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Abstract, — Kokanee (Grcorfivachus nerka) were introduced into Flathead Lake in 1916 and
developed both lakeshore and inlet tiver system spawning populations. River system spawning,
including that in the main siem of the Flathead River and in McDonald Creek, was a major source
of kokanes recruitiment in the 1960s and 1970s. Changes in the operation of Hungry Horse Dam
on the South Fork of the Flathead River in the early 1970s, coupled with angler harvest. resuited
in a rapid 90% decline of main-stem kokance spawning ¢scapement in the late 1970s. Strong
reiationships existed betwsen kokanee vear-class sirengih and river flow conditions during 1966+
1984 {r = —0.93). Hungry Horse Dam operations caused dewatering of kokanee spawning beds
and high winter incubation moriality. This resulted in a rapid decline of the spawning run. Man-
agement of flow levels in the Flathead River is critical 10 the recovery of the kokanee run. The
Mountana Department of Fish, Wildlife and Parks recommended a stable flow release of 3,500
4,500 f7/s during the fail spawning period, and a minimum fow of 3,500 %5 during the winter
incubation pericd to eliminate dewatering of spawning areas. Managing flows and angler harvest
in the system could result in recovery of the population to optimum levels by the late 199%0s,
Timing of the recovery could vary depending on natural fluctuations in kokanee survival raies
from egg io fry and fry 1o adult, and changes in the carrying capacity of Flathead Lake.

River 8 km upstream from Hs mouth in 1933,
aitered naiural flow and temperature regimes in
the South Fork and in the main stermn of the Flat-
head River downsiream to Flathead Lake. Ko-
kanec spawning runs increased in the Flathead
River after the construction of Hungry Horse Dam

Kokanee, the landiocked form of sockeye salm-
on {Oncorhynchus nerka), were introduced into
Flathead Lake in northwestern Montana in 1916
and developed both lakeshore and river inlet sys-
tem spawning populations (Alvord 1975}, A thriv-
ing sport fishery developed by the early 1930s in

Fiathead Lake and the species became the most
popular game fish in the drainage, supporting a
sumpmer trolling fishery in the lake and an intense
fall snag fishery in the Flathead River systemn, Ko-
kanee made up over 86% of the estimated annual
game fish harvest of approximately 600,000 in the
Flathead Lake and Flathead River system during
both 1975 and 1981 {(Hanzel 1977; Fredenberg
and Graham 1982; Graham and Fredenherg 1982).

Two hydroelectric developments have affected
kokanee in the Flathead Lake and tiver systern.
Kerr Dam, constructed at the outlet in 1938, reg-
ulates seasonal lake levels and has affected kokan-
ee spawning along the shoreline. Hungry Horse
I»am, completed on the South Fork of the Flathead

and, from the late 1930s through the mid-1970s,
farge runs of kokanee migrated upstream from
Flathead Lake to spawn in the river below the
mouth of the South Fork.

A rapid decline in the main-stem spawning run
became evident during the late 1970s, The decline
was thought 1o be related to changes in the oper-
ation of Hungry Horse Dam. Most of the kokanee
redds in the Flathead River were constructed in
shallow areas such as side channels and along the
margins of the river. In the early 1970s, operation
of the dam for fall power peaking resulted in daily
water ievel fluctuations of up to 2.0 m in the South
Fork and 1.4 m in the main stem. Seasonal ficod
control operations as well as peaking affected in-
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cubation mortality. Flows were high during the
fail spawning period and low during the winter
incubation period.

Eggs deposited during pertods of higher flows
were subsequently dewatered and exposed to
freezing. It is probable that incubation mortality
was the major factor in the decline of the main-
stermn kokanee spawning run. Other werkers have
documented the importance of incubation mor-
tality in controlling year-class strength of pink
salmon {(Oncorhynchus gorbuscha) and sockeve
salmon {VicMNeil 1968).

Major objectives of this study were to {1) de-
termine the effects of discharges from Hungry
Horse Dam on the kokanee populations spawning
in the Flathead River, and {2) recommend a flow
regime that would result in recovery of the pop-
ulation. The overall management goal of the Mon-
tana Department of Fish, Wildlife and Parks is to
provide a balance of size and numbers of kokance
for angling and spawning escapement while main-
taining a diversity of spawning areas. The pro-
duction goal for the Flathead River is approxi-
mately 330,000 spawners averaging 320-330 mm
m iength.

