge levels) favoRngrundinaceayrowthand observed abundance
These findingsridicate that annual flooding conditions within sites (% daily inundation) and across the
river (freshet accumulated discharge) are important mechanisms driving much of the observed annual
variability in P. arundinaceadominance across the estuary. Additibnahese data support the

hypothesis that annual flooding conditions in the Columbia can dramatically impact year to year shifts in
plant community dynamics, especially the srative specieP. arundinacedn the upper river sitespP.
arundinaceameanannual cover was also found to be tighigativelycorrelated with native plant
community cover across all river zones except the mouth (llwaco HRasanendinaceadue to high

salinity levels) annual increases I arundinaceaesulting inanoveralldecrease in natiy@antcover.

The longterm trends in the abundance of native speCidgngbey; S latifolia, P. amphibiumhave also
been found to be strongly (and significantly) linked to annual river discharge condéemerally,C.
lyngbeyiabundance has been found to increase in years of greater freshet discharge levels, especially in
llwaco Slough, where salinity lexselre reduced during large discharge years, makimging conditions
more favorable foC. lyngbeyi S latifolia has been found to have a delayed reaction to freshet
conditions, with lower freshet conditions resulting in an increaSelatifolia abundince the following
year.Additionally, P. amphibiumlevels at Franz Lake have also be found to follow a similar treBd to
latifolia with a one year delayed reactiondiecreasefteshet conditions, lower freshet conditiqiwver
water levels across theetland siteyesulting in an increase n amphibiumcoverthe followinggrowing
year(Figure 43) For both specieshis might be a result of increased rhizome stores from positive
growing conditions (low water levels), providing for more robust growth in the following growing
season.
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Summarizing these findings, site level daily inundation patterns in additionsorsgashet flooding
conditions are important drivers of native and-mative plant communities across the estuary.
Publication of these data and further investigations of these relationships will be explored in the FY23
report.

4.4 Food Wb
4.4.1 Primary Produon

4.4.1.1 Emergent Wetland Vegetation

Overall, 2022 resulted in a high production of standing stock and detritus biomass across all sites, with
some of the largest values seen to dldiieely a result of the longer growing seasons observed during the
lower freshet conditions these years experienced. This was especially true for Franz lake, where the
longer growing season was compounded with the removal of the beaver dam, proving a larger area for
low marsh plant community establishment.

Netabovegroungbrimary productivity(NAPP)is the rate of stage of organic matter in abay®und

plant tissues exceeding the respiratory use by the plants duringribé pf measurement (Odum 1971

Many methods exist to estimate NAR@weverfor our ecosystems in whidhere is a clear seasonality,

a good method is a single harvest at peak biomass (Sala and Austin 2000). Our analysis of the proportion
of live versus dead material indicated that for most species the live proportion of the summer samples
averaged greaténan 90 percent; a confirmation that we indeed were sampling at or near the biomass
peak. Starting in the summer of 2017 detritus sampling was included in the biomass sampling and
analysis to evaluate detrital production and export. In the winter of (20t8all sampling events to

follow), biomass sampling protocols changed slightly to accommodate detrital sampling and streamline
data collection. This included shifting from Astr
marsh strata descriptie across all sites sampled. This change has also included species biomass weights
to be recorded individually to assess species specific contributions to each high and low marsh stratum (in
the past mixes of species were assessed together). In geres@lkhianges will allow for a more detailed
understanding of speciapecific biomass contributions and still allow for letegm comparisons to

overall site, high and low marsh contributions.

Generally, productivity in the high marsh strata has beenhighyand similar in quantity to the most
productive North American marshes (Brinson et al. 1981; Bernard et al. 1988; Windham 2001). Average
summer biomass of 1000 to 1500 g dry weightmthe high marsh strata is not an uncommon

observation throughouté estuaryKidd et al. 2018 Generallythe multiyear analysis of the summer
biomass revealed high variability between yedrd/elch Island. Across sample sitesayto year

variability in overall total biomass contribution was found to be negatomtelated with cumulative

river discharge for August, indicating the importance of river conditions on annual wetland biomass
production and export, even at the lower river wetland locations, Whites and Welch Island.

Overall proportion of biomass coriitition from living, dead, and detritus varied across the seasons,

living biomass contributing the most during the summer season, standing dead and detritus contributing
the most during the winter, with biomass contributions being more evenly split bdiviegndead, and
detritus in the spring, reflecting new spring plant growth across all sampled’siteseasonal look at
biomass composition shows the largest flux of standing biomass (living + dead) out of these wetlands is
between the summer and wentimeperiod, some of this living and dead biomass shifting to detrital
material and most being exported from the sampling areas altogether. The largest flux of detritus out of
the wetland occurs during the sprAsgmmer timeperiod, detrital material slwing a gradual increase
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from summer to spring and then a sharp decline between the spring and summer sampling/eNents
theoverall amount of biomass contributed is lower coming out of the low marsh compared to the high
marsh strata, they were fourafollow similar patterns of living, dead, and detritus biomass contribution
over the seasonal shifts.

The EMP biomass sampling efforts continue to highlighstgificant organic planhaterial
contributionfrom these wetland sités the estuary ecosystem annually; however, this contribution
relative to the energy needs of the estuary food wstillisinknown. Overall, across sites the high marsh
strata dominated by a mix of native seddyngbyeinativeherbP. amphibiumand thenon-native

grassP. arundinaceaontributed the highest and most consistent amount of organic material, signifying
the importance of the high marsh plant community complex to the estuary foodtvedlow marsh strata
dominatedoy a mix of nativeP. hydropiperoides, S. latifolimndE. palustrisalso contributes a
consistenflux of organic material, while much lower in overall biomass weight, these low marsh
contributions are generally less variable than the high marsh anta site and year to year bagfs.

organic material from marsh plants is indeed a limiting factor for the detrital based food web in the lower
river, the restoration of additional marsh area dominated by rdtiieand low marsh speciesuld

improve tlose conditions.

4.4.1.2 Emergent Wetland Vegetatiddutrient Dynamics

One factor in the EMP biomass analysis conducted in 2018 was the evaluation of the living above ground
biomass, detritus, and soil nutrients Carbon (C), Nitrogen (N), and ADF lignin (L, lignin) composition.
This research has continued through 2022, wighetkception of the soil analyses. These data provide

insight into the quality and nutrient dynamics of the biomass contributions and highlight the variability in
nutrient composition between plant species and the high and low marsh strata-Spifedunctional

plant traits such as C:N ratio and L:N ratio can also provide insight into the potential decomposition rates
of species, with low C:N and L:N ratio species having greater decomposition potential than species with
higher C:N and L:N ratios. Th&:N ratio is commonly used to define the N immobilization

mineralization gradient, a greater C:N ratio promoting N up take by microbes (immobilization) and

detrital accumulation, while a lower C:N ratio promotes N mineralization (release) by microbes and
detrital decomposition (Reddy and Delaune 2008). The quality and rate of decomposition provides insight
into the direct food web contributions provided by different species found in the high and low marsh
stratas across wetlands.

Nutrient Conditions Obsesd Across Strata

Comparing C, N, and C:N ratios between the above ground living biomass, detritus, and soil across the
elevation gradient can provide insight into plant species nutrient use efficiency and decomposition.

Trends in C, N, and C:N ratiosrass the elevation gradient within wetlands weaicularly interesting

with living above ground biomass and soil C content both increasing along the elevation gradient; low in
the low marsh strata and high in the high marsh strata. Soil N followedlar pattern being higher in

the high marsh strata and lower in the low marsh strata. Living above ground biomass N content followed
a reverse trend with lower N levels in the high marsh strata and higher levels in the lower marsh. These
results generallyranslatednto greater C:N ratios in the high marsh soil and living above ground biomass
and lower C:N ratios in the low marsh soil and living above ground biomass. These results potentially
reflect both a shift in plant species and plant species nutrsengfficiency along the high to low marsh
gradient. The low marsh species having lower carbon content, and lower C:N ratios overall, indicating
less decomposition time required for the plant species found in the low marsh zone, C:N Ratio under 25
indicaing no N limitation to decomposition (Wang et al. 2016). The high to low marsh shift in C:N ratios
also corresponds to the overall differences found in detritus accumulation between the high and low
marsh zone across sites, less detritus accumulationrimgrur the low marsh zone. L:N ratios across the
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wetlands were found to also correlate with elevation, following the N content trend, with smaller ratios in
the lower marsh zones across siidse above ground living biomaksN ratio is also known as agd
predictor of plant biomass decomposition rates, smaller ratios indicate more N and less lignin, and
quicker decomposition (Taylor et al. 1989, Talbot et al. 2011).

