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EXECUTIVE SUMMARY

This study was initiated in the fal] of 1981 to delineate the
extent of successful shoreline spawning of kokanee salmon in
Flathead Lake and determne the inpacts of the historic and
present operations of Kerr and Hungry Horse danms. An
I nvestigation of the quantity and quality of groundwater and ot her
factors affecting kokanee reproductive success in Flathead Lake
began in the spring of 1982

A total of 719 redds were counted in 17 shoreline areas of
Fl at head Lake in1983 conpared to 592 in 1981 and 1,029 in 1982.
Shor el i ne spawni ng contributedthree percent tothe total kokanee
spawni nginthe Flathead drainagei n1983.

Fifty-nine percent of the redds werelocated above 2883 ft,
the operational mninmumpool. The mgjority of those redds were
constructed between 2885 and 2889 ft. In areas above m ninmum
?ool, intergravel dissolved oxygen concentrations were adequate

or enbryo survival and exhibifed a decrease with depth. Limted
data indicated apparent velocity may be the key in determning
redddistribution,

Seventy-five percent of the redds | ocated bel ow m ni mum pool
were constructed in a zone between 2869 and 2883 ft. In
individual areas, apparent velocity measurenents and intergrave
di ssol ved oxygen concentrations were related to redd density. The
variation in intergravel dissolved oxygen concentrations in the
Yel | ow Bay spaMM|n? area was partially explained by |ake stage
fluctuation. As Take stage declined, groundwater apparent
velocity increased which increased intergravel dissolved oxygen
concent rations.

~ Mean survival to the eyed stage in the three areas bel ow
m ni munpool was 43 percent.” Prior to exposure by | ake drawdown,
mean survival to the eyed stage in spawning areas above mninum
pool was 87 percent. This indicated habitat most conducive to
successful embryo survival was in gravels above 2883 ft. prior to
significant exposure. Survival in redds exposed to either
extended periods of drawdown or to ten?eratures | ess than -109%
was significantly reduced to a mean of 20-30 percent. Survival in
i ndi vi dual sPamnlng areas exposed by |ake drawdown varied from0
to 65 percent. Goundwater reaction to |ake stage explained sone
of the variation in individual spawning area survival. Three types
of groundwater reaction to |ake stage were identified. Increased
survival in exposed redds resulted fromtwo of the three types. A
significant statistical relationship was determned between enbryo
survival and the nunmber of days exposed by | ake drawdown

The operation of Kerr Damin 1983-84 was characterized b
an early decline inlake stage, alonger period near m ni nMUMpoo
and a |ater and nore rapid filling conpared to the operation seen



in 1981-82 and 1982-83. Based on the survival relationship
observedin natural redds exposed by drawdown i n 1983-84, conpl ete
mortality from exposure would have occurred to all redds
construct edabove2884.7 ftor 90 percent of all redds constructed
above m ni num pool .

Erreng?ence traps placed over redds bel ow m ni mum pool in
Gravel, Blue, and Yellow bays captured fry in Gavel and Blue bays
only. Duration of fry energence inl984 was three weeks |onger
than in 1982 or 1983, "but was not related to the date of initral
redd construction. Survival to fry emergence in Gavel Bay was
calculated to he 28.9 percent of egg deposition or 57,484 fry.
Survival to fry energence above and bel ow the zone of greatest
redd density was 33.6 and 245 percent, respectively, indicating a
rel ationship between survival and spawner site selection.

After analysis of the historic operation of Kerr Dam it is
believed that the dam has, and Is continuing to have, a
S|?n|f|gant I npact on successful shoreline spawning of kokanee
salmonin Flathead Lake. Based on the evidence that prolonged
exposure of salmonid enbryo b[)]/ de\/\aterm? causes significant
nmortality, thenunber ofdaysthel akewashel dbel owarious foot
i ncrement’s (2884 ft to 2888 ft) during the incubation period was
investigated. The annual change in the nunber of days the |ake
was held below 2885 ft was further investigated because 80-90
per cent of t heredds constructed i n spawni ng areas above mni mum
pool duringthis studywereabove this |evel. The operatin since
1977 was found to be the least conducive to successful shoreline
spawni ng since the earliest operation of the dam

A significant relationship was established between fenale
kokanee length, whichis a neasure of year cl ass strength, andthe
nunber of days that |ake [evels were held bel ow 2885 feet from
1966-1983. This relationship indicated that kokanee year class
stren%tah in Flathead Lake has been affected by the opérations of
Kerr Dam The addition of |ake |evel data improved the
correlationinthe Flathead Ri ver gauge hei ght nodel, i ndicati n%]
kokanee year class strength has been affected by the operations o
both Kerr and Hingry Hor se dans.
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INTRODUCTION

Kokaneesal non (Qncor hynchus nerka), the | and-1 ocked f or mof
sockeye salnon, were Orlﬁl nal Iy introduced to Flathead Lake in
1916. © By 1933, kokanee had becone established in the | ake and
provided  a popular summer trolling fishery as well as a fall
sna%gl ng fishery in shoreline areas (Alvord 1975). Presently,
Flathead Lake supports the second highest fishing pressure of any
| ake or reservoir in Mntana (Mntana Departnment of Fish and Gane
1976). Kokanee sal nonprovi dedt hel argest fishery to Flathead
Lake and the upper Flathead River (Robbins 1966, Hanzel 1977,
Fredenberg and Graham 1982 and Graham and Fredenberg 1982). A
creel census conducted in 1981-82 on the | ake and upper drainage
estimated 204,732 fisherman-days per year (Fredenberg and G aham
1982 and Graham and Fredenberg 1982). Kokanee represented 80 and
92 percent of the catch in the river and |ake, respectively.
Kokanee were captured by several angler nethods including sumer
boat trolling, fall shoreline snagging and a localized wnter
hand-1ine fishery. Kokanee also provided forage for bull trout
seasonal 'y and year round for |ake trout (Leathe and G aham 1982).

Kokanee sal mon rear to maturity inFHathead Lake then return
to various natal grounds to spawn. Spawning in the Flathead
system usual [y occurs at the end of the fourth grow ng season.
Kokanee are ubiquitous in their spawni nﬁ;< habi ts "usi ng springs,
| ake outlet streams, larger rivers and |akeshore areas (Ral ey and
MMl i n 1983 and Decker - Ress and MMl [in 1983). Spawningin
Fl athead shoreline areas was first docunented in the 1930's
(Alvord1975).  Kokanee were seined from shoreline areas in 1933
and 21,000 cans of fish were processed and packed for distribtion
to the needy. Kokanee were first observed spawning in MDonal d
Creek inthe1930's and the Witefishand Flathead riversinthe
late 40's and early 50's (Stefanich 1953). Thirty shoreline
spawni ng areas were also identified at this tine. Because of a
warmng of winter water tenperatures in the main Flathead R ver
after the construction of Hungry Horse Dam on the South Fork
Flathead River inthe early 1950"s, a substantial spawning run
began to develop in the main river and bel ow the dam  (Hanzel
1964 and Gahamet al. 1980). Presently, kokanee are utilizing
all of these areas nmentioned as wel| as several streams in the
Mddl e Fork Flathead River, the Mddle Fork itself and the Swan
Ri ver bel owBigfork Dam

The operation of Kerr Dam |ocated bel owH at head Lake ont he
Fl athead River, has altered seasonal fluctuations of Flathead
Lake. Lake levels pre_sentla/ remain high during kokanee spawning
in Novenber and decline during the incubation and energence
periods. Goundwater plays an inportant role in enmbryo and fr
survival in shoreline redds exposed by | ake drawdown. = Stefanic
(1954) and Donrose (1968) found live eggs and fry only in
shorel’ine spawni ngi areas wetted by groundwater seeps. Recent
studi es have reveal ed that operation of Hungry Horse Damseverely
I npact ed successful kokanee spawning and incubation in the

1



Flathead River above Flathead Lake (G ahamet al. 1980, MMllin

and Gaham 1981, Fraley and Gaham 1982, Raley and McMillin 1983
and Fral ey 1984). Flows from Hungry Horse Damto enhance kokanee

reproduction in the river systemwere voluntarily met by the

Bureau of Reclamation in 1980 and 1981. Fl ows reconmended by the

Department of Fish, WIdlife and Parks in 1982 through the

Nor t hwest Power Planning Council have been provided by the Bureau

and Bonnevi | | e Power Admnistration since 1982.

In | akeshore spawning areas in other Pacific Northwest
s%/st ems, spawning habitat for kokanee and sockeye sal mon was
characterized by seepage or groundwater flow where suitable sub
strate conposition existed (Foerster 1968). Spawning f)rlmarlly
occurred in shallower depths (<6m where gravels were cleaned by
wave action (Hassener and Rieman 1979 and 1980, Stober et al.
1979a).  Seasonal drawdown of reservoirs can adversely affect sur-
vival of incubating kokanee egqgs and fry spawned in shal | ow shore-
line areas. Jeppson (1955 and 1960) and Witt (1957) estimted
10-75 percent kokanee egg | oss in shoreline areas of Pend Oeille
| ake, Idaho after regulation of the upper three nmeters occurred in
1952 by Albeni Falls Dam After 20 years of operation, Bow er
(1979) found Pend Oeille shoreline spawning to occur in fewer
areas with generally |ower nunbers of adults. In studies on
Priest Lake,” ldaho,” Bjornn (1957) attributed frozen eggs and
stranded frE to winter fluctuations of the upper three meters of
the lake. FEggs and fry frozen during winter drawdown accounted
for a 90 percent |oss of shoreline spawning kokanee in Donner
| ake, California(Kmey 1951). Stober et al. (1979) determ ned
irrigation drawdown of” Banks Lake, Washington reduced shoreline
survival during five of the seven years the system was studied.

The goal of this phase of the study is to evaluate and docu-
nment effects of the operation of Kerr Dam on kokanee shoreline
re;l)roductl onin Flathead Lake. Specific objectives to meet this
goal are:

1) Delineate extent of successful shoreline spawning in
FI athead Lake both above and bel ow ni ni mum pool and
determne the inpacts of the historical and present
operation of Kerr and Hungry Horse dans.

2) Quantify and qualify influence of groundwater and other
I1‘alc<:tors on reproductive success of spawners in Fl athead
ake.

3) Determine the actual and potential contributions of
shoreline spawning areas to the total kokanee popul ation.



DESCRI PTI ON OF STUDY AREA

Fl athead Lake is a large oligonesotrophic |ake |located in
northwestern Mntana (stanford et al. 1981). It has the greatest
surface area (476.6 kmA)of any natural freshwater |ake west of the
M ssissippiRiver. The |ake has a maxi mumlength of 43.9 kmand a
maxi mum breadth of 24.9 km Its nean depth is 32.5 mwth a
maxi mum depth of 113 m/located near Yellow Ray (Potter 1978). The
199.1 km shoreline of the lake is characterized by numerous
protected bays and inlets with gravel and cobbl e beaches.
Approxi mately 50 percent of the shoreline substrate is conposed of
gravel and cobble (Figure 1). Sand and finer silts are generally
restricted to the north and south end of the |ake and conposel/
percent of the shoreline. The renaining 36 percent of the shore-
line is characterized by steep cliffs and exposed bedrock.

Per manent and sumrer hones are found al ong the entire shore-
| ine of Flathead Lake. Larger population centers are |ocated at
Pol son, Somers, Lakeside and Bigfork. Moderating air
tenperatures, created by the buffering capacity of a large |ake,
have al | owed successful cherry production on much of the |and
adj acent to the east shore. Agricultural production including
cattle, sheep, grain and hay are restricted primarily to the
sout hern and northern ends.

Kerr Dam |ocated 7 km downstream of the natural |ake outlet,
was closed in April, 1938. A license was issued to Rocky Muntain
Rower Conpany, a subsidiary to Montana Rower Conpany (MPC) on My
23, 1930 (MPC 1976). The license was transferred to MPC on August
8, 1938 after the closing of the dam ~ The first gieneratm_g unit
of 56,000 kilowatts (KW was placed into comrercial operation on
My 20, 1939. A secondgenerating unit of the same capacity was
installed and was placed into commercial operation in My, 1949.
These two units utilized the natural flow of the Flathead River
and the approximtely 1,217,000 acre-feet of storage created in
Fl at head Lake by Kerr Dam Following the filling of the Hungry
Horse Reservoir in 1953, MPC installed a third 56,000 KW
generating unit in Decenber, 1954. A 1984 ruling by the Federal
Energy Conmi ssion has determned ownership of the dam w Il be
$hlabred between MPC and the Confederated Salish and Koot enai
ribes.

Prior to inpoundment by Kerr Dam water |evels for Flathead
Lake remained relatively constant near 2882 ft from Septenber to
md-April. Spring runotf increased the elevation to the maxi num
for the year (2893 ftl in May and June. Since inpoundnent, maxi-
num | ake el evation of 2893 ft has been reached in May and main-
tained into Septenber. Drawdown usual |y begins in m d- Septenber.
Fl ood control and recreational constraints on the project require
an elevation of 2883 ft be drafted by April 15, an elevation of
2890 ft be reached by May 30 and maxi mum pool |evel maintained
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t hrough Labor Dag/ (Mntana Power Conpany 1976). Wen the [ake
stage reaches 2886 ft during a flood, operation reﬂglres the gates
be open and | ake el evation not exceed 2893 ft tural channel
restrictions allow a maxi num outflow of 55,000 cfs when |ake stage
is 2893 ft but only an outflow of 5,200 cfs when |ake stage is at
m ni mum pool of 2883ft (Gahamet al. 1981).

