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RATIONALE

bh! ! Qa bldA2ylf 9alddzr NAYS wSaSI NOK wstar&NIDS
a threeyear partnershipn 2008to evaluate thestatusof eighteenrestoration projects funded

with Estuary Restoration Act funds between FFY®docated onthe continental U.S. Atlantic

and Pacific coastsThe project involved fivegsticipatingNERRSIites(Wells ME NERR,
Narragansett RI NERBhesapeake BayA NERR, North Carolina NERR, and South Slough OR
NERRgonducting effectivenessonitoring at Restoration Centdunded restoration and
associated reference sitesThe South Slough National Estuarine Research Re&&ouéh

Slough NERRarticipated in this partnership(the onlywest coassite) by evaluating the

following pairedrestorationand referencesites

1 Kunz Marstestuarine wetlandestoration project withinthe South Slough NERR,
Charleston, OR
Danger Pointeferenceestuarine wetlandwvithin the South Slough NERR, Charleston, OR

=

=

& , Hestdarinewetlandrestorationprojectsite in the Yaquinaestuary, Toledo, OR
a , Hregfarenceestuarinewetlandin the Yaquinaestuary Toledo, OR

5

=

STUDY DESIGN

We designed this study to evaluate the status of spenificshattributesin both restoration
andda f SR A0 dehdurs Rférence marss Attributesincluded in our evaluatiomere:
vegetation percent cover, stem length and density, marsh elevagomyndwater and pore
water salinity, marsh inundatioperiod, soilbulk density and soil percent organic matter.
Vegetationdata were collectedll three yearsgroundwater datawere collectedin
simultaneougwo week deploymentst both restoration and reference sitésr the final two
years of the study;al, pore water salinity, and stem length and densigtawere collected in
final year of the study in 2010. Data from each Resesie compiled in standardized
database cordinated by the Wells NERR. Duaitarethen analyzed within and across
participatingreserveswhichis beingcompiled into a final projectynthesis
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STUDY SITES

KUNZDANGEROINT RESTORATIBEFERENCE SITE PAIR
KUNZ MARSHESTORATION PROJEITE

Kunz Marshsa narrowfive hectarefringing marshordering Winchester Creek within the

South Slough NERR abdive miles upstreanfrom the mouth of the Coos Riven the Oregon

coast at Charlesto(Figurel). Originallythe site was a mature high margpart of the same

fringing marsh with Danger Point mardfigure 2 but, in the early 1900she sitewas

converted to cropland and pasture. A dike was built to exclude tidal flooding. Meandering tidal
channels were replaced by linear ditches teéiciently drained the site into Winchester Creek
using a tidegated culvert installed through the dik®©ver many years, the Kunz Marsh surface
subsided to a level as much @80 m lower than the adjacent reference marsh, Danger Point.

Marsh surface subsiaee occurs in many historically diked and agriculturally converted
estuarine wetlands, including Kunz Marsh before restoratibhere are several factors
involved in marsh surface subsidendgecause dikes exclude the natural process of tidal
flooding, hey prevent the influx of sediment that normally maintains salt marsh surface
elevation. In addition, vhendikedmarshes dry outluring summer monthstheir peat soils
oxidize, decompose, and consolidate. Furthermore, wetland vegetation that previaidsyd a
organic material each yean marsh soilss replaced by pasture vegetation that is continuously
removed by grazing and haying activifinally, leavy livestock anthrm machinery further
compact soils and lower overall marsh elevation. In the cd$@nz Marsh, subsidence
lowered marsh surfaces below the elevation needed to support the colonization of emergent
vegetation.

Removing or breaching dikes would restore tidal flooding to subsided marshes and ultimately
revive the process of natural, dugh very gradual, vertical accretion and the associated
development of marsh plant communities. However, vertical accretion for tidal marshes in the
Pacific Northwest has been calculated to be only 2.4 to 4.8 mm per year. Therefore, if passive
restoration methods like dike breaching had been ud€dnz Marstsurface elevation may not
have reached level to support emergent vegetation fabout 40years.

In addition tomarshsurface subsidence, Kunz Marsh also lost its natural tidal chanfigks.
channelsprovide habitat for a variety of fish species, including juvenile salmonidsar@nd
important pathways for the exchange of organic and inorganic material to and from estuarine
wetlands.

With the help of the Winchester Tidelands Restoration Adyisaéroup, South Slough Reserve

staff designed an experiment to determine the most effective approach to accelerate

development of both emergent plant communities and tidal channels by natural processes

Reserve staftind contractoraised Kunz Marsh dike material ®stablish high, middle, and low

intertidal marsh elevations in four GfTectare researclicells at the Kunz Marsh sit@Figures 4

and5)® ¢tg2 YySINbezI NBtFGAGStE & dzyRAAUGAZINDSRE Y
Poirt were used to identify specific marsh surface elevations to be used in the Kunz surface

5



elevation restoration. Afteestablishing research cells with most of the dike materidglt
flooding was rentroduced in 1996 to the sitby removinghe remainirg portion of theKunz
Marsh dike Forfurther project details see Cornu (2005) and Cornu and Sadro (2002).

LOCATION

1 South Slough
NERR Administrative
& Boundary
b /
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| Reference and Restoration Marshe :
I Danger Point Reference ;
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' KMMid Restoration
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Figurel. Map showing the locations of both Danger Reference and Kunz Restoration marshes relative to each
other, the South Slough NERRd the Oregon coast.

RESTORATION CHRON®Y.O

1995- The failing tide gate at Kunz Marsh is repaired to permit soils behind the dike to dry
sufficiently to support earttmoving equipment.

Summer 1996 Topsoil and dike material are removed and stockp{leidure 3) Marsh
elevations are restored to Low, Mid, and High surfalevationsusing dike materialTopsoil is
placed on top of dike materialidal flow is restored to Kunz Marsh in August

1998¢ Healthy and diverse fish communities are obserwedunz Marsh channels.



