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EXECUTIVE SUMMARY

“Mitigation for the Construction and Operation dbhy Dam” is part of the Northwest
Power and Conservation Council’'s (NPCC) residestit &nd wildlife program. The program
was mandated by the Northwest Planning Act of 1884, is responsible for mitigating damages
to fish and wildlife caused by hydroelectric deyeteent in the Columbia River Basin. The
objective of Phase | of the project (1983 throu§B7) was to maintain or enhance the Libby
Reservoir fishery by quantifying seasonal wateelewand developing ecologically sound
operational guidelines. The objective of Phas# the project (1988 through 1996) was to
determine the biological effects of reservoir opieres combined with biotic changes associated
with an aging reservoir. The objectives of Phdisef ithe project (1996 through present) are to
implement habitat enhancement measures to mitigatiam effects, to provide data for
implementation of operational strategies that henefident fish, monitor reservoir and river
conditions, and monitor mitigation projects forezffiveness. This project completes urgent and
high priority mitigation actions as directed by tkeotenai Subbasin Plan.

Montana Fish, Wildlife & Parks (MFWP) uses a conaion of techniques to collect
physical and biological data within the Kootenavé&iBasin. These data serve several purposes
including: the development and refinement of modelsd in management of water resources
and operation of Libby Dam; investigations into lineiting factors of native fish populations,
gathering basic life history information, trackitignds in endangered and threatened species,
and the assessment of restoration or managementiestdesigned to restore native fishes and
their habitats. The following points summarize bi@ogical monitoring accomplished from
July 2009 to June 2010.

«  MFWP has monitored the relative abundance of burbtite stilling basin below Libby

Dam using hoop traps since 1994, but catch rates theclined precipitously since.
During the 2009/2010 trapping season we caughtiatvot below Libby Dam after
fishing a total of 362 trap days, for an equivalestch rate of 0.011 burbot/trap/day.
This catch represents the highest catch rate 2i0@8.

* We conducted juvenile salmonid population estimaitigisin reference reaches on
Therriault, Grave, Young, Libby, and Pipe creeksrider to evaluate fish population
response to habitat work. Trend analyses and &efiter/control analyses related to
stream restoration projects are presented for Edt;rYoung, Grave and Libby creeks.

MFWP continued to monitor fish species compositanmg species size and abundance
within Libby Reservoir using spring and fall giktting and present the results and trend
analyses for 11 fish species. Average length agidiw of kokanee in 2009 was 276.8
mm and 201.1 g, respectively. Kokanee mean leisgglynificantly negatively correlated
to catch rate in the fall nets. The catch ratesutthroat trout and mountain whitefish
during the past several years has remained lowandiffered significantly from a stable
population, but rainbow trout catch rates have laikd a significantly increasing trend
since 1994. The mean spring gill net catch of trailt in 2010 was 4.4 bull trout per net,



which was slightly higher than the previous yeat,lbwer than the rolling ten year average.
Bull trout catch rates on Libby Reservoir peake@000 at 6.71 bull trout per net, and have
generally exhibited a declining trend since. Ca#ths for inland rainbow trout in fall
gillnets has been low since 1996, averaging otily @sh per gilinet. However, the catch
rate in 2009 at the Rexford site was about dodtgeriean, and overall, catch rates are
significantly and positively correlated with themioer of hatchery Inland rainbow trout
stocked in the reservoir the previous year, eslheygrarling fish releases from 1989
through 2009.

MFWP has monitored zooplankton species composiéibandance and size of
zooplankton within the reservoir since the congtoucand filling of Libby Dam.
Zooplankton abundance, species composition, aedigtribution have also all been
similar during the second half of the reservoirstdry. Cyclopshas been the most
abundant genera of zooplankton present in thevesesince 1997, anDaphniawas the
second most abundant genera of zooplankton witi@meservoir in most years, including
2009. Zooplankton abundance within the reservaireg by month, with the monthly
abundance peaks over the past ten years remaeiatyely consistent. Area differences
existed for all genera exceposmina, Diaptomus, and Diaphanosoma

Bull trout redd counts in Grave Creek and the WigwmRiver have both exhibited
significant positive trends since the mid 1990&efE were a total of 1,575 bull trout
redds within the index portion of the Wigwam Riwehich was approximately an order
of magnitude higher than any other tributary witthie Kootenai Basin. Bull trout core
areas in the Kootenai River downstream of Libby Daclude Quartz, Pipe, Bear (Libby
Creek drainage), O'Brien creeks and the West Fi€neek. Bull trout redd counts
within these individual core streams have beerabdgiover the past several years, and
have not increased in proportion to bull trout reddnts upstream of Libby Dam. Three
of the four populations between Libby Dam and Kaoatd-alls were below average over
the period of record. West Fisher Creek was thg stream in this group that was
approximately equal to the average. We observedbiiest redd counts in ten years in
O’Brien Creek, but this was the only bull trout pdgtion located downstream of Libby
Dam that exhibited a significant positive trencheTadjunct Bull Lake population, which
spawns in Keeler Creek had only 26 redds in 2008¢hwvas the second lowest count
over the period of record (1996-present). Keeleek bull trout redd counts have been
below the long-term average and the lowest sin€d. 20

MFWP attempted to conduct a population estimatadodt bull trout below Libby Dam
during April 2010, but a low number of recapturethtked) fish precluded obtaining an
unbiased estimate of adult bull trout were presetitin this 3.5-mile section of the
Kootenai River. We recaptured 27 bull trout in @@at were previously marked in
2005, 2006, 2007, 2008 or 2009 below Libby Dam rapgetween 79 to 1,819 days



prior. The recaptured bull trout grew an averaigg4@.0 mm (0.22 mm per day), and
gained an average of 2293.3g (3.42 g per day).

MFWP monitored fine sediment (<6.35 mm) levelsighebull trout spawning
tributaries within the Montana portion of the Kao&e Basin using core sampling. In
2010, O’'Brien had the highest levels of fine seditmaveraging 31.8%. West Fisher
Creek had the lowest mean levels of fine sedinh©f6). Fine sediment levels on
West Fork Quartz Creek have been consistently @latively low across years, averaging
26.8%. Mean annual fine sediment levels on PigekCwere the second highest value
of the eight streams we monitored, averaging 3GadPéss years. Mean annual fine
sediment levels in Bear Creek have been varialbraging 26.8%, with no apparent
trend obvious over the period 2002 to 2010. Thelwil trout spawning tributaries
located in Montana upstream of Libby Dam had reddyilow fine sediment levels. Fine
sediment in Grave Creek and the Montana portiche@WWigwam River have both
averaged 26.3% from 1998 to 2010. The adjuncttbalit population that resides in Bull
Lake and spawns in Keeler Creek had the lowest rapanal levels of fine sediment
amongst the eight streams we monitored, averadirif2.

A cooperative mitigation and implementation planeleped by MFWP, the Kootenai
Tribe of Idaho and the Confederated Salish and &maitTribes documents hydropower-related
losses and mitigation actions attributable to thestruction and operation of Libby Dam, as
called for by the Northwest Power and Conservatoancil’s Fish and Wildlife Program
(MFWP et al. 1998). A mix of mitigation techniquesecessary to offset losses caused by dam
construction and operation. During the 2009 canfpariod, MFWP implemented riparian
vegetation restoration efforts on two restorationjgrts on Grave Creek, installed a fish screen
on an important resident cutthroat and bull trobutary, and completed monitoring activities to
evaluate stream channel response to eight preyicasipleted stream restoration projects. The
following points summarize these activities.

MFWRP conducted physical monitoring of the Libby €kddemonstration Project. The
oringal work restoration project constructed onenuker length the Libby Creek stream
channel (approximately 1,700 feet) which signifityachanged the stream channel
dimensions, which ultimately resulting in a deeged narrower channel, which
translated into a significantly lower width/depttio after project implementation, and
increased the quantity and quality of rearing tebitr native salmonids within the
project reach. Stream channel dimensions witherptioject area are similar to the as-
built conditions. The project continues to meet dhniginal objectives including limiting
instream sediment from two large sources withingtogect area. Stream channel
instability immediately outside the project area hrcreased, while bank erosion within
the project area has remained low.

»  MFWP completed physical monitoring on the Uppemnveo Phase | and Phase Il
Cleveland Restoration Project Areas located on ubibby Creek. Despite a large rain



on snow weather event in fall 2006 created subisiasttanges in the plan form on these
three projects, stream channel dimensions witfffile @nd pool habitats within these
three projects continue to recover from the chatiggsresulted from this relatively large
flood event. The habitat conditions in these thmegects are better than existed prior to
restoration, and even exceed conditions represeiueag the as-built surveys in some
instances.

MFWP completed the Young Creek State Lands Restar&roject in the fall of 2003,
which changed the stream channel dimensions wikisnarea. The monitoring results
presented in this document evaluated whether thieggcal changes were maintained
since construction. The steam channel dimensiatignvihe riffles of this section of
Young Creek changed only slightly between yeaisol Bimensions and numbers
changed little since construction (generally < 1@@%ghin the project area. This project
continues to meet the original objectives set fowtithis project.

MFWP partnered with The Kootenai River Network (KRMe USFWS Partners for
Wildlife and the local landowner in 2004 and 200tomplete the Therriault Creek
Restoration Project. This project also doubledehgth of stream and created
approximately 55 acres of prior converted wetlahtbnitoring conducted in 2009
indicates that the planform remains nearly idehtitat as-built conditions. Stream
channel dimensions have also changed little siféd 2 MFWP implemented
maintenance and supplemental vegetation treatnrettie fall of 2009 including
maintenance wateringxpansion of many of the existing browse protectansl installation
of additional browse protectors on residual shithas had never been previously protected.
Solarization fabric was an effective method to reenondesirable pasture grasses.
Effectiveness monitoring of previous revegetatiechniques was also completed, will
continue to be used in an adaptive managementxtori¥egetation effectiveness
monitoring at this site indicates that the riparammunity is trending toward recovery
while creating ecological conditions required todosustainable plant community.

MFWP worked with the landowner of the largest senigtigation diversion on Deep
Creek, a tributary to the Tobacco River to devalamwst share project to upgrade the
existing system in order to improve ease of opemnatliminate fish entrainment and
decrease maintenance at the point of diversiohe system was designed by the
Montana FWP Libby staff and was installed in thergpof 2010.

MFWP treated lower Boulder Lake and Boulder Creekibutary to Koocanusa
Reservoir, with various commercial formulationgatenone in September 2009 to
remove a hybridized population of cutthroat trolMtonitoring conducted in early 2010
indicated that a single piscicide achieved a coteplemoval of these fish. MFWP



restocked the lake and creek with westslope cuttrout fry in the summer of 2010.
This project expanded the current distribution ektglope cutthroat trout within the
Montana portion of the Kootenai River Subbasin rgast of Libby Dam by about 20%.

Montana FWP designed and implemented a creel gtiovestimate fishing effort, catch
and harvest of trout in the Kootenai River dowrestneof Libby Dam during the 2009/2010
fishing season which included the period June 0926 March 31, 2010, which targeted the
rainbow and bull trout fishery, and was conductedrd) the night and crepuscular hours. We
conducted angler interviews to estimate anglingsss, and we conducted visual counts of boat
and bank anglers to estimate fishing effort (presgssuBank angler effort differed by month, with
the highest effort occurring in July, and the lotef$ort occurring during November. The total
effort for the season was 4,079 hours (1,467 tri@@nk angler catch rates of rainbow trout > 24
inches were low, averaging only 0.007 fish/hourl(hburs/fish). Harvest rates of rainbow trout
> 24 inches were similar to catch rates, indicatimast fish angled in this size class by bank
angler were harvested. Bank angler bull troutlcattes were relatively high, and averaged
0.045 bull trout/hour (22 hours/fish). We estinhtieat bank anglers caught a total of 27
rainbow trout >24 inches and 185 bull trout durihg season. Boat angler effort was
substantially lower than bank effort, but generalipwed a similar pattern. Boat effort was
lowest from September through December, but inet&s the highest effort in January to the
end of the season in March. Total boat efforti@ season was 262 boat hours (411 boat angler
hours), which represented 74 boat trips. Boateaarggltch rates of rainbow trout > 24 inches
averaged 0.020 fish per boat hour (77 hours/fide estimated total catch and harvest for the
season of rainbow trout > 24 inches was relatil@hy (5 and 3 fish, respectively). Bull trout
catch rate for boats averaged 0.151 fish per bmat (11 hours/fish). We estimated boats angler
caught 39 bull trout during the season.

The Federal Action Agencies conducted a spillitesune 2010 at Libby Dam that lasted
seven days which was intended to benefit the K@oteiver white sturgeon. Discharge from the
turbines at Libby Dam was held constant at 27,@0ficcfeet per second (cfs) throughout the
spill test. Spill discharge peaked at 9,000 cfdwme 15, 2010 for two hours at 36,000 cfs total
discharge from Libby Dam. Montana FWP conducteditoang to evaluate the effects of
elevated total dissolved gas on resident fishenktbotenai River immediately downstream of
Libby Dam. We conducted day and night visual dessdor dead or dying fish, expending a
total effort of 103.5 boat-hours (233 man-houMje did not observe any fish mortality
attributable to elevated gas levels. However, idaecover five species of fish, whose deaths
using our visual criteria could not be attributedjas-related injuries. In an effort to estimate
search efficiency of dead or morbid fish, we red¢eba total of 39 dead and individually marked
bull trout in the Kootenai River. We recovereatakof 12 (30.8%) bull trout during our search
efforts. The spatial recovery pattern of the fisbtwas not randomly distributed, most of the
relocated test fish were recovered on the rivelobobof the back eddy associated with the pool
located near Big Bend (RM 217.4). The visual recgwf test fish was likely biased towards
larger individuals during daylight hours. MontdA&/P captured fish via jetboat electrofishing on
two occasions after spill had ceased in order terdene if fish exhibited symptoms of gas
bubble trauma (GBT). The day after spill had cdase estimated that 26.5% of the mountain
whitefish examined had GBT symptoms. We also capttwo rainbow trout, but none of these



fish exhibited GBT symptoms. Almost six days a#pill activities had ceased at Libby Dam, we
captured and examined rainbow trout, bull troutuntain whitefish, kokanee salmon, and brook
trout. However, none of these fish exhibited igaapparent external GBT symptoms. We also
present fish population estimates derived from meckpture electrofishing for rainbow trout on

three sections of the river and bull trout fromragke section located immediately downstream of
Libby Dam.
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INTRODUCTION

Libby Reservoir was created under an InternatiQuiimbia River Treaty between the
United States and Canada for cooperative watel@awent of the Columbia River Basin
(Columbia River Treaty 1964). Libby Reservoir idiated 109 stream miles of the mainstem
Kootenai River in the United States and Canada4énahiles of tributary streams in the U.S.
that provided habitat for spawning, juvenile regriand migratory passage (Figure 1). The
authorized purpose of the dam is to provide po@&1500), flood control (8.3%), and navigation
and other benefits (0.2%; Storm et al. 1982).

The Pacific Northwest Power Act of 1980 recognigedsible conflicts stemming from
hydroelectric projects in the northwest and dire&enneville Power Administration to "protect,
mitigate, and enhance fish and wildlife to the ektdfected by the development and operation of
any hydroelectric project of the Columbia River @sdributaries..." (4(h)(10)(A)). Under the Act,
the Northwest Power Planning Council was created@commendations for a comprehensive fish
and wildlife program were solicited from the redsofederal, state, and tribal fish and wildlife
agencies. Among Montana's recommendations wagopesal that that initiated to quantify
acceptable seasonal minimum pool elevations totaiaior enhance the existing fisheries
(Graham et al. 1982).

Research to determine how operations of Libby DHettethe reservoir and river fishery
and to suggest ways to lessen these effects bedadayi 1983. The framework for the Libby
Reservoir Model (LRMOD) was completed in 1989. Elepment of Integrated Rule Curves
(IRCs) for Libby Dam operation was completed in@98larotz et al. 1996). The Libby Reservoir
Model and the IRCs continue to be refined (Marota €999). Initiation of mitigation projects
such as lake rehabilitation and stream restordtgan in 1996. The primary focus of the Libby
Mitigation project now is to restore the fisherge®l fish habitat in basin streams and lakes.
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PROJECT HISTORY

Montana Fish, Wildlife and Parks began to asseseffiects of Libby Dam operation on
fish populations and lower trophic levels in 198his project established relationship between
reservoir operation and biological productivitydancorporated the results in the quantitative
biological model LRMOD. The models and prelimindRC’s (called Biological Rule Curves)
were first published in 1989 (Fraley et al. 19&9)d then refined in 1996 (Marotz et al. 1996).
Integrated Rule Curves (IRC’s) were adopted by NRPI®94, and have recently been
implemented, to a large degree, in the federaldgickl Opinion (BiOp) for white sturgeon and
bull trout (USFWS 2000). This project developedkaed approach for white sturgeon spawning
flows balanced with reservoir IRC’s and the NOAAstéries BiOp for salmon and steelhead. A
tiered flow strategy was adopted by the White StargRecovery Team in their Kootenai white
sturgeon recovery plan (USFWS 1999) and later edfin the USFWS 2000 BiOp.

A long-term database was established for monitgomgulations of kokanee, bull trout,
westslope cutthroat trout, rainbow trout and budoat other native fish species. Long-term
monitoring of zooplankton and trophic relationshiss also established. A model was
calibrated to estimate the entrainment of fish zoaplankton through Libby Dam as related to
hydro-operations and use of the selective withdkativarmal control structure. Research on the
entrainment of fish through the Libby Dam penstda&gan in 1990, and results were published
in 1996 (Skaar et al. 1996). The effects of darajpon on benthic macroinvertebrates in the
Kootenai River was also assessed (Hauer et al.) ¥88Zomparison with conditions measured
in the past (Perry and Huston 1983). This study realicated in 2005 with the addition of
examining the effect of a nuisance diatddmdymosphenia geminatan the benthic community
(Marshall 2007). The project identified importapawning and rearing tributaries in the U.S.
portion of the reservoir and began genetic inveasonf species of special concern. This project
developed non-lethal genetic methodologies to diffeate between native redband trout and
non-native rainbow trout (Brunelli et al. 2008)daanon-lethal genetic methodology to identify
natal tributary origin for bull trout in the upplpotenai Watershed and quantify bull trout
entrainment at Libby Dam (Ardren et al. 2007). €&sh on the effects of operations on the
river fishery using Instream Flow Incremental Metbtmgy (IFIM) techniques was initiated in
1992. Assessment of the effects of river fluctuaion Kootenai River burbot fishery was
examined in 1994 and 1995. IFIM studies were atsupleted in Kootenai River below
Bonners Ferry, Idaho, to determine spawning aredadlte to sturgeon at various river flows.
Microhabitat data collection specific to specied afe-stage of rainbow trout and mountain
whitefish has been incorporated into suitabilityvas. River cross-sectional profiles, velocity
patterns and other fisheries habitat attributeewempleted in 1997. Hydraulic model
calibrations and incorporation of suitability cusvend modification of the model code were
completed in 1999, and updated by Miller Ecologf¢ahsultants, Inc in 2003 (Miller and Geise
2004).

MFWP has completed several on-the-ground projécte $eginning mitigation
activities since 1997. Highlights of these accastphents are listed below for each year.

1997 — MFWP chemically rehabilitated Bootjack, Tegd and Cibid Lakes (closed-basin lakes)
in eastern Lincoln County to remove illegally idteced pumpkinseeds and yellow perch and re-
establish rainbow trout and westslope cutthroaitttro
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1998 - MFWP rehabilitated 200" of Pipe Creek stréxmk in cooperation with a private
landowner to prevent further loss of habitat foll out and westslope cutthroat trout. Pipe
Creek is a primary spawning tributary to the KoaieRiver.

1998 through 2000 - MFWP developed an isolati@ilifg for the conservation of native
redband trout at the Libby Field Station. Existpands were restored and the inlet stream was
enhanced for natural outdoor rearing. Natural répction may be possible. Activities included
chemically rehabilitating the system and constnget fish migration barrier to prevent fish
movement into the reclaimed habitat.

1998 - MFWP chemically rehabilitated Carpenterd.édkremove illegally introduced pike,
largemouth bass and bluegills and reestablish eestsutthroat trout and rainbow trout.
Natural reproduction is not expected in this clolsasin lake.

1999 - MFWP rehabilitated ~400' of Sinclair Creekeduce erosion, stabilize highway
crossing, and install fisheries habitat for wegislautthroat trout. Sinclair Creek is a tributary t
Libby Reservoir.

2000 - MFWP completed additional work on Sincaieek to stabilize a bank slough for
westslope cutthroat habitat improvement. Sinclaeek is now accessible to adfluvial spawners
from Libby Reservoir.

2000 - MFWP was a major contributor (financial amdind services; primarily surveying)
towards completion of Parmenter Creek re-channeiz@éehabilitation work (Project Impact).
Parmenter Creek has the potential to provide additispawning and rearing habitat for
Kootenai River fish, most likely westslope cutthtroaut.

2000 - MFWP completed stream stabilization andh@anelization project at the mouth of
O'Brien Creek to mitigate for delta formation aedulting stream instability, and to ensure bull
trout passage in the future. The work was comgleteooperation with private landowners and
Plum Creek Timber Company.

2000 - MFWP completed stream stabilization andcatendiversion project in cooperation with
the city of Troy on O'Brien Creek to ensure budutr passage in the future. The project removed
a head cut and stabilized a section of stream.ri€BCreek is a core bull trout recovery stream,
and this project helped ensure access to spawrnag.a

2001 — MFWP designed and reconstructed approxignaf200 feet of stream channel on Libby
Creek to stabilize stream banks, reduce sedimedtinaprove rearing habitat for salmonids.
This project eliminated a mass wasting hill sldpet tvas contributing an estimated 4,560 cubic
yards of sediment per year.

2001 -MFWP collaborated with the Kootenai River Netwookréconstruct approximately 1,200
feet of stream channel on Grave Creek in ordetaioilize stream banks, reduce sediment, and
improve rearing habitat for salmonids.

2001 — MFWP chemically rehabilitated Banana Lakeriter to remove exotic fish species from
this closed basin lake. Banana Lake will be réstdavith native fish species for recreational
fishing opportunities.
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2001 — MFWP worked cooperatively with the city by, MT to construct a community fishing
pond in Troy. The pond was completed in 2002 aaocked with fish from Murray Spring Fish
Hatchery.

2002 -MFWP collaborated with the Kootenai River Networlda/ other contributors to
reconstruct approximately 4,300 feet of stream nokhan Grave Creek in order to stabilize
stream banks, reduce sediment, improve rearinddidbr salmonids, and restore riparian
vegetation. A long-term monitoring plan was alspiemented in conjunction with this project
to evaluate project effectiveness through time.

2002 — MFWP collaborated with the landowner on upjileby Creek to reconstruct
approximately 4,300 feet of stream channel thatpvasiously impacted by mining activities.
The project objectives were to stabilize streankbareduce sediment, improve rearing habitat
for salmonids, and restore riparian vegetatiomil@r to the Grave Creek restoration activities,
we also implemented a long-term monitoring plarhwittis project to evaluate project
effectiveness through time. This restoration proyeas designed to benefit native redband
rainbow trout and bull trout.

2003 — Libby Fisheries Mitigation coordinated wilie Wildlife Mitigation Trust to complete a
conservation easement in the Fisher River corridfisheries mitigation dollars were used to
secure riparian habitat along 8.3 km of the Figtiger and important tributaries.

2004 — MFWP collaborated with the Kootenai Rivetwsk to reconstruct approximately 3,100
feet of stream channel on Grave Creek (Phasestioraion Project) in order to stabilize stream
banks, reduce sediment, and improve rearing hdbitatlmonids.

2005- MFWP excavated approximately 2,950 feet of newastrehannel during fall 2005 to
complete the Libby Creek Lower Cleveland Phasesté&tation Project. The resulting stream
pattern design increased sinuosity and subsequentlased total stream length from
approximately 2,700 to 3,200 fe€efhis project represented the second phase of adistor
activities in the upper Libby Creek Watershed.

2005 — MFWP collaborated with the Kootenai Rivetwsk to restore the ecological function

to Therriault Creek, a tributary of the Tobacco ity restoring the meander pattern and profile
of a 9,300 feet section of stream that had beaimgstiened. This project approximately doubled
the stream length within this section of creek.

2006 — MFWP completed the The Libby Creek Lowen€land Phase Il Project, which started
at the downstream boundary of the Phase | projeet @and restored 3,175 feet of stream to a
sustainable planform, profile and channel dimension

2006 - MFWP chemically rehabilitated Kilbrennarkedo remove illegally nonnative brook

trout, rainbow trout, yellow perch and black bulids and reestablished redband trout in the
lake. We also installed a fish barrier on Kilbrenzreek, downstream of the lake in order to
prevent nonnative fishes from recolonizing the lake

2006 — MFWP collaborated with the Kootenai Rivetwsk to perform maintenance and
revegetation efforts on the Grave Creek Phase lldRestoration Projects.

2006 — MFWP installed a fish screen on an irrigatoversion on lower Libby Creek.
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2007 — MFWP completed Phase | of the Therriaule€eroject Revegetation effort.

2007 — MFWP chemically rehabilitated Loon Lake@mpve nonnative brook troutand black
bullheads and reestablished westslope cutthroatt itmdhe lake.

2008 — MFWP completed Phase Il of the TherriauiegRrProject Revegetation effort.
2008 — MFWP installed a fish screen on an irrigatioversion on Young Creek.

2008 — MFWP collaborated on the Grave Creek PhBRsejéct revegetation effort.
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ASSOCIATIONS

The primary goals of the Libby Mitigation projearte to implement operational
mitigation (Integrated Rule Curve refinement assessment: measure 10.3B of the Northwest
Power Planning Council’s Fish and Wildlife Prograand non-operational mitigation (habitat
and passage improvements) in the Kootenai drainRgsults complement and extend the
Kootenai Focus Watershed Program (Project 199608&##fthe Kootenai Subbasin Plan (KTOI
and MFWP 2004, see NPCC web page). This projecittes new trout habitat by restoring
degraded habitat to functional condition througkat restoration and fish passage repairs. The
projects compliment each other in the restoratimhrmaintenance of native trout populations in
the Kootenai River System.

This project has direct effects on the activibésdaho Department of Fish and Game
(IDFG)-Kootenai River Fisheries Investigations (808500 — IDFG) and White Sturgeon
Experimental Aquaculture (198806400 — Kootenai &b Idaho). The project manager is on
the Kootenai white sturgeon recovery team and woldsely with project sponsors from IDFG
and KTOI. Results and implementation of recomm#énda derived from the IRCs, sturgeon
tiered flow strategy and IFIM models affect whitargeon recovery activities.

This project uses radio-telemetry to identify nakgon habits, habitat preferences and
spatial distribution of species in the Kootenaitegs Information on species habitat selection is
shared with the IFIM project in the Flathead Wdtes(Project 199101903).

Project personnel are completing activities inltveer Kootenai River in Montana to
provide baseline, control information for KooteRaver Ecosystem Improvement Study
(19940490 — Kootenai Tribe of Idaho). The inteitheir study is to determine if fertilization of
the Kootenai River is a viable alternative for gesing primary productivity in the Idaho portion
of the river.

We have been cooperating with the efforts of tHetbaut recovery project in Canada
(2000004 — British Columbia Ministry of Environmgir several years to monitor the status of
bull trout in the upper Kootenai River, it’'s trilautes, and Libby Reservoir. Our cooperative
activities have included radio tagging and traclafhg@dult bull trout, redd counts, sediment and
temperature monitoring, and migrant fish trip opierss.

MFWP is an active partner with the Kootenai Rivatinork (KRN). KRN is a non-
profit organization created to foster communicatma implement collaborative processes
among private and public interests in the watershdtese cooperative programs improve
resource management practices and the restordtiwater quality and aquatic resources in the
Kootenai basin. KRN is an alliance of diversezelti’s groups, individuals, business and
industry, and tribal and government water resoara@agement agencies in Montana, ldaho, and
British Columbia. KRN enables all interested pegtio collaborate in natural resource
management in the basin. MFWP serves on the KR&¢we Board. Formal participation in
the KRN helps MFWP achieve our goals and objectivesrd watershed restoration activities
in the Kootenai Basin.
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DESCRIPTION OF STUDY AREA
Subbasin Description

The Kootenai River Subbasin is an internationalensted that encompasses parts of
British Columbia (B.C.), Montana, and Idaho (Fig@ile The headwaters of the Kootenai River
originate in Kootenay National Park, B.C. The riflews south within the Rocky Mountain
Trench into the reservoir created by Libby Dam,alihis located near Libby, Montana. From the
reservoir, the river turns west, passes throughapebgtween the Purcell and Cabinet Mountains,
enters ldaho, and then loops north where it flawis Kootenay Lake, B.C. The waters leave the
lake's West Arm and flow south to join the ColumRBiaer at Castlegar, B.C. The annual
runoff volume makes the Kootenai the second larGesimbia River tributary. The Kootenai
ranks third in watershed area (36,000°kan8.96 million acres; Knudson 1994). The cliat
topography, geology, soils and land use charatt=isf the Kootenai Basin were previously
described in Dunnigan et al. (2003).

Drainage Area

Nearly two-thirds of the river’'s 485-mile-long cheel, and almost three-fourths of its
watershed area, is located within the provincerdfd® Columbia. Roughly twenty-one percent
of the watershed lies within the state of Montafigire 2), and six percent falls within Idaho
(Knudson 1994). The Continental Divide forms mu€the eastern boundary, the Selkirk
Mountains the western boundary, and the Cabineg&#re southern. The Purcell Mountains fill
the center of the river's J-shaped course to Kaptémke. Throughout, the subbasin is
mountainous and heavily forested.

Hydrology

The headwaters of the Kootenay River in Britishu@abia consist primarily of the main
fork of the Kootenay River and Elk River. High chna@hgradients are present throughout
headwater reaches and tributaries.

Libby Reservoir (Lake Koocanusa) and its tributaneceive runoff from 47 percent of
the Kootenai River drainage basin. The reservardraannual average inflow of 10,615 cfs.
Three Canadian rivers, the Kootenay, Elk, and Buipply 87 percent of the inflow (Chisholm et
al. 1989). The Tobacco River and numerous smalltaries flow into the reservoir south of the
International Border.

Major tributaries to the Kootenai River below Libbam include the Fisher River (838
sg. mi.; 485 average cfs), the Yaak River (766dgand 888 average cfs) and the Moyie River
(755 sq. mi.; 698 average cfs). Kootenai Rivertdbies are characteristically high-gradient
mountain streams with bed material consisting ofowes mixtures of sand, gravel, rubble,
boulders, and drifting amounts of clay and silegominantly of glacio-lacustrine origin. Fine
materials, due to their instability during periafshigh stream discharge, are continually abraded
and redeposited as gravel bars, forming braidedrala with alternating riffles and pools.
Stream flow in unregulated tributaries generallghzein late-May or early June after the onset of
snow melt, then declines to low flows from Novemtteough March. Flows also peak with
rain-on-snow events. Kootenai Falls, a 200-footahwgaterfall and a natural impediment to fish
migrations, is located eleven miles downstreamibby, Montana.
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The river drops in elevation from 3618 m at thedvesters to 532 m at the confluence of
Kootenay Lake. It leaves the Kootenay Lake throtnghwestern arm to a confluence with the
Columbia River at Castlegar. A natural barrier ahBington Falls, and now a series of four
dams isolate fish from other populations in theu@dbdia River basin. The natural barrier has
isolated sturgeon for approximately 10,000 yeawiidtote 1973). At its mouth, the Kootenay
River has an average annual discharge of 888 {80,650 cfs).

Fish Species

Eighteen species of fish are present in Libby Reseand the Kootenai River (Table 1).
The reservoir currently supports an important figher kokaneedDncorhynchus nerkand rainbow
trout Oncorhynchus mykisswith annual fishing pressure over 500,000 ho@hkigholm and
Hamlin 1987). Burbot.ota lota are also important game fish, providing a poptitdrery during
winter and spring. The Kootenai River below Lildbgm is a “blue ribbon” trout fishery, and the
state record rainbow trout was harvested there9®v l(over 33 pounds). Although bull trout
Salvelinus confluentulsshing was banned in the Kootenai River, “incid¢rcaptures” provide a
unigue seasonal fishery.

Table 1. Current relative abundance (A=abundantp@mon, R=rare) and abundance trend from
1975 to 2000 (I=increasing, S = stable , D = dexinga U = unknown) of fish species present in
Libby Reservoir.

Common Name Scientific name Relative Abundance Native*
abundance trend

Game fish species

Westslope cutthroat Oncorhynchus clarki lewisi C D Y
trout

Rainbow trout Oncorhynchus mykiss C D Y
Bull trout Salvelinus confluentus C I Y
Brook trout Salvelinus fontinalis R U N
Lake trout Salvelinus namaycush R U N
Kokanee salmon Oncorhynchus nerka A U N
Mountain whitefish Prosopium williamsoni R D Y
Burbot Lota lota C D Y
Largemouth bass Micropterus salmoides R U N
Northern pike Esox lucius R U N
Nongame fish species

Pumpkinseed Lepomis gibbosus R U N
Yellow perch Perca flavescens C I N
Redside shiner Richardsonius balteatus R D Y
Peamouth Mylocheilus caurinus A I Y
Northern pikeminnow  Ptychocheilus oregonensis A I Y
Largescale sucker Catostomus macrocheilus A S Y
Longnose sucker Catostomus catostomus C D Y

* Native species are designated Y, and nonnatives N
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Reservoir Operation

Libby Dam is a 113-m (370-ft) high concrete grastyucture with three types of outlets:
sluiceways (3), operational penstock intakes (@osksible), and a gated spillway. The dam crest is
931 m long (3,055 ft), and the widths at the cessl base are 16 m (54 ft) and 94 m (310 ft),
respectively. A selective withdrawal system wessalled on Libby Dam in 1972 to control water
temperatures in the dam discharge by selectingatdnwarious strata in the reservoir forebay.

Completion of Libby Dam in 1972 created the 109enhilbbby Reservoir. Specific
morphometric data for Libby Reservoir are presemtethble 2. Filling Libby Reservoir
inundated and eliminated 109 miles of the maind@wmtenai River and 40 miles of critical,
low-gradient tributary habitat. This conversioragfirge segment of the Kootenai River from a
lotic to lentic environment changed the aquatic camity (Paragamian 1994). Replacement of
the inundated habitat and the community of lifeupported are not possible. However,
mitigation efforts are underway to protect, reop@meconstruct the remaining tributary habitat
to partially offset the loss. Fortunately, in thighlands of the Kootenai Basin, tributary habitat
quality is high. The headwaters are relativelyauedoped and retain a high percentage of their
original wild attributes and native species compiexProtection of these remaining pristine
areas and reconnection of fragmented habitatsighephiorities.

Between 1977 and 2000, reservoir drawdowns averapedeet, but were as extreme as
154 feet (Figure 3). Reservoir drawdown affectbialogical trophic levels and influences the
probability of subsequent refill during spring rdinoRefill failures are especially harmful to
biological production during warm months. Annuedddowns impede revegetation of the
reservoir varial zone and result in a littoral zaf@ondescript cobble/mud/sand bottom with
limited habitat structure.
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Table 2. Morphometric data for Libby Reservoir.

Surface elevation
maximum pool
minimum operational pool
minimum pool (dead storage)
Area
maximum pool
minimum operational pool
Volume
maximum pool
minimum operational pool
Maximum length
Maximum depth
Mean depth
Shoreline length
Shoreline development
Storage ratio
Drainage area
Drainage area:surface area

Average daily discharge

pre-dam (1911-1972)
post-dam (1974-2000)

749.5 m (2,459 ft)
697.1 m (2,287 ft)
671.2 m (2,222 ft)

188 sqg. km (46,500 acres)
58.6 sqg. km (14,48&spr

7.24 k(5,869,400 acre-ft)
1.10 Rr{890,000 acre-ft)
145 km (90 mi)
107 m (350 ft)
38 m (126 ft)
360 km (224 mi)
7.4 km (4.6 mi)
0.68 yr
23,271 sq. km (8,985 sq. mi)

124:1

11,774 cfs
10,991 cfs
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Similar impacts have been observed in the tailwagéow Libby Dam. The zone of
water fluctuation owarial zonehas been enlarged by daily changes in water-flodvstage
caused by power operations. The resulting rapictdiations in dam discharges (as great as 400
percent) are inconsistent with the normative roancept (ISAB 1997). The varial zone is
neither a terrestrial nor aquatic environmentssoiologically unproductive. Daily and weekly
differences in discharge from Libby Dam have anreraus impact on the stability of the
riverbanks. Water logged banks are heavy and bilestahen the flow drops in magnitude,
banks calve off, causing serious erosion in tharigm zone. These impacts are common during
winter but go unnoticed until spring. In additiandely fluctuating flows can give false
migration cues to burbot and white sturgeon spasv(fearagamian 2000 and Paragamian and
Kruse 2001).

Also, barriers have been deposited in critical spag/tributaries to the Kootenai River
through the annual deposition of bedload mate(&ad, gravel, and boulders) at their
confluence with the river (MFWP et al. 1998). Dyyiperiods of low stream flow, the enlarged
deltas and excessive deposition of bedload substrahe low gradient reaches of tributaries
impedes or blocks fall-spawning migrations. Durdaig spring and summer, when redband and
cutthroat trout are out-migrating from nursery atns, the streams may flow subsurface through
the porous deltas (Paragamian V., IDFG, persomahwonication 2000). As a result, many
potential recruits are stranded. Prior to impouendinthe Kootenai River contained sufficient
hydraulic energy to annually remove these deltassimce the dam was installed, peak flows
have been limited to maximum turbine capacity (fdu@7 kcfs). Hydraulic energy is now
insufficient to remove deltaic deposits. Changing eegulating the Kootenai River annual
hydrograph for power and flood control and alterting annual temperature regime have caused
impacts typical of dam tailwaters.
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Figure 2. Kootenai River Basin, Montana.
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Figure 3. Libby Reservoir elevations (minimum, nmaxm), water years (October 1 — Sept. 30), 1976uthin 2009.
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Chapter 1

Biological Monitoring in the Montana Portion of the Kootenai River Basin
Abstract

MFWP has monitored the relative abundance of durbtine stilling basin below
Libby Dam using hoop traps since 1994, but cattdsrhave declined precipitously since.
During the 2009/2010 trapping season we caughtbatvot below Libby Dam after fishing
a total of 362 trap days, for an equivalent caitk of 0.011 burbot/trap/day. This catch
represents the highest catch rate since 2005.

We conducted juvenile salmonid population estimatghin reference reaches on
Therriault, Grave, Young, Libby, and Pipe creeksrider to evaluate fish population
response to habitat work. Trend analyses and &efiter/control analyses related to stream
restoration projects are presented for Therriddtjng, Grave and Libby creeks.

MFWP has documented the changes in fish specrapasition, and species size and
abundance within Libby Reservoir since the consimacof Libby Dam. We continued
monitoring fish populations within the reservoiingsspring and fall gill netting and present
the results and trend analyses for 11 fish sped@srage length and weight of kokanee in
2009 was 276.8 mm and 201.1 g, respectively. Ke&anean length has varied relatively
little since 1995, but is significantly negativelgrrelated to catch rate in the fall nets.
Rainbow and westslope cutthroat trout and moumntdiitefish catch declined precipitously
following impoundment. The catch rates of cutthitoaut and mountain whitefish during the
past several years has remained low and not diff@gmificantly from a stable population,
but rainbow trout catch rates have exhibited aiggmtly increasing trend since 1994. The
mean spring gill net catch of bull trout in 2010swila4 bull trout per net, which was slightly
higher than the previous year, but lower than tiieng ten year average. Bull trout catch rates
on Libby Reservoir peaked in 2000 at 6.71 bullttgmer net, and have generally exhibited a
declining trend since. The spring gill net catEhuwll trout is significantly and positively
correlated to the bull trout redd counts in the Wag River and Grave. We were able to
improve trend analyses using an adjusted catchlbfrbut that accounted for differing
reservoir levels at the time of netting. Catclesdor inland rainbow trout in fall gillnets has
been low since 1996, averaging only 0.07 fish dereq. The catch rate in 2009 at the Rexford
site was about double the mean. The catch ratdamid rainbow trout in fall floating gillnets
was significantly and positively correlated witke thumber of hatchery Inland rainbow trout
stocked in the reservoir the previous year, eshegarling fish releases from 1989 through
20009.

MFWP has monitored zooplankton species composiibundance and size of
zooplankton within the reservoir since the congtoaumcand filling of Libby Dam.
Zooplankton abundance, species composition, aedigtribution have also all been similar
during the second half of the reservoir’s histaByclopshas been the most abundant genera
of zooplankton present in the reservoir since 188dDaphniawas the second most
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abundant genera of zooplankton within the reselimamost years, including 2009.
Zooplankton abundance within the reservoir variembnth, with the monthly abundance
peaks over the past ten years remaining relato@tgistent. Area differences existed for all
genera exce@osmina, Diaptomus, and Diaphanosoma

Bull trout redd counts in Grave Creek and the WagwRiver have both exhibited
significant positive trends since the mid 1990&efE were a total of 1,575 bull trout redds
within the index portion of the Wigwam River, whiafas approximately an order of
magnitude higher than any other tributary withia Kootenai Basin. Bull trout core areas in
the Kootenai River downstream of Libby Dam inclu@eartz, Pipe, Bear (Libby Creek
drainage), O’Brien creeks and the West Fisher Cr&Kl trout redd counts within these
individual core streams have been variable ovep# several years, and have not increased
in proportion to bull trout redd counts upstreantiby Dam. Three of the four populations
between Libby Dam and Kootenai Falls were belowaye over the period of record. West
Fisher Creek was the only stream in this groupweet approximately equal to the average.
We observed the lowest redd counts in ten yea@Bnien Creek, but this was the only bull
trout population located downstream of Libby Damattéxhibited a significant positive trend.
The adjunct Bull Lake population, which spawn&eeler Creek had only 26 redds in 2009,
which was the second lowest count over the periodanrd (1996-present). Keeler Creek
bull trout redd counts have been below the longitaverage and the lowest since 2001.

MFWP attempted to conduct a population estimatadit bull trout below Libby
Dam during April 2010, but a low number of recaptiiimarked) fish precluded obtaining an
unbiased estimate of adult bull trout were presgetitin this 3.5-mile section of the Kootenai
River. We recaptured 27 bull trout in 2010 thatevereviously marked in 2005, 2006, 2007,
2008 or 2009 below Libby Dam ranging between 79,819 days prior. The recaptured bull
trout grew an average of 142.0 mm (0.22 mm per,dag gained an average of 2293.3g
(3.42 g per day).

MFWP monitored fine sediment (<6.35 mm) levelgight bull trout spawning
tributaries within the Montana portion of the Komde Basin using core sampling. In 2010,
O’Brien had the highest levels of fine sedimengraging 31.8%. West Fisher Creek had the
lowest mean levels of fine sediment (22.9%), bt drdy been monitored for four years.

Fine sediment levels on West Fork Quartz Creek baes consistently and relatively low
across years, averaging 26.8%. Mean annual @édenent levels on Pipe Creek were the
second highest value of the eight streams we mrexif@veraging 30.4% across years. Mean
annual fine sediment levels in Bear Creek have baaable, averaging 26.8%, with no
apparent trend obvious over the period 2002 to 201 two bull trout spawning tributaries
located in Montana upstream of Libby Dam had reddyi low fine sediment levels. Fine
sediment in Grave Creek and the Montana portich@iVigwam River have both averaged
26.3% from 1998 to 2010. The adjunct bull troupplation that resides in Bull Lake and
spawns in Keeler Creek had the lowest mean anaueld of fine sediment amongst the eight
streams we monitored, averaging 22.2%.
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Introduction

The primary objectives of the Libby Mitigation Pecj are to 1) Correct deleterious
effects caused by hydropower operations and méiffatfisheries losses attributed to the
construction and operation of Libby Dam using wstted-based, habitat enhancement, fish
passage improvements, and offsite fish recoveigragt2) Integrate computer models into a
watershed framework using MFWP’s quantitative resermodel (LRMOD), Integrated
Rule Curves (IRC), Instream Flow Incremental Mettlody (IFIM) and Libby Dam fish
entrainment model (ENTRAIN), to improve biologigabduction by modifying dam
operation, and 3) Recover native fish species diotuthe endangered Kootenai River white
sturgeon, threatened bull trout, westslope cuttitroat, interior redband rainbow trout, and
burbot. A loss statement, site-specific mitigatamtions and monitoring strategies were
documented in the Libby Mitigation and ImplemerdatPlan (MFWP et al. 1998) and
Kootenai Subbasin Plan (KTOIl and MFWP 2004).

Biological monitoring data was critical for empaity calibrating computer models
used in management of water resources and opewdtiabby Dam. The quantitative
biological model LRMOD was calibrated using fielata collected by project personnel from
1983 through 1990. Field data from 1991 througb5l®ere used to refine and correct
uncertainties in the model and add a white sturgeomponent (Marotz et al. 1996 and
1999). These models include Integrated Rule CUui&S’s), the Libby Reservoir model
(LRMOD) and an alternate flood control strategyethVARQ, which stands for variable
discharge (Q). The ultimate result has been ttegration of fisheries operations with power
production and flood control to reduce the econamigact of basin-wide fisheries recovery
actions.

Investigations into the factors limiting nativeHipopulations require a combination
of field evaluation techniques. Characteristicaleated include population densities, species
assemblages and composition, fish length-at-agdittoand scale aging), growth, condition
factors, indices of abundance and biomass estim#tdhis chapter we describe the results
of the field activities required to gather thisamhation.

In addition, habitat enhancement and fish passageivement measures may be the
most promising methods for recovering native regideocks. This project has embraced this
approach and implemented several restoration pisopeca basin wide priority basis using a
step-wise, adaptive management approach to cdimgithg factors for bull trout, burbot,
cutthroat trout, and redband trout in the Koot@wsin (see chapter 2). Biological and physical
monitoring is critical to assess the effectiversfsgstoration or management actions designed
to restore native fishes and their habitats. Eatan of restoration actions will continue to
determine the most cost-effective methods for ecihgrthese diverse populations. This
chapter describes the physical and biological manig activities necessary to evaluate habitat
restoration and passage improvements.

The bull trout that inhabit Libby Reservoir and Kewai River represent
geographically and genetically distinct and impottaopulations within their range (USFWS
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1999; Ardren et al. 2007). MFWHP list bull troutaspecies of special concern and in 1996
the United States Fish and The US Wildlife Ser¢id8FWS), through the Endangered
Species Act, listed bull trout as threatened thhowg their range in 1998 (USFWS 1999).

Libby Dam, constructed on the mainstem KootenaeRin 1972, represents a major
limiting factor affecting bull trout in the KootenRiver (USFWS 2002; Montana Bull Trout
Scientific Group 1996a). Presently no fish pasgagdities exist at Libby Dam and
migration only occurs downstream through the d&revious studies have documented the
passage of bull trout (Dunnigan et al. 2005; Skaal. 1996) downstream through Libby
Dam, and a recent study funded by this projecirndisated that at least half of the bull trout
in the three mile section of river downstream & ¢tam between 2004 and 2007 were
entrained (DeHaan et al. 2008). Dam operationesgmt a direct threat to bull trout in the
middle Kootenai because of the biological effessoaiated with unnatural flow fluctuations
and potential gas supersaturation problems arfsamg spill operations. The dam is a fish
barrier, generally restricting a portion of thisgnatory population to 29 miles of river
between Libby Dam and Kootenai Falls. Although MFWas documented upstream bull
trout passage at Kootenai Falls, the falls reptesasabstantial fish barrier at most current
flow regimes. The Kootenai River is nodal habatantaining critical over-wintering areas,
migratory corridors, and habitat required for rearction and early rearing. Land use
practices also constitute a high risk to bull trouthe middle Kootenai (Libby Dam to
Kootenai Falls) due impacts on spawning and redraigtat. These risks are accentuated
due to the low number of spawning streams (QuRite, O’'Brien, Callahan and Libby
Creek drainages) available; a direct result of taalfiagmentation caused by Libby Dam.

In the upper Kootenai (above Libby Dam), the thgeatbull trout habitat include
non-native fish introductions, rural residentialel®pment, and forestry practices.
Additional risks come from mining, agriculture, wativersions, and illegal harvest
(Montana Bull Trout Scientific Group 1996b). Cedi spawning streams include the Grave
Creek drainage in the U.S. and the Wigwam draimaggitish Columbia. Beginning in
2004, MFWP opened a recreational bull trout fishemibby Reservoir for the first time
since 1993. The fishery was established as arriexpetal exception to the Federally Listed
threatened status of bull trout within the ColumRiger Subbasin through negotiations with
the US Fish and Wildlife Service. This fishery vestablished due to the relatively high
abundance of bull trout in Libby Reservoir.

Bull trout are found below Kootenai Falls in O’'Brni€reek, Callahan Creek and in
Bull Lake. The latter is a disjunct population thagrates out of Bull Lake, downstream to
Lake Creek then upstream in Keeler Creek. Thebkdrisabit areas in the lower Kootenai
River and Kootenay Lake during most of the year.

MFWP conducts annual monitoring to assess bult treands in abundance and critical
spawning and rearing habitat. We monitor annusdgsment in eight critical tributaries used
for spawning by conducting redd counts within indexches of each stream, and within these
stream we monitor fin sediment levels in ordentaleate the potential impact of sediment on
egg survival. We also monitor bull trout abundawaéin the Libby Dam tailrace and conduct
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genetic assessments to estimate annual entraifPedann et al. 2008). In 2007, we also
assessed the impact of non-native brook trout bnidigation with bull trout in four tributaries
in the Kootenai Basin.
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Methods
Burbot Monitoring Below Libby Dam

Baited hoop traps are an effective gear to capturbot (Bernard et al. 1991), and
MFWP has monitored burbot densities directly dowaesh of Libby Dam since 1994, using
baited hoop traps during December and Februarggituce burbot in or near spawning
condition. The trapping effort in 2003 was expahtteinclude the month of January
because a modified flood control strategy (VARQ}waplemented beginning in January
2003. Two hoop traps measuring 2-feet diametgmaimately 6-8 feet in length with %
inch net mesh were baited with cut bait (usuallydee, depending upon availability) and
lowered in the stilling basin downstream of Libbsr® at depths ranging from 20-55 feet
(Figure 1). Sash weights attached to the cod &éedah hoop trap securely positioned the
trap on the bottom. Traps were generally checkécketper week unless catches substantially
increased between periods. Captured burbot wenaerated, examined for a PIT (passive
integrated transponder) tag, measured, PIT taggadal 25 or 134.2 KHz PIT tag if not
previously tagged, and released. Fish less tharozippately 350 mm total length were not
tagged. PIT tags were inserted with an 8 or 12ygdiypodermic needle into the
musculature of the left operculum. We standardthedcatch in terms of the average catch
per trap day, in order to compare burbot catchsrateong years.

