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SUMMARY AND KEY FINDINGS

Baseline effectivenesronitoring for the210 ha $19 acrg¢ Southern Flow Corridor (SFC) site and three
nearby leastisturbed reference sitewas conducted durin@ctober 2013 May 2015 by the Estuary
Technical Group (ETG) of the Institute for Applied Ecology and the Confederated Tribes of Siletz Indians
(CTSl)Laura Brophy ETG Dector, led the monitoring of tidal hydrology, plant communities,

groundwater, soils, mosquitoes,ater temperature and salinity, and sediment accretion. Stan van de
Wetering, Aquatic Programs Leader with CTSI, led the monitoring of fish use and macroinvertelirates
team members collaborated on channel morphology monitoring, and on analyses afkbhgdis

between physical and biological characteristics at the site.

The SFC Effectiveness Monitoring Plan (Brophy and van de Wetering 2014) wayjgeezd by the
SFC Monitoring Advisory Committee prior to the beginning of baseline monit&fifagtiveness
monitoring was designed and implemented by ETG and CTSI to enable the evaluation of progress
towards SFC project goals and improved ecological functBaselinemonitoring provides data for
comparison to posprojecteffectivenessnonitoring, andbaseline data can also be used to refine
projectdesign.

As described in the SFC Effectiveness Monitoring Plan (Brophy and van de Wetering 2014), selection of
monitoring parameterswas based on a conceptual moaélecosystem functionand parameters

sekcted were those likely to provide a clear picturdité outcome of the project in reference to the

project goalsField data was collected from the SFC site and three ydadstdisturbed reference

sites. The three reference sites were Dry Stockirants|Bay Marsh, and Goose Point.

The main body of this reportrpvides summaries, representativesults, and interpretation. Further
results are provided in the appendices, and additional data are available from lead a8mmes this is

a baseline maitoring report, projectresultscannot yet be evaluated. Insteaithis report highlightkey
differences between the SFC site and reference sitemonstrating how past alterations of the SFC site
have affected physical and biological conditions at th€ Site.

During the baseline monitoring period, physical and biologioatlitions were noticeablgifferent

between the SFC site and reference sftesall metrics monitored. The majority of these differences

were due to the lackf tidal influence at the SFC sjtend theSFG A 1 SQ& OdzNNBy d 'y R LI &
use Tidal reconnection and removal of flow barriers, as planned at the SF@rsiexpectedto produce

a shift inbiological and physicabnditions towardgeference conditios, though some&onditionswill

change more rapidly than othegstypical of restoration sites in gener&eyfindings are listed below.
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Key findings
To jump to further details about each key finding, click on the underlinggtrlink

Key findinggor emergent and tidal wetland plant communities:

1 Overallnative species cover and species richness were significantly lower at the SFC site
compared to the reference sites

1 Reed canaryaiss wa®ne ofthe dominant species at the SFC sitevery zone except Nolan
cropand Nolargrazed.

1 Species richness increased with elevation at the SFC site and reference sites

1 Emergent tilal wetlands at the reference sites were dominated by native pdpeties typical of
hNEI2yQa 2dzi SNIZOaldZDK G AR[® yHoR®EKREA aSRIS yR Gd

1 Woody speciegprimarily shrubsyvere found in the North aniliddle zoneslikely due toa lack
of grazingand pasture maintenance those zones imecentyears

1 Nonnative species were almost completely absent from the tufted hairgrass high marsh at Dry
Stocking Islandnd Goose Poinmaking these two sites particularly valuable as examples of
leastdisturbed high marsh for the Oregon outer coast.

Key findings for plant community mapping

1 Plant communities at the SFC site were dominateddrynative speciesNorntnative dominated
communities occupied 111.6 ha (60.6% of the site), while natbrainated communities
occupied only 53.6 ha (29%) of the site.

1 Reference sites were almost exclusively occupied by ndtiwmeinated plant communities.

1 Many of the nomnative and native dominants at the SFC site are likely tbai& after
restoration of brackish tidal flows.

7 Salinity tolerance varies among woody dominants in fm@snd shrub wetlands at the SFC
site, but thepostrestoration combination of increased inundation and salinity will likely lead to
dieback of many of the woody plants on the site

1 A number of current and potentignvasive species were found at the SFC sitast are likely to
be greatly reduced by the restored tidal inundation and salinity. Guidance is provided for each
species.

Key findings fowetland surface elevation andgvater level

1 Based on earby reference siteshe SFC site wgzrobablyhigh marsh prior to European
settlement andconversion to agricultural use

1 Average wetlandurface elevabnwas around?.05 m NAVDA88 at the SFC site a8 s
NAVD88 at théigh marshreference sitesindicating around2 cm of subsidenceccurredafter
conversion to agricultural us&stimated absidence varietbetween 37 cm and 78 cacross
the siteandappeared to beelated to land use history, with currently cropped aréavingthe
greatestestimatedsubsidence

9 High tidedatumsat study sites were similar to the NOAA tide station at Garibaldi (MHHW ~2.4
m, MHW ~2.2 m NYD88), but low tide datums were much higmerar SFQMLLW 0.5 m, MLW
0.8 m NAVDB8at our Dry Stocking Island gaugempared to-0.124 m at Garibalyli THsresults
reflectsthe strong fluvialriverine)component to the tidalnundation regimeat the SFGite.

1 The strong fluvial component of the tide regime was also illustratetiday lag times High tide
(marinedriven) peaks near the SFC site lagged onl®Q.tinutes behind the NOAA Garibaldi
station, but lower low tides (rivedriven) lagged around 2 hours behind the Garibaldi gauge.

1 Daily maximum watetevels were significantly lower at the SFC site compared to the reference
sites due to dikesandtide gates blocking tidal influence.
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1 During thesummerdry sason, plots at the SFC sdiel not inundate; they inundatednly
during thewinter wet seasonFluvial input generally elevated water levels throughout the study
area in winter.

9 At the reference sites, all but one of the study plots were inundated regularly during the
summer dry seasafThesinglereference plot that did not inundate in summgemundateddue to
tidal forces during other seasons.

Key findings for channel water salinity and temperature
9 Daily maximum channel water salinity was significalolyer at the SFC site compared to
reference sites during all seasgqmiie to dikes antide gates blocking tidal influence from the
SFC site.
1 Nolan Slough had the highest salinity in the winter of all loggers at the SH&alyedue to its
proximity to an observed leakide gate.
At the reference sites, winter salinities were higher than early spring salinities
Salinities at reference sites decreasedwincreasing distance from the mouth of Tillamook Bay.
Daily maximum channel water temperature was significantly higher at the SFC site compared to
the reference sites during all seasons, except winter

= =4 =

Key findings for groudwater levels

1 Daily maximum groundwater levels wesinificantly lower at the SFC site compared to
reference sitesduetothed A G SQa RNJI Ay | 3 Sidekafesysiten andliteO G dzNS 6 RA |
resulting elimination ofidal influenceat the SFC site.

1 TheSFC site i@ seasonal wetlandvinter and summegroundwaterlevels averaged 0.1 m and
0.6 m below the soil surface, respectively.

1 Based on groundwater levelSyuth no crop was the wettest zone within the SFC fitely due
to its low elevation)and Nolan ungrazed was the drigsine (likely due to its high elevation)

Key findings for soils:
1 Soil pH and soil salinity were bagfgnificantly lower at the SFC site when compared to nearby
reference sites
9 Soil pHncreasedsignificantly as elevation decreased at the SFC site, though not at the reference
sites

Key findings for sediment accretion adrerosion:

1 Sediment accretion rates were not statistically different between the SFC site and nearby
reference sites.

1 Sediment accretion rates were not significantly related to elevadiptine SFC site or reference
sites

9 Accretion ates found in this study were higher than those founydour teamin the Siuslaw
River Estuanyandin severabther studies

9 Flooding of the SFKsite likely brings in sediments, and recurring floodiithin the sitelikely
redistributessedimentacross the site, leading to high rates of accretion

9 Tillamook Bay historically has hhigih rates osediment depositionlikely leading to the high
rates of accretion at thetudysitescompared to other estuaries

Key findings for channel morphology:
1 Very thick layers ofrie sedimenthaveaccumulatedoehindtide gates within theSFC siteThe
fine sediments probably have a high component of organic matter from aquatic plants, such as
the abundant parrotfeather milfoil. These fine sedimentl likely beexported and
redistributedafter project implementation.
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The fine sediment surface showed a lower gradient and less variable elevation compared to the
firm channel bottombeneath the fine sediment. Thieflects the relatively stable water levels
inside the site, compared to the water levieictuations that would occur if tidal barriers (dikes
andtide gates) were not in place.

Channel depth to sediment surface was similar between the SFC site and refdtegdficugh
when fine sediment depth was csidered with channel depth, channels were deeper at the SFC
site. This suggests channels may have been excavated and fine sediments may have
accumulated within the channels. This interpretation was supported by channel bottom
elevation and flowpath elevain as well.

Bank slopes were lower and channel widthdepth ratios were higher at the SFC site when
compared to reference siteikely as a result of oxidization, machinery use, and grazing.
Similar patterns in bank slope and channel wittikdepth ratios have been found across the
Oregon coast

Channels were wider at the SFC site compared to reference Hitely due to site area and
alterations.

Keyfindings for linkages betweerbiological and physical parameters

T
1

Differences in plant communities between the SFC site and reference sitesiggaraiated with
differing elevation, soil salinity, and soil pH
Species richness at the reference sites significantly increased with elevation

Key findings for fish distribution and abundance:

T

= =

Because the SFC project is nested between the confluence of three rivers and is adjacent to the
broad shallow dia plain in the southern portion of Tillamook Bay, resulting salinity,
temperature and flow patterns make this area, relative to the full watersbgtimal habitat for
juvenile salmonids as well as other estuarine deparidpecies.

The fish community was predominantly compose@g@é&0 and agel Coho(Oncorhynchus
kisutch, age0 Chum(Oncorhynchus kejaage0 ChinookOncorhynchus tshawytschand
multiple age classes of Shiner pe(€lymatogastenggregata) Threespined stickleback
(Gasterosteus aculeatydRacific gaghorn sculpir(Leptocottus armatus Prickly sculpiiCottus
aspel), and Starry flounde(Platichthys stellatus

Species disibutions were affected by seasonality (shifts in stream flow, stream temperature
and salinity) and habitat acceqwesence/absence of migration barrierde gates).

Age0 salmonids were more common early in the yaduen flows were higher, and stream
temperatures and salinities were lower.

Shiner perch and Threspinedstickleback were less common early in the yaad more
common later in the year when stream flows were lower and terappges and salinities were
higher.

Pacific Staghorn sculpin were more evenly distributed across all sampling months

With the SFC habitats Threpined stickleback were dominant in the catchaiocationswhile
Coho were dominant at a single location.

Within reference habitats, agé CohoChum, andChinook, were well distributed as were Pacific
Staghorn sculpin, Prickly sculpin, Three spisickleback, and Shén Perch Agel Coho were
sporadically distributed across the reference locations.

Within the SFC habitats a®@eChum, ag® and agel+ Starry flounder, ageé Shiner perchand
agel+ Cutthroat trout were abserduring all saaple months while a total of three ag#
Chinook, and one agk Shiner perch were observed.

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, R of 215



Key findings for tidal migration:

1
1

)l

Fish use in the study area was high with over 70,000 fish observed during six sampling periods.
Net movement for ag® salmonids was lower at all SEC locatwhen compared to their
adjacent reference location.

Migration behavior of agé salmonids at SFC locations was different from ttiahe river
reference locationgn that the fish completed an upstream and downstream migration within
the immediate distance of the tide pipe.

Migration behavior of ag@ salmonids at SFC locations was different from didhe river
reference location#n that many of the fish remained within the immediate sampling habitat
and fed on drifting prey.

As depth and size of the SFC tide pipe headwater pool increamed fish were observed
migrating.

Limited to no daily tidal migration @hinook, Chum, Pacific Staghorn sculpin, Prickly sculpin,
Shiner perch, and Starry flounder occurred at the SFC locations.

We concludedhat fish observed migting at the SFC locations were predominantly rearing
within the tide pipe itself, the tide pipe headwater pool, or the pool habitat immediately
upstream of the tide pipéfew tens of meters) and not completing migrations betweHC and
reference habitats

Key findings for prey resources (benthic macroinvertebrates):

T

)l

Measures of diversity were greater for the SFC locatibar at the mainstem river reference
locations.

There were significantifferences in diversity both amorfsiFC locations aranongreference
locations.

Summed multispecies abundance values weveer for the SFC locatiotisan for the reference
locations.

The mat abundant taxa aBFC were chironomids, copepods, isopods, oligochaetes and
hydrobiidae Of these abundant taxa, chironomids, hydrobiidae and oligochaetes had the
broadest distribution.

Reference location abundance valwesre dominated by amphipods, copepods and
chironomids.

Invasive New Zealand mudsnails were found in samples from the NW Ditch sampbeitsitet

at other sample locations.

Althoughthe invasive New Zealand mudsnails is increasing in its distribution across the eastern
Pacific coast, we suggest the potential for expansion of this species within the SFC site post
restoration is limited

Results for théventhic community at the SFC site were similar to our observation at other
Oregon estuarine diked wetlands

Key findings for mosquito monitoring

1

1
T

Mosquito hrvae counts peaked at the end of April, while adudtsquitocounts peakd in the
beginning of July

Culex tarsalisvas the mosquitspeciesountedmost frequentlyat the SFC site

The salt marsh mosquitdedes dorsalisy species that created problems at thefNSui Q
restoration site (Bandon Marsh NWRJas notcapturedat the SFC sitét may, however, be
present at adjacent reference sites (not monitored due to funding limitations).

After project implementation, the majority of the SFC site will be tidally inundated daily
basis conditions which do not constitutpreferred habitat for the salt marsh mosquito
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YSe FAYRAy3Ia FT2N) aofdzS¢ OFNbz2y aiddzRey
91 Field work for he blue carbon study was completed in April 2015. Laboratory analysis of
samples is currently underway and completion is expected during late winter to spring 2016.
Results of the blue carbon study will be included in project reporting at the end of 2016.

Recommendations:

T During project implementation, monitoring infrastructure (particularly accretion plots and
groundwater wells) should be protectdtbm damage and disturbancH.accretion plots are
disturbed,comparisons of accretion rates before and after project implementation will not be
possible.

1 Postproject effectiveness monitoring should follow the recommendations and methods
presented in the SFC Effectiveness Mtming Plan(Brophy and van de Wetering 2014).
Continuation of these methods, which were used during the baseline stud/iail
comparisonghat are necessary fatetermination of project effectiveness.

I Postimplementation monitoring should address performance critesigyecommended in the
LINE 2500 Qa 9y @A NR Yy Yisty/sduthernfloweidomh { G G SYSy
Mosquitomonitoring is recommended for Year 1 and Year 2 after project implementation
Restoration design and monitoring recommendations resulting friois studyhave been
provided by our team during formal and infornadsign review meetingand phone calls, and
have been contributed to documents such as the SFC Baseline Documentation Report and fish
salvage recommendations.
 Recommendations resulting from this study atsobeingused to guide monitoring, design and

evaluation of project effectiveness at numerous other tidal wetland restoration Bit€regon

and the Pacific Northwest.

= =
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REPORT ORGANIZATION: RESTORATION AND MONITORIRBJECTIVES

This report is organized by tleffectiveness monitoringobjectiveslisted below. Monitoring objectives

are found in the SFC Effectiveness Monitoring Plan (Brophy and van de Weteringe2@h4monitoring

objective is addressed by monitoring a variety of parametéfectiveness monitangwas designed to

KSt LI RSGUSNXY¥AYS 46KSGKSNI G4KS LINRp2SOiQa 3I2FKt& | NB o
proposal to the NOAA Restoration Cenf€illamook County 2013are to: 1) improve habitat for native

fish and wildlife, 2)mprovewater quality and reduce sedimentation, 3) reduce flood hazards, and

4) enhance the overall ecological health of Tillamook Bay. ETG and CTSI are abtdradidress goals

1, 2, and 4, an&ffectiveness monitoring objectives 1, B, and 5(see below)

(p))

This report also provides a baseline for the quantificatiofoaf ecological benefits thahe project is
expected toprovide6o & adl GSR Ay ¢Affl Y221 /2dzyieQad LINRPLRAL f
Tillamook County 2013)
1) Increased habitat complexitynd availability, including low and high tidal marsh, forested tidal
wetland, and tidal channels;
2) Increased target species use, including increases in both species distribution and density within
the project area. Target species include Chinook salmora(fdlspring races), coho salmon,
chum salmon, and coastal cutthroat trout;
3) Enhanced water quality specifically, reductions in temperature and turbidity, and increases in
dissolved oxygeq in reconnected and constructed tidal channels; and
4) Increased clirate change resilience through-establishment of natural sediment accumulation
FyR | OONBiGA2Y LINRPOS&aaSas YIEAYATAYy3a GKS 2 LR NI
sealevel rise.

With the high level of community investment in this project, effeeness monitoring is critical in

providing accountability for the investment, as well as allowing for clear communication among project
teams, the scientific community, and the public. Finally, teort will help provide scientificallgound

data tha will assist other similar projects and advance the understanding of estuarine wetland
ecosystems.

Along with benefits to the target fish species (salmonids), the SFC proposal identified many other
species that are expected to benefit from the projéEtilamook County 2013).

Effectiveness monitoring objectives and hypothesis

EM Obijective 1Vegetation. Quantify the development of vegetation communities within the SFC
project site (including nomative and invasive species) and assess their degree of similarity to
vegetation within reference wetlands.
ParametersPlant species richness; percent covecl{iding nonnative and invasive species);
distribution and extent of plant communities
EM Obijective 2: Wetland physical conditior@uantifying changes in hydrologic, topographic and
edaphic parameters that support wetland functions and organisms usiabwietland habitat.
ParametersWetland surface elevation, tidal inundation reginehannel water salinity and
temperature,groundwater regime, soil pH, soil salinity, soil % organic matter and carbon
content, sediment accretion, channel morphology
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EM Objetive 3: Target fish species use, prey resources, and hal@aantify changes in target fish
species use of the site, and the quality of target species habitat at the project site.

Parameters:

Fish:Fish presence, abundance, diversity, and specieaeish

Prey resourcesBenthic macroinvertebrate density and taxonomic composition

Habitat: Tidal exchange; channel water temperature; salinity; pH; dissolved oxygen; tidal

channel morphology; kstream habitat including lgee woody debris (LWD) abundance
BM Objective 4Flood attenuation Quantify changem flood levels in the vicinity of the project during
flooding eventsMonitoring to addressthis objectiveis being conducted by Northwest Hydraulic
Consultants (NHC), Inc., sesults arenot reported here.

ParametersWater levels (stage recorders), maximum water levels (crest gages), floodplain

structures and conditions
EM Objective 5: Mosquito monitoringcompare species present at the SFC site during baseline
monitoring to those present posestoration.Funding for this objective was added to the contract
after the effectiveness monitoring lan (Brophy and van de Wetering014) was written, therefore it$
a newly added EM Obijective.

ParametersAdult and larval species present

The dfectivenesanonitoringprogram described abowsas desigred to evaluate the hypothesis that

AYLX SYSyGrdAazy 2F GKS { C/ LINE2S dysicaaidibiblogids & dzf § Ay
characteristics that show a statistically significant trend towards conditions at the referenceTiiss.

hypothesis will be evaluated in future, pasiplementation monitoring reports.

In addition to the monitoring described abe, funding from the U.S. Fish and Wildlife Ser(it&. FWS)
Fff26SR Y2YAG2NRAYy3I 2F GofdzS¢é OFNb2y 6O0FNb2y aiz2o0]
reference sites during 201%s well agn additionalkediment accretiosamplingplannedfor 2016 as

RS & ONARoR® tinfelifieg @ 6 St 2 6 @

Project timeline and design overview

Theoriginaltimeline for the SFC projecbnstructionand nonitoring activities as conceived in fall 2013,
is shown inTable 1 The timing of 2012015 maitoring is accurate in Table, butadditional activities
have been addedince 2013hat are not shown in the timeline
f In addition to the monitoring activities shownTable E a6 f dzS¢ OF Nb2y Y2y A2 N
2015, andanadditionalsediment accretiorsamplingevent is planned for 2016. Analysis is
OdzNNBy Gt e dzyRSNB I & T2 Nisee Kipendro@® dx 3 a dafl (ND 2 NP2 ydai
carbon monitoring and 2016 sediment accretion monitoring will be provided in a report
delivered to Tillamook County irePember 2016.
1 Project implementation (Phase 1) has since been delayed until 2016, so Year 2 and Year 4 post
construction effectiveness monitoring will also be delayed by one year.
A current project timeline can be obtained from Rachel HagditiamookCounty
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Tablel. SFC project timeline, a&é fall 2013 (from Brophy and van de Wetering 20Mgnitoring timeline for 20132015 is correct and that
work is completed. Implementation, initially scheduled for 2015, has been delayed until 2016, which will result in dethypafstproject
monitoring event by 1 year. Funding has not yet been sattweall components of pogtroject monitoring(after 2016).

