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Portions of results were funded through other sources but are provided here for clarity

Executive Summary

X

We leveraged support from the EPA monitoring funds, Nisqually National¥®iRefuge the
Nisqually Indian Tribe (Tribe)and USGSNedern Ecological Research CenféVERC)to
establish a monitorinframework The monitoring frameworkoordinates temporal and spatial
scales of biological and physical sampling locatiand isscalable taddressnanagement and
research goalsangng from change detection ttomparing theealized function of the
redorationsto reference marshes aaldier restorations conducted by the TrilWdERC
documentegbre-restoratiorconditionsthe summeprior to the dike removal iRall 2009 and
continuedo monitor physical and biological changbatfocused on hydrology,
geomorphology, invertebrateggetation antirds.

Portionsof results were funded through other souybtes are provided here for clarity

True color and color infraed aerial photographs of the Nisqually Delta taken pre (2008)
and postdike removalDecember 2009 and March 2010), show reoccupation and development
of historic tidal channels that had been blocked off from tidal flow for over 100 years.

360 degree panoramic photograplagen at 42 locations throughout ths@ually NWR pre and
postdike show dieback of freshwater plants, including invaseex cananyrass Phalaris
arundinaceap as the site trart#dns toestuarine habitat.

Channekcour andlevelopmentended to be greater near the mouth of the chgneehimost 1
m at Unit 1 middle versus 0.3 m at Unit 1 south), likely due to greater water velocity at the
mouth of the channel.

We detected aaven distribution of sediment accretion across the restoration site with a trend
toward greater accumulati@hong the upper reaches of the restored tidal chanReist to dike
removal,soil organic matter content ranged from% @nd was as high as 68.4%, which
reflectedthe dense fibrous rootsf the invasive reed canarygrass

We detected over 75% coverinfasive speciegqrimarily reed canagrass Phalaris
arundinaceap along our permanent vegetation transects prior to dike removal. In 20%0, post
restoration, we detected less than 1% reed canary grass along these same permanent transects

We detected 38 bird speciesfter estuarine restoratiohe greatest number of birds was
recorded at a single high tide survey in December 2009 with > 9,000 birds, of which over 85%
were dabbling ducksBird abundancdlustratedseasonamigratory pdterns with higher

numbes of ducks and geese in the fall and winter and passerines in the summer.

A partnerwebsite was developed to provide a centralized location for upaladesurrent
findings of the Nisqually delta restoratiomstp://www.nisquallydeltarestoration.org

WERC has participated imformation sharing and knowledge trandgfeoughworkshops,
shared monitoring protocols, and presentations at local giahed conferences
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Introduction

The Nisqually National Wildlife Refuge (Refuge), [&&"
Nisqually Indian Tribe (Tribe), and the Washington{$
Department of Fish and Wildlife (WDFW) protect
one of the few relatively undeveloped estuaries
remaining in Pugebound along the Nisqually River,
Since 1974, early 405 ha dikedof farming in the
late 1800shadbeen manged by the Refuge as
freshwater.In 2008, the Refuge embarked upon thg
tidal restoration of 283 ha of estuarine habitat on t
west side of thever, consistent with the
Comprehensive Conservation Plan goal to restore
native habitats representative of the Puget Sound
lowlands(Figure 1) The Refuge is being assisted b
two key partners: Ducks Unlimited and the Tribe.
This tidal restoration comeinents the conversion of
57 ha of diked pasture on the east side of the river
undertaken by the Tribeetween 1996 and 2006

The Western Ecological Research CemrféERC) Figurel. Nisqually Delta restorations.
received funding for restoration monitoring on the

Refuge on 26 March 2009 and completed baseline conditions prior to the dike rentalbl2@09.
Following thedike removal WERC continued monitoring physical and biological changes to document
the efiect of tidal restoratioonthe Refuge This final report covers activities conducted under
Interagency Agreement number DY4-957626010 between the Environmental Protection Agency
(EPA) and the U.S. Fish and Wildlife Service (USFWS) for the time pduaéd 15, 2009 September

30, 2010. Thisnonitoring report focuses drasks A Monitoring and Evaluation Activities for the
Nisqually Estuary Restoration Projeas described in the scope of work for the memorandum of
agreement between EPA and USFWS, accounts-128213410 and 190223313530.