Study Area

The Flathead Lake and Flathead River drainage
i5 the northeastern-most drainage in the Columbia
River basin (Figure 1). Flathead Lake is a large
oligomesotrophic lake with a surface area of 476
km? and a mean depth of 32.5 m (Potter 1978).
The upper 3 m of Flathead Lake is regulated by
Kerr Dam. The lower 33 km of the Flathead River
inlet also is affected by Kerr Dam and is slough-
hke with a silt bottom. The remainder of the river
{55 km) to its forks has a moderate gradient and
gravel-rubbie bottom. The South, Middie and
North forks drain areas of approximately equal
size in portions of the Great Bear and Bob Mar-
shall wildernesses, Glacier National Park, and the
Flathead National Forest.

Kokanee spawn in the lower portion of the South
Fork of the Flathead River, the Flathead River for
32 km downstream from the South Fork, the
Whitefish River, and along the shoreline of Flat-
head Lake, Spawning in the lower portion of the
drainage generally takes place from mid-October
1o mid-December.

Kokanee also spawn in the Middle Fork of the
Flathead River, as well as McPDonald, Beaver, and
Deerlick ¢creeks, which are tributaries to the Mid-
dle Fork. Kokanee generally spawn in these upper
drainage areas from mid-September through No-
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FiGure 1. —Location of Flathead Lake, Montana, and
of the upper Flathead River and its tributaries.

vember, and there is some interchange among fish
spawning early and later. McDonald Creek is 100
stream kilometers above Flathead Lake and is the
largest tributary to the Middle Fork, The 4 km of
stream below McDonald Lake has been a major
spawning area for kokanee since the 1930s. A large
concentration of migrating bald eagles (Haliaeetus
leucocephalus) feeds on kokanee in this portion of
McDonald Creek, located entirely within Glacier
National Park (McCielland et al. 1982). The tem-
perature and discharge of this stream are moder-
ated by McDonald Lake and the bottom material
consists of loosely compacted gravel and cobble.

Beaver and Deerlick creeks are spring-fed trib-
ataries upstream from McDonald Creck with
nearly constant flows and waler temperatures and
loasely compacted gravel substrates, Spawning ko-
kanee have used these tributaries since the mid-
1960s. Few kokanee spawn in the North Fork of
the Flathead River.

Recent Status of the Population

Kokanee spawner escapement trends were es-
timated by counting redds in most areas of the
river system and by determining spawner-redd
ratios in confined areas of the river system. Es-
capement of spawners was estimated by multiply-
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TagsLe 1.—Estimated numbers of postharvest kokanee spawners (rounded to the nearest 100) in the Flathead
River and lake system, 1979-1984, The percent contribution for each area is in parentheses.

Estimated number of spawners

Spawning arca 1979 1280 1981 1982 1983 1984 Mean
McDonald Creck 65,000 49,500 103,300 31,006 34,300 86,300 61.600
91 {963 {78) T4y (56.3) {73.3) {74.4)

Main stem 6,500 1,300 19,000 3,760 16,300 17,700 10.800
Flathead River ©) 2.1 (14.3) (8.8 26.7) (15.0) a3
Whitefish River 1,000 1,000 1,860 1.300 2,400 1,300
{19 (G.8) (4.3} (2.1} (2.0 (1.8}

South Fork 00 500 5,20 7,500 3,500
Flathead River {0.3) (1.2) (8.3) (6.3) {42}
Beaver-Deerlick { 1,800 a0 2 0 400
creeks {12} [y} (=01 0.5}
Middie Fork 5,500 1,800 1,360 400 2,300
Flathead River {4.13 4.3) (2.1} (0.3 2.7)
Flathead 1,400 2,500 1,700 2,400 2,006
lakeshore® IR {0} 3 2.0 (2.4)
Swan River 500 B0 1,300 500
1.2} (£.3) (1.1} (1.0y

Total 71,800 51600 132,900 41,900 50,902 HIB.200 82,900

2 From Decker-Hess and Clancey (1984}

ing redds counied by 2.4. Escapement could be
underestimated for areas where redd superimpo-
sition takes place. Kokanee escapement in Me-
Donald Creek was estimated by direct counts of
fish (snorkeling).