Figure 1. An aerial photograph of Libby Dam, laaidownstream. The red symbols
represent typical locations that hoop traps ar&ipasd below Libby Dam for burbot
monitoring.
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Juvenile Salmonid Population Estimates

MFWP conducted juvenile salmonid population estesain Sinclair, Therriault,
Young, Libby, Grave, and Pipe creeks in 2006, asqfaan effort to monitor long-term
trends in juvenile salmonid abundance, size distidim and species composition associated
with past or future stream restoration efforts. d@aducted estimates on each stream with
mobile electrofishing gear using DC current for tijplé pass depletions similar to Shepard
and Graham et al. (1982). We placed a block nettealower end of each section and
electrofished from the upper end of the sectioratols the lower end. After two such passes
were completed, we estimated the probability otwagp(P) using the following formula.

P=Cil-C2/C1

Where: C1 = number of fish >75 mm total length oagd during first catch and
C2 = number of fish > 75 mm total length capturedrty second catch.

Based on captures made during the first two pagdesyas >0.7, a third pass was
conducted. Population estimates were performetidor>75 mm, consistency with historic
data collected prior to 1997. Population estimata$ associated 95% confidence intervals
were estimated usindgicrofish 2.2(Van Deventer and Platts 1983). We evaluatedirém
abundance using multiple regression. We compasbdabundance at sites where we
performed stream restoration efforts using studdrst to evaluate differences in
abundance before and after restoration was contplétée also previously established
control sections in Young, Therriault, and Libbgeks, which enabled us to utilize the more
powerful Before/After/Control (BACI) design at tleegestoration sites. A description of
reach sampled within each tributary is presentéale

Therriault Creek

We established three monitoring sections in Theltri@reek for juvenile salmonid
trend analyses (Hoffman et al. 2002). Sectionlmegan at the Highway 93 culvert and
extended 82 m upstream, and is located 0.61 miesstream of the lower project boundary
of the Therriault Creek Restoration Project. Thstteam boundary of section two began at
the upper end of the Therriault Creek Restoratimpelet that was finalized in the spring of
2005 and is located approximately 3.4 miles upstrfam the Therriault Creek confluence.
Section three is located 0.23 miles upstream otifiper boundary of the restoration project,
and this section is moderately stable. Sectiomsamm three are intended as control sites.

Grave Creek

We established a representative sampling reachrave@reek to perform population
estimates. The shocking section begins at the Makdsridge, which is located 3.5 miles
upstream of the Grave Creek confluence, and exwmaastream 1,000 feet to the lower
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boundary of the Demonstration Project. Baselisie fiopulation data for Grave Creek prior to
the completion of the demonstration project wettkectied in 2000 and 2001.

Due to the high volume of water in lower Grave RreeCPUE was conducted rather
than the usual depletion population estimate ir020@ 2001. We used a Coleman canoe
electrofishing boat with a mobile electrode to sktipis section. The system consisted of a
Cofelt model VVP-15 rectifier powered by a 4000 tggenerator. Our estimates are for fish >
75 mm long (total length, TL) for consistency wathita previously collected on other Kootenai
River tributaries. This section of Grave Creek saspled via electrofishing in 2003-2008.
However, sampling in 2002 was limited to snorkedeatvations due to the presence of >2,000
adult kokanee salmon in the monitoring section.o Dlvservers moved slowly upstream
enumerating trout estimated to b&%mm total length.

Young Creek

MFWP previously established five monitoring sectiam Young Creek to assess
trends in juvenile salmonid abundance within theitygp Creek watershed (Huston et al.
1984). However, MFWP has curtailed monitoringrtcluide only three sections; including
the following:

» Section 1: Tooley Lake Section. This section eated 0.65 miles upstream of
Koocanusa Reservoir (at full pool), 2.73 miles detsmam of the Young Creek State
Lands Restoration Project, and is intended to sas\e control site.

» Section 4: Dodge Creek Road #303. This sectidwceted 2.42 miles upstream from
Young Creek State Lands Restoration Project, 5l8smipstream of Koocanusa
Reservoir (at full pool), and is intended to sesgea control site.

» Section 5: State Lands Restoration Project. Téxsien is located at the upper
boundary of the restoration project, and is loc&&8 miles upstream of Koocanusa
Reservoir (at full pool).

Libby Creek

MFWP personnel collected fish population informatio six sites on Libby. We
sampled Sections 1, 4 and 6 using a Coleman cartbten with a mobile electrode. The
system consisted of a Cofelt model VVP-15 rectifiewered by a 4000 watt generator. The
other sections were sampled with a two Smith Rackpack electrofishers. The section
locations are as follows:

» Section 1: is approximately 1,000 feet long, beginthe upper end of the Libby
Creek Demonstration Project area and is locate@ files downstream of the
Highway 2 bridge. This section is located at apprately river mile 12.3.

* Section 2: isa 171 m long reach located ~100 nrego® of the Highway 2 bridge at
approximately river mile 13.1
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» Section 3: is a 171 m long reach located on tipeu@leveland Restoration Project,
and is the upper most section in the watershed Isaind his section is located at
approximately river mile 22.3.

» Section 4: is a 201 m long reach located downstrefathe lower Cleveland
property, is intended to serve as a control siteélfe lower Cleveland Stream
Restoration Project, and is located at approximateér mile 19.7.

» Section 5: is a 143 m long reach located upstrefaime lower Cleveland property
upstream of the bridge on Forest Rd. number 231 jsamtended to serve as a control
site for the lower Cleveland Stream Restorationdeto This section is located at
approximately river mile 20.5.

» Section 6: is a 172 m long reach near the confleerh Midas Creek located within
the lower Cleveland Phase Il Stream RestoratiofeBr,cand is located at
approximately river mile 20.2.

Pipe Creek

MFWP established a single monitoring section oreloRipe Creek in 2001 below the
Bothman Road Bridge at approximately 0.25 milegreps of the confluence with the
Kootenai River. This section was established tiecbbaseline biological data prior to a
scheduled stream restoration project on lower iigek. This section has been sampled
annually since 2001.

Libby Reservoir Gillnet Monitoring

MFWP has used gilinets since 1975 to assess attandk in fish populations and
species composition. These yearly sampling sesgee accomplished using criteria established
by Huston et al. (1984). This report focuses engiriod 1988 through 2006, but the entire
database (1975 through 2006) was occasionallytosgtbw long-term catch trends.

Netting methods remained similar to those repdrechisholm et al. (1989). Netting
effort has continually been reduced since it was iinitiated in 1975. During the period 1975-
1987 a total of 128 ganged (coupled) nets weredisihis was reduced to 56 in 1988-1990,
and reduced again to 28 ganged floating and 28essngking nets in 1991-1999. Effort was
further reduced to 14 ganged nets from 2000 teepted-urthermore, netting effort occurred in
the spring and fall, rather than the year roundrefirior to 1988. Only fish exhibiting
morphometric characteristics of pure cutthroatléssae, presence of basibranchial teeth,
spotting pattern and presence of a red slash dnstde of the jaw along the dentary) were
identified as westslope cutthroat trout; all otheese identified as rainbow trout (Leary et al.
1983). Inland rainbow trout (Gerrard and Duncaaiis} were distinguished from wild rainbow
trout by eroded fins (pectoral, dorsal and caualadlor presence of hatchery adipose clip.

Species abbreviations used throughout this repertainbow trout (RBT), inland

rainbow trout (IRB), westslope cutthroat trout (WCrinbow X cutthroat hybrids (HB), bull
trout (BT), kokanee salmon (KOK), mountain whitef(8WF), burbot (LING), peamouth
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chub (CRC), northern pikeminnow (NPM), redside shiiiRSS), largescale sucker (CSU),
longnose sucker (FSU), and yellow perch (YP).

The year was stratified into two gilinetting seasdiased on reservoir operation and
surface water temperature criteria:

1) Spring (April - June): The reservoir was beiefilled, surface water temperatures
increased to 9 - £8.

2) Fall (September - October): Drafting of thesrgsir began, surface water
temperature decreased to 13 °CL7

Seasonal and annual changes in fish abundancewhhnearshore zone were assessed
using floating and sinking horizontal gillnets. eBe nets were 38.1 m long and 1.8 m deep and
consisted of five equal panels of 19-, 25-, 32-, 88d 51-mm mesh.

Fourteen to twenty-eight floating (ganged) and anivo single, sinking nets were set
in the fall in the Rexford and Canada portionshefteservoir. Spring netting series consisted
of 20 to 111 (standardized to 28 in 1991) sinkiatsrand an occasional floating net set only in
the Rexford area. Spring floating, and fall sigkinet data were not included in this report
because net placement was not standardized. etsset perpendicular from the shoreline in
the afternoon and were retrieved before noon thaifmg day. All fish were removed from
the nets and identified, followed by collectionerfigth, weight, sex and maturity data. Scales
and a limited number of otoliths were collecteddge and growth analysis. When large
gamefish (Kamloops rainbow, cutthroat, bull troubarbot) were captured alive, only a length
was recorded prior to release.

We calculated catch per unit effort (CPUE) forsplecies of fish captured during each
fall and spring sampling event by dividing the totamber of fish captured by the total number
of nets fished. We used multiple regression tduate trends in catch per unit effort through
time.

Libby Reservoir Zooplankton Monitoring

MFWP has collected zooplankton from Libby Resergoice 1983 in an attempt to
relate changes in density and structure of the comfijnto parameters of other aquatic
communities, and to collect data indicative of resg processes, including aging and the
effects of reservoir operation. We performed miyntbrtical zooplankton tows using a 0.3
m, 1534 Wisconsin net in each of three reservoir areasrfiile, Rexford and Canada) from
1983 to 1996. However, beginning in 1997, we redusampling effort to the period April
through November, after a rigorous analysis inéidate would not compromise our ability to
identify trends (Hoffman et al. 2002). In an effar further standardize sampling
methodologies, we experimented with the effectsanfiple depth on the resulting analyses.
When we excluded samples of greater than 20 nigthats were statistically similar (Kruska-
Wallis p = 0.05; Hoffman et al. 2002) relative twaéyses including depths of 30 m with regards
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to total zooplankton abundance. These resultsloorate previous results from Schindler trap
sampling that found that approximately 90% of ab@lankton captured were from depths of
20 m or less (Skaar et al. 1996). Therefore, lmaginin 1997, we conducted 20 m sampling
tows when depth permitted, and when depth was leetd® and 20 m we sampled the entire
water column. We did not collect samples whentdegts less than 10 m. This differed from
sampling protocols used from 1983 through 1989 revbee sample was taken from a
permanent station and two samples were taken rdgdo®ach area, regardless of water
depth. However, we made two sampling protocol gharn 1990, 1) We only collected
zooplankton samples when depth was at least 1@aR)eall sampling locations (reservoir
mile) and bank (east, west or middle) were rand@elgcted. All samples were pulled at a rate
of 1 m/second to minimize backwash (Leathe and &mah982).

Zooplankton samples were preserved in a waterhyhatcohol / formalin / acetic acid
solution from September 1986 to November 1986.rA¥ecember 1986, all samples were
preserved in 95% ethyl alcohol to enhance eggtieteim Cladocerans.

Low density samples (<500 organisms total) werentzmliin their entirety. High-
density samples were diluted to a density of 800 organisms in each of five, five mi
aliquots. The average of the five aliquots waslusaletermine density. We randomly
subsampled and measured the length of approxinZ@&haphnia Diaptomus Epischuraand
Diaphanosomado estimate abundance within 0.5 mm length classekto estimate mean
length of each genera. We used analysis of varjamd subsequent Tukey multiple
comparisons to assess whether zooplankton abunddfered by month and sampling area.

Bull Trout Redd Counts

Redd surveys were conducted in October afterttmult spawned in the Wigwam and
West Fisher Creeks and Grave, Quartz, Bear (aampto Libby Creek), Keeler, Pipe, and
O’Brien creeks. Personnel from the British Coluanllinistry of Water, Land, and Air
Protection conducted redd counts on the WigwamrRimd associated tributaries. Observers
enumerated “positive” and “possible” redds. “Poesibedds were those that did not have fully
developed pits and egg mounds. Since 1993, ownlsitipe” redds have been counted, and are
included in tables and figures for this report.adidition to counting redds, size and location of
redds were also noted. Surveyors recorded sultahliéat and barriers to spawning bull trout
when a stream was surveyed for the first time. Ud&l linear regression of redd counts to
assess population trends through time.

Kootenai River Adult Bull Trout Population Estimate

We collected adult bull trout using nighttime etefishing by jet boat to perform a
mark-recapture population estimate of bull trouthi@ Kootenai River from Libby Dam
(River mile [RM] 221.7) downstream to the conflueraf the Fisher River (RM 218.2). We
marked bull trout on the evenings of April 9 and 2008, and performed recapture sessions
on April 16 and 17, 2008. We operated two jet l@ettrofishing crews during each of the
other two sampling events. Each boat containedvardand two netters. Our electrofishing
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unit on each boat consisted of a Coffelt model M&tlelectrofishing unit operating with an
electrical output ranging from 200-350 volts at &MBps powered by a 5,000 watt gasoline
powered generator. In order to thoroughly eldiihathe entire 3.5 miles of Kootenai River,
we divided the sample area into 2 sections, andwdrd electrofishing on each section on a
single evening. Section 1 was from Libby Dam dawe@n to the Alexander Creek
confluence (RM 220.5), and was 1.2 miles long, \@ad sampled on April 9 and 16,
respectively. Section 2 was from the Alexandere€monfluence downstream to the Fisher
River Confluence, and was 2.3 miles long, and vaaspted on April 10 and 17.

We recorded the total time (minutes) electricatentr was generated in the water as a
measure of effort. We measured total length (nwe)ghed (g), examined all fish for marks,
collected scale samples, and released all bult taptured near their capture location. All
bull trout were marked with individually numbere8412 (ISO) KHz passive integrated
transponder (PIT) tags and an adipose fin clip asved to evaluate PIT tag retention.

PIT tags were inserted with an 8 or 12-gauge hypoiteneedle into the musculature behind
the dorsal fin.

We estimated bull trout abundance using a markpteca population estimation
technique which assumes the population of bulltti®tclosed”, suggesting no births, deaths
or migrations occurred during sampling periods kRicL958). Additional assumptions were
that marked and unmarked fish have equal mortaligs, marked fish were randomly
distributed throughout the study area, marks wetdast, and all marked fish captured were
recognized and counted (Lagler 1956). We use®#tersen Estimator as modified by
Chapman (Ricker 1958) to estimate absolute aburdainoull trout where:

N = (M +D)=(C +]) -1+ Morts [
R +1
Where: N =  population estimate,
C = total fish captured in the recapture sample(s
M = number of marked fish at the stdntecapture sample period and
R = number of marked fish in the recapture safsple

Morts = number unmarked mortalities capturedryuthe marking sessions.

We used the following formula to calculate bourBsfor 95% confidence intervals for N:

B=1.96><\/ N*+ (C-R) [2]
(C+DH(R+2

We compared the mean length of bull trout captaieihg our 2009 sampling to the
mean length of bull trout captured during similampling conducted annually from 2004 to
2008 using ANOVA and subsequent Tukey multiple cangons. For all PIT tagged bull
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trout that were captured from previous marking isess we calculated the average total
length and weight gain since time of original cagtu

Bull Trout Spawning Substrate Surveys
Sample Collection and Processing

We used a standard 15.2 cm hollow core sampler @M&xd Ahnell 1964) to collect
four samples across each of three transects framfeavial or adfluvial bull trout tributary
in the Montana portion of the Kootenai watershedroher to assess potential trends in bull
trout emergence success. We located coring sitegweach stream using a stratified
random selection process during the winter morgbadrally February through March). The
total width of stream having suitable depth, velgand substrate for spawning was visually
divided into four equal cells. We randomly toolearore sample in each cell. In some study
areas we deviated from this procedure due to lohtediscontinuous areas of suitable
spawning habitat. We selected study areas basetismivations of natural spawning. We
only sampled in spawning areas used by adfluvidlfeuvial bull trout. During the period of
study, these fish spawned in the same general,a@aampling locations remained similar.

Sampling involved working the corer into the stréaohto a depth of 15.2 cm. We
removed all material inside the sampler and plaiceda heavy duty plastic bags. We
labeled the bags and transported them to the KabhMational Forest Soils Laboratory in
Libby, Montana, for gravimetric analysis. We saetpthe material suspended in water
inside the corer using an Imhoff settling cone (&ind and Graham 1982). We allowed the
cone to settle for 20 minutes before recordingatm@unt of sediment per liter of water.
After taking the Imhoff cone sample, we determitadl volume of the turbid water inside
the corer by measuring the depth and referringdeph to volume conversion table
(Shepard and Graham 1982).

The product of the cone reading (ml of sedimentlipan and the total volume of
turbid water inside the corer (liters) yields aprgximation of the amount of fine sediment
suspended inside the corer after sample remova .thah applied a wet to dry conversion
factor developed for Flathead tributaries by Shejgaad Graham (1982), yielding an
estimated dry weight (g) for the suspended material

We oven dried the bagged samples and sieve segpdnai® into 13 size classes
ranging from >76.1 mm to <0.063 mm in diameter (€dh). We weighed the material
retained on each sieve and calculated the percemtaight in each size class. The estimated
dry weight of the suspended fine material (Imhaffie results) was added to the weight
observed in the pan, to determine the percentagetdrial <0.063 mm. We refer to each
set of samples by using the mean percentage <@8trdiameter. This size class is
commonly used to describe spawning gravel quaity, it includes the size range typically
generated during land management activities. Véeneed the range of median values for
this size class observed throughout the survey area
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Analyses

We pooled up to 12 substrate samples from eachrstrweithin a given year and
performed an arcsine transformation on the pergente the <6.35 mm in diameter within
each sample. We re-transformed all data backrigigcal display purposes. We performed
an analysis of variance to test for differencesvben years within a given stream. Post hoc
multiple comparisons (Tukey’s HSD) were performiegeiarly differences existed (p < 0.05).
All statistical analyses were performed using SPSSSoftware.

Table 1. Mesh size of sieves used to gravimelyieaalyze hollow core streambed
substrate samples collected from Kootenai Riveimbaibutaries.

Mesh Size (mm) Mesh Size (inches)
76.1 mm 3.00 inch
50.8 mm 2.00 inch
25.4 mm 1.00 inch
18.8 mm 0.74 inch
12.7 mm 0.50 inch
9.52 mm 0.38 inch
6.35 mm (Pan) 0.25 inch
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Results and Discussion

Burbot Monitoring Below Libby Dam

The burbot catch in our hoop traps below Libby D@ams declined precipitously
since 1996/1997 (Figure 2). During the 2009/20&pping season we caught four burbot
below Libby Dam after fishing a total of 362 tragyd, for an equivalent catch rate of
0.011 burbot/trap/day. This catch represents itjieelst catch rate since 2005. The
highest catch rates occurred in 1995-96 and 1996F9 ¢ mean annual catch rate since
the 1994/1995 trapping season was 0.421 burbdtggeday. However, the catch rates
since then have exhibited a significant negatieadr(f = 0.391; p = 0.001; Figure 2).

The mean annual catch rate for the 1990s (1.2@r@ghday) is significantly higher than
the catch rate for the 2000s (0.07 fish/trap day;3p003 two tailed t-test).
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Figure 2. Total catch per effort (burbot per tday) of baited hoop traps in the stilling
basin downstream of Libby Dam 1994/1995 through922@10. The traps were baited

with kokanee salmon and fished during Decembeutjitd-ebruary.
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Juvenile Salmonid Population Estimates
Therriault Creek

Section 1 on Therriault Creek is located downstre&the Therriault Creek
Restoration Project Area, and is used as a cositeto compare pre- and post-restoration
fish populations. MFWP has sampled this site aliynaace 1997, with the exception that
this site was not sampled in 2000-2002. Rainboavianok trout have been observed at this
site every year it has been sampled. Rainbow #&buhdance in Section 1 of Therriault has
not differed significantly from a stable populatioh= 0.01; p = 0.84; Figure 3; Table Al).
The mean abundance of rainbow trout during theodest record was 102.7 fish per 1,000
feet, with the observed abundance in 2009 (118 ger 1,000 feet) 10.5% higher than the
annual mean. The trend in brook trout abundancthie section has shown a nearly
significant increasing trend%(# 0.31; p = 0.095; Figure 3; Table A1), and hasraged 68.4
brook trout per 1,000 feet, with the observed alamcd of brook trout in 2009 (134 brook
trout per 1,000 feet) almost twice as high as tregage of record. Juvenile bull trout have
been detected annually at this site since 2008, abtindance being highest in 2004 (92.1
bull trout per 1,000 feet). In 2009, we estimaddd4 bull trout per 1,000 feet were present in
this section of Therriault Creek, which was abd2dhigher than the mean over the
observation period (22.7 bull trout per 1,000 fedthe high variability in catch of bull trout
at this site precluded detecting a significantdrenabundance {= 0.16; p = 0.25; Figure 3).
We did not observe any cutthroat trout at this 8it2009. The only year during the period
of record that we observed any cutthroat trouhigtgite was in 2008.

Section 2 on Therriault Creek lies within the Thearlt Creek Restoration Project area
and was sampled in 1997-1999, 2001, and 2003-20688.data we collected in 2009
represented the fifth year after project completeond was used to compare to data collected
prior to project implementation (1997-2004). Weetved rainbow, brook and bull trout at
this site every year we sampled this site. (T&dlep We used linear regression to evaluate
population trends for each of these three sped®snbow and brook trout abundance at this
site both showed nearly significant declines inrataince over the period of recort £r0.26;
p = 0.11 and%= 0.28; p = 0.10, respectively). Bull trout abande at this site also exhibited
a negative trend, but not significantly & 0.14; p = 0.25; Figure 4). We estimated 28.8,
54.1, and 6.8 rainbow, brook, and bull trout, resipely per 1,000 feet within the project
area in 2009, which was 48.7, 14.5, and 57.6% |dlgm each of the annual mean over the
period of record. The mean abundance of rainbout tve observed within this section after
implementation (2005-2009) was 29.3 rainbow trart 3000 feet, which was 62.7% lower
than the mean abundance prior to project complékajure 5; pre-project mean = 78.4 fish
per 1,000 feet). Brook trout abundance at the rastm site also decreased after project
implementation by an average of 19.7% (FigureBpok trout abundance slightly decreased
within the project area (Section 2) after projemipletion decreasing from 69.5 to 55.8 fish
per 1,000 feet after the project completion. Tagation in bull trout abundance over time
was higher than the variation in rainbow or browkit abundance at all three sections
(Figure 6). Bull trout abundance within the prdjexach after implementation decreased
compared to the pre-project levels by 84.3%. Gihenvariability in bull trout abundance in
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the pre-implementation years (1997-2004) deteaisgynificant difference as a result of the
restoration project is difficult (see below).
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Figure 3. Rainbow trout, bull trout and brook trdensities (fish per 1000 feet) within the
Therriault Creek Section 1 monitoring site from T9999 and 2003-2009 collected by
backpack electrofishing. The error bars repre86f confidence intervals.
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Figure 4. Rainbow trout, bull trout and brook trdensities (fish per 1000 feet) within the
Therriault Creek Section 2 monitoring site from 79999, 2001 and 2003-2009 collected
by backpack electrofishing. The error bars repre86% confidence intervals.
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Section 3 on Therriault Creek is located upstre&the Therriault Creek Restoration
Project area and was sampled in 1997-1999, and-20083 (Table Al), and is used as a
control site to compare pre- and post-restoratigmpopulations. We observed rainbow and
brook trout at this site each year, but bull traete only observed in 2003-2009. The trend
of rainbow trout abundance has exhibited a nedglyificant decline since 1997%(r 0.39; p
= 0.056; Figure 5; Table Al), and the trend in lirrout abundance has also significantly
decreased {= 0.43; p = 0.039). However, bull trout abundaatthis site has significantly
increased since 1997 @& 0.432; p = 0.039; Figure 5). These trends \aése consistent
when we compared estimated abundances at this 4609 to the annual mean, with
rainbow trout decreasing by 33.8%, brook trout dasing by 11.4% and bull trout increasing
by over 200%.

We compared the abundance of rainbow, brook aridrout within the restoration
project area (Section 2) to control sites locateldw and above the restoration project
(Sections 1 and 3, respectively), using the Befdgterf/Control/Impact (BACI) statistical
design. This design uses a paired t-test to aditsences between the Control and
Treatment (impact) sites before and after projagiementation. Because the test is only
capable of using a single control site, we condulthe test for each of the control sites (Sites
1 and 3) and for each species of fish (rainbowpki@nd bull trout), for a total of six
individual tests (Tables 2 and 2). The mean wbfiee (Control - Treatment) in rainbow,
brook and bull trout abundance between SectiomglRadecreased in each comparison,
suggesting that the abundance of each specieswiithiproject area decreased after project
implementation (Table 2). Comparisons were sigaift using the more conservative two-
tailed test for rainbow trout (p = 0.048), and kdmut (p = 0.018), but not significant for
bull trout (p = 0.110; Table 2). This trend wasuigthe opposite scenario when we used
Section 3 as a control and compared it to Sectifom Eainbow and brook trout abundance
(Table 3). However, these comparisons were noifsignt (p > 0.05; Table 3). The results
of a student’s t-test for rainbow trout abundandéiw the restoration project area, support
the hypothesis that rainbow trout abundance deedeaisthis site after the project was
completed (mean prior = 78.4, mean after = 29300002 for a two tailed test). Bull trout
abundance in Section 2 relative to Section 3 dicantly decreased the five years following
project completion (p = 0.005; Table 3). The resaf a student’s t-test for bull trout
abundance within the project area support thisrolasien also (mean prior = 26.0, mean
after = 4.1; p = 0.054 for a two tailed test).
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Figure 5. Rainbow trout, bull trout and brook trdensities (fish per 1,000 feet) within the
Therriault Creek Section 3 monitoring site from 79999 and 2003-2009 collected by
backpack electrofishing. The error bars repre86#t confidence intervals.
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Figure 6. Rainbow (upper), brook (mid), and bldirer) trout densities (fish per 1,000 feet)
within the Therriault Creek Sections 1 and 3 repnésontrol sites located downstream and
upstream, respectively of the treatment sectiont{@®2). Data that was collected from
1997-2004 represents pre-project, and data cotlent2005-2009 represents post-project
results. Depletion estimates were calculated fioackpack electrofishing. The error bars
represent 95% confidence intervals.
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Table 2. Results from a paired t-test (BACI) @ thfferences between control (Section 1) andrtreat (Section 2) on Therriault
Creek before and after the restoration projectagaspleted in 2005.

Rainbow Trout Brook Trout Bull Trout

Before After Before After Before After

Mean Difference 24.2 76.5 -23.1 37.0 -10.1 20.7
(Control-Treatment)
Variance 2038.8 484.9 918.9 1112.7 1157.9 311.8

Sample size (n) 5 5 5 5 5 5
P-value (1-tailed) 0.024 0.010 0.055
P-value (2-tailed) 0.048 0.018 0.110

Table 3. Results from a paired t-test (BACI) @ thfferences between control (Section 3) andrtreat (Section 2) on Therriault
Creek before and after the restoration projectagaspleted in 2005.

Rainbow Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference 45.5 21.0 7.8 2.5 -28.1 14.6
(Control-Treatment)
Variance 1916.9 910.9 920.3 459.1 365.9 260.9
Sample size (n) 5 5 5 5 5 5
P-value (1-tailed) 0.166 0.380 0.003
P-value (2-tailed) 0.332 0.760 0.005
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Grave Creek

Juvenile salmonid monitoring within the Grave Cr&sdmonstration Project had two
primary objectives, to determine fish populaticentls through time and to evaluate the fish
community response to the restoration activitiesgleted during the fall of 2001 (Grave
Creek Demonstration Project). Bull trout were ih@st abundant fish species present at this
site for the sixth consecutive year (Table A2).e ¥émpared mean fish abundance (by
species) for pre (2000-2001) and post (2002-208&tpration projects using t-tests (two-
tailed tests; Figure 7). Bull trout and rainbowautr were the two most abundant species at
this site, and mean abundance of each speciesiglas lafter the project was implemented.
However, variability in pre- and post-project fishundance estimates is high (Figure 7 and
8), and sampling methodology differed between yeditsese factors reduced our ability to
distinguish statistical differences in abundandefgeand after project completion. Rainbow
trout abundance increased substantially from 92Zbt6 (184%) rainbow trout per 1,000 feet
after project construction. However, this differerwas not significant (Figure 7; p = 0.18;
two-tailed test), and the observed power of thewes very low (0.18). Despite the increase
in abundance of rainbow trout after project comptetwe were not able to detect a
significant trend over time{= 0.002; p = 0.89). Bull trout abundance aftajgrt
completion also increased over 3.5 fold from 13.69.9 bull trout per 1,000 feet after
project completion, which represented a nearlyiBggnt increase (p = 0.068; two tailed
test), but the power of this test was also low@D.4Bull trout abundance was the only
species we were able to detect a significant toemd the period of record(x 0.44; p =
0.03). The linear fit for all other species wagipand did not differ significantly from stable
populations (Figure 8). Brook trout and westslopthroat trout abundance were nearly
identical before and after project completion, witie mean differences less than 2.0 fish per
1,000 feet (p > 0.68; Figure 7). We were unables® the more powerful
Before/After/Control/Impact (BACI) statistical dgsi to compare fish abundances at this site
due the lack of an adequate control site nearl@rave Creek. Annual variability of fish
abundance within this restoration site is relagitatge, and likely limits our ability to detect
changes that result from restoration efforts. Githee lack of a control site, additional years
of fish population monitoring prior to restoratioray have also improved the statistical
power of most of our tests to detect change reddtvthe restoration activities.
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Figure 7. Mean cutthroat, rainbow, brook, and bwollit densities (fish per 1,000 feet) within
the Grave Creek Demonstration Project area pri¢2@02-2001) and after (2002-2009) the
completion of the Grave Creek Demonstration Restord’roject. Data collected during
2000 and 2001 represent pre-project implementdisbrabundances and were collected
using single pass electrofishing. Fish abundaate cbllected in 2002 represents post-
project implementation fish abundances and wagciat via snorkel counts. All other data
were collected using multiple pass depletion etdistining. Error bars represent 95%
confidence intervals.
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Figure 8. Cutthroat, rainbow, brook, and bull trabundance estimates (fish per 1,000 feet)
and linear regression trend analyses within thev€&€reek Demonstration Project
monitoring site from 2000-2006 collected by backpalectrofishing. The 2000 and 2001
data were collected using single pass electrofighihe data collected in 2002 was collected
via snorkel counts, and the 2003- 2009 data wdsatetl using multiple pass electrofishing.
Error bars represent 95% confidence intervals.
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Young Creek

The Young Creek Section 1 juvenile monitoring sies sampled consecutively from
1997-2009, with the exception of 2000 and 2003 [@&l3), and is intended to serve as a
control section relative to the restoration progea (Section 5). There was no evidence of
linear trends in abundance for cutthroat, rainb@mgrook trout from 1997-2009 (p > 0.05;
Figure 9). Cutthroat trout have been the most daanspecies of fish at this site since 1997,
with the exception of 2005 and 2009, when brookttiere slightly more abundant (Figure
9). Cutthroat trout abundance peaked at this 5il®D9 when we observed 139 cutthroat
trout per 1,000 feet. In 2009, we observed amegéd 38.3cutthroat trout per 1,000 feet,
which was 39% lower than the average over the ghtien period of 62.5 fish per 1,000 feet
(Figure 9). In 2009, brook trout were slightly rm@bundant as cutthroat trout at this site,
with an estimated abundance of 44.7 brook troutlp@®0 feet (Figure 9), which was slightly
lower (6.7)% than the long-term average since 189 fish per 1,000 feet). Bull trout
were first observed at Section 1 in 2004-2006,amd2009, we observed an estimated 27.7
bull trout per 1,000 feet, which was the highestradlance over the period of record, and was
nearly six fold the annual average of 4.0 fishh&00 feet. Bull trout abundance trend
exhibited a nearly significant increasé%r0.31; p = 0.078; Figure 9). The juvenile bubiut
we observed in this section may have immigratenhftioe reservoir since no bull trout
spawning is known to occur in Young Creek.

The Young Creek Section 4 juvenile monitoring svees sampled consecutively from
1996-2009, with the exception of 2000 and 2003 [§&3). Westslope cutthroat trout
dominated the fish community at this sampling lmraduring all years, including 2009,
when we observed an estimated 339 fish per 1,060 fehis was 29% higher than the annual
average of 262 fish per 1,000 feet (Figure 10)site the increases in cutthroat trout
abundance in recent years, we were not able tmglissh this trend from a stable population
(r*=0.1; p = 0.32). However, brook trout abundaaicthis site has significantly increased
over time (f = 0.67; p = 0.001). We observed an estimated fighSer 1,000 feet in 2009,
which was the second highest abundance observetycwr sampling. Brook trout are
increasing an average of 2.4 fish per 1,000 feey@ar at this site since 1996. We did not
observe any bull trout at this site in 2009. Thé/gear bull trout were observed at this site
was in 2007 (Figure 10).

The Young Creek Section 5 lies entirely within gtieeam restoration project
completed on State land in the fall of 2003. Thamefall data collected through 2003
represents data gathered prior to the restoratigjeqs completion. Cutthroat trout have
dominated the catch at this site since we begamplgagnn 1998. In 2009 we observed an
estimated 90.2 and 63.4 cutthroat and brook treutlf000 feet, respectively at this site
(Figure 11). However, cutthroat trout abundandhiatsite has significantly decreased since
1998 (f = 0.38; p =0.032) by an estimated 10.9 fish p@@Q feet per year. The trend of
brook trout abundance at this site has not différech a stable population’(= 0.18; p =
0.17). We did not observe any bull trout at this 81 Young Creek in 2008. The brook trout
observed estimated abundance at this site in 2@8%Wghtly higher than the annual average
since 1998. Bull trout remained at low abundandaia site in 2009, with an estimated
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abundance of 1.6 fish per 1,000 feet. Annual nesamdance estimates for cutthroat, brook
and bull trout have averaged 159.9, 60.4 and §tOder 1,000 feet for each species
respectively (Table A3).

We compared mean fish abundance (by species) éai1908-2003) and post (2004-
20009) restoration projects using t-tests (two-thtksts; Figure 12). Abundance estimates for
cutthroat trout significantly (p = 0.02) decreaséigr project completion from an average of
199.5 fish per 1,000 feet prior to restoration 20.4 fish per 1,000 feet in 2004-2009 (Figure
12). Brook trout and bull trout both increaseeathe restoration. The abundance of brook
trout significantly increased from a mean of 39sB fper 1,000 feet before the project to 81.0
fish per 1,000 feet after the project (p = 0.02t,d 2-tailed test; Figure 12). Bull trout
abundance significantly increased after the projeatn a mean of 0.3 to 1.7 bull trout per
1,000 feet after the project (p = 0.02, for a Zethiest; Figure 12).

We compared the abundance of cutthroat and brook within the restoration
project area (Section 5) to control sites locateldw (Section 1) and above (Section 4) the
restoration project, using the Before/After/Comimpact (BACI) statistical design. This
design uses a paired t-test to assess differemt@gén the Control and Treatment (impact)
sites before and after project implementation. aBige the test is only capable of using a
single control site, we conducted the test for exHdhe control sites (Sections 1 and 4) and
for each species of fish (cutthroat, brook and tyallit), for a total of six individual tests
(Tables 4 and 5). The mean difference (ControlusiTreatment) in cutthroat trout
abundance between Sections 1 and 5 significantyq®06) decreased by 58.8% five years
after project completion (Table 4). An oppositntt was observed for brook trout at these
two sites. The mean difference in brook trout alaunte between Sections 1 and 5
significantly (p = 0.004) increased by 2.7 folddref and after project completion (Table 4).
The mean difference in bull trout abundance betv&stions 1 and 5 decreased after the
restoration work in Section 5, but this differemeas not significant (p = 0.30; Table 4).
When we repeated the tests using Section 4 aotiietsection, the trends were similar for
cutthroat and brook trout. However, we weren’eabl declare these differences significant
(p > 0.05; Table 5). The trend for bull trout adance was opposite the trend we observed
when we compared Section 1 and Section 5. The ahi#f@nence in bull trout abundance
between Sections 4 and 5 increased by a factdvafte8 after the restoration work in
Section 5, but the difference was not significgnt (0.24; Table 5).

We also used a factorial analysis of variance sessdifferences between sections
and treatments within Young Creek. In this analyse used three sections (Sections 1, 4
and 5) and four treatments. The treatments indupliee-restoration within the two control
sections (Sections 1 and 4 combined), post-regtoratithin the two control sections
combined, pre-restoration within the treatmentisaciand post-restoration within the
treatment section. We conducted a separate andébystutthroat, brook and bull trout. At
the overall Section level, brook trout abundance significantly higher in Sections 1 and 5
than Section 4 (p < 0.05; Table 6), but brook tiindance did not differ between Sections
1 and 5 (p = 0.353). The interaction term for lirbout abundance between section and
treatment was significant (p=0.036; Table 6). dktrout abundance in Section 5 after the
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restoration was significantly higher than Sectidmefore restoration (p = 0.037). Brook trout
abundance in Section 5 after restoration was sagmfly higher than brook trout abundance
in Sections 1 and 4 (combined) before or afteorasion (p < 0.05; Table 6), but brook trout
abundance within Section 5 before restoration vaeasignificantly higher than brook trout
abundance in Sections 1 and 4 (combined) befotereg®n (Table 6). Cutthroat trout
abundance differed significantly between sectigns(.001; Table 7). Cutthroat trout
abundance was highest in Sections 4, 5, and lectegely, with all comparisons being
significant (p<0.05; Table 7). None of the treatiingomparisons differed significantly (p >
0.05; Table 7). However, the power of this post test was only 0.392. Although the
results of the ANOVA indicated that bull trout aldamce differed between sections, none of
the multiple comparisons were significant (p > Q.0&ble 8). Bull trout abundance within
the three sections of Young Creek did not diffdmaen treatments (p = 0.099; Table 8).
The interaction term for bull trout abundance bemveection and treatment was significant
(p = 0.049; Table 8).
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Figure 9. Cutthroat, rainbow, brook and bull trdensities (fish per 1,000 feet) within the
Young Creek Section 1 monitoring site from 1997200ith the exception of 2003. Data
was collected by backpack electrofishing. Errashapresent 95% confidence intervals.
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Figure 10. Cutthroat trout and brook trout dessifffish per 1,000 feet) within the Young
Creek Section 4 monitoring site from 1996-2009hwtite exception of 2000 and 2003. Data
was collected by backpack electrofishing. Errasbrapresent 95% confidence intervals.
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Figure 11. Cutthroat, brook and bull trout demesitffish per 1,000 feet) within the Young
Creek Section 5 monitoring site from 1997-2009eaxittd by backpack electrofishing. The
data presented for 2004-2009 represent post réstodata. The error bars represent 95%
confidence intervals.
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Figure 12. Cutthroat, brook and bull trout demesitffish per 1,000 feet) within the Young
Creek Section 5 (State Lands Restoration Projegd)Aicomparing annual mean pre-project
(1998-2003) data and post-project (2004-2009) usinbile electrofishing gear.
Comparisons were made using a 2-tailed t-testorbars represent 95% confidence
intervals.
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Table 4. Results from a paired t-test (BACI) @ thfferences between control (Section 1) andrireat (Section 5) on Young
Creek before and after the restoration projectasagpleted in 2003.

Cutthroat Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference -143.8 -59.3 25.8 -43.1 -0.5 5.63
(Control-Treatment)
Variance 1812.3 3234.9 1196.3 383.1 1.0 113.0
Sample size (n) 5 6 4 6 4 6
P-value (1-tailed) 0.003 0.002 0.15
P-value (2-tailed) 0.006 0.004 0.30

Table 5. Results from a paired t-test (BACI) @ thfferences between control (Section 4) andrireat (Section 5) on Young
Creek before and after the restoration projectagaspleted in 2003.

Cutthroat Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference 62.5 172.1 -43.0 -60.4 -0.5 -1.4
(Control-Treatment)
Variance 15321.7 3234.9 324.7 1320.3 1.0 1.5
Sample size (n) 4 6 4 6 4 6
P-value (1-tailed) 0.045 0.20 0.12
P-value (2-tailed) 0.090 0.40 0.24
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Table 6. Results from a factorial analysis ofaace of brook trout abundance in Young Creek fertwo control sites (Sections 1 and
4) and the treatment site (Section 5) before ated tife stream restoration project was complet@d@#. Multiple comparisons for each
Section and Treatment comparisons are also presefite overall Rfor this model was 0.572.

Source Comparison Mean Difference  Significance Power
(First — Second)
Overall Model <0.001 0.996
Intercept <0.001 1.0
Section 0.003 0.870
Section 1 and 4 34.1 0.009
Section 1 and 5 -15.0 0.353
Section 4 and 5 -49.0 <0.001
Treatment 0.025 0.693
Section 5 Before/Sections 1 and 4 Before 11.4 2.80
Section 5 Before/After -41.3 0.037
Section 5 Before/Sections 1 and 4 After 14.4 0.669
Section 5 After/Sections 1 and 4 After 55.7 0.001
Section 5 After/Sections 1 and 4 Before 52.7 0.001
Sections 1 and 4 Before/Sections 1 and 4 After 3.0 0.992
Section*Treatment 0.036 0.568
Interaction
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Table 7. Results from a factorial analysis ofasace of cutthroat trout abundance in Young Creethftwo control sites (Sections 1
and 4) and the treatment site (Section 5) befadeafter the stream restoration project was compliet@004. Multiple comparisons for
each Section and Treatment comparisons are alserneel. The overall’Ror this model was 0.615.

Source Comparison Mean Difference  Significance Power
(First — Second)
Overall Model <0.001 0.996
Intercept <0.001 1.0
Section <0.001 0.870
Section 1 and 4 -206.2 <0.001
Section 1 and 5 -97.4 0.011
Section 4 and 5 102.8 0.006
Treatment 0.143 0.392
Section 5 Before/Sections 1 and 4 Before 43.2 .67
Section 5 Before/After 79.0 0.281
Section 5 Before/Sections 1 and 4 After 22.6 0.930
Section 5 After/Sections 1 and 4 After -56.4 0.447
Section 5 After/Sections 1 and 4 Before -35.8 P.78
Sections 1 and 4 Before/Sections 1 and 4 After .6-20 0.912
Section*Treatment 0.326 0.162
Interaction
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Table 8. Results from a factorial analysis ofasace of bull trout abundance in Young Creek fortitt@ control sites (Sections 1 and 4)
and the treatment site (Section 5) before and thitestream restoration project was completed @4 20ultiple comparisons for each
Section and Treatment comparisons are also presefite overall Rfor this model was 0.625.

Source Comparison Mean Difference  Significance Power
(First — Second)
Overall Model 0.046 0.716
Intercept 0.038 0.559
Section 0.049 0.512
Section 1 and 4 3.8 0.116
Section 1 and 5 2.9 0.270
Section 4 and 5 -0.9 0.870
Treatment 0.099
Section 5 Before/Sections 1 and 4 Before 0.3 0.999
Section 5 Before/After -1.3 0.951
Section 5 Before/Sections 1 and 4 After -3.3 0.435
Section 5 After/Sections 1 and 4 After -2.0 0.792
Section 5 After/Sections 1 and 4 Before 1.6 0.873
Sections 1 and 4 Before/Sections 1 and 4 After 7 -3. 0.212
Section*Treatment 0.049 0.512
Interaction
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Libby Creek

Section 1 of Libby Creek lies within the Libby CkeBemonstration Restoration
Project Area, which was completed in the fall 0020 This site has been sampled each
consecutive year since 1998. Fish monitoring dali?cted from 1998 to 2001 represents
the fish community prior to project implementatioBlectrofishing conducted in 1999 and
2000 were limited to single pass catch estimats. used three statistical methods to
evaluate the fish community response to the resboractivities at this site. We used linear
regression to investigate temporal trends for speties at this section. We also compared
abundances before and after restoration at tlasisihg a student’s t-test, and finally, we
compared species abundance within the restoratmegh area to a control site located
upstream of the restoration project (Sections & Jsdow), using the
Before/After/Control/Impact (BACI) statistical dgsi. This design uses a paired t-test to
assess differences between the Control and Treat{mgract) sites before and after project
implementation and has greater statistical poweetect changes over time than the
student’s t-test. Rainbow trout have been the rmlbghdant fish species within this section
during all years, but have not exhibited a sigaifictrend in abundance & 0.18; p = 0.17;
Figure 13). We observed an estimated 87 rainbowut fyer 1,000 feet at this site in 2009,
which was 36.4% lower than the average since tbegrwas completed (136.8 fish per
1,000 feet). The abundance of rainbow trout &t $leiction was approximately twice as high
after the restoration as before (Figure 14), vhthrielatively large difference nearly
significant (69.5 and 136.8 fish per 1,000 feespesetively) (p = 0.095). However, using the
BACI statistical design, we were able to detedfaiicant increase in rainbow trout
abundance since the project was completed (TableT®e difference in rainbow trout
abundance between the control (Section 2) andrtfjeqt area approximately doubled after
the project was completed (Table 9).

Brook trout were also observed within this secewery year, but at lower abundance
than rainbow trout. Brook trout abundance hasedrfgpm 5 fish per 1,000 feet in 2003 to
57.5 fish per 1,000 feet in 2005. We estimateabtoout abundance at 39 fish per 1,000
feet in 2009. Brook trout abundance has exhikateaynificant increasing trend in
abundance since 1998 & 0.38; p = 0.03), increasing on average by 26 fier 1,000 feet
per year. Similarly, mean brook trout abundandhiatsite increased by approximately three
fold after project completion (8.8 and 25.8 fisli pe00 feet, respectively; p = 0.067; Figure
14). The results were similar when we used the Bgtétistical design to evaluate changes
in brook trout abundance at this site before ater aéstoration. Brook trout abundance
almost tripled the control and treatment sectidtex ghe restoration activities, but we were
not able to declare this difference significanti{[ea9).

Prior to 2009, juvenile bull trout were only obseavn this section in 2002 and 2005,
with an estimated abundance of 3 and 0.9 fish ¥0lfeet, respectively. However, in
2009, we estimated 11 juvenile bull trout per 1,0€¥1 were present at this site, which was
the highest density we've observed over the pesfagcord, and many fold increase over the
annual mean bull trout abundance of 1.9 fish pgd@ feet. However, although the
difference in bull trout abundance before and afterrestoration work was striking, it was
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not significant using either the student’s t-tgst(0.37; two tailed test) or the BACI design
(p = 0.472; two tailed test; Table 9). Our lackpofver with BACI tests for brook and bull
trout was likely limited by the fact that the casitsection was not sampled consecutively
since 1998, as was the case with the Demonstrgeation which resulted in eliminating
corresponding years from the dataset from the Detnation Section.

Section 2 of Libby Creek was established and sadnmienarily as a control site for
the Libby Creek Demonstration Project. This sitswampled in 1998, 2001, and 2003-
2009 (Table A4). Rainbow trout were substantiallyre abundant at this section than brook
trout and bull trout during all years (Figure 1%ble A4). Rainbow trout abundance at this
site has ranged from 203 fish per 1,000 feet irB1i®% low of 76 fish per 1,000 feet in 2005.
We observed an estimated 78 fish per 1,000 fe20@®. There was a significant negative
trend in rainbow trout abundance through time it fte (f = 0.57; p = 0.018), for an
average decline of approximately 8.5 fish per 1,fé@® per year. Due to this negative trend
in abundance, rainbow trout abundance significashtlgreased when compared over the pre
and post implementation period of the Libby Creanidnstration Project (p = 0.008). We
found no evidence of a trend in brook trout abumoeaat Section 29~ 0.20; p = 0.23;
Figure 15) despite the fact that brook trout abuedancreased nearly four fold when
compared over the pre and post implementation gdaoothe Libby Creek Demonstration
Project. However, we were not able to declareptieeand post differences significant (p =
0.11; two-tailed test). Bull trout were observadhis section during most years (67%;
Figure 15; Table A4), but we found no evidence sigaificant trend or difference between
pre and post restoration periods for the Demongtr&roject area.

Section 3 on Libby Creek is located within the uppteveland’s Stream Restoration
Project area. Redband trout dominate the cat8eation 3 of Libby Creek. We were
unable to determine a trend in redband trout aburelat this site since we began sampling
the site in 2000 fr< 0.01; p =0.87; Figure 16). Mean annual redttamat abundance
decreased after project implementation, but thiemihce was not significant (mean
abundance 115.0 and 168.3 fish per 1,000 feetectisply; p = 0.21; two-tailed test; Figure
17). However, redband abundance at this site duhie past two years has been the highest
observed during the period of record. No brookttrgere observed at this site during the
past ten years. We observed an estimated 10 jevaui trout per 1,000 feet at this site in
2009, which represented the second highest sindeeg@n monitoring this site. However,
estimates of juvenile bull trout abundance befor@ after project implementation were
similar (means = 6.0 and 3.9 fish per 1000 fespeetively), and did not differ significantly
(p = 0.48; two-tailed test; Figure 17). Similanye found no evidence of a trend in bull trout
abundance through time at this site for the pesioecord (f = 0.06; p = 0.61; Figure 16).

We established juvenile monitoring Sections 4l @ on upper Libby Creek in
2004 to monitor the fish community response toltleer Cleveland Stream Restoration
Project that we began implementing in the fall @02. Sections 4 and 5 serve as control
sites and are located downstream and upstreane @irtiposed restoration project area,
respectively. Section 6 is located within the $#hk project area implemented in the fall of
2006. Fish population data collected from 2004ulgh 2006 provide the baseline data for
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comparison after project implementation, and datkected in 2007-2009 represent post-
implementation conditions. Redband trout dominditedfish community at all three
sampling locations during all years (Table A4).wéwer, redband trout abundance at each of
the sections in 2007 decreased substantially ih ebthe sections compared to the three
years previous (see Dunnigan et al. 2009). Theedse in abundance is presumably due to
the rain-on-snow event that occurred in Novemb@&620ithin the upper Libby Creek
watershed. We were unable to detect a signifizand in abundance for either redband,
brook or bull trout in any of the three sectionsipper Libby Creek (p > 0.05; Figures 18-
20). Statistical comparisons between pre andngssbration were performed on each of the
three sections for each of the three fish spedfés.were unable to detect any significant
changes over the pre and post periods (p >0.1®.cékhpared the abundance of rainbow,
brook and bull trout within the restoration projacta (Section 6) to control sites located
below (Section 4) and above (Section 5) the reStorgroject, using the BACI statistical
design. This design uses a paired t-test to adétsences between the Control and
Treatment (impact) sites before and after projagiementation. Because the test is only
capable of using a single control site, we condulthe test for each of the control sites
(Sections 1 and 4) and for each species of fishi{oav, brook and bull trout), for a total of
six individual tests (Tables 10 and 11). The itssuere similar to the student’s t-test we
completed, and did not show any significant chamged®undance within the restoration
project area relative to the control sections (p05; two tailed test; Tables 10 and 11). The
lack of statistical power for both the studenttest and the BACI tests is primarily due to the
limited number of observations prior to and afestoration.
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Figure 13. Rainbow trout, brook trout, and bublufr densities (fish per 1,000 feet) within the
Libby Creek Section 1 monitoring site 1998 thro@@®9 using mobile electrofishing gear.
Upper 95% confidence intervals are representetidgtror bars. The site was sampled
using single pass electrofishing in 1999 and 2000.
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Figure 14. Rainbow trout and brook trout densiffesh per 1,000 feet) within the Libby
Creek Demonstration Project area, comparing amrmeah pre-project (1998-2001) data and
post-project (2002-2009) using mobile electrofighgear. The error bars represent 95%
confidence intervals.
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Table 9. Results from a paired t-test (BACI) d thfferences between control (Section 2) andrtreat (Section 1) on Libby
Creek before and after the Libby Creek Demonstid®estoration Project was completed in 2001.

