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INTRODUCTION

Fisheries management plans incorporate biologralsacial issues to create an acceptable and
realistic approach to resource conservation. ©Heving report compiles available biological
fisheries information for the Flathead Lake andeRisystem. It will provide the public and
decision makers with the best available sciencdetté& discuss management issues.

This report contains recent research and long-teamitoring results of fisheries field surveys.
Much of the data have not been reported in thediasade. This report consolidates summaries
from various surveys on Flathead Lake, the Flath&gdr, and tributaries in an effort to describe
changes in and present status of fish populatindshabitat quality.

The report follows a standard format, beginnindgwatbackground section containing a study
area description and a discussion of changes ilak@sfoodweb and aquatic community that
have occurred in response to introductions of eXah species and the establishmentigsis
relicta (Mysis). Following this section, there are 20 sectiohgclv present summaries of recent
research and monitoring results. Each of thesgossacontain separate introductions, methods,
and results and discussions to allow each to bsidered separately from the main body of the
report. These individual studies are separatexfour groups, work conducted on Flathead
Lake, Hungry Horse Reservoir, the Flathead Rivaifnstem, North, Middle, and South forks),
and tributary streams to the North, Middle, andt8darks.

This report emphasizes how important the inter-ected lake, river, and tributary system is to
fisheries of the Flathead drainage, especiallyativa fish species. Our monitoring strategies
and conclusions reflect the comprehensive approaeled to evaluate this system. The
monitoring strategy is not new. It was initiatedli978 to collect baseline biological resource
information for the Flathead River Basin Environrammpact Study (Graham et al. 1980,
Shepard and Graham 1983). Montana Fish, Wildlifeagks (MFWP) has successfully
conducted some of these monitoring activities aliyoaat least intermittently throughout the
last two decades. Other monitoring activities hia@en reinstigated only in recent years.

Fieldwork conducted within the last two decadesemgasses the time period in whikdlysis
entered the Flathead Lake and River system andaldchanged foodweb interactions.
Surveys spanning the late 1970s and into the méf4d @haracterize the pkdysis conditions.
More recent surveys (mid-1980s to present) porgaylting changes to and status of the fish
community followingMysis establishment.

Montana Fish, Wildlife & Parks is not alone in mimming the aquatic resources of Flathead
Lake. The Confederated Salish and Kootenai TriiB&KT) co-manage the fisheries of Flathead
Lake and conduct monitoring and research studiddathead Lake, some of which are included
in this report. Since the early 1990s, MFWP an&KT8ave conducted research activities,
habitat enhancements, and experimental fish stgakiough mitigation programs associated
with Hungry Horse and Kerr dams. The U.S. Fish\hldllife Service contributed to fish



stocking efforts. Programs have been funded byBuille Power Administration. In addition,
the University of Montana, through the Flatheadd 8&kological Station, has conducted
numerous surveys of water quality parameters aadrited characteristics of lower trophic
levels.

Recent monitoring efforts are combined and sumradria this report in order to
comprehensively describe the known characteristitanges, and trends in the status of fisheries
resources in the Flathead Lake and River systétmasibeen roughly 15 years sidgsis

became established in Flathead Lake, but the neguhanges to the aquatic community are still
incomplete. It appears thisllysis will persist and the densities of large zooplankwll remain
much lower than their levels prior Mysis establishment. Remaining questions include: What
will be the resulting composition of the fish commity?; Will the native bull troutSalvelinus
confluentus) and westslope cutthroat tro@r{corhynchus clarki lewis) persist?, and; What will
be the future recreational fisheries? In 1998 Ulte. Fish and Wildlife Service listed the bull
trout as threatened under the Endangered SpectemAdche westslope cutthroat trout has been
petitioned for listing. Due to the large size loé t-lathead Lake drainage, Flathead Lake native
fish populations have historically been importanttte overall status and persistence of these
species in Montana. MFWP has monitored bull tspswner escapement in the Flathead
drainage for 20 years. In addition to this databaseam electrofishing, stream substrate
assessments, and lake gill-netting surveys traglectuand changing trends in status of fish
populations and habitat quality. Future surveysprovide the information needed to formulate
viable management alternatives to preserve thegertant native fish species. CSKT and
MFWP maintain responsibility for fisheries managemeand over the next two years, will
combine biological information with social concearsd public opinion to help define the
direction of future fisheries management in Flathkake.

BACKGROUND
Description of Study Area

The Flathead Lake and River system located in m@$h Montana consists of Flathead Lake, the
main stem Flathead River above Kerr Dam, and ntgjmstaries including the Swan River,
Whitefish River, and Stillwater River drainagesgddhe North, Middle, and South forks of the
Flathead River and their major tributaries. Thatliéad Basin drains an area of roughly 18,400
km?, which is underlain by nutrient-poor Precambriadimentary rock. The drainage is known
for its high water quality (Zackheim 1983). Thet®m is managed as one ecosystem due to the
migratory nature and complex life-histories of mapgcies in the system. Adfluvial fish

interact with lake and river stocks, emphasizirgititerdependency and connectivity of the lake
and river fisheries.

Flathead Lake is oligomesotrophic with a surfa@aaf roughly 510 kfi(125,250 acres), a
mean depth of 50.2 m, and a maximum depth of 1i3(Rackheim 1983). The southern half of



the lake lies within the Flathead Indian Reservati&err Dam was built in 1938 and is located
on the southern end of Flathead Lake, seven km siogam of the natural lake outlet. Kerr
Dam regulates the top three meters of water andasated to provide flood control and power
production. Presently, flood control and recraatiequire the lake level to be dropped to the
low pool elevation 879.3 m above sea level (2,&&8)fby April 15, refilled to 881.5 m (2,890
feet) by May 30, raised to full pool elevation &84 m (2,893 feet) by June 15, and held at full
pool through Labor Day.

Two major tributaries to Flathead Lake are the Sauah Flathead rivers. The Swan River drains
the Swan Valley and Swan Lake. Fish movement eastrfrom Flathead Lake into the Swan
River is blocked by Bigfork Dam, located less ttan kilometers above Flathead Lake. The
dam was built in 1902 for electrical power prodacti The three forks of the Flathead River
supply roughly 80 percent of the annual discha@gai(lion acre-feet) in the Flathead system
(Zackheim 1983). The North Fork flows out of BsttiColumbia, defines the western border of
Glacier National Park (GNP), and primarily drainseisted lands of GNP, the Flathead National
Forest, and other managed forest lands. The Migaolik flows out of the Great Bear Wilderness
Area, defines the southern boundary of GNP anddrfarested lands of GNP and the Flathead
National Forest. The South Fork flows for overk®® in the Bob Marshall Wilderness Area
before impoundment in Hungry Horse Reservoir (56ikmength) located in the Flathead
National Forest. Hungry Horse dam was completel®b8, located 8.5 km upstream from the
confluence of the South Fork and the main sterh@Hathead River. Hungry Horse Dam
blocks upstream fish migrations and effectivelyases the South Fork drainage from fish of
Flathead Lake. Hungry Horse Dam provides floodmbnelectrical power production, and
water storage capability for the Columbia Riverteys

The major sport fish species in Flathead Lake ohelwestslope cutthroat trout, bull trout, lake
trout (S namaycush), lake whitefish Coregonus clupeaformis), and yellow perchRerca
flavenscens). The major sportfish in the river are westslop&hroat trout, bull trout, rainbow
trout (O. mykiss), mountain whitefishRrosopiumwilliamsoni). Scattered populations of
largemouth bassMicropterus salmoides), yellow perch, and northern pikEgox lucius) occur in
and old oxbows of the river. Other native fisthe Flathead system include longnose sucker
(Catostomus catostomus), largescale sucke€( macrocheilus), northern pikeminnow
(Ptychocheilus oregonensis), peamouthlylocheilus caurinus), pygmy whitefish . coulteri),
and reside shineR{chardsonius balteatus) (Table 1).

The native trout and char, westslope cutthroat taod bull trout, have evolved varied life
histories to be successful in the Flathead drainddpere are three life history forms: (1)
adfluvial stocks which spawn and rear in riverdtdries and move downstream to mature and
reside in Flathead Lake; (2) fluvial stocks whiglawn and rear in river tributaries then move
downstream to mature and reside in the FlatheadrRand; (3) tributary or “resident” stocks
which spawn, rear, and reside for their entiredifele in a tributary stream (Shepard et al. 1984,
Fraley and Shepard 1989, Liknes and Graham 198@stslope cutthroat trout employ all three
of these strategies in the Flathead system, althdwappears bull trout are primarily adfluvial.



Individual fish may combine the first two strategieJuveniles reside in tributaries for 1-3 years
before migrating downstream into river or lake katsi (Shepard et al. 1984). Adfluvial fish take
advantage of improved forage and growth rates duake residence and thus reach larger sizes
than either fluvial or tributary residents. Tribot fish mature at relatively smaller size2@0

mm) and don’t grow as large (>400 mm) as fish usivegother strategies (Shepard et al. 1984,
Liknes and Graham 1988).

These three life history forms inhabit three gehiggzes of habitat: tributary streams, main stem
river and forks, and lake. In order for fish pagdidns in the basin to be successful, all habitats
must present adequate conditions for fish sunavaélated life history stages. Degraded
conditions in one of these habitat types may lilmét population, stressing the importance of
habitat quality and connectivity within the lakeget-tributary system.

The Changing Fish Community of Flathead L ake

From a fish community perspective, Flathead Laleeswgpported three very different species
assemblages. Prior to settlement by European thnarfish community was solely comprised of
the native species which colonized the watersWolg the last glacial period, roughly 10,000
years ago. Bull trout, westslope cutthroat trantd mountain and pygmy whitefish were the only
salmonids. Bull trout and northern pikeminnow wire dominant piscivorous fishes. Most
likely, the minnows (n. pikeminnow and peamouthinitzated in fish abundance and biomass
(Elrod 1929). Accurate depiction of relative spscabundance is difficult due to lack of
recorded and quantified surveys or fishery encaante

In the mid 1880s, Europeans arrived and beginmrtge early 1900s, introduced a number of
other fish species (Table 1)(Hanzel 1969, Alvor@1)9 Federal and state government agencies
aggressively introduced gamefish, both native atudi@ species, into Montana waters (Alvord
1991). They constructed fish hatcheries and deeeldish transport systems incorporating
railroads. In addition to fish introductions, mgaes tried other means to modify the fish
community. For example, in 1913, a few thousanahps of bull trout were reportedly seined
from Flathead Lake during a period of legalizedingt This was an effort to reduce predation
on more desireable fish species. Following thigdaharvest, bull trout were restored to the
gamefish category making them illegal to harveshétg (Alvord 1991). By the 1920s, a new
fish community was established with abundant kokateke trout, lake whitefish, and yellow
perch in addition to the native species. Kokamekyellow perch dominated the recreational
fishery. By the early 1930s, anglers were annualyesting an estimated 100 tons of kokanee
from Flathead Lake (Alvord 1991). Angler creehays in 1962, 1981, and 1985 show kokanee
provided the majority of the sport fishery, from {6797 percent of harvested fish numbers
(Evarts 1998). This new fishery composition wdatreely stable until the mid 1980s.



Table 1. List of native and non-native fish specesently found in Flathead Lake, and
the dates non-native fish were introduced (Han26P1 Alvord 1991).

Native Non-Native Date Introduced
Bull Trout Lake Trout 1905
Westslope Cutthroat Trout | Lake Whitefish 1890
Mountain Whitefish Kokanee 1916
Pygmy Whitefish Yellow Perch 1910
Longnose Sucker Northern Pike 1960's (lllegally)
Largescale Sucker Rainbow 1914
Northern Pikeminnow Brook Trout 1913
Peamouth Chub Largemouth Bass 1898
Redside Shiner Pumpkinseed Sunfish 1910
Sculpins Black Bullhead 1910

In the 1960s, fisheries management agencies atresgestern United Sates and Canada
introduced the opossum shriniysisrelicta into hundreds of lakes where they did not natyrall
occur. The impetus for this action was apparesremsed growth rates for kokanee salmon
following the establishment dflysis in Kootenay Lake, B.C. In 1968, 1975, and 1976/\WH-
introducedMysis into four lakes (Ashley, Swan, Tally, and Whitéfisn the Flathead Lake
drainage. Although nMysiswere stocked directly into Flathead Lakéysis moved out of these
lakes and downstream into Flathead Lake wherewleeg first collected in 1981. By the mid-
1980s,Mysis established an abundant population and causetiitbeshift in the fish assemblage
in Flathead Lake.

Following their first collection in Flathead Lake 1981, theMysis population increased
exponentially from under threédysism? in 1984 to a peak of 13@ysism? in 1986 (Beattie and
Clancey 1991, Spencer et al. 1991)ysis density then dropped below 6y 1988 and has
since varied between 16 and 68/8pencer et al. 1991, Beattie and Clancey 19%th&hd
Basin Commission 1993, Stanford et al. 1997). rAilair temporal pattern dflysis densities,
peaking and then declining to a lower level, haanb&bserved in other lakes and reservoirs
throughout the western United States (Nesler amgessen 1991).



Mysis created unforeseen and far-reaching changes féldlieead Lake system due to their
unique feeding behavioMysis avoid light. During the day they primarily rest the lake
bottom in water over 100 feet deep. After dark/thmve up into the water column and feed,
again descending by first light, at which time g@despecies such as kokanee begin to feed.
Mysis eat larger zooplankton, the same forage prefdrydésh species including kokanee, and
are able to severely deplete zooplankton populatibtorgan et al. 1978, Rieman and Bowler
1980, Bowles et al. 1991, Martinez and Bergerséi19ThusMysis become a competitor with
fish species dependent on the zooplankton forage #ad not forage as managers desired.
Mysis did provide an abundant food source for bentlsieds, such as lake trout and lake
whitefish, and substantially increased survivatyuément, and abundance of these species.

The introduction and establishment\ysis has considerably altered the zooplankton
community in Flathead Lake. Principally, there basn a dramatic decrease in the abundance of
larger zooplankton, cladocerans, and copepods.larger zooplanktord)aphnia thorata,
Epischura nevadensis, Leptodora kindtii, were the principle food for kokanee and were
seasonally important to other fish species inclgdiestslope cutthroat trout. Befdviysis, D.
thorata comprised 72 percent of the total food biomassreby older kokanee, age 3+ and older
(Leathe and Graham 1982). Whdmgsis densisities peaked, cladoceran densities severely
declined. Two of four principle cladocerabs,longiremis andL. Kindtii, disappeared from lake
samples, while the other twbD, thorata andBosmina longirostris, persisted but at greatly
reduced densities (Spencer et al. 1991). Meanamtwndances for cladocerans dropped from
2.8 to 0.35 organisms per liter followildysis establishment (Spencer et al. 1991, Beattie and
Clancey 1991). Similarly, copepods significantgclined (Beattie and Clancey 1991). In years
following the decline from pealdysis densitiesD. longiremis andL. kindtii have reappeared in
samples but at very low levels (Spencer et al. 198tesently, the zooplankton community has
stablized with a shift from dominance by large oleetans to small cladocerans, copepods, and
rotifers (Stanford et al. 1997).

Not only has the abundance of larger zooplanktectirmed, but the summer blooms or peaks in
abundance are reduced and delayed, by roughly onéhmIn 1986 and 1987, Mysis densities
peaked, the spring population bloombfthorata was delayed from June into July and the
maximum summer abundance was less than one-thirél88f-1982 levels (Beattie and Clancey
1991). The bloom appears to be delayed untildke surface waters thermally stratify, possibly
providing zooplankton some thermal refuge frbtysis predation, sincélysis tend to avoid
warmer water temperatures.

The declines and delays in zooplankton abundanE&thead Lake have been attributed to
grazing pressure dflysis (Beattie and Clancey 1991, Spencer et al. 19%hf&M et al. 1997).
Similar declines in cladoceran abundance are veellchented in numerous lakes in the western
United States and Canada (Morgan et al. 1978, Reand Falter 1981, Lasenby et al. 1986,
Bowles et al. 1991, Martinez and Bergersen 19®@Bclines in large zooplankton appear to be
persistent and represent an interspecific competement important when comparing
conditions and species composition in Flathead lpmia to and followingMysis establishment.

It has been 12 years singlysis densities peaked in Flathead Lake and the fismuoamity has
changed. In the following sections, we comparepsiang results of the 1980s with those of
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recent surveys, we evaluate these changes and &lssesurrent status of fish populations.



FLATHEAD LAKE MONITORING SURVEYS

ANNUAL SPRING GILL-NET MONITORING SURVEYS
Introduction

The Confederated Salish & Kootenai Tribe (CSKT) Mahtana Fish, Wildlife & Parks

(MFWP) annually conduct a relative fish abundang®ey in Flathead Lake. This survey allows
managers to track changes and trends in fish popugaover the long term. Nets fish
designated areas and depths to provide comparabie data between years (Shepard and
Graham 1983).

In the late 1970s, concerns of potential advers@@bs to the Flathead River drainage associated
with coal mining, timber harvest, and other humamedlopment established the need for a series
of studies to acquire baseline fisheries informmatidhese data are used to assess changes in
resource condition (Leathe and Graham 1982). Aigoof this effort was focused on Flathead
Lake, including seasonal gill-net surveys. Fror8Athrough 1983, MFWP conducted netting
surveys in each of the four seasons. Following ¢bilection period, investigators created a
protocol for a standardized spring monitoring pamgito assess relative fish abundance in five
areas of Flathead Lake (Shepard and Graham 1983081 and 1983, this spring survey was
completed and provides a baseline of fisheriegiinédion prior to establishment Mysisrelicta
(Mysis). Unfortunately, the spring monitoring programswehscontinued until the early 1990s.
From 1990 through 1995, MFWP and CSKT conducted pattial sinking net surveys and did
not complete the standard monitoring protocol uti®6. However, for the floating net portion
of the series, MFWP and CSKT have completed the-Vaikle surveys since 1992 (only 1990

and 1991 surveys were incomplete). Complete ssrve$996, 1997, and 1998 represent the
current status and allow valid comparison with 188d 1983 surveys.

Methods

Agency personnel followed methodology establishgg@revious investigators in the early 1980s
(Shepard and Graham 1983). Netting occurred imgglate April/early May) before spring
runoff when the lake temperatures were isotherr@llnetting was completed in five areas of
the lake (Figure 1). In each area we fished thetg of floating nets and three sets of sinking
nets. At sampling sites, we set both sinking doatihg multi-strand nylon gill nets, 38.1 m long
by 1.8 m deep, consisting of five panels of barhrases, 19, 25, 32, 38, and 51 mm. Each set
consisted of two ganged nets, one sinking netaretto end to another sinking net, and likewise
for floating nets. We set nets perpendicular eoghoreline. Floaters were set with one end
close to shore in roughly 2 meters of water, dtietgthe net out over deeper water. Sinking
nets were set at depths greater than 10 meteesioBs years’ netting records were consulted to
determine depths fished in each area. We fishisdosernight by setting nets in late afternoon
and retrieving nets in mid-morning hours.



To calculate catch-per-unit-effort (CPUE), we refamt the number of each species captured in
each sinking or floating set and divided by twoorder to report catch per single standard net
type. Sinking and floating net catches were requbseparately. Percent composition of catch by
species was also reported separately by net tWeenumerated, measured total length and
weight, and collected age, growth, sexual matuaity] food habits data from captured fish.

Results And Discussion

From 1996 through 1998, we successfully fishedival areas of the lake, for a total of 30

sinking nets and 30 floating nets per year. Catdinking nets best describes fish species with
benthic orientation, such as lake trout and ballitysuckers, and whitefish. Catch in floating
nets best describes the changes in westslope @atttinout and minnow populations, species that
are more surface or shallow water oriented.

Sinking gill net catch was similar in 1996, 199@dd. 998. Sinking nets caught seven fish
species for a total of 286, 524, and 633 fish 18619997, and 1998 respectively. Lake whitefish
dominated percent composition, ranging from 74.74® percent of the total number of
captured fish (Table 2). Lake trout and northekeminnow made up the majority of remaining
catch. Bull trout comprised less than one peroénatch.

Total combined catch of all species in floatingsneds varied widely in the last three years,
while the number of species caught remained mansistent. Floating nets captured nine fish
species for a total of 134 fish in 1997 and 60B fis1998. In 1996, they caught seven species
for a total of 41 fish. In the 1997 and 1998 fingtnets, northern pikeminnow (37.3 and 37.7
percent) and peamouth (23.9 and 46.7 percent) gdedrthe catch composition, followed by
westslope cutthroat trout, bull trout, largescaleker, and lake whitefish (4.1 percent) (Table 2).
Similarly, in the 1996 floating nets, peamouth.@percent) and northern pikeminnow (19.5
percent) dominated catch, followed by westslop&coat trout, bull trout, and lake trout.
Kokanee abundance is not adequately portrayedrinetting series, due to the pelagic nature of
kokanee and littoral distribution of our nets. W&ve other indices which accurately show the
abundance trends of kokanee during the samplinggp@eattie and Clancey 1987). However,
kokanee have essentially disappeared from our ¢atectent years. This is not surprising since
the population crashed in the late 1980s.

Percent species composition of our catch has clagh@genatically sincélysis became

established in the lakéVlysis densities began to increase in 1985 and peake@dd6. For gill-

net surveys, sample years 1981 and 1983 descel@d¢lysis fish community and provide
baseline fishery information for comparison to eatrpopulations. In the sinking nets, there was
a shift in species composition from numerical daanice by peamouth (pMysis) to lake

whitefish (postMysis) (Table 2, Figure 2). From 1996 through 1998,daieh composition has
been relatively stable (Table 2). In 1981 and 1$&&mouth comprised 41.1 and 39 percent of
catch composition, while lake whitefish comprisedlydl 6.2 and 13.7 percent, respectively. In



recent catches, lake whitefish comprised roughlpéisent of the catch.

One of the more dramatic transformations was tlagive abundance of bull trout and lake trout.
In 1981 and 1983, bull trout numbers compriseardd 13 percent of fish caught in sinking nets,
while lake trout numbers comprised only 0.2 andg@&ent, respectively. Since 1996, bull trout
comprised roughly 1 percent, while lake trout coisgu 6 to 14 percent of gill-net catch.

We have observed similar declines in mountain viislian sinking net catch (Table 2).
Mountain whitefish comprised roughly four percehtatch composition in the early 1980s and
now have a very low incidence (<1 percent).

Species composition of the floating net catch hlas/aried as widely as that of the sinking net
catch. Westslope cutthroat trout showed the gsedexlines. In the early 1980s, westslope
cutthroat trout made up 20 to 40 percent of catishlewn recent years less than 20 percent. With
the exception of lake trout and northern pikeminnthe other species have not shown obvious
changes in percent composition. Declines in pedm@lative abundance observed in sinking
net catch were not evident in floating nets. Paaimgalues remained strong and steady
comprising a large percentage of catch, ranging f2d to 47 percent in recent years (Table 2).
The apparent discrepancy between sinking and figatet catch may be explained by the
difference between lake whitefish catch in sinkiegsus floating nets. We did not see an
increase in lake whitefish catch in the floatingsrees we did in the sinking net catch, most likely
due to lake whitefish behavior and benthic natierthern pikeminnow, another native
minnow, has also comprised a large percentag®atifig net catch. The 1997 and 1998
percentages (37 percent) were greater than thdabe efarly 1980s, 12 and 15 percent (Table 2,
Figure 3). In recent years, peamouth and nortpigeminnow dominated catch composition in
floating nets. Lake trout increased representatidioating net catch. In the early 1980s
surveys, lake trout were not captured in floatietsnwhereas, in recent years they have
comprised 2 to 12 percent of species compositiable2).

We observed similar changes in catch-per-unit-e{foPUE) for individual fish species in the
spring gill-net survey as we observed in the pdrspacies composition. Time series of CPUE
showed the same general trends (Table 3). Inrggnket sets, bull trout and lake trout showed
opposite trends. The number of bull trout has peopfrom 2.6 and 1.6 fish per net in 1981 and
198310 0.1, 0.2, and 0.1 in 1996, 1997, and 189%ectively. Conversely, lake trout catch has
increased from 0.0 and 0.1 fish per net in 19811888 to 1.3, 1.7, and 1.3 fish per net in 1996,
1997, and 1998 respectively. Lake whitefish céiad also increased. Lake whitefish catch
increased from 3.2 and 2.1 fish per sinking neéitdf1 and 1983 to 7.1, 12.3, and 15.8 fish per
net in 1996, 1997, and 1998 respectively. PeamOBHE was much lower in the mid 1990s
than in the early 1980s, while northern pikeminf@RUE appears unchanged (Table 3). In
1998, the floating sets have the highest CPUE éanpouth and northern pikeminnow observed
in the study period while the 1998 CPUEs for oscies was similar to 1996 and 1997 values.
Floating net catch best depicts changes in wegsstatthroat trout abundance. A decreasing
trend similar to bull trout has been evident. Ha early 1980s, catch of cutthroat trout was two
to three fish per net. In the late 1990s catchdnapped to less than one fish per net.
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In an effort to summarize and compare CPUE betweenand poshysis establishment, we
calculated means for the number of fish per nehlsning 1981 and 1983 for pidysis values
and 1996 through 1998 for pdglysis values (Figure 4). There has been over a tenificidase
in lake trout CPUE, conversely there has been-dédidndecrease in bull trout CPUE. Lake
whitefish CPUE has increased, while westslope oogthtrout CPUE has decreased.

