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Background

The Coos Watershed Association (CoosWA), Southdbiduational Estuarine
Research Reserve (SSNERR) and Oregon Departmérgtoand Wildlife
(ODFW) collaborated on an Oregon Watershed EnhaeceBoard (OWEB)-
funded project to evaluate the effectiveness dfiptplarge woody debris (LWD)
in estuarine channels to provide improved habgajudvenile salmonids. The
two year project (2005-2006) was designed to addiesneed for more and
better information associated with the placementfanction of LWD in
estuaries. The study was made possible in 2004 BB&NERR partnered with
CoosWA to coordinate a project in which 40 largé-8b6" DBH) Sitka spruce
trees with root wads attached were placed (by tyeler) into tidal reaches of
Winchester Creek in South Slough’s upper estudhe trees, donated by Oregon
Parks and Recreation Department (OPRD) as part 6fragon Department 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 tidadmmels. CoosWA, SSNERR
and ODFW staff were guided by SSNERR’s Estuarinéldid Restoration
Advisory Group (Restoration Advisory Group) in filzing 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 privatesotimg firms.

Research and restoration monitoring projects framwifle Northwest estuaries
have clearly established the importance of estsani¢he life histories of Pacific
salmon, boosting the priority of estuarine wetlagstoration activities in Oregon.
Many coastal restoration projects focus on thestak#ishment of tidal channel
complexity and place LWD in mainstem and tributeingannels. However, few
studies have focused on quantifying the effecthe$e LWD placements.
Current understanding of LWD as habitat structanerimarily from non-tidal
streams and river studies which have establishe® la#/critical components of



guality juvenile salmon foraging habitat that cesatover, produces beneficial
hydrological changes, and increases prey resources.

This project offered a unique opportunity to addresy 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 juvealiheonids (i.e., coho
and cutthroat trout) in and around LWD using undgen videography
and acoustic tagging methods (a late additioné@toject);

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

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

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

Track water temperature and flow in locations regat away from LWD.

Large woody debris was placed in 29 locations intB&lough’s upper estuary.
The effectiveness monitoring project focused orsil&s, six pairs based on
configuration and location (see Figures 1 andT2)e study area for this project is
referred to as the “wood zone”.

The main questions addressed were the following:

1) Are there higher densities of fish near LWD compaséth habitats
lacking LWD?

2) Does placing LWD at the mouths of tidal creeks t@e@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 resesffc

4) Does the presence of LWD change the percentagshofi$ing the tidal
creeks over time?

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

6) What significant changes in temperature or watex fbccurs with the
placement of LWD?

7) Does the LWD move?



Materials and Methods

This OWEB-supported projedEffectiveness Monitoring for LWD Placement in
South Slough Tidal Wetlandsas implemented as six related tasks includipg, 1
Juvenile salmonid use/behavior near LY\ Determining the use of LWD by
juvenile salmonids using acoustic tagging meth8ygish use monitoring of
estuarine marshes associated with LM#DBenthic invertebrate abundance and
composition in wood and no-wood habitats; 5) Chammaphological change in
“Wood Zone’; and 6) LWD movement. Tasks underlined were cetepl by
project contractors. Reports completed by prajeatractors were appended to
the final report.

Project Conclusions

This project was designed to address a seriesesitipus focused on determining
the effects of large woody debris placements ial tithannels on the development
of instream habitat for juvenile salmonids. Thadgtduration was two years.
Since many ecological processes occur over muaelaime frames, additional
project monitoring will be needed to fully undersdethe processes associated
with LWD placement and the development of prodwefigh habitat.

Preliminary conclusions organized by project questiare described below.

Are there higher densities of juvenile salmonidariaND compared with
habitats lacking LWD?
Answer: A qualified "Yes"

This monitoring project used two methods, undermatieography and acoustic
tagging, to determine whether estuarine fishegnig salmonids in particular,
would actually use the LWD placed in the Winche&ezek tidal channel.

