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EXECUTIVE SUMMARY

Purpose:This report describes the results of effectiveness monitooiftidal hydrology plant community
composition, and plant community extent (vegetation mappjagthe Nif S&a Qi dzy GARFt 6SGf |
site, Bandon Nabnal WildlifeRefuge, Coquille River estua@regon. The parameters monitored are a

subset of the full suite of parameters that have been monitored et i & QG dzy RdzZNAy 3 -0 KS oI
restoration periodsThe monitoring described in this reporas conductediuring2015 which waghe 4"

yearafteri KS aAdiSQa RA1Sa FyYyR GARS 3l (Sa EABSiNGSesNBEY2 ISR
monitoringwasdesigned to determine whether the projeist meetingits goalsand to provide information

to help guide other restoration projects. TNeS & dzft 1 & | Yy R thifougfittie tghioriry 8tthiNy/ S R €
landmark projectre already helping to advance restoration sciemtenany projectsn Oregon, the Pacific
Northwest, and beyond

Who did the work This study wasonducted by théestuary Technical Group of the Institute for Applied
EcologyLaura Brophy led #tnmonitoringeffort.

Approachand presentation To determine project effectiveness,S dza S R -dfter-coat®R ¥ NI Ol £
(BACI) approdc comparinghe 2015and 2013data to baseline (preestoration) data collected in 2010
2011 (or earlier) at Ni S & Q (i theyBarldgh Rlarsh Unieference siteYear 4 postestoration
monitoringof tidal hydrologywas conductedrom late winter/early sping through summer 2019\arch
through Septembey; vegetation was monitoreduring August 2015 This report provides summaries,
representative results, and interpretatiaof the 2015 monitoringAdditional data areavailable from the
Estuary Technical Gup upon requestThroughot this report, we focus ogear 4post-restoration
monitoring results, highlighting key comparisons to-pestorationand year 2 postestoration conditions
Further details on preestoration conditions are contained in the edime monitoring report (Bphy and
van de Wetering 2002and details on year Rostrestoration monitoringlwhich included the full suite of
parameters)can be found in Brophet al. (2014).

ummary of resultsPog-restoration monitoring in 2015howed a consistent trajectory towards full

recovery of tidal wetland functions at{fli S & (Tidadnydbology was completely restored to the sitéth

daily maximum tides matching precisely betweedfNs & Qlidzy | YR GKS [ll&el OSyd [/ 2]
communitiesremain very dynamic in response to the reintroduction of tidal hydrology and salinity, with
salttolerant early colonizers spreading across the site and pasture grasses continuing to decline. Plant
community changes observed between 2013 and 2015 inglittedtt plant communities are far from

stabilizationand can be expected to continue to change substantially for a number of.y&zy$indings

are listed below.
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Key findings

To jump tofigures or tables illustratingey findings, click on the hypetk (underlined text)To return to
GKAa fAA0X dzaS GKS <eitdMBMIA Acdbat RBad& g ¢ odzidz2y o02NJ ! i
Tidal hydrologyand wetland surface elevation

1. The tidal inundation regimat Nif S & Qds dag¢cessfully restored fully matchthe adjacent
river. Average daily high tides inside the restiiwa site were2.1 m NAVD88 identical to
thosein the mairstem river, showing the site hddll tidal exchange.

2. Eventhe transectsat the highest elevatinsweretidally inundated for at least pad of the year
comparedto zeroinundationbeforerestoration

3. Inundationtime was higher at all restoration transects in 2015 compared to 28d@porting
our conclusion thathe tidalinundationregime has been fully restored.

4. Average wetland surfaceslevationin sample transectat Ni-t Sui @as 2.1 m NAVD88
Samples transects at the Bandon Marsh Unit were slightly high&mng..

