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EXECUTIVE SUMMARY

A new project began in 2005 to monitor the bioladji@nd physical effects of the
Northwest Power and Conservation Council (NPCC)rigi@im Amendment, which modifies
dam operations at Hungry Horse and Libby Dams, ioat Under the new operating
guidelines, July through September reservoir draiiibe limited to 10 feet from full pool in the
upper 80% of water supply years and 20 feet frairpfaol in the lowest 20% of water supply
(drought) years. The Mainstem Amendment also irapdisnits on how rapidly discharge from
the Dams can be increased or decreased dependiimgeoaf year. The NPCC directed Libby
and Hungry Horse Dams to implement and evaluaseiiterim summer operating strategy.
This report highlights the monitoring methods aneliminary results that will be used to
monitor the effects of the Mainstem Amendment shédries, habitat, and aquatic invertebrates
above and below Libby Dam. Presently, the Mainséenendment has not been implemented,
but aspects of the strategy have been incorponati® United States Army Corps of Engineers
(USACE) variable discharge (VARQ) flood controlagé&gy.

A variety of methods will be used to monitor thelbgical and physical effects of the
Mainstem Amendment on the habitat and fauna wibirtions of the Kootenai and Flathead
watersheds. Evaluation methods will include madgphysical and biological conditions within
the reservoir systems above and below Libby andgHuHorse Dams, in conjunction with
annual gill netting to assess reservoir conditioAsnual fish population surveys on sections of
the Kootenai and Flathead Rivers, along with agienases from scales, fin rays, and otoliths,
will be used to estimate survival and growth ohés in the mainstem rivers and selected
tributaries within each basin. Radio telemetryl d used to validate existing Instream Flow
Incremental Methodology (IFIM) / habitat use mod#¢veloped for the Kootenai River below
Libby Dam and will also be used to assess fish mmarés for comparison to previous radio
telemetry monitoring efforts below Libby Dam. Fistovements and habitat use in relation to
flow ramping rates will also be assessed. Passtegrated transponder (PIT) tags will be
injected in fishes throughout the Mainstem KootdRiaer and selected tributaries to provide
information on growth, survival, and movement shis in relation to environmental variables.
Model simulations will be used to calculate theeet§ of dam operations on the wetted perimeter
and productivity in the Kootenai River below Libbam. Models (IFIM) will also be used to
evaluate the impacts of dam operations on the ahuafavailable habitat for several life stages
and fish species in the Kootenai and Flathead River

Future project plans include more research focosethainstem tributaries, specifically
investigating fish growth and survival, timing e movements, and how environmental
variables influence tributary fish populations atmindance. The recolonization of benthic
invertebrates in the varial zone of the KootenaieRiwill be assessed to validate RIVBIO
benthic production models and may be used to dyahe impacts of discharge fluctuations
below Libby Dam, including quantifying the amouripooductivity (e.g., numbers or biomass)
lost or gained due to changing discharge leveldditfonal research may include estimating the
productivity of Lake Koocanusa, which was last ased in the late 1980’s.
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INTRODUCTION

The purpose of this report is to present methodspaeliminary data that will be used to
monitor the physical and biological effects of terthwest Power and Conservation Council’s
Mainstem Amendment on fisheries above and belowy.#nd Hungry Horse Dams, Montana
for the work period of July 1, 2005 to June 30,&00he nine objectives for this project are:

Objective 1 — Use LRMOD and HRMOD to model the pbgisconditions in Libby and Hungry
Horse Reservoirs.

Objective 2 — Use LRMOD and HRMOD to model the bgital conditions in Libby and
Hungry Horse Reservoirs.

Objective 3 — Compile or calculate age, growth, emddition information for game species in
Lake Koocanusa and Hungry Horse Reservoir undéowsidam operating strategies and relate
that information to environmental conditions in tleservoir if possible.

Objective 4 — Update reservoir models (LRMOD andWdD) to better predict or estimate the
biological and physical conditions and unreguldtedd component of the reservoirs.

Objective 5 — Use the Instream Flow Incrementaliddblogy (IFIM) and RIVBIO (wetted
perimeter and benthic productivity) models to eaterthe amount of habitat available for fishes
and benthic production under different dam opegasinategies.

Objective 6 — Estimate salmonid cohort survival araftality in the Mainstem Kootenai and
Flathead Rivers and relate survival to environmasadaditions (e.g., temperature, variability)
resulting from different dam operations.

Objective 7 — Use radio telemetry to assess hovpiagrates and changes in discharge affect
movement and habitat use of fishes below Libby Dam.

Objective 8 — Assess how dam operations and tmipwtanditions affect survival, growth, life
history, and hybridization of westslope cutthroad @aainbow trout in the upper Flathead River
and selected tributaries in the Flathead RiveriBa€ibjectives in the Kootenai River basin are
to estimate survival, fish movement, and growtfigifes in Quartz Creek, a tributary to the
Kootenai River below Libby Dam.

Objective 9 - Compile or calculate age, growth, eaddition information for game species in

the Kootenai River and the South Fork Flathead Rimeler various dam operating strategies
and relate that information to environmental caodg in the rivers.
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Several concepts have been formulated throughttregplain the functional and
organizational structure of rivers including thez&i Continuum Concept, the Serial
Discontinuity Concept, and the Flood Pulse Cong@&f#nnote et al. 1980; Stanford et al. 1988;
Junk et al. 1989). Unregulated rivers exhibit reltaonditions including seasonal variation in
flow and water temperature, species compositionahges from headwaters to the mouth, and
changes from allochthonous to autochthonous enepys depending on environmental
conditions present including precipitation, tempera and elevation changes. However, many
of the natural conditions and processes of rivezsaliered by the construction of dams.

There are more than 79,000 dams in the United Stateording to the United States
Army Corps of Engineers National Inventory of Daatabase, with many more small dams not
inventoried (USACE 2006; http://crunch.tec.army/md/webpages/nid.cfm). Dams have been
constructed for power production, flood control,muipal water sources, recreation, navigation,
and a suite of additional reasons. Natural riverditions and processes before dam construction
are often lost due to flow regulation and separatiom the natural floodplain. Dam
construction and associated changes to habitathyairdlogic regimes is one of the leading
threats to imperiled freshwater fauna in the UniBéakes (Richter et al. 1997).

Below dams, common changes include altered or seddnydrographs, altered thermal
conditions, lack of flooding below the dam, armgrof streambeds, changes in river channel
morphology, lack of sediment transport and renewahatural variations in flow, changes in
water quality, and blockage of fish migrations (8tad 1975; Stanford and Hauer 1978; Ward
and Stanford 1979; Fraley and Graham 1982; HauwkStenford 1982; Shepard et al. 1984;
Fraley and Decker-Hess 1987; Hauer et al. 1994istémson et al. 1996; Zhong and Power
1996; Hauer et al. 1997; Pozo et al. 1997; Ceregand Lavandier 1998a and 1998b; Ponton
and Vauchel 1998; Marotz et al. 1999; Muhlfeld 199 hlfeld et al. 2000). Zubik and Fraley
(1987) found that the construction of Hungry Hdbsen, Montana, and the subsequent
formation of Hungry Horse Reservoir inundated 57dfithe South Fork of the Flathead River
and portions of 37 tributary streams. Hungry Hddsen also blocked access to 38% of the
drainage area previously available to fishes famspng after migrating upstream from Flathead
Lake. Winston et al. (1991) documented the eatigm of four minnow species above Altus
Dam and changes in species composition relatioghier streams not affected by the dam.
Several studies have assessed fragmentation datiasmf populations, which can increase the
likelihood of local extinction of species (RiemamdaVicintyre 1993 1995, 1996; Dunham et al.
1997). Modified streamflows reduce fish commumtynplexity (Bain et al. 1988) and
streamflow variability can alter the functional argzation of species and species assemblages
(Poff and Allan 1995). Streamflow variability calso affect lower trophic levels, especially
within the varial zone (Ward 1976). Blinn et dl905) found that permanently submerged
channel areas supported 4 times the macroinvetéetmass than the varial zone in the Colorado
River, below Glenn Canyon Dam. The varial zoneob&es unproductive because aquatic,
terrestrial, and benthic vegetation that would redlyrprovide nutrients, forage, and cover do
not establish due to fluctuating river dischar@ereghino and Lavandier (1998a) documented
that hydropeaking reduced densities and biomassgflies (Ephemeroptera) and altered
stream temperatures in the River Oriege, Frandel flDctuations also have negative effects on
both abundance and richness of mayflies (Malmanst Englund 1996). Density of insects was
inversely correlated with hours of dewatering dgrine 2 weeks prior to sampling in the Skagit
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River, Washington, USA and abundance was 1.8-58gihigher under stable compared to
fluctuating diel flow patterns (Gislason 1985) slriare also affected by construction of dams.
Zhong and Power (1996) documented blocked migratadriooth anadromous and semi-
migratory fishes, spawning time delays of 20-60sj@pandonment of spawning grounds,
extinction of one species, and a decrease in thauof freshwater species (from 96 to 85)
below four dams in China. Ponton and Vauchel (J@@8umented lower abundances and
diversity of neotropical fishes below Petit-Sautndia South America. Fluctuating discharge
has been shown to affect bull trout that use chamiaegins at night (Muhlfeld et al. 2003).
Effects of water fluctuation may be diminishedhétrate of fluctuation is slowed or stabilized to
create conditions closer to a free flowing riverdgpendent Scientific Advisory Board 1997b).

Dam operating strategies and water releases haredssigned, evaluated, and modified
in recent years to aid species recovery in bothugipger and lower portions of the Columbia
River Basin (Marotz et al. 1996; ISAB 1997; USFWE®2; NOAA-Fisheries 2000; Conner et
al. 2003). A balance between the hydropower systeapability to provide power and the
conservation of numerous fish species within ttetesy must be achieved, while not extirpating
species, negatively affecting species, or hindergegvery efforts within portions of the
Columbia River Basin. The Mainstem Amendment mglp Iprovide a better balance for fishes
in the upper and lower portions of the ColumbiadRivasin. At Libby Dam, July through
September reservoir drawdown will be limited toféét from full pool (elevation 2449 feet)
during the upper 80% of water supply years (ileyears except extreme drought). Reservoir
drawdown may be increased to 20 feet (elevatio®p#8m full pool during these months in
drought years. The NPCC Mainstem Amendment igydesl to stabilize water releases into the
Kootenai and Flathead Rivers during the produciv@mer months and to protect aquatic
resources in the headwaters of the Kootenai Rikgndge, while providing suitable conditions
for anadromous species in the lower Columbia Riveraddition to limiting reservoir
drawdown, ramping rates of discharge will be liditg Libby and Hungry Horse Dams by daily
and hourly maximum rates. The ramping rates dapending on time of year, and the fastest
rates occur during the less productive winter mentWhile the potential effects of dam or
system operation changes can be modeled at LibdbyHangry Horse Dams, actual effects will
remain unknown until the Amendment is implemenged] monitoring and evaluation are
completed. It may take several years to deteciaatify actual effects, particularly at higher
trophic levels.

Several methods are available to quantify the piatleeffects of new dam operations at
Libby and Hungry Horse Dams. Instream Flow IncretaeMethodology (IFIM; Bovee 1982)
research by Montana Fish, Wildlife, and Parks alibw quantification of physical habitat and
habitat use relative to river discharge. Restotirggmost natural flow regime during the
summer months will protect ecosystem processesraychelp restore native fish populations in
the Kootenai River (Marotz et al. 2002). Resermilogy of Lake Koocanusa was assessed in
the 1980’s and 1990’s and led to the formationeviesal models of physical and biological
conditions above and below Libby Dam (Chisholmlel1@89; Marotz et al. 1996). The
potential effects of four different dam operatitigategies on sediment transport, fishes, river
stage, and flow have been evaluated below Flamorgé&Reservoir. Operational scenarios
included year-round high fluctuations, seasonallysted high fluctuations, seasonally adjusted
moderate fluctuations, and seasonally adjustedigtéaws (Hlohowskyj and Hayse 1995;
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Williams, et al. 1995). Williams et al. (1995) fodithat none of the hydropower operation
strategies would differ significantly in terms @dsment transport, with the exception of dry
water years, when the total sediment load is socaatipared to even moderately wet years.
Seasonally adjusted steady flows and seasonallgtadi flows with moderate fluctuations could
result in increased growth, higher fish conditindices, and higher overwinter survival if
coordinated with reductions in stocking effortshe$e operational changes could also result in
increased food production and spawning habitati@wéity (Hlohowskyj and Hayse 1995). In
addition to reservoir and river models, evaluatibthe effects of the Mainstem Amendment
will incorporate other information obtained fromral gill netting, electrofishing, redd counts,
population estimates, age and growth informatiadia telemetry, and PIT tags.

STUDY AREA
Kootenai River watershed

The Kootenai River watershed is located in Brit&flumbia (B.C.), Canada and
Montana and Idaho, United States (Figure 1). Thet&nai River drainage covers an area of
45,584 knj (17,600 mf; Knudson 1994). The Kootenai River begins in Kmaty National
Park, B.C. and flows south into Montana beforeingmwest northwest between the Cabinet and
Purcell Mountains into Idaho and back into Kootehalge, B.C. The watershed is primarily
forested (98%:; lodgepole pine and spruce forelstg)has some agricultural areas in lower
elevations along the river below Bonners FerryhtdaListed species under the Endangered
Species Act (ESA) in the Kootenai River watershedude the bull trougal velinus confluentus
and white sturgeoAcipenser transmontanus. The Kootenai River population of white sturgeon
is listed as an endangered species and bull tredisted as a threatened species under the
Endangered Species Act (ESA; U. S. Fish and Wédliérvice 1999; U. S. Fish and Wildlife
Service 2002). Additional species not listed idelwainbow trouO©ncor hynchus mykiss, burbot
Lota lota, and westslope cutthroat trdDhcorhynchus clarki lewisi (Table 4).