Rainbow Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference 112.0 -35.6 -3.5 -9.3 2.5 -0.004
(Control-Treatment)
Variance 200.0 5300.0 40.5 196.3 125 17.6
Sample size (n) 2 7 2 7 2 7
P-value (1-tailed) 0.014 0.299 0.236
P-value (2-tailed) 0.029 0.600 0.472
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Figure 15. Rainbow trout, brook trout, and butiur densities (fish per 1000 feet) within the
Libby Creek Section 2 monitoring site sampled i88,92001, 2003-2009 using a backpack
electrofisher. The error bars represent 95% cenfid intervals.
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Figure 16. Rainbow trout and bull trout densiiesh per 1,000 feet) within the Libby Creek
Section 3 monitoring site in 2000-2008 using a Ipack electrofisher. The error bars
represent 95% confidence intervals. This siteeated within the upper Libby Creek
restoration project area. The data from 2000-2@p2esent pre-project trends of fish
abundance, and the 2003-2009 data represent datgedject completion.
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Figure 17. Rainbow trout and bull trout densi{iesh per 1,000 feet) within the Libby Creek
Upper Cleveland’s Stream Restoration Project éBeat{on 3), comparing annual mean pre-
project (2000-2002) data and post-project (20030208ing mobile electrofishing gear. The
error bars represent 95% confidence intervals.
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Figure 18. Rainbow, brook and bull trout densiffesh per 1,000 feet) within the Libby
Creek Section 4 in 2004 — 2009. This site was $aaysing a backpack electrofisher. The
Error bars represent the 95% confidence intervals.
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Figure 19. Rainbow, brook and bull trout densiffesh per 1,000 feet) within the Libby
Creek Section 5in 2004 — 2009. This site was $aanysing a backpack electrofisher. The
Error bars represent the 95% confidence intervals.
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Figure 20. Rainbow, brook and bull trout densitiesh per 1,000 feet) within the Libby
Creek Section 6 in 2004 — 2006 (pre restoratiam),2007-2009 (post restoration). This site
was sampled using a backpack electrofisher. Tha Bars represent the 95% confidence
intervals.
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Table 10. Results from a paired t-test (BACI)h# tifferences between control (Section 4) andrtreat (Section 6) on Libby
Creek before and after the Libby Lower ClevelamEstoration Project was completed in fall 2006.

Rainbow Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference 75.6 75.7 15 -0.5 -1.5 1.0
(Control-Treatment)
Variance 2265.8 4411.4 0.1 16.0 1.7 1.3
Sample size (n) 3 3 3 3 3 3
P-value (1-tailed) 0.499 0.213 0.033
P-value (2-tailed) 0.998 0.425 0.067

Table 11. Results from a paired t-test (BACI)h# tifferences between control (Section 5) andrtreat (Section 6) on Libby
Creek before and after the Libby Lower ClevelaiEstoration Project was completed in fall 2006.

Rainbow Trout Brook Trout Bull Trout

Before After Before After Before After
Mean Difference -65.5 60.5 -5.9 -2.9 -1.4 2.0
(Control-Treatment)
Variance 1049.4 13173.9 1.0 10.7 3.5 16.8
Sample size (n) 3 3 3 3 3 3
P-value (1-tailed) 0.071 0.156 0.132
P-value (2-tailed) 0.141 0.312 0.263
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Pipe Creek

Rainbow trout were the most abundant fish spedidsedower Pipe Creek Section
during all years sampled (Table A5), but in 2009aliserved the highest density since we
began sampling this site in 2001 (118.8 fish p@0Q feet). The trend in rainbow trout
abundance has not differed significantly from #lstaopulation since 2001%@ 0.31; p =
0.12; Figure 21). Rainbow trout abundance atgiteshas averaged 56.7 fish per 1,000 feet
since 2001. Brook trout were relatively scarcenat site in 2009 (4.8 fish per 1,000 feet),
which was nearly identical to the mean abundanuees?001 (4.9). Brook trout abundance
also has not differed substantially from a stalolpytation through time = 0.03; p = 0.64).

Bull trout were first observed at this site 0B, at an estimated 2.1 fish per 1,000 feet,
and not observed since.

Restoration efforts on this section of Pipe Creegdn in the fall of 2010, and
completed approximately half of the project aréae project will be implemented in two
phases due to funding constraints. The upperaseatas completed in October 2010 and did
not include the section of stream that encompasgesionitoring site.

2 60

L Le il
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Year
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Number Fish

BRainbow Trout ®@EBrook Trout OBull Trout

Figure 21. Rainbow, brook and bull trout densiffesh per 1,000 feet) within the Pipe
Creek monitoring site from 2001-2009. Fish werkected using a backpack electrofishing.
The error bars represent 95% confidence intervals.
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Libby Reservoir Gillnet Monitoring

We documented changes in the assemblage of fisfesgampled in Libby Reservoir
since impoundment, but have species compositiahrelative abundance has relatively
stabilized during the previous 13-20 years. Kokasemon, Kamloops rainbow trout and
yellow perch did not occur in the Kootenai Riveiopto impoundment but are now present.
Kokanee were released into the reservoir from thet&nay Trout Hatchery in British
Columbia (Huston et al. 1984). Yellow perch mayenhdispersed into the reservoir from
Murphy Lake (Huston et al. 1984). The British @ubia Ministry of Environment (BCMOE)
first introduced Kamloops rainbow trout in 1985damce 1988, MFWP annually stocked
between 11,000 to 73,000 Duncan strain Kamloopdoav trout directly into the reservoir (see
below). Eastern brook trout are not native tokbhetenai Drainage, but were present in the
river before impoundment and continue to be razeptured in gilinets within the reservoir.
Peamouth and northern pikeminnow were rare in ihetéhai River before impoundment, but
have increased in abundance since the resented.fiMountain whitefish, rainbow trout and
westslope cutthroat trout abundance all exhibitaghdtic decreases in abundance following
the first ten years after reservoir filling, buwvkastabilized at much lower levels of abundance
than the pre-dam period (see below). Fish specieposition also shifted during the first 10
years after reservoir construction, but has akslilsted, with the exception of bull trout, which
has increased in abundance during the past seeanal, but appears to perhaps to be beginning
to stabilize. We attribute these trends towarghro equilibrium due to the aging process of
the reservoir (Kimmel and Groeger 1986) and theadjmnal history of Libby Dam during the
past 20 years. The following sections presentipérend information for several species of
fish currently present in the reservoir.

Kokanee

Since the unintended introduction of fry from thedtenay Trout Hatchery in British
Columbia into Libby Reservoir in the early 1980sk&nee have become the second or third
most abundant fish captured during fall gillnetti@atch rates in both the spring and fall
nets have been variable, with no apparent contsitrenmd in abundance (Figure 22).
However, Skaar et al. (1996) suggested that kokemkeby Reservoir exhibit density
dependent growth. When we examined the relatipnséiween catch of kokanee and total
length in the fall nets over the past fifteen yearsignificant negative relationship is evident
(Figure 23), but when we include data from 1982Q69, the relationship is no longer
significant (f = 0.01; p =0.649). Catch rates of kokanee irpthst four years has varied
relatively little, ranging from 4.6 to 6.4 fish peet. Over the period of record, average
length of kokanee has varied among years, rangomg & 350 mm in 1992 to 232 mm in
2005 (Table 12). Average length and weight of kaleain 2009 was 276.8 mm and 201.1 g,
respectively, which were slightly less than therage over the period of record (284 mm and
221 g, respectively; Table 12).
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Figure 22. Average catch per net of kokanee fibflémting (1988-2009) and spring sinking
(1984-2010) gill nets in Libby Reservoir.
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Table 12. Average length and weight of kokanee saloaptured in fall floating gillnets
(Rexford and Canada Sites) in Libby Reservoir, 11988ugh 2009.

YEAR 1988 1989 1990 1991 1992 1993 1994 1995 1996

Sample size () 2150 1259 517 624 250 111 291 38032 1
Length (mm) 3155 275 257.3 3158 350 262.7 270.20.3 293.7
Weight (g) 289.1 137.2 158.4 327.3 411.3 162.3 7191261.6 234.5

Table 12. Continued

YEAR 1997 1998 1999 2000 2001 2002 2003 2004 2005

Sample size (n) 88 76 200 342 120 357 263 194 320
Length (mm) 329.6 333.9 2916 271.3 261.6 251.3 .26461.0 232.2
Weight (g) 363.2 322.0 229.6 185.6 161.6 152.2 H§75159.2 117.4

Table 12. Continued

YEAR 2006 2007 2008 2009 AVG.

Sample size (n) 163 118 206 141 377
Length (mm) 276.3 290.2 2739 276.8 284

Weight (g) 2025 237 187 201.1 221
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Figure 23. Relationship between kokanee lengthcanch per net in fall gillnets in Libby
Reservoir over the period 1995-20009.
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Mountain Whitefish

Mountain whitefish are one of three native spettias have exhibited the most
significant decline in abundance since impoundmétite Kootenai River (Huston et al. 1984;
Figure 24). A linear model provided the bestditlte sinking gillnet mountain whitefish catch
data for the period 1975 to 2009 (Figure 24; 0.44, p <0.0001). Mountain whitefish catch
exhibited a significant negative trend during tingt fL3 years after reservoir impoundment
(1975-1988) decreasing by approximately 0.38 fistyear, until it reached a significantly
lower (p < 0.001; two-tailed test) equilibrium. Wever, since 1989 mountain whitefish catch
rates have averaged 0.74 fish per net, with noeewiel of an apparent trend €0.01; p =
0.93). We attribute the initial (1975-1988) moumtahitefish decline in Libby Reservoir to
the loss of spawning habitat and rearing habittrésulted from a conversion from a lotic to
lentic environment through reservoir constructi@ince the initial decline, it appears that
mountain whitefish exist at a much lower, but stadguilibrium.

Rainbow and Westslope Cutthroat Trout

Rainbow trout and westslope cutthroat trout casketboth significantly declined since
the impoundment of Libby Reservoir (Figure 24)airfow trout have exhibited two general
trends since impoundment. The first trend showsidrficant decline in abundance from
1975 to 1988 (Figure 24), followed by a period efyslight increase in catch rates from 1989
to 2009 (f = 0.25; p = 0.03; Figure 24). Gill net catch ofthroat trout in Libby Reservoir
exhibit a similar pattern, with the exception ttredt cutthroat trout catch rates exhibit 3 general
trends through the same period. The first is aifsignt and precipitous decline during the
early years of impoundment from 1975 to 1986 (Feg2#), where mean catch rates decreased
on average 0.15 fish per net per year. The setend showed reduced abundance (0.38 fish
per net), but at a level of stability from 19871893 (f = 0.337; p = 0.172). The third trend
occurred from 1994 to 2009, characterized by afggntly lower level of abundance (0.14
fish per net; p < 0.001), at a somewhat stabld [g¥e 0.01; p = 0.96). We believe that the
period of general equilibrium during the period 74993 may have been artificially elevated
by the presence of hatchery cutthroat trout thaew&tensively stocked in the reservoir during
this period (Table 13). Hatchery cutthroat troutevast stocked in the reservoir in 1994.
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Figure 24. Mean catch rates (fish per net) ofd@hrative species (mountain whitefish (a) in
spring sinking gillnets in the Rexford area (19718-Q), rainbow (b) and westslope cutthroat
trout (c) in fall floating gillnets (1975-2009) fmo Tenmile and Rexford areas in Libby
Reservoir. The Tenmile area was not sampled fro@12009.
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Table 13. Average catch rate (fish per net) oftséege cutthroat trout per floating gill net caughthe Rexford and Tenmile areas
during the fall, average length, average weightloer stocked directly into Libby Reservoir, andresponding size of stocked fish
between 1988 and 2009. The Tenmile location wasarapled in 2000-2009.

Year

1988 1989 1990 1991 1992 1993 1994 1995 1996 199898 1 1999 2000 2001
Catch Rate 0.50 0.32 0.32 0.32 0.50 0.50 0.14 0.0@.21 0.11 0.14 0.11 0.07 0.21
Avg. Length (mm) 295 264 238 261 275 260 251 314 2 25 225 267 305 302 259
Avg. Weight (gm) 249 196 146 191 211 191 156 316 611 128 228 296 271 175
No. Stocked none 5779 40,376 67,387 72,376 72,3d7360 none none none none none none none
Length (mm) n/a 33 104 216 190 287 n/a n/a n/a n/an/a n/a n/a

Year

2002 2003 2004 2005 2006 2007 2008 2009

Catch Rate 0.07 0.21 0.07 0.36 0.14 0.07 0.18 0.11

Avg. Length (mm) 305 270 196 215 286 205 279 286
Avg. Weight (gm) 256 206 76 132 243 91 246 243
No. Stocked none none none none none none none  none
Length (mm) n/a n/a n/a n/a n/a n/a n/a n/a
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Inland Rainbow Trout

Inland rainbow trout were first introduced to LibRgservoir in 1985 by BCMOE. The
BCMOE continued stocking approximately 5,000 firiggrfish (Gerrard strain) annually into
Kikomun Creek (a tributary to the Kootenai Rivegrh 1988-1998 (L. Siemens, BCMOE,
personal communication). From 1988-1999, MFWP medunland rainbow (Duncan Strain)
from Ennis National Fish Hatchery, and stocked 30,83,386 age one fish into the reservoir
(Table 14). However, at the latter end of thisqerEnnis National Fish Hatchery decided to
discontinue the broodstock that produced these fi$1997, MFWP decided to start a
broodstock at Murray Springs Fish Hatchery in Ear@kT using eggs that were collected from
Luce Reservoir, Wyoming (J. Lord, MT FWP, persa@ahmunication). The fish in Luce
Reservoir were also originally a result of fishntgafrom the Ennis NFH broodstock (Duncan
Strain). Murray Springs brood fish were first eded into Libby Reservoir in 2002, with
approximately 30,000 age O fish released. Releas@sued through 2009, with the annual
stocking program consisting of approximately 30,896 0 fish and 15,000 age one fish (Table
14). MFWP evaluated this program through gillreth rates, creel surveys on the reservoir,
and genetic analysis (Leary 2005), and concludaithie Murray Springs brood fish were not
contributing to the trophy fishery in the reservoin 2005, MFWP obtained triploid (3N) eggs
from Wardner Hatchery in British Columbia (Gerratchin), and in 2006, stocked these fish
into Libby Reservoir as age one fish (Table 14he Murray Springs broodstock was
discontinued in 2008, with the last release of@gefish occurring in 2009 (Table 14). MFWP
has only released triploid (3N) fish in Libby Reg®r since 2005. Catch rates for inland
rainbow trout in fall gillnets has been low sin@96, averaging only 0.07 fish per gillnet. The
catch rate in 2009 at the Rexford site was abouibléahe mean, capturing two hatchery trout
per 14 nets (0.14 fish/net; Figure 25). The caath of inland rainbow trout in fall floating
gillnets (fish per net) was significantly and pogly correlated with the number of hatchery
Inland rainbow trout stocked in the reservoir thevjpus year (p = 0.08% £ 0.15) for 1989
through 2009. This relationship is even furthegrggthened when we regressed the number of
age 1 Inland rainbow trout released the previoas yegillnet catch rates (p = 0.0002zr
0.52). However, there was no suggestion of aioglstip between number of age 0 hatchery
Inland rainbow trout released the year before dftkgcatch rates t= 0.06; p = 0.31).
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Table 14. Inland rainbow trout captured in fadiefling gilinets in the Rexford and Tenmile
areas of Libby Reservoir, 1988 through 2009. Téeniile site was not sampled in 2001-2009.

Year
1988 1989 1990 1991 1992 1993 1994 1995
No. Caught 3 0 18 6 3 4 0 12
Avg. Length mm) 289 n/a 301 383 313 460 N/A 313
Avg. Weight (gm) 216 n/a 243 589 289 373 N/A 311
Age 0 Stocked 0 0 0 0 0 0 0 0
Age 1 Stocked 26,7%6 73,386 39,683 15,004 12,918 10,83% 16,364 15,844
Total Stocked 26,756 73,386 39,683 15,004 12,918 ,83M0 16,364 15,844
Year
1996 1997 1998 1999 2000 2001 2002 2003
No. Caught 2 1 2 3 3 0 0 5
Avg. Length (mm) 460 395 376 378 395 N/A N/A 260.8
Avg. Weight (gm) 1192 518 450 504 555 N/A N/A 159.2
Age 0 Stocked 31685 0 0 0 0 0 29,564 31,039
Age 1 Stocked 9,386 22,614 16,368 13,123 0 0 0 13,724
Total Stocked 12,561 22,610 16,368 13,123 0 0 20,56 44,760
Year
2004 2005 2006 2007 2008 2009
No. Caught 0 0 1 1 1 2
Avg. Length (mm)  N/A N/A 256 277 252 283
Avg. Weight (gm)  N/A N/A 174 220 181 196
Age 0 Stocked 46,944 33,265*° 28578% 32246 38712* 0
Age 1 Stocked 16,1f0 14,933* 22,638*° 16,09%“ 18,042“ 16,757
Total Stocked 63,054 48,198 51,216 48,331 56,754 7516

*Ennis National Fish Hatchery (Duncan Strain)
“Murray Springs Hatchery (Duncan Strain)
SWardner Hatchery B.C (Gerrard Strain)
“Triploid Fish

°Adipose Clip marked
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Figure 25. Average catch (fish per net) of Inlaaiehbow trout in fall floating gill nets in

Libby Reservoir at the Rexford and Tenmile site882009. The Tenmile site was not
sampled in 2001-2009.
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Bull Trout

Spring gill net catch of bull trout during the peti1975-1989 appeared to exist at an
equilibrium with a slope (0.0091) that was not #igantly different than zero = 0.011; p =
0.751). Bull trout catch rates on Libby Resenb@gan increasing in1990 and peaked in 2000
at 6.71 bull trout per net, but have generally bitéd a declining trend since. Nevertheless, bull
trout catch per net in Libby Reservoir during tleeipd 1990-2010 still exhibit a significant
positive trend (Figure 26% £ 0.495; p = 0.0003). The mean catch rate wersbden 2010
was 4.4 bull trout per net, which was slightly legkhan the previous year, but lower than the
rolling ten year average (5.03 fish/net). We afitrd to account for differing reservoir levels
during the gillnetting activities between yearsntltiplying the mean bull trout catch per net
by reservoir volume at the time the nets were tistech year. This adjustment substantially
improved the regression model’s fit for both them¥ (all years) and 1990-2010 data sets
(Figure 27). However, the largest improvement alzserved when the adjustment was
applied over the time period 1990-2010 (Figurearab 27, respectively), where we observed
an improvement in the model’$lsy 0.115, versus an improvement of only 0.023 wthen
adjustment was applied to overall dataset. Bailttredd counts in both the Wigwam River
and Grave Creek (see below) are both significaatty positively correlated to the spring gill
net catch rates for bull trout (Figure 28=r0.370; p = 0.01). The adjustment we made using
reservoir volume was also applied to the previoodeh which improved the overall model fit
by increasing thetby 0.094 (Figure 29).
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Figure 26. Average catch per net of bull trouspming gill nets at the Rexford site on Libby
Reservoir 1975-2010.
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Figure 27. Average adjusted catch per net oftbolit in spring gill nets at the Rexford site
on Libby Reservoir. Average annual bull trout baper net was adjusted by multiplying
catch by reservoir volume at the time of gillnegtin
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Burbot

Burbot catch rates in spring sinking gillnets sii®80 exhibits a significant negative
trend in abundance (Figure 36=r0.366; p = 0.003). Burbot catch per net foirgpsinking
nets has declined an average of 0.016 fish pesimet 1990. We did not catch any burbot at
the Rexford site in 2010. Burbot catch rates nmgpgillnets is however significantly and
positively correlated fr= 0.512; p = 0.003; Figure 31) to daily catch oftiot in baited hoop
traps in the stilling basin below Libby Dam (seea), suggesting that burbot abundance in
Libby Reservoir may be influencing burbot abundandbe Kootenai River below Libby Dam
through entrainment.
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Figure 30. Mean catch per net of burbot in sinlgilipets during spring gillnetting at the
Rexford site on Libby Reservoir, 1990-2010.
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Total Fish Abundance

The long-term trends in total fish abundance inréservoir reflect the changes that
have occurred in the reservoir since impoundm@ntal catch (fish per net) for spring gillnets
has increased since impoundment, but the trendhatasignificant (Figure 322= 0.03; p =
0.32; Table 15), and is indicative of an increasthe biomass of species that prefer reservoir
habitat including, Columbia River chub, suckerstmern pikeminnow, etc. There is no
significant trend in total catch (fish per net) fall gillnets (Figure 32;7= 0.0014; p = 0.84;
Table 16), averaging 24.9 fish/net. Species coitipndor the catch of fall and spring gillnets
has remained relatively stable since 1993 and 183pectively (Table 17).
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Table 15. Average catch per net for nine diffefish species* captured in floating gillnets setidg the fall in the Tenmile and
Rexford areas of Libby Reservoir, 1993 through 2008 Tenmile area was not sampled from 2001-2009.

YEAR
1993 1994 1995 1996 1997 1998 1999 2002001 2002 2003 2004 2005 2006 2007 2008 2009
Date 10/5 9/27 10/20 9/23 9/22 9/21 9/24 9/12  9/2@/10 9/16 9/14 9/21  9/13 9/11 9/16  9/12

Number Nets 28 28 28 28 28 28 28 28 14 14 14 14 1414 14 14 14
Res. Elevation 2441 2446 2454 2450 2448 2439 2453342 2433 2441 2435 2445 2437 2441 2437 2441 2444

Average number of fish caught per net for individua fish species

RBT 0.4 0.2 0.6 0.3 0.3 0.2 0.2 0.6 0.3 0.5 0.5 0.40.4 0.6 0.4 0.2 0.4
WCT 0.9 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.10.4 0.1 0.1 0.1 0.1
RBT X WCT 0 0 0 0 0 <0.1 0 0 0 0 <0.1 0 0 0 0 0 0
SUB-TOTAL 1.3 0.3 0.7 0.5 0.4 0.3 0.3 0.7 0.4 06 .70 04 0.8 0.7 0.5 0.3 0.5
MWF 0.3 0.4 0.3 0.3 0.5 0.4 0.1 0.1 0.2 0.4 0.4 0.60.1 0.6 0.9 0 0.4
CRC 171 104 1.2 11.7 178 144 243 129 5.6 21.4.0 1.6 11.2 9.9 11.4 9.1 15.7
NPM 2.2 3.4 2.7 1.8 4.0 4.9 6.4 3.9 3.9 8.1 3.36 3 3. 7.3 5.6 11.7 4.1 9.9
RSS 0 0.3 0.2 0.1 1.0 0.3 0.3 <0.1 0 0.3 <0.1 0 0.10.4 0.6 0 0.5
BT 0.3 0 1.2 <0.1 0 <0.1 <0.1 0.2 0 0.1 0 0.21 0.040 0 0.17 0
CSuU 0.1 0.1 0 0.4 0.1 0.1 0.1 0.1 0.3 0.1 0.2 02.2 0 03 2.4 0.1 0.5
KOK 1 4 7.9 2.3 3.1 2.7 7.3 8.0 2.1 14.2 7.4 3.5 411 54 0.8 4.9 5.0
TOTAL 223 189 142 171 269 231 388 259 125 45.17.11 9.8 31.2 23.1 285 37.3 335

*Species Codes (RBT = rainbow trout, WCT = westsloptthroat trout, RBXWCT = rainbow and cutthraaut hybrid, MWF =
mountain whitefish, CRC = Columbia River chub, NBMorthern pikeminnow, RSS = redside shiner, BTuktoout, CSU =
coarse scale sucker, and KOK = kokanee.
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Table 16. Average catch per net for 12 diffefestt species* captured in sinking gillnets set dgspring in the Rexford area of
Libby Reservoir, 1994 through 2010.

YEAR

1994 1995 1996 1997 1998 1999 200@001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Date 5/16 5/8 5/12 5/12 5/11 5/17 5/14 5/15 5/1%/13 5/11 5/10 5/10 5/21 5/13 5/18 5/17

Number of Nets 28 28 28 28 27 28 14 14 14 14 14 14 14 14 14 14 14

Pool Elevation 2405 2386 2365 2350 2417 2352 2378922 2384 2417 2419 2425 2424 2408 2397 2406 2411
Average number of fish caught per net for individud fish species

RBT 0.2 0.2 0.7 0.1 <0.1 1.1 0.3 0.2 0.4 0.70.6 04 03 1.5 0.4 0.2 0.2
WCT <0.1 01 0.1 0.2 0.0 0.3 0.1 0 0 0.2 0.2 0.1 00 0.1 0.1 0 0
RBT x WCT 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0 0.2 0.0 0 0 0.0 0 0 0 0

SUB-TOTAL 0.2 0.3 0.9 0.3 0.0 14 0.4 0.2 0.6 09 80 05 0.3 1.6 0.5 0.2 0.2

MWF 0.3 15 1.6 13 1.2 0.7 0.8 0.4 1.2 1.2 0.5 0.20.8 0.9 0.6 0.4 0.8
CRC 942 541 609 511 1717 544 764 25 241 142444 231 639 26.1 452 548 67.7
NPM 7.6 8.0 10.0 131 151 14 12.6 11 9.9 13.0 11.9.7 109 203 179 135 174
RSS 0.0 0.0 0.0 0.1 1.0 0.1 0.4 0 0 0.1 0 0 0.0 040 0.2 0

BT 3.0 2.3 3.5 3.1 25 3.6 6.7 54 4.9 54 6.4 5944 4.5 54 3.1 4.4
LING 0.1 0.1 0.5 0.4 0.4 0.4 0.3 0.1 0.1 0.3 01 20. 0.2 0.1 0 0 0
CSu 90 120 199 143 211 8.3 10.6 14.2 9.9 10.3.2 11.8 8.6 9.4 9.6 10.7 11.8
FSU 6.5 3.0 4.8 4.7 9.5 59 51 11 2.9 2.3 0.3 1.10.9 2.1 1.0 2.3 15
YP 0.7 2.5 3.7 475 2.4 18 1.3 1.6 0.6 0.1 0.5 0.40.4 1.6 0.4 0.2 0.4
KOK 0.3 2.1 2.0 1.4 1.3 5.3 1.0 0.2 1.0 1.2 0.9 3.40.6 2.1 0.8 1.4 0.2
TOTAL 1219 86.3 107.1 93.25 226.2 959 1151 59.2 552 76.8 .970534 0.8 69.4 816 87.0 1043

*Species Codes (RBT = rainbow trout, WCT = westsloptthroat trout, RBXWCT = rainbow and cutthraaut hybrid, MWF =
mountain whitefish, CRC = Columbia River chub, NBMorthern pikeminnow, RSS = redside shiner, BTuktioout, LING =
burbot, CSU = coarse scale sucker, FSU = fine stalker, YP = yellow perch, and KOK = kokanee.
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Table 17. Percent composition of major fish spgasaught in fall floating and spring sinking géits in Libby Reservoir, 1994
through 2010. Blank entries in table indicateesitho fish were captured or that they occurreceiry small proportions.

YEAR

Species 1994 1995 1996 1997 1998 1999 2000 2001 2 200

Fall Spr. Fall Spr. Fall Spr. Fall Spr. Fall Fall Fall Spr. Fall Spr. Fall Spr. Fall Spr.
RB 0.9 4.4 11 11 1.8 0.9 4.4 11 0.2 1.4 0.4 0.4 0.4
WCT 0.7 0.8 0.8 0.8 3.8 0.7 0.8 0.8 0.1 1.7 0 0.1 0
HB 0.0 0.3 0 0 0.2 0.0 0.3 0 0 0 0 0 0
ONC 1.7 0.2 5.5 0.4 1.9 1.9 5.8 0.3 1.7 0.2 55 04 19 0.3 3.1 0.4 0.5 0.4
MWF 2.2 0.3 21 1.7 0.5 0.5 1.4 0.2 2.2 0.3 21 1.7 05 0.7 25 0.6 0.3 15
CRC 54.3 77.0 8.6 62.9 46.4 46.4 728 73.9 54.3 77.0 8.6 62.9 46.4 66.0 49.3 42.2 41.5 62.4
NPM 17.5 6.2 19.6 9.3 18.1 18.1 93 5.0 17.5 6.2 19.6 9.3 181 10.8 22.5 18.6 14.4 11.8
RSS 15 0.0 1.3 0.0 0.1 0.1 0.0 0.0 1.5 0.0 1.3 00 01 0.4 1.4 0 0.9 0
FSU 0.0 5.3 0.0 3.5 0.1 0.1 0.0 5.2 0.0 5.3 0.0 35 01 4.0 0 1.9 0 3.4
CSuU 0.6 7.3 0.0 139 40 4.0 0.6 9.7 0.6 7.3 0.0 13.9 4.0 9.1 3.4 24.0 0.6 12.3
KOK 20.6 0.2 57.4 24 28.6 286 44 34 20.6 0.2 57.4 24 286 0.9 175 0.4 41.6 1.2
YP 0.9 2.9 0.3 0.3 1.1 0.9 2.9 0.3 11 0 2.7 0.1 0.8
BT 2.5 2.8 0 0 1.1 2.5 2.8 0 5.8 0.3 9.2 0 5.9
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Table 17. (Continued) Percent composition of magbr species* caught in fall floating and sprimgkeng gillnets in Libby
Reservoir, 1992 through 2010. Blank entries itetatdicate either no fish were captured or thaytbccurred in very small

proportions.
YEAR
Species 2003 2004 2005 2006 2007 2008 2009 2010 ragee
Fall  Spr. Fall Spr.  Fall Spr.  Fall Fall Spr.  Fall Spr. Fall Spr. Fall Spr. Fall Spr. Fall

RB 2.8 0.9 3.7 08 1.2 08 03 2.8 22 15 05 11 0.2 1.1 03 na 0.5 17
WCT 0.8 0.3 0.7 03 11 0.1 © 0.6 01 03 02 04 0.0 03 o0 n/a 0.1 0.7
HB 04 00 0.0 00 0.0 00 © 0 0 0 00 O 0.0 0 0 n/a 0.0 0.2
ONC 4.0 1.2 4.5 11 2.3 09 03 3.4 2.3 1.8 0.7 15 0.4 1.4 0.3 n/a 0.8 2.6
MWF 20 16 6.0 0.7 05 0.4 09 2.8 1.3 33 08 © 63.0 11 04 nha 8.0 1.8
CRC 277 549 164 626 352 411701 429 377 399 554 487 155 468 630 nla 483 422
NPM 186 169 34.3 16.8 22.8 17.2 12.0 241 29.2 411 219 218 0.2 295 155 nla 14.0 22.3
RSS 04 01 0.0 00 05 00 © 19 05 20 00 O 3.6 14 03 nla 0.8 11
FSU 04 30 0.0 04 0.0 19 10 0 31 0 12 O 0.0 03 264 nla 3.8 0.1
Csu 12 133 2.2 74 07 20.9 95 12 136 85 117 07 123 16 123 n/a 14.7 24
KOK 411 16 36.6 1.2 36.0 6.1 0.7 23.5 3.1 3.0 1.0 26.4 2.6 150 16 n/a 2.2 26.2
YP 51 01 0.0 07 18 0.6 04 0.3 23 ©0 04 O 0.2 29 03 na 1.6 0.8
BT 0 7.0 2.2 9.0 0.1 10.5 4.8 0 65 0 66 04 1.6 0 36 _nha 5.1 0.3

*Species Codes = RB = Rainbow trout, WCT = westsloptthroat trout, HB = hybrid rainbow trout X dutat trout, ONC= Combined Rainbow, westslope catthand
hybrid trout, MWF = mountain whitefish, CRC = Colbia River chub (peamouth), NPM = northern pikeroltnRSS = red side shiner, FSU = fine scale su¢k8t) =
course scale sucker, KOK = kokanee, YP = yellovelpeBT = bull trout.
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Libby Reservoir Zooplankton Monitoring

Zooplankton species composition and abundancemitibby Reservoir has
remained relatively stable during the past fiftgears (Appendix Tables A6-A9). Similar to
tertiary production in the reservoir, we attribttie trends toward secondary equilibrium to the
aging process of the reservoir (Kimmel and Grod§86) and the operational history of Libby
Dam during the past two decades.

During the period 1997 through 20@yclopsandDaphniahave been the first and
second most abundant genera of zooplankton pres#re reservoir (Figure 33). Other
lesser abundant genera in decreasing order of abaedncluddgosminaDiaptomus,
Epischura, Diaphanosoma, and Leptod@Fégure 33). In 2009 the annual mean densities
of Cyclops, Daphnia, BosminandDiaptomuswere 7.94, 1.44, 1.30, and 0.59
organisms/liter, respectively (Appendix Tables AB}A Zooplankton abundance within the
reservoir significantly varies by month (Table Fggure 34). We found that all seven genera
of zooplankton differed significantly by month i@@ (Table 18). Although we did not
perform multiple comparisons required to deternpagwise comparisons, zooplankton
abundance varies within a season, with seasonkt peabundance over the past ten years
(Figure 34) remaining relatively consistent acrgsars. For exampl®aphniaabundance
has peaked during July each year except 2003, 20@62009 (June peak) since 1997,
Diaphanosomabundance has peaked in late August or Septerfoarthe previous 12
years, excluding 2007 since we did not sample avibn during the months of September
or October in 2007 Diaptomushas peaked in either September or October durirgf iite
previous 12 years, (including 2009} yclopshas peaked in either May or June during 12 of
the last 13 years. In most cases when an indilahuaual peak differed from the mean peak,
the difference was not more than several weeks.

Our sampling design stratified the reservoir iftiods, and although each stratum
was long (> 58 km), we believe the stratificatioasyustified and represented an adequate
sample design. In 2009, abundanc®mwiphnia, CyclopsandEpischuraall differed
significantly between the three sampling areas iffien) Rexford, and Canada; Table 18).
Although significant differences existed for théiseee genera of zooplankton in the
reservoir, a longitudinal pattern within the regeronly existed foDaphniaandCyclops.
For Daphnia densities were highest in the Canada stratagdaokased progressively
downstream to the Rexford and Tenmile strata. Hewpair wise comparisons indicated
that only Daphnia densities in the Canada stratemewignificantly higher than both the
Tenmile and Rexford strata. We observed an oppgsittern folCyclopsin 2009, with
densities highest in the lowest stratum (Tenmday highest in the Canada stratum, with
this comparison being the only one that was sigaift. HoweverEpischuradensities were
highest in the Rexford stratum and lowest in thedda stratum, but none of the multiple
comparisons indicating significant differences.

The trends irDaphniaabundance (Figure 34) and size (Figures 35 anth3gbby
Reservoir have remained particularly stable dutivegpast several years. Mean annual
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Daphniadensities in Libby Reservoir from 1997 through 20@ve averaged 1.®aphnia
/liter (standard deviation = 0.13/liter). Howeveire mean abundance B&phniawe

observed in 2009 (1.42aphnidl) was the second lowest on record since 1997arMe
Daphnialength has also varied relatively little since 198veraging 0.90 mm (standard
deviation = 0.043; Figure 35). MoBaphniasince 1993 are between 0.5 — 1.5 mm, with
majority of Daphniabeing represented in the smaller size class 0.99-mm (mean annual
proportion = 0.62, standard deviation = 0.051; Feg86), with the majority of the remainder
in the size class 1.0 — 1.499 (mean annual prapo#i0.34, and standard deviation = 0.032).
Daphnialarger than 1.5 mm have on average comprisedhess4% of the total since 1993
(Figure 36).
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Figure 33. Annual zooplankton abundance estinfateseven genera observed in Libby
Reservoir from 1997-2009. Abundance EpischuraandLeptodoraare expressed in
number per cubic meter. All other densities aggressed as number per liter. The data
utilized for this figure are presented in Appendiable A9.
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Number per Liter

Aprii  May June July Aug Sept Oct. Nov
Month

——Daphnia —l—-Bosmina Diaptomus Cyclops

——Diaphanosoma  =s=Epischura —o—Leptodora

Figure 34. Mean monthly zooplankton abundancenegés for seven genera observed in
Libby Reservoir from 1997-2009. Abundance EmischuraandLeptodoraare expressed in
number per cubic meter. All other densities aggressed as number per liter.

Table 18. Individual probability values (p values3ulting from analysis of
variance procedures that tested for differencesaplankton densities by month
(April — November), area (Tenmile, Rexford and Gi)aand a month by area
interaction in 2009.

Month*Area
Genus Month Area Interaction
Daphnia 0.003 0.028 0.025
Bosmina <0.001 0.201 0.937
Diaptomus 0.012 0.494 0.010
Cyclops <0.001 0.002 0.005
Leptodora <0.001 0.095 0.038
Epischura <0.001 0.042 <0.001
Diaphanosoma <0.001 0.442 0.451
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Figure 35. Daphniaspecies size composition in Libby Reservoir, 1884ugh 2009.
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Figure 36. Mean length @aphniaspecies in Libby Reservoir, 1984 through 2009hwit
error bars representing plus and minus one startitasidtion from the mean.
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Bull Trout Redd Counts
Grave Creek

MFWP counted redds in Grave Creek (including BBlg, Clarence, Williams and
Lewis Creeks) for the first time in 1983, as wallia 1984, 1985, and 1993 through 2009.
Grave Creek was surveyed from the confluence of3@agk River upstream to near the mouth
of Lewis Creek (approximately 4.9 miles), whereatomes intermittent. Most redds in Grave
Creek were located upstream from the mouth of Gta€reek to the confluence with Lewis
Creek. MFWP found 10 redds between the confluenitethe Tobacco River and one mile
below Clarence Creek in 1983. However, we didfinotredds in this reach during surveys
conducted in 1993 and 2000. The distribution diftoout redds in Blue Sky, Clarence,
Williams and Lewis creeks was similar to observaio previous years (Hoffman et al. 2002).

We observed 131 bull trout redds in Grave Creek0d9, which was approximately
37% lower than we observed in 2008, and the lowezkt count observed since 2000. The
highest redd count was 245 redds and was obsem2@D3 (Table 19). Nevertheless, bull
trout have exhibited a significant positive trendspawning abundance in Grave Creek since
1993 (Figure 37;%r= 0.619; p = 0.0002).
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Figure 37. Bull trout redd counts and trend analysGrave Creek, 1993 through 2009.
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Wigwam Drainage

Bull trout redd counts for the Wigwam River incisdthe tributary streams of Bighorn,
Desolation, and Lodgepole creeks, and the portidheoWWigwam River within Montana. In
2009, a total of 1,575 bull trout redds were obsémn the ten index reaches typically surveyed
in the Wigwam Drainage (Figure 38). The trenduii tout redd abundance since 1995
continues to represent a significant positive i@teship. The peak count occurring in 2006 at
2298 redds, but has decreased each year since (I@bl We observed at total of 8 bull trout
redds in the Montana portion of the Wigwam Rivenjcla represents the upper most reach.
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Figure 38. Bull trout redd counts and trend analiar the Wigwam River (including
Bighorn, Desolation, and Lodgepole creeks) 19959200
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Table 19. Bull trout redd survey summary for atlex tributaries in the Kootenai River
Basin.

Stream Year Number of Redds Miles Surveyed
Surveyed
Grave Creek 1995 15 9
IncludesClarence and Blue Sky Creeks 1996 35 17
1997 49 9
1998 66 9
1999 134 9
2000 97 9
2001 173 9
2002 199 9
2003 245 9
2004 141 9
2005 194 9
2006 148 9
2007 208 9
2008 207 9
2009 131 9
Quartz Creek 1995 66 12.5
Includes West Fork and Mainstem 1996 47 12.0
1997 69 12.0
1998 105 8.5
1999 102 8.5
2000 91 8.5
2001 154 8.5
2002 62 8.5
2003 55 8.5
2004 49 10.0
2005 71 8.5
2006 51 8.5
2007 35 8.5
2008 46 8.5
2009 31 8.5
O’Brien Creek 1995 22 4.5
1996 12 4.0
1997 36 4.3
1998 47 4.3
1999 37 4.3
2000 34 4.3
2001 47 43
2002 45 43
2003 46 43
2004 51 43
2005 81 43
2006 65 43
2007 77 43
2008 79 43
2009 40 4.3
Pipe Creek 1995 5 10
1996 17 12.0
1997 26 8.0
1998 34 8.0
1999 36 8.0
2000 30 8.0
2001 6 8.0
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Table 19 (Continued). Bull trout redd survey sumyrar all index tributaries in the
Kootenai River Basin.

Stream Year Number of Redds Miles Surveyed
Surveyed
Pipe Creek (continued) 2002 11 8.0
2003 10 8.0
2004 8 8.0
2005 2 8.0
2006 6 8.0
2007 0 8.0
2008 4 8.0
2009 9 8.0
Bear Creek 1996 10 45
1997 13 4.25
1998 22 4.25
199¢ 36 4.25
2000 23 4.25
2001 4 4.25
2002 17 4.25
2003 14 4.25
2004 6 4.25
2005 3 4.25
2006 14 4.25
2007 9 4.25
2008 14 4.25
2009 6 4.25
Keeler 1996 74 9.3
Includes South and North Forks 1997 59 8.9
1998 92 8.9
1999 99 8.9
2000 90 8.9
2001 18 8.9
2002 102 8.9
2003 87 8.9
2004 126 8.9
2005 186 8.9
2006 142 8.9
2007 84 8.9
2008 62 8.9
2009 24 8.9
West Fisher Creek 1995 3 10
1996 4 6
1997 0 6
1998 8 6
1999 18 10
2000 23 10
2001 1 10
2002 1 6
2003 1 6
2004 21 10
2005 27 10
2006 4 10
2007 18 10
2008 6 10
2009 8 10
Wigwam (B.C and U.S.) 1995 247 22
Bighorn, Desolation, & Lodgepole creeks 1996 512 2 2
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Table 19 (Continued). Bull trout redd survey sumyrar all index tributaries in the
Kootenai River Basin.

Stream Year Number of Redds Miles Surveyed
Surveyed
Wigwam River (continued) 1997 598 22
1998 679 22
1999 849 22
2000 1195 22
2001 1496 22
2002 1892 22
2003 2053 22
2004 2133 22
2005 642 22
2006 2298 22
2007 1883 22
2008 1833 22
2009 1575 22
Skookumchuck Creek (B.C.) 1997 66 1.9
1998 105 1.9
1999 161 1.9
2000 189 1.9
2001 132 1.9
2002 143 1.9
2003 134 15
2004 140 1.9
2005 111
2006 163
2007 144
2008 137
2009 64
White River (B.C.) 2001 166 7.8
Includes Blackfoot Creek in 2002, 2003, and 2002 61 2 7.8
2005-2008 2003 249
2004 190 8.1
2005 243
2006 311
2007 266
2008 210
2009 172

: Human built dam below traditional spawning area

Included resident and migratory redds

. Libby Creek dewatered at Highway 2 bridge bespawning sites during spawning run

: Beavers dammed lower portion during low flodam was removed but high water made accurate mgu€impossible

Log jam may have been a partial barrier

Note that during low water years, beavers in sotmeams (Keeler, Pipe, Quartz) have an opportupityuild dams across
entire stream rather than just in side channetameSbull trout migrate upstream before dam conStmds complete, most
either try to build redds below the dams or appedeave the streams entirely. This happened ield¢eCreek and Pipe
Creek in 2001.

oanoTo®
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Quartz Creek

Bull trout redd counts in Quartz Creek since 1888e been variable (Figure 38=
0.045), and has not differed significantly fromtaoée (zero slope) population (Figure 39; p =
0.35). We observed a total of 46 redds in Quartk\&@est Fork Quartz creeks in 2008 (Table
19). The average number of redds of the periodadrd was 69.8 redds. The 2008
observation of 31 redds was 54.3% lower than thennoger the period of record, and second
lowest redd count over the period of record. Ctedpie relatively low redd count observed in
2009, Quartz Creek still represents the strongdbtrbut populations residing in the Kootenai
Basin located downstream of Libby Dam. Keeler Kisealso a relatively strong population,
but is a disjunct population residing in Lake Creekl Bull Lake.
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Figure 39. Bull trout redd counts and trend analffsiue line) for Quartz Creek (including
West Fork Quartz) 1990-2009.
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Pipe Creek

Bull trout redd counts in Pipe Creek peaked in91&936 redds. Redd numbers have
generally decreased annually since 1996, and ddojepeero in 2007, but rebounded back to 6
redds in 2008, and increased to 9 in 2009, whiehhtghest count since 2003. There is no
apparent overall general trend of bull trout reddBipe Creek during the period of record
(1990-2009; Figure 40). The mean number of balitredds since 1990 has been 12.0
redds.

Bear Creek

Bear Creek bull trout redd counts have been viaridiring the period of record (1995-
2009; Figure 41;%r= 0.075). Although the overall general trend basn a decreasing one
since 1995, the relationship is not statisticalffedent than a stable population (Figure 41; p
=0.322). We observed 6 redds in Bear Creek ir92@8@ich was slightly less than half of
the average over the period of record (13.1).

O’Brien Creek

The general trend of bull trout redds in O’Briere€k has significantly increased since
1991 (Figure 42;%= 0.683; p < 0.0001). However, we only obsen@detids in O'Brien
Creek in 2009, which was the lowest redd countrosbin the past 10 years (Table 19).

West Fisher Creek

The trend in bull trout redd abundance in the \Westter Creek over the period of
record (1993-2009) was not significant differerstrtta stable population (Figure 43:r0.136;

p = 0.145). We observed a total of 8 redds ittest Fisher Creek in 2009, which
approximately equal to the mean number of the gesfaecord (8.5 redds).
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Figure 40. Bull trout redd counts and trend analffsiue line) for Pipe Creek 1990-20009.
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Figure 41. Bull trout redd counts and trend analysiue line) in Bear Creek, a tributary to
Libby Creek, 1995-20009.
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Figure 43. Bull trout redd counts in the West Fisieeek, a tributary to the Fisher River,
1993-2009.
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Keeler Creek

Bull trout that spawn in Keeler Creek (including tNorth, South and West Forks)
are an adfluvial stock that migrates downstreamod&ull Lake into Lake Creek, then up
Keeler Creek. This downstream spawning migratsosnimewhat unique when compared to
other bull trout populations (Montana Bull Trouti&tific Group 1996b). Lake Creek, a
tributary of the Kootenai River, has an upstreanteviall barrier isolating this population
from the mainstem Kootenai River population. A ratbydropower dam constructed in
1916 covered the upper portion of the waterfallseiies of high gradient waterfalls are still
present below the dam, and are barriers to alregst fish passage. We observed only 24
bull trout redds in Keeler Creek and associatdulitaries in 2009, which represented the
second lowest count since counts began in 19984 T&), and a 73% reduction from the
mean over the period of record (88.6 redds). Redehts peaked in 2005, but have
precipitously decreased annually since. Despéedhatively recent decline in redd counts,
we were unable to determine a significant trenbluth trout redds in Keeler Creek since 1995
(Figure 44; T = 0.041; p = 0.489).

200 -

180 7 1996.2009
160 - ©2=0.007: p=0.77
140 A mean = 88.6 *

120 1
100 - . .
80 - v ¢
60 - . .
40 4
20 1 *
0 r T 1
1995 2000 2005 2010
Year

Bull Trout Redds
»
3

Figure 44. Bull trout redd counts and trend linki¢dine) in Keeler Creek, a tributary to
Lake Creek, 1996-20009.
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Kootenai River Tributaries from Kootenai Falls tdohy Dam

The Montana bull trout spawning tributaries thedndirect access to the Kootenai
River between Kootenai Falls and Libby Dam incltlue West Fisher Creek, Bear, Pipe, and
Quartz, and O’Brien creeks. These tributariessareewhat geographically isolated due to
complete and partial upstream passage barrieliblay Dam and Kootenai Falls, respectively.
MFWP has documented two bull trout that have asegkabotenai Falls. One fish was a radio
tagged bull trout in 2000 (Dunnigan et al. 2008 a PIT tagged bull trout in 2008 (Sylvester
et al. 2009). Therefore, we documented that K@otealls is not a complete upstream barrier
to bull trout migration at some discharges, butiains likely that the falls represent a
substantial barrier at least during certain peramfdsarying discharge. Therefore, we present
two separate analyzes of bull trout redd abundanttee Kootenai River below Libby Dam.
One analysis included all tributaries connectethéokootenai River below Libby Dam
including O’Brien Creek (below Kootenai Falls), ahé other analysis omits O’Brien Creek.
Bull trout redd counts first began in Bear CreeR 395, and in the West Fisher in 1993, redd
counts in the other tributaries began in 1990 (@48l). Therefore in order to present an
accurate assessment, the data presented in bdthemnaas limited to the time period 1995-
20009.

We observed a total of 54 bull trout redds infthe streams between Kootenai Falls
and Libby Dam in 2009. Redd counts during thisqoepeaked in 2001 at 161 redds. The
overall mean bull trout redd count for this peremfialed 105.2 redds, with no significant trend
over this period (Figure 45° + 0.231; p = 0.070), and although the trend mayrage been
significant, it appears that with the exceptionha& peak in 1999-2001, the populations have
been relatively stable. The 54 redds we observe@®09 represented a 48.7% reduction from
the overall average for the period.

The overall trend in total bull trout redds belbivby Dam is very similar when we
include counts from O’Brien Creek (Figure 46). Whserved a total of 40 bull trout redds in
O’Brien Creek in 2009, bringing the total to 94dedor all five streams in 2009. The overall
mean bull trout redd count for this period equdlBd.1 redds, with no apparent trend over this
period (Figure 46;%= 0.08; p = 0.61). Similar to the trend of tatedids for all streams located
upstream of Kootenai Falls, the total observed)®9? was lower than the overall average for
the period of record by 38.6%.

113



250

1995-2009
(Libby Dam to Kootenai Falls)
200 A & ¥=0.231 p=0.070
= * P mean =106.2
T 150 o
(19
® 100 o 2 i . ¥
[= * & . *
- *
50 1 ¢ .
O T T T T T T T T T T T T T T
o A PP I I P TIPSO
) 3 £ N
FELFTELTT SIS TS &
Year

Figure 45. Bull trout redd counts in the tributarte the Kootenai River between Kootenai
Falls and Libby Dam, including West Fisher CreekaB Pipe, and Quartz creeks, 1995-
20009.
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Figure 46. Bull trout redd counts in the tributartbat have direct access to the Kootenai
River below Libby Dam, including West Fisher CreBlar, Pipe, Quartz, and O’Brien
creeks, 1995-20009.
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Kootenai River Adult Bull Trout Population Estimate

Montana FWP marked a total of 55 bull trout in LT on April 7, 2010. Six days
later, we captured 34 bull trout, of which 3 werarked (Table 20). Our efforts yielded
an estimate of 489 bull trout within this sectiaropto spill activities in 2010 (Table 20).
However, this estimate failed the validity cheBlobson and Regier 1964), and
therefore, this estimate to be invalid due to esisesbias. The average bull trout total
length for 2010 was 660 mm (range = 402 — 873 mgurE 47). The mean length of
bull trout in 2004, 2005, 2006, 2007, 2008, and26é&ptured below Libby Dam was
649, 677, 692, 655, 603, and 613 mm, respectivEhe mean total length of the bull
trout in was similar to most years since we begawork in 2004 (Table 21). Bull trout
length in 2010 differed significantly only from ficollected in 2008 (mean = 607.9 mm;
Table 21).