Until recent years, the sampling protocol establisim the early 1980s was not adhered to and
gilinetting surveys were either not conducted aomplete. For example, spring lake wide gill-
net surveys were not conducted from 1984 throud@®1% ake wide spring gillnetting with
floating nets has been conducted since 1992. BE&H0 to 1994, spring netting with sinking
nets using established protocol was only repedtdteanorthern sampling sites. Therefore, the
lake wide sinking series conducted since 1995 argt scomparable to the early 1980s. Caution
should be applied when reviewing species compaséinl catch per net values from sinking
nets for 1990 through 1994 and in comparing thedees with results from earlier surveys. In
an effort to reduce bias associated with incomatgeys and still use 1990 to 1994 data from
sinking gill-net surveys, we removed catch fromteetn areas in all complete surveys and then
compared netting in only the northern areas ovesttmple years. This removed 40 percent of
sets, reducing the sample size of sinking neteéfidrom 30 (15 ganged sets) to 18 (9 ganged
sets) per year. Table 4 and Figures 5 and 6 pdtieapercent species composition and catch per
net in the northern nets only for bull trout, lakeut, and lake whitefish. For both indices, trend
were similar to those observed in these indiceswdtlenetted sites were included; lake
whitefish dominated recent catch, and bull troutJERand percent composition declined, while
lake trout CPUE and percent composition increadeke trout have replaced bull trout as the
dominant salmonid piscivore in Flathead Lake.

As described previously, the bull trout catch wasdr in recent surveys than in surveys
conducted in the early 1980s. In addition, thegllerirequency of bull trout catch also changed.
Nets caught bull trout in a wide range of lengtbugrs (Figures 7, 8, and 9). In 1996, lengths
(n=9) ranged from 207 to 724 mm in total length.1997, total lengths of captured bull trout
(n=18) ranged from 244 to 584 mm. In 1998, we badd bull trout, ranging from 258 to 745
mm in total length. Although the smaller size grewf fish were fairly well represented, there
were missing size groups, most prominently the gub&@+ and 5+ year olds (375 to 475 mm)
and adult fish in the largest sizes (>600 mm)1986, we did not catch fish in the lengths
ranging from 376 to 700 mm. In 1997, the lengtbugrs 376 to 475 mm are not well
represented. In 1998, a gap appeared betweernBZbtmm, while capturing fish in the 376 to
450 range (Figure 9). Catch in spring, 1981 wasonty greater in number, but these size
groups were well represented, especially the 3Z&%m range (Leathe and Graham 1982). If
these fish emigrated as two and three year olé#athead Lake, as did most juvenile bull trout
in Flathead River tributaries (Shepard et al. 398%n they most likely resided in the lake for
one to two years prior to capture.

In 1996 and 1997, we caught few bull trout suspkofaesiding two years or more in the lake.
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In 1998, there was an increase in catch of agal3tamar old fish. Although the catch of
smaller fish is encouraging for future persisteoickbull trout, the low numbers continue to raise
concern. In recent surveys, we caught more buuittin floating nets than in sinking nets. This
was not the case for Leathe and Graham (1982) winadfthe opposite. Although gill net mesh
size biased catch for specific sizes of fish, #ledivity was consistent among years, since the
same equipment was employed.

With the exception of smaller sample sizes of codhtrout captured in 1996, 1997, and 1998,
recent size range and length frequencies (Figurevéfe similar to those of 1981 (Leathe and
Graham 1982). In 1996, there were missing lengths in the catch. In 1997, there were
fewer gaps and in 1998 there were no gaps. Re@ntanges were wider than 1981, ranging
177 to 437 mm, 220 to 458 mm, and 242 to 422 ma®B6, 1997, and 1998 respectively. In
spring 1981, investigators caught 99 cutthroatttbaut did not catch trout in lengths less than
220 mm or over 400 mm (Leathe and Graham 1982)st Miothe catch was between 225 and
350 mm (mostly subadult fish). The spring netsogveys occurred when many adult cutthroat
trout were migrating up the Flathead River towgrdvening tributaries and thus fewer were
vulnerable to capture. However, since the timihgusveys was consistent between 1980s and
recent years, this does not explain the differentke range of lengths.

Lake trout length frequency histograms have alsmghd since the early 1980s and during the
1990s. In the 1990s, lake trout lengths range fess than 300 to over 900 mm. The length
groups with the highest incidence were generaltwben 376 and 600 mm (Figures 11 through
18). Since 1996, we have caught few fish less 8¥&mm in total length. In the early 1990s
this was not the case, even though fewer nets figlred. Figures 15 through 18 depict 1991
through 1994 length frequencies for lake trout geget in nets set only in the north half of
Flathead Lake. These charts show a higher incelehsmall lake trout (<376 mm) than
observed in more recent surveys. Thus, there apgpéa be more small lake trout in the early
1990s than in recent years. In 1981, sample sa=eteo small in the spring surveys to create a
length frequency chart.

Length frequency charts for lake whitefish showed peaks in 1996 and 1997 (Figures 19 and
20). In 1996, the first peak centered on the 225/ mm length groups and the second on the
401 to 475 mm groups. In 1997, the first peak wiker than the 1996 peak encompassing the
226 to 350 mm groups, while the second was sirtoléine 1996 peak centering on the 401 to
475 mm groups. With the exception of one largdn (686 mm) captured in 1997, the range of
sizes were similar between 1996 and 1997. Theahengquency chart for lake whitefish caught
in 1998 depicts a similar size range to the twwipres years. However, in 1998 the two distinct
modes are missing (Figure 21). In 1998, we caanghterous fish with lengths in the 300 to 400
mm size groups. The 1981 length frequency disiivbuor spring captured lake whitefish did
not show the two distinct peaks. There was a wehk which encompassed size groups from
340 to 440 mm. Another observed difference betwker1980s and 1990s was the number of
small fish captured. In the 1980s, few fish waptared in lengths less than 260 mm (Leathe
and Graham 1982). In the 1990s, small fish mada lapge proportion of the catch.
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LAKE TROUT OTOLITH ANALYSIS
I ntroduction and M ethods

This study was initiated to determine the genemawth rates and age structure of lake trout in
Flathead Lake. Because age determination fronesealdifficult in long-lived fish species, we
collected otoliths. Otoliths are small bones foumthe head of fish that are associated with the
auditory system. Our sampling spanned the permd 1986 to 1994. We collected otoliths
from lake trout captured in gill-netting surveys/e mailed 143 lake trout otoliths from fish in a
wide size range to EFS Consultants (Dr. EdwardHgms, 3 Sunset West, Ithaca, NY 14850).
For each sample, Dr. Brothers estimated age aaduned annual growth increments. We
determined fish length at annuli by modifying theelback-calculation procedure (Carlander
1981) using a biological intercept of a fish-otolitajectory (Campana 1990). We used 16 mm
as the fish length corresponding to the initiatdrotolith development (Balon 1980). We
combined fish aged at five years old and lesstimase the mean total length at annuli I, 1l, and
lll. All samples were combined to determine a gramean length for the remaining annuli.
Samples were also partitioned by sex to determmean length at annuli. We fitted a Von
Bertalanffy growth curve (©=903 mm, K=0.119234 ang+1.055129) to the back-calculated
lengths and ages for all fish less than 21 yearts ol

Results And Discussion

Unfortunately, the first two or three annuli werryindistinct and the microstructure (daily
increments) of these otoliths did not help in ipteting growth in the first years (personal
communication, Dr. Brothers). Dr. Brothers takt interpretation of ages should be validated
by another method and that ages and growth essmaag change slightly with further
examination. This analysis will be adjusted ame fiuned with further study, but at this time
provides a starting point for estimating lake tragé and growth. Presently, we are collecting
otoliths to refine these data. However, conclusiegermination of early growth rates is not
possible.

Lake trout are relatively slow growing and longeld/fish (Figure 22). Of the 143 samples, the
oldest was 38 years old and 865 mm (34 inche®ngth. Other fish were younger, yet reached
lengths over 956 mm (38 inches). Males and fentadéssimilar growth rates, reached lengths
over 914 mm (36 inches) and lived to be greatear 8tayears old. Fish grew more rapidly in the
first 10 years of life, into the 600+ mm lengthegadries. It appears that growth slowed after fish
reached sexual maturity. Table 5 shows the meek-&alculated lengths at annuli formation.

On average, fish entered the lower boundary oskbiglimit (762 mm or 30 inches) at 16 years
old but this ranged from 9 to 20 years old (Fig2@¢. It appeared that some individuals may not
grow larger than the upper boundary of the sloitl{814 mm or 36 inches).

The Von Bertalanffy curve did not appear to fit ttega very well (Figure 22). We used the
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mean back-calculated lengths at annuli for all lakat under 21 years of age. The majority
(n=131) of the sample was used. The fish aged thdam 20 years were not the longest fish in
the sample. Our sample was biased in that thesolidd were not well represented due to small
sample size or possibly that faster-growing fismen#ot captured or inadvertently excluded from
the analysis. The theoretical maximum lengtk)based on these data was 903 mm (35.5
inches), which is smaller than fish in our sampld a large component of the population. Payne
et al. (1990) describe a valid method for imprgvihe fit of a Von Bertalanffy equation by
constraining the model and setting the valuescofihd the theoretical age at zero lenggh (t

The Lo value is based on the sizes of observed largafight is set to zero. This was done to
reduce error in estimatingd_and bias in youngest age class due to sampliegtsety. The
constraints allowed investigators to improve esteador parameters to be used in other models
from data believed to be biased. They called #ve value lo' and estimated a'Kgrowth
coefficient) using the constrained equation andatle classes of four to seven years. In effort to
compensate for small sample size, we chose 11184#nmches) to bed’. The largest lake

trout observed in Flathead Lake in recent year8Z1l%as a 1121 mm (44 _ inch) fish, which
tied the lake record of 42 Ibs. Following theirthwdology, we estimated'Ko be 0.100 for lake
trout from Flathead Lake witheb’=111.8 and=0. Because we based age determination on
otolith analysis and to increase our sample sizeregalculated values using the age classes 4 to
11, which produced %0.092 with leo'=111.8 and=0. The line using the values#0.092,
Lo'=111.8 and4=0 appears to most accurately describe the dataauald thus be the most
realistic estimates for parameters needed in magléfigure 22).

The first year’s growth, on average 173 mm (6.8@®), is longer than that observed in a
number of other investigations. This was posgillg to uncertainties in accurate detection of
annuli. In Priest Lake, Idaho, lake trout avera8éxdto 4 inches (TL) at the first annulus
(Rieman et al. 1979). Similarly, first year grovior lake trout from 4 of 6 Canadian Shield
Lakes were less than those we observed (Scott ebss@an 1973). Likewise, lake trout
averaged 4.6 inches (fork length) from Lake Tahaengd the 1938 to 1964 period (Hanson and
Cordone 1967). For Flathead Lake, lake trout gnoadross all ages were near the maximums
observed for lake trout across their range. He@dl8y8) compared lake trout growth in
populations under various circumstances, througtimit normal range in lakes north 0’60

and under heavy exploitation or predation. Thewjnaates we observed were similar to lake
trout populations with the highest growth rategh@r normal range (Wollaston Lake and Lac La
Ronge), greater than growth rates observed in lages of 60 N, and again similar to
populations experiencing heavy exploitation or ptexh (Huron, Michigan, and Superior). It
has been shown that growth was slower at highkudigis and faster if fish forage was available
(Martin 1951). Both of these characteristics mastiplly explain the rapid growth rate in
Flathead Lake. Another explanation for rapid gtovéte could be high exploitation. An
increased growth rate presumably would be a congperysmechanism for heavy mortality.
Lake trout populations under high exploitation cegation showed increased growth rates when
compared to those of the same populations pritrdancreased mortality (Healey 1978). In
recent years, the Flathead Lake population has lheavily exploited (see theoretical yield and
creel survey sections in this report). CSKT andWH-began an intensive lake sampling
program and lakewide creel survey in summer of 1988 results of these activities will
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provide additional detailed information to furtregtdress this analysis.
THEORETICAL LAKE TROUT YIELD INDICES
I ntroduction

There are a number of theoretical yield indiceslalbke to estimate the annual production of

lake trout for a lake. In northern British Colurapfisheries managers have used these indices to
help determine management strategies for lakesrded by lake trout (deLeeuw et al. 1991).
Yields are estimated using mathematical relatigpsshetween morphologic or chemical lake
characteristics and measured fish production. dkekies should be applied with caution since
they are estimates based on relationships developedother lakes and not based on empirical
data from Flathead Lake. Managers can use praguestimates to determine fishery
characteristics and for comparisons with estimatdswmrvest. For example, lakes with relatively
high production would more likely support intenghéries with high harvests than lakes with
relatively low production (deLeeuw et al. 1991).

Methods

To estimate annual and sustainable yield for FedHeake we referenced available literature and
case studies. Equations were constructed usiag@onship of sustained yield with various lake
characteristics. We used four equations to eséinakee trout yield. The first was constructed
from 19 moderate to heavily exploited Canadiandakéhe average annual lake trout yield (y)
was 0.225 kg/hal/yr, with 95 percent confidencetbnof 0.165 to 0.365 kg/ha (deLeeuw et al.
1991). This lead to the following equation:

(1) y (kg) = lake area (ha) x .225.

A second equation drawn from the same database@edd “weak positive correlation”
between yield and mean depth (Z) (deLeeuw et 891}

(2) y (kg/ha) = 0.094 + 0.085 Lp{7Z).

A third method was the thermal habitat volume (TH¢)imate developed by comparing
sustained yield (SY) of lake trout in 15 lakes étad across Canada and the north central United
States) with the THV. Thermal habitat volume is lolume of water available in the optimal
temperature range for lake trout during the sunmmanths (Christie and Regier 1988). The
relationship for lake trout is described by thddwaiing equation:

(3) Log SY =0.81 Log THV + 0.94; n=150.86.
A fourth method we employed was also derived fram15 lakes used in equation (3). This

equation related the total surface area (A) ofdke with estimates of sustained yield (Christie
and Regier 1988):
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(4)  Log SY=0.933 Log (A) - 0.111; n=1%-0.7086.
Results and Discussion

Using Geographic Information System (GIS) technglage estimated the surface area of
Flathead Lake excluding islands to be 50,053 h&,872 acres). We used estimated mean depth
and volume values of 50.2 m and 23.2°krespectively (Zackheim 1983).

Using equation (1), the estimated annual yieldaitcltable lake trout for Flathead Lake was
11,405 Kg (25,148 pounds). Using 50.3 m to betlkan depth for Flathead Lake in equation 2,
the annual lake trout yield (kg) per hectare fatli¢ad Lake would be 0.239 kg/halyr. Using
this value in place of 0.225 in equation (1), thauwal yield for lake trout in Flathead Lake would
be 11,963 kg/yr or 26,378 Ib/yr.

The previous models correlated morphologic charesties with sustainable yields. Water
temperature is an important physical characteribat influences many biological and ecological
functions. The following model incorporates théwoe of water in a lake within a preferred
temperature range for a fish species (ChristieRegier 1988). Investigators measured the
thermal habitat space over the summer seasondxyrating the pelagic volume with water
temperatures within species’ optimal thermal nichEse amount of water during the summer
months within a temperature range that is physiolly optimal for lake trout relates strongly

to the productive capacity of a given lake (Cheisthd Regier 1988). Thermal habitat volume,
THV (cubic hectometers per 10d), was used as aghoedariable in a regression equation
estimating total sustained yield (SY, kilograms yeair) of lake trout being commercially fished.
THV was strongly correlated with lake trout yiéiquation 3)(Christie and Regier 1988). We
combined this equation with 1990 water tempergbuoéile data for Flathead Lake to estimate
the annual sustained yield in lake trout for Flatheake. The optimal temperature range for
lake trout was determined to be 8 t& £2(Christie and Regier 1988). The first stephia t
estimation process was to create a hypsographve ¢ar Flathead Lake (Figure 23). A
hypsographic curve relates water depth to lakeasarérea, allowing investigators to estimate
pelagic volumes (Hakanson 1977). The second stepvied creating an isotherm diagram for
the 1990 water temperature data on Flathead Lagar@-24). From this curve, we could
estimate the depth range encompassing the optmgddratures throughout the summer season
(June 5 through September 4). Using these twoesuand a total surface area of 50,053 ha
(123374. 4 acres) we were able to calculate thegpelolume of water within the preferred
temperature range for lake trout for nine 10-dagrials. Summing these volumes we estimated
the total THV for the summer season to be 47382)hifhis value in the previously mentioned
equation estimated SY to be 8265.1 kg/yr (18224/y#) for lake trout in Flathead Lake.

Finally, dividing this value by the surface are@@53 ha) produced an estimate for annual
sustained yield of 0. 17 kg/ha (0.15 Ib/acre).

The fourth equation produced a sustained yielanedé of 18,776 kg/yr (41,401 Ib/yr) or 0.38
kg/halyr. This was the highest estimate of the foathods we employed.
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Discussing available data at the time, Healey (18d8cluded lake trout populations are sparse
and have low productivity, especially among theadpctive year classes, and that sustainable
yields from lake trout are unlikely to exceed OggHa. He also predicted that if yield was above
0.5 kg/ha the trout population was likely to be igbed. Depending on relative growth rates
and standing stock, sustainable yield would likalyge from less than 0.2 kg/ha in low potential
lakes to up to a maximum of 0.5 kg/ha in high po&takes (Healey 1978). The above
estimates for the annual lake trout yield in Flatheake ranged from 0.17 to 0.38 kg/ha or 8,265
kg/yr (18,225 Ib/yr) to 18,776 kglyr (41,401 Iblyr)

LAKE TROUT TAGGING PROJECTS
I ntroduction

We are using a number of different surveys to estntake trout population parameters such as
abundance and mortality and growth rates. In 18@7/hegan an extensive lake trout tagging
program in Flathead Lake. The goal of this projgedtb tag, release, and recapture as many lake
trout as possible in all size classes. We hopagprelease, and recapture enough fish to produce
estimates of abundance, population size structoetality and growth rates, and biomass. This
information is important to the development of sgsful management and mitigation
alternatives.

Previous mark-recapture studies have been condootéththead Lake (1992-1996) and other
waters such as Lake Tahoe and Flaming Gorge Resefach projects were completely
dependent on the volunteer participation of lakglens. This approach included marking lake
trout with Floy anchor tags, accurately recordimgdgical and catch data, releasing tagged fish,
and then later recapturing tagged fish.

Methods

A lake trout tagging program was conducted from2l®&®ough 1996 on Flathead Lake. Anglers
tagged lake trout on both the north and south lsad¥¢he lake using a variety of angling
techniques. Anglers recorded fish length, weight location of capture and inserted a
numbered Floy tag. Defining each year as a sapgried, we used a modified Schnabel
estimate to calculated the abundance of catchad@d(mm) lake trout (Ricker 1975). This
sampling methodology was again followed for thegtag study initiated in 1997.

Results
Over the first five-year period (1992-1996), volesit anglers tagged 1,376 lake trout, caught
11,572 fish and recaptured 11 tagged fish. Weneséid abundance at 353,732 catchable lake

trout (>400 mm) with a 95 percent confidence inaif 215,472 to 786,071. We were
concerned with possible loss of tagged fish dutinegfive-year interval. So at the end of each
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year, we applied a mortality rate of 20 percentygar to the number of tagged fish at large.
Annual mortality of 20 percent was a conservatiakig which most likely underestimates the
true mortality rate (Beauchamp 1996, Walters e1 @80, Healey 1978, Payne et al. 1990).
Assuming 20 percent is a minimum value, the esechaumber of tagged fish at large is a
maximum value. Recalculating the modified Schnalsémate, the number of catchable lake
trout dropped to 237,026 with a 95 percent configenterval of 144,381 to 526,725. These
estimates did not address the incidence of tagfitoss marked fish, which is another source of
error in population estimates (Ricker 1975).

Recent studies using the FD-97 Floy tag or sinkilay anchor tags describe the incidence of tag
shedding in lake and bull trout. Baxter and Westq®999) double-tagged adult bull trout in the
Wigwam River, British Columbia. They assesseddag using the FD-97 style tag and found a
ten percent annual loss of this tag in 188 retgyaiouble-tagged fish. The ten percent value
may slightly underestimate loss, since double-tddgh which lost both types of tags would not
be included. However, since the other type of(Blj) also showed good retention (89 percent),
the proportion of tagged fish losing both tags s@asll. This study portrayed high retention over
a time period of one year. During this period gedjfish migrated out of the river downstream
to a larger reservoir, where they remained unélftlowing year’'s spawning migration.

Fabrizio et al. (1996) assessed tag retention @l@nger time period (9 to 18 years). They used
Floy anchor tags similar to the FD-97 style, whigd and the previously mentioned study
employed. Fabrizio et al. (1996) constructed asmdmgared models to estimate tag shedding rates
in Lake Superior lake trout. These investigatdrsenved overall higher rates of annual loss and
variation between tag types, although this wasstadtstically significant. Models estimated the
rate of annual tag loss for tag styles FD-67, F@-6and FD-68BC (all Floy anchor tags) to be
25.9 percent, 35.7 percent, and 48.1 percent, c8gply. These two studies portrayed annual
tag loss ranging from 10 to 48 percent. Takingeamof these four values (10.0, 25.9, 35.7, and
48.1 percent) results in 29.9 percent. Althougé vhlue was not determined empirically, we
can apply this 30 percent annual tag loss to aughracalculations for estimating lake trout
abundance in Flathead Lake.

We can incorporate annual tag loss into the caiouls used to estimate lake trout abundance in
Flathead Lake. By applying an annual tag lossOgb&cent and a mortality of 20 percent, we
reduce annual tag retention to 56 percent. Waexpphis value to the number of marks at large
at the end of each year (1992-1996) in the aburedesiimate derived from tagging data. The
corresponding abundance estimate was 134,249rakiegreater than 400 mm in length with a
95 percent confidence interval ranging from 85,86310,146 fish. Thus, the abundance
estimate was reduced by 43 percent following tisugion of the estimated tag loss.

While this tagging program was in progress, twthefanglers were removing adipose fins from
lake trout they captured and recording the incidesfaecaptures and the total number of lake
trout caught. These anglers fished only the neathof Flathead Lake. During 1993 through
1995, they caught 5,676 lake trout, clipped 4, 2@l recaptured 38. Using a modified Schnabel
estimate and monthly sample periods, we calcul283j609 catchable lake trout (>400 mm)
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with a 95 percent confidence interval of 214,152418,753. The opportunity for loss of tagged
fish increases with sampling periods extending ongnerous years. Using only the 1993 and
1994 data (3,599 caught, 2,667 marked, and 15 tiaea}), the estimate was 229,185 trout, 95
percent confidence interval of 142,130 to 390,188ain, we applied a 20 percent annual
mortality to the number of tagged fish at largéhatend of each year. This reduced the estimate
to 240,217 catchable lake trout (95 percent confidanterval of 181,386 to 355,531) for the
1993 to 1995 period and 209,898 lake trout (95qydr€l1 of 130,169 to 357,273) for 1993 and
1994 data. Both of the mark-recapture projecisna@séd similar numbers of catchable lake

trout. We hope to refine these estimates withotingoing tagging project.

The ongoing program started in May, 1997. As ot@&mnber 1998, 12 volunteer anglers have
caught 7,008 lake trout of which 3,581 were taggedl released. These same anglers have
recaptured 31 tagged lake trout. Catch was ntilalised evenly among the 12 anglers. To
date, one angler has caught roughly half of algbalake trout. The mean and median total
lengths of lake trout caught were 526 mm (20.7 @s¢land 508 mm (20 inches), respectively
(Figure 25). The program will continue through M99, at which time anglers will cease
tagging fish but will continue to record catch diaan additional year.

LAKE TROUT FOOD HABITS
I ntroduction and M ethods

We collected data on lake trout food habits tobratie a bioenergetics model (following section
page 23) for Flathead Lake and improve the mogeéslictive potential. We collected stomach
samples in four seasons using lakewide samplifgtques including gill-net surveys, fishing
derbies, and volunteer anglers. In April and M98, we took samples from the lakewide gill-
net catch and from over 30 anglers in the southdfighe lake. In June 1996, we collected
samples at the MacMania fishing derby conductethemorth half of the lake. In both August
and December 1996, we took samples from lakewillaefi surveys. For all samples, fish
stomachs were removed, prey items were enumeratethair wet weights recorded. We
separated prey items into eight general categdtsnee, lake whitefish, other fish,
unidentified fish, aquatic insects, terrestriakicis,Mysis, and other. We combined wet weights
of each prey type in five size groups of lake trimudletermine which segment of the lake trout
population imposed the greatest predation pressurecently stocked kokanee.