Overall, mean summer lignin content was greatest in the detritus samples compaedivitogt plant

biomass This follows the expected trend of lignin concentrations increasing in the detritus as
decomposition occurs, lignin and associated compounds resisting decomposition (Taylor et al. 1989,
Talbot et al2011). Detrital lignin conterwas found to be positively correlated with detrital carbon

content, greater carbon levels within the detritus corresponding with greater levels of lignin. Similarly,
detritus L:N ratio was also positively correlated with detritus carbon content, higbbs ¢éVignin and

lower levels of N corresponding with greater levels of carbon. This result is expected, as others have
found that as the biomass breaks down, the ratio of lignin and C will increase compared to N (Taylor et al.
1989, Talbot et al. 2011This relationship is essentially showing N limitation in the lbegn

breakdown of organic matter with high C and Lignin content (Taylor et al. 1989, Talbot et al. 2011).

The mean soil N and C content showed a strong positive correlation, increask€ ioontent

corresponding to higher levels of N contérttis relationship was also found in the detritus, with detrital

C and N having a positive correlation across all siesrelationship was found between mean living

above ground biomass C and Ntant, indicating that this relationship becomes clearer once
decomposition begins (detritus) and the decaying plant matter and associated microbial communities are
incorporated into the soil within these sites.

Incorporating these nutrient dynamics ithe longterm status and trends monitoring will provide
additionalinsight and confidence in our understanding of the detrital and nutrient flux within these sites
and their contributions to the greater estuary food web.

Species Specific Traits Observed

Specific specieanalysis of the above ground living biomass C, N, and lignin content showed a large

range of variability in these traits from species to species, however, species specific trends were generally
found consistent across all sites samp&ukcies specific C:N and L:N ratio results have provided insight

into the quality of biomass and detritus being produced by dominant species. It has long been
hypothesized that nemative gras®. arundinacegroduces lower quality biomass (higher L:N and C:N
ratios) than the native sed@e lyngbyeipreliminary results from summer biomass sampling in 2018

support this hypothesis (Hanson et al. 20T6e common high marsh narative species?.

arundinaceawas found to have a higherean L:N and C:N ratios thah lyngbyei-These differences in

L:N and C:N ratios mirror observations of decomposition in the field with loegundinacedeing

retained on the site as standing dead biomasshimgbyeiHanson et al. 2016)

Common native low marsh spect@slatifolia,andE. palustriswere found to have much lowem and

C:N ratios than the high marsh speciadicating these species have more N in their living above ground
biomass tha®. arundinaceandC. lyngbyeiaiding fast decomposition rate. latifolia,andE.

palustris,are not generally found as standing dead due this faster decomposition and location in the low
marsh which is exposed to more active hydrologic flushing (exporting thebamadss) compared to the
high marsh.

Other common specieBplygonum amphibiurgFranz Lake, High Marsh) arieblygonum

hydropiperoidegWhites and Welch Island, Low MarsiWgre found to have the highest overall L:N

ratios, this is not particularly surpnig as these species have woody (high in lignin) perennial stems

(especially when compared to the other common wetland grass and herb species) that persist throughout
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the winter monthsP. amphibiunandP. hydropiperoidesre an interesting comparison te thther marsh
species because they do lose their leaves annually without much dead leaf accumulation, but their stems
tend to fall dormant (not actually standing deauddicating that their L:N ratios may vary dramatically
between the two plant structur@sore in the perennial stems and less in the leakagher testing and
distinction between leaves and stems of all species will help us better understand these functional plant
traits and how they inform plant decomposition and detrital productiomwtitese sites moving forward.

4.4.1.3 Pelagic

Further discussion will be provided in the R¥2port,due to Covid related restrictions on tithese

data were still in process at the time of this redorta partial update of these conditions Seetion 3.4

In 2019 total algal biomass, as estimated by concentrations of chlor@phydis highest in March, prior

to the spring freshet, at Welch Island and Whites Island; in contrast, the highest algal biomass at
Campbell Slough and Franz Lake Slbugas observed in August, with an exceptional peak in biomass at
Franz Lake Slough in May. While there were a number of years between 2011 and 2019 where samples
were not obtained in March, the values observed in March 2019 are relatively high foryttspeag

period. The low river flows in winter 2019 coincided with relatively high algal biomass, consistent with
previous analyses that showed a negative correlation between river flow and algal biomass during the
winter and spring months (Maier, 2014heTlow levels of chlorophyh observed after the freshet

subsided and flows were reduced to some of the lowest rates in th@ @8 fime series is also

consistent with previous observations that in the summer months, river flow is positively assuitiated
algal biomass (Maier, 2014).

The contrast in timing of maximum pelagic algal biomass between Welch and Whites Islands compared
to Campbell Slough and Franz Lake Slough reflects the differences in species responsible for the bulk of
the pelagic primgy production. Whereas at Welch and Whites Islands the assemblages were dominated
by diatoms, peak biomass at Campbell Slough and Franz Lake Slough was dominated by cyanobacteria
and chlorophytes. This is an important distinction due to the differenoedritional quality among the

different groups of phytoplankton; studies have shown that feeding rates of zooplankton are very low on
cyanobacteria (Schmidt and Jonasdottir, 1997). However, that same study showed that a supplementation
of diatom diets byyanobacteria can lead to an increase in feeding rates among copepods, as indicated by
egg production rates; they observed that a 3:1 ratio of diatoms to small, unicellular cyanobacteria could
result in an elevated feeding rate relative to diatoms alormer(8tand Jonasdottir, 1997). It is possible

that the higher diversity in algal taxonomic classes observed at Campbell Slough and Franz Lake Slough
contributes to the high densities of zooplankton there, in addition to slower presumed flushing rates that
prevent dilution of standing stocks.

Over the last number of years, pelagic productivity has been high at Franz Lake Slough, which reached a
peak >100mg chlaL?in 2017.In 2019, cyanobacteria accounted for a large proportion of the
phytoplankton assetage in the summer; however, the cell densities (of cyanobacteria and other
phytoplankton) were not as high as in 2017 or 2018 at most of the trends sites, with the exception of
Campbell Slough, which had high abundances of cyanobacteria in AugustwEneraiso relatively high
densities of cyanobacteria in 2019 at llwaco. Total phytoplankton biomass (as estimated by chigrophyll
was highest in early spring at llwaco, Welch Island, and Whites Island (i.e., March, April); in contrast,
peak biomass ocawgd after June at Campbell Slough. Phytoplankton biomass was high both before and
after the freshet at Franz Lake Slough. At Franz Lake Slough the first peak coincided with high nitrate
concentrations while the second peak (after the freshet) coincidetiight phosphate concentrations.

The species composition of the first peak was dominated by diatoms and chlorophytes, whereas the
second peak was dominated by cyanobacteria, where the assemblage was domésabddayaspp.
andMicrocystisspp. Anabaen@as also abundant at Campbell Slough, in addition to Merismopedia spp.,
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in August.MicrocystisandPseudeanabaenavere the most abundant cyanobacteria taxa at Whites
Island, Welch Island, and llwaco.