We recaptured 27 bull trout during our samplinggeeApril 7 —13, 2010 that
were previously marked in 2005, 2006, 2007, 2003089 below Libby Dam ranging
between 79 to 1,819 days prior. The recaptureldttmuit grew an average of 142.0 mm
(0.22 mm per day), and gained an average of 2293.33 g per day; Table 22).

Table 20. The sampling dates for the number oft &dil trout marked, recaptured, and the
estimated total population and number of fish pi#e m the Kootenai River from Libby Dam
downstream to the Fisher River confluence. Thp&6ent confidence intervals (CI) are
presented in parentheses. However, this estimabecessively biased, and cannot be considered
a valid estimate.

Dates Number  Number Total Population Fish per Mile
Marked Recaptured Estimate (95 % CI) (95 % CI)

April 7, 2010 55 N/A

April 13, 2010 34 3 489 (100-879) 140 (28 - 251)
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Table 21. Bull trout length summary of fish cotkst during mark recapture
population estimates in the Libby Dam Tailrace arfethe Kootenai River 2004-
2010. Statistical comparisons between years warkenasing an analysis of variance
and subsequent Tukey’s multiple comparisons.

Year Mean Range StandardVedian Mode Significantly
Deviation Different
than
(P<0.05)
2004 648.9  343-861 113.3 646.5 647 2008
2006 692.3  425-870 105.2 701 625 2008 & 2009
2007 655.1  308-875 137.0 672.5 658 none
2004, 2006
2008 602.9  237-900 158.8 613 795 & 2010
2009 613.1  319-855 125.1 611 514 2006
2010 659.8  402-873 117.7 680.5 746 2008
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Table 22. Recapture summary information for bollit recaptured below Libby Dam between April 7 48¢2010. Information
includes the date each fish was originally capturechptured, and length and weight for each erieaufish were captured via
nighttime electrofishing. Mean daily growth rasge presented in parentheses.

Original Recapture PIT tag Number Lengthat Weightat Lengthat Weight at Length Weight
Tag Date Date Capture Capture  Recapture Recapture Increase Increase (Q)
(mm) )] (mm) (@) (mm)

4/20/2005 4/13/2010 3D9.1BF1C6780E 415 638 803 7185 388 (0.21) 6547 (3.60)
6/19/2006 4/7/2010  3D9.257C5A9765 330 272 806 7581 476 (0.34) 7309 (5.27)
1/22/2010 4/13/2010 3D9.257C5E5840 694 N/A 706 4103 120.14) N/A
4/10/2008 4/7/2010  3D9.257C5E66C4 617 2477 750 5226 133 (0.18) 2749 (3.78)
4/1/2009 4/7/2010  3D9.257C5E66C4 729 4873 750 5226 21 (0.06) 353 (0.95)
8/29/2008 4/7/2010  3D9.257C6BFC78 311 248 562 2062 251 (0.42) 1814 (3.10)
4/9/2008 4/7/2010  3D9.257C6BFF05 566 2015 718 4168 152 (0.21) 2153 (2.96)
9/24/2009  4/7/2010  3D9.257C6C0065 546 1786 569 1990 23 (0.12) 204 (1.05)
4/7/2009 4/7/2010  3D9.257C6C0782 456 886 649 3825 93 (Q.53) 2939 (8.05)
5/2/2007 4/13/2010 3D9.257C6C2A58 321 292 751 5419 430 (0.40) 5127 (4.76)
1/8/2008 4/7/2010  3D9.257C6C2AC8 685 N/A 746 3884 1 (®O7) N/A
2/27/2009 4/13/2010 3D9.257C6C3618 315 N/A 439 798 124 (0.30) N/A
4/9/2008 4/7/2010  3D9.257C6C3B6F 557 1760 693 3619 136 (0.19) 1859 (2.55)
4/7/2009 4/13/2010 3D9.257C6C3F58 514 1232 644 2685 130 (0.35) 1453 (3.91)
9/5/2008 4/7/2010  3D9.257C6C3FF2 284 164 426 647 2 (Q24) 483 (0.83)
12/30/2009 4/7/2010  3D9.257C6C409B 820 N/A 840 7219 20 (0.20) N/A
8/29/2008 4/7/2010  3D9.257C6C458A 313 282 521 1788 208 (0.35) 1506 (2.57)
4/7/2009 4/7/2010  3D9.257C6C4712 555 1696 695 4260 140 (0.38) 2564 (7.02)
4/1/2009 4/13/2010 3D9.257C6C4BFF 708 3688 727 4962 19 (0.05) 1274 (3.38)
12/21/2007 4/7/2010  3D9.257C6C4CC5 325 N/A 590 3036 265 (0.32) N/A
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Table 22. (Continued) Recapture summary infornmaftbo bull trout recaptured below Libby Dam betweril 7 and 13, 2010.
Information includes the date each fish was orityr@aptured, recaptured, and length and weighefwh encounter. Fish were
captured via nighttime electrofishing. Mean dgjitgpwth rates are presented in parentheses.

Original Recapture PIT tag Number Lengthat Weightat Lengthat Weight at Length Weight
Tag Date Date Capture Capture  Recapture Recapture Increase Increase (Q)
(mm) (@) (mm) (@) (mm)

4/7/2009 4/7/2010  3D9.257C6C4EEE 530 1499 646 2895 116 (0.32) 1396 (3.82)
8/29/2008 4/13/2010 3D9.257C6C57FF 290 188 485 1050 195 (0.33) 862 (1.46)
4/9/2008 4/7/2010  3D9.257C6C5845 537 1681 678 3742 141 (0.19) 2061 (2.83)
4/7/2009 4/13/2010 3D9.257C6C58BF 631 2695 707 4275 76 (0.20) 1580 (4.26)
4/9/2008 4/13/2010 3D9.257C6C5BBA 853 8203 842 9835 -11(-0.01) 1632 (2.22)
12/30/2009 4/13/2010 3D9.257C6C5BBA 845 N/A 842 9835 -3 (-0.03 N/A
1/24/2010 4/13/2010 3D9.257C6C7DFB 660 N/A 657 3508 -3 (-0.04) N/A
Mean 533.6 1828.8 675.6 4252.7 142.0 (0.22P93.3 (3.42)
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Figure 47. Length frequency distribution of budiut captured via jet boat electrofishing
on April 7 to 13, 2010 in the Kootenai River belawby Dam. The mean total length
for all fish captured was 660 mm.
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Bull Spawning Habitat Surveys

The adjunct bull trout population that reside8ull Lake and spawns in Keeler
Creek had the lowest mean annual levels of finersad (<6.35 mm) amongst the eight
streams we monitored, averaging 22.2% (Figure #8g percent of fine sediment in the
monitoring section of North Fork Keeler Creek age@ 22.2% from 1998-2010 (Figure
48; Appendix Table A6). Fine sediment generalréased from 2000 to 2004 and then
gradually decreased to 2010. Levels of fine sedtmere significant between years (p =
0.003), with fine sediment levels in 2003 and 266t being significantly higher than
those observed in 2010.

O’Brien Creek had the highest mean levels of §ediment amongst the eight
streams we monitored, averaging 31.8%. Fine sedilaeels peaked in 2005 (38.6%)
and then generally decreased through 2010 (Figdire Mean annual fine sediment was
lowest in 2008 (21.6%) and accounted for most efsiignificant annual comparisons,
with 2001-2006 being significantly higher (Figur@)4 Fine sediment levels in 2005 were
also significantly higher than those we measure2Dib0. All other annual comparisons
were not significant (p > 0.05). A significant arge relationship exists between the
percentage of fine sediment in substrates andwairio emergence of westslope
cutthroat trout and bull trout embryos in incubattests (Weaver and White 1985;
Weaver and Fraley 1991, 1993). Mean adjusted eaneggsuccess ranged from about 80
percent when no fine material was present, totlems 5 percent when half of the
incubation gravel was smaller than 6.35 mm; abOyb&rcent survival occurs at 35
percent fines. Entombment was the major mortédityor.

Of the four core bull trout spawning tributariesated on the Kootenai River
between Libby Dam and Kootenai Falls, West Fisheie€ had the lowest annual mean
percent of fine sediment levels (22.9%), rangimgriithe observed high in 2009 (30.4%)
to a low in 2008 (9.7%; Figure 50). Fine sedinlemtls did differ significantly between
years (p <0.001). The relatively low fine sedimeaiues observed in 2008 likely
dominated the results of the ANOVA, with fine sedimhin 2008 being significantly less
than those observed during all other three ye&isie sediment levels on West Fork
Quartz Creek have been relatively consistent agresss, averaging 26.8% (Figure 51),
and not differing significantly (p = 0.097) betweggars of record (1998-2010). The
power of this test was moderately high (0.747)digent levels near bull trout redds
have ranged from a low of 20.7% in 2009 to a hifB®6% in 2005 (Figure 51). Mean
annual fine sediment levels in Bear Creek have baeable, averaging 26.8%, with no
apparent trend obvious over the period 2002 to ZBidure 52). Sediment levels on
Bear Creek peaked in 2004 (35.0%), with the lowasan annual value observed in 2008
(15.9%). Significant differences between yearstexi for seven possible combinations
(Figure 52). Mean annual fine sediment levels ipe Ereek were the second highest
value of the eight streams we monitored, rangingifa low of 23.1%in 2008 to a high
value of 38.8% in 1998, and averaging 30.4% acyeass (Figure 53). Mean annual
sediment levels in 1998 were significantly higheart 2001 and 2008 (Figure 53).
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The two bull trout spawning tributaries locatedMontana upstream of Libby
Dam (Grave Creek and MT Wigwam) had relatively fove sediment levels. We
monitored fine sediment levels in Grave Creek alypfram 1998 to 2010, with the
exception of 1999 and 2007. During this time peritne sediment levels in Grave
Creek averaged 26.3%, ranging from 21.4% in 1998t8% in 2008 (Figure 54,
Appendix Table A10). ANOVA suggested that yeailyetdlences in fine sediment levels
were nearly significant (p = 0.066). The powetlo$ test was 0.816. The trend
somewhat suggests an increasing trend in fine sadibetween years. However, the
trend did not differ significantly from a zero sbf’ = 0.236; p = 0.13). We monitored
fine sediment in the Montana portion of the WigwBmaer annually from 1998 to 2010,
with the exception of 2001, 2002 and 2003 when ttmms$ prevented us from accessing
the stream coring sites. Mean annual fine sediesets in the Montana portion of the
Wigwam River averaged 26.3%, and ranged from avalve of 20.5% in 2008 to 38.3%
in 2004 (Figure 55; Appendix Table A10). ANOVA v#ts did not declare any annual
differences significantly different (p =0.167). &power of this test was 0.664.
However, The multiple comparison procedures foune $ediment levels in 2008 to be
significantly lower than those observed in 2004Q(j026).

High levels of fine sediment (<6.35 mm) in salmbredds has been shown to
have deleterious effects on incubating embryose Barticles within the interstitial
spaces have been shown to lower egg to fry surbivahpeding movement of water
through the gravel, thereby reducing delivery sdived oxygen to, and flushing of
metabolic wastes away from incubating embryos (\&ick958; McNeil and Ahnell
1964; Reiser and Wesche 1979). High levels of§ie@diment have also been shown to
restrict embryo movement within the redd (Koski @9Bjornn 1969; Phillips et al.
1975), alter timing at (Alderdice et al. 1958; Shwewy et al. 1964) and and condition of
emergence (Silver et al. 1963; Koski 1975). Weavel Fraley (1991; 1993)
demonstrated a significant inverse relationshipvben the percent of fine sediment and
survival to emergence of westslope cutthroat temat bull trout in laboratory tests.
Mean adjusted emergence success ranged from ab@etr&nt when no fine material
was present, to less than 5 percent when 50 pestém incubation gravel was smaller
than 6.35 mm, and about 30 percent survival wasrgbd when 35 percent of the
substrate consisted of fines. Entombment was @jermmortality factor in this study.
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Figure 48. Fine sediment levels (<6.35 mm) in N&ibrk Keeler Creek. The annual
mean values appear above each year, and the whisiserepresent 95% confidence
intervals. The p-value from an analysis of varatitat tested for annual differences is
also presented. Significant annual differencesisted.
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Figure 49. Fine sediment levels (<6.35 mm) in @BrCreek. The annual mean values
appear above each year, and the whisker bars ezpr@s% confidence intervals. The p-
value from an analysis of variance that testedforual differences is also presented.
Significant annual differences are listed.
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Figure 50. Fine sediment levels (<6.35 mm) in Wresher Creek. The annual mean
values appear above each year, and the whiskerdgaesent 95% confidence intervals.
The p-value from an analysis of variance that te&tie annual differences is also
presented. Significant annual differences aredist
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Figure 51. Fine sediment levels (<6.35 mm) in Wiesk Quartz Creek. The annual
mean values appear above each year, and the whisiserepresent 95% confidence
intervals. The p-value from an analysis of varatitat tested for annual differences is
also presented.
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Figure 52. Fine sediment levels (<6.35 mm) in Beégek. The annual mean values
appear above each year, and the whisker bars ezpr@s% confidence intervals. The p-
value from an analysis of variance that testedforual differences is also presented.
Significant annual differences are listed.
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Figure 53. Fine sediment levels (<6.35 mm) in Ripeek. The annual mean values
appear above each year, and the whisker bars espitbe 95% confidence interval. The
p-value from an analysis of variance that testedfmual differences is also presented.
Significant annual differences are listed.
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Figure 54. Fine sediment levels (<6.35 mm) in @r@veek. The annual mean values appear
above each year, and the whisker bars represent@gfitlence intervals. The p-value from
an analysis of variance that tested for annua¢dfices is also presented.
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Figure 55. Fine sediment levels (<6.35 mm) inNMtantana portion of the Wigwam River.
The annual mean values appear above each yeaheamdhisker bars represent 95%
confidence intervals. The p-value from an analgégariance that tested for annual
differences is also presented. The only signiticamual difference is listed.

125



References

Alderdice, D. F. , W. P. Wickett, and J. R. Bret958. Some effects of temporary
exposure to low dissolved oxygen levels on Pas#iemon eggs. Journal of the Fisheries
Research Board of Canada 15: 229-250.

Ardren, W, P. DeHaan, J. Dunnigan. 2007. Genetatyars of bull trout in the Kootenai
River Basin: Final Report. Bonneville Power Admtration. Portland, Oregon. Project
Number 199500400.

Bernard, D. R., G. A. Pearse and R. H. Conrad.11%®op traps as a means to capture burbot.
North American Journal of Fisheries Managemer@1-1:04

Bjornn, T. C. 1969. Embryo survival and emergestoelies, Job No. 5, Federal Aid in Fish
and Wildlife Restoration. Job Completion Reporpjéct F-49-R-7. Idaho Fish and
Game Department, Boise.

Chisholm, I.M., M.E. Hensler, B. Hansen, D. Skab®389. Quantification of Libby Reservoir
levels needed to maintain or enhance reservoeris. Methods and Data Summary 1983-
1987. Prepared for Bonneville Power AdministrattgrMontana Department of Fish,
Wildlife and Parks. Kalispell, Montana.

DeHaan, P., L. Godfrey, and W. Ardren. 2008. Geretsignments of bull trout collected at
Libby Dam 2004 to 2007: Final Report. Montana Fishidlife and Parks, Libby.

Dunnigan, J.L,, J. DeShazer, L. Garrow, B. Marand T. Ostrowski. 2003. Mitigation for
the construction and operation of Libby Dam: Liiigation Program, 2001-2002
annual progress report. Bonneville Power Adminigira Portland, Oregon. Project
Number 199500400.

Dunnigan, J.L,, J. DeShazer, L. Garrow, B. Marcdkz Ostrowski, and C. Sinclair. 2005.
Mitigation for the construction and operation obhy Dam: Libby Mitigation Program,
2004 annual progress report. Bonneville Power Adstriation. Portland, Oregon.
Project Number 199500400.

Dunnigan, J.L., J. DeShazer, L. Garrow, T. Ostronakd M. Benner, R. Leary, J. Tohtz,
and D. Neeley. 2009. Mitigation for the construotand operation of Libby Dam: Libby
Mitigation Program, 2007 annual progress reportirigville Power Administration.
Portland, Oregon. Project Number 199500400.

Graham, P.J., P.W. Fredenberg, and J. Huston.. 188@plements to recommendations for a

fish and wildlife program. Submitted to: Pacific fawvest Power Planning Council by
Montana Department of Fish, Wildlife and Parks.lisfeell, Montana.

126



Hoffman, G. B. Marotz, J. DeShazer, L. Garrow, Btrowski, and J. Dunnigan. 2002.
Mitigation for the construction and operation obhy Dam: Annual report 2000.
Bonneville Power Administration. Portland, Oregd?roject Number 199500400.

Huston, J.E., P.D. Hamlin and B. May. 1984. Lake@&anusa fisheries investigations final
report. Prepared for United States Army Corp dfiieers, Seattle District. Seattle,
Washington.

Kimmel, B.L. and A.W. Groeger. 1986. Limnologicalcbecological changes associated with
reservoir aging. Pages 103-109GtE. Hall and M.J. Van Den Avyle, editors. Res@rvo
Fisheries Management: Strategies for the 80's.fR@s€ommittee, Southern Division
American Fisheries Society. Bethesda, Maryland.

Kootenai Tribe of Idaho (KTOI) and Montana Fish,ldllife & Parks (MFWP). 2004.
Kootenai Subbasin Plan. Available on CD from tleoténai Tribe of Idaho, Bonners
Ferry, ID and Montana Fish, Wildlife & Parks, Kadedl. Also available at:
http://www.nwcouncil.org/fw/subbasinplanning/kooagfplan/

Koski, K. V. 1966. The survival of coho salmdadncorhynchus kisutgtirom egg
deposition to emergence in three Oregon coastsis. Master’s thesis. Oregon State
University, Corvallis, Oregon.

Koski, K. V. 1975. The survival and fitness ofotstocks of chum salmo®(corhynchus
ketg from egg deposition to emergence in a contradkeelam environment at Big Beef
Creek. Doctoral dissertation. University of Wamgjion. Seattle, Washington.

Lagler, K.F. 1956. Freshwater fishery biology. Wan.Brown Company, Dubuque, lowa.

Leary, R.F., F.W. Allendorf, and S.R. Phelps. 1988ctrophoretic examination of trout from
Lake Koocanusa, Montana: Inability of morphologicateria to identify hybrids.
Population Genetics Laboratory Report 83/8, MIMQaniversity of Montana, Missoula,
Montana.

Leary, R. 2005. Letter to Murray Spring Fish Hatgtfeom Robb Leary. Eureka, Montana.

Leathe, S.A. and P.J. Graham. 1982. Flathead fistkéood habits study. Final Report.
Prepared for the Environmental Protection Agencivloptana Department of Fish,
Wildlife and Parks. Kalispell, Montana.

Marotz, B.L., D. Gustafson, C. Althen and B. Lonn&896. Model development to establish
integrated operational rule curves for Hungry Hamsé Libby Reservoirs-Montana. Report
to Bonneville Power Administration by Montana Depaent of Fish, Wildlife, and Parks,
Kalispell, Montana. 114pp.

127



Marotz, B.L., D. Gustafson, C.L. Althen, and W. loon 1999. Integrated operational rule
curves for Montana reservoirs and application theoColumbia River storage projects.
Pages 329-352 IEcosystem Approaches for Fisheries Managemenskal&ea Grant
College Program. AK-SG-99-01, 1999.

McNeil, W. J. and W. H. Ahnell. 1964. Succekpiak salmon spawning relative to size
of spawning bed materials. U. S. Fish and Wid$&fervice, Special Scientific Report
169. Washington, DC

Montana Bull Trout Scientific Group (MBTSG). 199@awer Kootenai River drainage bull
trout status report (below Kootenai Falls). Pregdoe The Montana Bull Trout
Restoration Group. Helena, MT.

Montana Bull Trout Scientific Group (MBTSG). 1996bpper Kootenai River drainage Bull
Trout status report (including Lake Koocanusa, t§ash of Libby Dam). Prepared for
The Montana Bull Trout Restoration Group. Helend,.M

Montana Fish, Wildlife & Parks (MFWP), Confederatealish Kootenai Tribes, and the
Kootenai Tribe of Idaho. 1998. Fisheries mitigatand implementation plan for losses
attributable to the construction and operationibbly Dam. Montana Fish, Wildlife and
Parks, Kalispell, MT., Confederated Salish and l€oat Tribes, Pablo, Montana, and
Kootenai Tribe of Idaho, Bonners Ferry, Idaho.

Phillips, R. W. , R. L. Lantz, E. W. Claire, addR. Moring. 1975. Some effects of gravel
mixtures on emergence of coho salmon and steelheaidfry. Transactions of the
American Fisheries Society 104:461-466.

Reiser, D. W., and T. A. Wesche. 1979 .silli freezing as a cause of mortality in brown
trout eggs. Progressive Fish-Culturist 41: 58-60.

Ricker, W.E. 1958. Handbook of computations fodduical statistics of fish populations.
Fisheries Research Board of Canada, Bulletth

Robson, D.S., and H.A. Regier. 1964. Sample siZeterson mark-recapture experiments.
Transactions of the American Fisheries Society P3:226.

Shepard, B.B., and P.J. Graham. 1983. Fish resownoéoring program for the upper
Flathead Basin. Environmental Protection Agencytai/Bivision, Denver, Colorado.

Shumway, D. L., C. E. Warren, and P. Doudord®64. Influence of oxygen

concentration and water movement on the growthesfilsead trout and coho salmon
embryos. Transactions of the American Fisheriese®p93:342-356.

128



Silver, S. J., C. E. Warren, and P. Doudord®63. Dissolved oxygen requirements of
developing steelhead trout and chinook salmon eosoay different water velocities.
Transactions of the American Fisheries Society 22-343.

Skaar, D., J. DeShazer, L. Garrow, T. OstrowskiBndnd Thornberg. 1996.
Quantification of Libby Reservoir levels needectihance reservoir fisheries.
Investigations of fish entrainment through Libbyda 990-1994. Final Report.
Montana Department of Fish, Wildlife and Parks giRa 1. Prepared for Bonneville
Power Administration. Project Number 83-467.

Sylvester, Ryan, Joel Tohtz, and Brian Marotz. 20Bvaluation of the Biological Effects of
the Northwest Power Conservation Council's Mainséenendment on the Fisheries
Upstream and Downstream of Libby Dam, Montana. 22008 Annual Report, Project
No. 200600800, Contract Number 36186.

Van Deventer, J.S., and W.S. Platts. 1983. Sampglind estimating fish populations from
streams. Transactions North American Wilddifel Natural Resources Conference
48:349-354.

Weaver, T. M., and J. J. Fraley. 1991. Figsehabitat and fish populations. Flathead
basin forest practices, water quality and fishecmgperative program. Flathead Basin
Commission, Kalispell, Montana.

Weaver, T. M. and J. J. Fraley. 1993. A mettwocheasure emergence success of
westslope cutthroat trout fry from varying substradbmpositions in a natural stream
channel. North American Journal Fisheries Managerh®:817-822.

Weaver, T. M., and R. G. White. 1985. Coald@Rrésheries monitoring study No. Il
Quarterly progress report. U. S. Forest SerWiatana State Cooperative Fisheries
Research Unit, Bozeman, Montana.

Wickett, W. P. 1958. Review of certain environnatifactors affecting the production of
pink and chum salmon. Journal of the Fisheriee&e$ Board of Canada. 15:1103-
1126.

U.S. Fish and Wildlife Service. 1999. Endangered thineatened wildlife and plants;
determination of threatened status for bull trouthie coterminous United States. Federal
Register. 641 November 1999), 58910-58933.

U.S. Fish and Wildlife Service. 2002. Chapter 4ptamai River Recovery Unit, Oregon. 89

pagesin: U.S. Fish and Wildlife Service. Bull Trousélvelinus confluenty®raft
Recovery Plan. Portland, Oregon.

129



Chapter 2

Stream Restoration and Mitigation Projects in the Montana Portion of the
Kootenai River Basin

Abstract

MFWP cooperated with the landowner, Plum CreekbEnCompany, to complete
the Libby Creek Demonstration Project in the f&l2601 which is located at approximately
RM 12.3. The restoration project constructed oeamder length the Libby Creek stream
channel (approximately 1,700 feet). The restoratvork significantly changed the stream
channel dimensions, which ultimately resulted geaper and narrower channel, which
translated into a significantly lower width/dep#tio after project implementation, and
increased the quantity and quality of rearing ledlidgr native salmonids within the project
reach. Stream channel dimensions within the pr@jeza are similar to the as-built
conditions. The project continues to meet theioaigobjectives including limiting instream
sediment from two large sources within the progeea. Stream channel instability
immediately outside the project area has increasbile bank erosion within the project area
has remained low.

The Libby Creek Upper Cleveland Restoration Projeacs completed in the fall of
2002, and restored 3,200 feet of stream channe. Libby Creek Lower Cleveland Phase
Restoration Project Area is located approximately mile downstream of the Upper
Cleveland Project. The Lower Project was conced&d three-phase effort, with Phases |
and Il completed in the fall of 2005 and 2006, extjvely. Despite a large rain on snow
weather event in fall 2006 created substantial gasin the plan form on these three
projects, stream channel dimensions within riffhel @ool habitats within these three projects
continue to recover from the changes that resdifted this relatively large flood event. The
habitat conditions in these three projects aresbéttan existed prior to restoration, and even
exceed conditions represented during the as-hurleys in some instances.

MFWP completed the Young Creek State Lands Restor&roject in the fall of
2003, which changed the stream channel dimensighgwthis area. The monitoring results
presented in this document evaluated whether fhi@gscal changes were maintained since
construction. The steam channel dimensions witierriffles of this section of Young Creek
changed only slightly between years. Pool dimersand numbers changed little since
construction (generally < 10%) within the projerta This project continues to meet the
original objectives set forth for this project.

MFWP partnered with The Kootenai River Network (KRthe USFWS Partners for
Wildlife and the local landowner in 2004 and 200complete the Therriault Creek
Restoration Project, which reconstructed a tot&l,d00 feet of entirely new stream channel,
which represented a two-fold increase in streamgtlenThis project also created
approximately 55 acres of prior converted wetlamtie largest fundamental change that
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resulted from this project was that of stream cleaitype and planform. The existing stream
channel was an entrenched G4 and F4 Rosgen stypamand restoration work converted it
to an E4 channel type, with low entrenchment ardtiwio depth ratios. The planform
remains nearly identical that as-built conditioi&ream channel dimensions have also
changed little since 2004. The riffle/run habitatthin this section of Therriault Creek
remain narrower and deeper than existed priordavbrk. MFWP implemented
maintenance and supplemental vegetation treatnettie fall of 2009 including
maintenance wateringxpansion of many of the existing browse protectamns installation of
additional browse protectors on residual shrubshhd never been previously protected.
Solarization fabric was an effective method to reenondesirable pasture grasses, and areas
were reseeded with a native seed mix consistirshafbs, grasses, and forbs. Fabric removed
from the plot was placed along the edges of thetploreate a buffer around the newly exposed
bare soil. Effectiveness monitoring of previougegetation techniques was also completed.
Protection ofesidual shrubs using browse protectors is a veligtsimple and cost-effective
treatment for reducing browse and allowing shrabgrow. However, browse is occurring
on portions of protected shrubs growing outsidbrofvse protectors. Containerized shrubs
and trees had continued high survival rates. PRagiasses continue to dominate the
understory in the planting units. However, bruknkets are effectively controlling grass
cover immediately adjacent to installed plantsan®d solarization plots in 2008 and 2009
showed comparable survival with other planting sinilant growth was also monitored in
solarization plots and some species showed a bigh bf growth between 2008 and 2009.
Vegetated soil lifts have provided stable areakiwithe high stress land-water interface,
allowing the dormant willows used in this treatmentake root and sprout, and willow
cutting survival is good. The vegetated solil ldte creating stable areas for woody
vegetation to establish and therefore achievingl#sred function. The willow fascine
treatment has been variable in terms of achieviegritended function of increasing root
mass and providing long term bank stability. Tikke woody debris structures
installed in 2007 may be improving floodplain hyldgy at this site including trapping
sediments and prolonging floodplain inundation.wdwaer, non-native pasture grasses
remain the dominant species along each transeuit. |dgs appear to be creating a suitable
environment on outer meander bends for the eskabéat of willow cuttings and natural
recruitment of wetland shrubs and forbs. Herbicsdeffectively reducing the infestations
and densities of target species.

MFWP worked with the landowner of the largest Engigation diversion on Deep
Creek, a tributary to the Tobacco River to develamst share project to upgrade the existing
system in order to improve ease of operation, ekt fish entrainment and decrease
maintenance at the point of diversion. The system designed by the Montana FWP Libby
staff and was installed in the spring of 2010. M&talled a new trash rack in front of the
existing headgate, removed 26 feet of the existiatgr pipe, and installed the prefabricated
fish screen and 16 feet of new water pipe. ThHedeen structure was a 4-foot diameter
turbulent fountain fish screen design. The screas also fitted with a hinged cover for
safety purposes. The new screen and associatetsgsevents fish entrainment and
requires less maintenance.
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MFWP treated lower Boulder Lake and Boulder Creekibutary to
Koocanusa Reservoir, with various commercial foatiahs of rotenone in September 2009
to remove a hybridized population of cutthroat troMonitoring conducted in early 2010
indicated that a single piscicide achieved a coteplemoval of these fish. MFWP restocked
the lake and creek with westslope cutthroat trouirf the summer of 2010. This project
expanded the current distribution of westslopehcatt trout within the Montana portion of
the Kootenai River Subbasin upstream of Libby Danaltiout 20%. However, it will
probably be several years until the stocked hayotwithroat trout fry become large enough
to support a viable recreational fishery in both ldke and the creek.

Introduction

Libby Dam, on the Kootenai River, near Libby, Mamawas completed in 1972, and
filled for the first time in 1974. The dam was Ibor hydroelectric power production, flood
control, and recreation. However, the socio-ecaadr@nefits of the construction and
operation of Libby Dam have come at the cost ttieeluctivity and carrying capacity of many
of the native fish species of the Kootenai Rivelp-8asin. Libby Reservoir inundated 109
stream miles of the mainstem Kootenai River inlnéed States and Canada, and 40 miles of
tributary streams in the U.S. that provided somin@fmost productive habitat for spawning,
juvenile rearing, and migratory passage. Impoumdrokthe Kootenai River blocked the
migrations of fish populations that once migrateely between Kootenai Falls (29 miles
downstream of Libby Dam) and the headwaters in @ana

Operations of Libby Dam cause large fluctuationseservoir levels and rapid daily
fluctuations in the volume of water dischargedh® Kootenai River. Seasonal flow patterns
in the Kootenai River have changed dramaticallghwigher flows during fall and winter,
and lower flows during spring and early summersdReoir operations that cause excessive
drawdowns and refill failure are harmful to aquédifie in the reservoir. Jenkins (1967) found
a negative correlation between standing crop bfdisd yearly vertical water fluctuations in
70 reservoirs.

Problems occur for resident fish when Libby Resengodrawn down during late
summer and fall, the most productive time of yeHne reduced volume and surface area
reduces the potential for providing thermally oglrwater volume during the high growth
period, limits production of fall-hatching aquaiinsects, and also reduces the deposition of
terrestrial insects from the surrounding landsc&perface elevations continue to decline
during winter, arriving at the lowest point in taenual cycle during April. Deep drafts
reduce food production and concentrate young tratlit predators. Of greatest concern is
the dewatering and desiccation of aquatic diptéaarae in the bottom sediments. These
insects are the primary spring food supply for wlegte cutthroat, a species of special
concern in Montana, and other important game aratspecies. Deep drawdowns also
increase the probability that the reservoirs vl fo refill. Refill failure negatively effects
recreation and reduces biological production, wiiebreases fish survival and growth in the
reservoir (Marotz et al. 1996, Chisholm et al. 198@vestigations by Daley et al. (1981),
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Snyder and Minshall (1996), and Woods and Falt@82) have documented the declining
productivity of the Kootenai System and, specificaleduced downstream transport of
phosphorous and nitrogen by 63 percent and 25 piemaspectively.

Large daily fluctuations in river discharge andysté4-6 feet per day) strand large
numbers of sessile aquatic insects in the variaé{blauer and Stanford 1997). The
reduction in magnitude of spring flows has causedeased embeddedness of substrates,
resulting in loss of interstitial spaces in cobéhel gravel substrates, and in turn, loss of
habitat for algal colonization and an overall regutin macroinvertebrate species diversity
and standing crop (Hauer and Stanford 1997). Aqursects are affected by the reduction
of microhabitat and food sources, as evidencedéydass of species and total numbers since
impoundment (Voelz and Ward 1991). Hauer and $tdn(fL997) found a significant
reduction in insect production for nearly everyaes of insect during a 13-14 year interval
in the Kootenai River. These losses can be dyatttibuted to hydropower operations.
Benthic macroinvertebrate densities are one ofrthst important factors influencing growth
and density of trout in the Kootenai River (May athalston 1983).

The mitigation and implementation plan developed/ByWP, the Kootenai Tribe of
Idaho and the Confederated Salish and Kootenae3 mlmcuments the hydropower related
losses and mitigation actions as called for byNbehwest Power Planning Council’s Fish
and Wildlife Program (MFWP et al. 1998). This pldentifies several mitigation actions
capable of partially mitigating impacts to Montasmaguatic resources associated with the
construction and operation of Libby Dam. Theséude aquatic habitat improvement, fish
passage improvements, off-site mitigation, fisleeaasements, and conservation aquaculture
and hatchery products.

Grave Creek is a fourth order tributary to the Ted@aRiver, with a watershed area
of approximately 55 square miles. Grave Creelnes af the most important bull trout
spawning streams in the Montana portion of the Koat River (see Chapter 1), and has
been designated as critical habitat within the BiSh and Wildlife Service’s Bull Trout
Recovery Plan (USFWS 2002). Grave Creek is als@otly on the Montana Water
Quality Limited Segment List as an impaired strearhe State of Montana has proposed
that Grave Creek be a high priority for Total Md2auly Load allocation (TMDL). Grave
Creek also provides water for westslope cutthnmaitthabitat, agriculture and other riparian
dependent resources. Timber harvest and roadraotish in the headwaters and
agriculture, grazing, riparian vegetation lossésnnel manipulation, and residential and
industrial encroachment in lower reaches have inggkite lower three miles of Grave
Creek by reducing stream stability, the quality gadntity of available fish habitat, and the
composition of the riparian community. Therefdosyer Grave Creek is much less stable
than it was historically, which has likely resulteda reduction of salmonid productivity and
carrying capacity. Restoration activities on Grawd Libby creeks are consistent with those
strategies identified in the Fisheries Mitigatiorddmplementation Plan for the Losses
attributable to the Construction and Operationibby Dam (MFWP et al. 1998) and the
Kootenai Subbasin Plan (KTOIl and MFWP 2004).
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The Libby Creek watershed is the second largdsitary between Kootenai Falls
and Libby Dam, and has an area of 234 square mildédy Creek provides critical
spawning and rearing habitat and a migratory corridr the threatened bull trout, and
resident redband trout. The U.S. Fish and Wildhérvice’s Bull Trout Recovery Plan
designates Libby Creek as part of the Kootenai iRavel Bull Lake Critical Habitat Sub-
Unit (USFWS 2002). Libby Creek has been degradepdsy management practices,
including road building, hydraulic and dredge mmiand riparian logging. These past
activities disrupted the natural equilibrium withiibby Creek resulting in accelerated bank
erosion along a number of meander bends, causarmnehdegradation. This resulted in
impaired fish habitat that likely reduced the praikity and carrying capacity for resident
salmonids within Libby Creek. Prior to restoratibie stream channel is over-widened and
shallow with limited pool habitat (Sato 2000). Mheof the problems related to unstable
conditions within the Libby Creek watershed aresuit of land management activities that
occurred in the upper watershed, and thereforenagin activities should first focus on the
upper watershed (Sato 2000).

Young Creek is one of the most important westslagéroat trout spawning
tributaries to Libby Reservoir, containing one loé {ast known genetically pure populations
of westslope cutthroat trout in the region. Wentifeed and prioritized a restoration project
on Young Creek because it is one of the most palgnproductive tributaries to Libby
Reservoir, and the degraded habitat on the statedwsection of the creek. During the
1950’s, approximately 1,200 feet of the channehled on the state owned section (DNRC
School Trust Land) was straightened, diked, andadaear the toe of the hill slope. This
channelization compromised the stream’s abilitgftectively transport sediment through
the channelized area, causing the channel to agddagosit bedload materials) and
exacerbating flood conditions. Sediment aggradateised numerous problems with the
stream, including poor aquatic habitat, increasmolf potential, lateral bank scour and
increased sediment supply. Additionally, livestgcazing and timber management in the
upper reaches of Young Creek likely contributedhitannel instability.

Therriault Creek is a tributary to the Tobacco Riaed is located approximately 6
miles southeast of the town of Eureka in Lincolru@ty, Montana. MFWP identified a
4,500 foot long section of Therriault Creek asiandy restoration project because it
contained a native fish assemblage, was substgrdedraded, but has a high potential for
restoration, and the lower section was owned bggleslandowner that was willing to
partner to improve conditions on Therriault Creek.

Stream restoration efforts when applied approgyiat@n be successful at restoring
streams to a state of equilibrium. However, ttaeeseveral critical fundamental issues that
must be resolved prior to the design and implentiemtaf any restoration project (Rosgen
1996). These include a clear definition and can$#ése problems, an understanding of the
future potential of the stream type as relatedhéovtatershed and valley features, and an
understanding of the probable stable form of theash under the current hydrology and
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sediment regime (Rosgen 1996). The restoratioegodescribed below were designed
and implemented after considering these issue®tal recommendations found in Rosgen
(1996). The following sections describe the restton projects completed and discuss
monitoring results to date.

Deep Creek, a third order 17.7 km long tributast tluns south out of the Whitefish
Mountains, before entering the Tobacco River presildabitat for westslope cutthroat trout
resident bull trout and non-native brook and ramlbut. The largest irrigation diversion
on Deep Creek is located approximately 1.7 milegrepm from the confluence. This
system prior to replacement did not have a funelifish screen and represented the largest
single loss of fish due to entrainment within thaidage.

The Boulder Lake/Creek watershed is located apprately 15 miles southwest of
Eureka, Montana. Boulder Creek begins at the batleower Boulder Lake and flows
approximately 8 miles before flowing into Lake Ka@oeisa. The Boulder Creek watershed
was likely historically fishless prior to Montan&#P stocking the lake and creek in the
1940s and 50s, which resulted in a hybridized patpn of non-native trout. Westslope
cutthroat trout occupy only a fraction of theirtbiscal habitat within the Kootenai Subbasin.
Specifically within the Montana portion of the Keaai Subbasin upstream of Libby Dam,
genetically pure populations only exist in the heartr regions of Dodge, Young and Grave
creeks.

Methods and Results
Grave Creek Phase | Restoration Project

MFWP partnered with the Kootenai River Network éstore approximately 4,300
feet of channel within the lower three miles of Gx&reek, named the Grave Creek Phase |
Restoration Project, which begins at the downstreachof the Grave Creek Demonstration
Project (see Dunnigan et al. 2005). Project canstin was completed during fall 2002.

The objectives of the project were to: 1) Redueestidiment sources and bank erosion
throughout the project area by incorporating stadtiion techniques that function naturally
with the stream and which decrease the amountegsbn the stream banks, 2) Convert the
channelized portions of stream into a channel thpeis self maintaining and will
accommodate floods without major changes in chapaigeérn or profile, 3) Use natural
stream stabilization techniques that will allow g#teeam to adjust slowly over time and be
representative of a dynamic natural stream sysd¢niinprove fish habitat, particularly for
bull trout, and improve the function and aestheticthe river and adjacent riparian
ecosystem, and 5) Reduce the effects of floodmgdjacent landowners.

The Grave Creek Phase | Restoration Project chahgedimension, pattern and

longitudinal profile within the project area. Tleeshanges were designed to achieve the
long-term project objectives and are describecetaitliin Dunnigan et al. (2005). The 41
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stream restoration structures that the restoratioject constructed increased channel
diversity within the project area along the lengtlthe project area and are described in
Dunnigan et al. (2005). The existing stream chhpner to implementing this project
contained long riffle sections and relatively lowetsity and complexity (Figure 1). This
project constructed a stream pattern that decrdhseaverall stream gradient by increasing
stream length (increased sinuosity). As a rasilie restoration work conducted in 2002,
bankfull width and width to depth ratio significhntlecreased and maximum and mean
bankfull depth increased throughout the projeca &ane2002 and 2003 compared to pre-
existing conditions (Dunnigan et al. 2005). Howetlee changes made to the physical
habitat are intended to provide stream channeilgyatver a relatively short term
(approximately 10- 20 years). The long-term strefannel stability will occur as a result of
restoration of the riparian vegetation. Projeapzrators dedicated substantial effort in 2008
to riparian vegetation restoration. The Kooten@eRNetwork has continued working to
restore a functioning riparian community at thie sncluding active revegetation techniques
and effectiveness monitoring to guide efforts tigtoan adaptive management process.
Although the Libby Mitigation Project did not coiftuted to these efforts during this fiscal
yeatr, this information is presented for informatibpurposes, and the reader is directed to
several other reference sources for additionallddtanformation including Geum
Environmental Consulting (2008a; 2008c and 2009).

Montana FWP continued to monitor the physical stre@mensions, pattern and
profile of Grave Creek Phase | Project area anpt@ltletermine if the reconstructed stream
channel changes through time. We re-photogragiea3 photo points that were originally
established shortly after project construction,whoenting as built conditions. We currently
have photo documentation for the post construdtiem 2002 through 2005. However,
photo points were not replicated in 2006-2009tidly, we established six permanent cross-
sections that were annually surveyed in 1999 (pogept) through 2002-2005 (post-project).
These cross sections were originally located frerffabitats in 1999, but after project
construction, they were located in various halulassifications. We were unable to relocate
the locations for these permanent cross sectioB806, so these points have not been
surveyed since. We surveyed the longitudinal feaff this section of Grave Creek in 2008
(Dunnigan et al. 2010), but did not in 2009.

The Grave Creek Phase | Restoration Project inedetie quality and quantity of
rearing habitat for native salmonids by increashegtotal number and depth of pools
compared to conditions that existed prior to redton (Dunnigan et al. 2004 and 2005).
Due to the importance of pool habitat to rearinjiveasalmonids within lower Grave Creek,
we continued to monitor pool habitat after projgmhstruction to evaluate whether the pools
maintained depth, width and length through timee Méasured the mean width, length and
maximum bankfull depth, total length and total aad area of all pools within the project
area annually since 2002 (Table 1). There weotah of 26 pools in 2002, 27 pools in 2003
and 2004, but the total number of pools decreas@@ in 2005, 21 in 2006, and then
increased to 22 in 2007 and 2008 and decreasddlitoZ009. We did not perform a
statistical comparison for these data becausedbkempeasurements represented all pools
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within the project area (i.e. complete census),intaktatistical comparisons unnecessary.
Of the six pool related parameters we measuredemhined remarkably stable since 2006
(Table 1). The total number of pools has showrhigbest relative change since 2006,
changing as much as 23.8% (2006 to 2009), but rentavery similar to the original

number of pools originally constructed in 2002 ([eab). However, other pool parameters
have changed relatively little since 2006, with @adrchanges generally less than 15% from
2006 to 2009, and remaining very similar to thoseditions that represented during the as-
built survey in 2002. The overall total numbepobls within this section of Grave Creek
remains higher than the three that were preseot farithe restoration work (Dunnigan et al.
2004), and given the disparity between the totablmer of pools prior to the restoration work
and after (Figure 1), and although we did not mesasatal pool area or volume in 1999, it
also likely remains higher as a result of this @cbj These data suggest that pool quantity
and quality (depth) continued to be sustained withis section of Grave Creek as a result of
the restoration work implemented six years earlier.

In addition to a complete census of all pools withe project area, we also assessed
riffle dimensions within the project area in ordervaluate changes through time. We used
the six permanent cross-sections we established ttOéharacterize riffle dimensions that
existed prior to the project, and even though vderdsurvey these cross sections in 2002-
2005, we did not compare these data to that cellieict 1999 because after project
construction, the cross sections were located iows habitat classifications. In 2003 we
began measuring the dimensions of all riffles witthe project area. Since 2003, cross
sectional surveys were performed at the longitudmid-point of each riffle, where we
measured the bankfull width, maximum and mean dguttoss sectional area, and slope.
Surveys were conducted in each respective yearth#teconclusion of the spring freshet.
Since the data collected in 1999 was not a compkateus of all riffle habitats within the
project area we performed an analysis of variandedt for significant differences between
mean width, depth, cross sectional area, widtrefmldratio, and maximum depth in 1999
and 2009. In 2009, the riffles within this sectminGrave Creek remained significantly
narrower, deeper (mean depth) and had a lower waddepth ratio than existed prior to the
restoration work in 1999 (Table 2). Cross sectianea in 2009 was 21.9% lower than in
1999, but this difference was not significant. Nhaxm depth remained similar between
1999 and 2009 (Table 2). Riffle dimensions haveai@ed similar since 2006, generally
changing less than 15% (Table 2). Riffle slopeilei¥dd the highest relative annual change
during this period (2006/2008) decreasing by apionately 18% (Table 2). We did not
measure riffle slope in 1999. Similar to strearargiel dimensions in pool type habitats,
dimensions in riffle-type habitats have generabgib sustained in this section of Grave
Creek since the restoration work was implemented,ramain substantially and functionally
different than conditions that existed prior to wherk.
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Table 1. Mean bankfull width, maximum bankfull ¢gpand mean length, total length and surfaceraessured from all pool-type
habitats in 2002-2009 located in the Grave Creas@hProject. Variance estimates for annual naelues are presented in
parentheses. A statistical comparison of annuahmalues was not performed because all poolsmiitie project area were
surveyed, and therefore represents a completeseise percent change for each parameter yeaatas/also presented.

Year Number of Mean Bankfull Maximum Mean Length (ft.) Total Length Total Area
Pools Width (ft) Bankfull Depth (ft) (ft.) (ftz)
2002 27 49.5 (18.3) 6.5 (1.1) 64.7 (359.0) 1748 86,526
2003 27 54.0 (46.4) 5.6 (1.9) 74.8 (842.3) 1,944 109,058
2004 27 49.5 (63.6) 4.9 (1.0) 66.9 (341.6) 1,739 89,412
2005 23 51.1 (56.1) 5.1(0.7) 61.2 (278.8) 1,407 71,892
2006 21 53.6 (58.2) 5.1 (0.9) 74.7 (814.1) 1,569 84,054
2007 22 55.9 (107.8) 5.2 (1.0) 77.5 (1,529.8) 1,705 64,6
2008 22 56.9 (94.8) 5.0 (0.8) 75.7 (606.6) 1,666 94,711
2009 26 55.5 (46.4) 5.2 (0.6) 65.5 (418.0) 1,703 94,534
Percent Change
2002/2003 0.0% 9.1% -13.8% 15.6% 11.2% 26.0%
2002/2009 -3.7% 12.1% -20.5% 1.2% -2.6% 9.3%
2003/2009 -3.7% 2.8% -1.7% -12.4% -12.4% -13.3%
2004/2009 -3.7% 12.1% 5.5% -2.1% -2.1% 5.7%
2005/2009 13.0% 8.6% 1.3% 7.0% 21.0% 31.5%
2006/2007 4.8% 4.4% 2.0% 3.7% 8.7% 12.6%
2006/2008 4.8% 6.1% -1.5% 1.4% 6.2% 12.7%
2006/2009 23.8% 3.6% 1.3% -12.3% 8.5% 12.5%
2007/2008 0.0% 1.6% -3.4% -2.3% -2.3% 0.0%
2007/2009 18.2% -0.8% -0.6% -15.5% -0.1% -0.1%
2008/2009 18.2% -2.4% 2.9% -13.5% 2.2% -0.2%
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Table 2. Mean bankfull width, depth, maximum batildepth, cross sectional area, width to deptie,rahd slope of riffles located in
the Grave Creek Phase | Restoration Project in 12999. Variance estimates for annual mean vatepresented in parentheses.
The percent change for each parameter year tasyalso presented.

Year Number of Mean Maximum Mean Cross Width to Riffle Slope
Riffles Bankfull Bankfull Depth Bankfull Sectional Area Depth (%)
Width (ft) (ft) Depth (ft.) (sq. ft.) Ratio
1999 (Existing) 6 110.7 (1135.1) 2.85 (0.8) 1.26 (0.1) 136.0 (1322)96.1 (2461) n/a
2002 (as-built) 6 53.7 (51.5) 4.67 (2.5) 2.06 (0.2) 114.7 (885.5) 7.0239.8) n/a
2003 7 49.4 (31.0) 3.3(0.12) 2.16 (0.03) 106.0 (61.3)23.2(18.3) 1.06 (2.65*1Y)
2004 7 51.7 (36.0) 3.5(0.05) 2.22 (0.01) 114.7 (132.2)23.3 (11.1)  0.86 (9.87*19)
2005 10 52.3 (64.2) 3.5(0.31) 2.18 (0.16) 111.5 (274.3)25.2 (76.1)  0.88 (1.42*19)
2006 11 54.2 (44.6) 3.1 (0.29) 1.90 (0.15) 102.3 (428.8) .9289.9) 1.26 (3.45*1)
2007 9 55.7 (79.4) 3.0 (0.06) 1.94 (0.08) 107.8 (555.6) .5287.8) 1.24 (2.80*1)
2008 8 58.1 (54.9) 3.2 (0.19) 2.09 (0.09) 119.4 (222.7) .7286.0) 1.03 (1.45*1)
2009 8 57.1 (46.6) 2.8 (0.21) 1.88 (0.11) 106.2 (233.7) .7385.1) 1.06 (1.42*1d)
Percent Change
1999/2002 n/a -51.5% 63.9% 63.5% -15.7% -71.9% n/a
1999/2009 n/a -55.45% 15.8% 71.4% -22.1% -75.9% n/a
2002/2009 n/a -48.4% -1.3% 49.3% -21.9% -67.0% n/a
2003/2009 14.3% 15.6% -14.8% -12.9% 0.2% 36.6% -0.1%
2004/2009 14.3% 10.4% -19.6% -15.3% -7.4% 36.0% 23.1%
2005/2009 -20.0% 9.2% -19.6% -13.7% -4.8% 25.8% 20.4%
2006/2007 -18.2% 2.8% -3.9% 1.9% 5.3% 1.3% -1.2%
2006/2008 -27.3% 7.2% 1.6% 9.9% 16.7% -3.9% -17.9%
2006/2009 -27.3% 5.4% -9.3% -1.0% 3.8% 6.0% -15.9%
2007/2008 -11.1% 4.2% 5.8% 7.9% 10.8% -2.6% -16.9%
2007/2009 -11.1% 2.5% -5.6% -2.8% -1.5% 7.4% -14.9%
2008/2009 0% -1.7% -10.7% -9.9% -11.1% 10.3% 2.5%
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Grave Creek Phase |1 Restoration Project

MFWP partnered with the U.S Fish and Wildlife SeevPrivate Stewardship Grant
Program, the U.S. Forest Service Resource AdviSommittee, the U.S. Environmental
Protection Agency/MT Department of Environmentala@y (319 Program), the U.S. Fish
and Wildlife Service Partners for Wildlife Prograthe Lincoln County Conservation
District and the Flanagan Family (landowners) &iose approximately 3,050 feet of channel
within the lower three miles of Grave Creek, narttelGrave Creek Phase Il Restoration
Project. This project was administered by the Koat River Network, and begins at the
downstream end of the Grave Creek Phase | Restnatbject (see above). The project was
originally proposed to encompass 4,875 feet of losave Creek. However, the lower most
landowner on this section of the creek declineplaxticipate in the project. Therefore, the
project was shortened to the upper 3,050 feet beggrat the lower end of the Phase |
Project. Project construction was completed dufatiz004. The objectives of the project
were to: 1) Reduce both instream and floodplaiiveédrsediment sources by incorporating
stabilization techniques that function naturallyhwthe stream and decrease the amount of
stress on streambanks and the channel perimetéen2)nstrate the use of natural stream
stabilization techniques that will allow the stretoradjust slowly over time and be
representative of a naturally dynamic stream sysBnmprove native fish habitat,
particularly overwintering and migratory habitat threatened bull trout, by improving the
form and function of the river and adjacent ripareabitats and; 4) apply knowledge learned
from monitoring of the Grave Creek Demonstratiod &mase | Restoration projects to
further advance and encourage techniques thatiduncaturally with the stream system and
minimize the introduction of large rock and foreigyaterial (RDG 2003).