Kerr Dam provi des the bul k of MPC s system | oad frequency
control. Loads are firmloads with interrupti ble |oads bein
served fromreserves. |t provides 180,000 KWor peak capacity an
119, 000 kw of critical period energy (MPC 1976). The system | oad
typically has a winter peak (occurring generally in Decenber and
January) with a one-to-twohour peak during the evening hours
ending ‘at 6:00 or 7:00 p.m During tines of excess water the dam
is operated essenti al Idy for baseload. when the river is
control | able, Kerr is used for both basel oad (at a |ower |evel)
and peaki ng.

Two tributaries in the Flathead drai nage, the South Fork of
the Flathead River and Swan River, are presently regulated b
hydroelectric facilities (Figure 2). The Swan River diversion a
Bigfork was built in 1902 with a generating c%pamt%/ of 4,150 KW
Grahamet al. 1981). Hungry Horse Dam |ocated on the South Fork
| athead Ri ver, 8.5 kmabove its confluence with the nainriver,
was closed in Septenber, 1951. Hungry Horse has a capacity to
generate 328,000 Kw, re?ul ating one-third of the drainage area to
Fl at head Lake. The electrical _ener%y from the Hungry Horse
oroject is marketed by the Bonneville Power Admnistration (BPA.
The damis operated primarily for flood control and hydroel ectric
energy production.

METHODS
KOKANEE SPAWNER SURVEY

Attention was focused on shoreline areas of Flathead Lake
previously identified as kokanee spawni ng sites, groundwater up-
vel lings or surface water inlets. Hstoric spawning areas docu-
mented in the 1950's by Stefanich (1953 and 1954) and Hanzel
(pers.comm) were nonitored on a sem-weekly basis from Cctober
through Decenber. Areas with groundwater potential or surface
water inlets, but |acking verified kokanee spawning activity, were
monitored | ess frequently, usual |y weekly or biweekly. Atotal of
90 kmof shoreline was nonitored during the fall of 1983.

Shoreline spawning activity was nonitored by various nethods
begi nninginmd-Cctober. Initial sitingswerenadefromthebow
of 3 slow cruising boat or from a pramnodified with a plexiglass
vi ewi ng Wi ndow (Decker-Hess and Graham 1982). After |ocating
redds or mature kokanee in shoreline areas with the pramor jet
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boat, the area was inventoried by SCUBA divers. Divers thoroughly
investigated the spawning site horizontally and vertically
counting redds and mature adults.

Floating gill nets and beach seines were used to collect adult
kokanee from shoreline areas. Information on sex ratio, age
conposition and length (to the nearest m were obtained fromthe
col lected fish. QGoliths were col | ected for anal ysis of the age
structure

A spawner escapenent estimate was acconplished in two spawning
areas of Skidoo Bay. A technique utilizing weekly spawner counts
and tag and recovery techniques designed to determne the average
time individual fish remained in the spawning areas was used
(MeNei |l 1964 and Lindsay and Lewis 1975). Data from spawner ob-
servations were Blotted on a tenporal basis. A sumnmation of da||¥
abundance was obtained by constructing an eye fitted curve o
spawner counts and planinetrically determning the area under the
curve in s(rav\ner-days (Pfeifer 1978). The nunmber of spawner days
was divided by the average tine an individual fish remained in the
area to arrive at an estimate of total escapenent.

LAKC LEVEL FLUCTUATI ONS AND Al R TEMPERATURES

Dailr | ake el evations were obtained fromthe USGS gauge
station [ocated on Flathead Lake at Polson. The Departnent of
Commerce climatol ogic station at the University of Montana Yel | ow
Bay Biologic Station collected the daily mninmum air tenperatures.

SPAWN NG ST TE | NVENTCRY AND M CRCHABI TAT

Spawning areas were mapped upon conpl etion of ngjor spawni ng
activity. Because of the depth of nost redds, SCUBA techni ques
were necessary to accurately chart the sites. To locate and
record redds and spamnln? area boundaries, a netric fiberglass
tape was stretched parallel to the shoreline for the [ength of the
spawni ng area. act redd locations were determned by two
measur enents, distance horizontally on the parallel tape and
distance out fromthe tape. Three transects, perpendicular tothe
shoreline and spaced horizontally to describe the entire spawning
area, were used to collect mcrohabitat information fromareas
bel ow n1n|nun1gool. In areas above m ninum pool, points to
collect mcrohabitat data were selected randonmy where redds were
dense and at individual redds where spawning was |ess dense.
Intergravel dissolved oxygen and gravel sanples for substrate
conposition analysis were collected at these points. To evaluate
m crohabi tat changes duringt he i ncubati on peri od, sanpl es were
col lected fromthe same |ocation imrediately follow ng spawni ng
and again prior to emergence. Total spawning area and nmean redd
size were determned from field measurenents



Two to four substrate sanples were collected during each
sampling period. These sanples were within the spawning area
boundaries at all areas except Skidoo Bay IV.  Depending on the
depth of water, sanples were collected with a shovel and grid and
bY SCUBA divers. Five to ten kg sanples were placed in 19 liter
pl astic buckets for analysis (Shirazi and Sein11979%. Sanpl es
were dried and sieved through .063 mm 2 6.35 mm 16 mm 50.6
nm and 76. 2 nmnesh. Percent dry weight (accurate to 1 g was
calculated for each sanple. Deposition or scour of fine material
as | ake stage increased or decreased may reduce or enhance enbryo
survival and fry emergence from spawning areas above m nimum pool
To monitor this potential effect, a substrate sanple was taken
fromthe Skidoo Day Area | (Skidoo Bay East in 1982 and 1983) with
each 3.3 mchange in | ake stage.

Various methods have been used to determne the effect of
substrate conposition on salnonid enbryo survival and enerPence
Enbrgo survival predicted fromthe substrate conposition collected
in shoreline spawning areas using cunul ative distribution of sedi-
nment particle size and percent fines was conpared with actua
?ggzﬁence estimtes (Reiser and Bjornn 1979, and Irving and B ornn

I nt er gravel di ssol ved oxygen sanpl es were col | ected by a SCUBA
di ver using a hand operated rotary punp. (Decker-Hess and G aham
1982). A second diver on the surface used a floating discharge
hose to collect sanples in 325 M BO.D bottles. To avoid con-
tam nation bY | ake water of the intergravel sanple, yet to collect
water f romthe egg depositional strata, all sanples were taken
15.2 cminto the gravel. Sanples were analyzed in the field using
g&&)nndified Wnkler nethod (Environnmental Protection Agency

Groundwater Quality and Quantity

Several techniques were enpl oyed to measure groundwater stage
and velocity in the study spawning areas. Seepage meters were
used in areas when depth of water exceeded two neters (Lee and
Cherry 1978). Instruments were placed along transects or in a
horizontal or vertical pattern that described the spawning area.
Water was col lected fromthe meters on a nmonthly basis. Velocity
incmhr, water quality and dissolved oxygen concentrations were
det er m ned. Seepage neters were also used to describe the
?roundmater systemout si de the spawning area boundaries. Four tc

| ve seepage neters were Elaced t hroughout the bay at a simlar
el evation and run binonthly. Sandpoints were used to collect
?roundmater informationin areas exposed by | ake drawdown (Terhune
958). (One to five sandpoints were placed in each spawning area.
Addi tional sandpoints were placed as |ake |evels receded.
G oundwat er stage data were col [ected on a weekly basis, dissolved
oxygen concentration biweekly, water quality data monthly and
ravel permeability data one time during the incubation period.
oundwat er velocity was cal cul ated from hydraulic conductivity
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and gradient values (Wessner and Brick 1984). Collection of data
occurred upon installation of the sandpoints through May.
Conti nuous water |evel recorders registered groundwater stage in
four neter deep wells in four spawning areas. The wells were
Fl aced .75-1 m above maxi mum pool to monitor groundwater stage
evel throughout the spawning, incubation and enmergence periods.
A compl ete discussion of nethods can be found in Wessner and
Brick (1983 and 1984).

EMBRYO SURVI VAL AND DEVELCPMENT
Embryo Survival

Kokanee enbryo and alevin survival in shoreline areas were
assessed by two nmethods. Natural redds were excavated at the eyed
stage of development. Experinental egg bags were placed in
various habitat types to supplement data gathered on natural
spawned redds and to determine survival in habitat types not
presently used. The bags were harvested on a monthly basis.

Redds were sanpled in thirteen spawning areas to determne
enbryo survival during the 1983-84 field season. Fourteen percent
of the counted redds were narked for excavation during the Incuba-
tion period. Redds were excavated by various methods depndi ng on
the depth of water over the redd. 'Dry redds and redds affected
onl'y by groundwater were excavated using a shovel. Redds covered
with less than one neter of water were sanpled with a hydraulic
sanpling device simlar to that designed by MNeil (1964) and
nmodi f ied by Fraley and McMul lin (1983). In deeper redds, one
hydraulic punp nodified with a venturi suction device collected
eggsland alevins which were manually agitated from the spawning
gravels .

Geen eggs were planted in four habitat types: 1) a
groundwat er area above nininum pool, 2) an area_bel ow mnjmum
pool with simlar microhabitat to an adjacent spawning area above
m ni mum pool :  3) an area bel ow mi nimum pool with the majority of
substrate greater than 76.2 mmand 4) an historically used
spawning area on the west shore. In each habitat type, horizontal
| ines each containing ten egg bags were spaced to thoroughl
describe the plant area. Fifty eggs were placed in eac
fiberglass screen bag with gravel and stapled shut. Substrate
conmposition, bottom el evation and apparent velocity were
deternmined at each egg bag line once during the incubation period.
Intergravel dissolved oxygen concentrations were determ ned
imediately after the plant and each tinme the bags were harvested.

Embryo Development
Single probe and four probe thernographs were installed to

record gravel tenperatures at four spawning or egg plant areas.
Intergravel tenperatures were nonitored throughout spawning and

9



i ncubation periods and tenperature units for various stages of
devel opment were cal cul ated. A four probe thermograph was placed
in Skidoo Day Area |,a spawning area above mini mum pool, to
nonitor gravel tenperature changes with |ake drawdown. Probes
were buried 15 cmin the gravel at bottomelevations of 2888 ft,
2886 ft, 2884 ft and 2883.3 ft. To nonitor tenperature
differences both inside and outside the boundaries of a spawning
area, a four probe thernograph was installed in Gavel Day.
Probes recorded | ake tenperature, intergravel tenperature both
inside (2881.3 ft) and outside (2882.4 ft% the spawning area and
at an experinental egg plant adjacent to the spawning area (2887.8
ft). Single probe therno%raphs were placed at Station Creek in
Dr. Richard' s Day at 2882.0 ft and at an experinental egg plant in
Sormers Bay at 2883.0 ft.

FRY BNERENE A\D O STR BUN ON
Natural Redds

In late March, deep water fry emergence traps designed by
Stober et al. (1979a) were placed over marked redds in three east
shore spawning areas. Information gathered fromthe traps
i ncluded emergence timng, the effect of depth and density on fry
qual ity and quantity and enb&yo survival to energence. Traps were
checked weekly and captured fry were preserved in ten percent
formalin. No more than ten fry were kept from each trap during
each sanpling period. Fry were measured to the nearest 0.5 nmand
wei ghed to the nearest 0.1 gram Conditign factors were
determned for the sanpled fry, K= (Wx 10 )/L (Carlander 1969).

Survival to fry emergence was cal cul ated for the Gavel Ba
spawning area. Data used for the calculation included nunber o
redds constructed, mean fecundity, nean redd size, area covered by
energence traps and the mean nunber of fry captured per trap. The
assunption was nade that if the entire redd was covered bY fry
traps, 100 percent of the emerging fry fromthat redd woul d be
captured. To test this assunption, three redds in Gavel Bay were
conpl etely covered with trap. It was assumed all fry energing
from those redds would be captured. The calculation used to
determ ne percent survival fromegg deposition to fry enmergence
was:

(#traps needed to cover entire redd x nean fry
percent survival = captured per trap) = x total nunber of redds
t o energence (fecundity X average number of females
per redd) X total nunber of redds
Experimental Embryo and Fry Studies

Artificial spawning channels at the Somers Fish Hatchery,
Fl at head Lake, were used in two experinents during the 1983-84
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field season. A long-termstudy to nonitor the effect of extended
exposure on various stages of enbryo devel opment began in
Novenmber. Five pairs of egg bags were planted in each of five
channel s and harvested after varying |engths of dewatering.
Sedinent levels of 20 percent fine material less than 6.35 nm were
used in each channel to simulate conditions found in Skidoo Hay, a
maj or spawni ng area above mnimum pool. The experiment was
conpl eted in March.

