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EXECUTIVE SUMMARY

This study is part of the Northwest Power Planning Council's
resident fish and wildlife plan, which is responsible for mtigat-
ing damages to fish and wildlife resources caused by hydroelectric
devel opment in the Colunbia R ver basin. The major goal of this
study was to provide estimates of fishery |osses to the Flathead
systemas a result of the conpletion of Hungry Horse Damand to
propose mtigation alternatives for enhancing the fishery.

Hungry Horse Reservoir (HHR) flooded approximately 57 km of
the South Fork of the Flathead River and portions of 37 tributary
streans with potential use for salnonids. Additionally, the dam
bl ocked access to about 38 percent of the total dralna%e area
f%?ilable for spawni ng sal noni ds mgrating upstreamfromF at head

ake.

A total of 69 kmof potential cutthroat tributary habitat was
inundated by Hungry Horse Reservoir. Using stream order and
gradient as indices of cutthroat densities, we estimated that
potential habitat which would support an average of about 21,000
cutthroat juveniles was lost in these tributary streams. Based on
the gradients of the streans inundated, we calculated that 89
percent of these fish were adfluvials destined for Flathead Lake
and the rest resident tributary fish.

Based on popul ation estimates fromthe river above HHR we
cal culated that potential habitat for about 12,000 juvenile
cutthroat was |ost when the South Fork Flathead River was
I nundated. These fish were also adfluvials destined for Flathead
Lake. Access to tributary habitat that would support approxi-
mately 165,500 adfluvial cutthroat juveniles was lost in the upper
South Fork when the damwas conpl eted. Based on migration rates
for the Kootenai system we calculated that about 65,500 adfluvia
juvenile cutthroat were lost to Flathead Lake annually fromthe
river and tributary system Based on spawning gravel surveys and
spawner escapenent estimtes from Hungry Horse Creek, potentia
recruitment of about 2,350 cutthroat Juveniles were lost to the
reservoir population if all problemroad culverts identified were
conplete mgration barriers.

By conparing spawni ng escapenent estimtes and drainage areas
for the North and Mddl e Forks of the Flathead River, potentia
habitat for about 2,100 adult bull trout was |ost to Flathead Lake
annual Iy from bl ocked access to the South Fork due to dam
construction.

~ Construction of Hungry Horse Dam had the greatest adverse
inpacts on cutthroat and bull trout fromFlathead Lake and mti-
gative nmeasures should be taken to offset these |osses, if
b[ologlcaI!Y and econonicalty feasible. Also, other |osses to
fish and wildlife have been documented in the Flathead basin due
to hydroelectric facilities and their operation, Sone of these



research projects will not be conpleted until 1989, when mtiga-
tion wll be recomended using a basin-w de approach Since HIR
Is at the headwaters of the Colunbia system mtigative neasures
may al so affect downstream projects. Therefore, we presented an
array of possible mtigation alternatives for consideration by
deci si on-nmakers, with su ?estions on the ones we feel are the nost
cost effective. Possible mtigation neasures included: (1) a
feasibilit%/nnnitoring study to determne if the Bigfork fish
| adder can be operated and maintained to pass fish upstream during
all seasons and if the Swan drainage can significantly contribute
to natural reproduction for Flathead Lake, (2) inprove fish
passage at barrier road culverts, (3) various stocking strategies
using hatchery plants, (4) operation of Hungry Horse Damto
benefit game fish in the reservoir, (5) rehabilitation of spawning
and rearing habitat in previously degraded Flathead basin
tributaries, and (6) construction, operation and maintenance of
spawni ng channel s to enhance production. Mnitoring should be
initiated to determne the effectiveness of mtigation nmeasures
i npl enented and ensure a successful program
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INTRODOCTION

The Pacific Northwest Electric Power Planning and Conservation
Act passed in 1980 by Congress has provided a mechani sm which
Integrates and provides for stable energy planning in the Pacific
Northwest. The Act created the Northwest Power Pl anning Council
and directed it to "pronptly develop and adopt. . . a {Jrogramto
Protect, mtigate, and enhance fish and wildlife, including re-
atgd spawni ng grounds and habitat on the Colunbia River and its
tributaries.”

Section 804(b)(4) of the Colunbia River Basin Fish and
Wldlife Program calls for the design, construction, operation and
mai ntenance of mtigation projects in the Flathead R ver-Lake
system to supplement natural propagation of fish as mtigation for
habitat loss in the South Fork and Fl athead River caused by con-
struction and operationof Hungry Horse Dam and Reservoir. The
measure also calls for this study to determne |evels of
production necessary to mtigate the effects of the hydroelectric
system

Construction of Hungry Horse Dam flooded approximtely 57 km
of the South Fork of the Flathead River (South Fork) and about 69
kmof 37 tributary streams with potential for salmonid use. The
dam al so bl ocked access to 38 percent of the drainage area
avail abl e to spawning sal nonids mgrati ng upst ream from H at head
Lake. Isolation of magratory salnmonids including westslope
cutthroat (Salno clarki lewsi), bull trout (Salvelinus
confluentus) and mountal n whitefish (Prosopiumw|liansoni.) from
Fl athead Lake was not mtigated by the creation of new | ake
habitat in Hungry Horse Reservoir (HHR). The reservoir captured
fish destined for Flathead Lake and stopped recruitment fromthe
South Fork to the Flathead Lake-River system Spawning, juvenile
trout rearing and resident fish habitat in the flooded portions of
tributaries and the river was lost. The amount of potential
sal noni d habitat and nunbers of fish |ost was not quantified.

This study was initiated in August, 1985, to provide estimtes
of fishery [osses in the South Fork of the Flathead River and its
tributaries as a result of the conpletion of Hungry Horse Reser-
voir and to propose mtigation alternatives for enhancing the
Fl athead systemf| shery. The study was conducted with the fol | ow
ing major objectives:

1. Assess the quality and quantity of game fish habitat lost
in the South Fork and its tributaries flooded by the
[eservoir.

2. Estimate gane fish |osses:

a.  Populations that inhabited the river and tributaries
before inundation.



b. Adfluvial fish losses due to dam construction.

ldentify present fish passage problens, such as road
cul verts between Hungry Horse Reservoir and its tribu-

taries.

Propose alternatives to mtigate for |lost game fish pro-
duction, and determne the nost desirable cost-effective

measures.



STUDY AREA

BACKGROUND

Hungry Horse Dam was constructed on the South Fork 8 km
upstreamfromits confluence with the main stemof the Flathead
River (Figure 1). This multipurpose project is situated at the
headwat ers of the Col unbia basin power generating systemand is
utilized for both on-site power generation, water storage for
downst ream power generation, flood control and irrigation. Water
rel eased from HHR passes throu?h an additional 19 hydroel ectric
projects on its way to the Pacitic Ccean. The damis maintained
and operated by the Bureau of Reclamation.

Construction of Hungry Horse Dam was authorized by Congress in
1944 under Public Law 329 (58 Stat. 270) primarily in response to
a wartinme need for power. The pool area was cleared under a
series of logging and clearing contracts initiated during My,
1947; all clearing was conpleted by Septenber, 1952. Approxi mate-
ly 90 mllion board-feet was renoved fromthe pool area.
Construction of the dam began in 1948 and water storage was
initiated in 1951. The damwas conpleted in July, 1953 and the
reservoir reached full pool in 1954, Today, the reservoir is 56
kmlong and covers 9,632 ha at full pool. The damlies at the
foot of the 4,403 km= South Fork drainage basin. No fish passage
structures were installed in the damand consequent|y access to
approximtely 38 percent of the total drainage area available for
spawni ng sal nonids nmigrating upstream from Fl athead Lake was
permanently bl ocked (Figure 2).

The upper South Fork originates at the junction of Danaher and
Young's creeks and flows in a northerly direction for 95 km before
entering Hungry Horse Reservoir. The average annual discharge into
the reservoir (1964 to 1980) was 2,301 cfs with a maximm
di scharge of 30,200 and a minimum of 127 cfs. The upper 66 km
lies entirely within the Bob Marshall WIderness Area. The upper
84 kmof the South Fork fromits headwaters to the Spotted Bear
River is classified a Wld River under the National WId and
Scenic Rivers Act of 1976 and downstreamto HHR the South Fork is
classified a Recreational River. Lands within the drainage are
adm ni stered by the U S. Forest Service as ﬁart of the Flathead
National Forest, including portions of the Hungry Horse and
Spotted Hear Ranger Districts

FISH SPECIES
Historic Status
Very little data are available concerning the South Fork and

the reservoir fishery before 1958. Prior to construction of
Hungry Horse Dam the South Fork drainage was considered the major
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spawni ng area for adfluvial fish stocks fromFlathead Lake. Sub-
stantial nunbers of bull trout and westslope cutthroat trout
spawned in the South Fork draina?e along with smaller nunmbers of
mountain whitefish and kokanee salmon (Oncorhynchus nerka). Native
fish species in the South Fork drainage prior to dam construction
included westslope cutthroat, bull trout, nmountain whitefish,
pygny whitefish (Pr osopi um coul teri) nort hern squawf i sh (Hycho
chei | us oreqonensis), |argescal e sucker (Catostomus nmacrochei | es),
| ongnose sucker (Catostonus catostonus), and scul pins (Cbttus
sp.). The fish species presently |nhab|t|ng the reservoir are
native and non-native riverine and mgratory fish from Fl at head
Lake trapped behind Hungry Horse Dam when it inpounded the South
Fork. The two major game fish species in the reservoir and river
are westslope cutthroat and bull trout, both classified as a
SBeC|es of Special Concern in Mntana because of declines in
undance and distribution statewide. Exotic species which
i nclude yel | owstone cutthroat (Salnmo O arki bouvieri), rainbow
trout (Salno gairdneri) and art|c ayI|ng (Thynal | us arcti cus)
are present in the reservoir, rarely collected. Pure
west sl ope cutthroat are found in the Sout h Fork Ri ver above the
[eservoir.