The availability of phosphorus without available rtigréends to stimulate the predominance of
cyanobacteria (Andersson et al., 2015) since many of them are able to fix atmospheric nitrogen (Vahtera
et al., 2007). The in situ fluorescence data showed a peak in phycocyanin, a pigment associated with
cyanobagtria, in August, when phosphate concentrations were Algiough the proportional

contributions bycyanobacteriao the phytoplankton assemblages was high, the cell densitiesoteas

high asthoseobserved in 201@r 2018.Cyanobacteria blooms havedn regularly observed in off

channel habitats during the mid to late summer months throughout the duration of the Ecosystem
Monitoring Program (Sagar et al., 2016, Hansen et al., 2@hd)each year of observations contributes to

a better understanding factors that control the initiation and development of blooms in these hakliitats

is interesting to note that although cyanobacteria blooms tend to be associated with high temperatures
(Paerl and Huisman, 2009, Paerl et al., 2013), the blooms obskemeg the warmest of recent years

(2015) was associated with species that were not-fxiducing (i.e.MerismopediaTausz, 2015,

Peterson et al., in preplih 2019, river flows and nutrient concentrations were not as high as in previous
years; thuswhile temperatures were favorable for the development of cyanobacteria odrtise
proportional contributions to the total assemblage were-thiglabsolute densities were likely limited by

low fluxes of nutrients to the systeithis highlights the intgplay between species composition and
environmental conditions that influence the development of blooms, especially nutrient supply,
temperature, and transport and colonization of organisms. Since nutrient supply to the lower Columbia
River appear to confeom different sources, including particulate matter (phosphorus), direct inputs from
tributaries (nitrogen; especially from the Willamette), and the ocean (nitrogen or phosphorus, depending
on the season; especially at llwaco), it is important to betidenstand how temporal patterns in nutrient
supply influence the timing and magnitude of phytoplankton blooms, especially when they are dominated
by noxious species such as topiroducing cyanobacteria.

Outside of the warm summer months, the phytoplankton assemblage at Whites Island and Welch Island
tends to be dominated by diatoms, wAtsterionella formosaepeatedly being most abundant in the early

part of the period of spring growth, while other diat includingSkeletonema potamogreased in

abundance later in the ye&:. potamoss a species typically associated with warmer waters; this species
was present in high abundance in 2015, and was observed during the summer months during most years.
In 2019,S. potamosvas observed in relatively high abundance in May at Whites Island and in June at
Welch Island and Campbell Slough, but was not observed at Franz Lake Slough, nor at llwaco. In each of
the years between 2009 and 2049formoséhas constuted the early succession species that initiates the
spring bloom in the river (Maier, 2014, Maier and Peterson, 2017, Maier et al., in review). This species is
prone to heavy parasitism by flagellated chytrid fungi in the river mainstem (Maier ancbRe2€E4);

the degree to which shallow water habitats with longer residence time influence rates and prevalence of
parasitism upon primary producers that fuel aquatic food webs is currently being investigated (Cook and
Peterson, unpubl. data). Since parssi is often dependent on temperature (lbelings et al., 2011), it is

likely that periods of higher temperature would have a different prevalence of parasitism and thus
influence carbon cycling and transfer through the lower food web.

Analysis of relatioships between environmental variables and phytoplankton assemblages revealed that
high relative proportions of diatoms are associated with high concentrations of dissolved oxygen and high
dissolved oxygen saturation relative to the atmosphere. Diatomhgi®aiso associated with a reduction
in nutrient concentrations (accomplished through drawdown associated with growth). High dissolved
oxygen saturation and let@-moderate nutrient concentrations are indicative of good water quality.
Diatoms tend to domate in the spring months, where populations can get quite large; most of the annual
growth of phytoplankton occurs in the spring and is accomplished by diatoms (Maier and Peterson, in
prep.).
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According to a Bayesian Inference stable isotope mixing mpHgtpplankton carbon contributes to the
juvenile salmonid food web as part of the diet of chironomid prey, based on stable isotope signatures of
carbon; this carbon is incorporated as particulate organic matter and as periphyton (attached organisms).
Modéds looking at how different sources of primary production contribution to additional prey sources are
being investigated as more data are gathered, but analysis thus far suggests that periphyton constitutes an
important source of organic matter for thefpreed prey of juvenile salmonids (i.e., amphipods and
chironomids). Estimates of dietary contributions from different prey items inferred from stable isotope
mixing models suggest that juvenile salmonid growth is supported by amphipods, chironomidseand o
crustacean prey, which is consistent with observations derived from stomach analysis.

4.4.2 Zooplankton

Zooplankton assemblages differ along the spatial gradient from llwaco Slough to Franz Lake Slough and
over time from early spring to summer. llwaco&jb is consistently dominated by copepods, with inputs
from rotifers, but very few cladoceran taxa. At the other sites, copepods generally dominated the
zooplankton assemblages. At Welch Island and Whites Island, there was an increase in the proportional
contribution by cladocerans from spring to summer in each of 2017, 2018, and 2019. At Campbell Slough
and Franz Lake Slough, an increase in the proportional contribution of cladocerans was observed from
March to June; however, by July, the relative propogiof cladocerans decreased at both sites in 2017

and 2018.

4.5 Macroinvertebrates

We examined trends in the availability of major juvenile Chinook salmon prey taxa, including amphipods,
dipteran flies, cladocerans, and copepods. Amphipod abundabesthic core samples was greatest at
llwaco Slough. Relatively few amphipods were collected from Welch Island and Whites Island, although
2020 Welch Island benthic samples had the highest amphipod contribution to date. Amphipods were
typically not presenin the furthest upriver sites, Campbell Slough and Franz Lake. The distribution of
benthic invertebrates in the environment is not uniform, and high variation has occurred among benthic
samples. Regardless, the pattern of declining abundance in amphipeds is consistent over time and

is also reflected in the diets of juvenile Chinook salmon.

Benthic dipteran larvae abundances have been variable, yet typically low across sites and years. In
contrast, with the exception of 2020, dipterans have higiwributions to neuston tow samples, and

greatest peaks, at higher reach sites. Campbell Slough and Franz Lake have lower connectivity to the
mainstem, especially during low water periods, and aquatic insects, like chironomids and other dipterans,
may be etained more within these sites than at more open sites like llwaco Slough and Welch Island. The
extent of invertebrate export from tidal marsh systems is influenced by the size and geomorphology of
wetland channels as well as the energy associated witlatisg water levels and velocities.

Connectivity to the mainstem is likely a factor in the potential for fluvial export of wetland insects and
may help explain the disconnect between our benthic and neuston sampling. Continued monitoring of
patterns irbenthic and neuston dipteran densities at the trend sites will help inform the complexity of

prey availability in these tidal wetlands. There were no 2020 dipteran density peaks, which is likely due to
the shortened sampling season.

In Pacific Northwest &tuaries, including the Columbia River estuary, juvenile Chinook salmon diet
composition is typically dominated by amphipods and diptef@insenstad et al. 198Rott 2004 David
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et al. 2016) The EMP study has ceistently described a dietary transition from wetland insects to
amphipods as juvenile Chinook salmon grow and move toward the estuary mouth. Beginning in 2017,
however, Campbell Slough juvenile salmon diets have transitioned more to cladocerans oelative t
previous years, when they typically consumed Chironomidae and other dipteran taxa. A 2020 sampling
peak that exceeded 1100 cladocerans per meter towed may be similar to a 2017 peak (1200 individuals
per meter towed) that occurred after a spike in Chloylba concentration caused substantial increases in
zooplankton abundan¢iidd 2017)

2020 multivariate analyses corroborated prevenusual reports gtivenile salmon dietsonsisting

mostly ofamphipods and dipterans, with higher contributions of cladocerans at Campbell Slough.
Conditions affecting the growth potential of juvenile Clik@almon, including prey availability, varies
over both spatial and temporal scales in the estuary. For the fish, habitat opportunity metrics including
site accessibility, temperature, water depth, and salinity interacts with habitat capacity metrass such
prey availability, competition, and predation to determine salmon feeding success, growth, and survival
(D. Bottom et al. 2005Examining average metabolic costs and energy assimilation may allow us to
evaluate habitat quality across various time scales by informing ubdimitatchanges at the scale of a
single juvenile Chinook migration season atthe scale of years. The method may also be useful in
comparing different sites to understand where salmon experience relatively good or poor growing
conditions. For example, salmon sampled from a new restoration site could be plotted along with the
long-term awerages from the trend sites to provide an evaluation of the new habitat relative to other areas
in the estuary

4.6 Fish

In 2022, fish community composition was sampled at five trendsiteaco Slough, Welch Island,

Whites Island, and Campbell Slough d&fdnz Lake. There is much overlap in overall species

composition at all five trend sites with specific attributes that either separate or link sites in terms of
similarity. llwaco stands apart with a greater influence of marine species while Welch aed laihds

tend to resemble each other and overlap llwaco and the upriver sites at Campbell Slough and Franz Lake.
The catches at Welch and Whites Islands are composed primarily of native species and most often are
dominateday a single species (Threespstiekleback), however, Chinook salmon can also dominate
numerically at Whites Island. Catches at Campbell Slough and Franz Lake most often have the highest
values of species richness and diverditye increased species diversity in the upper reachbg of

estuary is primarily driven by nemative speciegnany of which have mature stages that could prey upon
juvenile salmonThe greater proportion ebn-nativesspecies in this part of the estuary and river is likely
due to several factors including texd marine influence, summer water temperatures, and the
predominance dback watesloughs connected to the mainstem through tide gates and water control
structures. Studies have shown that these areas can be hotspotsrfativeoepecies and foster
environmental conditions, such as high temperature and low dissolved oxygen, which mamagiven
species can tolerate (Scott et al. 2016, McNatt et al. 2017).

