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anc watered at the minimum incubation flow elevation. Eggs at these sites
experienced survival rates of 0%, 25% and 0% respectively, to the eyed
stage. Egg survival was high in an area continually watered by a spring.
Artificial channel experiments conducted during the 1981-82 season supported
the conclusion that substantiai mortality of dewatered green and eyed eggs
would occur within a few hours if air temperatures were below -16°C.
Incubating eyed eggs experienced less mortality than green eggs when
dewatered. A moderate amount of fine material in the gravels was beneficial
in delaying freezing mortality of kokanee eggs which were dewatered in
artificial channels.

Kokanee year class strength as measured by spawner length and flows
in the mainstem Flathead River from 1966 to 1981 were closely correlated.
This indicated Hungry Horse discharges had impacted kokanee populations by
providing unfavorable spawning and incubation fiows. Strong relationships
have existed between kokanee year class strength and several flow variables,
including spawning and incubation period gauge height differences (r“= .840
p<.001) and average number of hours incubating eggs were dewatered per day
{r’= ,859, p<.001).

Timing and abundance of fry emergence was studied to help assess
the relative recruitment of river system spawning areas to the Flathead
Lake kokanee population. An estimated 12,000,000 kokanee fry emigrated
from McDonald Creek from March through June of 1982. The survival rate
from potential ogy deposition to fry emigration was approximately 22
percent. An estimated 4.5 million fry passed the mainstem Flathead
River sampling station near Kalispell in April and May. An estimated
total of 429,000, 317,000, 43,000 and 11,000 kokanee fry passed sampling
stations in lower Beaver Creek, the Middie Fork River near West Glacier,
Brenneman's Slough and the Whitefish River, respectively. Studies in
Mchonald Creek indicated emigrating kokanee fry were present throughout the
vertical and horizontal portions of the water column. Marking experiments
of kokanee fry in Beaver Creek and observations of fry in Brenneman's
Stough indicated fry have longer residence times before emigrating from
spring areas.

The abundance of the mainstem kokanee spawning population was well
below the level of our management objectives. We estimated that a total
of 35.000 preharvest mainstem spawners were present in 198l. This was
oniy 11 percent of the 330,000 mainstem spawners estimated for 1975,
which was considered an average good year. Due to the lack of a strong
mainstem run, fishermen shifted their effort almost completely to the
earlier run migrating to the Middle Fork drainage. High flows during the
spawning season and lower flows during the incubation season, partly in
response to provisional energy deliveries from Hungry Horse Reservoir since
1967, have contributed to this decline in kokanee spawner abundance in the
mainstem.

Flow recommendations of a 3,500 ¢fs minimum and a 4,500 cfs maximum
in the Flathead River at Columbia Falls for the spawning season (15 October-



15 December) and a minimum of 3,500 c¢fs during the incubation season

(15 December through April) were submitted to the Northwest Power Planning
Council to rebuild the mainstem kokanee runs to the management objective
levels similar to 1975. If these flow requests are not adopted, we expect
the mainstem kokanee run to remain at the present Tevel of only 11 percent
of the management goal of 330,000 preharvest spawners.

A minimum flow request of 3,500 cfs in the Flathead River at Columbia
Falls for the entire year was submitted to the Northwest Power PTanning
Council for the protection of overwintering and rearing habitat for west-
slope cutthroat, bull trout and mountain whitefish. A stable minimum
flow in the mainstem would be greatly beneficial to migration and
holding of adult adfluvial cutthroat trout.

The proposed multilevel outlet or surface withdrawal system at
Hungry Horse Reservoir would increase water temperatures and trout growth
units by 40 percent in the Flathead River below the South Fork and would
result in an overall benefit of 40 percent to the recreational trout
fishery in the mainstem Flathead River.
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INTRODUCTION

Kokanee salmon (Onconhynchus nerka) were first introduced to the
Flathead system in 1916 (Montana Fish and Game Commission 1918) and =
thriving kokanee fishery had developed by the early 1930°s in Flathead
Lake. Kokanee have become the most popular game fish in the drainage,
supporting a summer trolling fishery in Flathead Lake and an intense fall
snagging fishery in the Flathead River system. Kokanee comprised over
80 percent of the catch in the river system and over 90 percent of the
catch in Flathead Lake during 1982 {Fredenberg and Graham 1982). Kokanee
comprised gver 80 percent of the game fish harvest in 1975 (Hanzel 1977).
Anglers from most of the western United States, Alberta, and British
Cotumbia take part in the Flathead Lake trolling and river snagging
fisheries. A census of the kokanee fishery in the Flathead River was
undertaken in conjunction with this study during 1981. Results of that
study and related recreation studies in the Flathead will be available
in the fall of 1982 @Grahamand Fredenberg 1982, Fredenberg and Graham
1982a, 1982b}).

Impoundment of the South Fork Flathead River began in 1948 and was
completed in 1952 with the construction of Hungry Horse Dam. At that time,
Hungry Horse was the fourth largest concrete dam in the world. lLocated
eight kin upstream from the mouth of the South Fork, Hungry Horse created
a reservoir approximately 66 km long with a storage capacity of 3,461,000
acre feet {(af).

Operation of the powerhouse altered normal discharge and temperature
regimes in the South Fork and conseguently in the mainstem below the South
Fork. Discharge and temperature effects on the mainstem are mediated by
natural flows from the North and Middle Forks.

Kokanee spaning in the South Fork and mainstem have been affected by
operation of Hungry Horse Dam. Kokanee prefer to spawn in shallow areas
with moderate water velocities. In large rivers like the Flathead,
kokanee spawn primarily along stream margins and in side channels. Vertical
water level fluctuations of over two meters in the South Fork and up to
1.4 m in the mainstem have resulted in alternate wetting and dewatering
of eqgs when flows were high during the spawning season. Dewatering can
quickly cause death of eggs incubating in stream gravels due to freezing.

Kokanee eggs deposited in the South Fork mainstem, and Flathead Lake
nave all been subject to water Tevel fluctuations. Incubation mortality
could vary greatly from year to year, depending on flow conditions. Incu-
bation mortality is probably the most important factor governing year
cltass strength of Flathead kokanee. McNeil (1968) determined that incu-
bation mortality was the most important factor governing year class
strength of pink salmon (Oncorhyncus gerbuscha) in southeast Alaska
<treams. Stober et al., (1978) ohtained simjlar results with sockeye
saimon in Cedar River, Washington,



The Hungry Horse project is part of the Bonneville Power Administration
electrical energy grid. The dam is operated primarily for flood control and
hydroelectric energy production. The crest of the dam is 172 m high
{1,087 m above mean sea level). Penstocks are located 75 m below the
crest. At present peak capacity, the powerhouse produces 323 Mw. Present
minimum flow from Hungry Horse i1s 145 cfs and the rated capacity is 11,417
cfs. Operation of Hungry Horse is determined in concert with the complex
network of electrical energy producing systems, consumption needs, and flood
control requirements throughout the Pacific Northwest. Water leaving
Aungry Horse passes through 19 dams before reaching the Pacific Ocean.

To meet anticipated need for more peak power in the Northwest, many base
load or existing peak power projects are being reviewed with the objective
of increasing peaking power production. Several alternatives for the
ARungry Horse project are presently being assessed. The aiternatives include:

Maximum
Peaking Instantanegus
Alternative Power (Mw) Discharge(cfs)
1. Existing - 328 11,417
Z. Uprate existing generators 385 12,080
3. Powerhouse addition 383 13,367
4. Uprate and powerhouse 440 13,785

Hungry Horse alternatives are being evaluated both with and without a
rerequliating dam. The proposed reregulating dam would be located on the
South Fork and have a storage capacity of 1,950 af. Additicnal peaking
power capability at Hungry Horse may alsc result in increased total annual
power production.

This study was undertaken to assess impacts of the various power
atternatives and operating regimes on the fisheries of the Flathead River.
Fisheries studies began in April, 1979, with the following objectives:

1. To provide the Bureau of Reclamation with the Department of
Fish, Wildlife and Park's best estimate of a flow regime which
will result in the most desirable Tevel of reproduction and
survival of kokanee salmeon, mountain whitefish, and fish food
organisms.

2. To determing the effects of reservoir discharge fluctuation on
survival of incubating keokanee eggs in the Flathead River below
its confluence with the South Fork.

3. To monitor delays in upstream migration of adult cutthroat trout
as a result of unnatural seasonal flow and temperature regimes
caused by discharges from Hungry Horse Dam.



4. To evaluate whether or not a muitiple outlet discharge structure
at Hungry Horse could provide desirable seasonal water temperatures
to significantiy benefit fish production in the Flathead River.

As the study has progressed, we have refined objective two to include:

a. Uetermining the relative contributions of various river system
spawning areas in the Flathead drainage.

b. Determine the relationship between Flathead River flows and
kokanee year class strength.

Assessing the capacity of Hungry Horse Dam to meet flow manage-
ment criteria necessary to effect significant changes in natural
reproductive success of kokanee under the various power alternatives.

(o}

Studies during the 1981-82 season have primarily addressed objectives one
and two.

DESCRIFTION OF STUDY AREA

The Flathead River drains 21,876 km? of southeast British Columbia and
northwest Montana (Figure 1}. The Flathead is the northeastern most drain-
age in the Columbia River basin. Three forks of appoximately equal size
drain the west siope of the Continental Divide.

The North Fork flows south out of British Columbia farming the west-
ern boundary of Glacier National Park. The North Fork was classified as
a scenic river under the National Wild and Scenic Rivers Act, from the
Canadian border to Camas Creek, a distance of 68 km. The lower 24 km of
the North Fork was classified as a recreational river.

The Middle Fork was classified as a wild river from its source in the
Bob Marshail Wilderness area to its confluence with Bear Creek near Essex,
Montana. Below Bear Creek, the Middle Fork was designated a recreational
river. The Middle Fork forms the southwestern boundary of Glacier National
Park.

The upper South Fork was alsc classified as a wild river from its head-
waters in the Bob Marshall Wilderness to Hungry Horse Reservoir. A short
streteh of the South Fork, from the headwaters of Hungry Horse Reservoir
upstream to Spotted Bear was classified recreational. The lower South Fork
is regulated by flows from Hungry Horse powerhouse. Vertical water level
fluctuations in the Tower South Fork has been as much as 2.5 m daily due
to peak hydroelectric energy production (Figure 2}.

The mainstem Flathead River was classified a recreational river from
the confluence of the North and Middle forks to the confluence of the South
Fork. Streamflows in the Flathead River are subject to fluctuation due to
the operation of Hungry Horse powerhouse downstream from its confluence
with the South Fork.
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Peak flows in the mainstem normally occurred in late May or early .June,
coinciding with peak runoff in the North and Middle Fork drainages (Figure
3). During ta'l and winter, the mainstem hydrograph mirrored that of the
South Fork. Daily vertical water level fiuctuations in the mainstem, due
to Hungry Horse operation varied up to 1.4 m (Figure 2).

Water temperature in the mainstem was also partially regulated by
discharge from Hungry Horse Dam. Hypolimnial water releases from Hungry
Horse Dam lowered summer water temperatures and elevated winter water
temperatures in the mainstem (Figure 4).

Kokanee salmon, westslope cutthroat {Salmo clark{) and bull trout
(Satvelinus congluentis) are the three major sport fish in the Flathead
River {Hanzel 1977). Cutthroat and bull trout are native to the Flathead,
but kokanee were introduced. In 1916, 590,000 chinook or quinnat saimon
eqggs obtained from the Oregon Fish Commission were reared in the Flathead
take Hatchery and the fry were stocked in several area lakes {Montana Fish
and Game Commission 1918). In subsequent years, mature kokanee salmon or
"rodfish"” were netted in Lake Mary Ronan and Flathead lLake; apparently
they had been mixed in with the chinook saimon eggs. Kokanee popuiations
became established in Flathead Lake and continued fto grow. By 1933 a
kokanee trolling fishery was underway on Flathead Lake. That fall an
estimated catch of 100 tons of kokanee was canned for the Montana Relief
Commission {Montana Fish and Game Commission 1934). Thousands of kokanee
were spawning along the shores of Flathead Lake and large runs were ascend~

ing into the Flathead River system.

By the Tate 1930's, a run of kokanee had become established in McDonald
Creek (Fish and Wildlife Service 1968) and probably in the Whitefish River
and spring areas in the mainstem Flathead River. The kokanee population
in the mainstem continued to grow in size from the 1960's through the
early 1970's. This was partly associated with flow patterns and modified
temperatures of water discharged from Hungry Horse Dam. During the mid
1960's, local residents first noticed large numbers of kokanee in Beaver
and Deertick creeks in the Middle Fork drainage. Kokanee were first
observed spawning in the Middie Fork of the Fiathead River from
McDonald Creek upstream to the mouth of Deerlick Creek in 1981.

Westslope cutthroat trout (Salmo cfaxki) migrate up the Flathead River
from Flathead Lake in winter and early soring {Hanzel 1966). Exact timing
of migration may be affected by operation of Hungry Horse powerhouse
{Huston and Schumacher 1978). Spawning occurs in May and June in tribu~
taries of the North and Middle Fork.

Three distinct Tife history patterns of westslope cutthroat commonly
occur throughout their native range (Behnke 1979). Adfluvial cutthroat
reside in smail streams for one fo three years before emigrating to a lake.
Growth is generally more rapid in lakes than in streams. After a period of
one to three years in a lake, adfluvial cutthroat mature and ascend
iributary streams to spawn. Westslope cutthroat probably evolved as
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adfluvial fish in Glacial Lake Missoula (Wallace 1979}. Fluvial westslope
cutthroat follow a Tife history pattern similar to adfluvial fish except
maturation occurs in a large river. Spawning typically occurs in smaller
tributaries. Resident westsiope cutthroat spend their entire Tives in
small headwater streams.

A1l three forms of cutthroat are found in the Flathead drainage. The
upper South and Middle Forks support fluvial populations. Fluvial cut-
throat are occasionally found in the North Fork and mainstem. Resident
cutthroat are found in nearly all tributaries of all three forks. Adfiuvial
cutthroat support the bulk of trout fishing in the North Fork and mainstem
Flathead River. Anglers harvest adult adfiuvial cutthroat on their spawn-
ing migration and juvenile cutthroat as they migrate downstream in summer
and fall.

Bull trout {Salvelinus congluentus) begin migrating up the Flathead
River in spring {Block 1955). Spawning occurs in North and Middle Fork
tributaries during September and October. Migrating bull trout provide an
important trophy fishery in the Flathead River system from May through
Gctober (Hanzel 1977). They provide a year round fishery in Flathead
Lake. Reguiations forbid taking of bull trout less than 457 mm (18 inches)
in fength. Angliers commonly harvest bull trout weighing two to five
kilograms and occasionaily up to 10 kilograms.

Other fish species are probably affected by Hungry Horse operations
during at least a portion of their life histories. Other species commonly
found in the Flathead River include rainbow trout (Salme gairdneni), mountain
whitefish and largescale sucker (Catostomus machocheifus). Several other
species encountered less frequently include brook trout (Salvelinus fontin-
afisy, Yellowstone cutthroat trout {Salmo clarnkd bouvieni), lake trout
Salvefinus namaycush), lake whitefish (Coregonus clupeafornnis),longnose
whitefish {Prosopium couwlternd), northern sguawfish [Piychochelfus oregon-
ensis). Several more species are known to be present in the drainage, but
are rarely encountered in the Fiathead River.