Life History

Three distinct life history patterns of westslope cutthroat
commonl y occur throughout their native range (Behnke 1979%
Juvenile adfluvial cutthroat spend one to three years in the
tributaries before emgrating to HHR.  They generally reside in
the reservoir for onetothree years, mature and returntotheir
natal streamin June and July to spawn and conplete the life

cycle.  Some repeat spawners have been found, but nost are

al ternate-year spawners Fluvial westslope cutthroat trout are
found inthe min stemof the South Fork. These fish have a life
cycle simlar to the adfluvial strain, except that they grow and
mature in a large river rather than a lake or reservoir. The
resident strain of westslope cutthroat trout conpletes its entire
life cycle in small headwater streanms. Residents seldom reach
total lengths greater than 200 nm whereas fluvial and adfl uvial
ﬁﬁﬁfhroat trout attain lengths up to 400-450 nm (Shepard et a

Bull trout populations also exhibit the adfluvial, fluvial and
resident patterns. Bull trout in the South Fork dra|nage are
primarily adfluvial and mgrate fromHR to spawn in tributary
streans. Repeat and alternate-year spawners have been found.
They are fall spawners and eggs hatch in March conpared to July
and August for cutthroat trout. Bull trout |ive |onger, grow
| arger and are nuch nore piscivorousthan cutthroat, Adf 1 uvi a
bFII Bgogt from HHR have attained lengths up to 700 nn1(Shepard et
al. 1984).



PHYSICAL CHARACTERISTICS

‘Nutrient-poor and transparent water are characteristic of the
dra|n%3$ because the area is underlain by Precanbrian sedinentary
rock which is frequently deficient in carbonates and nutrients.
The geonorphic processes that shaped the area include alpine and
continental glaciation as well as fluvial and gravitational
Pr%%esses associated with stream dissection and structural

aul ting

Vegetation consists nostly of coniferous trees and includes
warm dry sites with ponderosa pine and douglas-fir communities at
| ower elevations; cool, noist sites with grand fir and western red
cedar communities at noderate el evations; and cold, alpine sites
with alpine fir, white bark pine and small remants of al pine
larch communities at the higher elevations.

El evation ranges from 3,560 ft at the reservoir during ful
pool to nountain peaks over 10,000 feet high. Precipitation
ranges from about 30 inches annually around the reservoir to nmore
than 90 inches on the higher mountain ridgetops. The wider
val leys of the upper South Fork and the "rainshadow effect" of the
Mssion Muntain range result in progressively drier climtes
moving upriver from the reservoir.



METHODS

LOSSES DUE TO DAM CONSTRUCTION

Predicting | osses due to dam construction which occurred over
30 years ago is extremely difficult, especially with essentially
no pre-inpoundment data. Blockage of adfluvial fish mgration from
Flathead Lake is simlar to that of anadromous fish in the | ower
Col unbia River basin, where researchers have used two basic
approaches to docunent |ost production (Northwest Power Pl anning
Counci | 1985):

1) Habitat-based nethods which rely on known relationships
between habitat and production;

2)  Biologically-based methods which rely on escapenent.

W\ chose a habitat-based approach to estimate fishery |osses
because the Mntana Department Fish, Wldlife and Parks (NMFWP)
has collected extensive habitat information and related it to
cutthroat and bull trout populations. Qur approach was based on
sound biological principles, the best information possible and
large data sets. \Werever practical, nore than one nethod was
used to conpare estimates. W averaged these nethods for the
final estimtes. Confidence intervals, where included, are at the
95 percent |evel

Cutthroat trout are spring spawners and adults are difficult
to trap effectively due to high streamflows. Therefore, conplete
estimtes of spawning runs are often inpossible to obtain. Fraley
and G aham (1981) devel oped a habitat nodel to predict the
abundance of Age | and ol der cutthroat and juvenile bull trout.
This nodel used neasures of trout cover, substrate size and stream
order, W attenpted to estimate cover prior to inundation from
1945 National Archives aerial photographs (1:22,500). Unfortunate-
|y, the resolution was not great enough to detect differences in
cover types. Mstofthe study area was either under water or in
the Bob Marshall W/l derness conpl ex where extensive field surveys
were inpractical. Because of these circunstances, we divided
tributary streams into reaches based on stream order and gradient.
Reach |engths were neasured from USGS 7.5 m nute topographic naps
with a Numonic 2,400 digitablet, and are on file in the MDFWP
Special Projects office.

Cutthroat in Tributaries

In order to estimate juvenile cutthroat trout |losses due to
inundation, we electrofished 10 representative tributary reaches
and used seven other tributary estimtes collected by May and
Zubi k (1985) fromHHR W used the two-catch nethod and the



Petersen mark-recapture technique for streams |less and greater
than 20 cfs, respectively (Shepard and G aham 1983h) to estimate
age I, Il, and I'll fish greater than 75 mm W conbined these
data with cutthroat estimates and habitat data collected from 152
tributary reaches fromthe North, Mddle and Upper South Forks of
the Flathead River (Mntana Departnent of Fish, Wldlife and
Parks, 1982a and 1982b). These conbi ned data were then divi ded
into stream order and gradient categories based on simlar density
estimates. An estimated cutthroat juvenile rearing potential |0ss
was cal cul ated by reach based on its density estinmate for that
stream order and gradient category and multiplied by the length of
the reach. The estimated |osses were summed by reach to predict
the total potential juvenile cutthroat rearing [oss

Vi al so used another nethod to calculate juvenile cutthroat
| osses whereby all tributary reach population estinmates were
summed and averaged. This mean was nultiplied by the total [ength
of tributary reaches lost. Assunptions used for both of these
predictions were:

1. Streamreaches sanpled were at carrying capacity for
juvenile cutthroat.

2. South Fork streams of simlar gradient and stream order
supported simlar numbers of juvenile cutthroat as North
Mddle and South Fork streams surveyed from 1979-1982

3. First order streams were too small, steep, and/or
intermttent to support cutthroat.

4, Rearing capacity can be roughly estimated from inportant
stream habitat characteristics (i.e. stream order and
gradient).

5. W assumed that prior to dam construction the |arger
nmore dom nant adfluvial cutthroat spawned in the pre-
ferred habitats (less than six percent gradient) and that
resident fish spawned in habitat with a gradient of six
percent or greater.

6. To determne natural barriers to fish mgration, we used
hel i copter survey information (Mntana Department of
Fish, Wldlife and Parks, 1982a and 1982b). Also, we
interviewed |ong-tine personnel fromthe USFS, outfit-
ters, guides an trapdpers. Aaserude and O sborn (1985)
felt that adult inland cutthroat could not junmp vertica
heights greater than four feet and we used this as a
cutoff for adfluvial cutthroat mgration barriers.



Cutthroat in the Main River

In order to determne the number of cutthroat lost in the main
river due to inundation we made a snorkel-Petersen estimate in the
Harrison section of the South Fork above HHR (Zubi k and Fral ey,
in press) and in the Wale Creek section of the North Fork. (The
snorkel - Petersen nethod was derived and tested as part of this
study and accepted with revision by the North Anmerican Journal of
Fi sheries Managenent). W applied the estimate to t he total
length of river inundated and made the follow ng assunptions

1. The Harrison and Whale Creek sections were simlar to
reaches of the South Fork inundated by HHR

2. The reaches that we sanpled were at carrying capacity.

Bul | Trout

To estimate bull trout losses in the South Fork drainage, we
took the 1980, 1981, 1982 and 1986 adult bull trout escapenent
estimates for the North and Mddle Fork basins (Fraley and Shepard
1986, unpublished manuscript). W then calculated a potentia
bull trout run up the South Fork based on a percentage of the
drai nage area that the South Fork conprised versus the tota
Fl athead basin drainage area. W assuned that drainage area was
proportionalto bull trout escapenent and that North and Mddle
Fork spawning and rearing habitat was simlar to that in the South
Fork.

ROAD CULVERTS

Road culverts that were possible fish mgrationbarriersto
reservoir tributaries were monitored by May and Zubik (19851, May
and Fraley (1986) and May and Fraley (in press). Stream habitat
surveys were al so conducted on Hungry Horse tributaries during
this time period. W averaged spawning cutthroat estimates for
Hungry Horse Creek éhhy and Zubi k 1985) which were calculated from
trapping data. W divided this nunber into the potential spawning
gravel above the trap site to calculate the area of spawning

ravel per adult. W then divided the area of spawning gravel
ost above the road culvert by this factor to calculate the
potential number of spawning adults lost. W nade the follow ng
assunpti ons:

1. Sﬁamning ravel in other HRR tributaries was simlar to
that found in Hungry Horse Creek.

2. Hungry Horse Creek spawning potential was at or near
carrying capacity.

10



RESULTS
I0SSES DUE TO DAM CONSTRUCTION
Cutthroat in Tributaries

Juvenile cutthroat density estimates in North, Mddle and
south  Fork tributaries were highly variabl e (Appendi x Tabl e A).
Stream order and gradient alone did not explain differences in
juvenil cutthroat populations. In certain instances, estinates
varied by a factor of 10 for the same stream order and gradient.
W did find a general trend with [ow nunbers of cutthroat in very
| ow gradient reaches, high nunbers in mddle gradient reaches and
| ow nunbers in high gradient reaches for each stream order (Figure
3). As aresult, we used two approaches to cal culate and conpare
cutthroat juvenile losses. The first involved separating the 169
tributary reaches into simlar stream order and gradient
categories based on known density estinates (Table 1). V& applyed
the nean densitr estimate for that stream order gradlent cat egory
to the length of tributary reach |lost. The second nethod involved
calculating a mean juvenile cutthroat estimate for all reaches
sampled and multiplying it by the length of tributary reaches
lost.