Libby Dam and the Kootenai River

Construction of Libby Dam began in 1966 after auttadion by the Columbia River
International Treaty of 1964 and was completeddn2l(Knudson 1994). The Kootenai River
was officially impounded at river mile 221.7 on Mhar21, 1972 creating Lake Koocanusa
(Woods and Falter 1982) approximately 25 km upstrefLibby Montana. Libby Dam was
constructed to provide flood control, hydropowenggtion, recreation, and other uses for the
surrounding area (Bonde and Bush 1982). Construetnd operation of the dam significantly
altered the hydrograph of the Kootenai River (Fegu2 and 3). Before dam construction, peak
spring discharge of the Kootenai River occasionahched 2,264 #fs (80,000 ft/s) and the
average peak was 1,839.5/s(65,000 fi/s). After Libby Dam was completed, spring flows
typically reach 600-700 ffs (20,000-25,000%ts). This reduction in spring peak flows has
caused a build-up of sediment in river cobblesthedormation of deltas at tributary mouths,
which are both detrimental to insect productiosh fiood availability, and cover. Tributary
deltas have also formed seasonally impassibledrardiuring drought years. Power generation
in the winter months has created higher than heabwinter flows, and flow augmentation for
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anadromous fishes (NOAA-Fisheries 2000) establisheeicond unnaturally large peak
discharge in late summer (Figures 3 and 4). Flamation was also highly variable on an
hourly, daily, and seasonal basis (Hauer et al71@8h no constraints on rates at which flow
could be altered. If implemented, the Mainstem Adment imposes constraints on the
frequency and magnitude of discharge fluctuationthe Kootenai and South Fork Flathead
Rivers (Tables 1 and 2). Highly variable flowseatfthe abiotic and biotic conditions within and
along the river margins, reducing productivity loé tsystem and surrounding areas. Water
temperatures and seasonal thermal regimes of tbeeKai River have also been unnaturally
altered Libby Dam. Although selective withdrawapebilities have allowed management for
more natural thermal conditions now compared tbyeqguerations, winter water temperatures
remain warmer below Libby Dam, perhaps contributm@ decline in burbot abundance in the
Kootenai River (Paragamian et al. 2001).

Lake Koocanusa

Lake Koocanusa is approximately 145 km (90 mi) |dvags a maximum depth of 107 m
(350 ft), a mean depth of 38 m (126 ft) and cowerd area of 46,500 acres at full pool (Table 3).
Lake Koocanusa provides popular sport fishing opputies for rainbow trout, kokanee, and in
recent years, for bull trout on an experimentaldyas addition to containing many other species
(Table 4). Lake Koocanusa typically fills near g#red of June. Recent spill events from Libby
Dam have occurred in June and July 2002 and in 2006. Post dam maximum flows from
Libby Dam in 2002 reached 40,00&/$twhile peak flows were approximately 55,0G0sftn
June 2006, the highest on record since complefidkibby Dam and regulation of flows from
the dam. These high flows were more typical ofgaen flows and much greater than post dam
discharges through Libby Dam (Figure 3). Lake Karagsa was historically drafted more than
30 m (100 ft) but recent operations have resutiezimaller 40 to 50 foot drafts of the reservaoir,
creating more area for biological productivity gsrdvide additional water surface area for uses
such as recreation. For a more detailed desaniptithe Kootenai River portion of the study
area including the climate, topography, soils, gedlogy see Dunnigan et al. 2003.
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Figure 1. Location of the Kootenai River watersirethe United States and Canada along with
several key features within the watershed (fromigen et al. 2003).
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Table 1. Daily and hourly ramp up and ramp dowagdor Libby Dam, Montana as measured
by daily flows. These ramp rates are part of tletiNvest Power and Conservation Council’s
Mainstem Amendment interim summer operating stsatédhe abbreviation cfs = cubic feet per
second (fl/s).

Dam Flow Ramp Daily max Hourly max Hourly max
Range direction  (cfs day’) (cfs hout) (cfs hout)
(cfs) 1 Oct—30 Apr 1 May-30 Sep

Libby 4,000 - Up 1 unit day (5,000 cfs day) 2,000 1,000
6,000

Libby > 6,000- Up 1 unit day (5,000 cfs day) 2,000 1,000
9,000

Libby > 9,000- Up 1 unit day (5,000 cfs day) 3,500 2,000
17,000

Libby  >17,000 Up No limit 7,000 3,500

Libby 4,000 - Down 500 cfs day 500 500
6,000

Libby > 6,000- Down 1,000 cfs day 500 500
9,000

Libby > 9,000- Down 2,000 cfs day 1,000 1,000
17,000

Libby > 17,000 Down 1 unit day(5,000 cfs &) 5,000 3,500

Table 2. Daily and hourly ramp up and ramp dowasd&r Hungry Horse Dam, Montana as
measured by daily flows. These ramp rates aregbaine Northwest Power and Conservation
Council’'s Mainstem Amendment interim summer opeastrategy. The abbreviation cfs
equals cubic feet per second/é.

Dam Flow Range Ramp Direction Daily Max Hourly Max
(cfs) (cfs day') (cfs hout")
Hungry Horse 3,500-6,000 Up 1,800 1,000
Hungry Horse > 6,000-8,000 Up 1,800 1,000
Hungry Horse > 8,000-10,000 Up 3,600 1,800
Hungry Horse > 10,000 Up No limit 1,800
Hungry Horse 3,500-6,000 Down 600 600
Hungry Horse > 6,000-8,000 Down 1,000 600
Hungry Horse > 8,000-12,000 Down 2,000 1,000
Hungry Horse > 12,000 Down 5,000 1,800
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Table 3. Statistics of Lake Koocanusa (Libby Resie) located in northwest Montana,
approximately 25 km upstream of Libby, Montanarfir€hisholm et al. 1989).

Statistic Value
Surface elevation
Max pool 749.5 m (2,459 ft)
Min operational pool 697.1 m (2,287 ft)
Min pool 671.2 m (2,222 ft)
Area
Max pool 188 k(46,500 acre)

Min operational pool
Volume

Max pool

Min operational pool
Max length
Max depth
Mean depth
Shoreline length
Shoreline development
Storage ratio
Drainage area

58.6 Kifll4,487 acre)

7.24 k(5,869,400 acre-ft)
1.10 Kn890,000 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 km2 (8,985)mi

Drainage area: surface area 124:1
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Common Name Scientific Name Native or Introduced  uidance
Black bullhead Ameiurus melas Introduced Rare
Bluegill Lepomis macrochirus Introduced Rare
Brook trout Salvelinus fontinalis Introduced Rare
Brown bullhead Ameiurus nebulosus Introduced Rare
Brown trout Salmo trutta Introduced Rare

Bull trout Salvelinus confluentus Native Common
Burbot Lota lota Native Common
Goldfish Carassius auratus Introduced Rare
Kokanee salmon Oncorhynchus nerka Native Common
Lake trout Salvelinus namaycush Introduced Rare
Largemouth bass Micropterus salmoides Introduced Rare
Largescale sucker Catostomus macrocheilus Native Abundant
Longnose dace Rhinichthys cataractae Native Rare
Longnose sucker Catostomus catostomus Native Rare
Mottled sculpin Cottus bairdi Native Rare
Mountain whitefish Prosopium williamsoni Native Abundant
Northern pikeminnow  Ptychocheilus oregonensis Native Abundant
Northern pike Esox lucius Introduced Rare
Peamouth Mylocheilus caurinus Native Abundant
Pumpkinseed sunfish  Lepomis gibbosus Introduced Rare
Pygmy whitefish Prosopium coulteri Native Rare
Rainbow trout Oncorhynchus mykiss Introduced Abundant
Redband trout Oncorhynchus mykiss subspecies Native Rare
Redside shiner Richardsonius balteatus Native Common
Slimy sculpin Cottus cognatus Native Common
Smallmouth bass Micropterus dolomieu Introduced Rare
Torrent sculpin Cottus rhotheus Native Rare
Western mosquitofish ~ Gambusia affinis Introduced Rare
Westslope cutthroat trout Oncorhynchus clarki lewisi Native Common
White sturgeon Acipenser transmontanus Native Rare
Yellow perch Perca flavescens Introduced Rare

Table 4. List of fish species found in the KooidRaver watershed and the Kootenai River
(updated and adapted from Hoffman et al. 2002 awitbkhl and Johnson 2003).
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Figure 2. Libby Dam constructed in the 1960’s 48@0’s east of Libby, Montana.
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Figure 3. Average pre (USGS station 12303000)pmsd dam (USGS station 12301933)
hydrographs of the Kootenai River below Libby Dawnthe period of 1910-2004. Water years
start on 1 October and end on 30 September. Leapdata for 29 February were excluded.
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Figure 4. Water year 1999 discharge below LibbynDaotice the unnatural double summer
peak resulting from flow augmentation for anadromfishes called for by NOAA Fisheries
Biological Opinion 2000 (NOAA-Fisheries 2000) am tunnatural winter peaks resulting from
hydropower generation.
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METHODS
River Modeling

Model simulations (RIVBIO; Marotz et al. 1996) obKtenai River and South Fork
Flathead River productivity and habitat conditiovi§ be applied using average daily inflow,
outflow, and surface elevation data obtained fronitédl States Geological Survey, United
States Army Corps of Engineers, or Bureau of Reataon from Libby and Hungry Horse Dams
for periods since dam construction. Benthic proidig in the Kootenai River will be
calculated using average daily flows and analyzsdguincrements of 15, 30, 47, 60, 75, and 90-
day recovery periods for benthic fauna. Forty-sedays (unregulated flow recovery time) will
be considered the minimum standard recovery timenfidel simulations (Gersich and Brusven
1981).

Instream flow incremental methodology (Bovee 1982pels were used to develop
habitat utilization curves for various fishes i thlainstem Kootenai River (Miller and Geise
2004) and the Flathead Rivers (Miller et al. 200Bhese models will be used to assess habitat
availability for various life stages of fishes undiéferent dam operating strategies to help
evaluate whether or not recent dam operations geoviore available suitable habitat than
previous operational strategies. Discharges frdmhy.and Hungry Horse Dams will be used as
inputs into the habitat use function curves (descharge versus area available) for juvenile and
adult fishes and for diel habitat availability toull trout. Habitat use curves were developed
using known fish locations (i.e., water depth aradewx velocity) in surveyed reaches of the river
under varying discharge levels. Habitat use cuavekdischarge data will be used to develop
and analyze time series of habitat availabilityouHy, daily, monthly, seasonal, and annual flow
variation will be quantified and compared betwepgerating strategies where data are available.

Reservoir Modeling

Model simulations of Lake Koocanusa and Hungry ddeservoir productivity, habitat
conditions, and fish growth (HRMOD and LRMOD; Maz @t al. 1996) will be run using,
reservoir inflow, outflow, and surface elevatiolesi for Lake Koocanusa and Hungry Horse
Reservoir. Annual data files (*.dat) will be er@drinto the model interface and results will be
compiled in Microsoft Excel for analysis. Additi@ndata including water temperatures and
climatic information (e.g., precipitation, air teeratures) will also be gathered from the Western
Regional Climate Center or the United States ArmoypS of Engineers to help isolate the effects
of dam operations from independent environmentatitmns. Dam operation strategies and
water years will be evaluated and ranked accorttingodeled habitat conditions and biological
conditions in each of the reservoirs.

Water availability (i.e., sum of the average daligcharge) from April 1 — August 31 and
for the entire water year (i.e., October 1 — Seyier 30) will be used to rank water availabilities
for each water year. Water years will be stradifie.g., 1-5; 1 = high water availability, 5 = low
water availability) and model simulations will benrfor similarly ranked years across dam
operating strategies.
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| nvertebrate Recolonization of the Varial Zone

Forty-seven days is considered the minimum receéditn time for macroinvertebrates
in unregulated systems, although 66 days were medjin regulated streams (Gersich and
Brusven 1981). Shaw and Minshall (1980) found thahbers of organisms on introduced
substrates peaked before day 64. The 66-day mzatmn time required may be closer to the
true value in the Kootenai and Flathead River systbut the actual recolonization time is
unknown. Blinn et al. (1995) found that two, 12-hexposure periods may require more than 4
months to recover to permanently submerged leviaisagroinvertebrates below Glenn Canyon
Dam. Varial zone recolonization below Libby Damlwe assessed during May and June using
a 1-nf kick sampler with 25qm mesh to assess species composition, numberspéization
rates of macroinvertebrates in the Kootenai River.