Results and Discussion
In 1996, we examined 449 lake trout stomachs (T@plerhere were seasonal differences in the
proportional wet weight and total weight of eachypitem, frequency of prey occurrence and in

the proportion of empty stomachs. December sanffaddghe greatest percentage of empty
stomachs (56 percent), while August samples hatbthest percentage (9 percent).
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Samples collected in April and May had the higlesidience of kokanee (Table 6). Lake trout
in the 376 to 500 mm and the 501 to 625 mm lengihms contained the majority of observed
kokanee biomass, 23 and 43 g, respectively. Lake kess than 375 mm TL or greater than 626
mm (TL) contained no or few kokanee. In April 1986 part of the Hungry Horse mitigation
kokanee reintroduction test, 939,000 yearlings ws&weked into South Bay (Carty et al. 1997).

It appeared that a large number of these fish maeeth into the main body of Flathead Lake
and became available to lake trout. By June 18@6incidence of kokanee in lake trout
decreased. Apparently, kokanee were less aburidastavailable to lake trout, and thus less
frequently observed in samples.

Lake whitefish comprised a large proportion of kpt@y biomass in all seasons, with the
exception of the December samples (Table 6). samples showed the highest values for lake
whitefish total biomass (3363 g), percent of t@iay biomass (82 percent), and percent
frequency of occurrence (46 percent). The Augastmes contained the second highest values
for lake whitefish in total prey biomass (605 gilgercent of total biomass (75 percent). The
total prey biomass values in the two summer sanwpégs greater than those in the other
sampling periods and thus lake whitefish dominabéal and percent biomass of prey when all
seasons were combined. We did not observe lakiefrgh or kokanee in December samples.

The “other” fish category became important in th@iMay and December samples, making up
30 to 40 percent of prey biomass. The “other” iakegory included numerous fish other than
kokanee or lake whitefish including suckers, minaptsout and char, and yellow perch. We
observed aquatic insects in lake trout diet in eddhe four sample periods. Although the
percent frequency of occurrence was high in mast@es and when all seasons were combined,
the total biomass of aquatic insects and the penfaotal prey biomass were very low.
Similarly, we observetMysis in samples from all seasons aviglsis comprised only a small
percentage of the combined total prey biomass. é¥ewMysis made up the highest percentage
of total prey biomass in the December sample. ltakd under 500 mm (TL) contained the
majority of observedlysis. When all seasons were combined, fish biomasglgreutweighed
the biomass of other prey items for all length goof lake trout.Mysis and insect biomass

were higher in the smaller lake trout length groapd lower in the larger length groups.

Lake trout food habits were examined to identify types and relative proportion of different
prey items for this dominant predator in Flathea#ld. Similar predator food habits information
has been collected for lake trout and northernrpikaow in the Flathead River (Zollweg 1998).
All of these studies indicate a low incidencerotit and char in predator diets. However, due to
their high abundance, predator populations likelpase a significant source of mortality for
species such as bull trout and westslope cutthroat. Estimates of these losses will be more
feasible as we gain a better understanding of @dipul sizes, and the spatial/temporal overlap of
predator and prey populations.
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MERCURY AND POLYCHORINATED BIPHENYLSLEVELSIN FISHES

Chemical contaminants in the environment accumutafish tissues. To assess the level of
health risk for anglers and fish consumers in MoatMFWP tested fish from selected waters
across the state. Flathead Lake and Whitefish ladte included in this test. The survey looked
at levels of polychlorinated biphenyls (PCBs) aretimgimercury (Hg) in lake trout and lake
whitefish (Phillips and Bahls 1994).

We collected fish with gill nets and preservecetsl for laboratory analysis (Phillips and Bahls
1994). Table 7 contains the results of the testifige fish’s age and position in the food chain
influence toxin accumulation. A species at or rihartop of the food chain bioaccumulates
toxins by consuming species which have previousractated toxins. The longer a fish lives,
the more contaminants it accumulates. Therefargelpiscivores have the highest
concentrations of contaminants. Lake trout fistheriteria. Lake trout from Flathead Lake have
moderate to high levels of Hg and PCBs, levels leigbugh to warrant public advisory warnings
on consumption of larger fish. Lake trout from \efish Lake showed similar levels of Hg and
PCBs. The sample of larger lake trout for Whiteliske was small and did not include the
largest sizes, which contained the highest levielaCBs in Flathead Lake. Lake whitefish from
Flathead Lake had low to moderate levels of HgR@G&s were not detected. Table 8 depicts
the meal guidelines for consumption of fish witegh containment levels. Generally, anglers
need to be cautious with regular consumption of ka&ut, particularly the large fish. The
Montana Department of Public Health and Human $es/presented these cautions in a
Montana Fish Consumption Advisory.

ANGLER CREEL SURVEYSAND LAKE TROUT EXPLOITATION

Angler creel surveys provide valuable informatimt]uding estimates of angler use, catch,
harvest, and availability of fish species. A numdecreel surveys and survey techniques have
been employed on Flathead Lake in the last 40 ydass example, since 1969, MFWP has
conducted a mail-in creel survey to estimate anglessure on state waters, including Flathead
Lake. Presently, this survey is conducted evengmoyear; the most recent survey was completed
in 1997. In addition to the mail-in survey, roviaggel surveys were conducted. The most recent
lakewide roving creel survey was completed in 188@ one is in progress in 1998/1999, both
were part of the Hungry Horse Dam Fisheries Mit@aProgram (Evarts et al. 1994, MFWP

and CSKT 1993).

Similar to other indices presented in this repmegel surveys highlight dramatic changes in the
Flathead Lake fishery. For example, angling pressecently decreased on Flathead Lake
(Figure 26) (MFWP 1998, Evarts 1998). There apgeén be roughly a 50 percent drop in
angler pressure from the 1980s to the early 1990ss drop in pressure is believed to be a
response by anglers to changes in fish speciesasitign, specifically the collapse of the
kokanee fishery (Evarts et al. 1994).
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Prior to the late 1980s, kokanee and yellow peroliged most of the fish harvest on Flathead
Lake, and in the early 1980s, kokanee representeid3® percent of harvest (Robbins 1966,
Graham and Fredenberg 1983). Followitgsis establishment, the fish community changed
dramatically and kokanee disappeared. Lake trowtprovide most of the harvest in Flathead
Lake. In 1992, no kokanee were harvested andtiaké represented roughly 55 percent of
harvest (Figure 27) (Evarts et al. 1994). In tB80k, lake trout made up a very small percentage
(less than 2 percent) of harvest. In all year8yadull and westslope cutthroat trout comprised
a relatively small proportion of total fish harvest the 1960s, 1980s, and 1990s, they combined
provided less than five percent of harvest (Evh988).

In the 1992 survey, investigators estimated thgltess harvested 23,605 lake trout (Evarts et al.
1994). Approximately 98 percent of harvest coesigif fish less than 660 mm (26 inches) and
the average length of harvested lake trout undeéme® was 521 mm (20.5 inches) (Evarts et al.
1994). In 1992, a slot limit of 660 to 915 mm (@636 inches) was in effect, which prohibited
harvest of lake trout within the slot limit (Appard\). For the reported catch, the majority of
fish were less than 660 mm (86 percent), just @yaercent were greater than 915 mm, and
about 12 percent were within the slot. A lengthigheregression {r= 0.987, n = 136) for lake
trout was developed from lake trout captured bineiting in Flathead Lake (/= 0.00000584

* TL (mm)*%, where W equals weight in grams and TL equald tetgyth in mm), the 521 mm
average fish weighed 1129 grams (2.5 Ibs.).

By standardizing pressure estimates for earliereys; using the statewide mail-in survey, and
recalculating lake trout harvests, investigatorsgared harvests reported in earlier surveys with
the 1992 survey (Evarts 1998). There was a prey@acrease in lake trout harvest over the
last four decades. In 1962, lake trout harvestesasnated at 1,248 fish, while in 1981 it rose
55 percent to 3,600 lake trout with only an estedal7 percent increase in angler pressure. In
1992 it rapidly increased to 21,656 lake trout (ifgg28), a 500 percent increase with a 50
percent drop in total angler pressure (Evarts 1998)s increasing trend in the lake trout harvest
is due to increased lake trout abundance (reflaotgdl-net monitoring surveys), and re-directed
angler pressure (resulting from the loss of theakae fishery). In 1992, approximately 80
percent of angler pressure was directed at lake (Evarts et al. 1994) while prior to the
kokanee population crash, they received less tbgreficent of the total angler pressure.

At this time, we have two ways to evaluate laketexploitation by comparing lake trout
harvest in 1992 with estimates of lake trout abmeda One analysis compares the estimated
number of harvested lake trout (23,605) and thenas¢d abundance of catchable lake trout
(estimates ranged from 134,000 to 354,000 catchakéetrout) from the limited mark/recapture
estimates (as described in a previous sectiorf)arlfest was apportioned to catchable lake trout,
it represents a fishing harvest of roughly 7 tqp&8cent per year.

A second approach is to multiply the weight of éiverage lake trout harvested (1129 g) by the

estimated number of lake trout harvested (23,609yoduce a rough estimate of the harvested
lake trout biomass (26,650 kg) in 1992. Harvestedhass in 1992 may then be compared to our
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theoretical annual yield estimates for lake trobtoh ranged from 8,843 kg/yr to 18,775 kg/yr
(as discussed in a previous section).

Estimated annual harvest was greater than thedtieairannual yield estimates. The 1992
harvest represents 0.53 kg/ha yield. Evans é1991) reported 0.20-0.75 kgha™ as the
observed range of long-term sustainable lake y@ids. Healey (1978) concluded that
sustainable yields from lake trout are unlikelei@eed 0.5 kg/ha and predicted that if harvest
was above this value then the lake trout populatiaa being over-exploited. These data
indicate that Flathead Lake lake trout are beiraytgexploited. However, we must be cautious
when applying the theoretical yield estimates sthese are not based on actual empirical data
for Flathead Lake.

Lake trout populations respond to high exploitatiopredictable ways. In general, high
mortality rates or exploitation results in spectitanges in population characteristics including
reductions in average age, length, weight, and murmbage-classes, and increases in growth
rate, fecundity, and biomass of younger age-clagsdsson 1976, Healey 1978, Evans et al.
1991, delLeeuw et al. 1991). As mortality ratesease, the number of older fish decreases
leading to a population dominated by smaller figihfisheries having management goals which
include a trophy component or a natural lengtrrithistion a high level of harvest is generally
not an option. At present, this appears to bedmelition of the Flathead Lake lake trout
population, although a fishery for larger fishlstiists. As creel and gill-netting results indesa
the smaller lake trout (<660 mm) dominate the papoih with relatively fewer large (>660 mm)
lake trout. Recent creel data show decreasing CiBuUIErge (>915 mm) lake trout suggesting a
decrease in abundance of the larger fish (Eva@8)19There have been a number of changes to
Flathead Lake in recent years. These include drami@anges in the aquatic community and
trophic dynamics.Mysisrelicta became established in Flathead Lake in the midd488d
reduced the abundance of large zooplanktors (Beattl Clancey 1991, Spencer et al. 1991).
The kokanee salmon population collapsed in thel@&9s and lake trout and lake whitefish
have become the dominant gamefish. It is uncléacwspecific mechanisms or combination
have changed the lake trout population, but pdggeisiinclude improvements to juvenile lake
trout forage adlysis became established leading to increased surwivhbhundance of small
lake trout and/or a decrease in the abundancelef,darger lake trout due to disappearance of a
preferred prey fish (kokanee) and/or high expl@mtatates by anglers. One point is clear, the
fishery has not yet stabilized since the pertudretiassociated witklysis changed the foodweb
and, likewise, the lake trout fishery is still deng as pressure and harvest continue to
increase.

FISHING LOG PROGRAM

Since 1951, MFWP has compiled fishing logs fromlarsgacross the state. These anglers
volunteer to record fishing activities and havevited a long-term record of species
distribution, angler effort, and catch. Once aryka are summarized for each waterbody. For
Flathead Lake there were numerous log entriesttree45-year period. These logs also reflect
the major changes in the lake fishery.
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Summer logs from 1965 to 1994 provided insight firdbery changes in Flathead Lake. Percent
species composition in catch showed many of theesaends as did other monitoring indices
presented in previous sections of this report. eéxample, from 1965 to 1983, with the
exception of 1970, kokanee dominated the catchl€T@b By 1987, kokanee had completely
disappeared from the catch, corresponding witlddwimented crash in the kokanee population
(Beattie and Clancey 1991, Spencer et al. 199bhversely, lake trout numbers increased in
angler catch following the establishmeniwysis. The log showed that in the mid to late 1980s,
lake trout began to increase in the proportionadtlz and, since 1992, dominated catch (Table 9
and Figure 29). In all years, non-native fish pded the majority of harvest and fishing
opportunity. These logs indicate that anglers @asied the same changes in fisheries we
observed in our monitoring indices.

KOKANEE REINTRODUCTION TEST

As part of the Hungry Horse Dam mitigation progrdisheries biologists from the CSKT, U.S.
Fish and Wildlife Service (USFWS), and MFWP havefige years cooperatively monitored and
reported the outcomes of the “kokanee test,” arexental effort to re-introduce kokanee
salmon into Flathead Lake. Findings were docunteatel published in reports prepared for the
Bonneville Power Administration (see Deleray etl&l95, Hansen et al. 1996, Carty et al. 1997,
Carty et al. 1998, and Fredenberg et al. 1999).

From 1993 through 1997, about 3.2 million kokanearings and 2.6 million young-of-year
kokanee were stocked into the Flathead Lake andrf8ystem. Survival of stocked kokanee
was monitored to develop and adjust managemenégies designed to maximize survival of
stocked fish. In 1998, monitoring results weredusereach a decision to stop the five-year
“kokanee test” due to the inability of the tesiteet established success criteria. The three
success criteria were: (1) 30 percent survivalakakee one year after stocking; (2) yearling
survival to adulthood of 10 percent; and (3) anraunggler harvest of 50,000 kokaned 1>
inches) and fishing effort00,000 angler hours. Kokanee stocking was disueed following
the 1997 plants. Monitoring continued through 1998e Hungry Horse Fisheries Technical
Team summarized the important findings for each géthe program and, based on that
summary, agreed on the following general conclusaimout the kokanee mitigation program in
Flathead Lake.

Summary of Kokanee Stocking and Monitoring

1993

1. Lake trout predation was a major source of kekamortality.

2. Monitoring efforts must be increased to adegjyavaluate kokanee survival.
1994
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1. Lake trout predation on kokanee was very high.

2. In the absence of predation, hatchery-rear&dr@e could adapt and grow in the lake,
based on the summer net-pen experiment and fallieegp

3. Kokanee broodstock held at Creston Hatcheridamantribute substantially to egg
supplies.

1995

1. Lake trout predation was the primary factonting hatchery kokanee survival.

2. Short-term survival could be increased by stagkokanee in a thermal refuge, (ie.

South Bay) an area from which lake trout are exatLibr at least part of the year.

3. Hatchery-reared kokanee released as yearlnegstg similar size at maturity as wild
kokanee did historically in Flathead Lake. HoweweEnsities of salmon were currently
much lower than historic levels.

1996

1. Downstream movement of kokanee over Kerr Dachaan of Flathead Lake was a
considerable source of short-term loss when kokamge stocked into South Bay in
early spring (ie. April).

2. The thermal refuge in South Bay did not developl late June.

3. Hatchery-reared kokanee matured in the lakg@s 1 through 4.

4, Most mature kokanee observed homed to theskstg location.

5. Even with the kokanee season open (AppendiaAighery did not develop.

6. Bioenergetics modeling showed that, at curséstking levels, lake trout predation
accounted for nearly all yearling kokanee stockeang the first 12 months post-
stocking.

1997

1. Kokanee stocking from 1993 to 1997 did not nast of the three predetermined success

criteria: (1) 30 percent survival of kokanee onaryeter stocking; (2) yearling survival
to adulthood of 10 percent; and (3) annual angievédst of 50,000 kokaneel? inches)
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and fishing effort 200,000 angler hours.

2. The stocking strategy using South Bay did notsssfully protect kokanee from
predation.

3. The kokanee stocking effort was terminated.

1998

1. The abundance of mature one-year-old malesieixths after stocking was not a reliable

indicator of adult abundance one year later.

2. A kokanee fishery did not develop and previges’s stocking efforts did not meet
success criteria.

General Conclusions Based on Stocking and M onitoring 1993-1998

1. The three success criteria were not met witheat stocking levels in the present lake
environment, based on data from monitoring andiptieds of bioenergetic models.

2. When using yearling kokanee, lake trout presatvas the primary obstacle to possibly
achieving the three success criteria.

3. Monitoring efforts were sufficient to evaluatbether the kokanee test met the three
success criteria.

FLATHEAD LAKE BIOENERGETICSMODELING
Introduction

Monitoring and research efforts suggested that fekd predation was the primary factor
limiting the success of kokanee restoration intielad Lake (Deleray et al. 1995, Hansen et al.
1996, Carty et al. 1997). Lake trout populatiaongeased dramatically since the establishment
of Mysisin the early 1980s and now impose a huge predadtmand on kokanee and other
forage. Kokanee monitoring results indicated hpght-stocking losses and low adult spawner
returns, but have not allowed us to quantify firsér survival or to extrapolate data to predict
outcomes of alternative stocking and managemeategfies. We employed a bioenergetic
modeling to examine the predator/prey relationfigippveen lake trout and kokanee in Flathead
Lake. By quantifying the temporal, spatial, amzkgielated processes involved in kokanee
predation, we hoped to identify which segmentdeflake trout population imposed the greatest
impact on kokanee. Model simulations were comgdléteDr. David Beauchamp (Utah State
Cooperative Fisheries and Wildlife Research Un§l) using existing empirical data on diet,
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distribution, growth, abundance, and survival &el&rout in Flathead Lake (Beauchamp 1996).
Using the model to define the dynamics of predatieer time, space, and body size, different
management scenarios were evaluated to deternenauthber of kokanee required to satisfy
piscivore demand, supply a satisfactory fisherg, @mnmeet spawning or egg take goals. The
simulations were designed to evaluate predatioremuridl) existing kokanee stocking scenarios;
(2) other stocking scenarios; and (3) changesdrake trout abundance and size structure.

Methods

Lake trout consumption demand on kokanee and aligeprey in Flathead Lake was estimated
by applying a bioenergetics model (Hewett and Johri®92) parameterized for lake trout
(Stewart et al. 1983). Methods used to estimaie/r, survival, size- and season-specific diets,
thermal experience, and lake trout population patars are described in detail by Beauchamp
(1996). Lake trout diet patterns employed in theelel were based on data collected from
Flathead Lake in 1994.

Data needs for the model were provided by MFWP, TSKSFWS, and the University of
Montana’s Flathead Lake Biological Station. Ingata were based primarily on field data
collected in 1994. Model simulations and sengitignalyses were completed by Dr.
Beauchamp. After initial data preparation andiprelary model runs, Dr. Beauchamp and
biologists representing the cooperating agencitabmrated in a workshop where alternative
management and stocking scenarios were examinesult® of nominal model runs and
simulations based on alternative scenarios araded in the final report (Beauchamp 1996).

Results and Discussion

Model simulations suggested that lake trout predatnposed serious losses on the kokanee
population in Flathead Lake (Beauchamp 1996). Réwviest predation in 1994 occurred during
the first month after the June stocking. Kokamesés during this first month exceeded total
predation losses accrued during July through Sdpem_ake trout in the 501-625 mm and 626-
750 mm length groups were responsible for more @4apercent of the estimated predation, and
lake trout 376-500 mm consumed another 21 perdeuae to the relatively low numbers of lake
trout greater than 626 mm, larger lake trout wesponsible for the smallest percentage of
kokanee predation. Lake trout abundance was liketierestimated in model simulations,
because size and abundance was based on hydroaemasgill-net surveys conducted in
August 1995. Since standard hydroacoustic metbadsot detect fish & m from the bottom,
some unknown fraction (possibly 10-50 percenthefpredator population was probably not
detected. When larger lake trout populations weodeled, a 10 percent increase in lake trout
abundance resulted in kokanee survival one year stibcking dropping from 13.2 percent to 4.2
percent. If the lake trout population was 50 petd¢arger than the acoustic-based estimate, no
kokanee survival was predicted after one year.

Model simulations suggested that the kokanee ntibiggorogram could not meet its goals under
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the current stocking regime of releasing 800,0@®Q,000 yearling kokanee in late spring. The
simulations of lake trout predation indicate thegdation losses alone could account for nearly
all of the kokanee stocked. In addition to lakmitpredation, there were other sources of
mortality and emigration from the system which lert reduced recruitment of adult kokanee.
The primary areas of uncertainty in our model aggion included lake trout abundance and size
structure, the spatial distribution of predatiorotighout the lake, and seasonal diet composition.
These research needs have been or are curremitydmidressed through research projects on
Flathead Lake.
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HUNGRY HORSE RESERVOIR GILL NET SURVEYS

Introduction

Hungry Horse Dam impounds the South Fork of théhelad River approximately 8 km from its
confluence with the main stem Flathead River. d&m isolates a native species assemblage in
the reservoir by preventing upstream migrationsifds from the lower Flathead system. The
reservoir is a stronghold for bull trout and wespg cutthroat trout with restrictive fishing
regulations.

MFWP has used gill netting to monitor fish popwatabundance, size- and age-structure, and
community composition in Hungry Horse Reservoir @®)since 1958. Consistent sampling
during this period provided data on long-term pagioh trends and served as a baseline for
current population assessments. Gillnetting wasadriwo indices used to monitor bull trout in
the South Fork Drainage and one of three indiced ts monitor westslope cutthroat trout
populations. In this section we summarize histnetting information, but focus on fall gill-
netting results.

Methods

Field crews used standard, experimental floatirdysanking nets to sample fish in near-shore
areas. Nets were 38.1 m long and 1.8 m deep amgisted of five equal length panels of 19, 25,
32, 38, and 51 mm (bar) square mesh. Floatingsaetpled fish from the surface down 1. 8 m
and sinking nets sample from the bottom up 1.8Anfloating net set consisted of 2 nets tied
end-to-end and is fished perpendicular to shorainking net set is a single net fished
perpendicular to shore. All nets were set direfttyn shore.

In 1988-1989, we continued with established sedswtting protocol (as described in May et al.
1988). Gill nets were set during May, August, &@uober in three reservoir areas (Figure 30):
Emery (northern 1/3 of reservoir), Murray (middi8)1 and Sullivan (southern 1/3). Seven
floating net sets and five sinking nets were setroight during each sampling period in each
area. In 1990-1995, the number of nets set pét migs reduced to four floating and three
sinking sets in each area. Seasonal netting veasmtinued in 1992. Only the fall (October)
series has continued for annual monitoring.

Summer was the least effective season to catch tuitefish, and other species due to warm
surface temperatures and was discontinued afte2. 189ring netting was discontinued in 1992
because of large catches of mature cutthroat mndgrating to spawning streams. Therefore, we
have narrowed recent and future population momigpim the reservoir to fall gill-netting.

Gill net catch consisted almost exclusively of watfiish species since monitoring began in 1958.
These species include westslope cutthroat tralitfdout, mountain whitefish, northern
pikeminnow, largescale sucker, longnose suckerpggchy whitefish. Floating nets were used
to target westslope cutthroat trout because thegrgdly inhabit the upper water column.
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Sinking net catch was more representative of spatimposition in the reservoir. Neither net
type was effective for capturing pygmy whitefistchase they generally do not inhabit shallow,
near-shore areas and are rarely captured in thie siess of our nets.

Fish caught in nets were identified to speciesgiwed (g), and total length measured (mm). For
gamefish, we determined sex and state of matunignbture, mature, ripe, spent). Scales and
otoliths were also removed for age and growth miairon. Data not summarized in this section
have been archived by MFWP.

Results and Discussion

Long-term gill net data exhibit the stability oetlHHR fish community. Species composition
and relative abundance appear to be consistent lbasseasonal sampling (1988-1992, Tables
10, 11, and 12) and long-term trends, based exelyson fall gill net catch (1958-1998) (Table
13).

Westslope cutthroat trout catch rates in fall floggill nets were variable (mean=2.2, sd=0.8),
but no significant trend was detected over tinge-(:04, p>0.9, n=15 yr, see Figure 31). Despite
moderate annual variability, long-term catch ratese also consistent in sinking nets for most
species. Tables 13 includes MFWP data for fakisggill nets for 1958-1998. Trend analyses
(rank correlation) using these data indicate thdttbout abundance is stable, with evidence of
increase over time &0.60, p<0.05; see Figure 31). Mountain whitefiatkch was more variable
than other gamefish, but does not indicate any dti@rpopulation changes in the long-tergs{r
0.04, p>0.9). Relative abundance of mountain iisheand several non-game fishes is shown in
Figure 32.