1999¢ Monitoring reveals surface levels dropped as anticipated due to consolidadidill
material. Vegetatioms becomingestablished with varying success across all Kunz Marsh cells
(e.g.,Figure 4. The beginnings of tidahannels are found in all Kunz Marsh cells.

2004¢ Monitoring reveals that, as anticipated, marsh surface elevations increased in step with
vertical accretion rates. Subsoil compression is no longer an active process. \degetati
communities across all KaMarsh cells are shown to have become more similar than
stratified. In addition to the tidal channels discovered in 1999, sixteen more are observed
across all Kunz Marsh cells.

20082011¢ The Reference Sites projestipports the collection ofegetation groundwater
level porewatersalinity, sos, and marsh surfacelevationdata to quantify differences in these
select site attributes betweeKunz Marstandthe relatively undisturbed Danger Point
referencemarsh.

Figure 2 Kunz Marsh beforeestoration in 1996. Note the dike running
along the channel edge as well as the amade ditches in the middle of
the marsh. Danger Point reference marsh can be seen in the
foreground.



Figure 3 Topsoil and dikewereremoved to restore Kunz Marsh.
Remnant dike shown prior to final removal.

Figure 4.Infrared image of Kunz Marsgevenyears after restoratioshowing
distinctresearchcells and notable vegetation recruitment.



Figure 5 Map showing the locations of transects and vegetation
monitoring plots in the three Kunz Marsh research celléMHigh
(TV1a, TV1, TV1b), KMMid (TV2a, TV2, TV2b), KMLow (TV3a, TV3,

TV3b).

Danger Point and Kunz Marsh
Veg Plot Marsh Zones

Marsh Zone

Upland Transition
High Marsh

= Low Marsh

Figure 6 Map showing the marsh zonation of vegetation monitoring
plots in Danger an&unz Marsh



éDANGER POINREFERENCE SITE

| Danger Point marsis al.2 hectare, relatively undisturbedature high salt marsh located
adjacent tothe Kunz restoration marsfirigure }. Itis bounded on the we$ty woodland, and
on the east bywinchester Creek, therimaryii A Rt  OKF yy St Ay {2dziK {f 2¢c

Thevast majority ofour vegetation monitoringplotsin Danger Pointall within the high marsh
zoneg but three disinct plots along the western edge qualify @glandtransition (Figure6).

Dominant emergent vegetation specigsy 5 Y ISNJ t 2 A Y (indddeAdebdtis Yy R G NI y
stoloniferg Carex lyngbyeilriglochin maritina, andArgentina egedii The fourdominant

species in the high marsh plant zonation &éyngbyej A. stolonifera T. maritima, and

Desclampsia cespitosérigure 7)

Danger Point marsh is located within 2500f the Winchester CreekySemwide Monitoring
Program (SWMP) water quality/levahtion managed by th&outh Slough NERRIsing the
local water level data tied to dith AmericanVertical Datum 188 (NAVD8SY ¢ Sefe@rfned
that Danger Pointmarshregularly experiences a nedyightide range between 1.5 and 3.31
m (range of 1.74n). Sprindhightides regularly range between 1.1®and 3.5Im (range of
2.32m).

Danger Point generally falls within the mesohalsadinityrange (518)at the brackish end of
South Slougha SaddzZ NAYyS 3ANI RASYy(o®

Figure 7 Danger
Point marshis a
mature high
marsh locatedn
the upperSouth
Sloughestuary.
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YAQUINA Y27 AND YRESTORATIGREFERENCE SITE PAIR
YAQUINARESTORATION PROJEICHG , H)T ¢

The Y27estoration marshs a narrow, mildong fringing marsivordering a tidal stretch of the
Yaquina Rivesbout 10 miles upstream of Yaquina Bay on@regon coast at Newpo(Figures
8and 9. Along the west side of the marshasingle railroad track on a substantial rock
embankmenthat runs along the base dffie hill slopeat the edge of the marsh. The
embankment iseparated from the marsh by a deep ditch. Thisisitefluenced by several
small freshwater creeksriginating in small ravines on the tslbpe near tle site and entering
the site throughthe railroad embankment viamall culverts. Mosétreamsare intermittent,
drying up in the summer. Some fresfater also enters the site by seieg through the railroad
embankmentand into the ditch which can sometes overflow

In the 1930s and 1940&e Y27marshwas diked and tidgated for agricultural usePriorto
restoration, some of the dikes and culvertstia¢ Y27 marshvere in poor condition, allowing

limited tidal flow to enter the sit€Figure D). The volume of tidal exchange was restricted,
however, because the culverts wewadersized As a result,itlal action eroded the dike at the

Odzt SNIiasz O dadey@aé OaK WSHIIo NIt QS R riydaSprierA 1S Ay
to restoration.

In 1999, a study was conducted prioritizing wetlands along the Yaquina and Alsea Estuaries for
potential tidal wetland restoratioriBrophy 1999) In the results of this study, the site currently
called Yaquin&7 (Y27 ranked in Group 2 (i.e. thé%highest potentiality and priority) based

on its high biological value, single landowner, and type of restoration actions needed. The
availability of a nearby reference sité48 also increased the scientific valuetioé Y27 marsh

as a restoration site.

Julyand August 2002estoration actions were undertaken at th&7 site which included
limited dike removalfilling thehill slopeditch in six locations, filling five constructed marsh
ditches,and constructing five meanderingilot tidal channes. L (i Qréh nafirgy that, unlike
Kunz Marshthe Y27dike was not completely removedut breached itiive locations four new
breaches and one enhancement of an existing breach

Due to cost and logistical consideratiopgpt channet were establishetly compressing the
soil along the length of each channel rather than full excavafagure 11) Excavation was
specified only for the first eighty feet of each channel near the rianed the last eighty feet
where the channel joined the ditch at the base of thi#t slope(to facilitatedrainagefrom
those portions of thehill slopeditch not filled)

All restoration work was limited to the northeast gmn of the marsh because of the presence
of a City of Toledo water supply line on the southwest portiothefmarsh. In addition, the

final restorationdesignspecifiedseedingupland and riparian areas the site withlocally
adapted native grass seellVetland areas were expected to revegetate naturally fritma
existing soikeed bank anglant propagulesmported with the tide from surrounding marshes

Large woody debrigas added to the sitedistributed randomly across the marsh surfaEer
additional project details see Brophy (2004).
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LOCATION

Y
Yaquina Site Marshes

Relative Locations

Project Site
Toledo, OR™__i &t ' Area

Yaquina River

\

\

Reference and Restoration
Marshes

I v-28 Reference

Y-27 Restoration

Figure8. Map showing the location of-¥8 Reference and-X7 Restoration marshes in
relation to each other, the Yaquina estuary, and the Oregon coast.