This report includesagrtions ofpreliminaryresultsthatwere funded through other sources, but are
provided here foclarity. Monitoring objectivesncluded the following:

Task A) Monitoring and Evaluation Activities for the Nisqually Estuary Restoration Project

Establish baseline conditions for the Nisqually National Wildlife Refuge tidal restaration
Examine inital physical and biological changes after the breach to track changes.

Document the effect of the tidal restoration in the Nisqually River estuary.

AP W dpRE

Provide support for adaptive management and public outreach through geographic information
system coveraged monitoring results and a webpage with regularly updated summaries of

initial restoration progress.
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Tasks Al, A2, and A3 Establish baseline conditionsexamine initial physical and biological
changes after the breach to track changes and document thdesft of the tidal restoration in the
Nisqually River estuary.

Nisqually Delta Sampling Plan

Administrative progress: planning and coordination e P iy

WERC has worked closely with the Refuge, Nisqually: s watrievei ioggers ) s

Tribe (Tribe), Ducks Unlimited (DU) and other iy P
: R 3 H @ SET Tables @ Water column plankton tows

restoration collaboratots establish a matoring & e it b o T .

frameworkthat coordinates teporal and spatial scales | veston, andbiravee

of biological and physical sampling (Figure 2) ::f:‘r“w““”“‘“"'m““z‘

ransect | 1 A 9 Fr

WERC held several meetings with collaborators, and
interested parties, including: USGS Patuxent Wildlife 5"
Research CentéPWRC) USGS Pacific Coastal and |1+
Marine Science Center , USGS Western Fisheries
Research Center, ancetNisqually Reach Nature
Center to elicit input on the need for monitoring or
applied research to address management needs.

With our partners, we finalized our monitoring approa¢ @‘?
based on historic channel network&ampling locations \#%
were identified along the northern, middle, and southe
reaches of historic channels with integrated sargplin |+
efforts along the same hydrologic gradieRhotoe
interpretations, sediment and geomorphology, : R ki
hydrology, vegetation, and invertebrate sampling were R4 o o
coordinated at the same locations so that these - BN TR - e e oo 21 4 0
parameters can labrectly related to each other for Figure2. Nisqually Delta sampllng plan.

greater interpretive power as the restoration progresses.

Bird surveys spanned across the entire restoration projectEneanonitoring framework is also

scalable to answer management and research goals that range from change detection to comparing th
realized function of the restorations to reference sites, and older restorations conducted by the Tribe.

We leveraged funds/suppdrom EPA, the Refuge, PWRC, and the Students In Support of Native
American Relations (SISNARnternship program, and WERC aestablished a monitoring
framework initiated a partner website, hireddl time restoration biologist and summer intern,
established monitoring locations, installed water levejéog, and characterized pead post
restoration condition.

Method development

WERC has over a decade of experience providingitoring andscience support for restoration of salt
ponds and wetlands in the San Francisco Bay estWagtailored our irRhouse technical methods that
we have adaptedrom our field experiencegublished methodstandard operating procedures used by
estuarine ecologists, and expert opinitorghe Nisqually Delta.
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Methods

Aerial photography and remote sensing
Aerial photography is a valuable remote segs$ool that provides information such as vegetation
colonizationpatterns ovea large area over timeA pre-restoration true color and color irfrad aerial
photograph was flown on 23 June 2@2%wtide. In December 2009 and March 2010, the first post
restoration aerial photographs were flowrexaminechannel morphology arttie placement of the
Refugeboardwalkduring construction Color infrared (IR) aerial photographs were georeferenced to
UTM NAD 83 (ArcGIS, ESRI) using registered targets or landmafkslor IR iswell suited to
distinguish vegetation signals from mud and bare ground than true color aerial photo@alany.
infrared pixels were categorized into land cover classifications (suchtas wudflat, wetland
vegetation, upland vegetation, and bare ground) using GIS (ERDAS Imagine Software, Leica
Geosystems) and analyzed the percent cover of each categiggtatlon colonization will be
supplemented with ethe-ground vegetation surveys =
(below).