No significant changes were detected in the sigeildution of bull trout and cutthroat trout

caught in gill nets. Length-frequency histogramsthese species are displayed at 5-year
intervals in Figures 33 and 34. Comprehensiveaagegrowth information was also calculated

for game fishes in 1983-87 by May et al. (1988gcé&nt age structure data has not been analyzed
since there is little indication of change in thespulations.

The size distribution of mountain whitefish appdarbave changed in recent years (Figure 35).
The population mode has traditionally been in386-324 mm size range. In 1997 and 1998,
the modal and mean size decreased. This trendvaagnt further investigation if it persists.

We assume that gill net catch is an accurate ifaemost fish population characteristics.
Shoreline net catches were influenced by differemeepecies abundance and vulnerability to
nets, as well as seasonal variation in water teatpess, fish migration, and habitat use.
However, annual variation attributed to these decshould have little effect on our
interpretation of long-term population trends gitka number of years in these data sets.
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FLATHEAD RIVER: MAIN STEM AND SOUTH, MIDDLE, AND
NORTH FORKS MONITORING SURVEYS

WATER TEMPERATURE MONITORING AND
ASSESSMENT OF SELECTIVE WITHDRAWAL

Background

Hungry Horse Dam impounds the South Fork of théhElad River approximately 8 km
upstream from its confluence with the main stentiiglad River. The North and Middle forks
are unregulated and retain natural flow and tentpe¥s regimes throughout the year. The
influence from Hungry Horse Dam effects dischange water temperature in the South Fork
below the dam and throughout the main stem FlatReael from the South Fork confluence
approximately 64 km downstream to Flathead Lake.

Hungry Horse Dam was originally designed with 4toe penstocks located 73 meters (241
feet) below full pool. Water discharge from thiegpth into the South Fork Flathead River
remained about 4-& (39-43°F) year round. Occasionally, surface water as wasra20°C was
also released as spill. Thermal effects includemtserm fluctuations of up to 8°8 and a

gross reduction in annual accumulation of degres.d&apid thermal spikes corresponded with
sudden changes in discharge volume. Seasonatiperans were typified by summer cooling
and winter warming. These unnatural thermal caoowstaffected invertebrate (Hauer et al.
1994) and fish communities in the 72 km (45 milefsthe South Fork and main stem Flathead
River downstream of Hungry Horse Dam.

In August 1995, selective withdrawal structuresamee operational on Hungry Horse Dam
(Christenson et al. 1996). These structures wesegded to allow thermally selective release of
reservoir water and restore a more natural tempera¢gime to the Flathead River downstream.

The United States Geological Survey (USGS) has toad water temperatures at consistent
stations in the Flathead Drainage for decaded.994, thermal monitoring was expanded by
MFWP, primarily to track the effects of selectivétlvdrawal structures installed at Hungry Horse
Dam. Monitoring of river temperatures was expantegiain base line data prior to installation
and to track temperatures as the system is operatad information was one basis for
operational recommendations at Hungry Horse Dami@iat al. 1998) and is critical for

several ongoing fisheries studies involving preddtstribution, radio telemetry of bull trout and
westslope cutthroat trout, and fish growth.

M ethods

Ryan Instruments temperature recorders were iedtali 5 locations in the Flathead River
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system (Figure 36). These locations, combined @astablished USGS stations, provided a
thorough coverage of the river system. Thermogaperated upstream of the South Fork
confluence served as controls, unaffected by Huhigmge Dam releases. The Stillwater River
site tracks inflows that moderate downstream reaohéhe lower Flathead River. Other stations
were positioned to track temperatures as dam edga®gressed downstream to Flathead Lake.
Thermographs installed by MFWP record temperatevesy 30 min and are downloaded
monthly. Thermographs maintained by the USGS laasienilar recording interval. For the
purposes of data management and analysis, temperagasurements are converted to daily
maximums, minimums, and averages for each site.

Results and Discussion

Operation of selective withdrawal returned a mavamative thermal regime to the Flathead
River upstream of Flathead Lake. Temperaturehtribia Falls now closely parallel natural
temperatures measured in the unregulated reacbgsseam of the South Fork confluence
(Figure 37). One noticeable exception is evidenéaie fall and winter, when the selective
withdrawal operation ceased and hypolimnetic wats again released from the reservoir via
penstocks near the base of the dam. This wateainsnat 4-6C and actually warms the main
stem when combined with natural flows from the Nanhd Middle forks (typically 0-3C
November through February).

Benefits of selective withdrawal were apparentmyits period of operation from June-October.
The selective withdrawal apparatus has been agkestch year since installation in 1995.
Relatively isothermal dam discharge was replaceddoyner water that met or approached
normative targets established for the South Foidufe 38). Target ranges were developed from
historical temperature data from the North and Neddrks.

Limited stratification in the reservoir can makdliitficult for dam operators to meet temperature
targets early in the summer. For example, in 1886ninimum target temperature could not be
met until July 21 despite operation of selectivéhdiawal beginning June 1 (Figure 38). High
spring runoff and a cool spring in 1996 delayeddsiablishment of warm surface layers for
correct temperature moderation. However, even hvitlied stratification, South Fork
temperatures were increased from %o 10-13°C. This was likely a worst case scenario as
reservoir models predict stronger thermal stragtfan in most years (Marotz et al. 1994). In
reality, meeting targets is less critical in Maylalune because South Fork flows are diluted by
high spring runoff when combined at the main stéows from the South Fork comprise a
smaller percentage of the total discharge in thie stam in early summer.

Downstream effects of selective withdrawal in thr@mstem Flathead River are illustrated in
Figure 39. Differences in South Fork and main stieenmographs between 1992 (pre-selective
withdrawal) and 1996 (post-selective withdrawa$ dramatic. Main stem temperature spikes
shown for 1992 resulted from a combination of hydneer generation or peaking operations and
cold water releases at the dam. This inverseioakttip between dam releases and temperature
in the main stem is highlighted in Figure 40. 896, drastic changes in dam outflow still
occurred, but did not result in temperature spbessause of selective withdrawal.
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Ongoing and Future I nvestigations

Continued monitoring of selective withdrawal witlclude assessment of effects on the Flathead
River food web. Return of normative river temperas should increase diversity and abundance
of certain groups of macroinvertebrates. Prigelective withdrawal, Hauer et al. (1994)
designed and completed a study of macrozoobenthib® iFlathead River system. The study
guantified seston drift and macroinvertebrate dgrasid diversity at five stations throughout the
year (monthly). In an ongoing study, we are repgahese methods to directly compare pre-
and post-treatment data.

We also predict that warmer river temperatures iwdiease (or alter) the availability of
macroinvertebrate forage for fish. Prior to operabf selective withdrawal, we collected scale
samples (in winter) from rainbow trout and mountaimtefish from several sites in the lower
Flathead River. These species were chosen bechtlsar fluvial life histories. Annual growth
increments will be back-calculated for specific atgsses (ages 2-4). At these ages, fish should
be immature and living in the main river. In 192@30, we will repeat electrofishing procedures
to collect our post-treatment sample.

In 1999, the Flathead River Instream Flow projeiitlve initiated. This study will incorporate a
modified Instream Flow Incremental Methodology fFlapplication to evaluate alternatives for
Hungry Horse Dam operation, particularly seasoloal fvindows and ramping rates. Thermal
monitoring information will be a key component dfygical models. Locations of Ryan
thermographs will likely also be modified to accoodate specific data needs for the study.

WESTSLOPE CUTTHROAT TROUT ABUNDANCE ESTIMATES
I ntroduction

Managers assess westslope cutthroat trout abunttaocgh population estimates in the upper
Flathead River drainage. Investigators had lim#eeccess assessing population status with
standard electrofishing techniques due to highhggffows, access limitations, and wilderness
restrictions. Consequently, MFWP created a pofmrahonitoring strategy for sections of the
South, Middle, and North forks of the Flathead Riv&his strategy relies on multiple-day, hook-
and-line marking runs followed by a snorkel recagtun.

Description of the Drainage and Fishery Characteristics

South Fork Flathead River

Zubik and Fraley (1987) described the South Fodtifdad River Drainage. The upper South
Fork originates within the Bob Marshall Wildernedéghe junction of Danaher and Young's
Creeks and flows in a northerly direction for ng®&% km before entering Hungry Horse
Reservoir (HHR)(Figure 41). The upper 84 km of 8waith Fork from the headwaters to the
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Spotted Bear River is classified as a wild rivedemthe National Wild and Scenic River's Act of
1976 and downstream to HHR the South Fork is dladsas a recreational river. The average
annual discharge into HHR was 2301 cubic feet peorsd (cfs) with a maximum of 30,200 cfs
and a minimum of 127 cfs (1964-1980). Hungry HdPsen impounds the 4,403 KrSouth

Fork drainage basin. No fish passage structures installed in the dam which became
operational in 1953. The South Fork flows for aahse of 8 km below the dam to it's
confluence with the Flathead River.

Zubik and Fraley(1987) distinguished three prinfasiy habitat types in the South Fork Flathead
River. The upper area began at the confluenceoohy's and Danaher Creeks and extended
downstream to Independence Park and was typifigtdd.2 km long Gordon sampling section
(Figure 42) which extends from the mouth of Gor@eek downstream to Brownstone Creek.
The middle section of the South Fork begins belodependence Park and ends at Meadow
Creek Gorge just north and outside of the wildesremundary. This area is represented by the 4.
4 km Black Bear sampling section bounded by thelBBear footbridge upstream and Black
Bear Creek below (Figure 42). The downstream sagpéach begins immediately below
Meadow Creek Gorge and runs downstream to the &pBetar River mouth. The 2.2 km
Harrison sampling section typifies this area angiteat Harrison Creek and extends
downstream to Cedar Creek (Figure 42).

Nutrient-poor, transparent water are charactergdttbe South Fork drainage because the area is
underlain by Precambrian sedimentary rock whidneiguently deficient in carbonates and
nutrients. The geomorphic processes that shaearéa include alpine and continental
glaciation as well as fluvial and gravitational peeses associated with stream dissection and
structural faulting. Elevation ranges from 1085en& at HHR during full pool, to mountain
peaks exceeding 3000 meters in the wildernessiftagion ranges from about 75 centimeters
annually near HHR to more than 230 cm on the highauntain ridgetops. The wider valleys of
the upper South Fork and the "rain shadow effelcthi® Mission Mountain range result in
progressively drier climates moving upriver frone tleservoir.

The Middle Fork of the Flathead River

Zubik and Fraley (1987) described the Middle Forkibage. The Middle Fork of the Flathead
River originates at the confluenoé Strawberry and Bowl Creeks at the northern drnti@Bob
Marshall Wilderness along the Continental Dividgom this point it flows in a northwesterly
direction through the Great Bear Wilderness appnaxely 146 km to meet the North Fork of the
Flathead River below West Glacier (Figure 43). @h&nage area of the Middle Fork
encompasses 2922 kmith an average annual discharge of 2956 cfs.

MFWP selected three sections of the Middle Forkinithe Wilderness area to collect fisheries
information. The uppermost section begins at thesgberry Park USFS cabin and extends
downstream for 3 km to the mouth of Clack CreelgFe 44). This section contains similar
habitat and fish densities from the river's heagmstlownstream to Calbick Creek. The Schafer
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section of the river extends downstream from theagar-Dolly Varden trail ford for a distance

of 3 km to a floater put-in site (Figure 44). T®ehafer section represents similar fishery and
habitat qualities that extend from Calbick Creelwdstream to the section end. The lowest
section on the upper Middle Fork is located adjatethe USFS Spruce Park cabin and begins
at the mouth of Vinegar Creek and continues dower fior 3.6 km to the Spruce Park Cabin
trail (Figure 44). The Spruce Park section tygifsamilar habitat from below the Schafer section
down to Bear Creek.

From Bear Creek to where it meets the North Fard river flows for 70 km mainly through a
steep canyon, except for the Nyack Flats area wther8oodplain is up to 3 km wide. This
lower portion of the Middle Fork is classified aseareational river and is outside Wilderness
boundaries. The Middle Fork drops an average3i fercent along this lower portion.

We selected one section outside the Wildernesstar@aaluate the fishery. The Paola section
extends from the USFS boat access at Paola Cregkstteam for 3.2 km to the mouth of Muir
Creek (Figure 44). This section represents sinhigdnitats that extend from Bear Creek to the
upper end of Nyack Flats near the mouth of Nyaae&r

North Fork Flathead River

The North Fork drainage was described by Grahaah €1980). The North Fork of the Flathead
River originates in the Rocky Mountains of Briti€olumbia, Canada and flows south across the
U.S. and Canadian border into Montana. The Noottk Erosses the boundary at an elevation of
1201 m and flows approximately 92 km south toctsfluence with the Middle Fork

immediately above Blankenship Bridge located betwée towns of West Glacier and Coram,
Montana (Figure 45). The upper portion of theril@ws through a broad, glaciated valley
approximately 12.9 km wide and was classified iii@8s a Scenic River under the National
Wild and Scenic River's Act.

The only cutthroat trout monitoring section for therth Fork is located 22 km south of the
border and is designated the Ford section (Figbye #he section begins at the USFS floater
access at Ford and extends downstream for 6.4 kmnb@diately above the mouth of Whale
Creek.

Flathead River Forks Fishery Characteristics

Westslope cutthroat trout, bull trout, and mountaimtefish are the native gamefish species
found in the South, Middle, and North Forks of FHlathead River and their tributaries. Three
distinct life history forms of westslope cutthraadut commonly occur within the forks of the
Flathead River. Adfluvial cutthroat trout spenceda three years in tributaries before emigrating
as juveniles to a lake or reservoir. They gengraltide in a lake or reservoir system for one to
three years, mature and return to their natal sifea spawning. Cutthroat trout exhibiting this
life history form generally occur in the lower Sbiork up to Meadow Creek Gorge, and in the
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Middle and North forks. Fluvial westslope cutthirtaut are found primarily in the main stem
of the South Fork above Meadow Creek Gorge, antiopsrof the Middle Fork. These fish
have a similar life cycle except they grow and m&aitn a river rather than a lake or reservoir
prior to spawning in their natal stream. The restdorm of westslope cutthroat trout completes
it's entire life cycle solely in headwater tribuésrto all three Flathead River forks. Resident
cutthroat trout seldom reach lengths greater ti@@hr@m, whereas fluvial and adfluvial fish may
attain lengths up to and exceeding 450 mm.

Bull trout appear to be primarily of the adfluvidé history in the Flathead River forks. At this
time we have not observed evidence of fish resigl@mtributaries for complete life cycles. We
have observed all age classes during summer nveegs, which may be evidence of a fluvial
component.

Methods

To allow comparisons between forks, we developsithgle method for use in all population
estimates. We conducted surveys during similae fp@riods in July or August, recognizing
similar flow conditions and the return of adult wespe cutthroat trout to the river from
tributaries after spawning. We used a mark andptece sample design to assess fish abundance
and size distribution. To conduct the estimatescaptured and released cutthroat trout by
angling with dry flies. Small cutthroat trout lebsin 254 mm in length (TL) were marked with a
blue Floy crustacea tag; fish measuring 254 torfibreceived a numbered and addressed red
Floy or red crustacea tag; fish greater than 305reteived a numbered yellow Floy or yellow
crustacea tag. Generally, in the river reachegaewve lacked fish movement information, we
utilized the marked Floy anchor tags on fish gretitan 254 mm. If movement information was
no longer required in a particular section, we ardgd crustacea tags which have a shorter
retention time and are less obtrusive. Crustagmwere needle inserted under the flesh in the
anterior rays of the dorsal fin. Floy anchor tagse placed at the posterior attachment of the
dorsal fin, on a longitudnal axis with the fishfté& measuring and marking, fish were released
within the stream feature where they were captufgagling times were recorded to develop
catch-per-effort. We marked cutthroat trout footte three days until previously caught and
marked fish comprised a portion of the total dadych.

In the afternoon of the third or fourth day we cocigd the recapture run by downstream
snorkeling. To estimate the population size bylsglong, we used the total number of angler
caught fish as the number of marked fish at lakdjeand then snorkel observations to estimate
the ratio of tagged (R) to untagged (C) cutthroatttfor each size class. The number of
experienced snorkelers was dependent on watetyclanderwater visual distance, and river
width. The visual distance was the length at whinghsize-class and species could no longer be
determined. Snorkel counts were conducted midddawyg optimal light condition. Snorkelers
recorded the number and size-class of marked mamdurked cutthroat trout on diving slates.
Divers floated in designated lanes to survey allable habitats. Generally, there was a diver
near each bank and two to three divers spreadsatiresemaining channel width. Frequent
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stops at riffle breaks were necessary to maintaeladively even line of snorkelers throughout
the section length. Other fish species observed aiso recorded.

To estimate the total population for the sectioa,added all snorkel lane counts and utilized the
Adjusted Petersen Estimate technique (Ricker 19Fbaddition, we calculated mean length,
length range, percent size composition, and catiehfor all fish handled during the marking
runs.

Age and growth rates of westslope cutthroat troertewcalculated from scales collected in 1985,
1986, 1987, and 1988. Scales were taken fromemnjast above the lateral line posterior to the
insertion of the dorsal fin and anterior to theemi®n of the anal fin. Cellulose acetate
impressions of scales were examined on a micrefieader. Distances from focus to annuli
were measured to the nearest millimeter and redordge and growth information was
analyzed using the FIRE 1 computer program destiyeHesse (1977) and the AGEMAT
program designed by MFWP personnel. Body leng#hes@dius relationships were most
accurately described using log-log plots constaiftem pooled samples of South Fork cutthroat
trout.

Results and Discussion

South Fork Flathead River

Beginning in the uppermost (Gordon) section ofSleth Fork, we conducted estimates in 1984
and 1987 (Table 14). In 1984, techniques werkbsihg developed and the population estimate
combined all size groups of westslope cutthroatttran 1987, cutthroat trout were divided into
two groups, trout less than 254 mm and those grédsa 254 mm. Estimates combining all fish
were quite similar between the two years with 26&2) and 183 (37) cutthroat trout,
respectively. Catch data from cutthroat trouth@ Gordon and Youngs/Danaher confluence area
indicate that a higher proportion of large fishabit the upper river during July and August, with
over 50 percent of the cutthroat trout surveyegdathan 254 mm (Table 15). Large cutthroat
trout tend to reside in this portion of the Southiat least until fall and then seek preferred
habitat for overwintering. Mean lengths and catitles were consistantly the highest in the
Youngs and Danaher Creeks confluence area ané i@ahdon section when compared to other
South Fork sections and streams (Table 15). Fr@80-1996 the mean catch rate was 7.2
cutthroat trout per hour. Mean lengths of ang&rght fish ranged from 243 to 289 mm during
the 1985 to 1996 period.

After 1987, estimates were discontinued in the @Gorskection and the Black Bear section was
selected as the long-term monitoring section fertpper and middle portions of the South Fork.
This limits our capability to compare the Gordectson estimates with other sections because
estimates were only conducted in 1984 and 1987.

Population estimates in the Black Bear section bh@gd 983 and were conducted at least once
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every four years through 1998 (Table 14). Overpieod, the Black Bear Section consistently
contained the highest estimated number of cutthiroat per kilometer of the South Fork
sections. When combining all sizes of cutthroatitythe Black Bear estimates ranged between
346 and 641 fish per kilometer. The mean numbethi® period was 473 fish per kilometer.

Cutthroat trout less than 254 mm made up 75 penfeigh numbers in the section, followed by
17 percent 254-305 mm fish and eight percent frelatgr than 305 mm based on combined
estimates for all years (Figure 47). Combiningsalinpling dates, the mean number of cutthroat
trout less than 254 mm was 353 per kilometer. fitmaber of small cutthroat trout was highest
during 1983 and 1985 (494 and 419 per kilometspeetively). Since then numbers have
decreased to the 1998 density of 232 per kilomdtexppears that the Black Bear section is
more conducive to rearing small fish than the Gorslection and consequently their numbers
were higher. Numbers of mid-sized cutthroat t(@%4-305 mm) also showed variation and
peaked in abundance in 1992 at 151 per kilomet®bl€T14, Figure 47). The mean number of
254-305 mm cutthroat trout was 83 per kilometerther six year period. Numbers of large
cutthroat trout (>305 mm) were quite low but reneaistable with a mean of 38 per kilometer
for the period. The lowest number ocurred in 18@8 31 per kilometer, and the highest in
1992 with 51 per kilometer (Table 14, Figure 47).

Mean lengths for cutthroat trout in the Black B8artion have ranged between 213 and 274 mm
for the years sampled (Table 15). Catch rateBarBlack Bear Section were variable, ranging
from 1.7 to 6.3 fish per hour. Catch rates ovexadirage 4.3 fish per hour for the entire period
which ranked it second to catch rates in the GoSlection.

Estimated cutthroat trout numbers in the Harriseati®n were generally lower than in the Black
Bear Section (Table 14). For the sampling pe@&dpercent of the estimated population were
less than 254 mm in length. The proportion of $matthroat trout in the population fluctuated
from a low of 186 in 1985 to a high of 443 in 199&ble 14, Figure 48). For the five years
sampled, small cutthroat trout abundance averag8ge@r kilometer.

Mid-sized (254-305 mm) cutthroat trout in the Heon Section comprised roughly 10 percent of
estimated fish abundance when averaged over all.yddeir numbers have remained relatively
stable but have ranged from 15 to 62 fish per kdtam averaging 31 per kilometer (Table 14,
Figure 48).

For all sampled years, large cutthroat trout (>80B) averaged only four percent of the
estimated population in the Harrison Section. mhasiimated numbers were very low in 1984
(four per kilometer) and since then they have iaseel to more constant levels averaging 13 per
kilometer over the period (Table 14, Figure 48).

The mean lengths of cutthroat trout in the HarriSewtion varied considerably over the years,

however the fish were consistently smaller thars¢ho other surveyed sections (Table 15).
Catch rates in this section average 3.5 fish par bweer the period, which were the lowest of the
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three South Fork sections.

During recent estimates on the South Fork (sin@9),9ve recorded the incidence of hooking
scars on all fish handled during marking runsthimBlack Bear Section scars were first detected
on one percent of the small cutthroat trout in5L9f 1998 this value increased to three percent.
For mid-sized cutthroat trout in the same yean$; two percent had detected scars in 1989. In
1998 the rate increased substantially to 11 perdeat large cutthroat trout, two percent of the
total number handled had scars in 1989, while mosseere noted in 1992, 11 percent had scars
in 1995, and 19 percent had scars in 1998.

Hooking scars in the Harrison Section were recofded990, 1993, and 1996. Four percent of
the small cutthroat trout had scars in 1990, nar9B3, and four percent in 1996. For mid-
sized fish, we found seven percent with scars B01three percent in 1993, and a large increase
to 21 percent in 1996. Similar percentages weseed in 1990, 1993, and 1996 for the
cutthroat trout larger than 305 mm with seven paceero percent, and 21 percent having scars,
respectively.

Westslope cutthroat trout were quite vunerablenggliag and we see signs of increased angler
use on this fishery. In the South Fork, anglerissbrectly related to the ease of access. The
Gordon and Black Bear sections are about 12 amdi2s, respectively, within the Bob Marshall
Wilderness. Private and outfitted floater usestaadily increased. The Harrison section is
outside the wilderness adjacent to a forest roddsamore accessable. Fishing regulations have
progressively become more restrictive. In 1984csd regulations were enacted that allowed
anglers to harvest only three cutthroat trout uddeinches in length per day from streams above
Hungry Horse Reservoir and in the Bob Marshall \&filckess Complex. From Meadow Creek
Bridge to the Spotted Bear footbridge (encompattsesiarrison section) fishing is restricted to
catch and release with artificial lures.

South Fork Westslope Cutthroat Trout Age and Growth

Pooled scale samples taken from the upper, middtJower areas of the river expressed the
mean growth rates for cutthroat trout in the Sdtdrk. From the 251 samples analyized,
cutthroat trout exhibited the following mean lergythhen back calculated to annulus formation:
Age I-54 mm; Age [I-109 mm; Age IlI-171 mm; Age 1251 mm; Age V-321 mm; Age VI-344
mm. We did not observe fish older than six yearhe sample.

South Fork Westslope Cutthroat Trout Movement

May (1988) found that cutthroat trout tagged in 8uaith Fork above Meadow Creek Gorge
exibited little movement during summer months, 188%987. Approximately 76 percent of 81
adult fish moved less than two kilometers betwéenititial marking location and recapture site.
Five fish were recaptured more than one kilomepstream from where they were tagged with
the maximum distance moved about 35 kilometerse rémainder of the fish (16) moved
downstream. One cutthroat trout tagged at theleente of Youngs and Danaher Creeks in July
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of 1986, was recaptured at Gorge Creek in May 18&Gwnstream movement of 66 kilometers.
A total of three fish tagged in the upper SouthkReere later recaptured downstream in the
Meadow Creek Gorge area. May (1988) also notetdbttlst 18 percent of the tags returned from
adult cutthroat trout indicated a movement of ntbe: 10 kilometers. Seventy-two percent of
the tags from juvenile fish exhibited less than ki@meter of movement. May (1988) thus
concluded that most of the cutthroat trout tagdemya Meadow Creek Gorge were fluvial fish
moving short distances in the South Fork and didwmgrate from Hungry Horse Reservoir. The
three adult fish recaptured in the Gorge area atdithat there was some limited downstream
movement between the upper and lower South Fork.