The initial phase of stream restoration work cargé&d 3,050 feet of new channel
including an average design bankfull width and det50-76 and 2-2.8 feet, respectively. The
resulting stream pattern design increased sinu(sigam length divided by valley length)
from 1.06 to 1.35, and subsequently increased sthm length from approximately 2,790 to
3,050 feet. During construction phase of thisgujnumerous structures were installed
including 5 engineered log jams, 3 straight logegard log J-hook vanes, 2 rootwad
composites, 3 cobble grade control structures8asheflector log composites to provide bank
stabilization, gradient control and pool habiteibwever, severe icing conditions in lower
Grave Creek in the winter of 2005/2006 and higlmgpitows in 2006 damaged some of the
previously completed work, and as a result, subistanaintenance and revegetation work to
this section of Grave Creek was completed in th@f2006. This work, like the original
project, was a cooperative effort, with this profemding a portion of the work described in
detail in Dunnigan et al. (2008).

Montana FWP and the cooperating partners of tlugept continued our efforts to
restore the riparian community in the fall of 200Bhe Kootenai River Network developed
an extensive riparian vegetation restoration paéaufm Environmental Consulting 2008a)
that identified the need and prioritized the scopeork for these efforts. Table 3 briefly
summarizes the work implemented in October 2008urs Environmental Consulting
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(2009) presents a detailed description of the ipavegetation treatments and associated
monitoring completed in 2009.

Table 3. Structures types, meander and statitimeahaintenance work performed on the
Grave Creek Phase 2 Project in October 2008.

Structure Type Metric Metric

Riparian Planting Area Maintenance 2 Sites

Point Bar Revegetation (6 Sites) 58 2-5 gallon
28 pounds containerized

seed plants

Vegetated Solil Lifts (1 Site) 30 feet

Coir Log (1 Site) 50 feet

Willow Facine (2 Sites) 200 feet

Weed Control (2 Sites) 4 acres

Install Engineered Log Jam (1 Site) 2 structures

Geum Environmental Consulting Inc. was contraatecbnduct effectiveness
monitoring for six treatments. Monitoring was cdated in July 2009. A detailed discussion
of the monitoring results is presented in Geum Emvnental Consulting (2009). However,
important findings are summarized below. The bep®tectors of riparian containerized
plants at two sites were removed because theydeu damaged by ice flows, and are re-
sprouting at their bases. Plants with expandeddegrotectors have increased in width and
some have grown to the top of the protectors despiitinued browse pressure. There is no
evidence of recent lateral erosion of the bankagtbe planting areas. Solarization fabric
installed in 2005 and removed in 2008 was verycéffe at killing undesirable grasses, and
seeded grasses in these areas (2008) appeardé¢mtieating. Cottonwood seedlings are also
colonizing these areas, but weed species like lgtaongue, knapweed, toadflax and oxeye
daisy are also colonizing. Monitoring data shogadtly decreasing survival rates for each of
the planting units from 2005, and that this treathadong the outer meander reaches is only a
marginally effective as a revegetation treatmétfdwever, installing containerized plants
within natural or created microsites and othergmtatd locations within the floodplain appears
to be more effective at this site.

Point bar revegetation treatments installed in 2008 also monitored to estimate
plant survival, percent cover of herbaceous spearesevidence of browse. Survival of
containerized plants within these treatments w&8d @&nd browse within the electric fence
exclosure was not evidence, but slight to moddmaiese outside the fence was evident. On
average, plants within the fence were one to twblegher than those outside. Woody debris
placed around planted shrubs in combination wighstieep sides of the constructed swales is
relatively effective at preventing extensive brow&rasses and forbs, as well as naturally
recruited and seeded shrubs are also colonizinigattem and sides of the swales, and some
swales have very high cottonwood seedling densitfésed species are present in some of the
swales, but not dominant. Monitoring continuesthcate this is an effective treatment.
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Monitoring of the vegetated soil lifts and coir fagcines installed in 2005, 2006, and
2008 yielded the following observations. Averalgeat height (new growth) recorded for
willows in 2005 and 2006 structures ranged fromal22 inches. Maximum height recorded
during the 2008 monitoring was 36 inches. Averstgmot height for willows in the 2008
structures ranged from two to 18 inches on coirfésgines and six to 18 inches on the
vegetated soil lifts. No new rips or tears orgoeur were observed. Total percent willow
cover on the 2005 and 2006 structures ranged fdto 23%, and on the 2008 foil lifts it
averaged 53%, and on the 2008 coir logs fasciregrtaged 37%. There was no evidence of
browse on any of the structures located withinelleetric fence, but browse was evident on
structures outside the fence. However, in generalyse was more extensive in 2008 than in
2009. Weed cover on soil lifts remained simila2@®8 and was generally low. Soil lifts
installed in 2008 had almost no weed cover. DbBkarspecies such as sedges, rushes and
native forbs are becoming more abundant on sortleed006 soil lifts, especially those with
more shade.

Monitoring of the buried coir/willow fascines retad in the following observations and
conclusions. In general, willow survival and grbvwg good, but browse may affect growth
over the long term. Overall, minimal amounts afamic matter and woody debris have
accumulated around the fascines. This may befactigt treatment to establish islands of
willow on constructed point bars, but continued itaymg will be required to determine if
these treatments can provide long term stability@momote successional processes.

Constructed point bars were also monitored in 2866, resulted in several
observations. Treatments including swales, woatyid, seeding, and containerized plantings
on point bars appear to provide the structureshpports ecological processes necessary for
desired pioneer plant species to colonize and plamimunity succession to occur. The
survival of containerized plants is high, nativeusls, trees and forbs are colonizing the swales
and other microsites, and flood deposited sedimettdebris is accumulating around woody
debris.

The only vegetated set back bank treatment witlemptoject area was also monitored
in 2009. Willow survival along the edges of thenth was estimated to be 80 to 90%. There
are a few sparse patches that may fill in over ti@entainerized plant survival was also high
(>80%). The majority of the cottonwood pole cugsrare re-sprouting from the base while
other have new growth along the entire pole. Wees@r within the trench is low, but the
surrounding area has high densities of knapweeaaeyk daisy. Seeded grass cover is low,
but grasses were beginning to germinate in theotf the trench. Pasture grasses were also
present.

MFWP has annually monitored this section of Graueek since 2004 with the intent
of quantifying the physical changes to the strehanoel as a result of original restoration
work, maintenance activities and the overall sastality of those changes through time. The
monitoring results from 2006 were completed aftermaintenance activities were completed,
but prior to the spring freshet. A longitudinabfile was surveyed for this section of Grave
Creek annually since 2004 with the exception of&2&dd 2009 (Dunnigan et al. 2010).
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Due to the importance of pool habitat to salmomésbiting Grave Creek, we devoted
a substantial effort to monitor pool habitat befangl after project construction to evaluate
whether the restoration and maintenance efforteased the quantity and quality of pool
habitat within the project area. Prior to theiation of this project in the summer of 2004, we
measured bankfull depth, width, length, maximumkiidhdepth, total area and total volume
of the 3 pools within the project area. We repitese measurements on all existing pools
each year thereatfter following the spring fresh¥te did not perform a statistical comparison
for these data because the pool measurementsepf@ésll pools within the project area (i.e.
complete census), making statistical comparisongcgssary. The initial restoration effort
overwhelmingly increased the total number of p@oésent in this section of Grave Creek
(Table 4), and even though we observed a slightdse the following two years after the
project was initially constructed, the number oblsovas remained stable through 2009. This
included a total count of pools after the winte2605/2006 that damaged some of the
structures within the project area. However, dfterspring freshet of 2007, we observed an
increase in the total number of pools from 10 i@%28nd 2006 to 16 (60%; Table 4). This
increase is partially attributed to the installataf seven engineered debris jams that were
installed during the maintenance activities infdieof 2006, which scoured 2 new pools
during the 2007 spring freshet. However, the iasean the number of pools as a result of the
maintenance activities has been sustained throd@®. 2

We observed changes in channel dimensions witlehtabitats through time. Pools
that resulted from this construction project thto@§09 were slightly shorter than existing
prior to the project. However in 2007, mean pealgth increased to 79.2 feet, which was
slightly longer than existed prior any restorat@mtivity, but decreased to 63.6 feet in 2008, and
then increased again in 2009, to exactly the ageplgre-restoration (Table 4). Mean width
decreased slightly in 2009 from the previous y2at%; Table 4). Despite the slight decrease
in mean width in 2009, the increase in the mearh lpagth and depth resulted in an
overwhelming increase in total pool area and volum#009, which greatly exceeded existing
conditions in 2004 by approximately 242% and 328%pectively (Table 4). Our monitoring
efforts associated with this restoration projechdestrate that the quantity of salmonid rearing
habitat was increased over existing conditions,thatithe these changes were self-sustaining
even up until the time that maintenance activitvese performed in the fall of 2006 and 2008.
The maintenance activities installed several feattiat further enhanced the quantity of pool
habitat within this section of Grave Creek. Fumthere, although we did not attempt to
guantify pool cover complexity for salmonids, o@ld observations strongly suggested that
this project also increased the quality of reahabitat for salmonids within this section of
Grave Creek.

We also monitored the stream channel dimensiortsmiiffle habitats before and after
restoration efforts. During the summer of 2004 measured stream channel morphology at 3
cross-sectional survey locations in riffle habwéthin the project area in order to characterize
the stream channel dimensions in the riffle typataaprior to project construction (existing).
After project construction during the fall of 2004 began measuring every riffle within the
newly completed project area (as built). At eamahdect we measured mean bankfull width,
depth, width to depth ratio, and cross sectiored.aiVe used analysis of variance (ANOVA)
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and a subsequent multiple comparison test (Tuksy, Zar 1996) to test for significant
differences between existing and all subsequems ydter construction (alpha = 0.05; Table 5).
Statistical comparisons between 2004 (as builf)aihsubsequent years riffle dimensions were
unnecessary since these measurements were perfomadiciffle habitats within the project
area (i.e. complete census). Mean bankfull widthwidth to depth ratio were significantly
reduced from existing conditions when compared@422009 conditions, with decreases
ranging from 39.7 to 43% for width and 52.5% to884.for width to depth ratio (Table 5).
Mean bankfull width increased slightly in 2005,rfras built conditions, but has remained very
similar since (Table 5). Maximum and mean banldelfpth increased as a result of the
restoration activities, but has remained relatigthple during the past five years. Mean and
maximum depth in riffle habitats in 2009 decreaslaghtly (<5%) from 2008 to 2009 (Table

5). We were unable to declare any of the posbratsbn annual differences in mean or
maximum depth significantly different from mean thepprior to restoration even though
increases in mean depth increased by over 27%dBblOur lack of power in this test was
most likely due to the small number of riffles sd@a(3) to characterize the existing conditions
prior to restoration activities. We observed ailsimrend for cross sectional area after project
completion, with mean cross sectional area, whashdonsistently remained lower each year
since the project was completed than existed pwitne work (Table 5). The Grave Creek
Phase Il Restoration Project created a signifigatebper and narrower stream channel within
the riffle habitats, with these changes being sefftaining after project completion. The
maintenance activities conducted in the fall of@2@0d 2008 had little effect on stream channel
dimensions within the riffle habitats.
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Table 4. Mean bankfull width, maximum bankfull ¢gpand mean length, total length and surfaceraessured from pools located
in the Grave Creek Phase Il Project. The projesa was surveyed in the summer of 2004, priordgept implementation (existing),
the fall of 2004 after the project was completesiifailt), and in 2005 -2009 after the spring frésh&ariance estimates for annual
mean values are presented in parentheses. Aisgt®mparison of annual mean values was nobpedd because all pools within
the project area were surveyed, and thereforegeptea complete census. The percent changecfopaeameter between some
years is also presented.

Number of Mean Bankfull Mean Bankfull Maximum Mean Length Total Area Total
Pools Width (ft) Depth (ft) Bankfull (ft.) (ft?) Volume (ft%)
Depth (ft)

2004 (Existing) 3 77.0 (48.0) 2.0(0.1) 4.4 (1.7) 78.7 (646.3) 38,2 37,570
2004 (As Built) 14 59.0 (344.0) 2.9 (0.7) 5.6 (1.5) 57.1 (421.9) ,288 141,092
2005 10 62.3 (72.6) 2.5(0.1) 5.2(1.1) 70.9 (452.3) ,629 108,993
2006 10 57.8 (238.3) 2.6 (0.4) 5.4 (1.5) 59.1 (74.1) 883, 87,768
2007 16 50.1 (46.9) 2.5(0.5) 4.9 (1.3) 79.2 (1,036.8) 3,060 166,316
2008 15 54.0 (38.8) 2.5(0.2) 4.9(0.7) 63.6 (419.8) 82,1 127,067
2009 15 52.6 (45.3) 2.6 (0.2) 4.7 (0.7) 78.7 (716.9) 280, 161,325
Percent
Change
Exist/2004 -366.7% 23.4% -45.0% -27.3% 27.4% -153.6% -275.5%
Exist/2009 400.0% -31.7% 29.9% 7.9% 0.0% 241.5% 329.4%
2004/2009 7.1% -10.9% -10.4% -15.2% 37.9% 34.6% 14.3%
2005/2009 50.0% -15.6% 3.9% -8.7% 11.0% 42.7% 48.0%
2006/2007 60.0% -13.3% -3.4% -8.9% 34.0% 86.1% 89.5%
2006/2008 50.0% -6.6% -4.3% -9.0% 7.6% 53.9% 44.8%
2006/2009 50.0% -9.0% -0.1% -12.1% 33.2% 83.8% 83.8%
2007/2008 -6.3% 7.8% -1.0% -0.1% -19.7% -17.3% -23.6%
2007/2009 -6.3% 4.9% 3.4% -3.5% -0.6% -1.2% -3.0%
2008/2009 0.0% -2.7% 4.4% -3.4% 23.8% 19.4% 27.0%
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Table 5. Mean bankfull width, depth, maximum batldepth, cross sectional area, width to deptie,rahd slope of riffles located in
the Grave Creek Phase Il Restoration Projectriti##s were surveyed in 2004-2009, but only sutmsied in 2004 (existing). Variance
estimates for annual mean values are presentedentpeses. An analysis of variance was prefoforeshch parameter, subsequent
multiple comparisons were performed using the Tulkest. Significant comparisons are indicated Vialpha < 0.05).

Sample Mean Maximum Mean Cross Sectional Width to Riffle Slope
Size Bankfull Bankfull Depth (ft) Bankfull Area (ft%) Depth Ratio
Width (ft) Depth (ft.)

2004 (Existing) 3 100 (1657) 2.83 (0.04) 1.44 (0.11) 135.3 (382.3) 77.1(2726.0) Not collected
2004 (As Built) 7 58.2 (36.7) 3.17 (0.29) 2.03(0.12) 118.3 (495.9) 29.4 (42.2) 0.0108 (6.3*19
2005 8 60.3 (52.6) 3.01 (0.30) 1.91 (0.16) 113.0 (182.6) 33.8 (168.1) 0.009 (2.08*1p
2006 9 60.1 (152.7) 2.95 (0.21) 1.84 (0.16) 106.9 (1B2.7 35.9 (327.0) 0.012 (7.9*19
2007 9 56.8 (48.6) 2.81 (0.30) 1.61 (0.11) 91.5(505.9) 36.6(76.4) 0.011 (1.1*19
2008 10 60.3 (60.2) 2.90 (0.22) 1.92 (0.10) 111.2 (2p9.5 32.9 (126.8) 0.013 (6.0*19
2009 10 59.0 (20.4) 2.79 (0.41) 1.79 (0.07) 105.3 (283.0 33.8(49.4) 0.012 (2.3*1)
P-value 0.009 0.815 0.107 0.009 0.003
Percent
Change
Exist/2004 -133.3% 41.8%* -12.1% -41.3% 12.6% 61.8%* n/a
Exist/2009 233.3% -41.0%* -1.4% 24.4% -22.2% -56.1%* n/a
2004/2009 42.9% 1.4% -12.0% -11.9% -11.0% 14.9% 13.6%
2005/2009 25.0% -0.8% -7.4% -6.3% -6.8% 1.0% 36.9%
2006/2007 0.0% -5.6% -4.7% -12.6% -14.5% 2.1% -1.7%
2006/2008 11.1% 0.3% -1.4% 4.4% 4.0% -8.1% 5.9%
2006/2009 11.1% -1.9% -5.4% -2.7% -1.6% -5.7% 1.6%
2007/2008 11.1% 6.2% 3.5% 19.5% 21.6% -10.0% 14.7%
2007/2009 11.1% 3.9% -0.8% 11.4% 15.1% -1.7% 10.1%
2008/2009 0.0% -2.2% -4.1% -6.8% -5.4% 2.7% -4.0%
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Libby Creek Demonstration Project

MFWP cooperated with the landowner, Plum Creek Bri®ompany, to complete
the Libby Creek Demonstration Project within thisain the fall of 2001 located at
approximately RM 12.3. The restoration projectstamcted one meander length the Libby
Creek stream channel (approximately 1,700 feet),ainchannel and structure construction
was completed in the dry. The work was accomptidheinstalling 7 rock J-hook vanes, 7
rootwad and log complexes, and numerous channgs phufill the old stream channel
(Dunnigan et al. 2003). Two of the largest poediment sources within the Libby Creek
Watershed existed above the confluence of Elliee€r(RM 12.0), and were contributing
substantial amounts of course and fine sedimelbtoy Creek each year. The largest
eroding bank within the project site was over 7@t 1ong, averaged 80 feet high and was
contributing an estimated average of 5,900 cubidsyaf sediment annually to Libby Creek.
The second large unstable bank was located irotherIsection of the project area and was
also contributing substantial amounts of sedimenhibby Creek. These sediment sources
were increasing sediment deposition; accelerataeld beosion; increased width/depth ratio
and decreased meander width ratio in Libby Creek tathin and downstream of the
Demonstration Project area. The main objectivakisfproject were to: 1) Decrease coarse
and fine sediment sources, 2) Decrease the strewiaitls depth ratio, and 3) Return the
stream channel to a properly functioning configoragble to efficiently transport bed load
sediment during high discharge events; and 4) &sa¢he quality and quantity of fisheries
habitat within this reach of Libby Creek.

Dunnigan et al. (2003) reported that the restonatork significantly changed the
stream channel dimensions, which ultimately reslulbea deeper and narrower channel,
which translated into a significantly lower widtkfsth ratio after project implementation.
The stream restoration work on lower Libby Creedoahcreased the quantity and quality of
rearing habitat for native salmonids within thejpobreach. The total number of pools
within the project reach increased by 25%, and marn pool depth measured during
summer base flow increased by over 45% (Dunnigah @003). This project also reduced
bank erosion within the project reach by limitimgek access to the two large eroding banks
located within the project reach. Therefore, mannity work completed at this site in 2009
was intended to determine if these trends continued

We established five permanent cross sections wiki@rproject area to monitor
stream channel dimensions within this section bbliCreek (Figures 1 and 2). We
surveyed these cross sections before (1998) aad(2002-2004 and 2009) project
implementation, measuring bankfull width, mean arakimum depth, cross sectional area,
and width to depth ratio at each cross section.c@vepared each of these stream channel
dimensions using a repeated measures analysisiahga and subsequent Tukey multiple
comparisons. We also established two cross sectipstream of the project area in 2002
and two downstream of the project area in 2005es€&Hour cross sections were intended to
serve as controls. However, all but one of thexs®ctions located upstream of the project
area has since eroded, and was surveyed in 20009.
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The mean bankfull width measured at the five peenanross sections within the
project area was significantly wider prior to picijenplementation (Table 6). Mean bankfull
width was slightly wider in 2009 compared to ye2092-2004, but not significantly so.
Both mean and maximum bankfull depth were signififadeeper at the permanent cross
sections after the restoration work, but mean ddptmot differ between 2002, 2003, 2004,
or 2009. Maximum bankfull depth in 2009 at thes®ss sections remains significantly
higher than existed prior to the restoration wodowever, maximum depth in 2003 did not
differ from 1998 (Table 6). These changes ultiyat@nslated into a significantly lower
width/depth ratio after project implementation (Teab). The narrower and deeper stream
channel effectively increased shear stress atflogls, which resulted in the stream
channel’s ability to mobilize larger substrate judetsize.

Our intent of the cross sections located outsid@®project area was to have them
serve as relative control sites to evaluate strigank stability and erosion rates on lower
Libby Creek in the near vicinity of the Libby CreBlemonstration Project and compare those
results to our monitoring within the project ardaunnigan et al. (2005) demonstrated that
the dimensions of the stream channel outside thieylCreek Demonstration Project area
were significantly wider, shallower and had a highalth to depth ratio than within the
project area. Unfortunately three of the four iegiks located outside of the project area
were lost due to excessive bank erosion even thoughross section bank pins were located
25-30 feet away from the streambank at the timsethveere installed. Despite the loss of
many of our replicates that preclude statisticallgses, the one remaining cross section in
2009 was wider and shallower than those crossosectwithin the project area (Table 7).

The mere fact that three of the permanent pinghicontrol cross sections outside the
project eroded illustrates the unstable naturé®ftream channel outside the project area.

Finally, one of the primary objectives of this jgt was to reduce the amount of
course and fine sediment introduced into Libby €feem several large eroding banks. The
largest bank was located on the upper portion®@ptioject area, and was approximately 700
feet long and 80 feet tall. Prior to the projelse Libby Creek thalweg was adjacent to this
high bank and actively eroding it. Permanent ceessions 1-3 were located along this bank
(Figure 1). Libby Creek has not accessed thisnsenli supply since the project was
completed (Figure 3).
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Table 6. Mean cross sectional area, bankfull widigpth, maximum bankfull depth, and width to deptio
measured for 5 permanent cross sections withihibigy Creek Demonstration Project area surveyeldps,
2002-2004 and 2009. Results from a repeated me=asaoalysis of variance Tukey multiple comparison i

presented in parentheses with groups with therdiftdetters are significantly different (alpha .8%).
Bankfull Bankfull Area | Mean Bankfull | Max. Bankfull
Year Width(ft) (ft9 Depth (ft) Depth (ft) W/D Ratio

1998 (pre-project) 110.8 (A) 223.0 (A) 2.05 (A) 13.(A) 56.8 (A)
2002 68.4 (B) 224.2 (A) 3.30 (B) 5.70 (B) 21.2 (B)
2003 67.6 (B) 214.8 (A) 3.10 (B) 5.28 (A) 22.0 (B)
2004 68.4 (B) 224.8 (A) 3.20 (B) 5.62 (B) 21.5 (B)
2009 75.3 (B) 251.2 (A) 3.29 (B) 6.09 (B) 23.1 (B)

Table 7. The difference (outside — within projesftyross sectional area, bankfull width, depthximam
bankfull depth, and width to depth ratio measuggpermanent cross sections within and upstreatmedfibby
Creek Demonstration Project area surveyed in 2002-2nd 2009.

Bankfull Bankfull Area | Mean Bankfull | Max. Bankfull
Year Width(ft) (ft9) Depth (ft) Depth (ft) W/D Ratio
2002 19.8 59.8 -0.08 0.5 5.8
2003 3.9 -47.4 -0.75 -0.68 8
2004 11 -63.8 -1.16 -1.22 17.5
2009 10.3 19.4 -0.13 -2.09 3.9
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Figure 1. Cross sections 1-3 (top to bottom, retppaly) on the Libby Creek

Demonstration Project.
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Figure 3. Top photograph shows the largest ofwtweeroding banks within the Libby
Demonstration Project prior to project implememati The lower photograph was taken

after project construction. Note the positiontad stream in the upper photograph against the
eroding hillside that was over 700 feet long aneraged 80 feet high.
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Libby Creek Upper Cleveland Project

MFWP completed the Libby Creek Upper Cleveland&tr&estoration Project in the
fall of 2002 (approximate river mile 22), which t@®d approximately 3,200 feet of stream
channel to the proper dimension, pattern and pr@@unnigan et al. 2005). Past land
management activities including logging, mininganan road construction, and stream
channel manipulation have resulted in acceleraaed brosion along a number of meander
bends, resulting in an over widened, unstable saatlow channel (Sato 2000), which has
resulted in low quality habitat for native salmanidcluding bull trout and redband trout. The
existing channel prior to this restoration projeess over-widened with frequent lateral
migration of the active stream channel. Theseitiond resulted in frequent multiple channels
within the project reach (Dunnigan et al. 2004)id#V depth ratios were high and bankfull
channel depths were shallow.

Dunnigan et al. (2004; 2005; 2007; 2008; 2009) destrated that this restoration
project decreased the bankfull width and bank eroand increased stream depth, overall
length, substrate mean particle size, and thetgj@add quantity of salmonid rearing habitat
through 2006. However, during the first week olvBimber 2006, the Libby Creek watershed
experienced a rain on snow weather event thatsttdagher than average runoff conditions
throughout the entire watershed including the hedelwegions. The US Forest Service
gauged the peak flows at Hammer Cutoff (river r8il®) during this event at 3,093 cubic feet
per second, which translated to a 19-year retuemial using the Log-Pearson type Ill Flood
Frequency Analysis (J. Boyd, US Forest Servicesgreal communication). Therefore, this
report evaluates changes in the physical habithimthis section of Libby Creek after this
event by comparing current conditions to those ¢latted before restoration (1999) and after
the November 2006 flow event, in order to evalifathanges made during the restoration are
sustained after the flow event.

We surveyed the stream restoration project aread€f999) and after (2002-2009)
using a Nikon Model DTM-420 Total Station Survegthument, which records the geo-
referenced location of stream channel feature® ribst conspicuous changes within this
section of Libby Creek as a result of the Noven#f}f6 flow event were changes in the stream
plan form. The restoration work increased theastréength within the project area by
approximately 900 feet by increasing sinuositye Té&in on snow event of November 2006
created two chute cut offs within the project gsEge Dunnigan et al. 2009 for detailed
locations). These chute cut offs reduced totabstrlength within the project area in 2007 to
3,181 feet, and in 2008 stream length was furtb@ueed to by 41 feet to 3,140 feet. However,
in 2009, the stream length increased by 8 feet tt@previous year. Two years after the
November 2006 flow event; this section Libby Creeained 778 feet longer (32.8%) than
existed prior to the restoration work in 2002. Bheam channel plan from in 2009 remained
very similar to 2008 conditions.

We surveyed riffles within the project area to eaté¢ changes in stream channel
dimensions from 1999-2009 (excluding 2004). Csesgional surveys were performed at the
longitudinal mid-point of each riffle, were we maesd mean bankfull width, depth, width to
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depth ratio, and cross sectional area. We alssumea riffle slope of all riffles present within
the project area in 2002-2009. We used analysiaridnce (ANOVA,; alpha = 0.05; Table 8)
and a subsequent multiple comparison test (Tukst; Zar 1996) to test for significant
differences between 1999 (pre-project) and allrogkars, since all riffles were surveyed
(complete census) from 2002-2009, but not 199% réktoration work performed in 2002
made a narrower and deeper stream channel, butret2006 rain on snow event in Libby
Creek riffles widened to dimensions that were rysagual to pre-restoration values, and
although depth also decreased after the flood ethentiffle habitats remained deeper than
before restoration. However, in 2009, the riffbltats within this section of Libby Creek
regained depth and narrowed compared to the tws yéier the flood event and prior to
restoration (Table 8). These changes in turniafigenced width to depth ratio and cross
sectional area, which changed by 10.3% and -11rd8pectively (Table 8). The riffle habitats
in 2009 were significantly deeper, had a lower €sEsctional area and width to depth ratio than
conditions prior to restoration, and although ngniicant, the riffles also remain narrower in
2009 by 6%.

Due to the importance of pool habitat to rearirdpeand and bull trout within the
project area, we also devoted substantial effamidaitor pool habitat within the project area in
order to evaluate changes in pool spacing, numbepth (mean and maximum), width and
length after project construction. The only poahension we measured in 1999 was pool
spacing. However, from 2002-2009, we establishesiscsectional surveys at the point within
each pool where we measured maximum depth, medfuliamdth, depth, and cross sectional
area. We calculated total pool surface area byiphatig mean length by mean bankfull width
by the total number of pools present. We calcdl&téal pool volume by multiplying total pool
surface area by mean bankfull depth. The compkateus of pools during these years made
statistical comparison unnecessary. The restoratark completed in 2002 installed numerous
structures that increased the quantity of poolthaiithin the project area (Dunnigan et al.
2004), which is evident on the longitudinal prdilgigure 4). The November 2006 flow event
changed pool attributes. The largest relative geamn pool dimensions were a decrease in the
number of pools, and an increase in pool spaciegnaepth, length total area and volume
(Dunnigan 2009; Table 9). However, in 2008 and2@@e total number of pools reversed this
trend which resulted in an increase of increasesl jpgols within the project area (33.3%;
Table 9) after the flow event. The increase inrtnber of pools also reduced pool spacing to
149.5, which is the second lowest observed sireegs$toration work. Mean bankfull width in
2009 was slightly lower than existed in 2008, aedrly identical to the as-built conditions in
2002. However, mean and maximum bankfull depthiwipool habitats in 2009 decreased by
19 and 13.9%, respectively from 2008 (Table 9).aiMpool length decreased slightly
(20.9%%) from 2008 to 2009 (Table 9). However,dkerall slight decreases in pool width,
mean depth and length resulted in a decrease tottdgool area and volume from 2008 to
2009. However, total pool area in 2009 was shghiher (6.2%) than existed in 2002 (as-
built), but total pool volume was 21.7% lower irD®QTable 9). Although we did not measure
stream channel dimensions in pool habitats in 18@%re confident that both total pool area
and volume within the project area in 2009 are éighan existed prior to restoration due to the
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increased number of pools that have been sustamaghl since the restoration work was
completed, despite having undergone an approxigtayear flood event.
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Table 8. Mean bankfull width, depth, cross seati@rea, width to depth ratio, and slope of sfllecated in the Libby Creek Upper
Cleveland Restoration Project. Variance estimiateannual mean values are presented in parenth@seanalysis of variance was
preformed for each parameter, and multiple compasisvere performed using the Tukey Test with sicgmit comparisons are indicated
via * (alpha < 0.05). The riffle slope was measlior every riffle in the project area in 2002-200

Sample Size Mean Bankfull Mean Bankfull Width to Cross Sectional Area Slope (%)
Width (ft) Depth (ft) Depth Ratio (Square ft.)

1999 (Pre) 5 41.5 (35.2) 0.94 (0.07) 47.6 (359.8) 39.6 (211.3) Not Measured
2002 (As Built) 9 34.3 (30.5) 1.33 (0.09) 26.7 (59.0) 46.0 (114.3) 1.91 (7.50*10)
2003 9 31.5(18.5) 1.48 (0.04) 21.8 (25.4) 47.9 (62.5) .2811.94*10)
2005 15 31.9 (32.8) 1.36 (0.05) 24.3 (65.0) 43.0 (26.7) 1.46 (2.55*10)
2006 15 28.3 (11.8) 1.31 (0.02) 22.1 (18.6) 36.7 (30.0) 1.96 (2.57*10)
2007 10 40.9 (37.8) 1.34 (0.11) 33.0 (96.0) 54.4 (188.9) 1.64 (2.67*10)
2008 13 46.6 (140.3) 1.45 (0.23) 37.0 (376.9) 64.3 (@p8. 1.94 (3.41*10)
2009 11 39.0 (45.8) 1.53(0.17) 26.2 (71.6) 58.7 (222.5) 2.24 (1.10*10)
Percent Change
1999/2002 80.0% -17.6% 44.4% -43.9%* 16.2% n/a
1999/2009 120.0% -6.0% 66.7%* -45.0%* 48.2%* n/a
2002/2003 0.0% -7.9% 15.4% -18.4% 4.1% -33.0%
2002/2009 22.2% 14.0% 15.4% -1.9% 27.6% 17.3%
2003/2009 22.2% 23.8% 0.0% 20.2% 22.5% 74.9%
2005/2009 -26.7% 22.4% 10.5% 7.7% 36.5% 52.7%
2006/2009 -26.7% 37.8% 14.5% 18.6% 59.9% 11.4%
2007/2008 30.0% 13.9% 11.9% 12.1% 18.2% 13.2%
2007/2009 10.0% -4.6% 11.9% -20.6% 7.9% 27.8%
2008/2009 -15.4% -16.3% 0.0% -29.2% -8.7% 12.8%
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Table 9. Pool dimensions within the Libby CreekpepCleveland Restoration Project including mearkhd width, depth, maximum
bankfull depth, length and total volume from 19982. Variance estimates for annual mean valuegsrasented in parentheses. A
statistical comparison of annual mean values waperormed because all pools within the projeedarere measured, and therefore
represents a complete census. The percent changgch parameter from year to year is also predemilean bankfull depth was used
to calculate total volume.

# Pools Pool Mean Mean Bankfull Maximum Length (ft.) Total Total
Spacing Bankfull Depth (ft) Bankfull Area Volume
(ft) Width (ft) Depth (ft) (ft? (ft%)
1999 (Existing) 5 325 N/A N/A N/A N/A N/A N/A
2002 (As Built) 20 N/A 38.0 (23.8) 2.6 (0.8) 4.3 (1.2) 36.7 (205.2) 27,892 72,519
2003 20 173 34.5 (16.1) 2.2 (0.3) 3.8 (0.7) 30.2 (130.8 20,838 45,843
2005 18 191 28.8 (31.7) 1.8 (0.2) 3.9(0.9) 36.9 (75.69) 19,129 34,432
2006 17 152 28.1 (40.1) 1.9(0.2) 3.8 (0.8) 46.6 (109.5) 22,261 42,296
2007 12 223 36 (144.5) 2.1(0.3) 4.0 (0.4) 55.4 (361.2) 24,531 50,534
2008 16 196 39 (44.0) 2.4 (0.4) 4.7 (1.0) 52.8 (340.9) 3,032 79,276
2009 17 149.5 37.5(34.5) 1.9 (0.2) 4.0 (0.6) 47.1 (4p2. 29,614 57,548
Percent Change
1999/2002 300.0% N/A N/A N/A N/A N/A N/A N/A
1999/2009 240.0% -53.9% N/A N/A N/A N/A N/A N/A
2002/2003 0.0% N/A -9.2% -18.0% -11.6% -17.7% -25.2% -38.7%
2002/2009 -15.0% N/A -1.3% -26.3% -5.9% 28.1% 6.2% -21.7%
2003/2009 -15.0% -13.4% 8.7% -10.1% 6.5% 55.6% 42.0% 27.6%
2005/2009 -5.6% -21.5% 30.1% 2.3% 3.8% 27.5% 54.8% 58.3%
2006/2009 0.0% -1.4% 33.3% 2.3% 6.5% 1.0% 33.0% 36.1%
2007/2008 33.3% -12.0% 6.0% 16.5% 18.4% -4.7% 34.7% 56.9%
2007/2009 41.7% -32.8% 1.5% -5.7% 1.9% -15.1% 20.7% 13.9%
2008/2009 6.3% -23.6% -4.2% -19.0% -13.9% -10.9% -10.3% 7.4
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Libby Creek Lower Cleveland Phase| Project

The lower Cleveland property on Libby Creek isali®d approximately 1 mile
downstream of the upper Cleveland Property, neaotlginal Libby town site, and was
previously identified by MFWP as a high priorityesfor stream restoration. Past land
management activities including logging, miningarian road construction, and stream
channel manipulation have resulted in acceleraé@dt lerosion along a number of
meander bends, resulting in an over widened, ulestabd shallow channel, which has
resulted in low quality habitat for native salmasidcluding bull trout and redband trout.
The length of Libby Creek through the entire lowéeveland property prior to
restoration efforts was approximately 9,100 fedEWP developed a restoration strategy
to implement the restoration of this large sit@iphases. The first phase was
implemented in October 2005, and is referred tthad.ibby Creek Lower Cleveland
Phase | Project (approximate river mile 20-21) e Téstoration work excavated
approximately 2,950 feet of new channel accordintihé design criteria including an
average design bankfull width and depth of 32 &t 3 to 7 feet, respectively. Dunnigan
et al. (2007) presents a complete description®htlaterials and structures installed in
this section of Libby Creek.

During the first week of November 2006, the Liblng€k watershed experienced a
rain on snow weather event that created higherakiarage runoff conditions throughout
the entire watershed including the headwater regid/S Forest Service gauged the peak
flows during this event at a minimum flow of 3,08bic feet per second, which translated
to a 19-year return interval using the Log-Peatgpa lll Flood Frequency Analysis (J.
Boyd, US Forest Service, personal communicatidimis storm event changed the stream
plan form, and channel dimensions (Dunnigan étG9). Therefore, this report compares
current habitat conditions to those prior to restion and after the 2006 flow event.

We surveyed the stream restoration project aread€2004), October 2005 (as
built), and 2006-2009 using a Nikon Model DTM-4260tdl Station Survey Instrument,
which records the geo-referenced location of strelaamnel features including channel
dimensions, profile and plan form. The most conspus changes within this section of
Libby Creek as a result of the November 2006 floene were changes in the stream plan
form. Dunnigan et al. (2009) documented changsetr@am plan form and estimated that
net erosion exceeded net deposition in this seofitubby Creek before and after the
November 2006 flow event. Monitoring in 2008 a2 indicated that the plan form and
lateral stream migration within this section of lhyoCreek were relatively stable since the
substantial channel adjustments that occurredesudt of that large rain on snow event.

We measured total stream length during all yeansgalhe channel thalweg. The
stream channel length in 2004 was 2,695 feet (Ei§urand the restoration work increased
stream length to 2,793 feet, representing a 3.@¥e&se due to increased sinuosity (1.24
and 1.30, respectively) due to increased meaneguéncy. However, as a result of several
chute cutoffs that occurred throughout the prageet during the November 2006 flood
event, the stream channel lost 260 feet (2,533 déstlength), representing a loss of 9.3%
relative to as-built conditions. Stream lengtleafhe flood event (2007) was 162 feet
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shorter (6.0%) than existed prior to the projeihuosity decreased to 1.16 in 2007 and has
remained at 1.16 in 2008 and 2009. Stream chdemgth in 2008 and 2009 was 2,555

feet, which was slightly longer (138 feet) than 200ut 24 feet shorter (1%) than existed
prior to the restoration work.

We completed physical monitoring of pool habitaithin the project area before
and after restoration in order to evaluate chamgte quantity and quality through time.
We established cross sectional surveys at the patimn each pool where we measured
maximum depth, mean bankfull width, depth, andssestional area. We calculated total
pool surface area by multiplying mean length by migankfull width by the total number of
pools present. We calculated total pool volumeniitiplying total pool surface area by
mean bankfull depth. The complete census of phaisig these years made statistical
comparison unnecessary. We also measured thaakdtaetween pools within the project
area in order to estimate mean pool spacing. Neahspacing within this section of
Libby Creek in 2004 was 811 feet. The designat@s built; 2005) reduced mean pool-
to-pool spacing to 152 feet, representing an 8x&¥ction from 2004 conditions. After
the November 2006 flow event, mean pool spacingeased to 259 feet, representing an
increase of 70.4% compared to as built (2005) ¢mmdi, but remained 68.1% lower than
conditions existing prior to restoration work in020 Mean pool spacing in 2008 increased
26 feet to an average of 285 feet, which repredemtiecrease of 133 feet (87.5%) from as
built conditions (2005), but remained 526 feet #10(64.8%) than existed prior to
restoration. Mean pool spacing in 2009 increagathato 346 feet, which represented a
67% increase from as-built conditions, but 57% lotlkean existed prior to the restoration
work. The increase in pool spacing from 2008 t0®@®as due to the loss of 2 pools, but
despite this decrease, the total number of podlamthe project area in 2009, remained
50% higher than existed in 2004, but was only abdbird of the as-built in 2005 (Table
10). Mean pool bankfull width has remained similatween all years, including pre-
restoration, as-built and all subsequent year$, anhual changes generally less than 10%.
However, mean pool width in 2009 (44.1 feet) washighest of any year measured (Table
10). Mean pool bankfull depth and maximum banldapth both increased from 2008 to
2009, which was substantially deeper than exist&04, and approximately equal to as-
built conditions (Table 10). Mean pool length alstreased from 2008 to 2009 (Table 10),

remaining almost 50% higher than existed priaestoration and 75% higher than as-built
conditions (Table 10). Total pool area remainedilar between 2008 and 2009, but
remained almost 150% higher than existed prionéaéstoration work, but about 40%
lower than as-built and pre-flood event conditibfable 10). Total pool volume followed
a similar trend (Table 10).

In addition to a complete census of all pools waitthie project area, we also
surveyed riffles habitats within the project are@valuate changes in riffle dimensions as a
result of the restoration effort and the strearpaase after the November 2006 flow event.
We measured mean bankfull width, depth, and wilitheipth ratio, of all riffles throughout
the project area in 2004-2009 (Table 11), and saflaéfles were measured, statistical
comparisons were unnecessary. The restoratickhw performed created a narrower
stream channel within the riffle habitats in 200t&an bankfull width within the riffles
decreased from 69.8 feet to 34.1 feet (51.1%) 20604 to 2005 (Table 11). However, as a
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result of the 2006 flood event, riffle widths in@®0increased to an average of 45.2 feet, and
mean bankfull depth decreased by 8.8%, but remaiunlestantially lower than existed prior
to the restoration work (Table 11). Riffle dimearss remained relatively stable from 2007
to 2008 within the project area, and increasedhttlign 2009 to 47.5 feet (Table 11).
However, both mean and maximum depth in the rifflbitats decreased in 2009, to the
lowest values observed. Mean depth decreasedbigel.from 2008 to 2009, and
maximum depth decreased by almost as much (04 fEbe observed decrease in depth
may have been caused by a short and protractewy$pshet in 2009 due to limited snow
pack the previous winter. The decrease in degdifanslight increase in width also
translated into an increase in width to depth rfatiom 2008 to 2009 (34.8%), but remained
almost 30% lower in 2009 than prior to the restoratvork (Table 11). We did not survey
riffle slopes in 2004. However, mean riffle slage@nged only slightly between 2005 and
2009, ranging from 2.4% in 2005 to a low of 2.092009 (Table 11).
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Table 10. Pool dimensions including mean bankidkh, depth, maximum bankfull depth, length artditgolume in 2004
(existing), 2005 (as built), and 2006-2009 for liliey Creek Lower Cleveland Phase | Restorationdeto Variance estimates for
annual mean values are presented in parenthesggtigical comparison of annual mean values waperformed because all pools
within the project area were measured, and thexeépresents a complete census. The percent alvaumge is also presented.

Number Pool Mean Mean Maximum Length (ft.) Total Area Total
Spacing Bankfull Bankfull Bankfull (ft3) Volume
(ft) Width (ft) Depth (ft) Depth (ft) (ft%

2004 (existing) 4 811 42.2 (44.2) 2.33(0.34) 4.2 (1.05) 42.8 (B1. 7,260 16,186
2005 (As Built) 18 152 39.6 (63.9) 2.84 (0.34) 5.32 (0.85) 38.81(p5 28,249 84,023
2006 13 183 39.9 (721.6) 2.64 (0.13) 4.98 (0.79) 5791 (8) 30,534 80,477
2007 6 259 38.4 (35.5) 2.83 (0.59) 5.20 (1.70) 76.1 (9 17,733 48,344
2008 8 285 39.9 (21.9) 2.56 (0.23) 4.73 (0.76) 54.5 (8y7 17,397 44,472
2009 6 346 44.1 (68.5) 2.83 (0.15) 4.80 (0.42) 68.1 (T¥9 17,997 50,961
Percent Change
2004/2005 350.0% -81.3% -6.2% 22.3% 26.7% -9.3% .1289 419.1%
2004/2006 225.0% -717.4% -5.4% 13.4% 18.5% 35.0% .6820 409.6%
2004/2007 50.0% -68.1% -9.0% 21.6% 23.8% 78.0% 2044. 198.7%
2004/2008 100.0% -64.9% -5.5% 9.9% 12.5% 27.6% GP39. 174.8%
2004/2009 50.0% -57.4% 4.5% 21.8% 14.3% 59.2% 279 214.9%
2005/2006 -27.8% 20.4% 0.8% -7.3% -6.5% 48.8% 8.1% -1.8%
2005/2007 -66.7% 70.4% -3.0% -0.6% -2.3% 96.2% 2% . -42.5%
2005/2008 -55.6% 87.2% 0.8% -10.1% -11.2% 40.6% 4988 -47.1%
2005/2009 -66.7% 127.4% 11.4% -0.4% -9.8% 75.5% .3986 -39.3%
2006/2007 -53.8% 41.5% -3.8% 7.2% 4.5% 31.9% -41.9% -41.4%
2006/2008 -38.5% 55.5% -0.1% -3.1% -5.1% -5.5% 0%3. -46.1%
2006/2009 -53.8% 88.9% 10.4% 7.4% -3.6% 18.0% 2%1.1 -38.2%
2007/2008 33.3% 9.9% 3.9% -9.6% -9.1% -28.3% -1.9%  -8.0%
2007/2009 0.0% 33.4% 14.8% 0.2% -1.7% -10.5% 1.5% A4%5
2008/2009 -25.0% 21.4% 10.5% 10.8% 1.6% 24.8% 3.4% 14.6%
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Table 11. Riffle dimensions including mean barnkfuitith, depth, maximum bankfull depth and widthdpth ratio in 2004
(existing), 2005 (as built) and 2006-2009 for tligoly Creek Lower Cleveland Phase | RestorationdetojVariance estimates
for annual mean values are presented in parenth&besiffle slope was not measured in 2004.

Sample  Mean Bankfull ~Mean Bankfull ~ Maximum Bankfull Width to Slope
Size Width (ft) Depth (ft) Depth (ft) Depth Ratio

2004 (existing) 7 69.8 (695.9) 1.94 (0.20) 3.16 (0.07) 41.2 (305.3) N/A
2005 (As Built) 9 34.1 (13.9) 2.21(1.7) 3.39 (0.39) 15.9 (12.4) 02@.(1.9*10°)
2006 9 34.5(22.1) 2.14 (0.06) 3.08 (0.11) 16.4 (15.0) .028 (5.85*10)
2007 7 45.2 (106.9) 1.95 (0.13) 2.97 (0.30) 24.6 (68.3)0.021 (4.72*10)
2008 6 44.6 (62.9) 2.08 (0.08) 3.05 (0.24) 22.0 (34.0) .02@ (2.52*10)
2009 5 47.5 (139.6) 1.58 (0.17) 2.65 (0.32) 29.6 (150.3)0.020 (1.05*10)
Percent Change
2004/2005 28.6% -51.2% 14.1% 7.3% -62.2%
2004/2006 28.6% -50.6% 10.2% -2.5% -60.3%
2004/2007 0.0% -35.2% 0.4% -6.1% -40.7%
2004/2008 -14.3% -36.2% 6.9% -3.4% -46.9%
2004/2009 -28.6% -32.0% -18.5% -16.1% -28.5%
2005/2006 0.0% 1.1% -3.4% -9.2% 5.0% 17.2%
2005/2007 -22.2% 32.6% -11.9% -12.5% 56.8% 3.6%
2005/2008 -33.3% 30.7% -6.3% -10.0% 40.3% 10.0%
2005/2009 -44.4% 39.2% -28.6% -21.8% 89.2% 0.0%
2006/2007 -22.2% 31.2% -8.8% -3.6% 49.4% -11.6%
2006/2008 -33.3% 29.3% -3.0% -0.9% 33.7% -6.2%
2006/2009 -44.4% 37.7% -26.0% -13.9% 80.2% -14.7%
2007/2008 -14.3% -1.5% 6.4% 2.8% -10.5% 6.2%
2007/2009 -28.6% 4.9% -18.9% -10.6% 20.6% -3.4%
2008/2009 -16.7% 6.5% -23.8% -13.1% 34.8% -9.1%
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Libby Creek Lower Cleveland Phase |l Project

The lower Cleveland property on Libby Creek isali®d approximately 1 mile
downstream of the upper Cleveland Property, andbas identified by MFWP as a high
priority site for stream restoration, and constdtapproximately 9,100 feet of stream
channel. MFWP planned to implement the restoratifahis large site in 3 phases.
Phase | of this project was completed in the faRR@05 (see above), and Phase Il was
completed in October 2006. Past land manageméniti@s including logging, mining,
riparian road construction, and stream channel pugation have resulted in accelerated
bank erosion along a number of meander bendstiregsutl an over widened, unstable,
and shallow channel, which has resulted in low igbbbitat for native salmonids
including bull trout and redband trout. The LibDyeek Lower Cleveland Phase Il
Project started at the downstream boundary of Has@1 project area and continued
3,273 feet downstream (see above). This projatdtoacted a variety of structures
intended to improve fish habitat and increase lsakility (Dunnigan et al. 2007).

During the first week of November 2006, the Liblog€&k watershed experienced a
rain on snow weather event that created higherakiarage runoff conditions throughout
the entire watershed including the headwater regid/S Forest Service gauged the peak
flows during this event at a minimum flow of 3,08%bic feet per second, which translated
to a 19-year return interval using the Log-Peatgpa lll Flood Frequency Analysis (J.
Boyd, US Forest Service, personal communicatidimis storm event changed the stream
planform, and channel dimensions (Dunnigan etGf19® Therefore, this document
evaluates changes in the physical habitat withghgbction of Libby Creek after this event
by comparing current conditions to those existiafpke restoration (1999) and after the
November 2006 flow event.