The channels were used in a fry enmergence experinent designed
to determne the ability of fry to nove laterally in ?roundmater
t hrough various substrate concentrations. The control channel,
sinulating a nongroundwater situation with water flow ng over the
substrate, contained 10 percent fines. The experinental channels
contained 10, 20, 30 and 40 percent fines |ess than 6.35 mm Two
hundred sac fry were planted near the head of the control channe
aﬂd oqe hundred sac fry were planted in each of the experimental
channel s.

RESULTS AND DI SCUSSI ON

KOKANEE SPAWRER SLRVEY

- Adult kokanee were initially observed on 18 Cctober in Dr.
Richard's Bay North and Yel |l ow Bay (Figure 3). Spawning continued
t hrough Novenber with the last newredds counted on 5Decenber in
Yel | ow and Bl ue bays (Appendix A Table 1). A single peak in
spawning activity occurred on 10 Novenmber. Tenporal distribution
and spawner densities were simlar to that found in 1981 when a
singl e peak occurred in early Novenber and the ngjority of spawn-
HS Zyﬁs conpleted by the first of Decenber (Decker-Hess and G aham

(bservations of spawning activity began when water
tenperatures declined between 10 and 10.6° C (50° - 51°F). Redd
construction peaked when water tenperatures were between 8.6 and
9.7%(47.5 to 49.5°r). These tenperatures fell within the range
found by Hunter (1973) and Seel ey and McCammon (1966) for kokanee
spawni ng. These were well above initial threshold tenperatures of
4.5°C considered byBailey and Evans (1971) to be necessary for
normal enmbryonic devel opment. Tenperatures at or bel ow 4.5° were
not recorded until one nonth after spawning.  Tenperatures at
gpamniq%égere general |y two degrees warner than those recorded

uring :

Shorel i ne spawning in 1983 contributed three percent to the
total spawning in the Flathead drainage. Major spawning areas in
1983 were MDonal d Creek (59 percent) and the Flathead River bel ow
the South Fork (27 percent) (Fraley 1984). Seventeen areas in
el even bays were utilized by spawning kokanee during 1983 in
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Fl athead Lake (Figure4). N ne bays were located on the east shore
and two on the west shore. An area in Somers Bay not previously
identified in this study was |located in 1983. Two areas Breviously
used by spawners in 1981 and 1982, a deep area in Wods Bay and an
area above mninum pool at Pine Gen Resort, were not used during
this spawning season.

A total of 719 redds were counted in thel7 shoreline areas.
Redd concentrations ranged from 19 at Crescent Bay to 187 at
Gravel Bay (Table 1). This total conpared to592redds| ocatedin
1981 and 1,029 in 1982. Depth of water at the time of redd
construction varied from.13 mat Skidoo Bay to 8.8 mat Gave
Bay. Redds constructed above m ni num pool contributed 63, 50 and
59 percent of the total shoreline redds in 1981, 1982 and 1983,
respectively. In other studies of regulated |akes and reservoirs
in the Pacific Northwest, shallow water |ess than four neters have
been found to be preferred habitat by shoreline spawni ng kokanee
(Y?itt %957, Stober etal. 1979a and b, Hassemer and R eman 1979
and 1980).

After three field seasons, the use of the glass bottom pram
continued to be a reliable nethod for estinatin%_trends in spawner
abundance. During the three years of evaluation, observations
fromthe glass bottom pramenumerated an average of 66 percent or
the total redds located by SCUBA counts (Appendix A Table 2).
Accuracy was found to increase with a decrease in water depth and
redd densities. Pram counts were strongly correlated with SCUBA
surveys (r=.78, p<.001, n=29). Because this method showed
consi stent results for three spawning seasons, it wll be adopted
as the method to estimate trends i n spawner abundance for the
remainder of the study.

Spawner Resident Time

spawner escapenent estimtes calculated fromredd counts and
total spawner days divided by female resident time were nearly
i dentical in Skidoo Bay Area | and Il. Spawner escapenent based on
total fish days from29 Cctober to 22 Novenber with a fenale
residence tine derived fromthis experiment of seven days was 261
(Appendix AFigure 12. The estimate using the final redd count of
110 mul tiplied by 2.4 fish per redd (Fraley 1984) was 264. In
1983, the final redd count in Skidoo Bay gavé an accurate
estimation of escapement in these two Spawning areas.

Length and Age

Sﬁamning kokanee were collected fromnine shoreline areas for
length information and age conposition (Appendix A Table 3). The
total length of female spawners for all age classes of 373 mm was
simlar to that found in 1982. The majority of the females in
1983 were Age |11+ Age conposition by area varied considerably.
The 1978 year class domnated the female spawners at Yellow Bay in
1982 and 1983.
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Table 1. Final SCUBA counts of kokanee redds by area and
nunber above and bel ow m nimum pool in shoreline
areas of Flathead Lake, 1983 (percent in

parent heses).
Nunber Nunber
Above Bel ow
Total M ni mum Mninmm

Location Count _Pool _Pool
Woods Bay

East 30 30 0

\ést 46 34 12
Yellow Bay

Major 67 3 64

Fl ume/ Ot her 12 12 0
Blue Bay 45 0 45
Talking Water Creek 33 33 0
Gravel Bay 187 15 172
Dr. Richard's

Nort h By 23 23 0

south 17 17 0

Boat Launch 12 12 0

| 43 43 0

[ 66 66 0

[ 41 41 0

|V 50 50 0
Crescent Bay 19 19 0
Somers Bay 28 28 0
TOTAL 719 426 (59% 293 (41%
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Mean |ength of adult male kokanee was 389 mm 16 mm | arger
than the females. Eighteen percent of the 1983 males were Age |V+
conpared to 40 percent in 1982. Nearly half of the nales
col lected at Somers and Hatchery bays were Age I+  Hanzel (1984)

i ndi cated hatchery stock was general |y younger than the natura
stock in a spawni ng popul ati on.

The age and length of spawners varied between the nine
shoreline areas sanpled. Overall length was found to be a
function of age conposition (Hanzel 1984). A greater percentage of
younger fish in the spawning popul ation decreased overal | size.

LAKE LEVEL HLUCTUATI ONS AND Al R TEMPERATURES

Fl at head Lake |evel fluctuations during Novenber through My
of 1983-84 were characterized by an early decline in |ake stage, a
| onger period near mnimumpool and a later and more rapid filling
conpared to the operation seen in 1981-82 and 1982-83 (Figure 5).
A mjor difference in fluctuation occurred in November when |ake
stage dropped 2.7 ft. This conpares to 1.8 ft and 2.0 ft in 1982
and 1981, respectively. The majority of the November decline
occurred after the peak in spawning activity. M ninmum pool of
2883.80 ft was reached on 6 April, nearly one nonth [ater than the
two previous Years..Lake |l evel s were held at or bel ow 2885 ft
(eight feet bel ow maxi mum pool) for a three month period. because
of a late and light spring runoff, |ake stage did not begin to
increase until 12 May. This conmpared to md-April in 1982 and
1983. Lake stage increased over two feet during the week of 13

My.

Mninumdaily air tenperature at the clinatol ogical station at
Yel | ow Hay di pped bel ow the critical level of -10° (Fraley and
G aham 1982) for a two week period from 16 to 31 Decenber and
again for an eight day period from 14 to 21 January. Al redds
constructed above 2887.4 ft and 2886.0 ft were exposed during the
first and second col d periods, respectively. Over 50 percent of
the redds built above m ni mum pool were above 2887.4 ft and nearly
70 percent were above 2886.0 ft. The effect of these cold
tﬁnperatures to sanpled enbryo survival wll be discussed later in
the report

SPAWN NG S TE | NVENTORY AND M CROHABI TAT

Paranmeters inportant to spamninP site selection and successful
enbryo survival includedintergravel di ssolved oxygen, groundwater

apparent velocity, substrate conposition and ?ravel t enper at ur es.
Information to define these paraneters was collected at spawning

areas in Yellow, Wods, Skidoo, Somers, Crescent and Gavel bays

and to a limted extent at Blue and Dr. Richard s bays.
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Spawning Areas Above Minimum Pool
Redd Di . .

Three hundred redds were | ocated above m ni numpool in nine
shoreline study areas during 1983. Redds were distributed between
bottom el evations of 2881.9 to 2890.1 ft. Preferred habitat was
| ocated between 2885 to 2889 ft where 83 percent of the redds
above m ni mum pool were constructed (SFI gure 6). Vertical distri-
bution for individual areas is located in Appendix A Figure 2.

The nunber of redds |ocated at each study area above m ninum
pool varied from19 at Crescent Bay to 68 at Skidoo Bay Area ||
(Skidoo Bay West in 1982). Total spawning area at eagh of the
four sites in Skidoo Bay was simlar, ranging from 215 at Area
Nunber | to 293 nRat Area Il. The percent of the total area
covered by redds was also simlar wth a range of 34 to 45
percent. \When conparing area dinension and redd density data from
1981-83 at Area |, several trends were apparent (Appendix A Figure
3). The range of redd depth was not density dependent, but the
size of the spawning area and the percent of the area used was
directly related to the nunber of redds. Al though the majority of
the redds in the three years were ocated between 2885-89 ft, the
distribution by foot zone varied fromyear to year.

Redd counts at Dr. Richard's BaY North for 1981, 1982 and 1983
were 106, 45 and 23, respectively. Spawning area size and
specifically the northern portion of the area declined directly
wth redd nunbers. No redds were located in the northern portion
of the area or below 2886 ft during 1983 when densities were at
their lowest. Apparent velocity measurenents varied considerably
between the north and south portions of the area. Mean apparent
velocities in the southern portion of the spawning area ranged
from08-1.16 cnl hr where redd densities were highest and 2. 96-
9.9 cmhr where densities were | owest (Wessner and Brick 1984).
This indicated there may be a maxi num velocity spawning kokanee
are sensitive to.

Microhabi

The critical value for dissolved oxy%en for devel opment and
survival of salnonid enbryos varies with the stage of devel oprent.
A val ue greater than 6.5 ng/1 has been determned by vari ous
authors to be critical during hatching and will be used as the
m ni num val ue for enbryo survival in shoreline areas.

At the time of spawning, intergravel dissolved oxygen
concentrations in spawni nﬁ areas above mni numpool were above 7.3
ng/l at 86 percent of the 59 stations sanpled (Appendi x A Tabl e
4). Intergravel oxygen concentrations were less than 6.5 ng/ 1 at
33 and 100 percent of the sanpling stations at Skidoo Bay Area |11l
+ |V, respectively. Apparent velocity measurenents at these two
areas were one to four times |ower than the two eastern spawning
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areas in Skidoo Bay (Wbessner and Brick 1984). Intergravel oxygen

concentrations from all areas did exhibit a general trend of

decreasing with an increase in depth. There was no significant

difference in oxygen concentrations above or below 2885.0 ft,

however, to explain the distribution of redds. Because of a
decline in ?roundv»ater stage with [ake stage at nost areas above

m ni num pool, a second series of sanples was not conpleted in

March. O the 14 sanpl es col | ected, oxygen concentrations were
greater than 6.8 ny/l.

Prior to the spawning period in August and Septenber, apParent
velocity was neasured at 2887.4 ft, 2884.3 ft and 2883.9 ft in
Skidoo Bay Area | and at the |ower two sites in Cctober (woessner
and Brick 1984). Athough only a trend could be suggested from
these limted data, .?roundvvater velocities &creased with depth
with an eight fold difference above and bel ow 2885 ft. These data
indicate apparent velocity may be a key in determning redd
distributia in spawning areas above m ni mumpool .

~ Four substrate sanples were taken at each spawni ng area above
mninum pool. Sanples were taken at 2885 and 2887 ft, once during
spawning and again at incubation (Appendix A Table 5). Fine
mat eri al EI ess than 6.35 mm contributed from0.6 to 40.8 percent
of the substrate conposition and was |owest at Wods Bay East and
highest at Crescent Bay. There was a tenporal increase in percent
fine materials from spawning to incubation at six of the nine
areas. The increase ranged from6.3 percent at Skidoo Ray Area |
to 269 percent at Somers Bay. The two areas most exposed to
prevailing wnds, Cescent ‘and Dr. Richard s bays, showed a
decrease in fine material fromspawning to incubation

To determne percentage of fines reaction to |ake stage chanPe
at Ski doo Bay from spawning througjh energence, a substrate sanple
was taken at 2885.0 1t with every.3 mchange in | ake el evation. A
steady increase in fine material was observed through | ake stage
di cli ne and earlf)]/ refill. As |ake levels receded, fine material
was deposited that could not be flushed fromthe systemby wave
action. The accumulated fine material returned to percent
conposition recorded at spawning after the |ake was at maximum
pool for two months. Fines were still near 20 percent during the
fry emergence period in March and April, which could inhibit
laferal novement of fry through the gravels.

Bedd Distribution
Three study areas bel ow mnimumpool, Gavel, Yellowand Bl ue
bays, were the site of 300 redds during 1983. Redd el evations

varied from 2853.4 to 2885.0 ft. Redds were not randomy
distributed within the range of depth used (Figure 7). Seventy-
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five gercent of the redds were located in a 15 foot zone between
2869-2884 ft. In 1982, eighty percent of the counted redds were
distributed simlarly (Decker-Hess and McMul [in 1983).