2013 2015 2016 2017 2018 2019
afsTolnlofiTefmafmsTsfalsTolnlolsi[FTm[afm[s[sJals[olnfolsiTelmlafmfolsTalsToluols TemlafmlolsfalsToln[ofsJeTmlafms[o[alsToln[ofs [efmlafmli[iTafsToln]o

PHASE 1
Land and Easement Acquisition x| [ xfx ] wf wox ] wxfaf ] x) x| x]x]x
Management Plan Revision K] x|x]x
Final Design o] x| ] x| x| x| x]xfx]xfx
Geotechnical Investigation X[x|x
Cultural Resources x[x|x
Permitting x| x|x|xfxf[x]x]x]x
Bid Process x| x[x
PHASE 2 - CONSTRUCTION
Site Preparation XX
Interior Perimeter Work HEBE
Interior Restoration Work x| x| %
New Levee Construction x| x[x]|x
Final Breaching X
Project Closeout (As-built documentation by contractor)
Monitoring

Groundwater level setup
Groundwater level logger download i

Tidal Hydrology setup

Tidal Hydrology logger download

Tidal channel morphology surveys

Soil sample collection

Sediment accretion sampling setup

Sediment accretion data collection

Fish Dist and Density

Macroinverts

Fish at LWD (¥r 4 post implementation only) | HHEEN

IS

l
| | |

—

2013-15 2016-17 2018-19
Monitoring Plan Year 2 Post- Year 4 Post-
Development and Construction Construction
Baseline Effectiveness Effectiveness
Monitoring Meonitoring Monitoring

To provide context for this monitoring effort, amap of th&N2 2 SO0 Qa O2y a i NHzOGA 2y St SYSydaz SEOSNLIISF
report (NHC 2011)s provided in Appendix A (Ma@d AForfurther information onproject engineeringlesign, see the preliminary design report
(NHC 2011andfurther engineering design documents at the project webditigp(//tillamookoregonsolutions.com/resourced/).
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Methods overview

As described above, this report is organized by effectiveness monitoring objectives; methods are briefly
described under each objaee, and summarized iAppendix CTable C1To provide contextsampling
locationsand the general sample design for the stuahg described belowMonitoring methods were

based on a conceptual model of site functions (Brophy and van de Wetering 2014) and were designed to
RSGSNNAYS G(GKS LINE 2S @iis@dals. 3mrirdityivas@isasignado beh y YSSGAY
comparablewith other projects, ando meet regional and national standards for scietesed

effectiveness monitoring of tidal wetland restoration projects (Rital. 2005, Roegnest al. 2008,

Thayeret al. 2005, Simenstadt al. 1991). Further information on methods is available from $#eC

Monitoring Plan (Brophy and van de Wetering 2014) and fromatiteors.

Study sites

We monitored theSouthern Flow Corridor (SFte andthree leastdisturbed tdal wetland reference
sites Dry Stocking Island, Bay Marsh, and Goose Pdiiitare located in th&illanook River estuary
(Map A). Site charactastics are summarized in Table@d described in detail below.

Table2. Site descriptions fahe SFCite and reference sited)ry Stocking Island, Bay Marsh, and Goose
Poinf). River miles were calculated using the Oregon DEQ RM Calculator
(http://deqggisweb.deq.state.or.us/Ilid/Ilid.htm)l.

Site SFC site Dry Stocking Island Bay Marsh Goose Point
River mile 7 miles 7.2 miles 6.1 mile 4.2 miles
(11.3 km) (11.6 km) (9.8 km) (6.8 km)
Site type pre-restoration reference reference reference
Historic wetland type tlc_ial marsh af“’ tidal marsh and .
Sitkaspruce tidal open water tidal marsh
(1850s)* open water
swamp
diking, ditching,
tide gates, none, other than
Alterations, impacts dredge material | possible historic none none
disposal, grazing, grazing
logging
Channel condition ditched natural, natural, natural,
meandering meandering meandering

*  from Hawe<t al.(2008)

Southern Flow Corridor (SFC) site

TMa addzReQa Y2yAG2NAYy3a F20dzAaSR 2y GKS HMM KI OpHM
to tidal influence, near theonfluence of the Wilson, Trask, and Tillamook Rivers and west of the

confluence of Dogherty and Hoquarten Sloughs (Map)AThese ared& NB FSNNBR (2 Fa aiK
thisreport,g Af t 0SS G KS OSy i Ntosystendibdation &fiies) &6 Sescrilie®@i® S Ol Q &
CAfEFY221 /2dzydeéQa FdzyRAy3d LI AOFGA2Yy (G2 bh!! o¢

The SFC site has been diked for over 60 years, with numedeugates connecting the site to adjacent
channelsPrior to diking, thesite was a tidal wetlandpredominately high tidal marsh; the easternmost
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portions were tidal swamp (shrub/forested tidal wetlardtminated by Sitka spruce (Hawetsal.

2008. A limited area of forested wetland still occurs within the SFC site, primarily along the upper Blind
Sbugh. However, based on discussion with project partners, forested areas were not monitored during
this study, because forested wetland monitoring requires a disproportionately high time commitment
compared to monitoring emergent wetland&nother area ontted from sampling was the small area

north of Blind Slough, adjacent to the Wilson River, and west of the Blind Slough tide gates. Although
diked, his area experiences muted tidal flooding through small culveittsout tide gatesthat drain

into Blind $ugh.This area was omitted from monitoringebauset is so distinctly different from the

rest of the SFC sitand monitoringresults wouldtherefore beatypical of the SFC site as a whdlae
decision to focus monitoring o C/ Q & emRriehtSvRlanls allowed robust and accurate evaluation

of conditions within theewetlands whichO2 y a G A G dzi S G KS @I ad YlF22NRGe 2F

SFGCsite wetland sample zones

Although elevation is relatively homogeneous across the SFC site, land asg st current land
condition varies across the site. Therefore, sampling of the SFC site was stratified into zones reflecting
this varied land use history, as debed below and shown in Map A2

North wetland zone

This zone consists adsintensivelyalteredwetland area to the north of Blind Slough. This anees not

ditched andappears not to have beeilled, at least in recent yeardt has many meandering remnant

tidal channels. Although this zone has been grazed in the gasting has not occurred for many years.

tKAa T 2yS Aa FT0ONBDAIFIGSR ab2NIKE Ay (GloftSa yR FA
Middle wetland zone

The Middle zone isteandoned pasture to the north of Goodspeed Road and south of Blind Slough. This

zone has been actively managed as pestn the pastand has several ditched drainagbst it alsohas

manymeanderingeemnant channels, in contrast to the South wetland zof@s zone is abbreviated
GaARRfS¢ Ay GlofSa IyR FTAIdNBa®

South (crop) wetland zone

The South (crop) zone consistfarmed land south of the centerline ditch, adjacent to the Trask River.
:I'his zone is heavily ditched and intensively managad has no mearating remnant channeld his
I 2yS Ad F0ONBOAIFIGSR a{2dzikK ONRLX Ay GlFofSa FyR FA

South (no-crop) wetland zone

This is a oan-cropped areaouth of the centerline ditch and west of the South (cropped) wetland zone

Although this zone has been intensively managed in the relatively recent past (evidenced by ditched
drainagesand a lack of meandering remnant channgisis currently neither grazed nor croppeiihis

i2yS Aa [0O0NBGAFGSR a{2dzikK y2 ONRLX Ay {(lofSa |yR

Nolan Slough (crop) wetland zone

Nolan Slough (crop) is ameénsively managetlled land north of theNolan Slough channeéhs in the
South zonethis area has been heavily ditchemlfacilitate croppingTK A a8 1 2y S Aa 00 NBJAL
ONRLX Ay (GFlofS&a FYR FAIdz2NBAD
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Nolan Slough (grazed) wetland zone

Nolan Slough (grazed) is attige pasture surrounding®ian Slough. The level of ditching in this zone is
intermediate between the South wetland zone and the Middle wetland 2ewels This zone is
FoONBGALFGSR ab2fly 3INITSRE Ay (GlFofSa yR FAIAdNBAD

Nolan Slough (ungrazed) wetland zone

Nolan Slough (ungeed)is a wetland mitigation site south of Goodspeed &b Since 2009vetland
mitigation aptivities in this zone have includextavation of meanderinchannek, and Wopdy plantings.
tKAa T 2yS Aada F0ONBGAIGSR ab2ftly dzyaINI 1T SRE Ay Gl of

Fish monitoring zones

Blind Slough Mainstem

Blind Slougland its tributaries are the primary aennel system for the North andibtlle wetland zones.
Prior to construction of the centerline ditch, the Blind Slough system probably carried foeitynaf
daily tidal fows into the South wetland zores well as the North and Middle zones

Blind Slough Tributary

This tributary connects to Blind Slough just downstream of the Blind Slough Maitideegates; it is

also currenthtide-gated. It is representative of the mhisized tidal channels that predominate in the
Middle wetland zone. The upper reach of this tributary is ditched, and is representative of the ditched
channels found in the South wetland zone.

Nolan Slough

This channel system drains the eastern third & thain SFC project area. Historically, the middle and
upper reaches of the Nolan Slough channel system were Sitka spruce tidal swamp éHaw28098.

Reference sites

Three leasdisturbed reference sites provided examples of-gdisturbanceconditions and goalfor
ecosystenrestoration trajectory at the SFC sifeReference sites were selected to represemb

different habitat classes: 1) high marsh, thistorichabitat class that wakkely prevalent across most of

the SFC sitprior to dking and conversion to agricultural udéaweset al. 2008) and 2)low marsh, the

wetland class most likely to develop on t8E&Gite during theshort termafter project implementation

due to subsidencwithin the SFC sitén addition, referenceite ®lection was also based on proximity

and sinilar geomorphic setting to the SFC sitéiese similarities f f 2 ¢ dzA S -Afferconcf G o6 ST 2 N
AYLI OGé¢ o. !/ LO &l (A&l nteprdtatioh dipostfest@aNdn Ehangds atOK 2 LIG A Y
restoration stes (StewartOatenet al. 1986, 1992).

Reference site wetland sample zones

Dry Stocking Island

This island is located at the confhee of the Trask and Tillamoakers, and based on historic
vegetation mapping (Hawe= al. 2009, it has expanded cort@rably since the mido late 1800s, due
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Ewald and Brophy 2012). Despite historical actions to improve navigation in Hoquarten Slough (Coulton
et al. 1996), channeland vegetatioron the island appear to be undisturbed and in good condition

(Ewald and Brophy 201,2upporting the selection of the island as a ledisturbed referenceDry

Stocking Island includes both low and high tidal marsh; vaiéd sampling at this site within distinct

low and high marsh areas defined using visual airplatrpretation and DEMs (Map A4

Bay Marsh

This site is an undiked low marsh located west of the SFC site, within the extensivenetamsik that

has accreted at the edge of Tillamook Bay since European settlement (Dicken 1961, Philip Williams and
Associates 2002). During the immediate pimsplementationperiod, tidal inundation regimes and other
controlling factorsat lowerelevationsat the SFC sitare likely to be very simildo areas of similar

elevation atBay Marsi{Map A5)

Goose Point

The Goose Point wetlands are about 3 @n® mileshorth of the SFC site awdere identified as least

disturbed tidal marsh in the Tillamook Tidal éed Prioritization (Ewald and Brophy 2012) and the Bay

City Local Wetland Inventory (Wilsehal. 1997). This site contains matuteastdisturbed high marsh

habitat, providing useful reference for pdisturbance conditions at the SFC site aswelfi &S a A (1 S Q&
expectedongterm postimplementationtrajectory. However, salinities, tidal inundation patterns, and

fluvial influence at Goose Point may differ from the SFC site and the Dry Stocking and Bay Marsh
NEFSNBYyOS &aAiGSaz R dy$o the thould pfFilaSiook Bay afidiit@ EanddcipB detting A
(bay fringe as opposed to river del@jap A6) Sampling at Goose Point focused on mature high marsh

at elevations that are likely similar to the historic conditions at the SFC site (Mapslfa7).

Fish monitoring zones

Dry Stocking Island

¢ KAa aA il provide aGskflil sefgrénicedfor fish use, habitat conditions, and macroinvertebrate
communitiesin a leastdisturbed tidal wetland immediately adjacent to the SFC. site

Wilson and Trask Rvers

CAAK Y2YyAlG2NAYy3 61 & O2yRdAzOGSR Ay (KS 2aglaiccy | yR
species fomdjacenttidal wetlandsandthe SFC site

General sample design

The sample design for this study had several componsntamarizedriefly below for full details, see
the SFC monitoring plafBrophy and van de Wetering 20148ampling of aquatic biota (fish and
macroinvertebrate) was designed to build understanding of how aquatic organisms used different
habitats within the SFC sitad reference sitesand was organized by sampling reachdags A18
A19).Channel morphology monitoring focused on these aquatic biota sampling reaches, to allow
calculation & fish access (Maps AERdAL7). Water level, salinity and water temperature rge

monitored at dual logger installations near these aquatic biota sampling reaches and in several other
locations representing distinct hydrologic subunits of the study 8sps A12and A16-A17). Each
installation included a water level logger and a @mmed conductivity/temperature logger. These
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installations were placed in locations selected to represent major hydrologic zones within the study
area. Finallythis study used a stratified randosample design fovegetation, soils, groundwater, and
sedinment accretion. This design maximilzeur ability to understand the relationships betwedrese
physical conditions antthe associated plant communitieStratafor this stratified random design
consisted of the wetland zones described above. Sample uithgwhese zones (strata) consisted of
vegetation plots (quadrats), soil cores, groundwater welts] sediment accretion plots.

A total of 224 vegetation plots wegaced at random acrosdl zones, using a plot randomization
routine within ArcGIS. Ehnumber of plotgper zonewasproportional tozonearea. Physical conditions
monitoring was cdocated with vegettion plots as follows (Figure:1

1 Groundwater sample stations (shallow observation wells) were placed in a randomly selected
subgroup of 14uadrats (3 in each wetland sample zone on the SFC project site, and 1 to 2 in
high marsh at each reference site).

1 Soil sampling and accretion/erosion sampling (feldspar marker horizon plots and sediment
stakes) were cdocated with the 14 groundwater sagpte statilms, and also at an additional 24
randomly selected vegetation plots.

1 Of the remainingl87vegetation plots, 56 were clustered around the combined
vegetation/physicatlrivers sample sites (Figurg tb provide greater ability to interpret linkage
0SG6SSy LKeaAOlf O2yRAGA2Yya IyR LIyl O2YYdzyAl
placed at NSEW bearings and at random distances from the groundwater well.

1 The remainder of the vegetation plot$§8 quadrats) did not have associated physical
conditions sampling (other than elevation, from which inundation regime could be calculated
using nearby water level gauges).

9 Elevation was determined for every vegetation quadrat usingGF&.

METHODS AND ESULTS BY MONITORING OBJECTIVE

EM Objective 1: Vegetation

Quantify the development of vegetation communities vititthe SFC project site (including roative

and invasive species) and assess their degree of similarity to vegetation within reference wetlands.
ParametersPlant species richness; percent cover (including-mative and invasive species);
distribution ard extent of plant communities

Emergent and tidal wetland plant communities

Vegetation monitoringat the SFC site and nearby referersites quantifiegplant communities before
the tidal reconnectiorevent occurs, and traslchanges to plant communitiedtar project
implementation As stated in Brophy and van de Wetering (20f#nitoring total plant cover, native
species cover, nenative species cover, and species richness at the SFC site and nearby reference sites
allows us to

1 Document changes in pfd communities at the SFC site before and after project

implementation, relative to reference sites
1 Document the degree to which native tidal wetland vegetation communities asstablished;

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, PL9of 215



1 Provide information on relationships between vegetation depetent and hydrologic,
topographic, and edaphic parameters such as wetland surface elevation, tidal
hydrology/inundation regime, water and soil salinity fluctuations, soil characteristics, and
groundwater level dynamics; and

1 Document the presence and exteoitinvasive vegetation colonization, informing post
implementation adaptive management strategies, if needed.

Methods

Baseline monitoring of emergent plant communities was conducted in August 2014 at the SFC site and
nearby reference sites (Dry StodgitslandBay Marsh, an&Goose Point)Sampling occurred in 224
randomized 1 rhquadrats stratified by wetland sample zone at the SFC site and nearby reference sites.
Numbers of samples per stratum were proportional to stratum aed randomized within stratum

using computerized mapping (Geographic Information Systefygendix . A subset of plots were

not randomized, but rather ctocated with randomized groundwater wells, sediment accretion plots,

and soil sample locatior(gure 1). By calocating parameters, we could better interpret thiekages
between plant community compositions and their physical drivAteach vegetation plot, elevation

was measured using an RGRS receiver with a ten second occupatibable 3. Visual estimates of

species percent cover were made at each plot, follovBogham(1989). Scientific and common nhames

of plants in this reporre based ol KS h NBE3I2y Cf 2 NI tetNRe13)Ofeedent OKS O] f A ¢
cover represergd the area withinhe plot that wa coveredin vertical projectby the species in

guestion. Percent cover estimates smmadto 100% within a plot, including bare ground and other
unvegetated surfaces.

Vegetation was monitored mainly in emergent marsh/pasture, as thatth@slominant habitat type
through the SFC sités describedbove, brested areas were not sampled, but when randomized plots
occurred at the edge of forested areas, those were kept within the sampling. For these plots, percent
cover of treesand shrubswasrecordedin addition to emergent vegetatian
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Table 3 Number of plots sampled per zonethe SFGite and referencesites Number of plots was
LINPLR2NIGAZ2YIE (G2 12y S I NBI-sampled duk tdack oBadeds QuRng acivie & af A
grazing at the time of sampling

Areain| Areain Number of

Wetland zone hectares acres vegetation plots

North zone 16.6 41.0 28

Middle zone 59.8 147.8 59

South zoneno crop 5.9 14.6 12

SFC site Southzonecrop 34.1 84.3 46
Nolan crop 8.8 21.8 11

Nolan grazed 8.6 21.3 9

Nolan ungrazed 5.5 13.6 11

Bay Marsh 5.8 14.3 10

Reference Dry Stocking low marsh 2.4 5.9 9
sites Dry Stocking high marsh 4.3 10.6 16
Goose Point 3.8 9.4 13

Total 129.4 384.6 224

Co-located GW/veg/soil/accretion plot

Co-located veg/soil/accretion plot

Clustered vegetation plot

o000

Distributed veg plot

Figure 1 Diagram of a hypothetical sample layout for spatially linked vegetation and physical
conditioning monitoringfrom Brophy and van de Wetering 201#) this example, there are 2
combined groundwater/vegetation/soils/accretion sample locatiotiastered vegetation plots nearby
5 colocated vegetation/soil/accretion sample locatigrsd 30 distributed vegetation plots.

Emergent wetland plant community metrics (species richness, total plant cover, native plant cover, and
non-native plant cove were calculateen a per plot basisThese metrics werthen compared between

the SFC site and reference sitesing a ttest, andamong zonesisingANOVA. When distributions did

not meet the normality assumptionsnaquivalentnon-parametrictestwasused(either a Wilcoxon in

place of a test or KruskaWallisin place of ANOVAA simple linear regressiowasused to determine
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the relationship between elevation and species richnegb@tSFC site, and an exponential function was
usedfor the reference sites asit better fit the data We ran amulti-response permutation procedure

(999 permutations) and SIMPER analgsiplant community composition to determine if our grouping

by zones were statisticaliignificantin regards to plant species preseand to indicate which plant
speciesvere responsible fothe differences between the SFC site and reference sites, as well as among
zones. A multivariate technique, nanetric multidimensional scaling (NMDS), was ugsesummarize

and visualize differences in plant community composition between the SFC site and reference sites. All
analyses were completed in R (Version 3.1.1) using percent cover passpte dependent variable

Multivariate analyses were run usinget R packageegan(Version 2.1.1). Differences in plant

community metrics (species richness, total plant cover, native plant cover, andatige plant cover)
between the SFC site and reference sites, as wélétseenhigh marsh and low mardiabitats were
determined with a tweway ANOVA. Plots elevations below lockcalculatedIHHW Eigurel3) were
categorized as low marshnd plotsat elevationshigher thanlocalMHHW(Table 4 were categorized as

high marshBrophyet al. 2011 Janouseland Fdger 2014.

Inthe sec y a

0Sf26x (KS

0 S NY

& R2 Y A ytheyhighest gefcent cozerS R F 2 NJ

within the study transect. Species with more than 20% covecammonlyconsidered dominant,
although species with less than 20% cover magdiesidered dominant when total cover is loie(,
when bare ground is prevalenfyables 45).

Table 4 Average elevations of vegetation plots at the SFC site and nearby reference marshes.

Average elevation
in meters NAVD88,

Average elevation
in feet NAVDSS,

Geoid12A Geoid 12A| Dominant species or
Site and wetland class (standard erro) (standard error)| cover
SFGite 2.04 (0.02 6.70 (0.0 | reed canarygrass
Reference (low tidal marsh) 2.11(0.08) 6.083025|[ ey3doesSQa
Reference (high tidainarsh) 2.69(0.08) 8.84 (0.10) | tufted hairgrass

Table 5 Dominantplant speciesn samplezonesat the SFC site and nearby reference marshes

Zone Dominant species or cover
North zone reed canarygrass

) reed canarygrass,
Middle zone v9

sloughsedge

South zoneno crop

reed canarygrass

South zonerop

reed canarygrass

Dry Stocking Island high mars

tufted hairgrass

SFC site creeping bentgrass,
Nolancrop meadow foxtail,
tall fescue
Nolangrazed creeping bentgrass
Nolanungrazed reed canarygrass,
slough sedge
creeping bentgrass,
eference Bay Marsh lownarsh [ey3doesqa a8
sites Dry Stocking Island lowmars| [ @ y 30 & SQa &S

Goose Point high marsh

Pacific silverweed
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Results and discussion

All derived plant community metrics except total plant cover differed significantly between the SFC site
and reference sitesSpecies richnegser plotand native species percent cover were significantly lower

at the SFC sitand converselynon-native speas percent cover was significankligher at the SFC site
(Table 6, Figure)2At the SFC siteyarage species richneper plotand native cover wer 2.3and 20%,
respectivelywhile atthe reference sites, they we 3.5 and 84%gespectively Total cove wasabout

99%at the SFC sitand reference sitedNote that species richness per plot does not reflect total species
richness across plots. A total of 18 plant speaiesraged >2%over across afllots at the SFC site

(Table 7, and13 species average>2% cover across all platsthe reference sites (Tablg. Many

additional species were present at <2% cover (data available on reglesijnplete list of species

found in @mple plots is found in Table 12

The SFC site was dominated by tloe-nativeinvasive specieseed canarygras$halaris arundinacea

which averaged 50% covacross the sit€Table 7Figure 3. Native species were also dominant in some

areas of the SFC site (Table 7, Figlrtb3 1 A @S A LISOA Sa> HmG&Kyngbwiande y3oe SQa
tufted hairgrass@eschampsiaespitosg, dominated the low and high marsh habitats of the reference

sites (respectively).

