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1. Description of the project including backgrowrdthe problem which generated the
project

Background

The Coos Watershed Association (CoosWA), Southdgbiduational Estuarine
Research Reserve (SSNERR) and Oregon Departmérgtoand Wildlife
(ODFW) collaborated on an OWEB-funded project taleate the effectiveness
of placing large woody debris (LWD) in estuarinehels to provide improved
habitat for juvenile salmonids. The project wasideed to address the need for
more and better information associated with thegigent and function of LWD
in estuaries. Supported by OWEB/USFWS Coastal add Conservation
Program (grants 99-420 and 99-803) and FishAméuicds, SSNERR partnered
with CoosWA to coordinate a project in which 40gku(18-36” DBH) Sitka
spruce trees with root wads attached into tidathrea of Winchester Creek in
South Slough’s upper estuary. The trees, donat€drégon Parks and
Recreation Department (OPRD) as part of an OregegpaBment of
Transportation (ODOT) road realignment, were plaocespecific locations and
configurations designed to facilitate an effectess monitoring program to
address a series of questions about juvenile salmerand behavior as well as
habitat development associated with LWD in tidadmomels. CoosWA, SSNERR
and ODFW staff were guided by SSNERR’s Estuarinéldid Restoration
Advisory Group (Restoration Advisory Group) in fiizing tree placement
locations and configurations as well as the devalam of effectiveness
monitoring questions and protocols. The Restomatidvisory Group includes
restoration specialists from academic researchtutishs, state and federal
agencies, non-profit organizations, and privatesatiimg firms.

Effectiveness monitoring for restoration projeetsyeting LWD recovery in
estuaries is needed. Research and restoratiortaringiprojects from Pacific
Northwest estuaries have clearly established tip@itance of estuaries in the life
histories of Pacific salmon, increasing the priodt estuarine wetland restoration
in Oregon. In 2001, Oregon’s Independent Multigliseary Science Team
(IMST) found lowland rivers and estuaries providgortant foraging habitat for



juvenile salmonids, but also documented significaductions in salmonid
habitat quality due to anthropogenic activity.

The importance of estuaries for salmon coupled p#itvasive degradation of
these areas across Oregon and the Pacific Nortihasshcreased efforts to re-
establish important structural and functional htttes of tidal wetlands. We

know juvenile salmon are continuing to use tidatlffuenced areas throughout
their over-wintering period; however, few projestek to increase the quality and
guantity of cover (large woody debris, LWD) in teemeas even though LWD
may be a major factor governing over-winter surkfeacoho in stream-channel
environments. It is well known that LWD was an imjpat physical characteristic
to estuarine marshes before European settlememwasdystematically removed
from tidal systems to facilitate human activities.

The addition of LWD to estuaries is based on theetu understanding of wood

in streams and rivers as critical components ofityjyavenile salmon foraging
habitat that creates cover, produces beneficialdigdical changes, and increases
prey resources. The importance of LWD in rivesystems has been
documented, but only a few studies have targetedese environments.

This project offered a unique opportunity to addresyent habitat recovery
guestions associated with LWD in estuarine habitats

Project Description
Effectiveness monitoring of LWD placed in South&jb’s upper estuary was
designed to accomplish the following:

= Determine presence/absence and behavior of juvealileonids (i.e., coho
and cutthroat trout) in and around LWD using undeenr videography
and acoustic tagging methods (a late additioné@tbject);

= Monitor abundance and species composition of jugesalmonids in tidal
creeks with (and without) LWD using fyke nets;

= Monitor fish use of other subtidal habitats witrable seines;
= Track changes in invertebrate abundance and cotigpusi
= Detect wood movement with sub-meter GPS tracking;

= Record changes in channel profile around LWD wéhaded elevation
surveys; and,

= Track water temperature and flow in locations reat away from LWD.

Large woody debris was placed in 29 locations intB&lough’s upper estuary.
The effectiveness monitoring project focused orsiles, six pairs based on
configuration and location (see Figures 1-7).
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Figure 1. Location of the South Slough estuaryt®&lough National Estuarine Research
Reserve, the upper South Slough estuary, LWD plkateaneas and the project “Wood Zone”.
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Figure 2. Location LWD monitoring sites in the jec



The main questions addressed were the following:

1) Are there higher densities of fish near LWD compasgth habitats

lacking LWD?

2) Does placing LWD at the mouths of tidal creeks t@@astaging area for
fish to hold before foraging up tributary tidal eks during flood or ebb

tide?

3) Is the presence of LWD increasing fish prey reses(Pc

4) Does the presence of LWD change the percentagshofi$ing the tidal

creeks over time?

5) Does placing LWD in tidal channels create changehannel
morphology (i.e., scour pools) which are associatithl increased habitat
guality for juvenile salmonids?

6) What significant changes in temperature or watawx thccurs with the

placement of LWD?

7) Does the LWD move?

2. Number of volunteers who participated in thejgub

Wood Project Volunteers

Work Accomplished

Approximate Hours
Worked

invert sample processing/analysis,

Shannon Miller fish seining 40
invert sample processing/analysis,

Morgan Bell fish seining, GPS wood locations 120

Melanie Haggard fish seining 20

Chris Zilka fish seining 45

Oregon Youth Conservation Corps fish seining 42

SSNERR Restoration Advisory

Group project planning 90
GPS wood locations, invert sample

Nick Wilsman collection 10
invert sample collection, fish seining,

Beth Tanner GPS wood locations 20

Pam Archer Topo surveys 10

Total 397




3. List of other participants who assisted inphgect

Wood Project Participants

Work Accomplished

Ayesha Gray (Cramer Fish Sciences-
formerly with SSNERR)

project coordinator, invert sample collection,
processing/analysis, estuarine wetland fish monitoring-
seining, GPS wood locations (until 12/06)

Shannon Miller (as CoosWA employee)

invert sample collection, processing/analysis, fish seining

Morgan Bell (as CoosWA employee)

invert sample collection, processing/analysis, GPS wood
locations

Stan van de Wetering- Siletz Tribes

Winchester Creek fish monitoring- videography

Ryan French- Siletz Tribes

Winchester Creek fish monitoring- videography

Michele Koehler- ABR Inc.

estuarine wetland fish monitoring- seining

Jenna Lemke- ABR Inc.

estuarine wetland fish monitoring- seining

Adam Harris- ABR Inc.

estuarine wetland fish monitoring- seining

Russ Faux- Watershed Sciences Inc.

data processing

German Whitley- Watershed Sciences Inc.

data processing

Mischa Hey- Watershed Sciences Inc.

RTK GPS data acquisition and data processing

David Alley- Watershed Sciences Inc.

RTK GPS data acquisition

Rochelle Buchser- Watershed Sciences Inc.

RTK GPS data acquisition

Ben Eilers- Watershed Sciences Inc.

RTK GPS data acquisition

Maggie Kirby (Shorebank Enterprises-
formerly with CoosWA)

project grant administration

Jon Souder- CoosWA

project grant administration

Aimee Peters- CoosWA

project grant administration

Bruce Miller- ODFW

acoustic tag receiver deployment, tag surgery and data
analysis

Craig Cornu- SSNERR

project coordinator, GPS wood locations, acoustic tag receiver
deployment, tag surgery and data analysis, report compilation
and writing

Alicia Helms- SSNERR

acoustic tag receiver deployment, and tag surgery

Adam Demarzo- SSNERR

acoustic tag receiver deployment, and tag surgery

4. Materials and Methods

This OWEB-supported projedEffectiveness Monitoring for LWD Placement in South
Slough Tidal Wetlandsvas implemented as six related tasks includihngu&enile

salmonid use/behavior near LWP) Determining the use of LWD by juvenile salnasi
using acoustic tagging methods;_3) Fish use mangmf estuarine marshes associated

with LWD; 4) Benthic invertebrate abundance and compositiavood and no-wood
habitats; 5) Channel morphological change in “Wdode”, and 6) LWD movement.

Tasks underlined were completed by project cordractReports completed by project
contractors are appended to this final report aadeffered to in the report narrative,
which does not include all the information contaime those reports.

This report is organized by task, presenting tBk taethods first and task results second.



Juvenile Salmonid Use/Behavior Near LWD

In spring of 2005 and 2006, fish biologists frore tbonfederated Tribes of the
Siletz Indians were contracted to monitor juveséémonid presence and
behavior near LWD structures in the project woodezoThe goal of the
monitoring effort was to examine age-1+ coho useWD habitats within the
Winchester Creek tidal channel and across tiddesycFish abundance and
behavior was monitored with underwater videografatue to difficulty sampling
LWD areas with traditional methods). Years 2005 2006 were defined as the
target work period. The project team defined Apsilthe study season based on
peak catch abundance at the ODFW rotary screwotnafyinchester Creek. The
behavioral patterns of interest were those hypathddy the team, in relation to
the large wood structures that had been added negster Creek channel in
2004.

Methods Summary

Traditional fisheries sampling equipment, sucheasesand fyke nets, are of
limited use around complex structures (LWD) in kiglavironments, thus we used
underwater videography to enumerate fish and tbatlavior. Additionally, we
used traditional beach seine techniques to dewlogder study zone density
estimates that could be used for comparison ofdneera counting results.

2005

In 2005, we focused on sampling fish presence at@wiD. Using a grid cell
type sampling design approach, we defined eachetis;stream habitat cell
with a visual estimate of stream attributes (exglocity) and assigned the cell as
Good Intermediate or Poor habitat. We based our classificationGifod,
IntermediateandPoor habitats on past research describing juvenile cainuse

of LWD structures in estuarine habitats. Camerasewperated in selected cells;
the approach was not completely random. We evaduabundance data to
determine if fish preferentially choose optimal&wodhabitats over sub-optimal
or Poor habitats htermediatevas also defined), thus estimating a preference fo
LWD habitats. Data were pooled for three mainsaea one tributary mouth

site. In habitats without LWD, seine sampling wasd to estimate overall study
zone fish densities.

With prior underwater videography projects, werastied fish densities by
habitat type for a constant period of time (REF}penmon means of reporting
fish habitat associations. Fish encounters wengdd during our sampling, so
data are presented as fish per camera per minatiow for appropriate
comparisons. Values were generally of hundredthbausandths of fish per
camera per minute. For example, if 24 camerasdw@i20 minute period
recorded 2 fish, the estimate would be 2 fish ¢&dheras / 20 minutes, or 0.004
fish/camera/minute.