In recent population estimates in the South Fokkhave also seen limited movement based on
tag returns. Occasionally we capture a fish thest oy tagged in a previous year in the same
area. We therefore assume that cutthroat trouteabteadow Creek Gorge are generally a
separate population with a fluvial life history, Nehcutthroat trout below the Gorge are both
fluvial and adfluvial fish, some utilizing Hungrydtse Reservoir.

Middle Fork Flathead River

Estimates conducted in the Middle Fork FlatheaceRare summarized in Table 16. In the
uppermost (Gooseberry) section, we observed arasorg trend in total cutthroat trout
abundance when comparing 1988 (77/km), 1991 (10Q/&nd 1994 (127/km)(Figure 49). This
trend primarily reflected the number of small (<&54) cutthroat trout, which represented 96
percent of the sample in this section. The nuroberid-sized and large cutthroat trout has
remained stable but abundance was extremely lowtbeesame period (Table 16, Figure 49).
The mean length of cutthroat trout ranged from tird to 191 mm for these years (Table 17).
Catch rates have fluctuated between 2.0 and 3’pés hour, and averaged 3.1 fish per hour.
We believe that cutthroat trout in the upper reachecluding the Gooseberry section, are
primarily resident fish, spending their entire lifeor near the survey section.

Two estimates were conducted in the Schafer Se(t@88 and 1994)(Table 16, Figure 50).

The estimated number of small cutthroat trout iaseel dramatically from 37 per kilometer in
1988 to 148 per kilometer in 1994. Larger cutthtoaut were present in extremely low numbers
during 1994. Small cutthroat trout made up 98 @etrof the total population for those years.
The catch rate for 1994 was 1.4 fish per hour. itachdata suggest that fish in the Schafer
section were primarily resident and fluvial stocks.

Estimates have been conducted for two years (18872.898) in the Spruce Park section (Table
16, Figure 51). Field crews partially completesbavey during 1980. A higher proportion of
larger fish were present in this section than isttgam sections with 67 percent less than 254
mm, 25 percent between 254-305 mm, and 8 perceateg than 305 mm in length. Catch data
from 1980, 1997, and 1998 indicate similar size emiposition for all years (Table 17).

Estimates in the Paola Section were conducted lgrfuain 1995 through 1997 to establish a
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baseline data set. Abundance of small cutthroat in the Paola section appeared to increase
steadily over the three years (Table 16, Figure B9th mid sized and larger cutthroat trout
abundances were low in all three years. Small;siad, and large cutthroat trout comprised 72
percent, 20 percent, and eight percent of fish rerg)lyespectively, for the three years. The
average catch rate of 1.2 for the period was |dhen all other Middle Fork sections (Table 17).

During estimates in the Gooseberry and Schafeiosegtittle information was kept regarding
hook scars and we presume very few if any werergbde During 1997 in the Spruce Park
section, we found four percent of cutthroat tr@uger than 305mm contained hook scars and no
incidence of scars in the other size categoriaging 1998, eight percent of the small fish (<254
mm), 12 percent of the mid-sized (254-305 mm), @mné percent of the large size group (>305
mm) cutthroat trout had hook scars. In the Paetéien we found six percent of the mid sized
fish and 11 percent of the larger fish had scargiduhe 1995 survey. In 1996, seven percent of
the mid-sized fish had hook scars with no obsesgeadls in the other size groups. In 1997 scars
were only apparent on four percent of the cutthnmatt <254 mm and no incidence of scars in
other size groups.

As in the South Fork, there are restrictive regorfet (daily harvest limit of three cutthroat trout
under 305 mm) applying to the rivers and streanteerwilderness portion of the Middle Fork.

In 1998, cutthroat trout limits for North and Mi@diork waters outside of wilderness boundaries,
main stem Flathead River, and Flathead Lake westected to catch and release only (Appendix
A). Glacier National Park regulations are the sémne¢he North and Middle forks, however two
cutthroat trout may be harvested daily from alleotaters within the Park, including Lake
McDonald.

Middle Fork Westslope Cutthroat Trout M ovement

We compiled movement information from 16 tag resuohcutthroat trout tagged in recent
abundance estimates in the Spruce Park and Patienseof the Middle Fork (Table 18). The
majority of tag returns (63 percent) were recatwéhin the same area where fish were

initially marked. Four fish from the Paola sectiware caught in the same area within a month
of marking. The remaining six fish were all recaptl nearly one year later in the same area
where they were marked. Where these fish residdadglthe time period between being tagged
and recaptured is not known. We can only concthdethey prefer these respective areas during
summer months.

Recapture locations for the other six marked caogthtrout showed all exhibited downstream
movement. Two fish marked in the Spruce Park sectioved downstream 66.8 km and 69.5
km between August and October of 1997. The otkhrrharked in the Spruce Park section in
August of 1997 was captured in September of 199&n8 downstream at the confluence of the
North and Middle Forks of the Flathead River. Thet from the Paola section moved down the
Middle Fork 42 km, up McDonald Creek in Glacier atal Park another 3.7 km, and into Lake
McDonald between August and September of the s@ae yI'he greatest movement was
exibited by fish marked in the Paola section thaved down the Middle Fork 49 km, down the
main stem Flathead River 52 km, and then 2 milesiigpBrenneman Slough. This fish was
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marked in August and was caught by an angler ircMaf the following year.

Cutthroat trout below the Schafer section appeaemugratory in nature than those in above
sections, suggesting the presence of all thredisi®ry forms within the Middle Fork. Our tag
returns documented that a significant proportionusthroat trout migrate downstream for winter
and returned to the same areas for summer mohtike McDonald appears to be utilized by
some Middle Fork cutthroat trout. Graham (198®@winented cutthroat trout migrating
upstream from Flathead Lake into the Middle Forkval. Future radio telemetry surveys using
cutthroat trout will provide additional movementarmation.

North Fork Flathead River

Results from three years of population estimatesii® Ford section are shown in Table 19 and
Figure 53. From 1990 to 1996, overall cutthroatitmumbers dropped dramatically from 282 to
96 per kilometer. Small (<254 mm) cutthroat troamprised 94 percent of total cutthroat trout
abundance with mid-size representing five percedtlarge cutthroat trout only one percent.

The majority of the decline occurred in the smalttleroat trout with mid and large size fish
maintaining low numbers in all three years. Catata for the Ford section demonstrated an
increase in the average size (from 192mm to 214and)a steady decrease in catch rates (6.0 to
4.0 fish per hour) (Table 20).

During the 1996 estimate, incidence of hook scaewecorded for all captured fish. We
observed scars on two percent of the small cutthroat, 18 percent of the mid-size fish, and 25
percent of the large cutthroat trout. This washigiest incidence of hook scars in any of the
surveyed sections in the Flathead River drainage.

There were no movement data obtained during estsrat the Ford section. However, Graham
(1980) documented considerable cutthroat trout aign to and from Flathead Lake. From this
and other work, all three life history forms (remnd], fluvial, and adfluvial) of cutthroat trout

most likely exist in the North Fork and its tribriéss.

In 1990, MFWP developed special cutthroat troutitagons between the Canadian border and
Polebridge to determine if harvest was impactirggrthmber of large fish in this section. For a
period of four years the regulation was a dailybkat of five cutthroat trout <12 inches, or four
<12 inches, and one >20 inches, using artificisddonly (Appendix A). Cutthroat trout are
rarely observed in lengths greater than 20 inchéise Flathead River drainage. This regulation
was not popular with the public and did not draslcincrease the number of large fish over the
sample period. However, mean length, size rangkparcentages of fist254 mm increased
from 1990 to 1996 estimates. However, lower fishralance may have influenced values. The
regulation was dropped in 1994. In 1998, MFWP @tacatch-and-release regulations on
cutthroat trout in the North Fork, as well as thelfile Fork, main stem Flathead River and
Flathead Lake.
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FLATHEAD RIVER WINTER TROUT ABUNDANCE
I ntroduction

Salmonids using the Flathead River have diversenigtory strategies, making it difficult to
assess the status of populations. Mountain whitefvestslope cutthroat trout, and bull trout
have both fluvial and adfluvial life histories, warainbow trout appear to be primarily fluvial.
Within a species, individual fish of one life histare generally not visually distinguishable
from those of another life history. Determiningpptation status for these species is difficult due
to the timing of seasonal migrations and overlagpiabitat use by the different life histories.
Adfluvial westslope cutthroat trout use the maenstiver and North and Middle forks as a
migratory corridor. Adults migrate to and from gpeng tributaries from early winter through
summer, while juveniles migrate from rearing stredaward the lake from early summer
through winter (Shepard et al. 1984, Likness arah@m 1988). Similarly, juvenile bull trout
emigrate from tributaries to the Flathead River hakle system from early summer through
winter. In early summer (April-July), adult adfiabull trout migrate from the lake into the
river and move toward staging areas. They thenenmao spawning tributaries generally in
August and following spawning in September, theywen@pidly back downstream to Flathead
Lake (Shepard et al. 1984). Adult mountain whilefalso make spawning migrations as the fall
spawning period approaches and rainbow trout aduttge in response to spring spawning.
Thus, at any time of the year, different salmoniidis histories, and age groups are migrating
throughout the river system. These migrations comgse general assumptions of mark-
recapture methodologies and complicate standaglthi& timing of annual monitoring surveys.
This is especially true for the native westslopghzoat trout and bull trout.

From 1979-1981, catch per unit effort (CPUE) elgfitshing surveys were conducted in three
sections of the Flathead River (McMullin and GrahE881). In an effort to assess fish
populations and avoid the above constraints, mongcefforts were spread out over an extended
time period (months) to encapsulate the migratiemogls. Past methods attempted to describe
the relative abundance of these fishes and spetfcgroups at a number of different times
throughout the year. It was believed that repessedpling (biweekly) would account for annual
variation in the timing of seasonal migrations.wimters of 1997 and 1998, we followed past
methods and conducted CPUE surveys to assess shavgyethe last two decades in westslope
cutthroat trout, rainbow trout, and bull trout adances. We then compared these results to
those observed in other monitoring indices to luelermine the efficiency of river
electrofishing. We chose February and March te¢ thescribe adult adfluvial cutthroat trout and
rainbow trout abundance based on results from pusvsurveys. In addition, we felt bull trout
and juvenile cutthroat trout catch may help descfibvial components of the populations.

Methods

We followed the methodology of previous surveys kMdin and Graham 1981). We sampled
two sections of the Flathead River; the Kalispetiton (2.95 km) near U.S. Highway 2 Bridge
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and the Columbia Falls section (2.0 km) near thetslioa Highway 2 Bridge. Surveys were
conducted at two-week intervals. We began samjgliteg sunset and continued until we
completed two passes on each bank (four passelhin the section per night. We
electrofished from a jet boat rigged with fixed-boanodes. The Coffelt M22 produced straight
DC at 3 to 5 amperes. McMullin and Graham (198d )t specify the wave form or type and
power levels used during electrofishing sampliMpst likely, a pulsed DC waveform (60 Hz

per second) was used. In recent years, MFWP halslisbed electrofishing policy which

dictates use of straight DC or pulse rate&80<Hz per second when sampling waters with native
fishes. This variance in methodology could affeP{UE comparisons between the two sampling
periods. Passes began at the upstream boundeaglofsection and progressed down one of the
banks. We netted all trout, measured total leagthweight, and collected scales and genetic
samples from cutthroat trout and rainbow trout1997, river flows were regulated at 9,500 cfs
for the first of three surveys and at 12,400 cfdifie fourth. In 1998, river flows were lower at
3,500 to 4,500 cfs. Marking rainbow trout allowesito complete a mark-recapture abundance
estimate (Schnabel multiple census) in the Colurbits section (Ricker 1975).

We calculated CPUE in two ways. In the first, usgdMcMullin and Graham (1981), CPUE

was calculated as the number of a fish speciegeigsoup captured divided by the time (hr)
spent electrofishing and the length of the samg@btien (km). McMullin and Graham (1981)
graphically displayed CPUE values. We estimatddesfrom figures and, therefore, these
values are the best available to compare with #& hnd 1998 calculated values. The second
method used to calculate CPUE was to divide thelbeuraf a fish species or size group captured
by the time (hr) spent electrofishing. Catch paurhwas reported only for rainbow trout in the
1980s report.

We collected genetic samples to assess the levslooidization between rainbow and westslope
cutthroat trout. At both the Columbia Falls andigfzell sections, we partially clipped fins from
25 trout, which were randomly picked from our eotlon of rainbow trout and cutthroat trout.
From the Columbia Falls section, we also selec@edainples from fish which appeared to be
hybrids. The Wild Trout and Salmon Genetics Lahi{drsity of Montana) analyzed samples
using vertical polyacrylamide gel electrophoredisuclear DNA fragments.

Results and Discussion

Comparisons of Rivers Sectionsin 1997 and 1998 Surveys

In both 1997 and 1998, mountain whitefish was tlestmumerous species (hundreds per night)
in both river sections. We also observed but didemumerate largescale suckers, which were
relatively lower in abundance. In 1997, we capldoaur species of trout and char: rainbow,
westslope cutthroat trout, bull trout, and broautr Three brook trout (all <200 mm) were
captured in the Columbia Falls section. In 1998, captured the four trout and char species
mentioned above and one lake trout (450 mm), wbasche from the Kalispell section. We
captured five brook trout (152-250 mm) in the ColuanFalls section and one brook trout (211
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mm) in the Kalispell section. In 1998, we alsotoapd five lake whitefish (368-460 mm) in the
two sections and in the Kalispell section, we @aoght one redside shiner.

Rainbow, westslope cutthroat trout and bull traminthated trout and char catch. In 1997, we
caught 315 individuals of these species. The Cbiarkalls section accounted for 74 percent of
the catch. In 1998, we caught a total of 714 m@mbwestslope cutthroat trout, and bull trout, of
which 53 percent came from the Kalispell secti@ie are uncertain why catch was over two
times greater in 1998 than 1997, but lower rivecldarge in 1998 leading to increased efficiency
in electrofishing or differences in the timing @lasvning migrations may be responsible.
Comparing 1997 and 1988 CPUE (#/hr) for each othihee species by river section, at the 95
percent confidence level, there were significanteases in catch rates for westslope cutthroat
trout and bull trout in the Kalispell section. Téavere no significant differences in CPUE
between years in the Columbia Falls section ordorbow trout in the Kalispell section.
Westslope cutthroat trout mean CPUE (#/hr) was egeen times greater in 1998 than in 1997
for the Kalispell section (Table 21). In both y&ahere was a high percentage of recaptured
(marked) rainbow trout in the Columbia Falls settid-or example, on the final survey nights in
1997 and 1998, 32 and 40 percent of captured raintmut (>200 mm) had fin clips from earlier
surveys, respectively (Table 22). Future survegald/be needed to assess trends in population
abundances or relate variation in catch to riveclairge or other factors.

In 1997, mean CPUE for rainbow trout was highethe Columbia Falls section than in the
Kalispell section (Table 21). In both river seagprainbow trout dominated catch followed by
westslope cutthroat trout and then bull trout i®2.91n 1998, this pattern partially changed.
Bull trout remained the least abundant of the tisgeies in both sections and in the Columbia
Falls section, mean CPUE for rainbow trout wasratfa highest (Table 21). However, in the
Kalipsell section mean CPUE for westslope cutthtaait was greater than rainbow trout CPUE
values and also greater than mean CPUE for westslaiphroat trout in the Columbia Falls
section.

Westslope Cutthroat Trout

Abundance of adult (>300 mm) westslope cutthraaittm the main stem Flathead River was
greatest in late winter in 1979-1980 (McMullin a@daham 1981). In 1997, there was not a
significant difference, at the 95 percent confidelavel, in cutthroat trout CPUE (#/hr) between
the two river sections (Table 21), although juvesi{<300 mm) appeared more abundant in the
Columbia Falls section. In 1998, CPUE (#/hr) wigsificantly greater in the Kalispell section
for both juveniles and adults (Table 21).

In the Columbia Falls section, CPUE for adult cua#t trout was relatively consistent over the
four sampling dates in both years, ranging fron®1d21.41 fish/km/hr in 1997 and from 0.00 to
0.66 fish/km/hr in 1998 (Figure 54, Tables 23 adl)l Between sampling dates, juvenile
cutthroat trout CPUE varied widely in this sectinrboth years ranging from 0.26 to 1.99
fish/km/hr and from 0.47 to 1.68 fish/km/hr in 1987d 1998, respectively (Tables 23 and 24).
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In the Kalispell section, CPUE for adult cutthré@atut was also relatively consistent in both
years with the exception of the last sampling date997 (Table 23, Figure 55). Adult CPUE
ranged from 0.38 to 1.33 fish/km/hr and from 1.63180 fish/km/hr in 1997 and 1998,
respectively (Tables 23 and 24). Juvenile CPUthénKalispell section varied little in 1997,
ranging 0.00 to 0.45 fish/km/hr, and more widel\L898, ranging from 1.18 to 5.89 fish/km/hr.

Comparisons of CPUE (#/km/hr) for adult cutthrgatt between the early 1980s surveys and
the late 1990s did not exhibit an obvious changgbindance. For the Columbia Falls section,
CPUE appeared to be lower in 1997 and 1998 thaf;1#8vever, the March 1980 values are
similar to the 1990s values (Figure 54). Similafty the Kalispell section, CPUE (#/km/hr) for
adults in 1997 appeared to be lower than most pus\vsurveys; however, the 1998 survey had
higher CPUE than observed in any of the 1980s gar{fagure 55). Comparing mean CPUE
(#/km/hr) for all sizes of cutthroat trout betwekE3B80s and 1990s surveys did not show changing
trends in either of the sampled river sectionsyfag 56 and 57).

We caught cutthroat trout in a wide range of sizasging from 150 to 480 mm and from 75 to
548 mm (TL) in 1997 and 1998, respectively. Lerfgtlguency charts in both years showed two
peaks (Figures 58 and 59); one from 175 to 275 maneaother centered around 400 mm. We
captured few fish less than 200 mm. The smalisrsscaptured were juvenile fish either
migrating through the river system toward the lakeesiding in the river. The larger size peak
was associated with the spawning migration of atliadults from Flathead Lake.

In 1998, we examined every captured trout for tieedience of hooking scars and external
deformations of mouth parts. Cutthroat trout shahadnigh incidence of scars. For all sizes, 21
percent of cutthroat trout had deformities whileddults (>300 mm) the incidence was 26
percent. These percentages were similar for fishally identified as hybrids of cutthroat trout
and rainbow trout (genetic analysis determined fie&t identification was correct). Westslope
cutthroat trout were highly vulnerable to anglirggsure as indicated by the high proportion of
scars.

Hybridization between rainbow and westslope cutthtmut was prevalent in the Flathead
River. For the Columbia Falls section, 10 of 2&gkes visually identified as either rainbow
trout or hybrid were rainbow trout x westslope brdht trout hybrids and the remaining 12 were
rainbow trout. The remaining three trout in thefigh sample were visually identified as
westslope cutthroat trout, one was geneticallyrdateed to be a rainbow trout x westslope
cutthroat trout hybrid and the other two were wegts cutthroat trout. Thus, 44 percent of the
sample were hybrid trout.

In the Kalispell section, 19 of 25 samples weretslepe cutthroat trout, five were hybrid
rainbow x westslope cutthroat trout, and the remgisample was rainbow trout. Thus, 20
percent of the sample consisted of hybridized trout

Although field work was conducted in the middletloé night by artificial light, workers readily
identified hybrid trout. Of the 10 visually idefiéid hybrid samples, nine were rainbow x
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westslope cutthroat trout hybrids and one wasrdboav trout. With the exception of one
misidentified westslope cutthroat trout, rainbowvd &rybrid trout were correctly separated in the
field from westslope cutthroat trout.

The concentration of hybrid trout appears highgéhexColumbia Falls section than in the

Kalispell section. There were more rainbow trouthe Columbia Falls section and more

westslope cutthroat trout in the Kalispell sectiddpcoming surveys will attempt to further
identify rainbow trout distribution and locate thgawning streams where hybridization is

occurring.

Rainbow Trout

Rainbow trout were the most numerous of all thattemd char species we captured, comprising
65 percent and 48 percent of trout and char cagphinr&997 and 1998, respectively. Rainbow
trout CPUE (#/hr) was significantly greater in thelumbia Falls section than the Kalispell
section (p = 0.01 and p = 0.02 in 1997 and 19%}aetively) (Table 21). This was also
observed in the 1980s surveys (McMullin and Grai@81). Rainbow trout were more
abundant in the Columbia Falls section than inkhkspell section during the winter months. In
the Columbia Falls section, mean CPUE (fish/kmiiryainbow trout in February and March
was greater in the late 1990s (9 and 11 fish/kntHan) in the early 1980s (1 and 2 fish/km/hr)
(Table 21 and Figure 56). Increases in CPUE irKidespell section over this time period were
smaller (Figure 57). Mean CPUE was less than isiékin/hr in 1997 and was roughly one and
two fish/km/hr in 1998. CPUE was relatively comsig over the four sampling dates in both
1997 and 1998 for the Columbia Falls section (Fadgi0), while CPUE increased in the later
surveys in the Kalispell section (Figure 61, Tald8sand 24).

In the 2.0 km Columbia Falls section, we estimabed there were 191 (95 percent confidence
interval of 145 to 285) and 194 (125 to 401) raimkimut greater than 200 mm long in 1997 and
1998, respectively (Table 22) . We considered&¥Km (154 fish/mile) to be low density. For
rainbow trout greater than 400 mm, we estimate(PbZercent confidence interval of 9 to 18)
fish/km (19 fish/mile) in 1997. Caution should ied when interpreting these results since
spawning migrations may have influenced rainbowrithstion. These estimates may not be
representative of other river reaches. We handiaés which were ripe and others which were
developing spawning colors. Although mean CPUEd&orbow trout in the 1990s appears to
have increased in the Columbia Falls section friooseé of the 1980s, rainbow trout abundance
remains low.

We caught rainbow trout in a wide range of sizeth\gbod representation in many size groups
(Figures 62 and 63). Rainbow trout ranged fronto/541 mm and 61 to 472 mm in 1997 and
1998, respectively. Rainbow trout are establishadi self-sustaining. Fish appeared in good
physical condition and reached large sizes. Nuoselarger rainbows had obvious hooking
scars. For example, on the final night of 1997 #arg (Columbia Falls section), one-third of
the rainbows (>300 mm) handled (8 of 24) had higlgformed mouths. In 1998, when
combining all nights over five percent of capturashbows had hooking scars with just under
four percent incidence of hook scars in rainbowtti@mver 300 mm in length.
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Bull Trout

In both 1997 and 1998, bull trout comprised 102g#rcent of total trout and char catch for
both sections combined. In the Columbia FallsisecCPUE for juvenile (<400 mm) bull trout
was similar for both years and ranged from 0.2.6ofish/km/hr (Figure 64). In 1981, no
juvenile bull trout were captured in February orrbtain the Columbia Falls section; however,
they were captured in the other months (McMullid &raham 1981). In 1998, CPUE
(fish/km/hr) for bull trout was significantly greatin the Kalispell section than in the Columbia
Falls section (p = 0.01) and significantly gredtem the 1997 CPUE for the Kalispell section (p
= 0.01) (Figure 65, Table 21). In both years axtiens, February and March catch rates of
juvenile (<400 mm) bull trout was greater than batates for adults (>400 mm). Compared with
CPUE of juveniles in 1981 for the Kalispell sectitime 1997 juvenile values were similar while
the 1998 values were higher (Figure 65).

We caught bull trout in a wide range of sizes (Fegu66 and 67). McMullin and Graham (1981)
reported similar findings. Many sub-adult fish (&4mm) migrated from spawning and rearing
tributaries more than one year before capture.s@ffish resided year round in the river or
moved between the river and lake. McMullin andi@ara (1981) found juvenile bull trout (<400
mm) in the Flathead River throughout the year.sHiovides some evidence that a certain
proportion of the bull trout population may resfde extended periods if not entirely in the river
system. If so, this behavior may be very importargustaining the bull trout population into the
future in the face of recent changes to the Flatheadke food web.