Trring a 6-year period (1979-1984}, only 13%
of the total drainage spawning cocurred in the main
stem Flathead River {Table 1) McDonald Creek
has been the major spawning area. The South and
»iddle forks of the Flathead River, the Whitefish
River, the Beaver and Deerlick creeks, and the
Flathead Lake shoreline each supported iess than
5% of the spawning escapement.

The Flathead River spawning run declined dra-
matically during the late 1970s. The postharvest
population of main-stern spawners fell from an
estimated level of over 150,000 fish in 1975 {con-
sidered an average vear prior 1o the deciine) to an
average of only 10,800 during 1979-1984. As a
resuit, the McBonald Creck spawning run aver-
aged 73% of the fotal spawning escapement during
the same period.

From the late 1950s through the mid-1970s, the
Flathead River kokanee spawnaing run probably
was equal to or greater than the McDonald Creek
run in terms of total escapement from Flathead
Lake {Fraley and Graham 1982). Hanzel {1964)
reported that the main-stem spawning run was
larger than the McDonaid Creek run during the
early 1960s.

These popalation changes were reflected in the

fall kokanee spag fishery in the river sysiem. An-
gling pressure during the mid-1970s was concen-
srated on the run ol fish that spawned in the main
stem below the South Fork during October, No-
vember, and garly December (Hanzel 1977). With
the decline of the Flathead River run, angler effort
and harvest shifted almost entirely to the eartier
runs of fish bound for McDonald Creek and the
Middle Fork during September. During the 1975
fishery, 88% of the total kokanee harvest from the
river system was from the later main-stem run.
During 1981, 1982, and 1983, only 12, 2, and 16%
of the kokanee harvest in the river sysiem was
from the later main-stem run. Kokanee harvest in
the latter 3 vears was concenirated on the carlier
spawmning run bound for McDonald Creek and the
Middle Fork.

Year-Class Strength and Flow Conditions

Historical relationships between year-class
strength of kokanee spawners and flow conditions
indicated kokanee spawning in the Flathead River
was affected directly by the operation of Hungry
Horse Dam. Most kokanee redds are located in
the shallows and are subject to dewatering from
only a small drop in water levels,

Historical flow conditions were determined by
the differences in average river gauge heighi be-
tween the main kokanee spawning period {No-
vember) and the incubation period (December—
March). Positive differences were deemed favor-
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able for kokanee egg survival whereas negative
differences indicated dewatering of spawning beds
and conditions unfavorable for egg survival

Total length of fernale kokanee spawners was
used as the measure of year-class strength in the
Flathead system. Females were collected at spawn-
ing areas throughout the river system and aleng
the lakeshore. 3t was assumed that growth was
inversely related to population size. Many workers
have reported that growth of juvenile anadromous
and landlocked sockeye salmon was density-
dependent (Foerster 1944, 1968; Bjoran 1957,
Johnson 1965; Rogers 1973; Goodlad et al. 1974).
Total length has been used as the measure of year-
class strength in Pend Oreille and Priest lakes in
Idaho (Rieman and Bowler 1980).

Growth of kokanee also can be affected by in-
teractions between and within year classes (Ward
and Larkin 1964), accentuated by the close asso-
ciation of the species in schools. We assumed that
age-0 fish interact both with others in their cohort
and with age-1 fish, but not with oider fish. Age-0
and age-1 fish appear to occupy different habitais
than do older kokanee, based on purse seining in
the lake. In subsequent vecars, interactions take
place within cohorts and between a cohort and
adjacent year classes. Most of the kokanee in Flat-
head Lake mature and spawn after four growing
seasons (age II+), then die. In summary, an age-
class interacts with the previous age-class for 3
years, 4 years within its cohort, and 3 years with
the following year class (McMullin and Grabam
1981).