There was a significant relationship between species richness and elevation at the SRa aitthe
reference sitegp < 0.0001 at bothFigure 4. However, this relationship was much less meaningful at
the SFC sitavith an R value of 0.07, indicating that elevation explains only 7% of species richness
variability, versus 61% of variabilay the refeence site Other researchers have observed strong
correlations between species richness and elevatig,(Goughet al. 1994, Grace and Pugesk897,
Kunza and Pennings 20@&nousek and Folger 2014).

Table 6 Average, standard error, and resultbstatistical tess for differences in plant community
metrics, SFC siteersusreference sites, 2014. Bold text indicates significant differences (p < 0.05).

- - Average (standard error p-value
R 2308 <oom
Total plant cove(%) rSeI;;;i]tfe sites ggg 83 0.84
Native cove(%) rSeI;;;i]tfe sites 528 gg < 0.0001
Non-native cover(%o) rSeI:;eSriwtse Sites Igg ((32..95)) < 0.0001
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Average species richness

44 B 1001

75

Number of species
Cover (%)
3

25

Average native plant cover
100+ B 1007

751 75

Cover (%)
3
Cover (%)
=

251 251

SFC site

Reference

Site

Average plant cover
A A

SFC site
Reference

Average non-native plant cover

A

SFC site
Reference

SFC site Reference

Site

Fgure 2 Average plant species richngssr plot, total cover, native cover and nerative cover for the
SFC site and reference sites. Error bars show one standard error; columns with no letters in common are

significantly different (Wilcaxn test, p < 0.05).
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Table 7 Average percent cover by species (for species averaging over 2% cover) at the SFC site and

reference sites, 2014. Green rows indicate native species; orange rows indicatative species.

Reference Reference

Plant species Common name SFGite low marsh high marsh
Achillea millefolium yarrow 0.0 0.0 5.5
Agrostis stolonifera creeping bentgrass 5.5 19.5 2.7
Alopecurus pratensis meadow foxtail 7.0 0.0 0.0
Carex lyngbyei [@ey3JdoeSQa 0.0 78.5 0.0
Carex obnupta sloughsedge 7.2 0.0 15
Deschampsia cespitosa | tufted hairgrass 0.3 0.0 29.5
Festuca rubra red fescue 0.0 0.0 4.3
Impatiens capensis spotted jewelweed 5.0 0.0 0.0
Juncus balticus Baltic rush 0.0 0.0 9.5
Juncus effusus common rush 3.6 0.0 0.0
Lotuscorniculatus birdsfoot trefoil 3.5 0.0 0.0
Oenanthe sarmentosa Pacific water parsley 2.7 0.0 0.3
Phalaris arundinacea reed canarygrass 49.7 0.0 8.8
Potentilla anserina Pacific silverweed 3.2 0.9 18.7
Schedonorus arundinacel tall fescue 4.4 0.0 0.0
Triglochin maritima seaside arrowgrass 0.0 0.0 4.5
unvegetated unvegetated 4.5 0.0 0.0
total 96.6 99.0 91.0
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Figure 3 Average percent cover by species (for species averaging over 2% cover) at the SFC site and
nearby reference sites, 2014. Blue colors indicate native species, whitearde colors indicate non
native species.
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Figure 4 Species richness along alevation gradient for all plots at the SE& and reference sites.

All emergent wetland plant community metrics were significantly different among the SFC zones and
referencezones(Table §. TheNolan Slouglyrazedzone had higher species richnessngared to the

other zones at the SFC site, and also higher species richness than low marsh reference sites (Bay Marsh

and DSI Low), though most of the plants at Nolan weremettive pasture grasse3dble 9 Figures 57).
The higher species richness iretNolan grazedonewas likely due tai K A & higlfeyefeation2.38
m versus an average of 2.05 m for the SFC site as a whalbd¢ (@}, combined withdisturbance by
grazingwhichallowedestablishment of a widerangeof plant speciesind upland veeds compared to
other parts of the site

Total plant covewas similar foall zonegaround 100% cover), but Nolan cropped had slightly less
cover than other zones (Figurestd. Native plant cover was low among the SFC site zones, with the
lowest percaatage at Nolan crof< 1%, and the highest at Nolan ungrazed (40Bt)lan ungrazed is a
mitigation site with nativeplantings that occurred in 2009 (Parametrix 2DMhich explains why native
cover at Nolan ungrazed waggher andmore similar to the reference zones thather zones at the SFC
site (Table § Figures 57). Amongnative specieat the SFC site, slough sedw the highestover, but
only reached a maximum o062 cover in the Middleane (Table 9. Reed canarygrasewer averaged
over 50%n plots in all zones at the SFC site that were mopped orgrazed (North, Middle, South no
crop, and Nolan ungrazed). Plots that were cropped/grazed were dominated by meadow foxtalil, tall
fescue and creeping bentga (South cropNolan cropand Nolan grazed).

Goose Point had the highest averapeeciegichness (5.yof all thezones, as well as the highest

percent cover of native plants (98%igures®B0 @ [ @y d0eSQa &aSR3AS 41 a GKS
the low marsh redrence zones, with 77% cover at Bay Marsh and 81% cover at Dry Stocking Island.
Tufted hairgrassa diagnostic dominant species for Pacific Northwest high tidal maeshthe highest
percent covemt the highmarsh referenceones, Dry Stocking Island a@dose Poin(30% and 29%
respectively)with Pacific silverweed having tlsecond highest percent cover (20% and 17%
respectively)Table 10, Figure 8)
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Table &\. Average and standard error of plant community metrics within zatdeke SFC sit2014. Asterisks indicatesignificanteffect of

zone(including reference zones) in the ANO{A< 0.05Units for d valuesexcept species richness are percent co@ntinuedin Table 8
below.

South
North Middle zoneno South Nolan Nolan Nolan
zone zone crop | zonecrop crop grazed| ungrazed
Average species richness (standard error)* 23(0.0)y 1.7(0.0)) 1.7(0.1) 25(.0 28(0.1)) 49(0.1)] 3.3(0.1)
Average total plant cover (standard error)* 99.3(0.1)] 100.0 (0.0)) 100 (0.0 100 (0.0f 95.0(1.0)] 98.3(0.4)) 100 (0.0)
Average native plant cover (standard error)* 219 (1.2)] 29.8(0.7)] 10.0(1.9)| 8.3(0.3)] 0.6(0.1)] 22.0(2.4)] 40.1(2.8)
Average nomative plant cover (standard error)y 77.4 (1.2) 70.2 (0.7)] 90.0(1.9)] 80.7 (0.5)| 94.4 (1.0)] 76.3(2.3)| 59.9 (2.8)

Table 8. Average and standard error of plant community metrics within zones at the reference sites, 2014. Asteitsiks msignificant

effect ofzone (including SFC zones) in the ANOVA (p < 0.05. Units for all values except species richness are percent coveiroGoiftiled
8A above.

Dry Stocking Island low Dry Stocking Island hig
Bay Marsh marsh marsh | Goose Point
Average species richnefsandard error)* 1.7 (0.1) 1.8 (0.8) 3.8 (0.8) 5.7 (0.1)
Average total plant cover (standard error)* 100.0 (0.1) 98.9 (0.1) 100.0 (0.0), 100.0 (0.1)
Average native plant cover (standard error)* 77.7 (2.5) 82.4 (2.3) 78.1(2.4)] 97.9(0.2)
Averagenon-native plant cover (standard error)y 22.3 (2.5) 16.4 (2.4) 21.9 (2.4) 2.1(0.2)
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Figure 5 Average plant species richngg®r plot)and total plant coveper plotamong zones. Error bars
show one standard error; columns with no letters in common are significantly different (ANOVA test, p <
0.05).
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Figure 6 Average native plant cover and notive plant cover among zones. Error bars show one
standard error; olumns with no letters in common are significantly different (ANOVA test, p < 0.05).
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Table9. Average percent cover by species (for species averaging over 2% cover) within zones at the SFC site, 2014. Greenaowt\iadicat
species; orange ks indicate nomative speciesColumns may not sum to the total shown, due to omission of spe@és eover.

South| South

North | Middle | zoneno zone | Nolan Nolan Nolan

Plant name Common name zone zone crop crop crop| grazed| ungrazed
Agrostis stolonifera creeping bentgrass 0.0 0.2 0.0 9.9 20.7 26.9 6.8
Alnus rubra red alder 0.0 0.0 0.0 0.0 0.0 0.0 2.5
Alopecurus pratensis meadow foxtail 0.0 0.9 0.0 13.4 35.9 16.1 9.1
Carex obnupta slough sedge 0.0 25.9 2.1 0.4 0.0 0.0 21.6
Cirsium vulgare bull thistle 0.0 0.0 0.0 0.0 0.0 2.8 0.0
Deschampsia cespitosa tufted hairgrass 0.0 0.0 0.0 0.0 0.0 5.6 0.0
Epilobium ciliatum purple leaved willowherb 0.0 0.0 0.1 0.0 0.0 0.0 4.1
Holcus lanatus velvet grass 0.0 0.0 0.0 2.1 11.4 7.3 0.9
Impatiens capensis spottedjewelweed 16.4 8.4 0.0 0.0 0.0 0.0 0.0
Juncus effusus common rush 0.0 0.0 4.5 7.7 0.0 9.7 8.0
Lotus corniculatus birdsfoot trefoil 0.0 0.4 6.9 4.4 1.2 2.7 12.9
Oenanthe sarmentosa Pacific water parsley 12.9 0.8 0.0 0.0 0.0 0.0 0.0
Phalaris arundinacea reed canarygrass 53.3 58.0 83.1 41.0 4.3 8.3 26.6
Potentilla anserina Pacific silverweed 6.2 2.6 3.3 0.0 0.6 6.8 3.9
Ranunculus repens double flowered creeping buttercup 4.5 14 0.0 0.0 0.0 0.0 0.0
Rubus bifrons Himalayan blackberry 3.0 0.0 0.0 0.0 0.0 0.0 1.4
Schedonorus arundinaceusy tall fescue 0.0 0.0 0.0 10.0 20.9 12.2 2.3
Typha latifolia common cattail 2.3 0.3 0.0 0.0 0.0 0.0 0.0
unvegetated 0.7 0.0 0.0 11.0 5.0 1.7 0.0

total 99.3 98.9 100.0 99.8| 100.0 100.0 100.0
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Figure 7 Average percent cover by species (for species averaging over 2% cover) at the SFC site, 2014.
Blue colors indicate native species, while red colors indicatenadine species.
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Table 10 Average percent cover by species (for species amegaover 2% cover) within zones at
reference sites, 2014. Green rows indicate native species; orange rows indicatative species.

Dry Dry

Stocking| Stocking

Island Island
Bay low high Goose
Plant species Common name Marsh marsh marsh Point
Achillea millefolium yarrow 0.0 0.0 10.0 0.0
Agrostis stolonifera creeping bentgrass 22.3 16.4 3.4 1.9
Carex lyngbyei [ @y3JdoeSQa 76.7 80.6 0.0 0.0
Carex obnupta slough sedge 0.0 0.0 0.8 2.3
Cirsium vulgare bull thistle 0.0 0.0 2.5 0.0
Deschampsiaespitosa tufted hairgrass 0.0 0.0 29.9 29.0
Festuca rubra red fescue 0.0 0.0 2.4 6.6
Juncus balticus Baltic rush 0.0 0.0 6.8 12.9
Phalaris arundinacea reed canarygrass 0.0 0.0 15.9 0.0
Potentilla anserina Pacific silverweed 0.0 1.9 19.7 17.5
Sarcocornia perennis pickleweed 0.0 0.0 0.0 2.1
Symphyotrichum subspicatum |5 2 dz3f | a Q 0.0 0.0 3.3 15
Triglochin maritima seaside arrowgrass 0.0 0.0 0.0 9.9
total 99.0 98.9 94.6 83.7
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Figure 8 Average percent cover by species (for species averaging over 2% cover) at reference sites,
2014. Blue colors indicate native species, while red colors indicataative species.

The multiresponse permutation procedure yielded significant resultdamipgroups bysite (SFC site
versus reference sitep = 0.001and zondp = 0.00), indicating thabur selected sites and our
designated zones were characterizeddiynificantly different plant community compositiorghis

provides support fothe sanple design and stratificatiodecisions made during development of the SFC
monitoring plan (Brophy and van de Wetering 2018pecies that contributethostto differences

between the SFC and reference sites were, irepaf contribution, reed canaggasg [ @ y3o&SQa & SF
tufted hairgrass, Pacific silverweed, creeping bentgrass, and slough sedge. The SIMPEReanh#ysis
showed which species contributed most to the pairwise differences between eachable (L), also
indicating which species were oiinant across the SFC sfteed canarygrasand meadow foxtail and

the reference sites[(8 Yy 36 @ SQ& & SR3S). Thy RVIDS dhbvisBaRvegétatibrig@ Nk & a
the SFC site groep together, and al’egetationplots at the rderence sitesalsogrouped together

(stress = 0.10; Figurg.Dver timewe expect thevegetationplots at the SFC site to converge with the
reference sitevegetationplotsin NMDS analysis, as species compaosition converges between SFC and
reference sites.

Othertidal wetland restoratiorprojects have shown thaturing the early stages of restoratipnon

native speciesften senesce, leading to temporarily high cover of bare grotiod example, prtions of

the Pixielandrestorationsite in the Salmon River Estnawhichwere covered in reed canarygrass prior

to restorationshowedsignificantly less reed canarygrassl more bare grounflve yearsafter

restoration (Brown and Brophy 206p Similarly, mvegetated areas dominated theNiS & Qi dzy | YA G 2
the BandorMarsh National Wildlife Refuge three yeafter restoration, but nonnative species cover
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had droppedsignificantly(Brophyet al. 2014) This outcome is initially expectedthe SFC site as well,
but over several yearsye expectnative specie$o return to the site. Since the majority of the SFC site
will be restored to low marstbased on its average elevati@8 an below MHHW)vegetation at the

site is likely to gradually come to resemble the plant communéteBay Marsh and Dry Stocking Island
low marsh.

Results for differences between low and high marsh hab#atesshe SFC site and reference sites did
not add any furtheiinsightbeyond thedifferences already presented abaviherefore, those results
are presented in Appendi

Asdescribed in the SFC Monitoring Pl&ngphy and van de Wetering 2014ur monitoring focused on
emergent marsh. Only a few plats the SFC sitead woody species preserand rone of the plots at

the reference sites had woody species present. Dueitdparse data statistical analysis was not

deemed appropriate, sonly descriptive statistics are presentbdlow. Seven species of trees and

shrubs were foundni the monitoring plots (Table 130f the seven species, five were native and two

were nonhative (Himalayan blackberry and cut leaved blackberry). The North and Middle zones had the
majority of the woody species present. These zones have not been grazed in recent thistory;

increased woody growth in these zones is probably due to release franngrpressure and

discontinuation of pasture maintenance.
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Table 11 Results of a SIMPER analysis indicatingnitigidualspecies that contributed most to differences between each zone. Six letter codes
indicate species, while the arrow indicaterhich zone had the higher percentage of that species. Green indicates native species, orange indicates

non-native species, SFC zones are in red and reference zonesareimbldeL ¢ AYRAOIF 1Sa 5NB {i{i201Ay3 LatlyRo®
South no South Nolan Nolan Nolan Bay| DSllow| DSI high Goose
North Middle crop crop crop grazed| ungrazed marsh marsh marsh Point
North
PHAARL
Middle <
South noj PHAARU PHAARLU
crop < <
South| PHAARU PHAARY PHAARL
crop A N N
Nolan| PHAARLU PHAARU PHAARY PHAARU
crop A N N A
Nolan| PHAARLU PHAARU PHAARU PHAARU ALOPR/
grazed A N N A A
Nolan| PHAARU PHAARU PHAARYU PHAARU ALOPR4 PHAARU
ungrazed A A A A A <
Bay| CARLYN CARLYN PHAARU CARLYN CARLYl] CARLYN CARLYD
Marsh < < R < < < <
DSl low| CARLYN CARLYN PHAARU CARLYN CARLYI CARLYN CARLYN CARLYN
marsh < < 2 < < < < 2
DSl high PHAARU PHAARU PHAARU PHAARY ALOPR/4 DESCE| PHAARU CARLYN CARLYN
marsh N N N N N < N < N
Goose| PHAARU PHAARU PHAARU PHAARY ALOPR/4 DESCE| DESCE| CARLYN CARLYN DESCE
POInt N N N N N < < N N N
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Figure9. Non-metric multidimensional scaling (NMDS) plot for SFC and reference plant plots. Red dots indicate SFC plots and bloatdots indi
reference plots. Each dot represents a single plot. Dots closer together are more compositionally similar. The oéplismtspecies used in
the analysis are indicated by six letter species codes on the plot. Only species that had an eweregfegreater than 5% were included in the

analysis.
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Table 12 Complete list of species fourd vegetation monibring plotsat the SFC site and nearby
reference sites, and their common names, 2014. N = native species; NNmathaspecies.

Scientific name Common name Origin
Achillea millefolium yarrow N
Agrostis stolonifera creeping bentgrass NN
Alnus rubra red alder N
Alopecurus pratensis meadow foxtail NN
Athyrium filixfemina lady fern N
Atriplex patula common orache N
Carex lyngbyei [@y3doeSQa aSR3S N
Carex obnupta slough sedge N
Cirsium vulgare bull thistle NN
Deschampsia cespitosa tufted hairgrass N
Eleocharis palustris common spikerush N
Epildium ciliatum purple leaved willowherb N
Festuca rubra red fescue N
Gdium trifidum small bedstraw N
Heracleum maximum Cow parsnip N
Holcus lanatus velvet grass NN
Impatiens capensis spottedjewelweed NN
Juncus balticus Baltic rush N
Juncus effusus common rush N
Lotus corniculatus birdsfoot trefoil NN
Oenanthe sarmentosa Pacific water parsley N
Phalaris arundinacea reed canarygrass NN
Potentilla anserina Pacific silverweed N
Ranunculus repens double flowered creeping buttercup | NN
Rubus bifrons Himalayan blackberry NN
Rubus laciniatus cutleaved blackberry NN
Rumex conglomeratus clustered dock NN
Salix hookeriana | 221 SNRa ogAff20 N
Salix sitchensis WSLJa2yQa ogAff20 N
Sambucus racemosa red elderberry N
Sarcocornia perennis pickleweed N
Schedonorus arundinaceus tall fescue NN
Schoenoplectus americanus h f y $hée@siuarebulrush N
Symphyotrichum subspicatum 52dz3faQ F adSNJ N
Triglochin maritima seaside arrowgrass N
Typha latifolia commoncattail N
Vicia nigricans giant vetch N
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Tablel3. Averagepercent canopy cover by woody specigishin zones at the SFC site, 2014. Green rows indicate native species; orange rows
indicate nonnative species.

South South

North | Middle | zoneno zone Nolan Nolan Nolan
Plant name Common name zone zone crop crop crop| grazed| ungrazed
Athyrium filixfemina | lady fern 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Lonicera involucrata | coastal twinberry 0.0 0.6 0.0 0.0 0.0 0.0 0.0
Rubus bifrons Himalayan blackberry 0.7 0.0 0.0 0.0 0.0 0.0 0.0
Rubus laciniatus cut leaved blackberry 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Salix hookeriana | 221 SNRa& 64| 3.6 1.3 0.0 0.0 0.0 0.0 0.0
Salix sitchensis WSLJa2yQa ¢/ 9.8 0.0 0.0 0.0 0.0 0.0 4.6
Sambucus racemosa | red elderberry 3.5 0.0 0.0 0.0 0.0 0.0 0.0
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Plant community mapping

Methods

We mapped wetland vegetation using aerial photography and field growtding. We usedhe
highestresolution orthoimageryhat was publiclyavailable at the time of field worl.5m resolution

2009 National Agricultural Image Program [NAIP] aerial photography provided by the State of Oregon at
http://navigator.state.or.us/ArcG/services/Framework/Imagery Mosaic2009/ImageSenie

printed a series of these aerial photographs at a scale of approximately 1:3000 with an accompanying
UTM grid.These aerial printoutsvere carriecto the field where we traverseeach project siten foot

to correlate field vegetation with patterns in the aerial photographs. Map upiant associations,

described belowjvere delineated in the field othe aerialprintouts. Digital vegetation maps were

created in ArcGIS 10.3 by georeferencing thiel firraps and tracing the map unit boundaries into the

GIS at a scale of 1:2000; the polygon size threshold was about 0.1 ha (0.25 ac). The vegetation map for
each site was saved as a separate shapefile (with the final date inserted in each filename):

SFGite: SFC_2015_vegmapping_20160228 -EBB\Lshp

Dry Stocking Island reference site: DSI_2015 vegmapping_FINAL [date].shp
Bay Marsh reference site: BM_2015_vegmapping_FINAL_[date].shp

Goose Point reference site: GP_2015_vegmapping_FINAL_[date].shp)

=A =4 =4 =9

Theseshapefiles are available from the Estuary Technical Group on request.