METHODS

ADULT KOKANEE MIGRATION AND ABUNDANCE

The migration and abundance of kokanee spawners was monitored by
snorkeling, aerial census, and fisherman tag returns of marked fish. Kokanee
were observed by snorkeling in the North and Middle Fork drainages. Aerial
census was the major methoed used in determining distribution and abundance
in the mainstem Flathead and the lower Middle Fork. Tag return information
was utiiized Lo assess distribution and harvest throughout the drainage.

Snorkelin, surveys were conducted in selected areas of the Middle
Fork above McDonald Creek and the North Fork from Kintla Creek to Canyon
Creek in late September, 1981. Snorkeling counts were made on the entire
tength of McDonald Creek and the Middle Fork below McDeonald Creek in late



September, and again in late October, 1981.

Aerial couats were made as part of a fisherman census on the Flathead
River from the mouth of the Stillwater River to the confluence of the Horin
and Middle Forks. These aerial counts were also made on the Middle Fork
helow West Glacier. A small plane flew the observer at the lowest practi-
cal elevation ( 150m ) over the river channel and counts were made by
estimating the size of schools of adult spawners. The counts were made
approximately three times weekly from 4 September to 29 October, 1981. One
count was made on 8 November. Gibson {1973), Neilson and Geen {1981} and
Church and Nelson {1963} successfully used aerial counting methods to
enumerate saimon.

Counts of spawners were also made during redd surveys by observing the
fish from the jet boat and cance.

SPAWNING SITE INVENTORY

An inventory of spawning sites or redds was conducted in five major
spawning areas in the Flathead River system, including the mainstem Flat-
head, Middle Fork of the Flathead, Beaver-Deerlick creeks, Whitefish
River and South Fork of the Flathead. The inventories were made when
spawning was considered approximately 90 percent completed in each area.

Experimental spawning and incubation flows in the Flathead River below
the South Fork were provided during the 1981 water year through agree-
ment with the Bureau of Reclamation and the Bonneville Power Administration.
A maximum spawning flow of approximately 4,000 cfs at Columbia Falls was to
be maintained during the estimated hours of peak kokanee spawning activity
{1700-2300 hours) in the month of November. The request allowed flows to
be dncreased for power peaking during daylight hours. However, operators
provided the preferred spawning flow of 4,000 cfs 24 hours per day through-
out November,

~ Kokanee redd counts were made in mid-Uctober, and early and late November
in the Filathead River below the South Fork. A1l areas which had suitable
spawning gravel were checked from a jet boat or by wading.

surveys of spawning activity in McDonald Creek were made while snorkel-
ing in September and October, 1981. Actual counts of redds were not made
due to the density of spawners and redd superimposition.

Kokanee redd counts were made in the Middle Fork River above McDonald
Creek on 20 and 22 October, 1981. The Middle Fork below McDenald Creek
was surveyed on 21 (Qciober.

Redd_couﬁts were made in both Beaver and Deerlick Creeks in the Middle
Fork drainage above McDonald Creek on 4 December. The South Fork of the

Flathead and the Whitefish River were surveyed for kokanee redds on 29 and
19 October, respectively. '
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Four major spawning areas in the Flathead River below the South Fork
were mapped during the late winter and early spring 1982. A transit and
stadia rod wers used to map spawning gravels and measure depth contours.
Elevation of redds in these areas was measured relative to the 4,000 cfs
spawning flow.

The 4.3 km section of McDonald Creesk below McDonald Lake was floated
by canoe on 31 March and 1 Apriil, 1982, and the substirate material was
mapped .using an expanded aerial photo and measuring tape. The weited
substrate was divided into unsuitable, poor, medium, and good guality
spawning gravel based on substrate composition. This classification was
hased on observations of substrate selection by kokanee spawners throughout
the drainage. If the area cf substrate had a large proportionof fine or
yvery large materials, it was considered unsuitabie for kokanee spawning.

Lengths, widths, and water depths of selected kokanee radds were
measured in the mainstem Flathead and Middle Fork rivers. OSubstrate cores
were analyzed for 20 redds in the mainstem Fiathead. Geometric means
(Platts et al. 1979), percent of material less than 0.85 and 9.5 nm, and
fredle indices (Tappel 1981} were calculated for the samples.

FGG INCUBATION AND ALEVIN DEVELOPMENT

Experimental incubation flows of approximately 2,200 cfs (24 hours per
day) at Columbia Falls were maintained during the November through April
study peried, except for several days during the winter when the flow dropped
to 2,200 cfs. Survival and development of kokanee eggs and sac-Try
alevins was monitored in natural redds throughout the winter in the Flat-
nead River to evaluate the effects of the experimental spawning and incu-
bation flows. A hydraulic egg sampler (Graham et al. 1980, McNeil 1%963)
and kick net were used to sample natural redds.

Incubation and development in the Tower Flathead River were also eval-
yated with experimental egg plants. FEggs were put in Tibergiass bags and
buried in gravel at four water levels in three spawning areas on the river.
Bags were harvested monthly from each spawning area o evaluate development
and survival. FEgg bags were also planted to test survival in threes main-
stem areas where suitable spawning gravel was present, but had not been
utilized by kokanee throughout the three year study periocd. A total of
140 bags containing 100 eggs each were planted during 1981,

Survival and development of eggs and alevins ip natural redds was
monitored at spawning areas in the Middle Fork Flathead River and McDonald
Cresk.  Two areas of the Middle Fork, one below and one above McDonaid
Cresk, were sampled in mid-December and again in mid-March with the hydraulic
eaq sampler and kick net. & Z km portion of McDenald Creek was sampied
with the hydraulic egg sampier and kick met to estimate the density of
Tive eyed eggs and sac fry alevins in the gravel. A total of 36 samples
were taken at randomly selected points and total production and survival
were calculated {McNeil 1%64). Random sampling was conducted to determine
oroduction in four areas in the mainstem Flathead. Production was caiculated
by multiplying the live egg and alevin density times the total area (m°) of

spawning gravel at each site.
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Eggs were planted in artificial channels at Somers Hatchery to test
tée effects of sediments on €99 survival during periods of dewatering.
Six %éggs eacn containing 50 eggs, were planted in each of four channels
ccmta?ﬁ7ﬂg 12, 21, 27 and 40 percent fine sediment mixtures, respectively.
Sewater@ﬁg was simulated by shutting off the water source and survival
was monitored by collecting egg bags every two hours and counting live and
dead eggs. The experiment began at dark and continued ior 12 hours. Two
green egg experiments (December and danuary) and iwo eyed egq exneriments
(January and March) were conducted. In mid-March, 300 €5gs were planted in
each channel to evaluate survival from egg to fry in the four sediment
feyels,

STREAMFLOW - YEAR CLASS RELATIONSHIP

Relationships between year class strength of kokanee spawners and flows
during the spawning and incubation seasons which produced them were
analyzed (Graham et al. 1980, McMullin and Graham, 1981}. Length of
kokanee spawners was used as the measure of year class strength, assuming
fish size was inversely related to fish numbers in Flathead Lake. Qther
workers have reported this density dependent relationship in sockeye
salmon populations (Foerster 1944, Johnson 1965, Goodlad 1974, Stober

et al. 1978).

The majority of kokanee spawners entering the river system in a
particular year were mostly of one age class (Hanzel 1976). However,
interactions with other year classes of kokanee can affect their growth.
To account for year class interactions, a three-year moving average of
flow conditions was used in the calculations (Graham et al. 1980, McMullin
and Graham 1981).

FRY EMERGENCE AND MOVEMENTS

Timing and abundance of emerging fry was evaluated using 0.5m? drift
nets suspended in the water column and fry emergence traps placed over the

spawning gravel.

Urift nets were used in all river system spawning areas to filter
swimming fry fromthe water column. HNet sets were made weekly from early
March through June in McDonald Creek, Beaver Creek, and Deerlick Creek in
the Middle Fork drainage and Brenneman's Slough on the mainstem Flathead.
Sampling began in early April in the Flathead River near the 01d Steel
Bridge and the Whitefish River near Highway 2. Drift nets were suspended
in the water column overnight at each area. Fry were counted and the
volume of water filtered by the net was calculated.

Distribution of fry in the water column was evaluated in overnight
experiments using drift nets distributed laterally and vertically in the

-12-



water column in McDenald Lreek. Nets were nlaced at several different
depths andwster velocities and were harvested every two hours.

Fry emergence traps (.12m?) were designed, constructed, and tested
{Figure 5). The traps consisted of a nyion net and metal frame with a nylon
sock and screen fyke tc capture emerging fry. Frames were attached to the
stream bottom with rebar. Timing and number of emerging fry were evaluated
using 29 of the traps. Seventeen traps were placed in four mainstem
spawning areas, 8 were placed in McDonald Creek, and four were placed in
Beaver and Deerlick creeks. Phillips and Koski (1969} used similar traps
in Oregon river systems o capture salmonid fry.

Groups of kokanee fry were dyed with Bismark Brown stain (Ward and
VerHoeven 1963} during experiments to evaluate fry movements. Approximately
2,000 fry captured in Beaver (reek were dyed and released. Drift nets were
then set downstream near the confiuence of the creek and the Middle Fork
and maintained for ten consecutive days. Groups of dyed and undyed fry
were kept in net bags in the stream as controls for the experiment to
evaluate mortality and dye retention. A similar experiment was conducted
in Deeriick Creek where approximately 3,000 hatchery fry were dyed and
released,

RESULTS AND DISCUSSION
KOKANEE ABUNDANCE AND MIGRATION

Kokanee Abundance

An assessment of the relative contributions of various segments of the
river system  to kokanee recruitment is required to determine the effects
of discharge from Hungry Horse Dam on the fisheries of the Flathead River.
Abundance estimates of spawners were made by a combination of direct obser-
vations and redd counts made after spawning was completed. Assessing the
abundance of kokanee in areas not influenced by Hungry Horse Dam provided
an estimate of the relative contribution of the impacted portions of the
river system. These unaffected areas such as McDonald Creek, the Middle
Fork of the Flathead River, Whitefish River and mainstem spring areas
provide a reference to monifor natural fluctuations in the kokanee
populations.

The number of spawners in the mainstem Flathead River remained smail
although spawner abundance was greater in 1981 than in the two previous
years of the study (Table 1). The totel redd count in 1981 was several
Times larger than the 1979 count and about fourteen times larger than in
1980. The estimated 18-20,000 spawners {estimated from redd counts) in
the mainstem in 1981 is quite small when compared to the numbers of spawners
which were present during previous years.

The number of redds counted in spring areas was much more consistent
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Tahle 1. HNumbers of redds observed in the Flathead River system

in 1379, 1980 and 1981.

Year
River Section 1981 1980 1979
Flathead Riven belfow the South Fork
total 6,952 467 2,802
non-spring 5,961 77 1.861
spring gg1 390 941
South Fork River 300 L 1/
Widdle Fork River 2,300 L 1/
Reaver Creek 516 %/ g
Deerlick Creek 202 = I
426 1/

Whitfefish Riven 416

1/ Spawning probably occurred but no redd surveys were conducted.
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among the three years, probably because of more stable environmental
conditions. " hese areas were not significantly affected by discharges
from Hungry Hov.e Reserveir.

Larger numbers of kokanee spawners were also counted in McDonald Creek
in 1981 than in either of the two previcus years of the study {Table 2).
it is probable that survival conditions in the year of development of the
1981 year class were more favorable than for the 1979 and 1980 year classes.
A median estimate of 97,000 kokanee was obtained in the 21 October survey.
An estimated 5,000-7,000 dead kokanee were also counted.

Snorkel counts in the Middle Fork rlathead River above and below
McDonaid Creek also indicated larger numbers of kokanee in the Middle Fork
drainage in 1981 as compared to the iwo previous years of the study. No
kokanee were observed in the North Fork drainage in 1981.

The 300 kokanee redds counted in the South Fork of the Flathead below
Hungry Horse Dam were concentrated in the Devil's Elbow area {Table 1 and
Appendix C). More than half of the redds in the South Fork were subject
to dewatering during periods of low discharge from Hungry Horse Dam. Huston
and Schumacher {1978) reported that kokanee spawned in similar areas of the
South Fork during the 1970's.

A total of 2,300 redds were counted on 20-22 October in the Middie
Fork {Table 1 and Appendix C). Approximately 1,000 of these redds were
iocated above McDonald Creek and 1,300 were located below McDonald Creek.
Spawning began in mid o late September in the Middle Fork, and was
estimated to be 80-90 percent completed by the 20-22 October redd count.

Counts of 516 and 202 kokanee redds were made in Beaver and Deer-
1ick Creeks, respectively, on 4 December, 1981 ( Table 1 and Appendix C).
Spawning had begun in early October in these streams and was virtually
completed by the date of the redd count. A few fish remained in Deerlick
Creek, but no fish were observed in Beaver Creek on 4 December. A
beaver dam prevented spawning in Beaver Creek in 1979 (Graham et al. 1980).
Some spawning occcurred in 1980 (McMullin and Graham 1981), but no redd
count was made.

The 416 redds counted in the Whitefish River on 19 Qctober were con-
centrated between Hodgson and Rose Crossings {Table 1 and Appendix C}.
McMultin and Graham (1981) reported 426 redds in this section of the river
in 1980 {(Tabhle 2).

Spawning in McDonald Creek and the Whitefish River appears to be more
than one month earlier than reporied in the 1950's (Stefanich 1954). This
temporal shift may be a result of better survival of progeny from earlier
spawning kokanee.

Based on direct observations of spawners and total redd counts, an

estimated 140,000 kokanee spawners reached spawning grounds in the Flathead
River system during 1981. An estimated 60,000 and 100,000 spawners reached
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spawning grounds in the river sysiem in 1980 and 1979, respectively, based
on more 1limited data. Spawner abundance in the Flathead River below the
South Fork from 1979-1981 followed the same pattern recorded for McDonald
Creek, indicating natural environmental fluctuations affecting survival

as well as Hungry Horse discharge have influenced kokanee abundance. This
demonstrates the critical importance of monitoring portions of the river
system unaffected by Hungry Horse operations.

Kokanee Migration

Timing, rate of migration and distribution of kokanee spawners may be
influenced by river discharge and temperature. Recreational potential of
the fisheries may be influenced by the rate of movement and density of
spawners in the river. ferial counts of spawners and tag return information
proved to be valuable tocis in assessing kokanee migration patierns.

The first jarge concentration of kokanee spawners in 1981 was recorded
in the Flathead River near Kalispell during an aerial counti on 4 Sentemper
{(Appendix A). Smaller groups of adult spawners weve as far upsiream as
Columbia Falls on this date. By 8 September, large schools of kokanee had
reached the Middie Fork of the Flathead River near McDonald Creek, 56 km
upstream from Kalispell. A similar pattern of migration occurred in 197¢
(Graham et al. 1980). In 1980, large groups of kokanee spawners did not
appear in the Kalispell area until mid-September {McMuliin and Graham, 1381).

ferial counts made in the river system indicated kokanee migration
accurs in several "waves” or "runs" {Figure 6). Several peaks of kokanee
abundance were recorded in the mainstem Flathead below Blankenship Bridge.
peaks of spawner abundance in this area occurred in mid-September, late
September, and early October as they migrated upstream. No large peaks
of spawners were observed in the mainstem after early October. We believe
this later portion of the run makes up the majority of Tish that spawn
in the mainstem Flathead River. As a result of a third consecutive poor
year in the mainstem, the river was closed to snagging of kokanee on
28 October by order of the Fish and Game Commissicn.