Analysis

In 2005, we analyzed the video to obtain a weiglateztage of fish per minute
per camera for each 20-minute period throughoutitia cycle. For each
camera, we summarized the number of fish for a #listm sampling period and
averaged across number of cameras operating vatbite and habitat type.
These averages were weighted by the number of BOtenrecording periods at
each site. The variance of the average was estthusing a bootstrap resampling
approach which assumes the variance in the popualaiequivalent to the
variance in the sample (Manly 1997), and resamgéad to get an estimate of the
sample variance. We selected 1000 samples witbaime number of
observations as in the original dataset. The b9 .5 percentiles of the 1000
estimates for each habitat and time period werenals the 95% confidence
interval for the calculated average.

2006

In 2006, we refined our approach based on the gpoalllation size and results
for 2005. We defined habitat polygons rather tGamod, IntermediatandPoor
LWD habitats. The base of the LWD polygon was i as that habitat (i.e.,
current direction, velocity, and depth) surrounding LWD structures — similar
to 2005. The polygons were then expanded in sizaking the inner channel
polygon boundary to the opposite edge of the thgdwkhe polygons were also
expanded upstream and downstream to account faonehbed morphology that
could influence fish migration patterns (pools &ags). Cameras were placed
along the upper and lower sides of the polygond,umed to enumerate fish
moving upstream and downstream across the tidé& cyeish observation
numbers were analyzed fBolygon Retention. Polygon retentiatas defined as
the sum of fish moving into and out of the polydona given time interval,
across the tidal cycle. This method allows foreans to examine whether the
LWD structures attract or hold fish during specpiriods across a tidal cycle.
The approach allowed us to determine if fish “haldL WD polygons, and
evaluate what LWD polygon habitats may offer, inrte of depth, velocity, prey
availability, etc., during specific periods of tim&he Confederated Tribes of
Siletz Indians (CTSI) has used this approach ie#stuaries with useful results.

Methods 2005

LWD Sampling for Fish Presence and Activity Patsern

During spring 2005, the sampling was directed atdbking age-1+ behavior
around five unique LWD structures (Figure 3) placethe Winchester Creek
tidal channel, and at the mouths of Dalton and Bo@reeks. Underwater
cameras were placed on stationary poles and alléevestord fish movement.
Recording began during the initiation of the mognilood tide, and continued
through the completion of the afternoon ebb tiBaily tidal cycle camera
recording times averaged nine hours. Placementofidual cameras was based
on a stratified design. A grid was developed imaadte for each LWD structure




site. The grid covered the wood structure itself the habitat immediately
associated with the structure. The outer edgéseofirid were visually defined

by flow patterns. The outermost portion of thelgmas that portion of the habitat
where the influence of the LWD structure on tidairent patterns was not
detectable, as defined by visual observation. tdecells were classified using
multiple metrics, including total depth of watedwnn, depth of camera
placement, tidal velocity, flow direction (ebb ¥i®od), and location of pole
relative to LWD structure (down-flow vs. up-flowHabitat cells were then
recorded as&soo0d Intermediate or Poor (Figure 4). Good Intermediate and

Poor classifications were based on the author’s pasiareh examining preferred
LWD microhabitats within estuarine environments BRE Goodhabitat can be
summarized as: 1) cells where velocity has beemcestiby the structure, but not
eliminated; 2) cells where flow pattern has bedfieshrelative to the thalweg; 3)
cells where eddy currents are present; and, 4 wéiere cover is provided within
a minimum distance of one metd?oor habitat was defined as cells with higher
or no velocity, and a uniform or no flow pattefAoles with four cameras were
stratified across habitat-type cells as the tidedked and ebbed (Figures 5 and 6).
Cameras were distributed evenly along poles wiistance of 0.6 m between
lenses. Each camera recorded an image basedooncaldield of view. Camera
view fields were established to eliminate doublifigmages. Cameras recorded
images for 20 minutes. For those sites in Winavesmtd Tom’s creeks, cameras
were relocated every 30 minutes to new habitas ¢elbllow for a stratified
sampling approach to occur across the full tidaley The sampling at Dalton
Creek mouth (Figure 7) involved all camera stati@maining constant, based on
initial stratification (see full tidal cycle assessnt above), across time. VHS
video was used as the recording media for all sites
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Figure 3. The 2005 LWD study sites examined forati@mn activity. Note, black cartoon logs are
mainstem lower, middle and upper Winchester Créek;dblue are Dalton Creek mouth site; red
are Tom’s Creek; and, orange are historic LWD. Bground map is contour topography
developed from the 2007 grid file created by WditedsSciences, Inc.
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Figure 4. Example of typical flow path pattern@and LWD positioned along a tidal channel
bank. Plus (+) and minus (-) signs describe Goond Roor habitat classifications relative to flow
paths and potential current velocities. The bloetipn of the cartoon figure represents the
submerged portion of the tree under tidal flows@mparison to the remainder which does not
interact with the stream.

Figure 5. Photos show partial camera setup for LWIpper 2005 (A), Middle 2005 (B) and Lower 2005
©)



Figure 7. Photos showing partial camera setupDatton Creek Mouth wood structure.

Sampling for Fish Migration Into and Out of Dalt@teek Salt Marsh

During spring 2005, we also sampled in Dalton Crigsdd channel approximately
six meters upstream of the mouth. Our objective twadefine migration patterns
into and out of Dalton Creek in association with thwD located at the mouth.
We placed four cameras in the tidal channel wityka net made of 0.635
centimeters (0.25 in.) mesh netting (Figure 8).




Figure 8. Photo showing fyke net and camera sedtupouth of Dalton Creek.

Methods 2006

Sampling for Wood Polygon Fish Retention in WintdreSreek Tidal Channel
During spring 2006, we directed sampling at desugilage-1+ migration patterns
within habitat polygons. These polygons includee¢ LWD placements in the
Winchester Creek tidal channel (Figure 9). We e polygons for each
LWD site. The base of the wood polygon was defiagthat habitat (i.e., current
direction, velocity, and depth) surrounding the L\WHat was influenced by the
wood structure. The polygons extended to the appedge of the Winchester
Creek thalweg. The polygons also extended upsteeahdownstream to include
channel bed morphology with potential to influefisé migration patterns (e.g.,
pools and bars). We placed cameras in transemtg #the upper and lower sides
of the polygons, and enumerated fish moving upstraad downstream across
the tidal cycle (see arrows in Figure 9). Thremem poles holding four cameras
each were placed equal distance across the upstiedwoownstream ends of the
polygon (Figure 10).
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Figure 10. Top photo shows cameras at upper treinfee the lower wood structure polygon year
2006. Lower photo shows cameras at lower transect.

Sampling Context 2005 and 2006

Defining Fish Distribution Using Seining

We sampled fish in Winchester Creek with a 15.254xmeter seine with 0.635
cm mesh netting during the low slack portion of tide the day after camera
observations were completed. We completed fiveessets across the study
reach each year of the study. The study reactB®&%asn in length, and
encompassed six LWD complexes/structures. We dpiheaseine parallel to the
channel, and pulled across the channel to starmacditch per unit effort (CPUE)
at each site. We sampled three pools and twogjatlewing for a bias toward
overestimation of the total standing stock. Adhfiwere identified to species, and
salmonids were aged but not measured for lengtin.thlé purposes of this report,
we present all CPUE data as fish per square méteahitat to be comparable
with other studies.



Camera Sampling Conditions

We present depth, velocity and migration data iglish units (feet) because we
find our regional audience understands these mnsdigst when presented these
units. We recorded tidal height changes, wateptature, salinity, and current
velocity values during the sampling period. Tibdelght changes were measured
hourly or more often by using a measuring sticlused in the tidal channel.
Temperature and salinity samples were typicallgtaséne hour prior to the
beginning of filming (morning low slack), twice dag the flood tide, at high
slack, twice during the ebb tide, and at the teatiom of the filming period
(afternoon low slack). Water temperatures weresmes with a hand held
thermometer at the surface only. Water samples w@iected by syringe at the
top and the bottom of the water column; salinitiuea were estimated using a
hand-held refractometer. During the two day halogdl classification period,
current velocity was measured using a Rickly AAdtrent meter and an Aqua
Calc velocity recorder. During the videography pang period, velocity
measurements were estimated with plankton drifteasdbmerged meter stick by
camera. Drift speeds were measured against destarzalculate velocities per
time interval.

General Video Review

In the laboratory, we analyzed video to enumeliatednd evaluate behavior. For
2005, we recorded fish migration and behavior f@0aninute period nested
within each 30-minute interval throughout the dgititidal cycle. (Cameras
were transferred among stations during the addititen minute period.)
However, at the Dalton Creek mouth site 30-minaterivals were recorded. In
2005, sampling for an equal ratio of habitat cghets was not possible due to the
habitat available across the full tidal cycle.2D06, we recorded video fish
migration and behavior for each 30-minute intethabughout the full tidal cycle
measured. We analyzed data for fish presencestidineof movement, and
behavior.

Citations
Manly, B. F. J. 1997. Randomization, Bootstrap Elahte Carlo Methods in
Biology, Chapman and Hall.



Determining the Use of LWD by Juvenile Salmonids usg Acoustic Tagging
Methods

As an augmentation to the complex LWD samplindfir presence/activity
patterns in Winchester Creek, a total of 25 ju\eniltthroat trout (average fork
length: 158 mm; max/min: 254/134 mm) were surgjcalltfitted with OWEB-
purchased Vemco acoustic transmitters (V7-4L-R64bKed pingers) and
released into Winchester Creek. We released fishaseparate locations and
times. At release location 1 (see Figure 11),mwelanted 20 tags and released
fish between April 10 and May 9, 2007. At relebmmtion 2 (see Figure 9), we
implanted five tags and released fish on May 30,720Twelve Vemco receivers,
purchased by the SSNERR as part of a 2001-03 OWipBested fish monitoring
project (grant #200-032) were placed on March 8007 in locations with and
without LWD in Winchester Creek, including the praj “wood zone” as well as
other key locations (i.e., lower Anderson CreeklpGox beaver dam; Danger
Point; Crown Point; and, Charleston Bridge) to detish presence (see Figure
9). Project was developed and implemented in pestip with Bruce Miller
(ODFW).

Upper South Slough Lower South Slough
Acoustic Tag Reciever Locations Acoustic Tag Reciever Locations

Deployed 3/6-7/07 Deployed 3/6-7/07

4l #1973 Danger Pt-Ecatone Exit Site

Project Wood Zone

#1975 Wood below Tom's

3 2 R #5221 Cox Beaver Pand
#3225 Anderson Road Wood Site

o

#1972 Anderson Cr. Hole
O
(o} Fizh Release Site 1

Figure 11- Acoustic tag receivers in uppertjlehd lower (right) South Slough.