The recolonization sample area is located at thby Dam Recreation Vehicle Park
approximately 1.6 km (1 mi) downstream of the Ogpranding Fishing Access (river mile
209.6; Figure 5). A channel profile or dischargesus wetted area map will be obtained prior to
sampling as spring flows increase. The developefil® or map will allow samples to be
obtained from the correct distance or area foré¢agired number of wetted days depending on
discharge. Areas in the riffle that have beenedketor a predetermined number of days (e.g., 5,
10, or 30 day intervals) during the summer monthisbe sampled to assess species
recolonization time, species composition, and nusib&aquatic insects in newly wetted areas
compared to areas in the permanently wetted char®releach sampling day, a 0.25 gnid will
be placed in a random location within the predefinetted area. One person will hold a kick
net (1.0 M) downstream of the sample grid to collect dislabijvertebrates from substrates
disturbed within the 0.25 hsample area. Three invertebrate samples will beated on each
sampling interval and stored in 95% ethanol intdr Ipolypropylene bottles. Depth (m), velocity
(m/s), and GPS coordinates will be recorded at é&zztion to avoid duplicating sample
locations within the sample area. Invertebraiés 300-500) from samples will be sorted using
Montana DEQ guidelines and sorted to taxonomic Obééore being sent to a lab for
identification, enumeration, and calculation of éiddal metrics.
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Figure 5. Location of the aquatic invertebrateotegization study between Libby, Montana and
Libby Dam. Sampling is scheduled to occur at thy Dam RV Park at river mile 209.6 in the
spring of 2007.

Kootenai River Electrofishing

Mainstem electrofishing will be performed at nigh$jng two boats with boom-mounted
electrodes to sample the left and right banks efriver. Each boat crew will include one driver
and two netters. Boats will be equipped with 4,606,000-watt generators and either a Coffelt
Mark 22 or Mark 15 VVP rectifying unit. Straight®will be used with outputs maintained at 2-
3 amps and 200-300 volts. All fish sampled willfetted and placed in holding tanks in each
boat until fish can be transferred to larger hajdiages in the river at the fish work up station.

A third boat will measure each fish, and inspesitdis for PIT tags, mark, and injuries. Captured
fish will be anesthetized using an aqueous buffegddtion of tricaine methanesulfonate (MS-
222). As fish begin to loose equilibrium, theyaé measured for total length (mm) and weight
(g). During population estimates, all fishes a@rkad with a fin clip that is easily recognizable
during recapture sampling. Recapture samplingaeitiur about one week after the last fish
were marked depending on water conditions and weatRopulation estimates will be
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calculated using modified Petersen and partialilagihood estimators using Fisheries
Analysis Plus software (Fisheries Analysis + 2004).

Fish population monitoring in the Kootenai Rivetlwie accomplished using population
estimates from three sections of the Kootenai Rikggure 6). River sections will include: the
Flower-Pipe section between Flower Creek and PigelC(rm 204.0 to 201.0; fall estimate); the
Reregulation Dam section between Johnson Draw {4n82 and Lowery Gulch (i.e., Osprey
Landing access; spring estimate) on the KootenamRrm 213.3); and from Libby Dam to the
Fisher River confluence with the Kootenai River @&1.7 to 218.2; bull trout estimate in the

spring).
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Figure 6. Location of population estimate readhagbe Kootenai River below Libby Dam,
Montana. Photo courtesy of the United States Ggcdd Survey.

Age and Growth

Fish used for age and growth analyses will be ctdtkduring nighttime electrofishing.
Scales will be collected from at least the firgeffish handled in length groups of 1 centimeter.
Scales will be collected between the dorsal antifareaabove the lateral line. Species, length,
weight, sample date, and location will be recordecatach scale envelope prior to scales being
placed inside an envelope to dry. Samples wijpfessed onto acetate slides using a Carver
model C press at 15F at 15,000 PSI for 1 minute. Annuli will be digjuished following
methods described in DeVries and Frie (1996). t&dgitoliths (salmonids and burbot) and
lapilli otoliths (catostomids) will be collectedpibssible (e.g., mortality). Otoliths will be
viewed whole or if necessary, transverse sectialhdeobtained using a Metaserve 2000

27



grinder/polisher or an Isomet slow speed saw hickniess varying from 0.25-0.5 mm. Annuli
will be distinguished as a translucent band folldveg an opaque band. Age will be estimated
as the number of opaque bands (Sharp and Bern88j Hall 1991; Secor et al. 1992; Hining et
al. 2000; Ihde and Chittenden 2002). Pectoraldys may be collected and prepared using
methods similar to Cuerrier (1951) and Scidmore @las (1953). Pectoral or pelvic fin rays
will be excised proximal to the body and allowedlty in scale envelopes, labeled with the
corresponding length, weight, species, and dateltdction. Proximal portions of fin rays will
be set in epoxy and sectioned on the transverse jliea thickness from 0.25-0.5 mm. Scale
impressions, pectoral fin ray sections, and otshilil be viewed on a Nikon SMZ-2T dissecting
microscope with a MediaCybernetics Model PL-A662daular and digital imager. Digital
images of annuli on scales, fin rays, and otohtilsbe digitally recorded and measured.
Annual increment lengths (i.e., Weisberg method)) lvé related to environmental variables
including flow variation, dam operation strateggdather environmental conditions (DeVries
and Frie 1996; Weisberg and Frie 1987). Mean leatitage will be back-calculated. Annual
growth increments, mean length at age, and megthex capture will be compared between
years, between dam operation strategies, and cechpaenvironmental variables. Once age
frequencies are completed or can be estimatediyaliand mortality estimates will be
calculated.

Survival and Mortality Estimates

Annual survival and mortality rates will be caldigd in various sections of the Kootenai
River for bull trout, rainbow trout, and westslopgthroat trout when sample size and age data
is available. Additional fishes may need to be [glaihto estimate age frequencies for some
years of interest. Survival and mortality rate$ e calculated using age data from scale and
otolith samples and length frequencies from eactiageof river (i.e., catch curve analyses). A
sample of fish will be aged in each section ofrikier for years in which population estimate
data is available. Linear regressions will be usethe descending limb of the age Log
transformed age frequency. Cohort survival andatity will also be followed through time in
relation to environmental variables (e.g., flowigtion, temperature, minimum and maximum
discharge), population parameters (e.g., numbemgeror per thousand feet), and dam
operating strategy.

Fish Condition Indices

Condition of fish will be calculated using Fultordendition factors (K and C) for species
without accepted or proposed standard weight egpusbr relative weight (Wr; Anderson and
Neumann 1996) for species with accepted or propstediard weight equations using the
formulas:

K = ((Observed weight / (length”3))*100000) for metnits (millimeters, grams)
Wr = ((Observed weight / standard weight) *100)

Length and weight measurements will be expressetkinic units. Relative weight

length categories will be calculated following rewnendations of Gabelhouse (1984). The
midpoint of each length category range (i.e., stoclality, preferred, memorable, and trophy)
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will be determined and that number will be roundedn to the nearest 50-mm interval to

obtain a minimum length using the following per@agds: substock <20%, stock 20-26%,

quality 36-41%, preferred 45-55%, memorable 59-6d86, trophy 74-80% (Gabelhouse 1984).
Mean relative weights for different species andjtarcategories will be assessed and may
provide an index of fish condition under differ@perating strategies. Examples of calculations
used to calculate minimum lengths for species watlppoposed minimum length categories are
presented in Table 5, proposed minimum lengthsainld 6, and standard weight equations in

Table 7.

Table 5. Example of calculated minimum lengthduse relative weight length categories for a
fish species without previously proposed minimunyglés.

Substock Stock Quality Preferred | Memorable| Trophy
Percent range <20 20-26 36-41 45-55 59-64 74-80
World Record Length 1000 1000 1000 1000 1000 1000
Minimum Length 200 360 450 590 740
Maximum Length 260 410 550 640 800
Midpoint Length 230 385 500 615 770
Minimum Length Used 0 200 350 500 600 750

Table 6. Minimum lengths (mm) for length categsnissed to calculate a relative weight YW
for various fish species within the Kootenai Riaed Lake Koocanusa, Montana. The
minimum lengths for mountain whitefish were not qdeted at the time this annual reported

was completed.

Fish Minimum Source o
Species Length ~ e o
(mm) 3 > g g >
@ x = ) <
S 5|2 |9 |5 |8
o 1o | & o > | -
Bull trout 120 Hyatt and Hubert <20 | 20 35 50 60 75
2000
Rainbow trout 120 Simpkins and Hubert | <25 | 25 40 50 65 80
1996
Mountain whitefish | 140 Rogers et al. NA | NA |[NA [NA |NA |NA
1996
Cutthroat trout 130 Kruse and Hubert <20 | 20 35 45 60 75
1997
Kokanee 120 Hyatt and Hubert <10 | 10 20 30 35 45
2000
Burbot 200 Fisher et al. <20 | 20 38 53 67 82
1996
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Table 7. List of fish species and their associataddard weight equation intercept and slope
and minimum length. The standard weight equatiomét is Log 10 (Ws) = a + b*(Log 10 TL)
where a = intercept, b = slope, and TL = total targ the fish.

Species Habitat Intercept Slope Minimum Reference

a b Length (mm)
Bull trout -5.237 3.115 120 Hyatt and Hubert 2000
Rainbow trout Lotic -5.023 3.024 120 Simpkins angbElrt 1996
Rainbow trout Lentic -4.898 2990 120 Simpkins &hbert 1996
Cutthroat trout Lotic -5.192 3.086 130 Kruse anden 1997
Cutthroat trout Lentic -5.189 3.099 130 Kruse andbétt 1997
Brook trout -5.186 3.103 120 Hyatt and Hubert 2001
Mountain whitefish -5.086 3.036 140 Rogers ell&b6
Yellow perch -5.386 3.230 100 Willis et al. 1991
Northen pike -5.437 3.096 100 Willis 1989
Burbot -4.868 2.898 200 Fisher et al. 1996
Kokanee -5.062 3.033 120 Hyatt and Hubert 2000

Lake Koocanusa Gill Netting

Gill nets will be used to monitor the Lake Koocaatfishery using annual spring and fall
gill net series. Experimental gill nets (38.1 mddy 1.8 m deep with five equal-sized panels of
19-, 25-, 32-, 38-, and 51-mm bar measure) wikd&teovernight and pulled the following day
according to standardized sampling methods (Dumnggaal 2003). All rainbow trout, bull
trout, westslope cutthroat trout, and burbot wdlrheasured for total length (mm) and weight
(g). Scales and otoliths will be collected frorhtalll trout, rainbow trout, and westslope
cutthroat trout and fin rays may be collected #sral structure for age estimation purposes.
Scales will also be collected from kokanee if fistmdition allows condition. Growth, age
estimation, and condition analyses will performsthg the same techniques as in the mainstem
Kootenai and South Fork Flathead Rivers.

Radio Telemetry

Rainbow and bull trout will be captured for radedetmetry using nighttime electrofishing
techniques mentioned previously. Fishes will bestimetized using an aqueous non-buffered
solution of MS-222 prior to examination for marks (lips), tags (e.g., radio or PIT), and
injuries (e.g., spinal damage, predation injuriexk scars), and before being measured for total
length (mm) and weight (g). Only fish that appleealthy will be implanted with a radio tag.

Tags will be purchased from Lotek Wireless Incogbed of New Market, Ontario. A
Lotek Model SRX-400 telemetry receiver will be ugedmobile monitoring from boats,
vehicles, or fixed-wing aircraft using a singledmuble tuned loop antenna, as appropriate. Fish
movement and visual observations will indicate igd. Fishes will be tracked hourly, daily,
weekly or biweekly depending on season and disehasgociated with dam operations. Fish
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handling, surgical procedures, radio tag implaatgtand acquisition of fish locations will

follow methods described in Dunnigan et al. 2008hikld et al. 2003, Muhlfeld et al. 2005,
and Summerfelt and Smith 1990. Radio telemetrjkusmtended to verify existing IFIM
models developed for the Kootenai River and to leegluate the effects of discharge fluctuation
on fish movement and habitat use.

PIT tagging, tributary population estimates, and Remote PIT tag station(s) in Quartz Creek

Electrofishing in tributary streams will be condeattin daytime during the summer
months when tributaries are at low flow conditiofackpack electofishers or electrofishing
equipment mounted to a canoe will be used forddtection. Electrofishing equipment (i.e.,
generator and VVP) will be identical to that usegopulation estimates collected in the
mainstem Kootenai and Flathead Rivers. Throwaldgetrodes will be used in larger tributaries,
while mobile handheld electrodes are used in smstifeams. Elapsed time electrofishing will
be recorded to calculate fish catch per unit etbbfishes (i.e., fish per hour) that can be used f
comparisons between years in reaches that are edraphually. All fish will be processed for
length, weight, collection of scales if applicabtespected for injuries and marks, and tagged
using methods identical to those used in largesimeentioned above. Fish (i.e., >150 mm) will
be PIT tagged (2 x 12 mm FDX tags, 134.2 kHz) dyglectrofishing efforts in Quartz Creek,
the mainstem Kootenai and Flathead Rivers, andteel@ributaries. This tagging will occur in
conjunction with the installation of at least oeenote PIT tag monitoring station. This PIT tag
monitoring equipment is produced by Biomark, Inaygted, of Boise, Idaho (Figure 7; courtesy
Mubhlfeld et al. 2004). PIT tags will be injecteda the dorsal sinus or body cavity following
conventional procedures (Figure 8; PIT Tag Steelagimittee 1999). All adult bull trout
captured while electrofishing will receive a PIft&athey not previously tagged. All other
fishes will receive PIT tags if fish and tag siaee compatible and conditions are suitable for tag
injection (e.g., water temperatures) dependingesearch needs. Fish that have been previously
PIT tagged and identified as such by an adiposelifin will be scanned for tag identification
numbers using a Destron Fearing 2001F-ISO portadnhesceiver. Tag identification numbers
are stored in the unit but will also be recordedomresponding data sheets and scale envelope if
applicable. Depletion rate methods will be usedstimate fish abundance. A capture
efficiency of 70 to 75% between consecutive passkde required to end additional sampling.
Block nets will be used at the upper and lower loilsusf each reach to prevent emigration and
immigration of fishes during sampling. Populatestimates will be performed using Fisheries
Analysis Plus software (Fisheries Analysis + 2004).
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Figure 7. Photographs courtesy of Muhlfeld a@D4. The left panel is a picture of a
previously installed PIT tag detection unit in tFlathead River Basin in Langford Creek,
showing the in-stream antenna, solar panel, travecend battery boxes. The right panel shows
a detailed view of the detection antenna encompgdsingford Creek discharge.