Underwater Videography

Despite the frustratingly low numbers of salmorotiserved in the channel, the
underwater videography suggested some interesétigrps indicating some fish
use of LWD structures. Some additional observatsimed light on the results
and set the stage for further LWD monitoring iratidhannels:

The absence of age-1+ fish at the Lower, Middle @pder Winchester
Creek wood sites in 2005 may have been explaingdd006 analysis
showing the majority of juveniles were not using flow paths in which
the Winchester Creek complex wood structures weratéd. The
majority of the 2006 migrants moved along the iafidnk camera



stations and near the channel bottom and would bege out of sight of
the cameras placed around the LWD structures i5.200

The 2006 results also suggest habitat attributesr dhan the new
Winchester Creek LWD structures could have bednenting the 2006
age-1+ presence/absence patterns. For exampleywbewood polygon
monitored in 2006 was shown to have significaremgon of age-1+
salmonids across portions of the full tidal cyelhjle the other polygons
did not. The channel morphology in the lower poly@ppears to have
been affected by historically-placed pilings andetenents (west bank),
and a dike (east bank). These elements appeavé&odneated scour and
fill patterns not seen in the other polygons. hhwe LWD, placed two
years prior to the 2006 monitoring, has not yetxksignificant
influence on channel morphology, creating one stolg 0.5 m deep and
areas of sediment accumulation near LWD structlitedy due to
reduced velocity during seasonal peak flow peristls high suspended
sediments loads). We suggest that the migrati@mtien observed for the
lower wood polygon reflects more of an attractionhe historic pool
habitat in the lower polygon (as well as the overareased bed
complexity) than an attraction to the newly plat®dD in that polygon.

Observations made in other estuaries indicatethah LWD has created
stream current velocity refugia and cover in thefof larger scour pools
and bars, juvenile salmonids that migrate intost@@pling polygon are
more likely to be retained longer than in polygenghout this complex
habitat. For this project, we suggest the obsechaahnel velocities in
Winchester Creek (1-3 f*) were not great enough to require current
velocity refugia like that observed in the lowele®i Estuary (4-5 ft°9.
We also suggest that if the newly placed LWD werertate a grid of
significant scour and fill in future years (liketly take some time due to
low current velocities), the retention would ingeat that time.

We have hypothesized that fish migration lanesdatermined by fish
finding the right balance between optimizing fegdapportunities and
limiting their energy expenditure. The presence arift of available prey
may be an additional factor influencing our Windkee£reek flow path
and migration path observations.

Observations of fish movement patterns were carsistith observations from
previous studies. At the lower polygon, fish moesrinduring flood tide occurred
at the upper transect indicating fish were leatiregdeeper pool area and moving
upstream with the current into shallower water tretarning downstream to the
polygon again. This return movement was agairesfltod current and was
repeated (but to a lesser degree) near the higk pxiod. The final pulse of
movement seen late in the ebb tide occurred thrthglower transect as fish
moved upstream into the polygon from below the lotr@nsect Observations
made in the Siletz River Estuary (van de Weterid@3) suggest tidal migration

of juvenile salmonids in larger non-complex chasnetludes two components:



1) small scale (0.5 m distance) upstream-downstradhmg behavior exhibited
by a limited number of individuals; and, 2) fishgrating greater distances
upstream or downstream, exhibiting similar largeats milling behavior
influenced by current direction.

We treated the Winchester Creek wood polygons,dpattouth, and Dalton
marsh channel observations, as separate analyeesesults for Dalton mouth
when compared to the results for the WinchesteelCveod polygons showed
some interesting patterns. Although the Winchedd¢a were not modeled for
retention rates, one can see from the raw datavémgtlittle migration occurred in
either the upstream or downstream direction. Wdmmnparing that to the activity
measured within the wood complex at Dalton moutie can see the
comparatively higher level of activity at the Daltmouth LWD structure.