Patterns of salmon species composition vary by year and more strongly by site. While Chimook sal
are the most prevalent salmonid observed at four of the five sites, chum is the dominant salmonid
observed at llwaco. Coho are observed at higher frequencies at Franz Lake than all other sites, but
Chinook are still numerically dominant at Franz LaRhinook salmon are more abundant than any other
salmonid species at Welch and Whites Islands, Campbell Slough, and Franz Lake. The majority of
Chinook caught at all sites are unmarked fry and fingerlings except at Campbell Slough where the
proportion of umarked and marked fish variesighest densities of unmarked Chinook salmon are
observed at Welch Island except in 2021 when highest densities were observed at Whites Island.
Abundance and density of Chinook increases seasonally from February and pgaksMay for
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unmarked Chinook, and May for marked Chinook. These findings support the results of other studies of
juvenile salmon use in the lower river and estuary (Bottom et al. 2011, McNatt et al. 2016, Roegner et al.
2012, Sather et al. 2016). Thekauf Chinook at llwaco Slough is consistent across years yet difficult to

expl ain. It i s possible that prevailing currents
adjacent to a vast mud flat limits juvenile salmon access to later sfiigesming tides. One noteworthy
exception to this pattern is February of 2020 whe

serves as a reminder that our samples are merely snapshots of fish abundance and distribution at specific
points in time and variability is high. For example, in 2021 no salmonids were observed at llwaco despite
three completed beach seine sets each sampling date. Coho abundance at Franz Lake is variable. Most
coho are unmarked fingerling or yearlsiged fish, with exedjons in 20082009 when large numbers of
marked coho were observed in May. Unmarked coho at Franz Lake are observed throughout the season
with a noteable peak in December of 2011.

Site-specific trends in the stock composition are evident. Unmarked West Cascadetfesd!

predominant stock of Chinook observed at Welch and Whites Isl@hdse siteare locatediownstream

of tributaries such as the Lewis, Kalama, and Cowlitz Rivers which produce large numbers of West
Cascade fall stock. Franz Laiselocatedupstream of WesCasadefall tributaries,andthisis reflectedn

the higher percentage of interior a8pring Creek Group stocks observed there. The greatest diversity of
stocksis locatedat Campbell Slough in Reach F, where salmon from interior Columbia Basin, Willamette
River, and lower river stocks converge. Results from this study support the fiodifigesl et al. (2014)

who sampled hydrogeomorphic reaches throughout the estuary and found the greatest diversity of stocks
in Reaches E and F.

Spring Creek group stock dominates catches of marked Chinook at Campbell Slough and Franz Lake in
the uppemportions of the estuaryfhisis likely due to thelose proximityto and dargenumber of

hatchery fish of this stock released from hatcheries just above and below Bonneville Dam. Spring Creek
Group stock comprise a larger percentage of marked than keen@hinook at Welch and Whites

Islands, but West Cascade fall stocks remain the predominant stock of both unmarked and marked fish at
these sites.

The seasonal distribution of stocks is similar to what has been found in previous studies (Roegner et al.
2012, Teel et al. 2014). West Cascade fall stwrelpresent throughout the year. Spring Creek group

stock tend to increase in proportion during Aigviay, concurrent with large hatchery releases, and

interior stocks tend to show up beginning in April &imdbugh summer. Seasonal trends for February

March of 2020 were not dissimilar to previous years except for the presence of an interior stock (mid and
upper Columbia River spring) in February.

The temporal distributions of Chinook and chum salmon indegarationn the timing of estuary use.

Chum salmon densities peak in March or early April, whereas Chinook salmon densities increase through
April, peak in May, and then start to decline. This pattern of estuary use is similar to patterns of
abundancéound by Roegner et al. (2012). The consistency with which juvenile salmon are captured at
EMP trend sites demonstrates the importance of tidal wetlands to juvenile Chinook salmon. @enook
rearing in these areas during times of low and high flows pfé@ominance of Chinook salmon in tidal
wetland habitats is consistent with findings of other studies within the Columbia River estuary and
elsewhere (Levy and Northcote 1982, Healey 1991, Bottom et al. 2011, Hanson et al. 2017).

The @undancef food resurces in tidal wetlands is a likely attractant of juvenile Chinook. This study

and others have demonstrated that prey items originating from tidal wetlands are an important part of

Chinook diet (Lott 2004, Maier and Simenstad 2009, Haesah 2017, Weitkamp et al. 2018and

Chinook have been observed entering wetland channels against water flow during times of peak diel prey

abundance (McNatt et al. 2016). Condition factors at EMP trend sites are consistent, with little variability
80



over the years. Meames of percent lipids and triglyceridagevariableover time and across sites. The

value ranges of lipid content for juvenile Chinook within the Columbia River estuaiy(3%) are

consistent with values observed in Chinook salmon shortly after on&ggnlzaly et al. (2010) measured

percent lipid of juvenile Chinook salmon in May and June off the coast of the Columbia River and

southern Washington and found average (SD) values of 1.3% (0.7), whereas other marine fishes tended to
have much higher valsee.g., Liparidae = 5.8% (0.5) and Cottidae = 6.8% (1.5).

Somatic growth analyses from otoliths indicate that fish collected in this study-2Ra850ver a range

of mainstem and ofthannel sites, historically samp)eite growing at rates similéw or greater than

what other studies in the Columbia River estuary have obs@hiedtudy: 0.54 mm/d, Chittaro et al.

2018; 0.41 mm/d, Campbell 2010; 0.23 mm/d, Goertler et al. 2016; 0.53 mm/d, McNatt et al.A016).
off-channel sites, fish length welated with growth rates, as larger fish grew faster than smaller fish.
Chittaro et al. (2018) also found that fish collected in the upper reaches of the estuary grew at faster rates
than those collected at loweraches of the estuary. This pattermsgeontrary to conventional

thinkingd that growth rates increase as sadmonmove from colder tributary waters to warmer estuarine
habitats with large capacities of prey production. A number of factors could contribute to this observation.
Thetransitionfrom freshwater to saltwater environments and maintaining position in an increasingly tidal
habitat may require additional energetic resources. Atltdhnel sites, growth rates have been consistent
from 2007 2018, implying that differences in flow rega® from yeato-year have little impact on the

growth rates of juvenile Chinook that utilize tidal wetlands. Of note is that otoliths sampled from 2015,
which was an extreme low flow and high temperature year, were lost and not processed, so any impacts
from such extreme conditions cannot be ascertained.

Additionally, as juvenile salmon pass through lower reaches of the river, the input of highly-estuary
dependent stocks such as West Cascade falls increases. This could lead tal€eeasidgnt impacts on
fish utilizing tidal wetlands. Given that 70% of vegetated tidal wetlands in the Columbia River estuary
have been logMarcoe and Pilson 2017) theduced capacity of the estuary to produce adequate prey
resources may exacerbate increased competitidoddr

Data from offchannel PIT detection arrays indicate thatasfinnel habitat is used by a wide variety of
stocks and species including Chinook and coho salmon, as well as steelhead. The extent of use varies
among stock. Fall Chinook typically are the malstindant in these areas and reside longer than other
stocks. However, at Horsetail Creeklividual steelhead have been shown to reside for several months.
One caveat to ofthannel use is that northern pikeminnow, a known predator of juvenile Chinondnsal

have also been detected in these habitats and tend to reside for weeks to months. Thus, extended use of
these habitats could increase juvenile salmon vulnerability to predation.