Figure 9. Me Y27marsh is a recently restored tidal marsh
skirting a deep bend upstream from the city of Toledo, Orego
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RESTORATION CHRON®Y.O

1999¢ Brophy et alcomplete Restoration Rankings Report for Yaquina and Alsea estuaries.

20002001¢ Contractors completdaseline monitoring of vegetation, channel formations, and
macro invertebrates.

2002¢ Contractors complete all restoration work. Baseline sampling for juvenile salmonid
populations were conducted in the summer of 2002 by ODFW.

20082011¢ The Reference Sites projestipports the collection ofegetation, groundwater
level porewatersalinity, sos, andmarsh surfacelevationdata to quantify differences in these
select site attributes betweethe Y27 restoration site anthe relativelyundisturbedY?28
referencemarsh.

Figure 10 Prior to restoration, a handful of tidal channels were already established from
dike and culvert failures
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Figure 11 Tidal dannek were established at the sitey digging pilot channelsrior to dike
breaching

Figure 2. Transects and vegetation monitoring plots in the
Y27Restoration Marsh.
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: ]
Yaquina Marshes ¢
Veg Plot!Marsh Zones

Marsh Zone
Upland Transition
High Marsh

Low Marsh

Figure B. Map showing the location of upland transition and high
marsh zone plots iY27and Y28 marshes

 YAQUIN/REFERENGETHAY 2&)

TheY28reference marsh ia narrow,half mile-long fringing marskvordering a tidal stretch of
the Yaquina River about Hiiles upstream of Yaquina Bay on fBeegon coast at Newport
(Figures 8 and 9)Along the east side of the marsh is road thais along the base afhill
slopeat the edge of the marsh. The Y28 tidal freshwater marappsoximately5.3 hectaresin
area andncludes bothspruceswamp andscrubshrubhabitat classesThe marshs located in
the slightlybrackish zone (oligotiae, 0.55) of the Yaquina estuary, still tidally influenced but
riverdominated (Figurd).

Spruce tidal swangwere once common on the Oregon coast, but most whigtorically
converted to agriculturaises bydiking ditching draining and filling actities. TheY28marsh
includes numerouspruce trees along channels, and was probably originally mmeagily
forested A 1939 aerial photograph shows evidence of recent tree removal. The sitslyas
altered by asingle crosslitch that defines the south boundary of the site.

A freshwater creek bisects the marsh freamwestfacingupland hillslope, running undereath

a road through a culvert, and westward across the marsh surface to the main channel.

G L &t of wdedy &egetation are scattered throughout the marsh, particularly near freshwater
seeps and the freshwater cre@kigurel4). The highly sinuousdal channels typical opruce
swampsremain intact.
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Due to itslow soil salinity levelsthe Y28plant community ilominated by minimally salt
tolerant freshwater wetland species such @arex obnuptaOenanthe sarmentos#halaris
arundinaceaan invasive exotic reed grassd more salt tolerant species includidgncus
balticus A. stolonifera and A. egedii

Theislandsof woody specieare dominated bySitka spruceRicea sitchensistwinberry
(Loniceranvolucratg, andPacific crabapplealus fusca

Figurel4Y28A & | NI NB & LINHzOS GARFf agl YL FyR TSI (dz2NBa
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TRANSECT AND VEGEMDN PLOT LAYOUT

We followed theRoman et al(2001)USGSalt marshvegetationmonitoring protocol, by
agreement among project partners) guide our vegetationransect and plot layout[This
protocol, developed for east coast marshes, includes problematic limitatioaddquate
sampling of west coast emergent marsh vegetation commurtitiaswill be articulated in the
final report synthesis, with suggested protocol alterations for wesst siteq.

At the Kunz and Danger Pointarsh sitestransectswere alreadyestablishedrom previous
projects. All are consistent with the USGS protocln Kunz Marshthere are three transects in
each of three research cells established at higit, and low marsh elevatior(&igureb).

Danger Point contains three transects totélll transects in both marshes are approximately
20-30m from each other and extend from the lanater interface to the forestmarsh edge.

We established 1permanentl m? plots along each transect in Kunz Marsh, thoughused

nine plots for the projecin transect TV1. In totalve collecteddatain 89 plots between 2008

and2010in Kunz MarshPermanent plots (alsh m?) were already established at tH2anger

Point marshsitefromi KS wSa SNIISQa oA 2 Y2y R6tatalplosdaonygJA £ 2 LIN.
three transects).Each plot was marked with two wooden stale®pposite corners of the

plots. TheY27andY28marshescontain three transects each, approximatelyrfdrom each

other, extending from the langvater interface to the forestnarsh edggFigure 2). Each

transect contains ten permanent frplots.

In Kunz and both Yaquina sites, plots were plam®el meter from the transect, alternatingn
both sides Danger Point already had plots established in a single row, without alternating
sides. This singide configuration was kept in the interest of letegym monitoring
consistency.

To determinethe number ofplots to samplealongeach transecthat wouldallow accurate and
adequate change detectidior emergentvegetation we usedmethods described iQuinnand
Keough(2002 to conduct gpower analysis We useddata collected at both Yaquirend South
Sloughsitesin 2008and2009. The minimum detectabtifference was set at 25%, desired
power at 90%, andsed afalse change error ratef 0.10. The average number of plots for
South Slough was 9.75 and the average for Yaquina Bay was Y0eBRereforesettled on 10
plots per transect for thestudy degn.

