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EXECUTI VE SUMVARY

This study was undertaken to assess the effects of the opera-
tion of Hungry Horse Damon the kokanee fishery in the Flathead
River system  Studies concerning operation of the damon Flathead
River fisheries began in 1979 and continued to 1982 under Bureau
of Reclamation funding. Studies concerned specifically wth
kokanee sal mon continued under Bonneville Power Adm nistration
funding in 1982. This annual report covers the 1982-1983 field
season concerning the effects of Hungry Horse operations on
kokanee abundance, mgration, spawning, e%g incubation and fry
energence in the Flathead River system This report aiso address-
es the expected recovery of the mai nstem kokanee Eopulation under
the flow regine recommended by the Departnent of Fish, Wldlife
and Parks in 1982

An estimted 5,000 kokanee sal non constructed 1,528 redds in
t he mai nstem Fl at head River bel ow Hungry Horse Damin 1982. Esti-
mates of kokanee abundance in the mainstem during 1982 were | ower
than in 1979 and 1981, but greater than in 1980. An estinated
35,000 kokanee spawned in MDonal d Creek during 1982, conpared
with an average of 55,000 over the 1979-82 period. Numbers of
spawners in 1982 were also | ower in Heaver and Deerlick creeks and
inthe Mddle and South Forks of the Flathead River. Nunbers of
kokanee were higher than in previous years in the Witefish River.
Based on direct observation of spawners and redd counts, an esti-
mat ed 45,000 kokanee reached spawning grounds in the Flathead
River systemin 1982. This conpares with estimtes of 74,000,
48,000 and 138,000 kokanee in 1979, 1980 and 1981, respectively.

Aerial counts of kokanee spawners indicated kokanee noved
into MDonald Creek after Iittle or no holding in the upper main-
stem Counts inthe Mddle Fork of the Flathead R ver were | ow
t hroughout t he August - Cct ober sanpling period. Electrofishing
catch rates indicated there was no substantial "late run" of fish
in 1982. Fishernen returned 61 (13.3% of the 460 kokanee tagged
on their spawning mgration in 1982,

Angl ers harvested an estinmated 12,402 kokanee on the mainstem
Flathead River during the fall, 1982 season. The harvest was
conposed al nost entirely of "early run" fish, as only 500 kokanee
were harvested on the mainstemafter 1 Cctober. Minstemanglers
caught kokanee at a rate of 0.45 fish/hour. An estimated total of
aﬂprOX|nater 7,767 man-days of fishing pressure was expended on
the mainstemin 1982. Anglers harvested an estimated 18, 047
kokanee on the Mddle Fork of the Flathead River during the 1982
fall. snag season. The catch rate was 0.93 fish per hour. An
estimated total of 5,006 man-days of fishing pressure was exPend-
ed, concentrated mainly in the area near the mouth of MDonal d
Creek. The total harvest of 30,449 kokanee in the Flathead River
system in 1982 was much lower than the estimated 152,117 kokanee
harvested in 1981. Anglers focused al most entirely on the early.
run of kokanee bound for MDonald Creek in both the 1981 and 1982
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seasons. This represents a shift from 1975 when anglers focused
mainly on the late run of kokanee bound for mai nstem spawni ng
ar eas.

Conparison of kokanee nunbers and redd counts in Brenneman's
Sl ough and Beaver Creek indicated approximately three kokanee
spawners per conpleted redd. The mjority of spawning occurred
during the dark hours in dielexperinments conducted in mainstem
spawning Area 39. In Brenneman's Slough, spawning activities such
as redd maintenance and behavioral interactions were observed
t hroughout the daylight hours.

A total of 648,465 m of suitable spamning gravel for kokanee
was neasured in the mainstem Fl athead Ri ver belowthe South Fork.
This total represents approximtely seven tinmes the quantity of
suitable gravel which is present in MDonald Creek. Kokan,e have
utilized a total of 44 mainstem areas conprising 107, 946 e of
gravel area during the past four years of study.

FI ows of 3500-4000 cfs were nmaintained in the mainstemF at-
head River during both the spawning and incubation periods.
Hungry Horse operations resulted in negligible dewatering mortali-
ty I'n mai nstem spawni ng beds during the 1982-83 period, Surviva
of eggs in late Decenber ranged from37 to 75 percent in mainstem
redds and 23 to 78 percent in redds sanpled in other river system
spawni ng ar eas.

Kokanee year class strength as measured by spawner |ength and
flows in the mainstemFl athead River from1966 to 1982 were cl ose-
|y correlated, indicating Hungry Horse discharges had inpacted
kokanee popul ations. Strong relationships existed between kokanee
year class strength and spawning and incubation gauge height
difference (r = -0.93, p<.0d) and average nunber of hours/ day
kokanee eggs were dewatered (r = 0.94, p<.Q0).

Timng and abundance of kokanee fry energence was studied to
hel p assess the relative contribution of river system spawning
areas to Fl athead Lake. An estimated 12.4 nillion fry energed
from MDonal d Creek fron1Februar¥ through June of 1983, represent-
ing a 68 percent survival rate frompotential egg deposition. An
estimated 6,734 fry, 4.5 percent of the estimated potential egg
deposition, emgrated fromthe Witefish Rver in 1983. An
estimated 31,500 fry emgrated fromBrenneman's Sl ough in 1983,
representing a 13.7 percent eg? tofry survival rate. Estimtes
of 3,700 and 3,500 emgrating fry were obtained for Beaver and
Deerlicr creeks which represented 15.7 and 22.7 percent egg to fry
survival .

Experinents conducted with marked fry emgrating from
MDonal d Creek indicated fry nmoved as fast or faster than the
current speed. Marked fry left MDonald Creek in a large ?roup
and travel ed 34 kmdown the Flathead River to Colunbia Falls in
five hours. The fry required 12 hours of night travel to reach
Kalispell, 55 km downstreamfrom MDonal d Creek. Chironom d



| arvae were the dominant itemin the diet of kokanee fry in
Fl at head Ri ver systemspawning areas. Fry length and water
tenperature were positively related in the various spawning areas.

The mai nst em kokanee run presently contributes |ess than 20
percent of the recruitnent to Hathead Lake, largely due to the
effects of Hungry Horse discharges on kokanee reproductive
success. The mainstemrun has declined fromwell over 100,000
ﬁost-harvest spawners in 1975 to an average of only 10,000 post-

arvest spawners during the past four years. |nplenentation of
the recommended spawni ng (3500-4500 cfs) and incubation (3500 cfs
mnimum flows inthe mai nstemwoul d i ncrease kokanee egg surviva
and shoul d result in the recovery of the mainstem kokanee run.
The recovery period coul d vary, depending on natural fluctuations
in the survival rates of kokanee eggs and fry. Average conditions
of 20 percent egg to fry survival and two percent fry to adult
survival with no angler harvest would br|nP_about recovery to the
| evel of the 1975 run after approximtely five kokanee genera-
tions, or by the year 2003. The mai nstem kokanee run woul d reach
conpl ete recovery after approxinately six generations (2008) with
a harvest rate varying between 10 and 50 percent after the popul a-
tion reached a mninmumfishery Ievel of 50,000 kokanee.
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| NTRODUCTI ON

Kokanee sal non ((Onhcor hynchus nerka) were first introduced to
the Flathead systemin 1916 sl_\/bnt ana Fish and Game Commi ssion
1918) and a thriving kokanee fishery had devel oped by the early
1930's i n Flathead Lake. Kokanee have become the nost Tpopul ar
ganmefish in the drai nage, supporting a sunmer trolling fisheryin
Fl at head Lake and an intense fall snaggi ng fishery in the Flathead
River system Kokanee conprised about 90 percent of the total
harvest of 719,000 fish in the Flathead Lake--River systemduring
the 1981- 82 season (G ahamand Fredenberq 1982, Fredenberg and
Graham 1982a, 1982b). COver 80 percent of the qamefish harvested
in 1975 were kokanee sal non (Hanzel 1977). Anglers from nost of
the western United States, A berta and British Col unbia have taken
part inthe Flathead Lake trolling and river snagging fisheries.

Hungry Horse Damwas constructed on the South Fork of the
Flathead River from1948-1953. At the time of conpletion, Hungry
Horse was the fourth largest concrete damin the world, measuring
172 min height and inmpounding 2 reservoir which is 66 kmlong and
contains 3,461,000 acre-feet of water at full capacity.

Located 8 kmupstreamfromthe nouth of the South Fork, the
Hungry Horse project is part of the Bonneville Power Adm nistra-
tionelectrical energy grid. The damis operated primrily for
fl ood control and throeI ectric energy production. Penstocks are
located 75 mbelow the crest. At present peak capacity, the
pover house Produces 328 Mv at a rated flow capacity of 11,417 cfs.
Qperation of Hungry Horse is determned in concert with the
conpl ex network of electrical energY produci ng systens,
consunption needs, and flood control requirenents throughout the
Pacific Northwest. \Water |eaving Hungry Horse passes through 19
dams before reaching the Pacific Ccean. Operation of Hungry Horse
altered natural flow and tenperature regimes in the South Fork and
I n the mai nstemFl athead River bel owthe Sout h Fork. The effects
of the altered discharges and tenperature on the mainstem are
Izélmakllorated by natural flows fromthe unregulated North and M ddl e
orks.

Kokanee spawning in the South Fork and nai nstem have been
affected by operation of Hungry Horse Dam  Kokanee prefer to
spawn in shal | ow areas with noderate water velocities. In large
rivers like the Flathead, kokanee spawn primarily along stream
margins and in side channels. Vertical water |evel fluctuations
of over two meters in the South Fork and up to 1.4 min the
mai nstem have resulted in alternate wetting and dewatering of eggs
when flows were high during the spawni ng season and | ow during the
i ncubation season.  Eggs deposited in spawning gravels which are
dewatered are subject tofreezing nortality. avy incubation
mortali t?/ resul ting fromdewatering has probably been the most
I mportant factor affecting ?/ear classstrength in Flathead kokanee
(G ahamet al. 1980, MMl lin and G aham1981, Fral ey and G aham



1982).  The mai nst em kokanee spawni ng run has declined froma
post-harvest |evel of over 100,000 fish in 1975 to an average of
14,000 fish during the last four years (Fraley and G aham 1982
Hanzel 1977).

Studi es conducted by Department of Fish, Wldlife and Parks
from 1979 to 1982 under Bureau of Reclamation funding, have
resulted in flowrecommendations for the mainstem of 3500-4500 cfs
during the kokanee spawni ng period (15 Cctober-15 Decenber) and
3500 cfs or nmore during the remainder of the year (Fraley and
Gaham 1982).  Studies conducted by the Bureau of Reclamation are
ongoi ng concerning effects of the flow recomendations on power
production from Hungry Horse Damand the economc feasibility of a
reregul ating damon the South Fork bel ow Hungry Horse Dam (Richard
Prange, Bureau of Reclamation pers. comm).

Mont ana Department of Fish, Wldlife and Parks studies
continued under Bonneville Power Adm nistration funding in 1982
with major enﬂhasis on fine tuning the flow reconmendations in the
mai nstemFl athead River, monitoring their effect on kokanee
reproduction and reconnending.nanagenﬁnﬁ strategies to enhance the
mal nst emkokanee fi shery. Mjor objectives of the study are:

1. Continue to develop the stock recruitnent relationship
for kokanee in the river systembegun in 1979 (G aham et
al . 1980b).

2. Quantify effects of the ampunt and timng of controlled
flows on distribution and reproductive success of kokanee
in the reregul ated portion of the Flathead River.
Determne the relative contributions of day and nighttine
spawni ng.

3. Determine relative contributions of major river system
spawni ng areas to total kokanee popul ation

4. ldentify timng and destination of successive runs of
kokanee spawners in the Flathead River and their use by
fishermen, and determne if timng is affected by
di scharge from Hungry Horse Dam

DESCRI PTI ON OF STUDY AREA

The Fl athead Ri ver which drains 21,876 kn? of sout heast
British Colunbia and northwest Montana is the northeastern nost
drainage in the Colunbia River basin (Figure 1). Three forks of
%PpISX|nately equal size drain the west slope of the Continenta

vi de.

The North Fork of the Flathead flows south out of British
Col unbia formng the western boundary of Gacier National Park
The North Fork was classified as a scenic river under the Nationa
WIld and Scenic Rivers Act, fromthe Canadi an border to Canas
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Creek, a distance of 68 km  The lower 24 kmof the North Fork was
classified as a recreational river.

The M ddl e Fork of the Flathead was classified as a wild
river fromits source in the Bob Marshall Wl derness area to its
confluence with Hear Creek near Essex, Mntana. Bel ow Dear Creek,
the Mddle Fork was designated a recreational river. The Mddle
Fork fornms the southwestern boundary of G acier National Park.

The upper South Fork of the Flathead River was al so
classified as a wild river fromits headwaters in the Bob Mrshall
W derness to Hungry Horse Reservoir. A short stretch of the
South Fork, fromthe headwaters of Hungry Horse Reservoir upstream
to Spotted Hear was classified recreational. The |ower South Fork
is regulated by flows from Hungry Horse powerhouse. Vertical
water |evel fluctuations in the |ower South Fork have been as much
% 2.5 mdaily due to peak hydroel ectric energy production (Figure

The mai nst emFl at head R ver was cl assified a recreational
river fromthe confluence of the North and Mddle forks to the
confluence of the South Fork. Streanflows inthe Flathead R ver
are subject to fluctuation due to the operation of Hungry Horse
power house downstream fromits confluence with the South Fork.

Peak flows in the mainstemnormally occurred in late My or
early June, coinciding with peak runoff in the North and Mddle
Fork drainages (Figure 3). During fall and winter, the mainstem
hydrograph mrrored that of the South Fork. Daily vertical water
| evel fluctuations in the mainstemvaried upto 1.4 mdueto
Hungry Horse operation (Figure 2).

Vater tenperature in the mainstemwas also partially
regul ated by discharge from Hungry Horse Dam Hypolimial water
rel eases fromHungry Horse Dam | owered summer water tenperatures
and el evated winter water tenperatures in the mainstem (Figure 4).

Kokanee sal non, westslope cutthroat (Salm clarki) and bul |
trout (SAvelins confluentus) are the three major sport fishin
the Flathead R ver (Hanzel 1977). Cutthroat and bull trout are
native to the Flathead, but kokanee were introduced. In 1916,
500, 000 chi nook sal mon eggs obtained fromthe Oregon Fish
Commi ssion were reared in the Flathead Lake Hatchery and the fry
were stocked i n several area | akes (Mntana Fish and Gane
Conmi ssion 1918). In subsequent years, mature kokanee sal mon or
"redfish" were netted in Lake Mary Ronan and Fl at head Lake;
apEarentIy they had been mxed in with the chinook sal mon eggs.
Kokanee popul ations became established in Flathead Lake and
continued to grow By 1933, a kokanee trolling fishery was
underway on Fl at head Lake. That fall an estimated catch of 100
tons of kokanee was canned for the Montana Relief Comm ssion.
Thousands of kokanee were spawning al ong the shores of Flathead
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Lake and runs were ascending the Flathead River system (Mntana
Fi sh and Came Conmi ssion 1934, Al vord 1975).

By the late 1930's, a run of kokanee had become established
in MDonald Creek (Fish and Wldlife Service 1968) and probably in
the Wiitefish Rver and spring areas in the mai nstem Fl at head
River. The kokanee gopul ation in the mai nstem continued to grow
insize fromthe 1960's through the early 1970's. This was partly
associated with flow patterns and nodified tenperatures of water
di scharged from Hungry Horse Dam  During the md-1960"s, | ocal
residents first noticed Iar?e nunbers of kokanee in Beaver and
Deerlick creeks in the Mddle Fork drainage. Departnent personnel
first observed kokanee sanni ng inthe Mddle Fork of the Flathead
Rivelr%flrom MDonal d Creek upstreamto the nmouth of Deerlick Creek
in :

Q her fish species commonly found in the Flathead River
I ncl ude rai nbowtrout (Salmo gairdneri), mount ai n whitefish
(Prosopium williamsoni) and | argescal e sucker (Catostomus
macrocheilus) Several other species encountered |ess frequently
i nclude brook'trout (Salvelinus fontinalis), Yel |l owstone cutt hroat
trout (salmo clarki bouvieri), | ake trout (Salvelinus namaycush),
| ake whi t ef i sh (Coregonus clupeaformis), pygny whit efish
(Prosopium coulteri) northern squawfi sh (Ptvchocheilus
oreqonensis) Several nore species are known to be present in the

drai nage, but are rarely encountered in the Flathead R ver.



METHODS
ADULT KOKANEE M GRATI ON AND ABUNDANCE

Mgration and abundance of kokanee spawners was nonitored by
snorkeling, aerial census, fisherman tag returns of marked fish
and redd counts. Kokanee were observed by snorkeling in the North
and Mddle Fork drainages. Aerial census was the major nethod
used in determning distributionin the nainstemFl athead and
lower Mddle Fork. Tag return information was utilized to assess
distribution and harvest throughout the drainage.

Snorkel i ng surveys were conducted in selected areas of the
Mddl e Fork above MDonald Creek in late Septenber and the North
Fork fromKintla Creek to Canyon Creek in early Cctober, 1982
Snorkeling counts were made on the entire length of MDonald Creek
four tinmes between m d- Septenber and m d- Novenber, 1982

Aerial counts of kokanee spawners were made as part of a
fisherman census on the Flathead River fromthe nmouth of the
Stillwater River to the confluence of the North and Mddle Forks.
These aerial counts were also nmade on the Mddle Fork bel ow West
Gacier. A smll plane carried the observer at an elevation of
apprOX|nateI% 150 mover the river channel and counts were nade by
estimating the size of schools of adult spawners. The counts were
nmade approximately three times weekly from 28 August to 15
Cctober, 1982. Aerial counts were termnated after 1 Cctober on
the Mddle Fork to avoid conflicts with soaring eagles. G bson
1973) Neilson and Geen (1981) and Church and Nel son (1963)
successful |y used aerial counting methods to enunerate sal mon.