Table 1. Wood- no wood sampling status of the @eanoustic receivers:

Code Location Status
1974 Above juvenile trap Wood
1972 Anderson Cr Reach Wood
3225 Anderson Road Wood
1889 Fredrickson Reach No Wood
3224 Cox Beaver Dam No Wood
1971 Cox Natural Wood Reach Wood (natural)
1890 Hinch Bridge No Wood
1892 Dalton Cr Reach Wood
1975 Tom's Cr Reach Wood
1973 Danger Point No Wood
1974B Crown Point NA

1976 Charleston Bridge NA

The bulk of the fish presence data from the acoustieivers were downloaded
May 25, 2007, and between August 22 and Augus2G07.

To analyze the data for fish presence in wood @svood reaches in Winchester
Creek, percent detections of each fishes' totalatieins was established for each
receiver. Percent detections at each receivedgth@mnumber of each fishes'
detections at a receiver divided by the total dedas for each fish at all
receivers. For the wood vs. no-wood comparisaeetiivood sites were selected:
1) Cox natural wood; 2) Dalton; and 3) Tom's. Atiolee no-wood sites were
selected: 1) Fredrickson; 2) Hinch Bridge; andDa@pger Point. The receivers
located in other wood/no-wood reaches either matfaned (no or limited data
recorded), or were not applicable to this maindtieial channel comparison
because they were not located in Winchester Créék. fish included in the
wood/no-wood analysis were those that were detdntexhy receiver 200 times
or more.

Fish Use Monitoring of Estuarine Marshes Associatedith LWD

Within the Winchester Creek study area, electrafigipasses were performed
within a single reach of Dalton and Tom'’s creekbilevbeach seining was
performed within two adjacent reaches of WincheGterek. Beach-seined
reaches were located between the confluences tdrbahd Tom’s creeks with
Winchester Creek. Electrofishing and beach seangpéing occurred on two
consecutive days in each of five sampling perida(uary-June 2005 and 2006;
Table 2).

In each of the reaches where electrofishing wapeed, block nets were set up
at the downstream and upstream end of the reaamgduigh tide to prevent fish
from leaving or entering the study area. Beforeltw slack tide, when the



channel had sufficiently dewatered, a two-pass k&ingurvey was performed
with electrofishing equipment (Smith Root Model 1BR:ctrofisher) to estimate
abundance of each species occurring within theeyea reaches.

If salmonids were encountered, a second pass wakicted to ensure complete
recovery. After each pass, captured fish were tmbiand length (fork length for
salmonids and total length for other species; mha teast 25 individuals of
each species was measured. After measurementdakere counts of the
remaining fish by species were recorded. In aolditihe weights of all coho
salmon were measured and recorded. After beingepeed, all fish were
released downstream with the exception of a subkaofigoho salmon and
staghorn sculpin. When present, five coho andhstagsculpin from each site
were euthanized in MS222 and preserved for futtmeach content and otolith
analysis.

Table 2. Study reaches within the Winchester Crégdlands Restoration Area sampled in 2006.

Study Reach Treatment Type Sampling Sampling Periods
Method

Dalton Creek Treatment with  Electrofishing February-June
placed LWD

Tom's Creek Control without  Electrofishing February-June
placed LWD

Winchester Creek-Upstream NA Beach Seine Feprliame

Winchester Creek-Downstream NA Beach Seine Fepriune

Winchester Creek was sampled by beach seine inpieeam direction starting
at the furthest downstream reach. During theahg#gampling period, substantial
difficulty in moving the seine against the flow weperienced likely allowing
fish to avoid capture. During subsequent samggods, seining occurred in
the downstream direction moving with the flow atart®d at the furthest
upstream reach. Fish were brought to shore adier eeach was seined and
processed as described above.

Invertebrate Abundance and Composition Monitoring h Wood and No-
Wood Habitats

Following the Estuarine Habitat Assessment Prot{(whenstackt al. 1991),
benthic invertebrates were sampled from 9 pairex$ $with LWD placement and
without) (Figure 12). One site (circled in red)saexcluded from the analysis
because LWD was pre-existing to placement dueiscstidy.
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Figure 12. Map of invertebrate sampling locationsd circle indicates site excluded from
analysis, see below).

Samples were taken at random from dewatered maditathannel sediments
using a 2.5-cm diameter aluminum corer. Cores \aen to a depth of 5 cm for
a volume of 160.8 cfh A pilot study was conducted in January 2005 to
determine the appropriate number of samples negessaapture the majority of
the variation in invertebrate communities. We fouo new species were added
after the sixth sample in “no wood” (NW) sites dhd seventh sample in sites
with LWD. A replicate size of seven samples wasseim based on these
analyses. Exact sampling location was randomizédmithe site (LWD/NW)
boundaries using a random number table and 4 X @fian Sites were sampled
in early May 2005, September 2005 and May 2006ndes were retained in
labeled sample jars and were fixed in the fielchwitl0% solution of buffered
formalin. In the laboratory, sample contents weashed through a 0.5 mm sieve
to remove fine particulates and retain macrofausamples were then transferred
to water or isopropanol (depending on length ottumtil identification), and



stained with Rose Bengal. Using a light dissectiogpe, all organisms were
counted and identified to the finest taxonomic hetson possible without
dissection, generally family or species identificatfor most common estuarine
invertebrates. Total density was determined asitimeber of invertebrates per
core volume and taxonomic richness was measurétedstal number of
taxonomic groups (separating life stages). Datewtored in a Microsoft
Access database and Analysis of Variance (ANOVAistavere performed in the
statistical program, R (http://www.r-project.orgrgion 2.4.1). Total density and
taxonomic richness was compared between 8 paitesl ssing a multi-factor
ANOVA with site, year and wood/no wood as factov§e excluded one site with
existing buried wood at time of sampling, not pthes part of project; the site
was sampled to provide a possible comparison tabéshed conditions.
Community analyses were conducted using multivasédtistics: nonmetric
multidimensional scaling (NMDS), analysis of simitg (ANOSIM), and
similarity percentage analysis (SIMPER) using PRRM&O (Clarke and Gorley
2006). We log-transformed densities for multivegianalyses and discounted
taxonomic groups accounting for less than 5% ofsamgple. NMDS graphically
plotted differences in invertebrate assemblagesdmation space (axes with no
scale) based on the Bray-Curtis similarity matidNOSIM statistically tested for
significant differences among groupings delivergdiz NMDS with a p-value
(similar to ANOVA) of < 0.05 to determine significee. An R value, scaled
between -1 and +1, is also reported with O reptesgno difference and the
closer the value is to 1 the greater the biologioglortance of the differences.
SIMPER analysis was used to determine which taxéngnoups were primarily
responsible for the observed ANOSIM differences.

Citations
Clarke, K.R., and Gorley, R.N., 2006, PRIMER v6:dg6SManual/Tutorial
PRIMER-E: Plymouth, England.

Simenstad, C. A., C.T. Tanner, R.M. Thom, and ICbnquest. 1991. Estuarine
Habitat Assessment Protocol. Page 201. U.S. Enviemtal Protection Agency,
Region 10, Seattle.

Channel morphological change in “Wood Zone”

A team of surveyors from Watershed Sciences, Isedyprofessional-grade RTK
(real-time kinematic) GPS survey equipment to deilee elevation changes in
channel profiles in the Winchester Creek projeathes between Hinch Bridge
and the northern most wood placement above ToneéslkCacross from Kunz
Marsh (“wood zone”). Surveys were conducted in s ®m2006 and fall 2007.

2005 LiDAR Collection

Watershed Sciences, Inc. (WS) collected Light Dieirand Ranging (LIDAR)
data of the SSNERR on September 6, 2005 as parseparate project. Near

Infrared (NIR) imagery was collected coincidentligmthe LIDAR. The survey



area encompassed the area between Coos Bay inrtheand the confluence of
Winchester Creek and the South Slough at the soudtge of the study area.
RTK survey data were integrated into the LIDAR datastablish a seamless
digital elevation model (DEM) of the project wooare.

RTK Survey 2006

On July 27-28, 2006, WS performed an RTK transectesy on the wood zone of
Winchester Creek in the SSNERR to be integrated thi¢ LIDAR data. The
survey covered a 620 m length of stream from thechiRoad bridge north to the
LWD placement above Tom’s Creek (Figure 13).

Using RTK, the bathymetric surface was measurel gribss-sections at
approximately 15.25 meter (50 foot) intervals aldimg wetted stream channel.
Data were collected for 54 main channel transaus3® side channel transects.
Five supplemental transects were collected by reBees at the SSNERR using
traditional survey methods in the area of the Gi&ad zone’ (Figure 2). Once
bathymetric surfaces were modeled, the terredtiidAR was then merged,
resulting in a seamless, comprehensive elevatitans#d for all surfaces.

RTK Survey 2007

On August 27-September 1, 2007, WS performed avellp RTK survey of
Winchester Creek in order to perform a change tieteanalysis. The survey
covered the same 620 m length of stream from tinelHRoad bridge north to the
LWD placement above Tom’s Creek.

Every effort was made to make measurements alagxhct same transects used
during the 2006 study. The 2006 transects werEdaocby entering the bank
coordinates into the GPS, and then navigating tbflagging the start of each
transect.

As with the 2006 measurements, RTK was not possideme areas of the
stream due to canopy masking of the RTK receiVdre 2006 RTK survey was
supplemented in these areas by additional cros®satdata collected by
researchers at the SSNERR using traditional sueahniques.

GPS-based RTK Methods

A dual frequency DGPS base station collected s@HS& data at 1-second epochs
(1 Hz) for over 4-hours to compute a survey conpaht. The control was
established in a location that had good visibiiilyGPS satellites and was
proximate to the ‘wood zone’ of Winchester Cree&i{E 1).



Figure 13 — Extent and location of the 2006 and2BJK transects plotted over the LIDAR DEM
hillshade. The five transects in the ‘dead zonereacollected by traditional survey methods.



Table 3 — Control point location near Winchestee€k.
NAD83 NAVDSS8

Latitude (North) Longitude (West) Elevation (m)

43°16’ 33.69 -124°19’' 08.315 2.342

The same survey control monument was used forthet2006 and 2007
measurements. The control coordinates were comfotdoth years using the
OPUS (Online Position User System) solution proditdg the National Geodetic
Survey. A comparison of the orthometric heightsrfrthe two solutions showed
a difference of 0.4 cm.