VEGETATION

As per agreement among project partners, we again followedRbman et al(2001)USGSalt
marshvegetationmonitoring protocolsto guide our vegetation data collectianethods

17



For percent cover we used thmint-interceptmethod for herbaceouplant communities For
woody cover(used at th¥28site only) ve augmented the vegetation sampling protocol to
include stem counts of woody stems above knee height along a 1 meter wide by 4 m swath
starting at edge of the vegetatigolot closest to the transect tape . Herbaceous species cover
were visually estimated using the BraBanquet cover classes.

Stem counts anghoot lengthsheights werequantifiedat each plgt fouup to 3 éspecief
AYUGSNBaGé oS oIdbminaht dnd suilangndnt i@ speciesi 258niNd 25cm
sub-plots. Sukplots were chosen subjectively ensure wecollected data on theéarget
species

PORE WATER

Pore water salinity sampling was conducted in the summer 2040 vegetationplots inall

four marshes.Three readings were taken at each vegetation plod averaged This value is
NEO2NRSR a a{iadSStyttc¢é Ay GKS t 2NB{ K2NILIi2 Sff
data analyst, Chris Peter.

At each vegetation plot, small soil corapproximated 304 cm in diameter, were cut
approximatelyl0-15 cminto the soil. A sma#ectionof marshsoil was removed from the

bottom of each soil core androps of pore water werextractedfrom the soil sample using the

garlic press/coffee filter mod. We used a hanefractometerto take salinity readings

HYDROLOGY

In June 2008, thregroundwater wells were established each study siteWellswere placed

along a single transect at each sitssually the middle transectThe wells were placed in the

upper, middle and lower thirglof the selectedtransect. Groundwater wells were already

Saldlof AaKSR G 5Fy3aSNIt2Ayd YFINBK a LI NG 27

Because of the high tidal ranges the Pacific coastthe risers for all our wells were

constructed much longer than the groundwater well rissegnat the training at the

Chesapeake VA RR. In the Kunz low marstell tops areapproximatelyl.8 mabove the

marsh surface. In the high maeshthe wells are abdul.4 mabove the marsh surface.h&

Danger point marsh wells that wessstablishedpreviouslywere notinstalledwith risers so we
addedthemto each well tomatch the other high marstisers Thewellriser® f 2y 3 £ Sy 3 (K
the Kure low marshwere problematicduring periods of higkwvind which caused theisersto

move back and fortlhreakingthe bentonite clay seaht the marsh surfaceThe bentonite

seab weretherefore reinforcedwith additional clay at all wellduring each water level logger
deployment

We acquired five Onset HOBO UJaAd two InSitu AQuaTROLL 2@@&ter level data loggers to
deploy over two week periods simultaneously in restoration and reference site p&lies.
began testing (to confirmnoper methods and logger function) and deploying the loggers in

18



2008. Usable groundwater well data were taken in 208@10and 2011 Loggerdatawere
formatted to fit the data template provided from Wells NERWRe deployed the loggers during
both the summer/dry and winter/wetseasoms. We present onl\summer season data this
report.

SOILS

Soil samples were taken in the spring and late summer of 26thin two feet of each
groundwater well. We usedclamdigging spadet a depth of up30 cmto acquire acohesive
az2Af dréensSdach Sanpling areahichwe placed in gallorsized plastic baxand mailed
to the CentralAnalyticalLaboratory at Oregon State Universi§orvallis, ORThe laliested
the soils for bulk density and organic contersing methods found iBlakeand Hartge(1986),
andNelsonand Somme(1982.

ELEVATION

We used thdNERRS RTK GPS survey instrumemstablish vertical control in remote
locations and tacollect elevations at all vegetation plots and marsh surface at ground water
well locations at all project sites. Elevations were tied to NAVID&Balso used a Topcon Auto
Level and stadia rod in conjunction with a TrimBl®XRsub-meter GPS unib acauire x,y,z
data at vegetation plots where the RTK GPS instruments could not fix elevationygberis
hillsides or trees prevented the receiver from communicating with the requisite number of
satellites LIDAR barearth data acquired in 2006 as part ofoent South Slough NERR/Coos
Watershed Association mapping projeetre also usedo determine elevations fosome tasks
associated with the South Slough NERR sites.

DATA ANALYSE

All data collected for this project were entered into standardized data templates created by
Chris Peter at Wells NERR for gaticipatingReserves. Chris conducted statistical
restorationreference site comparisons as follows: 1) tway ANOVA for site by year with

posthoc comparisons for plot means focused on emergent vegetation species richness (defined
as the number of species per pJpspecies percent cover, stem density and shoot height for key
species, percent time of tidal inundation and porewater salinity; and 2)veae ANOVA by site

with posthoc comparisons for soil bulk density and percent organic content.

In addition, Chrisised these data to calculate a restoration performance index (RPI) for both
KunzDanger and Y2Y28 restoratiorreference site pairs. The RPI was calculated using this

19



formula: RPI = (Tpsentg TO) / (TreigcTO) where present is the present value dfi¢
parameters at restoration site, TO is the mestoration value of the parameters at the
restoration site, and Tref is the present value of the parameters at reference site.

Chris reports RPI data weighting as follows: Weighting occurs at 3 diffexets for Hydrology

and 4 levels for Vegetation. For Hydrology, the RPI weights by (1) marsh zone (low, high, upland
transition); (2) parameter (salinity, inundation marsh surface, groundwater level, max high tide
level); and (3) core group (hydrologggetation) in this order. For Vegetation the RPI weights

by (1) species; (2) marsh zone (low, high, upland transition); (3) parameter (plant cover, species
richness); and (4) core group (hydrology, vegetation) in this order. He notes that each level is
weighted only by items present. For example, if salinity sedscted for the low and high

marsh, but not the upland transition, it would be weighted by 2 marsh zones. Additionally, if
only 1 core group was selected for the RPI instead of 2, it would kghteel by 1 parameter

leading to a maximum score of 1 instead of 0.5. Species richness is not weighted by zone nor
plant species.