ANGLER CUTTHROAT TROUT TAGGING PROJECT
I ntroduction and M ethods

In 1985, MFWP solicited anglers to participateigshéries tagging surveys in the Flathead River
Drainage (Hanzel and Weaver 1991). This projestethtwo years. One angler actively tagged
westslope cutthroat trout in the Flathead Rivel=WP issued tagging guns and Floy anchor
tags, anglers kept catch and tagging records. viresh captured by hook and line, tagged,
measured, and released. The river angler contitaggging cutthroat trout and recording catch
data after the MFWP-sponsored project ended apcegently active and continues to record
data and tag fish using his own personal equipraedttags. He fishes the main stem or valley
section of the Flathead River and has tagged vepstsiutthroat trout, rainbow trout, and bull
trout. Generally, only cutthroat trout over 12hes in length were tagged. Most cutthroat trout
over 12 inches are adfluvial fish from Flatheadd.ak

Results and Discussion

From July 1985 through March 1997, the river angérght and tagged 868 previously untagged
westslope cutthroat trout of 305 mm or greateength and fished approximately 1,531 hours
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(Table 25). Throughout this time period, the ariglaverage CPUE were greatest from
December through June (Table 25) as migratoryrfiskie into and through the river prior to
spring spawning in tributary streams.

There was a decrease in catch rate over the sayemod (Figure 68). In the years 1985
through 1991, monthly winter CPUE ranged from G@®38. 00 fish per hour. The catch rates
dropped off in 1992. From 1992 to 1997, monthipter CPUE ranged from 0.00 to 0.65 (Table
26). By comparing (t-test) the mean monthly wirfamuary through April) CPUE for the 1985
to 1991 period (1.07 fish/hour) with that of thed2%0 1997 period (0.26 fish/hour), we found a
significant difference in CPUE (p <0.0001).

Table 25. Total number of untagged westslope adthirout (3305 mm in length) caught,
hours fished, and average catch rate for an angléne Flathead River, 1985
through 1997.

Month Total Number Total Hours Fishec Fish Per Hour
Caught
January 216 233 0.93
February 141 222 0.64
March 238 325 0.73
April 100 145 0.69
May 31 57 0.54
June 23 58 0.40
July 9 70 0.13
August 6 43 0.14
September 7 36 0.19
October 20 130 0.15
November 26 108 0.24
December 51 104 0.49
Total 868 1,531 0.57

The CPUE values for the sample period represeirtdax for the relative abundance of adult
adfluvial westslope cutthroat trout migrating fréitathead Lake toward spawning tributaries.
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The observed decreasing trend corroborates sideleteasing trends observed in other
monitoring indexes noted in previous sections of thport (Flathead Lake gill-net survey)
leading us to the conclusion that the adfluvial poment of westslope cutthroat trout in the

Flathead Lake and River System has decreased ndahoe during the 1990s from higher levels
in the 1980s.

Fish tagged in the main stem river were recapturélde main stem reaches, the North Fork of
the Flathead River, and in Flathead Lake. Cutthroat were recaptured upstream as far as the
British Columbia reaches of the North Fork andaasitbwnstream as the south end of Flathead
Lake. No tagged cutthroat trout were recaptureétienMiddle Fork of the Flathead River. In the
early 1980s, investigators documented similar niigmapatterns (Shepard et al. 1982).
Investigators found adfluvial westslope cutthreaut from Flathead Lake migrated into North
Fork tributaries, three in British Columbia and rerous in the United States. In the Middle
Fork, adfluvial cutthroat trout were found in olye and McDonald creeks, although they felt
further study was needed to conclusively deterraaffuvial use of the Middle Fork tributaries.
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TRIBUTARY STREAM MONITORING

STREAMBED CORING
Introduction

Successful egg incubation and fry emergence arendigmt on gravel composition, gravel
permeability, water temperature, and surface flonditions. The female bull trout begins redd
construction by digging an initial pit or depressia the streambed gravel with her tail. After

the spawning pair deposits eggs and sperm intatke, the female moves upstream a short
distance and continues the excavation, coveringlépesited eggs. The process is then repeated
several more times, resulting in a series of egdkgts formed by the upstream progression of
excavations. The displaced gravel mounds up, coyegg pockets already in place. After egg
laying is complete the female creates a large dspe at the upstream edge of the redd, which
enhances intragravel flow and displaces more gtaae over the entire spawning area.
Excavation of the redd causes fine sediments agahar particles to be washed downstream,
leaving the redd environment with less fine mateéhan the surrounding substrate. Weather,
streamflow, and transport of fine sediment and migeaterial in the stream can change
conditions in redds during the incubation peri®edds can be disturbed by other spawning fish,
animals, human activities, or by high flows whidgbpllace streambed materials (Chapman 1988).

Redd construction by migratory bull trout in thathlead drainage disturbs the streambed to a
depth of at least 18.0 to 25.0 cm (Weaver and ¥#E91). Egg pockets of smaller fish tend to
be shallower. The maximum depth of gravel dispteaat is indicative of egg deposition depth
(Everest et al. 1987). Freeze coring documentggtaubstrate particles (up to 15.2 cm) at the
base of egg pockets than in overlying substrate=af(yt and Fraley 1991). These particles are
likely too large for the female to dislodge durimegld construction. Eggs are deposited and settle
around these larger particles (Chapman 1988). iQeed displacement of streambed materials
by the female then covers the eggs.

Redds become less suitable for incubating embfyfosei sediments and organic materials are
deposited in interstitial spaces of the gravelmythe incubation period. Fine particles impede
movement of water through the gravel, thereby redpudelivery of dissolved oxygen to, and
flushing of metabolic wastes away from incubatingbeyos. This results in lower survival
(Wickett 1958; McNeil and Ahnell 1964; Reiser an@s®he 1979). For successful emergence
to occur fry need to be able to move within thedrdalt high levels of fine sediment can restrict
their movements (Koski 1966; Bjornn 1969; Phillgisal. 1975). In some instances, embryos
that incubate and develop successfully can becotoended (trapped by fine sediments).
Sediment levels can alter timing of emergence (Alde et al. 1958; Shumway et al. 1964) and
affect fry condition at emergence (Silver et al639Koski 1975).
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Measurements of the size range of materials istiteambed are indicative of spawning and
incubation habitat quality. In general, researab $hown negative relationships between fine
sediment and incubation success of redd constgustimonids (Chapman 1988). A significant
inverse relationship existed between the percerdffijee sediment in substrates and survival to
emergence of westslope cutthroat trout and bulitteonbryos in incubation tests (Weaver and
White 1985; Weaver and Fraley 1991, 1993). Meanséeld emergence success ranged from
about 80 percent when no fine material was presetess than 5 percent when half of the
incubation gravel was smaller than 6.35 mm; abOuyte€Xcent survival occurs at 35 percent
fines. Entombment was the major mortality factbtedian percentages of streambed materials
smaller than 6.35 mm at fry emergence ranged fréri@ ® 50.3 percent in 29 separate bull trout
spawning areas sampled during the Flathead BasastBractice Water Quality and Fisheries
Study (Weaver and Fraley 1991). Linear regressfarsults against output from models
assessing ground disturbing activity and watedyiietreases in these 29 Flathead Basin
tributary drainages showed significant positivatiehships (Weaver and Fraley 1991). These
results demonstrate a linkage between on-the-graatidty and spawning habitat quality. This
testing allowed development of models which predmbryo survival to emergence, given the
percentage of material smaller than 6.35 mm inrthebation environment. We monitor bull
trout spawning and incubation habitat quality biedmining the percent fines in a given
spawning area through hollow core sampling.

Methods

Field crews used a standard 15.2 cm hollow corgariMcNeil and Ahnell 1964) to collect
four samples across each of three transects atstatyarea. We located actual coring sites on
the transects using a stratified random selectiongss. The total width of stream having
suitable depth, velocity, and substrate for spag/mmas visually divided into four equal cells.

We randomly took one core sample in each celloime study areas we deviated from this
procedure due to limited or discontinuous areagudfble spawning habitat. We selected study
areas based on observations of natural spawnirgomy sampled in spawning areas used by
adfluvial westslope cutthroat trout and bull tro@turing the period of study, these fish spawned
in the same general areas, so sampling locationgined similar.

Sampling involved working the corer into the stréaiohto a depth of 15.2 cm. We removed all
material inside the sampler and placed it in hehity plastic bags. We labeled the bags and
transported them to the Flathead National Forets Saboratory in Kalispell, Montana, for
gravimetric analysis. We sampled the material sadpd in water inside the corer using an
Imhoff settling cone (Shepard and Graham 1982). aldeved the cone to settle for 20 minutes
before recording the amount of sediment per litevater. After taking the Imhoff cone sample,
we determined total volume of the turbid waterdesihe corer by measuring the depth and
referring to a depth to volume conversion tableef&ind and Graham 1982).

The product of the cone reading (ml of sedimentlipen) and the total volume of turbid water
inside the corer (liters) yields an approximatidnhe amount of fine sediment suspended inside
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the corer after sample removal. We than appliegtato dry conversion factor developed for
Flathead tributaries by Shepard and Graham (19823ling an estimated dry weight (g) for the
suspended material.

We oven dried the bagged samples and sieve sephdinat@a into 13 size classes ranging from
>76.1 mm to <0.063 mm in diameter (Table 27). Wglved the material retained on each
sieve and calculated the percent dry weight in sa@hclass. The estimated dry weight of the
suspended fine material (Imhoff cone results) wked to the weight observed in the pan, to
determine the percentage of material <0.063 mm.sWemed these percentages, obtaining a
cumulative particle size distribution for each s#r({@appel and Bjornn 1983).

Table 27. Mesh size of sieves used to gravimélyieaalyze hollow core (McNeil and
Ahnell 1964) streambed substrate samples colldobetthe Flathead River
Basin tributaries.

76.1 mm (3.00 inch)
50.8 mm (2.00 inch)
25.4 mm (2.00 inch)
18.8 mm (0.74 inch)
12.7 mm (0.50 inch)
9.52 mm (0.38 inch)
6.35 mm (0.25 inch)
4.76 mm (0.19 inch)
2.00 mm (0.08 inch)
0.85 mm (0.03 inch)
0.42 mm (0.016 inch)
0.063 mm (0.002 inch)
Pan (<0.002 inch)

We refer to each set of samples by using the mgubacentage <6.35 mm in diameter. This size
class is commonly used to describe spawning gguaity, and it includes the size range
typically generated during land management actisitiwe examined the range of median values
for this size class observed throughout the basin.
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Results and Discussion

Field crews began core sampling some spawning atéiaed by Flathead Lake’s migratory fish
stocks in 1981 (Table 28). Initially, we samplad tmain bull trout spawning areas in four North
Fork tributaries; Big, Coal, Whale, and Trail creeRNe subsequently expanded our program to
include Granite Creek, an important bull trout spang stream in the Middle Fork Drainage and
two additional spawning areas in the Coal Creekriage; North Coal and South Coal (Table
28). These seven spawning areas comprise ourténgeata set for monitoring bull trout
spawning habitat quality relative to Flathead Lakelditional spawning areas have been
sampled periodically throughout the basin but atemcluded in this analysis.

Recommendations resulting from the Flathead Baswp€rative Forest Practice Study
identified that fine sediment (<6.35 mm) levelseeding 35 percent “threaten” embryo survival
to emergence (FBC 1991). At 35 percent fines,igalto emergence is approximately one-third
(Weaver and Fraley 1991). At 40 percent finesyisal drops to approximately one quarter and
at this level, survival to emergence is considémagaired” (FBC 1991).

When examining the streambed coring data set hyithdhl spawning area it is obvious that all
sites have had periods of high fine sediment le(fdble 28, Appendix B). Big Creek exceeded
the threshold for impaired status (40 percent)radutihree consecutive years beginning in 1988
(Table 28). When sampling showed fine sedimerglgein Big Creek’s bull trout spawning area
peaked at over 50 percent in 1990, survival to gerae was predicted to be less than 5 percent
(Weaver and Fraley 1991). Although some recovay suggested in 1991, this spawning area
again exceeded threatened status (35 percentpihdred 1993 (Table 28). The main bull trout
spawning area in Coal Creek near Dead Horse Bhdgechronically had fine sediment
problems. lts status has been in the impairedjoatehree years (1982, 1987, and 1990) and
threatened for ten of the past 17 years (Table 28hough peak level samples from the Coal
Creek spawning area were not as high as sampliBggi€reek indicated, the chronic presence
of high levels of fine sediment may be having sesionpact on the fish stocks in Coal Creek.
Sampling in both North and South Coal creeks asagelVhale Creek showed high levels of
fine sediment during the late 1980s (Table 28)n@&ang in Trail Creek has shown fine
sediment levels in this spawning area have remaima@ stable over time. Results exceeded
threatened status only once in 1982 and appro@Heercent in 1990 and again during 1996
(Table 28). Granite Creek in the Middle Fork Desge has shown a similar pattern of change
over time exceeding impaired status during sixyead threatened during two years (Table 28).
This portion of the Middle Fork Drainage was sglyninfluenced by the 1964 flood event.
Unstable soils and high precipitation zones alsgalpminate in the upper Granite Creek
watershed. This combination of geology and préaijin typically result in reduced spawning
habitat quality. Figures illustrating results ohaal hollow core sampling for each individual
spawning area are provided in Appendix B.

Previous studies in the Flathead Basin have shaymifisant positive relationships between
ground disturbing activity and results from holloare sampling in spawning areas (Weaver and
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Fraley 1991, FBC 1991). This means that as theuatmaf disturbed ground in a drainage
increases, the amount of fine sediment in spawgiagel also increases. At this point in time
we do not have the site specific information ordlamnagement activities necessary to assess
cause and effect relationships at individual stré@gations and it is not our intent to do so as
this type of study was recently completed as piatie Cooperative Forest Practice Study (Potts
1991, FBC 1991). Our sampling results show thdinsent sources and water yield problems
have and will likely continue to cause fluctuationgine sediment levels in streams, which
strongly effect both embryo survival to emergenoe jaivenile rearing capacity.

Our indices of habitat quality appear to be venssgieve to flushing flows. To illustrate this
sensitivity while providing an overall descriptiohbull trout spawning habitat quality we
calculated and plotted composite fine sedimenti$effggure 69). The composite percent fines
is simply the average of all hollow coring resultging any given year. An increasing trend in
composite fine sediment level began in 1986. Badiment levels peaked during 1989 and
1990. This increase corresponds to the extendeaodpaf drought which spanned the late 1980s.
Streamflows during this period were extremely bwough fall and winter. Field crews
observed dewatered bull trout spawning sites dusimger surveys in 1986 (Weaver 1988).
Limited snowpack resulted in only low to moderataoff during the spring melt periods. Spring
runoff in 1991 was the first normal “flushing flowhich occurred during the several preceding
years. Our sampling results show a correspondidgation in the level of fine sediment present
in the main bull trout spawning areas (Figure 68) have had good flushing flows during most
spring runoffs since 1991. The improving trendgpawning habitat quality, although not
continuous, is evident up through the 1997 sampli@grrent conditions, as indicated by
composite percent fines, are approaching the lisstroed during the 17 year period of record.
However, bull trout embryo survival to emergencsti problematic in Coal Creek at Dead
Horse Bridge.

SUBSTRATE SCORING
I ntroduction

Environmental factors influence distribution andiatbance of juvenile bull trout within

drainages throughout the range of the specieselis@agvwithin specific stream segments (Oliver
1979, Allan 1980, Leathe and Enk 1985, Pratt 188&ley and Shepard 1989, Ziller 1992).
Temperature, cover, and water quality regulate igémkstributions and abundances of juvenile
salmonids within drainages, and juvenile presenspecific locations in a stream is affected by
depth, velocity, substrate, cover, predators, amdpetitors. Although spawning occurs in
limited portions of a drainage, juvenile salmondifsperse to occupy most of the areas within the
drainage that are suitable and accessible (EvE®@; Leider et al. 1986).

Juvenile bull trout rear for up to four years iathlead Basin tributaries. Snorkel and
electrofishing observations during past studiescate juvenile bull trout are extremely
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substrate-oriented and can be territorial (Fratey @hepard 1989). This combination of traits
results in partitioning of suitable rearing habaat a carrying capacity for each stream. We
monitor substrate-related habitat potential bywaking substrate scores (Crouse et al. 1981,
Leathe and Enk 1985).

Substrate composition influences distribution afguile bull trout and rearing capacities of
nursery streams. Sediment accumulations redudedppth, cause channel braiding or
dewatering, and reduce interstitial spaces amaggiatreambed particles (Megahan et al. 1980,
Shepard et al. 1984, Everest et al. 1987). Juwénill trout are almost always found in close
association with the substrate (McPhail and Mulr@y9, Shepard et al. 1984, Weaver and
Fraley 1991). A significant positive relationsk@pisted between substrate score and juvenile
bull trout densities in Swan River tributaries (tteaand Enk 1985) and Flathead River
tributaries (Weaver and Fraley 1991), where a bigtstrate score was indicative of large
particle sizes and low score of embeddedness (Eretual. 1981). This relationship is thought

to reflect substrate types favoring overwinter stal(Pratt 1984, Weaver and Fraley 1991).

A substrate score is an overall assessment ohshe particle size and embeddedness. Large
particles which are not embedded in finer matepat&ide more interstitial space that juvenile
bull trout favor. This situation generates a high#strate score. Low substrate scores occur
when smaller streambed particles and greater engdeeds limit the interstices within the
streambed materials.

Linear regression of substrate scores against bfrpu a model assessing ground disturbing
activity in 28 Flathead Basin tributary drainagkewed a significant negative relationship.
Researchers also obtained a significant negatlagarship between substrate scores and output
from a model predicting increases in water yieldeéver and Fraley 1991). These results
demonstrate a linkage between ground disturbanténaneased water yield and streambed
conditions. Linear regression of juvenile bulluraensity against substrate scores in 15
Flathead Basin streams showed a significant pesiglationship (Weaver and Fraley 1991).

This showed a strong linkage between streambedteamds measured by substrate scoring and
actual juvenile bull trout abundance.

Methods

Substrate scoring involves visually assessing timeidant and subdominant streambed substrate
particles, along with embeddedness in a seriesltsf across transects. Surveyors assign a rank
to both the dominant and subdominant particle sliasses in each cell (Table 29). They also
rank the degree to which the dominant particle szmbedded (Table 29). The three ranks are
summed, obtaining a single variable for each c&ll.cells across each transect are averaged and
a mean of all transects in a section results irsthestrate score.
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Table 29. Characteristics and associated ranksofoputing substrate score (modified by
Leathe and Enk 1985 from Crouse et al. 1981).

Rank Characteristic

Particle Size Class

Silt and/or detritus

Sand (<2.0 mm)

Small gravel (2.0-6.4 mm)
Large gravel (6.5-64.0 mm)
Cobble (64.1-256.0 mm)

oo 0 B~ W N

Boulder and/or bedrock (>256.0 mm)

Embeddedness
1 Completely embedded or nearly so
2 ¥ embedded
3 Y% embedded
4 %4 embedded
5 Unembedded

'Used for both dominant and subdominant particlé&iran

We scored 150 m sections using equally spacedettsisCell width varied depending on
wetted width, allowing a minimum of five evaluat®for any transect. Maximum cell width
was 1.0 m. Again, lower scores indicate pooretityugaring habitat; higher values indicate
good conditions.

Results and Discussion

Field crews began collecting substrate scoresathBad Lake rearing streams in 1984 (Table
30). Our initial efforts during 1984 and 1985 umbéd only the Coal Creek Drainage in the
North Fork of the Flathead River. Due to this bed sampling, assessment of basinwide
conditions is not possible. However, by 1986 weensampling at least six rearing streams
annually which are tributaries to the North and tMedforks of the Flathead River. From 1986
on, the data set provides a better index of juednilll trout rearing habitat quality throughout the

152



basin.

Recommendations resulting from the Flathead Baswp€rative Forest Practice Study

identified that substrate scores of 10. O or I¢isseatened” juvenile bull trout rearing capacity; a
scores less than 9. 0, rearing capacity was caresidanpaired” (FBC 1991). When examining
the substrate scoring data set by individual #ite section of Coal Creek near Dead Horse
Bridge fell into the threatened category betweei71®nd 1991 (Table 30). Although substrate
scores at this location have improved since 198 jrtdex section in Coal Creek remains close
to the level where rearing capacity is threatenedividually, all other sites scored higher than
10. 0 annually over our period of record. The kgjtsubstrate scores have been recorded in the
North Coal and Morrison creek sections (Table Jayures illustrating results of annual
substrate scoring for each individual section ao¥ided in Appendix C.

Although previous studies in the Flathead Basirelghown significant negative relationships
between ground disturbance and substrate scor@wetchave the site specific information on
land management activities to assess cause/etfextiaidual stream locations. Our intent here
is to provide an overall description of juvenildititout rearing habitat quality and how it has
changed over the period of record. To best desd&r@sinwide rearing habitat quality we
averaged all substrate scores available during weanhand plotted these composite scores
(Figure 70).

As previously stated, 1984 and 1985 are not reptasee due to limited sampling. From 1986
through 1990 composite substrate score declinglsharhis corresponds to an extended period
of drought which spanned the late 1980s. Durir§81@ section of Coal Creek upstream from
Dead Horse Bridge dewatered except for standingtest pools from mid August through early
September. A rain-on-snow event in the fall of 494s the first “flushing flow” in several
years. Spring runoff in 1991 provided flushinghase several more recent spring runoffs. An
improving trend in composite substrate score ba&gdm®91 and although not continuous, this
trend is evident through our most recent sampli@grrent conditions as indexed by composite
substrate score are approaching the highest olaserndate. Juvenile bull trout rearing habitat
in Flathead Lake nursery streams is presently adgmndition.

STREAM ELECTROFISHING/
JUVENILE SALMONID ABUNDANCE ESTIMATES

| ntroduction

Estimation of fish population abundance is necgdsarunderstanding basic changes in
numbers, species composition and year class streljtect enumeration is the most accurate
technique, but in most situations indirect methodst be employed. We generally use a
combination of techniques in order to minimize esroFish populations are dynamic and may
fluctuate considerably, even over relatively sipantiods of time, regardless of human influence.
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Consequently, managers seeking to assess thé&saffa@rious activities on fish populations
must understand the nature and causes of suchdhias as fully as possible.

We developed a protocol to assess fish abundartbe iRlathead Basin using electrofishing
techniques (Shepard and Graham 1983). Monitoongdes on quantifying yearly variation of
fish abundance in stream sections sampled congisyear after year. We recommend using
electrofishing techniques to assess fish abundarmecessible streams because:

1. The precision of electrofishing estimates car&timated and reported, providing a
measure of reliability;

2. There is less bias associated with changaslthgersonnel; and

3. Estimates derived using electrofishing techesjare presently better accepted by
fisheries professionals.

Methods

Through analysis of fish abundance estimation dallacted during development of the above
protocol and review of pertinent literature, we eleyped the following fish abundance
monitoring guidelines:

1. In streams less than 10 cfs, use a two-passa@ishing estimation technique. In these
small streams adequate numbers of fish can bereapising a back-pack mounted
generator-Variable Voltage Pulsator combinatiombBbility of capture (p) should be
higher than 0.6 to obtain reliable results.

2. In streams 10 to 20 cfs, two-pass electrofgl@stimation can be used; however, p values
must be higher than 0.6. Bank shocking techniguest be used. If the p value falls
below 0. 6 for a sample site, more effort (thirdgashould be made instead of simply
reporting the two-catch estimate.

3. In streams larger than 20 cfs, two-pass elgshiog estimation technique can be used,;

however p value must be higher than 0.6. Elechafihe sample section using both bank
shocking equipment and backpack mounted equipniranitaneously.

Equipment needed to electrofish sample sectiogdes gear to block off the section, capture
fish, collect information from fish and record data
Two-pass Assumptions (Seber and LeCren 1967):

1. Probability of capture (p) is large enough avdna significant effect upon population
total (N).
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This assumption can be tested by computing p aftepasses are complete. If p is less than O.
5, assumption 1 probably has been violated (Junde_#dovarsky 1965) and more effort is
required. We recommend p should be 0.6 or larger.

2. Probability of capture is constant. Fishinprtfis the same for both catches and fish
remaining after the first fishing are as vulnerableapture as were those that were
caught in the first fishing.

Assumption 2 has frequently been found to be fautign electrofishing (Lelek 1965, Gooch
1967, Cross and Stott 1975, Mahon 1980). Whitd.€1982) found if p was 0.8 or larger, two-
catch estimates were reliable because failure mstemt probability of capture (assumption 2)

did not matter. We found that as long as p wad.larger and stream discharge was less than
20 cfs, estimates computed using two-catch estimatere similar to mark-recapture estimates.
Zippin (1958) determined that if the probabilifyoapture (p) decreases with subsequent
fishings, the estimate was an underestimate dirtieepopulation size. These estimates may still
be reported, but should be used cautiously. Thaye used to compare trends in population
abundance, provided the same techniques are usedjttout the monitoring program.

3. There is no recruitment, mortality, immigratienemigration between the times of the
two fishings.

Assumption 3 can be easily met, since both eldstriofy fishings take place within a single day
and the section is isolated using block nets.