Photo-documentation

Photedocumentation provides economical and effective
way to qualitatively documemestoration progress over
time. Prerestoration, potopoint wereselectedat 42 sites
throughout the project area to shbhwdrological ad
vegetativechangess a result of restoration actiafsgure
3). Photos were taken from left to rigim full 360 degrees
with overlappingedgesto allow the photos ttaterbe
stitched together using computer software to create unifif
panoramlamage; By returnlng to the sarmaomts over

the Nisqually system.

Figure3. Photopoints selected for repeat photo
Hydro|ogy and water qua|it_yrestorationafea documentation during Nisqually restoration proc

WERC installecsix water level logger§SolinstandTelog Instrumentsand staff gauges along

McAllister Creek, Nisqually River, and Red Salmon Slopgbr todike removal Fourloggers also
recorded conductivity and water temperature. For each of these waterways, one logger was placed in
the upper reach dhe estuary and a second ntéree mouh where it empties into Puget SouSdme
loggerswere knocked down biarge algal matdogsanddebris, which required rdeployment or
replacement Water level loggers continuously monitadd levels andtaff gageseferencedo

NAVD88 are used toanvertedwater level readings to NAVDS88 (ft).

The Refuge and Ducks Unlimited provided existing YSI water quality meter and equipment for the
installation of a YSI water level, conductivity, and temperature meter at the Nisqually Reach Nature
Center (athie mouth of McAllister Creek). We dedicated a USGS field laptop solely for this water
quality meter. The laptop collects and stores the data and we programmed the laptop to upload the mos
recent data packet to the website, where the generation of cabgisiplays are automated to produce
graphs of real time data on the websiteiw.nisquallydeltarestoration.org/monitoring


http://www.nisquallydeltarestoration.org/monitoring
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Hydrology and water qualityestuary andnearshore

Physical processes in estuaries such as inundation, salinity variation, and water circulation patterns are
dynamic. Along with freshwater inputs, the rise and fall of tides are the medium of energy exchange in
estuary systemsRiver and tidal currents oy nutrients and sediment, create elevational and salinity
gradients, and provide access to the marsh for fish and other aquatic orgdrosgmamine the

processes that affect transport and mixing of these waters and particulates in the estuarg, Acousti
Doppler Current Profilers (ADCRyeredeployed atelect sites across the nearshore tide flats and

newly restored channels to characterize circulation patterns before and after dike réDoodaicted

by our partner group USG2acific Coastal and Marirgcience Centerthe ADCP was used to measure
water levels, current velocities and directions and particulate backscatter throughout the water column.
These data will help characterize processes controlling sediment transport and be valuable for testing
numerical circulation model simulations, including the hydrodynamic and sediment transport (HST)
model developed to assess design alternatives (ENSR 1999).

Sediment and geomorphologyestorationarea

Channel crossections provide useful information on the development and geomorphological changes
to tidal channels over timel'o measure channel cross sectiorigy@awas stretchetrom bankfull to

bankfull perpendicular to the channel flow, and defitis the line to the channel bottom are measured
in 0.5 metersntervals Channel cross sections were measured at the noftilesanthe water level

logger) middle, and southern sectiofmear water level loggersf major historic slough sections prior

to dike removal and again peststoration.During each sampling period, we obtained 12 channel cross
sections along four major slough networks (Shannon, Unit 1, Leschi, and UGh&jnels are

expected to widen and/or deepen after reconnection td Boged tides.

Sediment pins are permanent depth poles used to measure sediment accretion and erosion over time.
The poles are surveyed to NAVDS88 so that elevation of the sediment surface can be calculated by the
pole height.As sediment accretes, tlangth of the exposed pole will decrease and vice versa. Thirty
nnesedi ment ation pins (20 PVC pipe, schedule 40
sections and extended perpendicular to the chaoey permanent vegetation transeotmeasure

sediment accretion/erosion patterns in relation to distance from ch&edment pins are measured
annually to examine the sedimentation rate.