Kokanee spawner abundance was estimated fromredd counts in
all segnents of the river systemexcept MDonald Creek, where
redds were too dense to be enumerated individually. Abundance was
estimated by multiplying redd counts by an average figure of three
spawners per conpleted redd. This ratio was determned b
conparisons of trap counts of spawners and redd counts in confined
areas

CENSUS CF THE R VER SYSTEMKOKANEE FI SHERY

A survey of the kokanee fishery was conducted on sections
VSl - M4 of the mai nstemFl athead R ver and section Ml of the
M ddl e Fork of the Flathead River from28 August through 15
Cctober, 1982 (Table 1). The purpose of the survey was to
determne catch rates, fishing pressure, harvest, and other
i nformation concerning the 19-day lure fishery for kokanee sal mon
inthe | ower mainstemfrom28 August to 15 Septenber, and the 31-
day snag fishery for kokanee in the mainstem and Mddle Fork from
15" Sept enber through 15 Cctober

The fishery or creel census design was a nodification of the
met hod descri bed by Neuhol d and Lu (1957) and used by Fredenberg



Table 1. Description of angler survey sections on the nainstem Flathead
and M ddl e Pork of the Flathead River.

R ver Section length
Description section km MTes
Fl athead Ri ver - Flathead Lake to MVB1 36.0 22.4
confluence of Stillwater River
Flathead River - Muth of Stillwater V82 19.0 11.8
River to Pressentine Fishing Access
Fl athead River - Pressentine Access MS3 10.6 6.6
to H ghway 40 Bridge at Col unbia
Fall s
Fl athead River - State H ghway 40 Ms4 23.3 14.5
Bridge to confluence of North and
M ddle Forks
M ddl e Fork of Flathead - Confluence VF1 21.7 13.5

of North Fork to coaflueace of
Harrison Creek
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and Graham(1982a). In river sections MSl through M54 (the

mai nstem Fl at head River), aerial counts of anﬂlers froma fixed-
wing aircraft were made twice a day on all scheduled sanple days
weat her ernittin%, from 28 August through 15 Cctober. The tine
of the flight each day was randonmy chosen from7:30 a.m to 1:00
p.m, with the other flight of the day beginning six hours after
the start of the first flight. Starting tines were chosen at
random wi th non-replacement within two-week intervals so that
counts and interviews were conducted during all the daylight
hours. As the season progressed, starting and ending times were
adj usted to conpensate for fewer hours of daylight.

\Weekdays were treated separately from weekend days in setting
up the sanpling schedule. Four weekdays and three weekend days
were chosen at random during each two-week peri od.

Al flights originated fromKalispell and counts were
conducted in upstream order. The counts required |ess than
fifteen mnutes per section and thus were considered as instant-
aneous in analysis of data. Only those individuals seen actually
fishing or with rods nearby were counted as fishermen. Anglers
associated with boats were considered to be boat fishermen if they
were fishing fromthe shore when counted.

Creel clerks interviewed fishermen on a party basis. Party
representatives were asked questions about the number of anglers
where they were from whether they fished from shore or used a
boat, what type of termnal tackle they used, how many hours they
had fished, and whether or not they were done fishinﬂ for that
particular day. At least two creel clerks (one on the Mddle Fork
and one on the minsten) conducted interviews on all sanple days.
Cerks recorded lengths of the kokanee harvested as time allowed.

Angl er count interview data were recorded directly on coding
forms and keypunched for conputer analysis. Analysis was done
fol  owing the procedures of Neuhold and Lu (1957¥ using a
conput er program devel oped by the Departnent. Estimates were
fornul ated on a weekly basis with weekdays and weekends | unped
together. Pressure estimates were based on the average number of
dayl i ght hours avail abl e durin? each two week period (one-half
hour Dbefore sunrise to one-halt hour after sunset).

~ Catch rates were calculated as the nunber of fish caught
divided by the total number of hours fished for the sanple of
anglers interviewed. Harvest rate was the catch rate for only
those fish kept by anglers. The harvest was estinmated by multi-
plying pressure by harvest rate for each two-week period and then
sunming them

The snag fishery season for kokanee in the Flathead R ver
system during 1982 was shorter than in 1981 or 1975. During 1981
and 1975, the opening date was 1 Septenber. The closing date in
1981 was 23 Cct ober on the mainstem and 30 November on the M ddlw
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Fork. During 1975, the snag season extended from 1 Septenber
through January.

SPAWNING SI TE | NVENTORY

~ Aninventory of spawning sites or redds was conducted in five
naj or spawni nﬁ areas in the Flathead R ver system including the
mal nstem Fl at head, M ddl e Fork of the Flathead, Beaver-Deerlick
Creeks, Witefish River and South Fork of the Flathead. The
i nventories were made when spawning was considered approxi mately
90 percent conpleted in each area.

Spawni ng and incubation flows in the Flathead R ver bel ow the
South Fork were provided during the 1982 water year through agree-
ment with the Bureau of Reclamation and the Bonneville Power
Adm ni stration, as recomrended to the Northwest Power Planning
Counci | bg the Departnment of Fish, Wldlife and Parks. Spawning
flows of 3500 to 4500 cfs (at Col unbia Falls) were maintained from
15 Cctober to 15 Decenber. A minimum flow of 3500 cfs was
mai ntai ned from 16 Decenber to 30 April.

Kokanee redd counts were nmade in early Cctober and early and
| ate Novenber in the Flathead River bel owthe South Fork. All
areas which had suitable spawning gravel were checked froma jet
boat or by wading.

_ Surveis of spawning activity in MDonald Creek were nade
while snorkeling from September to Novenber, 1982. Actual counts
of redds were not made due to the density of spawners and redd
super i nposi tion.

Kokanee redd counts were madein the Mddle Fork of the
Fl athead River above McDonal d Creek on 24 and 25 Cctober, 1982.
The Mddle Fork bel ow MDonal d Creek was surveyed on 26 Cctober.
Redd counts were made in both Beaver and Deerlick creeks in the
M ddl e Fork drainage above MDonald Creek on 8 Decenber. The
Whitefish River and South Fork of the Flathead were surveyed for
kokanee redds on 22 Cctober and 12 Novenber, respectively.

Substrate sanples of kokanee redds were collected from
Sanni ng areas in MDonald Creek, Witefish River, Mddle Fork of
the Fl athead Ri ver and t he mai nstemFl athead River. The sanples
were anal yzed as described in Fraley and G aham (1982).

Fish traps to enunerate kokaneespawners were placed in
Brenneman' s Sl ough (nai nstemar ea 1), Col unbi a Fal |s Sl ough (nain-
stem area 36), Beaver Creek and Deerlick Creek. Numbers of
spawners entering these areas were conpared with the nunbers of
redds constructed.

Areas of gravel in four nmai nstenkokanee spawning areas,

MDonal d Creek and Beaver Creek were selected for diel spawning
studies in Septenber, 1982. In areas where sufficient spawners
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were present, areas of gravel were alternately covered and
uncovered during day and night periods. Redd construction and egg
deposition were conpared in areas available for daytinme and
nighttime kokanee spawning. Behavioral observations were also
made throughout the spawning period in these areas.

The channel s of the Flathead River fromthe nouth of the
South Fork to the Salnmon Hole (37 km) were traced fromaeri al
phot ogr aphs (1:2300) provi ded by USDI, Bureau of Recl amation. The
aerial photos were taken on flights made in Cctober, 1978. The
wetted substrate of the mainstemwas surveyed froma jet boat or
by wadi ng and cl assi fi ed as spawnabl e or unspawnabl e based on
substrate conposition, conpaction, and velocity criteria. The
criteria used were based on observations in kokanee spawning areas
inthe Flathead River systemfrom1979-1982. Gavel areas with
water velocities greater than three feet per second, high
conpaction or large amounts of very fine or very coarse material
were classified unspawnable. The areas of SEavvnabl e and unspawn-
abl e substrate were drawn in on the aerial pnhotos using |andmarks
or survey equi pment.

The gravel area survey was conducted from29 July through
Sept enber at flows of 3500-4000 cfs. If flows were not inthis
range, an allowance was made to correct all measurenents to the
wetted area at these flows. A fewareas of the mainstemwere
mapped during the late winter and spring of 1983.

Conpl eted gravel area maps were planimetered using a 2400
Di gitabl et Menu Pl ani neter glNurmni cs Corp.) provided by the
Fl at head Nat i onal Forest. | area measurements were rounded to
the nearest tenth of a square meter and were sunmmarized by river
section ﬁnproxi mately two percent of the river was too deep to
be classified during the survey. These areas were included in the
tinspawnabl e area totals and will be classified using SCUBA gear
during the sunmer of 1983. Spawning gravel maps of the nainstem
Fl athead River are not attached to this report but are available
fromthe Mntana Department of Fish, Wldlife and Parks, Box 67,
Kal i spel |, Montana, 59901.

EGG | NCUBATI ON AND ALEVI N DEVELOPMENT

Survival and devel opnent of kokanee eggs and sac-fry al evins
was nonitored in natural redds throughout the winter in the
Flathead River to evaluate the effects of the re(&Jest ed spawni ng
and incubation flows. A hydraulic egg sanpler (Gaham et al.
1980, McNeil 1963) and kick net were used to sanple natural redds.

I ncubation and-devel opnent in the [ower Flathead River were
al so evaluated with experinental egg plants. Eggs were put in
fiberglass bags and buried in gravel in a deep area (4 m) and a
shal | ow area ?0.5 m near Colunbia Falls.

13



Survival and devel opment of eggs and alevins in natural redds
was al so nonitored at spawning areas in the Mddle Fork Flathead
River, MDonald Creek and the Witefish River. Two areas of the
Mddle Fork, one bel ow and one above MDonald Creek, were sanpled
with the tgdraullc egg sanpler and kick net. A 2 kmportion of
MDonal d Greek was sanpled with the hydraulic egg sanpl er and kick
net to estimate the density of live eyed eggs and sac fry alevins
in the Pravel. Total production and survival were estimated from
34 sanples taken at randonly sel ected points using nethods
described by MNeil (1964).

I ncubation and devel opment in the Mddle Fork of the Flathead
River was also nonitored with experinental egg plants. Eggs were
placed in fiberglass screen bags and buried in gravel in a deep
area (7T m and a shallow area (0.5 n in the river above st
d acier.

B- KOKANEE LENGTH RELATI ONSHI PS

Rel ationshi ps between year class strength of kokanee spawners
and flows during the spawning and incubation seasons which
produced themwere analyzed (G ahamet al. 1980, MMillin and
Gaham 1981, Fraley and G aham 1982). Length of kokanee spawners
was used as the neasure of year class strength, assumng fish size
was inversely related to fish numbers in Flathead Lake. Q her
workers have reported this density dependent relationship in
sockeye sal non popul ations (Foerster 1944, Johnson 1965, God ad
1974, Stober etal. 1978).

The majority of kokanee spawners entering the river systemin
a particular year were 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
movi ng averag?e of flow conditions was used in the calculations
(Gahamet al. 1980, MMl lin and G aham 1981).

FRY EMERGENCE AND M GRATI ON

Timng and abundance of emerging fry was eval uated using 0.5
m drift nets suspended in the water colum and fry emergence
traps placed over the spawning gravel.

Drift nets were used in all river systemspawning areas to
filter swmring fry fromthe water colum Net sets were made
weekly in MDonal d Creek, Brenneman's Sl ough and Beaver COreek
during February and early March and tw ce weekly from m d- March
through early June. Nets were set ﬂenerally weekly from March
through May in the Mddl e Fork of the Flathead River near \West
d acier, the mainstemFlathead Ri ver near Kalispell, the Witefish
River near Rose Crossing and Deerlick Creek at the Hghway 2
crossing. Drift nets were suspended in the water colum overnight
at each area. Fry were counted, the volune of water filtered by
the net was calculated and a total estimate of fry emgration from
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each area was obtained. These data were used to estinate
Broduction and egg to fry survival rates fromeach area. Distri-
ution of fry in the water colum was eval uated in overnight
experinents using drift nets distributed laterally and vertically
in the water colum in MDonald Creek.

Three experiments were conducted to nonitor fry novenments in
the river system Three grouBs of fry were captured in MDonald
Creek and dyed with Bismark Brown stain at a concentration of
1:30,000 (Ward and Ver Hoeven 1963). Mvenents of these fry were
fol | owed by setting drift nets at the junction of the Mddle and
North Forks of the Flathead River near Bl ankenship Bridge (8 km
downstrean), the mainstemFl athead River at the County Bri dPe
"bel ow Col unbia Falls (34 km downstreanm) and at the O d Stee
Bri dge near Kalispell (55 kmdownstrean).

Flows during the first experiment averaged 1100 cfs in the
M ddl e Fork, 2300 cfs in the mai nstem above the South Fork, and
7400 cfs in the mainstem bel ow the South Fork. Flows duri ng the
second experinent averaged 2100 cfs in the Mddle Fork, 4600 cfs
i n the mai nstemabove the South Fork, and 8200 cfs in the mainstem
bel ow the South Fork. During the third experinment, flows averaged
3850, 4830 and 17300 cfs in the Mddle Fork, North Fork and
mai nst em r espectivel y.

Fry emergence traps (0.12 m) were placed in river system
spawning areas to hel p determne emergence timng and abundance of
kokanee fry (Fraley and Graham1982). Phillips and Koski (196?
used simlar traps in Oregon river systens to capture sal moni
fry.  The traps consisted of a nylon net and netal franme with a
nyl on sock and screen fyke to capture emerging fry. Frames were
attached to the stream bottomwith rebar. Eight traps were placed
i n mai nst emspawni ng areas, four were placed 1n MDonald Creek and
four were placed in Beaver and Deerlick creeks.

One hundred fifty eyed kokanee eggs were planted in each of
five additional traps placed in MDonald Creek containing five
different sedinment mxtures to determne potential egg to fry
survival rates in various sediment mxtures.

Kokanee fry were collected for food habit analysis from four
Fl at head Ri ver sg/st emspawni ng ar eas; Brenneman Sl ough ( Mai nstem
Area 1), MDonald Creek, Beaver Creek and the Mddle Fork of the
Fl at headRi ver.

Kokanee fry were neasured and the stomachs removed. Each
stomach was sectioned from the base of the esophagus to the
pylorus. The stomach was enptied and the contents identified and
counted. Head capsules were counted to deternine nunbers and body
parts noted Aquatic insects and zooplankton were identified to
order and terrestrial insects were enunerated.  Zoopl ankton wer e
classified into O adocera and Copepoda.
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Stomach contents were expressed in percent number of
organi sns in the sanple, frequency of occurrence, percent weight
(ny), and Index of Relative Inportance (IR). |R conbines the
op%er three values into an arithnetic mean which can range from1l
to 100. An IR value of 100 indicates exclusive use of that food
type (CGeorge and Hadl ey 1979).  Zoopl ankt on and aquati ¢ nmacr o-
invertebrates were asskgned nmean wet weights (ng) fol | ow ng
met hods i n Leathe and G aham (1981).

RECOVERY OF THE MAI NSTEM KOKANEE POPULATI ON

To protect the recovery of the mai nstem kokanee popul ati on,
an egg to fry survival rate of 20 percent and various fry to adult
survival rates were assumed. A 20 percent overlap of the previous
kokanee year class was assunmed and the nunber of retaining kokanee
spawners was projected for each year from 1983 to 2033. A
conput er program which incorﬁorated the above assunptions was
witten by Roger Larson of the Bureau of Reclamation in coopera-
tion with the Department of Fish, Wldlife and Parks.
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RESULTS AND DI SCUSSI ON
KOKANEE ABUNDANCE AND M GRATI ON
Kokanee Abundance

An assessment of the relative contributions of various
seEnents of the river systemto kokanee recruitnment to Flathead
Lake is required to evaluate the recommended study flows in the
Fl at head Ri ver bel ow Hungry Hor se Dam Determ ning t he abundance
of kokanee in areas unaffected by Hungry Horse discharges such as
MDonal d Creek, the Mddle Fork of the Flathead River, Heaver
Creek, Deerlick Creek, the Witefish River and mai nstemspring
areas provides a reference to monitor natural fluctuations in the
kokanee popul ati ons.

Approxi matel y 5,000 kokanee spawned in the mai nstemFl at head
River 1n 1982, assum ng approximately three kokanee spawners per
conpl eted redd (Table 2). This conpares to 24,000, 2,000 and
12,000 post-harvest spawners estimated for 1981, 1980 and 1979,
respectively. These total estinmates were adjusted based on redds
| ocated after the Novenber redd count. An estimated 165, 000
kokanee were present after harvest in the mainstem in 1975,
Discharge patterns from Hungry Horse Reservoir have contributed to
these relatively weak year classes of kokanee in recent years.

A nmean trend count of 30,984 kokanee (this count includes
5,719 dead fish) was obtained in MDonald Creek by snorkeling on
27 Cctober, 1982 (Table 3). It is probable that sone kokanee had
spawned and died and sone kokanee entered the creek after the
count. The actual nunmber of kokanee using MDonald Creek in 1982
was probably nearer to the %Fper range of the estimte of 35,000
fish. Counts of spawners made at about three-week intervals
indicated |ive kokanee spawner nunbers peaked duriﬂg the month of
Cctober (Table 4).  Spawning had begun by 20 Septenper when 11,516
live kokanee were counted and was virtually conpleted by 17
Noverber when only 1,366 |ive kokanee were present.

The nunber of kokanee in MDonald Creek in 1982 was | ower
than in the three previous years of the study (Table 3). Nunbers
of spawners were also generally lower than in previous years of
the study in the Mddle Fork of the Flathead R ver above and bel ow
MDonal d Creek (Table 3).