5. Theelevation of sample transectat Nif S & Q (i dzy” |V Rwas,loyaretagfel.taci NBA K
higher in 2015 than 201This result could bdue to differences isurvey methodsnd survey
conditions, or to sediment accretion

Emergent wetland plant community compason

6. Within vegetation sampl&ansects there were no significant changes to species richness,
total cover, native plant cover, or nemative plant cover from 2013 to 2015

7. Plant speciesichness andotal cover were still significantly lowen 2015 compared to
baseline 2010 atthe Nift S & Q (i dzy’ NX #hé gradiictiofredycedidiveistly as
vegetation adjusts to the increased stress of inundation and salinity

8. Across all transetsat Nif S & . @éradny cover of two species changed significantly between
pre-restoration (2010) and year 4 peststoration (2015)common orachganative species
increasedrom 0.1%average covein 2013 t010.6% ir2015,andbirdsfoot trefoil (a non-
native) droppedrom 11.7% average cover in 2013 ¢@®.01% in 2015

9. At the Bandon Marsh reference site, cover of two low marsh species increased significantly
between 2010 and 2015: fleshy jaumea (5.0% in 2010 versus 11.5%46) and pickleweed
(3.1% in 2010 versus 9.6% in 215

10. The composition of plant communities at the restoration site apgedp be moving towards
low salt marsh rather than precise convergence wlith reference siteThis resulwasnot
unexpected, since the reference site transects were chosen to represent the original high
marsh that was found at Mi S & Q (i dzy’ $otéirielevhltibrOd- higlietian the subsided
wetland surface atNi S a Q (i dzy ®

Emergent wetland plant commnity mapping

11. Plant communities atMNi S& Qi dzy OKIF Yy ISR adzaidl yiArttte oSis
dominated communities increased by about 17 ha (42 acees) hornative dominated
communities decreased correspandly.

12. Salttolerant early colonizing species such as brass buttons and common orache dominated a
largerareaof the site in 2015 compared to 20liddicating vegetation is far from stabilized
and is still changing rapidin response to the 2011 restoration actions.

13. The area dominated e nonnative pasture specidsll fescuewas halved in 2015 (39.4 ha)
compared to 2010 (94.8 haPrior to restoration, tall fescue was the most prexraigrass at
the site.In 2015, most areas formerly dominated by tall fescue were dominated by the native
high tidal marsh species Baltic rush.

14. Plant community patterns in 2015, even more than in 2013, shawedgradeddistributions
of individual colonizing species, and corresponding lack of zonatlwese characteristics
indicatethe site is still in the early stages of vegetation recovery.
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Lessons learned from 2015 monitoring atNi -1 AO08 O 01

We designed our monitorgnnot only to evaluate the effectiveness of the restoration af N aQi dzy'> o
G2 LINPGARS 3FdZARFYOS F2NJ 20KSNJ Y2YAG2NRAY3 YR NBai
others benefit from this project:

1. Longer duration is better fotidal hydrology monitoring.Like all monitoring,itlal hydrology
monitoringpresents atrad@ ¥ ¥ 0SG6SSy O02ad FyR AYOGSNLINBGADS
monitoring, our scope of work included one month of tidal hydrology monitoring in winter and
one month insummer.Although we monitored for a much longer period (March 2015 through
August 2015), we used shorter analysis periods (1 month) for some compaifisessshorter
analysis periods produced some unexpected reshiisause the observation periods waret
necessarily typical of loAgrm conditions. Even when tides are monitored for a full year, year
to-year variability may obscure site differences or léagn trends. Optimally, we recommend
modeling of tidal inundation regimes based on a master atatipproach (NOA2003.

2. Plant communities at tidal wetland restoration sites may take much more than 5 years to
stabilize. Although some studies have indicated that plant communitiey stabilize by 5
years after restoration, this does not appear liketyNif S& Qi dzy ® , SIF NI n 6HAamp(
showed that plant communities are still changing rapidly in response to the restored tidal
inundation and salinity regimes. Baina reasonableinderstandingof the trajectory of
vegetation recovery, monitoring shitd be conducted for a period of 10 or more years, rather
than just 5 years.