To account for these interactions, a 3-year
weighted moving average was used to calculate
gauge height differences (GFHD) between spawning
and incubation periods. Femate kokanee lengths
for each spawning vear from 1966 to 1584 were
correlated against the weighted mean gauge height
differences for the years in which they had hatched,
For example, the iength of 1983 spawners was
correlated against (3 x 1978 GHD + 4 x 1979
GHD + 3 = 1980 GHD)/10. Our analysis of the
data began with the 1962 water year because, prior
to that time, kokanee populations were increasing
rapidly and did not stabilize during the first several
generations of fish produced after the completion
of Hungry Horse Dam in 1953,

It was assumed that the Flathead River con-
tributed = substantial portion of the total recruit-
ment to Flathead Lake during the 1960s and 1970s.
We assumed that strong year classes of kokanee
in Flathead Lake (as indicated by smaller lengths
of spawners) were produced when river flow con-
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ditions were favorable; weaker year classes re-
sulted when river fows were unfavorable. Re-
cruitment from McDonald Creek and the upper
drainage also was substantial but almost constant
due to spawning gravel himitations. Annual esti-
mates of fry emigrating from McDonald Creek
were similar between 1982 and 1984, despite a
3-foid difference in spawner numbers {Fraley 1584},
Recruitment from the lower drainage areas, such
as the Whitefish River and Flathead River spring
arcas, probably was relatively constant as well, but
Fiathead Lake spawning probably declined daring
the period {(Decker-Hess and Clancey 1984).

For the purpose of this analysis, we assumed
that kokanee harvest in Flathead Lake has been
relatively constant during the 1966-1984 period.
Creel surveys conducted during the summer fish-
ery in 1962 and 1981 resulted in kokanee harvest
estimates of 317,000 and 340,000, respectively.

Results of the Analysis

K okanee spawner length was strongly correlated
with the weighted gauge height difference between
spawning and incubation periods for the vears 1966
through 1984 (r = —0.93; P = 0.99: Figure 2). A
large proportion (87%) of the variation in spawner
length could be atiributed to differences in gauge
heights at spawning and incubation pericds in the
Fiathead River, if our assumptions are valid. Flat-
head Lake levels also have affected kokanee year-
class strength from 1966 to 1984 {Decker-Hess
and Clancey 1984). The addition of a variable
describing the number of days of lake elevation
less than 2,883 ft above mean sea level during the
incubation period each year was added to the anal-
ysis. This lake level was chosen because most ko-
kanee redds built above minimum pool would be
dewatered below 2,885 f&. The addition of the vari-
able raised the R? of the gauge height model from
0.87 t0 0.93.

The close fit of the relationships indicate that
optimum vield of kokanee numbers and size in
the Flathead system could be produced through
management of reservoir operations and the har-
vest. Angler harvest also probably contributed to
the decline in the main-stem kokanee numbers
and will have to be controlled to allow population
TECOVETY.

Unexplained variation in kokanee year-class
strength may be related to other factors affecting
incubation success (Wickett 1962}, growth of ko-
kanee in the lake (Goodlad et al. 1974), or differ-
ential recruitment 1o the lake population from oth-
er spawning areas (Killick and Clemens 1963).
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Frsure 2.—Relationship between total length of female kokanee spawners and 3-year averages in gauge height
difference (GHID in feet) for the years that produced the respective spawner cohorts, 1966-1984,

Age composition of the river sysiem kokanee
run does not appear to have affecied spawner
lengths from 1970 to 1983, During the 1981-1983
period, kokanee spawner lengths were the largest
recorded, yet only 6-14% of the run was composed
of older (age IV+) fish. The age composition of
kokance spawners in the river systemn spawning
population averaged approximately 80% age 111+
fish and 20% age-1V+ fish from 1970 to 1984
(Hanzel 1984). A small number of age-1I+ fish
spawn cach year.

Flow Recommendations for
Population Recovery

The goal for management of the Flathead drain-
age kokanee fishery is 2 balance between the num-
ber and size of fish (adult spawner length of ap-
proximately 320 mm). This goal would provide a
main-stem spawning run similar to that of 1975
when an estimated 165,000 fish spawned in the
Flathead River and about the same number were
harvested before spawning, Recovery of the river
spawning run will enhance recruitment to the Flat-
head Lake fishery and also provide a dependable

fishery for adult kokanee in the river. Also in-
cluded in the management goal is the maintenance
of present levels of spawning escapement in other
segments of the river systern (McBDonald, Beaver,
and Deerlick crecks and the Whitefish River} 1o
ensure a diversity of spawning areas and stability
of the spawning population.