We surveyed the stream restoration project aread€2004), October 2006 (as
built), and 2007-2009 using a Nikon Model DTM-4260tdl Station Survey Instrument,
which records the geo-referenced location of strelaamnel features including channel
dimensions, profile and plan form. The most corspus changes within this section of
Libby Creek as a result of the November 2006 floerne were changes in the stream plan
form. Changes in Phase Il as a result of the 2006event were more severe than either
the Lower Cleveland Phase | or the Upper CleveRestoration Project areas. Dunnigan
et al. (2009) documented changes in stream plam &seven major locations within the
Phase Il project area and estimated net erosiaredrd net deposition in this section of
Libby Creek as a result of the November 2006 floeng. The plan form of this section of
Libby Creek in 2007-2009 was relatively similar.

The stream channel profile prior to project coredtam consisted of a total of 2,632
feet of stream channel, and the restoration warteased stream length to 3,175 feet,
representing a 20.6% increase due to increasedssiyalue to increased meander
frequency (Figure 6). However, as a result of sdahute cutoffs that occurred throughout
the project area, the stream channel lost 4842¢889 feet total length) after the flood
event, representing a loss of 15.3% relative towal$-conditions. However, after the flood
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event, stream length remained 57 feet longer (2tB%) existed prior to the project. The
stream channel adjusted slightly during the 200Biggreshet, resulting in a slight
shortening of total length to 2,558 feet, reprasgra loss of 131 feet from 2007 (4.9%).
The stream channel in 2009 was 90 feet longerezkiat2008 (3.5%) and 36 feet longer
than existed prior to restoration (Figure 6).

Prior to project construction, the mean pool-toigbstance was 690 feet. The
newly constructed channel mean pool-to-pool spawiag) 123 feet, representing an 82.2%
reduction from existing conditions. We found thegan pool-to-pool spacing increased in
2007 to 257 feet, representing an approximate daylbbmpared to as built (2006)
conditions, but remained 62.7% lower than cond#iexisting prior to restoration work in
2004. Pool spacing decreased from 2007 to 20@81deet (21.6% reduction). However,
in 2009, pool spacing again increased to an averb@@2 feet. Despite this slight increase,
pool spacing in 2009 remains 62% lower than paodhe restoration work. The overall
number of pools ultimately determines pool spaeind has an overwhelming effect on the
total number of pools and the total surface arelavatume of pool habitat (Table 12).
Overall, the number of pools was dramatically reduas a result of the 2006 flow event,
and has remained low since. In 2009 there wenefoal pools remaining in this section of
Libby Creek, which was the same number that existexl to the restoration work, but
mean depth, width and length in 2009 all remaingtdr than existed in 2004, which
resulted in an increase in total pool area andmwel(Table 12). However, total pool area
and volume have also increased since 2007, the/dies after the flow event, remaining
about 70 and 67%, respectively higher in 2009 th&®07. Therefore, despite the
substantial loss of pool habitat as a result oNbeember 2006 flow event, pool habitat
within this section of Libby Creek has reboundebissantially and the quantity of pool
habitat remains higher than existed prior to ostamtion work or immediately after the
2006 flow event.

In addition to a complete census of all pools witthie project area, we also
surveyed all riffles habitats within the project@ato evaluate changes in riffle dimensions
as a result of the restoration efforts and the Wdaex 2006 flood. In 2004 (existing), 2006
(as built), and 2007-2009, we measured mean bankfith, depth, width to depth ratio,
and cross sectional area of riffles throughoutpiiogect area. Since we surveyed all riffle
habitats within the project area, statistical congoss were unnecessary. The restoration
work we performed created a significantly narroeed deeper stream channel within the
riffle habitats in 2006. Mean bankfull width withthe riffles decreased from 70.4 feet to
36.9 feet (47.6%), and mean bankfull depth deccefisen 1.4 feet to just over 2 feet
(45%) from 2004 to 2006 (Table 13). However, mieankfull width, cross sectional area
and width to depth ratio increased after the 2068 évent (Table 13). In 2008, we
observed a slight increase in mean riffle width 1%), and a slight decrease in mean riffle
depth (15.9%) compared to 2007 (Table 13), bubbB2the trend reversed itself, with the
riffle habitats becoming slightly deeper and nago able 13). As a result, the width to
depth ratio we observed in 2009 was the lowest irve23.1) in the previous three years
(Table 13). Mean riffle slope in 2009 (2.6%) wasikar to 2006 (as-built) and 2008, and
remained higher than existed prior to the restomatiork (Table 13). The riffle habitats
within this section of Libby Creek remain substalhtinarrower and deeper than existed
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prior to restoration work we completed in 2006, #relstream channel dimensions are
remaining relatively stable or trending toward resry after the flow event in 2006.
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Figure 6. The longitudinal profile of the Libby&&k thalweg within the Lower Cleveland Phase llt®@sion Project surveyed in
2004 (existing), 2006 (as built), and 2007-2009e Survey was conducted beginning at station Ogiupmject boundary) to the
downstream project boundary. Stream channel lerayiled between years due to differences in chasinabsity.
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Table 12. Pool dimensions including mean bankidkh, depth, maximum bankfull depth, length andltgolume in 2004 (pre-
existing), 2006 (as built), and 2007-2009 for titebly Creek Lower Cleveland Phase Il Restorationdeto Variance estimates for
annual mean values are presented in parenthebegpefcent annual change is also presented.

Number Pool Mean Mean Maximum Length (ft.) Total Area Total
Spacing Bankfull Bankfull Bankfull (ft?) Volume
(ft) Width (ft) Depth (ft) Depth (ft) (ft%
2004 (existing) 4 690 42.9 (75.1) 2.24 (0.21) 4.18 (0.70) 87.3 G194 15,600 35,035
2006 (as-built) 27 123 41.6 (26.3) 3.24 (0.38) 5.50 (1.11) 43.33)y7 48,635 157,576

2007 5 257 37.0 (417.8) 2.61 (0.53) 4.92 (0.28) 61.81(2y 10,595 27,496
2008 6 201 47.9 (88.8) 2.82 (1.61) 5.68 (6.57) 81.5 &8P 23,404 66,037
2009 4 262 43.0 (27.5) 2,55 (1.74) 5.00 (3.57) 104.%818) 17,974 45,833
Percent

Change

2004/2006 575.0% -82.2% -2.9% 44.7% 31.7% -50.4% 1.5 352.8%
2004/2007 25.0% -62.8% -13.8% 16.2% 17.8% -29.2% 2.19 -21.5%
2004/2008 50.0% -70.8% 11.7% 25.8% 35.9% -6.6% %60.0 88.5%

2004/2009 0.0% -62.0% 0.3% 13.7% 19.8% 19.7% 15.2% 30.8%

2006/2007 -81.5% 108.9% -11.2% -19.7% -10.5% 42.7% -78.2% -82.7%
2006/2008 -717.8% 63.7% 15.0% -13.0% 3.2% 88.2% 8%1. -58.4%
2006/2009 -85.2% 113.3% 3.4% -21.4% -9.0% 141.2% 3.0% -71.1%
2007/2008 20.0% -21.6% 29.5% 8.3% 15.3% 31.9% 220.9 140.2%
2007/2009 -20.0% 2.1% 16.4% -2.1% 1.6% 69.0% 69.6% 66.7%

2008/2009 -33.3% 30.3% -10.1% -9.6% -11.9% 28.2% 3.2% -30.6%
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Table 13. Riffle dimensions including mean bankfutth, depth, maximum bankfull depth and widthdpth ratio in 2004 (pre-
existing), 2006 (as built), and 2007-2009 for titebly Creek Lower Cleveland Phase Il Restorationdeto Variance estimates for
annual mean values are presented in parentheses.

Sample Mean Bankfull Mean Bankfull Cross Sectional Width to Slope
Size Width (ft) Depth (ft) Area (ft%) Depth Ratio

2004 (existing) 4 70.4 (417.0) 1.4 (0.14) 95.3 (458.1) 54.3 (622.3).5% (6.67*10)
2006 (As Built) 12 36.9 (26.8) 2.03 (0.05) 75.3 (217.5) 18.4 (6.6) 2.8% (0.007)
2007 6 47.6 (62.1) 2.1 (0.23) 98.9 (64.9) 23.5 (67.9) 9%(1.76*10°)
2008 9 54.9 (145.8) 1.8 (0.18) 82.8 (1076.8) 35.0 (2p8.82.6% (1.45*10)
2009 5 46.1 (48.6) 2.09 (0.16) 94.5 (56.7) 23.1 (45.2) .692(8.83*10)
Percent Change
2004/2006 200.0% -47.55% 44.40% -20.97% -66.05% 8RW3.
2004/2007 50.0% -32.33% 51.92% 3.77% -56.68% 26.67%
2004/2008 125.00% -22.11% 27.81% -13.09% -34.87% 71.85%
2004/2009 25.00% -34.44% 48.63% -0.79% -57.46% 0P6.0
2006/2007 -50.0% 29.03% 5.21% 31.30% 27.60% -31.12%
2006/2008 -25.00% 48.52% -11.49% 9.97% 91.86% 96.55
2006/2009 -58.33% 25.01% 2.93% 25.53% 25.32% -4.29%
2007/2008 50.00% 15.10% -15.87% -16.25% 50.35% 785.6
2007/2009 -16.7% -3.1% -2.2% -4.4% -1.8% 38.9%
2008/2009 -44.4% -15.8% 16.3% 14.2% -34.7% 2.4%
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Young Creek State Lands Restoration Project

MFWP reconstructed 1,200 feet of the Young Cresdash channel in the fall of
2003 (Dunnigan et al. 2005). The Young Creek Statels Restoration Project
significantly changed the dimension, pattern amdjtitudinal profile of this section of
Young Creek (see Dunnigan et al. 2005). The stregtoration project significantly (p <
0.05) reduced the mean width and width to depib,rahd significantly increased the
cross sectional area, maximum depth, and mean Wiadkpth for both riffles and pools
within the project area. The monitoring actistie conducted on this section of Young
Creek since the initial project construction hagerbdirected at determining if the stream
channel maintained the pattern and dimensionsveltd as built conditions in 2003.

The changes that occurred in the stream chann@mdiions within the Young
Creek State Lands Restoration Project area bet2@@h and 2009 were relatively small.
We measured the cross sectional area, bankfulhywetdtpth, maximum bankfull depth,
and width to depth ratio within each riffle thatised within the project area before
(2002), during (2003; as built), and after (200820project construction (Table 14).
We established the transect location at each affliae longitudinal mid-point of each
riffle. The total number of riffles within this seon of Young Creek has remained
relatively similar since the project was constrdctearying by no more two riffles
between years. Mean cross sectional area, medfublamdth, maximum bankfull
depth, and width to depth ratio have also remaretdively similar to the constructed
stream channel dimensions, within changes gendealtythan 10% between years (Table
14). However, the mean bankfull width and widtldépth ratio in 2009 remained
substantially lower than existed in 2002 priortie project, and mean and maximum
bankfull depth remained about double and half agagper in 2009 (Table 14). We did
not perform any statistical tests on these datausrthese surveys were a complete
census of all riffles within the project area. Tdfere, given the data collected since
project completion, it appears that the channekdisions are being maintained within
the riffle habitats of this project since initiarstruction in 2003.

The Young Creek State Lands Restoration Projeotiatseased the quality and
guantity of pool habitat for resident salmonidsj #mese changes are being sustained five
years after the project was completed. The tatallver of pools, total pool area and total
pool volume, remain 750, 348, and 941% higher thasted in this section of Young
Creek prior to the restoration work (Table 15).eTarge woody debris stems and root
wads used during project construction also likelyréased cover available to rearing and
migrating salmonids within this reach of Young ke&Ve measured the same 5
parameters that we measured at each riffle tramsectdition to pool length. We
established the transect location within each pbthe location of maximum depth. The
results from our pool monitoring were similar te tesults we observed in riffles. The
total number of pool increased from 8 in 2003 tarl2004 to 15 in 2005, and 17 in
2006 - 2009 (Table 15), primarily as a result & tbrmation of several new pools that
formed within several of the meanders. However,gbol dimensions changed relatively
little between years after the project construgtespecially during the past four years.
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Stream channel dimensions with the pool changdsmihe past four years were
generally relatively small (Table 15). Howevetat@ool area and volume increased
slightly in 2009 (9.0 and 8.3%, respectively), whigas the result of a slight increase in
mean width, depth, and length (data not presentédg constructed pool habitat
continues to provide an improvement in the amotidiepth and cover that existed prior
to the project (Table 15). As was the case wighrifile surveys, we did not perform any
statistical tests on these data due to the fatthleae surveys were a complete census of
all riffles within the project area.

The stream restoration techniques we employedisrs#ittion of Young Creek
increased channel diversity and stability, streangth, and sinuosity within the project
area. Although we did not present a figure thapldiys the stream plan for this section of
Young Creek, it has changed little since the ptojas completed in 2003. This project
continues to meet the original objectives (Dunnigaal. 2005) set forth for this project.
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Table 14. Mean cross sectional area, bankfullhwidiépth, maximum bankfull depth, and width to teptio measured for the
total number of riffles 2002-2009 for the Young €keState Lands Stream Restoration Project. Theginwas constructed in the
fall of 2003. Variance estimates for annual mealnes are presented in parentheses. The per@rgehbetween years is also

presented.
Year Number Cross Sectional Mean Mean Maximum Width to Depth
Of Area (ft%) Bankfull Bankfull Bankfull Depth Ratio
Riffles Width (ft) Depth (ft) (ft)
2002 (Existing) 4 16.8 (1.6) 27.9 (22.7) 0.60 (0.01) 1.05 (0.02) .34239.6)
2003 (As Built) 10 22.0 (10.1) 16.3 (9.2) 1.24 (0.05) 1.99 (0.09) 3.7421.2)
2004 11 18.7 (6.3) 14.8 (3.6) 1.28 (0.07) 1.85 (0.13) .3127.3)
2005 11 21.9 (22.0) 16.1 (4.4) 1.37 (0.08) 1.79 (0.09) 2.3111.4)
2006 10 19.7 (14.1) 15.6 (4.7) 1.29 (0.12) 1.89 (0.14) 3.0%22.5)
2007 10 19.1 (15.5) 14.8 (4.0) 1.32 (0.14) 1.72 (0.12) 4.4X25.1)
2008 10 20.0 (9.4) 16.0 (5.4) 1.25 (0.02) 1.75 (0.07) 13.0 (7.1)
2009 8 18.0 (6.2) 15.2 (5.7) 1.19 (0.02) 1.59 (0.11) 13.1 (9.9)
Percent Change
2002/2005 175% 30.9% -42.1% 128.3% 129.4% -74.5%
2002/2009 100% 7.3% -45.5% 99.4% 51.2% -73.0%
2003/2009 -20.0% -18.3% -6.8% -3.9% -20.0% -4.7%
2004/2009 -27.3% -6.8% 0.3% -7.4% -15.0% 4.3%
2005/2009 -27.3% 18.0% -5.8% -13.1% -11.4% 5.8%
2006/2007 0% -3.2% -4.8% 2.3% -8.8% -4.9%
2006/2008 0% 1.4% 2.6% -3.2% -7.4% -0.5%
2006/2009 -20.0% -8.8% -2.5% -7.9% -15.8% 0.1%
2007/2008 0% 4.7% 7.7% -5.4% 1.5% 4.6%
2007/2009 -20.0% -5.8% 2.4% -10.0% -71.7% 5.2%
2008/2009 -20.0% -10.0% -5.0% -4.9% -9.0% 0.6%
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Table 15. Mean cross sectional area, bankfullhwidiepth, maximum bankfull depth, width to deptioraand total area and volumes of
pools (n) 2002-2008 for the Young Creek State L&8tdsam Restoration Project. The project was oactsd in the fall of 2003.
Variance estimates for annual mean values arenisgsm parentheses. The percent change betwaenigalso presented.

Year Number Cross Mean Bankfull Mean Maximum Total Total
of Pools Sectional Width (ft) Bankfull Bankfull Area (ft>  Volume
Area (ft%) Depth (ft) Depth (ft) (ft3)
2002 (Existing) 2 19.3(3.1) 23.5(24.5) 0.79 (0.005) 2.35(0.13) 998 1,578
2003 (As Built) 8 37.7 (65.1) 21.8 (18.0) 1.73 (0.084) 3.23(0.42) 8,480 14,671
2004 14 31.8 (37.0) 19.2 (24.7) 1.73 (0.23) 3.63 (0.53) 8,602 14,881
2005 15 29.1 (48.6) 17.8 (12.8) 1.71 (0.28) 3.08 (0.67) 8,218 14,053
2006 17 30.1 (135.6) 17.4 (9.8) 1.74 (0.32) 3.12 (0.40) 10,667 17,923
2007 17 28.7 (54.4) 16.8 (10.0) 1.75 (0.26) 3.04 (0.22) 10,090 16,544
2008 17 30.0 (44.2) 15.9 (7.8) 1.94 (0.35) 3.12 (0.26) 8,231 15,751
2009 17 30.8 (54.0) 16.6 (9.3) 1.99 (0.46) 2.98 (0.25) 8,972 17,052
Percent Change
2002/2005 650.0% 51.0% -24.5% 116.5% 31.1% 311.4% 790.6%
2002/2009 750.0% 59.8% -31.9% 152.4% 26.7% 348.4% 941.4%
2003/2009 112.5% 18.4% -26.6% 15.2% -8.1% 8.3% 21.3%
2004/2009 21.4% -6.4% -16.8% 12.8% 17.0% -8.8% 0.6%
2005/2009 13.3% 5.8% -9.8% 16.4% -3.4% 6.4% 26.0%
2006/2007 0% -4.6% -3.7% 0.6% -2.6% -5.4% -71.7%
2006/2008 0% 0.2% -8.8% 11.6% 0% -22.8% -12.2%
2006/2009 0% 2.3% -8.1% 14.5% -4.5% -15.9% -4.9%
2007/2008 0% 2.7% -5.3% 10.9% 2.7% -18.4% -4.7%
2007/2009 0% 7.3% -4.6% 13.8% -1.9% -11.1% 3.1%
2008/2009 0% 2.5% 0.8% 2.6% -4.5% 9.0% 8.3%
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Therriault Creek Restoration Project

MFWP partnered with The Kootenai River Network (KRthe USFWS Partners for
Wildlife and the local landowner to complete theefirault Creek Restoration Project during
the summer of 2005. Prior to the restoration wtrk,lower section of Therriault Creek was
extensively modified through land cover disturbamiggarian vegetation clearing, and physical
stream straightening prior to the mid-1900s. Thpess# activities resulted in an incised stream
channel, accelerated bank erosion, channel degrvadand poor fish habitat. This project
reconstructed a total of 9,100 feet of entirely retvgam channel that will restore the proper
dimension, pattern, and profile of the channel,chlapproximately doubled the stream length
by increasing meander frequency. Cooperatordismiroject initiated restoration work in 2004
and completed the stream channel restoration wanikgl the summer 2005. The goals for this
restoration project were to 1. To reduce nonpantce pollution to Therriault Creek and the
Tobacco River through mitigation of chronic instreaources of sediment, 2. Eliminate an
existing partial fish barrier (perched culvert) Restore and create approximately 55 acres of
prior converted wetland, and 4. Improve and incedash habitat for resident fish species.

The stability of the channel is tied to the struetand composition of riparian vegetation,
which provides rooting structure to maintain laketeannel stability by preventing accelerated
lateral erosion. Initial revegetation efforts agated with the restoration work in 2005 included
the installation of 5,000 riparian shrubs, 10,00éntaint willow cuttings and seeding of
disturbed areas. However, poor survival of thefslanstalled in the initial phase of the
restoration project prompted further work. MFWHPRplemented several vegetation treatments
in the fall of 2007 intended to restore site caondi capable of supporting native riparian
woody vegetation along the restored Therriault Edeannel. The specific actions
implemented in the fall of 2007 (Phase I) includealse actions are described in detail in
Dunnigan et al. 2009, and Geum Environmental Caimgu{2007). This activities included
residual shrub protection of 250 existing plantgi@lly planted in 2004 and 2005), an
additional planting of 1,028 containerized shri)$20 square feet of solarization treatment
intended to control weeds, 120 feet of vegetatddifie to stabilize and revegetate
streambanks, 800 feet of willow fascines, instadlabf five woody debris jams, installation of
400 feet of coir logs, and two herbicide applicasiponce in the summer and fall of 2008 along
4,000 feet of stream channel. In 2008 Geum Enwmemtal Consulting completed monitoring
of prior riparian vegetation efforts (Geum Envircemal 2008b), and developed an adaptive
management plan for the revegetation of this sitee Phase Il portion of the riparian
restoration effort included additional monitorimgaintenance and supplemental revegetation
treatments summarized below.

Riparian Vegetation Monitoring

Geum Environmental Consulting completed ripariagetation monitoring at this site in
July 2009, and a detailed discussion of the mangoresults is presented in Geum
Environmental 2009. The highlights of those resale briefly discussed below. Observations
made in 2009 were similar to those made in 2008iadtidate that protecting residual shrubs
remains a relatively simple and cost-effectivettresnt for reducing browse and allowing
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shrubs to grow. Most protected residual shrubsicoe to show increased new growth, with
some growth of more than three feet observed. ierence in new growth between shrubs
with mulch mats and those without was observeds irdicates that the root systems of
surviving residual shrubs are established enoughttestand competition from pasture grasses.
However, browse is occurring on portions of pradcthrubs growing outside of browse
protectors. The results of 2009 effectiveness toang showed continued high survival rates
for containerized shrubs and trees planted in 2@3nhtainerized plant survival was 89 percent
overall (overall plant survival was 96 percent 008) and remains above 80 percent for most
species installed in 2007. Only three speciesfibw 80 percent survival; water birch,
mountain alder and Engelmann spruce. Of these #reees, Engelmann spruce had the lowest
survival (18 percent) and is not recommended farr@uplantings until site conditions are more
suitable for the species. Many leaves and stenesndig beyond the height or width of browse
protectors are being browsed. No sign of stemiggdvas observed on planted shrubs or
protected residual shrubs in 2008 or 2009 by votesther animals. Because vole damage was
identified as a primary cause of initial poor sualiof planted shrubs at the site, new plants
installed should include vole protectors. Althbwgfew planting units showed an increase in
native sedge and forbs cover in 2009, pasture ggasmtinue to dominate the understory in the
planting units. However, brush blankets are eiffett controlling grass cover immediately
adjacent to installed plants. Based on thesetseant observations, planting additional
containerized shrubs and trees should be partagd’hil revegetation efforts.

Planted solarization plots in 2008 and 2009 showgedparable survival with other
planting units. Plant growth was also monitoredofarization plots and some species showed
a high level of growth between 2008 and 2009.

Vegetated soil lifts have provided stable aredhiwithe high stress land-water interface,
allowing the dormant willows used in this treatmtmntake root and sprout. Willow cutting
survival is good but new shoot growth and overalcgnt cover of willows is not as high as
expected at either site. The vegetated soildifescreating stable areas for woody vegetation to
establish and therefore achieving the desired fomctWillow cutting survival is variable but
within the expected range of survival for dormailtow cuttings. Poor survival is primarily in
sections of the soil lift where willows placed undlee lift are inundated for most of the year.
Willow cover increased at both sites between 2682009, but remains patchy.

The willow fascine treatment has been variablerms of achieving the intended
function of increasing root mass and providing ltexgn bank stability. Willow cutting
survival and percent cover is low at all obsenigessbut nonetheless, fascines are functioning
as debris and sediment traps but little naturabreoent of desirable species was observed in
2008 or 2009. Location where willow fascines welgced within the channel appears to have
the most influence on survival and growth of théomis in the fascines.

The five woody debris structures installed in 2004y be improving floodplain
hydrology at this site including trapping sedimeautsl prolonging floodplain inundation. Non-
native pasture grasses remain the dominant spaloieg each transect, although inclusions of
hydrophytic species such as sedges and rushescaeasing.
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Coir logs appear to be creating a suitable enwemt on outer meander bends for the
establishment of willow cuttings and natural regngnt of wetland shrubs and forbs. Willow
survival is within the range of expected survival this treatment (50 to 79%).

Maintenance and Supplemental Revegetation Treatmesit

All containerized plants and protected residualisbiwere watered with a minimum of five
gallons of water on September 2 and 3, 2009. A KeaiConservation Corps crew watered
approximately one-third of planted shrubs and tmesugust 19, 2009. Browse protectors were
expanded, re-secured and straightened in all plguoinits and residual shrub protection areas, and
some protectors were for all shrubs that had ooMvgrthe current browse protector. Approximately
700 of the 1,028 plants installed were retro-fitkath larger diameter browse protectors.
Approximately 200 of the 250 residual shrubs weteorfitted with larger browse protectors. Sixty
additional residual shrubs were protected using-foat tall by 16-inch diameter browse protectors.

Based on observations made during the effectigememitoring it was determined that the grass
treated by solarization fabric in a temporary daktion plot had been effectively heat killed. eTh
fabric was removed, and a native seed mix congistirshrubs, grasses, and forbs was applied to
the exposed surface. Fabric removed from the pést placed along the edges of the plot to create a
buffer around the newly exposed bare soil, whidulted in treating 2,370 new square feet of reed
canarygrass.

Maintenance was completed in two temporary saéon plots and in two additional
planted solarization plots. Maintenance includedeeuring staples and fabric edges, weeding. A
total of 115 supplemental willow cuttings were aiktd in areas of poor willow cutting survival at
Coir Log sites 1-7 Herbicide applications were completed twice in 20@9gust and October).
Both treatments targeted reed canarygrass, Cahestle tyellow toadflax, sulfur cinquefoil and
houndstongue. Herbicide is effectively reducingitifestations and densities of target species.

Stream Channel Monitoring

The existing stream channel prior to restoratiomsesied of an entrenched F4 /G4
Rosgen channel type (Rosgen 1996), and the rastoraork converted the stream back to an
E4 channel type that has access to the histoclfilain. This restoration project
approximately doubled the stream length withinghgect area due to the increased meander
frequency resulting from project construction. HBteam pattern and total length have not
changed substantially since it was constructedletiled and rigorous evaluation of changes to
the stream channel dimensions, pattern, and pibieresulted from this restoration effort are
presented in Dunnigan et al. (2008). The restlteanitoring reported within this document
therefore focus on evaluating whether these chamges been maintained through time.

We stratified Therriault Creek within the projecga into two reaches based on changes
in valley slope. Reach 1 included the upper 3fé80of constructed stream channel, where
valley slope measured 1.44%. The valley slopee#dR 2 measured 0.75%, and included the
lower 5,350 feet of constructed stream channebrdier to evaluate the immediate physical
changes to the stream channel as a result of sh@ration work and the long-term sustainability
of these changes, we completed cross sectionatyibefore and after project implementation.
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Prior to project construction, we surveyed 10 egfaand 10 pools within the existing stream
channel. Within the riffle habitats, we establdleach transect at the longitudinal mid-point of
the first 10 riffles downstream of the upper projecundary. Within the pool habitats, we
established the cross section transects within pachwhere the maximum depth occurred.
We also selected the first ten pools downstreathetipper project boundary. Upon
completion of the project, we established permansrgs sections within 10 pool and 10
riffle/run habitats that were distributed throughthe entire project area, and surveyed them
annually since project completion, measuring mearktull width, depth, cross sectional area,
maximum bankfull depth and width to depth rati@ath. However, in 2009, we were only
able to relocate 8 of each of the cross sectioatioes. We used an analysis of variance to test
each of these parameters for significant differermween years. Multiple comparisons were
performed using the Tukey Test.

This restoration project changed the stream chagpe| pattern, profile and channel
dimensions of Therriault Creek within the projeata(Dunnigan et al. 2008), and these
changes appear to be self-sustaining since thegqinajps completed. Stream channel type,
length, and pattern have not changed since thegrajas completed. Stream channel
dimensions also significantly changed as a reguheproject, but stream channel dimensions
have not changed significantly after project cangion (Tables 16-19). Stream channel
dimensions for riffle/run habitats within ReachHaaoged little between 2008 and 2009, with
changes less than 10%, with the exception that rhaakfull width increased by 0.4 feet
(13.3%; Table 16). Both mean and maximum bankfefith of riffles in Reach 1 increased
slightly (4% and 7%, respectively). However, sffun habitat dimensions in Reach 2 remained
very similar between 2008 and 2009, with changes tlean 5% between years (Table 17).
Riffles in both reaches remained narrower and de@pean and maximum) in 2009 than prior
to the reconstruction (Tables 16 and 17). PooitaBBimensions within Reaches 1 and 2 were
not significantly different from 2008 to 2009, withost annual changes generally less than 5%
(Table 18). Cross sectional area and mean bankidth of pools in 2009 in both reaches
remained lower than existed in 2003. Mean pootldepReach 2 in 2009 was slightly higher
than existed in 2003, but mean maximum pool deptiesed slightly in both reaches, as did
mean bankfull pool depth in Reach 1 (Tables 181h)d Despite the relatively small changes
in pool habitat dimension from 2003 to 2009, thpragimate two fold increase in stream
length outweighs these small changes. This seofidimerriault Creek is maintaining in a state
of relative dynamic equilibrium, in which case dspional and erosion are occurring at
approximately equal rates within the project aegal the stream plan form has remained nearly
identical since it was originally constructed.
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Table 16. Mean cross sectional area, bankfulllwidiépth, maximum bankfull depth, and width
to depth ratio for riffle/run-type habitats in Rbak of the Therriault Creek Restoration Project
area. The project was constructed in the fallofi222005. The range for annual mean values is
presented in parentheses. The percent changedeywars is also presented. Cross sectional
surveys from 2003 were not stratified by reachalgsis of variance was preformed for each
parameter, and the P value is presented. Multgoeparisons were performed using Tukey’'s
Test. Significant comparisons are indicated Valppha < 0.05).

# Cross Mean Mean Maximum W/D
Runs  Sectional Bankfull Bankfull Bankfull Ratio
Area (ft?) Width (ft)  Depth (ft) Depth (ft)
- 13.9 12.6 11 15 11.5
2003 (Bxisting) 10 a5505)  (8317.2) (1.0-1.2)  (11-1.8)  (7.4-15.0)
: 11.2 8.3 1.3 1.8 6.4 (5.2-8.3)
2004 (AsBuil) 4 96151y (7.900) (1.0-15)  (1.2-2.0)
2005 4 13.8 9.6 15 1.9 6.7
(11.9-16.7) (8.0-13.0) (1.3-1.6) (1.7-2.3) (5.4-10.0)
2006 4 12.8 10.0 1.3 1.9 8.2
(9.3-15.5) (8.0-12.7) (1.0-1.7) (1.4-2.2) (4.7-12.3)
2007 4 13.2 10.5 1.2 1.6 8.7
(9.1-20.4) (8.0-15.1) (1.0-1.6) (1.1-2.0) (5.0-11.2)
2008 13.0 10.5 1.3 1.7 8.8
(10.7-145) (8.3-14.4) (1.0-1.7) (1.3-2.2) (4.9-14.4)
2009 4 14.7 10.9 14 1.8 8.3
(11.4-18.3) (7.9-17.2) (1.2-1.7) (1.4-2.2) (5.1-11.9)
P-Value 0.774 0.165 0.152 0.197 0.047
Percent Change
2003/2004 -19.7% -34.0% 22.2% 17.8% -44.5%*
2003/2005 -1.3% -23.9% 32.1% 27.9% -41.4%
2003/2006 -8.1% -20.6% 18.5% 29.6% -28.7%
2003/2007 -5.6% -16.4% 13.1% 7.7% -24.1%
2003/2008 -6.6% -16.6% 16.0% 13.0% -22.9%
2003/2009 5.8% -13.2% 24.2% 22.9% -27.8%
2004/2005 3.8% 10.0% -6.7% 4.5% 5.7%
2004/2006 -8.3% 11.1% 20.0% -9.1% 28.7%
2004/2007 17.6% 26.7% -7.4% -8.6% 36.9%
2004/2008 16.2% 26.4% -5.0% -4.1% 39.0%
2004/2009 31.7% 31.5% 1.7% 4.3% 30.2%
2005/2006 -11.7% 10.1% 14.3% -13.4% 21.8%
2005/2007 -4.3% 9.8% -14.4% -15.8% 29.5%
2005/2008 -5.4% 9.6% -12.2% -11.7% 31.6%
2005/2009 7.2% 14.0% -6.0% -3.9% 23.2%
2006/2007 2.8% 5.3% -4.6% -16.9% 6.4%
2006/2008 1.6% 5.1% -2.1% -12.9% 8.1%
2006/2009 15.2% 9.3% 4.8% -5.2% 1.2%
2007/2008 -1.1% -0.2% 2.6% 4.8% 1.6%
2007/2009 12.0% 3.8% 9.8% 14.1% -4.9%
2008/2009 13.3% 4.0% 4.0% 8.8% -6.4
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Table 17. Mean cross sectional area, bankfulllwidiépth, maximum bankfull depth, and width
to depth ratio for riffle/run-type habitats in Re& of the Therriault Creek Restoration Project
area. The project was constructed in the fallofi222005. The range for annual mean values is
presented in parentheses. The percent changedeywars is also presented. Cross sectional
surveys from 2003 were not stratified by reachalgsis of variance was preformed for each
parameter, and the P value is presented. Multgoeparisons were performed using Tukey’'s
Test. Significant comparisons are indicated Valppha < 0.05).

# Cross Mean Mean Maximum W/D
Runs Sectional Bankfull Bankfull Bankfull Ratio
Area (ft?) Width (ft)  Depth (ft) Depth (ft)
— 13.9 126 11 15 115
2003 (Bxisting) 10 a5505)  (8317.2) (1.0-1.2)  (11-1.8)  (7.4-15.0)
. 145 8.3 1.7 2.2 4.9
2004 (AsBuil) 6 1551966 (7.9-00) (1.321) (1725  (436.1)
2005 . 15.1 8.3 18 2.2 4.6
(11.7-189) (7.5-90) (1.621)  (1.824)  (4350)
2008 ) 14.7 8.4 1.7 2.2 4.9
(105-17.0) (7.9-89) (1.32.0) (1.626)  (4.25.9)
2007 ) 16.3 8.2 2.0 23 4.1
(13.3-19.2) (7.7-88) (1.7-23) (1928  (3.8-4.5)
2008 12.8 8.3 15 2.0 5.4
(10.7-145) (7.89.0) (13-17) (1524)  (4.86.2)
2009 4 13.1 8.6 15 1.9 5.8
(10.3-156) (8.0-95) (L2-1.7)  (1522)  (4.6:6.9)
P-Value 0.384 <0001 <0001 <0.001 <0.001
Percent Change
2003/2004 4.4% 337%*  57.0%*  45.9%* 57,306+
2003/2005 8.6% 33.9%*  63.50%%  45.9%F 59,506
2003/2006 5.7% 33.0%*  57.9%*  48.1%" 57.0%*
2003/2007 17.3%  -35.0%*  80.3%*  57.1%* 63.8%*
2003/2008 8.2% 344%*  30.0%¢  32.4%F 52,90+
2003/2009 5.7% 314%*  37.6%* 28.8% -49.4%*
2004/2005 3.0% 1.1% 5.3% -16.1% 5.2%
2004/2006 -11.8% 9.8% 21.1% -19.4% 0.8%
2004/2007 12.4% 1.7% 14.8% 7.7% 15.2%
2004/2008 12.1% 08%  -10.9% 9.2% 10.3%
2004/2009 9.7% 3.7% 12.4% 11.7% 18.5%
2005/2006 9.1% 86%  -16.7% 3.8% 6.3%
2005/2007 8.6% -1.6% 10.3% 7.7% 10.6%
2005/2008 -15.0% 08%  -14.4% 9.2% 16.3%
2005/2009 -12.8% 3.8% -15.6% 11.7% 24.9%
2006/2007 11.0% 2.9% 14.2% 6.1% -15.9%
2006/2008 13.2% 21%  -11.4% -10.6% 9.4%
2006/2009 -10.1% 2.4% 12.9% 13.1% 17.5%
2007/2008 21.7% 0.9%  -224%*  -15.7% 30.2%
2007/2009 -19.7% 550%  -23.7%*  -18.0% 39.8%
2008/2009 2.7% 4.6% 1.7% 2 8% 7.4%
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Table 18. Mean cross sectional area, bankfulllwidiépth, maximum bankfull depth, and width to
depth ratio for pool-type habitats in Reach 1 efTerriault Creek Restoration Project area. The
project was constructed in the fall of 2004-200%5e range for annual mean values is presented in
parentheses. The percent change between yedss @asented. Cross sectional surveys from
2003 were not stratified by reach. Analysis ofarace was preformed for each parameter, and the P
value is presented. Multiple comparisons weregoeréd using a Tukey Test. Significant
comparisons are indicated via * (alpha < 0.05).

Number Cross Sectional Mean Mean Maximum
Of Area (ft%) Bankfull Bankfull Bankfull
Pools Width (ft) Depth (ft) Depth (ft)
2003 (Existing) 10 18.9 (13.8-27.2) 13.4(7.8-19.5).5 (0.9-1.8) 2.5 (1.9-3.0)
2004 (As Built) 4 13.2 (9.3-16.6) 9.0 (8.0-10.0) 51.2-1.7) 2.2 (1.7-2.8)
2005 4 13.7 (10.7-17.6) 9.9(8.9-11.9) 1.4(1.2-1.92.3(1.9-2.6)
2006 4 12.1(8.7-16.1) 10.0(9.7-10.5) 1.2 (0.8-1.72.0 (1.4-2.5)
2007 4 12.1 (8.5-14.1) 10.0(9.6-10.5) 1.2(0.9-1.42.1(1.7-2.5)
2008 4 12.9 (10.3-14.4) 10.3(9.9-10.8) 1.3 (14-1. 2.2(1.8-2.5)
2009 4 13.4 (9.6-18.1) 10.8(9.9-12.2) 1.2 (0.9-1.5) 2.2 (1.8-2.5)
P-Value 0.007 0.047 0.533 0.338
Percent Change
2003/2004 -30.3% -33.0% -1.0% -11.3%
2003/2005 -27.5% -26.5% -5.6% -8.8%
2003/2006 -35.8%* -25.4% -17.2% -19.4%
2003/2007 -35.8%* -25.4% -19.9% -14.3%
2003/2008 -31.7% -25.0% -13.4% -12.3%
2003/2009 -29.1% -19.7% -15.6% -11.8%
2004/2005 23.2% 15.7% 15.4% 5.6%
2004/2006 14.3% 20.5% 0% 5.6%
2004/2007 -7.9% 11.4% -17.0% -3.4%
2004/2008 -2.1% 12.0% -12.6% -1.1%
2004/2009 1.7% 19.9% -14.8% 0.5%
2005/2006 -7.2% 4.2% -13.3% 0%
2005/2007 -11.3% 1.5% -13.0% -6.1%
2005/2008 -5.8% 2.1% -8.3% -3.9%
2005/2009 -2.1% 9.3% -10.7% -3.3%
2006/2007 0.1% 0% 0.8% 6.3%
2006/2008 6.4% 0.6% 4.5% 8.7%
2006/2009 10.5% 7.7% 2.7% 2.9%
2007/2008 6.3% 0.5% 5.4% 2.4%
2007/2009 10.4% 7.7% 2.7% 2.9%
2008/2009 3.8% 4.3% -2.6% 0.6%
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Table 19. Mean cross sectional area, bankfulllwidiépth, maximum bankfull depth, and width to
depth ratio for pool-type habitats in Reach 2 efTerriault Creek Restoration Project area. The
project was constructed in the fall of 2004-200%6e range for annual mean values is presented in
parentheses. The percent change between yedss @asented. Cross sectional surveys from
2003 were not stratified by reach. Analysis ofarace was preformed for each parameter, and the P
value is presented. Multiple comparisons weregoeréd using a Tukey Test. Significant
comparisons are indicated via * (alpha < 0.05).

Number Cross Sectional Mean Mean Maximum
Of Area (ft%) Bankfull Bankfull Bankfull
Pools Width (ft) Depth (ft) Depth (ft)
2003 (Existing) 10 18.9 (13.8-27.2) 13.4 (7.8-19.59).5 (0.9-1.8) 2.5 (1.9-3.0)
2004 (As Built) 6 16.9 (12.6-21.5) 9.2 (8.7-10.3) .9 1.2-2.4) 3.1 (2.3-3.7)
2005 6 16.4 (11.2-20.7) 9.3(8.2-10.4) 1.8(1.3-2.32.6(1.9-3.2)
2006 6 14.9 (9.8-19.4) 10.1(8.4-12.8) 1.5(0.9-1.82.5(1.8-3.0)
2007 6 18.1 (14.6-23.1) 9.2(8.2-10.9) 2.0(1.6-2.22.7 (2.2-3.1)
2008 6 15.7 (11.9-17.3) 9.9 (8.3-13.0) 1.6 (1.3-1.9) 2.4(2.0-2.8)
2009 4 16.1 (9.8-27.2) 10.3(9.3-11.5) 1.6 (0.9-2.4) 2.2 (1.8-3.7)
P-Value 0.249 0.005 0.045 0.075
Percent Change
2003/2004 -10.4% -31.4%* 26.1% 23.0%
2003/2005 -14.4% -30.9%* 19.3% 6.2%
2003/2006 -21.1% -24.8% 1.7% 2.2
2003/2007 -3.9% -31.3%* 34.1% 8.2%
2003/2008 -16.8% -26.3% 9.7 -1.5%
2003/2009 -14.8% -23.5% 6.9% -9.8%
2004/2005 4.1% 0% 5.9% 0%
2004/2006 1.4% 1.2% 0.0% 0%
2004/2007 7.0% 0.2% 6.3% -12.0%
2004/2008 -7.3% 7.4% -13.0% -19.9%
2004/2009 -5.1% 11.6% -15.3% -26.6%
2005/2006 -2.6% 1.2% -5.6% 0%
2005/2007 12.2% 0.5% 12.4% 11.9%
2005/2008 -2.8% 6.7% -8.0% -7.3%
2005/2009 -0.5% 10.8% -10.4% -15.0%
2006/2007 21.8% -8.6% 31.8% 5.9%
2006/2008 5.5% -2.0% 7.9% -3.6%
2006/2009 8.1% 1.8% 5.1% -11.7%
2007/2008 -13.4% 7.2% -18.1% -9.0%
2007/2009 -11.3% 11.3% -20.3% -16.6%
2008/2009 2.4% 3.9% -2.6% -8.4%
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Deep Creek Irrigation Fish Screen Project

Deep Creek is third order 17.7 km long tributargttenters the Tobacco River at
Rkm 32.8, draining approximately 48 kf the Whitefish Mountains. The largest
irrigation diversion on Deep Creek is located agpmately 1.7 miles upstream from the
confluence (Figure 7). Deep Creek provides hahitatvestslope cutthroat trout resident
bull trout and non-native brook and rainbow trdautt bull trout and westslope cutthroat
trout are the primary species upstream of theatiog diversion, which diverts a
maximum of approximately 4 cubic feet per second/ater from Deep Creek. This
system prior to replacement did not have a funefiish screen and represented the
largest single loss of fish due to entrainment iwithe drainage.

Montana FWP worked with the landowner to devel@pst share project to
upgrade the existing system in order to improve ed®peration, eliminate fish
entrainment and decrease maintenance at the galitession. The system was
designed by the Montana FWP Libby staff and watailesl in the spring of 2010. The
system was designed by the Montana FWP Libby stadfjufactured by Roscoe Steel
Company, and was installed in the spring of 20IBe original system consisted of a
concrete diversion structure, headgate, approxign@@® feet of 18” corrugated metal
pipe (CMP) and 1.5 miles of open ditch. This pcojestalled a new trash rack in front
of the existing headgate (Figure 8), removed 26d€existing 18 inch diameter CMP
(approximately 70 feet from the headgate), andhllest the prefabricated fish screen and
16 feet of new 18 inch diameter CMP. The fish enrstructure consisted of a 4-foot
diameter turbulent fountain fish screen with a Z8mper inch screen size, and was
buried at ground level (Figure 9). A 12-inch diaendish return line routed screened fish
back into Deep Creek approximately 40 feet awamnftbe screen structure. The screen
was also fitted with a hinged cover for safety msgs. The new screen and associated
system prevents fish entrainment and requiresnhesstenance.
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Figure 7. Location of the Deep Creek IrrigatiostF5creen Project.
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Figure 8. A photograph of the existing diversitnusture, headgate on Deep Creek. The
trash rack was installed as part of this project.
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sh
Bypass Pipe
back to Deep Creek

Figure 9. Photographs of the Deep Creek irrigafigmscreen. The top photo describes
the intake, fish bypass, and conveyance pipestentihged cover. The bottom photo
shows the screen in operation at the exact momeuttlaroat trout passed over the

screen.
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Boulder Lake and Creek Fish Removal Project

Upper and Lower Boulder lakes are located appratehg 15 miles southwest of
Eureka, Montana, and are accessed from the BoGldmk Road (Forest Service #337).
Upper Boulder Lake has surface area of 6.9 acr@sanaximum depth of approximately
10 feet, and Lower Boulder Lake has a surface @iré20 acres and a maximum depth of
approximately 13 feet. Boulder Creek begins atoidet of Lower Boulder Lake and
flows approximately 8 miles across public land ($$Before flowing into Lake
Koocanusa (Figure 10). The Boulder Creek watersvesllikely historically fishless due
primarily to the presence of a natural falls bareeated approximately 1.7 miles
upstream from the Forest Development Road (USF$I R&28; Figure 11). Montana
FWP stocked Upper Boulder Lake in 1953 with an sigleated strain of cutthroat trout,
and Lower Boulder Lake was stocked the followingryeith a similar group of fish.
Boulder Creek was stocked with rainbow trout in494d once with an undesignated
strain of cutthroat trout in 1946. Upper Bouldakk is currently fishless prior to the
proposed fish removal project, and therefore didrequire rotenone treatment. Montana
FWP does not propose stocking the upper lake wotlt as part of this project. Limited
water and steep gradient prevent fish in the Idalez from migrating into the upper lake.

Prior to this project, the fish residing in Bouldéreek and Lower Boulder Lake are a
hybridized population with individuals containingaracteristics from Yellowstone,
westslope cutthroat and rainbow trout ancestrylatikely few anglers fish Lower
Boulder Lake and Boulder Creek each year. MFWRIgots annual statewide fishing
pressure estimates, and a review of these estimiates 1993 found that Lower Boulder
Lake appeared only in 2007, with an estimated 3jfesays per year. Boulder Creek
was not listed in any of the statewide fishingrasties searched.

The objectives of this project were to expanddineent distribution within the
historic range of westslope cutthroat trout in Ku®tenai River Subbasin while
continuing to provide angling opportunity withiretBoulder Creek watershed. The
goals of this project were to remove all fish residn lower Boulder Lake and Boulder
Creek from the lake outlet downstream to the exgstiatural barrier falls located
approximately 1.2 miles upstream from KoocanusaRed#. Historically, westslope
cutthroat trout were likely the dominant salmorpecies in the Montana portion of the
Kootenai River Subbasin upstream of the preseiattilmc of Libby Dam. Prior to this
project, genetically pure populations only existethe headwater regions of Dodge,
Young and Grave creeks.

Montana FWP began implementation of the fish remhpwoject on September 1,
2009 with the treatment of Lower Boulder Lake. ®idifted a 12-foot long aluminum
boat, motor, piscicide and dispersal equipmenttindéolake using a helicopter operated
by a Montana FWP pilot (Figure 12). We distribui€d5 gallons of CFT-Legumine, a
commercial formulation that contains 5% rotenonéasactive ingredient, to Lower
Boulder Lake using a venturi pump system from tlmtamboat to achieve 1 part per
million (ppm) concentration within the lake (Figut2). We used a continuous drip
device (drip station; Figure 13) to deliver thesraine formulation to the inlet stream,
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and we placed a 400 g packet of powdered rotenotieiinlet stream to prevent fish
from seeking refuge in this area.

We began treating Boulder Creek on September@ B8ing a combination of
eight drip stations and backpack sprayers to aehaetarget concentration of 1 ppm. We
also placed packets containing powdered rotenotieedbllowing locations; 2 in the
North Fork of Boulder Creek, 2 in the inlet of bdelt Lake, 1 at the outlet of Boulder
Lake, 1 in the mainstem of Boulder Creek aboveotsluence with the North Fork, 2 in
the North Fork of Boulder Creek and 2 in Fan Craké&ve its confluence with Boulder
Creek in order to prevent fish from seeking refingthese areas. Treatment of Boulder
Lake was completed early in the day on Septemb20@). We used caged cutthroat
trout to measure the toxicity of the water in takd and creek to ensure the objectives
were met.

There are three ways in which rotenone can bexdiett; natural oxidation,
dilution by freshwater and introduction of a neliliag agent such as potassium
permanganate. We would relied on natural detoxiboafor the lake and used potassium
permanganate to detoxify Boulder Creek prior nitering Koocanusa Reservoir. We
installed a detoxification station approximatel§ tiles upstream from Koocanusa
Reservoir. The system consisted of a 3,000 galiater reservoir provided and filled by
the USFS, an electric powered auger to meter thespimm permanganate, a gasoline
powered generator, and several hundred feet aflidrameter poly-pipe used to gravity
feed the aqueous solution of permanganate to #ek¢Figure 14). We operated the
station from 10:00 on 9/2/09 until 17:00 on 9/3/@8livering a total of 19.8 kilograms of
potassium permanganateBoulder Creek. Concentrations of potassium paganate
ranged from 1.5 ppm to 2.5 ppm in Boulder Creek misiveam of the detoxification site.
We also used caged cutthroat trout directly abowkleelow the detoxification station to
determine if active rotenone had reached the sleg@ensure that all rotenone was
neutralized, respectively. However, we determifnech the health of the caged fish that
detoxification efforts were totally precautionarydethat no active rotenone had reached
this site.

During the planning phase of this project, wea@péted that a single application
of rotenone may not kill all the fish within thegpect area due to the multiple small
tributaries and hiding refugia present within thatevshed. However, effectiveness
monitoring in June 2010 that included electrofighim the creek and gillnetting in the
lake, indicated that the single application achikaecomplete removal of all fish within
the project area. Libby Mitigation project staslsssted MFWP hatchery personnel
restock the lake and creek with westslope cutthroat fry in July 2010. Stocking will
continue for at least two to three additional yeahge will continue to monitor and
evaluate growth and relative survival of the hatglwver the next several years. This
project expanded the distribution of geneticallygowestslope cutthroat trout in the
Montana portion of the Kootenai watershed upstreainbby Dam by approximately
twenty percent. However, it will probably be salgrears until the stocked hatchery
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cutthroat trout fry become large enough to suppatiible recreational fishery in both the
lake and the creek.
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Figure 10. Location of the Lower Boulder Lake &uallder Creek Restoration project
area, located approximately 15 miles southwestuoéka, Montana.
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Figure 11. A photograph of the natural barrielsfah Boulder Creek located
approximately 1.1 miles upstream from KoocanuseeRed .
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Figure 12. The photograph on the left shows thatsita FWP helicopter used to transport the equipmemLower Boulder Lake.
The photograph on the right was taken during tiptiegtion of rotenone to Lower Boulder Lake usingeature pump system
(smaller photograph insert).
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Figure 13. Photograph of a drip station used tvelethe liquid rotenone formulation to
the inlet stream to Lower Boulder Lake. Similapamtus were used on Boulder Creek.
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Figure 14. Photographs of the detoxification etatised on Boulder Creek located approximatelyrilds upstream from
Koocanusa Reservoir. The upper left photo shoeswdter reservoir used to store water used fowtter delivery system. The
upper right photograph shows the inside of thetetepowered auger that metered the potassium pegamate into the water delivery
system. The lower two photos shows the delivesyesy used to gravity feed the aqueous solutiohdateek.
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Discussion

Within this report, we presented physical monitgrirom eight stream restoration
projects on four separate streams ranging fromtimuaine years after completion.
Restoration techniques were generally similar betwgrojects, consisting primarily of
stream channel reconstruction with the use of langk, woody debris and bioengineered
structures to stabilize previously unstable stréamks and create pool-type habitats.
Each of the three streams had generally similatremam channel type (Rosgen 1996),
with the exception of Therriault Creek. Theseastne did however differ in discharge
capacity.