Total estimated [osses were very simlar for both methods.
May and FraIeK (in press) estimated an outmgration of 3,393
juvenile cutthroat from Hungry Horse Creek in 1986 based on
trapping information and 2,726 based on streamorder and gradient
cat egori es. Ve found an average of 45.5 and 33.4 cutthroat
Luvenile per 100 m for the 17 tributary reaches sanpled around HR
ased on actual electrofishing estimates and predictions based on
stream order and gradient, respectively. A though the variances
were high, we felt this was the best possible approach due to the
| arge nunber of tributaries sanpled, the agreement between
met hods, the agreenment between actual and predicted | osses, and
that cutthroat habitat in North, Mddle and South Fork tributaries
appeared to be simlar.

A total of 68,886 mof usable cutthroat tributary habitat was
i nundat ed by HHR (Appendix Table B). Based on stream order and
gradient categories, habitat supporting 19,285 juveniles was | ost
(Table 2). Using the second nethod, we calculated an average of
31.9 juvenile cutthroat per 100 m of streamin the 169 North
Mddl e and South Fork tributary reaches sanpled. Applying this
nmean to the length of tributary reaches inundated resulted in an
estimated |oss of 21,975 cutthroat juveniles, simlar to the
| osses predicted with the stream order and gradient category
met hod

11
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Table 1. Mean cutthroat estimates per 100 m of stream for
juveniles greater than 75 mm by stream order and
gradient categories for tributary reaches to the North,
M ddl e and South Forks of the Flathead River.

Stream G adi ent Nunber Mean Standard
O der (% Reaches Estimate Devi ation
2 1.2- 1.9 6 22.7 34.4
2 2.0- 2.7 8 56.9 34.4
2 2.8- 3.8 10 77.6 93.8
2 3.9- 6.9 10 31.0 14.2
2 7.0-12.3 11 18.8 13.9

3 0.5- 1.0 9 22.3 26.1
3 1.1- 1.6 15 38.9 28.8
3 1.7- 2.2 12 62.9 42.3
3 2.3- 4.0 30 25.4 19.7
3 4.1- 5.3 12 43.9 24.2
3 5.4-17.0 9 19.2 24.3

4 0.4- 1.0 10 5.2 3.8
4 l.1- 1.6 8 24.0 21.2
4 1.7- 4.2 14 13.5 18.2
5 0.2- 1.8 5 14.3 7.8
Mean 169 31.9 36.5
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Table 2. Estimated nunber of cutthroat juveniles |ost by stream
order and gradient categories for South Fork tributary
reaches inundated by Hungry Horse Reservoir.

Stream  Gadients Nunber Length Mean/  Total
O der (% Reaches (m) 100 m Lost
2 0.4- 1.8 4 4,770 22.7 1,083

2 2.2- 2.6 2 4,004 56. 9 2,218

2 2.8- 3.6 5 5,370 77.6 4,167

2 4.0- 6.7 11 7,532 31.0 2,335

2 7.1-12.3 7 5,291 18.8 995

3 0.6- 0.6 1 8, 692 22.3 1,938

3 2.6- 3.8 9 9, 384 25.4 2,384

3 4.3- 5.3 4 3, 369 43.9 1,479

3 5.9-12.8 6 3,327 19.2 639

4 0.9- 0.9 1 3, 956 5.2 206

4 2.0- 6.7 5 13,191 13.5 1,781
TOTAL 55 68, 886 19, 285
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Resi dent s/ Adf | uvi al s

VW felt that adfluvial adult cutthroat probably used al nost
all of the preferred spawning habitat since their |arge body size
woul d give them a conpetitive advantage in obtaining and hol ding
this habitat over the smaller residents where both exist. From his
work on cutthroat trout intributaries to Lake Koocanusa and HHR
May (MDFWP Pers, comm) felt this habitat was primarily found in
gradients of less than six percent. As a result of dam construc-
tion, 58,254 mof tributary reaches withgradients of less than
six percent were inundated (85 percent of the total potentia
habitat). By using stream order and gradient categories, we
calcul ated that potential habitat was lost for 17,186 adfluvia
juveniles destined for Flathead Lake (Table 3). By calculating a
mean juvenile cutthroat estimte for reach gradients of |ess than
si x percent L33.8 juveniles per 100 m an estimted 19,690 (90
percent of the total estimated |oss) were probably adfluvials
whi ch woul d have em grated to Flathead Lake.

Wien Hungry Horse Damwas constructed it not only flooded
portions of the river and its tributaries but al so bl ocked access
to the South Fork Flathead Rver. The South Fork drainage
conprises about 4,403 kn?, or 38 percent of the total drainage
area avail abl e for spawni ng sal nonids fromFlathead Lake. W
calculated there were 1,075,987 mof potential tributary habitat
in the South Fork drainage above full pool (Appendix Table Q
which did not include tributary reaches above possible barrier
road culverts, Approximtely 526,931 mof tributary reaches were
| ess than six percent gradient and no |onger accessible to
adfluvial cutthroat spawners fromFl athead Lake (Table 4). Based
on stream order and gradient categories (less than six percent
habi tat which woul d support about 158,297 adfluvial juvenile
cutthroat trout was lost to Flathead Lake in South Fork tribu-
taries above full pool. Based on nean popul ation estimates for
tributary reaches with gradients less than six percent, about
178,103 adfluvial juvenile cutthroat were |ost. The conbined |o0ss
to Flathead Lake due to dam construction was 585, 185 m of
potential tributary habitat above and below full pool. This
resulted in a potential loss of 170,058 adfluvial cutthroat
Luveniles based on stream order and gradient categories or 197,793

ased on nean popul ation estimates for gradients |ess than six
percent (Table 5).

River Losses

Hungry Horse Damal so flooded 57 kmof the South Fork Fl athead
River ~The maj or Problem in determning river | osses was whet her
cutthroat juveniles fost wre residents, fluvials, adfluvials or a
m xed popul ation. Based on tag returns, trappin? and snorkeling
data Fral ey and G aham(1982)felt that juvenile cutthroat in the
Mddle Fork up to Bear Creek (87 km above the nmouth of the South
Fork) and in the North Fork up to Trail Creek (96 km above the
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Table 3. Estimated nunber of adfluvial cutthroat juveniles lost
by stream order and gradient categories (for gradients
| ess than six percent? intributary reaches inundated by
Hungry Horse Reservoir.

Stream  Gadients Nurber Lengt h Mean/  Tota
Or der (% Reaches (m 100 m Lost
2 0.4-1.8 4 4,770 22.7 1,083

2 2.2-2.6 2 4,004 56.9 2,218

2 2.8-3.6 5 5,370 77.6 4,167

2 4.0-5.8 8 5,108 31.6 1,614

3 0.6-0.6 1 8, 692 22.3 1,938

3 2.6-3.8 9 9, 384 25.4 2,384

3 4.3-5.9 5 4,096 43. 4 1,778

4 0.9-0.9 1 3, 956 5.2 206

4 2.0-3.5 4 12, 874 13.5 1,738
TOTAL 39 58, 254 17,186
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Table 4. Estimated nunber of adfluvial cutthroat juveniles |ost
by stream order and gradient categories (for gradients
less than six percent) in tributary reaches to the South
Fork above full pool (includes the upper South Fork in
the Bob Marshall Wlderness Area).

Stream  Gadients Nunmber Length Mean/ Tota

O der (% Reaches (m 100 m Lost
2 1.5-1.5 | 877 22.7 199
2 2.2-2.3 4 9,739 56.9 5,541
2 2.8-3.8 7 13,905 77.6 10,790
2 3.9-5.9 32 79, 047 31.6 24,979
3 0.7-1.0 2 10, 916 22.3 2,434
3 1.1-1.4 2 9,898 38.9 3,850
3 1.7-2.2 8 51,918 62.9 32,656
3 2.6-4.0 20 86, 468 25.4 21,963
3 4.1-5.9 20 62, 865 43.4 27,283
4 0.3-0.6 8 38, 963 5.2 2,026
4 1.1-1.3 5 40, 337 24.0 9,681
4 1.7-4.8 13 68, 778 13.5 9,285
5 0.6-0.8 3 53,220 14.3 7,610
TOTAL 125 526, 931 158, 297
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Table 5. Potential adffuvial juvenile cutthroat rearing losses to
the Flathead Lake System when Hungry Horse Dam was
constructed. Estimates are based on stream order and
gradi ent categories and mean popul ation estimates for
South Fork tributaries with gradients |ess than six
percent .