We usedour integrated bathymetric systemnsistingof a variable frequency acoustic profiler

(Navisound 210; Reson, Inc., Slangerup, Denmark), real time kinematic global positioning system unit
(RTK GPS; Leica Smartpole 1200), and laptop computer mounted on a shadiiyflatbottom boat

(Bass Hunter; Cabelas, Sidney, N&map the bathymetry @hannels The echosounder determines

water depth, while the RTK GPS determines location and elevation as the boat travelsabeerty

inundated surfaces. Data are integrated and processed in SAS (SAS Institute 1999) and a bathymetric
coveragenill be generated in Geostatistical Analyst (ArcGIS; ESRI, Indjnual sedimentation

differences can be analyzed over surfaces using bathymetry maps.

The placement of the channel cross sections, water level loggers, sediment pins, and vegetation transe
(that extend from the channel cross section into the marsh) was designed so that changes in physical
properties such as elevation and hydrology, can be related to biological processes such as vegetation
colonization. Bathymetry maps can be used to compuéu@nges over time or integrated with LIDAR
datasets With elevations and water levels, inundation times can be calculated to predict the type of
vegetation community that might colonize and establish at select locations. This grant supported the
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design ad data collection of inputs for models and integrated analyses of biological responses to
physical parameters.

In addition, the characterization of sediment properties is criticalfonizing benthic invertebrate
communities or colonizing vegetatiolVe collected 27 soil samples and analyzed them for soil texture,
soil pH, organic matter content, and nutrients (A&L Laboratories).

Sediment and geomorphologgstuary andnearshore

In addition to the project area itself, restoration will have effectthe greater estuary and nearshore
habitats. Working in cooperation with the USGS Pacific Coastal and Marine Science Center , high
resolution terrestrial LIDAR mapping was conducted acrosag¢hshore environment of thésqually
Delta flat on thdootprint of the northern dike, whichhasremowedin August 200%s per the
restoration plan These data will serve as baseline data to examine geomorphic change, sediment
transport, and numerical sediment transport modeling with dike removal.

Vegetation

In conjunction with aerial photography and remote sensingheground plant surveys provide

information on species composition and conditi®ne and postestoration vegetation surveys were
conducted at the Refuge restoration area, Phase 2 Tribe tiestaraa and reference marsh in 2009

and 2010. Vegetation sampling at the Tribe Phase 1 restoration area was added Wegefidlion

sampling was conducted during summer when vegetative cover is at its maximum to track changes of
species extent, spes richness, plant cover of natives and exotics, and vegetative condition (height and
density). Permanent, 46n (50m in 2010) poinintercept transects (0.5 m intervals) were established to
determine the composition, height, and percent cover of plantespand to detect changes in

vegetation through timeA 0.25 nf grid was placed at the beginning, middle, and end of each transect
(3 quadrats per transect) to estimate mean stem density, height, and ocular estimates of percent cover
each speciesThe location of target plants or invasive species (such as reed canarylykss
arundinaceagwere tracked with GPS ground surveys or high precision aerial photographs.

These data will allow for future development of vegetation colonization gitesn(a certain inundation
and salinity regime) at Tribe restorations of varying ages and a reference marsh. Colonization and
establishment rates may be used to project the spatial patterns of future vegetation communities that
wcould establish at the Reje restoration, given elevation and salinity tolerances.

Invertebrates

Benthic invertebrates provide critical food resources for fish and birds that use the estuary and serve as
indicators for physical characteristics such as water quality and sedinagattehistics.We originally

set out to characterize therithic invertebrateommunity with several cores. After discussing and
coordinating with research collaborators we agreed to do a much broader and wider extent of
invertebrate collection that walikpan a longitudinal gradient from the restorations out into the tidal

flats. We expended our efforts to collect and sieve these additional samples and they were archived fo
analyses with other funding sources.

