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EXECUTIVE SUMMARY

Studi es of kokanee reproductive success in the Plathead system
from 1981 to 1987 have assessed the losses in fish production
attributable to hydroel ectric operations. Ve estimated that the
FI at head Lake shoreline spawning stock has |ost at |east 50, 000
fish annually, since Kerr Dam vas conpleted in 1938. The Fl athead
Ri ver spavning stock has |ost 95,000 spavners annually because of
the operations of Hungry Horse Dam

Lakeshore spavning has been adversely affected because
Fl at head Lake has been drafted to mninmm pool during the vinter
when kokanee eggs are incubating in shallov shoreline redds. Egg
nortality from exposure and desiccation of kokanee redds has
increased since the md 1970's. vhen the |ake vas drafted nore
qui ckly and held longer at minimm pool. Escapenent surveys in
the early 1950's, and a creel survey in the early 1960's have
provided a baseline to vhich the present escapenent |evels can be
conpared, and |oss estimted

Mai n stem Fl athead River spavning has al so declined since the
md 1970's vhen fluctuating discharge from Hungry Horse Dam during
the spavning and incubation season exposed redds at the river
margin and increased nortality. This decline folloved an increase
in main stemspavning in the late 1950's through the md 1960's
attributable to higher vinter water tenperature and relatively
stabl e discharge from Hungry Horse Dam Spawni ng escapenent in
the main stem exceeded 300, 000 kokanee in the early 1970's as a
result. Spawning in spring-influenced sites has conprised 35
percent of the main stem escapenment from 1979 to 1986. W took
that proportion of the early 1970's escapenent (105,000) as the
baseline against which to neasure historic |oss.

Agricul tural and suburban devel opment has contributed |ess
significantly to degradati on of kokanee spavning habitat in the
river systemand on the Flathead Lake shoreline. Their influence
on groundwater quality and substrate conposition has limted
reproductive success in fev sites.

Studies of the effects of hydroelectric operations on the
reproductive success of kokanee in the Flathead system have been
ongoing since 1980. Results of these studies have been published
in a series of annual progress reports which are detailed in
Appendi x G The reports sunmmari ze spawning site inventories and
spavni ng escapenment, egg and alevin nortality rates and the
mechani sns by vhich water |evel fluctuations influence nortality,
creel surveys, and investigation of the popul ation dynanics of
Fl at head kokanee. The Region 1 offices of the Mntana Department
of Fish, Vildlife and Parks (P.O Box 67, Kalispell, MI 59903)
distribute this material to the scientific community and the
general public.



Until recently, it vas considered feasible to recover |osses
to the Flathead kokanee fishery by enhancing and diversifying
natural reproduction. But the establishment of opossum shrinp (M
relicta) in Flathead Lake has reduced the availability of
zoopl ankton forage in the spring and summer, and may reduce the
viability of juvenile kokanee. In 1986. research was redirected
to quantify this conpetitive interaction and to investigate
artificial neans of enhancing the kokanee fishery.

The average density of nysid shrinp in Flathead Lake has
increased to 108/m? in 1987, and at some |ocations density exceeds
500/ . Mysid grazing pressure has delayed the pulse of
zoopl ankt on production in the spring and reduced zoopl ankton
standing crop in the summer. O adocerans such as Daphnia thorata,
the preferred food of kokanee of all ages, are the nost markedly
affected species. The peak density of D. thorata in the sunmer
has declined from4.8/liter in 1983 to O9/liter in 1987.

Grovth rates of underyearling and yearling kokanee have
declined, apparently as a result of the reduction in their food
suppl y. Spawni ng escapenent has al so declined, falling from
150,000 in 1985. to 25,000 in 1986, to 600 in 1987. Fry-to-adult
survival has declined from 2.5 percent to near zero. The causes
of high nortality, and which age-classes are npbst susceptible, are
not conpl etely understood, but the observed decline in juvenile
growth rate inplicates nysid-induced change in the trophic ecol ogy
of Flathead Lake.

These biol ogical changes in the Flathead system wi 11 delay the
formul ation of a recovery plan for kokanee. Three scenarios
represent the possible alternatives for such a plan. If nysid-
i nduced changes in kokanee survival do not persist, or are limted
in scope, we can proceed vith enhancenent of natural kokanee
reproduction. This alternative includes protection of main stem
spavning vith stable fall and vinter discharge from Hungry Horse
Dam and enhancing spavning in other tributaries. If the increase
in wild fry nortality is limted, main stemflow can be tailored
to optimze production from w ld escapenent and the kokanee
fishery can be supplenented with hatchery-produced fry. If the
kokanee fishery is not viable over the long term the enphasis for
management w 11 shift to other species, including [ake trout, bull
trout, and vestslope cutthroat trout. In lieu, mtigation could
be appropriate should this alternative be followed.

Xi



INTRODUCTION
Proj ect Background

Kokanee (Oncorhhynchus necka) were introduced into Flathead
Lake in 1916. Fi shery records indicate that the species was
established by the early 1930's. Until the early 1980's, kokanee
supported a summer troll fishery, a fall snag fishery during the
spawning run. and a winter troll or ice fishery. Kokanee have
conprised over 90 percent of the total sport harvest in Flathead
Lake and in the Flathead River (G aham and Fredenberg 1982, Hanzel

1986). The | akeshore snag fishing harvest was estimated to be
over 100 tons (about 200.000 fish) in the early 1930's (Alvord
1975). Historical references shov that this popular |akeshore

fishery persisted through the 1960's (Robbins and Vorlund 1966).
but has since declined to the point where | akeshore spawners
represent only two to four percent of the total spavning run.

From the mid 1930's until 1955. hatchery-produced kokanee fry
were planted to enhance kokanee spawning in Flathead Lake. Most
of this supplenentation came fromthe Soners Hatchery, vhere
kokanee production began in the md 1930's. Another hatchery vas
operated at Station Creek, at the southeast end of Flathead Lake
in 1920. Kokanee fry vere raised there until 1959. Eggs were
taken at several |akeshore spawning sites, in Swan River, at Lake
Mary Ronan, at MDonald Creek (a tributary of the Mddle Fork in
A acier National Park), and fromthe main stemriver to supply
t hese hatcheri es. Between one and three nmllion fry were planted
along the Flathead Lake shoreline between 1935 and 1955 (Table 1).
Two million fry were planted into the lake in 1961, 1962, 1965,
1967, and 1969. After 1970, 200,000 fry were released at the
hatchery, principally to maintain a spavnhing run into Hatchery Bay
for egg collection.

Kokanee spawn in shallow water, along |akeshores and in
streams, thereby leaving their eggs susceptible to desiccation and
freezing when either |ake level or streanflow fluctuates. Decline
in the fall fishery for kokanee spawners along the Flathead
| akeshore in the md 1960's (Decker-Hess and McMullin 1983) was
linked circunstantially to declining reproductive success in
shorel ine spawning areas. Spawning runs in the Flathead R ver
also declined in the late 1970's. Hydroelectric operations at Kerr
Dam which regul ated the dravdovn of Flathead Lake in the fall and
winter. and at Hungry Horse Dam which influenced main stem
Fl athead River discharge during the spawning and incubation
season, were linked, at least circunstantially, to the decline in
the kokanee fishery (G aham et al. 1979).

Study of the effects of hydroelectric dam operations on
kokanee reproductive success in the Flathead Lake/River system
began in 1979 under Bureau of Reclamation funding, and continued
in 1981 under Bonneville Power Administration funding by Northwest
Power Pl anning and Conservation Act nandate. The goal of studies



Table 1. Kokanee egg collection and plants of hatchery-reared
kokanee fry in Flathead Lake, 1935 - 1987.

Egg Coll ection (millions)

Fl at head Fl at head Svan Fry Plants

Year Ri ver Lake Lake O her (mllions)
1935 1.44
1936 3. 955 2.85
1937 6.662 3.17
1938 4,781 2.63
1939 4.622 2.43
1940 3.988 2.29
1941 4.539 2.61
1942 1. 044 1.45
1943 1. 867 1.00
1944 2.236 1.30
1945 3.301 1.06
1946 3.519 1.65
1947 2.019 1.44
1948 3.590 1.33
1949 3. 547 2. 46
1950 4. 287 2.71
1951 1.201 8. 209 2.04
1952 3.414 1.69
1953 0. 557 7.468 0.97
1954 0. 355 9.296 0.168 1.21
1955 0.391 1.889 0.320 1.12
1956 0.018 11. 158 0. 258 0.885 1.15
1957 9.634 0. 548 1.65
1958 7.372 0. 755 0.21
1959 1.021 2.041 1.582

1960 0.134 6. 187 1.081

1961 1.382 0.992 0. 249 2.013 0.19
1962 0. 867 2.930 0.090 3.742 2.12
1963 5. 406 2.026 0. 502 0.729 2.07
1964 2.384 2.411 0.038 1.143 0.07
1965 2.823 4,975 0. 048 2.00
1966 2.299 7.934 0.129

1967 5. 648 1.598 0.702 2.03
1968 2.936 4,173 0.839 0.01
1969 2. 966 2.539 1. 347 2.02
1970 5.279 0. 966 1.192

1971 1.295 1. 717 1.760

1972 0.780 1.210 0.105 1. 666 0.11
1973 0. 058 2.292 1. 468 0.10
1974 0.023 0.947 0. 597 1. 609 0.11
1975 0.134 1. 685 0. 083 0.596 0.09
1976 1.184 0.361 0.773 0.08
1977 0.093 2.032 0. 569 0. 093 0.09
1978 1.791 0. 265 0.818 0.10
1979 0. 066 2.174 0.15
1980 0.471 0.785 0.10
1981 0.263 0.422 0.293 0. 805 0.10
1982 0. 493 0.522 0.15
1983 0. 049 0. 045 0. 437 2.024 0.10
1984 0.909 0.301 1.528 0. 60
1985 2.211 2.937 0.18
1986 0. 025 2.499 0.10
1987 0.032 2. 056 0.90




has been to identify and quantify inpacts on kokanee reproductive
success related to hydropower operations, and to devel op nmeans of
mtigating those |osses.

(bj ecti ves

Study of the effects of hydroelectric operations at Kerr and
Hungry Horse dans on the reproductive success of kokanee in the
Fl at head River systemand in Flathead Lake has been designed to
address the follow ng objectives:

1. Determine the relative contributions of nmjor river
system spawning areas to the total kokanee popul ation.

2. Determine the production potential of the Flathead Lake
shoreline for kokanee sal non.

3. Determine the inpacts of the historical and present
operation of Kerr and Hungry Horse dans, and the
i nfl uence of other environnmental factors, on kokanee
reproductive success at shoreline spawning areas on
Fl at head Lake.

4, Identify the timing and destination of successive runs of
kokanee spawners in the Flathead River, neasure the sport
harvest, and determne if timng is affected by
di scharges from Hungry Horse Dam

5. Quantify the effect of controlled flows on the
di stribution and reproductive success of kokanee in the
regul ated portion of the Flathead River.

6. Devel op a stock-recruitment relationship for kokanee in
the Flathead system

1. Devel op a recovery plan for kokanee spawning on the
shoreline of Flathead Lake.

The establishment of the opossum shrinp (Mysis relicta) in
Fl at head Lake has effected dramati c changes on the trophic ecol ogy
of the fish and zoopl ankton communiti es. Since the spring of
1986. the BRA-funded studies have been partially redirected to
investigate the interactions of kokanee and nysid shrinp, predict
changes in the kokanee fishery that might result, and to devel op
means, if possible, of pursuing mitigation for hydropower-related
losses in the context of nysid-related changes in trophic ecol ogy.
In 1986 three additional objectives were drafted.

8. Measure changes in the zooplankton community, upon which
kokanee feed, related to the increase in nysid shrinp
abundance.



9. Measure change in the growth and survival of juvenile
kokanee associated with their conpetitive interaction
with nysid shrinp

10. Test the feasibility of planting hatchery-reared kokanee
fry in supplenenting the Flathead kokanee fishery.

This report concludes the studi es on kokanee reproductive
success in the Flathead River and in Flathead Lake. It identifies
the spawning areas that are susceptible to fluctuating water
levels and river flovs, and the life stages that suffer resulting
nortality. Decline in spavning escapenent in the river system
and on the | akeshore is quantified in |loss statenents. Annua
progress reports detail the research on Flathead River and
FI at head Lake kokanee stocks that has been conducted by NDFVP
since 1980 (Appendix B). These reports summarize spawning site
i nventories and spawni ng escapenments, and docunent the nortality
rates of eggs and al evins exposed to fluctuating vater |evels.
The groundwater hydrology of the Flathead Lake shore aquifer was
described, and the effects of groundwater discharge on egg
survival investigated, in a subcontract study conducted by Geol ogy
Departnent staff at the University of Mntana (Wessner and Brick
1984 and 1985). Hi storic fluctuation of the Flathead kokanee
popul ation was studied in an effort to forecast the results of the
proposed recovery effort (Fraley and McMillin 1983). VDFWP
proposed, and the Bureau of Reclamation inplemented, a nmore stable
fall discharge regime at Hungry Horse Dam  Enhanced kokanee egg
survival resulted at spavning areas on the nmain stem Fl at head
River (Oancey and Fraley 1985). These reports are available for
scientific and public reference from MDFWP (Region 1. P.O Box 67
Kal i spell, MI 59903).

Devel opment of nmitigation alternatives has required that
changes in the trophic ecology of Flathead Lake, related to the
establ i shnent of Mysis relicta, be investigated. The nethods.
results, and conclusions of this research are presented as a
background to fornulating the mtigation alternatives.

Three mtigation plans are outlined to neet the various
scenari os that could result from kokanee/nysis shrinp interaction
in Fl at head Lake. As the outcone of this interaction, still in
its early stages, cannot be predicted yet, flexibility in the
mtigation plan is necessary.



SYNOPSI S OF | MPACTS ON THE FLATHEAD KCKANKEE FI SHERY:
Fl athead River System

Located 8 km upstream of the mouth of the South Fork, Hungry
Horse Dam is operated by the Bureau of Reclamation. Construction
of the dam began in 1948 and vas conpleted in 1952. The dam
created a reservoir 66 kmlong, storing 3.461 mllion acre-feet of
vater. The damis operated to provide flood control and electric
energy, in cooperation vith 19 dams on the Col unbia River system
Hungry Horse Reservoir holds approxinmately 40 percent of the tota
storage of the Colunbia system At present four turbines generate
328 negavatts of electric pover. The penstocks are located 75 m
bel ov the crest of the dam

Hypol i mi al di scharge from Hungry Horse Reservoir has |owered
the summer vater tenperature and raised the vinter vater
tenmperature in the Flathead River belov the dam (Fral ey and G aham
1982). Kokanee spavning runs vere established in the river system
bef ore Hungry Horse Dam vas constructed. A | arge nunber of
spavni ng kokanee vere observed belov the dam in Septenber, 1951
(Stefanich 1953). \Warmer fall vater tenperature and relatively
stable flovs, from 1955 to 1966, increased the reproductive
success of kokanee spavning in the nain stem and the South Fork
Stronger spavning escapenents devel oped in the main stem Fl at head
River. The strong main stemspavning run in 1975, estimated to
exceed 300.000 fish (Hanzel 1976). resulted from favorable flov
and high egg survival in 1971.

Begi nning in 1967, peaking pover generation at Hungry Horse
Dam resulted in fluctuating flovs dovnstream whi ch adversely
affected the reproductive success of kokanee. In five of the
ei ght years betveen 1967 and 1975, the average mmin stemriver
flov during the incubation season (Decenber 15 to March 31) was
| ess than the average flov during the spavning season (Cctober 15
to Decenber 15). This peaking pover operational reginme resulted in
high egg nortality in the South Fork and main stem Fl athead River.
In 1975, 1976, and 1978-1980, river discharge fluctuated nore
videly. and the inpacts on kokanee reproduction vere nore severe
(Figure 1). Alarge proportion of redds built at the nargins of
the river in shallow water during high flov were subsequently
exposed vhen flov declined during the incubation period.
Desiccation and freezing subject kokanee eggs to very high
nortality in these exposed redds (Fraley and G aham 1982, Fraley
and Decker - Hess 1986). Spavner year class strength was shown to
be highly dependent on the fall and winter operational regine of
Hungry Horse Dam

Through the Nort hwest Power Pl anning Council, the Mntana
Departnent of Fish, WIldlife and Parks (MDFWP) recomrended t hat
flovs in the main stem be held betveen 3.500 and 4.500 cfs during
the spavning period (Cctober 15 to Decenber 15). and that a
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Figure 1. The difference in average flow in the nain stem Fl at head
River between the spawni ng season and the incubation season
for kokanee eggs. Gauge hei ght neasures flowin the river,
and so average gauge height differ-nmm (GHD) expresses the
seasonal change in flow



m ni mum flow of 3,500 cfs be maintained through the incubation
period and the rest of the year. These flov reconmendations were
made to protect the invertebrate food supply and habitat required
by all gane fish species in the river, and to redress the adverse
effects of peak pover generation on kokanee reproduction. These
fl ows have been inplenmented by the Bureau of Reclamation since
1982. Their effectiveness in linmting kokanee egg and al evin
nortality in the main stem Flathead River has been denonstrated by
subsequent research (d ancey and Fral ey 1986). In 1984 pre-
enmergent survival in the main stem vas 87 percent, approaching
that found in MDonald Creek, a tributary of the Mddle Fork where
flow is not affected by discharge from Hungry Horse Dam

Stabilization of the discharge from Hungry Horse Dam was
i npl enented in 1982 to reduce |osses in kokanee reproductive
success in the Flathead River. It vas thought that the increased
fry production from the river would inprove recruitnment. and
contribute toward realization of MDFVP' s managenent goals for
kokanee in the Flathead system After escapenent to the river
system increased from 1983 to 1985 one recovery scenario suggested
that the nmain stem spavning run could increase to 150,000 fish by
the late 1990's (Fraley et al. 1986)

Loss of Main Stem Spawni ng

We considered both the positive and negative effects of Hungry
Horse Dam operations in ascribing |losses incurred by river
spawni ng kokanee. There are no quantitative surveys of kokanee
spawning in the main stem Fl athead or South Fork before Hungry
Horse Damwas built. As mentioned above (Stefanich 1953 and
1954). we know only that substantial runs existed. W believe
that dam operations from the 1954 to 1967 were generally favorable
to kokanee reproduction, and that escapenents increased during
that period. Losses caused by the operations of Hungry Horse Dam
are limted to the difference betveen main stem escapenents before
Hungry Horse Dam was built and escapenents in the 1980's after
hydroel ectric operations had reduced the popul ation.