Following the National Vegetation Classification Standard (The Nature Conservancy 1994), we used a
two-level hierarchical vegetation classification scheme. Plant associaéipresented fine gradations of
dominant species; these were finely divided to reflect small differences in community composition.
Alliances, the coarser level, were described by a single major dominant species that characterized a
larger area. This twdevel classification allows flexibility in tracking future vegetation change.

We also characterized plant communities as natteeninated or nomnative-dominated, based on the
alliance level classification. Natigpecies alliances such as Baltic rush amaigl sedge were
considered nativelominated, and nomative alliances such ased canarygrass ardll fescue were
considered nomative-dominated. The percent cover of native species versusnaiive species varied
within these alliances.

As describedh the SFC Effectiveness Monitoring Plan (Brophy and van de Wetering 2014), our
monitoring focuses on the 211 ha (521 acres) of pastures and lowlands being reconnected to tidal
influence, west of the confluence of Dougherty and Hoquarten Sloughs (Figree3g areas are the
central focus of the NOAA restoration grant. As a result of this focus, our scope did not include
monitoring or mapping of forested or scridhrub wetlands on the SFC site. However, we spent some
field time characterizing the major mapy dominants (trees and shrubs) within the forested wetlands
and also used aerial photo interpretation to assist the final mapping (Appendix A, NMlap A8

Results and discussion

Based on plant community mapping resulti@m communities at the SFCesitvere dominated by non
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native species (Table 1¢a result consistent with the pldbased analysis described aboWwonnative
alliances occupied 111.6 ha (60.6% of the sithjle native-dominated communities occupiashly 53.6
ha (29%) of the sitdBycontrast, two of the three reference sites (Bay Marsh and Goose Point) were
completely dominated by native species. On Dry Stocking Island, soadedepositional ridges on the
east end of the island wereccupied by reed canarygrass, which can be hightypetitive inhigher
elevation tidal wetlandshat arefrequentlydisturbed by river floodingHowever, the remainder of Dry
Stocking Island was occupied by native communities, inclidiagge area ofufted hairgrasigh

marsh in extremely good cortatin. This tufted hairgrass high marsh hadually no nonnative
component; even creeping bentgrass, often common in lelgsurbed high marsh, was almost
completely absentThe same was true for the Goose Point high marsbur experience, tufted
hairgrass high marsh without a strong component of creeping bentgrass is rare, and indigatgdow
levels of disturbance. Therefore, the Dry Stocking Island and Goose Point sites are very valuable as
reference sites providing examples of led&turbedhigh marsh for the Oregon outer coast.

The vast majority of th&FGite was dominated bthe reed canarygrasalliance(Table 15Appendix A,
Map A8 ¢ a fact thatis obvious when visiting the sitAlliances with lower, yet still relatively high areas
included Sitka spruce and coastal willow (describdebirested and shrub wetlandselow), and tall

fescue. Tall fescue was dominant mainlyhie Nolan grazedone(Appendix A, Map A8), where it mixed
with native wetland species on the lower ground (typically soft rush and Pacific silverweed, both
unpalatable to cattle) and with nenative pasture grasses on slightly higher ground (typically common
velvetgrass and eeping bentgrassplant communities within the Nolan ungrazed zone (a wetland
mitigation site) were typical of abandoned pastures on the wet Oregon coast, and were dominated by
reed canarygrass, slough sedge, soft rush, Pacific silverweed and birdefodt This area has many
woody plantings, of which the willows are most likely to survive after restoration of tidal influence.

Table 14 Area of native and nenative dominated plant communities at SFC site and reference sites,
2014

Area (ha)
Dry Stocking
Native dominated? SFGite Island Bay Marsh Goose Point
Native dominated 53.59 12.23 7.91 9.05
Non-native dominated 111.59 0.91 0.00 0.00
Not mapped* 18.85 0.00 0.00 0.77
Grand Total 184.03 13.14 7.91 9.82

*Includes areas where vegetatiomas not mapped (water/mud, upland/dikes)

Table 15 Area of vegetation alliances at SFC site and reference sites, 2014, in decreasing order of area
within each site.

Site Alliance Area (ha)

SFC
reed canarygrass 82.18
Sitka spruce 23.17
tall fescue 17.52
coastal willow 17.11
Upland/dike- not mapped 14.35
meadow foxtail 8.81
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SFC (continued) | slough sedge 6.64
Water/mud 4.50
common cattail 3.19
double flowered creeping buttercup 2.94
Lyngbye's sedge 1.37
cow parsnip 1.34
creeping spikerush 0.39
Baltic rush 0.29
creeping bentgrass 0.14
water foxtail 0.09
Grand Total 184.03
Dry Stocking Islang
Lyngbye's sedge 6.54
tufted hairgrass 451
reed canarygrass 0.91
Pacific silverweed 0.82
coastal willow 0.36
Grand Total 13.14
Bay Marsh
Lyngbye's sedge 6.99
Olney's threesquare bulrush 0.50
tufted hairgrass 0.42
Grand Total 7.91
Goose Point
tufted hairgrass 6.01
Pacific silverweed 1.63
Sitka spruce 1.04
saltgrass 0.20
sloughsedge 0.17
Upland/dike- not mapped 0.77
Grand Total 9.82

Plant associations are defined by their dominant species; associations found at the SFC site and
reference sites are listed in Appendix C, Tables C2 arldeZ@ification of dominant species was
challenging in the cropped areas (South crop and Nolan crop) due to mowing for green chop. However,
we were able to determine that other pasture grasses such as meadow foxtail and common velvetgrass
often dominated irthese areas, along with the usual reed canarygréie. high productivity of these

areas in summer is testament to the effectiveness of the dantiHide-gatedrainage system at the site.

Throughout the North and Middle zones, there were srpatches(usually <0.2 ha) free of reed
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canarygrass, dominated by double flowered creeping buttercup and Pacific silverweed. The reason for

the absence of reed canarygrass from these areas is unknown; in winter,gagtmsare very heavily

browsed by burrowing rdents (likelymole®) G 1Ay 3 2y Fy | f Y2 aliNRPIRISWE if 3SR ¢
digging

The muted tidal wetland in the far northwest corner of the SFC(sitethwest of the Blind Sloudide
gates)was vegetated by a mix of primarily native wetlaspkciesmainlyslough sedge, soft rush, water
parsley, and common cattail.

Most of the dominant speciegt SF@re likely to die back after restoration of brackish tidal flows. Daily

tidal flooding and increased summer salinitieidl most likelybed Se 2y R (0 KS&aS aLlSOoOASaQ
although experience has shown that reed canarygrass and tall fescue may persist for maitiy years

higher and fresher areas of tidal wetland restoration s{@ophy 2017Brophyet al. 204, Brown and

Brophy 2015k Fietl studies at other sites in Oregon have shown a typical trajectory of-swnt
O2t2yATFGA2Yy o0& aFdAAGADGSE &ALISOASEA YR adzoaSldsSyi
Brownet al. 2015); but this process may take many years or even deckdeh. stage of this trajectory

may include a mix of native and nomtive species.

SFC érested and shrub wetlands

Forested and shrub wetlanggenerallydominated by Sitka spruce and coastal willow respectjvely
occupiedabout 40 haZ2% of the SFGite. The shrub and herbaceous understory inse@rested and
shrub wetlands variedreatly depending on elevation, ranging from obligate wetlands species like
slough sedge and skunk cabbage to transitional species like reed canarygrass and talhfdsaiee.
elevations (most of the site), dominant trees included red alder as well as Sitka spruce, and dominant
shrubsincludedblack twinberry, Pacific crabapple, salmonberry, red elderberry, and coastal willow.
Sitka willowand cascara wereodominant in Inited areas.

Amongthese woody species, salinity tolerance varies widely. Although data are very sparse, our field
studies haveshown thatamong tidal swamp dominant§jtka spruce, black twinberrgnd Pacific
crabappleare the most tolerant of brackish water; coastal willand cascara areomewhat tolerant;

and red alder, red elderberrpand salmonberry areslativelyintolerant ofbrackish salinitiegBrophy

2009, Brophyet al.2011,2014, 201%. Summer salinities arexpected to be in the oligohaline to
mesohaline range acro&FCalthough freshwater drainage from Hall Slough and the Wilson and Trask
Rivers may allow fresher conditions to persist even in summer towards the east side of the site.

Of coursejn addition to the restored salinity regime, shrub afatested wetlands at the SFC site will
alsobe strongly affected by the restorditlal inundation regimeThelow elevationsacross the site will
lead todaily tidalinundationeven in summercreatinghighlysaturatedor inundatedconditions
unsuitable for most of the curremoody dominants.In the long term, oastal willow is probably the
most likely to persist under thee very wepostrestoration conditions.

Although we did not map vegetation in uplangge did note that in filleddisturbedareas €.g, dredge

material disposal areas, dikes, and roadways), the forest understory often includes weedy upland shrubs
such as Himalayan blackberry, cutleaf blackberry, and Scots broose $pecies are unlikelyg return

if thesedikes and fill materiahre successfulllemovedandgraded to the target tidal wetland elevation.
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SFCivasive species

We identifieda number ofinvasiveplant species at the SFC sitend several that could potentially be
problematc. Fortunately, most of these invasives will be greatly reduced by restoration of brackish tidal
flows, but some may persist in the fresher parts of the site. The guidance below is excerpted from our
contributions to the SFC Baseline Documentation Re@rdvin and Brophy 20H} being prepared by

Fritz Paulus

Current invasive species at SFC site:

1 Reed canarygrasPljalaris arundinacgaNot tolerant of high salinity, but may persist in low
brackish and freshwater tidal areas.

1 Scotch broomQytisusscopariu3: Upland species; should be greatly reduced by restoration but
may persist on remaining dikes.

1 Watermilfoil Myriophyllumspp.): Widespread in channels. Not tolerant of high salinity, but may
persist in lowbrackish and freshwater tidal areas

1 Spotted jewelweed [mpatiens capensjsWidespread throughout the site. Not tolerant of
salinity; should be greatly reduced by restoration of brackish tidal flows.

Potential invasive species at the SFC site:

1 Yellow flag iriglris pseudacorys Currently éund on or near SFC; likely to invade fresh to
brackish tidal wetlands. Monitoring is recommended, and control should be applied early if
detected.

Japanese knotweedrallopia japonica Likely invader of riparian areas

Giant knotweed Eallopiasachalinensijs Likely invader of riparian areas

Himalayan knotweedHallopia japonich Likely invader of riparian areas

Common reedRhragmites austral)s May invade fresh or brackish tidal wetlands; monitoring is

recommended, and control should be@i@d early if detected.

9 CordgrassSpartinaspp.): May invade tidal wetlands; monitoring is recommended, and control
should be applied early if detected. IncludgsanglicaS. densifloraS. patensandS.

alterniflora.

=A =4 =4 =4

Reference sites

Tidal wetlams at the reference sites were vegetated by native species typical of high and low tidal

YIENBK 2y hNBEI2yQa 2dziSNJ O2Faidd [26 YIFINBRK 0 020K
fy2ad SEOf dzaArodSteée 200dzLIA SR orénnifl Spycikdtbabspréatist SRIS T |
rhizomesand can form a very dense, tall canopy in summer, yet dies back to the soil surface in late fall
leaving only its dense root system to overwinter. High marsh at Dry Stocking Island supported typical

tidal marsh comranities of tufted hairgrass, Baltic rush Pacific silverweed, artextremely low

proportion of non-natives. Even the nenative creeping bentgrass typically found intermingled with

these species in leaslisturbed high marsh in Oregon was absent from most of the eastern hidié of

island.

Like Dry Stocking Island, the high marsh at Goose Ramin excellent condition, consisting almost

entirely of native species, with little or none of the noative creeping bentgrass often found in
hNBE3I2y Qad KAIK Y| NEwnixlafnatiyeispeded ¥ Sodzy daris of3Eeste Poinhigh
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marshnear the main tidal channel wamusua) however. In these areadd typical high marsh species
(tufted hairgrass, Baltic rushnd Pacific silverwegdvere accompanied by a high component of
common orache, a species that usually indicates either freqdisttirbance by drift logs, or increasing
salinity and vegetation change. Since drift logs wggeerally lackingn the surface of the Goose Point
wetlands, it seems possible that vegetation is changing at this steo#ed inEwald and Brophy (2012),
the site does have a remnant dikéwald and Brophy 201,3)ut the dike appears to have long been
breached the site was never ditchednd its vegetation is almost entirely native, indicating a lack of
past disturbance. However, it is possible that the namt dike has had lonrgerm effects on plant
communities at the site. We recommeiedntinuing to monitor Goose Point; it is a highly valuable
reference sitesinceit is one of very few remaining leadisturbed high marsh sites left in the Tillamook
Bay atuary.

EM Obijective 2: Wetland physical conditions

Quantify changes in hydrologic,pographicandedaphic parameters that support wetland functions
and organisms using tidal wetland habitat.

ParametersWetland surface elevation, tidal inundation rew, channel water salinity and
temperature,groundwater regime, soil pH, soil salinity, soil % organic matter and carbon content,
sediment accretion, channel morphology

Wetland surface elevation and w ater level

Wetland surface elevation and water level &ey ecological controlling factors in tidal wetlands (Thom
et al. 2002, influencing plant community composition, groundwater level dynamics, sediment accretion
rates, soil characteristics, and fish access. itoimg baselineslevation andvater level documents the
currentelevations andidal restrictions prioto project implementation, providing data fgost-project
implementation comparisonandR 2 OdzY Sy G A y 3 { RvBnedsiN®e3t&bistin@tidal ST F S O
influence to the SFC sitAs stated in Brophy and van de Wetering (201€3ults frommonitoring of
wetland surface elevations and water levale used to:
1 Document tidal restriction before project implementation;
1 Document the degree to which SF€ians reestablish tidal influence;
91 Provide data on controlling factors, to assist interpretation of other monitoring results such as
plant communities and fish populations. Changes in water level are expected to relate closely to
postimplementation tragctory for these and other parameters.

Methods

Wetland surface elevation was calculated by averaging vegetation plot elevatiaoshéyTabld 7).

These measurements wei@llectedat the ground surface using an RGR $ystem with an occupation
time of ten secondsTested ‘ertical accuracyf each measurememnwas better than 6.£mat the 95%
confidence level. Subsidence wasalculated for each zone #ie SFGite, asthe difference between

mean reference high marshugace elevation antheansurface elevation within each zon€ghe
elevationdatahad anon-normaldistribution, sodifferences in marsh surface elevatiand subsidence
between the SFC site and reference sites were analyzed usingarametric KruskaWallisrank sum
test. Posthoc nonparametric Wilcoxon rank sum tests with a Bonferroni adjustment were used to test
differencesamongzones. All statistical analyses were performed in R (version 3.2.1).

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, 15 0f 215



Water levels were measured using automated waesel loggers (Onset HOBO® loggers, model-U20
001-01), programmed to collect pressure data at 15 minute intervals. Water level monitoring began in
late October of 2013 andontinueduntil February 2015coveringtwo wet seasons and one dry season
during thebaseline period. Loggers were located along BlindgbloNolan Slough, and Trib 2

(atributary within the SFC site) at the SFC €i@ble B, Map A12. The Blind Slough Upper logger was
deployed from October 2013 through June 204t by June it was ggarent that water levels would be
below this logger all summer. Therefore, this location was abandonedrenBlind Slough Road

location wassubstitutedstarting in July2014

Referencedggers were placed at Goose Point, Bay Marsh, Dry Stocking kshahithe mouth of Blind

Slough outside of the SFC dibeprovidedata on nearbyidal water levelgTable B, Maps A16A17). For
comparability, alldggersexceptDry Sockinglslandwere installed so that their sensors were at
approximately mean tideevelE | N2 dzy R M®H Y Db! *5yy3 ol aBR=2y bh!! Q
1.241m NAVD88. TheDry Stocking Islangensor was placed as low as possible in the river channel, in

order to capture the full tidal rangéts absolute elevation was relatively hifgir a fullrange tide gauge

(-0.34 m NAVD88), due to the relatively high river bed elevation. Despite this high elevation, this gauge
successfully captured low tide water levels, because-yaand river flows maintain an elevated low

tide datum at thisdcation (Figure 13).

Water levels were tied to an orthometric reference frame (NAVD88) using gphégision RTK

GPS/GNSS systelnggers werehecked for vertical movement at each maintenance intebyale-

measuring the relationship between the sensmd a local benchmark with a laser levighese

measurements had a standard deviation of 1.6 Timere was a detectable persistent shift in logger

elevation across the deploymen®aw logger data were converted from pressure values to water levels

usingl h. h2 I NB t NBt az2Fdgl NBQa 0 ludldlocd barmedic QesyttelSy a G A 2
data collectedbnsiteat 15 minute intervals throughout the monitoring periodext,data were pruned

to remove readings taken whehe top of the logger body wasubmerged by less than 2 ¢or when

the water temperature was below freezifgince loggers do not function well at temperatures <0° C)

Tidal datums were calculated for logger installations at the reference sites in R (version 3.1.1) using the

G{ il yaRBHINR RE YR G5ANBO0 aSiK2Ré a RSAONAOGSR Ay
Datums Handbook (NOAA 200BheNOAA Garibaldi Tide Gau@®437540)n Tillamook Bay wabe

master stationSince NOAA does not provide a tie to an orthometric datum (such as NAVDS88) for the
DFNAGFEfRA 3IFdza3S3E 6S YSI&Adz2NBER (GKS St SQOlpiesitoffa 2F bh
RTK GPS/GNSS and tieel Garibaldi gauge elevation to NAVD88 (Geoid 1P#9.Dry Stocking Island

logger installation captured the full tidal range and was never exposed tallaiying use ofthe

¢Standard Method (2 OF f Odzt IM&as Highar Righ Waterd (NHUYMeah High Water

(MHW), Mean Tide LeveMTL), Mean Low WatefMLW), andMean Lower Low WateMLLW). The

OStandard Method could not be applied to the Bay Marsh and Goose Point logger installations because

they did not capture the full tidal rangsowe usedi KS &G 5ANBOG aSiK2Ré G2 OF f Od:
MHW tidaldatumat these locationsTidal datums were not calculated for logger installations within the

SFC project because thase not currently subject to tidal influence. Tidal datums were not calculated

for the Blind Slough Mouth logger because we expéds tidal inundation regime could be influenced

by outflows from the SFC sitand becausenore suitable reference data were available from fess

disturbed locations at Baylarsh and Dry Stocking Islaie also conducted &de-by-tide analysis to

measure the difference in total water surface height and the time lag between tides at the reference

site logger installations and the Garibaldi master station.
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Daily maximum tide heights were extracted frohetl5 minute interval data and averaged across dry
(Julythrough Septembe) and wet (DecembeahroughFebruary) seasons during the baseline monitoring
period at the SFC site and reference sites. Differences in average daily maximum tide heights between
the SFC site and reference sites, @etiveenseasons, wergestedusing a 2 way ANOVAhen

distributions did not meet the normality assumptions, an equivalent4panametric tesivas used

(either a Wilcoxon in place of aést or KruskalWallis in place of ANOVAdverage percent inundation

was calculated for 38 sediment accretion plgeeSediment @creion section)(including the 14

clustered plots that included groundwater wells, vegetation plots, sediment accretion plots, and soil
samples) for the whole monitoring period, and for the dgasonJuly thoughSeptember 2014) and

wet season (Decemb@013 throughFebruary 2014and December 2014 through Februa2915).

Percent inundation was calculated for sediment accretion plots because these plots were located
randomly throughout each zone, and were numerous enough to provide a sense of varigbidgy a

each zone. Percent inundation was determined using data from the closest water level logger (Table 16),
with one restriction: for plots within the SFC site, we used water level data from loggers inside the dike
only, so that the percent inundation kses correctly reflected the diked condition in these aredb.
analyses were completed in R (Version 3.1.1).

Tablel6. Locations ofvater levellogger installations at the SFC site and reference sites. Easting and
Northing represenNAD83UTM Zone 10 Moordinatesin meters Sensor &vations are expressed in
meters NAVD88 (Geoid 12/R)ots are those that used that specific logger for percent inundation
calculationsLocations are shown in Mail2 and A16A17. See Appendil for Spatial Reference
System information.

Sensor Plotsthat usedthis sensorfor

Logger installation | Easting|  Northing | elevation percent inundation calculations

. 1.16 Al3, Al4, A17, A25, A26, A27, A
Trib upper 431294 5035867 A29, A30, A31, A3
Triblower 431289 5036183 1.18 A10, A12, Al¢
Nolan Slough 431739 5035438 1.19 AT72, A73, A74, A75, Al
Blind Slough upper| 431839 5035839 1.20 AQ9, All, Al
Blind Slough road | 431790 5036003 1.50 AQ9, All, Al
Blind Slough mid 431524 5036275 1.17 A01, A02A03, A04, A0S
Blind Slough mouth 431133 5036475 1.19
Dry Stocking Island] 431067 5035456 -0.34 A40, A41, A42, A43, A46, A
Bay Marsh 430159 5036983 1.18 A62, A63, A6
Goose Point 430795 5039842 1.30 A68, A69

Results and discussion

Wetland surfaceelevation and subsidence

Across all sample plotdhe surface elevatiorat the SFC sitewassignificantlylower thanat the reference
sites(2.05 m NAVDS88 and 2.43 m NAVD&3pectively; p < 0.000Eigure 10. Surface elevations were
alsosignificanly different among zones within the SFC site and reference site zdiadde( 17 Figure
11). All zones within the SFC site were most similar to the low marsh reference zdbes$iocking
Islandand Bay MarshTable 17Figure 1}.
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Figurel0. Wetland sirface elevation by site for the SFC site and reference sites (Dry Stocking Island and
Goose Point). Error bars show one standard error; columns with no letters in common are significantly

SFCI site Refe;ence
Site

different (Wilcoxon test, p < 0.05).