3. Vegetation monitoring fequencyafter year 5 postrestoration should be based on field
reconnaissance by a knowledgeable botanistegetation monitoring in this report (year 4)
provided valuable information on the trajectory of vegetation change &t 1§ & @dr dagt ®
efficiency, he frequencyof future monitoringshould be determined throughraual
gualitativereconnaissance by a tidal wetland vegetation expé&tis annual regiv is
recommendedor at least 10yearspostrestoration.The annual visghould identifymajor
changes in plant communiti€g any)that would warrant a new round of monitoring, and
revealundesirable changasa vegetation that may call for adaptive magement.In most
casespur experience shows thannual or biennial quantitative monitoring (every 1 or 2
years) i;meededduring years % to adequately document early vegetation changeswever,
after year 5the frequency of rigorous quantitativ@onitoring frequencycanbe decreased
based on the results of annual reconnaissance
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REPORT ORGANIZATIONRESTORATION AND MNITORING OBJECTIVES

MonitoringatNif Sa Qi dzy A& RSaA3IySR G2 SOt dz GeSoraidhS LINR 2SO
objectives These estoration objectivesvere listed in the2009OWERestorationgrantproposal DU

2009. From these restoration objectives, a seriesrafnitoring objectiveswere built. To address the

monitoring objectives, specifimonitoring questionswere devdoped and suitablenonitoring parameters

were selected that could be used to answer those monitoring questions.

In 2015, funding was available for monitoring of two parameters: tidal hydrology and emergent wetland
vegetation (the latter including plant camunity composition and vegetation mapping). These parameters
addresgestoration objective 1¢Restoration of coastal tidally influenced wetlands through hydrological
reconnectiort and nonitoringod 2 S OGA @S M o0 adaSl adz2NE NBaedtlanll GA2y 27
vegetation, and the physical attributes that control tidal wetland functions across thé 40NE Y I NE K€ 0 c
The full text of Restoration Objective 1, Monitoring Objective 1, and the associated monitoring questions

and parameters are provided below.K S LIN2 2S00 Qa 20KSNJ NBalu2NrdAzy vy
provided in theyear 2 monitoring report (Brophgt al. 2015).

Restoration Objective 1Restoration of coastal tidally influenced wetlands through hydrological
reconnection

Monitoring Objedive 1: Measure restoration of tidal hydrology, tidal wetland vegetation, and the
physical attributes that control tidal wetland functioasross the 41&cre marsh.

Monitoring Questions:
Q1a) Was tidal hydrology successfully restored?

Parameters Tidalhydrology (inundation frequencgndduration) at restored and reference sites;
elevation of wetlad surface.

Q1b) Are tidal wetlands developing, with physical and biological characteristics trending towastls
disturbedreference conditions?

Parametes: Wetland plant community composition and extent.

Nit S&2Qldzy ¢ARLF T EffBdivieriess Rlonito8riy:ly 2alibstiestaration(2015) 02/21/16, P.7 of 53



PROJECT TIMELINE

The timeline forthe Ni S & Qi dzy

0ARLI f

6SGt YR NBAG2NI GA2Y

tidal wetland restoration and monitoring activities are listed in Tdblmformaion on the timing of
other activitieson the Refugés available from Bandon Marsh National Wildlife Refuge.

Table 1 Dates of major tidal wetland restoration and monitoring activities at thé Nl & Q (i dzy

Year | Restoration activities Monitoring activities?
9 Emergent wetland plant communities
2003 | TNone 9 Forested wetland plant communities
1 Soils
1 Low tide fish density
2005 ) L L
TNone 9 Juvenile salmonid tidal migration
2007 | TNone 1 Benthic macroinvertebrates
9 Removal of livestock
2009 | 9 Excavation o&few restoral tidal channels 9 None
1 Ditch disking (minor ditches)
1 Tidal hydrology
9 Channel morphology
9 Emergent wetland plant communities
9 Excavation of most restored tidal channels | 1 Groundwater (emergent wetlands)
2010 . - . .
9 Ditch filling (major ditches) 1 Soils
9 Low tide fish degity
9 Juvenile salmonid tidal migration
1 Benthic macroinvertebrates
1 Excavation of the last few restored tidal 1 Tidal hydrology
channels
. . 1 Groundwater (emergent wetlands)
1 Filling of lower Fahys Creek ditch o
2011 . . . 9 Forested wetland plant communities
9 Completion ofEand W protection dikes
. ) i 9 Groundwater (forested wetlands)
TDike removalfinal removal: 8/18/11) 1 Surface water temperature and salinit
i Tide gate removdffinal removal: 8/18/11) P y
9 Tidal hydrology
9 Channel morphology
1 Emergent wetland plant communities
9 Forested wetland plant communities
. L Groundwater(emergentandforested wetlands
1 Pilot tests of methods for connectirtiglal 1 ) undwater( g W )
. . 1 Soils
2013 | channels to small pools (mosit breeding -
: 9 Surface water temperature and salinity
sites) e .
9 Low tide fish density
9 Juvenile salmoniddal migration
1 In-stream habitat
1 Wood and noAvood habitat use by fish
1 Benthic macroinvertebrates
1 Excavation of new tidal channels to improve
2014 | tidal connection and reduce mosquito I None
breeding sites
2015 1 Continuation of minor tidal channel excavatic T Tidal hydrology