Early escapenent surveys, records of spawn-taking operations
conducted by hatchery personnel, and quantitative spawner surveys
from 1979 to 1985 all indicate that nost of the spawning in the
mai n stem Flathead River has occurred at areas influenced by
groundwat er springs. Between 1979 and 1984, redd counts at 19
spring-influenced main stem areas conprised an average of 59
percent of the total spawning in the nain stem (Table 2). Eleven
of these areas are heavily spring-influenced, where egg incubation
and fry energence is not inpacted by fluctuating river flows.
Escapenment at these 11 areas averaged 35 percent of spawning in
the river between 1979 and 1984. Kokanee are attracted to these
areas by the thermal and chenical characteristics of spring
di scharge. Increases in main stem spawning caused by favorable dam
operations developed prinmarily at non-spring areas on the upper



Table 2. Kokanee escapenent (redd counts) in spring-influenced
spavning areas on the main stem Flathead River, 1979 -

1984.
Area Fal'(ver 1979 1980 1981 1982 1983 1984
m
Brennenan' s S augh 37.0 425 .36 341 180 278 155
Reserve Drive 48.3 22 0 0 60 0 71
Gooderi ch Bayou 50.5 10 0 0 0 2 0
Pressentine Side
Channel 52.4 55 13 830 0 154 65
Kokanee Bend 60. 8 250 0 375 0 197 0
Tayl ors 66. 0 0 0 11 0 36 0
Hvy. 40 Bridge 66.5 20 0 160 67 123 115
Col unbi a Fall's S ough 67.6 380 231 146 0 25 60
Anaconda Bar 68.5 100 0 288 0 260 890
Total Spring Influenced 1262 380 2151 307 1075 3.356
%of Min Sem Spawni ng 45 81.4 27.4 24 15.7 18.1




main stem It is reasonable to assume, then, that at least 35
percent of the escapenment in the early 1970's, vhen approxi mately
300. 000 kokanee migrated into the river system returned to these
heavily spring-influenced areas. The loss attributable to
unfavorabl e hydro operations, which began in 1975. can be
estimated by the difference betveen escapenent to spring-
influenced areas in the early 1970's (35 percent x 300,000 =
105,000 fish) and total nmin stem escapenent in the early 1980's
(11.000 fish). The loss in main stem spavning vas. thus,
approxi mately 94,000 fish.

Fl at head Lake

Kerr Dam |ocated 7 km dovnstream of the natural outlet of
Fl at head Lake, vas conpleted in 1938. Montana Pover Conpany began
operating the first 56,000 kv turbine in 1939. Tvo nore turbines
have been added since then, the second in 1949 and the third in
1954. so that total generating capacity is 180,000 kv. Prior to
i mpoundnent by Kerr Dam the vater level in Flathead Lake vas near
2,882 feet from Septenber to mid April. Spring run-off filled the
| ake to about 2,893 feet in May and June. The operation of the dam
changed the lake level reginme markedly. The operating license
requires that full pool be held from June 10 to Labor Day, to
facilitate recreational boating on the |ake. Dravdovn begins in
md September. vith the mnimm pool |evel of 2,883 feet reached
sonetine in March. Flood control constraints require that the
| ake be drafted to mnimum pool by April 15. The license further
requires that, in the event of a flood, water be spilled at the
damto prevent the | ake | evel fromexceeding 2,893 feet. A sil
at the nmouth of the lake restricts outflov at mninmm pool to
5,200 cfs

Two turbines at Kerr Dam generate basel oad pover. The out put
of the third turbine is varied toneet the daily fluctuations in
pover demand. Remote control of this third turbine from MPC s
operations center in Butte allows instantaneous regulation of
output to nmeet demand. Demand is high from8:00 to 10:00 a.m and
5:00 to 9:00 p.m each day, in addition to the seasonal peak in
Decenber and January. The |lake level is influenced by operations
at Hungry Horse Dam as well as those at Kerr Dam

Kerr Dam operations have influenced the spavni ng of kokanee
along the shore of Flathead Lake since the dam was conpl et ed
Hi storical records indicate that the kokanee popul ati on was
thriving by the early 1930's vith hundreds of thousands of fish
spavni ng along the | akeshore and in the river system Before the

dam was conpleted, fall lake levels were near 2,883 feet. Kokanee
were evidently spavning successfully in the shallow vater zone
bel ov this el evation. After inmpoundnent, fall lake levels were
about ten feet higher. Though we have no record of spawning

surveys until 1951, kokanee spavning shifted to the shall ow water
zone below the higher |ake | evel successfully. The trend tovard



smal ler size at maturity, which lasted fromthe late 1930's to the
md 1950's. indicates that the abundance of kokanee vas increasing
during this period, because kokanee growth rate is assumed to be
density dependent.

Compl etion of Kerr Dam and the nev |ake level regime, changed
the slope and substrate conposition along the shoreline. Because
the | ake vas held near full pool from June through Septenber
erosi ve processes began to change the high shoreline. Beach
profiles vere steepened and eroded material redistributed
dovnsl ope. Finer grained naterial is eroded faster by vave
processes, leaving a relatively coarse-grained beach in the vave
zone. Before the construction of the dam the shoreline vould have
reached an equilibriumvith the vave dynam cs of natural |ake
levels. The lake | evel vould have been |ov during nost of the
year, in particular at the tinmes of strong fall and vinter storns.
A broad, coarse-grained beach forned over the entire area of the
el evation change. The vegetated shoreline above high vater would
have renained relatively stable.

After the dam vas built, vith the lake level held higher for a

longer period in the fall, nev erosive processes began. Deeper
wat er along the shoreline allowed |arger vaves to inpact the
beach. The shoreline retreated, and the sedinents were

transported dovnsl ope over the previous beach. The upper beach
profile steepened. Shores of resistant bedrock vould have changed
very little over short tine periods, whereas beaches devel oped on
glacial till vould respond very quickly. Uave energy tends to be
concentrated on headl ands, novi ng sedinment into the bays.
Refraction of waves along a linear shoreline causes |ongshore
transport of sediment. Piers and docks interrupt this |ongshore
transport, and material accunulates on the upcurrent side of these
structures.

Aerial photographs taken at irregular intervals before and
since the dam was built shov nmajor changes in the shoreline of
Fl at head Lake. Erosive forces have al nost conpletely renoved the
vooded delta that existed at the nouth of the Flathead River. The
phot ographs of the nouth of Svan River, Wods Bay, and Skidoo Bay
shov nodification of beach profiles and increased sedinent
mobility in the 20 years after the dam was conpl eted. Substrate
analysis by MDFWP in 1983 and 1984 shoved a highly dynam c beach
system in Skidoo Bay. Dramatic shifts in the size conposition of
the substrate as the |lake vas drafted and again as the |ake
refilled suggest that waves continue to nove the substrate up and
down the beach (Wwessner, Brick and More 1985).

Kokanee spawning sites on the |akeshore are characterized by
hi gh groundvat er di scharge and pebble/gravel substrate that is
neither too large for the fish to excavate redds nor too fine to
i nhi bit water exchange over the incubating eggs. Erosi on can
obliterate redds by scouring substrate in the wave zone. or
i ncrease enbeddedness by depositing fine-grained material
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downsl ope (Decker-Hess and Graham 1982). Deposition of gravel my
prevent kokanee from buil ding redds belov the groundvater table,
reducing the attractiveness of sone spavning areas and the
survival of eggs in others. Spavning runs persisted along the
Fl at head Lake shoreline until the 1960's. so ve assune that
changes in substrate conposition did not affect spavning success.

Kokanee spavning along the shore of Flathead Lake represents a
smal |l and declining proportion (2 - 4 percent) of the tota

spavni ng escapenment in the system (Table 3). Qur study has shovn
that egg nortality in the zone above m ni nrum pool exceeds 95
percent, except in a limted nunber of sites vhere active

groundvater seeps keep redds vetted through the incubation period
Though eyed kokanee eggs stay alive in even danp gravel for |ong
periods, the alevins die immediately after they hatch unl ess they
can reach the | ake. So, kokanee fry also incubate and energe
successfully fromredds built close to the mninum pool elevation,
where the duration of exposure is short. Experinents have shown
kokanee al evins capable of noving short distances through coarse
substrate at the tine of energence (Beattie et al. 1985). Were
groundwat er seeps facilitate such moverments al ong the | akeshore
these alevins could reach the |ake fromredds above the |ake
| evel .

The nunber of redds bel ow mni mum pool has varied for the |ast
six years, conprising fromb5 percent to 40 percent of |akeshore
spawni ng. Recruitnment from these deep redds is largely
responsi bl e for maintaining the remant |akeshore run. The
qual ity of spawni ng habitat bel ow m ni mum pool varies. Were
cl ean gravel/pebble substrate exists and groundvater flux and
di ssol ved oxygen are high, we estimated egg to fry survival to
range from 20 percent to 30 percent (Decker-Hess and C ancey 1984
Beattie et al. 1985). At other areas |ow groundwater dissolved
oxygen restricted survival to belov one percent.

Loss of Lakeshore Spawning

The marked decline the | akeshore spavning can be attributed
primarily to changes in the operation of Kerr Dam which caused the
| ake to be drafted earlier in the fall and held at mi ni mum poo
for longer periods in the vinter and spring. The majority of
kokanee spawn in Cctober and Novenber in shallow vater |ess than
12 feet (3.5 n deep. Since dravdovn begins in Septenber, the
| ake | evel during spawning is usually betveen one and tvo feet
bel ow full pool (2,892 to 2,891 ft elevation). Al redds in the
zone above m ni mum pool (2,883 to 2,892 ft) are subject to
exposure during dravdovn, with the duration of exposure decreasing
with elevation. Unless eggs in exposed redds are vetted
continually by groundwater, runoff, or the adjacent |ake, they die
very quickly after exposure (Fraley and G aham 1982. Decker-Hess
and Cl ancey 1984). Even if conditions favor egg survival in
exposed redds. the hatched fry cannot reach the | ake successfully
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Table 3. Redd counts at Flathead Lake shore spawning areas from
1981 to 1987.
Area Redd Gount

1981 1982 1983 1984 1985 1986 1987
Wod' s Bay 57 188 76 176 112 24 3
Yel | owBay 152 197 79 0 0 5 0
Bl ue Bay 45 55 45 30 38 0 0
Tal king Water Cr. 12 4 33 45 164 61 4
Nor t h Buswel | s 0 0 15 115 71 39 0
Dee Oreek 0 16 0 0 0 0 0
Gravel Bay 37 238 187 326 21 33 0
Doc R chards Bay 181 87 52 101 34 0 0
Pi negl en 45* 85 0 90 207 65 0
Ski doo Bay 103 126 200 169 351 .56 4
B g A-mBay 0 0 0 13 0 0 0
Crescent Bay 5 31 19 18 99 18 0
Lakesi de Bay 0 2 2 0 0 0 0
Hat chery 15* 10" 12* 50* N A 0 0
Somer s Bay 0 0 28 1 59 3 0
TOTAL 652 1039 748 1134 1156 339 11

* Esti mat ed Gount s
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unless the redd is very close to elevation of the |lake at the tinme
of energence (Beattie and Clancey 1985). Until the late 1960's.

sl over drafting of the lake in the fall and shorter duration at
m ni mum pool allowed successful incubation and energence from
redds belov 2,885 ft. Above this elevation egg nortality vas
al vays high. A large enough proportion of |akeshore spavning mnust
have occurred belov 2,885 ft to perpetuate the |akeshore spavning
popul ati on.

The change in Kerr Dam operations that brought about the
dem se of the | akeshore run is shovnby examining the |ength of
time the lake was held belov 2,885 ft during the incubation period
(Table 4). These figures shov that conditions for incubating eggs
were highly unfavorable from 1946 to 1958, then favorable unti
1972, and groving increasingly unfavorable through the md 1980's
From 1959 to 1972. there vere eleven years when the | ake was held
five or fever days belov 2,884 ft. Since then there have only been
five favorable years. The unfavorable years from 1946 to 1958 vere
at least partially conpensated for by hatchery plants during that
period.

From one to three nillion hatchery-produced fry were planted
annual ly into Flathead Lake fromthe mid 1930's to 1957 (Table 1).
Assuming tvo to five percent survival to adulthood, these plants
could have substantially increased adult year class strength
during that period. But a creel survey docunented an extensive
snag fishery on | akeshore spawners which harvested an estimated
68,000 in 1963 (Robbins and Worlund. 1966). Assuming that anglers
harvested 50 percent of the spavners we nmay estinmate that the
total return exceeded 135,000 fish.

The 1963 adult year class vas recruited fromfry energing in
1960. assuming that nost of the spavners were four years old.
Only 130,000 hatchery fry vere planted in Flathead Lake in 1960.
Kerr Dam operations vere favorable for |akeshore spavning in water
year 1959 (Cctober 1959 to September 1960) because the | ake vas
drafted belov 2,885 feet for only 16 days (Table 4). So ve assume
that the 1963 spavning run resulted primarily from successful
natural reproduction. Spavni ng surveys in the early 1950's
(Stefanich 1953 and 1954) and interviews with residents (Decker-
Hess and Cl ancey 1984) corroborate our belief that strong spawning
runs to the Flathead Lake shore persisted until the late 1960's.

Based on the 1963 snaggi ng harvest, ve know that the historic
| akeshore spawni ng run nunbered between 68.000 and 136,000 fish.
Bet ween 1981 and 1985, |akeshore escapenent did not exceed 3,000
fish. The | oss has been at |east 65,000 adult kokanee, but coul d
have been as many as 133,000 fish. This loss estimate is
conservative. Robbins and Wrlund (1966) did not differentiate
the fall harvest of the shoreline snag fishery fromthe l|ater
harvest of immture kokanee that might have occurred in early
1964. W assumed that 50 percent of the fishing effort from
Cctober, 1963 through April, 1984 targeted shoreline spawners.
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Tabl e 4. Dravdovn duration belov 2,884 ft and 2,885 ft from 1928
- 1984 in Flathead Lake (from Decker-Hess and C ancey,

1984).
Year <2, 884 <2, 885
1928 61 61
1929 181 181
1930 196 200
1931 211 212
1932 195 200
1933 144 178
1934 124 173
1935 208 212
1936 203 205
1937 212 212
1938 108 110
1939 57 149
1940 85 112
1941 54 84
1942 66 90
1943 51 66
1944 56 91
1945 48 63
1946 22 47
1947 22 50
1948 54 72
1949 60 81
1950 55 74
1951 19 41
1952 42 57
1953 39 58
1954 29 48
1955 28 65
1956 0 0
1957 47 59
1958 43 56
1959 0 16
1960 0 0
1961 0 0
1962 34 50
1963 0 20
1964 11 39
1965 0 0
1966 21 50
1967 5 32
1968 0 20
1969 0 8
1970 0 45
1971 0 31
1972 0 0
1973 32 46
1974 0 0
1975 45 60
1976 0 20
1977 37 69
1978 32 74
1979 64 87
1980 71 89
1981 0 48
1982 5 67
1983 0 62
1984 18 85
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There is sone evidence that the late-vinter ice or boat fishery
did not becorme popular until the late 1970's. Therefore, the fal
snag fishery could have harvested nore than 68,000 fish, and the
total |akeshore spawning run could have been |arger.

W based our loss estimate on a single adult year class, but
the size of spavners in 1963 vas substantially greater than in
nost years between 1950 and 1970 (Hanzel 1985). Because kokanee
length varies inversely with year class strength (density
dependence), ve may postulate that adult kokanee vere nore
abundant for nost of that 20-year period than they vere inl1963.
Though it is clear that abundance fluctuated videly during that
period, the average abundance of |akeshore spavners may have
exceeded that found in 1963

In 1962, the |akeshore snag fishery harvested 148,000 fish
(Robbins and Worlund 1966). of which approxi mately 50,000 may have
survived from 1959 hatchery plants. Depending on vhat proportion
of the run was taken in the snag fishery, an estimate of total
natural | y- produced spavners vould range from 90,00 to 180, 000
fish.

Gven the high variability in spavning run strength, and the
paucity of quantitative historic data, ve can state that historic
| oss has been at |east 65,000 spavners. The argunents just
presented lead us to believe that this is a conservative estinmate
Evi dence has been presented here |inking decline in |akeshore-and
ri ver-spavni ng kokanee to the effects of the operations of Kerr
and Hungry Horse dans. We cannot, hovever, exclude the
possibility that other environmental changes have al so influenced
spawni ng habitat quality and reproductive success. Sedinmentation
of some main stemriver spawning areas has increased, largely
because grazing stock reduce bank stability. Irrigation
wi thdrawal s reduce the flow in sone tributaries. The rate of
sedi ment accunul ati on exceeds the rate at which it is flushed out,
and enbeddedness increases. These effects have been observed at
tvo main stem tributaries, Spring Creek and Brennenan's S| ough

Homesite and agricultural devel opnment along the shore of
Fl at head Lake may also have increased sedinent input and
i nfluenced groundwater quality at shoreline spawning areas. W do
not have the historic data to show that fine sedinents have
accumul ated to detrinental |levels at these areas, or even that
enbeddedness has increased over the last 2C years. Deposits of
fine sedinment do not generally Iimt egg survival at any of the
| akeshore spawning areas that are still used by kokanee. Assays of
groundwater quality at these spawning areas have not shown
contamnant |evels that are detrinmental to devel oping fish eggs,
though sewage |eaches into groundvater along much of the
| akeshor e.

MDFWP st udi es support the contention that the influence of
domestic and agricultural devel opment has been relatively mnor,
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conpared to the inpacts of fluctuating |ake level and river flov
on kokanee reproduction.