A moderate peak of spawner abundance was recorded in mid-September in
the Middle Fork River from Blankenship Bridge to West Glacier {Figure 6).
¢okanee were abundant in this section of the river throughout September
and most of October with major peaks occurring in late September - early
October, and mid-October. Numbers of spawners declined sharply in late
October because the majority of the fish had moved into McDonald Creek or
farther upstream in the Middie Fork River.

Hater temperaturs has affected kokanee migration timing in this river
section. GComparisons of Jlate September and late October snorkel counts in
McDonald Creek indicated kokanee moved into the stream earlier than
sbserved in 1979, but Jater than observed in 1980 (Table 2). The temperature
pattern of McDonald Creek affected the ratle and time of movement of kokanee
into the stream during the three years. Temperatures of McDonald Creek in
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late September ranged from 17° to 199 centigrade during 1979, and from

13° ©o 14° centigrade during 1980 (McMullin and Graham 1980). During

1981 temperatures in McDonald Creek ranged from 14° to 16° centigrade during
late September. Kokanee remained in the Middle Fork until temperatures in
McDonald Creek dropped to levels below approximately 16°C. Foerster

(1968) found water temperatures affected migration of sockeye salmon.

The pattern of kokanee migration indicated that successive runs of
spawners were moving through the river system with early runs spawning in
upriver areas and the late run spawning in areas generally influenced by
Hungry Horse Dam. The phenomenon of late and early runs was discussed in
Graham et al. {1980) and McMullin and Graham {1981). Merrell (1960) found
pink saimon runs into Sashin Creek, Alaska, occurred in several waves
or peaks during a period of approximately one month. Jeppson (1960)
reported similar migration patterns in kokanee salmon tributaries of Pend
Oreille Lake, Idaho. Eaton and Meehan (1966} reported two peaks of sockeye
salmen migration in the Frazer Lake system, Alaska.

Tag return information supported the concept of successive runs of
kokanee spawners through the migration season. The greater average rates
and distances of movement exhibited by fish tagged in early September indi-
cated these fish were part of one of the earlier waves of fish bound for more
upstream spawning areas of the river system. Almost one-fourth {23 percent)
of the returns of fish tagged in early September were reported from the
Middle Fork drainage, while only 7 percent of the returns from the fish
tagged in late September were reported from the Middle Fork. Tag returns
of kokanee by fishermen have averaged 12 percent in the three years of
the study {Table 3). ‘

Fishermen returned 38 (23 percent) of the 162 adult kokanee tagged in
the Flathead River near Kalispell on 6 September (Appendix B). Six were
caught in the area where they were ftagged within a few days of release.
The remaining 29 spawners which were caught exhibited an average upstream
movement of 21.1 km at an average rate of 2.1 km/day. Killick (1955)
reported an average migration rate of 30 km/day for sockeye salmon in the
Fraser River, Washington. The greatest rates of movement were by fish
caught on 9 September near Columbia Falls (8.2 km/day) and a fish caught
on 13 September in the Middie Fork near McDonald Creek (8.0 km/day). A
total .0f nine returns were reported from the Middle Fork River. One fish
was causht near Nyack in the Middle Fork River, 111 km upstream from
Kalispell,

A total of 15 returns (6.7 percent) were reported by fishermen of the
227 kokanee tagged on 29 September in the Flathead River near Kalispell
(Appendix B). Five fish were caught near Kalispell within one week. One
fish was caught near the point of release 28 days after it was tagged.
The maximum rate of movement (5.8 km/day) was exhibited by a fish caught on
3 October near Columbia Falls., Only one return was reported from the
Middie Fork,



Table 3. Tag returns by anglers from kokanee tagged near the 0ld Steel
Bridge in September 1976-1981.

Uate Number tagged Number retuyrned Percent return
1981 9/6 167 38 23.4

5729 224 i5 6.7
1980 9/15 302 29 9.6
19749 9/4 104 14 13.5

i0/4 59 & 10.2
1979-1981 851 102 12.0

e



SPAWNING SITE INVENTORY: FLATHEAD RIVER
Redd Counts

Spawning in the Flathead River below the South Fork began on 8 Oct-
gher, 1981, when 16 redds were counted in mainstem spawning areas of the
Tower Flathead River. On 2-5 Hovember, 3566 redds were counted {Table 4).
A final, complete redd count was conducied on 23-25 November when 6,767
redds were observed n 37 spawning areas. An additional 886 redds were
discovered in early December in two areas not previously checked during the
study. Spawning continued into mid-December in a number of the spawning
areas. Approximately 90-95 percent of ail spawning which occurred took
nlace between mid-Uctober and mid-December.

Spawning began earlier and extended Tater into the winter in 1981
than in 1979. About one-third of the total redds were constructed by the
end of the early November count in 1979 compared to 50 percent by the same
date in 1981. In 1979, spawning during December was observed only in
Brenneman's Stough {Area 1) while in 1981 spawning was observed in many
mainstem river areas in December. Spawners were still entering Brenneman's
STough 1in early January, 1981. The extended spawning season in 19831
probably resulted in a substantial amount of observed redd superimposition.

Complete descriptions and map locations of all 42 mainstem spawning
areas utilized by kokanee during the three years of the study are presented
in Appendix C. _

Distributions of Redds Relative to Spawning and Incubation Flows

The relationships among river elevations, number of watered redds and
area of wetted gravel at major spawning areas in the mainstem Flathead were
measured fo assess the distribution of redds relative to spawning and
incubation flows.

A survey of the drop in water elevations between the 4,000 cfs spawning
w (SF) and the 2,300 cfs minimum incubation flow (IF) was conducted on

3 October at 13 areas of the mainsiem Flathead considered representative
spawning sites in the river (Appendix D). The drop between SF and

F ranged from 0.5 feet to 1.3 feet and averaged 0.8 feet. The difference
in water elevation between SF and IF was 1.2 feet at the Columbia Falls
gauge site.

£1
g
1

ReTationship between flow and water elevation at most major spawning
areas were then developed to help determine the number of redds wetted and
arez of gravel wetted at various flows between SF and IF.

Distribution of Redds

When the 2-5 November redd count was made in the mainstem Flathead,
943 redds of the 3,568 counted were located above the spawning flow
water elevation of 4,000 cfs. These redds had been constructed in mid to



Table 4., Numbers of redds counted in early and late November in spawning
areas utilized by kokanee salmon on the Flathead River below
the South Fork in 1981

WWWWW ) Date
Area numbert/ November 7-5, 1981 November 23-25, 1981
1 339 341
2 2 12
1 62 67
5 10 14
7 20 30
8 7 133
9 69 218
10 166 | 517
11 165 - 165
12 254 254
15 9 9
16 43 106
17 0 118
1 124 174
20 132 604
21 60 226
22 51 179
23 2 31
24 10 13
25 139 363
26 3 3
27 255 494
28 11 51
29 225 375
30 68 94
3] 8 23
33 4 11
34 78 160
35 55 116
37 310 495
28 78 288
39 703 1,083
40 72 7
1 33 92
4z 1 2
TOTAL 3,568 6,967

1/ See Appendix C for descriptions and map locations of spawning areas.
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tate October at higher flows of approximately 10,000 cfs during peaking
operations of Hungry Horse Dam. The spawning flow was not exceeded during
the rest of Movomber and the remainder of theredds were constructed beiow
the SF water ievel. Meekin (1967) found that fluctuating flows early in
the spawning period of chinook salmon resulted in redd construction above
later flow levels in the Columbia River below Chief Joseph Dam.

A survey of major spawning sites in early December, when the mainstenm
was flowing at the minimum incubation flow of 2,300 cfs, showed approximately
7% percent of the redds constructed below the 4,000 cfs SF level were
dewatered. More detailed surveys during the winter of 1982 at four major
spawning sites subject to dewatering {Areas 10,27 32 and 3¢} showed that an
average of 50 percent of all redds constructed at the 4,000 cfs spawning
filow were dewatered at the 2,300 cfs incubation flow {Figure 7).

These areas were chosen for study because they contained approximately
20 percent of all redds found in the mainstem and are considered high
quality, traditional kokanee spawning areas. Kokanee were concentratea
in shallower gravel areas and spawned in water as shallow as one inch.
ithen the river was dropped to the 2,300 cfs incubation flow later in the
winter, subsequent dewatering occurred. The percent of redds dewatered
in the mainstem as a whole would be somewhat Tower because some areas
are not subject to dewatering. Kokanee saimon spawned in Washington
streams at depths averaging 0.6 feet and ranging from 0.2 to 1.8 feet
{Hunter 1973). HMean water depth of kokanee spawning was 0.7 feet in
several Oregon streams (Smith 1973).

Distribution of Spawning Gravel

Spawning gravel and water elevations at varijous flows were mapped for
the three major spawning areas {Appendix D). The average loss of wetted
spawning gravel {70 percent} from 4,000 cfs to 2,300 cfs was even larger
than the loss of redds (Figure 8). A smaller percentage of redds than
gravel were dewatered or lost at these sites because an egg depth of 0.2
feat was assumed when evaluating redd dewatering. Based on redd excavation,
0.2 feet appeared to be a good estimate of minimum egy burial depth. Ground-
water fiow was also found to keep some redds watered, even though the
river was not flowing over them.

The large reduction of wetted spawning qravel and kokanee redds
seeurred in the lower Flathead because spawners concentrated in spawning
sites with gently sloping gravels along the margins of the stream. A small
drop in water elevation resulted in a large loss of wetted spawning area.

Microhabitat Measurements of Kokanee Redds

Kokanee redds averaged longer and wider in the mainstem Flathead than
in the Middie Fork River {Appendix E). Depths of water over the redds ranged
from one inch to more than 20 feet in both areas. The majority of the redds
in the mainstem Flathead were in water depths less than 1 m at the
4,000 cfs spawning flow, while the majority of redds in the Middle Fork River
were in water depths greater than 1 m. Most redds were observed in water
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velocities less than 2 feet/second. Grahamet al. {1980} reported a similar
velocity distribution of redds. '

Substrate composition in redds of five major spawning areas in the
mainstem Flathead varied in the size compositions of materials (Figure
9 and Appendix E}. The average percent of materials less than 6.35 mm in
diameter was 20, 27, 29, 30 and 23 in areas 10, 12, 27, 32 and 39,
respectively. Graphs of cumulative percents of substrate sizes indicated
the materials were generally lognormally distributed. Areas 10 and 12
departed most from lognormality. Platts et al. {1979) reported stream
hed materials were lognormaily distributed.

EGG INCUBATION AND DEVELOPMENT

Ega and Aleyin Survival

Survival of kokanee embryos through incubation and emergence was assess-
ed under a variety of natural and artificial conditions to evaluale impacts
of dewatering and assess potential production. Some factors which influenced
eqg survival included length of dewatering, air temperatures and quality of
spawning bed material. Oetermining the polential recruitment of kokanee
at 2 given spawning and incubation flow reguires an understanding of those
interrelationships.

Natural Redds

Survival of kokanee eggs in natural redds in the mainstem Flathead
River averaged 22 percent during the green egg stage at a nonspring site
{Area 27) in late December {Appendix F)}. This area was subject to dewater-
ing during the incubation pericd. Survival of eggs in natural redds averaged
7% percent on the same date at a spring influenced site {Area 38).

Survival in the late eyed-egg and alevin stages {March) averaged
57 pevcent and ranged from 16 fto 88 percent in the mainstem. These survival
values may be high due to disappearance of dead eggs from spawning gravels
orior to sampling (McHeil 1864, Graham ef al. 1980). However, Mcheil
et al. 1964 reported a siow disappearance of dead egys from spawning gravels
in Susan Creek, Alaske.

Analysis of substrate guality indicated nonspring mainstem areas
experienced much Tower survival than the potential predicted by three
meatures of substrate guality based on salmon and steelhead studies (Table
5, Figures 10-12). This decreased survival was probably due in part to
dewatering mortality resulting from fluctustions in Hungry Horse discharge.
bredicted potential survival was lower (Figure 13, Table 5} in studies
conducted on kokanee in Idaho channels (Idahe Coop. Fish. Unit. unpublished
dataj.
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Figure 9. Substrate material composition in kokanee redds of five spawning
areas in the Flathead River below the South rork.
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PERCENT SURVIVAL
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FREDLE NUMBER

12. Predicted kokanse egg survival in spawning areas of the Flathead
River based on fredle indices calculated from substrate samples.
Surv val curve was based on salmon and stselhead studies
conducted in Idaho {(Tappe? 1981).
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Table 5. Predicted percentage of survival polential based on measures of
sutistrate guality in five nonspring spawning areas in the Flat-
head River. Values ave mean and range Trom four samples from

peach area.
Measure of
Substrate Quality Spawning Area Number

10 17 e7 37 39

% 85 mm, %<9.5 mm 74 o4 b 70 Bl
{Tappe! 1981} {50-90} {50-75; {40-85] (60-85) (70-90;

%< B85 mm, %<0.5 mm 4G 34 35 30 48
{Irving 1982) (22-56) {25-44) (19-52) (22-40% (37-58)

Geometric Mean [Dso) 57 88 74 78 g5
{§5-95] {65-92) (32-95} {62-95}) {95-95]

Fredle Number BO 78 70 74 91

4
(50-92) (65-92) {47-92) {52-91} {90-82)

The three substrate analysis methods gave generally similar resultis.
Tappe!l (1981} suggested the method utilizing the percent of material
less than 0.85 and 9.5 mm better typified the distribution of critical
materials in the substrate. Shepard and Graham (1982 used similar methods
to analyze substrate in bull trout redds in the Flathead drainage.

The percent of fine materials less than 6.35 mm in the mainstem areas
averaged 25 percent. Shirazi {unpublished data) reported these levels of
fines should result in salmonid egg survival levels near 80 percent.

Survival of eyed eggs and sac fry alevins in samples taken in McDonald
Creek in mid-February averaged 77 percent. Survival of eggs and alevins
averaged 74, 66, and 52 percent respectively in good, madium and poor
qravels. Graham et al. (1980) reported survival rates of 70 to 85 percent
for eyed kokanee eggs in McDonald Creek in January and February, 15979,
Stober et al. {1978) found 60-70 percent survival of sockeye salmon eggs
in spawning gravels in the Cedar River, Washington by late winter.

Cxperimental Egg Plants

Survival of eggs planted in fiberglass screen bags in mid-November in
three continuousty watered areas of the mainstem Flathead River (Kokanee
Bend, Eleanor Istand, and below Kalispell), was gensrally high through the
green eqg stage (Appendix F}. An average of 98 percent ¢f the egys had
survived to the eyed egg stage in thres of the four areas when they were
sampled on 14 January. £gg survival through the late eyed stage in
March averaged 98 percent in these three areas. Survival through the early
sac fry alevin stage averaged 70 percent. It appeared that these three




gravel areas were highly suitable for kokanee spawning and egg incubation.

Egg survival through the various stages was much Tower in a continuously
wetted gravel area in the mainstem Flathead River near the county bridge in
Columbia Falls (Appendix F). Survival was 92 percent through the green
egg state (December), but fell to 20 percent by the eyed egg stage {January)
and finally to 0.4 percent by the late eyed stage inearly March., This
heavy mortality may have been due to Tow oxygen levels in the gravels and
indicated this gravel area may not be suitable for successfyl kokanee
spawning. Further study of gravel conditions will be conducted in this

area during the 1982-83 season.