9 Emergent wetland plant communities

12003 2005and 2007monitoring activities were supported by nddWEB funding.
2 Only monitoring activities by our team are listed here. Several other groups are conducting research and

monitoring at N S&A Qi dzy T FdzZNIIKSNJ AYF2NNI GA2Y Aa

Nit S&aQldzy ¢ARLf
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METHODS ANCRESULTSY MONITORING OBJECTIVE

This section presents methods and results organized by monitoring objective and nideibeds are
described briefly under each objage, andsummarized in Table. Zhroughoutthis report, we focus on
year 4(2015 postrestoration monitoring results, highlighting key comparisons to-qg&toration
conditions. Further details on prestoration conditions are contained in the baseline monitgrreport
(Brophy and van de Wetering 2012nd further details on yed postrestoration monitoring can be
found in Brophyet al.2014.

¢ KS (eSthidtions Ol y KI @S aS@SNI t YSI yAy Iegroundiactibris 2 Fi Sy
takentordd SNBE S AYLI OGa RdzS G2 KdzYly FOGAQGAGASED® awSai?2
of recovery that follows those actions. In this report, even though we recognize that recovery will take

many years, we use the tertn LI2NERGa G 2 NI (0 A @thleéperiddafteNtifaF rBrivaliof the dike
andtidegatesatNi Sa Qlidzy Ay FlLff HAMMOD

Table 2 Summary of ampling and analysis methoftsr monitoring at Nif Sa Qi dzy RdzZNAY 3 HAamp
GCNBIljdz2SyOekGAYAYydé aKz2ga &SI NB edbtbNdans 6f po&tK Fdzy RA Yy 3
restoration monitoring are recommended; funding is being sought for this WOEKTE: This table is an

excerpt from the full table of Ni S& Qi dzy Y2y AG2NRYy 3 OGADGAGASEAD C2NJ
monitoring report (Brophet al. 2014).

Para
meter Frequency / Protocol
#| Parameter Method/equipment |timing Sample location’ citation
15min interval
Duration: 1 yr in Roegner
1 Tidal Electronic water 2010_11’ 20.12 Ch 7 and adjacer@oquille River |et al.
hydrology level logger 2013; Imoin 2008
summer 2015 &
winter 2015
Plant 18 permanent plots (14 restation, | Roegner
community .| Ix/yrin 2010, b P o 9
2a o % cover by species 4 reference approx. 30X15€; et al.
compositiong 2013, 2015 h -
random sampling within plots 2008
emergent
Plant . Area of each plant | 1x/yrin 2010, . . . Roegner
2b | community . Entirerestoration sité et al.
community 2013, 2015
extent 2008

L Sampling is conductedtNif S& Qi dzy NB &G 2 NI G A 2y relekedicBsite; uylléss atheryiiR 2 Y  a I NE& K
described.

2 Although our scopef work called for only 1 mo of tidal hydrology sampling, we sampled for a longer period (7

mo). SeeTidal hydrologybelow for details.

3 Plant community mapping was not conducted at the Bandon Marsh Unit reference site in 2015, as field
reconnaissancenticatedno substantiathange in the extent of plant communities at that site since 2013.
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1. Tidal wetland restoration

Monitoring objective 1: Measure tidal wetland restoration

In this objective, we masurel the restoration of tidal hydrology antidal wetland vegetation

la. Tidal hydrology
Monitoring question 1a: Was tidal hydrology successfully restored?