4. The first catch is removed from the populabonif returned alive, the individuals are
marked so they can be ignored when counting thenskecatch.

This assumption can be met by removing the firsttccom the population.
Two-pass Procedure:

We placed a braided nylon block net (12.7 mm mask)e lower boundary of the shocking
section. When using a block net, we placed themigte stream with the bottom edge facing
upstream and place rocks on the weighted (bottolge ef the net to hold it in position. We tied
the ropes along the top edge of the net to a treany available stable item) on each bank to
stretching the net tight and holding it perpendicud the flow. Rocks placed along the entire
bottom edge of the net ensure no fish move pasteheWillow or alder branches cut into 1.0 to
1.5 m length on-site supported the net upright.

In streams less than 10 cfs, a backpack mounteetggen - Variable Voltage Pulsator
combination was used to electrofish the streanstrgams larger or equal to 10 cfs, we used the
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bank shocking technique. The bank shocking metteximore efficient for capturing fish and
should be used where possible.

We electrofished the section working from the wgestn boundary down to the lower block net.
We found that downstream electrofishing was mofieieht than upstream electrofishing, and if
two passes were needed for each catch (to provieleahle estimate), both passes should be
downstream. It is important to extend equal e$foltiring each pass, so that if two passes were
used for the first catch, two passes must alsob®teted for the second catch. Mahon (1980)
believed longer time periods between catches ingatdkie accuracy of catch per unit effort
estimators. For this reason, we recommend wagingnimum of 90 minutes between fishings.
During this time, work all fish captured on thesfipass.

Two-Pass Estimators:

We used the following formula to estimate populattmmber (Seber and LeCren 1967):

N= C°?
Ci-G

Where N = population size at the time of first pass
C; = number of fish 25 mm captured during first pass (by species)
C, = number of fish 25 mm captured during second pass (by species)

Variance of the estimate:

V(N) =C1 %G, 4C, + ©)
G- C)*

Probability of capture (p):

p= G-G
G

As stated previously, p must b8.56 for a reliable, two-pass estimate to be mafip.<0.6, the
estimate can be reported, but must be viewed \aitii@an. If p 0.6 we completed the estimate;
otherwise, more fishing effort was expended. Hfiisrt can be expended for computing a
multiple estimate (by completing additional eleisloings and computing a multi-catch estimate
using formulas presented in Zippin 1958).

When reporting the estimates of fish numbers coetbby electrofishing, we reported the
estimate, the 95 confidence interval in parenthgbesarea of the section surveyed, the date, and
the density and number of mortalities. When rapgrtwo-pass estimates, report the probability
of capture (p) with the estimate.
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We compared these estimates by section with papalastimates calculated from electrofishing
during previous years to assess trends in fishddnoe. The technique described by Platts and
Nelson (1988) was used to assess population flictuaThe maximum relative fluctuation (M
was defined as the percentage difference betwechighest and lowest value of each population
statistic relative to the lowest value:

Ms = Xmax - xm,n x 100:;

Xmax = largest annual value andg,X= smallest annual value.

This statistic relates the largest observed chémgjge smallest observed value during the study
period, and gives and indication of the magnitubtieatential for change for each population
statistic evaluated.

Average relative fluctuation Awas used to describe the magnitude of changadh e
population statistic with respect to the mean valughat statistic over the source of the study:

Xmax @nd Xnin are as above andyg = average value over the entire study period.

Total biomass (B, the estimated total trout weight, and areal l@ss(B), the estimated trout
weight per unit surface area, were computed as:

Bi=NW and B=5;
Iw

N = estimated trout population size. W = meanttmeight, | = length of the stream section, and
w = mean width of the study section.

Results and Discussion
Big Creek
The Big Creek fish abundance section is locatedypstream from the bridge crossing of Forest
Road 316E, locally known as Skookoleel Bridge.|ld~@ews have electrofished this section

annually since 1986. Throughout this area the mblais unconfined and stream gradient is less
than two percent. The substrate is dominantly leolbd large gravel. The habitat type here is
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generally riffle/run with occasional pools formeylarge woody debris. The channel is highly
unstable and major changes have occurred durimgtréagh flow events. This section is in the
lower end of the bull trout spawning reach; we Uguwdserve redds in or near this section
during annual index counts.

Over the past 13 years, estimates of Age | and dldketrout abundance in the Big Creek section
have ranged from a high of 832 during 1989 to a low of 2P+during 1997 (Table 31). During
the three-year period from 1994 through 1996, teetefishing crew did not capture enough
juvenile bull trout to calculate valid estimateBhe values reported for N in Table 31 during
those years are the total numbers of juveniletbolit captured during the first electrofishing
pass. During the years when estimates could loelleétd the average estimated abundance is
49. 4 Age | and older bull trout. Juvenile budiut density during this period of record has
ranged from 4.90 to 1.15 Age | and older bull trpet 100 r of stream surface area (Table 31).
During the ten years when estimates could be lzdtmlijuvenile bull trout density in the Big
Creek section has averaged 3.02 per 180Densities reported in Table 31 for 1994, 199 a
1996 are expansions from the numbers capturedglfirgt pass electrofishing and are
underestimates of actual densities.

This section is one of the largest of our indexaaréWetted width can be up to 12 m and
discharge can be as high as 50 cfs. The eledinofjcrew failed to obtain first pass capture
efficiencies of 0.6 or greater during six of the y@ars when actual estimates could be calculated
(Table 31). Multiple pass estimators requiringiiddal electrofishing effort were employed
during these years. This section is most diffiboiivork during high flow years due to depth in
several areas with substantial cover, undercutfaard backwater areas.

Estimated abundance and density increased frormiiait year of sampling in 1986 peaking in
1989 (Table 31, Appendix D). We observed a dewjjrirend over the next several years until in
1994 the electrofishing crew captured only fourge bull trout during the first pass. No
additional fish were observed avoiding capturehgodffort was aborted after completion of pass
one. We obtained similar results during 1995 a@@61 No estimates were possible during this
three-year period (1994-1996). We again captuséichatable numbers of juvenile bull trout
during the 1997 effort (Table 31). During the mestent sampling, abundance appeared to be
back within the range observed prior to 1994.

Coal Creek

The Coal Creek fish abundance section is locatstddiownstream from the crossing of Forest
Road 1693, locally known as Dead Horse Bridgeldrseews have electrofished this section
annually since 1982. Throughout this area the blas occasionally confined and stream
gradient is approximately 1.0 percent. The subsisadominantly cobble and large gravel. The
habitat type here is generally riffle/run with osmaal pools formed by large woody debris. The
channel is relatively stable; no major changes lwaearred during the period of record. This
section is midway in the bull trout spawning readfe have observed redds in or near this
section.
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Over the past 17 years estimates of Age | and dditrout abundance in the Dead Horse
section has ranged from a high of 1384during 1987 to a low of 38+n 1995 (Table 32).

During the past three years (1996-1998) the eléshiag crew did not capture enough juvenile
bull trout to calculate valid estimates. The valveported for N in Table 32 during these years
are the total numbers of juvenile bull trout captuduring the first electrofishing pass. During
the years when estimates could be calculated vitrag@e estimated abundance is 97. 7 Age | and
older bull trout. Juvenile bull trout density dugithis period has ranged from 11.93 to 2.60 Age
| and older bull trout per 10070f stream surface area (Table 32). During thgebts when
estimates could be calculated, juvenile bull trdensity in the Dead Horse section has averaged
6.62 per 100 f Densities reported in Table 32 for 1996-1998exansions from the numbers
captured during first pass electrofishing and ar@evestimates of actual densities.

This section is moderate in size with average wlettielths of approximately 8.0 m and
discharges of 25-35 cfs during low summer flowsonfr 1982-1988 we employed mark-
recapture estimators so no values of p are reppart@able 32. During these years we were able
to determine that the two-pass estimator averagquefcent of the mark-recapture technique.
From 1989 on, we only used two-pass techniquestndlues of N reported have been
standardized for comparison (Table 32). In Tal2etBe 1982-1988 mark-recapture estimates
were standardized by multiplying values by 68 petc®ue to the low p value in the 1991
survey, a third pass was required to produce alleliestimate.

Estimated abundance and densities remained stablgdhe initial three years of monitoring
then increased in 1985 (Table 32, Appendix D). NHers and densities peaked during 1987 then
we observed a gradual declining trend which hasimoed through the most recent sampling in
1998. No estimates were possible during the pasétyears (1996-1998) due to limited
numbers of juvenile bull trout captured. As premly mentioned, fine sediment levels in the
spawning and incubation environment have chronidaken above the recommended threshold
(Appendix B). The current level of juvenile abunde, combined with habitat conditions and
low redd numbers, creates a major concern ovefuthee of the bull trout stock inhabiting Coal
Creek.

North Fork of Coal Creek

The North Coal electrofishing section is locatest upstream from the upper bridge crossing of
Forest Road 317. Field crews have electrofishisosetction annually since 1982. Throughout
this area the channel is stable and confined Hy bamks. Stream gradient is slightly over four
percent and the substrate is dominated by largecleasizes. Boulders larger than 1.0 m are
common. The most abundant habitat type is pocketwath little woody debris present. No

bull trout spawning occurs within this general adoe&redds have been documented both up and
downstream from here.

Over the past 17 years, estimates of Age | and dldktrout abundance in the North Coal
section have ranged from a high of 42+during 1984 to a low of @tduring 1993 (Table 33).
During the past five years (1994-1998) the eletthofig crew did not capture enough juvenile
bull trout to calculate valid estimates. The valveported for N in Table 33 during these years
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are the total numbers of juvenile bull trout captuduring the first electrofishing pass. During
years when estimates could be calculated, the geestimated abundance is 29.0 Age | and
older bull trout. Juvenile bull trout density dugithis period has ranged from 4.89 to 0.63 Age |
and older bull trout per 10070f stream surface area (Table 33). During thgek2s when
estimates could be calculated, juvenile bull trdensity in the North Coal section has averaged
2.69 per 100 1 Densities reported in Table 32 for 1994-1998ex@ansions from the numbers
captured during first-pass electrofishing and ar@enestimates of actual densities.

This section is moderate in size with wetted widtipscally from 6.0-8.0 m and discharge of
approximately 25 cfs during low summer flows. Thgher gradient and large substrate size
create some difficulty but in general electrofishsgelative efficient. Once fish are stunnedit i
easy to keep them downstream from the positivdrelde. Quite a few fish are captured off the
block net in this section.

Estimated abundance and densities increased dlL®Byjand remained relatively stable
throughout the following six years (Table 33, ApgrD). A sharp decline occurred in the
early 1990s and since 1994, the field crew couldcapture enough juvenile bull trout in the
North Coal section to calculate valid estimatesbitht indices show that fine sediment in the
spawning/ incubation environment exceeded the revemided threshold level during 1988 and
1989 (Appendix B). This spawning area is seveitahketers upstream from the North Coal fish
abundance section and it is difficult to tie theld® in juvenile bull trout to conditions there.
Substrate scores in North Coal Creek have remamgdod to excellent condition since we
began monitoring them in 1984 (Appendix C).

South Fork of Coal Creek

The South Coal fish abundance section is locatpdoapnately 2.0 km upstream from the gate
on Forest Road 317. With the exception of 1988dfcrews have sampled this section annually
since 1985. Throughout this area the channelgsnfmed and stream gradient is less than three
percent. The substrate is dominated by cobbledsizaterial. The habitat type here is generally
riffle/run with low to moderate amounts of woodybde. This area was clear-cut during the late
1970s and in several locations the channel wascally straightened with heavy equipment.

This area is highly unstable and extensive bedidadement occurs during high flows. The bull
trout spawning area in South Coal Creek is sevd@heters in length and is located just
upstream from this section.

Over the past 14 years, estimates of Age | and dldkétrout abundance in the South Coal
section have ranged from a high of 82uring 1985 to a low of 2tduring 1994 (Table 34).

No estimates were possible in 1996 and again ii8 1@@ to the low number of juvenile bull

trout captured. The values reported for N in €% during these years are the total numbers of
juvenile bull trout captured during the first el@dishing pass. During the years when estimates
could be calculated, the average estimated abuadar®3.9 Age | and older bull trout. Juvenile
bull trout density during this period of record maaged from 5.91 to 0.75 Age | and older bull
trout per 100 rhof stream surface area (Table 34). During thgel2s when estimates could be
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calculated, juvenile bull trout density in the So@oal Creek section has averaged 3.03 per 100
m®. Densities reported in Table 34 for 1996 and 18@B8expansions from the numbers captured
during the first pass electrofishing and are ursterates of actual densities.

This section is moderate in size with wetted widthsn 5.0-7.0 m and discharge of
approximately 15-20 cfs during low summer flowded&ofishing is generally efficient; only
one pool with substantial cover creates some ditffaduring high flow years. Probability of
first-pass capture have generally equaled or exstktite recommended level of 0.6 assuring
valid estimates (Table 34).

Estimated abundance and densities have fluctuatee im the South Coal section than in the
other sections in the Coal Creek Drainage (Appebdix This may be due to the unstable nature
of the channel throughout this area. This insitglniésults from past land management activities
in the drainage. Despite this instability our abindices have remained at levels suggesting
adequate conditions, especially in recent yearsth Bpawning and rearing habitat indices show
that since 1994 conditions have been as good dmweobserved since we began monitoring in
1985 (Appendix B and C). The current low levejwfenile bull trout abundance in the Coal
Creek Drainage as a whole creates a major coneermtloe future of this bull trout stock.

Red M eadow Creek

The Red Meadow Creek fish abundance section isddcs the first crossing of Forest Road
115. The bridge is the center of the section wkidends 75 m up and downstream. Field
crews have electrofished this section during 1thefpast 16 years. Our initial survey was in
1983. Throughout this area the channel is occallijoconfined by steep banks and stream
gradient is approximately 2.0 percent. The subsisadominantly cobble and large gravel. The
habitat type is a combination of riffle/run and getwater. The channel is relatively stable with
moderate amounts of large woody debris. The ReatiB&re burned over this section in 1988
and we saw a substantial increase in woody deditmafing the fire. This section is located at
the downstream end of the bull trout spawning ard@ed Meadow Creek.

During the years when we surveyed Red Meadow Gestinates of Age | and older bull trout
abundance have ranged from a high of I/béluring 1983 to a low of 1&+during 1998 (Table
35). During the three year period between 19941896 the electrofishing crew did not capture
enough juvenile bull trout to calculate valid esites. The values reported for N in Table 35
during these years are the total numbers of jugdnill trout captured during the first
electrofishing pass. The average estimated nuofb®ge | and older bull trout in this section is
45.6. Juvenile bull trout density during the pdrad record has ranged from 7.50 to 1.04 Age |
and older bull trout per 1007wf stream surface area (Table 35). During thesgears when
estimates could be calculated, juvenile bull taernsity in the Red Meadow section has
averaged 3.21 per 100’mDensities reported in Table 35 for 1994, 199 2996 are
expansions from the numbers captured during teedlectrofishing pass and are underestimates
of total density.
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This section is moderate in size with wetted widihapproximately 6.0-8.0 m and discharges of
15-20 cfs during low summer flows. The electrafighcrew failed to obtain first pass capture
efficiencies of 0.6 or greater during the threeryeaiod between 1988 and 1990. Multiple pass
techniques requiring additional electrofishing effeere employed during these years (Table
35). This was largely due to the increase in wadelyris following the Red Bench fire. We did
not conduct electrofishing surveys here in 1999219r 1993 and by 1994 most of the new
woody debris was gone. We did not capture enouggnile bull trout to calculate valid
estimates in 1994, 1995, or 1996. We did not suttvis section again in 1997, but the 1998
effort showed that juvenile bull trout abundancd hebounded slightly (Table 35).

Whale Creek

The Whale Creek fish abundance section is locatgtddownstream from the confluence with
Shorty Creek. Field crews have electrofishedgbigion annually since 1981 with the
exceptions of 1982, 1984, 1985, 1988, and 19913af the past 18 years. The channel in this
area is occasionally confined and stream gradseapproximately 1.0 percent. The streambed
substrate is dominantly cobble and large gravéle fabitat type is generally riffle/run with
occasional pools formed by large woody debris.ldwhg the spring runoff of 1997 the lower
half of this section changed from a pool and tdileith large wood to a run. High flows moved
most of the wood and the pool filled in with cobfglavel. Overall this area is relatively stable
and is located at the upstream end of the bult spawning reach. Whale Creek falls is located
1.0 km upstream and blocks upstream fish migration.

Over the past 18 years estimates of Age | and dldktrout abundance in the Whale Creek
section have ranged from a high of 1343uring 1998 to 3240 during 1986 (Table 36). During
1997, the electrofishing crew did not capture emgugenile bull trout to calculate valid
estimates. The value reported for N in Table @6nd) 1997 is the total number of juvenile bull
trout captured during the first electrofishing passerage estimated abundance over the period
of record is 63.2 Age | and older bull trout (nagars). Juvenile bull trout density has ranged
from 8.51 to 2.13 Age | and older bull trout peO I of stream surface area (Table 36). Over
the 12 years when estimates were completed juvbuildérout density averaged 3.94 Age | and
older fish per 100 fm The density reported in Table 36 for 1997 iapansion from the

number captured during first pass electrofishing isran underestimate of actual density.

This section is one of the largest of our indexaareWetted widths can be up to 13.0 m and
discharge can be as high as 40 cfs. The eledtmofjcrew had trouble meeting the first pass
capture efficiency of 0.6 during several years. ItMle pass techniques requiring additional
electrofishing effort were employed during thosargg Table 36). The large pool which formed
the downstream portion of this section was extrgrdéficult to work during high flow years.
However, spring flows in 1997 washed out most efltrge woody debris and filled in cobble
and gravel making it easier to capture fish dutirgpast two years (1997 and 1998).

Estimated abundance and densities have fluctuated we began monitoring here in 1981

(Table 36). A decline occurred in 1997 which mayéiresulted from the channel change in our
section. However, the 1998 estimates are the kigirerecord to date and are encouraging.
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Habitat quality indices show that fine sedimenglevn the spawning/incubation environment
reached or exceeded recommended thresholds d@8&and 1989 but have improved since
then (Appendix B). The juvenile rearing habitatex has remained in good condition
throughout the period of record (Appendix C).

Morrison Creek

The Morrison Creek fish abundance section is latafgproximately 1.5 km upstream from the
gate on Forest Road 569 below Puzzle Creek. \Wérekception of 1981 and 1984, field crews
have sampled this area annually over a 19-yeangpé&etween 1980 and 1998. The channel
meanders through alluvial material deposited dutiegl964 flood. Gradient in this portion of
Morrison Creek is approximately five percent angl streambed and channel area are comprised
mostly of boulder/cobble substrate. Pocketwatertaais predominant with riffle/run type
scattered through the section. Active channebbrgiis occurring and in recent years low
summer flows have been split into several channtgor to 1990, there was only one area
where the channel split. Bull trout spawning hasrbdocumented in the general vicinity of this
section.

Over the past 19 years, estimates of Age | and dldktrout abundance in the Morrison Creek
section ranged from a high of 13B#uring 1987 to a low of 1@tduring 1994 (Table 37). Field
crews have captured estimatable numbers eachipearaur efforts began. Annual estimates
average 75.4 Age | and older bull trout (n=17).nfiges have ranged from 17.47 to 1.46 Age |
and older bull trout per 10070f stream surface area (Table 37). The averagsitgeluring the
period of record is 8.77 Age | and older bull trpet 100 m surface area.

This section is one of the smaller index areas wetted widths less than 5.0 m and discharge of
less than 10 cfs during low summer flows. Thidiseds easily shocked with a single backpack
electrofishing unit and we have typically obtairsgtkquate first pass capture efficiencies.
Although the braided sections take longer to warkigh, we generally have few problems
getting valid estimates in this section.

In the past, we observed high estimated numberslansities in the Morrison Creek section.
Strongest populations occurred during the 10-yedaongd between 1980 and 1989 (Table 37).
During the spawning runs in 1987 and 1988 an ugstnaigration barrier occurred at stream km
5. 5. Progeny from these years would have beenl Agd Il fish during the 1990 estimate. The
estimated number and density of juvenile bull tioutur electrofishing section at stream km
18.5 declined to extremely low levels in 1990 (EaB¥). Estimated abundance rebounded in
1991 then returned to extremely low levels agaih982 (Table 37). This pattern of high-low-
high-low continued through 1996. Estimates duthmgpast two years showed more stability but
remain low. However, 1997 and 1998 estimates igiteeh than the four lowest years following
1990 and the barrier-related decline. The bawaes removed by USFS personnel in 1992.

Our habitat index of juvenile bull trout rearingos¥s that in general this portion of Morrison

Creek has remained in good to excellent conditiaer the period of record (Appendix C). We
do not index spawning and incubation habitat quatitMorrison Creek.
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To assess overal juvenile bull trout abundancebuataries to Flathead Lake we developed
annual composite densities (Figure 71). This caitpas simply the average of all estimates of
Age | and older bull trout in the sections eleasleéd during any given year. As previously
discussed, juvenile bull trout densities are stipngrrelated with substrate scores (Weaver and
Fraley 1991, FBC 1991). Densities may also baigrfted by fine sediment levels in the
spawning/incubation environment. Composite derimtyan to decline during the late 1980s
(Figure 71). This trend coincides with the extehdeought period when both
spawning/incubation and juvenile rearing habitadldy indices showed declining trends. Our
indices suggest that habitat responded positieetijushing flows in the early 1990s, however
composite juvenile bull trout density continuediexline through 1996 (Figure 71). It is likely
that changes in the trophic dynamics of Flathedatllregan to influence bull trout abundance
during the early to mid-1990s. Bull trout spawascapement declined precipitously between
1991 and 1992 then remained stable but low foysars (see next section). During the past two
years, composite density has increased even thepahiner escapement was extremely low
during 1992-1997 (Figure 71). This suggests bstierival of these year classes due to
improving habitat conditions.

BULL TROUT REDD COUNTS
I ntroduction

A reliable census of annual spawner escapementatiable element of any fisheries
monitoring program. These data are frequently @secheasures of anticipated production in
succeeding generations. They also provide an inflexccess in regulating the fishery.
Observations during past studies indicate thatatogy fish populations in the Flathead System
consistently use the same stream sections for spgwirlathead Lake bull trout spawned in 28
percent of the 750 km of available stream habiuiateyed in 1978-1982 (Fraley and Shepard
1989). In the Swan River drainage, 75 percentldifudl trout spawning during 1983 and 1984
took place in 8.5 percent of the available halglteathe and Enk 1985). About 70 percent of
spawning in the Swan drainage during 1995, 1996,1897 occurred in portions of four
streams, which amounted to less than 10 percemtaifable stream habitat (Montana Fish,
Wildlife & Parks, Kalispell, unpublished file dataBull trout spawned in 13 of 37 streams
surveyed in the South Fork of the Flathead Rivaiméige upstream from Hungry Horse Dam
during 1993. Portions of eight of these, totalegs than 10 percent of the total habitat,
supported 80 percent of the spawning (MBTSG 199885b). Similar findings resulted from
spawning site surveys in the Kootenai and ClarlikRiver drainages (Montana Fish, Wildlife &
Parks, Kalispell, unpublished file data; MBTSG 1896996¢c). As a result of specific spawning
habitat requirements, the majority of bull trouagming is clustered in a small portion of the
available habitat, making these areas criticaluibtbout production.

Field crews annually monitor the number of spawrsitgs (redds). These counts provided
information on trends in escapement into uppembaiutaries and allowed us to choose
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sampling locations for other monitoring activitiebiming of salmonid spawning has likely
evolved in response to seasonal changes in watgetature (Bjornn and Reiser 1991).
Initiation of spawning by bull trout in the Flatltedrainage appeared to be strongly related to
water temperature, although photoperiod and stieanrthay also have been factors (Shepard et
al. 1984). Most bull trout spawn between late Astqand early November (McPhail and Murray
1979; Oliver 1979; Shepard et al. 1984; Pratt 1#6wn 1992; Ratliff 1992). Spawning in the
Flathead drainage (Fraley and Shepard 1989) ahthakenzie Creek, British Columbia
(McPhail and Murray 1979), began when daily maximuater temperatures declined to 9-10
C. Spawning takes place primarily at night (Heirh®85; Weaver and White 1985), but has
been observed during daylight hours (Needham angjhMan 1952; T. Weaver, Montana Fish,
Wildlife & Parks, personal communication; Russ Tdwy USFS Intermountain Research
Station, personal communication).

Bull trout spawning typically occurs in areas irfhced by groundwater (Allan 1980; Shepard et
al. 1984; Ratliff 1992; Fraley and Shepard 1989)ich areas tend to remain open in the Flathead
drainage during harsh winter conditions, while adjg stream sections ice over or contain
extensive accumulations of anchor ice. Recentsiny&tions in the Swan River drainage found
that bull trout spawning site selection occurredharily in stream reaches that were gaining
water from the subsurface, or in reaches immedgia@vnstream of upwelling reaches (Baxter
1997).