Al though fishermen reported catching a few kokanee in the
North Fork of the Flathead, none were seen during a snorkel survey
on 4 Cctober, 1982. \ter tenperature or sonme other factor
appears to limt kokanee spawning success in the North Fork

Approxi mately 300 kokanee spawned in the South Fork of the
Fl athead R ver based on the 1982 redd count (Table 2 and Appendi x
A). Releases from Hungry Horse Dam during the spawning and
incubation periods provided continuous watering of the redds
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Table 2. Number of redds observed in the Flathead River systemin |ate
Novenber 1979, 1980, 1981 and 1982.
Year
1982 1981 1980 1979
Flathead River bel ow the South Fork
Total 1, 422%; 6, 952 467 2,802
Non- spring 1, 199< 5,961 77 1,861
Spr ing 223 991 390 941
Sout h Fork Flathead River 100 300 _.3l )
M ddl e Fork Flathead River 751 2,300 2.3/ 2.3l
Beaver Creek 18 516 _.3l 0
Deerlick Creek 24 202 _3l il
Vhitefish River 765 416 426 _3l

1/ An additional 106 redds were |ocated during December and January,

bringing the total count to 1,528.

@ 1IN
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620 of these redds may have been partially influenced by springs.

Spawni ng probably occurred but no redd surveys were conduct ed.



Table 3. Trend snorkel counts of kokanee salnon adults in the Flathead River system above the confluence
of the North and Mddle Fork, 1979-1982.

Kokanee counts

North Fork from

M ddl e Fork bel ow Kintla Creek to

M ddl e Fork above

61

Dat e McDonal d Creek McDonal d Creek McDonal d Creek Canyon Creek
Sept enber
9/ 20-9/ 21/ 82 9,942-13,090 2, 060- 2, 620 87-132 ol/
9/ 23-9/ 25/ 81 12, 434- 15, 834 19, 917- 24, 297 2, 785-3, 350 0
9/ 23-9/ 25/ 80 28, 700- 43, 300 350- 550 0 0
9/19-9/21/79 1, 200- 1, 500 7,000-12, 000 0 175- 225
Cct ober
10/ 27/ 82 21, 525-29, 005 1, 046-1 4412/ -
(+5, 100- 6, 300
dead kokanee)
10/ 21/ 81 84, 000- 111, 000 1, 000 15, 000
(+5,000-7,000
dead kokanee)
10/ 22/ 80 37, 000- 54, 000 450- 500 -
(+4,000 dead
kokanee)
10/ 17/ 79 60, 000- 70, 000 6, 500- 9, 500 3l 3/

Counted on 10-4-82.

1/
2/ Counted on 10-6-82.
3/ Counts were not

made in the North or

M ddl e Fork drainages in Cctober of 1979.



Table 4. Snorkel counts of kokanee in MDonald Creek during 1982.

Nunmber kokanee
Low Hi gh Mean Dead Tot al
Dat e count count (live) kokanee mean
9/ 20/ 82 9,942 13,090 11,516 7 11,516
10/ 6/ 82 22,200 29,421 25,810 258 26, 068
10/ 27/ 82 21,525 29, 005 25,265 5,719 30,984
11/ 17/ 82 1,224 1, 507 1, 366 1/ L

1/ No count was nmde due to deconposition.
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constructed and a nuch higher rate of survival is expected than in
previous years when large fluctuations in flows dewatered redds.

Approxi mately 2,250 kokanee spawned in the Mddle Fork of the
Flathead River, based on 1982 redd counts (Table 2 and Appendi x
A). Approximately 93 percent of these fish spawned above the
mout h of MDonal d Creek

Total s of only 54 and 72 kokanee spawned in Beaver Creek and
Deerlick Creek, respectively, based on 1982 stream trapping and
redd counts. Spawning appeared to be later than in previous years
in these streams, peaking in md to |ate Novermber in both streans.

The Whitefish River supported a relatively large run in 1982
with 2,300 spawners estinmated fromthe 22 Qctober redd count.
However, additional spawni ng was observed t hr ough m d- Novenber and
it is probable that nearly 3,000 kokanee spawned in the Witefish
River in 1982. This represents about twi ce as many kokanee than
were in the 1981 or 1980 runs. The Witefish River appeared to be
the only segnent of the river systemthat supported a larger run
of kokanee than the average over the previous years of the study.

An estimated 45,000 kokanee reached Fl at head Ri ver system
spawni ng areas during 1982, based on direct observation, redd
counts and trap counts. An estimted 140,000, 60,000 and 100,000
kpkﬁnee reached spawning grounds in 1981, 1980 and 1979, respec-
tively.

Al t hough depressed wel | bel ow natural |evels, spawner
abundance in the Flathead R ver bel owthe South Fork from 1979-
1982 fol I owed the same general pattern recorded for MDonal d
Creek, indicatingnatural environmental fluctuations affecting
survival as well as Hungry Horse dischar%e_have influenced kokanee
abundance. This denmonstrates the critical inportance of
monitoring portions of the river system unaffected by Hungry Horse
operat i ons.

Kokanee M gration

The rate of mgration and distribution of kokanee spawners
may be influenced by river discharge and tenperature and may
affect the recreation potential of the fishery. Aerial counts of
kokanee and tag return information aided in the assessment of the
mgration patterns in the river system

The first concentration of kokanee spawners during 1982 in the
H athead River near Kalispell was recorded in an aerial count on 5
September.  Smal | school s of sal non had been sighted as far
upstreamas MDonald Creek by this date by U S. Park Service
ersonnel. This timng of the migration of the first wave of
okanee spawners in 1982 is simlar to that which occurred in 1979
and 1981. During 1980, |arge nunbers of spawners did not appear
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inthe river near KallsoPeII until md-Septenber (MMllin and
Graham 1981, Fral ey and G aham 1982).

An estimated 11,000 kokanee spawners had reached MDonal d
Creek spawning grounds by 20 September, 1982. Snorkeling counts,
aerial counts and catch rate data near the mouth of MDonald Creek
i ndi cated that kokanee moved quickly into MDonald Creek during
1982, and did not hold for significant periods of time in the
Mddie Fork of the Flathead River. \ter tenperatures in MDonald
Creek during earIY to md-Septenber averaged near or bel ow the
16°C tenperature level that appears to limt kokanee novenent into
the creek (Fraley and G aham 1982).

Aerial counts of kokanee spawners in Flathead River Section
M52 indicated a md- S.Ptenber peak of nunbers (Figure 5. No
| arge concentrations of spawners were recorded after 22 Septenber
in this section. A small peak of spawners was observed during the
second week of Cctober. El ectrofishing catch of kokanee in the
mai nst em near Kalispell also peaked in m d-Septenber but was very
lowin |ate Septenber and Cct ober (Figure 6).

Aerial counts of spawners in Flathead River Sections MS3 and
VB4 ﬁeaked during early to md-Cctober (Figure 5. The majority
of these kokanee were Frobably staging to nove upstreaminto
MDonal d Creek. Aerial counts in the Mddle Fork of the Flathead
River indicated that kokanee were nDVInE fron1stag|ng areas of the
NFper Fl athead River into MDonald Creek without holding in the
ddl e Fork (Appendix B).

Fi shermen returned 61 of the 460 kokanee (13.3% tagged in
the Flathead River near Kalispell in 1982. Tag return information
collected fromanglers in 1982 indicated an average rate of
movenent of 2.1 kmiday for the 27 kokanee caught which exhibited
movement from the tagging site. The maxinmumrate of movement was
5.3 kmiday. Thirty-four tagged kokanee were caught near the tag
site.

CENSUS OF THE R VER SYSTEM KCKANEE Fl SHERY
Fi shery Characteristics and Catch Rates

Mainstem H at head R ver

The kokanee fishery on the mainstemFl athead Ri ver during

1982 began inlate August when kokanee spawners moved from
Fl athead Lake into the "Sal non Hole" area of the river bel ow
Kal i spel| (sections M5l and M52). Kokanee were vul nerable to lure
fisherman (mainly boat anglers) prior to the openlng of the
snag?|ng season on 15 Septenber. Lure fishing for kokanee

(inc ud|n%EBone il11egal snagging with lures) also took place in
sections and M4 before the opening of the snagging season. A
total of 128 party interviews were conducted on the nainstem
before 15 Septenber.
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Figure 5. Aerial counts of kokanee spawners in sections of the
mainstem Flathead River.
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The snagging season began on 15 September. The opening of
the season was del ayed fromthe traditional 1 Septenber opening to
al low part of the early run of kokanee to pass up river to the
Mddl e Fork drainage w thout being exposed to snagging. O erks
i nt etr)w ewed a total of 196 parties from 15 Septenber through 15
Cct ober.

O the 324 party interviews conducted during the 28 August-15
Cct ober mai nst em kokanee fishery, 196 (60% were conducted with
chore angler parties and 128 (40% with boat angler parties
(Appendi x Ey Fort)(]-two percent of the anglers 1nterviewed (con-
prising 52%of the hours fished) had conpleted their trips.
é)ngl ers averaged 3.3 hours fished in 137 conpleted trips (Appendix

Prior to the opening of the snagging season, the majority of
the anglers used lures and conbinations of [ures and corn
Appendi x B). After the snagging season began, 87 percent of all
angl ers on the mai nstem used snag hooks (A{)pendix B}. During the
entire census on the mainstem 92 percent of all anglers inter-
viewed were fishing for kokanee. Only two percent fished with
flies, while six percent of the anglers used bhait. Anglers in
section M5l used the highest percentage of non-snagging terninal
tackl e (Appendix- B).

Most mai nstem angl ers interviewed 883% listed their
resi dence as Fl athead County (Appendix B). Only 11 percent of the
angl ers were from outside Mntana.

Catch rates averaged 0.15 kokanee per hour in the nainstem
during the early season lure fishery (AppendixB. During the
first two weeks of the snag season, nainstemcatch rates averaged
0.70 kokanee per hour. Catch rates dropped to 0.18 fish per hour
during the |ast two weeks of the snag season on the mainstem
Qverall, mainstem catch rates for kokanee averaged 0.45 fish/ hour
from 28 August to 15 Novenber. Anglers in sections M52 and M54
had the highest average catch rates. Catch rates for shore
angl ers on the mai nstemaverage 0. 62 kokanee ﬁer hour while boat
angl ers caught kokanee at a rate of 0.24 fish/hour (Appendix B).

M ddl e Fork Fl athead Ri ver

The kokanee fishery on the Mddle Fork of the Flathead River
consi sted of a concentrated snag fishery, mainly on the |ower five
mles of the river (below MDonald Creek) from 15 Septenber
through 15 October. Atotal of 411 interviews conprising 3,107
hours fi shed were conducted with shore fishermen and 25 i nterviews
conprising 184 hours fished were conducted with boat fishernen
(Appendi x B). About one-third of the parties interviewed had
completed their fishi n1qfor the day. Mst anglers interviewd
(949% used snag hooks Tollowed by combinations (3%, lures (2%
bait (1% and flies (lessthan 1%. Qver 97 percent of all
anglers interviewed were fishing for kokanee.
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Al nost 75 percent of the parties interviewed on the Mddle Fork
were fromMntana, with 36 percent fromFlathead County, 25
percent fromcounties in Eastern Mntana, and 13 percent from
other counties in Western Montana. Fifteen percent of the angler
parties were from Canada and the remaining 11 percent were from
other states in the US

Party size, Ien%$h of conpleted fishing trip and catch rates
varied between the different angler residence groups (Appendix B).
AnEIers from Fl athead County had the highest catch rates for
kokanee, 1.28 fish per hour, and the shortest average Iength of
conpleted fishing trip, 2.7 hours per trip. Canadians an
residents of the U S other than Mntana had the |owest catch
rates and |ongest average length of conpleted trip.

Catch rates for kokanee on the Mddle Fork were higher for
the first two weeks of the season than for the second two weeks
(Appendixl%. The average catch rate for kokanee on the Mddle
Fork for 1982 was 0.97 fish per hour. Boat anglers had higher
catch rates than shore anglers on the Mddl e Fork, probably
because theK were better able to locate and reach concentrated
school s of kokanee. Boat anglers averaged 1.60 kokanee per hour
whil e shore anglers caught 0.89 kokanee per hour (Appendix B).

Fishing Pressure
Mainstem Flathead River

Fishing pressure estimtes made fromaerial counts included
kokanee anglers as well as anglers fishing for other species.
However, kokanee fishermen domnated the fishery during the 28
August through 15 Cctober census period. Over 90 percent of the
anglers interviewed on the mainstemduring this period were
fishing for kokanee.

During the census period, anglers fished an estimated 25,630
hours on the 89 kmmainstem Fl athead R ver (Appendix B. This is
equivalent to 288 fisherman hours per km of stream Section M52
supported the highest total fishing pressure and the highest
pressure ﬁer kmof stream Section MS1 had the second hi ghest
total fishing pressure, but the [owest pressure per km Section
MS3 supported the | owest total pressure, but the second highest
pressure per km About six percent of the total estinated fisher-
man hours were interviewed during the census.

In ternms of man-days of fishing pressure, the total mainstem
pressure of 25,630 hours (wth an average of 3.3 hours per
conpleted trip) represented 7,767 man-days. This is equivalent to
87.3 man-days of pressure per kmof stream

Al'most 70 percent of the total fishing pressure during the
census period on the mainstemoccurred during the first two weeks
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of the snag season, from 15 Septenber through 30 Selotenber

i Appendi x B). Approximtely 21 percent of the total pressure
occurred during the lure early season fishery. N ne percent
occurred during the | ast two weeks of the snag season (1 Cctober -
15 Cct ober).

~Shore fishermen conprised 52 percent of the total nanstem
fishing pressure during the census period (Appendi X B), while boat
fishermen made up 48 percent (Appendix B). Sections M52 and M4
had the heaviest shore fishing pressure, while section M1
supported the nost boat fishing pressure.

Mddl e Fork H at head Rver

Kokanee angl ers conprised over 97 percent of anglers fishing
the Mddle Fork during the 28 August to 15 Cctober period. An
estimated totai of 17,019 fisherman hours were expended on the 22
kmof the lower Mddle Fork (Appendix B). Conpleted trip length
averaged 3.4, translating to a total of 5,006 man-day of pressure
or 228 man-days per km Only one percent of the pressure occurred
before the opening of the snag season. Approximately 71 percent
of the total pressure occurred during the first two weeks of the
snag season (15 Septenber-30 Septenber), while 29 percent occurred
during the last two weeks of the snag season. Mbst of the fishing
pressure (88% on the Mddle Fork was by shore fishernen. Al nost
19 pe&cent of the total estimated fishermen hours were inter-

Vi ewed.

Kokanee Harvest
Mainstem Flathead River

Anglers harvested an estimted 12,402 kokanee on the four
sections of the Flathead River during the 28 August-15 Cctober
census period (Appendix B). The ngjority (87% of the harvest
occurred during the first two weeks of the snag season. Approxi-
mat el y nine Fercent of the harvest occurred during the early
season lure tishery. Approxi mately one-half of the harvest
occurred in Section M52, while Sections MSl, MS3 and M54 contri -
buted 12% 7%and 30% respectively.

Shore anglers accounted for approximtely 70 percent of the
kokanee harvest on the mainstem Boat anglers harvested 30
percent of the total, mainly in Sections M5l and M52 (Appendi x B).
Creel ed kokanee on the mai nstemaveraged 367 nmin totai length (n
= 107). Ml es averaged 374 nm while femal es averaged 360 mm

M ddl e Fork Fl athead R ver

Angl ers harvested an estimated 18, 047 kokanee on the Mddle
Fork orthe Flathead River during the 1982 census period (Appendix
Bg. Approxi mately 78 percent of the harvest occurred from15

ept ember - 30 Sept enber. Twenty-two percent of the harvest occurred
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during the first two weeks of Cctober. Alnost all of the harvest
occurred in the lower five mles of the Mddle Fork, from MDonal d
Creek downstream Shore anglers accounted for the majority of the
harvest (77%. Creeled kokanee measured on the Mddle For
averaged 378 mmin total length (n = 87?. Mal es averaged 387 mm
(n = 400) and fenal es averaged 368 nm (n = 475).

Conparison of 1982, 1981 and 1975 Kokanee Fisheries

Surveys of the Flathead R ver systemkokanee fishery were
conducted 1n 1975 by Hanzel (19771, in 1981 by Fredenberg and
Graham (1982) and for the 1982 spawning run. The 1982 fishery for
kokanee in the river systemwas nuch reduced from 1981, reflecting
the weaker 1982 year class of spawners (Table 5). Catch rates
during 1982 were about one-half of the 1981 |evels on the Mddle
Fork of the Flathead and one-fifth of the 1981 | evel on the nain-
stem

Fi shi ng Fressure during 1982 was 45 percent of 1981 |evels on
both the Mddle Fork and the mainstem Due to |ow nunbers of
kokanee in the river system catch rates and fishing pressure were
wel | below 1981 levels. The 1982 kokanee harvest was 16 percent
of the 1981 level on the mainstemand 24 percent of the 1981 |eve
on the Mddle Fork.

During both 1981 and 1982, the majority of the kokanee
harvest was borne by the "early runs" of fish bound for the Mddle
Fork drainage (Table 6). In 1975, however, the mgjority of the
harvest was fromthe "late runs" of nai nstem spawners present in
the mainstemafter 1 Qctober. This shift of the harvest from the
late runs to the early runs of kokanee reflects the popul ation
change in the mai nstemspawning run during the [ate 1970's.

During the 1981 season, anglers harvested an estimated 53
percent of the Mddle Fork spawner popul ation bound for MDonal d
Creek, the Mddle Fork of the Flathead River and Beaver and
Deerlick creeks (Table 6). During 1982, 44 percent of the Mddle
Fork popul ation was harvested. Part of the reason for this
decline in percent harvest was the regulation changes froma 1
Sept enber opening of the snag season in 1981 to a 15 Septenber
opening in 1982 and an early closure of the 1982 snag season on 15
(ctober. Harvest rate on the mainstem declined from44 percent in
1981 to 10 percent in 1982. The 15 Cctober closure of the snag
season and the |ow level of the mainstem popul ation contributed to
this decline. Total angler pressure on the mainstemduring the 1
Cct ober-15 Cctober period was only 12.8 man-days per kmand catch
rates were extrenely |ow.
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Table 5. Conparison of characteristics of the 1982, 1975 and 1981 river
system kokanee fisheries. The 1975 fishery data is for the
mai nstemonly. During the fall of 1975 very little fishing
occurred on the Mddle Fork.