Changes in the Trophic Ecol ogy of Plathead Lake

In the six years since studies of the inpacts of hydroelectric
dam operations on the Flathead kokanee fishery began. changes in
the trophic ecology of Flathead Lake have added a nev dinmension to
the problens of maintaining the fishery, and mitigating |osses
incurred by hydroelectric operations in the system These changes
in part stem fromthe establishment of opossum shrinp (Mysis
relicta) in the lake, and their conpetition vith kokanee for
zoopl ankton food. Gt her factors, including interspecific
conpetition and predation, nay also be reducing the survival of
kokanee in the |ake.

Escapenent surveys conducted in 1986 and 1987 docunented a
marked decline in the abundance of spavning kokanee in the
Fl at head system In 1986, the kokanee spavning escapenent to the
Flathead River. its tributaries, the Swan River, and the Flathead
Lake shoreline declined to the | owest nunber in seven years of
study (methods for estimating spavning escapement are presented in
previously published reports - Oancey and Fraley 1985. Decker-
Hess and Graham 1982). The total nunber of spawners in the system
was estimated to be 24,000 fish. This total included 21,500
spawners in MDonald Creek, 200 in the South Fork, 950 in the
main stem Fl athead River (Table 5. 250 in the Witefish River,
200 in the Svan River, and 925 along the Flathead Lake shore.

In 1987 spawni ng escapenent declined markedly again. In al
spawning areas in the Flathead Lake/ R ver system the nunbers of
spawners were the |lowest on record. Surveys of MDonald Creek,
the South Fork, the nmain stem Fl athead, Witefish River, Swan
River, and the |akeshore shoved a total escapenment of |ess than
600 fish.

The figures for 1986 and 1987 are mnimum estimtes of
escapenent because only the principal spavning areas in the main
stemriver and along the |akeshore vere surveyed. Previous study
has shown that survey of twelve sites in the main stemriver and
22 sites along the |akeshore provides a reliable index of spawning
escapenent (Decker-Hess and McMullin 1983, Cancey and Fraley
1986) .

The decline in adult year class strength in 1986 and 1987 has
cast uncertainty on the future of the kokanee fishery. Mor e
pertinent to this discussion, the decline in survival of wild fry
has pronpted further evaluation of a mitigation plan that relies
on enhancing the production of kokanee fry in the Flathead R ver.

The folloving discussion outlines the history and rationale
behind the introduction of nmysid shrinp into the Flathead system
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Table 5. Redd counts for the 12 main stemFlathead Ri ver spawning areas 1979 - 1987.

Nunber of Redds

Area

Area Description Number 1979 1980 1981 1982 1983 1984 1985 1986 1987
Brermeman's Sl ough 1 425 136 341 180 278 155 .54 27 0
Fai rview 17 359 0 118 0 0 550 35 0 0
Pressentine Si de Channel 20-21 55 13 830 0 154 660 94 114 0
Bucks 25 290 5 363 0 124 22 33 0 0
Hoener 27 150 0 494 0 368 140 81 4 0
Kokanee Bend 29-30 275 0 469 22 300 99 2 1 0
Col unbi aFal | s Bri dge 3 &/ 8/ 735 0 199 137 125 0 0
Spring above Taylors 34 20 0 160 67 123 115 40 1 0
Col umbi aFal | s Sl ough 36 330 231 0 0 0 0 0 0 0
Mout h of Sl ough

and upstream bank 35- 37 150 0 641 0 1,327 510 60 84 0
Anaconda Bar Spring 38 100 0 288 0 260 890 77 19 0
House of Mstery 39 -8/ Y 1, 083 560 1,852 1,218 1,600 107 17
Total, 1.2 areas 2,154 385 5,522 829 4,985 4,496 2,301 357 17
Total, 45 areas 2,802 467 7,853 1,528 6,680 7,440
% Tot al 77 82 70 54 73 60

a/
b/ Ar eanot checked.

M ni mum counts due to 300%of normal flows.



the inmpacts of simlar introductions in other large |ake systens,
and the reasons vhy a substantial portion of the final tvo years
of this study has been devoted to study of the interaction in
Fl at head Lake.

In an attenpt to enulate the successful introduction of M
relicta into Kootenai Lake, B.C., vhere a trophy kokanee fishery
vas produced in the early 1960's (Northcote 1978). MDFWP fisheries
managenent staff transplanted opossum shrinp into 12 lakes in
northvestern Mntana, from 1968 to 1975. Msis becanme established
in six of these |akes, including Svan Lake and Unitefish Lake in
the Fl athead drai nage. By the early 1980's the Flathead Lake
shrinp popul ation had been seeded by dovnstream drift from these
tvo tributary |akes. First collected in 1981 (Leathe and G aham
1982). nysids have increased rapidly to their present average
abundance of over 100/ nf. Fi sheri es nmanagenent agencies in
several vestern states, including Washington, |daho, Colorado, and
California, carried out simlar prograns to introduce Mysis into
| akes supporting kokanee fisheries.

Unfortunately, the success of the Kootenai Lake experinment vas
not duplicated in any other system Except in uniquely shaped
| ake basins, the diel vertical migration of nysid shrinp into deep
vater nmakes them unavail able to feeding kokanee. The shrinp feed
largely on the sane macacrozoopl ankt on upon whi ch kokanee and ot her
pl anktivorous fish depend. The videly duplicated result is that
the availability of cladoceran zoopl ankton, such as Daphnia spp.
and Bosnina spp., is reduced or elinmnated, and that pelagic
pl anktivorous fish popul ations decline (R eman and Bovl er 1980,
Morgan et al. 1980). The evidence linking an increase in fish
nortality to the decline in their preferred prey is adnmttedly
circunstantial . Evi dence from study of the Lake Pend Oeille
fishery pointed to increased nortality in young-of-the-year fish
related to the low availability of cladoceran prey in the early
summer.  The specific factors causing poor survival of older fish
have not been identified, though predation and interspecific
conmpetition are thought to contribute

The changes in the trophic structure of [akes in which M
relicta has becone established vary widely. Lake basin
mor phol ogy, prinmary and secondary productivity, and conposition of
the fish coommunity react in different vays to the introduction of
successful planktivore. Mysi d popul ati ons peak at varying
densities in different lakes, in some cases maintaining high and
stabl e nunbers, and in others fluctuating videly in abundance.
Kokanee sal nmon persist in sone |akes, in some cases reaching
smal l er size at maturity, and in others at |over abundance. In
sone | akes kokanee fisheries disappeared. It is not possible to
predi ct the outcone of the interaction between nysid shrinp and
kokanee in Flathead Lake at our current state of knovledge

In the last two years, the focus of BPA-funded study of the
Fl at head kokanee fishery has been partially redirected from
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identifying the inpacts of hydroelectric operations on
reproductive success. We have | ooked at the kokanee/nysid shrinp
interaction in its early stages, in hopes of directing efforts to
mtigate hydroelectric inpacts nore effectively. The mandate of
federal and private power marketing entities is to redress the
losses in fish and wldlife productivity caused by their
operations. It is in the interest of these entities to fund
biologically sound mtigation prograns that will be effective in
perpetuating viable fish and vildlife popul ati ons over the |ong
term  However. it is not their role to assume responsibility for
bi ol ogi cally conplex problens, such as the effects of the
introduction of nysid shrinp into |ake systens, even though such
problens nmay bear directly on the success of nmitigation efforts.
It is to the advantage of all parties involved to devel op
mtigation schenes that are effective in the face of such
bi ol ogi cal conplexity, if possible. During the |last tvo years
study of the Fl athead kokanee fishery. ve have sought to identify
and predict the outcome of the kokanee/mysid shrinp interaction,
and to test whether the wld kokanee production can be
successful ly supplemented by artificial neans. In particular, ve
have | ooked for changes in the growh and survival of juvenile
kokanee, and tested whether hatchery-produced, |ate-released
kokanee exhibit better survival than wild fry.
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STWDY (F THE KCKANEE - WSI D SHRI WP
| NTERACTI ON | N FLATHEAD LAKE

Description of the Study Area

Fl athead Lake is the largest natural freshvater lake in the
western United States. covering 510 km? in northvestern Montana.
The lake's nmean depth is 32.5 m and its maximum depth is 113.0 m
The North, Mddle, and South forks of the Flathead River, the Swan
River, the Witefish River and the Stillwater River conprise the
Fl athead vatershed, which drains 18,400 km? (Figure 2). The Lake
becones thernmally stratified during the sumrer. and is m xed at
ot her seasons, except vhen it freezes over. It's hydraulic
retention tine is short, about 2.2 years (Stanford et al. 1983).
The | ake basin was formed by glacial scouring of underlying soft
sedi mentary rock. G acial noraines deposited at the terminus of
the last ice advance define the | akes southern boundaries, and
raised the lake level at one tine until an outlet was cut
sout hvestvard from what is nov Big Arm The present outlet was
cut to bedrock through the termnal noraine at the south end of
the | ake. The northern shoreline of the |ake has been nmodified by
the deposition of sedinents carried principally during spring
runoff by the Flathead River. Qherwise the main |ake basin,
excluding Big Armand South Bay. is steep sided. A broad md-Iake
bar, from20 to 50 mdeep, runs north-south 2 km off the western
shore from Pt. Conrad to Indian Point.

Fl athead Lake is classified oligomesotrophic. Agricultural and
urban devel opnent in the basin contribute substantially to the
natural nutrient | oad. Studies of primary productivity and
nutrient dynam cs have raised concerns, in particular, about the
i ncreasi ng phosphate |oad from sewage (Henry and Stanford 1983).
However. both phosphate and nitrate may synergistically limt
primary productivity in the |ake during the spring and sumer.
Periodic bloons of the blue-green alga Anabaena floss-aguae have
signal ed the changing trophic status of Flathead Lake.

O the eleven game fish species living in Flathead Lake, four
are native: vestslope cutthroat trout (SalLnp clarki), bull trout
(Salvelinus confluentus), nountain whitefish (Prasopium
williamsoni), and the pygnmy whitefish (p. coulteri). The four
introduced game fish species are |ake trout (Salvelinus
namaycush), rainbov trout (Salnp .gairdneri), |ake vhitefish
(Coregonus clupeaformis), and kokanee. or |acustrine sockeye,
sal mon (Oncorhynchus nerka). Wth the exception of yellow perch
(Perca flavescens), all the common non-game fish species are
native. They include the northern squawfish (Ptychocheilus

oregonensis), peanouth (Mylocheilus caurinus), |ongnose sucker
(Catast onus cat.ostanus), |argescal e sucker (C. macrocheil us).
redsi de shiner (Richardsonius balteatus), and the slimy scul pin

(Cattus cognatus).
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METHODS
Fry Production Estinates

Estimates of the abundance of outmigrating kokanee fry vere
made at the mouth of MDonald Creek and at the Sportsman's Bridge
near the nouth of the Flathead River. From the first veek of
April until the last veek of June three I-mdrift nets vere
suspended fromthe bridge at the mouth of MDonald Creek at three
points across the stream and at varying depths. The drift nets
were circular in cross section, 1.5 mlong, constructed of |/16"
nylon nmesh, vith a liner of |-mm nylon mesh. A detachable cod end
of perforated 4" PVC pipe, lined vith |I-mmnmesh, vas fixed to the
net vith hose clanmps. The drift nets vere set for about 24 hours,
then they were retrieved and the catch counted and rel eased. The
average catch per net was expanded to included the entire cross
section of the stream and the seven day sanpling period. Drift
net sanpling at the Sportsman's Bridge began the second veek of
April and continued through the month of June. Three nets vere
set midstream at depths ranging from0.5 to 2.0 mfor 24 hours.
Previ ous sanpling had shown that over 90 percent of the mgrating
fry were in the surface 2.0 mof the river (Beattie and C ancey
1987). Fraley and G aham (1982) described the nethods for
expanding drift net sanple data into estimates of total emigrating

fry.
Zoopl ankt om Sanpl i ng

From April, 1986 until October, 1987 six stations on Flathead
Lake were sanpled to deternmine the species conposition and
abundance of cladoceran and copepod crustacean zoopl ankton. Each
sanpl e consisted of duplicate 30-m hauls of a 0.5-m W sconsin
pl ankton net, made of 80-micron Nitex (Research Nets Inc., Kent,
W). The net vas retrieved at a standard rate of 0.40 m'sec vith
an electric winch. Sanples vere preserved in 95 percent ethyl
al cohol . We discontinued using fornalin to preserve zoopl ankton
sanpl es because of the its toxicity, which is aggravated vith the
chroni c exposures typical of plankton vork. The six stations
(Figure 3) were sanpled biveekly from May 1 to Cctober 15 and
monthly for the rest of the year.

Standard techni ques vere used to neasure the density of the
following genera: Daphnia Bosmina, Cyclops, Epischura, and
Di.aptanus. One-m subsanples of the diluted rav sanple vere
transferred to a Sedgvick-Rafter counting chanber.
Macr ozoopl ankton vere identified and counted under 40X
magni fication. The sanple vas diluted so that about SO organi sns
could be counted in the chamber. The |arger species Epischura and
Lept odora vere enunerated separately by exam ning the entire
sanpl e under a stereoscope. The resulting counts vere divided by
the volume of vater sanpled to estimate density. The plankton net
was assunmed to be 100 percent efficient vhen calculating the
density of each zoopl ankton species
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Figure 3. The locationof zooplankton and mysid shrimp sampling
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Mysid Shrinp Sanpling

In 1986, nysid shrinp were sanpled at the six zoopl ankton
stations on Flathead Lake at nonthly intervals from May to
Septenber. In 1987 the sanpling frequency was reduced to an early
summer sanple at nine stations in June, and a fall sanple at 25
stations in Septenber (Figure 3). W nade duplicate hauls of a
1.0-m Wsconsin plankton net, constructed of 500-m cron Nitex.
through the entire water colum. The electric winch pulled the net
at 0.40 msec. Sanpling vas done at |east two hours after sunset,
as close to nev noon as feasible. The diel migration of nysids is
knovn to be regulated by anmbient light intensity. Sanpling at new
noon ensures that their vertical migration off the |akebed has
begun. The sanples vere preserved in 95 percent ethyl al cohol and
counted under a stereo mcroscope

Monthly sanpling in 1986 vas designed to detect changes in the
distribution of nysids and to generate some information on the
life span of adult shrinmp. The reduced sanmpling effort inl1987
vas intended to test vhether predation was affecting the year
class strength of shrinp. Mre sanpling stations were included in
the fall to randomy sanple habitat of varying depth in the |ake,
and reduce the confidence linmts about the | akevi de average
density. The trend in nysid abundance is devel oped from successive
fall sanples. Three depth strata vere sanpled: fromO to 40 m
which represents 45 percent of the lake; 40 to 75 m which
represents 30 percent of the |lake, and greater than 75 m which
represents the remaining 25 percent of the |ake. The randomly
chosen stations were assigned proportionately anobng the depth
strata. Stations were located using a Lovrance Mddel X-16 depth

sounder .
Fish Sanpling

We used a variety of net gear to sanple kokanee and | ake
vhitefish. In May and early June, age O kokanee and | ake
whitefish were found in 2 to 5 o of water along the shoreline of
the lake. W sanpled them by towing paired I-mdrift nets nade of
[/8 in nylon nesh at approximtely 1.5 nisec. For the renainder
of the sanpling season, we sanpled juvenile fish with nidvater

travls. In 1986, we used a 2-m square rigid-frame traw,
constructed of |-1/4 in mesh, vith the cod end of |/4 in mesh.
This small traw could be towed at 1.5 misec. In 1987, we used a

4-mbox trawl (Research Nets, Kent, WA), constructed of panels of
1-1/2 in and 1-1/4 in mesh, with al/4 in nesh cod end and a
detachabl e screened bucket. This trawl was opened with a pair of
2 ft by 4 ft otter boards attached to the nouth of the net by 40-
ft three-point legs. |In front of the boards, a 200-ft bridle of
[/4 in wire was attached to the main 3/8 in towing vire. This
larger trawl was toved at 1.0 msec. The depth of the tow vas
nmeasured by a Benthos tinme/depth recorder. Fish sanples were
preserved on ice for up to eight hours before processing.
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Aggregations of fish were located before trawling using
hydr oacoustic gear. W used a Biosonics Mdel 105 portable
sounder, a single-beam 420 Khz transducer, and a Bi osoni cs Model
115 portable chart recorder operating off 12 volt DC battery
power. Search transects were run at about 3 nisec. The sounder
was configured as follows: TVG 40 log R, 5 pings/sec, pulse wdth
0.4 to 0.8 msec, receiver gain +12 dB. The recording threshold
of the chart recorder was usually set between 0.03 to 0.08 volts.
This setting excluded scattering fromall but the npbst dense
| ayers of seston. but allowed us to detect fish as small as 30 mm
in length. The Love (1971) equation was used to estimate the
target strength of various size classes of fish:

TS (dB) = 19.1 log (length) - 0.9 log (Khz) - 62

Trawl i ng was nost efficient at night and in late sumrer,
because fish were nore densely aggregated after the |ake
stratified

Gll nets were nore efficient than the trawl in capturing
| arger kokanee and whitefish. W set [/2-in and |-in nesh
monofilament and nylon gill nets, 16 ft by 100 ft and 10 ft by 100
ft, respectively, in mdwater in the vicinity of schools of fish.
Because of the relatively low density of kokanee in Flathead Lake
during 1986 and 1987, blind gill net sets, i.e. in suitable
habitat where we had not previously |ocated schools, were not
successful. Nets set overnight in the thernocline captured
kokanee and |ake whitefish as small as 120 mm

Age. Growth and Diet Analyses

We took standard length, weight, scales, otoliths, and stonach
samples fromall the fish we captured. Sagittae were stored dry
in gelatin capsules after renoving surrounding tissue. Stonach
contents were extruded fromthe guts and preserved in 95 percent
et hyl al cohol . Pl ankt oni ¢ stomach contents were subsanpl ed,
identified and counted in the sane manner as plankton sanpl es,
except where the stomach contained |ess than 200 organisns. In
this case, and where stomachs contained |arger nacro-
invertebrates, the entire contents vere identified and counted
Night-tine traw sanples yielded the best quality stomach sanples
of kokanee, as the fish vere captured and preserved soon after the
evening feeding period. GII nets set late in the evening and
pi cked early the next norning also yielded satisfactory sanples.
Di gestion of the stonmach contents vas not so great a problemin
| ake whitefish, which tend to feed on larger invertebrates. The
proportions of each zoopl ankton species conprising each stonmach
were cal cul ated. The sanples were grouped by cal endar nonth and by
fish age to devel op nean percent conposition figures. A crude
index of selection for each food species within the monthly groups
vas calculated by dividing the mean frequency of each species in
the stomach sanples by its frequency in the water colum at the
nearest zooplankton sanpling station
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To prepare otoliths for mcroscopic exam nation, ve enbedded
them in Spurr's medium (Pelco, Tustin. CA) in silicon rubber
nmol ds, and hardened this epoxy resin overnight at 60° C. The
resulting chip could be marked, handled, and ground vithout
damaging the otoliths. W ground a saggittal cross section of the
enbedded otolith to depth of the sulcus on 400 grit enery paper,
then switched to 1500 grit paper for the final grinding and
pol i shi ng. W examined the preparation at frequent intervals
under the microscope, until the correct cross section vas reached
The thin section vas adhered to a glass slide vith a drop of
imrersion oil, and examned vith transmtted |ight under a 100x
oi | immersion objective. The inmage vas projected onto a Lenco
PM 925 black and vhite high resolution nonitor through a Dage MII
Model 66 video canera equi pped vith a high resol uti on Newi con
phototube.  The camera vas equipped vith automatic control of gain
and bl ackness. Mounting this canera on a trinocular head on the
m croscope, focused through a projection lens, made the final
magni fication approximtely 2500 dianeters.