SFC site
Reference

Tablel7. Average surface elevatiolry zoneat the SFC site and referensites

Average

elevation in
meters NAVDS88

Average
elevation in

feet NAVDS8S,

Zone (standard error)| (standard error)
North zone 2.31 (0.06) 7.6 (0.2)
Middle zone 1.97 (0.01) 6.5 (0.0)
South zoneno crop 1.95 (0.02) 6.4 (0.1)
SFC site South zonesrop 1.90 (0.02) 6.2 (0.1)
Nolan crop 2.20 (0.06) 7.2 (0.2)
Nolangrazed 2.38 (0.16) 7.8 (0.5)
Nolanungrazed 2.11 (0.02) 6.9 (0.1)
Bay Marsh low marsh 2.14 (0.06) 7.0 (0.2)
Reference Dry Stocking Island low marsh 2.03 (0.03) 6.6 (0.1)
sites Dry Stocking Island high marsh 2.69 (0.03) 8.8 (0.1)
Goose Point high marsh 2.66 (0.01) 8.7 (0.0)
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Wetland surface elevation by zone
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Figurell. Wetland surface elevation by zone foetBFC site and reference sitEstor bars show one
standard error; columns with no letters in common are significantly different (Wilcoxon test, p < 0.05).

Historically, the SFC site wldeely primarily a high tidal marshwith the easternportion of the site
covered by Sitka sprudilal swamp (se€&study sitesabove). From our analysihe average marsh
surface elevation of high marsh at the reference sif@g/ (Stocking Islanigigh andGoose Point) was
2.68 m NAVD&8&8ased on this information, we estimated subsidencihatSFC sitaveraged
approximately62 cm.(We recognize that actual subsidence varied across the site, because the pre
disturbance elevation at the SFC site was not entirely unifoietjand surfacesubsidence athe SFC
site occurredafter conversion from tidal mash toagriculturaluse; subsidence is causeddxidation

and compaction of soils following tliemoval of tidal influencediking, ditching, anéhstallation oftide
gates (Turner 2004Frenkel and Morlan 1991)

Estimated absidence varied among zones at the SFC site. The relative magnitude of subsidence
corresponded roughly tour understanding of historical land use and land management practices at the
site. The North zonesasthe least intensively managed at the SFC, sitel had the least subsidence (37

cm) (Table 18, Figure 12In contrast, tie zone that is currently thmost intensively managed (South

crop) had the highesestimatedsubsidence (78 cm; Table 18, Figure TBg large magnitude of

subsidence in the Middlzone may reflect its land use history prior to abandonment from agricultural
uses.While intensively managed, Nolan grazed had one of the lowest subsidence measurements in our
analysig30cmpp ¢ KA & O2dzZ R NBf I (S {@hiciwasiikely highgf handhe 2 NA I A y |- §
other zones considering its landscape setting further uprivemto underrepresentation of this zonin

our samplingleading tothe high variability in our estimatévisible in the standard error bar in Figure

12).
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Tablel8. Estimatedsurfacesubsidence at the SFC site comparedetfierencehigh marshgrouped by
zones.

Averagesurface| Averagesurface

subsidence in|  subsidence in

centimeters feet,

Zone (standard error)| (standard error)
North zone 36.9( 5.8 1.2 (0.2)
Middle zone 708 ( 1.1 2.3 (0.0)
South zoneo crop 73.0( 1.9 2.4 (0.1)
SFC site South zonerop 775( 1.9 2.5(0.1)
Nolancrop 479 ( 5.7 1.6 (0.2)
Nolangrazed 30.1 (16.5) 1.0 (0.5)
Nolanungrazed 56.6 ( 1.7 1.9(0.1)

Wetland surface subsidence by zone
D
E CDE
ABC
I ABCDE

Zone
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— 70 1
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South no crop A
South crop 1
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Nolan ungrazed A

Figurel2. Estimated vetland surface subsidence by zone for the SFC site compared tonkiggh
reference sites. Error bars show one standard error; columns with no letters in common are significantly

different (Wilcoxon test, p < 0.05).

Following restoation of tidal inundation at the SFC site, we expect tidal wetland surface elevation to
increase as sediment is accretédver a long period of time¢he sitemayeventually approach the
elevation of the reference high marsh sitgster initially restoring to a low marsh)}dowever, our
estimates of local subsidenedsoreveal thatapproximatelyl.3 million cubic meters ahaterial will

have to begenerated orcaptured and retained within the SFC dibefully recover to reference
conditions.Tidal wetlandsurface equilibration with sea level is a function of both organic matter
accumulationg which can be generated onsiteand mineral sediment accretion (Cahoeinal. 2009.
The interplay of these factors with projected sea level rise will determine the ultimate outcome of
restoration at the SFC sitBepeatedpostrestorationmonitoring of wetland surface elevation and
sediment accretion at the site will be important to tragkk S  tiafecto®y@évards reference

conditions.
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Tidal datums, water leveland percent inundation

Tidal datums calculated frowur water level loggers at reference si@® preseted in Figure 13along
with data from the NOAA tide station &aribaldi Dfferences between the SFC site and reference sites
reflected the different geomorphic setting$or each loggerDatums from he Dry Stodkg Island logger
installationare the most appropriate for application to the SFC gitee to the proxinity of this gaugdo

the SFC site

Tillamook Bay estuary tidal datums

2.51 2.439 ¢ MHHW 2.374 IMHHW 2.388 I MHHW 2.409 ¢ MHHW
2.227 ¢ MHW 2.163 ® MHW 2.177 * MHW 2.192 ¢+ MHW
2.0
g 1.5 1.495 ¢ MTL
g 1183 » STND 1.299 « STND 1.241 ¢ MTL
Z 1.0
= 0.764 $ MLW
E 051 0.492 & MLLW
5 0.290 ¢ MLW
§ 0.0 -0.124 ¢ MLLW
o -0.337 ¢ STND
w -05
-1.04
-1.340 ® STND
-1.51
T T T T
Dry Stocking Island Bay Marsh Goose Point Garibaldi (NOAA)
Site

Figure 13Tidal datums calculated from ETG water level logging data from Octobett2@1@h

February 2015 near the SFC sitey Btocking Island best representiu water surface elevation

directly outside of theSFC site. Garibaldi tidal datums presented in this figiere from the published
NOAA tidal datums for the 198801 tidal epoch and tied to NAVD88 (Geoid 12A) by ETG using high
precision RTK GPS/GNSBND indicates station datum (sensor elevation).

High water tidal datumgMHHWand MHW were similaramongall sitesWe could not calculate MTL,
MLW, and MLLW for Bay Marsh and Goose Point because the logger installations were placed above
these datums tachieve a comparable sensor elevation (near Mitl)ta avoid sediment deposition on
the sensor faceHoweverthe Dry Stocking Islantbggercaptured the full tidal rangeso all tidal datums
were calculated for that locain. MTLat Dry Stocking Islanglas 25 cm (0.83 ft) above the MTL datum

at Garibald(Figure 13.

When wecomparedwater surface elevatioacrosssites during a giveride, Bay MarshDry Stocking
Island,and Goose Poinvater surface elevatioswere very similatto the Garibaldi statioron high tides
(Figure 14 For low tides (L andL) Dry Stocking Islanghaintaineda higher total water level when
compared to Garibalddue to the fluvial influence (river flow) Biry Stocking Island.ow (L}ides atDry
Stocking Islandrere on average 22.6 cm (8.9 inches) higher than Gaiiipahdle LowerLow (LL) tides
were 73.4 cm (28.9 inches) higher than Garibaldi. V&V and MLLW tidal datums Bry Stocking
Islandalso shoved a similarput stronger fluvial influenceandwere 47.4 cm (1.6 ft) and 61.6 cm (2.0
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ft) above Garibaldi, respewtly. These tide height differences were significant for all conguens
amongstations (Figure 14

Tidal elevation difference from Garibaldi
0.81 D

0.7
0.6
0.5

0.4 1 . Dry Stocking Island
Bay Marsh
0.34 . Goose Point

0.2

0.14

A elevation from Garibalidi (m)

B B

0.0 [ 2 — [ |

A E

HH H L LL
Tide

A E

-0.14

Figure 14 The differenceamongwater levesrelative to station datum within each tidat the reference
sitesversusthe NOAA Garibaldi master tide station. Positradues indicate that the water vgahigher at
the reference site than at Garibaldi. Error bars show one standard error; columns with no letters in
common are significantly different (Wilcox test, p < 0.05).

In addition to a difference in tide heights, there was also a time lag betweetinties of low and high
tide at our gaugescompared to the Garibaldi gaugét our BayMarsh and Goose Point statigrisgh
tides (HH and H) ocawd between 12 and 15 mines afterthey occurred atGaribaldi Higherhigh (HH)
tidesat Dry Stocking Islanoccurred18 minutes aftethey occurred atGaribaldj while High tide (H)
occurred22 minutes aftethey occurred atGaribaldi (Figure )5These time differences were sifjcant
for all comparisonamongstations except Baylarsh and Goose Point (Figure) 15
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Tidal time lag from Garibaldi
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Figure 15Average iime lags for each tidamongthe reference sites and the NOAA Garibaldi master
tide station expressed as minutes after Garibaldi. Error dawgvone standard error; columns with no
letters in common are significantly different (Wilcox test, p < 0.05).
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Monthly tidal datums (Figure 16) showed a strong fluvial sigafiecting thel NS Qa4 a SRA G SNNJI y ¢
precipitation regime and steep watershed gradientypicalof Pacific Northwest watersheds. At the Dry

Stocking Island logger installation, low tidal datums (MLLW and MI&né) elevatedn the winter when

the riverine basdlow is geater. During the summethese low tidal datums dropped, reflecting low

base flowsThe other tidal datums.€., MTL, MHW, and MHHW)ere less effected by basiow

conditions likelybecause thestrongtidal forcingpredominated over the fluvial forcing

Our monthly tidal daturashowed higherelevations foMHW and MHHW at Dry Stocking Island in the
summer. However, these findinggdot align with our maximum daily water level analysisg below.
This result mayhave beera product of our tidal datm computationmethod, which relied on the

Garibaldi NOAA tide statioThe Garibaldi station is located in the lower part of Tillamook Bay, so it is
not subject to the strong fluvial forcing present at the Dry Stocking Island g&uggsmatch in

landscpe setting between master station and subsidiary tide stations may lead to unexpected results
when computing tidal datums. Better results may be achieved through more sophisticated methods
such as adaptations of harmonic analysis of tidal constituentsréftetct fluvial processe®(g.,Jay and
Kukulka 2003, Mattetald HamMo 0O X 2NJ Iyl f@0AO0Fff& AAYLI SN YSUHIK2F
fluvial influence €.g, Huanget al. 2011). Such analytical methods were beyond the scope of this
project.
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Monthly tidal datums
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Figure 16 Monthly tidal datums for reference sites near the SFC saculated from our water level
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right of the figure represent the range of each tidal datum across all gauges.

Dailymaximum water level was significantly lowadrthe non-tidal SFC sitecompared tothe nearby
reference sites (p < 0.000Eigures 1718), regadless of seasaraily maximum water levels were
significantly higher during the winter comparemisummer (p < 0.0001; Figure)18Vater leved during
the dry season were 1d@nd 2.4 m NAVDS88 at the SFC site and reference sites (respectively). During the
wet season, the daily maximum water levels averaged 1.7 and 2.6 m NAVDS88 at the SFC site and
reference sites, respectivelyhe lowernwater levels at the SFC sitesulted from thelack of free tidal
exchangealthough some of the SFC gauges showed a niidabsignaldue to kakytide gates (Tables
19aand19b, Figurel9). The SFGite was influenced more by rainfall than by tides, as shown by lower
daily maximum water level at the SFC sitging the dry seasonl(lythrough Septembey. Individual
loggers within the SFC site showed that daily maximum water levels were hilyhiesy the wet season
at the Blind Slough Roastation (1.9 m NAVD88), followed by Blind Slough UpperrfilNAVD88)Table
19a; Figure 19. Among the referencetsis during the wetseason Dry Stocking Islaniiad the highes
daily maximum water level (2r& NAVD88Table 19, Figure 19.

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, ;R4 of 215



Daily maximum water level 2014
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Figure 17 Daily maximunwater levelfor the SFC site and reference sites. Data are combined from all
water levelgauges acrasall sites, during October 2013hrough February 2015.

Mean daily maximum water level
at SFC and reference sites

SFC site
Reference

Height relative to NAVD88 (m)

Dry

Season

Figure 18 Average daily maximum water level for the SFC site and reference sites. Error bars show one
standard error; columns with no letters in common are significantly differ&N@VAest, p < 0.05).
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Tablel9A. Average and standard error of daily maximum water levels within zones at the SFC site, 2014.
Asterisks indicate a significant effect of zone (including reference zones) in the ANOVA (p < 0.05).
Continuedin Table19B below.

Blind Blind Blind
Trib Trib Nolan| Slough| Slough| Slough

Season upper lower | Slough| upper road mid
Average daily maximun gy 1.3 (NA)| 1.4(0.0)| 1.3(0.0)| NA (NA | 1.8(0.0)| 1.4(0.0)
water level relative to
NAVD88 (m) (standard | \yet 1.7 (0.0)| 1.7(0.0)| 1.6 (0.0)| 1.8 (0.0)| 1.9 (0.0)| 1.7 (0.0)

error)*

Table19B. Average and standard error of daily maximum water levels within zones at the reference
sites, 2014. Asterisks indicate a significant effect of zone (including SFC zones) in the ANOVA (p < 0.05).
Continuedfrom Table 9A above.

Blind Dry
Slough|  Stocking Goose
Season mouth Island | Bay Marsh Point
Average daily maximum water lev| gry 2.4(0.0) 25(0.0] 2.4(0.0| 2.4(0.0)
relative to NAVD88 (m) (standard
error)* wet 2.6 (0.0)) 2.6(0.0)) 2.6(0.0 2.6(0.0)

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, 6 0of 215



Mean daily water level among zones
dry season
G GH @ G

31 A BE

A AF
2,
D_

B sFc site
Bl Reference

Height relative to NAVD88 (m)

DSI7

Trib Upper

Trib Lower

Nolan Slough

Blind Slough Upper
Blind Slough Road |
Blind Slough Mid
Blind Slough Mouth |

Mean daily water level among zones
wet season
HE 1 HE HI

BE

31 DE pp g CE ©

B sFc site

. Reference

Height relative to NAVD88 (m)

'
—_

DSI

Trib Upper

Trib Lower

Nolan Slough

Blind Slough Upper
Blind Slough Road |

Blind Slough Mid

Blind Slough Mouth

Bay Marsh

Goose Point

Figure 19 Averagedailymaximum water level among zonagsd dry (top) and wet (bottom) seasans
Error bars show one standard error; columns with no letters in common are significantly different
(ANOVA test, p < 0.08ote that the means comparison extends across both graphs.

As would be expected, percent inundatidecreased with increasing elevation at the SFC site and
reference sites (Figur20 andFigue 21). Across the full monitoring period ¢he SFC site, percent
inundation was highest in theo8th zone averaging 9.2%nd lowest in he Nolan ungrazed zone
(average 0.%) At the reference sites, percemundationwas highest in the low marsh habitats, and
lowest in the high marsh habitahdsexpected (Figure 91When broken into three time periods (dry
season, wet seas 2014, and wet season 201pgrcent inundation was highet both the SFC site and
reference sites durinthe wet season(winter) versus the dry seaadsummer)-an expected pattern
for Pacific Northwest tidal wetlands (Seliskar and Gallagher 198Bhiget al.2011, Brophyet al.

2014). The SFC siteas not inundatediuring the dry months of Jythrough September (Figures-23).
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Winter 20142015 December2014through February 200)5vas wetter than those same months in

winter 201320146 b h! 1 Q&4 Of AYIF G2t 23A0Ff NIyl Agh8adX owKGGLAYKK
precip/climatologicarankings/, accessed 10/27/2015this was reflected in the high@ercent

inundationat the SFC sitduring winter 20142015.This pattern wasalsoapparentat the reference

sites,and onlyone plot in the high marsh &ry Stocking Islan@h41) was nevetidally inundatedduring

the dry season (Figure 23

Inundation by plot at the SFC site
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20+ 20 20
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X
o — =
T o . U e O l I North
5§ 53888 gcoeecest 5 Middle
'8 < < < < < LI < South no crop
z [ Southcrop | Nolan ungrazed | I i
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I= Nolan ungrazed
= 20 20
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L I o ) e et Bl
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Figure 20Average percent inundation at each sediment accretion plot at the SFarsites the entire
monitoring period October 2013hroughFebruary 201} coloredby zones. Transects are ordered by
ascending elevatiofrom left to rightwithin each zone, with A01, A09, A37, A26, and A77 having the
lowest elevationin their zonesand A02, A17, A37, A74,8A75 the highest.
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Inundation by plot at reference sites
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Figure 21 Average percent inundation at each sediment accretion plot at reference sites from October
2013 through February 2015, colored by zones. Transects are ordered by ascending elevation from left
to right within each zone, with A63, A46, A42, and A68 haviadawest elevations in their zones, and

A64, A47, A41, and A69 the highest.
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Figure 22 Average percent inundation at each sediment accretion plot at the SFC site for the dry season
(July through October 2014) and wet seasons (December through Fe2btyand 2015). No

inundation occurred at the site during the dry season. Transects are ordered by ascending elevation
from left to right within each zone, with A01, A09, A37, A26, and A77 having the lowest elevation, and
A02, Al17, A37, A74, and A75 thgltest.
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Inundation by plot at reference sites

by season
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Figure 23 Average percent inundation at each sediment accretion plot at reference sites for the dry
season (July through October 2014), and wet seasons (December through February 2014 and 2015).
Transects are ordered by ascending elevafrom left to right within each zone, with A63, A46, A42,

and A68 having the lowest elevation, A64, A47, A41, and A69 the highest.

After projectimplementation full tidal influencewill be restoredacross the SFC sitnd this is expected
to result inpercentinundationpatternscomparable to theeference sites. At other sitemonitored by
ETGwe have documented rapigcovery oftidal hydrology(inundationfrequencyand depth) as soon
as the dikes areemoved,although drainage frona restoration sitecan be slightly delayed on an ebb
tide compared to reference sitehiring the early stages of channel system developnfent, Brophyet
al. 2014).

This study documented strong fluvial influencerowater leves during low and outgoing tides &iry
Stacking IslandA large fluvial component of tidal inundatitias been documenteth riverine sections

of other Oregon tidal wetland@rophyet al. 2011, Huangt al. 2011). In order to track restoration

project effectiveness, water level monitorimgust s@n both the winter wet season and the summer dry
season, in order to capture the fluvial component of inundation. Only by monitoring and analyzing year
round water level data can wenderstandcontrolling factors and restoration trajectories fodal

wetlands in the Pacific Northwest and similar climatic and landscape settings

Channel water salinity and temperature

Channel water salinity and temperature are physical drivers that determine plant and fish community
structure in tidal wetlands. These panaters are closely associated with tidal hydrology, asdtated
in Brophy and van de Wetering (201#)onitoringthese parametersllows:

1 Documentation of water salinity and temperature before project implementation;

1 Documentation of the degree to whi®FC actions restablish tidal influence
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1 Data on controlling factors, to assist interpretation of other monitoring results such as plant
communities and fish populations. Changes in salinity and temperature are expected to related
closely to posimplementation trajectory for these and other parameters.

Methods

Channel water salinity and temperature were measured using Odyssey condueimiterature data

loggers programmed to collect data at 15 minute intervals. Monitoring began in late October 2013 a
continueduntil February 2015. Loggers werelooated wth water level loggers (Table 2daps Al2
andA16A17), and placed at the same elevation as the water level logggeroximately MTLDetails

2T aLISOATFTAO f 233 S NWdtlahddurindelgvatior aNdSvatedeRePMeth8dR Ay d
above! aAy3 RIFEGF FNBY GKS gl GSNJtS@St a@mdthB> RIGI
loggers were out of the water.

Raw logger data were converted from conductivity values to salinity sakiag a calibration formula
determined for each individual loggdroggers were calibrated before and after each deployment period
using a multipoint conductivity and temperature calibration procedure, and the resulting calibration
formula was deploymenspecific.

Daily maximum salinity and temperature were extracted from the 15 minute interval Gasdistical
analysis of daily maximum salinity and temperature was conductefbfwranalysis periodsvinter

(12/1/13 - 2/17/14 and12/1/14 - 2/17/15), early spring (3/1/14 4/30/14), late spring (5/1/14

5/20/14), and summer (7/23/148/1/14) (Table 2D. These seasons were selected to correlate with the
analyses presented in thésh use, prey resources, and habitdction and were limited to relatisly

short time periods with continuous data coverage for all loggerkided in the analysjso ensure data
comparability across location§he analysis for each season included all loggers except those that were
out of the water for significant amountsf time duringthe analysigeriod; excluded loggers are shown

in Table 20 Seasonal differences in average daily maximum salinity and temperature between the SFC
site and reference sitesere determined using t-test. Seasonal differences among logg&ssivere

tested using a 1 way ANOWAhen distributions did not meet the normality assumptions, an equivalent
non-parametric testvas used (either a Wilcoxon in place oftast or KruskaWallisin place of ANOVA).