Figure 8. Location of PIT tag injection sites fizhes in the Kootenai and Flathead River basins
for use with remote PIT tag interrogation systems for use in growth and survival estimation.
Photographs courtesy of Vince Tranquilli of the @me Department of Fish and Wildlife.
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Statistical Analysis

Model simulations of biological and physical comatits will be summarized at the daily,
monthly, and annual levels. Analysis of varian&BIQVA) will be used to test for statistical
differences between groups and the appropriatehmustest will be used to test for significant
differences between specific groups or water years.

Annual population estimates in the Kootenai Rivél e analyzed using the Fisheries
Analysis Plus software (Montana Fish, Wildlife, darks, Fisheries Information Services, 1400
South 18 Avenue, Bozeman, MT 59718). Depletion (smalldutaries) and mark-recapture
(larger rivers) methods will be used to estimaterthmbers of fishes within specific reaches.
Two forms of mark-recapture estimates may be uspénding on the resolution needed from
the estimates. Partial log-likelihood estimatesas@nally lump several length groups together
reducing the amount of resolution needed for aoldkti analysis (e.g., mortality and survival
estimates). If this occurs, the modified Petersethod may be used to retain better resolution,
however, a valid grouping interval (e.g., age) mdtmust be determined. Valid grouping
intervals may be based on length groups or agepgras determined by mean length-at-age or
back-calculated length at age to achieve the mokidically meaningful method to provide the
greatest resolution.

Gill net data will be used to calculate species position (% of catch by species), mean
length (mm), mean weight (g), relative weight, @atth per net trends trough time in Lake
Koocanusa. Species composition changes may legltesing Chi-square analysis to test for
statistical differences in fish community structbetween various operating strategies.

Mean length at capture will also be determined @y estimates are obtained.
Previously PIT tagged fishes will have growth asedsas changes in fish length or fish weight
since the last time they were caught. Fish gromithbe compared to other variables including
water temperature, discharge fluctuations, and ladipn densities associated with the area
where the fish were caught. Previously PIT tagggdwill have age estimates validated using
scales collected at the initial capture event drsibsequent recapture events. Mean length at
age and the actual annual growth increments witldmpared between dam operation strategies
and related to environmental variables using siripéar correlations and regression analyses.
Multiple regression analysis of biotic and abiatanditions may also be used to identify possible
combinations of conditions that can predict growmttrements of fishes in the Kootenai River.

Radio telemetry analysis will be performed usingl& based program such as ArcView
GIS 3.2 depending on software availability. Fisbvements (meters per day between known
locations) will be compared between operating sgias and ramping rate (i.e., increasing,
decreasing, or stable). Movement data may nebd siratified into subgroups (e.g., species,
sex, length group, tagging date or season) tddeslifferences between smaller groups of fishes
implanted with radio tags. ANOVA will be used st for significant differences between these
groups with a p-value equal to or less than 0.0kating statistical significance.

All statistical analysis will be performed in SP&Ssion 4.0 or Microsoft Excel. A p-
value less than or equal to 0.05 indicates stedilssignificance between operating strategies,
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groups, or years of data used for testing hypothssggesting that dam operation strategy
affects the biological or physical metrics abovd below Hungry Horse and Libby Dams,
Montana.

RESULTS

Objective 1 — Use HRMOD and LRMOD to model physitabitat conditions

Modeling of Lake Koocanusa was completed usingrveseinflow, outflow, and surface
elevation files created for different water yeakdodels simulations (LRMOD) indicated that
stratification and thermal energy in the reservaiied among water years (Figures 9-22). In
most years, the reservoir was isothermal from apprately December 1 to April 1 each year.
Typical maximum water temperatures were betweeant822 degrees Celsius in late July and
early August before surface water temperaturesisegicool. Water temperature data on the
face of Libby Dam were available for water year®@2005. Modeled and actual isotherms did
not agree very well during the fall months andtfer coldest water temperatures. Actual fall
isotherms of the four and 6-degree isotherms tylgieeere 20-40 meters deeper in the reservoir
than were indicated by the model simulations (Feguk7-22). Actual summer 4 and 6-degree
isotherms were slightly underestimated, with coldater extending deeper in the water column
than estimated by model simulations. Destratiftcabf the water column in the fall occurred
later than the reservoir model predicted. Modelusations indicated the reservoir was
isothermal November or December, but actual datavetd destratification in January or
February at the face of Libby Dam. Summer stition also started later than model
simulations, with stratification starting near theldle of April to early May (Figures 9-22). The
number of degree days in recent years has beem thae previous years, perhaps due to recent
increases in reservoir elevation, that slow cooéind warming of the reservoir (Figure 23).
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Figure 9. Modeled isotherms in Lake Koocanusa, tiéilaa for water years 1977-1979.
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Figure 10. Modeled isotherms in Lake Koocanusantslaa for water years 1980-1982.
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Figure 11. Modeled isotherms in Lake Koocanusantslaa for water years 1983-1985.

37




Water Year 1986

22c
\o) Na) 20c
QO Q> © © ©
S N ® Y ®
\/0\ .\"\\ ,}}‘\r b\'\’ » 18¢
07 16¢
30 ] 14
g -20 4 c
- -30 12c
E 40
& ) 10c
- m—
-60 4 8c
-70 - 6c
Date 4c
Water Year 1987 22¢
& 20c
\'\> \'\> 18c
NN
0 16¢
-;8 | l4c
E -30 - 12c
S 40
& o 10c
8  -501
-60 8c
-70 - 6c
Date ac
Water Year 1988 22¢
A A 20c
Q) Q) > Q) >
S N ® ® ®
,&\ ‘\'\\ ,.b\'\« b\'\« (o\'\« 18c
0+ 16¢
';8 ] ::. I 14c
g 30 | 12¢
= -30 4
2 -40 —_— 10c
a] -50
D __,..-ﬂ/’_‘ 8C
-60 -
-70 - 6c
Date 4c

Figure 12. Modeled isotherms in Lake Koocanusantslaa for water years 1986-1988.
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Figure 13. Modeled isotherms in Lake Koocanusantslaa for water years 1989-1991.
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Figure 14. Modeled isotherms in Lake Koocanusantslaa for water years 1992-1994.
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Figure 15. Modeled isotherms in Lake Koocanusantslaa for water years 1995-1997.
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Figure 16. Modeled isotherms in Lake Koocanusantslaa for water years 1998-1999.
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Figure 17. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower

panel) for Lake Koocanusa, Montana for water y&€f02
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Figure 18. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower

panel) for Lake Koocanusa, Montana for water yé&#r12
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Figure 19. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower

panel) for Lake Koocanusa, Montana for water y&#r22
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Figure 20. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower

panel) for Lake Koocanusa, Montana for water y&#f32
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Figure 21. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower
panel) for Lake Koocanusa, Montana for water y€&42
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Figure 22. Comparison of modeled isotherms (uppeel) versus actual isotherms (lower

panel) for Lake Koocanusa, Montana for water y&€f52
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Figure 23. Annual sum of degree-days in Lake Kaasa, Montana for water years 1977-2005.
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Objective 2 — Use LRMOD to model biological conalits in Lake Koocanusa and LRMOD in
Hungry Horse Reservoir

Model simulations (LRMOD) indicated that water y@@003-2005 had the potential to
result in high annual primary productivity, but didt exceed the highest values recorded since
the filling of Lake Koocanusa (Figure 24). Waterys 1980, 1987, 1998, 1986, and 1981 were
the five top water years respectively for poterniainary productivity. Water years 2003-2005
were in the top 5-10 since water year 1977. Pyrpanduction washout through Libby Dam
during the summer months was highest in water y2@02, 1996, 1981, 2005 and 1997 and the
highest annual washout years were 2005, 2003, Z9@8l, and 1980 according to model
simulations (Figure 25). Recent years (i.e., 220@5) had the potential for higher primary
production washout due to high summer flows beldwbl, Dam resulting from flow
augmentation for anadromous salmon in lower postmiithe Columbia River Basin.
Simulations of aquatic insect production these spgpaes showed the potential for as much as a
10% decrease in maximal production of Hymenoptdoamoptera, and Hemipterans compared
to water years 1977-1999 (Figure 26). Coleopteraduction from water years 2000-2005
indicated that there was the potential for a steadease, approaching 90 percent of maximal
production (Figure 26). Zooplankton productiorLake Koocanusa for water years 1977-2002
fluctuated between 1200 and 1400 metric tons, lmaehsimulations for water years 2003-2005
all showed higher potential zooplankton productiwsith values approaching 1500 metric tons
per year, possibly resulting from higher resereb@vations (Figure 27). The average number of
Daphnia per liter collected in monthly samples frb®83 to 2004 has been highly variable both
within and among months (range 0.01-16.16) (Tabldgure 28). In an average year, the
density of Daphnia peaks in July and is lowest @rdh and April. Densities are highly variable
between months and years and among samples. gheshiaverage monthly density (16.16 per
liter) occurred in November 1990 and was influenlogane sample that containing 74 per liter.
This sample is likely an outlier and may influenice significance of monthly and annual
comparisons of zooplankton densities in Lake Koasan
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Figure 24. Annual water year ranking of LRMOD miedieprimary productivity in Lake
Koocanusa, Montana above Libby Dam.
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Figure 25. Annual water year ranking of LRMOD miedieprimary productivity washout in
Lake Koocanusa, Montana above Libby Dam for wagary 1977-2005.
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Surface Insects Production in Lake Koocanusa
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Figure 26. Percent of maximum production of inebrate Orders in Lake Koocanusa, Montana
using LRMOD model simulation for water years 197002.
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Figure 27. Production of zooplankton (metric toins).ake Koocanusa, Montana using LRMOD
model simulations for water years 1977-2005.
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Table 8. Average number of Daphnia per liter aéld in monthly samples from Lake
Koocanusa, Montana from 1983-2004.

Month
Year| Jan| Felh Mar Apr May Juph Jul A\Lg Sep OQct Nov cDe
1983 087 1.82 197 392 0.50
1984 | 1.00f 3.19 063 1.19 3.23 2p0 2/91 260 0.967 1.58| 0.54
1985| 0.89| 0.91 054 0.73 470 3.7 1|74 2.14 2.294 | 0.74
1986 | 1.94 096 469 380 222 144 252 1.00
1987| 0.50 045 1.08 129 5.46 2.5 1,50 1,01
1988 0500 0.22 1.18 0.92 169 1B1 065 1.33 1.3841
1989 0.39 0.06 0.14 0.25 0.22 2[0 0\71 4.46 1.3650
1990| 0.75| 0.19 0.04 0.03 0.01 0.13 0|71 222 0.4®3[116.16] 2.89
1991 | 1.40 0.07 0.05 092 6.36 16 1,09 0/95 8 2.9
1992 1.20 174 22p 1.38 1.97 1,06
1993 0.02 094 5.28 214 045
1994 0.24 060 16pb 235 184 565 247 0[45
1995| 0.88 0.37 0.183 025 150 143 0/86 3.75 2.®64 | 1.14
1996| 0.52 0.01 0.12 0.30 5.00 4[73 0|87 3.47 6 0.5
1997 0.06f 0.19 542 6.19 465 1,36 2|75 0(88
1998 0.40 283 377 4.65 094 1,90 1|79 1[09
1999 0.08 0.48 2.0 3.84 3.74 2J]i0 1.18
2000 0.08 047 1583 1.70 1.41 129 103 0|75
2001 0.12 0.24 161 349 2385 2[75 095 1[09
2002 0.16f 0.29 297 5.90 2.06 0)58 1.66
2003 0.36f 095 9.79 551 195 440 3|63 0[79
2004 0.15 0.63 26P 511 129 220 3|03 1{75
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Figure 28. Overall average number of Daphnia ipar (+/- SD) by month collected in Lake

Koocanusa from 1983-2004.
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Objective 3 — Reservoir age, growth, and conditiobake Koocanusa

Seventy thousand gillnet records have been comfpibea 1983-2005 in Lake
Koocanusa. Data include both regularly occurrimgng) and fall net series, and samples
collected less frequently at other times of therye&dditional records from sampling conducted
before 1983 have not yet been added to this dagabas

Since 1984, the catch per unit effort of bull trouthe spring gill net series has increased
from nearly 1 fish per net to about 6 per net i02(QFigure 29). Bull trout were listed under the
endangered species act in 1998, and this stoppeddtand targeted angling for bull trout in
Lake Koocanusa. The mean length of bull troutihaeased since the early 1980’s, when the
average length was about 400 mm. In the 2005@genes, the average length of bull trout was
550 mm (Figure 30). Since the mid 1990’s, therelteen a steady increase in the mean length
of bull trout. Bull trout currently represent alh@l%o of al fishes caught compared to about 1%
in the 1980's (Figure 31). Listing of bull troutdchanges to their harvest regulations in the
1990’s may be reflected by spring gill net sampling

Relative weight of bull trout in Lake Koocanusa kasied through time and by length
category. Very few substock to stock length bnaut (< 200 mm; < 8 in) are caught in the gill
nets because most smaller bull trout remain inutaty streams. Relative weight of stock to
quality length bull trout (i.e., 200-349 mm) hasgad from 90 to100 and the highest average
relative weight (W=115) occurred in 2005 (Figure 32). Condition odlify to preferred length
(i.e., 350-499 mm) bull trout has remained steadges1984, contrasted with preferred to
memorable length bull trout (500-599 mm), whiché&ad highly variable relative weights
since 1984. Bull trout measuring 650 to 799 mmehalgo had variable mean relative values and
have shown a substantial decrease in mean relaéight from 1995 (W=120) until 2005 (W=
95; Figure 32). The mean relative weight of all lneut caught has slightly increased from
2002 until 2005, but values are within the varidpgeen from 1984-2005 (Figure 33). Despite
decreases in mean relative weights for some siegoaes, most size classes bull trout in Lake
Koocanusa have mean relative weights close to @gesling 100, indicating that fish are in good
condition.