Number Lost
Number Length  Streamorder Mean pp.
Area of reaches (M &gradient  estimte

Tributaries inundated 39 58,254 57,185 19, 690

by HHR

HHR tributaries 35 101, 330 39, 964 34,250

above full pool

Sout h Fork tribu- 86 425, 601 112,909 143, 853

taries upstream
of HR
TOTAL 160 585,185 170,058 197,793
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mouth of the South Fork) were almost entirely adfluvials. Based on

tag return data May and Fraley (in press) felt that cutthroat

juveniles in the main South Fork River are prinmarily adfluvials
bel ow Meadow Creek Gorge and fluvials or residents upstream The
Gorge is located 99 kmabove the mouth of the South Fork (Figure
2. simlar to the distances found for adfluvial juveniles in the
North and M ddl e Fork. As a result, we assuned that all juvenile
cutthroat lost in the inundated portion of the South Fork River

wer e probably adfluvials destined for Flathead Lake

Zubik and Fraley (in press) estinmated there were 215 (+29)
cutthroat per kmin the Harrison section of the South Fork
i mmedi at el y bel ow Meadow Creek Gorge. Applying this figureto the
57 kmof river inundated, we estimated that 12,255 (+1,653)
juvenile cutthroat were lost to the Flathead Lake system For
conparison, we used a snorkel-eannsion estimate conducted on the
Whal e Creek section of the North Fork (60 km above the nouth of
the South Fork) collected in 1985 Based on this estimte, we
calculated that 11,571 adfluvial cutthroat juveniles were |ost,
simlar to the Harrison estimte

Bull Trout Losses

During 1980, 1981, 1982, and 1986, Departnent personnel made
basin-wi de bull trout redd counts for the North and Mddle Forks
(Fraley and Shepard 1986, unpublished manuscript). Based on these
counts, they estimated that between 3,004 and 4,877 adult bull
trout entered spawning tributaries to the North and Mddle Forks,
respectively on an annual basis. Since the South Fork above
Hungry Horse Dam conprises 38 percent of the drainage area of the
Fl at head basin, we derived a proportion and estimated that
potential spawning habitat for between 1,840 and 2,089 adult bul
trout fromFlathead Lake were |ost when Hungry Horse Dam bl ocked
access to the South Fork.

CULVERT BARRIERS

May and Zubi k (1985), Nhg and Fral ey (1986) and May and Fral ey
(in press) nonitored possible barrier road culverts on tribu-
taries to HHR for spawning cutthroat trout. These roads were
relocated when the pool was flooded. Total and partial barriers
were identified (Table 6). My and Zubik (1985 found that there
were an average of 752 adult_cutthroat in the spawning run for
Hungry Horse Creek and 9%%1n2 of spawning gravel above the trap
for an average of 1.21 m¢ of spawning gravel per adult. By
dividing the estimted 484 of potential spawning gravel above
the problemroad culverts by this factor, we estimted that
habitat which woul d support 400 potential cutthroat spawners was
lost if all habitat could be utilized (Table 6). However, only
Felix Creek was a conplete barrier to cutthroat spawners. My
and Zubi k (1985) determned that Riverside, North Fork Logan,
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Table 6. Conplete or parti al

culvert barriers to spawning

cutthroat in HHR tributaries and the maximum potentia

| 0sses.

Partia

(nost to |east severe).

barriers are listed in descending order

Classification Stream Potegﬁgiglseig?ing adDPisofost
Total barrier Fel i x 195.0 161
Partial barrier Riverside 22.0 18
Partial barrier N F. Logan 26.9 22
Partial barrier Mur ray 8.0 7
Partial barrier Harris 64.1 53
Partial barrier Ml nernie 167.9 139
TOTAL 483.9 400
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Mirray, Harris and Mclnernie Creek road culverts were partial
barriers during part of the spawning season. Therefore, the
actual nunber of spawners lost may be |ess than those predicted,
Only Felix Creek contained possible suitable spawning habitat for
bull trout, but Huston (MOFWP pers. comm) felt that none of these
tributaries were used by bull trout prior to dam construction.
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DISCUSSION

LOSSES

W estimated that potential habitat for about 21,000 age I, Il
and Il cutthroat juveniles was lost in South Fork tributaries
inundated by HHR. ~ Based on assumed gradient preferences, 89
percent of these were adfluvials destined for Flathead Lake
éTable 7). Habitat for another 12,000 adfluvial juvenile cutthroat

estined for the Flathead Lake was | ost when the South Fork
Fl athead River was inundated. Also, habitat for about 165, 500
adfluvial cutthroat juveniles were lost to Flathead Lake from
South Fork tributaries above full pool when the dam bl ocked access
to the river and its tributaries. W calculated the conbined
total potential rearing habitat loss for age I, Il and Il
cutthroat juveniles at about 200,000 fish with 98 percent of these
adf l uvi al s destined for Flathead Lake. May and Huston (1975)
found that about one third of juvenile adfluvial cutthroat out -
mgrated fromYoung Creek to Lake Koocanusa annual | y. Applying
this factor to the total adfluvial juvenile |oss estimate, we
calculated that about 65,287 adfluvial juvenile cutthroat were

| ost to Flathead Lake annually. Survival rates of cutthroat trout
in the lake are not known. However, the mgjority of the nortality
probably occurs in tributary streans during the early life stages.

VW estimated a potential spawning habitat |oss for about 400
adult cutthroat spawners to the reservoir population if all
probl em road culverts identified were conplete mgration barriers.
May and Fral ey (1986) found a 1:2.4 nale to female sex ratio in
HHR from gillnet catches which would result in a |oss of 233
females. My (MFW pers. comm) cal cul ated that one femal e woul d
produce about 8 to 12 juveniles to the |ake systemannually. This
woul d result in potential habitat |oss for about 1,900 to 2,800
adfluvial juveniles to Hungry Horse Reservoir on an annual basis.

Based on spawni ng escapenent estimates for the North and
Mddle Fork of the Flathead River, potential spawning habitat for
about 2,100 adult bull trout mgrants from Flathead Lake was | ost
because of blocked access to the South Fork due to dam
construction.

RESERVOIR HABITAT

When Hungry Horse Dam was constructed, it trapped adfl uvial

sal noni ds destined for Flathead Lake. The damcreated 9, 632
hectares of new "l ake" habitat at full pool. However, reservoir
operation adversely affects the habitat for fish and fish food
organi sms including reductions in reservoir volume, volume in the
zone, surface area, wetted bed area of the littoral zone
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Table 7.

The mean potential habitat |osses to cutthroat and bull

trout popul ations in the Flathead Systemdue to the
construction of Hungry Horse Dam

CUTTHROAT TROUT

Juveniles Adults

Area Residents  Adfluvial Tot al
South Fork tributaries 2,184 18, 438 20, 622 -
I nundat edby HHR
South Fork tributaries - - 165, 488 165, 488 -
above full pool
(lost access)
South Fork River -= 11, 913 11, 913 -
inundated by HR
Cul vert barriers to 2, 350 2, 350 -
HHR tributaries

TOTAL 2,184 198, 189 200, 373 ---

BULL TROUT

Dam construction -= --- - 2,110

bl ocking access to
South Fork tributaries
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and weakening of the thermal structure (May and Fraley 1986). As
a result, fish populations are below the potential carryin

gapa0|ty if the reservoir remained at full pool on an annua

asis.

Fish produced at Hungry Horse Reservoir are not conparable to
those produced at Flathead Lake on an individual basis. Flathead
Lake receives 11.7 tines nore fishing pressure from anglers than
does Hungry Horse Reservoir on an annual basis (MFarland 1986).
Consequent |y, Flathead Lake fish are much nore val uable both to
the angler and to the private sector economcally, due to the easy
accessibility and recreational opportunities the |ake provides
conpared to Hungry Horse Reservoir. Through the MDFWP pl anni ng
process, fisheries managers identified the rnterconnected Flathead
Lake and River systen1f|shery as the highest priority in Region 1
for the state's strategic fish nana?enent pl an. Fl athead Lake
receives the second highest amount of Tishing Pressure of any |ake
in the state and is very inportant to the local econony.

MITIGATION ALTERNATIVES

Because the construction of Hungry Horse Dam had the greatest
I npacts on cutthroat and bull trout fromFlathead Lake, mtigative
neasures should be taken to offset these |osses, if biologically
and economcally feasible. The MDFWP fisheries policy is to
encourage natural reproduction wherever possible and only stock
hat chery fish where there is insufficient natural reproduction.
Therefore, we feel the ideal situation would be one where mti-
gative measures would primarily enhance natural reproduction of
cutthroat and bull trout and secondarily benefit other species of
game fish as well in the Flathead system

Qher losses to fish and wildlife have also been docunented in
the Flathead basin because of the construction and operation of
hydroelectric facilities. Some of these research projects will
not be conpleted until 1988 when mtigation will be reconmended
using a holistic approach for the entire Fl athead basin.
Mtigative measures inplenented in the basin may also affect
downstream projects since HHR is at the headwaters of the Col unbia
system  Additionally, the future of kokanee salmon, the primry
game fish in the basin, is unknown at this time. By 1989,
bi ol ogi sts will better understand its needs and what mtigative
nmeasures Wi ll benefit this species. It is our intent to document
fishery losses due to Hungry Horse Dam construction and present an
array of possible mtigation alternatives for consideration. The
alternatives are listed in order of preference with suggestions on
which we feel are the nost desirable (Table 8).