Taking that one step further and comparing the/autisof results for the Dalton
salt marsh estimates, one can see that the Dabothnrb WD structures also had
comparatively more activity than the Dalton saltrsiiachannel (e.g. see Figures
3-5). We suggest the wood located at the mouiatton Creek was providing
the most optimal habitat for both age-0+ and agedlmonids during 2005. We
suggest this increased activity is a responseceased complexity of hard
structures, flow paths, current velocities and fieg@pportunities. These are a
result of a salt marsh tributary that experiendgsiicant tidal exchange (~ 4.5
ft) interacting with hard structures at the junotiwhere the mainstem and
tributary currents join. To expand on this ideabitat hypothesis, we highlight
the age-0+ raw counts for Dalton Creek mouth wiiobwed increased activity at
the beginning of the flood, the beginning of thé alnd the end of the ebb.
Results from other salt marsh research sites (eaWetering, S. 2005,
unpublished results) suggest marsh channels witiptEx habitats near the
mouths result in juvenile migration patterns inttat currents during the early
period of both the flood and the ebb tides. Wakhhis upstream movement may
be feeding activity. This more common pattern waisquite as obvious in the
age-1+ results. Considering the present age-Qittsethese early and late
activity peaks might be occurring at times duringieh age-1+ predators are not
as likely to be in or near the LWD habitat. Comesidg the present age-1+
results, the late flood and early ebb activity geakght be occurring at times
during which optimal prey resource drift occursg éine age-1+ are not as
susceptible to predation themselves mainly bectgse is more cover habitat.
When comparing the peaks in activity around thadaCreek mouth LWD and
the Dalton salt marsh migration, our results sugtiesvelocities were a limiting
factor. That is to say, age-0+ fish were obsemeggtating into and out of the salt
marsh only during those periods when the velocitiese at a minimum. This
corresponds, to some extent, with our anecdotargbtons of very high
velocities in the Dalton salt marsh channel duboth the flood and ebb tides.
Although high slack typically offers a few minuteslimited velocity flows, we
suggest in this case the time was too limitinglkmafor age-0+ migration.



In summary, we suggest the most preferred juvesailleonid habitat was that of
the Dalton Creek mouth LWD, due to its complexity goosition within a
tributary junction with strong tidal fluctuation&e hypothesize this habitat
allowed for optimal cover, prey availability, feadilanes, and velocity refugia.
Looking at the full study zone, as well as hahigastream and downstream of it,
one can see that fish have to migrate more thaohtannel widths upstream, and
six downstream (van de Wetering, S., unpublishedItg) before they encounter
similar pool-bar-complex wood habitats. We sugg@eststudy zone-wide
composition of habitat has a greater likelihoodeat&ining fish on that scale than
any one polygon nested within the study zone.

Acoustic Tagging

For the fish presence monitoring using acoustigitagmethods, there was a
clear overall trend showing juvenile cutthroat trptesence in zones with LWD
present. Like the findings discussed above, teépence for the juvenile trout
was the Cox natural wood reach, which containedraturally-occurring LWD.
While channel morphology was not measured in #egih, anecdotal evidence
(observations during low tide receiver deploymestpoval, and data retrieval)
strongly suggests that, like the historically-pstructures in the lower polygon
described above, the natural LWD has formed mucteroomplex scour pool
and bar habitat for fish than the newly placed L#tiictures have so far- simply
due to the difference in time necessary for thedstat elements to develop. In
addition, interesting behavioral patterns of hdhise were observed with some
fish exhibiting strong fidelity to one or two sité'stayers”) and while others used
many different habitats (“movers”)(e.g. see Figesd 7).

Does placing LWD at the mouths of tidal creeks & eastaging area for fish to
hold before foraging up tributary tidal creeks darflood 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 benthicnconity. Replicate samples
were taken from eight paired sites throughout tbedvzone. Data were analyzed
to compare total density, taxonomic richness, drahges in composition. Total
density of benthic invertebrates was found to gaicantly greater at LWD sites
compared with paired sites lacking LWD. In addititaxonomic richness was
found to be significantly higher in May 2006 (segufe 8). No differences in
community composition were detected. Estuarinegsees that translate LWD
placement into increased invertebrate abundanegyldccur over longer time
frames. Potential mechanisms include increased-eddger interface, source of



organic matter, collection of wrack and other patdrood sources, etc.
Additional sampling is necessary to fully determihe increase to fish prey
resources due to LWD placements. Anecdotal fiepsbrts suggest active
invertebrate communities exist on the LWD surf&®8NERR, unpublished
notes), as well as epifauna in the scour pools nd4d. Additional sampling
efforts for invertebrates should use an epibemhimp, or similar sampling
device, to obtain a fully view of the estuarineenebrate community in complex
LWD environments.

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

In 2006 sampling, the presence of LWD appearedftoance the presence of
both salmonid and non-salmonid estuarine fishékdrstudy area: all the juvenile
salmonids observed in the tidal tributaries werenbin the Dalton Creek
treatment reach enhanced with LWD, and no salmomé&is observed in the
Tom'’s Creek control reach (LWD placed only at itsuth); Pacific staghorn
sculpin were more abundant in the Dalton Creekrireat reach and were larger
than those in the Tom’s Creek control reach. Haxewn 2005 sampling,
juvenile coho salmon and cutthroat trout were preaeboth sites in May, and in
June sampling, juvenile coho were found at bo#ssibut cutthroat trout were
found only in Dalton Creek. More than the presenfdeWD, it is likely that the
sites relative position in the estuarine gradiengddition to some adjustments in
sampling methods, and the natural year-to-yeantian of salmonid populations
had more to do with where fish were found than L\A{Ding the study period.
The study was further complicated by overall lowdances of juveniles
salmonids. Our results are inconclusive on whettepresence of LWD is
having on fish presence in tributary, tidal streams

Does placing LWD in tidal channels create changaeshannel morphology (i.e.,
scour pools) which are associated with increaseddtaguality for juvenile
salmonids?