M ddle Fork Mal nst em
1982 1981 1982 1981 1975
Catch rate (kokanee/hour) 0.93 2.0 0.45 2.0 2.0
Fi shing pressure (hours) 17,019 37,870 25,630 56,602/ 69,276
Nurmber of hours per 3.4 4.7 3.3 3.2 3.6
conpleted trip
Fi shing pressure (man- 5,006 8,040 7,767 17 688 19,223
days)
Kokanee harvest 18,047 75,117 12,402 77,000 150,243
Percent of harvest by 7% 79% 70% 73% ==
shore anglers
Percent of fisherman 19% 6.8% 6% 4.8% 1.6%
hours interviewed
Total nunber of party 436 237 324 2072 ==

i ntervi ews

17 Pressure from Septenber and Qctober.

2/ Interviews from Septenber and Cctober only.

Table 6. Estimated distribution of harvest between the Mddle Fork"early"
runs and the mainstem "late" runs during 1982, 1981 and 1975.
The percent of the estimated popul ation which was harvested
is in parentheses.

Year M ddl e Fork rus¥ Mai nst em runs?
1982 29,999(44) 3/ 450(10)
1981 133,385(53) 18,562(44)
1975 18,450(--)2/ 131,793(40)4

1/ Kokanee harvested in the mainstembefore 1 Cctober and in the Mddle
Fork itseif.

2/ Kokanee harvestedin the mainstemafter 1 Cctober

3/ Percent harvest was calculated by dividing the total estimated harvest

~ by the total estimted preharvest popul ation based on snorkel counts,
redd counts and harvest estinates.

/ Estimated (Fraley and Graham 1982).

/ No estinate.

4
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SPAMN NG S TE | NVENTCRY
Flathead River Redd Counts

Kokanee spawni ng i n the mai nstem Fl at head River bel owthe
South Fork was first observed on 8 Cctober, 1982 when redds and
actively spawning fish were observed in the river near Col unbia
Falls. From|-9 Novenber, 296 redds were counted and by 3
Decenber, 1,422 redds had been constructed (Table 7). An
addi tional 106 redds were |ocated after 3 Decenber (Appendix A).
Spawni ng continued into January in Brennenman's S| ough (i nstem
spawni ng area nunber 1), proxi mately 90 percent of all spawning
on the mai nstem took place between 15 Cctober and 15 Decenber.
Approxi natel y four percent occurred before 15 Cctober and si x
percent occurred after 15 Decenber.

The timng of mai nstem spawning appeared to be later in 1982
than in 1979 or 1981. Only 21 percent of the total redds had been
constructed by the end of the early November count in 1982.

During 1979 and 1981, 33 ﬁercent and 50 percent of the total redds
had been constructed by the end of the early redd count.

~ Kokanee Sﬁamners utilized fewer mainstem spawni ng areas
during the weak even-year runs (1982, 1980) than in the strong
odd-year runs (1981, 1979). Only 12 nai nstem spawning areas were
utilized by kokanee during 1982. In 1981, kokanee used 35 main-
stem spawning areas and in 1979, 27 spawning areas were utilized.
During the poor 1980 mai nstem spawni ng run, kokanee utilized 13
mai nstemareas. A total of 44 nainstem spawning areas have been
identified from 1979-1982.

Relationship of Redd Counts and Spawner Counts

Kokanee sal non entering the Beaver Creek and Brenneman's
Sl ough spawni ng areas were nonitored by streamtrapping for the
Eurpose of conparing spawner nunbers and redd counts. Tota
okanee nunbers can be estimated fromredd counts by determ ning
the ratio between nunbers of spawners and numbers of redds.

A total of 45 spawners entered Beaver Creek from 29 Septenber
through 28 Novenber (Figure 7, Table 8). The majority entered the
streamin md-Novenber. ~ By 10 Novenber, five kokanee redds had
been constructed by seven females and 10 males, yielding a ratio
of 3.4 kokanee per redd. By 29 Novenber, 24 male kokanee and 21
femal e kokanee had entered Beaver Creek. These fish constructed
14déakb, which yielded a ratio of 3.2 spawners per conpl et ed
redd.

In Brenneman's Sl ough (mainstem area 1), 160 mal es and 216
femal es had constructed 127 redds by 1 Decenber, yielding a ratio
of 2.8 spawners per redd $F|gure 8, Table 8). By 5 January, a
total of 241 nale and 230 temal e spawners had entered Brenneman's
Slough and 156 redds had been constructed. The ratio had
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Table 7. Nunbers of redds counted in early and | ate Novenber in spawning
areas utilized by kokanee sal non on the Flathead River bel ow
the South Fork in 1982.

Area 1/ Date
number— Noverber -9 Novenber 30 Decenber 3
1 0 134
4 9 9
7 6 16
8 36 47
13 30 60
22 5 17
30 14 22
32A 50 413
34 0 67
39 135 560
41 1 65
41A 10 12
TOTAL 296 1,422

1/ See Appendix E for location of spawning areas.
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Figure 7. Number of kokanee spawners which entered Beaver Creek in the Mddle Fork of the Flathead
drai nage during 1982.
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Figure 8  Nunber of kokanee spawners entering Brenneman's Slough (Mainstem Area 1) on the |ower
Fl athead River during 1982-83.
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Table 8, Summary of upstream trap catches for Flathead River system kokanee spawning areas in 1982

and 1983.
Number of fish
Kokanee Mountain Brook Cutthroat Juvenile Rainbow Peamouth
Area Dates Male Female whitefish trout trout Bull trout trout chub
Beaver Creek 9/29 - 24 21 215 38 9 5 1 0
11/29/82
' 1/ 2/
Brenneman's Slough 11/4/82- 293~' 311= 6 0 0 0 0 1
‘ 1/30/83
Deerlick Creek 9/27 - 0 0 175 12 0 0 - 0
11/9/82

1/ Count does not include 107 males (27% of the run) taken by hatchery personnel.

2/ Count does not include 186 females (37% of the run) taken by hatchery personnel.



increased to 3.0 spawners per redd, and sone superinposition
probab&y had taken place. Superinposition probably increased the
ratio due to use of Freviously constructed redds by new spawners.
There were large daily fluctuations in the nunbers of spawners
enteringBrenneman's Sl ough. Lorz and Northcote (1965 reported a
simlar mgration pattern for kokanee entering Mose O eek,

British Col unbia.

Attenpts were made to obtain simlar information in Deerlick
Creek and Col unbi a Fal | s Sl ough énainstem area 36). No kokanee
entered Colunbia Falls Slough, and kokanee entered Deerlick Creek
after the trap was renoved

I'n mainstemarea 1 (Brenneman's Sl ough) a sufficient nunber
of kokanee spawners did not enter the area where day and night
gravel sections had been prepared. However, kokanee were observed
over éedds in other portions of the slough throughout the daylight
period.

It appeared through our observations that kokanee spawning
activity consisted of four nmejor elements: 1) behavioral inter-
actions, 2) redd construction, 3) egg deposition, and 4) redd
mai ntenance. Al four of these activities appear to be inportant
in the spawning process. Behavioral interactions and redd nain-
tenance activities were observed in mainstemspawning area 1
t hroughout the dayliPht hours from9 Novenber through m d-
Decenber.  Behavioral interactions consisted of chasing and ot her
social actions by male and female kokanee.  Redd mai ntenance
invol ved fanning and renoval of debris and rocks fromthe redd.

Many kokanee redds observed in area 1 were nultiple or
"comunity" redds. oservations indicated up to four pairs of
fish on one large community redd area. The gregarious behavior of
kokanee spawners probablr contributes to the spawner:redd ratio of
three kokanee per classified redd. However, a simlar ratio was
present in Beaver Creek which had a | ow density of spawners.

The redd construction period in day and night areas at the
House of Mystery spawning area (area 39) extended from 25 Cct ober
through 16 Novenber. A total of five recognizable redds were
constructed by kokanee in the gravel area made available to
nighttime spawning (Figure 9). One excavation or partial redd was
built in the night area. Three excavations were built in the area
avail able for daytinme spawni ng

Kokanee eggs were deposited in both day and night areas. A
total of 1,444 eggs (94% were deposited in the night area and 96
eggs (6% were deposited in the day area.

Kokanee were present on the sPawning area mainly during the
dark hours (Figure 10). Numbers of kokanee spawners present on a
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Figure 9. Redd construction by kokanee salnon in day and night spawning areas during 1982
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portion of the spawning area surveyed on 3 Novenber peaked from
2200 to 0500 hours. Sone kokanee spawners were present on the
area at dusk and nunbers quickly increased through the first four
hours of darkness. Al though a nunmber of sFamners were stil
present on the area at dawn, nunbers quickly fell to zero as ful
daylight was reached. Kokanee were found to be holding in a
deeper area AUSI of f shore fromthe spawning area during daylight
hours. Further observation later in the spawning period

I ndicating daytime kokanee use of the area increased as the

spawni ng period progressed.

I nsufficient nunbers of kokanee spawners entered five other
areas planned for day-night spamnin% studies in 1982. These pre-
limnary data concerning day-night kokanee spawning activities in
mai nstem area 1 and 39 are limted and study in nore areas during
different portions of the spawning period are needed. During the
1983 spawning period, eight additional areas are planned for
study. These sites include five mainstemareas, MDonald Creek,
Deerlick Creek and Beaver Creek.

Spawning Gravel Survey
Gravel Area Measurements

Atotal of 3,264,169 m of wetted area was neasured in the
mai nst em Fl at head R ver between the nouth of the South Fork and
the mouth of the Stillwater River at a flowof 3,500-4, 009 cfs
(Table 9). A total of 20 percent of this area, or 648, 465 was
classified as suitable for kokanee spawning based on substrate
size and conpaction, and water velocity. The downstream river
section between Pressentine access and the Stillwater River (M2)
was about twice as long and contained about tw ce as nuch
spawnabl e area as sections M53 and M54, A total of 107,946 n? of
gravel area, or 17 percent of the total spawnable area in all
three sections, was utilized by spawning kokanee durinP at | east
one year in the 1979-1982 period. This utilized gravel areais
greater than the total spawnable area of 82,500 mavailable in
McDonal d Creek (Fraley and G aham 1982).

The uppernost section (M4) contained the |east anount of
total spawnable area, but a relatively large Proportlon of the
area (33% was utilized by kokanee during the l[ast four years
(Tabl e 10).  About nine percent and 13 percent of sections MS3 and
M52, respectively, were utilized by spawning kokanee during the
past four years.

Potential Spawning Gravel at Various Flows

E?amning gravel available at various water elevations was
maé)zpe inthree major spawning areas in 1981 (Fraley and G aham
1982). Based on the mapping of these three areas only, estimated
spawnabl e area and utilized spawni ng area i n t he mai nstem Fl at head
River were calculated for various flows (Table 11). The |arge
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Table 9 Gavel area nmeasurenents (percent) in the Flathead River between
the nouths of the South Pork and the Stillwater Rivers.
Ri ver Secti on Spawnahl e Nonspawnapl €
section | engt h(kn) area(nf) area (nf) Tot al
MB- 2 19 321, 381(19) 1, 346, 055(81) 1, 667, 436(100)
NB- 3 10 176, 489(19) 751, 627(81) 928, 116(100)
MS- 4 8 150, 595( 23) 518, 022(77) 668, 617(100)
TOTAL 37 648, 465( 20) 2, 615, 704(80) 3, 264, 169(100)
Table 10. Total spawnable area and utilized area in sections of the
Flathead River at a flow of 3500-4000 cfs. Wilized area is
the sumof all the mainstem spawni ng areas which were actually
used by kokanee from 1979-1982.
R ver Total spawgable Nunber of utilized Area Per cent
sec tion ar ea (nf) spawni ng areas uti Iized(mz) utilized
MB- 2 321,381 23 42, 866 13
MS- 3 176, 489 10 15, 845 9
MS- 4 150, 595 11 49, 235 33
TOTAL 648, 465 44 107, 946 17
Table 11. Estimated total spawnable area and utilized spawning area at
various flows in the mainstem Flathead River. The relationship
is based on neasurements of total gravel area made in 1982 and
neasurenents of three spawning areas during 1981 (Fraley and
Graham 1982).
Fl ow (cfs) 2000 3500 3000 2500 2000
% ar ea 100 82 65 41 20

Totz;1T|]2 spawnabl e area 648,465 531,741 421,502 265, 871 129, 693

Area of utilized 107, 946 88,516 70, 165 44,258 21.589
spawning areas

(nf)
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reduction of spawnable gravel at lower flows occurred because the
ey or sgamnlng_areas neasured consisted of gently sloping gravels
along the margins of the minstem A small drop in water eleva-
tionresulted in alarge |oss of spawnable area. The estimate of
actual utilized area was probably high because all the area
avai l abl e i n each spawning area was not utilized.

_ Using the surveys of three major spawning sites, with the
mai nstemat 4000 cfs, the estimated production potential in main-
stemgravel s was cal cul ated based on the nunber of redds per me in
these three heavily used sites (Table 12). The average nunber of
redds/nf( ,35) nultiplied by the total utilized spawnabl e area
(107, 946 fl yields an estimated potential capacity of 37,781
redds in mainstemgravel s that have been utilized by kokanee
during the past four years.

~ Assumng a 20 percent egg to fry survival, the potentia
Eroductlon of the utilized areas of the mainstemwas 7,556,200
okanee fry. This would represent 151,124 returning adul t
spawners at a two percent fry to adult survival rate.

Subst rat e Conpositionin Kokanee Redds

Size distribution of substrate material was determ ned
for kokanee redds in three mainstemFl athead R ver spawni ng sites,
the Witefish River, MDonald Creek and the Mddle Fork of the
Fl athead R ver (Figure 11). Fine materials less than 6.35 mm
conprised 20.1 percent of Mddle Fork substrate and 29.2 percent
of MbDonald Creek substrate. Mainstemredds ranged from20.3 to
%6.0 percent fines. Witefish River redds averaged 24.5 percent

i nes.

EGG | NCUBATI ON AND Al EVI N DEVELCPMVENT

Egg and Alevin Surviva

Natural Redds

Kokanee redds were sanpled during Decenber in various river
systemspawning areas to monitor survival during the green and the
early eyed stage. Survival in nmainstemredds in |ate Decenber
ranged from 37-75 percent and averaged 59 percent in areas 1, 8,
and 39 (Table 13). E%g survival in redds sanmpled in MDonal d
Creek, the Mddle Fork of the Flathead and the Witefish River
averaged 78, 77, and 23 percent, respectively.

Mean di ssol ved oxygen levels in the sanpled redds at grave
depths of 5-20 cmwere above 8.5 ppmat all areas except area 1
(Brenneman' s Slou%h) wher e oxygen |evel s averaged only 4 ppm due
to high levels of organics resulting fromagricuiture. Eg
survival i n redds at area 1 averaged 65 percent. Reiser an
Bjornn 1979), Wckett 1954), Hayes et al. (1951) and Decker-Hess
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Tabl e 12. Spawni ng area neasurenents and redd counts at Areas 10,
27, 32 and 39 in the mminstem Fl athead River, 1981.

Spawni ng Spawni ng gravel Nurmber of redds Nunber of redds
area # area () in 1981 per
10 809 245 .3
27 1,133 201 2
32 1,644 735 A
39 1,402 702 .5
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Table 13. Analysis of green to early eyed kokanee egg sanmples taken from kokanee redds with a 0.11 e
hydraulic sanpler in areas of the mainstem Flathead River, Mddle Fork Flathead River,
McDonal d Creek and Whitefish River during Decenber, 1982.

Tot al Mean intergravel
nunber Per cent Per cent di ssol ved oxygen Wat er
Location Dat e eqags survi val eyed (ppm tenperature
Mai nstem Fl at head River
Brenneman's Slough (Area 1) 12/ 17/ 82 396 65 0 4.0
Wagoners Gavel (Area 8) 12/ 29/ 82 153 37 0 8.5 37°F
House of Mstery (Area 39) 12/ 28/ 82 548 75 63.5 10.9 36°F
M ddl e Fork Flathead River 12/ 16/ 82 284 77 <1 11. 4 33°F
McDonal d Cr eek 12/ 20/ 82 908 78 74 10.6 39°%F

Wiitefish River 12/ 14/ 82 622 23 10.5 9.4 34°F




and Ciahan1(19&% reported critical oxygen levels for eyed sal non
eggs averaging 3-4 ppm

Experimental Egg Plants

Kokanee eggs were planted in deep and shallow gravel areas in
bot h the mai nstem Fl at head River and the M ddl e Fork to nonitor
egg survival and devel opment. Survival was generally above 90
percent through the green stage at all areas (Figure 12).

Survival remained above 90 percent to the eyed stage in the
shal [ ow areas in both the mai nstemand the Mddle Fork areas
Survival dropped to 62 and 36 percent respectively by the md-eyed
stage in deep areas in the mainstemand Mddle Fork areas.

Hat ching success was |ow at all areas, averaging 15 percent
inthe Mddle Fork and five percent in the mainstem Survival to
hat ching was higher in shallow areas than in deep areas (Figure
12).  Dissolved oxygen levels ranged from9.3 to 13.7 ppmin the
gravel throughout the incubation period and should not have a
factor in the low survival to hatching. Mich higher survival to
hat chi ng %averaglng 70% was recorded in experimental egg plants
made in the mainstemduring the 1981-1982 incubation period. The
experiments will be repeated during the 1983-1984 incubation
season in these ad other areas of the river system

Egg and Alevin Densities

rﬁZl_ive kokanee egg and alevin(sac fry) densities average

485/ nf in MDonald Creek spawning gravels in February 1983 (Table
14).  The densities of eggs and sac fry in MbDonald Creek gravels
averaged 16 percent lower in 1983 than in 1982. Twice as many
enbryos had hatched during the 1983 sanpling and survival was 20
percent higher than in 1982. The higher survival rate in 1982-

1983 was probably due to |ower densities of kokanee spawners and

| ess superinposition than occurredin 1981-1982.