Kokanee catch per unit effort in the fall gill regtries has been variable since 1983,
ranging from less than 5 to 25 fish per net (Figd4g There have been small peaks in catch per
unit effort at about 3 year intervals since 1984ean length of kokanee has declined since 1986
when the average length was nearly 400 mm to addow in 2005 of about 225 mm (Figure
35). Peaks in mean length of kokanee occur relgutaery 6 years (Figure 35), although the
amplitude of these peaks has been decreasingimer This may be a result of several factors
such as a newly formed reservoir slightly beforeititroduction of kokanee, which led to fast
growth and heavy utilization of unexploited reserbitats. There are also higher densities of
fish and additional fish species in the reservoiwvithan when kokanee first appeared in Lake
Koocanusa, possibly leading to intraspecific aridrgpecific competition resources. The
percent of all fishes caught in gill nets represdrity kokanee has fluctuated from nearly 1% to
30% on an annual basis since 1983 (Table 9; Figbiye
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Relative weight of substock to stock length koka®0 mm) and stock to quality
length kokanee (100-199 mm) has been variable 4i888, but these smaller kokanee are not
readily caught during the fall gill net series (lig 37). Quality to preferred length (200-299
mm) and preferred to memorable length (300-349 kokiainee mean relative weight values
have been nearly constant since 1983 (Figure 3@&mdfable to trophy length (350-449 mm)
kokanee showed a more cyclical pattern in meanivelaveight during the 1980’s into the late
1990’s. Kokanee longer than 450 mm are no longptuzed in the fall gill net series, evidenced
by the decreasing mean length of kokanee since (Eg6res 35 and 37). Trophy length
kokanee (>450 mm) have not been captured since &98Thus have no mean relative weight
since that time. The overall mean relative weiftkokanee in the fall gill net series has
fluctuated from about 85 to 100 since 1983 (Figi8g

Species composition of fishes caught during theag@nd fall gill net series is
dominated by kokanee, peamouth, and northern pirkaoar, which collectively represent nearly
90% of all fishes caught in gill netting effortsafdle 9). The percentage represented by northern
pikeminnow and bull trout caught in gill nets hasreased since the mid 1990’s, now
representing nearly 20% and 5% of the total catspectively. The percentage of rainbow trout
and westslope cutthroat trout in the gill nets é@sreased since the early 1980’s, although they
were never more than 5% of the catch from 1983-2005
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Bull Trout Spring
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Figure 30. Mean length of bull trout (+/- SE) chtiduring the spring gill net series in Lake

Koocanusa, Montana.
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Figure 31. Bull trout as percent of total catchiely spring and fall gill net series in Lake

Koocanusa, Montana.
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Bull Trout Spring Relative Weight

*

r 900¢
- G00C
- ¥00¢
- €00¢
- ¢00¢
- T00C
- 000¢
- 6661
- 866T
- L66T
- 9661
- G661
- V66T
- €661
- ¢66T
- 166T
- 066T
- 6861
- 8861
- /86T
- 986T
- G861
- 861
- €86T

106 +

T
<
o
-

T T T T T T
N o Q (o] < N
o o ] (@] o (o]
— —

1yBiap aAneey uesiy

2861
o
o)

Year

Figure 33. Mean relative weight (+/- SE) of allllitout from the spring gill net series in Lake

Koocanusa, Montana.
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Kokanee Fall

30 -

FHsh per Net

Figure 34. Catch per unit effort of kokanee duffiaygill net series in Lake Koocanusa,
Montana.
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Figure 35. Mean length of kokanee during thedallnet series in Lake Koocanusa, Montana.
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Figure 36. Kokanee as percent of total catch duspring and fall gill net series in Lake

Koocanusa, Montana
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Figure 37. Mean relative weight (+/- SE) of kokarmiring fall gill net series in Lake

Koocanusa, Montana by length category.
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Kokanee Fall Relative Weight
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Figure 38. Mean relative weight (+/- SE) of alklkmee during fall gill net series in Lake
Koocanusa, Montana.



Table 9. Species composition of fish caught dusipgng and fall gill net series in Lake
Koocanusa above Libby Dam from 1983-2005. Spedbseviations correspond to the
following species: CRC = Columbia river chub or meath; CSU = large-scale sucker; BT =
bull trout; EBT = eastern brook trout; FSU = longasucker; HYB = rainbow trout x cutthroat
trout hybrid; KOK = kokanee; LING = burbot; LMB ailgemouth bass; MWF = mountain
whitefish; NOP = northern pike; NSQ = northern pikenow; PUMP = pumpkinseed; RBT =
rainbow trout; RSS = redside shiner; WCT = westisloptthroat trout; and YEP = yellow perch.

Species Abbreviation
W o

23 B 328|222/ 8835|688t
Year | O| O | m| w|w|T| | 3| 3| 5|z|z|a|lc|lac|3|>
1983 | 55| 13| O 0 0 4 1 0 0 3 0 12 0 6 2 4 (
1984 | 56 | 10| 1 0 1 3 6 0 0 3 0 7 0 6 1 4 @
1985 | 64 | 7 1 0 1 2 12| 0 0 1 0 5 0 4 1 1 i
1986 | 65 | 6 1 0 1 3 9 0 0 4 0 5 0 4 0 1 1
1987 | 68 | 6 1 0 1 1 9 1 0 2 0 7 0 2 0 0 3
1988 | 52 | 6 1 0 1 0 300 O 0 1 0 4 0 2 0 Qg 2
1989 | 66 | 3 0 0 0 0 21 O 0 0 0 5 0 0 0 g 3
1990 | 68 | 3 1 0 1 0 18| 0 0 1 0 6 0 1 0 0 2
1991 | 61 | 3 0 0 1 0 23] 0 0 1 0 6 0 1 0 1 3
1992 | 77 | 7 1 0 2 0 6 0 0 1 0 4 0 0 0 0 1
1993 | 74 | 6 1 0 3 0 5 0 0 1 0 7 0 1 0 1 1
1994 | 70 | 5 2 0 4 0 8 0 0 1 0 9 0 0 0 0 1
1995 | 54 | 10| 4 0 3 0 14, O 0 1 0 10 O 1 a @ ?
1996 | 58 | 15| 3 0 3 0 5 0 0 1 0 9 0 1 0 0 3
1997 | 59 | 10| 2 0 3 0 5 0 0 2 0 13 0 1 jl d 3
1998 | 74 | 8 1 0 3 0 3 0 0 1 0 8 0 0 0 0 1
1999 | 59 | 5 2 0 3 0 13| 0 0 1 0 14 0 1 Qg d 1
2000 | 59 | 6 3 0 2 0 16| O 0 1 0 12 0 1 Qg d 1
2001 | 68 | 9 3 0 1 0 5 0 0 1 0 12 0 0 0 g i
2002 | 50 | 6 2 0 1 0 25| 0 0 1 0 14 0 0 jl d (
2003 | 52 | 8 3 0 1 0 15| 0 0 1 0 16 0 1 il Q 1
2004 | 49 | 6 6 0 0 0 16| O 0 2 0 19 0 1 Qg Q 1
2005 | 45 | 9 4 0 1 0 19| O 0 1 0 18 0 1 Q jl 1
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Objective 4 — Update reservoir models LRMOD and HRM

No work has been performed on this Objective te d&ir. Craig Althen will be
performing model updates and additional work widtharges modeling from Libby Dam.

Objective 5 — IFIM modeling of river habitat andvAIO modeling

Approximately 245,000 hourly flow records have beempiled from 1976 until
September 2005 and another 34,000 daily flow recheve been compiled since 1910 courtesy
of the United States Geological Survey (USGS) &edtnited States Army Corps of Engineers
(USACE) at and below Libby Dam. Dam operatingtseyées resulting from various Biological
Opinions and other operational strategies havetifichow Libby Dam is operating. In general,
power peaking has been all but eliminated fromentroperations although occasional spikes
are seen during the winter months. This changegtesgly reduced the absolute average hourly
discharge variation in the Kootenai River belowhylam, except during the spring peak
discharges and on the descending limb of the hydpbg Average hourly discharge variation
was 14 nVs (500 ff/s) for the entire water years in the late 197@'d again in the early 1990’s
(Figure 39). Since 2000, dam operations have etitlee average hourly change in discharge to
approximately 1.4 fifs (50 f/s) per hour both on an annual basis and duringrbeuctive
summer months. Less discharge fluctuation shasddltin greater productivity of the river (i.e.,
algae and invertebrates) due to more stable conditvithin the varial zone. Peak discharges
have also been greatly reduced. Before Libby D@eak discharge of the Kootenai River
averaged about 1,857°fw (65,000 f/s) per year. Since completion the dam, averagk jse
now between 714-800¥s (25,000 to 28,000%s), although occasional spills have resulted in
larger discharges more typical of pre-dam condgioA water spill in June of 2006 produced
1,571 ni/s (55,000 ft/s) total discharge from Libby Dam, the largestipsiace regulated flows
began in late 1974 (Figure 40). Spilled wateoaoted for 56% (885 i¥s; 31,000 fi/s) of the
total water released from Libby Dam during thatrdgve
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Figure 39. Absolute average daily discharge viaraikcfs) in the Kootenai River below Libby
Dam, Montana.
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Figure 40. Peak discharge of the Kootenai Rivar héby Dam for water years 1911-2006.
Data from the United States Geological Survey &wedinited States Army Corps of Engineers
data.
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Wetted perimeter versus discharge of water relefieadLibby Dam is a logarithmic
relationship with an inflection point of about 188/s (4,500 fi/s; Figure 41). Average daily
wetted perimeter from water years 2000 to 2005beas increased in the summer months
compared to prior post dam years. These increasestted perimeter are due to high flows
during the spring freshets, increased summer digeldue to the spill events, and higher than
historical summer flows intended to benefit anadsamsalmon in the lower Columbia Basin.
Historically (i.e. 1970's and 1980’s), the averaigdy wetted perimeter of the Kootenai River
was greatest during the winter months (i.e., dysotwer peaking) and during the spring freshet
(Table 10). Summer rankings for average daily @kgierimeter in 2002, 2003, and 2005 were
2, 4, and 1, respectively, due to unusually highmer flows. Summer flows below Libby Dam
in 2005 averaged about 572/m(20,000 fi/s), much higher 142 s (5,000 fi/s) to 285 rys
(10,000 ff/s) before the dam was built (Figure 3).

Water Year 1981
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Figure 41. Relationship of wetted perimeter vedigsharge (kcfs) for the Kootenai River
below Libby Dam for water year 1981. The relatimpsvas generated using RIVBIO model
simulations.
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Table 10. Summary of average daily wetted perimatéhe Kootenai River by month and for
the entire water year and the annual and summ&mgsof each water year.