Redd di stribution may be partially explained by groundwat er
appar ent veIoc;ty. At Yellow Bay, apparent velocities were
S|gn|f|cantlg different above and bel ow the zone of greatest redd
density in 1982 and 1983 (Wessner and Brick 1984). No significant
differences in apparent velocities above and below 2869 ft at
Gravel Bay occurred durlnguthe spawni ng period in 1982 or 1983
éV%essner and Brick 1984). During incubation, however, vel ocities

ecreased with distance fromthe shore.

~ Although the size of the Gavel Bay spawning area increased
with redd nunbers from 1982 to 1983, "the relationship was not
direct. Fifteen percent fewer redds were constructed in 1983 but
area size decreased by only seven percent. Location and the
boundaries of the area were near!Y I dentical for the two years
(Appendix A Figure 4). Redd density was highest on the western
end of the area for both years. Goundwater apparent velocities
were |ower in the western area conpared to the center and eastern
portion of the area in 1982, but a simlar trend did not occur in
1983 Wessner and Brick 1984). These data i ndi cate there may be
a maxi numvel ocity suitable for kokanee spawning habitat.

Al'though spawning area size increased with an increase in redd
numbers at Yellow Bay, there was no direct relationship in the
three years of study (Appendix A Figure 5). A larger nunber of
redds were |ocated at shal |l ower depths (above 2879 ft) when
densities were highest. A 400-600 percent increase in redds above
2884 ft was observed in 1982 (168 total redds) when conpared to
1981 and 1983. This expansion into shallower waters in 1982 al so
accounted for a dramatic increase in area size. Considerable
overlap in the area used by spawners in all three years occurred
at depths bel ow 2884 ft.

Microhabitat

Intergravel dissolved o§§gen concentrations were collected
from the spawning areas at Gravel and Yellow bays (Appendix A
Tabl e 4). ncentrations in Gravel Bay were simlar between the
spawni ng and incubation period and between 1982-83 and 1983-84
(Decker-Hess and McMul 1in 1983). Concentrations were above 6.5
ng/l at all stations except for the deepest sanple from each of
the three transcets (2862.2 - 2872 ft).

Intergravel dissolved oxygen sanples were collected from 16
stations along three transeCts in the Yellow Bay spawning area
éAppendlx A Table 4). Imediately follow ng spawiing, intergravel

I ssol ved oxygen was | ess than 6.5 ng/l at 62 percent or the
sanpling locations. By March, only one third of the sanpling
stations were less than 6.5 my/l. [I'ntergravel di ssolved oxygen
concentrationsdenonstratedasimlartenporal fluctuationpattern
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I n 1982-83 (Decker-Hess and MMillin 1983).  The tenporal
fluctuation can be partially explained by the relationship between
roundwat er a%p_arent velocities and |ake stage fluctuation
%W)essner and Brick 1984). As l|ake stage declined in the fall,
?roundvvater di scharge increased causing greater velocities inthe
[ake substrate. This increase in groundwater velocities increased
intergravel dissolvedoxygenconcentrations. A significant
relationship existed between the nunber of intergravel dissol ved
oxygen sanples with concentrations |less than 6.5 ng/|l and |ake
stage during the spawni ng and i ncubation period (r=.9699, p<.001).

Substrate conposition was suitable for successful enbryo
survival at the three study areas bel ow mni num pool. Percent
fines were below 20 percent at all sanpling sites with the
exclusion of the western sanple in Yellow Bay (Appendix A Table 5).

EMBRYO SURVIVAL AND DEVELOPMENT

The intergravel environnent of salnonid spawning areas is
sel dom conducive to high survival of |ncubat|n? enbryos. Royce
(1959), Johnson (1965) and Koski (1966) reported survival to
energence ranging from 1 to 30 percent for various salnonid
species in unaltered spawning environs, MNeil (1968) determ ned
that incubation nortality was the nost inportant factor ?overnl ng
ear class strength of pink salmon in southeast Alaska streans.
Stober et al. (1978) obtained simlar results with sockeye sal non
in the Cedar River, Washington. Wth naturally occ_urrlng
nortality of this magnitude, negative inpacts from man-induce
changes i'n t he physio-chem cal environnment of the spawningsite
c?n be the determning factor in the conplete loss of a year
class

Natural Redd Sampling
January

~ Redds were sanmpled in ei %ht spawni ng areas above m ni num Pool
in late January and early February to determne enbryo survival to
the eyed stage. Lake stage at the time of sanpling was between
2885 to 2886 ft. Fifteen percent of the constructed redds above
m ni mum pool were sanpled. Redds in Dr. Richard's Bay North coul d
not be sanpled due to renoval of the marking stake b¥_ I ce
formation Survival information at individual redds are ontile
at the Department of Fish, WIdlife and Parks in Kalispell,
Mont ana.

Prior to drawdown exposure, habitat nost conducive to kokanee
enbryo survival was found in gravel s above m ni mum pool (2883.5
ft) (‘Appendix B, Table 1). Mean survival to the eyed stage above
m ni mum pool was 87 percent conpared to43 percent bel ow m ni mum
pool. A simlar trend was found during the 1982-83 incubation
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period (Decker-Hess and McMil [in 1983). Mean survival in redds
constructed in the zone of highest redd density above m ninum poo

was greater than redds outside the zone. Mean survival in redds
within the h!ghest_redd density zone was 83 percent conpared to 73
percept o%t3| e this zone. The difference was not statistically
significan

~ Tenperatures below the critical level of -10°c occurred for
fifteen days in December and again for seven days in January.
After an average of 20 days of exposure to -109C air tenperatures,
nean survival was 24.2 (+ 18) percent, (p<£.05) (Appendix B Table
2). Mean percent survival ran?ed fromzero at Crescent and Soners
bays and Skidoo Bay Area | to 99% at Skidoo Bay Area II. The
significantly higher survival foundin expPosed redds at Ski doo Bay
Area Il was believed to be a result of greater groundwater
aggarent velocities in the exposed gravels (\Wessner and Brick
1 é&’ Mean apparent velocity values of 3.03 cmhr at 2886.0 ft
in Skidoo Bay Area Il were three times higher than those found in
any other exposed spawning area during the incubation period.

Based on known redd distribution, 70 percent of the redds
constructed above m ninum pool woul d have been inpacted by
exposure to tenperatures |ess than -16° during the 1983-84
incubation period. The significant adverse effects of anbient air
tenperatures at freezing and bel ow on sal mon enbryo survival have
been documented by various authors (Kinmsey 1951, MNeil 1967,
MMl 1in and Graham 1981 and Fraley and Graham1982).

~In sunmary, greatest embryonic survival was found above
m ni mum pool prior to | ake drawdown in January. Redd site
sel ection was related to enbryonic survival "although the
reIat|onsh|5) was not significant. Survival was reduced from 87
?ercent to 24 percent after redds were exposed to 20 days of air
enperatures | ess than -10°c.

Mar ch

SiXtY percent of the redds sanpled in earky March had been
previously sanpled in late January and early February. Wen the
mpjority of the eggs examned in an excavated redd in January were
live and eyed, a sanple of eggs were collected for analysis with
the remainder being reburied and sanpled again at a |afer date.
This allowed a redd with a known survival to be nonitored as

| engt h of exposure by drawdown i ncreased.

Lake stage at the time of sanpling was 2884 ft. In January,
nmean survival in the 18 redds sanpled was 87 percent with an
average of 4 days exposure by |ake drawdown. None of these redds
had been exposed to anbient air tenperatures less than -|C°C B
March, nean survival was reduced to 31 percent after an average 0
51 days of exposure (APpendlx B Table %}. Conplete nortality
occurred in 60 percent of the redds sanpled, Area survival ranged
from0 at Wods Bay East to 65 percent at Skidoo Bay Area |
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Devel opment in redds & ing the second sanpling ranged from 100
percent uneyed to 100 percent yolk sac resorption with a mean of
63 percent hatch. Based on predicted devel opnent fron1thernngraﬁh
records at Skidoo Bay and normal devel opment data fromthe
literature, enbryos unaffected by drawdown exposure should have
conpl et ed yol k sac absorption by 1 March (Figure 82. Devel oprent
was delayed with an increase in exposure because of a cooling in
gravel  tenperatures.

I ncreased exposure from20 to 51 days caused survival in redds
above m ni mum pool to be reduced from 87 to 31 percent.
Devel opnment was al so del ayed as a result of |ake drawdown
exposur e.

Groundwater and Embryo Survival

The effect of groundwater velocity and distribution is an
obvi ous key in extendlng survival in exposed redds. G oundwat er
data col | ected during 1982-83 and 1983-84 indicated an additiona
12 mof vertical shoreline can be wetted depending on the
aéoundmater system present (Decker-Hess and McMiullin 1983 and

essner and Brick 1984).

| n %eneral, three tyPes of groundwater reaction to | ake stage
fluctuation were identitfied in Flathead Lake during the 1983-84

field season. These were: Type |: The water table reacted

i nstantaneously with |ake stage fluctuation (Figure 9), Type II: .

The water table showed a lag behind |ake stage fluctuation (Figure

10), and Type II1: The water table acted independently of |ake
stage (Figure 11). A total of 108, 109, and 137 redds above
m ni num pool were counted in Type |, Il, and IIl areas,

respectively (Table 2).
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Table 2. Cat egories of groundwater reaction to |ake stage
fluctuation at shoreline sEamn|ng areas and the
nunber of redds above 2884.0 ft at each of those

ar eas.
Type I Wods Bay Vst 35
woock Bay East 30
Dr. Richard s Bay South 16
Saners Bay 21
108
Tvpe |1 Ski doo Bay | (East) 43
W Ski doo Bay |1 (Vest) 66
109
Typel Il Dr. Richard s Bay North 23
Skidoo Bay |11 41
Ski doo Bay 1V 50
Crescent Bay 23
137

These groundwater systens may have varying effects on the
survival potential of kokanee embryos. In Type | areas
groundwat er tabl e adj usted instantaneously to | ake St?ﬁf af fording
no additional protection to the devel opi ng enbryos from
dessicationandfreezing. By the second redd sanpling in March
the two areas showi ng the |owest survival were Wods Bay East and
West, both Type | areas. In Type |l areas, groundwater |eve
ranged from .04 to 1.1 vertical neters higher than |ake stage.
The difference between groundwater and | ake el evation coul d
potentially enhance kokanee enbzxo survival in redds exposed by
| ake drawdown. In Skidoo Bay Areas | and I, Type |l areas,
survival to the eyed stage at the second sanpling was 65 and 24
percent, respectively. InTypelll areas, where groundwater acted
I ndependent |y of |ake stage, devel opment nay proceed uninhibited
provided groundwater flow is within an acceptable range. At
Ski doo Bay Area |V, groundwater remained 1.5 meters higher than
| ake stage. Survival was 74 percent to the second sanpling in
this area, a Type IIl area

I n sunmary, , kokanee enbryo survival during the incubation
period may be enhanced by groundwater flows depending on the
system present. Lake elevation, however, would have to be
increased to allow successful emergence fromredds wetted by
groundwateronly. If lake elevations were not increased by the
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time of energence, fry nmovement woul d have to occur laterally
through the gravel. Success of lateral gravel movenment by fry is
not presently known.

Bobryo Survival and Drawdown Exposure

A significant statistical relationship between enbryo sur-
vival and exposure by |ake drawdown was docunented in 1983-84
using natural redd data and experimental egg plants. Because the
experinental egg bags wereharvested on a monthly basis and the
number of days exposed and stage of devel opnent at the time of
sanpling could be controlled, the relationship could be nore
accurately determ ned.

Al'l redds and egg plants with devel opment greater than 50
percent hatching at the time of sanpling were elimnated fromthe
analysis. The greater sensitively of alevins to exposure has been
docunented in the literature (Hawke 1978, Stober et al. 1979a,
Rei ser and Wite 1981a, Becker et al. 1982) but this relationship
had not been quantified in the Flathead system Prior to
dewatering, survival to the alevin stage in channel #2 at the
Soners Hatchery was 98 percent. Followi ng hatching, the water was
shut off and sanpled daily. After 24 hours of dewatering,
survival had been reduced to 59.5 percent. After 48 hours,
complete nortality had occurred. Because of this increased
sensitivity of alevins to dewatering, the relationship only
i ncl uded enhryos devel oped to the eyed stage.

Enbryoni ¢ survival in experinental plants in Skidoo Bay and
the hatchery channel s was negatively correlated to |ength of
exposure (r=-.9503, p<.000, n=20) (Figure 12). Based on this
relationship, conplete nortality would occur after 52 days of
exposure. Comparing this correlation to a simlar relationship
docunented by egg bag data in 1982-83, conplete nortality did not
occur until 78 days of exposure. The earlier nortality predicted
in 1983-84 probably resulted fromthe effect of air tenperatures
| ess than -10°C on decreasing enbryo survival. No tenperatures
| ess than -10°C were recorded in 1982-83. Conparing groundwat er
data for the two years, increased |ength of wetness by groundwater
was not a factor in the increased nortality observed In 1983-84
£&§ﬁker-kbss and MMl | in 1983 and Wessner and Brick 1983 and

Data collected fromnaturally spawned redds were correl ated
with number of days of exposure by |ake drawndown. This relation-
ship was also significant and enbryo survival was again negativ%;§]
correlated to nunber of days of exposure (r :_-.6389,(P<. ,
n=42). Conplete nortality based on the relationship derived from
natural redd sanpling would occur after 98 days, conpared to a
predicted 52 days fromthe experinental egg plants. Again, the
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effect of various groundwater systens had an inportant yet
unquantified inpact on prolonging survival in exposed redds. The
relationship when the experinental plants and natural redd
sanpling were conbined was r=-.7246 (p<. 0001, n=62) (Figure 12).