We also imported data from our restoratieneference site pairs into MS Access to archive the
data and to facilitate data mapilation since we ran some of the analyses ourselves (using the
same methods described above) to make sure nothing was lost in translation in characterizing
the status of our project sites. For our analyses, we used IBM SPSS Statistics software to run
theoneandtweg I & ! bh+! Qa @ LT aA3IyAFAOIYOS g+ a F2dzy
hoc comparisons to determine which groups were different. For percent cover, the
assumptions of equal variance and normality were violated in most cases (excepase®s for

all marshes combined). For species richness & pore water/soils, the assumption of equal
variance was only violated in one case. Natural log transformation of the data did not greatly
improve the violations for variance or normality; howevewgg the robustness of ANOVA for
non-normality and the equal sample sizes for plot comparisons, we chose to run an ANOVA
rather than the norparametric equivalent. It should be noted that marsh zones for the Kunz
Danger (restoration/reference) site paireatimited to High Marsh (H) and Upland Transition

(UT) because there is no Low Marsh zone represented in the Danger marsh reference site.
Marsh zones for the Y2Y28 (restoration/reference) site pair are limited to High Marsh (H) only
because there is nbow Marsh zone represented in the reference site and because there is no
Upland Transition Marsh zone in the Y28 site.
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KUNZDANGERPOINT RESTORATIREFERENCE SITE PAIR

| EMERGENT VEGETATION

Of the 90 vegetation plots at Kunz and DanBeint marsh sites used in this study, comprising

both H and UT marsh zones, the UT marsh zone is represented by only 6 totaFigjotsq).

The small sample size of the UT marsh zone in the Kunz/Danger Point site pair influenced our
ability to statigically compare UT and H marsh zones. In some cases we focused our data
AYGSNLINBGIFGA2Y 2y GLI22f SRE RIGF NBLNBaSyiaay3
characterization of the project sites.

Of the 36 emergent marsh vegetation species encountémgtie Kunz and Danger Point
brackish marsh sites in both H and UT marsh zones over all three years, a single species
dominated theKunz Marstsite (dominance defined here as >20% cover) while five species
shared dominance at the Danger Point si@areXyngbyeiwas by far the single most dominant
species in the Kuridarsh (Table 1)Species dominance at the Danger Point marsh site
comprisedC. Lyngbyei. stoloniferg Deschampsia caespitosa, Distichlis spicata and Triglochin
maritima.

In the UT mais zone, species dominance shifted to includgentina egedjia common high
marsh forb, and excludd3. spicataa mid to low marsh gragEigure 15) Phalaris
arundinaceaan invasive exotic pasture grass was well represented in one UT plohin
Marshbut was not found in Danger Point marsh.

Except forP. arundinaceaHolcus lanatusboth hydrophytic pasture grasses, aAdstolonifera

an introduced high marsh halophyte, all emergent marsh vegetation species encountered in

Kunz and Danger Poitt NAEKS& FNB yI GABS G2 tFOAFAO b2NIUKJ
that A. stoloniferais common in Pacifidorthwestestuaries and is thought to have hybridized
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Kunz % Danger %
Cover Standard Cover Standard

Species Mean Error Mean Error
CARLYN 79.11 2.83 57.28 2.95
AGRSTO 17.37 1.82 56.16 4.22
TRIMAR 6.08 1.04 50.14 2.60
DESCAE 9.01 1.25 41.86 3.68
DISSPI 0.66 0.23 22.34 3.29
ARGEGE 0.71 0.28 14.60 2.99
JAUCAR 0.66 0.43 8.19 2.37
JUNBAL 0.15 0.08 7.39 1.73
GRIINT 1.59 0.39 7.02 1.86
SALVIR 5.38 1.06 6.90 1.73
JUNGER 0.00 0.00 5.78 1.91
GLAMAR 0.00 0.00 5.42 1.15
CAROBN 1.71 0.98 2.63 1.32
TRIWOR 0.15 0.09 1.71 0.91
LILOCC 0.00 0.00 1.18 0.44
CUSSAL 0.00 0.00 0.77 0.53
ASTSUB 0.07 0.05 0.51 0.46
ACHMIL 0.00 0.00 0.27 0.17
HORBRA 0.32 0.29 0.19 0.11
ELEPAL 0.74 0.47 0.17 0.13
ATRPAT 0.01 0.01 0.14 0.08
COTCOR 0.21 0.13 0.07 0.05
ANGSP 0.01 0.01 0.05 0.03
ELEPAR 0.00 0.00 0.02 0.02
Salt Panne 11.79 2.32 0.00 0.00
PHAARU 1.56 0.91 0.00 0.00
VICNIG 0.94 0.57 0.00 0.00
JUNEFF 0.56 0.25 0.00 0.00
JUNBUF 0.51 0.35 0.00 0.00
SCICER 0.30 0.30 0.00 0.00
SCIMIC 0.29 0.21 0.00 0.00
FESSP 0.23 0.15 0.00 0.00
TRICON 0.18 0.08 0.00 0.00
HOLLAN 0.14 0.10 0.00 0.00
RUMCON 0.03 0.03 0.00 0.00
RUMSP 0.02 0.02 0.00 0.00
HERLAN 0.01 0.01 0.00 0.00
Bare Ground0.01 0.01 0.00 0.00

Table 1 Emergent vegetation species; both UT and H zones and
years combinedSee Appendix Aor species names and associated
sixletter codes.



with the brackish marsh nativégrostisalba. NeitherP. arundinaceaor H. lanatusare salt
tolerant so their threat is relegated to freshwater marshes and some transitional zones.

A nonbiotic feature captured in this study is the presence of unvegetattipanne in the

Kunz high marsh which averaged almost 12% coverage overall. Although the mean coverage
dropped from 15.36% to 8.14% from 2008 to 2010, the change was notcgnifp=0.423).
Nosalt panna are present in the Danger Point reference site in any marsh ogere 16).
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90 - —
5 80 - W 2008 *
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-
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Figure 15Percent cover means in the Kunz and Danger Point UT marsh zone for each ye
ead of the dominant emergent marsh species or species or element of interest at both sites.
Asterisk denotes significant difference between sites for individual species. There were no
significant differences between years. Sggpendix Aor species nameand associated six

letter codes.