The image of the dorsal radius of the otolith was measured to
the nearest nillineter. Incremental grovth along the dorsal axis
of the otolith vas consistently the nost regular and sinple to
interpret. Beginning at the outside edge of the otolith, ve
nmeasured the radius of successive daily growh increnents to the
out si de edge of the dark discontinuous zones. I ncrenment radi
were neasured as far as possible tovard the focus of the otolith,
usually to a radius corresponding to the initiation of spring
growth. The technique allowed consistent neasurenment of 110
i ncrements.

A distinct change in the increment pattern vas observed vhen
hatchery fry vere noved to rearing pens. Stress fromtransport
apparently induced a check in increnent deposition, and the change
in water tenperature affected the vidth of subsequent increnents.
This pattern discontinuity enabled us to identify hatchery-reared
fry in sanples of fish captured in traw sanpling of Flathead Lake
in the sunmer and fall of 1987

The rel ationship betveen the fish length and otolith radius
vas established by sinple linear regression. Sinple linear nodels
(Y = at bx) fit the 0+ kokanee data adequately, thou%P
exponential nodels (y = e a+b")‘or'nultiplicative nmodel s (y = ax")
were better fits of the combined age classes. For the O kokanee
the linear nodel was used to back-calculate the length of the fish
at each incremental radius of the otolith. This back-cal cul ation
gives a growmh history of each fish. The slope of a secondary
regression of estimated fish I ength on date approxi mates the
growth rate of the fish. The validity of this otolith-based node
of growth can then be checked by conparing back-cal cul ated fish
length to the true length of sampled fish. The residuals from
this conparison (true length - calculated [ength) can be plotted
to determine if systematic errors in the nodel exist. For exanple
ot her studies have found that large fish have relatively snall
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otoliths (E Br ot her s, pers. comm ), vhich leads to
underestimating their grovth rate after back-calculating their
| ength based on otolith radius. The statistical validity of the
fish size:otolith radius relationship is crucial to the
interpretation of grovth rates by this nethod

Pen Rearing

In cooperation vith MDFWP hatchery staff, kokanee fry from
Mirray Springs and Soners Hatcheries were raised in floating pens
at Soners before their release into Flathead Lake. The 12 ft by
12 ft franmes were constructed of 1-1/2" al um num tubi ng. Each
frame was supported by four floats, made of styrene-filled tires
(Topper |Industries, Vancouver WA.), bracketed to the corner
vertical menmber of the frame. Each pen, made of [/8-in delta nylon
netting (Research Nets, Kent, W), was 12 x 10 ft square and 20 ft
deep (Figure 4). A veighted steel frame was attached to the
outside corners of the bottom of each pen to maintain its shape.
The pens were secured on the |eeward side of a T-shaped floating
dock, vhich was anchored in 35 ft of vater, about 100 yd offshore.
The frames held the top 18 inches of each pen above the water, to
retain the fish in stornmy veather. The pens vere covered vith |-
in plastic netting to exclude predators.

We fed the kokanee fry #3 Biodiet Starter (Bioproducts Inc.,
Warenton, OR) using Sweeney Mddel AF3-B automatic fish feeders
(Sweeney Enterprises, Boerne, Texas). We cut back on the
recomrended daily ration of four percent |ive body veight per day,
eventual |y setting the feeders to deliver 30 seconds of feed six
times during daylight hours. During rainy veather the noist,
fine-grained Biodiet food tended to clunp and clog the automatic
feeder, nmaking it necessary to hand feed

V& raised two groups of 400.000 kokanee fry in the pens. The
first group vas transported by truck fromthe Mirray Springs
Hatchery in Libby, MI on May 4 and 5 1987. This first group vas
held until June 4, 1987. The second group vas noved fromthe
Soners Hatchery indoor raceways on June 9, 1987. W had pl anned
to hold this group until early July, but the sudden onset of
bacterial gill disease forced us to release them June 23, 1987

Both groups of fry were narked by feeding them a neasured dose
of T-50 oxytetracycline mxed into Biodiet feed. The first group
received the drug for six days just prior to release, and the
second group for four days just prior to nmoving themto the pens.

Ten fish were renoved weekly from each pen to track their
growth rate. These sanples were preserved in 95 percent ethano
to avoid the deterioration of otoliths that occurs in acidic
preservatives. Standard |ength and weight were measured after 30
days in preservative. To determne the effect of the preservative
on body size, ve folloved the length and weight of 25 individually
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juvenile kokanee in Flathead Lake.
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marked fry taken at the beginning of the pen rearing experinent.
The length and veight of preserved fry stabilized after 30 days in

et hanol, after declining an average of 3.5 percent (S.D. = 1.7
percent) in length and 38.8 percent (S.D. 4.7 percent) in veight.
Shrinkage in preservative varies vith the size, i.e. surface area

of the fish. A previous trial vith smaller fry shoved that they
lost only 9.5 percent of their body veight after 30 days in
et hanol .

Water tenperature, at the surface and at the bottom of the
pens. vas recorded by a Taylor nultiprobe recording thernograph.
The pens vere not treated vith anti-fouling conpound so they
required periodic cleaning vith stiff brushes to reduce algal
growt h.

Data Reduction and Analysis

All data vere entered into dBase Ill+ files on |BMPC
conpati ble mcroconputers. Anal yses were done vith the
Statgraphics (STSC, Inc., Rockville, MD) statistical package, and
graphics prepared vith Chartmaster (Decision Resources, Wstport,
CT).
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RESULTS
MDonal d Creek Fry Production

We estimate that 9.8 million fry emigrated from MDonal d Creek
in 1986. These fry were the progeny of 122.500 adult fish that
spavned in the fall of 1985. Assuming that the adult sex ratio
was 50:50 mml es/females, and that each femal e produced 500 eggs
(Beattie and C ancey 1987), the egg-to-fry survival rate vas 32.3
percent. The 1986 emigration began in early April and was finished
by md June, peaking in md My (Figure 5).

In 1987, the total fry emigration from MDonald Creek vas
estimated to be 3.7 mllion fish. The nunber of adult spavners in
McDonald Creek in the fall of 1986 vas 21,500. Making the same
assunptions as above, the egg-to-fry survival rate was 68.8
percent. The 1987 emigration occurred earlier than in 1986,
lasting frommd February to the end of May.

Fry survival rates were simlar to those found earlier (Fraley
and McMul lin 1983) in MDonald Creek. From a strong 1981 spavning
escapenent of 103,000 kokanee, fry survival was 22 percent in the
spring of 1982. In 1983 fry survival was 68 percent, after a
veaker spavning escapenent of 31,000 adults. The variation
suggests that redd superinposition, as well as environnental
factors, affects egg to fry survival.

Zoopl ankt on Abundance

The abundance of five of the seven principal macrozoopl ankton
species in Flathead Lake declined in 1986 and 1987. in conparison
to five previous years. Standi ng crops of cladocerans have
changed nost markedly. Two species, Daphnia longiremis and
Lept odora kindtii have di sappeared. Peak density has declined, and
the summer pul se appeared | ater for Daphnia thorata and Bosm na
longirostris. W believe that increased grazing pressure fromthe
opossum shrinp, Msis relictg is responsible for the observed
change in the zooplankton community.

Daphnia thorata, the nobst inportant food item for kokanee in
Fl at head Lake (Leathe and Graham 1982). has decreased froma peak
density of 4.77/liter in 1983 to a peak of O 9/liter in 1987
(Figure 6). Until 1987, D. thorata was present in sanples
collected in April or May (Table 6). In 1987, D. thorata first
appeared in sanples taken in md June. The percent of total
zoopl ankton conprised by D. thorata has decreased from seasonal
highs of 25 to 30 percent in previous years to a high of 12
percent in 1987. Mean density and percent conposition at peak
density have declined significantly between 1983 and 1987 (density
p <.01, percent conposition p <.01, see Appendi x Table Q).

Daphnia longirenis was al vays |ess abundant in our sanples
than D. thorata because it prefers colder, deeper water. The
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abundance of D. longiremis declined markedly in 1986, and this
species vas not present in 1987 sanples (Figure 7). The date of
first appearance of D. longiremis vas del ayed at |least three and a
hal f nonths from 1985 to 1986 (Table 6). and it vas present in
only tvo sanples in 1986

The peak density of Bosmina longirostris exceeded 3.0/liter in
1984, then declined significantly (p <d) to 0.4/liter 1986 and
0.7/1iter in 1987 (Figure 6). The spring increase in Bosmina
density has al so been del ayed about one nonth (Table 6). Percent
conposition at peak density has also declined significantly (p
<) from15 to 20 percent in the early 1980's to 8 percent in
1987.

From 1983 to 1987, Leptodora kindtii declined in density and
percent of total zooplankton until it's disappearance from sanples
in 1987 (Figure 7). The date of first capture vas del ayed from
early June (Leathe and Graham 1982) to early Septenber in 1986

Copepod speci es have al so been inpacted by Msis, though not
as severely as the cladocerans. Diaptonus ashlandi is present al
year in Flathead Lake. Generally, it makes up a nmjor percentage
of the zooplankton in Flathead Lake in the vinter. then decreases
in relative abundance as the summer progresses. It vas |ess
abundant in the sumers of 1986 and 1987. The peak density in
previous years had ranged from 13.3 to 26.3/liter. but in 1987 the
peak was 4.5/liter (p <.02) (Figure 8). The percent of tota
zoopl ankt on conprised by Di aptonus._renmined relatively constant
until 1987 when it decreased markedly (p <.01).

The abundant Cyclops bicuspidatus has varied w dely since
1983, but has not shovn a declining trend (Figure 9). It vas |east
abundant in 1985 when the density exceeded |.Qliter only in May
and Novenber and it conprised under 10 percent of total
zoopl ankton nmost summers. In other years Cyclops made up 15 to 25
percent of the total zooplankton. The density and seasonal
di stribution of Epischura navadensis., the | argest copepod in

Fl at head Lake, has not changed narkedly since 1984, though it vas
four times as abundant in 1983 (Figure 8)

Peak total zoopl ankton abundance has decreased from 1983 to
1987 (p <.01, Figure 9). Wiile the density peaked at 33.1/liter
in 1983, it reached only 6.6/liter in 1987.

The average density of all zooplankton species vas not
statistically different at northern and southern stations on
Fl at head Lake (Mann-Witney test statistics, Appendix Table C).
Leat he and Graham (1982) concluded that the zoopl ankton species
di stribution was honogenous throughout Flathead Lake. However, in
May and June of 1987, there were marked differences in cladoceran

abundance betveen station |-l and station 5-12. D. thorata was
present in April sanples at station I-l, but did not appear at
other stations until mid-June (Figure 10). This species also
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Tabl e 6. Date of first

capture of zooplankton species at station

2 in Flathead Lake, 1983-1987.

1983 1984 1985 1986 1987
D. thorata 4-06% 4-16% 5-01% 5-23% 6-18
D. longirenis 4-20 5-01 S5-01* 8-18 None
Bosmi na 4-06% 4-16% 5-01% 5-23%* 5-18
Lept odor a 6- 17 6- 14 8- 22 9-02 None
Di apt onus 4-06% 4-16% 5-01% 5-23% 4-20%
Cycl ops 4-06%* 4-16%* 5-01* 5-23%* 4-20*
Epi schura 6- 02 6- 14 6-11 5-23% 5-18

*Denotes the first sanple taken after
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reached peak density at station |-l earlier in the summer. This
variation in spring cladoceran distribution may influence the
distribution and survival of juvenile planktivorous fish.

Mysid Shrinmp Abundance

The nean abundance of nysid shrinp in Flathead Lake in
Septenber, 1987 vas 108/ nf. This figure is lover than that
obtained in September, 1986 (130/nf), but the two estimates are
not significantly different because of high sanpling variance. In
1986, nysid density ranged from 8/nf to 275/ nf across six stations
(Beattie and O ancey 1987). In 1987 vhen ve sanpled 25 stations,
density ranged from 0/nf to 552/nf (Figure 11). W conclude that
nysid abundance is still increasing in Flathead Lake, though not
as rapidly as it did from 1982 to 1985.

Spatial variation in nysid distribution is great in Flathead
Lake. Abundance at stations in the southern part of the |ake vas
greater than at northern stations. Density exceeded |00/nf only
at stations deeper than 40.0 m but there is no clear relationship
bet ween abundance and station depth when all 25 stations are
considered. Density was |ess than 15/nf at all stations shall ower
than 25 m Various environmental factors influence the
distribution of nysid shrinp. including dissolved oxygen, Ilight
intensity, tenperature, and prey availability (Beeton and Bowers
1982). In Flathead Lake their vertical migration at night stops
bel ow the thernocline. where water tenperature exceeds 15°C (C
Spencer, University of Montana, pers. conm)

In September 1986, we found that about 10 percent of the nysid
popul ation were juveniles (less than 10 nmm | ong). In sanpl es
collected in Septenber 1987 this figure had increased to 24
percent. Either juvenile nysids vere groving nore slowy. or
gravid females released their young later in the sumer of 1987.
In the Great Lakes, release of juveniles occurs through the sunmer
(Carpenter et al. 1974). Monthly sanpling in 1986 shoved that
average nysid density did not change from May to Septenber.
Unl ess juvenile nysid nortality vas very high, these data vould
suggest that |arge nunmbers of juveniles were not rel eased after
June.

We assune that, in Flathead Lake, nysids become sexually
mature at the end of their first season in the |ake (Bukantis
1985), but ve have not confirmed their life cycle or growth rates.
Age at reproductive maturity varies anong nysid popul ati ons and
may be dependent on the trophic status of the |ake, the density of
nysids. and the abundance of planktivorous conpetitors (Morgan
1980) .
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Kokanee Food Habits
YOUNG OF- THE- YEAR KOKANEE

In 1986, we examined the diet of 30 young-of-the-year (age Ot
kokanee collected in August, Septenber, and Cctober vith the md-
water traw. In August, their diet consisted of only tvo species.
D. tharata conprised an average of 86.4 percent of the total
diet, and Q schura. nevadensis.the remaining 13.6 percent (see
Appendi x Table A for diet summary by sanple and sanple |ocations).
In Septenber, D. thorata (89.6 percent) and Epischura (10.4
percent) still dominated their diet (Figure 12). In COctober, D.
thorata and Q schura. nade up, respectively, 60.3 percent and
27.4 percent of their diets, though Bosm.na (6.6 percent) and
insects (6.5 percent) were found in sone individuals. Throughout
the sunmer and fall seasons O kokanee selected strongly for
Epi schura and D. thotata, when these species made up less than 1
percent and 2 to 11 percent, respectively, of the zoopl ankton
avai | abl e.

In May, 1987, the zooplankton diet of O kokanee vas
domi nated by Cyclops (69.1 percent) and Diaptomus (13.7 percent),
vith Bosmi.na. (0.7 percent), D. thorata (0.6 percent), and
Epischura (0.4 percent) found | ess frequently. Dipteran insects
(17.2 percent) and other insects (10.8 percent) contributed
significantly to the diet of these fish. Their diet reflected
strong selection for Cyclops and Basmina. June diet was nore
diverse, made up of Epischura (42.4 percent), Cyclops (22.2
percent), D.thorata (19.5 percent), D aptormus (11.7 percent), and
Bosmina (4.2 percent). Wth Daphnia abundance beginning to
increase in the epilimion in July, the fry selected strongly for
this preferred food. Insects were not found in these sanples

(Appendi x B).

In July, D.thorata (46.1 percent), Epischura (31.4 percent),
and Basmina (21.9 percent) nade up the bulk of their diet, vith
Di apt oous and Cyclops contributing less than 0.1 percent and 0.5
percent respectively. Di pterans and other insects were found in
two sanples. Their summer food habits became less diverse than in
previous nonths, with D. tharata nmaking up 94.4 percent of July
diet. Epischura (3.6 percent) were found in nost of these sanples
in low nunbers, while Cyclops (1.4 percent) and Bosmina (0.6
percent) vere found less frequently. Dipterans vere found in only
a single sanple. This trend continued into Septenber vith sanples

still dom nated by D.thorata (99.1 percent) and Esi schura (0.7
percent). Cyclops (0.1 percent) and Bosmina (0.1 percent) were
found infrequently. One stomach contained a small nunber of

dipterans. The yearling fishes' strong selection for D. thorata
was apparent all through the sumer. but their selection for
Epi schura weakened after July, as this copepod species declined in
abundance.
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YEARLI NG KOKANEE DI ET

In 1986, ve exami ned 56 yearling kokanee stomachs. In June
their diet vas conposed of 39.8 percent D. thorata, 34.6 percent
Epi schura 22.9 percent Bosnmina, 1.9 percent Diaptonus, and |ess
than 0.1 percent Cyclops (Figure 13). The June sanples shov very
strong selection for Daphnia, Epischura. and Bosnina. The diet of
yearling fish collected in July vas simlarly diverse. D.thorata
made up 60.2 percent of their food, copepod nauplii 32.5 percent,
and Cyclops 3.6 percent. Epischura and .Bosnmina contributed |ess
than 0.1 percent each. These July sanples shoved the only
consistent utilization of nauplii by any age class of kokanee in
the tvo years of this study. Four August sanples shoved that D.
thorata dominated their diet (95.0 percent). Di apt onus and
copepod nauplii made up 0.2 percent and 1.3 percent,
respectively, and Cyclops, Epischura, and Bosnina each contributed
less than 0.1 percent, though Epischura vas found in fourteen of
the 34 fish sanpled. July and August sanples again show strong
selection for D. thorata. but the other conponents of their diet
were eaten at lover frequency than their availability in the water
col um.