In 1902, the 3.7-mhigh Bigfork Damwas constructed about 2.4
km above the mouth of the Swan River (Figure 1). It blocked
access to the Swan drainaqe for mgratory sal nonids fromFl athead
Lake. A nulti-step fish ladder was installed in the dam during
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Table 8. Possible mtigation alternatives, the species and fishery affected,
the potential returns to that fishery, the cost effectiveness of
proposed mtigation and desirability of inplementation.

Mtigation Species Fi shery Potenti al cost _ o
Al ternative Affected® Affected Returns Effectiveness Desirability
Modi fy/ Fl at head . . .

Reconst ruct WCT Lake Hi gh Hi gh Hi gh
Bigfork fish DV

| adder KOK
Correct road WCT Fl at head

culvert barriers DV Lake Low Mbder at e Moder at e
Rehabi litate KOK Fl at head \

tributary streams WCT Lake Moder at e Moderat e

DV

Artificial WCT Fl at head .

propagat i on DV Lake Hi gh Low Moder at e
HHR operation WCT HHR ? H gh Hi gh
Correct road

culverts and WCT HHR Moder at e Low Moder at e

| mpr ove/ Enhance
old structures

Hat chery or WCT Fl at head
i ncreased KOK Lake  Mbderate Low *
capacity

* Depends on future managenent recommendations
a/ WCT=west sl ope cut t hr oat ; DV=bul [ trout; KCOK=kokanee
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the early 1930's and was nodified in 1960 to inprove upstream fish
passage. Currently this hydroelectric project is owned and
operated by Pacific Power and Light (PP&). NDFWP and PP&L
personnel found limted fish passage through the |adder from
periodic seining and trapping efforts (Rumsey 1986). Leathe and
Enk (1985) considered the Swan drainage to be isolated fromthe
Fl at head drai nage based on bull trout tagging data.

Vi feel that the Bigfork fish |adder has the potential to pass
mgratory fish upstreamduring all seasons and flows with m nor
modi fication, proper operation and maintenance. |t would provide
access to 1,813 km of drainage area for mgratory salnmonids from
Fl at head Lake. This would enconPass about 40 percent of the
drainage area | ost to mgratory salmoni ds fromFlathead Lake when
Hungry Horse Dam bl ocked access to the South Fork drainage.
Cutthroat and bull trout could potentially access and use spawning
and rearing habitat in the river and its tributaries throughout
the drainage. Rehabilitation of sonme tributary streanms may be
required since brook trout have become established in many of the
| ower gradient tributary reaches in the drainage (Leathe and Enk
1985). Removal or substantial reduction of this exotic species
woul d increase the availability of spawning and rearing habitat
for cutthroat and bull trout in the drainage. Inprint plants
could be introduced to hasten the establishment of adfluvial
cutthroat and bull trout.

After ascending Bigfork Dam kokanee sal mon coul d potentially
spawn in the 8.5 kmof Swan River between the outlet of Swan Lake
downstream to the nouth of Bear Creek and along the shoreline of
Swan Lake. Inproved fish passage could enhance and diversify
kokanee reproduction for Flathead Lake. Inprint kokanee plants
could be introduced at the outlet of Swan Lake to encourage adult
returns to the river and |ake

Downstream cutthroat adult, juvenile cutthroat and bull trout,
and kokanee fry mortality woul d probably be mniml since nost of
the water passes over the spillway during this time period (Mrch
through the end of July). Also, there is only a 3.7-mdrop in
spillway elevation. Downstream bull trout adult survival may be
adversely inpacted since they outmgrate to Flathead Lake in the
fall (SBPtenber through Cctober). During this time period, nost
or all of the flowis diverted through the conduit (500 cfs) while
a mnimumflow of 40 cfs remains in the river channel. Intake
grates probably prevent adult bull trout from becomng entrained
or entrapped in the diversion or generators

Anot her possibility is to inprove passage at barrier road
culverts to increase natural reﬁro uction by opening access to new
tributar¥ habitat in the Flathead systen. This coul d be done by
usi ng defl ectors, gabions or replacing culverts with bridges
depending on the severity of the problem and the potential fisher
returns that would be realized. Introduction (inprinting) o
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cutthroat and/or bull trout could be inplenented once the correc-
%p%?s have been made to hasten the recovery of the tributary
i shery.

Waver et al. (1983) identified the Montana State H ghway #2
culvert on Tunnel Creek in the Mddle Fork drainage as a conplete
barrier to_uEstrean1fish mgration. Reach 1 and 2 are 1.4 and 4.3
kmlong with gradients of 4.2 and 0.9 percent, respectively.
Hstorically, mgratory fish fromFl athead Lake were found in
Tunnel Creek before culvert construction. They also identified
the Stanton Creek road culvert on Mntana State H ghway #2 as a
partial barrier to fish mgration in the Mddle Fork drainage
Stanton Creek is 2.4 kmlong with a gradient of 3.4 percent and
has a partial natural barrier 0.6 km above the road cul vert.
Since this reach is short and contains a partial barrier,
corrective nmeasures woul d probably not be cost-effective in this
instance. Read et al. (1982) identified no man-nade barriers to
fish mgration in the North Fork drainage.

May and Fraley (1986) identified six problemroad culverts in
the South Fork drainage. Only the Felix Creek road culvert is a
total barrier to fish mgration and woul d sustain an estimted 160
spawni ng cutthroat if corrected. It may be desirable to keep this
creek a barrier to Hungry Horse Reservoir fish due to its genet-
ically pure resident cutthroat population. W estinmated that
Mlinernie Creek coul d sustain about 140 Eotential spawners based
on available spamnin? gravel. My and Fraley (1986) identified
this culvert as the [east severe partial barrier and corrective
neasures may or nay not contribute significantly to the Hungry
Horse popul ati on.

Today, there are fewer barriers to fish mgration than when
Hungry Horse Dam was first constructed due to nodification/
repl acement of road culvert barriers in the md 1960's and early
1970's (May and Zubik 1985). Many of these structures are over 20
years ol d and may need replacenent and/or reconditioning. These
culverts would need to be inventoried and identified to be
considered for possible mtigation. Athough these tributaries
are very inportant to the Hungry Horse popul ation, corrective
measures woul d not contribute to the Flathead Lake fishery where
the primary fish |osses occurred.

Stockin?_strategies using hatchery plants are many and vari ed
One possibility would be to increase the capacit¥ for raising
sal monids at the MDFWP Rose Creek Fish Hatchery tor plants in
FlatheadLake. Kokanee sal mon could be reared to the smolt stage
and rel eased directly into Flathead Lake. Construction of an
access channel fromF athead River to the MDFWP Creston Hat chery
nay be desirable since spawn could be collected and fish released
directly fromthe hatchery site. If it were not feasible to rear
these fish at the MDFWP Rose Creek Hatchery, a cooperative
agreenment coul d E055|bly be arranged with the Creston Nationa
Fi'sh Hat chery (USFWG). MDFWP has initiated supplenental stocking
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of cutthroat in HRto augnent natural fish production. MNonies
coul d possibly be used to defray these costs and/or increase
production Mnagement decisions have to be made on the |evel of
production, fish species desired and where and how these fish
woul d be planted.

Operation of Hungry Horse Dam adversely affects the game fish
population in Hungry Horse Reservoir. BPA Project No. 83-465
(Quantification of Hungry Horse Reservoir Water Levels Needed to
Maintain or Enhance Reservoir Fisheries) will be conpleted in 1988
and recomend operating procedures that will ultimately benefit
game fish in the reservoir and predict increases in fish nunbers.
These inproved operations could be used as partial mtigation.

Anot her consideration is the inprovenent of spawning and
rearing habitat in Flathead basin tributaries. One option woul d
be rehabilitating Spring Creek, a 13 kmtributary to the |ower
Flathead River (Spratt 1986). The fish habitat of Spring Creek
has deteriorated substantially as a result of agricultural and
residential practices. Numerous stream crossings wth undersized
road culverts have restricted the natural flow As a result

ool s have forned and have becone sedinent traps. Donestic

Ivestock and irrigation have degraded the habitat and dewatered
the channel, respectively (Decker-Hess 1986). Donrose (MFWP
pers. comm) found that kokanee historically used this creek. It
could be a prime kokanee spawning tributary due to its potentially
favorabl e water tenperatures, spamnin%agravel and gradient.
Anot her possible rehabilitation site is Brennenan Slough, a 2.4
knispriqg fed tributary to the | ower Flathead R ver (Decker-Hess
1986). Cancey and Fraley (1986) found that kokanee sal mon spawn
in portions of this tributary, but production is limted by
excessive siltation primarily due to grazing practices. Rehabjli-
tation (fencin%z could significantly increase the potential to
produce more kokanee in this stream A so, cutthroat trout could
potentially become established in Spring Creek and Brenneman
Sl ough. Beattie (MDFWP pers. comm) has identified four tributary
streans to Flathead Lake that have been degraded by hunan-rel ated
activities. Production of kokanee could be increased in these
smaller tributaries through habitat enhancement. Corrective
nmeasures, if designed and inplenented properly, should either be a
one-time process or require mninmal additional maintenance and
cost .

~Section 804 (b)(4) of the Col unbia River Basin Fish and
Wldlife Program originally called for construction, operation and
mai nt enance of a spawning channel in the South Fork below the dam
Anot her possible site for a spawning channel is immediately below
Bi gf ork Dam (Rumsey1985).  Spawni ng channel s woul d probably be
suitable for production of kokanee salnon only since fry
i mediately emgrate downstream  Cutthroat and bull trout rear
for onetothree(years in tributary streans before entering the
| ake system and these channels woul d not provide the needed
rearing space and cover for juvenile fish. Wthout this rearing
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habitat, cutthroat and bull trout juveniles may be flushed through
the systemwth no gains realized. Also, these channels are
usual ly expensive to construct and often require constant
mai nt enance.