Eggs were planted in fiberglass screen bags in areas 27, 31 and 28 to
test the effects of dewatering on egg survival in the mainstem Flathead
River. As a control, eg99s were planted 0.2 and 0.4 feet below the level of
minimum incubation flow which kept them continuousiy wetted.  Survival
was high in the control bags at the two nonspring areas, averaging over
90 percent to the eyed stage and 75 percent to the sac fry stage (Figure
14). Egg survival was much lower in eggs planted at the upper water
level of the incubation flow, averaging 25 percent through the eyed
€99 stage, and O percent to the sac fry stage. Those egg bags were assumed
to be partially wetted, although not spring influenced. Survival of eqgs
at 0.2 feet above incubation flow leve] (dewatered) was near 0 percent by
the first egg bag harvest in mid-December at the two nonspring areas.
Significant mortality occurred early in December when discharge was reduced
to minimum incubation flows for a forty hour period when air temperatures
reached a minimum of -12° centigrade.

Survival was relatively high and similar at all water Tevels at area
38, a spring influenced site (Figure 14). Graham et al, (1980) and Domrose
(1968, 1975) documented good survival of kokanee €99s 1in dewatered areas
influenced by springs. Sampling of natural redds at elevations above and
below incubation flow level indicated similar survival patterns to those
observed for planted eggs in all three areas. -

Egg and Alevin Development

Kokanee eggs planted in bags in the mainstem Flathead River required
more temperature units to reach each developmental stage in the spring area
than in the nonspring area {Table 6). Developmental requirements of kokanee
eggs in Beaver Creek and Flathead Lake Hatchery were similar to that of
the mainstem spring area. Temperature requirements for developrient of
sockeye salmon eggs and alevins in various areas was similar to that
found in Flathead kokanee studjies. Stober et al. (1978), Hunter (1973},
Graham et al. (1980), and Alderdice and Velsen (1978) reported more tempera~
ture units were required for development of kokanee or sockeye salmon
eggs at higher incubation temperatures,

Incubating eggs and alevine remained in the gravel for a longer period
of time in mainstem, nonspring spawning areas because of lower incubation
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FPercent survival of kokanee eggs planted in fiberglass screen
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27 and Area 31} and a spring influsnced area (frea 38) in the
Flathead River,



Table 6. Calculated number of temperature units (°C) and days required for
develupmental stages of kokanee salmon eggs.

Stage of development

YoTk sac
Eve up Hatching absorption
Area Units Days Units Days Units Days
Flathead River
Non-spring 280 66 480 138 700 195
Spring 300 45 540 104 850 154
Beaver Creek 260 46 525 101 700 145
(Graham et al.
1980}
Flathead Lakel/ 331 82 526 143
Flathead Lake 2/ 300 41 580 110 800 145
Hatchery '
Sand Point, Idaho - ——— 555 100 805 136
Hatchery
(Jeppson 1960)
Odell Lake - -—- 643 204 800 251
(Lewis 1972)
Average (sockeye 286 55 590 107 760 138
salmon)
(Foerster 1968)
Cedar River 263 38 620 90 950 140

Washington(sockeye

salmon) (Stober
et al. 1977)

1/ Decker-Hess and Graham (1982) _
2/ Montana Fish, Wildlife and Parks (unpublished data)



Lemperatures resulting in slower development. The longer incubation time
and duration of the sac fry stage resulted in a later emergence period
which increased their susceptibility te fluctuations in environmental
conditions such as extremely Tow or high flows. Becker st al. {1981}
found that sac fry and pre-emergent aleving were highly susceptible to
dewatering mortality even when air temperatures are above freszing,

kgg and Alevin Densities and Production

Live kokanee and alevin densities averaged 563/m° in Hebonald Creek
spawning gravels in mid-February, 19872 {Table 7). Average densities were
4/m" in poor, 470/m? in medium and 965/m° in good gravels. A total of
51 percent of the stream bed was found to be suitable for spawning.

Extrapclating the mean egg and alevin density for the entire spawning
area yielded & total production estimate of 46,000,000 live eggs and
aievins. The caiculated potential depositien {number of female spawners
times average fecundity of 924 eggs/female) was 52,000,000 eggs if a 50:50
sex ratio was assumed. This would yield an 88 percent survival rate from
#gg deposition to late eyed egg and sac fry alsvin stage. HNetting of
spawners near the Apgar Bridge in early October indicated there may have
been more females than males during 1981, but the sample size was (83 fish,
&7 percent femaies). If a 60:40 female:male ratic was assumed, the
estimate of potential deposition was 62,000,000 2qgs and the survival from
deposition to late eyed or sac fry stage was 74 percent.

MclNeil (19647 reported lower survival rates from egg depesition to
late stages of development using these methods of caleulation. Snorkel
counts of spawners in McDonald Creek in mid-fctoher were primarily for
yearly trend purposes. It was likely that fish had aiready spawned, died,
and floated out of the stream, or were consumed by eagies at the time of
count. Also, kokanee which were holding in the Middie Fork of the Fiathead
Wiver probably moved into McDonald Creek after the count was made. Roth of
these factors would result in an underestimate of the total number of
spawners that used McDonald Creek and the potential eqqg deposition. Neilson
and Geen (1981) described the importance of residence time of spawners in
calculating their total numbers.

£gg and alevin densities were smaller in McDonald Creek near Apjar
in 1981-82 than in the two previous vears of the study (Table &). This
ccourred despite the larger estimated number of spawners in 1981, indicating
substantial mortality may have occurred due to superimposition. The percent
survival of eggs and alevins in the samples was also lowest in 1981-87.
The largest egg and alevin densities were recorded in 1980-81 when the
smaliest estimated number of spawners entered McDonald Creek. Mchetl
{1964) reported that egg survival and numbers of spawners may be inversely
related. The inverse relationship of egq densities and numbers of spawners
in McRonaid Creek may be related to less crowding of adult spawners
resulting in egg deposition occurring mainly in prime areas and less
superimposition of redds.



28/1/¢ 2¢ esuy
000° €59 1484 I 0L 01 8L5°1 % 28/61/2 Bu Llumeds
6¢ eady
000°08S°1 G9¢ G5 174 01 £20°2 28/2/¢ Butumeds
01 eauy
000°s1 81 €6 g1 8 608 28/s/¢ bu lumeds
{Z vaJy
000622 202 4 88 21 £EE’T z8/e/e Bu tumeds
43A 1Y peayje|d
000°292 A1 s 25 1] 618 21 [aaeab uood
000°599°01 0Ly - 99 )¢ 19422 [aAeub wn paw
000*612°SY 696 --=- 174 91 098° 9t Laarab poob
28/11/2 pautquod
000° vEY“ 9t €98 12 ¢l 9¢ 9.v°28 -28/¢/2 {enesb {1y
33243 plrRUOHIY
(0007 3153ae3u) W Judd Ady DBS AUy JBS |[RALAUNS  Sa|dwes (zw) eaae 938 uo t3d tuasap
-ENY pue sbBa BAl] 3Juaduad Jusdud4d JO JBquNN | dAe4D Duiumeds edde
40 uol3onpoud  J0 J3qunu uesy Butumeds

[©303 p3jeinoje)

*seade DuLumeds wajsutew 40 SUOLIRO0| pue SuoLj3diadssp 40 7 X Lpuaddy
88¢ 'J48|dwes bba3 DLineApAY W TT°0 B Y3 LM 2861 10 u3julm 3yl BULUNp YB34) PLRUCOIW PuUR U3A LY
peayje|4 wajsulew 8y} jo seade Buiumeds ssuedoy ul Sjutod wopued wou) usyel $3|dwes jo sisApeuy 7/ a|qe|



Table 8. Comparison of live kokanes egg and alevin densities in
Mchonald Creek near Apgar during the 1979-80, 1980-81 and
1921-87 incubation years.

Mean number of live Percent
Number of eggs and alevins survival
Sampling dates samples per m?
2/8 and 2/9/82 12 296 72
12/12/80, 1/13/81 11 1,313 91
12/21/79, 1/14, Z2/1 21 1,195 86

and 2/22/80
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Live egg and alevin densities in four major spawning areas in the main-
stem Flathead River ranged from 18 to 765/m“ (Table 7). Total calculated
production o/ the four areas was 2,447,000. A total of 2,146 kokanee
redds were counted in the same area during the late November redd count.

If one female per redd and 924 eggs per female are assumed, the potential
calculated deposition was 1,983,000 eggs. The measured surviving deposition
was 19 percent higher than the total potential deposition calcuiated from
redd counts. This could have been due to more redd construction after the
redd count, and redd superimposition.

Artificial Channel Experiments

Green Lgg Experiments

Survival of green eggs in channel 1 {12 percent fine material) was
0 percent four hours after dewatering during the 29, 30 December experiment
(Figure 15). Survival averaged 10 percent ten hours after dewatering in
channels 2 {21 percent fines}, 3 (27 percent fines) and 4 (40 percent fines).
Green eggs in channels 2 and 3 experienced the best survival indicating
moderate amounts of fine material in spawning gravels allows increased
survival of kokanee eggs subject to dewatering during periods of cold air
temperatures. Reiser (1980) reported sediments operated to retain moist-
ure in spawning gravels.

Mortality resulted from freezing in channels 1 and 2, as gravel
temperatures were near or below 0° centigrade after 4 hours of dewatering.
Gravel temperatures 10 cm deep in channel 3 barely reached freezing during
the experiment, indicating freezing, oxygen stress, and desiccation
have all contributed to mortality. In channel 4, gravel temperatures
never reached freezing, indicating mortality was due to oxygen stress.
Alderdice and Velson (1978) reported that pre-eyed salmon eggs were
extremely sensitive to oxygen stress. Fine sediments have increased
mortality related to oxygen stress in spawning gravels (Wickett 1954, Peters

1962).

Air temperatures during the 5, 6 January dewatering experiment were
much colder (Figure 16). Survival of green eggs was O percent after 4
hours of dewatering in channels 1 and 2 and after 6 hours in channel 3.
Survival was O percent after 8 hours in channel 4. Gravel temperatures
reached 0° centigrade in channels 1,2, and 3 after 4 hours of dewatering
but did not reach freezing until 8 hours in channel 4. This experiment
clearly showed the rapid mortality of green eggs when dewatered during
periods of extremely cold air temperatures.

Eyved Egg Experiments

Survival of eyed eggs was higher than green eggs during dewatering
experiments. During the 16, 20 January experiment, survival averaged 50
percent after 8 hours of dewatering although minimum air temperatures
reached -18° centigrade (Figure 17). Survival of eyed eggs was highest
in channels 3 and 4, indicating higher sediment Tevels may have reduced
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freezing mortality.

Eyed egg survival was abeve 90 percent in all channels after 12 hours of
dewatering during the 11, 12 March experiment (Figure 12). This
experiment illustrated the resistance of eyed eggs to dewatering during
periods of less severe winter air temperatures (-5¢ centigrade).

Experiments conducted by McMullin and Graham (1981) indicated eyed
kokanee eggs could withstand a period of dewatering if winter air campera-
tures were not severely cold. However, the cumylative effects of repeated
dewatering of eggs resulted in nearly complete mortality in a Jong term
experiment. Reiser {1980) also reported eyed eggs were more tolerant than
green eggs to dewatering. However, sac fry and pre-emergent aleving woere
highly sensitive to dewatering mortality.  Hawke (1978) found that quinnat
salmon eggs can tolerate dewatering into the eyed stage, but must be
rewatered before hatching to survive,

A total of 246 (82 percent}, 152 (52 percent) and 125 (42 percent) fry
emerged from channels 2, 3 and 4 respectively (Figure 19), indicating
a substantial increase in €99 to fry emergence success in gravel mixtures
containing less fine materials. Channel 1 was eliuinated from the experiment
due te an interruption of the water supply. Survival to emergence in the
artificial channels (Figure 20) was similar to that predicted by survival
studies of salmon and steelhead hased on the percent of materials in the
substrate less than 0.85 mm and 9.5 mi (Tappel 1981). Survival in channels
2, 3 and 4 were higher (Figure 21) than that predicted by survival studies
of kokanee in Idaho (Irving 1982).

Fry emergence in channel 2 occurred eariier than in channels 3 and 4,
McCuddin (1977), Bjorn 1969), Phillips et al. (1975}, and Tappel {(1981)
reported an inverce relationship between the amount of fine sediment in
gravels and emergence success of salmon and steelhead fry. Hausle and
Coble (197€) found greater proportions of sand in spawning gravei slowed
emergence and reduced emergence success of brook trout fry. A moderate
amount of fine material (15 to 25 percent) is probably best for survival
of kokanee eggs in spawning gravels of the mainstem Flathead River.

The artificial channel experiments indicated moderate amounts of fine
sediments in the gravel can reduce freezing mortality of kokanee £4gs
during pericds of dewatering at severe winter air temperatures. Channel
experiments also indicated grave! temperatures remained above fre zing
auch Toager at 10 cm depth than at 5 cm depth at all sediment Tevels
(Figure 22). Low compaction of bed materials at spawning sites would allow
kokanee to deposit egqs deeper into the substrate, reducing their suscept-
ibility to mortality related to dewatering.

Large amounts of sediment increase mortality of egus and alevips due to
Uxygen stress and ieduce emergence success. Large amounts of fires act to
reduce permeability in spawning gravels {McMeil and Ahnell 1964, Shirazi
and Seim 1981, Platts et al. 1976},
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SIREAM FLOW - KOKANEE LENGTH RELATIONSHIPS

Grahamet al. {1980) and McMullin and Graham {1981) developed several
models using three year weighted moving average flow conditions to explain
the variations in kokanee year class strength Trom the 1966 througnh 1980
spawning years. The measure of vear class strength was kokanee spawner
Tength {(male and female combined), which was assumed to be inversely
related to population density.

strong relationships were indicated betwoen Kokanee spawne © lengths
from 1966 through 1981 and flow conditions in vears which produced them
(Table 9, Figure 23). The corvrelation between kokanee Tengths and spawning
and incubation period gauge height difference was highly significant
{r’ = -840 p<.001). There was aiso a very strong correlation (r* = 859,
5<.001) between spawner tengths and the average number of hours kokanee
290s were dewatered during the incubation season.

Tie relationships indicated kokanee year class strength, was highly
dependent upon incubation success as affected by discharges from Hungry
Horse Reservoir. The predicted tengths of 1981 spavners from the gauge
height relationship (354 mm) and the hours dewaterad relationship {352 T
were somewhat smaller tchan the actual Tength (371 mm) of 1981 kokanee
spawners, he largar size and nusbers of Spawners than predicted may
be due to variations in survival or growth due to fluctuating envirconmenta’
conditions. The early closing of the 1981 fishing season may also have
increased the numbers of kokanee spawners in the Flathead River. Small
numbers of spawners in the 1981 Jakeshore spawning population (Decker-Hess
and Graham 1982) may have affected spawner lenqgth due to density dependent
intoractions,

Mean sinimum air temperatures {on days when dewatering occurred) was
added to the models becsuse of its effecis on incubation mortality (MeMullin
and  Graham, 1981). The addition of air temperature slightly improved the
Fit of the hours dewatered model (Table 10), but had Tittle effect on the
gauge height model (Table 11). McMullin and Grahan (1981) suggested
winter air tomperatures were 2tways cold enough to cause significant
incubation mortality during periods of dewatering.

Unexplained variation in kokance year class strength as indicated by
spawney length may be retated to other environmentai factors. These
Tactors may affect incubation success (Wickett 1962}, growth of kokanee
in the lake {Goodlad et al, 1874), or differential recruitment from other
showning areas to the Take population. There does not appear to be a
strong consistent relationship between the proporiion of older fish in the
ran (V4 and spawner Tength (Figure 24}. Correlations between spawner
fength and the percent of age IV+ fish in the run from 1970 to 1981 were not
signivicant.  Age class variation in the popuiation does affect spawnor
tengih.