Management of seasonal and daily flow levels
in the Flathead River below the Scuth Fork is
critical to the recovery of the kokanee population.
A flow regime in the main stem that would en-
hance kokanee reproduction was recommended to
the Northwest Power Planning Council and U.S.
Bureau of Reclamation in 1981, and adopted by
the council in 1982 as part of the Columbia River
Basin Fish and Wildlife Program (Northwest Pow-
er Planning Council 1984). The flow recommen-
dations included a stable discharge of 3,500-4,500
ft3/s for kokanee spawning from 15 October
through 15 December, and a minimum flow of
3,500 fi?/s for egg incubation, alevin development,
and fry emergence from 15 December through 30
June. The recommended fows during the spawn-
ing period allow some flexibility in operations (be-

TastLE 2. — Percent egg-to-fry survival of kokanee and sockeye salmon in various waters.

Area Species Survival (%) Source

Flathead River system

1682 Kokanee 21 This study

1983 Kokanee 35 Fhis study
Sullivan Springs, fdaho Kokanee 7 Teppson (1960
Odeli iake, Oregon Kokanee 20 Lewis (1974)
Cedar River, Washington Seckeye -8 Stober and Hamalainen (1980)
Sashin Creek, Alaska Sockeye 1§19 Mead and Woodali (1968)
Average, several areas Sackeye i Foerster (1986)
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tween 3,500 and 4,500 ft7/5), vet prevent kokanee
from building redds in shallow areas that would
be subject to subsequent dewatering. Kokanee
construct redds and deposit eggs during the day-
fight hours and the flows should be maintaired 24
n/d. The recommended flows will eliminate most
incubation mortality due to dewatering and should
result in the recovery of the main-stem run to
levels observed prior 1o the late 1970s. Specific
managemment goals for the Flathead Lake shoreline
spawning population and operation recommen-
dations for Kerr Dam are vet to be determined.

Population Recovery Model
Model Development

Recovery of the Flathead River kokanee pop-
plation was projected based on an average egg-1o-
fry survival rate of 20%. This survival was deter-
mined to be 21% during 1983 and 35% during
1984 for the Flathead River drainage spawning
areas, by use of drift-neiting techniques to capture
kokanee fry. Values reported for kokanee and
sockeye salmon in other areas of North America
range from 7 to 20% {Table 2). Egg-to-fry survival
rates are expected to fluctuate during the recovery
period, but 20% appeared to be a reasonable av-
erage. A 2% survival from fry to returning adult
was determined by observations in McDonald
Creek, where the data indicated an adult return in
1981 of 1.7% of the estimated fry numbers pro-
duced by the 1977 year class.

At the assumed survival rates, a doubling of the
kokanee population would take place in each suc-
cessive 4-year period. The number of kokanee
spawners returning each year from 1984 to 2033
was projected by a computer simulation that start-
ed from the kokanee escapement of 1979-1983
and assumed 1,000 eggs/female, a 1:1 sex ratio, a
20% egg-to-fry survival, a 2.0% survival of fry to
returning aduli, and a 4:1 ratio of age-HI+ and
age-IV+ spawners. Recovery also was projected
for various other rates of egg-to-fry and fry-to-
adult for comparison purposes. Several hypothet-
jcal harvest rates, ranging from 0 to 50%, were
used in the analysis. Larkin (1971) used a similar
simulation model to project sockeye salmon pop-
uiations in the Adams River, British Columbia.

Timing of the Population Recovery

The timing of the recovery of the main-stem
kokanee population could vary substantially, de-
pending on the level of natural reproductive suc-
cess and the survival of each vear class of fish in
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FiGUrE 3.—Projected growth of the main-stem Flat-
head River kokanee spawning popuiation for a constant
20% egg-to-fry survival and a 1, 2, or 3% fry-to-adult
survival (no angler harvest), An escapement of 50,000
spawners is the smallest that could sustain a fishery.