Answer: “Inconclusive”

We detected significant changes in channel morgyobetween channel profile
surveys conducted in 2006 and 2007 that were mdunyto sediment deposition
and some channel bottom scour, likely due to hyldrahanges of the LWD.
However, site conditions are highly dynamic. Threlatively large scour holes
detected in 2006 were filled by the time of the 2@e survey. In two cases
(Dalton Creek and Winchester Creek at transectth)iilling of the scour hole
was due to LWD movement- the cause of channel siatied away from the
site. It is less clear what was involved with thigd scour hole fill (Winchester
Creek at transect 55)(Figure 9). Channel scowratied in Winchester Creek just



downstream from the mouth of Dalton Creek LWD stuues was also likely
related to the presence of LWD structures. Solenhe presence or absence the
LWD structures was notably influencing channel nmampgy, how these changes
“increase habitat quality” for salmonids is farrralear. We can say that the
LWD structures cause changes in channel morpholmgysince, stable subtidal
and intertidal channel habitat around LWD will talesars to develop (wherever
the LWD structures remain in place- see belows ibo soon to make judgments
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 Ons@iflfiemperature data
loggers deployed around various LWD structurestal@allection for this part of
the project was not completed, in part because roathe TidBit loggers were
buried under shifting LWD logs. What little datasvretrieved indicated that
water temperature was no different near or undeDL&fuctures than water
temperature in areas with no LWD. Rapid excharigales through the study
area may act to mix waters and keep temperaturelsiacross microhabitats.
However, the potential seasonality of water temipeeafluctuations in wood and
no-wood areas was not determined.

Water velocity measurements were taken by CTSlraotdrs as part of their
underwater videography fish monitoring (see CT®breed submitted with this
document). Current velocities in Winchester Crexeke found to vary between
LWD structures and between habitats around the L3ictures. Winchester
Creek stream velocities are lower than the meadwyedde CTSI contractors in
other coastal Oregon mainstem channels. Highecitels were recorded during
ebb tide flows.

Does the wood move?
Answer: “Yes”

Several LWD structures moved, as expected, dunitrgme winter high tides
and moved both upstream and downstream, with thdireztion of movement
being downstream (Figure 10).
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Figure 1. Location of the South Slough estuaryt®&lough National Estuarine Research
Reserve, the upper South Slough estuary, LWD pkeaneas and the project “Wood Zone”.



Figure 2. Location LWD monitoring sites in the jeat “Wood Zone”.
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Figure 3. Winchester Creek 2006 Middle Wood Patyfigh migration patterns relative to
movement into and out of the polygon (raw cametmtoused) and tide height (dashed line).
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Figure 4. Age 0+ activity patterns (all stationscacameras pooled) within the wood structure at
Dalton Mouth. Relative tide elevation shown asheasline.
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Figure 5. Age 0+ migration patterns (all statioasd cameras pooled) for Dalton Salt
Marsh channel 2005. Relative tide elevation shag/dashed line.
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Figure 6. Typical pattern of acoustic tag detextidor 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 7. Typical pattern of acoustic tag detewtidor a “mover” fish (NW = no wood site; W = wood
site) Each black dot represents one detection.ufieigourtesy of Bruce Miller, ODFW)
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Figure 9. In the northern half of the survey araafransects 40 and 55, two significant
areas of deposition have occurred. In both casege 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 exceedsrtbertainty in the survey. The

magnitude of the change seen at transect 55 idagiati 1.2 meters.
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Figure 10. LWD locations as of January 2007 in pheject wood zone indicated by yellow and green
LWD graphics. Orientation of root wad and tree ispndicated by the orientation of the graphicsreen
graphics indicated new location of LWD that movegidnd shifting and rolling in place. White solidda
dotted lines indicated approximate movement patith(npstream and downstream for two pieces).