Invertebrate sampling was coordinateith Western Fisheries Research CeffMéFRC)so that their
samples along the nearshore environment would be comparable to within the restoration site. Benthic
invertebrates were sampled prior to dike removal from the mouth, middle, and upper reaches of fo
historic tidal channels (n = 36At each location, benthic cores (10 cm diameter, 10 cm depth) were
collected in August (during bird migratory season) along with physical variables such as water quality

6
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and sediment characteristics (soil texture,tiglarsize, pH, organic matter content, and nutrients).
Samples were rinsed using a 0.5 mm sieve to remove sediment and then preserved in ethanol with ros
Bengal dye (alye thatstairs live tissueso aid sorting).

We learned that benthic invertebratdlection, sieving, sorting, and identification procedures was

greatly underestimated=unds have been procured through the ESRP (Estuary and Salmon Restoration
Program) tchelpprocess samplellected in 2010 Invertebrate collection was coordinatedh

WFRC so that invertebrates were collected along transects that spanned an onshore to offshore gradie
and samples were collected at the same time period with standardized methodologies.

Birds

The Refuge provides foraging, resting, and overwingehiabitat for migratoryvaterfowl and
shorebirdsalong the Pacific FlywayA singleprerestoratiorbird survey occurred in September 2009.
This surveydid not represent typical prestoration conditionsincethearea waslrainedin preparation
for resbration constructioand dike removal Nonetheles, the surveyprovides a snapshot of bird
presence prior to restoration and repeEtrestoratiorbird surveys are ongoing.

Postrestoratiorarea bird counts are conducteanthlyduring high tide using binocularspotting
scopesexperienced bird observers, and numerous volunteelstect trends ipresenceind abundance
over time and siteA 250 m UTM gridis overlaid onto the site sabservers can reference tpéd in

which birds are detectedObservers record grid number, bird species, number, behavior (i.e., foraging,
roosting, calling, flyover, swimmingand habitat (i.e., mud flat, marsh plain, open water, aerial, upland
or levee).Birds are grouped into guilds fonalyses and trend€Breeding birds or nests were recorded

if encountered Bird species richness ad@énsity will be tracked over time and related to changes in
water levels The enhancethanagedreshwatemarshesre also included in these surveys.

This bird dataset provas trends over time by siteffdrences over time can reflect changes in habitat
availability (i.e., water depth). Integration of multiple datasets (water levels, elevations), along with
preferred foraging depth for various avianlds can provide a better understanding of the habitat
availability by site and over time as the restorations progrEssre is growing interest in the effects of
estuarine restoration on waterbird productivity and laébise, however, our data alae insufficient

to address these questions. Simple comparisons of bird abundances with current and historic datasets
would be misleading because of differences in methods used to collect data, site accessibility, tide
levels, andspeciegletectionprobabilities. Habitat use and productivity of birds in response to estuarine
restoration would require aare indepth scientific studyi.€., telemetry, relative contribution of

restoration site to diets, or carrying capacity).

Results and Discussion

Aerial photography and remote sensing

Aerial photograph&rom prerestoration (July 2009) and peasistoration (December 2009, March 2010)
were stitched toge#r and distributed to partnertlsing ArcGis (ESRI) and ERDAS Imagine Software
(Leica Geosystems), preiinary land cover classifications were generated for December 2009 and
March 2010 Figure4,5). In combination with field vegetation surveys, this remote sensing data will
help track vegetation colonization by estuarine plants and also document cloathgesyidrological

and geomorphological systemRepeat analyses over time can show changes of vegetation extent (i.e.,
vegetation colonization within Refuge restoration or eelgrass beds during low tide along delta front).

7
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Land cover classifications gde difficult to interpret because vegetation that is captured on the infrared
aerial photograph cannot be distinguished by species. Basic categdrids:water, dead or senescent
vegetation, upland vegetation/trees, marsh vegetation, eelgragg@raaid impervious surfaces

(Figures 4, 5). Interpretations must be made with local site knowéeabpreliminary classifications

are presented to illustrate the type of vegetation detection is possible over a large spatibsaala
percent coveof each land cover type is not presented here because we are trying to improve upon
preliminary models for a more accurate spatial depiction and quantification of tidal marsh vegetation
cover. In March 2010 (Figure 5)he restoration within the Refugeasdominated byead or dying

plant materia(from on the ground data and observations), yet a marsh vegetation signal was detected,
most likely due to algae. Further analyses using smaller patch sizes will be conducted to refine
classifications with thgoal to distinguish algae or submergent vegetation from emergent tidal marsh
vegetation.