Col l ection of 1+ kokanee in 1987 began in mid June. The nost
common food was Epischura (72.1 percent), but their diet was

di ver se. It included 8.9 percent Diaptoomus, 3.4 percent D.
thorata and 1.7 percent Cyclops. D pterans made up 6.9 percent of
the total diet, and other insects contributed 1.2 percent.

I nsects were found in only four stomachs. This diet reflects
strongly selective feeding on D. thorata, Bosnmina, and Epischura
Both the cladocerans were at very low density in June. In July

diet was still diverse, including D. tharata.(83.7 percent),
Epi schura (15.0 percent), Cyclops (0.4 percent), Diaptormus (0.3
percent), and Basmina (0.4 percent). Copepod nauplii were found

in one stomach, and insects were found in six stomachs.

A linmted sanple collected in August shoved exclusively D.
thorata in stonmachs. Sept enber samples from these sane tvo
stations shoved a continuing lack of diversity in diet, with D.
thorata conprising 92.3 percent of the diet. Epischura (7.7
percent) was found in tvo sanples, and Cyclops (0.1 percent) in a
single sanple. As seen in the O kokanee samples, these 1+ fish
preyed al nost exclusively upon D. thorata through the sumer, even
though it conprised less than 5 percent of the available
zoopl ankton in the epilimion

ADULT KOKANEE DI ET

Because of the simlarity of the food habits of the two ol der
year classes of kokanee, collections of 2t and 3t fish were
anal yzed together. In Novenber, 1985, stonachs contained 58.7
percent Epischura 30.5 percent D. thorata, and 10.7 percent
Diaptonus (Figure 14). Cyclops were found in only two stomachs
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and conprised only 0.1 percent of the total diet. These sanples
vere all taken from sexually immature fish

A nunber of sanples vere collected during the vinter ice
fishery in 1986. Sanples taken in January contained 88.7 percent
Di aptomis, and 10.1 percent Q.schura. D. thotata (1.2 percent)
were found in six stomachs, and Cyclops (0.1 percent) in four
sanpl es. February diet vas also dominated by D aptoms. (87.7
percent) and Q schura.(12.2 percent). Cyclops (0.2 percent) was
present in seven stomachs. and D. thorata (<0.1 percent) in two
stomachs. Juvenile nysid shrinmp were found in six of these
sanples, making up as nuch as 77.4 percent of individual stomach
contents. The vinter sanples through February all shoved strong
sel ection for Epischura and D. thorata. In Mrch LD aptonus
conprised 99.4 percent of the-diet. Cyclops (0.4 percent) and
Epi schura (0.2 percent) were found in only five and four sanples
respectively.

In April, diet vas dom nated by Diaptonus (96.0 percent) and
Cyclops (3.9 percent). D.thorata (0.1 percent) were found in only
one fish. Dipteran pupae and other insects were each found in one
fish and conprised less than 0.1 percent of the total food.

Sumer sanples in 1986 included fish collected at four
stations on four dates in July, and at two stations on four dates
in August. These sanples included fish taken in the |ake fishery
and gill net samples. The July diet consisted primarily of D.
thorata (99.2 percent), of which 14.5 percent vas juvenile
Daphnia. Epischura were found in nine stomachs (0.2 percent),
Diaptomus in five stomachs (0.3 percent). Cyclops and _Bosmina were
found less frequently and each conprised |ess than 0.1 percent of
the diet. Analysis of the August sanples shoved very sinilar
results, with D. thorata making up 99.2 percent of the diet, and
Epi schura contributing 0.2 percent. Diaptoous, &yclogs, d
Bosmina were found | ess frequently, contributing 0.1 percent, <0.1
percent, and 0.4 percent respectively. Insects and U ysid shrinp
were not found in any sumrer stomach sanples. July and August
sanpl es denonstrate again the strong selection for D. thorata, but
not for Q.schura, as was seen earlier in the year. Both these
zoopl ankton species were increasingly abundant in July and August.

The sanpling of adult kokanee in 1987 was |limted by their |ov
density in the lake, and our decision to focus effort on juvenile
year classes. A few three-year-old fish vere collected in Apri
with the 2 o md-water travl south of the Flathead River delta
(station 3-11). Zoopl ankton diet consisted of 53.9 percent
D apt oous.., 16.4 percent Cyclops, 2.2 percent D. thorata, 1.5
percent BRosni.na, and 1.0 percent Epischura. However, dipteran
insects conprised nost of the stomach contents of two fish. These
sanpl es did provide another exanple of kokanee able to |ocate and
feed on sparsely distributed patches of D. thorata vhen this
speci es was bel ov detectable density at the nearby station where
we nonitored zoopl ankton density. In June, their diet consisted
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entirely of zooplankton. D. thorata nade up 65.4 percent of the

total, Epischura 26.2 percent, Diaptonus 6.6 percent, Cyclops 1.4
percent, and Bosnmina 0.3 percent. The dominance of D. thorata in

these sanples again denonstrates the strong preference kokanee
exhibit for these relatively large, slov-sw mring cladocerans. In
md June the density of D. thorata vas less than Ol/liter, and
they comprised only 1.1 percent of the total zooplankton in the
wat er col um.

Lake Wiitefish Food Habits
JUVENI LE LAKE WWH TEFI SH

Lake vhitefish less than 140 mmin length were considered, for
the purposes of this analysis, to be juvenile fish, i.e. either
underyearlings (age @) or yearlings (age I+). The folloving
di scussi on sunmarizes sanples collected in 1986 and 1987 (a nore
detail ed description of all the sanples is found in Appendix D
and E).

In May, the diet of juvenile whitefish consisted of
zoopl ankton (71 percent) and dipteran pupae (29 percent) (Figure
15).  The principle zooplankton prey species included _Diaptonus
(41 percent), Bosnina (37 percent), and Daphnia thorata (20
percent). Fish were selecting highly for the two cladoceran
species, which were present at very |low density in the water
col um. June sanples contained dipteran |arvae (82 percent),
zoopl ankton (18 percent), and pelecypod clans (7 percent).
Zoopl ankton found in the stomachs included Cyclops and Epischura,
in addition to the three species mentioned above

Zoopl ankton, primarily Daphnia thorata. conprised 86 percent
of the food of juvenile whitefish in July, and about 50 percent in
August. Dipteran |larvae were still an inportant conponent in
August, naking up 40 percent of the diet in 1986, and 12 percent
in 1987. August stomach sanples also contained nmysid shrinp (7
percent in 1986, 26 percent in 1987). Mbst of the shrinp eaten
(67 percent) were adults.

ADULT LAKE WHI TEFI SH

In April and May, the diet of adult vhitefish was nade up
primarily of dipteran larvae and clanms (Figure 16). During these
nmonths their diet was considerably nore diverse in 1986 than in
1987, including nore significant numbers of zooplankton, nysid
shrinp, and gastropods (Appendix D).

Summer utilization of dipteran |larvae by adult whitefish
declined from about 30 percent in June, to 1 percent in July and
August of 1987. They were a nore significant part (12 percent) of

the diet in August of 1986. Pel ycypod clanms were also nore
inportant in June (29 to 42 percent) than later in the sumrer (4
to 8 percent). Mysid shrinp were a nore inportant portion of
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Figure 16. The diet of adult lake whitefish (over 140 mm) in
Flathead Lake in 1986 and 1987.



their diet in the sumer of 1987 than in 1986. In June and August
of 1987, they conprised 26 percent and 75 percent, respectively,
of the diet of adult whitefish. Zooplankton. on the other hand,
made up a snaller part of their sumer diet in 1987 (1 to 18
percent) than in 1986 (35 to 40 percent).

The increasi ng abundance of nysid shrinp in Flathead Lake
accounts for their increased inportance in the diet of |ake
vhitefish. An average of 246 shrinp vere found in individual
whitefish stomachs. |f the observed shift from zooplankton to
nysid shrinp continues, the grovth rate of lake vhitefish could
i ncrease.

Nine adult whitefish sanpled in Novenber contained primarily
zoopl ankton (43 percent), clans (24 percent), dipterans (10
percent), and snails (4 percent). The limted inportance of
snails in the diet of adult vhitefish in 1986 and 1987 contrasts
with a previous study (Leathe and Graham 1982). vhich found them
to be a major component of the diet in spring and sumrer.

W found limted use of the cladoceran Chydorus by adult
vhitefish. though this species never appeared in regular
zoopl ankton sanples. In 1986, ten percent of the adult vhitefish
stonmachs contained fish. The only identifiable forage fish were
yell ow perch, averaging 31 nmmin length. As many as 31 perch were
found in individual stomachs.

Kokanee G owmh Rate
1986

The size of outmgrant kokanee fry serves as a baseline from
vhich ve assessed fish growh rate by nmeasuring the size of
juvenile fish captured on successively later dates in 1986 and
1987. In 1986, sanples of outmigrant fry from MDonald Creek,
Beaver Creek, Brenneman's Slough, and at the Sportsman's Bridge
varied in length from22 mmto 44 mm (Table 7). Since nore than 90
percent of the total fry production enigrates from MDonal d Creek,
the average size of these fish represents a valid baseline for the
growth of fish entering Flathead Lake. In 1986, the average size
of MDonald Creek outmigrants vas 25.3 nm  The nean | ength of
outm grants increased over successive nonthly sanples, taken
between nmid March and md June of 1986. Though | ength at
energence is not knovn to vary greatly, sone fry reside in
McDonal d Creek for several weeks. The larger size of these
resident fry would contribute to the increasing size of
outmigrants. By contrast, the nean size of fry sanpled at the
Sportsman's Bridge did not increase consistently between April and
June. The overall mean size of the Sportsman's Bridge sanples was
not significantly larger than that of MDonald Creek fish. This
finding supports the contention that nost fry migrate quickly down
the river into Flathead Lake (Fraley and G aham 1982).
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Table 7. Size of outmigrant kokanee fry collected in the Flathead

Ri ver system in 1986.

Length (m)
Locati on Dat e Mean M ni num Maxi mum
Beaver Creek 3-12 25.4 23.0 27.0
Brenneman' s Sl ough 3-6 29.9 25.0 44.0
4-25
McDonal d Creek 4-16 25.3 23.0 33.0
5-13
6-12
6- 24
Sportsmen's Bridge 4-15 24.8 23.0 35.0
5-7
6-4
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Tram sanples of O kokanee collected at various |ocations in
Fl athead Lake suggest that their average length had increased to
69.4 nm by the end of August, and to 78.5 nm by the middle of
Cctober (Figure 17). These mean |lengths are derived from smal
nunbers of kokanee fry. The range of sizes found in each of these
smal | sanples nakes it difficult to express confidence in the
increment in mean size as a neasure of average grovth rate. The
data does suggest that rapid grovth persists into late Cctober, in
spite of falling vater tenperature and decline in the availability
of preferred cladoceran prey.

The mean length of yearling kokanee sanpled in June 1986 vas
128.1 mm Mean | ength had increased to 133.5 mmby nmid July, and
to 166.1 mm by the end of August (Figure 18). A few sanpl es
collected as late as Novenber 7, 1986, ranged in length from 165
to 197 nm

1987

In 1987. MDonald Creek outmgrants averaged 28.5 mm and
ranged from24 to 39 mmin length. Mean length had increased to
36.5 mMmin mid May, to 64.3 nmby md August, and to 70.1 mm by
md Septenber, 1987 (Figure 18). These 1987 data are derived from
a nore successful sanpling effort than was achieved in 1986. [y
length varies widely, ranging from50 mmto 90 nmin md August,
and from51 to 100 mmin nid Septenber.

Yearling kokanee collected in June, 1987, averaged 131.0 nmin
l ength. Combined sanples fromthe first two weeks of July averaged
only 131.4 mm an insignificant increase. By early Septenber,
average length had increased to 153.2 nm but the length of
i ndi vidual fish ranged from 127 to 191 mm

G owt h of Pen-Reared Kokanee Fry

The average length of the first group of 400,000 pen-reared
fry that were transferred from the Mirray Springs Hatchery to
Fl athead Lake on May 4-5, 1987. increased 27 percent from 44.6 mm
(SE 0.1 mm on May 5to 56.8 mfm (S.E. 0.9 M) on June 4, 1987
when they were released fromthe pens (Figure 19). Their nean
wei ght increased 141 percent from0.427 g (S.E. 0.019 ¢g) to 1.029
g (S E 0.071 g), or about 4.5 percent per day. Their average
condition (weight x 105/1ength3) i nproved from 0.48 to 0.54. The
average length of this group of fry did not increase significantly
between the last two sanplings on May 30 and June 5.

The second group of 400,000 fry were transferred fromthe
Soners Hatchery to the floating pens on June 9. 1987. An outbreak

of bacterial gill disease forced us to release this group on June
23, 1987, after nortality increased dramatically. The onset of
gill disease was associated with water tenperature exceeding 60° F

after June 15, 1987 (Figure 20). Over the 15-day period these
fish were held in the pens, neither their length nor weight
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increased significantly. Their nmean length on June 9 was 47.7 mm

(SE 0.9 mj.
FRY SURVI VAL - 1987

The total nunber of fry entering Flathead Lake in late spring
and early summer of 1987 vas estimated to be at least 4.8 nillion
This figure includes 3.7 mllion from MDonald Creek, 0.8 mllion
released from the pen-rearing experinment. and 0.1 mllion released
directly from Soners Hatchery. Approximately 19 percent of the
total year class was artificially produced

Of the 34 otolith sanples we exam ned microscopically, six (18
percent) shoved pattern discontinuities that identify themas pen-
reared fish. In another three sanples, pattern changes occurred
on dates close to the tines of transfer from hatchery to pens and
of release fromthe pens. The total proportion of hatchery fish
in the sanple could be as high as 26 percent. These data indicate
that hatchery-raised fry survived at least as vell as, and
possibly at an increased rate, conpared to wild fry. Thi s
conclusion is based on a very small sanple of fish.

The identity of these recaptured fish could not be confirned
by the presence of a tetracycline mark on skeletal structures,
except in one positive and three doubtful cases. The failure of
the pen-reared fish to retain the tetracycline mark was probably
related to the fish being exposed to constant sunlight
(ul'traviolet), while being fed the drug. U traviol et light has
been shown to prevent the binding of oxytetracycline to the
organic calcium matrix of the skeleton (Trojner 1973). By
contrast, the mark was clearly present in a sanple of kokanee held
inside the Soners Hatchery vhile being fed the drug. The nark was
still readable on a small sanple of pen-reared fish at the time of
rel ease, though it vas not distinct. Oher studies that have held
kokanee fry indoors while being fed tetracycline have recovered
clearly marked fish, vhere the characteristic fluorescence is
visible on external bony structures, after several nonths (Ed.
Bovles, Ildaho Fish and Game, pers. comm)

In many other |akes norphologically sinmlar to Flathead Lake,
kokanee of all age classes condense into well-defined md-vater
| ayers in the pelagic zone at night (R eman and Bovl er 1980.
Marino et al. 1987, Parkinson 1986). CQur sanpling effort, and that
of previous studies of Flathead Lake (Leathe and Graham 1982
Hanzel 1983) was successful only in the shallov north end of the
| ake, and at nearshore stations in the north half of the |ake. W
never collected 0+ kokanee in the pelagic zone of the |ake, though
adult (2+ and 3t)kokanee are present there. W nust assune that
young- of -t he-year kokanee are distributed differently than adults
in the sunmer, and that a very large proportion of the Ot
popul ation is occupying a relatively small area of the |ake
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G owt h Rates of 0+ Kokanee Derived fromQolith Analysis

W verified that increnents observed on kokanee otoliths were
laid dovn daily by examning the otoliths of pen-reared fish. Wen
these fish vere transferred from Murray Springs Hatchery to the
pens. the change in environment left an obvious discontinuity in
the increment pattern on their otoliths. Thirty-one days after
this transfer, the fish vere released into the lake. |ncrenent
counts (n = 20) fromthe edge back to the discontinuity vere
distributed about a niedian of 31, ranging from28 to 33. Oher
studies corroborate this assunption that, in freshvater sal nonids,
otolith increments are deposited daily (Nelson and Geen 1986, Rice
et al. 1985).

Using sinple linear regression, ve derived the folloving
rel ationshi ps betveen the dorsal radii of otoliths and the
standard | ength of kokanee. Linear nodels fit the conbined age 0+
and age |+ fish data adequately. Yearling fish data were included
to inprove the back-calcul ated I engths of large O fish, fev of
which vere included in the sanple. For 1986 the otolith
radi us/fish length relationship vas:

length (Y) = -12.619 t .082 radius (X

For this nodel (Figure 21) the correlation coefficient vas
.965, indicating that otolith radius explained over 93 percent of
the variation in fish |ength. Simlar analysis produced the
following relationship for kokanee collected in 1987

length (Y) = -4.796 t .067 radius (x)

The correlation coefficient for this nodel (Figure 22) vas .960,
i ndicating that 92 percent of the variation in fish length vas
expl ained by otolith radius.

W used the slopes of back-calculated grovth curves as
measures of grovth rate. The 1986 sanple vas conprised of 29 fish,
and the 1987 sanmple of 32 fish. The nean value of the slope of
the growth curve for the 1986 sanple was 0.405 (SE 0.011). which
was significantly (p = .05 higher than 0.334 (S-E. 0.009) the
nean value for the the 1987 sanple. The distributions of the
sl opes in each sanple are markedly different (Figure 23). These
results indicate that fry grew at a faster rate in the sumrer of
1986. than in 1987.