Kerr Dam Operation and Survival

The operation of Kerr Damand its inpact on water |evel fluc-
tuations and kokanee embryo survival was investigated for the
1983-84 water year and conpared to 1982-83. As statedearlier,
levels at the time of spawning for the two years were similar near
2889 ft. Followi ng spawning however, |ake |evel decline in 1983-
84 was nore rapid and at a lower level for a Ionger period of
time. The nunber of days the |ake was held bel ow 28589 ft in 1983-
84 increased by 31 percent from 1982-83 (Figure 13).

Based on the survival relationship observed in exposed
natural |y spawned redds, conplete nortality would have occurred in
1983-84 to all redds constructed above 2884.7 ft. This woul d
result in conplete nortality to 90 percent of the redds
constructed above m ni num pool in 1983. Conparing this to 1982-
83, conplete nortality would have occurred to all redds built
above 2886.0 ft or 60%of the redds above m ni num pool (Decker-
Hess and MMl in 1983).

Because of the late filling of Flathead Lake in 1984 resulting
from poor runoff conditions, lake levels did not reach one foot
bel ow spawnin? | evel s until earIY June. Bven if survival occurred
in individual redds as a result of higher groundwater stage
velocities, energence would have to occur by lateral intergravel
nmovenment through substrate containing up to 40 percent fines.
Lateral novement by emerging fry through gravel wetted only b
subsurface flow has been suggested in the Iiterature but not wel
document ed. Studies done by Bams (1969) concluded fry energence
was geotactically induced and an orientation to a secondary
nmechani sm (wat er novenment) would result only from bl ockage of the
primry mechani sm by darkness, light or physical barrier. Reiser
and Wiite (1981b) reported absence of surface water tri?gered
| ateral novement of chinook and steel head fry through gravel when
fine sediments did not limt novenent.

Spawning Areas Below Minimum Pool

Redds in Gavel, Yellow and Blue bays were sanpled in late
January and early February to determne enbryonic survival to the
eyed stage. Eight percent of the total constructed redds bel ow
m ni mum pool were sanpled. Athough a higher percentage of redds
were sanpled in 1983-84, the total sanpled egg count was
considerably lower for all areas when conpared to 1982-83. Eggs
were found in only 60 percent of the 25 redds sanpled in 1983-84.
O those redds where eggs were found, there was an average of 47
eggs per redd. During the 1982-83 sanpling period, an average of
167 eggs per redd were found. It was not known if this [ow nunber
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of eggs per redd wss a result of egg predation or deconposition
prior to sanpling, egg retention by the female or sanpling error.
Redds were sanﬁl ed by the sanme technique and during the same tine
period for both years.

Embryo survival in the zone of greatest redd density bel ow

m ni nunpool (2869-2884 ft) was significantly higher fromthat
found below the zone. Survival to the eyed stage in 21 redds in
Bl ue Gravel and Yellow bays within the zone was 84. 8 (+8) percent
(ﬁ<. 05) conpared to 45 (+28) percent (p<£.05) in nine redds bel ow
this zone. Apparent velocity nmeasurements within the highest redd
density zone was higher during the incubation period at Gavel and
Yel | ow bays (Wessner and Brick 1984).

Mean survival to the eyed stage for the three areas was 43
percent. Survival by areas were 96, 4 and 84 percent for Gavel,
Yel | ow and Biue bays, respectively (Appendix B Table 4). Percent
survival to the eyed stage at Gavel Bay increased from 83 to 96
percent between 1982-83 and 1983-84. If the |low egg count
observed in 1983-84 was a result of egg deconposition or
predation, a survival estimate would appear higher. No changes in
m cr.ohzlabi tat conditions could account for this increase in
survival .

At Yel | ow Bay, survival to the eyed stage decreased from 13
percent in 1982-1983 to 4 percent In 1983-1984. Intergravel
di ssol ved oxygen at the tinme of spawning in 1983 ranged from.35
to 9.6 ng/l (Appendix A Table 4). Sixty-three percent of the
stations sam ed in the spawning area had concentrations |ess than
6.5my/l with a mean for the entire area of 3.8 ng/l. Dissol ved
oxygenconcentrat i ons increased to acceptable incubation |evels by
March but was not soon enough to prevent nearly corrﬁl ete nortality
in the area.  Numerous investigators have documented the effects
of |l ow dissolved oxygen concentrations on enbryo survival
(Alderdice et al. 1958, Silver et al. 1963, Shumway et al. 1964,
Mason and Chaprman 1965 and Becker et al. 1982).

Survival of 84 percent to the eyed stage was determ ned at
Blue Bay in 1984 for the first tine since the study began. This
area had been sampled only to fry emergence in the two preceding
years, showing a 21 percent survival to this stage.

Experimental Green Egg Plants

To determne the suitability of presently unused habitat in
Fl at head Lake shoreline areas, green eggs were planted at three
sites in Novenber, 1983.

Dr, Richard's 3ay
The line planted at 2886.0 ft in Dr. Richard's Ba?/ Sout h was
y

within the boundaries of a spawning area currently used by
kokanee. Survival after two months of Incubation wthout exposure
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by | ake drawdown was 90 percent (Appendix B Table 5). After 31

days of exposure by | ake drawdown survival was reduced to 5
percent. After 61 days of exposure, conplete nortality had
occurred.  The groundwater systemat Dr. Richard' s Bay South
dropped instantaneously with |lake stage, affording no protection
to incubating enbryos fromdessication or freezing.

The second line in Dr. Richard s Bay South was bel ow m ni mum
pool at 2882.0 ft but kokanee were not currentlz using the area
for spawning. Survival was only 18 percent after one nonth of
incubation. Conplete nortality occurred at this |ine by md-
January.

Substrate conposition at both lines was characterized by a | ow
percentage of fines and was nearly identical (Appendix A Table 5).
Al though intergravel dissolved oxygen concentration at the |ower
line was 2.5 nmg/l in Cctober when the site was selected, simlar
values at both lines were obtained in Decenber (Appendix A Table
4). Goundwater apparent velocity measurenents were taken
throughout the incubation period in Dr. Richard s Bay South. Mean
apparent velocity was found to decrease with depth and was
apparently not strong enough at greater depths to deliver adequate
?ggﬁolved oxygen or renmove metabolic wastes (Vessner and Brick

G oundwater velocities in Dr. Richard's Bay South were
adequate for successful embryo survival only in the upper gravels
and only then, prior to |ake drawdown.

Gravel Bay

Bennett and Hassener (1982) docunented successful kokanee
spawni ng over a roadfill slope in Cour D A ene Lake, Idaho to
depths of 20 m The najoritg of the substrate was greater than 50
mm  Eighty-one and ninety-four percent of the substrate material
at the upFer (2877.3 ft) and |lower lines (2874.0 ft) at the G avel
Bay egg plant was greater than 50.8 nmm respectively.

~Survival and devel opnent in the two [ines varied during the
i ncubation period (Apgendlx B Table 5). Survival at the upper
line remained between 80 to 90 percent throughout the incubation
period. Devel opment, however, was delayed considerably when
conpared to other experinental egg lants. Only one percent of
the enbryos had hatched by the end of March at the upper line in
G avel Bay compared to 67 percent at Skidoo Bay. A thermograph
probe ﬁlaced at the upper line recorded tenperatures 1-29C cool er
than the |ake throughout the incubation period.

~Survival at the lower line steadily declined throughout the
i ncubation period (Appendix B Table 5). "By the end of March, when
35 percent of the enbryos had hatched, survival was only 27
percent. Mcrohabitat data collected at the site did not explain
this decreased survival.
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Lar ger substrat e habi tat outside the spawni ng area boundary in
Gravel Bay showed delayed devel opnent and reduced survival in
kokanee enmbryos conpared to naturally spawned areas in the bay.

Somers 3ay

The eggs planted in an historic, but presently unused, spawn-
ing area In Somers Bay showed conplete nortality after two nonths
of incubation (Appendix B Table 5). Survival was reduced to 53
and 12 percent at the upper (2888.0 ft) and |ower [ines (2886.0
ft) respectively, after one nonth of incubation. It appeared
either low intergravel dissolved oxygen concentrations or a high
percentage of fines in the substrate conposition contributed to
the high nortality. Dissolved oxygen was |ess than 3.0 ng/| at
both lines at the time of the plant but had increased above 6.5

/I by Decenber. Percent fine material was 45.6 and 21.7 percent
at the upper and |ower |ines, respectively.

Of the three spawning habitat types investigated in 1983-84,
survival to energence only occurred at Gavel Bay. Survival in
G avel Bar was wWithin the levels found in naturally spawned
gravel s bel ow m ni mumpool .

FRY EMERGENCE DI STRI BUTI ON

A D ioti

Energence traps were placed in late February over five, six,
and ei ghteen narked redds in Yellow, blue and G avel bays,
respectively. Al but two of the traps in Yellow Bay were buried
by gravel from Yellow Bay Creek in late April. No kokanee fry
were captured in Yellow Bay. Egg survival to the eyed stAge was
only four percent in Yellow Bay.

Only eight kokanee fry were captured in Blue Pay. The first
was caught on 25 April and the last on 23 May. Survival of eggs
to the eyed s_ta?e was 84 percent. There was no explanation for
this poor survival fromthe eyed stage tc energence.

Emardqence in Gavel Bay began on 10 April, peaked on 17 May
and ended on 28 June. Atotal of 1,661 emerging fry were captured
in Gavel Bay. Eleven fry captured in a single trap on 17 My had

not total Ify absorbed their yol'k sacs. Tagart (1976) reported5. 3
ercent of the fry energing fromthe Clearwater River, Washington

ad not yet absorbed their yolk sacs. Individual trap catch data
can be found filed at the Department of Fish, Widlife and Parks,

Kal i spel I, Mont ana.
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Io 1 Distributi

Emergence i n deep water areas began at a sinilar tinme in 1984
as inoprevious years, but occurred for a |onger period of tine
{Figure14). Fry energence was conpleted by 8 June in 1982 and
1983 but not until 28 June in 1984, A total of 1,304 tenperature
units were recorded for the groundwater in Gavel Bay fromthe
peak of s amn|n% on 10 Novenber 1983 to the peak of emergence on
17 May 1984. Slow accunulation of tenperature units from|late
Degenber through md February may have prol onged devel opment of
enbryos.

Vertical Distributi

Fry energence trap were placed in the three spawning areas
bel ow m ni mum pool at elevations varying from2860.9 ft to 2877.0
ft.  Nunbers of fry captured in a single trap during one sampling
period ranged fromone to 151. Fry were captured throughout the
zone of vertical redd distribution (Table 3).

Table 3. Vertical distribution of kokanee redds and fry
captured in Gavel Bay in 1983-84. This data
i ncl udes redds which were conpletely covered by fry

traps.
Tota
. Nurmber of Nunber  of Nunber of

El evation Redds Fry Fry
Zone #Redds Trapped Captured Captured/ Trap
2854- 2859 8 0 -- 0
2859- 2864 35 4 956 239
2364- 2869 4 4 324 81
2869- 2874 39 4 44 11
2374- 2879 74 6 337 56
2879- 2884* 26 o] - - 0
Total s 186 18 1661

*Two traps placed in this zone were washed out by wave action
before emergence began.

Fry Survival to Emergence
Survival to energence was calculated for Gavel Bay. The

fecundity val ue used was cal cul ated fromfish captured in 1982.
Based on information collected froma fry emergence experi nent
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conpleted during this study, the calculation assumed that if a
redd mag entirely covered by traps, all emerging fry would be
capture

Data used in the calculation were:

- Nunber of redds: 187

- Mean size of redd: 2.65 m@ X

- Area covered by trap: 0.25 m

- Nunmber of traps needed to cover an entire redd: 10.6
- Mean number fry captured per trap: 34.8

- Mean fecundity: 1062 eggs/female

- Average Nunber of females per redd : 1.2

Cal cul ated survival to energence was 28.9 percent of egg
deposition, or 57,484 fry. Average percent survival of the three
redds total |y covered with traps was 28. 3 percent indicating the
reliability of the survival estimate. Fry energed in pockets, as
certain individual traps within each cluster captured |arge
nunbers of fry while other traps produced few or no fry.