December 2009 4 R . Water
[post restoration) E 'I?i?jzdfll saflrl:\;?gerxgeta“or
Il Upland vegetation/trees
[ Marsh vegetatiatalgae
[T impervious surfaces

Figure 4.Nisqually Delta aerial
photograph (A) and land cover
classification (B) ArcGIS, ESRI,
ERDAS Imagine Software, Leica
Geosystems from December 200
The aerial was shot at midtide an
the delta tide flats were inundatec

Figure5. Nisqually Delta aerial
photograph (A) and land cover
classification (B) ArcGIS, ESRI,
ERDAS Imagine Software, Leica
Geosystems from March 2010. 1
aerial was shot at low tide and th
delta tide flats were exposed.
Eelgrass beds in the northwest o
the tide flats

Photo-documentation

Prerestoration photopoints were selected and photographed in the summer of 2009 to visually
document the landscape before tidal restoratidmese points were rephotographed in April and
October 2010 to providaqualitativetime series of the restoration procesfgure 6below shows an

8
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examplerepeategpanoramaic imageslhe Unit 4 prerestoration image (A) depicts the vegetation
patterns of theliked landscaped during peak seasonal growth, (B) shows themitximnately seve
months postidal restorationand (C) captures the site a year after the dike was breached from a newly
installed public access boardwalk

Figure6. Example of Nisqually photodocumentation from Shannon Slough North: AeBi@ratn (Summer 2009), B.) Peststoration
I (April 2010), and C.) Pogtestoration (October 2010).

Hydrology and water qualityRestoration Area

Six water level loggers (SolinsYSland Telog Monitoring: Depth | Salinity | Temperature

Instruments) and staff gaugesre installecalong .| JosLd i TR
McAllister Creek, Nisqually River, and Red

Salmon Slough prior to the breaching of the dike.

Following tidal restoration, loggers were routinely* e T—— :
maintained and downloaded to monitioe [C——
hydrologic development of the project site. ) s
Webve r ecomgeefd4léfectataimal, r a [
logger at the Nisqually Reach Nature Center and C—TTTT—
current data is posted on our website: TEWPERATURE
www.nisquallydeltarestoration.or@igure 7. d U

The continwation ofhydrology monitoring W — _
provides trend information and walipport Figure 7. Real time wateevVels (MLLW ft), salinity, and

: in the Ni lly Del 24 h i
sediment and geomorpholog;odels used to temperature in the Nisqually Delta over a our period

createinundation frequency curves for a range of
elevationsgstablishbird or fish habitagccessiblenabitat timescapture extreme tidal events, and detect
largerscale changes to the system.

This funding source supported the installation, collection naaiditenance of the water level loggers
and basic summary graphs of the da@ntinuation andurther analysesf hydrology datare partially
supported through other funds.

Hydrology and water qualityestuary andnearshore
ADCPOGs wer e d dlpdttbeymouth of Madigne $laugb characterize circulation patterns
after dike removal Average velocity in the restored Madrone Slough between M&pa8 June %,
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2010 was offshore at 22 cm/sec (Figure Bhese
data will help characterize presses controlling
sediment transport and be valuable for testing
numerical circulation model simulations, including
the hydralynamic and sediment transporbdel
developed to assessstoration impactENSR
1999).