All analyses were completed in R (Version 3.1.1).

Table20. Dates andidal hydrology/water qualityoggers used for each seasonal analysilsloggers

6SNB AyOfdRSR Ay GKS IFyltearsa F2N SFOK LISNA2Rz SE

Loggers were excluded when they were out of the water for a significant amount of time ding
analysis period.

Season Dates Loggers excluded
Winter 12/1/13-2/17/14 & 12/1/14-2/17/15 | none
Early spring 3/1/14-4/30/14 none

Blind Slough Road
Blind Slough Upper
Goose Point

Nolan Slough
Summer 7/23/14-8/1/14 Blind Slough Upper
Blind Slough Mid
Trib upper

Late spring 5/1/14-5/20/14

TillamookSF@Baseline Effectiveness Monitoring014 Rev. 2, 12/27/16, KBl of 215



Results and discussion

Channel salinity

As expected, salinity was much lower at the SFC site compared to the reference sites, du@the & A G S Qa
dikes andide gates which preventidal influence Figure24 showsdaily maximum salinity for the SFC

site and reference sites during the entire manihg period.Statistical comparisons (described below)

used a subset of these data where loggers were immersed; the time periods andslaggerare

described in Table 28bove.

Mean daily maximum salinity 2014

251
201

151

— SFC site

— Reference
104

Salinity (PSU)

UMY |

Oct Dec Feb Apr Jun Aug Oct Dec Feb
Month

Figure 24 Dailymaximum salinity for the SFC site and reference sites. Data are combined from all data
loggers across the sitéor the entire monitoring period@ctober 2013 February 201p

Dailymaximum salinity was significantly lower at the SFC site compared teefbrence sites during all
seasons (all seans p < 0.01) (Figures-26). Thegreatestdifference between the SFC site and

reference sites was in the summer, where the SFC site ladyanaximum salinity of 1.0 PSU (N = 20),
compared to 16.5 PSU (NBB) at the reference sites (Figure 2@ he smallest difference between sites

was in the early spring, when the SFC site had an average daily maximum salinity of 0.7 PSU (N = 366),
compared to 4.1 PSU (N = 244 Yhe reference site (Figure R6Average didy maximum salinities during

the winter were 0.6 PSU (N = 948) at the SFC site, and 7.91 PSU2)Matréference sites (Figure 26

Late spring had the loweslaily maximum salinity within the SFC site of 0.3 PSU (N = 76), compared to
4.1 PSU (N = 78) the reference sites (fure 2. Salinities between the SFC site and reference sites
differed due to the lack of tidal influence present at the SFC site. The SFC site was influenced by rainfall
and river levels in the winter, and muted tidal influenagridg the summer (Figur26). Salinities were

higher in the dry season at both the SFC site and reference sites, due to lower riverine influence in the
summer.
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Figure 25 Dailymaximum salinity fostatistical comparison periods Hie SFC site arméference sites
Data used are described in TaBl@ Statistical comparison periods were limited in duration because
most SFC loggers were out of water during much of the summer and dry fall period.
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Mean daily maximum salinity at SFC and Mean daily maximum salinity at SFC and reference sites
reference sites winter early spring (3/1/14-4/30/14)
(12/1/13-2117/14 & 12/1/14-2/17/15) 201

SFC site
Reference

Salinity (PSU)
w
Salinity (PSU)
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SFC site Reference SFC site Reference
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Mean daily maximum salinity at SFC Mean daily maximum salinity at SFC and reference sites

s0- and reference sites late spring (5/1/14-5/20/14) s0- summer (7/23/14-8/1/14)
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Figure 26 Averagedaily maximum salinity for the SFC site and reference sites during four seasons. Error
bars show one standard errowjthin an individual graphgolumns with no letters in common are
significantly different (test, p < 0.05).

Dailymaximum salinities @re significantly different among logger locatioasd those differences

varied by seasarDuring the winter, Nolan Slough had significantly higher salinity than other locations
within the SFC sitér&ble 21AFigure 27. This was likely due to the log§eproximity to a leaktide

gate. During one monitoring evengtan van de Wetering @ TSI noted théde gatewas stuck open

about 15 cm, allowing estuarine water to come in. During all seasons except the summer, salinities at
Blind Slough Moutllocated about267m [875ft] outside the Blind Slougtide gates)were similar to

those at the SFC sitédble 21 Figures 2730), indicatingthe Blind Slough Mouth location was strongly
influenced by outflow from the SFC site.the early and late spring seas) Dry Stocking Island did not
differ from locations at the SFC site, likely due toshreng freshwater influence fromiver flow down

the Trask RivefT@ble 21 Figures 2730).

Among the reference locations, there was a clgaographicalinity gradient during all seasons, with

lower salinities recorded furthdrom the mouth of Tillamook Bayfable 21 Figures 2730).

Interestingly the lowest salinities were recorded in early spriather than in winter. Vihter salinities

at the Bay Mwrshwere strongly mesohaline (averaging 10.4), indicasingngwinter tidal forcingeven

this far up the bay. At Goose Point, winter salinity averaged 15.0, strikingly higher than during the early
and late spring periods (9.8 and 7.3 respectively).
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Table 21A. Average and standard error of daily maximum salinity within zones at the SFC site, 2014.
Asterisks indicate a significant effect of zone (including reference zones) in the ANOVA (p < 0.05).
Continuedin Table21B below.N is the sample size for eéalocation during a seasoNA indicates

logger was out of water during the period.

Blind Blind Blind

Trib Trib Nolan| Slough| Slough| Slough

Season (N) upper lower Slough upper road mid

Aver_agedaily winter (158) 0.0 (0.0)] 0.2 (0.0)] 3.4(0.4)] 0.3(0.0)] 0.3(0.0)] 0.4 (0.0
?ael‘iﬁ'guénsu early spring (61)| 0.2 (0.0)| 0.2 (0.0) 1.4 (0.1)| 1.2 (0.0) NA| 0.4 (0.0)
(standard late spring (19) | 0.1 (0.0)| 0.1 (0.0)| 1.0 (0.3) NA NA| 0.0 (0.0)
error)* summer (10) NA| 1.1(0.1) NA NA| 0.8 (0.0) NA

Table21B. Average and standard error of daily maximum salinity within zones at the reference sites,
2014. Asterisks indicate a significant effect of zone (including SFC zones) in the ANOVA (p < 0.05).
Continuedfrom Table21A aboveN is the sample size for ealdtation during a seasoriThe "NA" value
for Goose Point indicates the logger malfunctioned during the period.

Blind Slough| Dry Stocking
Season (N) mouth Island Bay Marsh| Goose Point
Average dailyl Winter (158) 1.5(0.2) 4.9 (0.5) 10.4 (0.6) 15.0 (0.6)
maximum early spring (61) 0.1 (0.0) 1.5 (0.4) 4.8 (0.8) 9.8 (0.8)
salinity PSU :
(standard late spring (19) 0.3 (0.0) 2.6 (0.8) 6.1(1.3) 7.3 (1.3)
error)* summer (10) 9.9 (0.6) 18.7 (0.5) 21.0 (0.6) NA

Mean daily maximum salinity among logger locations
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Figure 27 Average daily maximum salinity among logger locations for the winter season. Error bars
show one standard error; columns with no letters in common are significantly different (ANOVA test,
p <0.05).
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Mean daily maximum salinity among logger locations
early spring (3/1/14-4/30/14)
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Figure 28 Average daily maximum salinity amongder locations for the early spring season. Error bars
show one standard error; columns with no letters in common are significantly different (ANOVA test, p <
0.05).ThedBlind Slough roadogger had not yet been deployed during this period.

Mean daily maximum salinity among logger locations
late spring (5/1/14-5/20/14)
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Figure 29 Average daily maximum salinity among logger locations for the late spring season. Error bars
show one standard error; columns with no letters in common are significantly different (ANOVA test, p <
0.05).ThedBlind Slougmoack logger was not operatinguting this period; the Blind Slough upper

logger was out of water during this period.
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Mean daily maximum salinity among logger locations
summer (7/23/14-8/1/14)
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Figure 30Average daily maximum salinity among logger locations for the summer season. Error bars
show one standard error; columns with no letters in common areifségntly different (ANOVA test, p <
0.05).ThedBlind Slougluppere logger was no longer operating during this period; other empty bars
indicate the loggers were out of water during the period.

Channel temperature

Dailymaximum temperature was generalygher at the SFC site compared to the reference sites, due
0§KS { C/ & htideSgates whtch grévent ehtry & cool, marirefluenced tidal waters. Figur@l
showsdaily maximum temperature for the SFC site and reference sites during the entire monitoring
period. Statistical comparisons (described below) used a subset of these data where loggers were
immersed; the time periods and loggers used are described in Palabove.
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Mean daily maximum temperature 2014
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Figure 31 Dailymaximum temperature for the SFC site and nearby reference sites. Data are combined
from all data loggers across the site, for the entire monitoring period (October 204Bruary 2015).

Dailymaximum temperatures were signifintly higher at the SFC site compared to the reference sites

during all seasons, with the exception of the winter season (all seasons but winter p < 0.01; winter p =

0.13) (Figure82-33). The most dramatic difference between the SFC site and refererceait during

the late spring, when the SFC site had an average daily maximum temperatureaf (IN.5 76),

compared to 15.7C (N = 76)tahe reference sites (Figure 83> Ly (GKS SIF NI @& ALINAyYy3Is
maximum tenperature was, on average, 12 (N=366), compared to 11°€C (N=244)at the

reference site (Figure 33 Temperatures were the warmest in the summer at both the SFC site and

reference sites2.3C[N = 2@ and 21.4C[N = 30, respectively; Figure 33and coolest in the winte

(7.9C[N = 948 and 8.2C[N = 633, respectively; Figure 33These differences are likely due to the SFC
aAidSQa tikidtes which lyfdek cooler tidal waters from the site; similar temperature contrasts

were seen prior to restoration atthe M6 & Qi dzy aAGS G . | yR2Yy (Brophy@K bl (A 2
al. 2014).
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Mean daily maximum temperature
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Figure 32Daily maximum temperaturéor statistical comparison periods at the SFC site and reference
sites. Daa used are described in Table. Batistical comparisoperiods were limited in duration
because most SFC loggers were out of water during much of the summer and dry fall period.
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Mean daily maximum temperature at SFC and Mean daily maximum temperature at SFC and

reference sites winter reference sites early spring (3/1/14-4/30/14)
(12/1/13-2/17/14 & 12/1/14-2/17/15) 307
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Figure 33 Average daily maximum temperature for the SFC site and reference sites during four seasons.
Error bars show one stalard error; columns with no letters in common are significantly differetegt
test, p < 0.05).

Dailymaximum temperatures were significantly different among zqraesl those differences varied by
seasonDuring the winter, Nolan Slough had the leghtemperature compared to other zones within

the SFC site, while Blind Slough upper had the lowest daily maximum temperBaited2, Figures 34

37). Blind Slough upper waeployed in shallow, still water (the upper part of Blind Slough is essentially
now a pond in a cow pasture), which may have contributed to cooling of the shallow water by cold
winter air temperatures. Similarly, Blind Slough upper was significantly warmer than other locations
during early spring likely due to the shallow, still vi@r warming from solar heating.here were no
obvious patterns imailymaximum temperatures among logger locations dullate springor summer

at the SFC site or the reference site locations (FigB4edy), although as described above, summer
temperatures across all locations at the SFC site were significantly warmer than at the reference sites
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Table22A. Average and standard error of daily maximum temperature within zones at the SFC site,
2014. Asterisks indicate a significant effect of zone (inctudéference zones) in the ANOVA (p < 0.05).
Continuedin Table22B below.N is the sample size for each location during a seabFnindicates the
logger was out of water during the period.

Blind Blind Blind

Trib Trib Nolan Slough Slough Slough

Season (N) upper lower Slough upper road mid

Average winter (158) 7.9(0.2)] 8.0(0.2) 9.3(0.1)] 5.7 (0.1) 8.9(0.2)| 7.7 (0.2)

‘rjnaa'l'Ym . early spring (61)| 12.5 (0.2)| 11.3 (0.3)| 11.6 (0.2)| 14.6 (0.5) NA | 12.8 (0.3)
ximu :

temperature late spring (19) | 15.3 (0.3)| 15.9 (0.7)| 20.9 (1.4) NA NA| 18.6 (0.7)

;fré?;f”dard summer (10) NA| 22.5 (0.3) NA NA| 22.0 (0.2) NA

Table22B. Average and standard error of daily maximum temperature within zones at the reference
sites, 2014. Asterisks indicate a significant effect of zone (including SFC zones) in the ANOVA (p < 0.05).

Continuedfrom Table22A aboveN is the sample size for ealdtation during a seasor: KS a b ! ¢
for Goose Point indicates the logger malfunctioned during the period.
Blind Slough| Dry Stocking
Season (N) mouth Island Bay Marsh| Goose Point

Average daily| Winter (158) 7.7 (0.2) 7.7 (0.2) 8.4 (0.2) 9.1(0.2)
maximum early spring (61) 11.2 (0.2) 10.2 (0.2) 10.9 (0.3) 13.3 (0.3)
temperature :

°C (standard late spring (19) 14.8 (0.4) 14.0 (0.6) 15.0 (0.8) 19.0 (0.9)
error)* summer (10) 21.9 (0.3) 20.9 (0.2) 21.4 (0.2) NA
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Mean daily maximum temperature among logger locations
winter (12/1/13-2/17/14 & 12/1/14-2/17/15)
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Figure 34 Average daily maximum temperatures among logger locations for the winter season. Error
bars show one standard error; columns with no letters in common are significantly different (ANOVA
test, p < 0.05).

Mean daily maximum temperature among logger locations
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Figure 35Average daily maximum temperatures ang logger locations for the early spring season.
Error bars show one standard error; columns with no letters in common are significantly different
(ANOVA test, p < 0.05).
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Figure 36 Average daily maximum temperatures among logger locations for teesfging season.
Error bars show one standard error; columns with no letters in common are significantly different
(ANOVA test, p < 0.05).

Mean daily maximum temperature among logger locations
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Figure 37 Average daily maximum temperatures among logger locations for the summer season. Error
bars show onatandard error; columns with no letters in common are significantly different (ANOVA
test, p < 0.05).

After project implementation, we expect salinities at the project site to increfibe post

implementation salinities will vary across the site basadhe relative influence of tidal flows and river
and precipitation flowsSalinity gradients were strongly evident among our logger installations near the
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SFC site. At the Dry Stocking Island and Blind Shoagth locations, freshwater river flows from the

Trask and Wilson Rivers (respectively) strongly reduced salinities compared to the Bay Marsh location.
Because of these salinity gradientg&e expect salinities to span a wide range across the SFC site after

tidal reconnection Summer salinities are likely to fall in the mesohaline rangeys50 I G G KS aA (S Q:
southwest end, and in the oligohaline range (&.)5n the northeastern parts of the site. M- to upper

mesohaline salinities, along with the frequentindation after restoration of tidal exchange, are likely

to help suppres§l K S sakiitdeast nonnative and invasivplant species such as reed canarygrass.

We alsoexpectwater temperatures to drop at the SFC s##er project implementationbecoming
more comparable with those at the reference sites over time. Water temperasuagkey factor in
determining fishhabitat suitability and restoration of temperatures to tolerable levels is crucial (see
Fish species use, prey resources, and habitalow).

Groundwater levels

Groundwater regime (the fluctuation of groundwater levels across tides and seasons) is a key
intermediary between tidal exchange and many tidal wetland functions, including plant community
development, soil characteristioswater quality, nutrient processing, salmon prey production, and
carbon sequestration. Groundwater levels are influenced by compaction and subsidence of soils, which
commonly occur in diked former tidal wetlands due to agricultural activity and ditcliingamnels. As
stated in the effectiveness monitoring plan (Brophy and van de Wetering 2014), monitoring of
groundwater levels allows us to:
T Document groundwater level dynamics prior to tidal reconnection;
1 Determine the degree to which the natural hydrofmt is reestablished within project
wetlands;
1 Help interpret the results of other monitored parameters, including plant community
development, water quality, water temperature, and soil characteristics.

Methods

Groundwater level monitoring began in May of 2014 and continued through May of 2015, thus covering
both a dry and wet season during the baseline period. (Ideally, monitoring of all parameters is done
concurrently; however, groundwater monitoring could riaggin until funding for this parameter was
available in May 2014.) Fourteen wells werelacated with 14 of the 38andomlylocatedsediment
accretion plots Table23, Maps A1andA16-A17), with twelve of the wells located at the SFC site, one
well atGoose Point, and one well on Dry Stocking Island.

Groundwater levels were monitored using standard shallow groundwater observation wells (Sprecher
2000). Wells were approximately 1.5 m dederefore groundwater levels more than 1.5 m below the

soil surbce were not tracked. Groundwater levels were monitored using automated water level loggers
(Onset HOBO® loggers, model {320-01), which were programmed to collect pressure data at 15

minute intervals. Raw logger data were converted from pressure vatuesater levels using

Il h. h2FNBE tNRt a2F0d6F NEQa O0FNRBYSUNRO O2YLISyalldAazy
levels using local barometric pressure data collected onsite at 15 minute intervals throughout the

monitoring period. Data was trimnadeto remove records when the water depth above the top of the

logger was less than 2 cm.
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Table23. LocationsNJAD83UTM Zone 10N) and elevati®fm) of groundwater welinstallatiors at the
SFC site and reference sitéhie GEOID12A model was used to coraNAVD88 orthometric elevation.

Soil surface, GW sensor|

elevation elevation

Zone Well Easting| Northing | (m NAVD88) (m NAVDS88)

A03 431691 5036398 2.31 0.95

North AO04 431478 5036430 2.22 1.01

AO05 431948| 5036225 2.38 1.18

A09 431671 5035882 1.86 0.63

Middle Al13 431340 5035888 2.13 0.88

SEC site Al16 431081 5036138 2.05 0.80
Al7 430368 5036309 2.07 0.87

South no crop A37 430566 5035991 1.89 0.63

A27 431024| 5035825 1.82 0.56

South crop A28 431378 5035704 2.01 0.81

A73 431941| 5035418 2.37 1.17

Nolan ungrazed | A75 432296| 5035363 2.21 0.99

Reference| Dry Stocking Islan¢ A43 431171| 5035388 2.60 1.39
sites Goose Point A68 430962 5039939 2.66 1.42

Groundwater levels were tied to both the orthometric reference frame (NAVD88) and the soil surface,
though onlyresults relative to thesoil surfaceare reported below. Groundwater levels below the soil
surface were expressed as negative numbers, and sdahst were positive represent wetland surface
inundation. Groundwater levels relative to NAVD88 were used for comparison with tidal hydrology (also
in NAVD88).

Daily maximum groundwater levels were extracted from the data for the 14 groundwater welshav
whole monitoring period (May 201¢May 2015). Daily maximum groundwater levels were also
calculated separately for the dry (July thru September 2014) and wet seasons (December 2014 thru
February 2015 the same time periods used for the wet verglry season tidal hydrology analysis

above. Daily maximum groundwater levels were averaged across the baseline monitoring period at the
SFC site and reference sites, as well as within zones. Differences in average daily maximum groundwater
levels betweenhe SFC site and reference sites were analyzed uskbgst Differences among zones

were tested using an ANOVA. A twway ANOVA was used to determine differences between the SFC
site and reference sites, and wet and dry seasons, and when determiniagediéés among zones and

wet and dry seasons. A simple linear regression was run on the average daily maximum groundwater
level at each well by elevation at the SFC site. The reference sites only had a total of two wells, so this
analysis was not rufor the reference sitesNVhen distributions did not meet the normality assumptions,
an equivalent norparametric teswvas used (either a Wilcoxon in place oftadt or KruskaWallisin

place of ANOVAARII analyses were completed in R (Version 3.1.1).
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Results and discussion

Averagedailymaximum groundwater levels were significantly lower at the SFC site than refeligese s
(p < 0.0001; Figures 3®). The average maximum groundwater level wiad m below SFC site soil
surface, compared to an averagé-0.1 m below the reference sites soil surface. A summer drying
period began in July at the SFC site, and continbszligh late September (Figure ¥typical of
seasonal, nottidal wetlands in the Pacific Northwest. Average daily maximum groundvetels

during the dry season at the SFC site were 0.6 m below soil surface, suggesting that most areas at the
SFC site did not meet the regulatory wetland hydrology criterion during the summer. (The wetland
hydrology criterion is that groundwater levelsmain within 30 cm of the soil surface for a substantial
part of the growing season [Environmental Laboratory 1987]). Daily maximum groundwater levels at
the reference sites averaged 0.2 m below the soil surface during the dry season, suggesting that the
reference sites met the wetland hydrology criterion y@aund. During the wet season, daily maximum
groundwater averaged within 30 cm of the soil surface for both SFC and referenceGsiten énd

0.0m, respectively).

In summary, analysis of groundwat®onitoring data across the entire SFC site supports the
interpretation that the SFC site was a seasonal wetland, while the reference sites were tidal (non
seasonal) wetlands. Although the National Wetland Inventory classifies the SFC site as PEMAd
(palugrine emergent wetland, temporarily flooded, partially drained/ditched) rather than seasonal
wetland, the team that conducted the SFC wetland delineation classified most of the SFC wetlands as
PEMC (palustrine emergent wetlands, seasonally flooded) (M(pSadal Latimer Environmental LLC,
2015). At most of their sample points in the wetlands delineated at the SFC site, the delineation team
observed oxidized rhizpheres (an indirect indicator of seasonally saturated soil) but no actual soil
saturation dumg the September field work, indicating seasonal wetlands.