RECOMMENDATIONS

Based on best estimates of fishery losses due to the construc-
tion of Hungry Horse Dam and the possible mtigation alternatives,
we feel that proper operation and maintenance of the Bigfork fish
| adder has the potential to be one of the nost cost-effective and
desirable. Prior to the construction of Hungry Horse and Biggfork
dams, adfluvial salnonids could access approximately 13,000 knf of
drainage area in the North, Mddle, South Fork and Swan drai nages.
Construction of Hungry Horse and Bigfork dans bl ocked or
significantly reduced access to about 46 percent of this origina
drainage area available to mgratory salnonids. Although the
total ramfications of |ost access are not known, significant
inPacts to the natural reproductive potential for mgratory
sgﬂnnni?sffr%n1Flathead Lake nust have occurred, especially for
adf luvial fish.

Maki ng the Bi%;ork fish | adder passable is desirable because
mtigation would be off-site and no changes in dam operations
woul d be required. W feel the present structure could be easily
modi fied to pass fish and therefore potential costs could be
mnimal. A conmtment would be needed to ensure proper flows
through the ladder. Natural reproduction would partially replace
docunented |osses versus costly hatcheries or spawning channels.
This is consistent with the MOFWP phil osophy of encouraging
natural reproduction wherever the potential exists

Losses to kokanee salnmon due to Kerr Dam operation have been
docunented (Decker-Hess and C ancey 1984, Fraley and Decker- Hess,
in press). Presently, MOFWP feels that increased production of
kokanee i s needed in Fl athead Lake. Access to the Swan system
could Fotentially i ncrease kokanee production and mtigate for
some of the kokanee | osses in Flathead Lake. Presently, thereis
no established adfluvial cutthroat population in the Swan drainage
despite an intensive stocking program (Leathe 1985). Anot her
potential benefit may be the establishnment of a viable adfluvia
cutthroat fish stock in the Swan drainage.

A feasibility/monitoring study should be initiated and consi st
of two parts:

Part 1. Feasibility

a. Document the potential habitat available and possible
production for mgratory salnonids in the Swan drainage.
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b. Deternine the best design, operation and potential costs

i nvol ved to inprove fish passage up the Bigfork fish |adder
during all seasons and flows.

Part 2. Monitoring/Eval uation

a. |f there is significant potential habitat available which has
the capability to substantially increase reproduction in
Fl athead Lake, inplenent the design and operational changes in
the Bigfork | adder

b. Mnitor (through trapping) the novement of migratory salmonids
through the Bigfork fish | adder. Tag these fish to determ ne
novenent and use patterns in the Swan drainage.

c. Remove or significantly reduce brook trout from selected prine
potential adfluvial cutthroat and bull trout juvenile habitat.

d. Introduce inprint plants to hasten the recovery of |ost
mgratory fish reproduction to Flathead Lake.

e. Mnitor (trap) downstream juveniles and young-of-the-year fish
to ensure that the Swan drainage is making a significant
contributon to the Flathead Lake system

The Swan drainage has the potential to replace sone of the
spawning and rearing habitat lost in the South Fork drainage. How
I mproved access woul d affect the Swan systemfishery, it's
carrying capacity and the actual production to and its effects on
the Flathead Lake fishery are not known at this tine. A
feasibility study would be inperative to ascertain that all fish
species could be passed upstream and that adequate habitat is
available to significantly increase reproduction in Flathead Lake.
The feasibilitﬁ study should be acconplished prior to the
conpletion of the other mtigation studies. If the project is
deemed feasible, it should be inplemented as partial mtigation
and be included with other selected alternatives in a basin-w de
holistic plan. A nonitoring program nust be initiated to
determne that once the Swan drainage reaches carrying capacity
%h%} it wll significantly contribute to the Flathead Lake

i shery,

Once all the mtigation studies have been_conBIeted a
mti%ation "package" should be prepared for the entire basin and
involve all affected agencies and organi zations, including the
public. These mitigative neasures, once initiated, should be
nonitored, evaluated and adjusted, if necessary to ensure a
successful mtigation program
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APPENDIX A

The reach, stream order, gradient and
juvenile cutthroat estimates for tributaries
to the North, Middle, and South Forks
of the Flathead River.
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Appendi x A. The reach, stream order,

Drai nage

estimtes (>75m)

for tributaries to

Sout h Forks of the Flathead River.

Stream

North Fork

Kintla
Starvation
Dut ch
Mbose
Mat hi as
Akokal a
Langf or d
Langf or d
Mbose
Cumm ngs
Coa

Reg Meadow
Dut ch
Anaconda
Long Bow
Coa

Camas
Yaki ni kak

Hay
Ha
Tughuck

Ke ch|%an
Bowman

Red Meadow
Dut ch
Anaconda
Red Meadow
Spruce
Spruce
Mobose

Coa

Cycl one
Ford

South Fork Coal

Starvation
Ket chi kan
Ford

S

Mor an
Par ke
Par ke
Ket chi kan

Reach

Stream
O der

G adi ent (%

gradi ent and guvenile cutthroat (W
he North, Mddle, and

VT Juveni | es
per 100m

PR WWFREWREEPERRPWRERR R R RO R R B RO R R G GO B I > RO = RO RO = G0 RO RO

»
N

oooooooooooooooooooooooooooooooowwwwwwwwwwwwmmml\ﬂ\n\:mmmm|\.>|\>|\.>|\>|\3|\>|\>

e T Bl e S
(O(.O(O(Om.h.hl—‘l—‘O(O(O\ICDCDOQI\)OW\I\ICDCDCDCHL)‘IOOO\IOQ\II—\(OCDL)‘IO\U‘]Ooommom\l

29.3
1.
80.
291
6
66.
119.
101.
158.
30.
8.
14.
16.
14.
16
34.
35.
10.
48.
69
28.
76.
28.
90.
145,
87.
79.
75.
84.
20.
50.
51.
18.
15.
14.
2.
14,
37.
39.
31.
28.
89.
28.
41.
51.3

OﬁO(.OOOI\JCDO-bI—‘L)'IOODO@OCDI\JCDCD\I@O@N@(.OOI\)\ILﬂl—‘mm\l(.oOOOﬁmbO‘Iw



Stream WCT Juveni | es

Drainage Stream Reach Qder QGadient(%  _ per 100m

North Fork Mor an

(continued) Kl etoms
Mor an
\Wer ner
MG nni s
Ki mmer |y
Yaki ni kak
For d
Wal e
Coa
Akokal a
Big
Ganite
Hal | owat
Quartz
Coa
Canyon

Widdle Fork  Gat eway
VWi st | er
Ber gsi cker
Long
Essex
Charlie
Basin
X?Iton

gos
Charlye
Long
M nér
south Fork Trai l
Bowl
Par k
Gat evay
Schaf er
Agosy
a ack
Cox
Lake
Par k
Schaf er
Strawoerry
Dol ['y Varden
Lodgepole
Basin
Basin
de
M ner
Schaf er
COX

— DO

w
© NP RPOWNRPNOOWOoO W

[ T )

Ll el e e N e el CX T U X S | RGN RO TN S
— O

AP PEE PR PR EPRPPEREREOLCLWLWLWLWLWLWL

oo

H
OIEREDNO
UIOPOUIOAR WA RODWN A
\“—‘00l—‘CQNI—‘OCDI\)Cﬂwcﬂl—‘m@mO@hH@l\)wU'l@ohl—‘#l\)m ORPFRPPRPOEJUIOORFR,JWOWOMN PO~

RPwWww P

N W

HH
PR PR PR OO0ONUITIRE RWWWWNINRNRNN R WRN O 1 OO 00 00—~ 01
OINAGTNNWRNAO s DWS

C)'IOOOOI—‘I—‘I—‘I—\OOO@\I@OmmmCﬂmmwl\)\l\lml\)l\)l\)m\l@l\) ~NPPOJINJOITEANNJOJdowoO oowol

PO OO, P, RN WRRWRTIFRPRNNOWRNINONWR N b
OO OO O O L O LD OO LD G NI RN NI R NI NI RO RO R RO R RO RO RO RO RO RO RO

[Sa N ~Now

»
w



Dr ai nage
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(continued)
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Stream WCT Juveni | es

Drai nage Stream Reach O der G adi ent (% per 100m
South Fork Enwr& 1 2 2.0 84.1
dar 1 2 3.9 49.9
Ml nerni e 1 2 4.0 53.2
Bent 2 2 4.8 34.4
South Fork Logan 1 2 6.3 21.3
Mir r ay 1 2 6.8 37.3
Dead Horse 2 2 7.9 3.6
Ryl e 1 2 8.4 19.1
Dee 1 2 9.6 51.1
DevPI's Corkscrew 1 2 11.3 24. 4
Gor don 3 3 0.5 80.0
Gor don 4 3 1.7 106. 7
Wunded Buck 1 3 2.0 53.7
Qui nt onkon 2 3 2.3 27.2
Tent 1 3 3.6 41.9
Dead Horse 1 3 3.8 3.2
Lost Johnny 1 3 4.1 81.8
Wunded Buck 3 3 4.5 16.7
Ri versi de 1 3 5.3 48.9
For est 1 3 5.5 76.0
Gordon 1 4 0.4 4.9
Little Salnon River 1 4 0.6 5.5
Youngs 1 4 0.8 9.6
Wite River 1 4 1.1 12.9
Sul i van 2 4 1.6 52.9
Wite River 2 4 3.3 45. 6
Danaher 1 5 0.7 19.6