Figure 8.Water depth (blue li) and velocity (black line) at the
mouth of Madronelough beteen May 25th and June 1st, 201

. . (USGS Pacific Coastal and Marine Science Cégnter
Sediment and geomorphologyestorationarea

Channel crossections were completgule-restoration Summer2009) and postrestoration Eall 2010)

at the north, middle, anasthernportionsof Shannon, Unit 1, Leschi, and Uniti@al channels.Prior

to restoration, the elevation of the channel bottom at Unit 1 middle was relatively even with
approximately a 0.5 mateangebetween the top of the bank and channel bofféigure 9) After tidal
restoration, the channel erodaldhost 1m at the deepest point of Yheshapechannel In comparison,
channel crossectiors at the southerportion of Unit 1,in the marsh iterior,remained relatively
unchanged.These results are likely due to greater water velocity with proximity to the channel mouth.

NNWR Unit 1 Middle NNWR Unit 1 South
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Figure 9.Channel crossections from Unit 1 comparing channel morphology from the middle reach of the channel (A) to the sc
portion of the channel, furthese from the Dike (B) between 2009 (blue) and 2010 (pink). Moving from the west to eaktHeaaks
the channels along theaxis, the line represents the elevation of the channel bottom at a 0.5 m scale. The Middle location dee
almost a meter from préo postrestoration while the South section remained relatively unchanged.

Sediment accretivand loss was measured at 39 sediment \7 N —
pins throughout the Refuge restoration site, one year after ' '
dike removal. After a the first year of the restoration of ©
estuarine conditiongven distribution of accretion across
the restoration site with a trend tawd greater o — ) —
accumulation along the upper reaches of éstored tidal North Midle South
channels (Figure 30though no statistically significant E;gm”g;é(r’]szegt'ml”; dagggﬁ;ﬁé‘gﬁti}g?mg‘;‘;;";’r‘]g't"h‘
differences were detectédl = 1.079, P = 0.3522) maximum and minimum values (whiskegg)the north,
middle, and southern locations of major restored
Bathymetry datasets from channels are being processecchaniels
integrated into IDAR datasets and will be made available once the data are meékgelysis of 27
soil samples taken in conjunction with benthic invertebrate sampling show thatteatpsand varied

from 32% to 76%, the percent silt ranged from 11% to 60%, and petagmanged from 14% to 27%

1C
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Organic matter content ranged from 1.7 and was as high as 68.4%, which was taken within a patch of
reed canarygrass and reflected the dense fibrous roots.

Sediment and geomorphologgstuary andnearshore

In August 2009, terrestrial LIDAR (light detection and
ranging) wasurveyedalong he northern dike to document
prerestoration elevation@igure 1). From the LiDAR Y
image, the channe(g red)on the Puget Sound side of the §
dike wereexposed during low tide, while the channels behi
the dike still held waterThe highest elevatioareas were the
dike andvegetateaedges of the historic channels within the
restoration area and the westedye of McAllister Creek ;
(blue). Future LiDAR remote sensing will allow for analysig:

of landscapescaleelevationchangedollowing tidal B ).
restoraion, and help inform hydrological and Figure 11Terrestrial LIDAR along northern dike
geomorphological modeling. August 2009. Red represents lower elevation &

blue represents highelevatiors (USGS Pacific

. Coastal and Marine Science Center).
Vegetation

We detected a total of 85 plant species single pe-restoration vegetation survey2009 and a single
post restoration vegetation survey in 2Q0APpendix B) Our transect ahquadrat vegetation surveys
across th&efugeprior torestoration detected over 75% cover of invasive species, primarily reed
canary grassRhalarisarundinaceagFigure 13, which hadan average height of 1.2 nm comparison,

the Phase 2 restoration and reference marshes on the west side of the Nisqually River consisted of a
mixed community of tidal marskpeciesuch asalt grassistichlis spicaturhand perennial rye grass
(Lolium perenng Reed canary grasgs not detected in the restored Phase 2 or Reference marshes.