June-

Annual | Sept June-

Daily Daily | Annual | Sept
Water AVG AVG | Rank | Rank
Year | Oct| Nov| Deq Jan Feb Mar Apr May Jun Jul ug p S&VETP | WTP | WETP | WETP
1977 | 480 471 471 43D 411 428 4D4 326 825 445 A355 | 422 408 | 21 24
1978 | 451 483| 428 448 444 355 2P9 389 433 464 449 421 450 | 22 15
1979 | 468 501| 502 483 402 395 339 295 883 B24 pB992 480 384 | 25 28
1980 | 460, 506| 462 43F 388 339 34 324 452 431 4082 |41 424 | 23 22
1981 | 468| 476| 479 490 482 401 2pP8 316 469 bHl7 A684 |4M2 474 | 13 7
1982 | 458 460| 490 49D 466 441 485 462 417 @445 A541 | 465 439 | 6 16
1983 | 462 496| 481 499 481 423 406 417 399 447 A5B55 |41 439 | 9 17
1984 | 462 452| 498 485 418 396 384 355 375 @451 4628 | 483 434 | 19 19
1985 | 452| 474 513 508 384 353 36 325 B30 B65 [3994 |46 385 | 26 27
1986 | 493] 493| 459 485 393 403 384 305 456 481 WYA470 |4B10 466 14 9
1987 | 513| 494| 415 441 432 344 2p9 299 B51 @439 4454|481 425 | 24 21
1988 | 516| 445| 422 508 480 347 3p5 325 B25 328 469 | 484 372 | 28 29
1989 | 467 484 491 40D 396 330 35 325 B34 [B59 4915 |4m2 402 | 29 25
1990 | 486| 476] 483 411 510 463 4p8 399 468 488 4585|469 464 | 4 12
1991 | 496| 436] 509 515 499 452 443 440 468 491 A709 |44 475 | 2 6
1992 | 495 516| 472 408 399 363 3P6 430 426 [B99 4387 |4B4 435 18 18
1993 | 452 494| 460 39 386 400 3p3 361 426 354 [3684 | 406 393 | 27 26
1994 | 471 492| 505 428 399 399 3P9 437 485 416 (990 | 437 427 15 20
1995 | 443| 464| 438 479 407 399 4p1 467 499 440 4¥692 |44 458 12 13
1996 | 415 491| 499 515 464 437 A48 468 517 A76 K830 |454 482 1 3
1997 | 465/ 469| 487 498 485 417 446 464 507 469 A646 | 489 474 | 3 8
1998 | 466| 467| 467 435 444 403 3P9 443 497 464 A900 | 4562 475 | 8 5
1999 | 437| 420| 495 494 505 426 3p9 399 457 460 A784 | 453 465 | 7 11
2000 | 462] 476] 511 513 486 416 3P9 399 479 445 4450 | 466 452 | 5 14
2001 | 428 448| 443 41p 457 405 3P9 399 B99 428 4287 | 423 420 | 20 23
2002 | 428] 430] 450 46)f 462 413 3P9 424 503 p17 4869 |451 484 | 10 2
2003 | 422| 413] 483 399 399 399 3Pp9 399 497 481 4830 | 485 475 16 4
2004 | 407| 438| 478 428 399 399 3P9 403 473 465 4650 | 485 466 17 10
2005 | 424] 470] 500 406 399 399 3P9 440 501 pHO5 4859 | 448 485 11 1
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Model simulations using RIVBIO were completed usitg 30, 47, 60, 75, and 90-day
benthic recolonization times for water years 19902 Daily productivity of the Kootenai
River generally highest during the months of Julg August. Winter productivity values are
approximately half of the summer maximum. Fasteplonization rates generally resulted in
higher productivity regardless of season because daration increases in discharge allow for
newly wetted areas to become more productive féséer longer recolonization periods, while
long periods of stable discharge have the sameauptvity regardless of recolonization or
recovery period (Figure 42 and Figures 42-71). wadiproductivity with recovery rates of 15,
30, 60, 75, and 90-days in the Kootenai River wafiem —13.8% to +22.0% of the 47-day
recovery period that we considered the baselinénmim recovery time needed for newly
wetted substrates. Monthly productivity variednfre37.4 % to +80.9 % in water year 1985. A
recovery time of approximately 60 days which apprates the recolonization time of newly
wetted substrates (Shaw and Minshall 1980; GeesichBrusven 1981) resulted in annual
productivity differences of -5.3% to -0.3% of thé-day recolonization period in the Kootenai
River (Tables 11-15).
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Water Year 2000 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Water Year 2002 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 42. Example of how daily productivity vaiey benthic recovery time in the Kootenai
River for water year 2002. Flat discharge levelsdt result in different benthic production
(2000 panel) and shorter recolonization times taswgreater productivity when short duration
discharge changes occur (2002 panel).
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Water Year 1977 Modeled Productivity 15, 47, and 90 Day Recovery Period
15 Day Recovery
1200 - — 100
——— 47 Day Recovery 1 90
1000 + ——— 90 Day Recovery 180
> 800 - Discharge 4 70 %
= <
S 600 - >
o ©
o <
@ 400 | 3
2
200 -
N N~ — © — Lo (o] © o 0 o < (o] ™ ~ N
4 4 4d § @ o Jd g 4 5 Q@ & 4J g 5 S
(o] o - i N — N [32] < n © N~ o] —
— — —
Date

Figure 43. Comparison of water year 1977 benthodypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 44. Comparison of water year 1978 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1979 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 45. Comparison of water year 1979 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 46. Comparison of water year 1980 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1981 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 47. Comparison of water year 1981 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 48. Comparison of water year 1982 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1983 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 49. Comparison of water year 1983 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 50. Comparison of water year 1984 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1985 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 51. Comparison of water year 1985 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 52. Comparison of water year 1986 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1987 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 53. Comparison of water year 1987 benthadyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam
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Figure 54. Comparison of water year 1988 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1989 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 55. Comparison of water year 1989 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 56. Comparison of water year 1990 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1991 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 57. Comparison of water year 1991 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 58. Comparison of water year 1992 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1993 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 59. Comparison of water year 1993 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 60. Comparison of water year 1994 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1995 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 61. Comparison of water year 1995 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 62. Comparison of water year 1996 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1997 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 63. Comparison of water year 1997 benthadyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 64. Comparison of water year 1998 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 1999 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 65. Comparison of water year 1999 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 66. Comparison of water year 2000 benthadypctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 2001 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 67. Comparison of water year 2001 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 68. Comparison of water year 2002 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 2003 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 69. Comparison of water year 2003 benthadyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Figure 70. Comparison of water year 2004 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Water Year 2005 Modeled Productivity 15, 47, and 90 Day Recovery Period
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Figure 71. Comparison of water year 2005 benttodyctivity by recovery period (15, 47, and
90-days) in the Kootenai River below Libby Dam.
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Table 11. Percent differences in the monthly amtlal potential productivity of the Kootenai
River below Libby Dam with a recovery period of d&ys as compared to a baseline value of
47-days.

Water Year| Oct| Nov Deg¢ Jam Fegb Mar Apr Mpy Jun  Juhug | Sept| Total

1977 68 | 29 | 31 | 29 |185|28 106 | 69 | 22 243 3.7 | 03 | 70
1978 22 | 60 | 10|19 | 22 |02 ]| 00 | 6.7 |[153| 60 | 42 | 56 | 4.7
1979 17 148 | 45|20 |11 00| 10 | 00 |219| 0.6 | 39 |189 | 44
1980 108|141 | 27 |19 | 08 | 03|00 00 |215|56 |21 |14 | 46
1981 41 | 87 | 89 |113| 76 |00 | 00 | 06 |210| 74 | 09 | 1.0 | 6.0
1982 58 |1 34 |109]11.7| 86 |56 | 15 | 70 | 04 | 44 | 6.0 | 24 | 54
1983 54 |111 )17 | 88 | 58 |06 | 15| 04 | 00 | 56 | 43 | 07 | 38
1984 34 | 58 |76 | 85|19 | 00|00 ) 00 |136| 87 |37 |36 |50
1985 131|366 | 68 | 6.2 | 0.3 | 0.0 | 93 | 29.1 /689 (809|229 |37.8]| 220
1986 44 | 93 | 54 |116] 05 01|01 |02 |217] 43 | 04 | 53 | 53
1987 79 1091044121 13| 00| 00| 82]120] 31 | 42 | 44
1988 41 | 06 |12 |94 ] 07 01|00 |00 ] 00]00] 17 |229| 38
1989 19 1 20 [ 01 | 00 | 00 | 33|49 |169| 15 | 42 | 49 |115| 47
1990 57147 (118 03 |[131)11 | 35 ] 00 |80 |58 |17 |09 | 45
1991 43 | 21 |128| 16 | 01 |02 ] 10 | 27 | 65 |51 | 10| 19 | 33
1992 12 | 56 | 44 | 00 | 0O | 00 |143]| 48 | 36 | 0.0 | 14 | 55| 3.0
1993 11 | 96 [ 90 | 05 | 02 |05] 00| 02 |57 | 00|04 ] 25| 23
1994 66 | 441 20| 00 ] 00 |00]|] 00| 46 | 57 | 00|00 )06 ]| 20
1995 3114909 110|121 |00 00|81 | 50|01 |85 ]| 04] 37
1996 05 116|121 28 | 07|07 |88 |39 |78 |03]32]|02]40
1997 15|60 | 60 |105]|] 14 |13 |56 |57 95|18 |10 | 11 | 40
1998 2511417021 |34 ,04|/00]49 | 79|25 |48 |00 33
1999 00 | 00|92 |52 | 86|03 00 )00 68|47 |30 06] 33
2000 05|26 | 53|41 |06 |00] 00 )00 ]107|15 |00 | 00| 21
2001 0020|112 |12 | 700102 00|00 )]34 |04 00] 12
2002 00|00 |29 | 2709|0000 ]33 |92 |24 |01 ]00] 19
2003 00|00 |81 01| 0000|000 ] 00 |118] 15|15 |00 21
2004 0841 | 66 | 03| 0000|0001 |87 |]05|]02]03] 18
2005 00 | 56 [ 43 01| 0000|000 ] 41|90 ] 22| 00| 00 | 22
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Table 12. Percent differences in the monthly amtlal potential productivity of the Kootenai
River below Libby Dam with a recovery period of 88ys as compared to a baseline value of
47-days.

Water Year] Ocf Nov De¢ Jan Feb Mar Apr May Jun Juhug | Sept| Total
1977 32| 12| 17 13 78 1B 46 14 (Jd4 88 P50 0.29
1978 0.4 1.0/ 0.1 04 03 O0p O/ 13 g1 26 [1.31 .17
1979 0.7/ 21| 15 0y 038 O0p 02 00 30O 01 078 [7.15
1980 53| 15| 12 04 01 Op O/ 00 g7 26 053 0.1.8
1981 16| 42| 49 34 5y O0p 00 01 108 3.7 p.52 |03.0
1982 19| 09| 56 69 51 2 03 38 01 08 279 [0.24
1983 19| 51| 120 46 2y 0p 02 01 00 15 P91 0.1.7
1984 11| 15|/ 46 34 16 0D 00 00 855 48 117 [1.23
1985 35/ 151 41 2y o 0 20 57 1p.3 29.81168.8| 9.1
1986 21| 35/ 30 59 0O O0p 00 00 1p7 23 pl14 124
1987 39/ 09| 0.1 08 04 0B 00 00 20 68 163 [1.1.9
1988 23| 03| 05 43 06 Op 00 00 4gO 00 03.5101.7
1989 0.6| 0.4/ 0.0 00 Op O0p 10 96 (06 13 162 3.1.7
1990 16| 14| 34 00 62 11 12 00 24 36 063 [0.1.8
1991 15/ 06| 58 16 0p O0D 02 06 3J6 22 055 10.15
1992 03| 26/ 21 00 O0p O0p 511 34 11 00 038 1.1.2
1993 06| 41/, 49 01 o0p op 00 00 127 00 0.16 0.0.9
1994 32| 29/ 13 00 op oOop o000 16 3J6 0.0 001 p.1.0
1995 0.7/ 08/ 0.2 31 o0y op 00 23 41 00 B84 .15
1996 0.1] 6.1| 52 24 02 0p 29 19 48 01 [L.21 0.1.9
1997 05| 2.0/ 34 56 09 0B 23 24 44 08 022 0.1.8
1998 09| 0.8/ 25 05 09 O0p 00 14 44 10 P30 .14
1999 0.0/ 0.0/ 38 24 44 0B 00 00 19 32 135 0.15
2000 0.2 0.7/ 31 22 02 O0p O/ 00 38 13 0.00 0.1.0
2001 0.0/ 05/ 0.2 02 3y ofp 00 00 O 16 040 0.0.6
2002 0.0/ 0.0/ 14 12 08 Op O0/0 09 47 18 0.00 0.1.0
2003 0.0/ 0.0/ 31 01 0O Op O/ 00 H3 12 070 0.1.0
2004 0.4 17/ 3.0 02 0O Op O/ 00 44 05 0.11 0.0.9
2005 0.0 23] 231 01 0O Op O/ 09 49 15 000 p.1.1
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Table 13. Percent differences in the monthly amtlal potential productivity of the Kootenai
River below Libby Dam with a recovery period of 88ys as compared to a baseline value of
47-days.

=]
n
D

O
<

Water Year| Octf Nov Dec¢ Ja ar A

=]
=]
<
)

<
o

un  JuRAug | Sept| Total

1977 -1.5] -16] -21 -0.6 -3 -3 -1 -0. -0.13.3-| -3.9| 0.0f -19
1978 -0.1] -0.3] 0.0 -0.1 -0 0. 0 -0 -46 -2604 | -05| -1.0
1979 -0.3] -1.0 -1.2 -10 -0 0. 0 0 -0.9 0.00.2 | -29| -0.7

-8.3 3.50.1 | -0.1] -1.2
-3 1-4.-10| 0.0 -1.8
-0.20.2-| -1.1 | -1.2| -1.1
0.0 5-9.-1.8| -0.1| -1.1
-19 -4610| -1.3| -15
-3.61.81 -15.1| -8.6] -5.3

1
PRy

1980 -2.6| -2.4, -0.1 -0.
1981 -0.3] -14 -1.§ -0.
1982 -0.6] -0.1] -2.3 -2.]
1983 -0.6| -2.14 -2.1 -2.]
1984 -0.3] -0.5| -33 -1
1985 -0.6| -6.5| 571 -1

O IO TO =TT T TN P O =T
1

1986 -14| -1.6 -1.5 -1 0. 0. 0 0 -48 -3.90.1 | -04| -15
1987 -1.5| -19 0.0 -02 -0 -0 0 0 -0.6 -5015]| -06] -1.3
1988 -14| -05 04 -19 -1 0. 0 0 g0 Q.001- 51| -1.0
1989 -1.1] -0.1] 0.0 0.0 O -0 -0 -59 -18 -09804 )| -1.0], -11

-0.7 6-2.-0.3| 0.1 -1.0
.2 -1.21.0] -0.2| -1.0
-0.4 0.00.1 | -0.6| -0.7
-0.5 4.0 0 0.-0.2| -0.3
-28 -0.200 | 0.0| -0.8
-3.8 -0.21.7 | -1.1| -1.0
-3.0 .50 -05| -0.1] -1.2
-3.20.7-| 01| -0.1] -1.3
-29 9-0.-1.8| 0.0 -0.8
-0.6 -2.206 | -06| -1.0
-1.3 -1600 | 00| -0.6
00 -0./0.8 | 00| -04
-28 -220.0 | 0.0| -0.8
-21 -20 2-0.0.0| -0.6
-20 -1.40.0 | 0.0| -0.6
-3.2 -14.00 00| -0.7

1990 -0.7] -0.5{ -1.0 0.0 -2.
1991 -0.8] -0.3] -2.3 -3.0 0.
1992 -0.2| -1.3] -0.9 0.0 O.
1993 -04| -14 -1.0 0.0 O
1994 -1.4| -2.8 -1.0 -0.
1995 -0.2| -0.2| 0.0 -1.
1996 00| 29 -19 -3
1997 -0.2| -0.7] 2.0 -3
1998 -0.3] -0.7 -0.1 -O.
1999 00| 0.0 -1.6 -2
2000 -0.1] -0.2] -19 -1
2001 0.0] 0.1 -0.1 -O.
2002 0.0] 0.0] -0.6 -0.]
2003 0.0 0.0 -1.1 0.0 oO.
2004 -0.1] -0.6f -1.9 -0.
2005 0.0] -0.9 -1.1 0.0 O.