These restoration projects unequivocally changegé#itern, profile and
dimension of the stream within the project areahthin the riffle habitats several
conditions were generally evident for each restongbroject. We were generally able to
show a significant increase in mean bankfull degtti a decrease in stream bankfull
width, and change in channel dimensions were génégas than 10% annually. Pool-
type habitats generally changed more so than htilaitats after construction. All the
restoration projects presented within this docundemionstrated substantial increases in
the quantity, depth and spacing of pools withinghgect areas. Total pool numbers and
total pool area and volume increased by severdlftwlall projects after construction.
However, we have observed a slight annual loseeotdtal number of pools, and mean
pool depth through time up to three years aftestaction, but despite these reductions,
pool depth, quantity and quality still exceededdibans that existed prior to project
construction.

The stream restoration activities that we have tallen as part of the Libby
Mitigation Project differ fundamentally from thosgically reported in the literature.
Most of the stream restoration activities that céhreport either the successes (Binns
1994; Binns and Remmick 1994; Burgess and Bide®1B8nt 1976; House and Boehne
1986) or failures (Frissell and Nawa 1992; Pattersteal. 1998; Hamilton 1989)
typically implemented what we would consider hatéahancement activities rather than
stream channel reconstruction as was the casecaft of the projects we completed.
Frissell and Nawa (1992) and Pattenden et al. (18@&ed that the risk of failure of
stream restoration activities is highest in streantis recent watershed disturbance, high
instream sediment budgets, and unstable streanmelsanlt seems ironic however, that
many of the stream systems that fit within thessratterizations are those most
important to fisheries populations and in the nmestd of restoration. Grave, Libby,
Young and Therriault creeks are good examplesreésts that fit both sets of
circumstances. Frissell and Nawa (1992) and Rigtest al. (1998) also noted that when
failure or impairment occurred in stream restorapoojects, it generally was a result of
watershed driven aspects of stream channel dynaatiosr than internal structural
failures, and that rain on snow events producecesointhe highest incidences of
structure failure. In fact, when such failuresw¢cone may argue that the restoration
efforts were likely focused at an inappropriatdeca
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In order for the stream restoration projects we gleted to be successful over the
long term, the changes to the quantity and quafithe habitat will need to be sustained
through time. All of the restoration projects dissed in this report have sustained the
changes through time, with almost every metricaijitat quantity and quality remaining
substantially higher several years after theseeptejwere completed. However, the work
we performed relies on the physical structures amtain streambank stability through
time, but we acknowledge these structures havaitelil life expectancy, and that
riparian vegetation will ultimately be the glue thalds these projects together in the
long-term. The monitoring data for the revegetagdéforts on Therraiult Creek (see
above), and Grave Creek (Geum Environmental Cangu2009) indicate these efforts
are succeeding at reestablishing a healthy ripaeammunity. Therefore, many of our
recent efforts have been to promote recovery dtlineaparian areas associated with our
restoration projects, as is case with the Therendl Grave Creek projects. We believe
these efforts will provide long-term benefits and are committed to continuing this
important work. However, this commitment is an@xgive and long-term process due
to adaptive management strategies employed anmeltdtesely long length time it takes
for vegetation to mature.

The number of cases reported in the literature gegeam restoration work has
increased fish abundance at the population leveladively small and somewhat dated
relative to the overall effort expended to imprdigheries habitat (Frissell and Nawa
1992; Roper et al. 1997). Habitat enhancemenblas shown to increase the
abundance of resident salmonids in streams (BifA4;1Binns and Remmick 1994,

Hunt 1976; Saunders and Smith 1962; House and BoEd®6). Many restoration
efforts do not monitor the fish population respottsthe habitat manipulations. This
project does monitor fish populations (see Chapltebut the results are sometimes
contradictory and generalizations between projeatisficult. For example, we were
able to demonstrate an increase in the abundanegnbbw trout at the Libby Creek
Demonstration Project, but similar trends on threetprojects within the upper Libby
Creek watershed have shown an opposite trend (s&et€ 1). The Therriault Creek
Restoration Project monitoring results were ambigudepending upon the method used
to assess changes in abundance within the proggtaad which control section these
results were compared to. The Young Creek Restor&roject increased the abundance
of brook trout, but westslope cutthroat trout akamzk decreased. In this situation, it
seems likely that ecological interactions betwédenttvo species are confounding the
results of the improved habitat conditions. Mamyesstigators (Hunt 1976; Binns 1994;
Binns and Remmick 1994) argue that several yeara@eded for fish populations to
fully respond to habitat enhancement. Binns anthiRiek (1994) lobby for a minimum
of several years of pretreatment data be colleateldat least 4-8 years post treatment
data collection is necessary for a valid evaluatibfish populations to habitat restoration
work. The life histories of the fish species ibtimg these streams dictates that they will
not sexually mature until age 3-5, and in the addmull trout, the age at maturity is as
long as 5-8 years. We attribute the lack of fispmnse to the limited time since the
restoration work was completed. Given these radftilong life cycles and the high
disturbance regimes of many of the streams whereg$toration work was completed, it
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seems likely that recovery will be a lengthy prace¥/e are however confident that the
physical changes to the habitat will translate netal and substantial increases at the local
population level, but that these changes may tak®yrgears to realize. We feel our
monitoring components associated with the Libbyiddition stream restoration projects
will be adequate to detect these changes throogh ti
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Chapter 3

Investigations of Angler Catch and Harvest of FistBelow Libby Dam
Abstract

Montana FWP designed and implemented a creel gtovestimate fishing effort,
catch and harvest of trout in the Kootenai Rivewdstream of Libby Dam during the
2009/2010 fishing season which included the pedimae 1, 2009 to March 31, 2010.
This creel survey targeted the rainbow and bullttfishery, and was conducted during
the night and crepuscular hours. We conductececaimgerviews to estimate angling
success, and we conducted visual counts of boabamklanglers to estimate fishing
effort (pressure). Visual counts were conductedlibipy Dam operators (US Army
Corps of Engineers) and Montana FWP visual couatdamuring angler interview
surveys. We also supplemented catch and harvesiation for boat anglers using
angler log books from seven volunteer anglersftieguently fished at this location. The
majority of the fishing effort was concentrated meidby Dam downstream to David
Thompson Bridge, followed in decreasing order lgyEinedge Cut Area, the Dunn Creek
boat ramp area, and the Alexander Creek Campgrargad The most common type of
terminal gear used by bank anglers were luresgvi@t in descending order by bait,
combination bait and lure, and artificial fly. Tiast majority of the bank anglers were
residents of Lincoln County. Bank angler effafteted by month, with the highest
effort occurring in July, and the lowest effort aoeng during November. The total
effort for the season was 4,079 hours (1,467 tri@@nk angler catch rates of rainbow
trout > 24 inches were low, averaging only 0.0@h/our (151 hours/fish). Harvest
rates of rainbow trout > 24 inches were similacatch rates, indicating most fish angled
in this size class by bank angler were harvesBathk angler bull trout catch rates were
relatively high, and averaged 0.045 bull trout/h(@# hours/fish). We estimated that
bank anglers caught a total of 27 rainbow trout r2thes and 185 bull trout during the
season. Boat angler effort was substantially laan bank effort, but generally showed
a similar pattern. Boat effort was lowest fronpeenber through December, but
increased to the highest effort in January to ticead the season in March. Total boat
effort for the season was 262 boat hours (411 &ogler hours), which represented 74
boat trips. Boat angler catch rates of rainbowttro24 inches averaged 0.020 fish per
boat hour (77 hours/fish). The estimated totatltaind harvest for the season of rainbow
trout > 24 inches was relatively low (5 and 3 fiskgpectively). Bull trout catch rate for
boats averaged 0.151 fish per boat hour (11 hash¥/f We estimated boats angler
caught 39 bull trout during the season.
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Methods
Data Collection

Montana FWP manages the Libby Dam tailrace sectidhe Kootenai River for trophy
rainbow trout. The current Montana State recomtb@wv trout (33.1 pounds) was captured
below Libby Dam in August 1997, and is especialpwn to produce trophy class rainbow
trout. The current fishing regulations on the k@i River from Libby Dam downstream to the
Fisher River confluence (3.5 miles) allow angliregeeen June 1 to March 31, harvest of four
combined trout including 3 under 13 inches and dr@4 inches. The limit applies to both the
daily and possession limits. Intentional anglingtttargets bull trout is not allowed. Montana
FWP designed and implemented a creel survey tmatdifishing effort, catch and harvest of
trout in the Kootenai River downstream of Libby Ddoring the 2009/2010 fishing season
which included the period between June 1, 2009 aoci 31, 2010.

Anecdotal information suggested that the majoritthe angling pressure occurred during
the nighttime hours for this unique fishery, preabhy because catch rates were highest during
the nighttime. Therefore, we limited our investigas to one half hour before sunset and one
half hour after sunrise. Montana FWP collaboratetl the US Army Corps of Engineers that
operate Libby Dam to conduct angler counts in otd@stimate fishing effort (pressure). Libby
Dam operators used a HurleylR Model MRTVI Forwambking Infrared (FLIR) camera with
36X zoom capability mounted on top of Libby Danctaunt boat and bank anglers within
randomly selected time blocks. From June througbenber, counts were conducted nightly
from one of two randomly selected time blocks tlate approximately evenly distributed
between one half and hour before sunset to 0140€econd count was conducted during seven
randomly selected days of each month from onerettrandomly selected time blocks from
01:00 to one half and hour after sunrise. Duriaghecount Libby Dam operators recorded the
number bank anglers and the number of boats olseee FLIR camera was capable of
performing counts from Libby Dam downstream to Adeger Creek (1.2 miles). Montana FWP
also conducted interviews to estimate succesgsaeebelow), during which time we also
conducted ten counts from randomly selected dagiagithe period one half hour before sunset
to 01:00 and three randomly determined counts womof the seven periods between 01:00 and
one half hour after sunrise. However, in earlyu2em 2010, the FLIR function on the camera
malfunctioned, which required us to modify our séingpprotocol to compensate for this
malfunction. From January to March 31, 2010, ti@&%& was only able to use the camera
during the daylight hours to conduct two daily ctsuof boat and bank anglers below Libby
Dam. The first count was conducted between davamé&half hour after dawn, and the second
count was conducted between one half hour beforsesio sunset. Montana FWP increased
our interview and count schedule to include dailgveys from one of two randomly selected
time blocks that were approximately evenly distt@albetween one half and hour before sunset
to 01:00, during which time angler counts and witws were conducted.

Montana FWP personnel conducted interviews to edérangling success according to

the schedule described above, during which we daowehicle along the Kootenai River
including known access points within the study acel@ok for anglers and boats. We attempted
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to interview each angler and recorded the numbangfers and boats that we were not able to
interview. For each angler interviewed we collddiee following information: location of the
interview, boat or shore angler, residence (clesbés Lincoln County, Montana, or non-
resident), trip status (complete or incompleteetithe angler began, the time the angler quit
angling or the time which the interview was coneédgctthe type of gear used (classified as lure,
bait, fly, or combination), and the number of festught and harvested. Catch and harvest
information was broken down by species (rainbowttroutthroat trout, bull trout, and other
species) according to the following size clasgeainbow and cutthroat trout were each divided
into: less than 13 inches, 13-18 inches, 18-2haa@and greater than 24 inches. Bull trout were
divided into: less than 13 inches, 13-24 inched, greater than 24 inches. We collected a scale
and tissue sample (fin clip) from each harvestatbaw trout greater than 24 inches to be used
for aging and genetic analysis, respectively. mgla interview data form used for this study is
included in Appendix Exhibit A. In an effort tofgplement the interview data for boat anglers,
Montana FWP also recruited the help of seven bogless that volunteered to record similar
information that we collected from interviews irglbooks that we provided to them.

Data Analyses

We estimated boat and bank angler fishing effemfthe count data according to the
methods presented by Sigler and Sigler (1984).ciSgally, we estimated fishing effort for each
month using the following formula.

F =h x X,

Where F, =fishing effort in hours for thé"imonth, h. =the number of possible fishing

hours for the month, anX, =the mean number of anglers per count for that movitle

estimated the number of angler trips for fRenonth by dividing Fby the mean duration (hours)
of completed angler interviews (see below). Theavee (VAR) of F, was calculated from the

following formula.

VAR (F)=h*xVARX;)
WhereVAR X, ) =the sample variance divided by n (number of angbents in the"t month).
Total fishing effort (F) is estimated fromz F. , and the variance ofks calculated from the

following formula.
VAR (F1)= VAR F; + VAR R+ ....... VAR K
Wherek is the number of groups. The standard error (BH)e total fishing effort is calculated

from the following formula.
SEF;) = VARF;)

The 95% confidence intervals (C.l.) for estimatEBshing effort were calculated using the
following formula.
95%C.1. = F; £t ,_g0s5,) % SHF;)

Wheret is the student t-score withdegrees of freedom equal tq i, + ....nc — k.

We estimated the rate of angler catch and harvegbMm the interview data for each
interview conducted as catch or harvest (respdgjidevided by effort (hours) for each size class
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and species of fish. We limited this analysisityahose interviews with a minimum effort of
half an hour. We evaluated differences in meanthipn using the Generalized Linear Model
(GLM) in SAS statistical software, which is analogdo an analysis of variance. However, the
GLM allows investigators to specify the type oftdlsution. We specified the Poisson
distribution, since has a high frequency of zero values and doesardbon to a normal
distribution. We pooled monthly estimates @hat did not differ significantly in order to

increase sample size. We estimated the varianceshg the following formula.
2

VARF) = SF

Wheres’ is equal to the sample variancerofindn is equal to the number of observations.
We estimated catch and harvdd) for each species and size class using the fatigdormula.
H=rxF
WhereF =the rate of success for tHermonth, and; = fishing effort in hours for thé"imonth.

The variance oH was estimated with the following formula.
VARH) =72 xVARF ) + F* xVART,)
The standard error of H isSHH) = vH and was used to calculate the 95% C.IHarsing the

following formula.
95%C.I.=H %t g4, X SEH)

Wheret is the student t-score withdegrees of freedom equal tq i, + ....nc — k.
Results

Montana FWP personnel conducted 151 interview ssrfrem June 1, 2009 to March
31, 2010, of which 93 surveys (61.6%) at leastamgler interview was conducted. We
completed a total of 422 angler interviews for $kason with effort of at least one half hour, for
an overall mean number of interviews per survey.8finterviews/survey. The mean number of
interviews per survey when anglers were presengaridterview was conducted was 4.5
anglers/survey. We also completed 58 surveys #38Bid which anglers were not present or
unable to be interviewed.

The average duration of a completed bank anglemtas 2.8 hours. The average time
interviewed bank anglers started angling variednioyth (Table 1), was influenced by time of
sunset (and therefore interview schedules), anchged 19:00 throughout the study. The
majority of the fishing effort was concentrated meidby Dam (from Libby Dam downstream to
David Thompson Bridge; 76.1%), followed in decraegsorder by the Dredge Cut Area (13.3%),
the Dunn Creek boat ramp area (6.9%), and the AldxaCreek Campground Area (3.7%). The
most common type of terminal gear used by bankeasglere lures (52.5%), followed in
descending order by bait (37.9%), combination &ad lure (8.7%), and artificial fly (1.0%).

The vast majority of the bank anglers were ressleftincoln County (72.4%), followed by
non-resident anglers (17.0%), and lastly Montasalents other than Lincoln County (10.6%).
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Table 1. Average monthly bank angler start timesfinterviews conducted one half
hour before sunset to one half hour after sunrise.

Month
Overall
6 7 8 9 10 11 12 1 2 3Average
Mean
Angler 7:55 7:14 8:18 8:26 9:30 5:30 2:30 5:52 6:23 6:58 7:00 PM

Start PM PM PM PM PM PM PM PM PM PM
Time

Bank angler effort differed by month (Figure 1)tlwihe highest effort occurring in July
(851 hours or 306 trips), and the lowest effortusdag during November (32 hours or 11 trips).
The total effort for the season was 4,079 hou#6(@ trips). The 95% C.Is were 4,713-3,446
hours and 1,695-1,240 trips, respectively.
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Figure 1. Estimated total monthly bank angler ffoours and angler trips) in the Kootenai
River Libby Dam tailrace between June 2009 and M&2@10. The total monthly value is
labeled above each bar, and the whisker bars er65% confidence intervals.

We found little evidence that catch or harvestgébe bank anglers varied by month (p >
0.05), so we pooled catch and harvest rates aatos®nths of the survey for each species and
size class of interest. We also were unable teatisignificant differences (p > 0.05) of catch or
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harvest rates between complete and incompletéyfrgs for any species or size class of fish, so
we pooled trip types. We estimated catch ratéémk angler for rainbow trout <13 inches to be
0.044 fish/hour (95% C.I. = 0.011-0.077 fish/hourarvest rates was substantially lower than
catch rates averaging only 0.006 fish per hour (@€5%= 0.002-0.011 fish/hour; Table 2). The
overall mean catch and harvest rates yielded etsd 182 (95% C.I. = 44-319) and 23 (11-47)
rainbow trout caught and harvested, respectivedypld@ 2). Catch rates for rainbow trout 13-18
inches were slightly lower, averaging 0.039 fisluth(®5% C.I. = 0.018-0.059 fish/hour). We
did interview two anglers that illegally harvestathbow trout within this size class, which
enabled us to estimate an average harvest ratdsgaize class of fish of 0.001 fish/hour. The
total catch and harvest estimates for the seasom 18 and 5 fish, respectively (Table 2).
Catch rates for rainbow trout 18-24 inches averdped8 fish/hour for bank anglers (95% C.I. =
0.008-0.029), which equated to a total catch ofistb(Table 2). We did not observe any illegal
harvest of rainbow trout within the 18-24 inch sizass. Catch rates of rainbow trout > 24
inches were low, averaging only 0.007 fish/houg96.1. = 0.004-0.012 fish/hour; Table 2).
Harvest rates of rainbow trout > 24 inches weralamo catch rates (0.006 fish/hour; Table 2),
indicating most fish angled in this size class bylangler were harvested. Bull trout catch
rates were relatively high, and averaged 0.045thbadit/hour (95% C.I. = 0.027-0.064 fish/hour).
We did observe an angler illegally harvest twd bolut during this survey, which enabled us to
estimate harvest rate for protected bull troutrvdst rate of bull trout averaged 0.003 fish/hour
of effort (95% C.l. = 0.0005-0.0101; Table 2). dlatnnual catch was estimated to be 185 bull
trout (95% C.I. = 104-266), and the harvest esemeds 14 fish (95% C.I. = 2-43; Table 2). We
also estimated catch and harvest for total (conthitreut. Catch rates averaged 0.154 fish/hour
(95% C.1. = 0.103-0.204). Overall total trout hestrates were approximately an order of
magnitude lower than catch rates, and average® @i€i/hour (95% C.I. = 0.005-0.021). Total
catch for the season was 626 total trout (95%=C400-853), and total harvest for the season
was 52 fish (95% C.I. = 21-87; Table 2).

We were unable to detect significant differencesatth or harvest rates between bank
angler gear types (p > 0.05). However, severabSavere apparent. Bank anglers using a
combination of bait and lures had the highest cedtds for rainbow trout < 13 inches, averaging
0.079 fish/hour (95% C.I. = 0.046-0.112; TablelR®)t the sample size was limited (n=35). Bait
anglers had the second highest catch rates of @isl8Rour (95% C.I1. = 0.002-0.121; Table 3).
Bank anglers using lures had approximately halfctiteh rates of those using bait or
combination bait/lures, with average catch rateskag 0.035 fish/hour (95% C.I. = 0-0.082;
Table 3). These trends were reversed for largar fBank anglers using lures had slightly higher
catch rates of rainbow trout 13-18 inches and 182Hes than did anglers using bait (Table 3).

Lure anglers were the only group we intervieweat ttaptured rainbow trout > 24 inches, and
anglers that captured bull trout using lures hgatr@pamately three fold higher catch rates than
those anglers using bait or combination bait/ITUi@b{e 3). We only interviewed four anglers
during the survey using flies, and none capturedfiah.

We did not present catch or harvest data for codittirout because cutthroat trout

constituted only 1.7% of the total catch for bank &oat anglers combined. Rainbow trout
constituted the majority (65.1%) of the catch ant tsout constituted 33.2% of the catch.
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Table 2. Estimated bank angler catch and haragss (fish/hour and hour/fish) for rainbow (RBT)JIland total trout (rainbow,
cutthroat, and bull trout) in the Kootenai Rivesrfr Libby Dam downstream to the Fisher River. 9%#tfidence intervals are
presented in parentheses.

Species and Size Class

RBT < 13" RBT 13-18” RBT 18-24”  RBT > 24" Bull But Total Trout
Mean Catch Rate 0.044 0.039 0.018 0.007 0.045 0.154
(fish/hour) (0.011-0.077) (0.018-0.059) (0.008-  (0.004-0.01%)  (0.027-0.064) (0.103-
0.029) 0.204)
Mean Catch Rate 22 26 54 151 22 7
(hoursf/fish) (13-86) (17-55) (34-133) (82-272)1 (16-37) (5-10)
Mean Harvest Rate 0.006 0.001 0 0.006 0.003 0.013
(fish/hour) (0.002-0.011)  (0.0005-0.0.003) (0.004-0.011) (0.0005-0.0101) (0.00)513-2
0.021)
Mean Harvest Rate 180 158 0 169 291 78
(hours/fish) (87-371} (70-245}* (88-272} (95-2040) (48-194%2
Total Catch 182 158 75 27 185 626
(44-319) (70-245) (29-121) (15-50) (104-266) (400-853)
Total Harvest 23 52 0 24 14 52
(11-47Y (2-14)-2 (15-46Y (2-43) (21-87)2

Lower bound of 95% confidence interval set at thevkn minimum values from interviews conducted.
%Includes illegal harvest.

207



Table 3. Estimated bank angler catch rates (fhjfor rainbow (RBT), and bull trout in the Koate River from Libby Dam
downstream to the Fisher River for different ggpes. 95% confidence intervals are presentedrengizeses.

Species and Size Class

Sample RBT < 13" RBT 13-18" RBT 18-24" RBT > 24" Bull Tra
Size

Bait Mean 153 0.062 0.036 0.012 0 0.033
Catch Rate (0.002-0.121) (0.011-0.061 (0.001-0.023) (0.004-0.061)
Lure Mean 212 0.035 0.043 0.026 0.011 0.092
Catch Rate (0-0.082) (0.006-0.080) (0.005-0.046) (0.0002-0.022) (0.019-0.164)
Combined 35 0.079 0.049 0 0 0.025
Mean Catch (0.046-0.112) (0.022-0.076) (0.012-0.037)
Rate
Fly Mean 4 0 0 0 0 0
Catch Rate
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Boat effort was substantially lower than bank gffout generally showed a similar
pattern. Boat effort was lowest from Septembsyugh December, but increased to the highest
effort in January to the end of the season in Méifegure 2). January had the highest total
estimated boat effort (75 hours). Total efforttioe season was 262 hours (95% confidence
interval = 176 — 384 hours). The average duratfosm completed boat angler trip was 3.53
hours. We estimated a season total of 74 boat (85% confidence interval = 50 — 98 total
trips). We did not test for significant differersca boat effort between months due the relatively
low sample sizes. The average number of anglersqag was 1.57 anglers and ranged from 1-3
anglers. When we adjusted total season boat éffatte mean number of anglers per boat, we
estimated that there were approximately 411 bogleamours (95% confidence interval = 276 —
603 boat angler hours) for the total season.
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Figure 2. Estimated total monthly boat effort (reoand angler trips) in the Kootenai River
Libby Dam tailrace between June 2009 and March 201 total monthly value is labeled
above each bar, and the whisker bars represenc8ifdence intervals.

We conducted a total of 16 boat angler interviemsich comprised only 4% of the total
interviews for this study. During the creel intew, FWP personnel collected information
separately from individual anglers within a bokfowever, the boat angler volunteers recorded
information for each respective boat trip. Therefave pooled effort, catch and harvest
information for all boat anglers at the boat lev@Inly two of the seven boat angler volunteers
returns creel logs books. The two volunteers glediinformation from 39 boat trips (creel
entries), which we combined with the boat intenseaw estimate catch and harvest rates for all
boat anglers. From the combined creel log bookisiaterviews, we estimated the average
number of anglers per boat to be 1.57 (range 1g&enper boat). Lures were the most popular
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gear type used by boat anglers, constituting 94r6% the interviews and creel log books. Flies
and bait were used by 2.7% (each) of all boat asglé/e did not estimate catch or harvest for
different gear types since the majority of the kmailers used lures, and the sample size was
small

Due to the fact that we were unable to determatehcper unit of effort on an individual
angler basis for the volunteer creel log book aisghe were unable to estimate variance
associated with catch and harvest rates of bod¢@mgwWe did not compare catch or harvest
rates on a monthly basis due to the limited samsigle. We estimated mean catch rate of
rainbow trout < 13 inches to be 0.120 fish per ltmatr (95% confidence interval = 0.045-0.196;
Table 4), and 0.076 fish per hour per boat an@lable 5). Total estimated catch of rainbow
trout > 13 inches for the ten month season wassB295% confidence interval 10-53 fish;
Table 4). Mean overall harvest rate of rainbowtro 13 inches was an order of magnitude
lower than catch rates, averaging only 0.012 feshijmat hour (95% confidence interval = 0.001-
0.364; Table 4), and 0.008 fish per boat anglebl@ ). Estimated harvest was low (4 fish;
Table 4). Catch rates of rainbow trout 13-18 irsctvas similar to the smaller size class (< 13
inches), averaging 0.110 fish per boat hour (95%6idence interval = 0.066-0.176; Table 4),
and 0.070 fish per angler hour (Table 5). Thelcadte for rainbow trout 18-24 inches was
substantially lower and averaged 0.038 fish pet hoar (95% confidence interval = 0.007-
0.069; Table 4), and 0.024 fish per angler houbl@#&). We did not observe any illegal harvest
of rainbow trout within the protected size slot{28inches). Catch rates of rainbow trout > 24
inches were variable, and averaged 0.020 fish patr loour (95% confidence interval = 0.001-
0.045; Table 4) and 0.013 fish per boat angler lidable 5). We interviewed only one angler
that harvested a rainbow trout > 24 inches, ane rdrthe volunteer creel log boat owners
harvested a rainbow trout > 24 inches. The es#éichadtal catch for the season of rainbow trout
> 24 inches was relatively low (5 fish), with 95%néidence interval ranging from 3 — 12 fish
(Table 4). We estimated harvest rate of rainb@urtte 24 inches to be half that of catch rates
for boat anglers, averaging 0.010 fish per boat @b% confidence interval = 0.001-0.031;
Table 4), and 0.006 fish per boat angler hour (@&)! We estimated total season harvest of
rainbow trout > 24 inches to be only 3 fish (95%ftadence interval = 2-8; Table 4). Bull trout
catch rate for boats were similar to the boat cedtds of small (13-18 inch rainbow trout), and
averaged 0.151 fish per boat hour (95% confidenmtzgval 0.080-0.221; Table 4) and 0.096 fish
per boat angler hour (Table 5). We estimated baagéer caught 39 bull trout during the season,
with 95% confidence intervals ranging from 18-6shfi We did not observe any illegal harvest
of bull trout by boat anglers during this study.
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Table 4. Estimated boat catch and harvest ragtglibat hour and boat hour/fish) for rainbow (RBI)Il and total trout (rainbow,
cutthroat, and bull trout) in the Kootenai Rivesrfr Libby Dam downstream to the Fisher River. 9%fitfidence intervals are presented
in parentheses.

Species and Size Class

RBT < 13" RBT 13-18" RBT 18-24" RBT > 24" Bull But Total Trout

Mean Catch Rate 0.120 0.110 0.038 0.020 0.151 0.458
(fish/boat hour) (0.045-0.196)  (0.066-0.176) (0.007-0.069) (0.001-0.045) (0.080-0.221)  (0.321-0.596)
Mean Catch Rate 8 9 26 49 7 2
(boat hours/fish) (5-22) (6-23) (15-139%} (22-1,335 (5-12) (1.7-3.1)
Mean Harvest Rate 0.012 0 0 0.010 0 0.025
(fish/boat hour) (0.001-0.364) (0.001-0.031) (0.002-0.061)
Mean Harvest Rate 83 0 0 98 0 39
(boat hours/fish) (27-1,001% (33-2,002% (16-572}
Total Catch 32 29 10 5 39 120

(10-53) (9-48) (7-19) (3-12) (18-61) (67-173)
Total Harvest 4 0 0 3 0 7

(4-9)* (2-8)* (7-16)

Lower bound of 95% confidence interval set at thevkn minimum values from interviews conducted.
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Table 5. Estimated boat angler catch and haraest (fish/hour and hour/fish) for rainbow (RBT)JlIland total trout (rainbow,
cutthroat, and bull trout) in the Kootenai Rivesrfr Libby Dam downstream to the Fisher River. Weawmable to calculate 95%
confidence intervals for these data.

Species and Size Class

RBT < 13" RBT 13-18" RBT 18-24" RBT > 24" Bull ®ut Total Trout
Mean Catch Rate 0.076 0.070 0.024 0.013 0.096 0.292
(fish/angler hour)
Mean Catch Rate 12.5 14 41 77 11 3
(angler hours/fish)
Mean Harvest Rate 0.008 0 0 0.006 0 0.016
(fish/boat hour)
Mean Harvest Rate 130 0 0 154 0 61

(angler hours/fish)
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Chapter 4

Kootenai River Resident Fish Monitoring During the2010 Spill Test at
Libby Dam

Abstract

The Federal Action Agencies conducted a spillitesune 2010 at Libby Dam
that lasted seven days which was intended to lidghefiKootenai River white sturgeon.
Discharge from the turbines at Libby Dam was heldstant at 27,000 cubic feet per
second (cfs) throughout the spill test. Spill dege peaked at 9,000 cfs on June 15,
2010 from 9:00 to 11:00 for a total discharge of086 cfs. Total mean hourly discharge
from Libby Dam during the spill test averaged 38,¢6s. Montana FWP conducted
monitoring to evaluate the effects of elevatedltdissolved gas on resident fish in the
Kootenai River immediately downstream of Libby Dakve conducted day and night
visual searches for dead or dying fish, expenditga effort of 103.5 boat-hours (233
man-hours). We did not observe any fish mortaityibutable to elevated gas levels.
However, we did recover 3 bull trout, 287 kokanaen®n, 1 mountain whitefish, and 5
suckers, whose deaths using our visual criteriéddamot be attributed to gas-related injuries.
In an effort to estimate search efficiency of deadorbid fish, we released a total of 39
dead and individually marked bull trout in the Keai River. We recovered a total of 12
(30.8%) bull trout during our search efforts. Thean distance and time traveled of all
recovered marked bull trout was 1.53 RM and 17urd10The spatial recovery pattern of
the test fish was not randomly distributed, 9 dut2(75%) of the relocated test fish were
recovered on the river bottom of the back eddyaatex with the pool located near Big
Bend (RM 217.4). The visual recovery of test fighs likely biased towards larger
individuals during daylight hours. Montana FWP tcapd fish via jetboat electrofishing
on two occasions after spill had ceased in orddetermine if fish exhibited symptoms
of gas bubble trauma (GBT). The day after spitl haased, we estimated that 26.5% of
the mountain whitefish examined had GBT symptoi& also captured two rainbow
trout, but none of these fish exhibited GBT symporAlmost six days after spill
activities had ceased at Libby Dam, we capturedextagnined 8 rainbow trout, 2 bull
trout, 21 mountain whitefish, 5 kokanee salmon, afook trout. However, none of
these fish exhibited readily apparent external GBfiptoms. We also present fish
population estimates derived from mark recaptueetaedfishing for rainbow trout on
three sections of the river and bull trout fromragke section located immediately
downstream of Libby Dam.
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Background

The U.S. Fish and Wildlife Service (USFWS) isstieeir Biological Opinion on the
effects of the Operation of Libby Dam on Kootenaid® White Sturgeon (KRWS) and Bull
Trout and Kootenai Sturgeon Critical Habitat (Bi@pYhe U.S. Army Corps of Engineers
(Corps) and Bonneville Power Administration (BPA) lBebruary 18, 2006. The BiOp reached a
jeopardy conclusion for KRWS, an adverse modifaatonclusion for KRWS critical habitat
and a non-jeopardy conclusion for bull trout. He 006 BiOp, the USFWS developed
Reasonable and Prudent Alternatives (RPAS) desigmadhieve habitat attributes/measures that
some think are necessary to adequately providsuiccessful KRWS spawning and natural in-
river reproduction in the Kootenai River near Borsniéerry, Idaho. A regional team of
biologists collaborated to develop and assess sabghysical and biological conditions with the
objective of: (1) providing peak augmentation flotging periods the team determines
appropriate based on sturgeon spawning conditiengglly May into July); (2) providing post-
peak augmentation flows to optimize conditionsdturgeon via the descending limb of a
normalized hydrograph; and, (3) optimizing the tenapure of releases using the selective
withdrawal system at Libby Dam during the sturgow augmentation period.

In May 2006, the USFWS was sued over the BiOphkyGenter for Biological Diversity,
with interveners including the State of Montana #r&lKootenai Tribe of Idaho. The U.S.
Army Corps of Engineers was added as a defenddhistguit on September 2007. In
September 2008, a settlement agreement betweg@atties occurred, and the Federal Court in
Missoula dismissed the case. According to thesesfrihe settlement agreement, the Action
Agencies would attempt to achieve these desirediplyand biological attributes in 2008 and
2009 without spilling additional water at Libby Dabut if operations in 2008 and 2009 were not
successful, then the Action Agencies would addtaatdil discharge from Libby Dam by spilling
water. The settlement agreement included theviatig suite of criteria by which the 2008 and
2009 operations were evaluated:

i. Migration of 40% of the tagged F4 KRWS in the rit@ the Hwy 95 Bridge or above;
and

il. Presence of those fish in the reach of river abmve the Hwy 95 Bridge for 5 or more
days; and

iii. Capture of > 5 unmarked juveniles of the same tah@009 from 2006 or 2007 year
classes, when improved temperature control angeedeing limb were integral
components of KRWS operations at Libby Dam.

The USFWS determined that in 2008 that only coteriwas achieved, and that criterion
iii was not applicable, and in 2009, the USFWS detexchthat none of the criteria were
achieved. The settlement agreement also stiputagdf the 2008 and 2009 Libby Dam
operations were not successful according to theifspe criteria, the Action Agencies would
conduct spill tests at Libby Dam on tkeotenai River in 2010-2012.
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Introduction

Spilling water at hydroelectric projects can casisgersaturated gas conditions in waters
downstream. Water and air become mixed when paieses over the spillway, and can be
carried to substantial depths in the plunge basiereshydrostatic pressure increases the
solubility of the atmospheric gases. The air ¢emtpass into solution in sufficient quantities to
promote supersaturated conditions with respeaiitiacse or atmospheric pressure. These
conditions can cause gas bubble disease in aguganisms. Bouck (1980) defines gas bubble
disease as “a noninfectious, physically induceagse caused by uncompensated, hyperbaric
total dissolved gas pressure, which produces pyiheaions in blood (emboli) and in tissues
(emphysema) and subsequent physiological dysfurtidhe severity of gas bubble disease
depends on concentration of total dissolved gasapdsure time with effects ranging from
bubbles or blisters under the skin, between fiis,rap the head and in the lining of the mouth or
gills, exopthalmia, loss of equilibrium and everathe(Weitkamp and Katz 1980).

Spill at Libby Dam has been an infrequent eventestie fifth turbine went online in
1976. The first spill test associated with whitergeon recovery efforts at Libby Dam occurred
in June 2002, in an effort to learn more aboutye exchange processes, particularly dissolved
gas production from spill releases and dissolveddyssipation downstream from Libby Dam.
U.S. Army Corps of Engineers (2003) detailed trseiits of gas exchange, dissipation and
mixing associated with the 2002 spill event. Adgesdearned that at full power house capacity,
spill would need to be limited to discharge levialslower than those called for by the USFWS
in 2010 in order to remain in compliance with theriana Total Dissolved Gas standard of
110% (U.S. Army Corps of Engineers 2008).June 2006, the surface elevation of Koocanusa
Reservoir in northwestern Montana approached fudl plevation (2459 ft msl) and inflows to the
reservoir remained in excess of Libby Dam turbirseltarge capacity (approx. 24 kcfs when surface
elevation approaches full pool), resulting in dlgperation at Libby Dam that extended for 20
consecutive days, caused elevated total dissolesedTPG) and resulted in a total discharge from
Libby Dam that has been unprecedented since itstieanion. Montana Fish, Wildlife and Parks
was the lead agency responsible for fish monitodimgng the 2002 and 2006 spill events at
Libby Dam. The results of these monitoring effates fully described in Dunnigan et al. (2003)
and Marotz et al. (2007), respectively. MontarehFWildlife and Parks is especially concerned
about the unique tailrace fishery. The three etion of the Kootenai River directly
downstream of Libby Dam supports a unique abundahtephy size rainbow trout
(Oncorhynchus mykisand bull trout $alvelinus confluentiisthat congregate in this location
likely due to the abundant rich food source of k@ salmon@ncorhynchus nerRahat are
entrained through Libby Dam.

The Montana Department of Environmental Qualityessa temporary waiver of
Montana’s Total Dissolved Gas Standard of 110%Her2010 spill event at Libby Dam (see
Appendix Exhibit B). However this temporary waigrecified several conditions in order to
prevent substantial damage to the State’s aquegaurces inhabiting the Kootenai River
downstream of Libby Dam. Two of the conditionsafped by the State of Montana were
contingent upon resident fish monitoring activittemducted by Montana FWP during the spill

216



test. This report summarizes the results of resifish monitoring that occurred in the Kootenai
River below Libby Dam during the spill event in &2010.

Methods

Visual Surveys

Montana FWP conducted two 6-hour shifts (one daylione nighttime) daily during the
2010 spill event at Libby Dam to search for fishekl, injured or distressed resulting from
elevated total dissolved gas. During each sedfolt &-2 jetboats operated on the Kootenai
River between Libby Dam (RM 221.7) and the city_tfby (RM 220), with the majority of the
effort occurring from Libby Dam downstream to thep@ey Landing boat ramp (RM 208.9).
Search activities were concentrated in relatively Velocity areas (e.g. pools, back eddies, and
river margins) where dead or moribund fish were tfiksly to be located. Each jetboat was
equipped with 1-2 observers, a driver, spotlighas ifight searches), and dipnets.

Montana FWP personnel attempted to capture al deaorbid fish observed and
determine the cause of mortality. We gave all wagat fish an external physical examination
immediately following capture to look for visiblgraptoms of gas bubble trauma (GBT). A
dead, distressed, or injured fish exhibiting exaésymptoms of GBT (i.e., bubbles in gill
filaments, eyes, fins, lateral line, beneath tha,dkemorrhages due to tissue rupture, or split
fins) was classified as a GBT related mortalityaBer morbid fish that exhibit physical damage
other than GBT symptoms (e.g. lacerations or abngsirom turbulence, passage over the
spillway, or other injuries) were not be classifeexla GBT-related mortality. Each captured fish
was identified to species, measured, weighed exahfor previous marks/tags, photographed,
removed from the river, and disposed of accordingtate protocol.

In an effort to estimate search efficiency of deadhorbid fish, we released a total of 39
dead bull trout collected from Koocanusa Reserdoiing our Montana FWP annual gillnetting
conducted on May 17, 2010, hereafter referred testdish. All test fish were frozen until the
spill test. We removed the otoliths from all tBsh and marked each with a 134.2 KHz (ISO)
passive integrated transponder (PIT) tag to allmdiwvidual identification, we marked 9 of these
fish with radio tags (Table 2). We recorded theedame, location and PIT tag number of each
test fish released. We surveyed telemetry relooatindependently of the visual search efforts
SO as not to bias the results. We estimated veraaich efficiency by dividing the number of test
fish released by the number of recovered test fisfe. evaluated the effect fish length had on
recovery success using two statistical analyses.u®¥¢d logistic regression to evaluate if fish
length influenced the probability of recovery ane eompared the mean length of all test fish
released to the mean length of all recovered istulsing a student’s t-test. We also
investigated the effect fish length had on lendthme it required to recover a fish using non-
linear regression techniques. In similar analyse®valuated the effect fish length had on
distance (river miles) traveled prior to recovenyg @ahe relationship between distance traveled to
hours to recovery using linear regression techrigudl statistical analyses were performed
using SPSS version 7.5 Software.
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Electrofishing Surveys

Montana FWP conducted two surveys after spilvéats at Libby Dam had ceased in
order to determine if fish in the LDT section oétkootenai River exhibited symptoms of GBT.
We conducted the first survey on Juné #i8ring daylight hours, and a second survey on June
22 during nighttime hours. We collectadH using a boom mounted electrofishing gear
consisting of a Coffelt model Mark 22 electrofisiinnit operating with an electrical output ranging
from 200-350 volts at 5-8 amps powered by a 5,08Q gasoline powered generator. We attempted
to capture all fish observed, placing them in a lnell for a period no longer than 10-15 minutes,
until we gave all captured fish an external physical eration to look for visible symptoms of
GBT. We examined the fins, eyes, and gills forghesence of gas emboli, and then recorded
the total proportion of each fin or anatomical teatthat contained emboli.

Fish Population Estimates

Montana FWP conducts fish population estimatesgugimark and recapture techniques to
assess long-term trends in resident fish populatiathin three sections of the Kootenai River. We
target bull trout at the Libby Dam Tailrace (LDWhich extends from Libby Dam (River mile [RM]
221.7) downstream to the confluence of the FisheerRRM 218.2) in April/May. We have
conducted this survey annually since 2004, withetkeeption of 2005. We divided the 3.5 mi. (5.63
km) reach of Kootenai River into two sections, aathpled the two sections on consecutive
evenings during the marking session and approxignaéyen days later during the recapture
session.We compared the mean length of bull trout captai@thg our 2010 sampling to the
mean length of bull trout captured during similampling conducted annually from 2004 to
2010 using ANOVA and subsequent Tukey multiple carrgons. We used the Petersen
Estimator as modified by Chapman (Ricker 1958)stingate absolute abundance of bull trout
within the LDT section using the following formula.

(M +1)-(C +])

N -1+ Morts
R +1
Where: N =  population estimate,
C = total fish captured in the recapture sample(s
M = number of marked fish at the stdntecapture sample period and
R = number of marked fish in the recapture safsple

Morts = number unmarked mortalities capturedmyuthe marking sessions.

We used the following formula to calculate bounB8sfor 95% confidence intervals for N:

le‘%x\/ N?+(C-R)
(C+1) e+ (R+2)

As advised by Robson and Regier (1964), we peddrenvalidity test of the population
estimates to determine if our estimates were hgaulsed. If the estimate meets the following
condition, then the estimate is not strongly bias@did).

MxC>4xN

218



Montana FWP also conducts population estimat#isree sections of the Kootenai River to
monitor rainbow and cutthroat trout abundar@ag¢orhynchuspp). We have sampled the LDT
section in September in 1992-1994 and 2008-2010.

Montana FWP targetSncorhynchuspp. within the “Rereg” section of the Kootenai River,
which extends from RM 210.5 downstream to the Ospeanding boat ramp (RM 208.9). Montana
FWP has surveyed this section during early spiii@p{uary/March) annually since 2001, with the
exception of 2002 when high turbid flows from thster River limited visibility and reduced
capture efficiency.Oncorhynchuspp.are also targeted in the Flower-Pipe section oKihetenai
River, which extends from the confluence of Flo@eeek (RM 204.0) downstream to the
confluence of Pipe Creek (RM 201.0). This sectiaa been surveyed approximately annually since
1973, and although the sampling date has variedigivout this period, sampling since 2001 has
occurred in August or September. A single mark@eapture session is conducted approximately
seven days apart in the LDFlower-Pipe and Rereg sections @ncorhynchuspp estimates.
Population estimates are calculated using a paotglikelihood estimator (Fisheries Analysis + ©
2004, MFWP).

Fish collected for the four population estimatesevcaptured during nighttime
electrofishing using two jet boats. Each boat coetha driver and two netters. The electrofishing
unit on each boat consisted of a Coffelt model Mglelectrofishing unit operating with an
electrical output ranging from 200-350 volts at &8ps powered by a 5,000 watt gasoline powered
generator. We recorded the total time (minuted)electrical current was generated in the watex as
measure of effort. We examined all fish for madd|ected scale samples, measured total length
(mm) and weight (g), and then released all fistr tieair capture location. All bull trout were
marked with PIT tags (see above) and an adiposdifirwas removed to evaluate PIT tag retention.
Rainbow and cutthroat trout within the Flower-Pgre Rereg sections were marked with a non-
permanent fin clip.

Results

Visual Surveys

The spill test in June 2010 at Libby Dam lastedesedays (Table 1). Discharge from the
turbines at Libby Dam was held constant at 27,00flccfeet per second (cfs) throughout the
spill test. Spill discharge peaked at 9,000 cfdwme 15, 2010 from 9:00 to 11:00 for a total
discharge of 36,000 cfs (Table 1). Total mean lalischarge from Libby Dam during the spill
test averaged 33,700 cfs (Table 1). We expendethbeffort of 103.5 boat-hours (233 man-
hours) of effort visually searching for dead or bidrfish in the Kootenai River. We did not
observe any fish mortality attributable to elevaged levels. However, we did observe 3 bull
trout mortalities that were either entrained thiotige turbines or over the spillway. We also
recovered 287 kokanee salmon, 1 mountain whit¢Rsbsopium williamson)and 5 suckers
(Catostomus sppwhose deaths using our visual criteria couldogoattributed to gas-related
injuries.
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We released 39 test fish in four general releasapg with release locations ranging from
RM 218.5 to 221.3 (Table 2; Figure 1). We recodexdotal of 12 of the 39 marked bull trout
during our search efforts, for an overall efficigro 30.8%. The mean distance traveled of all
recovered marked bull trout was 1.53 RM (range-3.98), and the mean travel time was 17.1
hours (range 2.7-71.3). Total discharge at LibbynDvas 34,000 cubic feet per second when most
(n =9) of the test fish were recovered (range @3.36,000 cubic feet per second; Table 2). Only
one (8.3%) of the 12 test fish was recovered dutiegrighttime (after sunset and before sunrise)
search efforts (Table 1), even though approximdtaliyof the effort occurred during nighttime
hours. The spatial recovery pattern of the tebt\vas not randomly distributed, 9 of 12 (75%) of
the relocated test fish were recovered on the beéom of the back eddy associated with the pool
located near Big Bend (RM 217.4; Table 2; FigureHpwever, we recovered test fish ranging
from RM 217.4 to 220.6 (Table 2; Figure 1).

The visual recovery of test fish was likely biasedards larger individuals. The mean
length of all test fish was 497 mm, and the meaa sf all recovered test fish was slightly larger
(mean = 561 mm), although the difference was mptifstant (p = 0.221; two tailed t-test).
Furthermore, the estimated probability of detectirigst fishRy) was positively correlated with
fish length (p = 0.089), and logistic regressicglded the following equation to predict probability
of a fish given the length.

e(—2.797><Length<0.0039)

d T} g(-2792Lengi0.0039

Fish length was also significantly negatively ctated to the length of time until recovery (p =
0.007), and was best fit with a natural logarithtrémsformation of the data (Figure 2). However,
we found no evidence that distance traveled ofakefish was correlated to either hours at large (
= 0.130; p = 0.249) or fish lengttf & 0.048; p = 0.492).

We located two radio tagged (49.661 and 49.72d}ueall trout during visual searches
(Table 3) on June 12 and June 13, respectivelyraMeved these fish from the river at that time.
On June 16, we attempted to relocate the remag@ngn radio tagged test fish between the Osprey
Boat Ramp (RM 213) upstream to Libby Dam (RM 221 Bjscharge was similar during the
telemetry search effort to most dam operationsdutie spill test, averaging 6.5 kcfs spill (33.5
kcfs total discharge; Table 1). We triangulatealltitation of six radio tagged test fish to withm
estimated 5-10 m based on radio strength and dinadity. However, we were unable to visually
locate any of these fish. With the exception af cedio tagged test fish (radio tag 49.482), mbst o
the radio tagged fish were located within the gaingcinity of the non-radio tagged fish that were
visually located (Figures 3 and 1, respectiveRadio tag 49.482 was relocated just upstream of
the Osprey Landing boat ramp (RM 213.16). Onéefradio tagged bull trout (radio tag 49.581)
was never relocated within the search area.
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Table 1. Start and end times and dates of diffd¢l@n regimes out of Libby Dam
during the June 2010 spill test. Discharge rategpressed in thousands of cubic
feet per second (kcfs).