One year following restoratiomve detected less than 1% reed canary g@agsralong permanent
transectsithin the RefugeThePhase 2 restoration and reference marshes continued to be represented
by a mixed species communityth salt grassiistichlis spicatun pickleweed $arcocornia pacificg

and baltic rushJuncus balticus).
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Relative Percent Cover from Transect Data

(Species codes listed in Appendix B) BUNKN _ OTYLA
B TRMA OSpPSP
B SODU B SCMA
B SAVI| B SARA
B RUMA BRUDI

100% -

90%

80% 4 BPUNU  BPOPU
BPOAN  BPLMA
70% 7 BPHPR  BPHAR
BMOPA OMAFU
60% - BLOPE  BLOCO
BJUEF  OJUBA
50% 7 OJACA  OHOLA

OHOJU OHOBR

0, -
40% OGRIN OGAssp

30% - O ELRE BELPA
BELEO BELAC
20% | B DISP ODECE

ococo BCIVU

10% A ECALY OBare
H BATPA  BASSU
0% T T T T T T BALGG OALGB
NNWR '09 NNWR '10 Phase 2'09 Phase2'10 Phase1'10 Reference '09 Reference '10 OAGST BAGRO

O AGAL

Figure 2. Relative percent cover alopgrmanent vegetation transects in 2009 and 2010. Sites are Nisqually NWR (NNWR), Phase 2,
Phase 1, and Reference

Invertebrates

We originally set out to characterize thenkhic invetebrate
community with several coreRResearch discussions with
collaborators (WFRC) and partners led to a more ambitious _.
invertebrate collection that would span a longitudinal gradient fr
the restorations out into the tidal flats. We expended ourtetio
collect and sieve these additional samples and they were archiveo ) _
for analyses with other funding sources. Wd#ected preand Foure %fﬁg;cg';%ggg:'c cores at
postrestoration in August 2009 arkdigust2010. Samples were ' '

sieved and preserved %% ehanol for later processing and

identification. Funds have been procured through the ESRP (Estuary and Salmon Restoration Program
to process these samples in 2011

Birds

During a singlepre-restoratiorbird survey, less than,@00 birds were counted ihe project area and
were largely composed of passeriaes dabblers (dabbling dugksgure 14. The single pre
restorationsurveyrepresents only a snapshotpoérestoratiorsite conditionsduring a time when the
interior wasdrainedin preparationdr dike removal Thus we focus on post restoration bird trends.

We detected 138 bird species during oanthly postrestoration bird surveysBird abundancearied
by season: abbkrs, such as American wigegAnas americangand Northern Pinta{lAnas acuty had
thegreateshbundancéen Decembefalmost 8,000 dabblersndalmost 2,00@eese (primarily Canada
[Branta canadensjsand Cacklind Branta hutchinsii) were counted iarge flocksin March During
thelatespring andsummer, overalvaterfowl abundances declined because of migration
spring/summer breeding groundsit passering such aguropean starling(Sturnus vulgarisand cliff
swallows(Petrochelidon pyrrhonotajncreasedn spring Overall, shorebirdietectionremained
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relatively low, compared with other guilds, largely becaig®eys were conducted during high tides
(to allow for access by boat).h&ebirdsare typically more abundance during low tide when mudflat
and sediments are exposed and accessible for foraging

Dike
Removed

Figure 14 Total birds by foraging guild observed by month at the Nisqually Refuge from SeptembérZ00R

Task A4. Provide support for adaptive management and public outreach

Adaptivemanagement

WERC patrticipated iseveral coordination meetings and outlined details of -lsical monitoring
plan to effectively track changes to the restoration after dike rem@alork closely with the Refuge
to provide updates that wil elicit management actions.

One example dthis close partnership and resulting adaptive management strategy occurred in late
summer, 2010. During the first year after dike remavaiyraltidal exchangeleared out freshwater
aguatic vegetatiothat had filledn some of thénistaric channels within the Refuge restoration site.
Vegetation in the upper reaches of Leschi Slough, however, did not clear, resulting in channel
constriction andeduced drainageven during low tidesConcerns were raised that withdull tidal
exchangewatertemperatures and dissolved oxygen levekhe channel may not be suitalbbe
salmonids Water quality measurements made by the Tribe confirmed This.Refuge took decisive
action and dredged along the charthebugh the aquatic vegetatiangating a corridor for tidal flow.
Since dredging, we have measured increases in dissolved axyggneater tidal range atidal
exchangen thechannel in thenarsh interior
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