Daily maximum groundwater level 2014

— SFC site
- — Reference

Height relative to soil surface (m)

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
Month

Figure 38 Average daily maximum groundwater level relative to the soil surface across all transects at
the SFC and reference sites during May 204dy 2015. Dashed line indicates soil surface.
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Mean daily maximum groundwater level
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Figure 39 Average daily maximum groundwater level for the SFC site and reference sites. Error bars
show one standard error; columns with no letters in common are significantly different (Wilcoxon test,
p <0.05).
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Figure 40 Averagedailymaximumwater level for the SFC site and reference sites during the dryqJuly
September 2014) and wet season (December 2Bddruary 2015). Error bars show one standard error;
columns with no letters in common are significantly different (ANOVA test, p < Da8hed line
indicates soil surface.

Analysis of groundwater levels by zone showed significant differences among zones. Groundwater levels
in the South no crop zone were comparable to the reference sites (Dry Stocking Island and Goose Paint)
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(-0.1 m,-0.1 m, and-0.2 m below soil surface respectively), but all other zones at the SFC site were
significantly lower than zones at the reference sites (p < 0.0Dalkle 24 Figure 4). The South no crop
zone was among the lowest zonéds not currently beindarmed, possibly in part because of the high
groundwater leveland/or the difficulty of draining the are#®veraged across all seasons, the Nolan
ungrazed zone was the driest zone, with the lowest daily maximum groundwater levels of all zones,
averagind.6 m below the soil surfac&#ble 24 Figure 4}.

During the dry season, none of the SFC zones had average daily maximum groundwater levels within the
wetland regulatory hydrology criterion (within 30 cm of the soil surface); by contrast, average daily
maximum groundwater levels at both reference zones were within thigérion (Table 2p

During the wet season, Nolan ungrazed was again the driest zone, with an average daily maximum
groundwater level of 0.3 m below the soil surfagsignificantly lever than all other zonesTable 25

Figure 42. This suggests that at least parts of this zone (which is a wetland mitigation site) may not
currently meet wetland hydrologic criteria. However, after the SFC project is implemented, this zone will
be wetterdue to tidal inundation and is expected to meet wetland criteria.

During the wet season, the South no crop zone had the highest groundwater level of all the zones,
including the reference zones (0.1 m above soil surfaka)lé 25Figure 42. This was eeflection of

the low elevation of the South no crop zone (Tabrg as well as impoundment of winter precipitation

o0& (KS aA dide gadiescR doinBal pHendRenon in Pacific Northwest diked former tidal
wetlands (Brophy 2007). A similar phenamoa was observed in the Middle zone, which was also not
statistically different from the reference sites, and had an average daily maximum groundwater level at
the soil surface (0.0 m relative to soil surface).

Table 24 Average and standard error of damaximum groundwater level within zones at the SFC site
and reference sites, 2014. Negative numbers indicate groundwater levels below the soil surface, positive
numbers indicate groundwater levels above the soil surface.

Average daily maximungroundwater level in meters

Zone relative to soil surface (standard error

North zone -0.44 (0.01)

Middle zone -0.24 (0.01)

SFC site South zoneno crop -0.13 (0.02)
South zonesrop -0.56 (0.01)

Nolanungrazed -0.55 (0.02)

: Dry Stockingdsland -0.14 (0.02)

Reference sites "= o ce Point -0.15 (0.01)
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Figure 41 Averagedailymaximum groundwater levels among zones. Error bars show one standard
error; columns with no letters in common are significantly different (ANOVA test, p < 0.05).

Table25. Average and standard error of daily maximum groundwater level within zones at the SFC site
and reference sites for the dry season (July thru October 2014), and wet season (December thru
February 2014 and 2015). Negative numbers indicate groundwater lesiels the soil surface, positive
numbers indicate groundwater levels above the soil surface.

Average daily maximum groundwater levg
in meters relative to soil surface (standar

Zone Season error)
dry -0.68 (0.01)
Northzone = o 20.22 (0.01)

, dr -0.53 (0.01
Middle zone Wé/t 0.00 Eo.mg
. South zonewo | dry -0.68 (0.03)
SFC site crop wet 10.30 (0.02)
South zone dry -0.42 (0.02)
crop wet 0.12 (0.02)
Nolan dry -0.78 (0.02)
ungrazed wet -0.31 (0.03)
Dry Stocking | dry -0.23 (0.03)
_ Island wet 0.05 (0.03)
Reference sites ' dry :0.23 (0.02)
Goose Point = o 0.02 (0.02)
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Average daily maximum groundwater level
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Figure 42 Averagedailymaximum groundwater level among zones during the dry @@gtober 2014)
and wet season (December 20E4bruary 2015). Error bars show one standard error; columns with no
letters in common are significantly different (ANOVA test, p < 0.05). Dashaddinates soil surface.

Dailymaximum groundwater levels at the SFC site across all seasons were negatively correlated with
elevation (p = 0.02,2R 0.37), as would generally be expected in the absence of major differences in
drainage system effectivess(Figure 43 (This regression was not run on the reference site dataset,
which containednly two points.) This relationship between surface elevation and groundwater level
was clear among individual wells within zones, which showed decreasing growndexagls with
increasing elevation {gure 44. This relationship was consistesithin each zone, indicating that land

use can influence groundwater regime, either through effects on elevation (e.g. soil compaction) or
through drainage of the soil prodil
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Groundwater wells by elevation
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Figure 43 Averagedailymaximum groundwater level at each groundwater well at the SFC site and
reference sites from May 2014 thru May 2015 along an elevation gradient.
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Figure 44 Averagedailymaximum groundwater level at each groundwater weltree SFC site and
reference sites from May 2014 thru May 2015, separated by zones. Wells are ordered by ascending
elevation from left to right within each zone, with A03, A09, and A27 having the lowest elevation, and
A05, A13, and A73 the highest. Dashed Indicates soil surface.

Other studies have shown that once dikes are lowered and tidal influence has returned to a restoration
site, groundwater regimes will begin a trajectory towards reference conditions (Bretpiy2014).

However, this trajectory may beery graduglthree years after restoration atthe MiS a Qi dzy | y A {
Bandon Marsh National Wildlife Refuge, tidal groundwater patterns had recovered at many locations,
but other locations did not yet fully mataieference conditions (Brophst al. 2014). Groundwater

27
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regimes may be affected by compaction, subsidence of soil, and tidal channel development, factors
which may change slowly for many years after theseablishment of tidal exchange (Brophy and van
de Wetering 2012, Brophgt al. 2014).

Soils

Soil characteristics, such as soil organic matter, soil organic carbon, soil pH, and soil salinity, are
controlling factors for plant community development and are closely related to other wetland functions,
such as carbon storage, nutrient cycling, and water temperature moderation. As stated in Brophy and
van de Wetering (2014), results from soil monitoring are used to:
1 Evaluate differences in soil characteristics before and after project implementationyestati
reference wetland conditions; and
1 Help interpret the results of other monitored parameters, particularly plant community
development.

Methods

Soil samples were collected using a Dutch auger during the dry season (August 2014) from the surface
rooting zone 0-20.3 cm 010-8 in); samples were elocated with each sediment accretiqot (Table

37). At each plot, 8 random subsamples were pooled, bulked in the field, and then delivered to AgSource
Laboratory in Umatilla, Oregon for analysis. At the lalge roots were removed, samples were dried

and homogenized, and a subsample was removed for analysis. Electrical conductivity and pH were
measured using a conductance meter and pH meter, respectively. Percent organic matter was
determined using the I@son ignition method (Cra#it al. 1991), which involved burning the material in

a muffle furnace for two hours at 360. Soil salinity was calculated using electrical conductivity and a
standard formula (Fofonoff and Millard 1983). Carbon content wasitaied using a conversion specific

to high organic soils (0.68 x % organic matter) (Katadi 2009).

Soil metrics (pH, soil salinity, organic matter, and carbon content) were compared between the SFC site
and reference sites using ddst, and amog zones using an ANOVA test. A simple linear regression was
used to determine the relationship between elevation and soil metrics at the SFC site and reference
sites When distributions did not meet the normality assumptions, an equivalentpayametric st

was used (either a Wilcoxon in place oftadt or KruskaWallisin place of ANOVA).

Results and discussion

Soil pH and soil salinity were both significantly lower at the SF@esgaghe reference sites (p <@01

for both metrics; Figure 45Average soil pH was 5.2 at the SFC site, and 5.8 at reference sites, while
average soil salinity was 0.2 PSU at the SFC site and 7.1 PSU at the reference sites. The significant
difference in soil salinity between the SFC site and reference sites wds theslack of tidal influence

at the SFC site (s&®etland surface elevation and water levglsOnce the dikes artitle gates are

removed, we expect to see an increase in soil salinity at the SFC site. Soil salinity is a strong controlling
factor for plant community development, so we expect to see changes in plant communities at the SFC
site with the reintroduction of tidal influence.

Organic matter and carbon content were not statistically different between the SFC site and reference
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sites (p 0.3 far both metrics; Figure 45Average organic matter and carbon content were 22.1% and
15.0% at the SFC site, and 19.7% and 13.4% at the reference site, respectively. It was surprising that
there was no significant difference in percent organic matter oceet carbon between the SFC site

and reference sites. Previous studies have generally shown that soils of unrestored, diked tidal wetlands
generally have less carbon and organic matter content than-éiatiirbed reference site soils

(MacClellan 201.2Braphy et al. 2011, Bropht al.2014). However, some diked former tidal wetlands in
Oregon have organic carbon content similar to their ledisturbed reference sites; an example is Waite
Ranch, a former tidal swamp in the Siuslaw River estuary (Brophlyesimeher 2013). The high carbon
content of soils at the SFC site and Waite Ranch may be a result of less complete drainage compared to
other diked pastures, or to very high organic content prior to diking.

Mean soil pH at SFC and reference sites 100 Mean soil salinity at SFC and reference sites
5 !
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e
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Figure45. Average pH, soil salinity, percemganic matter, and percent carbon for the SFC site and
reference sites. Error bars show one standard error; columns with no letters in common are significantly
different (t-test, p < 0.05).

While there was a significant difference in alll soétrics acoss zones (Table R&here were no

consistent patterns among the SFC site zdoegach soil metric (Figures 46). Zones at the

reference sites had higher soil salinities in low marsh zones (Bay Marsh and Dry Stocking Island low)
than high marsh zong®ry Stocking Island high and Goose Point). Goose Point had the highest soill
salinity of all reference zones, which was to be expected as it was closest to the mouth of the bay (Figure
46). Soil pH at the SFC site had a significant relationship withtielewahen examined using a simple
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linear regressionTable 27Figure 48, though no other soil metrics were correlated with elevation.

Table26A. Average and standard error of soil metrics within zones at the SFC site, 2014. Asterisks
indicate a significant effect of zone (including reference zones) in the ANOVA (p < 0.05).
Continued inTable26B below.

South

North Middle Zoneno South Nolan Nolan

zone zone crop | zonecrop crop | ungrazed
Average soil pH
(standard erron)* 5.1(0.1)) 5.0(0.0)| 4.7(0.0)) 5.2(0.0)] 5.5(0.1)] 5.4(0.0)
Average soil salinity
(PSU) (standard error)* 0.2(0.0)) 0.2(0.0)f 0.2(0.0)f 0.1(0.0) 0.1(0.0)f 0.2(0.0
Averageorganic matter
(%) (standard error)* 21.7 (2.8)] 22.9(2.3)] 17.9(0.0)] 22.9 (2.1)] 22.5(3.2)| 17.6 (1.5)
Average carbon content
(%) (standard error)* 14.8 (1.9)| 15.6 (1.6)| 12.2 (0.0)] 15.6 (1.4), 15.3(2.1)] 11.0(1.0)

Table26B. Average and standard error of soil metrics within zones at the reference sites, 2014. Asterisks

indicate a significant effect of zone (including SFC zones) in the ANOVA (p < 0.05). CirotinTiedle

26A above.
Dry Stocking Islang Dry Stocking Islang
Bay Marsh low marsh high marsh| Goose Point

Average soil pH

(standard error)* 5.9 (0.1) 5.9 (0.4) 5.5(0.1) 6.1 (0.1)
Average soil salinity

(PSU) (standard error)* 7.8 (1.7) 8.3(0.5) 4.7 (1.6) 9.6 (1.5)
Average organic matter

(%) (standard error)* 14.4(1.8) 15.6 (2.7) 18.5(2.6)] 34.5(2.9)
Average carbon content

(%) (standard error)* 9.8 (1.2) 10.6 (1.8) 12.6 (1.8)] 23.4(1.9)
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Mean soil pH among zones
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Figure 46 Average soil pH and soil salinity among zones. Error bars show one standard error; columns
with no letters in common are significantly different (ANOVA test, p < 0.05).
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Mean soil organic matter among zones
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Figure 47 Average percent organic matter and percent carbon among zones. lEars show one
standard error; columns with no letters in common are significantly different (ANOVA test, p < 0.05).
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Table27. Summary of simple linear regression results for pH by elevation at SFC and reference sites,
2014. Bold text indicates signfiiat differences (p < 0.05).

Metric p-value R
pH 0.02] 0.17
soil salinity 0.58]| -0.02

SFC site

organic matter 0.90| -0.04
carbon content 0.90| -0.04
pH 0.34| 0.00
soil salinity 0.14| 0.14
organic matter 0.34| 0.00
carbon content 0.34| 0.00

Reference sites

Soil pH by elevation Soil salinity by elevation

6.0

* SFC site
* Reference

Soil salinity (PSU)
(2]

o ¢ = ° el ey o * o
20 24 28 20 24 28
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Figure 48 Soil pH, soil salinity, percent organic matter, and percent carbon along an elevation gradient
for all soil cores at the SFC and reference sites.

After restoration, we expect soil characteristics at the SFC site to gradpallgach those at the
reference sites. The speed of this approach will most likely vary among the charactefistiexample
soil salinity af southern Oregotidal marsh restoration site was dramatically higher two years after
restoration-- the resut of rapid changes in porewater chemistrywhile soil organic matter content
increased less dramatically, the resultnobre gradual processes of soil formation and organic matter
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accumulation(Brophyet al. 2014)

Channel morphology

Channel morphologwas monitored at the SFC site and reference sites to show differences between the
two prior to project implementationChannel geometry and development are expected to differ
between sites of different channel drainage area, geomorphic settings, hydral@yyrbance, and land
use history ilood 2002, 200Diefenderferet al. 2008, Ewald and Brophy 2012, Brophy 2088)stated
in Brophy and van de Wetering (2014), channel morphology measurements at the site will be used to:
1 Evaluate channel morphologjaracteristics before SFC project implementation, and changes
after implementation, relative to reference site channels;
1 Quantify instream habitat;
1 Quantify effects of woody structure placements orsineam habitat;
1 Help interpret the results of other onitored parameters, including fish populations and plant
communities.

Methods

We collected and analyzed fielshsed channel crossections at the SFC site and two reference sites

(Dry Stocking Island and Goose Point). Data were collected in late {@#t€rsite) and early summer

(reference data) 2014 using higinecision RTHGPS and laser level methods. At the SFC site, we installed
27crossa SOG A2yt (NI yaSoOida ddble28M&pRIS)WItNiD theXSEsitearine K S NS |- 1
transects werén Blind Slough (BS), with four of those transects below the tidgrgateand five above

the tide gate Twelve transects measured small tributaries to Blind Slough, and the remaining six

transects measured the main channel in Nolan Slough. Channéls egferences site were measured

using fourteen transects, of which nine measured two channels at Dry Stocking Mi@ndi5)and

five measured the main tidal channel at Goose Point (BRjpA17). For simplicity, all monitored
channels are referredtodla G O NA o dzi I NASaé¢ Ay (GKS GFrofSa 6St263 | f

Within each channel, transects were placed at elevations ranging from low in th&dite (where

channels were likely to be widest) to small headwater chaniétp§A15 and A17). Semipermanent
monuments were installed at both ends of each transect. Monuments were constructed by driving

1.2m (4ft) of % inch rebar into the ground and encasing the rebar with 1.5 m (5 ft) of 2 in schedule 40
PVC pipe. Monuments were set back frdme bank edge to allow future measurements, even if

channels migrate laterally. Each monument was also measured witkphigiision RTK GPS equipment
with a 480 second occupation at 1 Hz to assign a horizontal position and elevation; positions were
referened to UTM Zone 10N and NAVD88 Geoid 12A (see Appefalixietails on spatial reference
system). Vertical accuracy for these measurements was better than 5.5 cm at the 95% confidence level
based on comparisons to nearby published survey control.

At eachtransect, we established a transect baseline using a 91 m (300 flGAMhindiameter

graduated metal tape stretched between the transect endpost monuments; a laser level was used to
measure elevation at topographic breaks along the transect relativeeknown elevation benchmark

(usually a transect endpost monument). When multiple elevation benchmarks were visible during a laser
level setup, a leastquares adjustment was performed to assign the laser level elevation. For each
transect elevation meagsement, the distance of that measurement along the transect was recorded

and each feature was attributed with a description of what was measwegg, left bank, flowpath,
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right bank). The elevation of each measurement represented the top of the visithieent surface

(including fines)Fine sediment depth was separately measured at each transect by pushing a marked fir
dowel (3.8 cm diameter) into the sediment until firm channel bottom was reached. Three
measurements (left 25%, middle, right 25%) weveraged to obtain a single fine sediment depth value
per crosssection.

Within the GIS, we calculated the horizontal position referenced in NAD83(2011) UTM Zone 10N and
elevation referenced in NAVD88 (Geoid 12A) for each channel morphology measuremesaiclro
transect, we calculated flowpath distance to the intersection of the channel and main river digitized by
tracing the lowest point in the channel from NAIP 2014 imagery and LIDAR at a consistentneads
digitization scale of 1:500. The underlyingIRR&014 imagery and LIDAR data had a minimum ground
mapping unit of one meter.
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Table28. Locations and distance from channel mouth (m) of all channel morphology monuments at the
SFC site. See Appendifor Spatial Reference System information.

Distance
from Right Right
channel| Left bank| Left bank bank bank
Tributary | Transect mouth easting| northing easting| northing
BS.CM.01 19.2 431104| 5036500 431123| 5036432
BS.CM.02 62.2 431161| 5036501| 431148| 5036441
BS.CM.03 167.5 431252| 5036433| 431224| 5036392
Blind BS.CM.04 275.3 431346 5036399| 431326| 5036355
Slough BS.CM.05 388.6 431424| 5036309| 431392| 5036282
BS.CM.06 504.4 431501 5036300 431517 5036268
BS.CM.07 865.6 431715| 5036163| 431745 5036144
BS.CM.08 1149.8 431841| 5036015 431803| 5036032
BS.CM.09 1276.1 431867 5035953| 431829| 5035942
NS.CM.01 74.5 431753| 5035473| 431764| 5035449
NS.CM.1pt5 218.9 431905 5035482| 431882| 5035457
Nolan NS.CM.02 309.0 431945| 5035404| 431924| 5035390
Slough | NS.CM.03 491.9 432088| 5035352| 432097| 5035329
SFC site BS.CM.04 743.2 432254| 5035376| 432237| 5035359
BS.CM.05 877.1 432329| 5035368 432347| 5035357
T1.CM.01 117.6 431268 5036314| 431272| 5036333
T1.CM.02 232.8 431238| 5036243| 431220 5036244
Trib 1 T1.CM.03 317.1 431291| 5036194| 431275| 5036181
T1.CM.04 422.1 431290 5036119| 431299| 5036102
T1.CM.05 519.9 431338| 5036075| 431337| 5036062
T1.CM.06 655.2 431392| 5036040| 431378| 5035998
T2.CM.01 107.1 431581| 5036169| 431571| 5036175
T2.CM.02 179.1 431559| 5036120 431551| 5036108
Trib 2 T2.CM.03 285.6 431581| 5036056| 431591| 5036073
T2.CM.04 387.4 431526| 5036046| 431514| 5036049
T2.CM.05 526.7 431580 5035980/ 431568| 5035989
T2.CM.06 572.9 431565| 5035950| 431549| 5035946
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Table29. Locations and distance from channel mouth (m) of all channel morphology monuments at the
reference sites. See Appenddor Spatial Reference System information.

Distance Left Left Right Right

from channel bank bank bank bank

Tributary | Transect mouth | easting| northing easting| northing
DSI.CM.01 29.0| 431190| 5035408, 431181| 5035405

DSI.CM.0Z 86.2| 431225| 5035393| 431222| 5035384

DSI.CM.03 154.9| 431282| 5035380/ 431275| 5035372

Dry DSI.CM.04 214.2| 431325| 5035364| 431323| 5035355

Stocking | DSI.CM.05 244.8| 431354| 5035362 431350 5035355

Island DSI.CM.06 13.2| 430753| 5035572| 430741| 5035566

Reference DSI.CM.07 89.2| 430791| 5035515 430778| 5035508
sites DSI.CM.08 174.0| 430855| 5035480| 430845| 5035472
DSI.CM.0¢ 233.0| 430901| 5035447 430893| 5035440

GP.CM.01 137.1| 430803| 5039862| 430817| 5039851

Goose GP.CM.02 264.1| 430880| 5039868 430894| 5039874

Point GP.CM.03 398.0| 430933| 5039912 430946| 5039924
GP.CM.04 615.1| 431018| 5039975/ 431028| 5039974

GP.CM.05 714.0| 431090| 5040012 431091| 5040006

Alongeach transect, top of bank elevation for each measurement location along a transect was
calculated by fitting a line between measurements representing the soil surface on both sides of the
channel edge of bank. Next, channel depth was estimated fromrtmeséct data at 10% channel width
intervals by subtracting the top of bank elevation from the elevation of each feature, yielding the
elevation of the feature relative to top of bank elevation.