Flow conditions in the Flathead River for the years that will produce
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MEAK SPAWNER LENGTH
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Figure 25 Relationships between kokanee spawner length and flow conditions

in the years that produced them from 1966 to 1981. A three

vear weighted moving average was used to calculate the gauge
height difference and number of hours/day kokanee eggs were

dewatered.
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Table 10. Mean hours per day kokanee redds were dewatered {three year
moving average), mean minimum temperature on days when dewater-
ing occurred {three year moving average), predicted kokanee
iengths, actual lengths and residual errors for the model
tn ¥ = 5.585 + 0,0183X; - 0.00313Xp. Y = kokanee length,

X1 = hours per day dewatered, Xy = temperature, r® = 0.880,

n=16..
Actual Predicted

Spawn Hrs/day Air kokanee kokanee Residual
year dewatered temperatuyre length Tength eryror
1966 .13 ~23.02 287 287 0
1967 . 10 - 4,25 a7z 276 Z
1968 2.45 - 6.69 286 285 1
1969 7.49 - 5.54 313 311 Z
1970 11.73 - 5.26 323 336 -13
1971 11.01 - 5.55 334 331 3
1972 11.66 - 7.85 338 338 0
1973 9,23 - 9,15 308 324 -15
1974 8.31 -~ 8.93 320 219 i
1975 7.44 - 6.18 324 211 i3
1976 9. 99 - 5.48 316 325 -9
1977 12.728 - 6.71 327 340 ~13
1978 13.00 - 7.83 341 346 -5
1975 13.80 - 7.42 353 351 z
1980 i3.22 - 6.69 347 346 2l
1981 14.52 - 5.08 7L 357 14
1982 17.29 -10.26 - 377 -




Table 11. Incubation-spawning gqauge height differences (three year moving
average}, mean minimum temperature on days when dewatering
occurved (three year moving average), predicted kokanee lengths,
actual Tengths and residual errors for the model Ln Y = 5.783 -
0.0735Xy ~ 0.00136Xp. Y = kokanee length, Xj = gauge height
difference, X, = temperature, r? = 0.844, n = 16.

Gauge Mean minimum Actual Predicted

Spawn height ajr kokanee kokanee Residual
year difference temperature(C®) length Tength error
1986 . 2.06 -23.02 287 288 -1
1967 2.44 - 4.25 272 273 - 1
1968 2.20 - 6.69 286 279 7
1969 0.65 - 5.54 313 31z 1
197¢ -0. 36 - 5.26 323 336 -13
1971 -0.29 - 5.55 334 334 0
1972 -0. 14 - 7.85 338 332 6
1973 0.22 - 9,15 308 323 -15
1974 0.23 - 8.93 320 323 - 3
1975 0.41 - 6.18 324 318 6
1976 §.006 - 5.46 316 326 ~10
1977 -0.43 - 6.71 327 338 -11
1978 -0, 97 - 7.83 341 352 -11
1979 -0.88 - 7.42 353 350 3
1980 -(0.48 - 6.64 367 340 27
1981 -G, 94 - 9.08 371 353 18
1982 -2.31 -10.26 -—- 390 ———
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the 1982 kokanee spawners were very poor. Predicted lengths for the 1982
fish by the four models range from 371 to 390 mm and average 381 mm.

Quadrennial or cyclic dominance in the four year cycle of kokanee
and sockeye populations may alsc be a factor in year class strength
variation (Killick and Clemens 1963). Correlation of kokanee lengths
and number of hours dewatered/day within the four year cycles indicated
that effects of quadrennial dominance may be occurring in the Fla‘head
system kokanee population (Figure 25}, The 1966-78 cycle appears less
atfected by dewatering mortality than other cycles. The 1969-81 cycle
appears to be composed of larger fish than the other cycles. A larger
data base is needed before any conclusions can be made about cyclic
dominance in the Flathead system. Merrel (1960) and McNeil (1968)
suggested population cycling was a controlling factor in year class
strength fluctuations in pink salmon. They reported that fish in odd
year runs spawned earlier than fish in even year runs and their progeny
experienced better incubation and emergence success. Ossiander (1968)
reperted differences in population cycles of sockeye salmon in Alaska.
Ward and Larkin (1964) presented conclusive evidence of year class strength
variations resulting from quadrennial dominance in sockeye populations of
the Adams River, British Columbia.

FRY EMERGENCE

Abundance and Timing

Emergence and emigration of kokanee fry in McDonald Creek during 1982
extended from early March to late June {Figure 26). Peak emigration of fry
occurred in late May and early June, with a smaller peak occurring in late
April. The time period of emigration was similar in 1978 when peak emigration
occurred in late May and early June {Hanzel and Rumsey, Montana Department of
fish, Wildiife, and Parks unpublished data). Peak emigration occurred
approximately one month earlier in 1977 and 1981 (McMullin and Graham 1981,
Hanzel and Rumsey unpublished data). Nelson (1966) and Stover and Hamalainen
{1980} reported that sockeye fry emigration occurred in a series of peaks.

Peaks of fry emigration coincided with increasing flow and water
temperature in McDonald Creek during 1982. There was a significant correl-
ation between fry numbers and flow (r=.64 p<.01} and fry numbers and water
temperature {r=,75<p.01). Stober and Hamalainen (1980} and Brannon (1972)
reperted that water temperature and flow influenced fry emigration timing.

The estimated total numbers of fry emigrating from McDonald Creek were

approximately 12,000,000 in 1982 and 15,000,000 in 1978. The total

number of fry emigrating in 1982 were 26 percent of the total estimated
€gg deposition in McDonald Creek gravels and 22 percent of the total
potential egy deposition based on spawner counts and fecundity estimates.
These figures represent a relatively high egg to fry survival rate when
compared to other areas (Table 12). Jeppson (1960) reported a 7 percent -
survival rate from potential kokanee egg deposition to emigrating fry in
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Table 12. Egg to fry survival of kokanee and sockeye salmon in various

waters.

% egg to

Area Species fry survival Study

McDonald Creek Kokanee 2é This study

Syliivan springs, Kokanese 7 Jeppson 1960
Idaho

0'dell Lake, Kokanee 20 Lewis 1974
Oregon

Cedar River, Sockeye 1-8 Stober and
Washington Hamalainen

1980

Sashin Creek, Sockeye 7 Mc Neil 1968
Alaska

Pitt River, Weaver Sockeye 11-1% Mead and Woodahl
Creek, British 1968
Columbia

Average, several Sockeye 11 Foerster 1968

areas
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Sulliivan Spring Creek, Idaho. He considered the site to be near optimum
spawning habitat with relatively constant flows and water temperatures.

Survival figures were calculated from fry emergence trap data from
good gravel in McDonald Creek. An average of 288 fry /m* were caught
in the traps, which was 29 percent of the number of eyed eggs and sac
fry /m® estimated in good gravel during February sampling with the
hydraulic eqg sampler.

Kokanee fry emergence 11 Beaver Creek occurred from early March to late
May, and peaked during late March during 1982. (Figure 27). Emergence
sccurred during a similar time period in 1981 {McMullin and Graham 1981},
Peak emergence of kokanee fry occurred earlier in Beaver Creek than in
any other river system spawning area during 1582, due to early spawning
fime and warm winter water temperatures. An estimated total of 429,000
fry emigrated from Beaver Creek during 1982.

Fry emergence in Deerlick Creek occurred from mid April to mid May,
hased on fry catches in emergence traps attached over the substrate.
An estimate of total emigration was not obtained because algal growth
Timited fry drifi net efficiency.

The majority of the kokanee fry captured in the Middle Fork of the
Flathead River near West Glacier probably emigrated from Beaver Creek
{(Figure ?8). Even though kokanee spawn early in the Middle Fork {October],
peal emergence probably doesn’t occur until late May due to very Tow
winter water temperatures approaching 1°C. Fry sampling was terminated
in mid May because of high flows and debris movement. An estimated
317,000 fry passed the Middie Fork sampling station from 1 March to 19

May.

Fry emigration in Brenneman's Spring Slough in the lower Flathead,
neaked in mid April {Figure 28). The period of emigration extended from
early March to early June. An estimated total of 43,000 fry emigrated
from Brenneman’s Slough during 1982. McMullin and Graham (1981) reported
peak emergence in Columbia Falls Spring Slough in the lower Flathead,
peaked in mid April during 1981,

Fry emigration in the mainstem Flathead near Kalispell was monitored
from 6 April through 3 June (Figure 30). An estimated total of 4.5
million fry passed the sampling station during that period. The majority
of the fry captured in the mainstem probably emigrated from McDonald
and Beaver creeks in the Middle Fork drainage and mainstem Flathead
Spring areas. Only a few fry were captured in 13 fry emergence traps
attached over the substrate in mainstemnon-spring areas as of 8 May.

After this date, flows in the mainstem prevented checking of traps. Based
on temperature unit calculations, most fry emergence in non-spring, main-
stem aveas occurred from mid May to mid June.

The total number of fry passing the mainstem sampling site was 48
percent of the estimated fry which emigrated from upstream spawning areas
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in the Middle Fork drainage. Stober and Hamalainen {1980} reported an
average survival rate of 50 percent for sockeye fry during downstream
emigrating from cthe Cedar River, Washington.

Fry emigration in the Whitefish River was recorded from 6 April
through 14 June {Figure 31}. Peak emigration was recorded in late
April. An estimated 11,000 fry emigrated over the period sampied. Samp-
Ting efficiency was probably poor due to Tow water velocity.

_Fry Distribution in the Water Column

Experiments conducted in McDonaid Creek on 13 May 1982 indicated
significant numbers of emigrating kokanee fry were distributed throughout
the moving portion of the water column. Nets placed near the water surface
norizontally across the stream channel captured 29.0, 28.0 and 21.3
kokanee fry per 100 m® of water filtered near the left bank, middle and
right bank, respectively. There was no relationship between water velocity
and numbers of fry captured per 100 miof water filtered in nets set in
2 wide range of water velocities (0.05-0.60 m/sec. ).

Fry net catches from the stream bottom yertically to the water
surface indicated no clear relationship between water depth and distribution
of emigrating kokanee fry. Top, middle and bottom net sets captured 25.8,
66.3 and 38.6 kokanee fry per 100 m® water filtered during peak emigration
hours. During hours of lower emigration, 1.0, 2.8 and 4.3 fry per 100 m®
water filtered were captured in the top, middie and bottom net sets. In
top and bottom sets made overnight on 27 April, nearly identical numbers
of fry per 100 m® were captured (29.0 and 27.0, respectively). Hets set
near the top of the water column collected more fry per 100 m* water
£i1tered than nets in the middle or bottom of the water column on 5 May
(27.0, 7.0 and 5.0, respectively).

The majority of fry emigrated from ¥eDonald Creek from 2300 to 0200
hours in experiments conducted in 1982 and 1978 {Figure 32}. Brannon (1972},
Stober and Hamalainen {1980} and Nelson {1965} reported most sockeye fry
emigration occurred during a similar time period. Nelson (1965), however,
found  that although emigration always securred at night, the exact hours
or peak emigration varied from the early to late portion of the fry emigra-
tion season and from year to year. Hanzel and Rumsey {unpublished data?
found that peak emergence occurred during periods of darkness in spawning
areas in the Flathead River system.

Fry Behavior and Movements

Movements of stained kokanse fry in Beaver Creek indicated the majority
of fry remained in the stream at ieast Two weeks before entering the
Middie Fork of the Flathead River and moving towards Flathead Lake. A total
of 13 stained fry were recaptured near the outh of Beaver Creek, 3.5 km
below the point of release, from one to nine days after staining. Rates of
movement of the stained fry ranged from O to 3.5 km/day. Water velocities
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in this spring creek were very low in some sections during this time period,
so these Tigures probably represent active swimming rates.

It appeared that a proportion of the fry were slowly moving downstream
in Beaver Creek, taking refuge along the stream margins during daylight
hours. The larger size (greater than 30 mm) of some of the fry captured
near the mouth also indizated the fry had remained in the stream for some
time after emergence. Extended residence time of kokanee fry was aiso
noted in Brenneman’s Spring STough in the lower Flathead River. Stober
and Hamalainen {1980} reported most stained sockeye fry released in the
Ledar River, Washington emigrated in only one to three days after emergence

from the gravel.

Contrcl groups of stained fry kept for itwo weeks in net bags in Beaver
Creek suffered 30 percent mortality while unstained fry suffered 5 percent
mortality. Ward and Verhoeven (1963) and Stober and Hamalainen {1980)
reported much Tower mortality rates {1-5 percent) for stained sockeye fry.

Only three of the 2,700 stained hatchery fry placed in Deerlick Creesk
were recaptured. All were recaptured less than 1 km below the point of
release, from four to five days after release. No stained fry were captured
in nets set 5 km downstream. These results indicated extended residence
time for the released fry before emigration, or very low survival rates.
Groups of stained and unstained fry kept in net bags in the stream for
30 days suffered 80 percent mortality. The hatchery fry may not have
been able to acclimate to the water conditions in Deerlick Creek. Beaver
dams between the point of release and the downstream net station may also
have hindered fry movements. Mead and Woodall (1968) found hatchery fry
were inferior to naturally propagated fry in characteristics important
in survival, such as photonegative behavior.

It was determined the Bismark Brown biological stain in concentrations
of 1:30,000 and exposure times of 0.75 to 1.5 hours resulted in satisfactory
short-term marks for kokanee fry. The exposure time of 0.75 hours appeared
to result in Tower mortalities of stained fry. Fry which were immersed in
gismark Brown for 1.5 hours and held in net bags in the stream retained
traces of the dye from 15 to 30 days. Fry immersed for 0.75 hours retained
traces of dye for up to 20 days.
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FLOW RECOMMENDATIONS FOR FLATHEAD RIVER BELOW THE SOUTH FORK
KOKANEE REPROLUCTION

The flow recommendations outlined in this section were developed to
provide for an opiimum, not 2 maximum, number of kokanee in the Flathead
River system. Optimum conditions wouid consist of a balanced number of
spawning age fish approximately 13 inches (330 mm) in Jength available to
the angler {Graham et al, 1981). Recruitment of large numbers of kokanse
would result in spawners size of iess than optimum because of the density
dependent reifationship in the lake. Poor recruitment would result in
larger fish, but too few kokanee would be avaiiable for harvest and
reproduction.

In the following discussion, we will describe the present condition
of the kokanee fishery and estimate Tuture fishery conditions as effected
by discharges Trom Hungry Horse Dam. Future fishery conditions wiil be
estimated without power additions or the construciion of a reregulating
dam and with and without the adoption of recommended fich fiows submitted
to the Northwest Power Planning Councii.

Present Conditions of the Kokanse Fishery

Presently, kokanee reproduction in the reguiated portion of mainstenm
Flathead River contributes Tess than 20 percent of the recruitment to
Ftathead Lake. Mcdonald Creek contributes the majority of kokanee,
while spawning on fhe lakeshore was Timited to about one pevrcent of the
total during 1981, the first year or record on the lake (Decker-Hess
and Graham 1982).