The true length of O kokanee, at the time of capture, was
only weakly correlated ( r = 0.62) to their otolith-derived growh

rate (Figure 24). This was not due to failure of the otolith
radius/fish length nodel to predict the termnal length of fish,
and thus to produce spurious growh rate estinates. The

di fferences betveen true termnal length and predicted term na
length were distributed approximtely normally, vith about
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90 percent of the errors falling vithin +10 percent of true length
(Figure 25). The magnitude of these "residuals" vas not related
to true fish length. The measured lengths of the fry used in the
1986 grovth analysis were not different in terns of nean, nedian,
range, or distribution than those used for the 1987 analysis. The
absence, then, of systematic error in the otolith radius/fish
length nodel validates it utility in nmeasuring grovth rate.
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DISCUSSION
Survival of Adult Kokanee

The nmarked decline in the kokanee spavning escapenent in 1986
and 1987 indicates that natural nortality has increased during
their four-year life in Flathead Lake. Several factors may have
contributed to the decline, but ve have not yet identified
speci fic biological nechanisns. It is clear, hovever, that
neither low fry production nor fishing harvest vere responsible
for the decline. Estimates of the nunber of fry hatched in
McDonald Creek in 1983 and 1984 were 12.4 and 13.1 mllion,
respectively. These figures represent the majority of total fry
produced in the system A simlar nunber of outmigrating fry (12.0
mllion) matured in the lake to produce the successful 1985 adult
year class, which nunbered at |east 335,000 four year old fish
High fishing nortality has contributed to |ov spavni ng escapenent
in recent history, notably in 1982 vhen about 90 percent of the 3+
fish vere taken by fishernen. Fishing nortality on the 3tyear
cl ass exceeded 70 percentinl986, but this fails to explain the
dramatic decline in total 3t year class strength that vyear.
Bet ween 1981 and 1985 the nunber of 3+ fish in the |ake, including
fishing harvest and escapement, varied betveen 228,000 to 466.000
In 1986 this figure dropped to 82,500 (Table 8). After the vinter
ice fishery in 1986, very fev kokanee vere caught either in the
sumer fishery in Flathead Lake or the fall fishery in the
Fl athead River. W nust assune that the nortality "bottl eneck"
experienced by the 1986 and 1987 year classes occurred at sone
time in their juvenile life history.

Interspecific and intraspecific conpetition, and predation are
the primary factors contributing to the nortality of juvenile and

adult fish in lakes. 1In severalvell-docunented cases in other
| akes, the establishment of nysid shrimp (Mysis relicta) has been
folloved by the decline of kokanee fisheries. In both Lake Tahoe

(Morgan et al. 1979) and Lake Pend Oeille (R eman and Bow er
1980) nysid grazing pressure reduced the abundance of cladoceran
zoopl ankton, which make up nost of the diet of all age classes of

kokanee during the groving season. Crcunstantial evidence
pointed to the decreased availability of preferred food as a
factor contributing to increased nortality. It vas thought that

these conditions affected young-of-the-year fish nost
dramatically. However, the decline of the Pend Oreille kokanee
fishery, i.e. the decline in adult fish abundance, probably began
in the early 1970's - before the rapid increase in nysid shrinp
was observed and presumably before any mmjor changes in the
zoopl ankton comunity were effected (Figure 26). If nysid-induced
changes in the food chain can be assuned to have affected juvenile
fish survival in the late 1960's and early 1970's in Lake Pend
Oeille, such changes occurred at very lov nysid abundance. The
docunented decline in cladoceran abundance occurred as nysid
density exceeded 1,000/ nf. These data suggest that kokanee are
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Tab

le 8. Escapenent, harvest and fishing nortality on age III+
kokanee in the Flathead system

Har vest Har vest TotgLaLI " Per cent
Year  Escapenent winter?  Sumer?/ Fa11&/ Tot al class Harvest
1979 60,289%
1980  40,144%  s,000  17.250 11,348 33,598 73,792 .46
1981 134,714 53,530 118,600% 155,0328/ 327,162 461,876 71
1982 33,277 115,490 82,925 25,916 224, 331 257. 608 .87
1983 54,239 51,780 94, 375 4,365 150,526 204,759 74
1984 107,414 45,210 194, 703 10, 756 250, 669 358,083 .70
1985 165, 447 50, 810 126,293 15,575 192. 678 358,125 .54
1986 21,441 44,980 30, 429 2,363 77,772 99,213 .78
1987 1. 956 4,700 1,000 133 5,833 7,789 .75
a/ Age conpositian of kokanee harvested in winter conpiled fromtagging studies and

LI

w nter creel survey.

The 1985 creel survey is considered to be the nost accurate summer harvest
estimte. Statevide creel survey indicates little variation inharvest from 1982
to 1985, so we used the 1985 figure as an estimate for those years. Age
conposi tion of summer harvest fromHanzel (1986).

For fall harvest percent age conposition used MDonald Creek spawner percent age
conposi tion except for 1982.

M ni numesti nat e.

Because Graham and Fredenberg's (1982) estimate is considered too high, ve used
50 percent of t hei r summer harvest figure.

I ncludes 10,000 fishcaught in the Iake.
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susceptible to increased nortality when relatively small changes
in their food supply occur.

The decline in the Flathead kokanee fishery appears to be
folloving a simlar scenario to that in Lake Pend Oeille. Though
nysid shrinp were present in Flathead Lake in the late 1970's.
havi ng been introduced 'naturally" by drifting down from Svan
Lake, Whitefish Lake, and Ashley Lake, they vere not collected
until 1981 (Leathe and Graham 19821. Mysid density increased
exponentially for the next three years. Mar ked changes in the
zoopl ankt on community vere not observed until 1986, though a
declining trend in peak cladoceran density, Daphnia thorata in
particular, and a delay in their sumer pul se vas evident a year
earlier. These rather subtle changes in the food chain may have
been responsible for increased nortality of juvenile kokanee
whi ch entered Flathead Lake in 1983 and 1984, though it seens that
such a dramatic decline in fish survival vould require nore overt
changes in food availability. Mre detailed results of our study
of changes in the zoopl ankton comunity and their effects on
kokanee diet, grovth, and survival are discussed later in this
report.

QO her factors are certainly relevant to the decline in kokanee
abundance in Flathead Lake. Subtle changes in the food chain nay
have greater effect on kokanee, given their coexistence wth
several other planktivorous species, including |ake vhitefish,
nmountai n vhitefish, pygny whitefish. peanouth, redside shiner,
yellow perch. and juvenile lake and bull trout. Interspecific
conpetition vould intensify under any regine of reduced
zoopl ankton food availability. Predation by lake trout and bul
trout has alvays constituted a significant part of natura
mortality. Even if this part remmins constant, its significance
magnifies as the total adult year class strength declines. W
have no estimates of the abundance of |ake and bull trout in
FI at head Lake. According to sportsnen, |ake trout fishing has
inproved in the last three years. Juvenile |lake and bull trout
prey extensively on nysid shrinp. G ven the increasing abundance
of shrinp, we mght expect strong year classes of these predators
to inpact kokanee. The continued presence of kokanee in |ake trout
stomach sanples testifies to their ability to utilize a prey
species at |low density. Wthout estimates of the abundance of
predatory fish, however. it is purely speculative to assune that
their inpact has been the primary cause of the decline in kokanee

There is no evidence that parasitismor disease are affecting
the health of kokanee in Flathead Lake. Surviving adult fish,
i ncl udi ng spawners, appear to be in good condition. The size of
spawners has increased over the last tvo years, as ve would expect
in a species whose growth is density dependent. W have not
i nvestigated the physiological condition of kokanee beyond a
conparison of length and weight. A snall sanple of adult kokanee
were assayed for accumulations of pesticides and other
hydrocarbons in 1985 (Phillips et al. 1987). The only remarkable
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result of these tests vas high PCB residues, fromQl to 0.4 ppm
in vhol e body assays. These levels are not knovn to affect fish

health directly.

A conplete discussion of the factors liniting kokanee
abundance must al so consider factors that linmt spavning success.
As discussed in the introduction to this report, pre-energent
nortality in the main stemvas very high through the 1970's and
early 1980's. until discharge vindovs vere inposed on the
operation of Hungry Horse Dam during the spavning and incubation
period (Fraley and G aham 1982. C ancey and Fraley 1985). Pre-
emergent nmortality is still very high along the Flathead Lake
shoreline, because of dravdovn associated with the operation of
Kerr Dam (Decker-Hess and McMillin 1983, Decker-Hess and O ancey
1984) . Reproductive potential in the Flathead system has been
reduced at |east 50 percent because of declines in spavning
habitat quality and unrecovered |osses of spavning runs to these
areas. The | oss of potential recruitnment from min stem and
| akeshore spavni ng has rendered the Flathead kokanee popul ation
nore susceptible to overharvest and predation. The conti nued
success of kokanee through the 1960's denpnstrated its resilience
to these factors vhen a diverse range of spawning stocks supported
the kokanee fishery.

Change in the Zooplankton Comunity -
The Effects of Increased Mysid Grazing Pressure

Declines in the abundance of cladoceran zoopl ankton, which

have been attributed to the establishnment of Mysis relicta. have
resulted in reduced densities and poor condition of planktivorous
fish in |akes throughout the Holarctic region (Langel and 1987,
R eman and Falter 1981, Rieman 1979, Morgan et al. 1978)
I ncreased grazing pressure has resulted in the conplete
di sappearance of sone cladoceran species from | akes. Langel and
(1987) docunented the disappearance of five cladoceran species
from Lake Stugusjoen, Norway. vithin six years of Msis
introduction. Daphnia spp. and Bosmina crashed in the pelagic
zone of Lake Tahoe, California-Nevada, vithin six years of Msis
introduction. Both of these |akes al so contained planktivorous
fish. Ol adoceran zoopl ankton have also declined after the
establishnent of Mysis in Pend Oreille Lake, Idaho, Twi n Lakes,
Col or ado, and Kootenay Lake, British Col unbia.

The establishment of Mysis in Flathead Lake in the early
1980's has resulted in severe declines of cladoceran zooplankton.
Two cl adoceran species, Leptodora and D. longirenis could not be
found in the zoopl ankton assenbl age of Flathead Lake in 1987, and
density of D. thorata and Bosmina were significantly reduced from
previous years. The abundance of the copepod D aptonus was al so
apparently reduced by nysid grazing

The summer pul se of Daphnia thorata, which accounted for 70 to
90 percent of the summer and fall diet of all kokanee in Flathead
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Lake (Leathe and Graham 1982). has occurred successively l|ater
since 1985. At npbst sanpling stations in 1987, D. thorata was not
present in our sanples until after the |ake began to stratify
(Figure 27). That was also the first year that it was not present
in our first sanple in the spring. Tenporal displacenent of
cl adocerans is characteristic of |akes in vhich M. relicta becomnes
established (Zyblut 1970, Bovler et al. 1979).

Qur data suggest that, as in other systens, epilimial species
such as D. thorata bloom only after thermal stratification. Msid
shrinp graze the entire water colum until varm ng surface water
tenperature restricts their vertical nigration. When nysid
grazing pressure is thus lessened in the surface |ayer, species
that prefer the epilimion can increase rapidly. For the last two
years enough D. thorata have survived nysid predation to seed the
epilimion and initiate a pulse after stratification (Figure 27).
Potter (1978) found densities of D. tharata in the range of 1.5-
2.0/liter near the shoreline of Flathead Lake before the peak of
spring runoff.

In Lake Pend Oeille, D.thorata were replaced as the dom nant
Daphni a by D. gal eata nendotae, presumably because the latter has
a pronounced hel met spike vhich discouraged Mysis predation
(Rieman and Falter 1981). Although D. thorata was replaced as the
dom nant Daphnia, it is still part of the zoopl ankton assenbl age
of Pend Oeille. Wlls (1970) reports that in Lake Mchigan, three
speci es of Daphnia coexist vith Mysis. Al three are epilimia
i nhabi tants.

D. longiremis Wwere present in only tvo sanples collected in
1686, and were not present in any samples collected from Fl at head
Lake in 1987. Peak density in the summer of 1985 was lover than in
previous years. Perhaps Mysis affected the population prior to
devel opnent of the overw ntering ephippial stage, reducing the
nunber of first generation individuals in the spring of 1986
S i n clongiremis distribute in the hypolimion, they were
susceptible to nysid grazing throughout the year. Morgan et al
(1981) docunmented the denmise of tvo hypolimial Daphnia species in
Lake Tahoe. Nero and Sprules (1986) rarely found cladocerans in
the hypolimmion after stratification in lakes in Ontario where M.
relicta i s native.

Basmina have al so decreased significantly in Flathead Lake
since the establishment of Msis. As vas the case vith D.
thorat.a, Bosnmina did not appear in our sanples until after |ake
stratification. Although they were rare in plankton sanpl es,
Basnina were commonly found in Mysis quts by Lasenby and Furst
(1981). Data from Cooper and Goldman (1980) suggest that Bosm na
may be preferred by smaller Mysis, vhile larger Mysis prefer
Daphni a. Zyblut (1970) concluded that the decrease of Bosmina in
Koot enay Lake may have been due to an increase in D aphanosona.
He specul ates that increases in the productivity of Kootenay Lake
reduced the size of phytoplankton particles, which favored
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Figure 27. The tenporal shift in production of Daphnia thorata
in Flathead Lake .
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Di.aphanosoma over Bosnina. W have no data to support such a
theory in Flathead Lake. W believe the decrease of Basmina in
Fl athead Lake is due to increased death rates from Mysis predation
and the subsequent reduction of birth rates. Lake Tahoe was
devoi d of Bosnmi.na by 1971 (Richards et al. 1975). but |ater was
recol oni zed (Threlkeld 1981). One of the factors which led to
recol oni zati on vas reduced densities of Msis.

Potter (1972) suspected that tvo forns of Bosnina existed in
Fl athead Lake - round and angular norphs. If that is the case, we
may be seeing a phenonmenon simlar to that seen in Pend Oeille
vith Daphnia. Perhaps one norph is less affected by Msis
inpacts, and will exploit the void left by the reduction of other
zoopl ankt on. Since Bosmina persists throughout a greater portion
of the | ake than other cladocerans in sumrer and vinter (Potter
1978), it may be able to take advantage of areas of the |ake vhere
Mysis density is lov and rebuild it's population, as it did in
Lake Tahoe.

The | arge, predacious cladoceran Leptodora also di sappeared
from Fl at head Lake plankton sanmples in 1987. Though it never
conprised a |large percentage of the total plankton, it was an
important food item for kokanee when it becane available from June
t hrough Novenber (Leathe and Graham 1982. Potter 1978). Bow er et
al. (1979) found b. thorata disappeared from Lake Pend Oeille,
vhich contains Mysis and Leptodora, but not from Priest Lake,
| daho, vhich contains Mysis, but not Leptadara. Qur results
contradict these findings, in that D. thorata is still present in
Fl at head Lake, while Leptodora,if present, are at undetectable

| evel s.

Di_agonmus. appeared to be mamintaining it's population in
Fl athead Lake until 1987, when it peaked at 4.5/liter in nmid July.
Previously, Diaptormus density peaked in late May or early June, at
over [0/liter. Langel and (1987) found that Diaptonmus declined in
Lake Stugusjoen after Mysis establishment. Msis did not graze
heavily on Diaptomus in Lake Tahoe (Folt et al. 1982. Rybock
1978) but it did decline in Donner and Fallen Leaf |akes, though
it is not known if those declines were due to nysid grazing.
Kokanee in Flathead Lake rely on Diaptonus as a vinter food supply
{Leathe and Graham 1982). Potter (1978) states that Diaptonus is
present in a variety of life stages at any one tinme, insuring
that a portion of the population grows and reproduces.

Cooper and Gol dman (1980) found Mysi.s to prefer Cyclops and
Epischura over Diaptamus. However, Langel and (1987) found no
changes in the Cyclops population of Lake Stugusjoen, and Cyclops
appears to have been unaffected by Mysis in Flathead Lake. CQur
assertion that Cyclops is unaffected in Flathead Lake is based on
the large fluctuations their popul ation has gone through since
1983. In 1987, the density of Cyclops increased late in the year
as it had in years before Mysis invaded Flathead Lake. The
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relatively low density of Cyclops in 1985 followed tvo successive
vinters of total ice cover on Flathead Lake.

The reaction of Epischura to the Mysis situation in Flathead
Lake is simlar to that in other |akes vhere they co-exist. In
Lake Tahoe, Mysis positively selected for Epischura, and they
mai ntained a stable population after the inpacts of Msis had been
felt (Folt et al.1982, Cooper and CGol dman 1980, Rybock 1978, and
Richards et al. 1975). This preference for Epischura decreased as
other prey species became abundant. In Flathead Lake, Epischura
density has remained vithin the range observed before Mysis vere
present, and their tenporal distribution has renmined unaltered
(Leathe and Graham 1982, Potter 1978).

Total zoopl ankton density decreased significantly in 1987
conpared to previous years. Decreases in density of all species
except Cyclops and Epischura are responsible for this decline.
Di.aptomus density vas strongly correlated (r=0.98. p<.001) to
total zoopl ankton density by Decker-Hess and d ancey (1984). so
the large reduction in total zooplankton is largely due to the
reduced Di aptonus densities in 1986 and 1987

Kokanee Diet: Response to Change
in Food Availability

Changes in the availability of cladoceran zooplankton in the
spring and early summer have not radically altered the diet of
kokanee in Flathead Lake. Their characteristic shift from copepods
to cladocerans occurs relatively late, because nysid grazing
pressure delays the pulse of production of D. thorata until later
in the summer, vhen thermal stratification isolates Daphnia in the
epilimion fromthe shrinp. Late summer nysid sanples confirm
that they largely avoid the surface waters as the epilimion warns
above 15°c (C. Spencer, pers. comm). D. tharata is also |ess
available in the fall and early vinter. as their abundance falls
rapidly follow ng destratification. D. longiremis and Leptodora
are no longer present in the zooplankton community, and sthey do
not contribute to the diet of kokanee

Previ ous study of the food habits of O kokanee in Fl at head
Lake (Leathe and Graham 1982) suggested that about md May their
diet shifted from copepods (e.g. Cyclops) to the increasingly
abundant cl adoceran Daphnia thorata. Because of the grazing
pressure exerted by an increasing population of Mysis relicta,
Daphni a and other cladocerans are nuch |ess abundant in the spring
and early summer. Qur 1987 zoopl ankton data show that D. thorata
density did not bloomuntil md to late July, though we found

this species at very lov density in March at station I-1. The
characteristic shift in diet, to the al nbst exclusive use of D.
thorata did not occur until August, though it made up an

increasing portion of their diet in June and July. In 1981, D.
thorata made up about 70 percent of the diet of O kokanee in
June (Leathe and Graham 1982). Their May diet was conprised mainly
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of the copepods D aptonus and Cyclops. In June their diet
diversified to include Epischura, Bosmina, and Daphnia. By July

the principal conmponents were Epischura, Bosmina. and Daphnia. The
fry diversified their diet in My and June to include copepods and
insects, vhen their preferred food vas unavailable. The behaviora
trait of Epischura vhich renders them |less susceptible or
available to small salmn is not understood. Epischura is found at
hi ghest density in the upper 10 m of the vater colum, vhere
kokanee feed (Potter 1978, and Leathe and Graham 1982). Mysi d
shrinmp vere not found in the diet of juvenile kokanee in 1986 or
1987, confirmng the results from other research vhich suggests
that the shrinp are either too large or unavailable to young fish.