Channel Cross Section Measurements

The hardware configuration consisted of a DGPS btd®n, a GPS Rover Unit,
and a radio link (Figure 14). The rover unit reesiveal-time position corrections
from the fast static base station allowing effitieallection of hundreds of points
(RMSE of <2.0 cm). The survey was conducted bintakoints at cross sections
perpendicular to the stream aspect. Points w&enthy leveling the rover unit
and recording individual points at even spacings&the channel. The rover staff
was modified with a flat base so that it would sioik into the soft mud of the
channel bottom (Figure 15).

Figure 14 - DGPS Base Station, Radio Link, and @R@r used for data collection in the South
Slough.



At some locations, the rover did not have suffitisatellite coverage to compute
an accurate solution or a radio link could not salelished between the base
station and the rover. In these areas, the sumesy moved along the channel
until a GPS solution could be calculated. This iteslin some inconsistencies
between the spacing of channel cross sectiongs iFh limitation of a GPS RTK
survey in areas with significant vegetation ordarmasking.

High tide hours were avoided since some areaseo$ttieam became too deep to
wade with the RTK pole (Figure 16). The RTK sureeysisted of 54 main-
channel transects, 35 side-channel transects, laasveontrol points and check
points, totaling 2015 point locations with elevatidata.

Figure 15 — The foot of the 2-meter RTK pool wadifreal with a flat base to prevent the tip from
sinking into the channel mud.



Figure 16 — Wading Winchester Creek with the GP%R(RTK pole). Lower tides were
required to wade some sections of the study area.

Change Detection

Once the digital elevation models (DEMs) for th@®@2007 dates were created,
it was possible to compare the resulting bathymmtogels. A quantitative
change detection analysis was done by subtradtem@EMs. Because the two
surveys did not cover exactly the same locatidres,TiN (Triangulated Irregular
Network) for each survey was clipped to only thertapping areas, so as not to
detect false change. The channel could have dhiftthose areas, but that
change cannot be adequately quantified by thealates.

Additional Information

Additional information concerning ellipsoid to gdalevation correction
methods, determining LIDAR ground model accuracgthuds for the
supplemental transects, and bathymetric interpoiadre included in the
Watershed Sciences report entitl2d07 RTK Data Collection and LIiDAR
Integration, South Slough Estuarine Reserve,(®&ember 5, 2007), submitted
with this final report.



LWD Movement

We tracked movement of the LWD by tagging with abd&iminum tags, and
geo-locating with a Trimble GPS unit with sub-metecuracy. Multiple tags
were nailed into the extremes of each LWD piecet(vead and tree top) in the
project “wood zone”. During various stages of tidal cycle, LWD has the
potential to shift position and/or roll, so mulepiag placement helps ensure
consistent identification over time. The extreraésach LWD piece were
located spatially using the Trimble DGPS, and gatiats were mapped using
ESRI ArcGIS software (Version 9.2). We located L\&Bd mapped positions in
September 2004, June 2005, May 2006, October 20@bJanuary 2007. [Note:
A condition of the project permit requires WinclexsCreek to remain open for
canoe and kayak use. Two LWD pieces were stakpthoe (at the mouth of
Dalton Creek), and eight other pieces were loosthered to established trees on
the banks to limit the distance LWD tops could gyimto the waterway.]

4. Results

Juvenile Salmonid Use/Behavior Near LWD

Results Summary

2005

The seine sampling showed that very few fish weeglable during the study period.
The camera results were similar to the seine detfaait few fish were encountered.
These low fish counts eliminated our ability to ewae fish behavior (i.e., swimming and
feeding patterns, etc.) around LWD. We observedds suggesting that juvenile fish
preferredGood LWD habitat oveilPoor andintermediatehabitat, but the results were not
statistically significant.

2006

Fish numbers were low again during the 2006 sarggariod. Wood polygon fish
observations were relatively high with respectuailable fish densities. We recorded
631 observations relative to a study zone populagiimate of 21 age-1+ salmonids.
However, overall the observation numbers were loough that error values were too
great to make for conclusive analyses. We fougdiitant retention late in the tidal
cycle (ebb) in the lower polygon and no retentiomhie middle and upper polygons. We
suggest the broader habitat characteristics oftildy zone were the likely drivers
resulting in low or no retention values in the thpwlygons. We suggest these broader
habitat characteristics were dominated by chanmephologies which in turn were
driven by historic diking and historic wood presendVe also suggest that although the
initial morphology data shows limited shifts in dm&l bed form associated with the new
wood, that over time shifts will occur and we prtdbased on results from other
estuaries, juvenile fish will react to those shifith increased retention in wood habitats.



Results 2005

2005 Video Analysis for Fish Activity Across Wobtd&ure Grids

No age-1+ salmonids were observed during theifidl tycle. Very few age-0+
salmonids were observed. Table 1 shows the meaf-agalmonid count per minute

per camera by habitat type. There were positieegafor seven of the time intervals (all

habitats) across the four sites. Thaodhabitat resulted in the greatest number (5) of

observations. Of those, one value was in the isheper hundred minute range, and four
values were in the one fish per thousand minutgeahe error associated with the age-
0+ results was great enough that no significarf)(05) differences were found between

habitat types.

Table 4. Year 2005 age-0+ salmonid observatiomsypaute per camera across the
complete tidal cycle for Good, Intermediate, an@Pleabitat types, for Winchester and
Tom's creek sites. Non-zero values highlightegeitow. The 2.5 and 97.5 percentiles
are labeled as P2.75 and P97.5. n = sample size.

Time Good Intermediate Poor

Interval | Habitat | P2.75 | P97.5 | n | Habitat P2.75 | P97.5 | n | Habitat| P2.75| P97.5| n
30 0.000f 0.000 0.00p P 0.000 0.000 0.000
60 0.000f 0.000 0.00p # 0.000 0.000 0.000
90 0.000/ 0.000 0.000 11 00.000 | 0.000 | 2 0.000| 0.000 0.000 §
120 0.000/ 0.000 0.000 12 00.000 | 0.000 | 2 0.000| 0.000 0.000 8
150 0.000/ 0.000 0.000 13 00.000 | 0.000 | 2 0.000| 0.000 0.000 $)
180 0.000/ 0.000 0.000 18 00.000 | 0.000 | 2 0.000|{ 0.000 0.000 11
210 0.000/ 0.000 0.000 22 00.000 | 0.000 | 2 0.000|{ 0.000 0.000 1B
240 0.000/ 0.000 0.000 22 00.000 | 0.000 | 2 0.000|{ 0.000 0.000 1B
270 0.000/ 0.000 0.000 22 00.000 | 0.000 | 2 0.000|{ 0.000 0.000 1B
300 0.000/ 0.000 0.000 1 0.002| 0.000| 0.008| 22 0.000 0.000 0.000 |6
330| 0.002| 0.000| 0.007| 24 0.000 0.000 0.000 16
360| 0.020| 0.000| 0.068| 26 0.000 0.000 0.000 14
390| 0.003| 0.000| 0.010| 32 0.000 0.000 0.000 |8
420| 0.007| 0.000| 0.019| 31 0.000 0.000 0.000 |8
450 0.000/ 0.000 0.000 29 00.000 | 0.000 | 2 0.000{ 0.000 0.000 B
480| 0.003| 0.000| 0.009| 30 0/ 0.000 | 0.000O | 2| 0.006| 0.000| 0.021| 8
510 0.000/ 0.000 0.000 29 00.000 | 0.000 | 2 0.000| 0.000 0.000 B

2005 Wood Structure Sampling for Fish Activityret Mouth of Dalton Creek

Age-1+ and age-0+ salmonid activity occurred thtaug the full tidal cycle (Figure 17).
Three surges in age-0+ activity occurred duringetady flood, early ebb and late ebb

tide.

DN
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Figure 17. Age O+ activity patterns (all statioasd cameras pooled) within the wood structure
at Dalton Mouth. Relative tide elevation showrdashed line.

The age-0+ fish per minute per camera values foséries of time intervals were greater
overall (Table 5) than that observed for the fatessmonitored in Winchester Creek
during the same week (Table 4.). There were pasége-0+ values for 12 of the time
intervals at Dalton Mouth. Five of the ten vali@sGood habitat at the Dalton Creek
Mouth site were in the fish per hundred minute ean@/e examined the Dalton Creek
Mouth results using a two sample t-test. The eassociated with the estimates at Dalton
Creek Mouth was great enough that there were nufisignt differencesd=0.05) within
that site when comparing Good and Poor habitatstyo intermediate habitat types
were measured at the Dalton Creek mouth sitesstétstical comparisons were made
between Dalton’s Mouth and the other four combisiées because the camera sampling
methods were different. (These data were analyzethé average number of fish per
minute per camera. The method of analysis wiésrelint than that used for the three
main wood sites in Winchester Creek described abdVe report the average number of
fish per minute per camera for a given time intebyahabitat type. We did not weight
any cameras based on time in the water becausavamhyere not in the water for two of
the 17 intervals.)



Table 5. Year 2005 Dalton Creek Mouth age 0+ salichobservations per minute per
camera across the complete tidal cycle for Good Radr habitat types. Non-zero
values are highlighted in yellow. n = sample size.

Time
Interval Good Habitat 1 SEM n Poor Habitat 1 SEM n

30 0.000 0.000 60 0.000 0.00(¢ 40

60 0.031 0.027 60 0.000 0.000 40

90 0.019 0.015 60 0.000 0.000 40
120 0.011 0.008 60 0.008 0.008 40
150 0.000 0.000 60 0.000 0.00(¢ 40
180 0.000 0.000 60 0.000 0.00(¢ 40
210 0.003 0.003 60 0.000 0.000 40
240 0.003 0.003 60 0.000 0.000 40
270 0.000 0.000 60 0.000 0.00(¢ 40
300 0.006 0.006 60 0.000 0.000 40
330 0.031 0.025 60 0.000 0.000 40
360 0.006 0.004 60 0.000 0.000 40
390 0.008 0.008 60 0.000 0.000 40
420 0.000 0.000 60 0.0003 0.0003 40
450 0.000 0.000 60 0.000 0.00(¢ 40
480 0.042 0.023 60 0.000 0.000 40
510 0.000 0.000 60 0.000 0.00(¢ 40

For the age 1+ fish at Dalton Mouth three surgesctivity occurred during the early
flood, late flood and early ebb tide (Figure 1I)he age 1+ fish per minute per camera
values for the Dalton Mouth series of time intesvakre greater overall (Table 6.) than
those observed for the four sites monitored in \Waster Creek during the same week
(Table 4.). There were positive age 1+ valuesight of the time intervals (Good and
Poor habitats) at Dalton Mouth. One of the eigiitigs was in the fish-per-hundred-
minute range while the other seven were in thefishthousand-minute range. We
examined the Dalton Creek Mouth results using agaraple t-test. The error associated
with the estimates at Dalton Creek Mouth was geeatugh that there were no significant
differences ¢=0.05) within that site when comparing Good andrRadbitat types.