The postharvest kokanee spawner abundance counts in the entirve river
system during the study period for 1979, 1980 and 1981 are considered
reliable and were 100,000, 60,000 and 145,000, respectively. The harvest
of 152,000 river system kokanee spawners in 1982 {Fredenberg and Graham
1982 ) yields a total opreharvest figure of 304,000 fish in the entire
river system. The mainstem run was stronger in 1981 %han in 1979 or 1980,
but was composed ¢of only 35,000 preharvest spawners, based on redd counts
and a harvest figure of 15-17,000 fish from the mainstem run {Freden- '
berg and Graham 1982). The total estimated numbers of mainstem preharvest
spawners for 1979 and 1980 were 12,000 and 2,200 respectively.

Seasonal and daily discharge patterns from Hungry Horse Reservoir
have contributed to these weak year classes of kokanee. Poor flow
cenditions, measured by a spawning-incubation flow relationship, were the
resull of high flows due to power peaking during the fall spawning season
and subsequent Tower flow during the incubation period,

Kokanee year class strength was most affected by {ncubation mortality

during these years of high spawning and Tow incubation period flows. Because

most spawning occurs in areas of gently sioping gravel bars along the



margin of the viver, the water drop between spawning and in_ubation flows
exposed much of the area when the eggs were deposited {Figure 33).

Artificial channel and on-river experiments in 1979, 1980 and 1981
have verified high kokanee egg mortality when redds are dewatered (Figure
34). Unfavorable flow conditions for egg survival appear to be correlated to
operation of the Hungry Horse project to provide provisional energy.
Provisionai energy deliveries at Hungry Horse in water years 1956 to 1987
and associated flow conditions related to kokanee reproduction are shown
in Table 13. During the period 1967-1980, provisional energy was provided
in nine of the years. In 8 of the 9 years, poor flow conditions for
egg survival resulted. From 1956 through 1977, in 10 or 13 years when
provisional energy deliveries were not made, highly favorable flow conditions
resylited. Provisional energy deliveries typically produce higher flows
and nigh bank spawning due to power peaking during the fall. This condition
is often followed by JTower flow releases during egg incubation.

Future Conditions of the Kokanee Fishery

Providing favorable flows for kokanee in the Flathead River below the
Soutn Fork requires management of seasonal and daily flow levels. If
spawning flows average nearly the same or slightly higher than incubation
flows, a positive spawning incubation gauge height relationship will result.
The following are the Department of Fish, Wildlife and Parks estimates of
flows in the Flathead River at Columbia Falls required to maintain the
kokanee fishery at the Tevel consistent with management goals. These flows
were submitted fo the Northwest Power Planning Council on November 15, 1981
under the Pacific Northwest Electric Power and Conservation Planning Act.

Minimum ' Max imum
Period Flows (cfs) Flows (c¢cfs)
15 October-15 December (spawning) 3,500 4,500
24 hours/day
15 December-15 April {incubation) 3,500 none

24 hours/day

The kokanee spawning and incubation flow requests for the Flathead River
are based on a mid-October to mid-December spawning season and an incubation
period that extends inte June. Natural runoff conditions in the unregulated
river segments usually exceeds the requested minimum flows by mid-April.

The request minimizes the dewatering of eggs by restricting maximum Fiows
during the spawning season and minimum incubation flows. These recommenda-
tions allow for a higher spawning fiow than incubation flow to provide
increased flexibility to power managers although there is no bioiogical

- 70~
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Table 13. Provisional energy deliveries met from Hungry Horse Dam and
associated flow conditions for kokanee reproduction from

1955 198Z7.

Provisional Energy

Spawning-Incubation

Fiscal [(Water) Delivery Gauge Height Spawn
Year (M Hours) Difference Year
1856 L .94 1853
1657 351,327 96 1960
1958 500,000 -3.22 1961
1654 g .15 1962
1960 it -1.06 1962
1961 G -.15 1964
1982 0 1.68 18965
1963 g 1.53 1965
1964 i 3.16 1967
1985 0 7.33 1968
1966 g .99 1968
1967 603,006 -1.54 1970
1968 198,348 -0.14 1471
1969 0 0.76 1972
1670 875,047 ~1.35 1973
1871 893,337 1.78 1974
1977 868,165 -0.27 1975
1673 BRE 074 -0.04 1976
1974 0 (.52 1977
1975 1,103,152 =-2.07 1978
1976 0 -0.97 1979
1977 0 (.46 1980
1678 ? -1.22 1981
1979 327,479 -1,8 1982
1580 708,040 -3.86 1083
1981 209,040 0,2 1924
1882 359,900 .49 1985

Y e



penefit. The incubation flow should be adequate to provide the optimum number

of fish,

If these vlow requests are implemented, we would expect the kokanee
popuiation to return to previous levels similar to 1975, which was con-
sidered to be an average "good" year for the mainstem kokanee run and
for which data is available. An estimated 150,000 river kokanee spawners
averaging 12.8 inches in length were harvested in 1975 (Hanzel 1977). An
estimate of the harvest rate would yield a reasonable estimate of tne total
nunber of spawners. A creel census conducted in 1981 (Fredenberg and
Graham 1982} found a harvest rate of approximately 50% of the kokanee
in the river system. This is probably higher than in 1375 for at jeast
tWo reasons.

The fishermen have completely changed the focus of their fishery
from 1975 to 1981, 1In 1975, fishermen concentrated almost their entire
effort on the Tate run of fish (October-December) spawning in the regulated
Flathead River. With the decline of this run, fishermen now focus almost
entirely on the early run, destined for McDonald Creek. An estimated
152,000 kokanee were harvested in the river system in 1981; 135,000 from
the early runs migrating to the Middle Fork drainage and 17,000 from the
fater run of mainstem spawners. This represents ar overall harvest rate
of 51% of the run with the great majority (80%) of the fish coming from
the arly run of fish mainly migrating to McDonald Creek.

The harvest rate in 1975 was certainly Tower than 50% of the run,
because virtually no harvest occurred in September or on the Lower Middle
Fork which comprised 75% of the use in 1981. The tag return rate for the
early run in 1981 was 23%. Because fisherman tag returns underestimate
harvest rate (not all tags are returned), a 23% harvest rate is probably
tos low. In addition, there are a number of other factors which can
bias the estimate up or down including Tength of season, fish distribution
and rate of movement of fish. Based on the above, we estimated a 30% harvest
rate for kokanes in 1975. Applying a 30% harvest rate to harvest data for
1975, would yield a total preharvest estimate of 500,000 kokanee spawners
in the river system for that year. The managment goal for kokanee production
is a late mainstem run similar to the base condition in 1975, approximately
330,006 preharvest  spawners (with 170,000 spawners bound for other
river system areas such as McDonald Creek).

We Teel that impiementation of the recommended flow request would
provide this level of production and would greatly enhance recreational
benefit to the anglers. Assuming a 50% harvest rate, we would expect
165,000 spawners taken by anglers from the late mainstem run, if it was
built to the level estimated in 1975. This compares to an estimated 17,000
fish harvested from the late mainstem run in 1981 and would be a ten fold
increase in numbers. After harvest, 165,000 fish would be present to spawn
in the mainstem, a 12 fold increase over 1981 Tevels, This would result
in a direct benefit to the Take population by approximately doubling
recruitment.

-74-



If the flow recommendations were not adopted and the Hungry Horse
Project was operated in a similar manner to the years of provisional
energy deliveries {(water years 1967-1980), we would expect the mainstem
kokanee run to remain at the present level. This Tevel is represented by
the "best case"” year of the study, or 35,000 preharvest spawners averaging
nearly 15 inches in the mainstem. This represents only 11% of the manage-
ment goal of 330,000 mainstem spawners averaging approximately i3 inches
aestimated in 1975,

IT provisional draft is discontinued, but no recommended flow pattern
is implemented, we would expect erratic levels of kokanee spawner abundance
in the mainstem, similar to the pattern seen prior to 1966. This is
difficult to assess, however, because kokanes populations may not have
been stabilized prior to that time.

If a flow regime similar to the study flows of the 1981-82 spawning
(4,000 cfs) and incubation (2,300 cfs) seasons is implemented, we would expect
kokanee numbers to stabilize at approximately 40 to 50 percent of the manage-
ment goal Tevel of the 1975 base to mainstem run. This would mean approxi-
mately 130,000 to 160,000 preharvest kokanee spawners utilizing the mainstem.

A major emphasis is continuing to determine the potential usable
spawning area in the Flathead River below the South Fork at various flows.
This effort has been Timited because of the small number of kokanee spawning
during the study period. Potential spawning areas can be predicted based
on spawning criteria. However, we do not know to what degree kokanee
will use these areas at Targer population levels.

Wetted area for kokanee production {Figure 35} was used to calculate
kokanee production at various incubation flows, assuminga 4,500 ¢fs spawn-
ing flow, based on wetted area measurements in four major mainstem spawning
areas, (Areas 10, 27, 32 and 39) (Table 14).

Table 14. Estimated number and length of returning mainstem kokanee spawn-
ers at various minimum incubation flows, if flows during the
spawning period are held at 4,500 ¢fs. Estimates are total num-
ber of spawners in the river system assuming a consiant 170,000
spawners in river system spawning areas other than the mainstem.

MINIMUM INCUBATION FLOW
4,500 4,000 3,500 3,000 2,500 2,000

Percent wetted
spawning gravel 160 8z 67 53 24 14

Number of kokanee 330,000 271,000 221,000 175,000 79,000 46,000

Spawner length
{inches) 12.9 13.7 13.5 13.8 14.1 14.5

wFEw
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1f we assume that the desired number of viver kokanse spawners could be
produced 2t the %,5@ fg spawning fiow., an incubation flow of 2,500 ¢fs
g@a%é oroduce only 25% of those fish. This is @ result of large decreases
in wetted spawning area at incubalion fiows below 3,500 cfs which would
resull in decreases in ggg survival and much Tower kokanee production.

If stydies show that spawning area is not limited below 4,500 cfs, a
Tower spawning and incubation flow might resuit in favorabie production
of kokanee in the mainstem. When more information on the potential spawning
area survey i3 availabie, The estimate of kokanee gr@ddsflsﬂ at various
flows can be improved. This information will be presented in the 1583
annual report to the m@ﬁﬂé¥§§§Q Power Rdmé%éair&té%ﬁe

Wetted perimeter studies conducted in the mainstem lend support
to the 3,500 cfs minimum flow request {(Figure 35). Wetted arsa in selected
riffle c¢ross-sections dropped sharply at the 2,500 cfs inflection point,
indicating 2 significant veduction in spawning arez may occur at Flows less
than 3,500 cfs.

Work is continuing fo evaluate and monitor kokanee reproductive
success upder the Tilow reguest. Day and night spawning habits of kokanee
will be studied to determine if more flexibility (power peaking during the
daylight hours) could be provided for the operation of the system without
substantially affecting kokanee production. A reregulating dam could
orovide inoreased flexibility in daily power peaking throughcut the
spawning season by allowing daily peaking while keeping flows helow 4,500
cfs, and could aise help maintain minimum flows during the incubation
period.

Studies will be conducied during the 1982-83 season to determine the
effects of daytime power peaking on kokanee gpawning success. If the
spawning fiow requests for kokanee cannot be met withoul substantial

0ss of power peaking capability, 1% may be feasible to wmitigate some
of the kokanee losses by other means, such as the construction of a kokanee
spawning channel.

MINTMUM FLOW FOR OTHER FISH SPECIES

Westslope cutthroat, bull trout, mountain whitefish and rainbow
trout are important sportfish in the mainstem Flathead River. Anglers
harvested §,557 "uzdh¥@aii 1,827 buil trout, 1§582 mountain whitefish and
477 mature bull troul in the mainsiem during the 1981 fishing season
(Fredenberg and Graham 1982b).

A minimum Flow of 3,500 ofs at Columbia Falls throughout the year
has been submitted as a recommendation to the Power and Planning Councii
under the Pacific Northwest Electric Power and Conservation Act for the
nrotection of overwintering and rearing habitat for these species and
ipvertebrate fish food oroduction. Studies of weited perimeter in the
mainstem have indicated that wetted ares decreasesquickly at fiows below
2,500 cfs {(Figure 36).
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The majority of Juveniie cutthroat and bull troul enier the mainstem
beiow the South Fork from Aygust to October (McMuliinand Graham 1§81}, This
is a critical poriod when 3 stable minimum flow would be highly desirable.

McMullin and Graham (1981) reported that adult cutthroat utilize the
Flathead Eiver below the South Fork as a migration corridor fo upstream
spawning areas and as a holding area from November through April {Figure
a7y,

A stable minimun flow in the mainstem during the winter and early
spring months would be greatly beneficial to migration and holding @%
adutt cutthroat due to warmer water temperatures and greater wetted

perimeter.

The minimum flow is met by natural {unregulated) flows in an average
vear from April through August and October through November (Tabéﬁ 15},
Hungry Horse Reservoiv wouid have 1o ﬁzﬁ@%c an additional rel ease {above
natural inflows} of 500700 cfs during September, December and March and an
additional 1,000 ofs during January and February. These fé?eﬁseg may or
may not be compatibie with power demand. Flows provided by Hungry Horse
would result in a four percent increase in wetted area in September, Dec-
ember and March, and 2 nine percent increase in welted ares during January
and February above natural Tlows in an average year.

EVALUATION OF MULTILEVEL OUTLET WORKS

A muitilevel outlet system was proposed for further study (Pacific
Northwest River Basin's Commission, 1978} te improve the temperature regime
of the South Fork and mainstem Flathead River for {rout production.
%émuéatﬁd release temperatures from a muitiple Tevel outiet system at
Hungry Horse Dam {32?6&& of Reclamation, Lﬁ“dﬁ ished data), with outlets

Tishe

at plevations 3,200, 3,319, 3,440, 2,490, and 3,540 fest above mean sea jevel
indicates that a substantial improvement iﬂ temper&td 23 ceuld be achieved
from May - September (Figure Bhﬁ, ?@ increase temperatures during the
summer months, the majority of reieases would be withdrawn from near the
surface of Hungry Horss Reserveir. Water drawn of 7 from this level may
result in losses of cutthroat through the intake structure from this portion
of the water column. LOsses of cutthroat Trom intaxke structures were
reported for Libby Reservoir [Joe Husion, personal communication!. The

intake structure should be designed to minimize losses of cutthrozt through
intake structures from Hungry Horse Reservoir., A surface watnérawai

system would provide the benefil of increased waler lemperatures and may

he Tess costly thana multinle outTet structure.

Trout growth generally occurs in water femperatures ranging from

6 oto E? geqrees geﬁz:wra§“ Wincent 1977, Trout growth units in the
Flathead x??@? below the South Fork were caicuiated as the number of degree
days Tor each month with & degrees centigrade as the base temperature

ane? {Table 16}, For example, one day of water Temperature 0Ff 7°C would
constitute one degree day or one trout gyswih unit, With the present
withdrawal system, only 56% of the growth units available before impoundment
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Tabte 15. Mean monthly fiows of the North and Middle Fork Flathead
River combined and the Flaihead River at Columbia Falis
{thenretically unregulated). Data from water vears 1929
through 1980 provided by the Bureau of Reclamation, Boise
District Office,

Combined Norih and Middle For riatnead Riveriunreguiated)
Month (cfs) (ofs)

October Z2.312 3,472

November 2,247 2,498

December 1.875 3,671

danuary 1,523 2,531

February 1,505 2,530

March 1,658 2,841

April 5,873 11,511

May 21,165 33,882

June 21,150 33,894

July 8,156 12,018

August 3,038 4,153

September 2,127 2,985

-81~
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Table 16, Temperature growth units for trout from May through September
1979 in the Flathead River below Columbia Falls under the
present withdrawal sysiem, multiple outlet system and theoretically
unrogy ated.