Metrics: Tidal hydrology (inundation frequeneydduration)at restored and reference sitgslevation

of wetland surface (RationaleTidal hydrolgy is amajor controlling factor fotbiological and physical
characteristics and processedinal wetlands.Elevation measurements allow linkage of tide heights to
physical andiological site characteristigs

Tidal hydrology

Methods

Water levels wes measured using automated water level loggers (Onset HOBO® loggers, models U20
001-01) programmed to collect pressure data at 15 minute intervals. In 2015, loggers were located both
inside the restoration site (NL Ch7 TG) and outside the restoratioiiguille River TG) dble3,

Figures 1 and2). Water level data were collected from March 1, 2015 through October 1, 2015 at both
gauges. The raw pressure data collected were converted to water levels using HOBOWare Pro©
software; the conversion includdashrometric pressure adjustments (using local barometric pressure
RFGIO 6A0K 1 h.h2F NS tNRBe az27¥igdl Wadkkvels weNBedHaNA O 02
orthometric reference frame (NAVD88EOID12pusing a higiprecision RTK GPS/GNSS sy stedn

greater than a 480 second occupation time at 1 Fsted vertical accuracy of water level logger

elevation was better than 5.5 cm at the 95% confidence |&ved. loggers werehecked for vertical
movement at each logger maintenance interval.

To compae water levels preand postrestoration, we obtained water level data for 2009 (both inside

and outside the restoration site) from Ducks Unlimited (Randy Van Hoy, personal communication),

which were collected using Global© water level loggers (modell@)Lwhich automatically

compensate for barometric pressure variations. Data collected by ETG in 2013 were also included (see
Brophyet al.2014 for details). Due to staggered sample timing in previous years (2009 and 2013), the
overlapping dates (and thefere the dates used for analysis) five two gauges (NL CH&Gand

Coquille Rver TG during all tmee years were March-Duly 8and August 28ctober 1.This is referred

G2 a4 GKS aFdzZt Fylrfeara LISNA2RE Ay (GKAA NBLRNIO®

Daily maximum water levels weralculated for thefull analysigeriod. Differences among daily
maximum water levels were analyzed using Befafer-ControtHmpact (BACI) (&ay ANOVA), with
site (restoration siteversusreference site), and year (2009, Z)-and 2015) as categoricabiependent
variables. When distributions did not meet the normality assumptions, apasametric test was used.

Percent inundation was calculated fitre sample transectat Nit Sa Qlidzy ' yR GKS .| yR2Yy
reference sitgTable6, Figures 1and2). These sample transects are a major component of the sample

Nit S&2Qldzy ¢ARLF T EffBdivieriess Rlonito8riy:ly 2alibstiestaration(2015) 02/21/16, P.100f 53



design forthe overallNi S& Qlidzy STFSOGAGSYySaa Y2yAli2NAYy 3 LINEINI
2 monitoring reports (Brophy and van de Wetering 2014, Bragihal 2015) The same transgs have
been sampled during baseline (&), year 2 (2013) and year 4 (2015) monitoriagd gercent

inundation has been calculated for these transects during each monitoring Wter level éta from
inside the site (NL Ch7 TG) were usedalculatepercent inundation of sample transects at the
restoration site, whiledata from theCoquille RiveCoquille Rivelr G were used to calculate percent
inundation at the Bandon Marsh Unit reference site. Transect elevatio@asured in 2009 weresed to
calcuate percent inundation for 2009 and 2013 (Bromtyal.2014), and transect elevatismmeasured

in 2015 wereused to calculate percent inundation for 20IHhe analysis period was March 1 through
July 8 and August 29 through October 1 (the dates whenmete! data were available for 2009, 2013,
and 2015). Percerihundationwas calculated fothe full analysigperiod (3/1- 7/8 and 8/29- 10/1); to
illustrate seasonal differences, percent inundation was also calculatedfommeranalysis period of
onemonth (9/1 - 9/30), and date winter/early springanalysis period abne month (3/1- 3/31). All
analyses were completed in R (Version 3.1.1) using daily maximum water levels as the dependent
variable.