The ecological tradeff between predation risk and foraging opportuimityidal wetlands, as in

tributaries and the ocean, is the mechanistic driver of survival. Increases in foraging opportunities through
habitat restoration and efforts to decrease predators (especialhatiom predators) may help tilt the

scale towardsmproved salmon survival.
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5 Adaptive Management & Lessons Learned

Habitat restoration practitioners look to the best available science to inform restoration design. Despite
the number of research studies completed in the Columbia River Estuary that provided valuable habitat
data (focused mainly in Reaches A and B), tbesiistem Monitoring Program is currently the only long
term monitoring program that consistently collects loegn habitat data in the lower river from the

mouth to the upper, freshwater reaches. Information provided under the EMP provides conterifor act
effectiveness monitoring results and EMP sites often act as reference sites to which habitat restoration
sitesare compared_ongterm observations are essential for capturing the range of and potential drivers
of annual variability in environmental rditions, and the longer a monitoring program is implemented,

the more descriptive the dataset becomes.

The lower river and estuary provide rearing and refugia habitat for juvenile salmonid stocks originating
from across the Columbia River basin. Lergn monitoring of the various stocks that use lower river
habitats, migration timing through the lower river, and the extent to which salmonids use these habitats is
valuable information for resource managers. Tracking fish habitat use in conjunctioniafith ab

variables at reference sites provides information about conditions necessary for juvenile salmon survival
and, inturn, can inform habitat restoration desigm.addition EMP data track annual patterns in fish
presence, size, condition, growth, atiet of juvenile salmon during their migration period. These

patterns vary according to genetic stock, life history type, and whether the risinkedor unmarked

(e.g., marked fish catches correspond tdithiang of hatchery releases). Such monitordaia can be

used to track how fish from these different groups utilize lower river habitats during this critical time of
their life cycle. However, new data suggest that the current sampling methods (specifically the timing of
fish collectionwith respecto the tidal cycle) may not be fully inclusive of all life history types, with

yearlings potentially being underrepresented in catches. The lack of new sampling methods also results in
low to no catches in Franz Lake, which is a uniqgue EMP site baseslaiatic conditions and plankton
assemblages. Efforts to conduct additional sampling across the tidal range and at high tide may produce
results that differ from those derived using traditional methods, and provide additional information to
further exploe the influence of tidal ranges.

Non-native fish species are consistently caught throughout all reaches of the lower river and estuary. It is
unclear to what degree notives compete with juvenile salmon for resources such as food and space.
Juvenile Ginook salmon consume a wide range of prey functional groups from benthic to pelagic to
terrestrialderived. As such, there is a high likelihood that prey items consumed by juvenile Chinook
salmon overlap with prey items consumed by-native species. Aamprehensive examination of diet
contents of nomative fish that overlap spatially and temporally with juvenile Chinook salmon would

help illuminate some of these interactions that may have a substantial impact of juvenile salmon foraging
success. Additioally, some nomative fish species, such as smallmouth bass and yellow perch, are
predators of juvenile salmon in their adult form. Management options for controlling the numbers of these
predators need to be explored.

Non-native species can pose riskgiative species (e.g., increasing competition for resources, predation,
theintroductionof disease, reducing biodiversity, altering ecosystem function). For example, reed
canarygrassRhalaris arundinacepis known to outcompetenative wetland plantsnd aboveground

biomass data indicate that this species does not contribute the same quantity and quality of macrodetritus
to the system as native spedi€srdell et al. 2023)Wetland plant distribution is highly dependent on
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elevation and hydrologyhus vegetation community structure and % cover can vary fromtgegsar

based on river discharge patterns. L-ogign vegetation monitoring in emergent wetlands offers valuable
information to managers seeking to controlmative plant species by helpirtgein predict how
vegetation at a recently restored site will respond to annually fluctuating river flows. These data are
especially critical when trying to evaluate if restoration actions used to cBnaldinaceahave been
successful or iP. arudinace abundances are changing due to natural variability.

Physical, biogeochemical, and ecological habitat characteristics across varied hydrologic years may offer
insight into how environmental factors (e.g., water temperature, dissolved oxygen leyeisiqglae

survival success of juvenile salmon. Unsuitable conditions talaihnel habitats can have negative
implications for rearing juvenile salmon. Water temperatures in 2019 were higher than 2018 during late
spring and summer; so were the averagaber of days where water temperatures exceeded relevant
thresholds for salmon survival. Similar observations were made in 2015 and 2016, which were dry years,
with low discharge freshets. River discharge for 2019 were generally low, similar to 2015 fexbégit

freshet flows observed in April. These conditions, in combination with patterns observed over the past
decade indicate a shift in climate patterns, which needs to be explored further.

Water quality can vary within a watershed based on seasblo@ation. Even though the EMP sites are
considered to be relatively undisturbed, our results indicate that water quality values sometimes exceed
water quality standards and copldsearisk to aquatic organism#n addition connectivity between off
channel areas and the mainstem river is important for flushing and exchange of biotic and abiotic
material. In poorly flushed sites, water chemistry characteristics such as very low dissolved oxygen and
high chlorophyllconcentrations may cause hypoxic coiodis that are harmful to aquatic life, as well as
nutrient inputs that can trigger further algae growth, includingtbkferationof cyanobacteria.

Based on EMP data collected over the last several years, there are a number of potential threats to the
survival and growth of salmonids associated with poor water quality. For example, over the last several
years, the tidal intrusion of ocean waters in Baker Bay at llwaco Slough in the summer months has led to
increasing poor water quality in terms of dis®d oxygen saturation and pH; 262821had the greatest
number of observations of hours with low dissolved oxygen over the last severalry@@i32021,

while pH at llwaco slough were largely in the range of good water quality, in contrast, Castmingt
exceeded standard in June, and remained high through Septensoene years, pH fluctuations have

been outside of the range for good water quadityl chlorophyll concentrations have exceeded water
guality standards, particularly at Franz Lake Slough (e.g., in 2017). High abundances of cyanobacteria
have been consistently observed at both Campbell Slough and Franz Lake Slough during the summer
months, with high abundances occurring occasionally in the spring as well. In general, these threats to
water quality mainly occur in the summer months when water temperatures are highest.

To some extent, the threats can be mitigated through increase wateeand flushing; however, as
atmospheric temperatures increase and snowpack declines with global climate change, high flows do not
necessarily provide as strong a temperature buffer as they have in the past. Flows in 2017 were high
relative to the londerm average; yet, there was a higher number of days with temperatures exceeding
recommended values for salmonid growth and survival compared to all years but 2015, which had both
low flows and high atmospheric temperatures. When water temperatures adespdh relatively high

flows, cold water refugia become extremely important for salmomMdsitoring the water quality in the

lower river provides contextual information that identifies critical times periods and locations that should
be targetedor management.

Water volume and quality (temperature, dissolved oxygen, pH, nutrients, chlorophyll) are driven by river

flows under the influence of climatic factors that include atmospheric temperature and precipitation

patterns. Biological production at thase of aquatic food webs depends directly on some these features
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(e.g., water residence time, temperature, nutrients) and also influences some of these features (e.g., pH,
dissolved oxygen). The growth and survival of salmodigsendon food availability whichis directly

tiedto primary and secondary productiomand to water qualitparameterghat influence growth and
physiology (e.g., dissolved oxygen, pH, and temperature). We are developing models to infer the diet of
juvenile salmon so that we canatd hydrologicharacteristicto components of the food web to

improve our ability to predict how hydrology will influencdrean production and survival. In particular,
habitat restoration efforts should consider how interventions influence waterorteme and volume;

EMP datashow that when waters have long retention times during warm petiegsare vulnerable to

the proliferation ohoxious phytoplankton bloomehich impairs water qualitin terms ofdissolved

oxygen, temperature, and pH. Additally, it is important for managers to consider future fluctuations
predicted to be associated with climate change and the consequences of rising water temperatures when
planning habitat projects.

There are a number of questions that emerge basedenalsgears of observations in the lower
Columbia. Some of these have been presented below. Based on thertomtaset available, we
recommend an EMP Synthesis study addressing some of these questions:

1 How important are biogeochemical processes upstneaf Bonneville Dam for the tidal
freshwater estuary®™ is unclear how conditions above Bonneville Dam influenager
chemistryand plankton stocks observed downstream. Measurements of water quality and food
web components from above the dam would helgetermine the degree to which advection is
important versus in situ processes such as growth and gas equilibration with the atmosphere.