Species percent cover means were mostly significantly different between sitali j@ars but
not significantly different between years at sites, except in two casigsi(es 14 and Figure 15
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andAppendix B) In the UT marsh zone, despite its abundant presence in only one of the three
Kunz MarsiJT plotsC. lyngbyeivas the only dominant species not significantly different
sites. Inthe H marsh zone, all species were significantly different between sites.

between

Percent cover means for two species in the Danger Point marsh H marsh zone were significantly

different between yearsT. maritimabetween 2008 and 2010 (P = 0.001) andegedibetween
2009 and 2010 (p = 0.043). Mean coverfomaritimaincreased from 36% to 60% in two
years; mean cover fok. egedidecreased from 14% to 4% in one year.
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100 - Danger PoinMarsh HighMarsh Zone
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é &0
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Figure 16Percent cover means in the Kunz and Danger Point H marsh zone for each of the dominant
emergent marsh species or species or element of interest at both sites. Asterisk denotes significant
difference between sites for individual species. There were gnifgiant differences between years excej
for TRIMAR between 2008 and 2010. 8ppendix Xor species names and associatedlsixer codes.

Mean species richness for all marsh zones and all years combined was greater at the Danger
Point reference marsh (7.01, SE=0.26) than at Kunz Marsh restoration site (3.00, SE=0.13).
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Mean species richness was significantly different for all years betwettmkunz Marsh and

Danger Point UT marsh zones (p=0.003) and Kmawnes (p < 0.001). There were

significant differencebetween years within sites. The Danger UT marsh zone had the greatest
mean species richness in 2008 and 2010 (10.33, 9.33) angeDPoint H marsh zone had the
greatest mean species richness in 2009 (7.08). Mean species richness in Kunz Marsh ranged
from 4.67 in the UT marsh zone (2008, 2009) to 2.63 in the H marsh zone (2009). Mean species
richness was also significantly ditet between UT and H marsh zones in Kunz Marsh

(p=0.015) and Danger Point marsh (p=0.023) for all &&gsire 17)
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Figure 17Species richness means in the Kunz and Danger Point UT and H
marsh zones for all three years. Letters indicate significant differences in
means between sites and marsh zones for all years. There were no significant
differences between years within sites

Stem density and shoot length data (or tuft count and tuft width for tufted species) were
collected in 2010 only (Table 2). In Kunz, and Danger Point marshes, data were collected for
three of the dominant specie€. lyngbyei, T. maritian(tufted), D. caespitos#étufted). Both

shoot length and stem density f@. lyngbyeivere significantly greater in botkkunz Marsh

zones than both Danger marsh zones. Tuft counts and shoot length for TRIMAR in Kunz and
Danger Point H marsh zones were also significantly different. Neither TRIMAR tuft width nor
DESCAE tuft count, nor DESCAE tuft width were significantly differevedreKunz and

Danger Point H marsh zones. There were not enough data to statistically compare means
between Kunz and Danger Point UT marsh zones for TRIMAR and DESCAE.
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CARLYN TRIMAR DESCAE

Stem Shoot Tuft Shoot Tuft Tuft Tuft
Site Zone Count SE Length SE Count St Length s Wdth s  Count SE Wdth SE

KUNZ UpTrans 23.5 450 156.5 1217 - - - - -
High 43.8 302 97.84 379 1.£ o012 651 341 12.3 103 1.3 o019 16.8 205
DANGERJpTrans 5.3 033 54.72 844 2.0 o000 50.0 o000 9.0 o0.00 1.0 o000 12.0 o000
High 8.5 136 59.9 325 2.8 o032 544 200 12.1 103 1.3 o014 179 164

Table 2 Stem density and shoot length (in cm) and tuft count and tuft diametecrti)(for tufted species) for
key dominant emergent vegetation species in Kunz and Danger Point marsh zones. Significantly differe
between sites: a (p=0.013); b (p<0.001); c (p=0.006); d (p<0.001); e (p=0.007); f (p=0.08%Y). Swcies
names ad associated sibetter codes.

|PORE WATER SALINAND SOILS

Pore water salinity data were collected in 2010 at all vegetation plots at Kunz and Danger Point
marshegqFigurel8). In Kunz Marstapproximately 19% of the plots (11 of 59) were too dry to
sample. None of the Danger Point marsh plots were too dry (n = 28). In general, the salinity
values in the UT marsh zones at both sites were lower than those in the H marsh Zbees.

mean saliity valuein the Kunz UT marsh zonassignificantly higher than theneanvalue in
Danger Point UT marsh zone (p < 0.001), while the H marsh zones were not significantly
different between the sites. Total site salinity, represented by the pooled valvees,

significantly different between sites (p < 0.001) and closest to those in the H marsh zones at
their respective sites.

Salinity

Kunz Kunz
High UpTrans

Danger Danger
High UpTrans

Figure 18Pore water salinity means for a single year (2010) in the Kunz
and Danger Point UT and H marsh zones as well as combined (pooled).
Letters indicate significant differences between means.
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Soilsamples were collected in 2009 at all groundwater well locations. Percent organic matter
was significantly greater in the Danger Point H marsh zonmgeoced with Kunz H marsh zone
(p<0.001)Figure 19) Total site percent organic matter, represented bg pooled values, was
significantly different between sites (p < 0.001). There were not enough data to statistically
analyze UT zones.

60 Percent Organic Content

30 +

Percent

20
a a

10

Kunz Kunz Kunz Danger Danger Danger
High UpTrans Pooled High UpTrans Pooled

Figure 19Percent organic content means for a single year (2009) in the Ki
and Danger Point UT and H marsh zones as well as combined (pooled).
indicate significant differences between means. X indicates not enough d
statistically compare means.