Table 3 Tide gauge locations at in the-NiS & Q (i datjon $ikdandi Godlille Rive2015(GPS
coordinatesin meters,NAD83 UTM Zone 10N

Tide cqauge Location Easting Northing
NL Ch7 TG Nif SaQidzy NBAC 387360 4778313
Coquille River TG Coquille Rivereference site 386752 4777985

N| Iestun monltorlng Iocatlons 2015

Sample locatlons

[l tide gauge, 2015

veg/soils transect, 2015 _

0 325 650 1300 L

o B N Fcct
A I — \Veters |
0 875175 350 e

k- 3 —
Figure 1INit $& Qi dzy NBaid2N» tra?héécyfsforavégetaldnmmnmmng and fidaf LI S
hydrologygauge stationsBackground: NAIP 2014.
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- *
v Sample locations
;’ [ tide gauge, 2015

:
£
p

veg/soils transect, 2015

N 0 325 650 1,300
B . Fect

4 VT TR I —Veters

W, /A " £ O 0 875175 350
Figure 2 Bandon Marsh Unit reference site: 2015 santpdansectsfor vegetationmonitoring,andtidal
hydrologygauge station Background: NAIP 2014.

Resultsand discussion

Tidal inundatior(daily maximum water levelyasfully restored atthe N Sa Qi dzy NBAG3NI GA2Yy
3 and4). Daily maximum water levelsside the site in 2015 wenaot statisticallydifferent from those

outside of the site (2.1 rat bothlocationg. Prior to restoration (2009), daily maximum water levels

were lowerinsidethe restoration site compared to the rivét.3 m and 2.1 m, respectivelyjuring year

2 after restoration 2013, daily maximum water leveigside the restoration sitbad increased

significantlyto 2.0 m¢ much higher than during 2009, bsitill significantly lower than levels the river

(2.1 m).Year 4 (2015) monitoring showed matching daily maximum waterdavéte river and inside

the restorationsite (Figures &and4).
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Daily maximum water level

34 -
21 ,\'\j\,/\\f\/\]\\\/\/\/\ Jr,\r» ]
—_ S
£ 1 N\J\W\M e B
3
0- |
g
=
% \\N S| — Restoration
= 14 @ — Coquille River
®
L 0+ L
£
S
14 o
0-

Mar Abr M'ay Jllm Jhl Atljg Sép Oct
Month

Figure 3If’rerestoration (2099) and posestoration (2013and ?015) daily maximurp tjde heights for A 3
theNif SaQldzy NBalG2NI GA2Yy aAdST 02 YLI NERrediod AujustS | R2 | ¢
17, 2011. Data arshown for the analysis period dfarch 1¢ July 8 and August 290ctober 1.

Daily maximum water height

2.57
A A A A
C

E 2.0
o
0
=
< 1.5+ B
% 2009 (pre-restoration)
© 2013 (post-restoration)
2 2015 (post-restoration)
® 1.04
Lo
=
2
L 051

0.0-

Restoration Coquille River
Site

Figure 4 Average daily maximum water heights for thefNS & Qlé dzy NB &G 2NF GA 2y &AGS |
pre- and postrestoration. Error bes show one standard error; columns with no letters in common are
significantly different (ANOVA, p < 0.05). Data are averaged frofuflrenalysis period\arch 1¢ July

8 and August 2§ October J in each year

Analysis of percent inundation revealekbar difference@mong locations, yearand seasons at Ni

f S & @ioday réstoration2009) there was minimal tidal influence at the-NiS & Q (i dzyon $& a G 2 NJ G A
but in 2013 and2015 all transects wergdally inundated acrosshe full analysiperiod, including both

winter and summe(Figures 57). The two transects with the highest elevation (NL T12 and NL T17) were
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never inundated in 2009ut were inundatedrom 0.2to 0.9%o0f the timeduring the analysis period
(Marchthrough Septembérin 2015(Figures 5-7). The lowesklevaton transects at the restoration site
(NL T18 and NL T02) haditedtidal inundation in 2009due to a leaky tide gajeand wereinundated
3.9 and 0.66 of the time, respectively. In 2015, these transects were inund2ége andl9%of the
time, respectiely, indicatinghe restoration oftidal influence alNi-t S a .(Tidladagfundation at the
Bandon Marsh Unit reference site did not change among years.