Egg sanples col [ ected over the past four years in MDonal d
Creek gravels near Apgar show no relationship between |ive egg and
alevin densities and nunbers of kokanee spawners. There was very
little difference between egg and al evin densities during the year
of highest spawner nunbers (1981-1982) and the year of the | owest
nunber of spawners (1982-1983). Merrel (51960) and Neave (1953)
reported that sal mon spawner densities and egg survival were
inversely related.

Al'though the accuracy of estimating egg densities with this
method is [imted, it does indicate substantially higher egg
densities in the 1979-1980 and 1980-1981 i ncubation years. These
egg densities resulted fromestimted kokanee spawner nunbers of
65,000 and .0, 000, re%Fect|vely. If the mean redd density of 0.35
redds per n?, neasured in four concentrated mainstem spawni ng
areas, is_applied to the total spawnable area of MDonald Cr eek
(82,476 ) a capacity of 28,867 redds is indicated. This woul d
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Figure 12. Percent survival of kokanee eggs and alevins planted in deep and shallow areas of the
Mai nstem Fl athead River and Mddle Fork on 15 October, 1982.
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Table 14. Egg densities, survival and percent sac {ry in McDonald Creek gravels sampled in 1982 and

1983.
Live egg and alevin density (no./m?)
Number Good Medium Poor All Percent Percent

Year Date samples gravel gravel gravel gravel sac fry survival
1981-82 2/3/82- 36 965 470 14 563 21 72

2/11/82
1982~-83 2/1/83- 34 725 438 8 485 41 86

2/8/83




indicate that, at two to three kokanee Rgr redd, 57,000 to 86,000
kokanee woul d be sufficient to utilize MDonald Creek spamning
?ravels to capacity. The lower egg densities in 1981-1982 an
982-1983 indicate that 35,000 spawners may be too few and 98, 000
spawners nay be too many for the nost efficient utilization of
MDonal d Creek gravel s.

Egg and Alevin Development

Kokanee eggs planted in bags in the Mddle Fork of the
Flathead River required fewer tenperature units to reach the eyed
and hat chi ng stages than eggs in the mai nstem Fl at head Ri ver
(Figureld). However, the eggs planted in the Mddle Fork
required a much Ionﬁer incubation time to reach each devel opnent al
stage, because of the slow accumul ation of tenperature units in
the colder water. Tenperature unit requirenents for devel opmental
stages of kokanee eggs in the Mddle Fork were the |owest of any
val ues reported for the Flathead drainage or other areas of the
western United States and Canada (Table 14). Stober et al.

(1978), Hunter (1973), Gahamet al.. (1980), and A derdice and
Vel son (1978) reported fewer tenperature units were required for
devel opnent of kokanee or sockeye sal mon eggs at |ower incubation
tenperatures. Qunnes €1979) reported that nore tenperature units
were required for development of Atlantic salnon eggs at | ower

i ncubation tenperatures.

Egg deposited in MDonal d Creek accunul ated tenperature
units more rapidly than eggs deposited in three other spawning
areas (Figure 14). Tenperature units accurmulated slowy after the
\s/,\ﬁa\mi ng period in the Mddle Fork of the Flathead River and the

itefishRiver. Estimated dates of first emergence (from
tenperature unit accunul ation rates) in the Mddle Fork of the
Fl at head Ri ver and nainstem Fl at head R ver were 10 May and 1 May,
respectively (Figure 15).

STREAMFLOW- KOKANEE LENGTH RELATI ONSHI PS

Several nodels were devel oped using weighted three year
novi ng average flow conditions to explain the variations in
kokanee year class strength fromthe 1966 through 1981 spawni ng
years (Gahamet al. 1980, MMl lin and Gaham 1981, Fraley and
G aham1982). Kokanee spawner length (male and femal e conbined)
was assuned to be inversely related to poEUI ation density and was
used as the measure of year class strengthn.

There were strong relationshi ps between kokanee spawner
length and flow conditions from 1966 through 1981 (Table 15,
Figures 16 and 17). The correlation between kokanee I_en?t hs and
spawni ng and incubation ga(%;e hei ght difference was highly _
significant (r=-0.93, p<.0d), indicating that a |arge proportion
5_87% of the variation in spawner length could be attributed to
ifferences in spawning and incubation gauge heights. The
relationship between kokanee spawner |engths and the average
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Table 15. Calculated number of temperature units (°C)
of kokanee salmon eggs.

and days required for developmental stages

Stage of development

Yolk sac
Eye up Hatching absorption
Area Unite Days Units Days units Days
Flathead River
Non-spring (1982-83) 270 69 570 144
Non-spring (1981-82) 200 66 400 138 700 195
Spring 300 45 540 104 850 154
MF Flathead River (1982-83) 252 100 464 168
Beaver Creek. (Graham 260 46 525 101 700 145
et al. 1980)
Flathead LakeV 331 82 526 143
Flathead Lake Hat(:hery—Z 300 41 580 110 800 145
Sand Point. ldaho Hatchery --- --- 555 100 805 136
(Jeppson 1960)
Odell Lake 643 204 800 251
Average (sockeye salmon) 286 55 590 107 760 138
(Foerster 1968)
Cedar River. Washington 263 38 620 90 95 140
(sockeye salmon) (Stober
et al. 1978)

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



0s

111 910 +/
10
_—t 870
9 MCDONALD CR _—* 4
g —___ WHITEFISH R. _—+ A+
" ____ BRENNMEMANS _—* e
x 8 - 4= ’ 710
= BEAVER CR. g +7 {1
0 + L7 Vo
E 7 / i e e
g /'F ,+/ N e +/
w ” -~ 670
= ° A A e
: 5 +/ ,’/ + ,u-’+/‘
1 d f*/ pgaye
§ 4 / - I'__,——’i)
E + ,.f-"""- —I ------- AN ” -
3 /+" ........ . +’
+/’ ",.-+" ’—'
2] // + ) /"+
+ +-7
/ *
1 / -t
5 30 5 30 3 30 5 30 % 30 5 30 5
ocT NOV DEC JAN FEB MAR APR

Figure 14, Temperature unit (°C) accumulation from deposition to emigration in Flathead River system
spawning areas during 1982-83.



16

12
n
|
10
g w0
=8 oL
w [Pted 670+
§7 —___MIDDLE FORK FHR P {/
D e
| ‘_J - ’
W -———FLATHEAD R.|C. FALLS] o /
=’ : -
= .t +
5 e
% "'a +/
=4 e ‘/
E "‘." 0/
3 —4’." ’_____.—-'0/
-_.a-f '—-—‘—./
2 ,'::.:—“"'—'-—‘
i/
1 (==
\ / —_—
°1 15 30 5 30 5 30 15 30 5 28 30 < . - 15
oct NOV DEC JAN " FEB MAR APR MAY UNE

@l

Figure 15. Temperature unit (°C) accumulation and estimate time of first emergence in the Middle Fork

of the Flathead River and Flathead River near Columbia Falls "uring 1982-83.



Table 16. Mainstem Flathead River flow variables and Flathead system combined male and female kokanee
lengths from 1954-1983.

Kokanee Incubation-spawning
total Water years gauge height Weighted 3-year
Spawn length Water used in 3- difference movin? average Hours/day  Weighted 3-year
year (nn) year year mean (ft) ft) dewatered moving average
1957 294 1954 - -0.68 o 12.43 -
1958 -- 1955 1954-56 1.21 0.56 2.29 5.69
1959 312 1956 1955-57 0.94 1.03 3.47 4.47
1960 348 1957 1956-58 0.96 -0.30 7.97 10.41
1961 339 1958 1957-59 -3.22 -0.96 20.59 12.36
1962 330 1959 1958-60 0.15 -1.22 5.76 12.62
1963 338 1960 1959-61 -1.06 -0.42 13.78 7.24
1964 347 1961 1960-62 -0.15 0.13 0 4.27
1965 326 1962 1961-63 1.68 1.09 0.44 0.18
1966 287 1963 1962-64 1.53 2.06 0 0.13
1967 272 1964 1963-65 3.16 2.44 0 0.10
1968 286 1965 1964-66 2.39 2.20 0.33 2.45
1969 313 1966 1965-67 0.99 0.65 7.74 7.49
1970 323 1967 1966-68 -1.54 -0.36 14.31 11.73
1971 334 1968 1967-69 -0.14 -0.29 12.28 11.01
1972 338 1969 1968-70 0.76 -0.14 6.03 11.66
1973 308 1970 1969-71 -1.35 0.22 18.55 9.24
1974 320 1971 1970-72 1.78 0.23 0.03 8.31
1975 324 1972 1971-73 -0.27 0.41 9.12 7.43
1976 316 1973 1972-74 -0.04 0.06 12.58 9.99
1977 327 1974 1973-75 0.52 -0.43 7.39 12.26
1978 341 1975 1974-76 -2.07 -0.97 18.44 13.00
1979 353 1976 1975-77 -0.97 -0.87 11.34 13.80
1980 367 1977 1976-78 0.46 -0.48 12.45 13.22
1981 371 1978 1977-79 -1.22 -0.94 16.12 14.52
1982 380 1979 1978- 80 -1.97 -2.31 14.45 17.29
1983 T 1980 1979-81 -3.86 -2.06 22.25 13.63
1984 e 1981 1980-81 0.25 -0.91 131 7.24
1985 w0 1982 1981-82 0.49 o 0.15 .45

1986 T 1983 1982-83 T -- <0.1 oo
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nunber of hours per day that kokanee spawning beds were dewatered
was al so very strong (r=0.94, p<.001). This indicates that 88
percent of the variation in kokanee length could be attributed to
the anmount of tinme spawning beds were dewatered during their

i ncubation period

Mean mninumair tenperature was added to the nodels as a
second independent variable because of its effect on incubation
nortality (Tables 17 and 18). The addition of mninumair .
tenperature as a variable inproved the fit of the models and their
predictive capabilities slightly. MMllin and G aham (1981)
suggested that winter air tenperatures were always cold enough to
cause significant incubation mortality during periods of
dewat eri ng.

These streanf| ow kokanee |ength relationships indicated that
kokanee year class strength from 1966-1982 was dependent upon
i ncubation success in the mainstemas affected by di scharge from
Hungry Horse Reservoir. Length of 1982 kokanee Spawners averaged
376 mmin the Flathead River (Table 19) and 384 mmi n Fl at head
Lake spawni ng areas, iielding an overal | mean of 380 mMm
Predicted | engths of kokanee spawners fromthe fl ow nodel s ranged
from371-390 mmand averaged 381 nm(Fraley and G aham 1982).

Unexpl ai ned variation in kokanee year class strength may be
related to other factors not included in the nodels. her
factors may affect incubation success (Wckett 1962), growth of
kokanee in the Fl athead Lake (Coodl ad et al. 1974), or differen-
tial recruitment from other spawning areas to the |ake popul ation

Age conposition of the river system kokanee spawni ng run
averaged 75 percent age IIl+ fish and 25 percent age |V+ fish from
1973 through 1982 (Figure 18). Age conposition of males and
females in the run was generally simlar during the period.
Differences in age structure in the river systemand Fl athead Lake
kokanee spawning runs does not appear to have affected spawner
| engt hs from1970-1982 (Fi gure 19). Kokanee spawners in the river
system were the Iargest recorded since consistent records have
been kept &early 1950's); yet only 15 percent of the run was
conposed of the ol der age class SIV& fish (Table 19). Collins
(1971) and Lorz and Northcote (1965) reported the maturity was
reached during the third year of life in kokanee populations in
Ontario, British Colunbia

Flow conditions during the water years that wll affect the
1983 mai nst em kokanee run were poor. Predicted lengths for the
1983 fish by the four nodels ranged from 350-376 nm and averaged
363 mm.

Quadrennial or cyclic domnance in the four year cycle of
kokanee popul ations may al so be a factor in year class variation
(Killick and C enens 1963). Rel ationshi ps between spawning and
I ncubation gauge height differences and kokanee Iengths within
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Table 17. Incubation-spawning gauge height difference (weighted three year
moving average), mean minimum temperature on days when dewatering
occurred (three year moving average), predicted kokanee lengths,
actual lengths and residual errors for the model Ln Y = 5.784 -
0.07066 X; - 0.001 X,. Y = kokanee length, X; = gauge height
difference, Xp = temperature, RZ = 0.869, n =717,

Gauge Mean minimum Actual Predicted
Spawn height . air kokanee kokanee Residual
year difference temperature(°C) length length error
1966 2.06 . -23.02 287 288 -1
1967 2.44 - 4,25 272 275 -3
1968 2.20 - 6.69 286 280 6
1969 0.65 - 5.54 313 312 1
1970 -0.36 -'5.26 323 335 -12
1971 -0.29 - 5.55 334 334 0
1972 -0.14 - 7.8 338 331 7
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 0.06 - 5,46 316 325 -9
1977 -0.43 -6.71 327 ' 337 -10
1978 -0.97 - 7.83 H1 351 -10
1979 -0.88 - 7.42 353 349 4
1980 -0.48 - 6.64 367 339 28
1981 -0.94 - 9.08 371 351 20
1982 -2.31 -10.26 380 387 -7
1983 -2.06 - 1.3 ——- 379 -

Table 18. Mean hours per day kokanee redds were dewatered (weighted three
year moving average), mean minimum temperature on days when
dewatering occurred (three year moving average), predicted
kokanee lengths, actual lengths and residual errors for the
model LN Y = 5.583 + 0.0184 X; - 0.00324 X2. Y = kokanee
length, X1 = hours per day dewatered, X2 = temperature,

Rz = 0.902, n = 17.

Actual Predicted
Spawn Hours/day . Air kokanee kokanee Residual
year dewatered temperature length length error
1966 .13 -23.02 287 287 0
1967 .10 - 4.25 272 270 2
1968 2.45 - 6.69 286 284 2
1969 7.49 - 5.54 313 311 2
1970 11.73 - 5.26 323 336 -13
1971 11.01 - 5.55 334 332 2
1972 11.66 - 7.8 338 338 0
1973 9.23 - 9.15 308 325 -17
1974 8.31 - 8.93 320 319 1
1975 7.44 - 6.18 324 311 13
1976 9.99 - 5.46 316 325 -9
1977 12.26 -6.71 327 341 -14
1978 13.00 - 7.83 341 347 -6
1979 13.80 - 7.42 353 351 2
1980 13.22 - 6.69 367 347 20
1981 14,52 - 9.08 371 358 13
1982 17.29 -10.26 380 378 2
1983 13.63 - 7.3 .- 350 ---
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Table 19.

Combined male and female kokanee spawner lengths and age compo-
sitions in Flathead River system spawning areas during 1982.
Age data is from Hanzel and Rumsey (unpublished).

Number of Age Number of

Mean fish composition fish
Area length measured i+ 1V+ aged
Brenneman®s Slough 378 393 ool/ 6 68
(Mainstem Area 1)
House of Mystery 369 66 92 8 51
(Mainstem Area 39)
McDonald Creek 379 50 64 36 47
Whitefish River 373 45 85 15 27
Beaver Creek 379 30 -- - -

1/ Four percent were age I+
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four year cycles indicated that effects of quadrennial dom nance
may be occurring in the Flathead system kokanee popul ation (Figure
20).  Correlations within the four-year cycles are generally
higher than in all cycles conbined. Additional years of study will
add to the data base for analyzing the quadrennial dom nance
effect in the Flathead system

Merrel (1960) and McNeil (1968) suggest ed ﬁOPUI ation cycling
was a controlling factor in year class strength fluctuations in
pink salnon. They reported that fish in odd year runs spawned
earlier than fish in even year runs and their J)rogeny experienced
better incubation and energence success. Ward and Larkin (1964)
presented concl usive evidence of year class strength variations
resul ting from quadrennial dom nance in sockeye popul ations of the
Adans River, British Colunmbia. They sug?est_ ed that conpetition
between age 0 and age | sockeye may result in alternate year
cycling wthin a four year cycle.

FRY EMERGENCE AND EM GRATI ON

The timng of kokanee fry energence and kokanee fry abundance
is critical inthe determnation of the relative inportance of
Fl athead River systemspawni ng areas. Kokanee fry emgration was
intensively nonitored infive river systemspawning areas. Fry
emgration was nonitored on a limted basis in the Fiddle Fork™ of
E{ihe Fl athead Ri ver and at several points on the mainstem Fl at head
ver.

MDonald Creek

, Errergence and em gration of kokanee fry in MDonald Creek
during 1983 extended fromearly February to June and peaked during
the first week of May (Figure 21). Emgration peaked in |ate My
and early June in 1978 and 1982. Feak emgration occurred in
early My during 1977 and 1981 (Hanzel and Rumsey, unpublished
data, McMullin and Graham1981). There appeared to bhe a pattern
of early emgration during the odd years (1983, 1981, 197/) and

| ate emgration during the even years (1982, 1978).

Peak enigration during 1983 occurred wel | before peak flows
and were reached (Figure 2I). An estimated 12.4 mllion fry
emgrated from MDonald Creek in 1983. The range of the estimate
was 9.3-15.9 mllion fry, based on the high and | ow catches of all
nets. During 1982 and 1978, estimates of total fry emgration
wer e 12,000, 000 and 15, 000, 000 respectively. ~ The total number of
kokanee fry emgrating from MDonald Creek in 1983 was 68.9
percent (52%to 89% of the total estimted potential egg
deposition based on spawner and fecundity counts.