The consequences of the change in food availability in the
spring are unknovn. Eating smaller. nore nobile copepods is
likely to be energetically disadvantageous. If the lack of
preferred food in the pelagic zone forces the & fish to remain
onshore in search of insect larvae and other large prey, they
could be nore susceptible to predation.

Yearling and ol der kokanee diets changed less than O fish in
conmparison vith the previous study. In general yearling and
ol der fish shifted to D. thorata earlier than did young-of-the-
year. The preferred cladoceran made up the majority of yearling
diet in July, and older fish diets in June. This is likely
evidence of the greater nobility of older fish and the consequent
ability to locate preferred food. There was a marked difference
betveen the 1986 and 1987 diets of yearling fish in June, vith D
thorata and Bosmina conprising a much larger part of the diet in
1986. In the spring of 1987, yearlings were largely dependent on
Epi schura, perhaps in response to the reduced availability of
cladocerans. In the spring of 1981 and 1982. Leptodora conprised
from?20 to 40 percent of the diet of yearling and ol der fish
(Leat he and Graham 1982), whereas this |arge cladoceran vas not
found in any stonmach sanple in 1986 or 1987. Mysid shrinp
conprised an insignificantly small portion of the diet of ol der
kokanee sampled in 1986.

In 1986 and1987 ve were able to consistently collect O+ and
1+ kokanee in the northvest part of Flathead Lake. Zoopl ankton
food, in particular D. thorata, is nore abundant and is avail able
earlier in the year in this shallov area. The |immol ogic
conditions that foster earlier plankton pulses in this area are
not fully understood. Nutrient-rich runoff from the Flathead
Ri ver eddies into the northvest bays in May and June, but earlier
thermal stratification and lov nysid abundance probably contribute
nore to early zooplankton availability. The advant ages of
resi ding in this area in the spring and early summer are obvious.
Later in the sumrer, differences in cladoceran density betveen
north and south lake stations are insignificant. Food availability
does not explain our failure to find schools of juvenile fish at
other locations in the pelagic zone.
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Diet Overlap between Juvenile Kokanee and Lake Witefish

Qur data show that juvenile kokanee and |ake vhitefish conpete
for the sane zoopl ankton food species in the spring and sumer
During May 1987, we found that young-of-the-year |ake whitefish
feed heavily on zooplankton primarily Diaptonus and Bosnina vith
some D. thorata. From July through August, juvenile |ake
whitefish also feed heavily on zoopl ankton except there vas a
dramatic shift to alnost conplete use of D. thorata concurrent
with their increased availability in the water colum. Some di et
overlap occurs in the spring vhen both groups of fish feed on the
copepod di aptomus. There is strong conpetition during the sunmmer
when both young-of-the-year |ake vhitefish and kokanee sal mon
sel ect heavily for the cladoceran D. thorata during the bl oom of
this species. Indices of diet overlap vere significantly high for
kokanee and the three vhitefish species in Flathead Lake in 1981
(Leathe and Graham 1982). The inpact of increased interspecific
conpetition probably becane nore significant in 1986 and 1987. as
the availability of preferred zooplankton prey declined

Reckahn (1970) found that underyearling |ake vhitefish in Lake
Huron reside in shallov depths along the shoreline in early
sumer, nove to the metalimmion during md summer and fall then
move to the hypolimion as w nter approaches. He also found that
young- of -t he-year whitefish feed heavily on planktonic organisns
and then switch to a benthic diet by late fall. Qur data shovs
t hat young-of-the-year whitefish are primarily planktivorous from
May through August. Although we did not sanple whitefish through
the winter, yearling (1+) whitefish fed exclusively on bottom or
near bottom organisns namely dipteran larvae and clans by April

W have not quantified the specific effects on young-of-the-
year kokanee survival resulting from their coexistence in the sanme
habitat as juvenile | ake whitefish in the late spring and early
sumer in Flathead Lake. Nor have we collected any evidence that
t he conbi ned grazing pressure of planktivorous fish reduces
zoopl ankt on standing stock significantly or thereby reduces
secondary production. But the greater abundance of young | ake
whitefish, and the reduced availability of cladoceran zoopl ankton
in May and June due to increasing mysid grazing pressure, probably
combine to inhibit the growh and survival of juvenile kokanee

Decline in Juvenil e Kokanee G owth Rates

The majority of the 1986 sanple was collected in late
Sept ember and Cctober, whereas the 1987 sanple was collected in
| ate August and early Septenber. This vould suggest that by md
Septenber of 1987 kokanee fry had reached the same size range that
was reached a nonth later in 1986. However, the size of fry in
the fall is a product not only of growh rate, but of when the fry
entered the lake in the spring. The peak of the 1987 outmgration
occurred nore than a nonth earlier than in 1986. Their |onger
residence in the lake would partially explain the larger size of
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the fry in the fall of 1987. Epilimial water tenperatures at
station |-1 were varmer in 1986 than 1987 by about 2°C (Appendi x
E). It is probable that both vater tenperature and food supply
contributed to the faster grovth rates of fry in 1986

The apparent decline in the summer grovth rate of age O
kokanee betveen 1986 and 1987 in Flathead Lake can
circunstantially be attributed to the continuing decline in their
preferred cladoceran zoopl ankton food. Several studies have
docunented the relationship betveen ration size and fish grovth in
experinental and natural environments. \Water tenperature, and
therefore diel migration behavior, co-regulates grovth rate under
varying rations (Biette and Geen 1980). The growth rate of age O
sockeye increased in coastal lakes in British Colunbia vhen
zoopl ankton food was increased by a lake fertilization experinent
(Hyatt and Stockner 1985). But other factors, such as inter- and
intraspecific conpetition, vere equally inportant in determning
fish growh rate.

Decreased growth rate does not, however, explain the dranatic
increase in nortality that has apparently already reduced kokanee
abundance in Flathead Lake. Fish that grow slowmy may be nore
susceptible to predation (Ponker 1971), and nutritionally
conpromi sed fish nay be subject to disease. But no large scale
di e-of fs of kokanee have been observed in Flathead Lake, which
woul d suggest that outright starvation is not the central cause of

increased nortality. It is inportant to recognize that the growth
rates reported in this paper are those of fish that survived the
early sumer forage deficiency in the |ake. Because of this

possi bl e size-selective nortality, the reported rates nay not
reflect the growth of fish that did not survive (Ricker 1975).

Yearling kokanee shoved a nore dramatic decline in grovth rate
than & fish, betveen 1986 and 1987. based on the increase in the
size of fish sanpled through those tvo sunmmers. W do not have
accurate estimates of yearling abundance, so the relative
contribution of intraspecific conpetition (density dependence) is
not known. Qur data suggest that forage deficiency affects the
grovth of older fish markedly. Even before the introduction of
mysid shrinp, the growh of adult kokanee declined in their |ast
two years. Age 3t and 4+ kokanee were not usual |y distinguishable
based on size (Hanzel 1984). This suggests that food availability
may al ways have |inited kokanee growh rate in the oligotrophic
Fl at head system The dramatic decline in food availability that
has occurred in the last tvo years is, therefore. a likely cause
of increased nortality.
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RECOVERY ALTERNATI VES

The fornul ation of specific nmethods for recovering | osses
incurred by the Flathead kokanee fishery has been a principal
obj ective of BPA-funded studies. Until very recently, enhancing
the natural reproduction of kokanee by regulating dam operations
and rehabilitating diverse spavning stocks throughout the system
seemed to be attainable. Controlled discharge at Hungry Horse
Dam during the spavning and incubation season, vas inplenmented
under this assunption. But the nysid shrinp/kokanee interaction
perhaps in concert vith other biologic factors, has introduced
uncertainty into these plans, by causing increased fry-to-adult
nortality. Since the successful winter fishery in early 1986, no
substantial sport harvest of kokanee has occurred. Wth the
survival of naturally produced fish wuncertain, HDFUP has
considered large-scale supplementation vith hatchery-produced fish
as a means of supporting the fishery. For the sane reason, MDFWP
must re-evaluate a mitigation plan vhich focused on enhancing vild
fry production in the nmain stem Flathead River.

At this point several nmnagenent alternatives are available to
HDFUP. The principal objectives cannot be set until the future
viability of the Flathead kokanee fishery is understood. Qur
intent here is to describe alternative managenent plans applicable
vhen this understanding is gained. |Inplenentation of one of these
alternatives wi 11 be pursued vhen the outcone of the biol ogica
changes ongoing in Flathead Lake is better understood

It is inmportant to clarify the distinction betveen past |osses
i n kokanee production that are at least in part attributable to
the construction and operation of hydropover facilities, and
recent or ongoing declines in survival related to change in the
trophic ecol ogy of Flathead Lake. Federal or private power
marketing entities, or their ratepayers, are not responsible for
mtigating | osses that are related to biological changes in the
| ake system HDFWP i s responsible, inturn, to develop
mtigation plans vhich are biologically sound and effective, and
are vise expenditures of nmitigation funds

Alternative |

The npst optimistic scenario suggests that the high kokanee
nortality seen in the last two years is anomalous, that vild fry
survival wi 1l inmprove in the future, and that the fishery can be
per petuat ed based on this vild production. This scenario would
require that the nysid shrinp population not increase beyond
current levels, and that the conpetitive interaction between
shrinmp and kokanee vould result, at worst, in slightly increased
fry nortality and slightly decreased fish growth rates.

OBJECTI VE: Mai nt enance of a kokanee fishery in Flathead Lake and

in the Flathead River, based conpletely on naturally produced
fish. Long-term effects of conpetition with nysid shrinp are
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assuned to be linmted. The objectives of nmitigation will be to:
a) protect spavning in the main stem Fl athead River, b) enhance
the diversity and productivity of main stem spawning areas, c)
enhance the productivity of spavning in other tributary streans,
and d) enhance spavning success at tvo |akeshore spavning areas.
In conbination, these objectives replace 60,000 spavni ng kokanee
lost from | akeshore spavning areas, and 94,000 spavning kokanee
lost from main stem Flathead River spavning areas. They increase
main stemriver spavning escapenent to 25 percent, and escapenent
to other tributaries to 10 percent, of system total escapenent.

| MPLEMENTATI ON

Protection of main stem spawning success -- Mintaining a year-
round mininum flov of 3,500 cfs, and stabilizing the discharge
from Hungry Horse Dam so that main stem Flathead River flov is
hel d betveen 3,500 and 4,500 cfs during the spavning season
(Cctober 15 to Decenber 15) has been shovn to reduce redd
devatering and inprove egg-to-fry survival to over 50 percent
(A ancey and Fraley 1985). This discharge regime has been
i mpl erented since the fall of 1982 on an experinental basis,
through an agreement reached betveen the Bureau of Reclamation and
MDFWP. This measure creates and protects the habitat required for
i ncreased kokanee production in the main stemriver.

Enhance Spawning in other Tributary Streams -- Traditionally
strong kokanee spawning runs into Spring Creek and Swan River
suggest that these tributaries hold the highest potential for
improving the diversity of stocks contributing to the fishery.
Spring Creek requires extensive streanbed and bank rehabilitation,
and renoval of barriers to migration. A proposal to initiate this
work (Spratt 1986) was nmade to the Montana State Water Quality
Boar d. Funding of the first phase is authorized. Spring Creek is

unaf f ected by upstream hydroel ectric operations. The native
cutthroat trout in this stream has been di splaced by introduced
eastern brook trout. Pl anned rehabilitation would make the | over

reaches suitable for kokanee spavning and fry production.

| nproving the fish passage structure at Bigfork Dam woul d
i mprove the potential for kokanee reproduction in the Svan
Lake/ River system  The fish |adder requires nodification so that
it will attract upstream m grant kokanee, allow passage of all
gane fish species, including cutthroat trout, bull trout, and
rainbov trout at the wide range of flovs encountered in the spring
and fall (see Alternative |V). Kokanee are known to pass the dam
at high flov and nmove onto spawni ng grounds in Svan Lake. A
substantial nunber of O and It kokanee nmove downstreamin the
spring and contribute to the fishery in the |ake (Rumsey 1986).
Attempts to inprove spawning habitat bel ow Bigfork Dam have been
unsuccessful. Gravel placed belov the damwas quickly displaced
during the spring freshet. But inproving the passage structure
woul d nake avail abl e extensive spawning habitat in Swan River and
along the shore of Svan Lake. A naturally-reproducing kokanee
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popul ation exists in Svan Lake, but adult fish are smaller, and
therefore less attractive to fishernmen, than fish that nature in
Fl at head Lake. This Swan Lake popul ation has coexisted vith nysid
shrimp, since the introduction of M. relictain the early 1970's.
I ncreasing the nunber of kokanee migrating up from Flathead Lake
to the Svan systemto spawn. vould utilize Svan Lake as a rearing
area, and increase the Svan contribution to the Flathead Lake
fishery

MANAGEMENT AND MONI TORI NG SUPPORT

MDFWP fisheries managenent staff wvould commit substantial
effort tovard conservative harvest regulation, and nonitoring of
escapenent and fry production at the enhancenent sites. Har vest
regulation vould require estimting yearling and 2t kokanee
abundance in Flathead Lake annually, so that as those fish are
recruited to the fishery, harvest can be regul ated and spavning
escapenent optin zed.

We woul d enlist the cooperation of private citizens who ovn
the stream banks adjacent to tributary spavning areas to assist in
rehabilitating riparian vegetation, limting the effects of
grazing on stream banks, and maintaining the quality of spawning
habi t at .

Lakeshore spavning site devel opnent would be planned and
undertaken in cooperation with the Confederated Salish and
Koot enai Tribes, who manage the lake fisheries in cooperation with
MDFWP and regul ate any shoreline devel opnent bel ov the high vater
mark (2893 feet) vithin the boundaries of the reservation.

Al ternative |

The kokanee fishery mght also be maintained by a conbination
of vild fish production and hatchery suppl enentati on. Thi s
assumes that approxinmately half of 300.000 adults required to
sustain a fishery would result fromvild reproduction. Assum ng
that the survival of hatchery-produced fry is at least double that
of wild fish survival, the remaining half of each adult year class
woul d be produced from hatchery plants. It is thought that if
hatchery fish are released in md to late July, at the tine vhen
zoopl ankton food production is nost available, their surviva
woul d be optimzed. Depending on fry-to-adult survival rates,
three to five mllion kokanee fingerlings would need to be raised
for late release. This plan woul d necessitate construction of new
hatchery facilities capable of raising fish to the desired |ate
rel ease date.

OBJECTIVE: To nmmintain the Flathead kokanee fishery based
partially on naturally-recruited fish and supplenmented by plants
of hatchery-produced fry (Minagenent scenario 2). Hatchery plants
of fry released in mid sumer are intended to nmake up for the
reduced survival of wild fry caused by conpetition with nysid
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shrinp. Target adult year class strength vill be 250.000 to
300.000, allowi ng sport harvest to exceed 150,000, and total
spawni ng escapenment to approach 100,000 fish.

| MPLEMENTATI ON

Wld recruitnent -- The nmintenance of productive spavning
areas in the main stem Flathead River, the Mddle Fork (MDonald
Creek), and the South Fork wi 11 supply the natural recruitnment
stipulated under this alternative. Stable flows in the main stem
Flathead River w1l be continued during the spavning season
(Cctober 15 to Decenber 15). W propose that flow conditions
during spavning be adjusted each year to benefit the nunber of
main stem spavners. Wen main stem escapenent exceeds 5, 000
kokanee, the 3,500 to 4,500 cfs flow vindov wi 11 be inposed on
main stem Flathead River flov (gauged at Colunbia Falls).
Di scharge from Hungry Horse Dam coul d be regulated to neet this
vi ndov.

In years vhen nmain stem escapenent is belov 5,000 kokanee,
Fl athead River flov need only be maintained above 3,500 cfs. This
m ni mum fl ow shoul d be mai ntai ned year-round for the benefit of
other gane fish species and their invertebrate food supply. This
scheme precludes regulating unnecessarily, when stable flows are
not required to enhance kokanee reproduction.

Natural reproduction will also be enhanced in the Swan
Ri ver/ Lake system by inproving fish passage at Bigfork Dam as
described in Alternative I. The lover Swan River and Svan Lake
could support a spavning run of 5,000 to 10.000 kokanee from
FI at head Lake. I mproved diversity of naturally-reproducing fish
vould result. Planting inprintedkokanee fry in the Swan River
woul d stimulate the enhancement of this run

Hatchery Supplenmentation -- If late-rel eased kokanee fingerlings
achieve five percent fry-to-adult survival, releasing three
million fish into the | ake each year vould provide 150,000 adults
to the fishery. Hatchery facilities would need to be expanded to
accommpdat e these production goals. Tvo alternate plans to inprove
hatchery facilities are currently being considered by MDFWP. (ne
plan outlines renodeling the Somers Hatchery facility, which was
built in 1905. The vater supply vould be inproved by purchasing
the land surrounding the source spring, drilling a deep well, and
re-plumbing the supply system I ncubation and rearing facilities
woul d be upgraded to enable the production of the stated number of
fry. It is likely that a spawning run returning to the adjacent
bay. conposed of fry inprinted on the spring water supplying the
hat chery, would supply 50 percent of the eggs required to
perpetuate the planting program Approxi mately 3,000 fenal es
vould need to return to the hatchery to provide 1.5 million eggs.
The second plan involves construction of a new hatchery. NDFWP
ovns property slated for this purpose on Rose Creek, a snall
tributary of the main stem Flathead River. A high quality, high
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vol ume vater supply has already been devel oped at the site. That
facility could be designed specifically to neet the needs of the
FI at head fishery.