APPENDIX B

The reach, stream order, gradient and
length of potential salmonid habitat lost
for tributary reaches to the South Fork

inundated by Hungry Horse Reservoir.
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Appendi x B. The reach, stream order, gradient and |ength of
Potential salmonid habitat |ost for tributary reaches
to the South Fork inundated by Hungry Horse

Reservoir.
Stream
Stream Reach O der G adi ent (% Lengt h(m
Harris 1 2 0.4 2792
East Hungry Horse 1 2 1.4 853
Cark 1 2 1.7 620
Betty 1 2 1.8 505
Deep 3 2 2.2 1692
Murray 1 2 2.6 2312
ol di e 1 2 2.8 2689
Ml nerni e 1 2 2.9 772
Cark 2 2 3.4 534
Logan 2 2 3.6 704
Deep 2 2 3.6 671
Deep 1 2 4.0 767
Dry Park 1 2 4.5 405
(ol di e 2 2 4.5 543
Hoke 1 2 4.6 1033
South Fork Logan 1 2 5.3 487
Murray 2 2 5.4 734
Ml nerni e 2 2 5.7 638
East Hungry Horse 2 2 5.8 501
Canyon 1 2 6.0 1412
Lion HIl Gorge 2 2 6.1 697
Brush 1 2 6.7 315
Deadhor se 1 2 7.1 485
Fire 1 2 7.4 1647
Lid 1 2 8.1 1040
Mazi e 1 2 8.6 670
Devils Corkscrew 1 2 10.3 475
Betty 2 2 12.1 379
Anna 1 2 12.3 595
G aves 1 3 0.6 8692
Wunded Buck 3 3 2.6 1626
Enery 1 3 2.6 2143
Loagan 1 3 2.9 1222
Dudl ey 1 3 3.1 741
Lost Johnny 2 3 3.3 550
Weel er 2 3 3.4 646
Doris 4 3 3.5 524
Cayton 1 3 3.6 1525
wounded Buck 1 3 3.8 407
Kni ef f 1 3 4.3 1057
Fl ossy 1 3 4.6 1456
Ri versi de 2 3 4.9 433
For est 1 3 5.3 423
Kni ef f 2 3 5.9 727
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Stream
Stream Reach Or der G adi ent (% Lengt h(m
G aves 2 3 6.4 287
Fl ossy 2 3 6.8 539
Doris 3 3 1.7 711
Cl ayton 2 3 9.1 539
Wunded Buck 2 3 12.8 524
Sul l'ivan 1 4 0.9 3956
Hungry Horse 1 4 2.0 6770
Wheel er 1 4 2.1 1457
Ri versi de 1 4 2.4 3600
Doris 1 4 3.5 1047
Doris 2 4 6.7 317
Tot al 68886
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APPENDI X ¢

The reach, stream order, gradient and |ength
of potential adfluvial habitat for
South Fork tributaries above full pool.
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Appendix C.  The reach, streamorder, gradient and length of potentia
adfluvial habitat for South Fork tributaries above ful

pool. (NN = unnaned tributary)

Stream _

Stream Reach  Subreach Order  Gadient(%. Lengt h(m
East HHR NN 1 2 20.9 640
Emery 1 3 2.0 10000
Emery 1 1 2 17.1 1411
Emery 1 2 2 5.8 261
Eery 1 3 2 16. 6 171
Enery Loop 1 4 2 2.2 1624
Fnery Loop 1 5 2 5.9 1501
Enery Loop 2 2 2.2 684
Emery Loop 2 1 2 11.2 1498
Str|¥e 1 2 5.4 424
Hungry Horse 1 3 1.7 6264
Hungry Horse 1 1 3 4.4 415
Hungry Horse 1 2 2 14.5 1180
Hungry Horse 2 2 4.5 2150
Hungry Horse 3 2 7.9 1001
Lost Mare 1 2 5.7 1199
Lost Mare 2 2 18.3 2100
Ti ger 1 2 3.3 1906
Ti ger 2 2 3.7 976
Tur noi | 1 2 12.2 2702
Mar gar et 1 2 8.0 6575
East HHR N\2 1 2 10.6 1821
~East HHR NN3 1 2 6.3 725
Fire 1 2 7.9 2791
Spring Meadow 1 2 11.0 2240
Ada 1 2 7.9 464
Tent 1 3 3.2 717
Tent 2 2 6.8 693
Ryle 1 2 8.9 960
Ryle 2 2 12.2 1225
Dudl ey 1 2 4.3 2659
Ri versi de 1 3 5.9 1237
Riverside 2 3 10.2 2861
Riverside 3 2 10. 8 1575
R verside 3 1 2 25.3 1011
East HHR NV 1 2 8.3 1032
Mir ray 1 2 6.8 1100
Mirray 2 2 15.1 4361
Ml nernie 1 2 4.6 1864
Ml nernie 2 2 19.0 3265
Deep 1 2 9.6 1399
Canyon 1 2 7.8 1100
Canyon 2 2 17.1 2000
Harris L 2 8.2 1800
Harris 2 2 21. 4 2499
Logan 1 2 4.8 2499



Stream

Stream Reach  Subreach O der G adi ent (% Lengt h(m
Logan 2 2 12.1 2499
South Fork Logan 1 2 6.3 2900
South Fork Logan 2 2 21.3 2499
Devil's Corkscrew 1 2 11.3 2100
Hoke 1 2 6.3 1900
Hoke 2 2 23.0 2600
Baptiste 1 2 5.4 1399
Baptiste 2 2 22.5 2399
Deadhor se 1 2 6.3 1365
Deadhor se 2 2 10.1 2531
Peters 1 2 10. 2 2700
Peters 2 2 3.9 620
Brush 1 2 26.4 2499
Dry Park 1 2 23.2 1900
East HHR NN5 1 2 15.9 1382
Bet a 1 2 23.8 3000
Mam e 1 2 19.8 369
Doris 1 3 3.5 2100
Doris 2 3 5.8 340
Seneca 1 2 25.2 2177
Endor 1 2 27.9 1605
Lost Johnny 1 3 4.1 1000
wounded Buck 1 4 2.1 4709
Wunded Buck 2 3 3.9 2512
Elya 1 2 15.1 1299
Fl ossy 1 3 15.8 1470
Fl ossy 2 2 13.3 1374
Fl ossy 2 1 2 15.7 1084
Gl di e 1 2 8.3 2358
Mazi e 1 2 17.5 3200
For est 1 3 8.3 4200
For est 2 2 15.4 1700
For est 2 1 2 19.9 658
Qui nt onkon 1 3 3.3 5200
Cark 1 2 3.9 2500
Cark 2 2 6.8 3000
Sul I'i van 1 4 1.2 10800
Sul i van 2 3 2.2 8346
Sul I'i van 3 2 7.5 3025
Side 1 2 5.5 2100
Side 2 2 8.4 1600
Connor 1 3 3.3 4800
Connor 1 1 2 5.5 4721
Connor 2 2 8.8 2108
Connor 2 1 2 8.0 804
Branch 1 3 5.3 1542
Branch 2 2 3.6 2261
Branch 2 1 2 7.6 1166
Weel er 1 3 2.8 1700
Wheel er 2 3 2.6 8300



Stream

Stream Reach  Subreach Oder Gadient(% Lengt h(m
Tr apper 1 2 12.0 4166
Sol di er 1 2 6.4 6539
Lower Twin 1 3 2.2 6736
Lower Twin 1 1 2 29.7 430
Lower Twn 1 2 2 16.7 346
Twn 1 4 1.3 6807
North 1 3 7.0 2379
Tin 1 3 4.0 1494
Tin 2 3 7.1 3097
Tin _ 3 2 13.1 2889
Spotted Bear River 1 5 0.3 29485
Spot t ed Bear River 2 4 2.0 3503
Bent 1 2 4.0 1542
Bent 2 2 4.8 3848
Bent 3 2 2.9 2083
Trail 1 2 8.4 5084
Ser geant 1 3 4.4 4704
Ser geant 1. 1 2 4.4 1353
Ser geant 2 2 10.9 2605
Ser geant 2 1 2 4.0 686
Big Bill 1 2 14.0 1102
Big Bill 2 2 11.9 2058
Deer 1 2 19.3 711
Wi t comb 1 3 6.7 457
MIk 1 2 5.0 245
Silvertip 1 3 4.8 1814
Dean 1 4 4.8 3893
Dean 1 1 2 19.5 1622
Dean 2 3 3.0 3206
Dean 2 1 2 17.5 1801
Dean 2 2 3 15. 8 675
Dean 2 3 2 35.6 531
Dean 2 4 2 23.2 1183
Dean 3 2 2.3 5749
Dean 3 1 2 16. 2 1667
SPotted Bear NN 1 2 13.3 791
Slim 1 2 7.3 2419
Addi tion 1 4 4,2 2639
Jungl e 1 3 7.9 2255
Jungl e 2 3 18.5 2255
Jungl e 3 2 21.0 1047
Larch 1 2 15.0 2655
South Fork NN 1 2 14.6 1814
Harrison 1 4 3.8 5486
Harrison 1 1 3 12.2 1051
Harrison 1 2 2 12. 4 1568
Harrison 2 3 5.9 1897
Harrison 2 1 3 8.4 2502
Harrison 2 2 2 13.0 280
Harrison 3 2 15. 8 ' 2466