1 What is the importance of decomposition of organic matter by microbial organisms in
determining its quality for salmo prey?Mi cr obi al decomposition often
upgradingo, whereby |l ess |l abile compounds are
compounds that are more easily assimilated. How are these processes influenced by water
chemistry, temperata, and nature of the organic matter (e.g.,-native vs. native plant
species)?

1 What factors contribute to cyanobacteria blooms in Franz Lake Slou@#these blooms pose
a problem for wildlife, and if so, what is the extent of the proble@®er the lasfew years,
elevated phosphorus concentrations have been observed at Franz Lake Slough in advance of
cyanobacteria blooms, although the source is unknown.

9 How do pulses in primary production from different sources vary in space and time, and how
does ths influence secondary production and salmon food welb&® timing of availability of
different sources of organic matter produced through primary production varies between pelagic
phytoplankton and marsh vegetation. It would be helpful to compare thetodegaf these
stocks to identify patterns that could inform food web models. In addition, pulse events, such as
the production and deposition of pollen, could produce reservoirs of organic matter originating
from vascular plants in the water column thahdependent of detritus transport.

1 How does prey quality and quantity vary spatially and temporally across the estwahj2
studies have shown that emergent wetlands are important for prey production and export, accurate
assessments of information prey source in the mainstem and floodplain habitats are yet to be
made in the lower Columbia river. The spatial and temporal variation of energy densities of
chironomids and amphipods in these undisturbed sites of the lower Columbia river would provide
animportant functional tool for restoration design. Maintenance metabolism and energy ration
calculations from juvenile salmon diet data, or future calculations of modeled growth, may
address questions about habitat quality for juvenile Chinook salmonpkéglgyuality and
guantity may help mitigate effects of suboptimal temperatures and hydrological conditions.

1 How does mainstem cumulative dischargiect prey availability and juvenile salmon health
and habitat useAdditional information is needed to explore the effect of different mainstem
hydrologic conditions on the food web and habitat structure for the EMP. Since many EMP sites
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serve as reference sites for restoration projects, additional information abowhahgbitat
use and structure under various freshet conditions would help determine crucial actions in
restoration design, and mitigate effects of climate change.

1 How much do specific environmental factors impact growth, fish condition, residence tige, a
at maturation and survival of anadromous salmonids in the estuamga@bitat use in the lower
Columbia depends on a myriad of abiotic conditions, and a closer look into specific
characteristics such as temperature, DO, discharge, etc. would provich riirmation about
juvenile salmonid behavior which can be used to inform landscape principles in restoration
planning. Bioenergetics analysis of subyearling Chinook could be a useful tool for determining
impacts of temperature, flelvased variation ifood availability, and habitat availability on
subyearling growth and presumed survival. (links with topic above on discharge and prey
availability).

1 How does sediment carbon interact with Greenhouse gases in EMP Trend Sites®er to
understand the edtts of climate change on the EMP sites, another aspect that needs to be
explored further are the exchanges between carbon and greenhouse gases in emergent wetlands.
While some data is available from sediment analysis, further exploration is requiredsrofe
accretion and nutrients and carbon sequestration.

1 How does discharge and river flow impact availability of @ffiannel habitat including restored
area® Availability of alternate migration pathways and rearing opportunities is important for
building population resiliency. Impacts of climate change may limit access to rearing habitat as
flows decrease. Applying habitat connectivity models used in Puget Sound to the lower Columbia
River could help identify under what flows habitat connectivity is caigtd or maximized
throughout the entire lower river or specific reaches.

The Estuary Partnership sharesultsfrom the monitoring program with other resource managers in the
regionandresults from this multfaceted program are appliedresource ranagement decisionBesults
from the EMP are presented and discussed anaualScience Work Group meeting. The Science Work
Group is composed of over 60 individuals from the lower Columbia River basin representing multiple
regional entities (i.e., gow@ment agencies, tribal groups, academia, and private sector scientists) with
scientific and technicaxpertsewho provide support and guidance to the Estuary Partnetship.
addition EMP results will also be shared with regional partners at variodsrenices throughout the
year.Dataare often providetb restoration practitioners for@isn restoration project desigmd project
review templates (e.g., ERTG templatdsnally, data from the EMP atesed to comparand
contextualizeesults from théction Effectiveness Monitoring Bgram(see 2@2 AEMR report)ink).
Furthermore, the Estuary Partnersisigvorking on shifting all EMP and AEMR data into a regional
database to store, share, and conduct additional, largescale synthesis analyses of these data by utilizing
Tableau.
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7 Appendices

Appendix A.

For archival purposes and to ensure loegn accessibility, we have provided a static snapshot of the Tableau
dashboardkerein this appendixin the digital realm, Tableau provides a dynamic and interactive experience,
enabling users not only to engage directly with the data for deeper analysis and insights but also to access written
explanations and further details with a slenplick on specific sections of the analysis. The PDF version captures a
shapshot of the Tableau dashboards but cannot convey these interactive elements. While this static representation
offers a valuable overview, we strongly recommend engaging withriliree version to fully benefit from the

additional context and detailed explanations embedded within the interactive pld&ttortine full hybrid report

please see thigk.
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Iwaco Island - Summer

in a significant advancement this year, the EMP report has adopted a hybrid format leveraging the capabilities of Tableau, an interactive data visualization platform
This ensures that the data and analyses presented in the report are not just static but can be interacted with online, providing a more immersive experience for readers
and stakeholders. The integration of Tableau allows for dynamic engagement, facilitating deeper exploration of the data and insights, thereby enriching the
understanding and interpretation of our findings.

This reportis a collaborative effort by many researchers. Habitat structure research leads from Lower Columbia Estuary Partnership are Dr. Sarah Kidd, |an Edgar, and
Sneha Rao. Water Quality and Food Web dynamics research leads from Oregon Health and Science University are Dr. Joseph A. Needoba and Dr. Tawnya D. Peterson
Salmon Prey and Diet research leads from University of Washington are Dr. Jeff Cordell, Dr. Jason Toft, and Kerry Accola. Fish community and genetic composition
research leads from NOAA - Fisheries are Curtis Roegner and Susan A Hinton. Dr. Sarah Kidd, lan Edgar, and Sneha Rao, are the lead report Editors.

Mainstem Conditions of the Columbia River
River Discharge

The 2022 water year in the Columbia River was characterized by periods of high pluvial flow associated with the Willamette River in the winter, below average flows in
the early spring, and higher-than-average flows associated with the spring freshet, which peaked in mid-June.

Columbia River discharge at Bonneville Dam was close to the 2009-2022 average during the winter months; after mid-March flows were lower than average and reached
minimum values for the time period in mid-April. Flows increased from early and peaked in mid-June at volumes close to the long-term maximum, observed in 2017. The
decline in river discharge following peak flows was steeper than in 2017, but flow remained above average through the end of August after which they were close the
long-term average. River discharge associated with the Willamette was higher than average during a few peaks in winter and spring (early January, early March, early
May and early June) and was otherwise close to or below average values observed between 2008-2022.

Water Quality

The average daily water temperature in 2022 was average in the winter, slightly below average in the spring leading up to the freshet, average during the freshet, and
higher than average after the freshet There were 50 days having temperatures exceading 180C, similar to the long-term average. At the off-channel EMP sites,
temperatures were highest after July at Campbell Slough and Franz Lake Slough.

Water quality was generally good at the off-channel EMP sites in 2022, with pH being in the acceptable range except at Campbell Slough after early August where
values exceeded 8.5 units, alongside peaks in dissolved oxygen saturation and chlorophyll, indicating that environmental conditions were dominated by biological
activity.

Tidal Wetland Habitat Conditions of the Columbia River
Native and non-native Plant Communities

Overall, 2022 total plant cover was relatively stable across llwaco Slough, Welch Island, Whites Island, and Franz Lake compared to historic, long-term averages.
Cunningham Lake total cover has continued to increase through 2022, beginning to rebound from the heavy cattle grazing observed in 2017. Campbell Slough has
exhibited a small increase in total cover levels in 2022, however the overall cover at Campbell is still low compared to non-grazed conditions; cattle grazing has
continued at Campbell Slough since 2017, with fencing efforts failing to keep the cattle out of the wetland.