Survival to fry emergence for various sal nonid species has
been docunented in many artifical and natural systems throughout
North Anerica (Table 4{. Success of natural spawning areas has
been highly variable, ranging froma low of 1.05 percent found for
sockeye by Foerster (1938) to 77.3 percent for coho (Tagart 1976).
In the upper Flathead River system Fraley (1984) reported
survival to fry enmergence in five natural spawning areas ranging
from10.4 to 76.0 percent, with an average of 35 percent

Estimates of fry survival to enmergence were nade for trapped
redds above and bel ow 2869.0 ft, the zone of greatest redd
density.  Survival above 2869.0 ft was calculated to be 33.6
perent while survival belowthat el evation was 24.5 percent. The
di fference between survival estimates above and bel ow 2869.0 ft
was not significant, but this may have been due to | ow sanple
si zes.

Ery Quality

Fry quality nmeasurenments were determned for 411 fry col | ected
from emergence traps in Gravel Bay. Length frequency ranged from
22.0 mMmto 27.0 nmwith a nean of 24.7 nm (Appendix C Figure 1).
The mean condition factor (K) of fry energing from G avel Bay was
0.681(+.07). Hi gher condition of energing fry has been related
to an initial a vanta?e in foraging ability and acquisition of
feeding territory and | ess susceptibility to predation, starvation
and conpetition (Wlls and McNeil 1970, Stober et al. 1979b,
Becker et al. 1982, and anin? 1982). Fry condition at Gravel Hay
could not be correlated with fry density or tenporal distribution
or nunber of fry captured per foot zone in Gavel Bay (Appendix D
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Tabl e 4.

Sur vi val

\ to fry emergence for various species of
salnonids fromnatural and artificial systems in North

America. Stage of devel opment is al soincluded.
Natural or .
. Artificial Survival Stage of

Aut hor Year Speci es redds per cent devel opnent
Foer st er 1938 Sockeye Nat ur al 1.05-3.23 Fingerling
J. Fish. 1956 Sockeye Nat ur al 1.8-25.0 Fry
Board Can.
Vles & 1955 Chi nook Nat ur al 7-32 Fry
coots
Pritchard 1947 coho Nat ur al 11.8-30.4 Fry
Shapovalov 1954  coho Artificial 16. 2 Fry
& Taft
Cederholm  Unpub. coho Artificial 2.6-63.8 Fry
& Tagart
Tagary 1976 Coho Nat ur al .9-77.3 Fry

(Mean) 29. 8
Koski 1966 coho Nat ur al 078 Fry

(Mean) 27.1 Fry
Ringler 1970 coho Nat ur al 17-44 Fry
Hausl e 1973 Brook trout Artificial 62 Fry
Myren 1956 Pink sal mon Nat ur al .2-20 Fry
Briggs 1953 Si | ver sal non Nat ur al 74.3 Fry

King sal non Nat ur al 86 Fry
St eel head Nat ur al 64 Fry

Linsay & 1975 Kokanee Nat ur al 43 Fry
Lew s (Mean)
Fral ey 1984 Kokanee Nat ur al 35.2 Fry

(Mean)
Stober et 1979a  Kokanee Nat ur al .55-18 Fry
al . (altered)
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Figures 2 and 3). In Banks Lake, Washington, (Stober et al. 1978)
found that condition and density of energing kokanee fry appeared
inversely related in all depth strata except for the shall owest
and deepest.

Because only eight fry were captured from Bl ue Bay, no
analysis of fry condition was attenpted.

Substrate Composition and Fry Emergence

Fine sedinents in the substrate can fill interstitial spaces
reducing gravel perneability, apparent velocity and dissolved
Oxygen. The resulting stress may reduce fry length and prevent or
cause prenmature fry energence (Peters 1962, Koski 1966 and 1972,
and Hall and Lantz 1969, Phillips et al. 19751. Substrate
conposition of 20 percent fine material created |ethal conditions
of low dissolved oxygen concentration and high netabolic waste
concentrations in redds of steelhead trout and chinook sal non
enbryos (Bjornn 1969a).

~ Methods devel oped by Irving and Bjornn (1984) and Reiser and
Bjornn (1979) used substrate conmposition only to predict surviva
to emergence. These nethods were applied to twelve kokanee
spawning areas in Flathead Lake (Table 5). Predicted surviva
rates were significantly higher than what was actual |y recorded
for 1982 and 1983. Accuracy of these nethods to predict surviva
in shoreline areas was questionable since they do not use other
parameters such as di ssol ved oxygen concentration, groundwater
velocity and stage, tenperature and duration of exposure. Both
met hods predicted survival in Gavel and Yellow bays to be at
| east 87 percent. Fromfry emergence trap data, survival in
Gravel Bay was calculated to be 28.9 percent. In Yellow Bay, no
fry were captured.

Because of the high inaccuracy of these nethods for kokanee

spawni ng on shoreline areas of Flathead Lake, these predictive
methods will no longer be tested
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Table5. Predicted mean percent survival by substrate
conmposition for twelve shoreline spawning areas
using percent fines less than 6.35 nm (Reiser and
Bjornn 1979) and cumul ative particle size
distribution (Irving and B ornn 1984).

Per cent Cunul ativeParticle

Location Conposi tion <6.35 mm Size Distribution
Yel | ow Ba\B/ 90 98
Crescent Bay 29 55

Gravel Bay 87 98

Soner s Bay 4 0

Bl ue Bay 80 97

woods Bay East 62 76

Dr. Rchard s Bay North 58 78

Ski doo Bay 1 54 54

Ski doo Bay 2 31 45

Ski doo Bay 3 18 45

Ski doo Bay 4 0 0

Wods Bay West 72 84
Experimental Emergence Study

An experiment to determine intergravel novenment by emerging
kokanee fry was conducted in channels at the Soners Hatchery
beginning on 10 April, 1984. Sac fry were planted in five
channels with fine material ranging from10-40 percent. Flow into
all channel s was 80 nl/sec. annel 1 was used as a control and
had water flowing over the gravels at all times during the
experi nent .

The experinment was not conpleted due to an unexpected
interruption of the water source. In channels 1 and 2 (both with
10 percent fi nes? and channel 3 (20 percent fines) there was an
indication that fry were mgrating through the gravels into the
capture area, but to what degree of success is unknown (Appendix C
Table 1). M fry were captured enmerging from 30 percent and 40
percent fines. ~ Bjornn (1969b) found that chinook salnon fry
emerged readily fromgravel with |ess than 20 percent fines and
had difficulty emerging in gravels with 20-40 percent fines. In
?is experinment, few fry energed fromgravels with 30-40 percent
i nes.

41



anacysis OF KERR DAM OPERATI ON
History of Kerr Dam Qperations and Flathead Lake Levels

After considerable analysis of the historic operation of Kerr
Dam it is believed that the damhas, and is continuing to have, a
dramatic i npact on successful shoreline spawni ng of kokanee sal non
in Flathead Lake

Wth the closing of Kerr Damin 1938, the fluctuation of the
upper 10 feet of Flathead Lake between 2883 and 2893 ft changed
significantly. Naturally occurring seasonal fluctuations caused a
peak near 2893 ft to be reached in May and June. Lake |evel then
receded and was maintained between 2882-83 ft from August through
March or April of the followng year.

Fol I owi ng the closing of the dam the lake was filled to 2893
ft by spriqg runof f and remained at that Ievel until md-
Septenber. Adecrease in lake level to a mninumof 2883 ft for
energy production and flood control occurred durinP the fall,
winter and early spring months. A though this general pattern of
fluctuation has been naintained since five years after the dam
closurii variation within certain aspects of the operation have
occurre

Based on evidence that prolonged exposure of sal monid enbryos
by | ake drawdown coul d cause significant nortality, the nunber of
days the | ake was hel d bel ow various foot increnents during the
i ncubation period was investigated (Appendix D Table 1).
Initially, length of tine the |ake was held between 2884 through
2889 ft were anal yzed for operational change. These | evels were
chosen because | ess than two percent of the redds built above
m ni mum pool were constructed above or bel ow these levels in 1981
1982 and 1983. The change in the nunber of days the |ake was held
bel ow 2885 ft was further investigated because 80-90 percent of
the redds constructed in spawning areas above m ni mum pool in
1981, 1982 and 1983 were built above this |evel

The variation in the nunber of days the |ake was at these
el evati ons annual |y were broken into five tine periods
(Figure 15). The breaks were based on grouping simlar opera-
tional patterns at each foot increment by naintalning the smallest
variance. The five periods are characterized bel ow.

1940-45 - The reservoir operation was in a "transitional"
phase between past natural |evels and future operation for wnter
energy production and spring flood control (Appendix D Figure 1).
Conparing the nunber of days bel ow 2885 ft between pre-dam and
this early operation, 174 days were bel ow 2885 ft from 1928-39 and
84 days from 1940-45. The |ake was approximately six feet higher
at the time of kokanee spawning conpared to pre-dam |evels.
Know ng that kokanee were spawning below 2882.8 ftprior to dam
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construction, it is unknown how many years it took for conditions
above this zone to be attractive to spawni ng kokanee sal non.

Based on the annual collection of adult length measurements it is
known that |ength of kokanee declined from 404 nmin 1938 to 340
nmin 1947 indicating an expanding popul ation and an increase in
density. It is therefore [ikely that a mgjority of the fish may
have still been spawning bel ow m ni mum pool during this period

1946-58 - This period marked the conplete transition of |ake
|l evel manipulation to a runoff storage unit for winter energy
production and flood control (Appendix D, Figure 2).During thrs
tine, extensive egg taking and restocking with fry in shoreline
areas was occurring by two hatcheries on the |ake. Care was taken
during this period to replant fry in the spring from where eggs
had been taken in the fall (Art Tangen, pers. conm).

1959-69 - After the construction of Hungry Horse Dam and the
installation of an additional turbine at Kerr Dam the overal
operation becane nore favorable to the natural reproduction of
kokanee sal non in Flathead Lake shoreline areas (Appendi x D Figure
?, The | ake was held bel ow 2885 ft for an average of only 29

ays during this period. Based on enbryo survival studies
presently being conducted in shoreline spawning areas, the average
operation during this period woui d have caused only 31 percent
nnrtal|tK. Planting of fry in shoreline areas by hatchery person-
nel in the spring became |ess systematic and the shoreline popul a-
tion éelled much nore heavily on natural reproduction during this
peri od.

1970-76 - The nunber of days the damwas hel d bel ow 2884 to
2888 ft began to increase and shoreline conditions became |ess
favorabl e to successful reproduction beginning in1970 (Appendix D
Figure 4). Conparing the 1959-69 period to the 1970-1976 peri od,
the nunber of days the |ake was held between 2884 to 2888 ft
increased by 43 percent. A significant increase of 83 percent was
noticed in the number of days the |ake was bel ow 2884 ft. Egg
taking and fry planting ceased during this period and shoreline
st ocks were conpl etel y dependent on natural reproduction

1977-84 - A dramatic increase in the number of days the | ake
was hel d bel ow 2884 to 2888 ft and particularly bel ow 2885 ft
occurred during this Fer|od (Appendi x D Figure 5). The nunber of
days the |ake was held bel ow 2885 ft increased by 117 percent.
Aside from the increases in nunber of days the |ake was held bel ow
2985 ft, the operation during the m ni numpool period al so changed
dramatically. An average mninum pool of 2883.81 ft was reached
on 10 March and held for 20 days (Figure 15). m ni mum pool was
reached up to 25 days earlier than any other period and held up to
20 tinmes as long. The inpact of this operation on successful fry
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energence from shallow shoreline areas could be devastating.
based on current survival studies, this operation would have
caused an avera?e of 90 percent nortality to enbryos incubating in
shoreline Gavels above 2885 ft.

Xokanee Shoreline Spawning History

- Researchers believe that growth of juvenile sockeye salnonis
inversely proportional to population density, i.e. as density
increases, growth decreases creating smaller fish (Forester 1944,
Bjornn 1957, Johnson 1965 and Rogers 1978). the relationship has
been denonstrated although it has not been determned if intra-
specific conmpetioin is the mechanism Because kokanee are
pel agi ¢ schooling fish, close association wthin the schools would
gpcentugte the Interaction nore than if the fish were evenly
i sperse

In the early years, after their introduction in 1916 and into
the 1960's, shoreline spawning areas in Fl athead Lake were used
extensively and evidently successfully. Nunbers of kokanee in the
| ake continued to expand based on their decrease in size through-
ou this period (Figure 16). Stefanich (1953 and 1954) documented
"Iar?e nunbers" (enphasis added) of kokanee in 30 shoreline areas
evenly divided on the east and west shores in the 1950's.  Fgg
taking in shoreline areas by hatchery personnel provided ml[Tons
of eggs to the Station Creek Hatchery into the late 50's and to
the Somers Hatchery into the Iate.6096$unpublished data, MFWP)
Nearly 8,000 adult kokanee were seined from Crescent Bay in five
days in the fall of 1951 for egg taking purposes

During 1962 and 1963, an average of 12 percent of the annua
kokanee harvest, or 31,823 kokanee, occurred during the months of
Cct ober, Novenber and Decenber (Robbins 1966%. Kokanee catch
rates during these years increased from8 fish per hour during
the May to September period to 2.5 from Cctober to Decenber.
Robbins attributed the catch rate increase to the snagging fishery
in shoreline areas from md-Cctober through m d-Decenber. In
1981, G aham and Fredenberg (1982) estimated kokanee harvest
during the Cctober to Decenber period at 21,471 or four percent of
the annual harvest. Eighty-two percent or 17,600 kokanee of this
harvest occurred in Cctober, prior to the observed dates of
kokanee congregating in shoreline areas. Only 14 percent of the
Cctober to Decenber harvest, or 2,997 kokanee, occurred in
Novenber, the nonth when the ngjority of spawning occurred. Catch
rates in 1981 showed a slight decline from.61 kokanee per hour
fromMy to September to .5 kokanee per hour during the Cctober to
Decenber peri od

Based on personal interviews with over 50 fishermen that had
snagged kokanee fromthe early 1930's until the present, a general
trend in their recollections was observed which identified the
years the decline in shoreline spawning kokanee was noticed by the
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angl i ngpublic. Nunerous adult spamnin% kokanee were harvested
fromshoreline areas throughout the 1950's on the west shore and
the 1960's on the east shore. Comments depicted the shoreline
snaggln? fishery during these years as "shoul der to shoul der with
40 Eeop e", "everyone catching their limt", "the |ake was red
wth sal mon", " eas¥ limt at Yellow, Gavel and Skidoo", "el bow
room only", "100's of dead fish washed up on banks". Beginning in
the late 1960's and into the early 1970's fishernen generally
noticed a decline in nunbers of spamnin? salnon. By the md to
late 1970's fishermen were finding it difficult to get their [imt
along the shoreline.