Month
Flow withdrawai Ma June  Jul Bugust  September  Total
Present withdrawal 5 90 7l 93 135 494
single outlet
1 F
Multiple outlet™! 12 108 233 183 167 698
Prior to impound- 5 105 256 294 155 855
ment,of the South
Forks!

1/ Based on temperature simulation by Bureau of Reclamation personne’
{Dave Smith, unpublished data) and the relative flow contribution
of the Middle, North and South Forks, May through September, 1978,

7/ Based on temperatures in the North and Middie Forks and South Fork
ahove Hungry Horse Reservolr.




are currently available. Under the selective withdrawal system, 82
percent of the growth units in the river before impoundment would be
available. Tie result of the multilevel outlet system would be to
increase trout growth in the Flathead River by about 40 percent.

Increased trout growth due to a multilevel outlet structure would
greatly enhance the mainstem trout fishery for larger trout. Hanzel (1977)
reported a higher percentage of larger trout than smaller trout were
kept by anglers. Increased growth of juveniles would result in recruit-
ment of larger sized fish to the lake population. It is probable that an
overall benefit of 40 percent to the recreational trout fishery would be
realized if a multilevel structure was built. It is possible that
temperature increases in the Flathead River might favor rainbow trout over
westslope cutthroat trout.

Trout growth in the 7 km of the South Fork below Hungry Horse Dam is
virtually nonexistent under the present withdrawal system {Table 17).
A multilevel withdrawal system would increase trout growth units to 43
percent of what was available in the South Fork before impoundment.
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Tahle 17. Temperature growth units for troul from May through September
1970 in the South Fork of the Flathead River below Hungry Horse
Dam under the oresent withdrawal system, multilevel withdrawal
and prior to impoundment.

o Month
May Jung Jul August September Total
Present withdrawal O 10 & 5 & 7
Multi-level g 30 125 155 40 350
wéthdraw&i '
Prior 1o 1/ 3 7h 748 254 195 81h
impoundmen &~

1/ Based on temperatures of the South Fork above Hungry Horse Reservoir.
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APPENDIX A

Summary of aerial counts of kokanee spawners
made from 4 September %o 8 November, 1981

Tables 1 ang 2



ABLDRY 353N

(0012-006)  (0069-0012)  (pO0OZ-00ET} 09
00&1 ooE Y 0481 - g 0 disusyuRig
A404 SLPP LW .
disuaue|g m
(coe-001)  (0009-0002)  (002-00T1) (051-05) 03
00¢ 00T 0Gl = 0 o001 0 Aemyb iy
Oy Aemyb iy
(00GT~008) {00E-001) 03
0 4] e - 0stit 004 autjuesssdd
BULIUBSSDUd
{oos-p01)  (00§-001) {005€-0092) (COPS-0027) {005£-0081) 03
00t 008 050¢ gogy 059¢ JB83RM[ ] 135
ABA LY peeyleld
-6 51-6 g6 -6 9-6 =6 UG 13288 J3A LY
Tl fJequeidas ul apew SASUMEES B2URNOY JO STUN0D |BLABR 40 (sesayjusdaed ut) afiues puw sueay 1 Iigel

P ——



42 108{5 1SoM

(00£9-0022) {0Ovy~00L4T) (0012-004) {005%-00/1) 03
0S¥ 050¢ oovI potg dysuadue|g
¥A04 BLPP LW
dLiysuayue(g
{(00£2-0011) (008/~0008) {00£-001) (00£-002) 03
0061 00%5 002 0S¥ 0b Kemyb
o Aemib iy
(0091-008) (QOST-006) . 01
0021 00ct 0 0 3ULIUISSUY
BULIUISSBUY
(00£-00T1) (000T-008) {0021-00%) {002-06) 01
00¢ 0$9 008 621 AB1EML} L3S
JBA LY pesyie|d
0e-6 92-6 £€2-6 226 U0 13035 J3A LY

(pPsnuiiuog)

T @lqel



(001°5-000°¢€)

(00Z° £-006°2)

{006°11-002° 1)

(pogfoz-008°¢ £)

43109 3SBN
01

0S0° ¥ 0s8° ¥ 050°8 060° 41 diysusyjue|g
q404 3PP ]
diysusdue(g
(001-62) (008 1-008) {00E°1~00%) 09
629 poE“1 0 048 Op Aemyb iy
0y Aemyb 1y
(00O 1-00G) (008" 2-00t°1) {00L-002) 03
0§54 001%2 0 05t BULIUBS SR
JULIUBESBAY
(004-002) {00E-001) oy!
0 00v 0 0oz ABFRMLLI3S
JTA 1Y pESYIEd
U0 11085 WA LY
(=01 p-01 2-01 1-01

§e1eq

TIRET P ABQUBATH pUuE
4800300 Ul 2pRU SJAsuMedS BIURX0Y O SIUNOD {rviade Jo (sessyjuaapd ut) ebued pue suesy "7 9igel



(008°0T-000°¥)

(000°61-009°9)

(C00° $-005°2)

et el e s

43(ov|9 1s9M

. (000°8-000%¢) 03
00%* £ 008°21 052°¢ 005°G d lysuayueyg
$404 3PP Y
diysuajuelg
(008-00t) (005-00¢g) 03
009 0 0 oot OF Aemyb 1y
Op Aemyb 1y
(001-52) {008-00t) (00S-00¢) (00S° 1~006) 03
G729 009 oot 002°1 Bl L1uassauy
BU L UBSSaUg
(009-00¢) 03
0 0st 0 0 4830M[] 138
JBATY pesSyI (]
UoL108g JaA 1y
G1-01 v1-01 6-01 8-01

sa1e(

,Anm;swucouv

AR



ABLoR[]Y 1SBM

(00p-521) (008°9-00%°2)  (001°6-001°2)  (006°9-00%°2) 03
6292 0 0 009°Y 008t 049 diususiue]g
ENGFEEITT
diysusjueiq
(000°1-009) (00F-521) (00E-001) {000°1-0%%) {00v~521) 03
008 §°292 002 624 6292 0 ov Aemyb iy
0 femib iy
(001-62) (001°52) (00v-521) {000 1-42€) (00/°2-001°1) {00£°1-008) 013
529 G 29 §°292 §°290 006°1 052°1 BULIUBSSBUd
suLIuUessady
01
] G 0 0 0 0 ATTEM ] 126
ABA LY pesyle|d
U0 11088 J48A LY
8-11 62-01 82-01 2201 12-01 101 B

se1eq

(penuiiucd) 'z @iqel

5



APPENDIX B

Summary of tag return information
for kokanee saimon during 1981.

Tables 1 and 2



Tahle 1. Fisherman returns {date caught and river km) of adult kokanee
tagged on 6 September, 1981 in the Flathead River near Katispell
{river km 42.0).

Date caught River km Distance moved{km) Movement rate(km/day)
G/6 4z 0 0
a/7 a4z 0 {
G/7 38 -4 -4.0
/9 42 O g
379 42 0 0
§/9 47 0 d
G/9 44 2 0.7
579 44 Z 0.7
8/9 44 2 a.7
9/9 44 Vs 0.7
9/9 44 2 0.7
9/9 47 5 1.4
9/9 64J 18 6.0
9/9 &7 25 8.3
371 47 0 0
/11 71 z29 5.9
g/11 40 -2 -0, 4
9/12 63, , 26 4.3
§/13 98~ 56 8.0
G714 46 4 0.5
/14 381} ~& ~.5
§/15 g 56 6.2
5/15 66 24 2.7
8/15 a8 6 1.3
9/15 4?1; 5 .60
8/15 858> a7 5.2
9/16 &1 ig 1.8
9/16 61 H i.9
9/19 74 32 2.3
9/22 79, 37 2.3
9723 9?{ 55 3.2
9/23 9;?/ gé g.?
1373 98 .
10/5 98%? 56 1.9
10/13 111+~ 69 1.9
10/ 18 58, 16 0.4
EQ!ng! 58 56 1.3
1/ 64 27 G.4
MEAN 21.1 2.1

1/ Middle Fork River
2/ Observed by study perseonnel at a spawning area.



able 1. Legal descriplions of kokanee spawning areas in the mainstem

Flathead River.

T Area

number Description
1 Sec, 15 TZ8N RZ2IW
Z Sec. 9-10 TZ8N RZ1W
3 Sec. 10 T2BN RZIW
4 Sec. 3 T28N RZIW
5 Sec. 3 T28N RZ21W
& Sec. 2-3 T28N R21W
7 Sec. 2 TZ8N R21W
8 Sec. Z T28N R21W
9 Sec. 2 T28N Rzl
i0 Sec. 35 T28N RZ1W
i1 Sec. 35 TZ29N RZ1W
12 Sec. 26 TZ29N RZ1IW
i3 Sec. 26 T29N R21W
14 Sec. 30 T29N R20W
15 Sec. 26 TZ29N R21W
i6 Sec. 25-26 T29N R21W
17 Sec. 30 T29N RZIW
18 Sec. 23 TZ9N R21W
i9 Sec. 19 T29N RZIW
20 Sec. 18 TZ9N R20W
21 Sec. 18 T29N R20W
22 Sec. 18 TZ9N R20W

23 Sec. 7 TZ29N RZ20W

24 Sec. 7 TZ29N R20W
25 Sec. 30-31 T30N Rz0OW
26 Sec. 30 T30ON R20W
7 Sec. 30 T30N R20W
28 Sec. 25 T30N R214W
Sec. 30 T30N R20W
29 Sec, 30 T30ON R20W
20 Sec. 30 T30N R2CW
31 Sec. 30 T30N R20W
32 Sec. 17 T30N R20W
33 Sec. 16 T30N RZ0W
34 Sec. 16 T30N R20W
35 Sec. G T30N R20W
ki Sec, 10 T30N R20W
37 Sec. 3 T30N R20W
Sec. 4 T30N R20W
38 Sec. 3 T30N R20UW
39 Sec. 11 T30N R20W
4 Sec. 2 T30N Rz20W
41 Sec. 1 T30N R20W

a4z Sec. 1 T30N Rz20W




Table 2. The numbers of kokanee redds counted in late November of 1979,
1980 and 1981 in areas of the Flathead River below the South
Fork.
Area Number of kokanee redds observed
number River km 1979 1980 1381
Y 37.0 425 136 341
2 41.42 5 0 12
3 42.0 7 1 0
4 42.2 0 25 67
51/ 42.% 0 0 14
6~ 43.4 60 11 0
7 44,3 0 6 30
8 45.0 0 0. 133
g 45.5 0 15 218
10 46.7 0 0 517
11 47.9 0 0 165
12 48.0 0 0 254
13 48.3 22 0 0
13/ 48.8 0 0 1514/
151/ 49.0 0 0 9
16= 49.4 119 12 106
17 50.0 359 0 118
18 50.5 10 0 0
19 52.0 0 3 174
20 52.2 55 0 604
21 2.4 0 13 226
22 54.4 100 0 179
23 55.3 100 7 31
24 55.5 200 1 13
25 59.8 290 5 363
26 60. 2 0 0 3
27 60.3 150 0 494
282/ 60.7 0 1 51
29~ 60.8 250 0 375
30 61.0 25 0 94
31 61.5 25 0 234
32 65.0 0 0 735/
331/ 66.0 0 0 11
34 66.5 20 0 160
351/ 67.6 50 0 1463
361 68. 5 330 231 0¥/
371/ 67.7 100 0 495
3857 68.5 100 0 288
39= 69.5 0 0 1083
40 70.6 0 0 76

)



Table 2. {Continued).

“Area Number of kokanee redds observed
number River km 1979 1980 1981
41 70.5 0 0 92
42 73.7 0 0 Z
TOTAL 2,802 467 7,853

1/ Spring influenced

2/ Limited groundwater or spring infiuence

3/ Beaver dammed during 1981.

4/ Redds found after late November redd count.



1. Brenneman's SLough' (RK37.0)

A spring slough area that enters the main river upstream of the mouth
of the Stillwater River from the east side and extends approximately 3km
north. The spawning area is in the upper end of the slough in the northeast
corner of Sec. 15, T28N, R21W above the first culvert. A laroe area of
good spawning gravel is located near the upper end of this section cf
the slough. Many springs are in the area. All of the gravel is covered
with silt. The water level in this area is affected by the level of Flathead
Lake. There is also a large area of fine loose gravel below the first
culvert, but most of this is dewatered when the lake level drops.

7. East and West Side Channefs Befow Steef Bridge (RK47.§)

Side channels split off both sides of the river approximately lkm
downstream from the 01d Steel Bridge. The west channel connects to the
Stillwater River at high flow. There are several areas of good spawning
gravel in this channel. During low flow periods, this channal receives
no surface water from the Flathead River, but there is some flow from
the Stillwater River. Pockets of water remain over 70 to 80 percent of
the good spawning gravel. The east channel also contains a number of
pockets of spawning gravel, but only 10 percent of it remains wet during
Tow flow.

3. Kiwanis Lane (RK42Z.0)

There is a gravel bar along the west bank below the Kiwanis Lane
picnic area. The substrate was considered marginal.

4. Weat Bank Above 0fd Steef Bridge [RK42.27)

Approximately 200 m upstream from the 01d Steel Bridge along the
west bank is a backwater area. Good spawning gravel extends from halfway
into this backwater downstream about 100 m along a steep ercding bank
where it meets and runs along the edge of an adjacent riffle.

5. East Bank Above 0£d Steel Bridge (RK42.5)

Approximately 300 m above the bridge along the east bank is a side
channel with good spawning gravel running along the east side of a gravel-
cobble island.

6. Highway 2 Backwater [RK43.4)

Just downstream from the U.S. Highway 2 Bridge along the west shore
is a side channel. There is some spawning gravel near the upstream end
of this channel. Water flows through here only during higher flows. During
Tow flow, some of the spawning gravel is wetted by ground water,

wfla
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Figure 1. Map locations of spawning areas 1-3 in the mainstem Flathead
River. :
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Figure 2. Map locations of spawning areas 4-15 in the mainsten Flathead
River,



7. Spruce Park (RK44.3)

A small channel on the west side of the river near Spruce Park above
the U.S. Higway 2 Bridge. Near the upstream end of this channel, where
it converges with the main channel, there is a large gravel flat aiong
the west bank. There are also some pockets of spawning gravel in the
sandbars along both sides. Most of this gravel is dry during Tow flows,
although some of the pockets trap and hold water.

§. West Bank Above Wagner's Gravel {RK45.5]

At the nporthern end of the Spruce Park Trailer Court across from
Wagner's gravel is the entrance to a slough backwater area. Approximately
100 m to 150 m below the mouth of this backwater along a steep eroding
bank i< a small to medium sized but narrow gravel deposit. This deposit
runs along the bank for about 100 m. The area was mostly dry at 4000
cfs S.F. except for isolated pockets (intergravel flow) of water.

9. East Bank Above Wagnenr's Gravel (RK45.5)

Above Wagner's gravel is a steep cut bank which extends from the
mouth of the easternmost channel downstream approximately 75 meters. With
the exception of the first 20 m of gravel, most of the good gravel is
in water depths of one to three meters at 4000 cfs and should stay watered

at Tow Flow.

10. East Channel befow Lybeck Dike {(RK44.7}

At the big bend just downstream from Reserve Drive along the west
side of Section 35, T 28M,R214H, a channel branches off the east side,
Approximately 1 km up this channel are two small sloughs that extend back
through the islands to the east. Each of these sloughs have some patches
of spawning gravel in them. There is also some spawning gravel where
these two sloughs enter the east channel. Most of this gravel is dry
during Tow flows of 2300 cfs.