H gh egg to fry survival rate for kokanee during 1983 nay
have resulted fromvery warmwi nter i ncubationt enper atures. The
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survival rate may have been inflated due to an underesti mte of
potential egg deposition. The snorkel counts of adult spawners
used to estimte potential egg deposition are point estimtes and
na%onot represent the total nunber of spawners which entered
MDonal d Creek during the 1982 spawning period. An egg to fry
survival rate nearer the lower end of the estimted range (50%
may be nore realistic for 1983.  Egg to emgrating fry survival
in MDonal d Creek was 22 percent in 1982 (Fraley and G aham 1982).
Survival in MDonald Creek was high when conpared to other natural
sal non spawni n? areas (Table 20).  Jeppson (1960) reported a seven
percent egg to fry survival rate in Sullivan Spring Creek, |daho
which was considered a high quality kokanee spawnin ?round.
Survival rates conparable to the 1983 MDonal d Creek figures have
been reported for salmon in several spawning channels in Japan and
the USSR, in a salnon sEavvm ng channel [ocated in Washington
(Bakkala 1970) and in kokanee spawning channels in British
Columpbia (R A Li ndsa¥, British Colunbia Mnistry of Environnent,
pers. comm. Royce (1959) reported a 75 percent egg to fry
survival for silver salmon in a coastal California stream

Wiitefish R ver

An estimted 67,340 (35,888 to 98, 762) kokanee fry emgrated
fromthe Witefish River in 1983. The major emgration peak
occurred during late March and early April, with a smaller peak i n
md-My (Figure 22). Estimated egg to fry survival was 4.5
percent (2.4 to 6.6%. Low egg to fry survival nmaybe due, in
part, to low winter incubation tenperatures, high percentages of
fine sedinments, and hi gh conpacti on of spawning bed naterials.

Brennenman' s Sl ough

Fry emgration in Brenneman's Slough (nmainstemarea 1)
occurred in a series of peaks (Figure 23), which corresponded
roughly to the series of peaks which occurred during the spawner
mgrationthe previous fall (Figure 8). An estimated 31,511 fry
emgrated fromthis area during 1983, which represented 13.7
ﬁercent of the total egg deposition. Low dissolved oxygen and a
igh percentage of fines in the spawning bed material may limt
egg to fry survival in Brenneman's Sl ough.

Fry emgration occurred in a series of peaks i n Beaver Creek
in 1983 and was generally later than in 1982 (Figure 24). Late
timng of the adult spawning run the previous fall was probably
responsi ble for the delayed fry emergence in 1983. An estinatéd
total of 3,791 (1,853 to 5, 656) fr%/ em grated fromBeaver Creek
whi ch rer)resent ed 15.7 percent (7.7 to 23.6% of the estimted
potential eggdeposition.

~ An estimated 3,448 naturally propagated fry (22.9% of the
estlnatedeotenUaI egg deposition) emgrated fromDeerlick Creek
in 1983 (Figure 25). An additional 50,000 hatchery reared fry
were planted in upper Deerlick Creek on 20 April. No estimate was
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Table 20. Egg to fry survival of kokanee and sockeye salmon in various
waters.
; % egg to
Area Species fry survival Study
Flathead System, 1983
McDonald Creek Kokanee 69 This study
Deerlick Creek Kokanee 23
Beaver Creek Kokanee 16
Brenneman®s Slough Kokanee 14
Whitefish River Kokanee 5
McDonald Creek, 1982 Kokanee 22 This study
Sullivan springs, Kokanee 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 McNeil 1968
Alaska
Pitt River, Weaver Sockeye 11-19 Mead and Woodahl
Creek, British 1968
Columbia
Average, several Sockeye 11 Foerster 1968
areas
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made of the total number of these fry which survived to emgrate
downstreaminto the Fl athead R ver system

Mainstem Flathead River

Fry emgration monitored in the Flathead River near KaIisEel
peaked during roughly the same tine period as in MDonald Cree
during 1983 ?Figure 26). No estimate of total nunbers of
enmgrating fry were made. The majority of fry sanpled in the

mai nst em were probably em grants from MDonald Creek, as peak
eniPration inthe mainstemitself probably occurredin late My or
earl'y June (Figure 15). Hgh flows and debris made sanpling

i npossi bl e In the mainstemafter md-My.

Fry Emergence Iraps

A total of 549 kokanee frr were captured in fry energence
traps placed over gravels in Flathead R ver system spawning areas.
Energence trap catches closely fol | owed energence timng indicated
by drift net sanpling in the various river System spawning areas

(Figures 27 and 28).

Fry emergence traps were placed in MDonal d Creek containing
various substrate mxtures and 150 eyed kokanee eggs. Survival to
energence was negatively correlated with percent fines in the
substrate (Figure 29). ‘Survival to emergence was |ower than
predicted, based on substrate quality (Figure 30). Estimates of
survival to emergence in MDonald Creek may be |ow due to trap
efficiency. It I's possible that some energing fry had escaped the
trap and were not enumerat ed.

Fry Distribution in the Water Colum

Experiments conducted in MDonal d Creek during 1983 indicated
no consistent vertical distribution pattern for kokanee fry in the
water colum. Drift nets placed near the top of the water col um
captured nore fry/ 100 of water filtered during three of the
sanpling periods, while nets set in the mddle or bottom of the
wat er colum captured nore fry during four of the sanpling .
Rgr|ods. Drift net sanpling to estimate emgrating fry nunbers in

Donal d Creek was conducted throughout the water colum after 10
May to account for possible differences in vertical distribution
of fry. The distribution of kokanee fry in the water colum
appeared to be proportional to volume of flow, which is the ngjor
assunption nade when caIcuIat|nP emgrating fry nunbers in river
system spawning areas. Data collected in MDonald Creek during
1982 (Fraley and G aham 1982) supported the assunption.

Tagmaz' yan (1971) and Hartman et al . (1962) presented evi dence
that mgrating salmon were distributed equally across the stream

Peak nunmbers of fry were captured at about 0300 hours during

diel experiments conducted during a 48-hour period in 1983 at the
junction of the North and Mddle Forks of the Flathead River
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(Figure 31). During the same 48-hour tine period, peak numbers of
fry were captured near dawn (0600) in the Flathead River near
Columbia Falls. Fry emgration in MDonald Creek peaked from 2300
to 0200 hours during experiments conducted in 1982 and 1978

él—lanzel and Rumsey, unEubI I shed, Fraley and G aham 1982). The

el ayed em %ration peaks in the mainstemat the junction of the

M ddl e-North Forks and at Colunbia Falls were probably related to
travel time of fry from MDonal d Creek downstream through the

river system

Fry sanpling in the mainstemFl athead River 2.0 kmabove

Fl athead Lake indicated fry emgration occurred during the dark
hours through the |ower section of the river. During a nine-day
period (May 5-13) an average of 24 kokanee per net were captured
during dark hours, while an average of only one kokanee per net
was captured during the daylight period. It is possible that the
diel catch rate may change during the latter portion of the

ener gence period when the river becones nore turbid. Tagmz'yan
1971) reported nocturnal mgration of salmon fry. Hartnman et al.
1962) reported that 98 percent of the streammgration of sockeye
fry occurred at night, with the fry holding along stream nargins
during the I'ight hours.

Fry Movements
Stained Fry Experiments
Stai ned fry novenents

Kokanee fry emgration from MDonal d Creek downstream through
t he Fl at head Ri ver systemwas nonitored during three fry staining
experiments. A total of 5,120 fry captured in MDonald Creek were
stained and released on 12 April and their novenents were
nonitored at sanpling sites downstream Two fry were recaptured 8
km bel ow McDonald Creek after one night of travel. After two
nights of travel, one fry was recaptured 34 km downstream from
MDonald Creek. It was assumed that the fry noved during the 10.5
hour dark period only. Assum ng nocturnal fry movenent, the fry
recaptured at Colunbia Falls noved approximtely 1.6 km per hour.
The sanpling sites were nonitored for four nore days, but no
additional stained fry were captured. No stained fry were
captured in the mainstemsite 55 km downstream although this site
was nonitored for only one day (three days after release). A
total of 1,905 fry were captured at the downstream sanpling sites
during the experinent, including the three stained fry.

On 19 April, 2,905 kokanee fry were captured, stained and
released in MDonald Creek. One stained fry was recaptured 34 km
downstream after one night of travel. This represents a novenent
rate of 3.4 kmhour assum ng the fry traveled during the 10 hours
of darkness. A total of 1,605 fry were captured at the downstream
sanpling sites, including the one stained fry. Sanmpling was
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termnated two to three days after fry release at the downstream
nonitoring points due to a sudden increase in flows.

A total of 10,664 fry were captured, dyed and released on 3
May. Drift nets set at the first two sanpling sites (8 kmand 34
km downstream) were checked approximately every three hours after
the release of the fr(y’r in MDonald Creek. The fry appeared to
nove out of MDonald Creek and downstream through the river system
inalarge group or wave %H gure 32). At 0130 hours, approximate-
ly 4.5 hours after dusk (the estimated time the fry left MDonald
Creek) they had reached the sanpling point 8 km downstream A
total of 371 fry were captured and 31 or 8.5 percent were stained.
Movenent rate of the fry down the Mddle Fork of the Flathead to
the sanpling site was approxi mately 1.8 km hour. Only four
stained fry were captured during the next 60 hours of sanpling at
the 8 km ﬁoi nt. At 0600 hours after approxi mately 9.0 hours of
travel, the fry had reached Colunbia Falls, 34 km downstream from
MDonald Creek. A total of 164 fry were sanpled at that tine and
18, or 11 percent, were stained. The fry appeared to have noved
5.8 km hour between the 8 kmand 34 km points or 3.8 km hour
overal | for the 34 km By 0030 hours the follow ng night, or
apFroxi mately 12.0 hours of total travel time, the fry had reached
Kal i spell, 55 km downstream A total of 52 fry were captured and
five, or 9.6 percent, were stained. The fry appeared to have
moved fromthe 34 to the 55 kmpoint at a rate of 6.0 km hour.
The estimated overal | movenent rate of the stained fry group over
the 55 kmof streamfrom MDonald Creek to Kalispell was 4.4
kmi hour. A sanpling site just above Flathead |ake at the
Sportsmen's Bridge (95 km downstream from MDonald Creek) was
establ i shed and nonitored for 10 days after the fry passed
Kaljspgll. A total of 671 fry were captured, but none were
st ai ned.

Mvenent rates of kokanee fry appeared to be as rapid or nore
rapid than estimated flowrates 1n the sections of the river
between the South Fork and Col unbia Falls and between Col unbia
Falls and Kalispell (Table 21). This would indicate that the fry
were actively maintaining position in the flow and possibly
swmmng slightly faster than the flow To travel as fast or
faster than the flow the fry probably actively swam through eddies
and back currents when they were encountered. Hartman et al.
(1962) reported that sockeye fry actively mgrated downstreamin a
river systemsw nmng faster than the current.

Flow rates appeared to be somewhat related to gradient (Table
21), al though bed rou?hness was probably also a factor. Stream
gradient fromKalispell to Flathead Lake (0.14 mkm is only 12.6
percent as great as the Tgrad| ent between the mouth of the South
Fork and Kalispell. If flowrates were proportional to gradient
and kokanee fry swi rrm'ng rates were simlar to flowrates, an
estimted 55 hours woul d be required for fry to travel the 42 km
fromkKalispall to Flathead Lake. Assum ng only night travel, this
woul d translate to approxi mately six days. Under this assunption,
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Table 21. Distances, flow times and flow rates in the Flathead River
between the mouth of the South Fork and Kalispell.

Section Flow Flow Movement rate of
River length  Gradient time . rate stained fry
section (km) (m/km) (hours) (km/hr) (km/hr)
Mouth of South 9.2 1.33 15 6.1 5.8/
Fork to Columbia
Falls
Columbia Falls 21 1.02 3.5 6.0 7.0
to Kalispell
Total 30.2 1.11 5.0 6.0 6.3

1/ Represents movement rate of stained fry between Blankenship Bridge
and Colunbia Falls.
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fry could potentialy travel fromMDonald Creek to Flathead Lake
in approxi mately eight days under the flow conditions experienced
inearly My, 1983. However, it is possible that mny kokanee fry
remain 1n the slower "estuary" portion of the river from bel ow
Kal i spel| to Flathead Lake and may take nuch | onger to reach

Fl at head Lake.

Substantial variation in kokanee fry novenent patterns has
been observed during the last two years of study. Fry nmovement
experiments conducted during 1983 indicated that fry from MDonal d
Creek enmigrated downstreamthrough the river systemwth little or
no residence tinme in MDonald Creek. However, the large size of
some kokanee fry collected from MDonald Creek in md- My
indicated a substantial residence tine in the streambefore
em gration Extended residence time, indicated by large fry size,
was al so noted in Brenneman's Slough. Extended residence tine of
kokanee fry in Beaver Creek and Brenneman's Slough was reported in
1982 (Fraley and G aham 1982). Spring influenced areas, such as
Brenneman's Sl ough, appeared to produce larger fry which
experienced |onger residence tines after energence. Fry in non-
spring influenced spawning areas aggeared to emgrate shortlg
after energence fromthe gravel. Stober and Hamal ai nen (1980)
reported nost stained sockeye fry released in the Cedar R ver,
Washi ngt on eni?rated inonly one to three days after energence
from the gravel.

Mrtality of stained fry

Control groups of stained and unstained kokanee fry kept in
net cages in MDonald Creek during the three movenent experinents
suffered simlar nortality rates. The nortality rates of fry
hel d in MDonal d Creek for seven days averaged 7.3 percent in the
stained group and 6.2 percent in the unstained group. After 15
days, during experinent nunber three, stained and unstained fry
sutffered 16 and 18 percent nortality, respectively.

Fry stained for 50 mnutes in a 1:30,000 sol ution of Bismark
Brown were easily recognized for one week after stainin?. Fin and
mouth areas retained stain for up to 22 days. Fry dyed for 45
mnutes in a 1:20,000 solution of Bismark Brown retained the stain
for less than one week (experiment nunber one).

Movements of Hatchery Fry

A total of 50,000 hatchery-reared kokanee fry were planted in
upper Deerlick Creek on 20 April, conpleting a four year planting
cycle. The novements of the hatchery fry were nonitored at points
1"and 3 kmdownstreamusing fry drift nets. Fry were released in
early afternoon and it was assuned that novenent began at dusk
Large nunbers of fry first passed the 1 kmsite at 2300 hours
anrOX|nate|y three hours after dark. Smll nunmbers of fry had
al ready reached the 1 kmsite by that time. At 0210 hours a large
wave of fry had reached the 3 kmpoint. This point is 0.8 km
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uEstrean1fron1the mouth of Deerlick Creek on the Mddle Fork of
the Flathead River. The majority of the hatchery fry noved out of
Deerlick Creek during the first several ni?hts after rel ease.
However, a few fry were captured one km below the rel ease point up
to 15 days after planting. A control group of hatchery fry kept
in anet holding box in Deerlick Creek suffered heavg nortality.
Percent survival after 2, 6, 7 and 9 days were 80, 50, 30 and
percent, respectively. Poor survival of hatchery fry was also
noted in Deerlick Creek in the spring of 1982 (Fraley and G aham
1982).  Mead and Wodal | (1968) suggested that hatchery fry were
inferior to naturally ﬁropagated fry in characteristics inportant
in survival, such as photonegative behavior. Bans (1969) found

t hat hatcherr fry were inferror to naturally propagated fry in
swimming ability and in avoi dance of predation.

Fry Food Habits and Fry Quality
Analyvsis of Kokanee Fry Stomachs

Stomach contents from 379 kokanee fry collected in 1982 were
examned to determne food habits. Data was organized by nonth
for each sanple site. The number and wet weight (nmg) of
organi sns, frequency of occurrence, and Relative Inportance (R)
for all stomach contents were cal cul ated.

Diptera larvae was the major itemin the diet of kokanee
fry in Beaver Creek, Mddl e Fork Flathead River, and Brennenman's
Slough, whi | e Copepoda and C adocera had a small representation
Trichoptera, EFheneroptera, and terrestrial insects were repre-
sented in small nunbers during May and June in Brenneman's Sl ough
only. Copepoda were present in the Mddle Fork Flathead River and
Brenneman' s Sl ough, while C adocera was present in Brenneman's
slough only. Stomachs of 90 of the fry collected from MDonal d
Creek were enpty. Copepods were present in one fry. Loftus and
Lenon(19YQ found that chirononi dae were the most inportant food
organi sms for chumsalmon fry and chinook salmon fry in the Sal cha
River, Alaska. Becker (1973) reported that juvenile chinook fed
mainly on chironomd adults and larvae in the Colunbia River,
Vashington. Salnon fry fed mainly on chironomd larvae in rivers
of Japan and Norway (Kaeriyama et al. 1978, Lillehammer 19731.

Fry Quality

There was a relationship between kokanee fry length and water
tenperatures in Flathead River systemspawning areas. Emgrating
kokanee fry ranged from 25-51 nmin Brenneman's Sl ough during and
after peak ener?ence. The warmer water tenperatures in the spring
fed slough coupled with the apparent |onger residence tine after
energence fromthe gravel was reflected in the relatively large
| ength of the majorrty of kokanee fry emgrating from the slough.
Peak time of emergence in Brenneman's Slough during 1982 was 3
March through 7 April. The nean tenperature during this tine was
8.9°C. The l'arger fry emgrating fromthe slough may experience
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greater survival traveling to Flathead Lake. Larger fry may al so
experience greater survival during the early residence period
af ter reachi ng Fl at head | ake.

Peak time of frg emgration in MDonal d Creek during 1982 was
between 20 May and 30 May. Fry collected ranged from 23-27 mmin
length. The nean tenperature during this period was 4°C. Mean
tenmperature in Beaver Creek was 5°C during peak emergence (20
March through 30 March) and fry collected ranged from22-30 mmin
length. Fry emgrationinthe Mddle Fork Flathead River peaked
between 10 April and 30 April. The nean water tenperature durin
this Perl od was 6°C. Kokanee fry collected in the Mddle Fork o
the Flathead during peak energence ran?ed from23-28 mmin length
but it was assumed that the majority of these fry originated from
Beaver Creek. Kaeriyama et al. (1978) reported that chum sal non
fry were longer during years of warner streamtenperatures in the
Takachi River system Japan.