Kerr Dam Qperation

Because 80-90 percent of the redds constructed above m ni num
pool in shoreline spawning areas of Flathead Lake during 1981,
1982 and1983 were above 2885 ft, the nunbers of days during the
i ncubation period the reservoir was hel d bel ow 2885 ft was added
into the river gauge height - kokanee length nodel devel oped and
i nproved by Fraley and Graham (1982). A weighted three year
nmovi ng average of nunber of days bel ow 2885 ft was included in the
nodel.  The nodel was devel oped for the Flathead River flow
conditions to correl ate kokanee |ength with Hungry Horse Dam
operation (Gahamet al. 1980). A weighted three year noving
average of flow conditions during the fall and winter period was
the independent variable. This weighting of three years was used
inan attenpt to explain the kokanee year class interaction. It
was felt that the nost iqPortant interactions in kokanee OEula-
tions are those between adjacent year classes. At age |+ kokanee
woul d i nteract Prlnarlly wth nenbers of their own year class, the
previous year class (age Il1+) and the year class entering Flathead
Lake that year (Ot). st adult kokanee mature and spawn in the
fall of the fourth ﬁear Age I11+). The result of four grow ng
seasons spent in the |lake by a particular year class is three
years of interaction with the previous year class and three years
of interaction with the followng year class

The years correlated were from 1966 through 1983 (Appendix D
Table 2). Prior to 1966, a nunber of factors in addition to the
Kerr Dam operation were having an inpact on kokanee density in
Fl at head Lake. Hungry Horse operation in the early years was
causi ng an expansi on of river spawners and Somers and Station
Creek hatcheries were planting up to 2 mllion fry into the |ake
through the late 60's. Unexplained variation in kokanee year
class strength as indicated by spawner length maybe related to
other environmental factors. hese factors may affect incubation
success (Wckett 1962), growth of kokanee in the | ake (CGooland et
al. 1974) or differential recruitment from other spawning areas to
the |ake popul ation.
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Femal e | engt h of kokanee was used in the river-|ake nodel as
the dependent variabl e because they were |east |ikely to have
individual variation as a result of type growh and tissue | oss of
tail fins as a result of fighting by the nales §Fimne 16).
Fenal e | ength and thr ee year wei ght ed gauge hei ght difference from
the river systemal one was highly significant (r = -.932 p<.001)
Famal e length and three year_me[ghted nunber of days the | ake was
hel d bel ow 2885 ft was al'so significant but did not account for as
nuch of the varibility as did gauge height (r = .798, p<.001).
Wen using gauge height difference and the nunber of days the |ake
was |ess than 2885 ft both as independent variables wth adult
femal e kokanee lengths, the rel ationship was highly significant
(p_2 = 926, p<.0d): The relationship indicates that kokanee year
class_strengfh since 1966 has been highly dependent on the
operation of Hungry Horse and Kerr dans.

Al though not as strong as the relationship between dam
operation and fish length, a relationship between Hungry Horse and
Kerr Dans operations does exist (r - .4404, p <.05) (Figure 17).
It is felt that this relationship explains part of the
rel ationship observed between kokanee [ength and Kerr Dam
operation but to what extent, is unkncwn. I's situation nmay
explain some of Kerr Dam s effect or may be purely coincidently
and insignificant to the biology of the system

CONCLUSIONS

Based on results fromdata collected during the 1983-84 field
season and an analysis of the present and historic operation of
Kerr Dam it has been concluded that the operation has, and
continues to have, an inpact on successful kokanee shoreline
spawni ng i n Fl athead Lake.

Dam operation during the 1983-84 spawni ng season was
characterized by a one nmeter drop in Novenber during and
imediately foll owing spawning, |ake |evel maintenance near or at
m ni mum pool for two nonths and a late refill as a result of a |ow
snowpack causing a light runoff. Based on a relationship
determ ned between the length of exposure by |ake drawdown and
kokanee embryo survival, 90 percent of the redds constructed above
m ni mum pool woul d have suffered conplete nortality as a result of
the 1983-84 operation.

Various shoreline ?roundmater systens were found to be capabl e
of prolonging survival in exposed redds during the incubation
period. If lake levels do not return to rewet redds bythetine
of yolk sac resorption, however, nortality to these enbryos would
still occur. It is ?resently unknown if any successful emergence
can Oﬁf”ﬂ Ey | ateral movenent through groundwater wetted gravel

into the |ake.
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Anal ysis of Kerr Dam s operation beginning with the
construction in 1938 to the present occurred during 1983-84. The
anal ysis indicated that the nunber of days the |ake has been held
bel ow certain operations has varied throughout the dam s history.
This variation has been found to be indicitive of five nojor
changes in operation. The present operational pattern beginning
in 1977 has been found to be the |east conducive to successful
kokanee shoreline spawning since the earliest operation of the
dam A significant statistical relationship was found between
kokanecl cngth (i.e. fish popul ation density), and the number of
days the |ake was held below 2885 ft, indicating Kerr Danms
operation has affected the Flathead Lake kokanee popul ati on.

Activities during 1984-85 will include quantifying kokanee
shoreline spawning habitat. These data will be used to detern ne
actual and potential spawning habitat which will later be used in
formul atingm tigationrecomrendations. Probability-of-use curves
wi |l be constructed fromspawned and unspawned gravels for depth,
apparent velocity, dissolved oxygen and substrate conposition.
Upon conpl etion of the curves, preferred kokanee habitat will be
described.  Presently unused shoreline habitat suitable for
spawning wi || then be 1dentified.

50



LI THRATURE A TED

Aderdice, DF., WP. Wckett and J.R Brett. 1958. Sone effects
of tenporary exposure to |ow dissol ved oxygen |evels on
Paci fic sal non eggs. Journal Fisheries Research Board of
Canada.  15(2):220- 249.

Alvord, W 1975. History of the Mntana Fish and Gane Depart nent.
Mont ana Depar t ment of Fi shand Gane Hel ana.

Bai l ey, Jack E. and Dale R Evans 1971. The low tenperature
threshold for pink salnon eggs in relation to a proposed
hydroel ectric facility. Fishery Bulletin: 69(3):587-593.

Bans, R A.  1969. Adaptations of sockeye salmon associated wth
I ncubation in stream gravels. é)p. 71-87 In: T.G Northcote
(Editor) Synposiumon salmon and trout in streanms. University
of British Columbia Vancouver, B.C

Becker, C.D., D.A Neitzel, and D.H Fickeisen. 1982. Effects of
dewat ering on chinook sal mon redds:  tolerance of four
devel opnental phases to daily dewaterings. Transactions of
Anmeri can Fisheries Society. 111(5):624-637.

Bennett, D.H and P.F. Hassener. 1982. Effects of 1-90
construction activities on s%awnl ng success of kokanee
Ig_Oncor hvnchus nerka) i n Coeur D Alene Lake Departnment of

ish and Wldlife Resources. College of Forestr)% Wlidlife

and Range Sciences. University of |daho, Mscow, pp.
Biornn, T.C. 1957. A survey of the fishery resources of Priest
and Upper Priest lakes and their tributaries. |daho

Departnent of Fish and Game Conpletion Report F-24-R 176 pp.

Bjornn, T.C. 196%a. Enbryo survival and energence studies. |daho
JDet|§)aétment 3gf 4? sh and Gane Job Conpletion Report F-49-R-6,
ob 6. p. 33-41,

Biornn, T.C. 1969b. Spawning and energence of chinook salnon as
related to tenperature.  Sal non and Steel head I nvestigations.
Job Conpletion Report. Project No. F-49-R-6, Job No. 8.
University of |daho, Moscow p. 42-51.

Bowl er, B. 1979. Kokanee spawning trends in Pend Oeille Lake.

| daho Departnent of Fish and Game Job Performance Report, F-
73-R-1, Job Il. p. 57-77.

Carlander, KD 1969. Handbook of Freshwater Fishery Biology.

Volume 1. The lowa State University Press, Anes, |owa.
752 pp.

o1



Decker-Hess, J. and P.J. Graham 1982. |npacts of water |evel
fluctuations on kokanee reproduction in Flathead Lake.
Mont ana Departnment of Fish, Wldlife and Parks, Kalispell.

Decker - Hess, Janet and S.L. McMllin.  1983. Inpacts of water
| evel fluctuations on kokanee reproduction in Flathead Lake.
Montana Department of Fish, Wldlife and Parks.

Dontrose, R 1968. Kokanee redd exposure and hatching success in
relation to receding Flathead Lake | evel s. Montana Depart nent
of Fish, Wldlife and Parks, Kalispell. 2 pp.

Environmental Protection Agency. 1974. Methods for chemical
anal ysis of water and wastes. EPA-625-16-74-003a.. E.P.A.
Enviromental Mnitoring and Support | &oratory. 298 pp.

Foerster, R E. 1938. An investigation of the relative efficiencies
of natural and artificial propagation of sockeye sl anon
(Oncorhynchus nerka) at Cultus Lake, British Col unbia. Fish.

Res. Bd. Canada, Jour. 4(3) : 151-161.

Foerster, R E. 1944, The relation of |ake population density to
size of young sockeye sal mon (Oncorhynchus nerka). Jour nal of
the Fisheries Research Board of Canada 6:267-280.

Foerster, R E 1968. The sockeye sal non Qncorhynchus nerka.
\Lllggrnal Fi sheries Research Board of Canada, Bulletin 162.
pp.

Fraley, J.J. and P.J. Gaham 1982. I|npacts of Hungry Horse Dam
on the fishery in the Flathead River - Final Report, USD
Bureau of Reclamation, Mntana Departnent Fish, Wldlife and
Parks, Kalispell. 91 pp.

Fraley, JJ. and S.L. MMillin 1983. Effects of the operation of
Hungry Hor se Damon the kokanee fi she_r?/ in Flathead River
sylstem|| Mont ana Departnment Fish, Wldlife and Parks,
Kal i spel | .

Fraley, JJ. 1984, Effects of the operation of Hungry Horse damon
the kokanee fishery in the Flathead R ver System Annual
Progress Report FY 1984. Fisheries Research and Speci al
Pro&ects Bureau, Montana Departnent of Fish, Wldlife and
Parks, Kalispell, Montana.

Fredenberg, W and P.J. Gaham 1982. Flathead River fishermn
census, U S. Environnental Protection Agency. Mntana
Departnent Fish, Wldlife and Parks, Kalispell.

G aham P.J., D. Read, S. Leathe, J. Mller, and K Pratt. 1980.

Flathead R ver Basin Fishery Study. Mntana Departnment Fish,
Wldlife and Parks, Kalispell. 117 pp.

52



G aham P., R Penkal, S. MMllin and P. Schladweiler. 1981
Mont ana reconmendations for a fish and wildlife program
Submtted to Pacific Northwestern El ectric Power and
Conservation Pl anning Council. 123 pp.

G aham P.J. and W_Fredenberg. 1982. Flathead Lake fishermnan
census, U S. Environmental Protection Agency. Montana
Departnent Fish, WIdlifeand Parks, Kalispell.

G@Gaodad J.C, T.W Gernes, and E. L. Brannon. 1974.  Factors
affecting sockeye salnon (Oncorhynchus perka) growth in four
| akes of the Frazer River system Journal of the Fisheries
Resear ch Board of Canada 31:871-892.

Hall, J.D. and R L. Lantz.  1969. Effects of |ogging on the
habitat of coho salnon and cutthroat trout in coastal Streans.
pp. 335-375. In: T.G Northcote, Editor. Synmposium on
salmon and trout in streams. University of British Col unbia,
Vancouver, B.C

Hanzel , D. A 1964, Evaluation of Kokanee Spawni ng and Popul ation
Density in Flathead Lake and Tributaries. Mntana Dept. of
Fi sh and Game. Job Conpl etion Report F-7-R-12, Job Il. 10pp.