Setween 2012-2022 the six most common plant species identified throughout the tidal estuary (across the 6 trend sites) in order of overall abundance are Phalaris
arundinacea (PHAR, non-native), reed canarygrass, Carex lyngbyei (CALY, native), lyngby sedge, Eleocharis palustris (ELPA, native), common spikerush, Sagittaria
Iatifoliz (SALA, native), wapato, Leersiz oryzoides (LEOR, native), rice cut grass, and Ludwigiz palustris (LUPA, native), water purslane. While these species are the most
common and abundant across all sites over the years, they are not necessarily present at all sites every year.
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Tidal Wetland Habitat Conditions of the Columbia River
Native and tive Plant C ities

Overall, 2022 total plant cover was relatively stable across llwaco Slough, Welch Island, Whites Island, and Franz Lake compared to historic, long-term averages.
Cunningham Lake total cover has continued to increase through 2022, beginning to rebound from the heavy cattle grazing observed in 2017. Campbell Slough has
exhibited a small increase in total cover levels in 2022, however the overall cover at Campbell is still low compared to non-grazed conditions; cattle grazing has
continued at Campbell Slough since 2017, with fencing efforts failing to keep the cattle out of the wetland.

Between 2012-2022 the six most common plant species identified throughout the tidal estuary (across the 6 trend sites) in order of overall abundance are Phalaris
arundinacea (PHAR, non-native), reed canarygrass, Carex lyngbyei (CALY, native), lyngby sedge, Eleocharis palustris (ELPA, native), common spikerush, Sagittaria
latifoliz (SALA, native), wapato, Leersia oryzoides (LEOR, native), rice cut grass, and Ludwigia palustris (LUPA, native), water purslane. While these species are the most
common and abundant across all sites over the years, they are not necessarily present at all sites every year.

In 2022, P. arundinacea cover levels stayed relatively consistent to those observed in 2021 and previous years, however, at Cunningham, there was a significant
increase in P. arundinacea levels. Franz Lake also experienced a small increase. This shift in P arundinacea levels observed at Cunningham and Franz Lake is likely a
product of both very low freshet flooding conditions in 2022 and, at Cunningham Lake, a break from grazing pressure. In 2022, data continued to support our findings
that annual shifts in P. arundinacea cover are strongly correlated with Columbia River discharge levels and site water levels during the growing season, with lower
water levels (and lower discharge levels) favoring P arundinacez growth and observed sbundance. These findings indicate that annual flooding conditions within sites
and across the river (freshet accumulated discharge) are important mechanisms driving much of the observed annual variability in P. arundinacea dominance across the
estuary. The long-term trends in the abundance of native species Carex lyngbyei, Sagittaria latifolia, Polygonum amphibium have also been found to be strongly (and
significantly) linked to annual river discharge conditions. Generally, C lyngbeyi abundance has been found to increase in years of greater freshet and discharge levels,
especially in llwaco Slough, where salinity levels are reduced during large discharge years, making growing conditions more favorable for C. lyngbeyi. S. latifoliahas
been found to have a delayed reaction to freshet and river discharge conditions, with lower discharge years resulting in an increase in S. fatifolia abundance the
following year. Additionally, P. amphibium levels at Franz Lake have also be found to follow a similar trend to S. /atifolia with a one-year delayed reaction (increase in
zbundance) to decreased river discharge conditions. For both species, this might be a result of increased rhizome stores from positive growing conditions (low water
levels), providing for more robust growth in the following growing season

Macroinvertebrates

Juvenile salmon diets in the Lower Columbia estuary consist mostly of amphipods, dipterans, and cladocerans. Young salmon consume primarily wetland insects
(dipterans) at Franz Lake, the uppermost site, incorporate cladocerans at Campbell Slough, transition to dipterans and amphipods at Welch Island and Whites Island,
and consume primarily amphipods near the estuary mouth at llwaco Slough. Diets are most metabolically beneficial to small salmon (30 - 58 mm). Larger salmon have
higher metabolic costs that are directly influenced by larger body mass and higher water temperatures. Top salmon prey sources have small yet consistent
contributions from the benthic core and neuston tow samples.

Fish

Examinations of fish communities for all years of sampling show that all five trend sites are different from each other. The one exception is that Welch and Whites,
when compared directly to each other, are similar. Thirteen major families of fish have been consistently present at the trend sites. Within those families, the fish
species range from native marine species at Ilwaco Slough, to freshwater native and non-native species at the remaining EMP trend sites sampled through 2022.
Chinook salmon are captured at all five trend sites and are often the numerically dominant salmonid species. Chum salmon (primarily at llwaco Slough) and coho salmon
(primarily at Franz Lake) have also been captured at the five sites in low numbers.

107



Closing Summary

The Ecosystem Monitoring Program is the only study in the lower Columbia river that collects long-term habitat data from relatively undisturbed tidal freshwater
marshes to upper freshwater reaches to allow researchers and restoration practitioners to differentiate between variability associated with natural conditions and
variability resulting from human influence, and enhance our understanding of the degree to which these wetlands aid in supporting life-cycle and recovery of
endangered and threatened salmonids. We continue to monitored water quality, habitat structure, food web dynamics, and fish use at five trend sites from the mouth
of the Columbia River to the Bonneville dam to assess habitat function at these sites. We also began a focused effort to evaluate the influence of river discharge on
wetland habitat conditions. Results from our collective analyses indicate that differences in annual Columbia River discharge and climate conditions are correlated with
significant shifts in wetland food web and habitat conditions including plant community, plankton, and zooplankton abundance; as well as composition, food web
nitrogen, and carbon dynamics. These findings are critical for evaluating how future environmental fluctuations predicted to be associated with climate change may
impact salmonid habitat and food web dynamics. Future EMP research will focus on synthesizing these environmental observations and identifying how shifting
climatic, and habitat conditions will impact the salmonid food web

Management Implications
There are a number of questions that emerge based on several years of observations in the lower Columbia. Some of these include:

«  How important are biogeochemical processes upstream of Bonneville Dam for the tidal freshwater estuary? It is unclear how conditions above Bonneville Dam
influence water chemistry and plankton stocks observed downstream. Measurements of water quality and food web components from above the dam would help to
determine the degree to which advection is important versus in situ processes such as growth and gas equilibration with the atmosphere.

«  Whatis the importance of decomposition of organic matter by microbial organisms in determining its quality for salmon prey? Microbial decomposition often
results in “trophic upgrading”, whereby less |labile compounds are transformed through microbial metabolism to compounds that are more easily assimilated. How are
these processes influenced by water chemistry, temperature, and nature of the organic matter (e.g., non-native vs. native plant species)?

«  What factors contribute to cyanobacteria blooms in Franz Lake Slough? Do these blooms pose a problem for wildlife, and if so, what is the extent of the problem?
Over the |ast few years, elevated phosphorus concentrations have been observed at Franz Lake Slough in advance of cyanobacteria blooms, although the source is
unknown.

«  How do pulses in primary production from different sources vary in space and time, and how does this influence secondary production and salmon food webs? The
timing of availability of different sources of organic matter produced through primary production varies between pelagic phytoplankton and marsh vegetation. It would
be helpful to compare the magnitude of these stocks to identify patterns that could inform food web models. In addition, pulse events, such as the production and
deposition of pollen, could produce reservoirs of organic matter originating from vascular plants in the water column that is independent of detritus transport.

+  How does prey quality and quantity vary spatially and temporally across the estuary? While studies have shown that emergent wetlands are important for prey
production and export, accurate assessments of information on prey source in the mainstem and floodplain habitats are yet to be made in the lower Columbia river. The
spatial and temporal variation of energy densities of chironomids and amphipods in these undisturbed sites of the lower Columbia river would provide an important
functional tool for restoration design. Maintenance metabolism and energy ration calculations from juvenile salmon diet data, or future calculations of modeled
growth, may address questions about habitat quality for juvenile Chinook salmon. High prey quality and quantity may help mitigate effects of suboptimal temperatures
and hydrological conditions.

*  How does mainstem cumulative discharge affect prey availability and juvenile salmon health and habitat use? Additional information is needed to explore the
effect of different mainstem hydrologic conditions on the food web and habitat structure for the EMP. Since many EMP sites serve as reference sites for restoration
projects, additional information about changes in habitat use and structure under various freshet conditions would help determine crucial actions in restoration design,
and mitigate effects of climate change.