Stream

Stream Reach  Subreach Oder Gadient(% Lengt h(m
Harrison 3 1 2 14.6 2176
Cor por al 1 2 3.8 2189
Bunker 1 5 0.6 8170
Bunker 1 1 2 23.3 1191
Bunker 2 4 4.6 529
Gorge 1 4 2.1 5656
Cor ge 1 1 3 2.1 893
Gor ge 1 1 3 21.7 893
Cor ge 1 2 2 19.7 977
Gorge 2 3 1.3 1357
Cor ge 2 1 2 17.2 3103
Gor ge 2 2 2 18.4 2809
Cor ge 2 3 2 26. 2 1233
Cor ge 3 3 7.9 2149
Cor ge 4 2 1.5 877
Gbr?e o 4 1 2 15.9 961
nspiration 1 2 7.4 4858
Stadi m 1 4 3.4 4433
Stadi um 2 3 5.8 1844
St adi um 3 2 7.6 3353
Stadi um 3 1 2 26.6 1285
Trickle 1 2 6.9 5999
Cannon 1 3 5.0 6630
Cannon 2 2 10. 3 653
Feat her 1 3 12.6 4109
Feat her 2 2 18.3 518
WI I ow 1 2 4.0 1051
WI I ow 2 2 19.1 1568
South Fork NN\2 1 2 19.0 1503
Md 1 3 3.7 10171
M d 1 1 2 16.0 1679
M d 1 2 2 10.4 1335
M d 1 3 2 22.0 1218
M d 2 2 11.1 2720
M d 2 1 2 14.6 2042
Picture 1 3 11.0 2128
Picture 2 2 13.5 1713
Bl ack Bear 1 4 3.3 6358
Bl ack Bear 2 3 4,2 1285
Bl ack Bear 3 2 9.0 2872
Ranbl er 1 3 6.3 2688
Slick 1 3 7.6 3029
Slick 2 2 8.6 Zglg
Hingr 1 2 6.8 501
SNOW 1 3 8.0 2425
snow 2 2 13.3 1371
Snow 2 1 2 10.6 979
Hel en 1 3 5.4 5556
Hel en 2 2 12.8 2619
North Fork 1 2 11.2 4027
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Stream

Stream Reach  Subreach O der G adi ent (% Length(m
Danmat i on 1 3 1.7 4418
Damat i on 1 1 2 24.2 1715
Damat i on 1 2 2 15.2 2040
Damat i on 2 2 20.5 1547
Damat i on 2 1 2 20. 7 1235
Little Salnon 1 4 1.1 19342
Little Sal non 1 1 2 25.3 1556
Little Sal non 1 2 2 23.5 1481
Little Salnon 1 3 2 23.4 1563
Little Salnon 2 3 3.3 3202
Little Salnon 2 1 2 16.6 1800
Little Salnon 2 2 2 20. 2 2544
Little Salnon 3 2 4.7 4996
Littl e Sal non 3 1 2 6.1 1127
Pal i sade 1 3 8.0 4366
Pal | sade 1 1 2 29.2 964
Pal | sade 2 2 7.8 560
Pal i sade 2 1 2 17.2 1447
Gl 1 2 8.7 4866
Conbat 1 3 16. 3 2419
Con- hat 2 2 15.1 1693
Conbat 2 1 2 20. 3 1141
H ghrock 1 2 14.8 3809
Chasm 1 2 11.9 4362
Bi g Sal non River 1 4 1.3 1300
Big Salnon R ver 2 4 0.6 7309
Spud 1 2 9.7 5588
Sappho 1 2 14.1 3885
Sappho 1 1 2 13.7 1801
Browni e 1 2 16.9 2994
Casey 1 2 8.8 6247
Charlotte 1 2 37.4 890
Phi | 1 3 6:0 5505
Phi | 1 1 2 10.2 803
Wite River 1 4 1.7 13254
Strai ght 1 2 13.1 2412
Sout h Fork 1 3 5.0 3966
South Fork 2 2 18.8 2468
South Fork 2 1 2 18. 8 5432
Hol br ook 1 3 3.4 9013
Hol br ook 2 2 4.5 4573
Scar f ace 1 3 6.4 2594
Scarf ace 2 2 10: 6 778
Scarf ace 2 1 2 7.9 346
Bur nt 1 3 4.7 8079
Bur nt 1 1 2 25.7 1420
Bur nt 2 2 8.4 2883
Bur nt 2 1 2 18.6 1637
South Fork NN3 1 2 9.9 2555
Bartlett 1 3 2.6 7849
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Stream

Bartlett
Bartlett
Bartlett
Bartlett
C uster
C uster
C uster
C uster
C uster
Una
Br ownst one
Br ownst one
Br ownst one
Cayuse
Cayuse
Cat chem
Francoi s
Francoi s
Gor don
Gor don
Gor don
Gordon
Gordon
Gordon
Gor don
Gordon
Gordon
Gordon
Gor don
Gor don
Li ck
Li ck
Li ck
Doct or
Ceor ge
Shaw
Cardi na
Cardi na
Cardi na
Gabe
Gabe
El k
Youngs
Youngs
Youngs
Youngs
Youngs
Ross
Ross

Spruce

Stream

Reach  Subreach Oder Gadient (% Lengt h(m
1 1 2 22.4 2387
1 2 2 25.3 964
1 3 2 10.1 5432
2 2 8.4 3429
1 3 4.3 2427
2 3 14.9 716
2 1 2 9.9 1606
3 2 17.0 1021
3 1 2 29.5 672
1 2 11.9 5376
1 3 11.2 41015
2 2 11.8 568
2 1 2 14. 8 661
1 3 1.0 4473
2 2 8.7 5446
1 2 5.0 2509
1 2 3.5 739
2 2 16.9 3901
1 4 0.6 16863
1 1 2 11.0 981
1 2 2 20.8 2858
1 3 2 23.9 1736
1 4 2 21.0 1280
1 5 2 21. 4 1273
1 6 2 15.0 1851
1 7 2 18.1 1924
2 3 0.7 6443
2 1 2 22.8 1567
3 3 2.6 3075
4 2 9.3 2403
1 3 3.6 2277
2 2 19.7 958
2 1 2 8.9 1113
1 2 5.9 4005
1 2 4,5 5078
1 2 6.7 4373
1 3 9.2 2698
2 2 18.9 2716
2 1 2 19.5 875
1 3 22.2 2150
2 2 19.1 1788
1 2 24.5 1569
1 4 0.5 2774
2 4 1.3 2088
3 4 1.9 9023
4 3 1.4 2541
5 2 2.8 3751
1 3 2.8 652
2 2 7.5 3398
1 2 19.8 1093



Stream

Stream Reach  Subreach Oder Gadient (% Lengt h (m
Jenny 1 3 5.5 2017
JennK 2 2 4,2 2687
Mar shal 1 3 2.9 7445
Mar shal 2 2 9.6 1277
Mar shal 2 1 2 8.3 1685
Boul der 1 2 14. 4 2229
Babcock 1 3 2.1 13382
Babcock 1 1 2 24.3 1106
Babcock 1 2 2 29.2 1148
Babcock 2 2 2.2 1682

Furious 1 2 14. 4 3238
Cabin 1 3 4.6 3616
Cabi n 2 2 6.8 4939
Qter 1 2 8.6 4142
Kid 1 2 18. 8 1670
Hahn 1 3 4.1 5789
Hahn 1 1 2 22.2 972
Hahn 2 2 6.0 6237
Hahn 2 1 2 17.3 369
Jumbo 1 2 12.1 2740

Danaher 1 5 0.7 15565
Danaher 2 4 0.3 12017
Danaher 3 3 1.7 4411
Li nest one 1 3 3.7 5044
Li nest one 2 2 11.3 2460
Li nest one 2 1 2 8.4 3313
Hel i b 1 2 8.9 3619

Li mest one NN 1 2 8.0 3771
Wi te 1 2 5.7 1858
Bar 1 3 2.2 1886
Bar 2 2 6.3 1644
Bar 2 1 2 4.3 3137
Bar 3 2 9.3 1701
Cal f 1 3 3.5 2951
Cal f 2 2 7.8 5075

Little Calf 1 2 5.1 2255
Spring 1 2 3.9 2568
2Pring 2 2 12.1 2211

| oy 1 2 1.7 4507
Rapi d 1 4 1.9 5277
Rapi d 2 3 7.2 3898
Rapi d 3 2 12.7 624
Rapi d 3 1 2 13.7 625
Fool hen 1 3 3.3 4760
Fool hen 1 1 2 10. 4 2369
Fool hen 2 2 4.6 2803
Fool hen 2 1 2 10.9 1175
Ayres 1 2 4.8 2872
Ayres 2 2 13.5 1401
Basi n 1 4 1.8 4018
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Stream

Stream Reach  Subreach O der G adi ent (% Lengt h(m
Basin 2 2 4.4 7083
Basin 2 1 2 10.7 2385
Basi n 3 2 20. 2 618

St adl er 1 3 4.9 5240

St adl er 2 2 11.7 780
Camp 1 3 4.8 3467
Camp 1 1 2 11.2 2668
Camp 2 3 7.2 800
Camp 3 2 11.5 1825
W gwam 1 2 9.8 2521
Tot al 1075987
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