~ O T T T O T
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Table 14. Percent differences in the monthly amtlal potential productivity of the Kootenai
River below Libby Dam with a recovery period of @&ys as compared to a baseline value of
47-days.

Water Year| Oct| Nov| Deq Ja Feb Mar Apr May Jun JuAug | Sept| Total
1977 -25/ -30/ -39 -18 -5p -8 -4 -0 -0.25.4-| -89 | -0.6| -4.0
1978 -0.2| -05| 0.0| -0.2 -0 0. 0 -0 -9 -6.809 | -08| -2.0
1979 -0.6| -1.7| -25 -2y -0 0. -0 0 -14 0.003 | 47| -1.2

-3 -8006 | 01| -25
-9.0 9-9.-21] -0.1| -3.6
-0.50.3-] -1.8| -2.1| -1.8
0 7-0.-34| -0.8| -21
-3.2 9427 | 22| -29
-p89.5| -27.7] -154 9.8
-80 -9506 | 07| -3.0
-10 9344 | -11| -26
00 Q001 ]| -86| -1.8
b.6 5-1.-06 | -16| -2.2

1980 -4.00 -5.7| -15 -0.
1981 -0.5| -2.3| -3.2 -1.
1982 -1.0] -0.1| -3.7] -4.
1983 -1.0| -3.6| -4.6] -4.
1984 -0.5| -0.7] -6.2] -3
1985 -0.9] -10.7 -13% -2
1986 -2.8| -2.8] -24 -3
1987 -25] -43| 0.0/ -04
1988 2.7 -12| -0.8 -3
1989 -39/ -0.2] 0.0/ 0.0 oO.

ST o O T T T I T I TS
1
w
fan)

KN

oo

w
1

-0 -5204 | 00| -1.6
-84 -48 6-0.00 | -1.2
-8.3 -

2002 0.0 00| -1.0 -1.
2003 0.0 00| -18 0.0 O.
2004 -0.2| -0.9| -3.7] -14
2005 0.0 -1.5| -3.5| -0.]

3.80.1 | -0.1| -1.3
3.80.3 | 0.0 | -1.6

p
o

otofototo s oo fortfo oo s o tfoto v oo fo s T~ =1

C OO0 0w OO0 Ok |O0CC0C0 oo®|N =[O oCa|m o OO [O o
o|lo|o|o|o|o|o|o )
SEI=N =N =N =N =N =N =N A I E I Y Y PN E EE P E N E EE N EERS
1
o

1990 -1.0| -1.2 -1.6) 0.0 -4. -4 -1 00 -12 9-4.-1.1 -0.3 -1.9
1991 -1.3] -0.8 -3.8) -7.0 -O. 0. 3 -88 .4-2 -22 -0.3 -2.0
1992 -0.3| -2.0 -1.1} 0.0 O. 0. -2 -8l6 -1.4 (0.00.1 -1.0 -1.3
1993 -0.8| -2.3 -1.6) 0.0 O. 0. 0 00 -0.8 4.0 0 (.-0.3 -0.5
1994 -2.4| -5.8 24, -05 O. 0. 0 019 -54 -0.90.0 -0.1 -1.6
1995 -0.3] -0.3 -0.1 -1.8 -0 0. 0 -1 7.2 1-1.-2.8 -2.2 -1.8
1996 0.0| -4.7| -32 -7.2 -0 -0 -1 -217 -3 .6-1 -1.0| -0.2| -23
1997 -0.3| -1.2| -49 -6.1 -5 -0 -1 -219 -5.323-| 01| -01| -24
1998 -0.5| -15| -1.3 -02 -0 0. 07 -5.3 4-2.-38| -04| -1.8
1999 0.0/ 0.0 27, 4% -3 -1 00 -09 4117 | 14| -1.9
2000 -0.3] -0.3] -3.3 -21 -0 0. 00 -20 -3.504 0.0 -1.2
2001 0.0 -0.2| -0.1 -0.L -3 -0 00 00 -1.220| -0.1| -0.7

p 4
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0

4

™
o
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Table 15. Percent differences in the monthly amtlal potential productivity of the Kootenai
River below Libby Dam with a recovery period of 88ys as compared to a baseline value of
47-days.

o
<

Water Year| Octl Nov| Deg Ja Fe ar A

=]
<

Jun JuAug | Sept| Total

ay
1977 -3.1] -3.8] -48 -28 -6p -11}7 -7 -0l8 -0.26.6 | -12.9| -2.8| -5.7
1978 -0.2| -0.6f -0.1] -0.2 -0. 0.( 0 -0f7  -1p.01.63 -2.0| -1.0| -3.0
1979 -0.8| -2.1| -3.1 -3 -0. 0.0 -0 00 -137 1-0.-03| 57| -15
1980 -5.5| -95| -25 -0 -0. 0.( 0 00 -5 7A1.-24| -01] -3.9
1981 -0.6| -29| -43 -15 -7. 28 0 -0j1 -1p.151| 41| -01] -5.1
1982 -1.2| -0.2| -4.6 -53 -3. 2.2 -1 -45 -0604-| -22| -23| -2.2
1983 -1.2| -44| -64 -58 -6. 3.1 -0 00 00 9-0.-45| -20| -2.8
1984 -0.7] -0.9] -80 47 -1 0.¢ 0 00 -38 018.-52]| -25| -41
1985 -1.1] -13.3] -2083 5.7 -0 0.0 -1 -3.0 -6.24.0| -37.4| -254 -13.8
1986 -3.9] -85 -29 -38 0. 0.¢ 0 00 99 -14e@6| 08| 44
1987 -3.1) -6.2| 0.0 -04 -0 -0 O 00 -12 o012-82| -15| -3.8
1988 -3.8| -1.8] -10 40 -5 0fF O 0)0 0(0 0.00.2 | -10.7] -25
1989 -75/ -05| 0.0 0.0 O. -083 0 -13.1 -99 4-2.-07| -19| -34
1990 -1.3] -1.8| -2.00 0.0f -5. Joo-] 00 -14 5-6.-25| -04| -2.7
1991 -1.6| -1.1| -4.6 -10.2 -2 0.0 -0.6] -2.9
1992 -0.5| -25| -127 0.00 0. 0.0 -3 -120 -39 0001 | -1.2| -19

-1.0 g.0 0 (.-0.3 -0.6
-7.1 -1.60.0 -0.1 -2.3
-95 5-2.-35 -2.9 -25
-1.12.8-| -1.5| -0.3| -3.3
-4.64.1-| -0.3| -0.1| -3.2
-4.9 2-4.-56| -1.2| -2.6
A1 5431 | 20| -2.6

5 -4.91.3 0.0 -1.7

0 -1.430 | -05| -1.0
-6.5 -8.21.4 0.0 -2.4

2

1

4

1993 -1.6| -2.8/ -20 0.00 0.
1994 -3.1] -81| -46 -0.§ 0.
1995 -0.3] -04| -0.1 -23 -0.
1996 0.0/ -5.8] -39 -lo.
1997 -04| -15| -6.2] -73 -7.
1998 -0.6] -22| -17/ -03 -0
1999 00| 00| -83 -63 -4
2000 -0.6] -04| -42 -33 -0
2001 00| -0.3] -0.1] -0.1 -3
2002 00| 00| -13 -23 -1
2003 00| 00| -22 0.0 O.
2004 -0.2| -11| -49 -23 0.
2005 00| -1.8] -49 -04 O.
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Objective 6 — Estimate annual survival and mosaditsalmonid cohorts in the mainstem
Kootenai and South Fork Flathead Rivers

The number of rainbow and cutthroat trout in thewdr-Pipe section of the Kootenai

River during the 1970’'s and early 1980's was edtth@o be about 100 fish per thousand feet.
Beginning in the late 1980’s, the number of fistreased to an average of about 400 fish per
thousand feet (Figure 72). The highest numbefisiofoccurred in 2002 at about 800 fish per
thousand feet. A spill event occurred in June &ryg 2002, and the fish population estimate in
2003 was almost half of that seen pre-spill esenma2002. The mechanism for this decline is
not known, but possible causes could be normal latipa fluctuation or spill induced mortality
or displacement.

The number oOncorhynchus spp. per thousand feet in the Reregulation se¢#0a fish
per 1000 feet) of the Kootenai has been consigtabtbut half of the Flower-Pipe section
estimate (Figure 80). High flows in 2002 did nidda recapture sampling in the Reregulation
section, although fish had been marked. For #asan, the effects of the spill on fish
populations in the summer of 2002 cannot be asdeks®eto a gap in estimate data. Highest
estimated fish abundance in the Reregulation secttourred in 2006, at about 250 fish per
thousand feet. In general, there are many mord &sfa(i.e., < 8 inches) in the Flower-Pipe
section, and these small fish account for moshefdifferences in fish numbers between the
Flower-Pipe and Reregulation sections (Tables B61an Figures 72 through 80; Figure 81).
Fish from each year need to have ages estimaigehterate age frequencies and the subsequent
mortality and survival estimates for each cohort.

The bull trout population below Libby Dam was stafybom 2004 to 2005, with a
population estimate of about 1000 fish from Libbgnbto the Fisher River confluence. In 2006,
the population appeared to decline with an estirafitess than 200 fish (Figure 81). Potential
reasons for this decline include natural mortaditplder fishes or some other environmental or
health factor. Genetic samples of 61 fish weréectéd in the spring of 2006 and will be
analyzed for genetic origin (i.e., above or belawhly Dam) pending final analysis and approval
of a previous Libby Mitigation project study. Mdaill trout captured have a total length of 500
to 900 mm, but a few fish are captured outsideléngth range (Figure 82). The low abundance
of subadult bull trout captured during the popwlatestimates may indicate limited recruitment
into the mainstem population from Libby Dam to Eisher River, low survival of subadults in
the mainstem river once they outmigrate, limitethagration from natal tributaries, or sampling
bias. Outmigrants from tributaries may residetimeo unsampled sections of the Kootenai
River, as few subadult bull trout are capturechm Reregulation and Flower-Pipe sections. The
origin of the bull trout below the dam is currentigknown at this time.
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Flower-Pipe Oncorhynchus spp. Population Estimate +/- SD
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Figure 72. Population estimate of rainbow troud auntthroat trout, as the number of fish per
1000 feet, in the Flower-Pipe (1973-2005) sectibthe Kootenai River below Libby Dam,
Montana.
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Table 16. Population estimate by length of fiskhi@ Flower-Pipe section of the Kootenai River.
An asterisk (*) indicates a lumped estimate fot teagth group and all longer length groups.

Length Group (in)
Year| 0| 1| 2| 3 4 6 7 8 9 10 11 12 13 14 {5 |16 |17 |1Botal
1973| 0| 0| O O O 0 1 2 3 ¥y 18 ) 3* 49
1974| 0| O] Ol Q 5| 10 17 5 5 4 12 14 10 7 4 3 1 |3* 95
1975 0| 0] o0 O 3| 1 1 2 2 5 20 24 17 3 2 6 92
1976
1977| 0| O] Of Q 1| 1 4 4 3 66 10 7 3 3 P 3 2 |2 10~ 70
1978| 0| O] O O O 4 4 4 7 14 24 34 22 9 2 0 2 |5* 130
1979| 0| O] O O Of O 0 1 5 18 22 20 ¢) 3 5 4 2 |3 88
1980| O O] Of Q 1| 2 3 3 5 18 40 31 13 A 5 |O* 9 1p
1981| 0| O] Of Q 1| 1 3 11 37 62 %4 18 12 6 0* 14 2
1982
1983
1984
1985| 0| O] O O 2| 2/ 59 122 79 36 P9 39 46* 415
1986| 0| O O O Of O 34 69 70 60D »9 24 10 10* 306
1987| 0| 0| O Qq O] 1 4 19 38 3b 18 15 16 15* 161
1988| 0| 0| O q O] 1 9 53 57 48 14 12 11 B* 132
1989| 0| O] Of O O 4 54 111 140 43 18 17* 387
1990| O O O0 O Of O 79 134 73 20 15 15 J* 343
1991| O O] Of O 4| 26 91 142 131 70 Pl 23 38* 547
1992
1993| 0| O] O O 6| 86 169 164 87 41 (A8 10 4 5 4 2 | 2* 598
1994| 0| O] Of O O 46 94 8( 61l 256 12 14 13 12* 356
1995| 0| 0| O O 3| 10 3Q 110 197 162 B4 L7 |15 |13 6 3 | 0 620
1996
1997| 0| O] Of 3 1| 19 110 242 207 80 B0 PO [18 PRO* 751
1998
1999| O O] O O 30 92 108 56 3p 29 B7 B0 [19 7 [0O* 450
2000
2001| O] O/ O Q 27 8 99 69 58 33 19 13 9 15* 429
2002| 0| 0| O Q O] 33 25p 264 143 46 (18 |9 4 2 5* 774
2003| 0| O/ O O 2| 14 36 126 108 58 w6 26 a1 |8* 434
20041 0| O/ O Q 2| 2/ 23 34 69 86 53 20 12 16* 317
2005| 0| O Of O 1| 6 47 135 137 65 Bl 26 (19 14* 481
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1972 Flower-Pipe Oncorhynchus spp.