Soil bulk density was significantly lower in the Danger Point H marsh zomgaoed with Kunz
H marsh zone 0.001). Total site bulk density, represented by the pooled values, was
significantly different between sites (p < 0.0@E)gure 20) There wee not enough data to
statistically analyze UT zones.
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Figure 20Bulk density means for a single year (2009) in the Kunz and Dar

Point UT and H marsh zones as well as combined (pooled). Letters indici 27
significant differences between means. X indicates not enough data to

statistically compare means.



GROUNDWATER: PERCHEWNJINDATION TIME

We calculated and plotted percent inundation time for simultaneous two week periods in the
Kunz restoration and Danger Point reference sites based onfadatasummer 2009 and

summer 2011 (there was arror in the 2010 datalFigure 2). We also calculated the tidal
range experienced during eac

édsl NI a RS LIX0RSE VY 6/22-7/16/2009: Tidal Range: 3.55 m 500
tidal range was 3.55 m; 2011 0% | mPpercent Time of e
was 2.94m. Despite the O - 2.70
smaler tidal range during the | 5 A el Bevatien - 250
2011deployment periodall E 2300
. % 40% - .
the wells expegnced greater | o A =
. . . . £ 30% - A - 210 g
percent inundation times in s A
2011 than in 2009Average E) 20% 1 A A [
site percent inundation time 10% 1 O . - 170
was greateiin both yearsat 0% = —— . . . - 1.50
the Kunz Marsh (2009: N Cne ws Ws 1 646

Kunz=26.2%; Danger=3.5%;
2011 KunZ:31.7%; Danger 7/29-8/12 2011: Tidal Range: 2.94m
15.2%)Alsocontrary to what 2,90
we would expect of inundaan 70% 1
regime relative to marsh
elevation, in KundMarshwe
see that longer inundation

periods are not necessary 30% - A A - 210
occurring at lower marsh 20% - - 1.90
surface elevations and shorter 10% - . 170
inundation periods are not 0% J , . , , , L 1.50

necessarily Occurring at h|gher Danger Danger Danger Kunz Kunz Kunz
. 3.8 238 39.8 11.5 351 64.6
marsh surface elevationg-or

- 2.70
60% -

- 2.50
50% -

- 2.30
40%

Percent Time of Inundation
m NAVD

example, in both years, the  Figure 21Percent time of inundation of groundwater wells during two
lowest percent inundation week monitoring periods as well as tekevations of each groundwater

times in the Kunz Wells were Well relative to NAVD.

recorded at the well at the

lowest elevation and the highest percent inundation times were recorded at theatvah
elevation between the other two wellsThe wells at Dager Point seemed tdemonstratea
more intuitiverelationship betweennundation timeandwell elevation. nundation patterns
appear to be similar between years at the same sites
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ELEVATION

We used both LIDARNd RTK GPS elevation data to plot cisesstion profiles of the twdunz
MarshNB a i 2Nl GAz2zy OStfa dzaSR Ay (GKAa LINR2SO0
the Danger Point referenamarsh Eigure 22. All elevationsre tied to the North Aerican
Vertical Datum 1988 geodetic datum. Profiles describe the middle transect at each site with
groundwater well elevations. In general the tKanz Marshransects are slightly higher in
elevation than the Danger Point marsh transect (mean values §E): Kunz High.37 m

(0.032); Kunz Mi2.12 (0.018); DangeR.06 (0.025)).
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Figure 22Marsh surface elevation along groundwater well transects at Kunz
and Danger Point marshes.

RESTORATION PERFOR®IA INDEX (RPI)

Project monitoring datavere used by Chris Peter (Wells NERR) to calculate restoration

0 Y dz

performance index scores for thunz MarsNB & 1 2 NI G A2y aAGS o h NAIAYI

2T RIGlE oHnny 0 -MB &0 FMISRA 2 8¢ GRISTlat NSG 6 SOl dza §

not have the data that the RPI requires to quantify a true-gastoration condition. Since full
tidal flooding was reestablished at thé&kunz Marstsite after being regraded to bare soil, Chris
ran theKunz MarshRPI using 1996 prestoration values at 0.0 for both the vegetation and
hydrology elements of the indekigure 23. Chris calculated RPI scores for kaz Marslsite
of 0.39 for 2008, 0.30 for 2009, and 0.46 for 2010, where 1.0 is considered amaleqtiscore
gAOK | Fdzf f &8 -RAdeyi GAND BREY NBFISHEY DS ariaSo
site for all three years is 0.38.
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1.00
Year Restored: . .
1996 Kunz Marsh Restoration Site 2008
VEG 039
% Cover 0.15
@Vegetation Richness 0.24
0.75 1 BHydrology HYD
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) 0.50 +
T 2009 2010
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Figure 23Restoration Performance Index for theinz Marshiestoration
site.

Y27-Y28RESTORATIOGREFERENCE SITE PAIR

‘EMERGENT VEGETATION

The Y27 restoration site includes both UT and H marsh zones; Y28 includes only H marsh zone
(Figure 13) We focused our emergent vegetation analyses on the H marsh zone only for the
Y27Y28 restoratiorreference site pair.

Of the 38 emergent herbaceous and woody vegetation species encountered in the Y27 and Y28
brackish/fresh marsh sites over all three years, five species dominated the Y28 reference site
while three species dominated the Y27 restoratidte §Table 3). At the Y28 sitgpecies

dominance was shared . arundinacealuncus balticygArgentina egedjiOeneanthe
sarmentosaandA. stolonifera At the Y27 site, dominance was shareddbtolonifera, C.