Flathead Lake (Figure 3). Changes in the carrying
capacity of Flathead Lake also would affect ko-
kanee population recovery. Recovery of the pop-
ulation from its present depressed level could not
occur at a fry-to-adult return rate of 1.0% and an
assumed 20% epg-to-fry survival. At a 2.0% fry-
to-adult return rate and no river harvest, a fishable
main-stem population would be reached by 1993
and more than 150,000 spawners would return
annually by 1997, The maximum assigned level
of 330,000 spawners would be reached by the year
2003. A survival rate of 3.0% could result in a
fishable population by 1989 and maximum re-
turns by 1997,

Due to the present low density of spawners, re-
productive success in the early years of the recov-
ery could be substantially greater than expected.
The 1984 main-stem kokanee run of 17,7060
spawners was eight times greater than would be
expected from a doubling of the 1980 parental run.
However, straying from the McDonald Creek run,
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increased incubation success due to low spawner
density, and recent lower harvest rates in Fiathead
Lake probably contributed to the larger than ex-
pected numbers. Spawning by younger fish (age-
I+ spawners) from the 19835 year class also in-
creased spawner escapement.

(uadrennial or cyclic dominance in kokanec
and sockeve populations may aiso be a factor in

Tasre 3, —Hypothetical harvest management plan for
the main stem Flathead River kekance run.

rajected
preharvest Mean Mean
population harvest number of
level fnumber Estimated rate kokanee
of fish) titne poriod (%) harvested
030,000 19841992 o a
36,000-100,000 19631994 14 11,473
100,000-200,000 1997-2001 24 34,093
200,000-300,000 20022008 39 95,749
= 300,000 200%-2033 50 162,235

2 A restricted lure fishery resulted in a harvest of less than 10%.
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Fioure 5.—Projected growih of the main-stem Flat-
head River kckanee spawning run for constant 20% egg-
to-fry and 2% fry-to-adult survival rates, and a harvest
rate that shifts between 10 and 30% as the number of
spawners ranges from 50,000 to 330,600

vear-class strength variation (Kiflick and Clemens
1963). A larger data base is needed before any
conclusions can be made about cyclic dominance
ir: the Flathead svstern. Ward and Larkin (1964)
and Larkin (1971} presented conclusive evidence
of variations inx year-class strength resulting from
quadrennial dominance in sockeye populations of
the Adams River.

Management of Harvest Rates

A spawning run of 50,000 kokanee in the main
stem was estimated as the minimum population
that could support a harvest without impairment
of the population’s recovery rate, The main-stem
Flathead River spawning run should be safely
above the 50,000 fish level by 1993, The rate at
which the main-stern population is harvested from
that point would greatly affect the future rate of
population growth and recovery (Figure 4). A de-
sirable harvest rate for management of the main-
stemn kokanee population would be one that could
be adjusted based on the number of spawners that
return each vear. This shifting harvest rate could
begin at 10% of the spawning run when the min-
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imum escapement of 30,000 fish is reached and
be increased to 30% at the presumed maximum
poputation level of 330,000 spawners (Figure 3;
Table 3). With this shifting harvest rate, the main-
stem population would increase to over 200,000
spawners after four or five generations and to over
300,000 spawners by the year 2007, This harvest
sirategy would allow for a reasonable balance be-
tween population recovery and angler harvest.
However, this analysis assumes a fixed harvesirate
for the fishery in Flathead Lake.

The river snag fishery with a 35-fish limit was
converted to a lure fishery with a limit of 10 fish
during 1983 and 1984, The purpose of those reg-
ulation changes was to reduce the harvest rate
below 10% as outlined in the hypothetical har-
vest management strategy. An estimated 1,022
kokanee were harvested in 1983 from an estimated
main-stem preharvest population of 17,301, fora
harvest rate of 6% in 1983, The lure fishery reg-
ulations were effective in reducing harvest rates in
the Flathead River run from the traditional 40-
50% experienced during the snag fishery.

The lure fishery was closed after a harvest of
12,000 spawners was reached in 1984, It was as-
sumed that most of this harvest came from the
garly upper river runs because the season was closed
in mid-September before many main-stem spawn-
ars had entered the fishing area. The lure fishery
will remain in effect until the population recovers
1o the level where it can again support the 40-50%
harvest rates of the past.
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Hanzel, Scott Rumsey, Bob Domrose, and Gary
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