Percent inundation was higher during 2015 compared to year 2 after restoration (2013) at the
restoration site, but not at the reference site (Figure 5)isTiteflects full restoration of tidal forces at the
site, and may also reflect the characteristics of the specific observation periods (see next paragraph).

Surprisinglypercent inundationn SeptembeR015wassimilar toMarch 2015 (Figures-B), and

considerably greater than September 2013 (Figures 6 arfirfge late summer precipitation was similar

in 2013 and 2015, we expect the higher inundatioSaptember2015was probably due to the

observaton period encompassing twapring tide cyclgeaks. (The March observation period
encompassed only a single spring tide peak). Typically, Oregon tidal wetlands are inundated more often
during winterand springnonthscompared to dry summer months (Seliskad Gallagher 1988Brophy

et al. 2011) longer observation periods in winter and summer modeling of longerm tidal hydrology,
would likely have revealeithis more typical pattern. Although beyond the scope of this project,

modeling tidahydrology aNi-f S & @duldgéneratedeeper understanding dhis important

controlling factorandthe resultingsite development.

Inundation by transect (full analysis period)
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Figure 5Percent inundatiorpre- (2009) andpostrestoration (2013 and 2015) for sample transects at

Nit S& Qi dzy 6 b [omMakslyBit iéféré&hce. site YBRI). Transects are ordered by ascending
elevation (measured in 2015) within each site, with NL T18 and BM T1 having the lowest elevation, NL
T17 and BM T4 the highest. Data are averaged fronfiuthanalysis periodarch 1¢ July 8 and August
29¢ October ) for each year
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Inundation by transect (September)
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Figure 6 Percent inundation in Septembduringpre- (2009) ancpostrestoration (2013 and 2015)
periodsfor sample transects at Mi S& Qi dzy ob[ 0 YR (4KS . lFyR2Yy al N&EK !
Transectsare ordered by ascending elevation (measured in 2015) within each site, with NL T18 and BM

T1 having the lowest elevation, NL T17 and BM T4 the highest.

Inundation by transect (March)
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Figure 7 Percent inundation in Marcpre- (2009) ancpostrestoration (2013 and 2015) for sample

transectsatNf S&a Qi dzy 6b[ 0 FYR (GUKS . lFyR2y alNBK ! YAl NBTFS
ascending elevation (measured in 2015) within each site, with NL T18 and BM T1 having the lowest

elevation, NL T17 and BM T4 the highest.

A N w.oA A~

elevationsat Nif Sa Qiédzy FyR Ay (KS | Riagdl iuSdgtibnof/the fyetisnd £ S wA @S NX
surface alNi-t S & @nibatlyyat elevations of 1.8 to 2.5 mipsely matchd the adjacent riverwhereas in
2013 (particularly in September), the wetland surface was less frequently inundated (Fighoe3 Be
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closer match betweemundation of the wetland surfacand adjacent river levels in 20t6mpared to
2013 shows the efictiveness of the restoration actioms restoring full tidal exchange

Hevations below the general marsh surface(® NAVD88Y, that is, withinchannels- were inundated
slightlymore often than the adjacent riveturing2013 and 201%Figures 8L0). This indicates slight

Gt -3¢ Ay RNI Ay IS, typiskdofresioatn Sitds dvlie Ndal EHarhgl newbris &ire
generallyless dense than in leaslisturbed tidal wetlandsOver time, as the channel system develops,
we expect to see eeduction in this drainage lag.

Figure 8 Percent inundation at a range of elevations during the summer period (September) at the
restoration site and Coquille River tide gauges, pre (2009) andresiiration (2013 and 2015).
Average wetland surfacelevation at NE S& Qléidzy Aa Hdny Y b! +5yy 6aSS ¢ 0
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