Lyngbyei and Eleocharis palustriSxcept foP. arundinaceandA. stolonifera both mentioned
above, all dominant emergent marsh vegetation species encountered in Y27 and Y28 marshes
are native to Pacific Northwest brackish or tidal fresh water marshes.
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Several Woody Species Y27 Y28- Herbaceous Cow Y28 Woody Cover

% Covel Standard % Cove Standard Mean Standard Total
were present at the Y28 Species Mean Error Species Mean  Error Stem Ct_Eror  Stem Ct
reference site including AGRSTO 56.19 435  PHAARU 3561 401 LONNIV 10.26 266 277

- CARLYN 44.73 472 JUNBAL 3354 478 MALFUS 355  os7 39

one overstory tree species,
_ _ y _ P ELEPAL 31.87 453 ARGEGE 27.06 3.9 PICSIT 133 o7 12
Picea sitchensigind four  calNuT 698 180 OENSAR 2333 3s  VACOVA 100 oo 1

understory shrub species DESCAE 376  os  AGRSTO 2122 as7 ~ SALSP 100 o

. ) . JUNEFF 371 13 CAROBN 11.55 228
includingLonicera GALAPA 356  o0s:  CALNUT 878 261
involucrata, Malus fusca, PHAARU 282 128  LONINV 8.02 163

. - HOLLAN 227 120 VICNIG 6.09 131
Salix SPp-, and Vaccinium SCICER 2.16 130 ACHMIL 3.84 124
ovatum All woody CALHET 2.11 125  GALAPA 377 ot
Spec|es are natlve to the LOTCOR 1.64 1.02 ASTSUB 3.10 1.55

. VICNIG 151 o0ss RUBURS 255 o7
Pacific Northwest and ATRPAT 147 o5« HOLLAN 1.91 o071

commonly found in tidal ARGEGE 1.36 o055  CIRVUL 0.97 040

SCIAME 073 o078  ATRPAT 0.85 033
fresh water forested and  C/cp 0 49 o PTEAQU 0.82 042
scrubshrub marshes (or  JUNBAL 0.38 o0ss FESRUB 0.67 os7
GKIF G008 f ST 2MQU{ORe 538 LYSAVE 034 oz

_ . RANSCL 0.38 o026  ATHFIL 032 o032
habitaty. L.involucrata  guymcri 036 o017 ANGSP 025 o0z

was by far the most COTCOR 0.36 030 EREMIN 0.25 0.6

TYPLAT 0.31 0.15 MAIDIL 0.23 o017
abundant of the WOOdy TYPANG 0.27 0.19 PICSIT 0.23 0.21

species present at the site. wrack 020 020 RUMCRI 0.18 o012
SCIMAR 0.18 0.10 LATSP 0.18 o013

Species percent cover SPECAN 0.18 0.11 TYPLAT 0.11 o1

means were mostl LILOCC 0.13 0.13 RIBDIV 0.11 0.09
y CAROBN 0.04 0.04 STECAL 0.11 0.11

significantly different FESRUB 0.02 002  DESCAE 0.05 005

between sites for all years TRIMAR 0.02 0.02 RUMCON 0.05 0.05
CALSTA 0.02 0.02 RUMSP 0.05 o005

but not significantly OENSAR 0.00 o000  CARLYN 0.02 o002

different between years at LONINV 0.00 0.00 HERLAN 0.02 o002

sites fFigure 24 and Table 3 Emergent vegetatio species; herbaceous and woody for both UT a
Appendix B). H zones and all years combined. $¢pendix Aor species names and

associated sHetter codes. Note that LONINVohicera involucrafeappears
_ as both herbaceous and woody species because young shodtedraceous
nootkaensisa sub and older shrubs are woody. There was no woody species cover in the Y27

dominant native reed restoration site.
grass, was the only specie.
with percent cover means not significantly different between sites.

Calamagostis

Mean species richness for all years combined was greater at theeé28nce marsh (5.43,
SE=0.28) than at the Y27 restoration site (3.58, SE=0.22). Mean species richness was
significantly different for all years between Y27 and Y28 H marsh zones (p<0.001). There was
no significant difference between years wittsites(Figure 25.
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Stem density and shoot length data (or tuft count and tuft width for tufted species) were
collected in 2010 only (Table 4). Inthe Y27 restoration site data were collected for three key
species C. lyngbyei, D. caespitogafted) andEkocharis palustris In the Y28 reference site

data were collected for three other key specidsbalticus, A. egedii an@ nookaensis

70 +

* N Y27 High Marslzone
o |
2009
% |
N * m2010
o
z
20
10 * *
<« Bl e
0 T T T T T

AGRSTO ARGEGE CALNUT CARLYN CAROBN JUNBAL ELEPAL OENSAR PHAARU

70 4

Y28 High Marslzone

Average Percent Cover

AGRSTO ARGEGE CALNUT CARLYN CAROBN JUNBAL ELEPAL OENSAR PHAARU

Figure 24Percent cover means in the Y27 and ¥Y2&arsh zone for each year fo
each of the dominant emergent marsh species or species or element of interest
at both sites. Asterisk denotes significant difference between sites for individual
species. There were no significant differences between y&as Appendix A fol
species names and associatedlstxer codes.
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Figure 25Species richness means in the Y&storation and Y28 reference
marsh sites in the H marsh zone for all three years. Letters indicate
significant differences in means between sites for all years. There were no
significant differences between years within sites.

CARLYN DESCAE ELEPAL
Stem Shoot Tuft Tuft Stem Shoot
Site Zone Count SE Length s Count s Wdth se Count SE Length se

Y27 High  15.4 237 126.2 6.48 1.0 o000 15.8 605 109.9 1785 90.6 5.67

JUNBAL ARGEGE CALNUT

Stem Shoot Stem Shoot Tuft Tuft
Site Zone Count SE Length se  Count st Length se Count se Wdth sE

Y28High  71.5 1419 116.0 662 9.3 19 59.4 292 1.0 o000 39.5 850

Table 4 Stem density and shoot length (in cm) and tuft count and tuft diameter (in cm)(for tufted species)
for key dominant emergent vegetation species in Y27 restoration and Y28 reference site High marse¢
Appendix Aor species names and associatedlsixer codes.

|PORE WATER SALINAND SOILS

Pore water salinity data were collected in 2010 at all vegetation plots at Y27 and Y28 marshes
(Figure 26).In the Y28narsh approximately 7% of the plots (2 of 30) were too dry to sample.
None of the Y27 marsh plots were too dry (n = 30). Pore water salinity values were significantly
different between the Y27 and Y28 H marsh zone (p<0.001). Other comparisons weradgot
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