= N
a0 o
I |

N

\
\
|
1

’

d
4

Raw Camera Counts
H
o
Il

o 6]
|
~
~
- ~
~
~
i .
.
.
.
-~ -

I T
o Q O O 9
® O 4 K M
- N N O
Time Interval

Figure 18. Age 1+ activity patterns (all statioasd cameras pooled) within the wood structure altdra
Mouth. Relative tide elevation shown as dashesl lin

Table 6. Year 2005 Dalton Creek Mouth age 1+ salthobservations per minute per
camera across the complete tidal cycle (30 mimigrvals). n = sample size.

Time
Interval Good Habitat 1 SEM n Poor Habitat 1 SEM n
30 0.000 0.000 60 40
60 0.000 0.000 60| 0.003 0.003 40
90 0.006 0.006 60 | 0.006 0.008 40
120 0.000 0.000 60 40
150 0.000 0.000 60 40
180 0.000 0.000 60 40
210 0.017 0.014 60 40
240 0.006 0.006 60 40
270 0.000 0.000 60 40
300 0.000 0.000 60 40
330 0.003 0.003 60 | 0.003 0.003 40
360 0.003 0.003 60 40
390 0.000 0.000 60 40
420 0.000 0.000 60 40
450 0.000 0.000 60 40
480 0.000 0.000 60 40
510 0.000 0.000 60 40

2005 Dalton Creek Salt Marsh Fish Migration Samglin

We measured one Dalton Creek salt marsh polygofistomigration during April 2005

as an additional product. Our intent was to prexadbetter understanding of movement
between mainstem Winchester Creek, the complex wbtite mouth of Dalton, and the
marsh. The polygon was measured using a singledca of cameras because the marsh
channel was a closed system. Eight hours of wadere recorded. The video was
summarized for movement using 30 minute interv&igty-seven 30 minute samples
were reviewed. No age 1+ fish were observed. @vgésh showed a surge in activity




early in the flood tide and late in the ebb tidgg(fe 12). Movemernnto or out ofwas
similar for the complete cycle. No retention modek applied to these data.
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Figure 19. Age 0+ migration patterns (all statiomsd cameras pooled) for Dalton Salt Marsh channel
2005. Relative tide elevation shown as dashed line

Results 2006

2006 Wood Polygon Fish Retention Raw and Modelsgdteses

Movement of both 1+ and 0+ age salmonids withinlitbe@er Wood Polygon occurred
across the full tidal cycle with the greatest nurstmbserved late in the ebb tide (Figure
20). The inside cameras observed 35 of the 36&chsimted. During the flood tide,
migration into and out of the polygon occurred nhathrough the upper transect
(transect data not shown — refer to into/out of suamy (Figure 21) and transect position
description (Figure 9)). During the ebb tide b imovement occurred through the lower
transect. The surge of migration into the polygoourred late in the ebb tide (Figure
21). The cumulative retention values for the lowend polygon resulted in no
significant shift until the 420 min interval wasmpleted (Figure 22). At that time
immigration was greater than prior outmigration agigntion increased. This retention
resulted from fish migrating against the currembtigh the lower transect and into the
polygon. Fish remained in the polygon at the catigh of the afternoon ebb.
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Figure 20. 2006 Lower Wood Polygon fish migratgatterns relative to camera station position (raw
camera counts used) and tide height (dashed line).
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Figure 21. 2006 Lower Wood Polygon fish migratgaiterns relative to movement into and out of the
polygon (raw camera counts used) and tide heighsiied line).

Raw Camera Counts

Figure 22. Observed cumulative retention and 9%ffidence intervals for age 1+ for the 2006 Lower
Wood polygon. Tide height shown as dashed line.

Fish movement within the Middle Wood polygon oceura few intervals prior to and
after the high slack period (Figure 23). Thedasameras observed 19 of the 24 fish
counted (Figure 23). All movement out of the palggccurred through the lower
transect, just prior to and just after high slagl. movement into the polygon occurred
through the upper transect during the early el (ticansect data not shown refer to
Figure 24). A shift toward retention within thelygon occurred during this early ebb
tide period but the cumulative retention valuesiitesl in non-significance during the full

tidal cycle (Figure 25).
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Figure 23. 2006 Middle Wood Polygon fish migratfatterns relative to camera station position (raw
camera counts used) and tide height (dashed line).
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Figure 24. 2006 Middle Wood Polygon fish migratfatterns relative to movement into and out of the
polygon (raw camera counts used) and tide heighsited line).

Raw Camera Counts

Figure 25. Observed cumulative retention and 9%#fidence intervals for age 1+ salmonids for th®@0
Middle Wood polygon. Tide height shown as dasimed |



Within the Upper Wood Polygon a small amount dfi iisovement occurred during the
early flood and near high slack tide (Figure 2Bach station type observed one of the
three total fish counted. Overall the results wergy similar to those for 2005 in that
very few fish were observed. There was very littievement into our out of the polygon
(Figure 27). The cumulative retention values fa tipper wood polygon resulted in no
significant shifts during the complete tidal cy{fegure 28.).
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Figure 26. 2006 Upper Wood Polygon fish migratgaiterns relative to camera station position (raw
camera counts used) and water elevation.
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Figure 27. 2006 Upper Wood Polygon fish migratgaiterns relative to movement into and out of the
polygon (raw camera counts used) and tide heighsiied line).
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Figure 28. Observed cumulative retention (dotied)land 95% confidence intervals for the 2006 Uppe
Wood Polygon. Tide height shown as dashed line.



2005 Seine Sampling in Winchester Creek at Low Tide

We report only the salmonid catch results as theyspecific to the project goals and the
video results. The mean catch per unit effort (EPfdr age 0+ was 8.4 (1 SEM =5.1).
For age 1+ the mean CPUE was 0.60 (1 SEM = 0.40)e surface area sampled per
seine set during both years was 150 ffhe CPUE data were expanded to account for
surface area sampled. The resultant age 0+ meaitylems 0.056 fish/Mmor less than

six fish per 100 rhof study site habitat. Age 1+ were estimated t6 065 fish/m or

five fish per 1000 th The age 1+ values were lower than those obdénvether
estuaries where the authors have completed simdes examining use of woody
structures by juvenile salmonids. The total halatatilable during seine sampling was
conservatively estimated (using GIS) at 2600 tdsing CPUE derived densities and
available habitat we estimated the low tide popaabf age 0+ for the complete study
reach to be 145. The estimate for the age 1+ ptipnlwas 14. The data were useful in
determining the species seen in the camera obgargatWhen visibility is high (>3.0 ft)
and fish move across the camera screen at slowedspor hold, we can differentiate
between salmonid species. Otherwise we differenfish by size using seine data to
validate size/age classifications. Identifyindhfess salmonids vs perch, stickle back, and
cottids is not an error prone task when reviewiipo.

2006 Seine Sampling in Winchester Creek at Low Tide

The mean CPUE for age 0+ was zero. For age 1m#an CPUE was 1.2 (1SEM =
0.37). The surface area sampled per seine set5@asf. The catch per unit effort data
were expanded to account for surface area samphedresultant age 1+ mean density
was 0.008 (SEM 0.033) fish * for eight age 1+ in every 1000°of habitat. The total
habitat available during seine sampling was coraemly estimated (using GIS) at 2600
m?. Using CPUE derived densities and available hakbie estimated the total
population of age 1+ for the complete study reachet21. These values were much
lower than those observed in other estuaries wiherauthors have completed similar
work examining use of woody structures by juvesaémonids.

Additional Information

Additional information concerning camera sampliogditions, specifics of the behavior
model used to generate the 2006 cumulative retengisults, and general fish behavior
within wood structures, tributary junctions andestktudy reaches is found in the
Confederated Tribes of Siletz Indian's report &ditTidal Fish Migration Patterns In
Winchester Creek- Final Repd&007), submitted with this report

Determining the Use of LWD by Juvenile Salmonids Usg Acoustic Tagging

Methods

Of the 25 fish tagged, three fish were never detebly any receivers. The other 22 fish
were detected by one or more receivers, displayidgly varying patterns of movement-
mainly moving against the tidal currents, and ifeast one case, moving great distances.




In the wood/no-wood analysis based on 15 fish el@tbécted a minimum of 200 times
combined for all sites (maximum detections was @ for an individual fish, (Table 7)
most average percent fish detections were recatitee Cox natural wood site (30.5%)
and at the Fredrickson no-wood site (27.0%). The highest average percent
detections were at the Dalton and Tom’s wood $18s3% and 12.5%, respectively).
The lowest average percent detections were at Henickye and Danger Point no-wood
sites (10.4% and 1.2%, respectively). Overall avepycent detections of fish with
>200 detections at all wood sites was 20.5% (Tapléo®fish with >200 detections at all
no-wood sites it was 12.9%. Overall average perdetgctions of fish with >1000
detections at all wood sites was 25.2% (Table 9)fi$t with >1000 detections at all no-
wood sites it was 9.5%.