1. #.iddle Channel Near Lybeck Dike

At the mouth of the east channel mentioned in description area 10
is a large expanse of gravel suitable for spawning. Most of this area
has slow velocities and suitable depths at 4000 cfs.

12, Head of East Chunnel above Lybeck Dike

At the head end of the easternmost channel spiit 0.5 km above Lybeck
Dike is a medium to large spawning area. This area starts at the head
and of the east channel split and extends downstream along a steep eroding
hank {10 feet high) for about 75 m and is approximately 3-4 m wide.

13, Reserve Dnive Bachwater [RK48.3)

At the upstream end of Lybeck Dike is a backwater extending back




from the west side of the river. There is some good gravel at the upstream
end of this backwater with ground water seeps and large springs. Approximately
75 percent of this gravel is dry during low flows of 2300 cfs. Much of

the gravel is silt covered.

14, Easternmost Channefs below Fainview (RK4§.§)

Below east Fairview spawning area (area 17) several kilometers east
of the main river channel are several small side channels which split
off and flow into the river at area 10. There is a relatively large amount
of good spawning gravel in these channels and considerable influence from

springs.

15. lange Pool befow Fairnview (RK49.0)

There is a large deep pool at the channel 5p31ts described in area
16. Good spawning gravel js distributed from the west bank of the pool
out to about three meters in depth at 4000 cfs flow.

16, Spring Area Above Reserve Dadve (Fairview Area) [RK49.4)

Approximately 1 km upstream from Reserve Drive, the river splits.
The larger channel is to the west and a smaller channel to the east. Just
upstream from this split, the east channel branches to the north. This
branches into several channels and backwaters. The largest backwater
extends 200 to 300 meters back into the island. Most of the upper half
of this long slough contains good spawning gravel. Some ground water
enters at the upstream end. There is also good spawning gravel in some
of the other channels and backwaters in this area.

17. East Fairview Area {nean old shack) (RK50,0)

One km up the above mentioned east channel is a medium size spawning
area. This area is in the northwest corner of Section 30, T29N, R21W.
Just downstream of where this channel makes a bend to the north, there
is a large, deep hole containing spawning gravel with a Tog jam along
the east bank. There is an old shack just upstream from this leg jam
above a cut bank on the east side.

18. Mouth Gooderich Bayou {RK50.5)

Gooderich Bayou enters the westernmost channel above Reserve Drive
in the southeast corner of Section 23, T29N, R21W. Above the mouth of
the bayou, one channel bends to the west while a small channel continues
to the north and loops back to the west river channel. Approximately
100 meters up the north channel it narrows to a flowing, gravel-bottomed
stream. This channel is approximately 200 meters in length, with several
pockets of good gravel.

19, East Bank befow Mouth of Lowenr PressentineSide Channel (RK57.0)

Along the east bank below area 20 is an area of good spawning gravel
which is in deep water just off the bank. Just below this there is a
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Figure 3. Map locations of spawning areas 15-24 in the mainstem Flathead
River.
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gravel bar which is 60 percent wetted at 2300 cfs.

20. Mouth of Lowen Pressentine Sdide Channef (RK52.7)

Where the east and middle channels of the splits above Reserve Drive
diverge south of center in Sec. 18, T29N, R20W, another small channel
enters from the east lower Pressentine side channel. Near the mouth of
this small channel along the east river bank, there is a large puol with
a pumphouse on the south side. The pocl contains good spawning gravel
along the east bank.

21. Lower Pressentine Side Channel {small east channef between Reserve
and Pressentine {RK52.4)

The small east channel mentioned above Jeaves the main channel approximately
2.4 km below Pressentine access on a bend with a high bank on the east
side. There is a house visible on top of this high bank. The channel
runs for approximately 1 km to the above mentioned pumphouse. There are
stretches of spawning gravel along the center the full length of this
channel. Most of the gravel remained wetted at 2300 cfs.

72. Lowen Presasentine Arnea {below the (sfand) [RK54.4}

At the first major channel split below Pressentine access in the
northwest corner of Sec. 18, T29N, R20W, there is a small island along
the east side. A large spawning area is located in the backwater east
of this island and in the pool at the tip of the island. This arsa has
good spawning gravel interspersed with some fines.

23. Uopen Pressentine Side Channed [RK55.3)

At the head end of the island mentiocned above, ancther channel converges
from the east. This channel forms a second larger island approximately
0.8 km below Pressentine access. At the head end of this island is a
small highwater channel on the east bank. A channel blocked by a large
beaver dam enters the channel that runs behind the island. There is
some good gravel in the area where these channels converge. This gravel
extends out to the middle of the east channel.

24, flighwatenr Channel Across frem Pressentine (RK55.5)

A small highwater channel is located on the east side of the main
viver channel approximately 200 m upstream from the large island mentioned
abuve. It converges with the east channel that runs behind this island.
Though the channel contains good spawning gravel, it is almost completely
dry at 4000 cfs.

75, Bucks Garden Anea (RK59.7)

Approximately one-third of the distance up the east channel behind
the island below Buck's Gardens, two channels converge at a large gravel
flat. This flat is composed of good spawning gravel. There are also
pockets of gravel along both channels upstream from this flat. One-haif

-10-
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the distance up the east channel behind Buck's Island, a large pumphouse

is situated on the east bank immediately downstream of the channel divergence.
Just upstream of the split channels along the east bank is an area of
spawning gravei.

26. Mouth of Stough at Southeast Side of Efeanon 1sfand [(RK60.7)

Just west of and slightly downstream from Hoerner spawning area is
a slough that extends back into Eleanor Island from the east side. A
small gravel flat is at the mouth of this slough. This area has moderate
current velocities at higher flow, but is mostly dry during flows of 4000
cfs.

27. Hoemner Spawning Area -~ Head End of Buck’s {[RK60.3)

At the head of the channel along the east side of Buck's Island is
a large area of spawning gravel along the east river bank. Some of the
gravel is watered by the small channel cut. Areas of gravel extend into
the main river channel.

28. West Side of Eleanon 1sfand [RK60.7)

Approximately one-half the distance up the west channel arcund Eleancr
Island along the east bank is a moderate size area of spawning gravel.

29. Kokanee Bend -- Lange Bend Below Access (RK6(.§)

Between Buck's Island and Kokanee Bend access, the east channel makes
a big bend with a steep cut east bank. From the large rock field at the
Tower end of the bend up part way around the bend, there is marginal gravel
along the east bank. This area is in the main river channel but the redds
are along the bank where velocities are moderate at high flow., The area
is mostly dewatered at low flow, but there is ground water coming in along
the bank.

30. Kokanee Bend Bachwaten at End of Road, Mouth of Side Channel (RK61.0)

Approximately one-third of the way down the east channel is a second
smaller island along the east side. The Kokanee Bend access road that
extends the farthest downstream ends on a sandbar at the south end of
this small island. This sandbar extends downstream to form a point with
a small backwater behind it along the east bank. There is some ground
water flow at this site.

51. Kokanee Bend -- East Side Channel [RK67T.5)

Just upstream from where the river splits around the small island
mentioned above, but downstream from the northernmost Kokanee Bend access,
there is a small gravel area along the east shoreline. There is good
gravel in the riffle at the head of this small channel and the full length
of the channel,

1M
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32. Highway 40 Bridge [RK65.8)

On the southeast side of the river, 200 m below the Highway 40 Bridge,
is a large deposit of good spawning gravel which extends for 200 meters
downstream along the bank and out in the channel around a small island.

33, Gravel Area Near Taylon Outffow (RKé6.0)

Approximately 200 meters upstream from the Highway 40 Bridge is a
gravel area along the east bank at Taylor's outflow.

34. lange Gravel Bar Above Highway 40 Bridge {RKé6.5)

Approximately 0.8 km above the Montana Highlway 40 Bridge at Columbia
Falls is a large gravel bar along the east side of the river. During
high flow, water runs behind it creating an island. There is some good
gravel along the outside of the point at the downstream end of this bar
just above the steep cut east bank. This area has some spring influence.

35, Mouwth Columbia Falls Sfough [RKE7.6)

A spring slough converges with the main river on the east side approximately
200 m upstream from the above mentioned gravel bar. The mouth of this
slough is in the northeast corner of Section 9, T30ON, R20W. There is
some good gravel at the mouth of this slough along the south shoreline.
During high flows the main river cuts across the point but most of the
current is broken by the fallen trees. There is also some flow coming
from the slough itself.

36. Cofumbia Falls Stough (RK68.5)

The slough mentioned above extends approximately 1 km to the east.
Approximately one-half way up this slough, just below where a road crosses
it, the bottom changes from silt to gravel and cobble. From the road
to the end of the slough there is a large guantity of good spawning gravel.
The gravel is interspersed with fines, but there are many springs in the
area. There were 50 redds in this area on November @, 1979 and approximately
330 redds on November 30, 1679. This slough is fed mostly by springs
and is affected little by fluctuating river levels. Few of these redds
are dewatered at low flow.

37. East Bank Above Columbia Falfs Sfough (RK67.7)

Just upstream from the mouth of the above mentioned slough, the river
splits around a large gravel bar. At the downstream end of the south
channel, just before the convergence is a hole by a boulder along the
south bank. There are gravel areas along the steep bank extending all
the way up from the mouth of the slough.

14
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38. fowen Anaconda Ban [RK6E.5)

At the head end of the south channel mentioned above there is an
area of good gravel along the south bank. It is across from a large slide
area on the north river bank. Most of the current flows along the north
bank so the velocity over these redds is slow. During Tow flow nearly
all of the water flows along the north bank Teaving most of this area
dewatered. This area is spring influenced.

39. House of Mysteny {RK69.5)

There is an island in the river channel directly below the House
of Mystery tourist stop. On the southeast side of the island in the channel
along the south bark is a large amount of good spawning gravel extending
for approximately 300 meters. This area contained the largest number
of redds of any area in 1981. There is some ground water infiuence in
the area. :

40. Large Flat at Upstream End of Anaconda Ban [RK70.6)

At the upstream end of the gravel bar below the Anaccnda Aluminum
Company is a large gravel flat along the north bank. This area is in
a large back eddy with little current over it.

41. Devosit Behind Lange Boulden near Qutflow of Cedarn Creeh Quenglow

[RK70.9]

A large boulder lies near the north bank approximately 200 m upstream
of the Anaconda Bar and just below the Cedar Creek overfiow outiet. A
pocket of good gravel has collected behind this rock.

42. Mouth of the South Fork - towands the Flathead River Ranch boat namp
along the south niver bank. (RK73.7}

Some good gravel is present along the center of this channel. There
15 some spawning gravel on the north and south banks of the river just
below the confluence with the South Fork.

~15-
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Table 3. Number of kokanee redds counted in the South Fork of the Flathead
River on October 29, 1981.

o River Number of

Spawning area description Area # km_ redds

Left bank 300-400 m above Hey. 2 bridge 1 2.2 45

Side channel Teft side of island below 2 5.4 5
gauge

Along rockwall directly across from 3 5.5 g
USGS gauge

Gravel bar left bank 200 m below 4 5.9 90
Devils elbow

2nd run-pool left bank 100 m below 5 6.2 21
bend in gravel pocket between
boulders

Devils elbow-Teft bank of big bend, 6 6.3 125-180
gravel bar

3rd run-pool by small creeks on 7 6.4 4
Teft bank

TOTAL 310

-18-
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Tabie 4. HNumber of kokanee redds counted in the Middle Fork of the Flathead
River between October 20 and 22, 1981.

River Number of
Spawning area description Area # km redds
First run and pool of canyon 1 2.2 140
Second run/pool 2 2.6 230
Third run 3 2.8 245
Fourth run 4 3.2 170
Fifth run 5 3.5 £2
First hole in canyon 6 3.8 62
Sixth run 7 4.5 23
Second hole of canyon 8 4.8 250
Third hole of canyon g 5.1 14
Hole at tail of USGS cable 10 5.9 40
Below first house on hill 11 6.9 119
Below McDonald Creek iz 7.4 4
Run above golf course 13 8.6 25
Run below new W. Glacier bridge 14 9.1 35
New W. Glacier bridge 15 9.6 51
Run below 01d W. Glacier bridge 16 10.7 307
First run below cance dump rapids 17 12.0 360
Last tunnel 18 12.8 95
Second hole below Lincoln Cr. 18 16.0 10
Between Deerlick and Harrison Cr. 20 21.9 7
Mouth Deerlick Creek 21 22.4 66

TOTAL 2316
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Figure 9. Kokanee spawning area locations on the Middle Fork of the
Flathead River.
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Table 5. Number of redds counted in Beaver and Deerlick Creeks on

December 4, 1981.

Creek Number of
Spawning area description Area # U redds
Deerlick Creek
Mouth of Deerlick Creek to 1 0-.5 48
Moccasin Creek river access
Hey. 2 bridge to Dalimata bridge 2 1.0-1.5 11
Gas line crossing to Hey. Dept. 3 2.0-3.0 143
shedr
Beaver Creek
Run below ford crossing to be- 1 3.0-4.0 516
ginning of creek (including
side channel by ford)
TOTAL 718

99,
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Figure 10. Kokanee spawning area locations on Beaver and Deerlick creeks.




Table &. Number of kokanee redds counted in the Whitefish River on
October 19, 1981.

Number of

Spawning area description Area # River km redds
0.5 km above Rose crossing 1 6.4 73
Just below Birch Grove bridge 2 9.4 192
0.6 km above Birch Grove bridge 3 10.9 44
Above side channels below bridge 4 11.8 1
Just below Tetrauit bridge 5 12.9 3
Pumphouse below junk cars 6 14.6 41
0.5 km above Hodgson crossing 7 15.4 59

TOTAL 413

24-
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Figure 11. Kokanee spawning area locations on the Whitefish River.
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APPENDIX D

Water elevation surveys of kokanee spawning
areas in the Flathead River below the South Fork.
Water depth contour maps of spawning areas
10, 27 and 39 in the mainstem Flathead River.

Table 1, Figures 1-3




Table 1. Difference in water surface elevation (feet) between 4,000
cfs and 2,300 cfs in some spawning areas of the Flathead River
below the South Fork.

Drop in elevation (ft)
between 4000 and 2300

Spawning areal/ Ri ver km cfs
7 44. 3 .65
10 46.7 .83
15 49.0 .77
18 50.5 49
20 52.2 .68
21 52.4 .66
22 54.4 .82
27 60.3 77
28 60.7 .81
312/ 61.5 .68

Sy 62.0 '933j
et 64.8 1.22=
37 68.5 1.27

1/ See Appendix € for location and description of spawning area.
2/ Not utilized by kokanee spawners.
3/ Gauge site near Columbia Falls.
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APPENDIX E

Microhabitat measurements of kokanee redds
in the Flathead River system.

Table 1, Figures 1 and 2




Table 1. Measurements of kokanee redds in areas of the Flathead River below
the Sevth Fork and the Middle Fork River during December, 1981
and January, 1982.

Measurements of redds
Main Flathead River Areal/  Middle Fork River Area

10 12 27 16 12

Date 1/25/82 1/27/82 1/18/82 12/17 /81 12/17/81
Number redds measured 26 24 20 16 98
Mean length of redd 1.7 1.5 1.5 .7 .8
Mean width of redd .8 1.3 1.0 A .4
Standard deviation -4 .4 3 4 .5

length
Standard deviation .2 .2 .2 .2 .2

width '

1/ See Appendix € for description and location of spawning areas.
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