RECOVERY OF THE MAI NSTEM KOKANEE POPULATI ON
Timing of the Kokanee Recovery

Tinin? of the mai nstem kokanee popul ation recovery coul d vary
substantially depending on the |evel of natural reproductive
success for each year class of fish éFigure 33).  Recovery of the
kokanee population fromits present depressed level to the |eve
outlined in the management goal could not occur at a 20 percent
egg to fry survival rate and a one percent fry to adult return
rate. At a two percent fry to adult return, a fishable mainstem
popul ation woul d be reached by 1993 and nearly 200,000 spawners
woul d return by 1997. A fry to returning adult survival rate of
three percent would result in a fishable population by 1989. By
1993, the popul ation would reach an assigned maxi num | evel of over
300, 000 spawners.

The mai nst em kokanee popul ation is expected to recover with
an average of 20 percent egg to fry survival and two percent fry
to adult survival, resulting in a doubling of nunbers in each
successive four year cycle of spawners. An egg to fr?/ survival
rate of 20 percent is based on the 1981-82 estimates tfor MDonal d
Creek (229 and various studies of other salmn populations in the
western United States and Canada (Table 20).

Egg to fry survival rates in Flathead R ver system spawning
areas in the 1982-83 season avera%%ed 25.1 percent and ranged from
4.5 to 68.9 percent (Table 22?. e high egg to fry survival rate
in MDonald Creek was probably due to |ow densities of spawners
and warner than average water tenperatures resulting in ideal
incubation conditions. Merrel (1962) and McNeil (1968) reported
hi gher survival rates of sockeye an é)ri nk sal non eggs incubated in
warner water. Survival in MDonald Creek was probably inflated
due to an underestinate of potential egg deposition. The range of
4.5 to 22.9 percent egg to fry survival 1n other river system
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Figure 33. Projected growth of the mainstem kokanee population at
20 percent egg to fry survival, and one, two, and three

percent fry to adult returns (no angler harvest).
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Table 22. Kokanee egg to fry survival
spawning areas for 1982-1983.

rate in Flathead River system

Area

Estimated
potential
egg deposition

Estimated
number of
emigrating fry

Percent egg
to
fry survival

McDonald Creek
Whitefish River

Brenneman®s  Slough
(Mainstem Area 1)

Beaver Creek

Deerlick Creek

18,000,000
1,500,000

230,000

24,000

15,000

12,404,568
67,340

31,511

3,771

3,448

68.9

4.5

13.7

15.7

22.9




spawning areas is probably more typical of expected survival rates
inthe mainstemFlathead River. Egg to fry survival may be hi gher
during the first portion of the recovery due to | ow densities of
spawners, Egg to fry survival rates are expected to fluctuate
through t he kokanee recovery period, but a 20 percent rate was

sel ected as our best estimate of an average figure. Larkin (1971)
devel oped a nodel to predict population cycling on sockeye popul a-
tions of Alaska. He added a random environmental fluctuation
facfpr to sinulate a possible natural Cccurrence of popul ation
cycling.

The estimate of two percent fry to adult return was largely
based on our studies in MDonald Creek and survival figures
reFoyted for salmon in the literature. A rough estimate of 15
mllion fry emgrated from MDonald Creek in spring, 1978, based
on unpubl i shed Department netting data (Hanzel and Runsey,
unpubl i shed, Fraley and Graham 1982). An estimated 250, 000
kokanee woul d have returned to MDonald Creek in 1981 if no
harvest had occurred (over 50 percent were harvested before they
reached the creek), yielding a fry to adult return rate of 1.7
percent. MNeil et al. (1969) reported a two percent fry to adult
return in Sashin Creek, A aska for pink salnonin 1966. Fry to
adul't return rates in Sashin Creek from 1940 to 1965 ranged from
0.3 to 18 percent and averaged three percent. Bakkal a (1970)
reported fry to adult return rates for anadromous chum sal mon
ranging from1.5 to 3.2 percent and averaging 2.5 percent in five
tributaries to the Amur Rver, U S S R

A 20 percent egg to fry survival rate and a two percent fry
to adult return rate would constitute an overall return rate of
2.0 returning adults per spawner, or a doubling of the popul ation
in each successive four year cycle. Mean estimtes of returning
adul ts per spawner reForted for sea?oing chumsalnon in streanms of
Al aska and British Colunbia ranged from1.7 to 3.0 and averaged
2.3 over a 40 year period (Bakkal a 1970)

Effect of Harvest Rate on Kokanee Recovery

A spawni ng run of 50,000 kokanee spawners in the mainstem run
was estimated as the m ni mum popul ation that could support a
harvest. Allow ng harvest of the mainstem kokanee spawners at
popul ation levels bel ow 50, 000 spawners woul d seriously inpair the
recovery rate of the population. Wth no harvest rate, the
popul ation should be safely above the 50,000 fish level by 1993
when harvest of the population could begin. The rate at which
mai nst em kokanee are harvested fromthat point woul d greatly
affect the rate of population growth and recovery (Figure 34). A
50 percent harvest rate would renove the additional spawners which
coul d potential ly return,resulting inareturnrate of 1.0
returning adult péer spawner. Very slowgrowth of the mainstem
kokanee £0fulat|on woul d occur at a 40 percent harvest rate. An
estimted 130,000 Pre-harvest spawners woul d be present in the
year 2003, after five generations (five four-year cycles). At a
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Figure 34. Projected growth of the mainstem kokanee run at 20% egg
to fry survival, 2% fry to adult survival and 10-20%,
30%, 40% and 50% harvest rates.
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30 Percent harvest, an estimated 160, 000 pre-harvest spawners

woul d be present after five generations. At 20 and 10 percent
harvest rates, 220,000 and 300, 000 pre-harvest spawners, respec-
tively, woul d be present in t he mai nstemrun after five genera-
tions.

A desirable harvest rate for management of the mainstem
kokanee popul ation woul d be one that coul d be adjusted based on
the nunber of spawners that return each year. This shifting
harvest rate could begin at 10 percent after the mninumfishery
| evel of 50,000 fish 1s reached and increased to 50 percent at the
assunmed maxi mum popul ation |evel of 330,000 spawners (Table 23,
Figure 35). The mai nstem kokanee run woul d increase to 231, 000
spawners after five generat|ons and woul d reach the maxinmum |eve
of 330,000 spawners by 2008.

Effects of Planting to Supplement Kokanee Recovery

Planting of 500,000 kokanee fry in even years (which appear
to supﬁort the weak runs) from 1984-1996 was considered to suppl e-
ment the recovery of the mminstem kokanee popul ation. Benefits to
kokanee recovery would not justify the expenditures involved in a
fry or egg planting operation in the river system(Figure 36).
Planting of 500,000 additional fry during the even years from
1984-1996 would yield a run of 240,000 kokanee after four genera-
tions with no harvest (2000), while a run of 170,000 kokanee woul d
be present after four generations wi thout supplenmental plantings.
The maxi mum | evel of 330,000 spawners woul d be reached after frve
generations with or without planting. Benefits of the planting
operation are limted by the |ow expected adult return fromthe
artificial plants. In addition, planted fish may exhibit a poor
hom ng response as adults. Royce (1959) reported that planting of
eggs I'n the streamgravel s was a nore successful method of
i ncreasi ng sal non popul ations than the introduction of hatchery

fry
An experimental plant of approxi mately 100,000 eyed eggs will

be made in a mai nstem spawning area during the 1983-84 season to
test egg survival and fry production i n artificial planting boxes.
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Table 23  Hypothetical harvest management plan for the
kokanee run.

mainstem

Mean Mean number
Pre-harvest Estimated harvest of kokanee
population level time period rate harvested
0-50,000 Present-1992 0

50,000-100,000 1993-1996 14% 10,500
100,000-200,000 1997-2000 24% 36,000
200,000-329,000 2001-2008 41% 108,240
330, 0001/ 2008- 50% 165,000

1/ Assumed maximum return
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CONCLUSI ONS AND RECOMVENDATI ONS
PRESENT STATUS F THE KCKANEE Fl SHERY

Kokanee reproduction in the mainstemFl athead River presently
contributes less than 20 percent of the recruitment to Flathead
Lake (Tabl e 24). MDonald Creek is the major spawning ground for
Fl at head kokanee, while the Mddle Fork of the Flathead River
Whitefish R ver, Beaver-Deerlick creeks and t he Fl at head | akeshore
also contribute to total recruitment. Fromthe late 1950's
through the m d-1970's, the mai nst emkokanee run was probably
equal to or greater than the MDonald Creek run in terms of tota
recruitment to Flathead Lake (Fraley and Graham1982). Hanzel
(1964) reported that the minste “late run” was larger than the
early run during the early 1960's. During the late 1970's, the
mai nstem Fl at head R ver spawning run declined dramatically. The
post - harvest popul ation of the mainstem"late run" spawners
declined froman estinmated |evel of over 150,000 12.9 inch fish In
1975 to an average of onLy 10,000 14.5 inch fish during the past
four years (Figure 36). The MDonald Creek spawning run has
recently domnated the river system kokanee popul ation, averaging
55,500 spawners over the past four years (Table 24, Figure Eﬁ.

The decline in the mai nstem spawning run was precipitated bz
a change in the discharge pattern of Hun%ry Hor se Reservoir on the
South Fork of the Flathead River in the |ate 1960's. Reservoir
operations shifted to a fall draftinﬂ pattern for provisiona
energy deliveries which resulted in i%h flows during the kokanee
spawni ng period (Fraley and C}ahan1198?{ These high fl ows caused
kokanee salnon to build redds high on the river bank which were
|ater subject to dewatering at lower flows during the winter eﬁg
incubation period. Heavy Incubation nortality resulted, and the
mai nst em spawning run declined to its present |evel

~ Angler harvest during the fall kokanee snag fishery in the
river systemreflected these popul ation changes, as ang ers have
conpl etely changed the focus of their fishery from1975 to 1982.
During the md-1970's, angling pressure was concentrated on the
“late run” of fish which spawned in the mainstem bel ow the South
Fork during Cctober, Novenber and Decenber (Hanzel 1977). Wth
t he decline of the mainstemrun, angler effort and harvest shifted
al most entirely to the early run of fish bound for spawning runs
in MDonald Creek and the Mddle Fork drai naﬂe (Fraley and G aham
1982, Fredenberg and G aham 1982A%. During the 1975 fishery, the
mai nstem"late run" contributed 88 percent of the total kokanee
harvest in the river system while the early run contributed 12
percent (Hanzel 1977). During 1981 and 1982, only 12 and two
percent of the kokanee harvest in the river systemwas fromthe
mai nstem run.  Kokanee harvest was concentrated on the early run
bound for MDonald Creek and the Mddle Fork which conprised 88
and 98 percent of the total harvest in 1981 and 1982, respective-
ly. Early closures of the 1981 and 1982 snaggi ng seasons may have
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Table 24. Estimated numbers of post-harvest kokanee spawners in Flathead
River system spawning areas. Numbers are estimated from
snorkel counts in McDonald Creek and redd counts in the other
areas. Percent of total river system count for each area is
in parentheses.

Year
Area 1979 1980 1981 1982
McDonald Creek 65,000 45,000 104,000 35,000
(84) (94) (75) (77)
Mainstem Flathead 12,000 1,500 24,000 5,000
River (16) ® (17) (12)
Middle Fork Flathead e 7,000 2,200
River (5 (9
Whitefish River -— 1,300 1,300 3,000
(3) (1 (7
Beaver-Deerlick Creeks 0 -V 1,500 125
(2 <n
TOTAL River System 77,000 47,800 137,800 45,325

1/ No count.

92



£6

150

100,

+
| + /
50| \\\\\\+ \\\\\\\
Y MCDONALD CR.

. +\
+\;/ + MAINSTEM

1975 1976 1977 1978 1979 1980 1981 1982
YEAR

NUMBER OF KOKANEE SPAWNERS (x1000]

Figure 37. Numbers of kokanee spawners in the McDonald Creek and mainstem spawning runs from 1975-1982,



contributed to the shift of pressure to the early run.
RECOMMENDATIONS FOR THE RECOVERY OF THE MAINSTEM KOKANEE RUN:

~ The goal for the nanagement of the Flathead drainage kokanee
fishery is to provide a balanced nunber of fish approximately 13
inches (330 ) in length (Gahamet al. 1980). Recovery of the
run Wi Il enhance recrurtment to the Flathead Lake fishery and
pro¥|de a dependabl e fishery for adult kokanee in the river
system

Management of seasonal and daily flow levels in the Flathead
Ri ver bel ow the South Fork is critical to recovery of the mainstem
Fl athead River kokaneerun. Sinmlar flow levels during the fal
spawni ng period (15 Qctober to 15 Decenber) and the winter incuba-
tion period (15 December to 30 April) will result in favorable
conditions for kokanee reproduction with little egg mortality due
to dematerin% of spawning beds. Reconmended flows in the mainstem
at Col unbi a Fal I's of 3500-4500 cfs during the spawni ng period and
a mninmm of 3500 cfs for the incubation period were submtted to
the Northwest Power Planning Council in 1981 (G ahamet al. 1981,
Fraley and Gaham 1982). Mnitoring the effects of these flows on
kokanee reproduction began in 1982 and future studies will include
continued nonitoring and refinement of the flow recommendations.
The recommended flows will reduce dewatering nortality in kokanee
spawni ng beds and shoul d result in the recovery of the nainstem
run fromthe present condition to one simlar to the estimated run
of 1975. Increased kokanee production in the mainstem would
greatly enhance recreational benefit to anglers in both the |ake
and river system A strong mainstemrun woul d provide an
estimted |00 OO0+ kokanee to anglers in the river system repre-
senting nore than a ten fold increase in harvest over the 1981 and
1982 mainstem fisheries (Fraley and G aham 1982). An additiona
100, 000 post - harvest spawners woul d utilize mainstem spawni ng
areas, resulting in an approximte doubling of recruitment to
FI at headLake.

The recovery of the mainstem kokanee run to a mninumfishery
| evel of 50,000 spawners is expected by the late 1980's. By the
late 1990's, full recovery of the population is expected, wth
kokanee nunbers conparing favorably to 1975 levels. Mnagenment of
angl er harvest of kokanee as well as river flow management will be
critical to the timng of the recovery. Harvest levels in the
river systemnust be keﬁt bel ow 10 percent until the popul ation
reaches the mininum fishery level. The harvest could then be
linearly increased to 50 percent as the popul ation recovers to the
assumed maxi mum | evel of aefroxinately 300, 000 pre-harvest
spawners. These rates would allow a reasonabl e rate of ?romkh of
the mai nstem run while supporting a substantial harvest o
spawners, providing a bal ance of recreational and biol ogi cal
benefit. Under these harvest nanagement recommendations, the
mai nst em kokanee run woul d increase to about 200, 000 pre- harvest
spawners by the year 2000. Harvest rates could be adjusted by
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regul ating opening dates, linmts and length of the kokanee fishery
season in the river system The snag season in the river system
shoul d be cl osed duri nF the 1983 and 1984 kokanee runs with only a
linmited lure fishery allowed. Harvest of kokanee in Fl athead Lake
shoul d al so be closely regul at ed.

A regular planting programinvolving |arge nunbers of fry or
eggs to suppl ement the recovery of the mai nst emkokanee run is not
recommended at this ti me because of the large expense, limted
availability of planting stock, and the | ow expected return from
planted fry.  All mtedv\ﬁrogramof suppl ement i ng specific, high
qual ity spawning areas which are not utilized in a particular year
may be inplenmented if the 1983-84 experinental eyed egg plant
appears successful .

Eval uation of the effects of the recommended flows on the
kokanee sal non population in the Flathead River will continue
through the 1983-84 study period. A nonitoring programwll be
desi gned, evaluated and inplenmented by the beginning of the 1984-
85 freld season.
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APPENDIX A
Kokanee spawning areas and redd counts where redds were
observed on the mainstem Flathead River below
the South Fork from 1979-1982

Redd counts and descriptions for other spawning
areas in the river system.

Tables 1-6, Figures I-5



Table 1. Numbers of kokanee redds counted in late November of 1979,

1980, 1981 and 1982 in areas of the Flathead River below the
South Fork. See Appendix E and Fraley and Graham (1982) for
locations and descriptions of spawning areas.

Area Number of kokanee redds observed
number River km 1979 1980 1981 1982
ey 37.0 425 136 341 1804/
1A 37.0 — — — 60
2 41.42 5 0 12 0
3 42.0 7 1 0
4 42.2 0 25 67 9
51/ 42.5 0 0 14 0
6~ 43.4 60 11 0 0
7 44.3 0 6 30 16
8 45.0 0 0 133 47
9 45,5 0 15 218 0
10 46.7 0 0 517 0
11 47.9 0 0 165 0
12 48.0 0 0 254 0
13 48.3 22 0 0“ 60
14 48.8 0 0 151— 0
15 49.0 0 0 9 0
16 49.4 119 12 106 0
17 50.0 359 0 118 0
18 50.5 10 0 0 0
19 52.0 0 3 174 0
20 52.2 55 0 604 0
21 52.4 0 13 226 0
22 54.4 100 0 179 17
23 55.3 100 7 31 0
24 55.5 200 1 13 0
25 59.8 290 5 363 0
26 60.2 0 0 3 0
27 60.3 150 0 494 0
282/ 60.7 0 1 51 0
29= 60.8 250 0 375 0
30 61.0 25 o] 94 22
31 61.5 25 o] 234/ 0
32 65.0 0 ] 735~ 4]
324 65.5 0 0 413 0
331/ 66.0 0 0 11 0
36~ 66.5 20 0 160 67
351/ 67.6 50 0 1463/ 0
36~ 68.5 330 231 0= 0
371/ 67.7 100 0 495 0
335/ 68.5 100 0 288 0
39= 69.5 0 0 1,083 560
40 70.6 0 0 76 0
41 70.9 0 0 92 65
41A 72.0 0 0 0 12
42 73.7 0 0 2 0
TOTAL 2,802 467 7,853 1,528
1/ Spring influenced.