The data were also analyzed using the six fish éibplayed the most residence time in
the upper South Slough estuary (each with 1,000@e detections). These fish were
detected an average of 25.2% of the time at woed aid 8.1% at no-wood sites. (Table
8)

Table 7. Average Percent Detections for Each Red8Ek = Standard Error)

Wood Reaches n
Cox (SE) Dalton (SE) Tom's (SE)
>200 Detections 30.48 (8.69) 18.33 (7.31) 12.54 (6.61) 15
>1000 Detections 47.88 (13.19) 19.23 (12.57) 8.44 (4.29) 6
No-Wood Reaches n
Fredrickson (SE) Hinch (SE) Danger (SE)
>200 Detections 27.01 (9.20) 10.43 (5.35) 1.15 (0.66) 15
>1000 Detections 18.28 (8.21) 5.43 (3.36) 0.72 (0.33) 6

These 6 fish were further analyzed based on tledawior determined by movement
between sites. Four of the six fish exhibited figelo one or two sites- we called these
fish “stayers”. The other two fish moved frequgritbm site to site- we called these fish
“movers”. The typical movement patterns for theysts and movers are shown in
Figures 30 and 31.
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Figure 30. Typical pattern of acoustic tag detews for a “stayer” (NW = no wood site; W =
wood site). Each black dot represents one detect{igure courtesy of Bruce Miller, ODFW)
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Figure 31. Typical pattern of acoustic tag detews for a “mover” fish (NW = no wood site; W = wood
site) Each black dot represents one detection.ufieigourtesy of Bruce Miller, ODFW)



Of the four “stayer” fish, most average percert filetections were recorded in the Cox
wood reach (63.6%)(Table 8). The highest percetdation in the no-wood reaches was
16.4% in the Fredrickson reach. Of the 2 “moveshfimost average percent fish
detections for "stayers" were recorded in the Deytood reach (43.0%). The next
highest detection was in the Fredrickson no-woagdheg22.0%). Overall average
percent detections of “stayer” fish at all woodsitvas 25.9% (Table 9). For “stayers” at
all no-wood sites, the average percent detectiasb%. Overall average percent
detections of “mover” fish at all wood sites was&38; for “movers” at all no-wood sites
average percent detections was 9.5%.

Table 8 Average Percent Detections for “stayertdamover” fish at each
reach. (SE = Standard Error)

Wood Reaches n
Cox (SE) Dalton (SE) Tom's (SE)
"Stayers” 63.61 (12.01) 7.33 (6.40) 6.66 (6.54) 4
"Movers" 16.42 (15.21) 43.03 (35.71) 12.01 (0.84) 2
No-Wood Reaches n
Fredrickson (SE) Hinch (SE) Danger (SE)
"Stayers" 16.38 (9.61) 5.73 (5.37) 0.29 (0.29) 4
"Movers" 22.07 (20.89) 4.82 (1.38) 1.59 (0.68) 2

Table 9. Average Percent Detections for All Woad¥Mood Reaches. (SE =
Standard Error)

Wood Reaches (SE) No-Wood Reaches (SE) n

>200 Detections 20.45 (4.42) 12.87 (3.83) 45
>1000 Detections 25.18 (7.10) 8.14 (3.31) 18
"Stayers" 25.87 (9.25) 7.47 (3.87) 12
"Movers" 23.82 (11.75) 9.49 (6.74) 6

Of all 25 tagged fish, only one was determined ntiksty to have left the South
Slough estuary (meaning that its last detectedilmtavas at the Charleston
Bridge). Of the fate of all tagged fish is desedhbn Table 10.



Table 10. Fate of all tagged fish.

Average size  Ave. Weight

Summary of probable fates: n (mm) (9)

No detections (possible short term mortalities) 3

Moved upstream of release site (and all receivers)

within 20 days of release 6 166.17 53

Tag expired in live fish, last detection site (area) known 6 141.33 27

Mortality, last detection site (area) known 9 159.22 41

Exited South Slough 1 161.00 41

Fish use monitoring of estuarine marshes associatedth LWD

A total of 2,363 fish were caught in the WinchesTeeek study area, representing
eight species from six families: Pacific stagharulgin (Leptocottus armatys
shiner perch@ymatogaster aggregatathreespine sticklebackGasterosteus
aculeatu$, prickly sculpin Cottus aspeyr starry flounderRlatichthys stellatus

coho salmon®@ncorhynchus kisut¢hcutthroat trout@ncorhynchus clarkig and
Pacific herring Clupea pallasii pallasiiTable 11). Starry flounder and Pacific
herring were only found in the mainstem of Winckes€ireek, while all other
species were observed in either one or both o$angpled tidal channel
tributaries.

Table 11. Total number and percent of fish spesaspled by electrofishing and beach

seine in the Winchester Creek study area in Felyxdane, 2006.

Common name Scientific Name Family Total Percent of
Number Catch

Pacific staghorn  Leptocottus armatus Cottidae 2354 78.68

sculpin

Shiner perch Cymatogaster Embiotocidae 293 9.79
aggregata

Three-spine Gasterosteus Gasterosteidae 256 8.56

stickleback aculeatus

Prickly sculpin Cottus asper Cottidae 41 1.37

Starry flounder Platichthys stellatus Pleuronectidae 30 1.00

Coho salmon Oncorhynchus Salmonidae 15 0.50
kisutch

Cuttroat trout Oncorhynchus Salmonidae 2 0.07
clarkii

Pacific herring Clupea pallasii Clupeidae 1 0.03
pallasii

Of the fish sampled in the tributaries of Winche&leeek, Dalton and Tom’s
Creeks contained 60.2 and 39.8 percent of the ¢atah respectively. The
majority of the fish sampled in the two tributarigsre Pacific staghorn sculpin,
comprising 86.6 percent of the total catch for botteks. Of the subsample of



staghorn sculpin that were measured, averageléotgih was 53.9 and 44.7 mm
respectively for Dalton and Tom’s Creeks (Figurg. &aghorn sculpin were
more abundant in Dalton Creek in comparison to Bo@reek, however, the
second most abundant species, threespine stickielvas observed in nearly
equal numbers between the two creeks (Table 123t Matably, a small number
of salmonids were observed in Dalton Creek, whalenenids were absent from
Tom’s Creek. In the mainstem of Winchester Cre8k3 @ercent of the fish
sampled were collected in the upstream reach V@6ilé percent were collected in
the adjacent downstream reach. Similar to the Wastdr Creek tributaries, the
most abundant species sampled was staghorn scodpirprising 63.0 percent of
the total catch. The second most abundant spemiesl fin Winchester Creek,
shiner perch, comprised 29.3 percent of the tattdhc(Table 13).
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Figure 32. Length distribution of subsampled Pacifiaghorn sculpin (Leptocottus armatus)
captured by electrofishing in the tidal channebtriaries for all sampling periods.

Table 12. Number, total number, and percent of$f@cies sampled by
electrofishing in the Winchester Creek tributanydst reaches in February-June,
2006 (Pacific staghorn sculpin, LEAR; threespinekétback, GAAC; Prickly
sculpin, COAS; coho salmon, ONKI; cutthroat traDdCL; and shiner perch,
CYAQG).

Species
Study Area LEAR GAAC COAS ONKI ONCL CYAG
Dalton Creek 1059 111 23 6 1 0
Tom'’s Creek 667 118 8 0 0 1
Total 1726 229 31 6 1 1

Percent 86.56 11.48 1.55 0.30 0.05 0.05




Table 13. Number, total number, and percent of $isécies sampled by beach
seine in the Winchester Creek study reaches inugefptune, 2006 (Pacific
staghorn sculpin, LEAR; shiner perch, CYAG,; stdtoyinder, PLST; threespine
stickleback, GAAC; Prickly sculpin, COAS; coho salim ONKI; cutthroat trout,
ONCL,; and Pacific herring, CLPA).

Species
Study Area. LEAR CYAG PLST GAAC COAS ONKI ONCL CLPA
Upstream 342 243 19 19 3 4 0 1
Downstream 286 49 11 8 6 5 1 0
Total 628 292 30 27 9 9 1 1
Percent 62.99 29.29 3.01 2.71 0.90 0.90 0.10 0.10

Shiner perch were sampled in the Winchester Cremlysarea only during the
May and June sampling sessions and were predortyimdntserved in the
mainstem of Winchester Creek. A single perch waspsad from Tom’s Creek in
June. A small percentage of shiner perch were sbden May (35.8 percent of
the total catch), while the majority were obseriredune (64.2 percent of the
total catch). Interestingly, the majority of thersdr perch were sampled from the
upstream reach of Winchester Creek (83.2 percerinparison to the
downstream reach (16.8 percent).

Of the 17 total salmonids sampled in the WincheSteek Study area over the
course of the study, 58.8 percent were samplegeimainstem of Winchester
Creek by beach seine, and 41.2 percent were captutbe Dalton Creek
tributary by electrofishing. Two juvenile coho wexreserved in March while 13
juvenile coho were observed in April. In March,gbeoho were only sampled
from the upstream reach of Winchester Creek, whilpril a nearly even split
was observed between the Winchester Creek readipssréam: 2 coho,
Downstream: 5 coho) and the Dalton Creek tributaach (6 coho). One
cutthroat trout was sampled in April in the doweatn reach of Winchester
Creek while one cutthroat trout was sampled frortddaCreek in May.

A peak in the number of fish present in the tribbggwas observed in May; a
trend driven by the fluctuating presence of themalat staghorn sculpin (Figure
33). The pattern of abundance was similar betwesdto® and Tom’s Creeks
throughout the sampling periods. In mainstem WistdreCreek a peak in the
number of fish present was observed in June. Wihdenumber of individuals in
the downstream reach remained fairly constant (nadeem individuals
observed= 91.5, SE= 7.0), the number of individiralhe upstream reach
increased as the year progressed (mean when indigidbserved= 157.8, SE=
36.6; Figure 4). This difference can be attributethe presence and increase of
shiner perch within the system during May and Juhieh was predominately
observed in the upstream reach, and the nearlyatrresence of the staghorn
sculpin, the dominant species in both reaches (Eigh).
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Figure 33. Total number of fish (A) and total numbé Pacific staghorn sculpin (Leptocottus
armatus (B) caught in study reaches of Dalton aoth® Creeks during each of five sampling
periods in 2006.

300+
[JUpstream

Il Dovwnstream —

[

o

t=3
L

Number of fish

100+

L

February March April May .Julne
Sampling Period
Figure 34. Total number of fish caught in studyateas of Winchester Creek during each of five
sampling periods in 2006. Note: Sampling method® wkanged after the first sampling period.
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Figure 35. Total number of Pacific staghorn sculfiieptocottus armatus, LEAR) and shiner
perch (Cymatogaster aggregata, CYAG) caught in sttty reaches of Winchester Creek during

each of five sampling periods in 2006. Note: Samgpfhethods were changed after the first
sampling period.



Water quality parameters including water tempeggtsalinity, and conductivity
were measured before the commencement of eledtimgisn the afternoon
(Table 14). On average, among all sampling perittesPalton Creek study
reach had warmer water temperatures and highewctaiy in comparison to
the Tom’s Creek study reach. Salinity, on averageray all sampling periods
was the same for both study reaches. While differsin the water quality
parameters measured in the two study reaches Wwssz\w@d, none of these
differences were significant.

Table 14. Water chemistry parameters measurederatternoon before commencement
of electrofishing surveys.