MANAGEMENT  SUPPORT

Alternative Il requires intensive managenent and nonitoring
study to succeed. The sanme yearly estimation of yearling and age
2t kokanee abundance voul d be required to establish appropriate
harvest linmits in advance. Creel surveys vould be carried out to
check harvest rates. Spavner surveys in the river system vould
noni t or escapenent. The enhanced survival of |ate-release
hat chery fish vould need to be verified by identifying their
recapture rate in travl sanples taken during the abundance
estimation. Because the trophic ecology of Flathead Lake is
dynamic, and at present changing rapidly under the influences of
the establishment of M relicta close nonitoring of the grovth
and survival rates of all age classes of kokanee is varranted.
Reduci ng predation pressure on kokanee by liberalizing the sport
harvest of lake trout is not considered to be an effective
managenent tool .

Should vild fry production continue to be subject to very high
nortality, as it has apparently been in 1987, it is not thought
feasible to sustain a kokanee fishery based on purely artificial
production. The costs of such a large hatchery operation, and the
difficulty in collecting a sufficient nunber of eggs from various
ot her kokanee populations in this area, would prohibit maintenance
of the fishery by this neans.

Alternative |11

The renaining alternatives consider enphasizing the managenent
of other fish species in the Flathead system The trophy | ake
trout and bull trout fisheries in the |ake are already increasing
in popularity. There is renewed interest in enhancing native
species fisheries, such as vestslope cutthroat and bull trout. It
is inmportant to recognize the difficulty in replacing the kokanee

fishery. In terns of biomass, or nunber of fish, no other species
now present in the system vith the possible exception of |ake
whitefish, will support a harvest like that of a viable kokanee
popul ati on.

OBJECTI VE: Monitor the |ake trout and bull trout fisheries in
Fl at head Lake

I ncreasingly abundant nysid shrinp are a nmgjor part of the
diet of juvenile lake trout, and so it is possible that
recruitnment of lake trout will increase in the future. But this
species is knovn to rely heavily on kokanee during its adult life
(age 4t and older). Research vould need to exam ne whether the
| ake trout shifts its diet in the face of declining kokanee
abundance and vhether the condition of trophy fish (above 20
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pounds) is mintained. The lake trout fishery has been
exceptionally successful for the last tvo years. Bull trout
popul ations are thought to be stable in the system based on
escapenent counts and juvenile fish density in rearing
tributaries. Bull trout support popular seasonal fisheries during
their spavning migrations and |esser, but significant, effort
during summer and vinter fishing on the lake. Bull trout also
feed on nysid shrinp, and the adults feed on a nore diverse
assenbl age of fish than do lake trout. Research effort to nmeasure
bull trout and |ake trout abundance in Flathead Lake woul d assi st
managenent efforts to regulate harvest

OBJECTI VE: Enhance the vestslope cutthroat fishery in Flathead
Lake.

There is evidence that cutthroat fishing vas fornerly nore
productive in Flathead Lake. Conpetition with introduced species
such as kokanee and | ake vhitefish. predation by |ake trout, bul
trout, and other piscivores, and the reduction in spavning and
rearing habitat caused by construction of Hungry Horse and Bigfork
dans nov linmt the cutthroat fishery. Their extended stream
residence as juveniles (one to four years in tributaries to the
Fl athead system) conplicates artificial supplenentation, because
rearing cutthroat to a size vhere they survive well after planting
directly into Flathead Lake is expensive. Hovever. there is
potential to inprove habitat and productivity in rearing
tributaries, re-open the Swan drainage to spawners and dovnstream
mgrants, and attenpt hatchery supplenentation on a linted scale

OBJECTIVE: Pronpte the |ake whitefish fishery as an alternative to
t he kokanee

Lake vhitefish support productive and popul ar sport fisheries
in other parts of the U S This species has not attracted nuch
interest fromthe fishing public in the Flathead system perhaps
because of the the consistent availability of kokanee in past
years. Recent surveys indicate that |ake whitefish are very
abundant in Fl athead Lake, and that considerable sport harvest
coul d be supported. Public education could work tovard increasing
interest in this species.

OBJECTIVE: Control and reduce the nysid shrinp population in
Fl at head Lake by introducing an exotic fish predator.
Bi ol ogi cal control has not been adequately researched, and is
wholly untried (Martinez and Bergerson, in press). Fi sheri es
managers are understandably reluctant to introduce exotic species
into cold vater systens in Mntana, because their interaction with
existing fisheries is so unpredictable. In theory, introduction
of a nysid predator, i.e. a benthic-feeding, nongane species,
could control the nysid popul ation and reduce their competitive
effect on planktivorous fish.
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| MPLEMENTATI ON

Re-design and re-construct the fish passage structure at
Bigfork Dam to facilitate the upstream m gration of cutthroat
trout and bull trout, and reduce the entrainment of dovnstream
mgrating juvenile of both species into the diversion canal
suppl yi ng the powerhouse. Pacific Power and Light Conpany (PPE&L)
has initiated re-design of the existing fish ladder. Though |ega
responsibility for mtigating the effects of dam construction and
hydr opover operations in the Svan River lie solely vith PP&L,
enhanci ng adfluvial fish production in the Svan has been proposed
as a vehicle for redressing |losses of habitat and fish production
i ncurred when Hungry Horse Dam isolated the South Fork of the
Fl athead River (Zubik and Fral ey 1987).

MANAGEMENT  SUPPORT

Eval uating fish passage upstream and downstream at Bi gf ork Dam
before and after the ladder is reconstructed is necessary to
eval uate the success of the project. The potential for inproving
spawni ng and rearing habitat in tributaries of the Svan River also
shoul d be investigated. I ntroduced eastern brook trout have
di splaced native cutthroat trout in many streans, which raises the
possibility of rehabilitating those sites. The use of inprinted
fry plants to reestablish runs in rehabilitated streams could be
eval uat ed.

The public is demanding a nore aggressive fisheries nanagenent
stance tovard the Swan system Conservative fishing regulations
aimed at inproving trout fishing in Swan River will go into effect
in 1988. Re- opening the Svan drainage has the highest potentia
of any mitigative project to enhance native fisheries, re-
establish the integrity of the Svan-Fl athead system and redress
sone of the losses incurred by hydroel ectric devel opnent in the
system
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CONCLUSIONS

Qur study of the Flathead Lake zooplankton conmmunity indicates
that the nysid shrinp population is continuing to increase
Therefore, it is likely that reduced abundance and tenpora
di spl acement of cladoceran zoopl ankton production, upon which
kokanee and other planktivorous fish species feed, will persist.
Daphnia thorata will not be renoved from the zooplankton
community, because thermal stratification offers it a refuge from
mysi d predation.

Though further work is needed to identify the age classes of
kokanee at which nortality occurs, the measured declines in grovth
rate suggest that both underyearling and yearling kokanee are
affected by the change in food availability. The decline in fry-
to-adult survival from2.5 percent to less than 0.1 percent, that
occurred betveen 1985 and 1987 (before mmjor changes in the food
base were observed), suggests that other factors such as
interspecific conpetition and predation are also affecting kokanee
survi val

The future viability of the Fl athead kokanee fishery w 11
depend, at least partially, on the success of the hatchery
suppl enentation program  Research wi 11 focus on evaluating the
survival of hatchery-produced fry that wi 11 be released in md
summer, when zoopl ankton food availability is optinmm Fry-to-
yearling survival rate will also be neasured. Survival estimtes
will decide whether a kokanee fishery can be perpetuated
artificially in Flathead Lake

A recovery plan for Flathead kokanee voul d redress | osses
incurred by hydroelectric operations in the systemin addition to
the biological constraints outlined above. |If the nysid shrinp
population is unstable, wld propagation of a kokanee fishery may
be possible. Flov regulation in the nain stem Fl athead River, and
ot her means of enhancing wild reproduction in tributaries and in
the lake, vould be logical ways to rehabilitate the kokanee
fishery. |If conpetition with nysid shrinp, and other biologic
factors, conpronise the survival of naturally-produced fish,
artificial supplenentation vith hatchery-produced fish may
perpetuate the fishery. If a kokanee fishery is not viable in
Fl at head Lake, the enphasis of management and research will shift
to other fish species. For exanple, it may be possible to pronote
the harvest of |ake whitefish and enhance the opportunities to
fish for vestslope cutthroat and |ake trout. Uncertainty over the
future viability of kokanee dictates that the objectives and
met hods of a recovery plan remain flexible.
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APPENDIX A

Bi ol ogi cal data relevant to the study of nysid shrinp and kokanee
on Fl athead Lake.
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Appendix Al.  Food habits of Flathead Lake kokanee in 1986, sunmarized by sanple date. (Zoopl ankt onexpressedaspercent of total
nunmber of zooplankton, insects as percent of total number of organisms in stomach.)

Young- of -t he-year kokanee

Stations Copepod ~ Dephnia . O her
Month Sanpl ed N Epi schura Diaptamus Cycl ops Nauplii thorata Bosmina Di pterans I nsects
0+

August [-12 5 13. 62 0 0 0 86. 38 0
Sept enber | E 17 10.4 .02 .02 0 91. 07 0

4-1
Oct ober V2 8 27.35 0 0 0 60. 26 6. 56

9-7

1-12

[-5

I+

June 1-10 12 34.7 2.0 .5 0 39.8 23
July . 4-1 10 .2 3.5 3.6 32.4 60. 2 .1
Augus [-5 34 b .2 .06 1.3 95.01 .05

1-12

O+/I0+

January 9-1 20 10.1 88.7 1 0 1.1 0
February 9-1 40 12.1 87.7 .2 0 .03 0
Mar ch 9-1 20 .2 99.4 b 0 0 0
Apurlll 8- 16 0 96.0 3.85 0 1.7 0
July 4-| 16 .28 .30 .04 0 99.23 .09

4-5

-17
August ﬁ% 38 2 1 .03 0 99.3 A

8-4
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Appendi xA2.  Food habits of Flathead bake kokanee in 1987, summarized by sanple date. (Zooplanktcn expressed as percent of total

nunber of zooplankton, insects as percent of total nunber of organisns in stomach.)

Young- of - t he-year kokanee

Station Copepod Da Ot her
Mont h Sanpl ed N Epischura Diaptamus Cycl ops Naupl i i thorata Bosmina Di pterans I nsect s
o+
May I2-2 13 4 13.8 69. 1 0 .6 7 17.2 10.8
-5
June |-5 3 42.4 11.7 22.2 0 19.5 4.2 0 0
July [-5 7 31.4 .09 .5 0 46.1 21.90 .8 )
8-2
August |-5 14 3.6 0 1.4 0 94.4 7 .006 0
Sept enber [-5 14 .7 0 1 0 99.1 05 .007 0
4-17
I+
June [-5 15 72.1 8.9 1.6 0 3.4 .6 6.9 1.2
Jul'y |-5 17 14.9 .3 4 .07 8.4 4 .2 .08
[-11
4-1
4-3
August [-1 3 0 0 0 0 100 0 0 0
|-5
Sept enber [-1 13 1.7 0 .03 0 92.3 0 0 0
[-5
O+/I11+
April 3-11 4 1.0 53.9 16.4 0 2.2 1.5 0 0
June ? 15 26.2 6.6 1.4 0 65. 4 3 0 0




Appendi x A3.  Conparison of average density at three northern and
three southern sampling stations for
macr ozoopl ankt on species in Flathead Lake. The
Mann- Whi t ney test statistic (z) conpares the average
rank of the tw sanples, and conputes the
probability (p) that the difference betveen the
medi ans of the sanples is as great or higher. Only
Epi schura appears to have different north and south
| ake abundance

1986 1987

D. thorata z = - .7815 - .6519

p = .4344 .5144
D. longirems Z = - .4019
p= .6877
Bosm na z = - .1357 .0654
p = .8920 .9478
Lept odor a z = - .8350
p = .4036
Di apt onus z .2027 - . 4094
p=  .8393 .6822
Cycl ops z = .0788 - . 3535
p= .9371 . 7236
Epi schur a z = -1.968 -1.901
p .04912/ 05728/

2/ Denot es significantly different average density.



Appendix A4. The percent composition of the major food items found in lake whitefish

stomachs during 1986 and 1987.

1986
Size Month N Stations (N) Zooplankton Mysids Dipterans Pelycopods Gastropods
Group
Juveniles June 5 1-5 (1) 17.5 0 82.3 0 0
<140 m 2-8  (4)
July 0
August 7 1-5 (7) 43.9 6.6 39.8 6.0 0
September 2 1-5 (2) 0 100.0 0 0 0
Adults April 13 1-8 (1) 15.4 0.3 53.5 15.4 0.5
>140 mm 5-6 (8)
8-1 (4)
May 13 1-7  (2) 14.6 7.6 47.8 16.7 7.4
2-10 (5)
3-10 (6)
June 13 1-1  (4) 40.0 0 27.5 27.8 0.4
1-5 (1)
1-10 (1)
4-1 (2)
2-8 (5)
July 5 3-19 (3) 33.3 34.4 1.1 4.3 0
4-5 (2)
August. 25 1-1 (2) 34.8 41.0 12.0 8.0 0
1-5 (3)
1-12 (2)
3-11 (9)
4-1 ()
8-17 (5)
September 0
October 0
November 1-12 (6) 43.2 1.3 10.4 24,5 4.4
5-8 (2)
9-5 (1)




Appendi x A4.  (Con: inueu).

1987
Si ze Mont h N Stations (N) Zoopl ankt on Mysi ds Di pterans Pel ycopods
G oup
Jugeni'es  May 10 2-11 (10) 71. 4 0 28.6 0
- June 1 9-5 (1) 0 3.4 96. 6 0
July 9 [-5 (7 86.0 0 12.5 1.5
P% (2)
August 8 - (6) 56. 8 25.9 11.7 5.7
3-9 (1)
3-10 (1)
Adul ts
<140 mm April 15 1-12  (8) 7.1 0.2 29. 4 63. 2
2-6 (1)
2-10 (1)
3-11 (5)
May 14 |-5 (13) 0.3 0 57.7 42.0
5-9 él;
June 12 |-5 7 0.7 26.1 31.6 41.7
-9 (2)
4-5 (2)
9-5 (1)
July 0
August 11 | -] (1) 18.0 75.0 1.0 6.0
|-5 (3)
3-10 (3)
3-15 (1)
3-16 (1)
4-9 (1)
7-2 (1)
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APPENDIX B

A bibliography of all research published by the Mntana Departnment
of Fish, WIldlife and Parks and its subcontractors on the effects

of hydroelectric operations on the fisheries of the Flathead
system
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Appendi x B:  Progress reports. final reports, and articles in
scientific journals that sumarize study of the
ef fects of hydroelectric operations on the kokanee
fishery in the Flathead system

Beattie W and P. Clancey. 1987. Effect of operation of Kerr
and Hungry Horse dams on the reproductive success of kokanee
in the Flathead system annual progress report FY 1986. BPA
agreenent DE- Al 79- 83BP39641, project 81S-5. MDFWP, Kalispell.

M. 56 PP.

Beattie, W, P. dancey. J. Decker-Hess and J. Fral ey. 1985.
I mpacts of water l|evel fluctuations on kokanee reproduction in
Fl at head Lake. BPA contract no. DE-Al 79-83BP39641, project
no. 81S-5. MDFWP, Kalispell, MI. 57 pp.

Clancey, P. and J. Fraley. 1986. Effects of the operation of
Kerr and Hungry Horse dans on the kokanee fishery in the
Fl athead River system final research report, 1979-1985.
Montana Departnent of Fish, Wldlife and Parks, Kalispell, M.

Decker-Hess, J. and P. Cancey. 1984, | npacts of vater |evel
fluctuations on kokanee reproduction in Flathead Lake.
Montana Departnent of Fish, Wldlife and Parks, Kalispell, M.

Decker-Hess, J. and S.L. McMllin. 1983. Inmpacts of vater |evel
fluctuations on kokanee reproduction in Flathead Lake.
Montana Departnent of Fish, Wldlife and Parks, Kalispell, M.

Decker-Hess J. and P.J. Gaham 1982, | npacts of water Ievel
fluctuations on kokanee reproduction in Flathead Lake.
Mont ana Departnment of Fish, WlIldlife and Parks, Kalispell, M.

Fraley, J. and P. Cancey. 1988. Downstream migration of stained
kokanee fry in the Flathead Ri ver system Montana. Northwest
Sci ence 62(3):111-117.

Fraley, J. and J-Decker-Hess. 1987. Effects of stream and | ake
regul ati on on reproductive success of kokanee salnon in the
FI at head system MI. Regul ated Rivers, Vol. |. pg. 257-265.

Fraley, J.J.. S. MMillin, and P.J. Gaham 1986. Effects of
hydroel ectric operations on the kokanee population in the
Fl athead River system Montana. North Anerican J. Fish. Mnt.
6(4):560-568.

Fraley, J.J. and S. McMullin 1983. Effects of the operation of
Hungry Horse Dam on the kokanee fishery in the Flathead R ver
system Montana Departnent Fish, WIldlife, and Parks,
Kal i spel |, Montana.
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census, U.S. Environnental Protection Agency. Mont ana
Department of Fish, WIldlife and Parks, Kalispell, M.

MMl lin, S and P.J. Gaham 1981. The inpact of Hungry Horse Dam
on the kokanee fishery of the Flathead River. Mbntana
Department Fish, WIldlife, & Parks. Kalispell, Montana.

Perry, S.A and P.J. G aham 1982. Inpacts of Hungry Horse Dam on
the invertebrates in the Flathead River. Final Report. Montana
Department Fish WIldlife, and Parks.

Wessner, WW and C.M Brick. 1984. Hydrogeol ogic conditions
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selected sites, Flathead Lake, Mntana. Progress Report July
15, 1984. University of Mntana, Mssoula. Mntana.
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