108



+  How much do specific environmental factors impact growth, fish condition, residence time, age at maturation and survival of anadromous salmonids in the
estuary? Habitat use in the lower Columbia depends on a myriad of abiotic conditions, and a closer look into specific characteristics such as temperature, DO, discharge,
etc. would provide critical information about juvenile salmonid behavior which can be used to inform landscape principles in restoration planning. Bioenergetics
analysis of subyearling Chinook could be a useful tool for determining impacts of temperature, flow-based variation in food availability, and habitat availability on
subyearling growth and presumed survival. (links with topic above on discharge and prey availability).

+  How does sediment carbon interact with Greenhouse gases in EMP Trend Sites? In order to understand the effects of climate change on the EMP sites, another
aspect that needs to be explored further are the exchanges between carbon and greenhouse gases in emergent wetlands. While some data is available from sediment
analysis, further exploration is required in terms of accretion and nutrients and carbon sequestration

+  How does discharge and river flow impact availability of off-channel habitat including restored areas? Availability of alternate migration pathways and rearing
opportunities is important for building population resiliency. Impacts of climate change may limit access to rearing habitat as flows decrease. Applying habitat
connectivity models used in Puget Sound to the lower Columbia River could help identify under what flows habitat connectivity is constrained or maximized throughout
the entire lower river or specific reaches.

The Estuary Partnership shares results from the monitoring program with other resource managers in the region and results from this multi-faceted program are
applied to resource management decisions. Results from the EMP are presented and discussed at an annual Science Work Group meeting. The Science Work Group is
composed of over 60 individuals from the lower Columbia River basin representing multiple regional entities (i.e., government agencies, tribal groups, academia, and
private sector scientists) with scientific and technical expertise who provide support and guidance to the Estuary Partnership. In addition, EMP results will also be
shared with regional partners at various conferences throughout the year. Data are often provided to restoration practitioners for use in restoration project design and
project review templates (e.g., ERTG templates). Finally, data from the EMP are used to compare and contextualize results from the Action Effectiveness Monitoring
Program (see 2023 AEMR report, link). Furthermore, the Estuary Partnership is working on shifting all EMP and AEMR data into a regional database to store, share, and
conduct additional largescale synthesis analyses of these data by utilizing Tableau.
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Ecosystem Monitoring Program Background and Study Area

1.1 Background

The Columbia River supported diverse and abundant populations of fish and wildlife and is thought to have been one of the largest
producers of Pacific salmonids in the world (Netboy 1980). Anthropogenic changes since the 18605 encompassing dike construction,
and use conversion, and the construction of the hydropower system on the Columbia River basin have resulted in alterations to the
hydrograph (i.e., timing, magnitude, duration, frequency, and rate of change in river flows); degraded water quality and increase
presence of toxic contaminants; intreduction of invasive species; and altered food web dynamics. Tl
significantly reduced the quant nd quality of hal
El the diversity, productivity, and persistence of salmon populations (Fresh et al. 2005). Degradation and loss of suitable
estuarine habitats can thre o ing limiting factors to salmon
te salmon recovery

Threatened and endangered salmonids utilize the shallow water wetland habitats of the lower Columbia River for rearing and
refugia, with some stocks utilizing these habitats for long time periods before completing their migratory journey to the ocean
(Bottom et al. 2005, Fresh et al. 2005, 2008, Rosgner et al. 2008, McNattetal. 20 Traditionally, fish and fish habitat research and
monitoring & s have been concentrated in the lower reaches of the estuar ularly near the mouth of the river,
ki edge gaps in the basic understanding of fish habitat use and benefits within the upper, freshwater-dominated reaches of the
Columbia River.

ar

ng

Tidal emergent wetland vegetation pravides rearing and refuge habitat for juvenile fish and a source of organic matter to the
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Navigate to Food Web analysis
Tidal emergent wetland vegetation provides rearing and refuge habitat for juvenile fish and a source of organic matter to the

mainstem and downstream habitats, while tidal channels provide access to wetlands and to foraging opportunities. Most emergent
wetlands in the lower river cover a narrow elevation range of 0.8 to 2.6 m, relative to the Columbia River Datum (CRD). The annual
fluctustions in hydrology drive the spatial and temporal variability of wetland vegetation, specifically the cover and species
composition, and affect overall wetland inundation (Sagar et al. 2013). The vegetation species composition in the lower river is

X i o spatially variable, with the middle reaches generally showing the greatest species diversity; although some areas are dominated by
Navigate to Fish Communities non-native species such as reed canarygrass ( Phalaris arundinacea), particularly in the river-dominated upper reaches (Sagar et al
2013). Identification and quantification of vital habitat metrics allow for a greater predictability in biotic responses to changing
environmental conditions and improves our overall understanding of the ecological functions in the lower river

Navigate to Macroinvertebrate Analysis

Click on any titles below for the pdf report.

LOWER COLUMBIA RIVER ECOSYSTEM MONITORING PROGRAM Salmonids occupy the upper trophic levels in the Columbia River system. They spend portions of their life cycle in fresh, estuarine,
ANNUAL REPORT and oceanic waters. Threats to their survival could arise from a variety of sources or stressors occurring at any one of several life

stages or habitat types. Large-scale changes to the ecclogical characteristics of the lower Columbia River food web as a consequence

LOWER COLUMBIA RIVER A CTION EFFECTIVENESS MONITORING AND RESEARCH of wetland habitat loss have resulted in a significant reduction of icrodetritus inputs te the system that historically formed the basis

ANNUAL REPORT of the aquatic food web (Sherwood et al. 1990). Organic matter derived from fluvial phytoplankton (rather than icrodetritus) may be a
seasonal driver of the salmon food web (Maier and Simenstad 2009). The consequences of the apparent shift in the type of organic
matter fueling food web dynamics are uncertain, and the understanding of shifts in the food web requires a detailed examination of
PROTOCOLS FOR MONITORING JUVENILE SALMONID HABITATS the interactions between multiple trophic levels and environmental conditions. Studying the abundance and assemblage of
IN THELOWER COLUMBIA RIVER ESTUARY phytoplankton and zooplankton over space and time provides crucial information on the diets of preferred salmon prey, such
aschironomids and benthic amphipeds. In turn, characterizing the abiotic conditions within emergent wetlands, and in the river
mainstem is essential for elucidating spatial and temporal patterns in the primary and secondary productivity in the lower river.

The Lower Columbia Estuary Partnership (Estuary Partnership), as part of the Environmental Protection Agency (EPA) National
Estuary Program, is required to develop and implement a Comprehensive Conservation and Management Plan. This Management Plan
specifically calls for sustained long-term monitoring to understand the ecological conditions and functions, to evaluate the impact of
management actions over time (e.g., habitat restoration), and to protect the biological integrity in the lower Columbia River. The
Estuary Partnership implements long-term monitoring through the Ecosystem Monitoring Program (EMP). Ultimately, the goal of the
EMP is to track ecosystem conditions over time and allow researchers and managers the ability to distinguish between the variability
associated with natural conditions and variability resulting from human influence. The EMP partnership collects on-the-ground data
from relatively undisturbed emergent wetlands to provide crucial information about habitat structure, fish use, abiotic site
conditions, salmon food web dynamics, and river mainstem river conditions to assess the biclogical integrity of the lower river,
enhance our understanding of the estuary functions, and ultimately support recovery of threatened and endangered salmonids. The
creation and maintenance of long-term datasets are vital for documenting the history of change within important resource
populations. Therefare, through the EMP, we aim to assess the status (i.e , spatial variation) and track the trends (i e, temporal
wvariation) in the overall conditions of the lower Columbia River, to provide a better basic understanding of ecasystem functions, to
provide a suite of reference sites for use as end points in regional habitat restoration actions, and to place findings from other
research and monitoring efforts, such as the Action Effectiveness Monitoring into context within the larger ecosystem.

Cunningham Lake - 2022

Ecosystem-based monitoring of the fish habitat conditions in the lower river is a regional priority intended to aid in the recovery of
histerical productivity and diversity of fish and wildlife. In addition to tracking ecological changes in the lower Columbia River, we also
measure and study the effect of varying flow regimes over the monitoring period, of the mainstem on site-specific biotic and abiotic
conditions. This year, we are specifically addressing uncertainties brought forward by the Expert Regional Technical Group (ERTG).
The hydrology of the mainstem Columbia is strongly influenced by winter snow melt and precipitation between the months of October
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