TemperatureOC) Salinity (ppt) Conductivity(s/cm)
Month Dalton Tom's Dalton Tom's Dalton Tom's
February 10.1 8.6 0.3 0.2 444.3 391.5
March 11.0 12.4 0.2 0.2 450.4 246.7
April 15.6 12.6 0.1 0.1 258.2 187.0
May 15.9 16.0 0.4 0.9 1360.5 1447.0
June 18.3 15.1 0.5 0.3 807.1 561.3
Mean 14.2 12.9 0.3 0.3 664.1 566.7

While only a small number of salmonids were obsgiinethe Winchester Creek
study area, all of the salmonids observed in te tributaries were found in the
Dalton treatment reach which has been enhancediéthlacement of large
wood debris. No salmonids were observed in the dbmeek control reach. All
of the coho sampled in Dalton Creek were found uadeold wood weir
structure, not associated with the placed LWD. T be due in part to the
difficulty of sampling under the placed LWD, whédmanches and deep water
limit the effectiveness of electrofishing technigu¥oung-of-the-year coho were
observed in Dalton Creek, while primarily coho staelere observed in
Winchester Creek.

Overall, fish were more abundant in the treatmeatih in comparison to the
control reach. Pacific staghorn sculpin, the mosinaant fish species sampled in
the Winchester Creek study area, were similarlyaraoundant in the treatment
reach and observed to be larger on average thae thahe control reach. These
differences in fish communities are possibly influed by the presence of LWD,
or other factors. It is unlikely that water temgara, salinity, or conductivity
influenced fish community composition as no sigrdfit differences in these
parameters were observed between the two reaches.

These results differ from those observed duringstimapling conducted in May
and June 2005. In this study, coho salmon fry dsasecutthroat trout fingerlings



were observed at both sites in May. In June, jugazoho were once again
observed at both sites, while cutthroat trout werly observed in Dalton Creek.
More than seven times as many salmonids were oigemlizing the tidal
channel habitats in 2005 during two sampling peviodcomparison to 2006 with
five sampling periods. In 2005, sampling was comeldicising a combination of
fyke nets and electrofishing. It was noted howetret juvenile coho, were not
being caught in large numbers by the fyke netoalgh they were observed in
both creeks. Therefore, sampling by electrofishifag conducted in 2006. As this
a more active sampling method, it is unlikely tthet change in sampling
methodology influenced the differences in salmabdndance noted between the
two years. It is more likely that 2006 had pooreturns of coho in comparison to
2005.

Benthic Invertebrate Abundance and Composition in Wod and No-Wood
Habitats

Results from a multi-factor ANOVA with site numbenpnth, year and wood/no
wood as factors revealed total density of bentiveitebrates to be significantly
greater at LWD sites (p = 0.00). Significant diéfieces were also found among
month and year factors (p = 0.00, both), indicatitrgngth of differences in total
density was due to season and year; however, ndisant differences were
found among site numbers (p = 0.08). Based orettigferences, data were
partitioned and ANOVA was applied for each sampjsegiod (May 2005,
September 2005 and May 2006). No significant ceffiee was found in May
2005 (p = 0.199), but differences were detecteslaptember 2005 and May 2006
(p =0.007, p = 0.011, respectively). Boxplotsevesed to compare distribution
of data and results of ANOVA are noted (Figure 36).
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Figure 36. Comparison of total abundance and taxoigarichness by sampling period. Note, NW
and Wood refer to paired sampling sites with no dvand LWD placements, respectively.

A One-way ANOVA was similarly applied to taxononmichness data
(partitioned by sampling period). No significanfference in taxonomic richness
was detected during May and September 2005 (p$10®= 0.077,



respectively), but significantly more taxonomic gps were found in LWD sites
in May 2006 (p = 0.034) (Figure 36).

Generally, oligochaetes, nematodes, the two pobtelsdiobsonia floridaand
Manayunkia aestuarinaere found to dominate benthic samples in May 2005
and 2006, but samples from September 2005 showadlbhigher densities
(after growing season) and notably higher densifédhe amphipodCorophium

spp(Figure 37).
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Figure 37. Comparison of benthic invertebrate abamze and composition by sampling period.
Note, NW and W refer to paired sites with no wood BWD placement.



NMDS was used to explore invertebrate communitied#hces between LWD
and NW (no wood) samples. NMDS plots the relatiffeerences among samples
on two axes (Figure 38), and ANOSIM is applied ¢betimine statistical
differences between groups (Table 15). No sigaifidifferences were found
between LWD and NW samples during our samplinggasti SIMPER analysis
was used to determine how much of difference (ck & difference) among
groups was due to juvenile salmonid prey item&$b for impact of LWD
placement on prey resource community. Some diff@e@among paired sites was
due to densities of the amphipdhrophium spp(see Table 15).

May 2005 September 2005

m LWD
B NoWood

Figure 38. NMDS plot of eight paired sites each glmg period. No significant differences are
indicated by plots.

Table 15. Results from multivariate statisticak$e® assess invertebrate
assemblages at eight paired sites.

Multivariate Statistics Sampling Periods
Tests Values May 2005 Sept 2005 May 2006
ANOSIM R (significant at > 0.4) 0.120 0.226 0.280
p-value (significant at < 0.05) 0.003 0.001 0.001
SIMPER % Dissimilarity 35.57 33.45 39.04
Corophium spp. 8.59 17.82 7.99

Channel morphological change in “Wood Zone”

The final change grid indicates several areasgrfiscant change (Figure 39).
The sources of error in the modeled surfaces rebd tonsidered when
analyzing change. The RTK measurement error isallp less than 2-cm




vertical; however, the distance between cross@estnd uneven spacing
between measurements can introduce interpolatronsanto the bathymetry
models. While the LIiDAR ground model does not dliseinfluence the accuracy
of the bathymetric model, it does provide a quadibissessment of model

accuracy and a good metric for change detectidrcled areas are discussed
further in Figures 40, 41, and 42.

Change Without Locations of LWD Indicated Change Wih Locations of LWD Indicated

Figure 39. Bathymetric changes detected from 200807 along Winchester Creek.

Areas shown in deep green to blue indicate areagygfadation. Areas seen in red
are areas of erosion and degradation.
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Figure 40. In the northern half of the survey araatransects 40 and 55, two significant
areas of deposition have occurred. In both calsege holes seen in the 2006 surveys
were no longer there. Transect 40 occurred oretihge of the GPS dead zone, but the
magnitude of the 1.5 meter change far exceedsribertainty in the survey. The
magnitude of the change seen at transect 55 idagiati 1.2 meters.
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Figure 41. The change detection analysis showarea of degradation where the side
channel flows into Winchester Creek. The thalwiedyimchester Creek seems to have
deepened and shifted to the east slightly. Thpeteeg can be seen clearly in the cross-
section of Transect 25, and the slight shift todhst can be seen in Transect 27.
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Figure 42. On the western side channel, an arehasfge is seen at transect 64-66. In
the area of transect 66, a large hole was survieyée channel. The hole was the result
of the tree and root wad present in the channelimter 2006-07 the tree moved slightly
enabling the survey crew to freely survey the éxilent of the hole. The channel had
significantly deepened on the west side of the vad.

Downstream of the root wad, the channel also aggedrave deepened as seen in the
cross-section for transect 65.
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LWD Movement

As of January 2007, all of the LWD pieces variousiyfted or rolled and five of
the LWD pieces moved away from the location theyenmritially placed. All of
the tree tethers were removed by vandals but #kestand lines keeping the
LWD in place at the mouth of Dalton Creek were ieftouched. So except for
the LWD at the at the mouth of Dalton Creek, all DW\ the project wood zone
was free to be floated and moved by tidal action.

LWD that moved beyond shifting and rolling in placeved as little as 18 m and
as much as 490 m. Average movement was 215 mneAlLWD movement was
downstream (towards the mouth of South Slough),dvewtwo of the five pieces
that moved initially moved to locations 30 m and 18 upstream before moving
back downstream to where they were located in Jgr8@07. Movement
upstream lasted between 3 and 8 months which iedlfall and winter high
precipitation seasons.
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Figure 43. Approximate original placement of LWithe project wood zone indicated by yellow LWD
graphics. Orientation of root wad and tree topridicated by the orientation of the graphics. Whit
arrows indicated LWD that moved beyond shifting antling in place.
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Figure 44. LWD locations as of January 2007 in pheject wood zone indicated vy yellow and green
LWD graphics. Orientation of root wad and tree isgndicated by the orientation of the graphicSreen
graphics indicated new location of LWD that movegtdnd shifting and rolling in place. White solidda
dotted lines indicated approximate movement patith(npstream and downstream for two pieces).



Project Conclusions

This project was designed to address a seriesadtipms focused on determining the
effects of large woody debris placements in tidedlrmels on the development of
instream habitat for juvenile salmonids. The stddgation was two years. Since many
ecological processes occur over much longer tismadis, additional project monitoring
will be needed to fully understand the processsesa@ated with LWD placement and the
development of productive fish habitat.

Are there higher densities of juvenile salmonidariaND compared with habitats

lacking LWD?
Answer: A qualified "Yes"

This monitoring project used two methods to detaamwhether estuarine fishes, juvenile

salmonids in particular, would actually use the L\pBAced in the Winchester Creek tidal

channel. Despite the frustratingly low numbersamonids observed in the channel, the
underwater video monitoring suggested some integepiatterns indicating some fish

use of LWD structures. Some additional observatsired light on the results and set the
stage for further LWD monitoring in tidal channels:

The absence of age-1+ fish at the Lower, Middle dpper Winchester Creek
wood sites in 2005 may have been explained by @€ 2nalysis showing the
majority of juveniles were not using the flow pathsvhich the Winchester
Creek complex wood structures were located. Thenihaof the 2006 migrants
moved along the inside/bank camera stations andtihezhannel bottom and
would have been out of sight of the cameras placednd the LWD structures in
2005.

The 2006 results also suggest habitat attributesr dhan the new Winchester
Creek LWD structures could have been influencirgg2@06 age-1+
presence/absence patterns. For example, the oo polygon monitored in
2006 was shown to have significant retention of &gesalmonids across portions
of the full tidal cycle, while the other polygongldhot. The channel morphology
in the lower polygon appears to have been affdayelistorically-placed pilings
and revetments (west bank), and a dike (east bartk@se elements appear to
have created scour and fill patterns not seendrother polygons. The new
LWD, placed two years prior to the 2006 monitorihgs not yet exerted
significant influence on channel morphology, cnegtbne scour hole 0.5 m deep
and areas of sediment accumulation near LWD strest{likely due to reduced
velocity during seasonal peak flow periods withhhsgispended sediments loads).
We suggest that the migration retention observethilower wood polygon
reflects more of an attraction to the historic ploabitat in the lower polygon (as
well as the overall increased bed complexity) tharattraction to the newly
placed LWD in that polygon.