Limited groundwater or spring influence.
Beaver dammed during 1981.
Redds found after late November redd count.
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Table 2. Nunmber of kokanee redds in the South Fork of the Flathead River

on 29 Cctober, 1981 and 12 Novenber, 1982.
R ver Nunber of redds

Spawni ng area description Area km 1981 1982
3-400 m above Hw 2 Bridge 1 1.5 45 0
200 m bel ow Wel p Creek 2 2.6 90 0
Left bank of Big Bend (G avel 3 3.2 140 25

Bar) across from Whel p

Creek
Left bank just downstream 4 5.5 2 43

from USGS gauge
Devils el bow 5 6.3 . 32
TOTAL 227 100

1/ No count for 1981.
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Kokanee spawning area |locations on the South Fork of
the Flathead River bel ow Hungry Horse Reservoir.
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Table 3. Nunber of kokanee redds counted in the upper Mddle Fork of
the Flathead River on 20 and 22 Cctober, 1981 and 25 Cct ober,

1982.

River Nurber of _redds

Spawni ng area descri ption Ar ea km 1982
Run above golf course 13 8.6 25 0
Run bel ow new W dacier bridge 14 9.1 35 0
New W d acier bridge 15 9.6 51 0
Run below Od W dacier bridge 16 10.7 307 0
First run below canoe dunp rapids 17 12.0 360 0
Last tunnel 18 12.8 95 0
Second hol e bel ow Lincoln Cr. 19 16.0 10 0
19A 0 0 9

Bet ween Deerlick and Harrison Cr. 20 21.9 7 0
Mout h Deerlick Creek 21 22.4 _66 44
TOTAL 956 53
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HARRISON CR.
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n Railroad Tunnel

Figure 2. Kokanee spawning area locations on the Middle Fork of
the Flathead River above McDonald Creek.
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Table 4. Number of kokanee redds counted o the lower Mddle Fork of the
Flathead River on 20 and 22 Cctober, 1981 and 26 Cctober, 1982.

River Nurber of redds

Spawni ng area description Area km 1981 1982
First run and pool of canyon 1 2.2 140 244
Second run/ pool 2 2.6 230 122
Third run 3 2.9 246 0
Fourth run 4 3.2 170 40
Fifth run 5 3.5 62 0
First hole in canyon 6 3.8 62 46
Sixth run I 4.5 23 0
Second hol e of canyon 8 4.8 250 0
Third hole of canyon 9 5.1 14 57
Role at tall of USGS cable 10 5.9 40 4
Bel ow first house on hill 11 6.9 119 60
Bel ow McDonal d Creek 12 7.4 4 125
TOTAL 1, 360 698
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Figure 3. Kokanee spawning area locations on the lower Mddle
Fork of the Flathead River.
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Table 5. Nunber of redds counted in Beaver and Deerllck creeks on
4 Decenmber. 1981 and 8 Decenber, 1982.

Creek Nunmber of redds
Spawni ng_area description Area km 1981 1982
Deerlick Creek
Muth of Deerlick Creek to 1 0-.5 48 9
Moccasin Creek river access
Hw 2 bridge to Dalimta 2 1.0-1.5 11 1
Bri dge
Gas line crossing to Huy. 3 2.0-3.0 143 14
Dept. shed
Beaver Creek
Run below ford crossing to 1 3.0-4.0 516 18
begi nning of creek (Including
side channel by ford)
TOTAL 718 42
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Figure 4. Spawning area locations on Beaver and Deerlick creeks.
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Tabl e 6. Nunber of kokanee redds counted in the Witefish River on

19 Cctober, 1981 and 22 Cctober. 1982.
River Nunber of redds
Spawni ng ar ea description Area km 1981 1982
Rose Crossing to Birch Gove 1 6.0-9.5 265 289
Bri dge
Birch Gove Bridge to 2 9.5-13.0 48 41
Tetrault Bridge
Tetrault Bridge to Hodgson 3 13.0-15.0 41 127
Crossing
Above Hodgson Crossing 4 15.0-15.5 59 36
TOTAL 413 873
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Figure 5. Kokanee spawning area locations on the Whitefish River.
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APPENDI X B

Characteristics of the fall kokanee fishery
in the Flathead River system

Table 1-18



Table 1. Mean nunmber of hours per conpleted angler trip by time period
on Sections Ml -Ms4 on the mai nstemFlathead River and Section
M1 on the Mddle Fork of the Flathead River, 28 August to
15 Cctober, 1982.

Mean hours/ conpl eted angler trip

Mai nst em M ddl e Fork
Tine period VB1 NG2 V53 VB4 Tot al VE
8/28 - 9/14
shore 53 2.1 4.5 0.33 4.0 -
boat 2.0 3.4 5.5 - - 3.2 -
conbi ned 3.1 3.0 5.0 0.33 3.3
9/15 - 9/30
shore - - 3.3 4.7 2.9 3.4 3.4
boat 3.5 4.1 7.1 2.5 4.3 3.3
conbi ned 3.5 3.5 5.6 2.8 3.9 3.4
10/1 - 10/15
shore - - 2.2 - - 1.2 1.9 2.9
boat 3.5 3.0 4.0 3.5 4.0
conbi ned 3.5 2.4 3.0 3.0 3.1
TOTAL
shore 3.7 2.9 4.5 2.4 3.0 3.3
boat 3.1 3.4 6.4 3.0 3.5 3.5
conbi ned 3.3 3.1 5.2 2.6 3.3 3.3

Table 2. Nunber of parties using each terminal tackle type on Sections
MSl - M54 on the Flathead River, 28 August through 15 COctober, 1982.

R ver section

V5L ME2 MS3 V&4 Total (X)
Bai t 8 10 2 0 200 6
Fly 1 3 0 1 5 2
Lure 16 23 3 1 43( 14)
Snag hook 13 85 16 51 165( 53)
Combi nati on 57 21 1 1 80( 25)
TOTAL % 142 22 55 314(100)
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Table 3. Nunber of angler parties using each terminal tackle type before
and after 15 Septenber on Sections Ml -Ms4 on the Flathead
River. Percentages are in parentheses.

NUDer_of_parties Uslng each tackl e type

Before 9/15 After 9/15 Tot al
Bai t 12(9) 8(4) 20(6)
Fly 2(2) 3(2) 5(2)
Lure 41(33) 2 43(14)
Snag hook Qo 165(87) 165(53)
Conbi nati on 69(56) 11(6) 80( 25)
TOTAL 124(°39) 189(61) 314(100)

Table 4. Total nunber of angler party interviews and conpleted trip party
interviews on Sections Msl-Ms4 of the Flathead River from28
August to 15 Cctober, 1982.

Rver section

MS1 M52 VB3 Vo4 Tot al

Nunber of Interviews
Shore 25 105 17 50 196
Boat 81 40 5 5 128
Tot al 106 145 22 55 324
Nunber of hours 514 695 204 225 1638

Nunber of Conpleted Trips

Shore 2 27 4 14 47
Boat 50 33 3 4 90
Tot al 52 60 7 18 137
Nunber of hours 363 343 72 a7 865
Percent Conpl et ed 50 43 32 32 42
Trips
Per cent Hours 71 49 32 39 52
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Table 5. Angler residence from party interviews conducted on Sections
MSl - M54 of the mainstem Flathead River from28 August through
15 Cctober, 1982.

Angl er residence Nunber of parties Percent of parties
Kal i spel | 194 60
O her Flathead County 76 23
Lake County 3 1
M ssoul a County 4 1
Qther Vestern Mntana 3 1
Eastern Montana 10 3
USA Non-resi dent 21 7
Foreign (Canada) 13 4

Table 6. Catch rates (nunber of kokanee per hour) for all anglers inter-
viewed on the mainstem Flathead River from28 August - 15
Cctober, 1982. The number of kokaneecreeled is in parentheses.

Catch rate (no. kokanee/hour)

Dat e M1 MS2 MS3 Ms4 Tot al
8/28-9/ 14 0.12 0.16 0 1 0.15
(63) (82 (8) (153)
9/14-9/ 30 0.45 1.00 0.28 0.69 0.70
(50) (325) (47) (130) (552)
10/ 1- 10/ 15 0 0.25 - 1 .18
(17) 9 2
TOTAL 0.22 0.61 0.23 0.65 0.45
(113) (424) (47) (146) (730)

1/ Illegal snagging of kokanee with |ures.
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Table 7.. Catch rates per nunber of kokanee creeled and nunber of inter-
view hours by tinme period on Section MFl of the Mddle Fork
of the Flathead River from 15 Septenber - 15 Cctober, 1982.

Nurber  of Nunber of Cat ch

Ti me period kokanee hours rate
9/15 - 9/30 1,920 1,794 1.07
10/1 - 10/15 1,145 1,363 0.84
TOTAL 3,065 3,157 0.97

Tabl e 8. Total nunber of angler party interviews and nunber of conpleted
trip angler party interviews on Section Ml of the Mddle Fork
of the Flathead River from 28 August tol5 Cctober, 1982.

Shore Boat Conbi ned
Nurber of interviews 411 25 436
Nunber of hours 3,107 184 3,296
Nunber of conpleted trip interviews 115 16 131
Nunber of hours 907 126 1,033
Percent conpleted trips 28 64 30
Percent hours 29 66 31
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Table 9. Interview data by angler

resi dence on Section M

of the Mddle Fork of the Flathead River

from 15 Septenber 15 Cctober, 1982.
Number of Nunber Angl ers/ Nurmber hours fished Catch rate

Angl er _resi dent i ntervi ews(percent) angl ers party per conpleted trip
Fl at head County 156( 36) 368 2.36 2.7 1.28
O her Montana 167(38) 358 2.15 3.8 0.92
Nonr esi dent U. S 48(11) 102 2.13 3.9 0.77
Canadi an 65(15) 206 3.17 4.0 0.71

TOTAL 436(100) 1034 2. 37 3.31 0.93
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Table 10. Total estimated fishing pressure (hours) by time period on Sections Ml -M54 of the
Flathead River. The 95% confidence limts are in parentheses.

Tot al Estimated fishing pressure (hours) by section
dayl i ght Mai nst em Fl at head River
Ti me period Days hours M51 V52 VB3 VB4 Tot al
8/28 - 9/14 18 243 2,504 1, 819 614 435 5,372
(2920) (+865) (+314) (+305) (+2041)
9/15 - 9/30 16 195 3,786 5, 498 3,599 5,014 17, 897
(+1497) (+2161) (+1823) (+1877) (+3579)
10/1 - 10/15 15 168 701 924 147 588 2. 360
(+331) (+431) (+119) ($272) (+890)
Total Pressure 45 552 6, 992 8, 241 4,360 6, 037 25, 630
(+1703) (+2254) (+1765) (+1829) (+3801)
Percent Pressure 27% 32% 17% 24% 100%
Pressure (hours) 194 434 411 259 288

per km




g

Table 11.

par ent heses.

Estimated shore fishing pressure by tine period on Sections Msl-Ms4 of the Flathead River,
The 95% confidence linits are in

Tot al Estimated shore fishing pressure by section
dayl i ght Mai nst em Fl at head River
Ti me peri od Days hour s VB1 M52 VB3 V&4 Tot al
9l - 9/14 18 243 293 586 331 435 1, 400
(£244) (£216) (£305)
9/15 - 9/30 16 195 464 4,124 2,233 3,745 10, 566
(+249) (+1814) (+1004) (+1815)
10/1 - 10/ 15 15 168 63 714 147 210 1,134
(+71) (+284 (+119) (+118
TOTAL 45 552 820 5,423 2,710 4,390 13, 343
(+356) (+1857) (+1034) (+1844) (+2701)
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Table 12. Estimated boat fishing pressure by time period on Sections MS1-MS4 of the Flathead River.
The 95% confidence limits are in parentheses.

Total Estimated boat fishing pressure by section
daylight Mainstem Flathead River
Time period Days hours MS1 MS2 MS3 MS4 Total
8/28 - 9/14 18 243 2,211 1,233 284 0 3,728
(+ 887) (+ 818) (x 228)
9/15 - 9/30 16 195 3,323 1,375 1,366 1,269 7,333
(+1,476) (*1,175) (x1,521) (+480)
10/1 - 10/15 15 168 638 210 0 378 1,226
(x 323) (+ 310) (+235)
TOTAL 45 552 6,173 2,817 1,650 1,647 12,287
(*1,753) (+1,398) (21,464) (2706) (+2,673)




Table 13. Total estimated fisherman pressure in hours exerted by kokanee
snaggers fromshore and in boats on the | ower Mddle Forkof
the Flathead River from 28 August to 15 Cctober, 1982.

Tot al Estimated Ti1shi n%j pressure
dayl i ght (hours) &
Time period Days hour s Shor e Boat Tot al
8/28 - 9/14 18 243 170 0 170
(+118) (+118)
9/14 - 9/30 16 195 10, 687 1,342 12,029
(11,69 (#680) (41,823)
10/1 - 10/15 15 168 4,161 660 4,820
(+1, 026) (1309) (#1,071)
TOTAL 45 552 15,018 2,002 17,019
(+1,982) (1747) (#2,118)

1l 95% confidence intervals in parentheses.

Table 14. Estimated nonthly kokanee harvest by all anglers on the four
sections of the mainstem Flathead River during 1982. The
95% confidence limts are in parentheses.

Estimated numbers of kokanee harvested

Ti e peri od V51 M52 V&3 M4 Tot al
8/28 - 9/14 344 322 0 476 1,142
9/15 - 9/30 1,147 5,773 868 3,021 10, 809
10/1 - 10/15 0 198 0 253 450
TOTAL 1,491 6,293 868 3,750 12, 402

(+870) (13,188) (#573) (£1, 844) (#4,072)
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Table 15. Estimated nonthly kokanee harvest by shore anglers only on
the four sections of the mainstemFl athead River during
1982.  The 95% confidence limits are in parentheses.

Estinmated numpers of

kokanee harvested

Time period MVB1 Tot al
8/20 - 9/14 22 0 0 476 496
9/15 - 9/30 490 3,915 769 2,767 7,945
10/1 - 10/15 0 198 0 0 198
TOTAL 512 4,113 769 3,244 8,639
(_+3,049)

Table 16. Estimated nmonthly kokaneeharvest by boat anglers only on
the four sections of the mainstemFlathead R ver during
1982.  The 95% confidence linits are in parentheses.

Estimated nunmbers of kokanee harvested

Tine period V51 VB2 V&3 VB4 Tot al
8/28 - 9/14 321 322 0 0 643
9/15 - 9/30 657 1,858 99 254 2, 868
10/1 - 10/15 0 0 0 252 252
TOTAL 979 2,180 99 506 3,763

(+2,812)

Table 17. Estimted kokanee harvest by shore and boat snag fishermen on
t helower Mddle Fork of the Flathead River during 1982. The
95% confidence linits are in parentheses for totals.

Estimated nunbers of kokanee harvested

Ti me period Shore Boat Tot al
9/15 - 9/30 10, 512 3,542 14, 055
(13,392

10/1 - 10/15 3,392 601 3,992
(+1.089)

TOTAL 13, 904 4,143 18, 047
(+2,592) (£2,515) (+3,557)
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Tabl e 18.

Catch rates (nunber of kokanee per hour) for shore and boat

on the mmi nstem Fl athead R ver and Section M
28 August to 15 Cctober, 1982.

fishermen on Sections Ml -M34
on the Mddle Fork of the Flathead from

Catch rates (kokanee/hour)

Mai nst em Fl at head R ver M ddl e Fork
V51 VB2 VB3 VB4 Al sections VFI
Dat e Shor e Boat Shor e Boat Shor e Boat Shor e Boat Shor e Boat Shor e Boat
8/ 28-9/ 14 0.08 0.14 0 0. 27 1.10
9/ 15-9/ 30 1. 06 1. 46 0.95 1. 46 0.29 0. 07 0.74 0.16 .98 2.64
10/1-10/ 15 0 0 0.28 0 0 0. 67 .82 0.91
TOTAL 0. 48 0.14 0. 66 0.48 0.29 0. 06 0. 69 0.27 0.62 0.24 .89 1. 60




Mont ana Waters Referred to;

FlI at head Lake [ -07-6400-03
Fl at head River [ -07-1560-01
South Fork [ -08-5100-01
North Fork | - 08-6660-01
M ddl e Fork [ -08-4740-01
McDonal d Creek [ -08-4630-01
Deerlick Creek [ -08-2080-01
Beaver Creek [ - 08-0580- 10

Wi tefish River [ -07-4980-01



MAPS OF GRAVEL AREAS SU TABLE FOR KCKANEE SPAMN NG | N THE
HATHEAD R VER FROM THE MOUTH OF THE SAJTH FARK
TO THE MOJTH CF THE STI LLWATER R VER
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The channels of the Flathead River fromthe nouth of the
South Fork to the nouth of the Stillwater River (37 km were
traced fromaerial photographs (1:2300) provided by USDI, Bureau
of Reclamation. The aerial photos were taken on flights made in
Cctober, 1978. Wetted substrate of the mainstemwas surveyed from
a jet boat or by wading and classified as suitable or unsuitable
for kokanee spawni ng based on conposition, conpaction and water
velocity criteria The criteria used were based on observations
in kokanee spawning areas in the Flathead River Systemfrom 1979-
1982. Gravel areas with water velocities greater than three feet
per second, high conpaction or |arge anounts of very fine (<6 mm
di aneter) or very coarse (> OO mm) material were classified
unsui t abl e. The areas of suitable and unsuitable substrate were
drawn in on the aerial photos using |andmarks or survey equi pment.

The gravel area survey was conducted from 27 July through
Sept enber at flows of 3500-4000 cfs. If flows were not in this
range, an allowance was nade to correct all neasurements to the
wetted area at these flows. A few areas were napped during the
late winter and spring of 1983. A total of 20 percent (648,465
m) of the wetted area of the river at 4000 cfs was classified

suitable for kokanee spawning
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R ver Section M54

(Gol unbi a Falls to Muth of South Fork)
pages 4- 17
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River Section M5-3
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pages 19-38
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