Reaches used by spawning adults typically havegmtgless than 2 percent (Fraley and Shepard
1989). Water depths at the upstream edges ofd¥ ref migratory bull trout in the Flathead
drainage ranged from 0.1 to 0.6 m and averagethDv8ater velocities (at 0.6 of the depth below
the surface) ranged from 0.09 to 0.61 m/s and geer@.29 m/s (Fraley et al. 1981). Similar
mean depths (0.3 m) and water velocities (0.31 at/s)igratory bull trout redds were
documented in the Swan River drainage (Kitano.e1394).

The large sizes of migratory bull trout redds aastnict spawning potential in specific locations.
Migratory bull trout redds ranged from 1.0 to #&1lin length (mean 2.1 m) in tributaries of the
North and Middle forks of the Flathead River (n=}%6&idth of these redds ranged from 0.8 to
1.5 m and averaged 1.1 m (Fraley et al. 1981). |ditgest redd observed in the Swan drainage
was about 5.1 m long and 3.3 m wide (T. Weavemtdioa Fish, Wildlife & Parks, personal
observation).

Areas in which redds are counted on a routine lzasigalled “index” areas. In some cases these
index surveys continue to an upstream barrieis ifhportant to establish upper and lower limits
of index areas. Through repeated annual indexegarwe obtain valuable trend information to
use in monitoring bull trout populations. Detentif trends will often require at least 10 years

of monitoring index areas (Rieman and Meyers 1997).

Methods

We conduct preliminary surveys to determine appab@timing for final counts. Final
inventories begin after we observed numerous caegledds, few adult fish, and little
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evidence of active spawning during the prelimingugveys. Timing of final counts is critical,
because as redds age, they lose the charactéclstamed” or “bright” appearance becoming
more difficult to identify.

Experienced field crews conduct surveys by walkirgchannel within these known spawning
areas. They visually identify redds by the presesfca pit or depression and associated tail area
of disturbed gravel. If timing is proper, identdition of redds presents little problem. We
classify redds based on the following criteria:

1. Definite - no doubt. The area is definitelye¢aned” and or pit and tail area are
recognizable. Not in an area typically cleanedtiogam hydraulics.

2. Probable - an area cleaned that may be duestms hydraulics but a pit and tail are
recognizable, or an area that does not appear blgdmas a definite pit and tail.

We call the upper boundary of the survey sectiare @@ro and keep track of paces while
walking downstream through the section. When threey/ors encounter a redd, they record its
certainty class along with its location in pacesfrthe start of the survey. Surveyors record
distinct landmarks by noting the pace number atdbation of each landmark. We include both
classes of redds in final totals, which we compameually as an index of spawner escapement.

During a basin-wide count all habitat which appesansable for bull trout spawning (as
described above) is surveyed. From this basin-sugheey, index areas can be identified for
annual surveys. Basin-wide counts were done é¥gryears.

Results And Discussion

Flathead L ake Population

Each fall field crews monitor the number of budiut spawning sites (redds) in specific stream
sections. These counts provide information omtimaber of adult bull trout successfully
spawning in upper basin tributaries. Over the fp8stears, we have monitored high density
spawning areas in four tributaries to both the Nartd Middle forks of the Flathead River. Fish
spawning in these eight index streams have migrgietteam from Flathead Lake, where they
spend their adult lives. In addition to our wonkthese annual index sections, we have
periodically surveyed all known bull trout spawniaiggas presently available to Flathead Lake
bull trout. Over the 19 years on record we havapeted basin-wide counts during seven years.
We believe that only a small percentage (<10 pejya# all bull trout spawning is unaccounted
for during years when field crews complete basidengounts.

Historically, bull trout were one of four nativelisenid species distributed throughout the
Flathead Drainage. The other native salmonidsvasgslope cutthroat trout, mountain

whitefish, and pygmy whitefish. The Flathead L&kd trout population had access to all three
forks of the Flathead as well as the other intemeated streams and rivers both above and below
the lake. The downstream extent of this rangelikaly Metaline Falls below Lake Pend

Oreille. Although bull trout had access to altlok area, their preference for colder water

176



temperatures likely restricted their distributiordanovement. For example, in larger lakes
where there is surface outflow, summer/fall tempees downstream are higher than bull trout
prefer so little movement occurs. This suggessitiigration of spawning bull trout from
Flathead Lake up into the Swan River's warmer wagtow Swan Lake was minimal even prior
to Bigfork Dam. Similar conditions occur below flaad Lake, Stillwater Lake, Whitefish
Lake, Big Salmon Lake, and many of the lakes irc@laNational Park. Recent genetic testing
has shown the fish in Swan River tributaries adeed distinct from those in the Flathead. Itis
likely that fish in Stillwater, Whitefish, Big Salom, and Glacier Park lakes are also genetically
distinct although little testing has been compldtedate in the Glacier Park lakes. These
populations are considered to be disjunct and agtored separately.

Construction of Hungry Horse Dam on the South Fdrthe Flathead River in 1953 blocked off
an estimated 38 percent of the historic bull tispawning and rearing areas available to Flathead
Lake fish (Zubik and Fraley 1987). Bull trout peefly occupying the reservoir as adults utilize
tributaries to the reservoir and the South Forkrepsn as spawning and rearing areas. No
exchange is possible with the Flathead Lake pojounlat

There are limited data on the bull trout spawnung out of Flathead Lake prior to the current
monitoring scheme. The earliest and only compardhta on the number of spawning bull trout
are from a study in the North Fork during the ed8%0s. Personnel from the MFWP operated a
two-way weir in Trail Creek during 1954. In additito stream trapping activities they also
conducted a complete redd count survey. Results this work yielded an estimate of the total
number of adult bull trout spawning in Trail Credikring 1954 of 160 fish (Block 1955).

During our initial years of redd counts in 1979 a%80 field crews attempted to set up standard
sections for annual counts. Our intent was totiflehigh density spawning areas with distinct
upper and lower boundaries. Counts in these sectiould be duplicated each year, allowing
development of an index for comparison over tirdée selected sections of four North Fork and
four Middle Fork tributary streams for our annuadeéx surveys (Table 38, Figure 72). Counts
from 1979 are not directly comparable to subseqyearts because of differences in the stream
sections surveyed, only portions of the Trail anoriison creeks index areas were counted and
Ole Creek was not surveyed at all. The total nurobeedds reported in Table 38 for 1979 is
lower than the true number, since the entire lengtipresent index areas were not surveyed in
1979.

Redd numbers reported from 1980 and beyond aretlyi@mmparable. During the 12-year
period from 1980 through 1991 the Flathead Lakexntbunt averaged 372 redds with a range
from 243 in 1991 to 600 in 1982. In comparing hioenber of spawners in Trail Creek during
this 12-year period to the 1954 estimate for T€agek, we see similar numbers. As previously
mentioned the 1954 estimate of total adult bullitia Trail Creek was 160 fish. The estimated
12-year average for Trail Creek between 1980 a®d 19174 fish. To convert our redd

numbers to total adult fish we multiplied the numbkredds observed by a factor of 3.2 (Fraley
and Shepard 1989). This coefficient was develdped trapping the spawning run in several
Flathead Basin streams over several years anchgasg&nown number of adults upstream. Then
annual redd counts were completed upstream ofteaglsite and we calculated an average of
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3.2 fish per redd.

A large decline in bull trout redd numbers occurpetiveen 1991 and 1992 (Table 38, Figure
72). Indices show this change resulted from ditama in the trophic dynamics in Flathead Lake
following establishment dilysisrelicta. Department personnel first detechysis in Flathead
Lake in 1981.Mysis densities increased exponentially through 198%ipgan 1986. It appears
that the presence Mysis enhanced Lake Superior whitefish and lake trontigal and growth.

The fish community composition and species abunelahenged dramatically from dominance
by kokanee, bull trout, and westslope cutthroatttrto dominance by these introduced gamefish
(see Flathead Lake gill-net section of this repo&ince 1992, the Flathead Lake index count has
averaged 129 redds ranging from a low of 83 in 1189 high of 187 in 1998. This represents a
reduction by approximately 65 percent from the @anperiod from 1980-1991 (Table 38 and
Figure 72). The North Fork index counts appedraee declined to a greater degree than Middle
Fork streams (Table 38). During the 12 ptgsis years, North Fork index streams averaged 231
redds or 62 percent of the total Flathead Lakexradeint. PosMysis counts show closer to a
50:50 split between North and Middle fork indeXtriaries (Table 38).

We completed the 1997 bull trout redd counts inthand Middle fork index areas between
September 25 and November 1, under optimal comditidased on the number of redds
observed, the 1997 spawning run out of Flatheae lagjain appeared below the numbers
observed in the 1980s (Table 38 and Figure 72)s Wwhs the sixth consecutive year field crews
reported low but relatively stable redd numbergsjiite the apparent stability during the past six
years, the low number of redds observed creatececorover persistence of the Flathead Lake
bull trout population.

Crews completed the 1998 bull trout redd counteys\between September 17 and October 12,
under optimal conditions. In the four North Fonklex areas, we counted 101 redds, the highest
count since the 1991 survey (Table 38). Similariythe four Middle Fork index areas, we
counted 86 redds, the highest since 1991 (Table BB)s, the combined count of 187 redds in
the eight index areas was the highest in the éagrsyears. Although the increased count
appeared encouraging for bull trout persistenddathead Lake, the combined count is 50
percent of the 12-year (1980-1991) average (372).

Surveyors have documented bull trout spawning itriBQtaries in the Flathead basin (Table
39). During the seven years when we completedhbagle counts an average of 52 percent of
all spawning occurred in 14 Middle Fork tributar{@sanual range: 42 percent - 67 percent) while
16 North Fork streams supported an average of d&peof the total Flathead Lake spawning
run (annual range: 33 percent - 61 percent). Qdmeadian portion of the North Fork on average
supports 17 percent of the Flathead run (annuglerad percent - 24 percent) in seven streams.
Observed redd numbers have ranged from a highl661n 1982 to a low of 236 in 1997 (Table
39).

When comparing our annual index counts with theénbsasde counts during the seven years on
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record we see that our annual index has ranged3fto 52 percent of the basin-wide number
(Table 40). These data show an average of 45 mestall Flathead Lake bull trout spawn in

the eight stream sections in which we conduct anual redd count surveys. It appears that the
annual index counts accurately reflect basin-wideds. However, basin-wide counts should be
completed at least once every five years to askatdhe index counts remain adequate.

Table 40. Basin-wide bull trout redd numbers compared with the number of redds
observed in the stream sections (North and Middle fork tributaries) where
annual monitoring occurs (index areas).

1980 1981 1982 1986 1991 1992 1997

Basin-wide Redd 564 705 1,156 850 624 291 236
Numbers

Redd Numbers 272 300 600 351 243 123 114
in Index Areas

% of Redds in 48.2 42.6 51.9 41.3 38.9 42.3 48.3
Index Areas

_ =45% of all redds were in index areas
Range: 39% - 52% (n = 7 years)

The actual proportion of the adult bull trout pagdidn in Flathead Lake which spawns in any
given year is unknown. This number is likely vateover time. The question is further
complicated by the fact that we know some matugte $pawn every year while others spawn
every other year. We also have evidence of fisithvimay only spawn one out of every three
years. Redd count surveys provides a relative @dmoe index for spawner escapement and over
an extended timeframe allows management agencassss trends and changes in the status of
populations.

In summarizing the information available it appethist between 1980 and 1991 total estimated
bull trout spawner escapement fluctuated betwe@d02and 4,000 fish. Limited information
from the early 1950s suggests similar numbers avaprs at that time. We do not know
whether the population was depressed prior todhlg #950s. Perturbations likely occurred as
the spawning and rearing areas in the upper basia developed and became more accessible.
Both legal and illegal harvest influenced the nundfespawning fish. In 1981, a Flathead River
creel survey estimated that 41 percent of the ddiltrout in the spawning run were harvested
by anglers (Fredenberg and Graham 1983). Credklivere reduced in response (Appendix A).
Construction of Hungry Horse Dam on the South Hddcked 38 percent of the population’s
historic habitat (Zubik and Fraley 1987). Humampylation growth continues in the basin with
associated pressures on the bull trout populatioinita habitat. A significant decline in redd
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numbers occurred during the early 1990s due toadilbe of the trophic dynamics in Flathead
Lake. From 1992 to 1997, the number of bull tnealds remained relatively stable (six years),
but this level was approximately 70 percent belogvdaverage during the preceding 12-year
period (1980-1991). Our 1998 count showed an emaging increase over the previous six years
but was still 50 percent below its pkéysis levels. The mechanisms causing the decline dre no
completely clear and there remains considerablertenaty about bull trout ecology and trophic
interactions in Flathead Lake.

There are separate bull trout populations occupghedgSwan and South Fork Flathead drainages
which are presently stable or increasing. Theseatso 27 disjunct bull trout populations in the
Flathead Basin. Little is known about some of ¢hggpulations. We recommend continuing the
monitoring program. It provides the longest teratadset on bull trout population status
available anywhere. Annual index counts adequaédlgct basin-wide trends in bull trout redd
numbers, but basin-wide counts should be compktedy five years. Future efforts should
focus on the inter-specific interactions and overablogy of Flathead Lake and the lower main
stem Flathead River. Determination of populatiengjic structure and status of the numerous
disjunct bull trout assemblages in the FlatheadrBsisould be a high priority in future work.

South Fork of Flathead River Populations (Hungry Hor se Reservoir):

From 1993 to 1998, we have monitored high dengiggsing areas in four Hungry Horse
Reservoir tributaries. In addition, from 1993-9& monitored four tributaries to the upper South
Fork of the Flathead River upstream. Fish spawmrtgese eight streams have migrated from
Hungry Horse Reservoir, where they spend theirtdidels. In addition to our work in these
annual index sections, we surveyed all spawningtdizdovailable to Hungry Horse Reservoir

bull trout during 1993.

Bull trout in the South Fork Flathead Drainage weaiet of the Flathead Lake population prior to
construction of Hungry Horse Dam in 1953. Thisydapon had access to all three forks of the
Flathead as well as the other interconnected st rivers both above and below Flathead
Lake. Construction of Hungry Horse Dam blockedarffestimated 38 percent of the historic
bull trout spawning and rearing areas availableléthead Lake fish (Zubic and Fraley 1987).
Bull trout which were trapped upstream from the deawe developed into the existing
population. Subadults reach sexual maturity areltheir adult lives in the reservoir. Spawning
takes place in tributaries to the reservoir anthéoriver upstream from the reservoir. Juvenile
bull trout rear one to four years in natal tribigarprior to moving downstream into the reservoir
becoming subadults.

Within the South Fork basin there are two lakeg, &&lmon and Doctor lakes, which support
bull trout populations that appear to be self-rdpng and functionally isolated from the
reservoir population. These populations are camsitito be disjunct. Little is known about the
Doctor Lake population. In Big Salmon, fish coplalss downstream into the South Fork and the
reservoir, but water temperatures below the oofl®&g Salmon Lake during late summer are
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much warmer than preferred by bull trout and likeilscourage upstream movement of spawners
from the reservoir during this period.

During 1993, field crews conducted spawning siteemtories in the South Fork Drainage for the
first time. This initial effort was a basin-wideunt where we surveyed all tributaries where bull
trout spawning was suspected based on past aggpasts and review of information obtained
from the public. In total, we surveyed six resertobutaries and 28 streams in the upper South
Fork Drainage. Our main goal was to obtain basehiformation and identify key spawning
areas for annual monitoring in future years.

Field crews counted 64 redds in the tributariegndrg directly into Hungry Horse Reservoir
(Table 41). Wounded Buck, Wheeler, Sullivan, andng@nkin creeks were identified as our
four annual index streams. We observed 274 radtigoutaries to the South Fork of the
Flathead River upstream from the reservoir. Li&@mon, Gordon, and Youngs creeks along
with the White River were identified as the annuainitoring streams in the upper basin. Field
crews documented bull trout spawning in 13 streamespbserved no bull trout spawning in 21
of the 34 tributaries surveyed during 1993 (Taldlg 4

Based on our limited South Fork data set the anndak sections supported 85 percent of all
bull trout spawning during the single year whenitbagde counts were completed. As more
information becomes available we may choose tesesssour annual index area selection in
order to obtain the most information for our eféorfThe 1997 counts are likely to be the last year
for continuous annual survey of the four uppermasiex streams (Table 42). This is due to the
time required and logistical problems which acconypsurvey work in a remote backcountry
setting. Backcountry surveys will most likely ocan a three to five year basis. This should not
be a problem since most of the South Fork draimageotected in a wilderness area.

Table 42. Summary of South Fork Flathead bull trout spawning site inventories from
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1993-1998 in the annual index sections.

Reservoir Tributaries Upper River Tributaries

1993 1994 1995 1996 1997 1998 1993 1994 1995 1996 1997
Wounded 22 29 34 41 14 5 | Youngs 40 24 34 74 43
Buck
Wheeler 12 10 1 3 1 4 | Gordon 35 44 46 58 30
Sullivan 25 8 -- 52 50 54 | White River 39 60 45 86 31
Quintonkin 5 3 7 4 0 11 | Little Salmon 56 47 43 134 100
Totals 64 50 42 100 65 74 | Totals 170 175 168 353 204

We completed the 1998 bull trout redd counts inSbath Fork Drainage between September 15
and October 10, under optimal conditions. Basethemumber of redds observed in the annual
index sections, the 1998 spawning run out of Hultpyse Reservoir was above average (Table
43 and Figure 73).

Spawning seemed to be more concentrated in 1997%8®ithan during past years. For
example, Sullivan Creek supported 70 to 80 perokall bull trout spawning in the reservoir
index tributaries. In 1997, the other three resiemndex areas equaled or set new record low
counts ranging from 56 to 100 percent below theagyenumber of redds observed over the
preceding four years (Table 42). The number afisembserved in Sullivan Creek during 1997
and 1998 was much greater than in previous ydar§997, counts in two of the upper basin
index areas, Gordon Creek and White River, werercelows. Conversely, counts in Little
Salmon Creek was 43 percent above the previousyBars’ average, while counts in Youngs
Creek were average.

Data are only available from five years, makingHar interpretations impossible. However, it
appeared that redd numbers in the reservoir indetxams fluctuated to a greater degree than
they did in upper basin index streams. Over tit@irfour years of redd counts, field crews
observed an average of 280 bull trout redds iraoaual monitoring sections. The 1997 total of
269 is 4 percent below this average figure (TaBle 4

In light of the U. S. Fish and Wildlife Servicsting of bull trout under the Endangered Species
Act, it becomes necessary to expand our redd atatatset to estimate the size of the adult
population in Hungry Horse Reservoir. The follog/icalculations are provided to illustrate the
average number of adult bull trout present in #s2rvoir during the time period for which redd
count data are available. The numbers generagedodrto be considered as statistically valid
population estimates; no confidence intervals apgiged. We make a number of assumptions
during calculations based on survey data from tath€ad System.

During our five year period of record we have ofsedran average of 278 redds in the annual
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index sections. We will use 280 as our startingipior the following exercise. The first
assumption required to extend redd count datatéb aoult numbers is to adjust for the
difference between redd numbers in the index sestersus redd numbers basin-wide. From
the 1993 basin-wide count we estimated that 85gmémf all spawning occurred in the index
areas so we increase our average index count db2&6 percent obtaining 322. We then
assume that 10 percent of all spawning remainsamtdied during basin-wide counts so an
additional 32 redds are included bringing the ttde&854. To convert estimated redd numbers to
total adult fish we multiply the number of reddsadfactor of 3.2. This coefficient was
developed from trapping spawning runs in severahi€lad Basin streams over several years and
passing a known number of adults upstream. Thaghceunts were completed upstream from
each trap site and we calculated an average disB.per redd. This conversion results in an
estimate of 1,133 bull trout in the average spagmum during the past five years.

Next, to address the question of what proportiothefadult population spawns during any given
year, we made another assumption. We assumebahaif the adult bull trout spawn in any
given year. To obtain an estimate of the averageber of adult bull trout in Hungry Horse
Reservoir during each of the last five years wepyrdouble our estimate of potential spawner
escapement which produces a value of 2,266 fish.

In summarizing the available information, it apetrat between 1993 and 1997, estimated
spawner escapement ranged from about 1,000 to AdidObull trout. The total adult
population in Hungry Horse Reservoir was likely diguthis number. We do not know whether
this was typical during the years from impoundntenbugh 1993. Catch in sinking gill nets set
during fall in similar locations have ranged betwé&®&o and six fish per net. Netting has been
conducted since 1958 and catch during recent ygmosars to be some of the highest recorded
during this 38-year period (see Hungry Horse Gél [Surveys in this report). This suggests a
relatively stable population similar to currentiestted levels.
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Appendix B

Substrate Scoring

Results of annual substrate scoring for individual
stream sections providing juvenile bull trout rearing
for the Flathead L ake population. Thebold line at
the score of 10. O indicatesthe level below which
rearing capacity becomesthreatened (FBC 1991).
At scoreslessthan 9. O rearing capacity isimpaired.
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Appendix C

Streambed Coring

Results of annual hollow core samplingin
individual bull trout spawning areasfor the
Flathead L ake population from 1981-1997.

Thebold line at 35 percent lessthan 6. 35 mm
indicatesthelevel above which embryo survival to
emergenceisthreatened (FBC 1991). At over
40 percent lessthan 6. 35 mm, survival isimpaired.
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Appendix D

Juvenile Bull Trout Density Estimates

Densitiesof Agel and older bull trout calculated
from annual electrofishingin rearing areas
for the Flathead L ake population from 1980-1998.



Appendix A

Changesin fishing regulations
for selected fish speciesin Flathead L ake.



Table A1l. Changes in fishing regulations for daidg limits for lake trout in Flathead Lake and
River system.

Year Lake River Comment

Pre 1959 15 fish, not to exceed 10 Ibs. and fish Same

1959 10 fish, not to exceed 10 Ibs. and 1 Same 1962 harvest: 1,243
fish
1982 1 5 Mysis appear 1981; lake trout harvest:
3,600
1983 1 5

1984 2 (or 1 lake trout and 1 bull trout) 5, only 1 >14"

1985 2 (or 1 lake trout and 1 bull trout) 5, only 1 >14" Mysis peak

1986 5 lake trout, only 1 >28" 5, only 1 >14" Kokanee crashing

1988 5 lake trout, only 1 >28" 5, only 1 >14"

1990 7,only 1 >26" 5, only 1 >14" Lake trout show up in River
1992 10 <26" or 9 <26" and 1 >36" Same as Lake | Lake trout harvest: 21,656
1994 10 <30" or 9 <30" and 1 >36" Same as Lake

1996 15 <30" and 1 >36" Same as Lake

1998 15 <30" and 1 >36" Same as Lake
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Table A2. Changes in fishing regulations for déifg limits for bull trout in Flathead Lake
and River system.

Year Lake River Comment

1953 First spawning tributaries
closed (Big, Coal, Whale, Trai
creeks)

Pre | 15 fish, not to exceed 10 Ibs.  Same as Lakg 18" minimum length

1959 | and 1 fish

1959 | 10 fish, not to exceed 10 Ibs. Same as Laks

and 1 fish

1962 More spawning tributaries
closed (Granite, Morrison,
Lodgepole, Long creeks)

1972 More spawning tributaries
closed (Ole, Park, Nyack, Muif
creeks)

1982 | 1; 18" minimum length Same as Lakg

1985 |1 Same as Lakg No minimum size

1988 |1 Same as Lake

1990 |1 Same as lake| Bull trout given separate limit
from general trout; illegal to
possess a live bull trout (high
grade)

1992 |1 Closed Emergency closures on river
system

1993 | Closed Closed All bull trout fishing closed
except Hungry Horse Reservojr
and Swan Lake

1996 | Closed Closed Bull trout fishing in Hungry
Horse Reservoir closed
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Table A3. Changes in fishing regulations for daiag limits for westslope cutthroat trout in
the Flathead Lake and River system.
Year Lake River Comment
Pre 1982| 10 fish, not to exceed 10 Ibs. and1 Same
fish

1982 |5 5

1984 5 5, only 1 >14"

1990 2 5, only 1 >14" North Fork 5 <12" or 4 <12" and 1
>20"

1994 2, only 1 >14" 2,only 1 >14" North Fork same as River

1998 Catch and release Catch and

release
Table A4. Changes in fishing regulations for déihg limits for kokanee in the Flathead
Lake and River system.
Year Lake River Comment
Pre 1982| 35 35 Number that would fit in a smoker

1982 | 20 20

1983 10 10

1985 10 5 Snagging closed

1986 10 5 River lure fishery develops

1988 10 (5/1 - 11/30) Closed

1994 Closed Closed

1996 5 (3rd Sat. in May - Sept. 15) Closed

1998 Standard limit (20) Standard limit (20)| Salmon recovery halted, special
regulations dropped, snagging still
closed
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