Observations made in other estuaries indicatethah LWD has created stream
current velocity refugia and cover in the form afger scour pools and bars,
juvenile salmonids that migrate into the sampliotygon are more likely to be



retained longer than in polygons without this coexghabitat. For this project,
we suggest the observed channel velocities in Visteln Creek (1-3 f£°9 were
not great enough to require current velocity redudie that observed in the lower
Siletz Estuary (4-5 f£°9. We also suggest that if the newly placed LWDente
create a grid of significant scour and fill in feewyears (likely to take some time
due to low current velocities), the retention woindrease at that time.

We have hypothesized that fish migration lanedatermined by fish finding the
right balance between optimizing feeding opporiasiaind limiting their energy
expenditure. The presence and drift of availabdy pnay be an additional factor
influencing our Winchester Creek flow path and raigm path observations.

Observations of fish movement patterns were carsistith observations from previous
studies. At the lower polygon, fish movement dgrilood tide occurred at the upper
transect indicating fish were leaving the deep@l poea and moving upstream with the
current into shallower water then returning doweestn to the polygon again. This return
movement was against the flood current and wasateg€but to a lesser degree) near the
high slack period. The final pulse of movemeninsiage in the ebb tide occurred through
the lower transect as fish moved upstream intgttggon from below the lower

transect Observations made in the Siletz River Estuary @aiWetering 2003) suggest
tidal migration of juvenile salmonids in larger ~roomplex channels includes two
components: 1) small scale (0.5 m distance) ugstrdownstream milling behavior
exhibited by a limited number of individuals; a2 fish migrating greater distances
upstream or downstream, exhibiting similar largeaks milling behavior influenced by
current direction.

We treated the Winchester Creek wood polygons,opatiouth, and Dalton marsh
channel observations, as separate analyses. 3iésrior Dalton mouth when compared
to the results for the Winchester Creek wood pahggshowed some interesting patterns.
Although the Winchester data were not modeleddtention rates one can see from the
raw data that very little migration occurred irheit the upstream or downstream
direction. When comparing that to the activity su@&d within the wood complex at
Dalton mouth, one can see the comparatively higwe of activity at the Dalton mouth
LWD structure. Taking that one step further andchparing the into/out-of results for the
Dalton salt marsh estimates, one can see thatalherDmouth LWD structures also had
comparatively more activity than the Dalton saltrshachannel. We suggest the wood
located at the mouth of Dalton Creek was providirggmost optimal habitat for both
age-0+ and age-1+ salmonids during 2005. We sugigesncreased activity is a
response to increased complexity of hard structdies paths, current velocities and
feeding opportunities. These are a result ofansatsh tributary that experiences
significant tidal exchange (~ 4.5 ft) interactingiwhard structures at the junction where
the mainstem and tributary currents join. To exjan this ideal habitat hypothesis, we
highlight the age-0+ raw counts for Dalton Creekuthovhich showed increased activity
at the beginning of the flood, the beginning of & and the end of the ebb. Results
from other salt marsh research sites (van de Wefe8. 2005, unpublished results)
suggest marsh channels with complex habitats heanbuths result in juvenile
migration patterns into tidal currents during tlaely period of both the flood and the ebb



tides. We think this upstream movement may beifgealctivity. This more common
pattern was not quite as obvious in the age-1HtesConsidering the present age-0+
results, these early and late activity peaks nbghbccurring at times during which age-
1+ predators are not as likely to be in or neall i habitat. Considering the present
age-1+ results, the late flood and early ebb agtpeaks might be occurring at times
during which optimal prey resource drift occursg éime age-1+ are not as susceptible to
predation themselves mainly because there is nower hiabitat. When comparing the
peaks in activity around the Dalton Creek mouth L\Afial the Dalton salt marsh
migration, our results suggest the velocities veelieniting factor. That is to say, age-0+
fish were observed migrating into and out of thérsarsh only during those periods
when the velocities were at a minimum. This cqrogsls, to some extent, with our
anecdotal observations of very high velocitieshim Dalton salt marsh channel during
both the flood and ebb tides. Although high slggkcally offers a few minutes of
limited velocity flows, we suggest in this case tinee was too limiting to allow for age-
0+ migration.

In summary, we suggest the most preferred juvesaillmonid habitat was that of the
Dalton Creek mouth LWD, due to its complexity arition within a tributary junction
with strong tidal fluctuations. We hypothesizesthabitat allowed for optimal cover,
prey availability, feeding lanes, and velocity gu Looking at the full study zone, as
well as habitat upstream and downstream of it,aamesee that fish have to migrate more
than ten channel widths upstream, and six downst{gan de Wetering, S., unpublished
results) before they encounter similar pool-bar-plex wood habitats. We suggest the
study zone-wide composition of habitat has a grdételihood of retaining fish on that
scale than any one polygon nested within the stodye.

For the fish presence monitoring using acoustigiteggmethods, there was a clear
overall trend showing juvenile cutthroat trout gese in zones with LWD present. Like
the findings discussed above, the preference tojubenile trout was the Cox natural
wood reach, which contained old, naturally-occyitWD. While channel morphology
was not measured in this reach, anecdotal evid@hservations during low tide receiver
deployment, removal, and data retrieval) stronglygests that, like the historically-
placed structures in the lower polygon describemlyapthe natural LWD has formed
much more complex scour pool and bar habitat &r fhan the newly placed LWD
structures have so far- simply due to the diffeesinctime necessary for these habitat
elements to develop.
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Does placing LWD at the mouths of tidal creeks @ eastaging area for fish to hold
before foraging up tributary tidal creeks duringoitl or ebb tide?
Answer: A qualified "Yes"

See discussion above...

Is the presence of wood increasing fish prey ress®
Answer: A qualified "Yes"

Investigations into changes in invertebrate commmesassociated with LWD placement
were targeted at the infaunal benthic communitgplRate samples were taken from
eight paired sites throughout the wood zone. Datiee analyzed to compare total
density, taxonomic richness, and changes in cortipnsiTotal density of benthic
invertebrates was found to be significantly greatdrWD sites compared with paired
sites lacking LWD. In addition, taxonomic richnegss found to be significantly higher
in May 2006. No differences in community compasitivere detected. Estuarine
processes that translate LWD placement into ineckas/ertebrate abundance likely
occur over longer time frames. Potential mechasisrolude increased edge-water
interface, source of organic matter, collectionvodick and other potential food sources,
etc. Additional sampling is necessary to fullyetatine the increase to fish prey
resources due to LWD placements. Anecdotal fiefpbrts suggest active invertebrate
communities exist on the LWD surface (SSNERR, utipbied notes), as well as
epifauna in the scour pools near LWD. Additioreahgling efforts for invertebrates
should use an epibenthic pump, or similar sampliengjce, to obtain a fully view of the
estuarine invertebrate community in complex LWDismvments.

Does the presence of wood change the percentdigh efsing the tidal creeks over
time?
Answer: “Inconclusive”

In 2006 sampling, the presence of LWD appearedftoance the presence of both
salmonid and non-salmonid estuarine fishes in tindysarea: all the juvenile salmonids
observed in the tidal tributaries were found in Ereton Creek treatment reach enhanced
with LWD, and no salmonids were observed in the Bo@reek control reach (LWD
placed only at its mouth); Pacific staghorn sculpere more abundant in the Dalton
Creek treatment reach and were larger than thodeiffom’s Creek control reach.
However, in 2005 sampling, juvenile coho salmon eutthroat trout were present at
both sites in May, and in June sampling, juvendeawere found at both sites, but
cutthroat trout were found only in Dalton Creek o than the presence of LWD, it is
likely that the sites relative position in the estoe gradient, in addition to some
adjustments in sampling methods, and the natueatgeyear variation of salmonid
populations had more to do with where fish werentbthan LWD during the study
period. The study was further complicated by oNéwvev abundances of juveniles



salmonids. Our results are inconclusive on whettiepresence of LWD is having on
fish presence in tributary, tidal streams.

Does placing LWD in tidal channels create changeshannel morphology (i.e., scour
pools) which are associated with increased habitality for juvenile salmonids?
Answer: “Inconclusive”

We detected significant changes in channel morghyadbetween channel profile surveys
conducted in 2006 and 2007 that were mainly dsetiiment deposition and some
channel bottom scour, likely due to hydraulic chesgf the LWD. However, site
conditions are highly dynamic. Three relativelsgkascour holes detected in 2006 were
filled by the time of the 2007 the survey. In teases (Dalton Creek and Winchester
Creek at transect 40), the filling of the scourehals due to LWD movement- the cause
of channel scour shifted away from the site. less clear what was involved with the
third scour hole fill (Winchester Creek at transe®). Channel scour detected in
Winchester Creek just downstream from the moutbailfon Creek LWD structures was
also likely related to the presence of LWD struetur So, while the presence or absence
the LWD structures was notably influencing charmelphology, how these changes
“increase habitat quality” for salmonids is farrfralear. We can say that the LWD
structures cause changes in channel morphologice, stable subtidal and intertidal
channel habitat around LWD will take years to depdwherever the LWD structures
remain in place- see below), it is too soon to njakgments about the quality of the
habitat.

What significant changes in temperature or watex fbccurs with the placement of
LWD?
No change in water temperatures; detectable chamgéew.

Water temperature data was collected using Onsi@ifliemperature data loggers
deployed around various LWD structures. Data cttha for this part of the project was
not completed, in part because many of the TidRjgers were buried under shifting
LWD logs. What little data was retrieved indicatbdt water temperature was no
different near or under LWD structures than watengerature in areas with no LWD.
Rapid exchange of tides through the study areaanato mix waters and keep
temperatures similar across microhabitats. Howeferpotential seasonality of water
temperature fluctuations in wood and no-wood avess not determined.

Water velocity measurements were taken by CTSlraotdrs as part of their underwater
videography fish monitoring (see CTSI reported sititeh with this document). Current
velocities in Winchester Creek were found to vaeyween LWD structures and between
habitats around the LWD structures. WinchesteelCstream velocities are lower than
the measured by the CTSI contractors in other ab@stgon mainstem channels.
Higher velocities were recorded during ebb tideviio



Does the wood move?
Answer: “Yes”

Several LWD structures moved, as expected, ducitrgm@e winter high tides and moved
both upstream and downstream, with the net diracfanovement being downstream.