1973 Flower-Pipe Oncorhynchus spp.
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Figure 73. Length frequencies of Oncorhynchus spthe Flower-Pipe section of the Kootenai
River collected during annual population estimétesn 1972-1977. No estimate was obtained

during 1976.
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1978 Flower-Pipe Oncorhynchus spp.

1979 Flower-Pipe Oncorhynchus spp.
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Figure 74. Length frequencies of Oncorhynchus spthe Flower-Pipe section of the Kootenai
River collected during annual population estimétesn 1978-1983.
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1984 Flower-Pipe Oncorhynchus spp.

1985 Flower-Pipe Oncorhynchus spp.
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Figure 75. Length frequencies of Oncorhynchus spthe Flower-Pipe section of the Kootenai
River collected during annual population estimétesn 1984-1989. No estimate was obtained

during 1984.
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1990 Flower-Pipe Oncorhynchus spp.

600 -

P
o
o

I

Frequency
N W
o O o
o O o

=

o

o
I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Length Group (cm)

Frequency

1991 Flower-Pipe Oncorhynchus spp.

600 -
500 -

= N w Ey

o o o o

o o o o
I I I I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Length Group (cm)

1992 Flower-Pipe Oncorhynchus spp.
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1993 Flower-Pipe Oncorhynchus spp.
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1994 Flower-Pipe Oncorhynchus spp.
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1995 Flower-Pipe Oncorhynchus spp.
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Figure 76. Length frequencies of Oncorhynchus spihe Flower-Pipe section of the Kootenai
River collected during annual population estimétesn 1990-1995. No estimate was obtained

during 1992.
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1996 Flower-Pipe Oncorhynchus spp.

1997 Flower-Pipe Oncorhynchus spp.
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Figure 77. Length frequencies of Oncorhynchus spthe Flower-Pipe section of the Kootenai

River collected during annual population estiméteshn 1996-2001. No estimates were obtained

during 1996, 1998, and 2000.
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Figure 78. Length frequencies of Oncorhynchus spihe Flower-Pipe section of the Kootenai
River collected during annual population estiméitesh 2002-2005.
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Figure 79. Population estimate of rainbow troud antthroat trout, as the number of fish per
1000 feet, in the Reregulation (2001-2005) seatiothe Kootenai River below Libby Dam,

Montana.

Table 17. Population estimate by length groupggdf in the Reregulation section of the
Kootenai River from 2001-2006. No estimate was gleted in 2002 due to high flows after the
mark run. An asterisk (*) indicates a lumped eaterfor that length group and all longer length

groups.
Length Group (in

Year 11 2| 3 4 5 6 7 8 9 10 11 12 3 |14 |15 |16 | 17 | I8tal
2001 O 00 00 4 36 38 49 23 20 [2 |4 (10 (0 |5 |3 |4* 207
2002
2003| 0| Of O O 8| 1 35 4p HO 22 B8 |4 |2 2 |7* 179
2004| 0| O/ O 4 19 18 8 17 25 16 10 |7 |10 14* 144
2005| O Of O O O] 3 4 14 20 27 25 19 p7 31* 159
2006| O Of O O 18 16 16 37 55 37 P5 (18 |19 16* 253
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Figure 80. Length frequencies of Oncorhynchus sBpthe Reregulation section of the Kootenai
River collected during annual population estimétesh 2001-2006. Only a mark run was
performed in 2002, high flows did not allow a reap run, thus no estimate could.
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Figure 81. Bull trout population estimate (+/- 984 from Libby Dam to the Fisher River
confluence, approximately 3.5 river miles belowhytbam, Montana.
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Figure 82. Length frequency of bull trout belovbhy Dam captured during annual population
estimates collected from 2004 (panelN\s= 344), 2005 (panel BY = 56), and 2006 (panel @,
=71).
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Objective 7 — Radio telemetry

No work has performed on this Objective do datetdustaffing limitations.

Objective 8 — Assess how tributary conditions d@fatmonid populations (i.e., survival, growth,
and numbers of adults spawning in selected tribegar

No work has been performed on this Objective te d&quipment specifications and cost
estimates are being developed with Biomark, Inc.
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Objective 9 — River age, growth, and conditionishés in the mainstem Kootenai and South
Fork Flathead Rivers

Condition of rainbow trout in the Flower-Pipe seatiof the Kootenai River for substock
to stock length fish has remained near 100 througti@ history of work in the section from
1972-2005 (Figure 83). Stock to quality lengtinfigpically have a lower mean relative weight
with values averaging around 90 and quality togarefd length fish have shown more variation
in their mean relative weight, with values rangiram 75 to 105 (Figure 79). Few fish larger
than quality to preferred length are captured enFlower-Pipe section of the Kootenai River, as
evidenced by a lack of a mean relative weight sirf8®0. Rainbow trout in the Reregulation
section of the Kootenai River have low average Alugs of 70-90 for substock to stock, stock
to quality, and quality to preferred length (Fig8#4. On occasion, large rainbow trout (>500
mm) are captured in the Reregulation section, hade fish are typically in good condition (i.e.,
relative weight value >100) with the exceptionloé 2006 trophy length fish, which had a low
relative weight (<60). The Reregulation sectiosampled in the spring and potentially reflects
overwinter and post spawn conditions, comparetiedower-Pipe section, which is sampled in
the fall, when fish should be in better conditidypproximately 400 PIT tags were injected into
rainbow trout, westslope cutthroat trout, and knallit in the spring of 2006. These tagged fishes
will be used to assess growth and survival of iiisbections of the Kootenai River and
associated with environmental and biological caadg in each section of river. Tagged fish
will be used to assess movements between sectidhs Bootenai River, between the Kootenai
River and tributaries, and how these movementserédahigh discharges, spill, spawning, and
other factors.

Growth of recaptured bull trout in the Kootenai &iwas been variable among the
limited number of recaptured fish. In terms ofd#n bull trout have grown from less than 0.1
mm/day to greater than 0.4 mm/day (Figure 85). wWlnappears to decrease with increasing
length at initial tagging. Growth in terms of wkigloes not appear to follow the same pattern
and appears to be more variable than length, wighfish losing weight and another averaging
almost 10 grams per day of weight gain. Weighhediper day was evenly distributed among
different lengths of bull trout (Figure 86).
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Figure 83. Mean relative weight of rainbow trotit-(SE) in the Flower-Pipe section of the
Kootenai River by length group from 1973-2005.
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Figure 84. Mean relative weight (+/- SE) of raimbwout in the Reregulation section of the
Kootenai River by length group from 2001-2006.

109




Kootenai River Bull Trout Growth
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Figure 85. Growth of recaptured bull trout (mm/dimythe Kootenai River below Libby Dam
from 2004 to 2006.
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Figure 86. Growth of recaptured bull trout (g/dayjhe Kootenai River below Libby Dam from
2004 to 2006.
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DISCUSSION

Objectives 1 — 4: Reservoir Modeling, Age, Grovathgd Condition

Reservoir conditions have changed since the caigiruof Libby Dam and subsequent
filling of Lake Koocanusa. The fish community ldmnged in terms of abundance and species
composition. Lake Koocanusa contains more kok#mae during the pre-dam and early post
dam system. Mean length of kokanee continuesdrcedse, and approximately 6-year cyclical
peaks in mean length have been observed. The o#ttEs decline in mean length may be
increased competition for food resources, along) elitanges in the reservoir productivity and
nutrient levels. Kokanee attained lengths gretii@m 400 mm after first being introduced into
Lake Koocanusa. Bull trout numbers above Libby Dwawe also increased, as shown by
increased catch per net and increased redd coutributaries above Lake Koocanusa. A large
landslide partially blocked fish passage in the W&o River in 2005, and redd counts above the
landslide decreased from 2,133 in 2004 to 642 063®lerb Tepper, personal communication).
It is not known whether bull trout spawned below thndslide and the effects of fewer redds on
the population may not be noticeable for severalge

Lake Koocanusa drawdown currently has a maximuabofit 40 to 50 feet per year,
much less than conditions in the 1980’s and 199@&n the reservoir was drawn down several
hundred feet. This should provide for higher pidity at lower trophic levels and may lead to
higher condition of fishes. Dam operations hakeljyi changed the thermal structure of the
reservoir and may account for some of the discreiparbetween model simulations and actual
isotherms of the reservoir. Currently, we havetrietl to assess how recent operations and
selective withdrawal may have affected the resesvteimperature regime, but on average, the
reservoir now maintains a larger volume of waterclwishould heat up and cool more slowly
than in previous years. Moderated temperaturegghahould affect all trophic levels.

Objectives 5 — 9: Mainstem River Age, Growth, Citind, Movement, and Survival, and
Tributary Fish Population Dynamics and Environmehtfuences

In recent years, river conditions have become rataiele as power peaking is less
frequent now below Libby Dam. Relative weight dstt@ws that most rainbow trout in the
Kootenai River are not at their optimal weight. aneelative weights for most length categories
of rainbow trout range from 80-90. Seasonal déifies in relative weight will be assessed in
the future. Current dam operations now mimic ratoonditions more closely than earlier
operations and should provide better conditiongisbr survival, growth, and productivity.
Despite mimicking natural conditions, the springlpédischarge remains well below the pre-dam
peak, summer flows remain high, and winter flowd smperature conditions are higher than
pre-dam conditions. Higher summer flows may leadigher productivity of the benthic fauna
but availability of benthic fauna to fish may bedebecause preferred fish habitat may be
reduced.
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FUTURE RESEARCH NEEDS and DIRECTION

The Mainstem Amendment has not yet been implerdeiftthey are not implemented
by the start of the next water year, statisticahparisons between years of existing data will
look for significant differences between specifieaational strategies before Mainstem
Amendment implementation. A Fisheries Biologist@dd be hired in order to begin work in the
Flathead River system in the spring or summer 6f72CFilling this position will increase the
rate and which work and analysis can be completgabrtions of the Flathead River drainage.
A Technician was hired in the Kootenai River pantaf the project, which will increase the
amount of fieldwork that can be completed and iasegproject productivity.

The productivity of Lake Koocanusa was assessed ®72 to 1980 (Woods 1982) and
again from 1986 to 1987 (Chisholm1989). Woods 2)98ported daily areal productivity rates
ranging from 0.4 to 420 mg Cfid and Chisholm et al. (1989) reported rates rapfjiom 63.9
to 588.0 mg C/fid. Model simulations (RIVBIO and LRMOD) assuméatively constant
reservoir conditions regarding inflow and outfloarameters as well as nutrient levels. If the
productivity of Lake Koocanusa has changed sineadt#velopment of the HRMOD and
LRMOD reservoir models, this change in productivitgy help to explain discrepancies
between model simulations and observed trendsolodical metrics above and below Hungry
Horse and Libby Dams. Productivity of Lake Koocsashould be reevaluated within the next 5
years using similar methods as previous investigato

Spatial temporal analyses of precipitation dateefuie fish population estimate data,
redd counts, and core sample data will be expltrdatlp explain various mechanisms (i.e.,
abiotic or biotic) influencing the bull trout pogtions in selected tributaries of the Kootenai
River system.
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APPENDICES

Species abbreviations used in the text and table§ this report:

CRC = peamouth

CSU = largescale sucker

BT = bull trout

EBT = eastern brook trout

FSU = longnose sucker

HYB = hybridized rainbow trout and cutthroat trout
KOK = kokanee

LING = burbot

LMB = largemouth bass

MWF = mountain whitefish

NOP = northern pike

NSQ = northern pikeminnow
PUMP = pumpkinseed

RBT = rainbow trout

RSS = redside shiner

WCT = westslope cutthroat trout
YEP = yellow perch

Units or statistical abbreviations used in the texand tables of this report:

acre-ft = acre-feet

Cl = confidence interval

cfs = cubic feet per second
cm = centimeter

ft = foot or feet

ft> = square foot

ft3/s = cubic feet per second
in =inch

km = kilometer

km?= square kilometer

m = meter
mg/l = milligrams per liter
mi = mile

mi? = square mile

m? = square meter

m°/s = cubic meters per second
mm = millimeter

N = number or sample size
ppm = parts per million
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rKm = river kilometer

rm = river mile

SD = standard deviation
SE = standard error
WETP = wetted perimeter
% = percent

Other abbreviation used in this report:
spp. = species (refers to multiple species withendame genus)

W, = relative weight
W; = standard weight
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