Date and Time

Discharge (kcfs)

Start End Turbine Spill Total Duration
(hours)
6/10/10 8:00 6/10/10 15:00 27 5 32 7
6/10/10 15:00 6/10/10 16:00 27 6.5 33.5 1
6/10/10 16:00 6/10/10 18:00 27 7 34 2
6/10/10 18:00 6/10/10 22:00 27 7.3 34.3 4
6/10/10 22:00 6/11/10 17:00 27 7 34 19
6/11/10 17:00 6/11/10 20:00 27 6.7 33.7 3
6/11/10 20:00 6/13/10 14:00 27 7 34 42
6/13/10 14:00 6/13/10 15:00 27 6.7 33.7 1
6/13/10 15:00 6/13/10 22:00 27 6.5 33.5 7
6/13/10 22:00 6/14/10 8:00 27 7 34 10
6/14/10 8:00 6/14/10 12:00 27 8 35 4
6/14/10 12:00 6/14/10 13:00 27 7 34 1
6/14/10 13:00 6/15/10 8:00 27 6.5 33.5 19
6/15/10 8:00 6/15/10 9:00 27 7 34 1
6/15/10 9:00 6/15/10 11:00 27 9 36 2
6/15/10 11:00 6/15/10 19:00 27 6.5 33.5 8
6/15/10 19:00 6/15/10 22:00 27 7 34 3
6/15/10 22:00 6/16/10 21:00 27 6.5 33.5 23
6/16/10 21:00 6/16/10 22:00 27 6 33 1
6/16/10 22:00 6/17/10 7:00 27 5 32 9
6/17/10 7:00 6/17/10 8:00 27 2.5 29.5 1
Minimum 27 2.5 29.5 1
Maximum 27 9 36 42
Hourly Mean 27 6.7 33.7
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Table 2. Release and recovery information for 38ed test bull trout released in the Kootenai Rateing the June 2010 spill test at
Libby Dam. Those PIT tag numbers marked with arete also radio tagged. See Table 3 for additioaimation regarding those

fish.
Release Recovery
PIT Tag Number Length Date & Time RM Dat& &ne RM Distance Time Travel Spill
(miles) at  Speed Discharge
large (mph) (KCFS)
(hr)
985161000109879* 766 6/10/10 12:15 221.48
985161001244178* 466 6/10/10 12:15 951 48
985161001279500* 565 6/10/10 12:15 9551 48
985161000126094 263 6/10/10 12:28 221.41
985161000127241 720 6/10/10 12:28 221.05
985161000103244a 324 6/10/10 12:28 221.04/13/10 11:44 22057 (.47 713 0.01 7
985161000096592 637 6/10/10 12:29 221.05
985161000093805 316 6/10/10 12:30 221.05
985161000110330* 470 6/12/10 10:34 21915
985161000139239* 575 6/12/10 10:36 219.2%/12/10 13:30 217.37 1.89 2.9 0.65 7
985161000103769* 735 6/12/10 10:37 219.3%/13/10 00:12 217.40 1.90 13.6 0.14 7
985161000217313 790 6/12/10 10:46 219.2%/12/10 20:30 217.39 1.86 9.7 0.19 7
985161000099324 230 6/12/10 10:47 219.31
985161000082973 262 6/12/10 10:48 219.31
985161000085375 305 6/12/10 10:49 219.31
985161000137632 730 6/12/10 10:50 219.2%/12/10 13:30 217.38 1.85 27 0.69 7
985161000120891 461 6/12/10 10:51 219.2%/12/10 21:00 218.81 0.42 10.2 0.04 7
985161000103244b 324 6/13/10 12:33 221.41
985161000120773 500 6/13/10 12:35 221.3%/13/10 21:15 217.36 3.99 8.7 0.46 6.5
985161000060651 285 6/13/10 12:38 221.28
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Table 2. (continued)

Release Recovery
PIT Tag Number Length Date & Time RM & Time RM  Distance Time Travel Spill
(miles) at  Speed Discharge
large (mph) (KCFS)
(hr)
985161000192993 430 6/13/10 12:40 221.18
985161000099128 653 6/13/10 12:42 220.94
985161000126580 295 6/13/10 12:44 220.78
985161000119016 305 6/13/10 12:45 220.53
985161000084364 467 6/13/10 12:48 220.5%4/14/10 20:36 220.52 g2 31.8 0.00 6.5
985161000110168 450 6/13/10 12:52 220'476/14/10 11:40 217.38 3.09 228 0.14 8
985161000103130* 730 6/15/10 10:00 51854
985161000138650 471 6/15/10 10:01 51854
985161000108202* 310 6/15/10 10:02 51854
985161000070526 577 6/15/10 10:04 218.54
985161000062831 473 6/15/10 10:05 218.54
985161000101552a 520 6/15/10 10:06 218.54/15/10 20:43 21763 (o1 10.6 0.09 7
985161000108211 523 6/15/10 10:07 218.54
985161000104235 571 6/15/10 10:08 218.54
985161000016859a 508 6/15/10 10:09 218.53%/15/10 20:43 217.65 (gsg 10.6 0.08 7
985161000099194a 674 6/15/10 10:10 218.5%/15/10 20:30 217.41 1.12 10.3 0.11 7
985161000099194b 674 6/15/10 20:30 217.45
985161000016859b 508 6/15/10 20:43 217.70
985161000101552b 520 6/15/10 20:43 217.68
Mean 497.0 6/13/10 7:49 219.8 6/14/10 00:19 217.8 1.53 171 0.22 7.0
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Figure 1. Release and recapture locations of 3®edabull trout during the June 2010 spill test at
Libby Dam.
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Figure 2. Relationship between fish length andrsomtil recovery for marked test fish released in
the Kooenai River near Libby Dam during the 2011 sgst.
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Table 3. Release and relocation information faaddo tagged test bull trout released in the Kaait&iver during the June 2010 spill test
at Libby Dam.

Release Recovery
PIT Tag Number Radio Length Date & Time RM Date & Time RM DistanceTime at Travel
Tag # (miles) large  Speed
(hr)  (mph)

985161000138650  49.401 471 6/15/10 10:01918 54 6/16/10 13:50 216.72 1.82 27.8 0.07
985161000110330 49.411 470 6/12/10 10:34519 15 6/16/10 14:30 218.87 0.28 999 0.00
985161000108202  49.421 310 6/15/10 10:02518 54 6/16/10 13:45 216.76 1.78 277 0.06
985161001244178  49.482 466 6/10/10 12:15951 48 6/16/10 13:20 213.16 8.32 145.1 0.00
985161000103130 49.501 730 6/15/10 10:00018 54 6/16/10 14:20 217.35 1.19 2g.3 0.04
985161000109879  49.581 766 6/10/10 12:15 221.48

985161000139239* 49.661* 575  6/12/10 10:36* 219.26%/12/10 13:30¢ 21737 189 59 065
985161001279500  49.680 565  6/10/10 12:15551 48  6/16/10 14:55  220.80 068 1467 0.06
985161000103769* 49.720* 735  6/12/10 10:37* 219.30%g/13/10 012+ 21740 190 136 0.14
Mean with * 565.3  6/12/10 1857 219.8  6/15/1015:17  217.3  2.23 615 0.3
Mean without * 539.7  6/12/1021:20  219.1  6/16/18:06 2173 235 793  0.04

*Two bull trout marked with radio tags were locathating visual searches and removed from the pvier to attempts to relocate
using radio telemetry.
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Figure 3. Release and relocations of 9 radio tdgydl trout during the June 2010 spill test at
Libby Dam. Radio tag number 49.482 relocationasdepicted on this figure due to spatial
limitation. This radio tag was located at RM 283rfear Osprey Landing boat ramp,
approximately 8.5 miles downstream of Libby Dam.
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Electrofishing Surveys

On June 18 we captured fish using electrofishing gear onkhetenai River from Libby
Dam downstream to the Highway 37 Bridge. Howewer had difficulty capturing fish due to
fish avoidance during the daylight. We restriobed electrofishing efforts to the east bank of the
Kootenai River, which is the same side of the ragthe spillway, in order to maximize the
probability of observing impacted fish. Mountaihitefish dominated the catch, constituting
89.5% (n = 34) of the total daily catch (38 fisIyBT symptoms were observed on 26.5% (n =
9) of the mountain whitefish examined. The moshgwn GBT symptom observed were
emboli on the gill filaments ranging from 2-10% eo&ge. Slight hemorrhaging was also
observed to a lesser degree than gill emboli 0#&8= 3) of these fish. We also captured two
rainbow trout and a course scale suck&atéstomus macrocheilydut none of these fish
exhibited GBT symptoms.

On the evening of June 22, almost six days aftdractivities had ceased at Libby Dam,
we captured additional fish in the LDT Section admined them for GBT symptoms. We
restricted our electrofishing efforts from Libby malownstream to Alexander Creek (RM
220.5). We captured 8 rainbow trout, 2 bull trd@it,mountain whitefish, 5 kokanee salmon, 1
brook trout Galvelinus fontanal)s, 1 redside shineR{chardsonius balteatiisl peamouth chub
(Mylocheilus caurinus and 4 longnose suckeiGdtostomus catostomusHowever, none of
these fish exhibited readily apparent external GBfiptoms.

Population Estimates

Montana FWP marked a total of 55 bull trout in LRET on April 7, 2010. Six days
later, we captured 34 bull trout, of which 3 werarked (Table 4). Our efforts yielded an
estimate of 489 bull trout within this section prio spill activities in 2010. However, this
estimate failed the validity check (Robson and Refjp64). Therefore, we believe this estimate
to be invalid due to excessive bias. We will agpeo conduct a bull trout estimate in early
2011 prior to any spill event planned for 2011.lIBwut abundance at this site has ranged from
approximately 920 fish in 2004 to a low of 180 fialR009 (Figure 4). The mean total length of
the bull trout in 2010 was 659 mm (range = 402-8W8)ich was similar to most years since we
began this work in 2004 (Table 5). Bull trout lémgn 2010 (mean = 659.8 mm) differed
significantly only from fish collected in 2008 (nmea 607.9 mm; Table 5).

We marked a total of 188ncorhynchuspp.in the LDT section of the Kootenai River on
September 2, 2010. We captured 285 fish six degs,lof which 27 were marked. The majority
(98.3%) of the catch consisted of rainbow trout Hredremainder (1.7%) were cutthroat trout.
We estimated 114 fish per 1,000 feet were presetfiis section of the Kootenai River, which
was the lowest abundance on record for this se€liahle 6; Figure 5), representing a 62%
reduction from our 2009 estimate of 298 fish p&00,feet (Table 6). However, the trend since
2008 has been one of declining total abundanceespecially a decline in larger size class
individuals (Table 6). Trout abundance within théction decreased by 41.2% from 2008 to
2009 (Table 6).

We conducted the mark recapture population estiwéhin the Rereg section of the
Kootenai River in March 2010, prior to the spiktén June. We marked 217 fish on the evening
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of March 24, 2010 and recaptured 36 fish one watsk.| The recapture rate was 17.4%,
producing a population estimate of 153 fish pef@,@vhich represented the second lowest
estimated abundance at this site since 2001 (F@uré&ish abundance since 2001 at this site
peaked in 2007 with an estimated 432 fish per 1f660 but has declined annually since (Table
7). Rainbow trout comprised the entire catch et $kte in 2010. Montana FWP will attempt to
conduct a population estimate in the Rereg seati@pring 2011, which will represent the first
sampling session after the June 2010 spill test.

Montana FWP marked 493ncorhynchuspp.during the mark run for the Flower-Pipe
population estimate on September 1, 2010, and cgsypthe recapture run on the evening of
September 7, 2010, capturing 371 fish. The recapaie was 11.1%, yielding a population
estimate of 330 fish per 1,000 feet (Figure 7; €&)l This represented the second lowest
population estimate over the previous ten yearbl€lrda). Fish abundance at this site peaked in
2006 with an estimated 813 fish per 1,000 feetufea@). Species composition at this site was
dominated by rainbow trout (93.8%) and cutthroatit(6.2%) in 2010, which was similar to the
past several years.
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Table 4. The sampling dates for the number oftdmul trout marked, recaptured, and the
estimated total population and number of fish pie m the Kootenai River from Libby
Dam downstream to the Fisher River confluence. 9hpercent confidence intervals (Cl)
are presented in parentheses.

Date Bull Bull Trout Population Estimate Fish Per Mile Valid
Trout Recaptured (95% ClI) (95% CI) (Y/N)
Marked
April 2004 109 13 918 (511-1,326) 262 (146-379) Yes
April 2006 19 5 176 (73-279) 50 (21-80) Yes
April/May 37 4 417 (120-714) 119 (34-204) Yes
2007
April 2008 73 7 381 (158-605) 109 (43-175) Yes
April 2009 44 7 180 (78-282) 51 (23-80) Yes
April 2010 55 3 N/A N/A No
1600
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Figure 4. Estimated number of bull trout obtaifredn mark recapture population estimates in

the Libby Dam tailrace section from 2004 to 200%e whisker bars represent 95% confidence
intervals.
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Table 5. Bull trout length summary of fish collegtduring mark recapture
population estimates in the Libby Dam Tailrace arethe Kootenai River 2004-
2010. Statistical comparisons between years wademsing an analysis of variance
and subsequent Tukey’s multiple comparisons.

Year Mean Range StandardVedian Mode Significantly
Deviation Different
than
(P<0.05)
2004 648.9  343-861 113.3 646.5 647 2008
2006 692.3  425-870 105.2 701 625 2008 & 2009
2007 655.1  308-875 137.0 672.5 658 none
2004, 2006
2008 602.9  237-900 158.8 613 795 & 2010
2009 613.1  319-855 125.1 611 514 2006
2010 659.8  402-873 117.7 680.5 746 2008
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Figure 5. Estimated number of trout (rainbow antdlooat) per 1,000 feet obtained from mark
recapture population estimates in the Libby Dannaeg section of the Kootenai River from
1992-1994 and 2008-2010. The whisker bars represenstandard deviation.
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Table 6. Estimated number of fisbr{corhynchus sppper 1,000 feet by length group in
the Libby Dam Tailrace Section from 1992-1994 a@@82010 using mark-recapture
techniques and partial log-likelihood estimatormoels. An * indicates a lumped estimate
for fish equal to or greater than the length categbown.

Length Category (mm) 1992 1993 1994 2008 2009 2010

75-99 7 0 0 0 0 0
100-124 35 2 47 2 2 2
125-149 61 30 87 62 23 8
150-174 84 55 98 148 46 16
175-199 55 48 92 106 60 27
200-224 33 29 64 46 63 24
225-249 96* 13 19 41 41 7
250-274 9 6 39 35 6
275-299 8 6 30 38* 24*
300-324 5 5 16

325-349 3 3 19*

350-374 1 2

375-399 3 0

400-424 3 1

425-449 1 1

450-474 2 6*

475-499 2*

500-524

Total per 1,000 ft 371 214 436 507 298 114
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Figure 6. Estimated number of trout (rainbow antdlooat) per 1,000 feet obtained from mark
recapture population estimates in the Rereg seofitime Kootenai River from 2001-2010. The
whisker bars represent one standard deviation.
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Table 7. Estimated number of fishr{corhynchus sppper 1,000 feet by length group in the Reregi@edtom 2001 to 2010
approximately 8 miles downstream from Libby Dammgsnark-recapture techniques and partial log-liedd estimator
methods. No population estimate was completed @2 2flie to high water. An * indicates a lumped esterfor fish equal to or
greater than the length category shown.

Length Category (mm) 2001 2002 2003 2004 2005 20062007 2008 2009 2010

75-99 0 0 1 0 0 0 0 2 5
100-124 4 8 19 0 15 26 4 1 6
125-149 36 1 18 3 16 24 5 26 10
150-174 38 35 8 4 16 79 37 74 23
175-199 49 40 17 14 37 99 46 71 26
200-224 23 50 25 20 55 80 59 53 25
225-249 20 22 16 27 37 36 56 28 15
250-274 2 8 10 25 25 26 41 15 15
275-299 4 4 7 19 18 19 44 7 28*
300-324 10 2 10 17 19 17 27 11*

325-349 10 2 14* 31* 16* 16 23*

350-374 5 7~ 10*

375-399 3

400-425 4*

Total per 1,000 ft 208 179 145 160 254 432 343 029 153
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Figure 7. Estimated number of trout (rainbow antdlooat) per 1,000 feet obtained from mark
recapture population estimates in the Flower-Pgotien of the Kootenai River from 2001-2010.
The whisker bars represent one standard deviation.
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Table 8. Estimated number of fisr{corhynchus sppper 1,000 feet by length group in the FlowerePgection from 2001 to
2010 approximately 15 miles downstream from Libanbusing mark-recapture techniques and partidikeghood estimator
methods. An * indicates a lumped estimate for éghal to or greater than the length category shown.

Length Category (mm) 2001 2002 2003 2004 2005 20062007 2008 2009 2010
100-124 27 0 2 2 1 5 3 4 6 3
125-149 87 33 14 2 6 55 12 58 44 30
150-174 99 252 36 23 a7 162 50 117 94 59
175-199 69 264 126 34 135 269 119 90 99 85
200-224 58 143 108 69 137 171 155 37 64 58
225-249 33 46 58 86 65 54 103 28 45 44
250-274 19 18 46 53 31 32 49 17 21 20
275-299 13 9 26 20 26 19 S57* 14 10 16
300-324 9 4 11 12 19 16 18* 5 6
325-349 15* 2 8* 16* 14* 29* 3
350-374 S5* 1 5*
375-399 1*

Total per 1,000 ft 429 774 434 317 481 813 548 383 393 330
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Table Al. Therriault Creek depletion populationreates for fish >75 mm per 1,000 feet using 95 % confidence intervidpper
confidence intervals are in parenthesis. If theengonfidence interval is not presented, it wasabte to be calculated because alll
fish were captured on the first pass of the dapietiTherriault Creek was not sampled during tH&028r 2002 field seasons, and only
Section 2 was sampled in 2001.

Year 1997 1998 1999 2001 2003 2004 2005 2006 2007 008 2
Section 1
Rainbow Trout 123 (261)130 (151) 82 (89) 56 (57) 108 (111106 (119) 121 (124) 53 (n/a) 135 (139)
Cutthroat Trout 0 0 0 Not 0 0 0 0 0 4 (n/a)
Brook Trout 41 (47) 49 (56) 60 (64) Sampled9 (66) 11(13) 66(73) 114 (12001 (104) 49 (55)
Bull Trout 0 0 0 0 92(95) 10(n/a) 48 (54) 28)31 4 (n/a)
Total 149 (214) 182 (207) 141 (149) 115 (122) 200 (203) 175 (201) 235 (241) 154 (157) 187 (193)
Populatioh
Section 2
Rainbow Trout 36 (41) 79 (82) 76 (83) 93(10234 (n/fa) 102 (107) 32(34) 42(43) 11 (n/a) 33(34)
Cutthroat Trout 0 0 0 0 0 0 0 0 2 (n/a) 0
Brook Trout 56 (58) 125(137) 72(80) 82(87) 58(61) 24(27) 67(91) 46(48) (4®) 37 (39)
Bull Trout 47 (49) 15 (16) 3 (n/a) 2 (nfa) 40 (42) 49 (53) 4 (n/a) 4 (n/a) 2 (n/a) 4 (n/a)
Total 92 (96) 205 (217) 149 (163) 180 (193) 144 (151) 153 (160) 95 (107) 123 (125) 53(55) 70 (73)
Populatiof
Section 3
Rainbow Trout 54 (58) 164 (170)177 (205) 99 (104) 112 (117)99(109) 28(29) 15(n/a) 54 (55)
Cutthroat Trout 0 0 0 Not 0 0 0 0 0 0
Brook Trout 74 (77) 82(88) 110 (117pampled 67 (72) 41(45) 82(90) 46(48) 57(59) 48 (51)
Bull Trout 0 0 0 10 (n/a) 3 (n/a) 15 (17) 2 (n/a) 4 (n/a) 7 (10)
Total " 66 (93) 248 (257) 284 (308) 170 (180) 118 (124) 183 (201) 74 (v6) 72 (74) 102 (105)
Populatio

A) Includes rainbow, rainbow x cutthroat hybridsddrook trout. Bull trout were not included irettotal population estimate.
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Table Al (Continued). Therriault Creek depletiopplation estimates for fish 5 mm per 1,000 feet using 95 % confidence
intervals. Upper confidence intervals are in ptresis. If the upper confidence interval is n&santed, it was not able to be
calculated because all fish were captured on teegdass of the depletion. Therriault Creek wassampled during the 2000 or
2002 field seasons, and only Section 2 was sampl2d01.

Year 2009
Section 1
Rainbow Trout 113 (115)
Cutthroat Trout 0
Brook Trout 134 (140)
Bull Trout 34 (42)
Total 247 (252)
Populatioh
Section 2

Rainbow Trout 29 (33)
Cutthroat Trout 0
Brook Trout 54 (55)

Bull Trout 7 (n/a)
Total 83 (86)
Populatiof

Section 3

Rainbow Trout 57 (60)
Cutthroat Trout 0
Brook Trout 59 (62)
Bull Trout 59 (62)
Total 116 (120)
Populatioh

A) Includes rainbow, rainbow x cutthroat hybridsddrook trout. Bull trout were not included irettotal population estimate.
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Table A2. Grave Creek Demonstration Project pofmrastimates for fish 25 mm per 1,000 feet using 95 % confidence interva
Upper confidence intervals are in parenthesis.

Year 2000 200F  200Z2 2003 2004 2005 2006 2007 2008
Westslope Cutthroat 4 18 3 13 (n/a) 4 (n/a) 14 (15)16 (17) 12 (13) 6 (n/a)
Rainbow Trout 1 17 26 25 (29) 41 (45) 63(66) 2B)(2 10(12) 14 (16)
Brook Trout 1 10 5 9 (18) 1(n/a) 3(7) 4 (n/a) na&al) 0
Bull Trout 9 33 5 41 (144) 63 (67) 63(66) 84 (87) 72(84) 40 (43)
Mountain Whitefish 54 3 33 21 (22) 70(73) 60(62) 47 (48) 51(52)  48(50)

Year (Continued) 2009
Westslope Cutthroat 5(7)
Rainbow Trout 3(5)
Brook Trout 0
Bull Trout 80 (86)

Mountain Whitefish 10 (11)

A) Four bull trout >490 mm were likely lacustrine - adfluvial fish fnoLibby Reservoir moving into Grave Creek to spawn.
Three bull trout < 75 mm were also included intibtal.

B) Four bull trout >470 mm were likely lacustrine - adfluvial fish fnoLibby Reservoir moving into Grave Creek to spaw

C) Due to the presence of approximately 2,000 matokarkee, the section was snorkeled rather tharrefistied. Two adult
bull trout were observed that were likely lacustriradfluvial fish from Libby Reservoir moving in@rave Creek to spawn.
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Table A3. Young Creek depletion population estim#&be fish_>75 mm per 1,000 feet using 95 % confidence intervidpper
confidence intervals are in parenthesis.

Year 1997 1998 1999 2000 2001 2002 2003 2004 2005006 2 2007 2008
Section 1 (Tooley)
Cutthroat Trout 3 36 (37) 139 (148) Not 55 (64 88 (96) Not 68 (70) 66 (72) 61 (63) 47 (51) 87 (95)
Rainbow Trouft 19 (23) 62 (70) 3 (n/a) Sampled 2 (n/a) 14 (19) mp@ad 8 (n/a) 2 (n/a) 2 (n/a) 2 (n/a) 2 (n/a)
Brook Trout 11 (17) 120(124) 102 (105) 36(39) (3m) 20 (n/a) 72 (80) 30 (36) 20 (24) 41 (44)
Mountain Whitefish 0 0 0 0 2 (n/a) 2 (n/a) 4 (n/a) 2 (n/a) 0 0
Total Populatior? 36 (40) 220 (228) 248 (258) 96 (107) 148 (158) 6 (98) 86 (96) 95 (101) 67 (71) 130 (138)

Section 4 (303 Rd.)
Westslope Cutthroat 100 (114439 (500) 352 (367) Not 130 (142) 222 (237) Not ®) 327 (351) 323 (337) 165 (170) 382 (398)

Rainbow Trout 0 0 0 Sampled 0 0 Sampled 0 0 2 (n/a) 0 0
Brook Trout 0 0 3 (n/a) 6 (12) 4 (n/a) 10 (12) 12 (17) 26 (30) (1%B) 38 (43)
Bull Trout 0 0 0 0 0 0 0 0 1 (n/a) 0

Total Populatiod 100 (114) 439 (500) 358 (373) 136 (148) 232 (249) 230 (24388 (364) 351 (366) 169 (174) 423 (440)

Section 5 (State)
Westslope Cutthroat Not 216 (227) 256 (290) 1263)15153 (174) 268 (290) 178(183) 115(118) 151}16437 (143) 57 (60) 174 (191)
0 0

Rainbow Trout Sampled 0 0 0

0 0 0 0 0
Brook Trout 62 (71) 52 (65) 19 (22) 25 (27) 46)49 35 (n/a) 60 (63) 142 (147) 93 (96) 57 (60) H(77
Bull Trout 0 0 0 0 2 (n/a) 0 3 (n/a) 2 (n/a) 3(5) 2 (n/a) 0
Total Populatior? 280 (294) 314 (353) 113(119) 176 (195) 315(33513 @83) 230(241) 296 (309) 115 (122) 115 (122)5 @6B5)

A) Includes rainbow, rainbow x cutthroat hybridgstslope cutthroat, and brook trout. Bull trouteveot included in the total population estimate.
B) Sampling crew did not distinguish between wegtslcutthroat trout and rainbow trout.
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Table A3 (Continued). Young Creek depletion popataestimates for fish ¥5 mm per 1,000 feet using 95 % confidence
intervals. Upper confidence intervals are in ptresis.

Year 2009
Section 1 (Tooley)
Cutthroat Trout 38 (42)
Rainbow Trouft 21 (23)
Brook Trout 45 (46)
Mountain Whitefish 0

Total Populatiod 104 (108)

Section 4 (303 Rd.)

Westslope Cutthroat 339 (349)

Rainbow Trout 0
Brook Trout 33 (37)
Bull Trout 0

Total Populationt 374 (384)

Section 5 (State)

Westslope Cutthroat 90 (98)

Rainbow Trout 0
Brook Trout 64 (82)
Bull Trout 2 (n/a)

Total Populatiod 154 (170)

A Includes rainbow, rainbow x cutthroat hybrids, tskspe cutthroat, and brook trout. Bull trout weaa included in the total population estimate.
B Sampling crew did not distinguish between westslogithroat trout and rainbow trout.
€ .An estimated 23 bull trout were also estimatest (p000 feet) in Section 1.
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Table A4. Libby Creek depletion population estirsdte fish_>75 mm per 1,000 feet using 95 % confidence intervidpper
confidence intervals are in parenthesis.

Year 1998 1999 2000' 2001 2002 2003 2004 2005 2006 2007 2008
Section 1 — below Hwy 2
Rainbow Trout 81 (127) 26 125 46 (51) 117 (130) (®8) 113 (118) 169 (191) 271 (293) 174 (422) 80 (88
Brook Trout 6 (8) 6 13 10 (12) 16 (24) 5 9 (15) (54) 26 (27) 19 (n/a) 20 (29)
Bull Trout 0 0 0 0 3 0 1 (n/a) 1 (n/a) 0 0 0
Mountain Whitefish 0 0 0 0 3 1 0 0 0 1 (n/a) 0
Total Populatior? 90 (116) 32 138 57 (64) 138 (153) 138 (144) 256 296 (317) 261 (615) 102 (113)
Section 2 —above Hwy 2
Rainbow Trout 203 (225) Not Not 148 (193) Not 100 (108) 120(128) 76(92) 171122) 98 (120) 132 (142)
Brook Trout 7 SampledSampled 2 Sampled 2 30 (34) 25 (28) 19 (20) 23 (25) 9(11)
Bull Trout 5 (6) 0 2.08 0 2 (n/a) 2 (nfa) 0 4an
Total Populatior? 208 (228) 160 (213) 150 (160) 105 (116) 135 (141) 12313 141 (151)
Section 3 — upper
Cleveland
Rainbow Trout Not Not 170 (194)172 (182) 163 (183) 112.3(127)88 (104) 63 (75) 105 (110) 30 (34) 199 (227)
Brook Trout Sampled Sampled 0 0 0 0 0 0 0 0 0
Bull Trout 3 8 (11) 7 11 (14) 2 (n/a) 2 (n/a) r3a) 0 0
Mountain Whitefish 0 0 1 0 0 0 0 0 0
Total Populatior? 170 (194) 172 (182) 163 (183) 88(104) 63(75 105(110) (39 199 (227)

A Section 1 population estimates in 1999 and 200@ wiagle pass catch—per-unit-effort estimatestdingh escapement rates.
Actual population is higher than reported.
® Includes rainbow, rainbow x cutthroat hybrids, &ndok trout. Bull trout were not included in ttegal population estimate.
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Table A4 (Continued). Libby Creek depletion popiglatestimates for fish ¥5 mm per 1,000 feet using 95 % confidence
intervals. Upper confidence intervals are in ptresis.

Year 2009
Section 1 — below Hwy 2
Rainbow Trout 87 (96)
Brook Trout 39 (42)
Bull Trout 11 (n/a)
Mountain Whitefish 0
Total Populatior? 131 (141)
Section 2 —above Hwy 2
Rainbow Trout 78 (86)
Brook Trout 17 (21)
Bull Trout 2 (n/a)
Total Populatior? 97 (107)
Section 3 — upper
Cleveland
Rainbow Trout 207 (239)
Brook Trout 0
Bull Trout 0
Mountain Whitefish 0
Total Populatior? 207 (239)

A Section 1 population estimates in 1999 and 200@ wiagle pass catch—per-unit-effort estimatestdingh escapement rates.
Actual population is higher than reported.
® Includes rainbow, rainbow x cutthroat hybrids, &ndok trout. Bull trout were not included in ttegal population estimate.
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Table A4 (Continued ). Libby Creek depletion popiola estimates for fish > 75 mm per 1,000 feet g€ % confidence
intervals. Upper confidence intervals are in ptresis.

Year 2004 2005 2006 2007 2008 2009
Section 4 — below lower
Cleveland
Rainbow Trout 352 (365) 273 (283) 314 (324) 141 (148)289 (305) 351 (374)
Brook Trout 0 2 (n/a) 2 (n/a) 1 (n/a) 4 (n/a) daln/
Bull Trout 5 (n/a) 0 0 1 (n/a) 2 (n/a) 2 (n/a)
Total Populatiof 355 (368) 276 (286) 316 (326) 143 (150) 291 (306) 356 (379)
Section 5 —above lower
Cleveland
Rainbow Trout 172 (185)173 (183) 170 (177) 129 (144) 406 (431) 201 (213)
Brook Trout 0 0 0 0 0 2 (nfa)
Bull Trout 6 (n/a) 0 0 2 (n/a) 0 6 (9)
Total Populatiof 172 (185) 173 (183) 170 (177) 129 (144) 406 (431) 203 (215)
Section 6 — lower Cleveland
Rainbow Trout 218 (234) 221 (250) 273 (298) 133 (158) 213 (235) 209 (219)
Brook Trout 1 (n/a) 0 0 6 (9) 2 (n/a) 2 (n/a)
Bull Trout 0 4 (n/a) 0 0 2 (n/a) 0
Total Populatiort 219 (235) 221 (250) 273 (298) 141 (169) 215 (237) 213 (226)

" Includes rainbow, rainbow x cutthroat hybrids, &ndok trout. Bull trout were not included in thal population estimate.
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Table A5. Pipe Creek depletion population estinf@atéish >75 mm per 1,000 feet using 95 % confidence intersarveyed directly
downstream of the Bothman Road Bridge. Upper dentte intervals are in parenthesis.

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009
Rainbow Trout 42 (46)73 (85) 39 (43) 25 (27) 21 (25) 69 (73) 54 (59) 69 (73) 119 (133)
Brook Trout 0 3 7(8) 4(n/a) 6(10) 15 (n/d (n/a) 0 5 (n/a)
Bull Trout 0 0 0 0 0 2 (n/a) 0 0 0

Total Populatio 42 (46) 73(85) 0 27 (29) 27 (31) 83(85) 59 (64) 69 (73) 121 (133)

A Includes rainbow, rainbow x cutthroat hybrids, &ndok trout. Bull trout were not included in tte¢al population estimate.
® Also captured were 43 mountain whitefish rangimgrf 51 to 105 millimeters and one pumpkinseed shrifi4 millimeters long.
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Table A6. Mean zooplankton densities (no./l) (iop) and variances (bottom line) estimated
from 10-20 m. vertical tows made in the Tenmileaas€Libby Reservoir during 2009.
EpischuraandLeptodorawere measured as number pér m

Month Sample Daphnia Bosmina Diaptomus Cyclop Leptodora Epischura  Diaphanosoma
Size
April 3 0.05 0.06 0.01 2.10 0.00 1.41 0.00
0.00 0.00 0.00 2.87 0.00 5.99 0.00
May 3 0.77 0.72 0.68 36.98 0.47 174.47 0.00
0.11 1.54 0.26 614.30 0.66 24,080.52 0.00
June 3 0.98 4.45 0.08 23.53 3.77 0.00 0.01
0.02 15.11 0.01 144.09 6.19 0.00 0.00
July 3 1.94 0.23 1.04 8.83 3.06 195.97 0.12
0.16 0.01 0.11 4.80 1.16 20,670.57 0.01
August 3 021 002 058 6.09  0.00 12845  0.04
0.02 0.00 0.01 5.19 0.00 3,579.88 0.00
September 3 1.68 0.40 0.99 7.08 0.24 58.47 0.11
6.20 0.28 1.19 15.62 0.17 3,212.52 0.03
October 3 0.57 0.76 0.63 4.78 0.00 7.92 0.01
0.03 0.27 0.10 3.05 0.00 188.34 0.00
November 3 0.40 1.92 0.32 4.35 0.00 12.64 0.01
0.01 2.07 0.00 2.12 0.00 142.96 0.00
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Table A7. Mean zooplankton densities (no./l) (iop) and variances (bottom line) estimated
from 10-20 m. vertical tows made in the RexfordhawéLibby Reservoir during 2009.
EpischuraandLeptodorawere measured as number pér m

Month Sample Daphnia Bosmina Diaptomus Cyclop Leptodora Epischura  Diaphanosoma
Size
April 3 0.08 0.60 0.01 7.98 0.00 0.00 0.00
0.00 0.23 0.00 8.65 0.00 0.00 0.00
May 3 0.27 2.40 0.45 16.40 5.38 445.39 0.01
0.01 0.77 0.11 3285 75.88 52,302.46 0.00
June 3 2.32 7.27 0.08 9.31 6.60 43.38 0.04
1.29 8.43 0.00 3795 0.66 372.93 0.00
July 3 2.48 0.10 0.75 7.15 6.37 85.47 0.30
0.44 0.00 0.00 3294 0.50 3,641.00 0.02
August 3 0.16 0.01 0.51 2.63 0.24 68.84 0.00
0.00 0.00 0.03 0.13 0.17 1,803.82 0.00
September 3 2.43 0.66 1.24 7.20 0.00 16.55 0.17
0.21 0.14 0.01 1.08 0.00 214.64 0.00
October 3 0.23 1.45 0.40 3.65 0.00 0.00 0.00
0.00 1.70 0.01 0.03 0.00 0.00 0.00
November 3 0.40 1.67 0.38 2.96 0.00 0.00 0.00
0.08 1.71 0.03 0.33 0.00 0.00 0.00
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Table A8. Mean zooplankton densities (no./l) (iop) and variances (bottom line) estimated
from 10-20 m. vertical tows made in the Canada afésbby Reservoir during 2009.
EpischuraandLeptodorawere measured as number pér ffhe Canada area was not sampled
in April 2009.

Month Sample Daphnia Bosmina Diaptomus Cyclop Leptodora Epischura  Diaphanosoma
Size
May 3 0.01 0.73 0.03 1.51 0.00 59.42 0.01
0.00 1.37 0.00 6.12 0.00 9,133.74 0.00
June 3 9.17 3.81 0.49 13.61 7.77 0.86 0.12
59.65 31.77 0.19 169.94 12.25 2.20 0.02
July 3 0.51 0.01 0.02 0.31 0.00 0.00 0.15
0.56 0.00 0.00 0.07 0.00 0.00 0.06
August 3 0.33 0.00 0.59 2.83 0.47 167.40 0.01
0.01 0.00 0.02 0.04 0.17 10,931.39 0.00
September 3 3.16 0.28 0.98 4.04 0.67 15.66 0.12
5.76 0.00 0.04 0.72 1.36 281.96 0.01
October 3 0.63 0.92 0.72 3.36 2.12 1.70 0.00
0.04 0.52 0.10 5.60 9.51 8.64 0.00
November 3 4.37 1.53 251 5.83 0.47 11.73 0.02
25.25 2.90 5.95 1454 0.66 160.73 0.00
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Table A9. Yearly mean total zooplankton densities/() (top line) and variances (bottom line)
estimated from 10-20 m. vertical tows made in LiB®servoirEpischuraandLeptodorawere
measured as number pef.m

Year (\) Daphnia Bosmina Diaptomus Cyclops  Leptodora  Epishura Diaphanosoma
1997 69 2.80 0.07 0.80 6.10 4.34 57.24 0.08
11.30 0.01 0.88 50.87 108.72 6,013.80 0.02
1998 72 2.17 0.64 2.22 9.35 3.99 131.58 0.36
4.00 1.80 9.17 64.33 80.92 47,113.37 0.43
1999 57 2.19 0.77 0.51 9.57 6.63 89.41 0.15
4.53 1.39 2.35 107.88 148.11 14,367.63 0.05
2000 69 1.07 0.51 0.36 8.04 2.72 51.20 0.05
0.97 1.06 0.20 80.04 14.05 7,153.52 0.01
2001 72 1.58 0.46 0.46 8.39 2.72 63.72 0.22
2.77 0.46 0.21 59.53 21.18 11,153.71 0.13
2002 56 1.82 0.65 0.39 8.89 4.88 77.96 1.02
6.85 1.29 0.22 57.44 139.73 9,041.90 3.62
2003 72 3.42 0.83 1.79 11.34 2.24 98.02 0.90
20.29 1.93 4.46 64.61 19.74 19,825.83 1.68
2004 72 2.10 1.63 1.38 10.26 3.39 95.06 0.53
6.70 8.72 3.21 169.71 29.53 37,077.33 0.88
2005 72 1.50 2.62 0.51 7.74 2.43 91.36 0.30
4.05 37.88 0.59 80.18 26.13 15,412.56 0.19
2006 63 1.81 1.09 1.37 9.10 2.78 121.03 0.23
2.65 3.42 2.24 69.20 16.67 28,439.64 0.16
2007 54 1.48 0.87 0.68 8.84 1.83 139.38 0.10
2.19 2.53 0.92 112.66 12.33 50,542.01 0.06
2008 72 1.90 2.23 0.64 11.83 2.25 52.03 0.06
6.30 10.10 1.11 124.81 13.14 6,960.08 0.02
2009 69 1.44 1.30 0.59 7.94 1.64 65.03 0.05
7.02 5.04 0.54 98.31 9.44 14,266.98 0.01
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Table A10. Mean annual fine sediment (<6.35 mn@igit Montana bull trout spawning
tributaries of the Kootenai River. 95% confidentervals are presented in parenthesis.

Stream Year Sample Size Mean % Fine Sediment
N. Fork Keeler Crk. 1998 12 32.7 (23.6 - 42.4)
N. Fork Keeler Crk. 1999 0 N/A

N. Fork Keeler Crk. 2000 11 22.8 (17.5 - 28.5)
N. Fork Keeler Crk. 2001 12 29.5 (25.9 - 33.3)
N. Fork Keeler Crk. 2002 12 31 (26.4 — 35.8)
N. Fork Keeler Crk. 2003 12 36.7 (28.1 — 45.7)
N. Fork Keeler Crk. 2004 12 36.2 (30.1 - 42.6)
N. Fork Keeler Crk. 2005 12 30.3 (25 - 36)
N. Fork Keeler Crk. 2006 12 23.9 (14.4 — 34.9)
N. Fork Keeler Crk. 2007 12 28.4 (20.2 — 37.3)
N. Fork Keeler Crk. 2008 12 18.0 (14.2— 22.1)
N. Fork Keeler Crk. 2009 12 20.6 (18.1-23.2)
N. Fork Keeler Crk. 2010 12 15.4 (12.0 - 19.1)
O’Brien Crk. 1998 12 42.1 (38.5-45.7)
O’Brien Crk. 1999 0 N/A

O’Brien Crk. 2000 0 N/A

O’Brien Crk. 2001 12 34 (30.4 — 37.8)
O’Brien Crk. 2002 12 39.8 (35.3-44.4)
O’Brien Crk. 2003 12 43 (37.9 —48.2)
O’Brien Crk. 2004 12 43.3 (40.6 — 45.9)
O’Brien Crk. 2005 12 46.1 (41.9 - 50.3)
O’Brien Crk. 2006 12 40 (35.4-44.9)
O’Brien Crk. 2007 12 36.8 (30.7-43.2)
O’Brien Crk. 2008 12 21.6 (15.7 — 28.1)
O’Brien Crk. 2009 12 29.2 (26.7 — 31.7)
O’Brien Crk. 2010 12 27.6 (23.6 — 31.9)
W. Fork Quartz Crk. 1998 8 37.5(30.7 — 44.6)
W. Fork Quartz Crk. 1999 0 N/A

W. Fork Quartz Crk. 2000 0 N/A

W. Fork Quartz Crk. 2001 11 37.3(32.8-42)
W. Fork Quartz Crk. 2002 12 24.6 (18.3 — 31.5)
W. Fork Quartz Crk. 2003 12 34.1 (31.7 — 36.6)
W. Fork Quartz Crk. 2004 8 36.7 (31.2 — 44.3)
W. Fork Quartz Crk. 2005 8 30.6 (23.3 — 38.4)
W. Fork Quartz Crk. 2006 12 32.3(27.9 — 36.8)
W. Fork Quartz Crk. 2007 0 N/A

W. Fork Quartz Crk. 2008 12 28.2 (23.9 — 32.8)
W. Fork Quartz Crk. 2009 8 20.7 (16.4 — 25.3)
W. Fork Quartz Crk. 2010 10 24.1 (19.2 — 29.3)
Bear Crk. 1998 0 N/A

Bear Crk. 1999 0 N/A

Bear Crk. 2000 0 N/A
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Table A10 (continued). Mean annual fine sedime&6t35 mm) in eight Montana bull
trout spawning tributaries of the Kootenai Rive6% confidence intervals are presented
in parenthesis.

Stream Year Sample Size Mean % Fine Sediment
Bear Crk. 2001 0 N/A

Bear Crk. 2002 8 34.5 (30.5 - 38.6)
Bear Crk. 2003 8 28.3 (19.3-38.2)
Bear Crk. 2004 12 42.5 (38 —47.4)
Bear Crk. 2005 12 39 (33.9-44.2)
Bear Crk. 2006 8 38.7 (28.7 — 49.2)
Bear Crk. 2007 0 N/A

Bear Crk. 2008 12 15.9(10.7 — 21.9)
Bear Crk. 2009 12 25.8 (22.7 — 29.0)
Bear Crk. 2010 8 24.3 (19.3 - 29.7)
Pipe Crk. 1998 10 47 (41.4 — 52.6)
Pipe Crk. 1999 10 35.3(26.5-44.7)
Pipe Crk. 2000 0 N/A

Pipe Crk. 2001 12 33.3(25.9-41.2)
Pipe Crk. 2002 12 38.5(33.2-45.7)
Pipe Crk. 2003 12 39.8 (31.1-43.4)
Pipe Crk. 2004 12 37.1 (31 -43.4)
Pipe Crk. 2005 12 38.1 (33.6 — 42.6)
Pipe Crk. 2006 12 38 (32.8 —43.2)
Pipe Crk. 2007 0 N/A

Pipe Crk. 2008 12 23.1 (16.6 — 30.3)
Pipe Crk. 2009 12 29.3 (25.8 — 32.8)
Pipe Crk. 2010 12 34.6 (31.0 - 38.3)
West Fisher Crk. 1998 0 N/A

West Fisher Crk. 1999 0 N/A

West Fisher Crk. 2000 0 N/A

West Fisher Crk. 2001 0 N/A

West Fisher Crk. 2002 0 N/A

West Fisher Crk. 2003 0 N/A

West Fisher Crk. 2004 0 N/A

West Fisher Crk. 2005 0 N/A

West Fisher Crk. 2006 12 32.3(25.9-39.1)
West Fisher Crk. 2007 0 N/A

West Fisher Crk. 2008 12 9.7 (6.4 —13.7)
West Fisher Crk. 2009 12 30.4 (26.3 - 34.7)
West Fisher Crk. 2010 12 26.0 (21.5-30.8)
Grave Crk. 1998 12 28.8 (23.3 — 34.5)
Grave Crk. 1999 0 N/A

Grave Crk. 2000 11 29.8 (19.4 — 41.5)
Grave Crk. 2001 7 32.7 (25.6 — 40.3)
Grave Crk. 2002 10 33.6 (27.1 - 40.6)
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Table A10 (continued). Mean annual fine sedime&6t35 mm) in eight Montana bull
trout spawning tributaries of the Kootenai Rive6% confidence intervals are presented
in parenthesis.

Stream Year Sample Size Mean % Fine Sediment
Grave Crk. 2003 12 36.4 (33.2 — 39.6)
Grave Crk. 2004 12 36.8 (31.7 — 42)
Grave Crk. 2005 12 30.7 (25.4 — 36.3)
Grave Crk. 2006 12 29.1 (23.9 — 34.6)
Grave Crk. 2007 0 N/A

Grave Crk. 2008 12 30.2 (24.5 - 36.3)
Grave Crk. 2009 12 26.6 (22.1 — 31.4)
Grave Crk. 2009 12 29.2 (25.0 — 33.6)
Wigwam River (MT) 1998 6 34.2 (29 — 39.7)
Wigwam River (MT) 1999 3 36.6 (25 —49)
Wigwam River (MT) 2000 6 32.6 (27 — 38.6)
Wigwam River (MT) 2001 0 N/A
Wigwam River (MT) 2002 0 N/A
Wigwam River (MT) 2003 0 N/A
Wigwam River (MT) 2004 12 38.3 (34.1 -43.5)
Wigwam River (MT) 2005 8 33.9 (26 —42.1)
Wigwam River (MT) 2006 12 32 (22.8 —42.1)
Wigwam River (MT) 2007 12 30.6 (26.9 — 34.3)
Wigwam River (MT) 2008 12 20.5 (17.3-23.9)
Wigwam River (MT) 2009 10 25.4 (19.9 -32.4)
Wigwam River (MT) 2010 7 27.9 (21.3 — 35.0)
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‘F _l\‘lqontana Department of |
FENVIRONMENTAL QUALITY Richard . OpperDirctor

P.0. Bax 200901 < Heleas, MT 89620-0001 « (406) 444-2544 = www.deq.mt.gov

AT
MACAZS

24 March 2010

Ken Brunner, Environmental Resources Section
US Army Corps of Engineers

Seattle District

PO Box 4735

Scatlle WA 98124

Dear Mr Brunner,

This letter is notice of a temporary waiver of Montana’s Total Dissolved Gas (“TDG™)
standard on the Kootenai River. This waiver is specifically limited to the spill test
planned for the spring/summer of 2010 as specified in the stipulated settlement agreement
that was filed September 2, 2008, in the Missoula Division of the United States District
Court for the District of Montana, Case No. CV 03-29 DWM, Center for Biological
Diversity and Wildwest Institute v. US Fish and Wildlife Service (USFWS) and Army

This waiver responds to the USFWS determination that interim operations have been
unsuccessful in meeting sturgeon recovery goals under provision 4 of the Agreement.
This determination was relaved in a mid-December 2009 letter from Jeff Foss of the
USFWS to Olton Swanson of the ACOE.

Per the Agreement, Montana hercby waives its TDG water quality standard on the
Kootenai River, currently set at 110%, for the limited purpose of allowing voluntary spill
from Libby Dam for the benefit of ESA-listed sturgeon (the “Spill Test”).

The waiver of Montana's TDG water quality standard will be subject to the following
conditions existing and continuing throughout the term of the Spill Test as specified in
provision 5 of the Agreement:

a. This waiver of Montana's TDG water quality limit issued by the Montana Department
of Environmental Quality (DEQ) shall be solely for the purpose of allowing the Spill Test
described herein to go forward without violating Montana's Water Quality Act (The
“Waiver™);

b. The Waiver shall not be interpreted as having any application beyond the Agreement,
nor shall anyone use, rely upon, cite or repeat the fact of the Waiver as legal or factual
precedent for any proposition in this matter or any other, including as support for a future
waiver request by any entity or person, or as an indication of the biological, technical or

Enforcement Division + Permitting & Compliance Division + Pliooing, Prevention & Assistance Division + Remediation Division



legal merit of such a waiver request, except as may be necessary to evaluate the efficacy
of the Spill Test;

¢. Water temperature shall be maintained at or above 8 degrees centigrade, as measured at
the USGS gauge at river mile 221.3, downstream of Libby Dam;

d. Tagged sturgeon must be documented at or upstream of Ambush Rock;

e. The Spill Test will be targeted in the minimum amount of 5,000 cfs, potentially to a
maximum of 10,000 cfs;

f. Notwithstanding the Waiver, in order to reduce the incidence of gas bubble trauma
(GBT) in bull trout and other resident fish, TDG in excess of Montana's water quality
standard of 110% caused by the Spill Test shall be limited to seven (7) days during
calendar year 2010, excluding any unforeseen flood control measures that do not coincide
with sturgeon related spills intended to satisfy the objectives of the Agreement;

¢. TDG during the Spill Test shall never exceed a standard of 123%, measured as
follows:

1. The specific location of the compliance point will be located at 20%
“normalized distance” from left bank (looking downstream) at RM 221.3. The
following explanation is provided, to avoid any misunderstand and to
unequivocally pinpoint the intent of the Waiver: During inleragency planning
meetings to prepare for the upcoming Spill Test. a question arose as to the exact
location of the TDG compliance point in the river cross-section at RM 221.3, as
explained in a 11 December 2009 letter from the State of Montana to Ken
Brunner of the ACOE and Jason Flory of the USFWS. In response, the multi-
agency TDG Technical Team held a meeting 6 January 2010 in Bonners Ferry,
Idaho, and mutually agreed that the specific location of the compliance point be
located at 20% “normalized distance™ from left bank at RM 221.3. This position
was subsequently endorsed by consensus on 19 January 2010 at the Flow Plan
Implementation Protocol Policy Team meeting held in Portland Oregon;

2. The TDG measurement instrumentation at the compliance location
described in the preceding paragraph shall be placed at or below the compensation
point of 7.6 feet below the surface of the water;

3. Exceedance of 123% of Montana’s TDG standard shall be determined
by calculating the average of the 12 highest hourly readings in any 24 hour
period immediately preceding the calculation.

h. If fish mortality from GBT is observed in any Kootenai River trout, the Spill Test shall
be reduced to maintain TDG at or below 120%, for any remainder of the seven (7) day
period during which TDG in excess of the 110% TDG cap is waived; and

i. Notwithstanding the foregoing, if the Spill Test is demonstrably harming sturgeon or
other fish at a population level, significantly impeding the ability to maintain a gradual
decline in flow after the spring pulse, or causing the Kootenai River to exceed flood
control limits at Bonners Ferry, Idaho, or below Libby Dam, the Spill Test shall
immediately cease. Population level impact will be determined as follows:

1. Population level impact is assumed to occur when numbers of dead or
distressed fish are observed and are equal to or greater than 2% for bull trout, and



1% for rainbow trout and mountain whitefish, of the Montana Department of Fish
Wildlife and Parks’s ("MFWP") most recent population estimates;

2. Applying the criteria defining population level impact yields the following
fish numbers: bull trout = 4, rainbow trout = 54, and mountain whitefish = 178,

3. The numbers of fish identified n the preceding paragraph may be adjusted
as appropriate based on more recent MEWP fish population estimates that may
occur prior to the Spill Test. If this adjustment occurs, DEQ will notify the
ACOE in writing.

Further explanation of how the above conditions will be determined are found in the
“Libby Dam 2010 Spill Test Final Draft Biological and Physical Monitoring Plan” dated
17 March 2010,

Bob Bulumtls
Water Quality Standards Section Supervisor

o7

CC: Richard Opper- DEQ
Joe Maurier- MFWP
Bruce Measure- Northwest Power and Conservation Council
Rhonda Whiting- Northwest Power and Conservation Council
David Ponganis- US Army Corps of Engineers
Olton Swanson- US Army Corps of Engineers
Holly Harwood- BPA
Sue Ireland- KTOI
Bruce Rich- MFWP
Dave Risley-MFWP
Rich Torquemada- US FWS
Jeff Foss- US FWS Boise Office
Daniel Spear- Bonneville Power Administration
Kim Johnson-US Army Corps of Engineers