Primary metrics that were calculated were:

Fine sediment dejbt

Mean and maximum channel depth

Mean channel bottom elevation

Minimum channel elevation (flowpath elevation)
Bankfull width (BFW)

Width-to-depth (WTD) ratio

Bank slope

=4 =4 =8 =8 -8 -8 9

As discussed later in this section, fine sediment depth played an important rible interpretation of

the channel morphology data. Therefore, the channel depth, channel bottom elevation, and flowpath
elevation metrics are provided in two variarf®ne variant described the elevation of the channel
bottom on top of fine sedimentd.€., the watersediment surface) while the other variant described the
elevation of the firm sediment.

Mean channel depth measured the average vertical distance between channel bottom and top of bank
elevation. We calculated mean channel depth by takingagye depthfrom 10% to 90% of channel

width measured atl0% intervals. Using this method, eight measurements were averaged regardless of
channel width or field procedures; channel depths were therefore directly comparable among transects.
We also calculattthe maximum channel depth, representing the greatest measured depth in each
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transect using the same methods.

While channel depth was a useful measure for describing the relationship between top of bank and

channel bottom, it did not relate channel botioto the tide frame. Therefore, we also calculated mean

channel bottom elevation, which measured the elevation of channel bottom relative to the Mean High

2} §SNJ 6al 20 GARFf RIGdzy 0GKIFG Aazr GKS adARFE StS@
bottom elevation expressed average elevation of the channel bottoms relative to tides (as opposed to

channel depth, which measured the depth of the channel below the wetland surface). As with mean

channel depth, this metric was calculated from the measvation of the channel drawn from every

10% BFW interval. We also calculated the tidal elevation of the minimum channel elevation (that is, the
GFE26LI 0KE SESOFIA2Yy 0O

Bank slope is equal to the elevation change divided by the horizontal distance tréveteeen the
edge of the bank to the bottom of the bank, as determined and attributed in the field.

Bankfull width (BFW) was the width of the channel when fully filled with water. Fine sediment depth
was the difference between the visible watsediment nterface and firm sediment.

Width-to-depth (WTD) ratio summarized width and depth of a channel into a metric that could be
directly compared to similar channel networks in other systems (Rosgen 1994). It was calculated by
dividing the bankfull width by #nmaximum channel depth (above the fine sediment surface).

Channel morphology data were all nroormal, therefore differences between the SFC site and
reference sites were analyzed using a fpamametric KruskaWallisrank sum test. Pogtoc non
parametic Wilcoxon rank sum tests with a Bonferroni adjustment were used to test differences
between sites/tributaries. All statistical analyses were performed in R (version 3.2.1).

Results and discussion

Overview: channel allometryversussite alterations

Tidal channel size and shape relate strongly to drainagecrglationships which are referred to as

channel allometry (Coatt al. 1995; Hood 2002, 2007). Although many of the differences we describe

between the SFC site and the reference sites argtbduct of allometric relationships.¢., the much

larger drainage area of the SFC site compared to the smaller reference sites), we present all data and
contrasts to facilitate future, pogproject effectiveness monitoring. In addition, many of theefiéinces

S 20aSNBSR INBE @OSNE tA1Sfteé GKS NBadAdG 2F |t 4G§SNY @
dredging, dikingtide gateinstallation, and agricultural use.

Fine sediment depth

Fine sediment depth at the SFC site was statistioaligh higher than the reference sites (p < 0.001).
Channels within the SFC site had an average fine sediment depth of 1.1 m compared to the reference
sites, which had a fine sediment depth of 0.Zfigure 49)Blind Slough had 1.3 m more fine sediment

on the channel bottom than the reference sites. Mean fine sediment deyshk not statistically different
among channels at the SFC site (T&0lg=igure50).
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Figure49. Fine depth sediment by site for the SFC site and reference sites. Error bars shetaroiaed
error; columns with no letters in common are significantly different (Wilcoxon test, p < 0.05).

Table30. Fine sediment depth within tributaries at the SFC site and reference sites.

Average
depth in meters (standard
Tributary error)
Blind Slough 1.5(0.2)
: Nolan Slough 0.6 (0.1)
SFC site Trib 1 1.1(0.2)
Trib 2 0.9 (0.1)
Reference sites Dry Stocking Island 0.2(0.1)
Goose Point 0.2 (0.1)
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Fine sediment depth by tributary
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Figure50. Average fine sediment depth by tributary for the SFC site and reference sites. Error bars show

one standard error; columns with no letters in common are significantly different (Wilcoxon test, p <
0.05).

Fine sediment depth generally decreased withatise from channel outlet (Figugl). For example,

within the Trib 1 channel, transect T1.CM.01 had the deepest fine sediment depth of all transects within
its channel (1.5 m), and fine sediment depth decreased further upstream (FEguréhis pattern \as

also present in the Trib 2 channel at the SFC site, though weaker, as illustrated by transects T2.CM.01
through T2.CM.06. This trend was not detectable at the reference sites, indicating that the driver of this
pattern may only be present at the SF@ gFiguresl).

The longitudinal gradient of fine sediment depth within a channel was likely related to resttideve
gatespresent on each channel at the SFC site. Trib 1 and Trib 2 had restiitgigates at their junction
with Blind SloughTidegates were not present at the leaslisturbed reference sites. Near a restrictive
tide gate water velocity slows when water is ponded by thie gate, dropping suspended fine

sediments and increasing fine sediment depth over time. At Trib 1 and Tiite Zediment depth was
greatest near theide gateand decreased with distance upstream by about 0.3 m per 100 m of channel.
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Fine sediment depth by transect
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Figure51. Fine sediment depth by transect for the SFC site and reference sites. Error bars represent one
standard error. Barsfadhe same color represent transects within the same channel.

The Blind Slough channel at the SFC site also illustrated the relationship between the presence of a
restrictivetide gateand fine sediment depth. Channel morphology transects BS.CM.01 through
BS.CM.04 were below majbde gates on the Blind Slough channel, while BS.CM.05 through BS.CM.09
were above thdide gate(MapAl15. On Blind Slough, fine sediment depth was lowest (0100 m)

near the mouth of the channel (BS.CM.01), where therefwihsidal exchange with Tillamook Bay on
every tide cycle. Fine sediment depth dramatically increased to approximately 1.8 m at the BS.CM.03
transect (Figur&1). Fine sediment depth remained high at transects BS.CM.05 through BS.CM.07,
immediately upsteam of the restrictivdide gates on Blind Slough. While Blind Slough transects
BS.CM.08 and BS.CM.09 had the highest fine sediment depth of all transects within the Blind Slough
channel, they measured two ponded areas that were not representative ofetbteof the Blind Slough
channel.

Overall, the much greater depth of fine sediment at the SFC site compared to the reference sites was
fA1Ste NBfFGSR G2 0G0KS aAiSQa fFryR dzasS KAAG2NE | yR
ditches ofdiked pastures, requiring repeated ditch maintenance. Sediment accumulation is likely due to
reduced flow velocities and channel bank degradation by livestiekvell as accumulation of organic

matter from aquatic vegetationNe observed massive mats afuatic vegetation in many channels at

the SFC site; parrotfeather milfoM{llefolium aquaticum was particularly abundant and dense. This

abundant aquatic vegetation reflects the relatively stable water levels inside the site, compared to the

water levelfluctuations that would occur if tidal barriers (dikes &gk gates) were not in place. The

more stable water levels are reflected in the relatively consistent elevation and low gradient of the fine
sediment surface, compared to the steeper and moraalae firm channel bottom surface (Figure 61).

Following implementation of the SFC project, we expect fine sediment depth to decrease within the SFC
site, eventually resembling depths found at the reference sites. This process may take many years
followingtidal reconnection as sediment within the SKie is remobilized and transported within the

site before being exported. We observed a similancessat the Nilesun restoration project of the
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Bandon National Wildlife Refuge in the Coquille River, Oregon (Bea@hy2014). AtNf S& Qlidzy > 6 S
documented the migration of fine sediments downstream within pasttoration channels as the

system adjusted to new tidal forcing within the channels (Brogthgl. 2014). This trend is expected to
continue atthe N S& Qi dzy NI atilitiee Niarindi?raach &k edjuilibridm with the tidal forcing

and inchannel hydrodynamics of the site.

Fine sediment depth complicated the interpretation of channel depth differences between the SFC site

and reference sites. When fine sediment was exetufiom our analysig.€., we considered only the

distance from top of bank to the visible sediment surface), channel depth at the SFC site was not
statistically different from the reference sites (Wilcoxon test, p = 0.58) or among Sabke(31Figures

52-53). Across all channels at the SFC site, mean channel depth was 0.7 m. Reference site channels had a
mean depth of 0.6 m.
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Figure52. Mean channel deptfto top of fine sedimentpy site for the SFC site and reference sites.
Error bars show ongandard error; columns with no letters in common are significantly different
(Wilcoxon test, p < 0.05).

Table31. Channel depthd top of fine sedimentamong tributaries.

Average channel depth

Tributary in meters (standard error

BlindSlough 0.9 (0.2)

. Nolan Slough 0.6 (0.1)

SFC site Trib 1 0.6 (0.1)
Trib 2 0.6 (0.1)

: Dry Stocking Islani 0.5(0.1)

Reference sites Goose Point 0.8 (0.1)
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Mean channel depth by tributary
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Figure53. Channel deptlifto top of fine sedimentpy tributary for the SFC site and reference sitesor
bars show one standard error; columns with no letters in common are significantly different (Wilcoxon
test, p < 0.05).

However, when fine sediment depth was added to mean channel dépthtijie distance between top

of bank to firm sediment surf&}, channels at the SFC site were significantly deeper than the reference
channels (1.8 m and 0.8 m, respectively); additionally there were significant differences among channels
(Table 32Figues 5456). This difference was expected, due to significagtater fine sediment depth

at the SFC site compared to reference sites and due to the much larger drainage area of the SFC site.
Channel allometrye(.g.,Coatset al. 1995 Hood 2002, 2007) predicts that larger drainage areas will have
deeper channels.
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Mean channel depth (incl. fines) by site
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Figure54. Firmsediment tannel depth by sitebpttom of fine sediment) for the SFC site and reference
sites. Error bars show one standard error; columns with no letters in common are significantly different
(Wilcoxon test, p < 0.05).

Table32. Meanfirm-sedimentchannel depth{bottom of fine sedimentamong tributaries.

Average channel deptth

Tributary in meters (standard error

Blind Slough 2.4 (0.2)

: Nolan Slough 1.2 (0.2)

SFC site Trib 1 17 (0.2)
Trib 2 1.5(0.1)

: Dry Stocking Island 0.7 (0.1)

Reference site Goose Point 1.1 (0.2)
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Mean channel depth (incl. fines) by tributary
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Figure55. Firmsediment iannel depth by tributaryt{ottom of fine sediment) for the SFC site and
reference sites. Bars with no letters in common are significantly different (Wilcoxon test, p <€105).
bars represent one standard error.
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Figure56. Channel depth by transect for the SFC site and reference sites. Error bars show one standard
error. Bars of the same color represent transects within the same channel. The light grey bar represents
the portion of the channel depth that consists of fine sediments.

Based on channel allometry, we expett strong relationship between channel depth (including fine
sediment) and longitudinal distance from the channel mouth. This expectation was borng out b
observations. The lowest transect on Blind Slough (BS.CM.01) was about a meter deeper than transects
within Trib 1 and Trib 2, which were tributary channels to Blind Slough. Greater channel depths in lower
Blind Slough may have also been relateditotdmaintenance, such as channel dredging to aid water
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drainage from the site, or to provide material for dike construction and maintenance.

Although this study showed deeper channels at the SFC site compared to the reference sites, that result
is most ikely due primarily to the greater drainage area at the SFC site. Other sthigied 2002, 2014;
Brophyet al. 2014, 2015) have shown shallower channels at restoration sites than at ssiméar

reference sites. Channels in former tidal wetlands convkttepasture are often shallower than those

at nearby leastlisturbed reference sites, because livestock trampling and machinery operations can
degrade channel banks, and subsidence affects the relationship between bank elevation and channel
flowpath elevaion. While we did not observe shallower channels at the SFC site relative to its reference
sites, we know that intensive agricultural use of the site did occur and that the site has subsided (see
Wetland surface elevation and subsidensection), based omeasurements of the marsh surface.
Postproject effectiveness monitoring will be important in tracking the recovery of channel conditions at
the SFC site. Since channel conditions strongly affect fish access, fish habitat suitability, and tidal
exchangewhich in turn affects all tidal wetland functions), channel morphology monitoring will be vital
for understanding overall project effectiveness.

Channel bottom elevation

Channel bottom elevations at the SFC site (measured at the upper surface of teedirmeent) were
significantly lower than the reference channels, generally by about 0.7 m. The SFC channel bottom
elevation was 1.23 m NAVD88, while reference site channel bottom elevation was 1.68 m NAVD88. Blind
Slough had the lowest channel bottom eléea among all tributaries, and Dry Stocking Island had the
highest Table 33Figure 578).

Channel bottom elevation by site
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Figure57. Channel bottom elevatiofto top of fine sedimentpy site for the SFC site and reference
sites. Error bars show one standard error; columns with no letters in common are significantly different
(Wilcoxon test, p < 0.05). Fine sediments are not included in this estimate.
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Table33. Channel bottom elevations (mn@ng tributaries at the SFC site and reference.

To top offine sediments

To bottom offine sediments

Mean elevation in Mean elevation in

meters NAVD88 meters NAVD88§

Tributaries (standard error) (standard error

Blind Slough 1.03 (0.06) -0.50(0.13)

. Nolan Slough 1.16 (0.15) 0.55 (0.26)

SFC site Trib 1 1.39 (0.10) 0.31 (0.24)
Trib 2 1.43 (0.03) 0.53 (0.12)

. Dry Stocking Island 1.75 (0.15) 1.52 (0.15)

Reference sites = ose Point 1.57 (0.05) 1.34 (0.10)

Channel bottom elevation by tributary
A

AB

B sFc site

Trib 1 4
Trib 2 4

Blind Slough 1
Nolan Slough 1

Tributary

DSl +

Goose Point A

. Reference

Figure58. Channel bottom elevatior($o top of fine sedimentpy tributary, for the SFC site and
reference sites. Error bars show one standard error; columns with no letters in common are significantly

different (Wilcoxon test, p < 0.05).

We also calculated the elevation of the fiusediment by subtracting the fine sediment depth for each
transect from the mean channel bottom elevation. The results are similar to mean channel bottom
elevation but reveal stronger differences between si@sl among tributaries (Table 33, FiguresGd.
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Firm-sediment channel bottom elevation by site
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Figure59. Firmsediment channel bottom elevatiofipottom of fine sedimentpy site for the SFC site
and reference sites. Error bars show one standard error; columns with no letters in common are
significantly different (Wilcoxon test, p < 0.05).
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Figue 60. Firmsediment channel bottom elevatiorfpottom of fine sedimentpy tributary for the SFC
site and reference sites (Dry Stocking Island and Goose Point). Error bars show one standard error;
columns with no letters in common are significantly different (Wilcoxon test, p < 0.05).

The lower channel bottom tidal elevatia@t the SFC site is related to the larger drainage area of the SFC
site and to the subsidence that followed agricultural conversion (Turner,Zo@#kel and Morlan 1991)
(Figure 61)In addition, it is likely that the Blind Slough and Nolan Slough creahtie SFC site were
excavated to allow water to effectively drain from the site, or to provide material for dike construction.
Both Blind Slough and Nolan Slough drain directly into the main river channel and convey water from
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the interior of the site hrough ditches and tributary channels (MApS).

The thick layer of fine sediment in SFC channels (which effectively raises the channel bottom elevation
relative to the tide range) reduces water depth and thus may restrict fish access. Durify pjest
monitoring, we will track the recovery of fish access through channel deepening.

Elevation range of the soft sediment layer
2.5

I Blind Slough
i Nolan Slough
M Trib 1
M Trib 2

DSl high
B DS low
I Goose Point

Elevation (m NAVDS88)

Transect

Figure61. Elevation range of the soft sediment layer by transect for the SFC site and reference sites. The

top of each bar representhe top of the soft sediment. Théottom of each bar representbe firm-

sediment channel bottom elevation (bottom of soft sediment). Bars of the same color represent

0N yasSoiha oAGKAY (GKS aryYS OKFyyStT a5{Lé& AYyRAOIGS

Flowpath elevation

We analyzed flowpath elevatigminimum channel elevation), which was the lowest measured
elevation in each transect. Results were similar to mean channel bottom elevation; they are reported in
Appendx B (Figures BB7) andAppendixC(Tables 6-C7).

Bank slope

At the SFC site, theverage bank slope of the channels was 208ignificantly less steep than reference
site channels, which had an average bank slope of 132% (l6igjuiEhere were no statistically
significant differences among channels within the SFC site or refereasdlsible 34Figures 6354).
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Channel bank slope by site
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Figure62. Channel bank slope by site for the SFC site and reference sites. Error bars show one standard
error; columns with no letters in common are significantly different (Wilcoxon test, p < 0.05). Fine
sediments arenot included in this estimate.

Table34. Channel bank slope among tributaries at the SFC site and reference sites. Fine sediments are
not included in this estimate.

Mean slope in %

Tributary (standard error)

Blind Slough 19.6( 7.0

. NolanSlough 150( 2.4

SFC site Trib 1 243 ( 3.0
Trib 2 22.0( 2.7

: Dry Stocking Island 149.4 (16.7

Reference sites |-~ Jose Point 99.8 (24.0)
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Channel bank slope by tributary
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Figure 63 Channel bank slope by tributary for the SFC site and reference sites. Bars with no letters in
commonare significantly different (p < 0.05). Error bars show one standard error; columns with no

f SGGSNE Ay O2YY2y IINB aA3ayAFAOLyGte RAFFSNByUH 62 A
Island.

Differences in bank slope between the SFC site afedance sites werstarkerthan, but consistent

with, past studies on the Oregon Coast (Brophgl.2015). At the Waite Ranch project in the Siuslaw

River estuary, we found bank slope was 181% in narrow channels between 1.4 m and 4.3 m wide at the
reference sites compared to only 50% at tBEGite (Brophyet al.2015). Channels of this width were

most analogous to the reference sites measured as part of the monitoring for the SFC project. In larger
channels between 6.2 m and 14.6 m, slope was 35%eali\thite Ranch restoration site, and 84% slope

at reference sites (Broptst al. 2015). This size class was most analogous to the Trib 1 and Trib 2
channels within the SFC project.
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Figure64. Channel bank slope by transect for the SFC site and referiéeseBars of the same color
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One of thefactors influencing our resultsas the presence of wider channels at the SFC site compared
to reference sites. As shown in thankfull width section below, channels at the SFC site were between
10 m and 40 m, while the largest channels at the reference sites were about 10 m wide. Therefore,
comparisons between bank slope at the SFC site and reference sites may have been influenced by
channel width, as well as previous land use, local subsidence due to the oxidization and compaction of
soils, and bank degradation from livestock and equipment use on the site.

Followingimplementation of theSFC project, we expect channel slopes to tgter and eventually be
similar to the slopes of the largest reference channels. This process will likely take a long time;
therefore, repeated longerm monitoring will beneeded totrack the trajectory of channel morphology.

Bankfull width

Channebankfull width (BFW) was statistically greater at the SFC site compared to reference sites (18.5
m and 2.9 m, respectivelyfrigure65). This was expected, as the SFC site is much larger than the
reference sites, so based on typical tidal channel allom@natset al. 1995;Hood 2002, 2007), we

would expect SFC channels to be both wider and deeper than reference site channels.

Within the SFC site, channels were widest within the Blind Slough and Nolan Slough channels (28.2 m
and 18.5 m respectively), and narrowest in the Trib 1 and Trib 2 channels (11.6 m and 10.8 m
respectively) (Tabl85, Figures 66). The Trib 1 and Trib 2 alna@els are tributaries to the Blind Slough
channel, and both Blind Slough and Nolan Slough convey water out of the siteAlldap\gain, the
drainage areas for the tributaries are substantially smaller, so based on channel allometry we would

expectthetdo dzii  NAS&AQ F @gSNIF 3S

gARIKE

i2 68 yFINNRoSNI GKIy

However, statistical tests of BFW among the SFC site channels did not yield a detectable difference (p >
0.05). This may be the result of variability in width aldmg iength of the channel, or may be an artifact

of the nonparametric test used rather than inherent similarity angothannels at the SFC site. The
difference in BFW among channels at the SFC site was evident through visual comparison, our field
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experienceat the site, and thelotting of BFW by transect (Figufy).

Figure65. Bankfull width (BFW) by site for the SFC site and reference sites. Error bars show one
standard error; columns with no letters in common are significantly different (Wilcoxonges0.05).

Table35. Average and standard error of bankfull width within tributaries at the SFC site and reference
sites, 2014.

Tributary Average bankfull width in meters (standard erro

Blind Slough 28.2 (3.9)

. Nolan Slough 18.5(1.5)

SFC site Trib 1 11.6 (0.8)
Trib 2 10.8 (0.7)

: Dry Stocking Island 1.6 (0.3)

Reference sites Goose Point 5.4 (1.4)
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