Hanzel, D. A 1977. Angler pressure and game fish harvest
estimtes for 1975 in the Flathead River systemabove Fl athead
Lake. Montana Departnent Fish and Gane, Kalispell.

Hanzel, D. A,  1984. Measure annual trends in recruitnent and
m?rat| on of kokanee popul ations and identify major factors
affecting trends. Mntana Departnent of Fish, Wldlife and
Parks, Job Performance Report F-33-R-18, Job No.: I-bh.

Hassemer P.F. and B.E. Reman. 1979. Kokanee life history

studies in Priest Lake - spawning evaluation. |daho
IIJt?pIartma\nSI9 Togh and Gane, Job Performance Report F-73-R-1, Job
. p. 89-105.

Hassemer, P.F. and B.E. Rieman. 1980. Coeur d'Alene Lake spawni ng
eval uations. Idaho Department Fish and Game, Job Perfornance
Report F-73-R-2, Job Ill. p. 89-95.

Hawke, S.P. 1978. Stranded redds of quinnat sal mon in the Mathias
River, South Island, New Zeal and. New Zeal and Journal of
Marine and Freshwat er Research. 12(2):167-7.

Hem ng T.A 1982. Effects of tenperature on utilization of yolKk
by chi nook sal non(Qnchorhynchus tshawytscha) eggs and
alevins. Canadian Journal of Fisheries and Aquatic Science.
39: 184- 190.

53



Hunter, JJW 1973. A discussion of ganefish in the State of
Washington as related to water requirenents. \Washington State
Department Gane 66 pp.

lrvi n& J.S. and T.C. Bjornn. 1984. Effects of Substrate Core
mposi tion on Survival of Kokanee Sal mon and Cutthroat and
Rai nbow Trout.  Technical Report 84-6, |daho Coperative

Fi shery Research Unit, Mscow | daho. 21pp.

Jeppson, P. 1955, Eval uation of spawning areas in Lake Pend
Oeille and tributaries upstreamfrom Al beni Falls Damin
| daho, April, 1954-May 31, 1955, including supplenental
information on the life history of kokanee. |daho Department
of Fish and Game, Job Conpletion Report F-3-R-4 and F-3-R-5,
Wrk Plan 2. 36 pp.

Jeppson, P.  1960. Evaluation cf kokanee and trout spawning areas
inPend Oreille Lake and tributary streams. | dahoDepartnent
Fi sh and Game, Job Progress Report F-3-R-10. p. 43-66.

Johnson, WE. 1965. On nechani sns of self-regulation of

{)/opul_ation abundance on onchorhynchus nerka. Mtt. Internat.
erein. Limol. 13:66-87

Kinsey, J.B. 1951. Notes on kokanee spawning in Donner Lake,
California, 1949. California Fish and Game.  37(3):273-279.

Koski, K. V. 1966. The survival of coho sal non (Qnchorhynchus
kisutch) from egg de&osml on to enmergence in three Oregon
coastal streans. S. Thesis Oregon State University,

Corvallis. 84 pp.

Koski, K V. 1972. Effects of sediment on fish resources.
Presented at Washington State Departnent of Natural Resources
Manangenent Sem nar, Lake Limarick. April 19-20, 1972.

Leathe, S.A and P.J. Giaham 1982. Flathead Lake fish food
habits stud Fi nal Report. Mont ana Department Fi sh,

Widlite and Perks, Kalispell. 137 pp.

Lee DR and J.A Cherry. 1978. Afield exercise on groundwater
f1ow usi ng seepage meters and m n-pi ezoneters. Journal of
Ceol ogy Education. 27:6-10.

Lindsay, RB. and S.L. Lewis. 1975. Popul ation dynam cs of
kokanee salnon in Odell Lake, Decenber 1, 1974 - June 30,
1975. Oregon Departnent of Fish and Wldlife, Job Progress
Report F-71-R-11, Jobs 10 and 11. 12 p.

Lund, Richard E 1979. Awuser's guide to MSUSTAT - an interactive
statistical analysis package, 1979. Mntana State University,
Bozeman. 74 pp.

54



Mason, J.C. and D.W Chapnman.  1965.  Significance of earl
emergence environnental rearing capacity, and behaviora
ecol ogK of juvenile coho salnmon in stream channels.  Journal
of Fisheries Research Board Canada. 22:173-190.

McMullinS. L. andP.J. Gaham 1981. The inpact of Hungry Horse
Dam on the kokanee fishery of the Flathead River. Montana
Department Fish, Wldlife and Parks, Kalispell. 98 pp.

MNeil, WJ. 1964. A nethod of measuring rrort_alitg of pink sal mon
eggs and larvae. U S. Fish and Wldlife Service, Fishery
Bul | etin66(3):575-588.

MNeil, WJ. 1967, Effect of the spawning bed environment on
reproduction of pink and chum salmon. US. Fish and Widlife
Service, Fishery Bulletin, Vol une 65(2):495-523.

MNeil, WJ. 1968. Survival of pink and chum sal non eggs and
alevins. pp. 101-117 IN. T.G Northcote, Editor. Synposium
on salnmon and trout in streams. University of British
Col unbia, Vancouver, Canada.

Mont ana Departnent of Fish and Game. 1976. Estimated man-days of
fishing pressure by region for the summer and winter season,
I\/aly 19/5-April 1976. Montana Departnent of Fish and Gane,
Hel ena.

Montana Power Conpany. 1976. Application of the Mntana Power
Oorrpanly for a new |icense for the Kerr Project. To: The
Federal Energy Regul at ory Conm ssi on.

Peters, J.C. 1962. The effects of stream sedinentation on trout
entryo survival. Third semnar on biological problens in water
pol lution. p. 275-279.

Pfeifer, Robert L. 1978, Eval uation of the natural reproduction
of kokanee ((Onhcorhynchus nerka) i n Lake Stevens, Washi ngton,
as related to the lake Iimology and basing. University of
Washi ngton, Seattle. M S. Thesis.

Phillips, RW, RL. Lantz, EW Qaire and J.R Mring. 1975.
Sone effects of gravel m xtures on energenceof cohosal non
and steel head trout frg. Transactions of the Anerican
Fi sheries Society. 104(3):461-466.

Potter, D.S. 1978. The zoopl ankton of Flathead Lake: an
historical review with suggesti ons for continuing |ake
resource management. Ph.D. dissertation, University of
Mont ana, Mssou?a.

55



Reiser, DLW and T.C. Bjornn. 1979. Influence of forest and
rangel and managenent on anadr omous fish habitat in the western
United States and Canada. USDA Forest Service General
techni cal Report PNW96 54. pp.

Reiser, DW 1980. [n situ dewatering of salmonid eggs: Effects
on hatching success and fryv\guality. IN. Proceedi ng?s of the
Annual Conference of the Western Association of Fish and
Wlidlife Agencies. 60:443-465.

Reiser, DDW and R G Wite. 198la. Incubation of steelhead trout
and spring chinook sal non eggs in a nmoist environment.
ProgressiveFi shCul turist. 43(3): 131- 134,

Reiser, D.W and RG Wite. 1981b. Influence of streanflow
reductions on sal monid enbryo devel opnent and fry quality.
| daho Cooperative Fi sher¥ Research Unit, Research Techni cal
Conpl etion Report, A-058-1DA 154 pp.

Reiser, DW and RG Wite. 198lc. Effects of flow fluctuation
and redd dewatering on salnonid enbryo devel opment and fry
quality. Idaho Vter and Ener?y Resources Research Institute.
University of Idaho. Mscoa, [daho. Submtted to Bonneville
Power Adm nistration,Departnent of Energy. 88 pp.

Robbins, 0. 1966. Flathead Lake (Montana) fishery investigations.
1961-1964.  Bureau of Sports Fisheries and Wldlife, Technical
Paper. 45 pp.

Rogers, D.E.  1973. Abundance and size of juvenile sockeye sal non,
(Oncor hynchus nerka), and associ ated species i n Lake
Alekna%Lk, Aaska, in relation to their environment. Fishery
Bul | eti n7(4):1061- 75.

Royce, WF.  1959. On_the possibilities of inproving sal non
spawning areas. Transactions of the American Wldlife
nf erence. 24: 356- 366.

Seel (?/, CM and GW MCammon. 1966. Kokanee. pp. 274-294 IN
Cal houn, Editor. Inland Fisheries Managenent. California
Depart ment of Fish and Gae.

Shirazi, MAand WK Seim  1979. A stream systenms eval uation -
an enphasis on spawning habits of salnonids. USEPA/EPA -
\%)0}43- 79-109. Corval | I's Environnent al Resear ch Laboratory,

shingt on.

Shummay, D.L., C.E. Warren, and P.Doudoroff. 1964. Influence of
oxyqen concentration and water novement on the growth of
steel head trout and coho sal non enbryos.  Transactions of the
AnericanFi sheries Soci ety. 93(4): 342- 356.

56



Silver, S.J., CE Wrren, and P. Doudoroff. 1963. Dissolved
oxygen requi renents of devel opi ng steel head trout and chi nook
salnon enbryos at different water velocities. Transactions of
the Anerican Fisheries Society. 92(4) :327-343.

Stanford, J.A, T.J. Stuart, J.D. Coulter, and F.R Hauer. 1981
Li mol ogy of the Flathead Ri ver-Lake ecosystem Montana.
Annual Report, Flathead Research Goup, University of Mntana
Bi ol ogi cal Station, Bigfork, Mntana. 331 pp.

Stefanich, FA 1953. Natural reproduction of kokanee in Flathead
Lake and tributaries. Mntana Departnent of Fish and Gane,
Job Conpletion Report F-7-R-2, Job II1-A p. 69-74,

Stefanich, F.A 1954. Natural reproduction of kokanee in Flathead
Lake and tributaries. Montana Departnent of Fish and Gane,
Job Canpletion Report F-7-R-3, Job III-A 10 p.

Stober, QJ., RE Narita, and A'H Hamalainen. 1978. [nstream
flow and the reproductive efficiency of sockeye sal non. Job
OorrEI_ etion Report, OWRT Project No. B-065-WASH University of
Washi ngton, Fisheries Research Institution. FRI -UW7808

Stober, QJ. and AH Hanmalainen. 1979. Cedar River salnon fr
emgration. University of \Washington, Fisheries Researc
Institution, Anal Report. FR-UN7917. 52 pp.

Stober, QJ., RW Tyler, CE Petrosky, K R Johnson, CF. Cowran,
Jr., J. Wlcock, and R E. Nakatani. 1979a. Devel opment and
eval uation of a net barrier to reduce entrainment |oss of
kokanee from Banks Lake. Final Report, April 1977-March 1979
to U S. Bureau of Reclamation, Contract No. 7-07-10-50023,
University of Washington, Fisheries Research Institution.
FRI-UW7907. 246 pp.

Stober, QJ., RW Tyler, CF. Cowman, Jr., J. Wlcock, and S.
Quinnel I'. 1979b. Irrigation drawdown and kokanee sal mon egg
to fry survival in Banks Lake. Final Report. April 1979 -
Segterrber 1979, to U S Bureau of Reclamation, Contract No.
7-07-10- 50023, University of Washington, Fisheries Research
Institution. FRI-UW7913. 73 pp.

Tagart, J.V. 1976. The survival from egg depositiontoenergence
of coho salnon in the Cearwater River, Jefferson County,
V\gshl ngton. MS. Thesis, University of Washington, Seattle.
101 pp.

Terhune, L.D.B. 1958. The mark VI groundwater standpipe for

neasuring seepage through sal mon spawning gravel. Journal of
Fi sheri es Research Board of Canada. 15:1027-1063.

57



Vells, RA and WJ. MNeil. 1970. Effects of quality of the
spawning bed on growh and devel opment of pink sal non enbryos
andal evi ns. SBgci al Scientific Report - Fisheries No. 616.
United States Departnent of Interior. US. Fish and Widlife
Service. Bureau of Comercial Fisheries. 6p.

Witt, CR 1957 Age and growh characteristics of Lake Pend
Oreille kokanee, 1956. Idaho Departnent of Fish and Gane
Annual  Summary Report F-3-R-6 and F-3-R-7, Wrk Plan 2. 20 pp.

Wckett, WP. 1962. Environnental Variability and Reproduction
Potentials of Pink Salmon in British Colunbia. H R MacM || an
Iégct%éezs in Fisheries, Synposiumon Pink Sal mon 1960, pp. 73-

Wessner, WWand C MBrick. 1983. Goundwater investigations
related to the |ocation and success of kokanee sal mon
sBawnl ng, Flathead Lake, Montana: Prelimnary Results, April,
1982-June, 1983. Draft Report. University of Mntana,
Mssoula. 125 pp.

\Wessner, WW and C.M Brick. 1984. Hydrogeol ogic conditions
during kokanee spawni ng, egg incubation and fry emergence at
sel ected sites, Flathead Lake, Mntana. = Rough Draft.
Uni versity of Montana, Mssoula.

58



ATEND X A

KOANEE SFAMN NG S IREY AAD NGRS TAI



Table 1. Daily pramcounts and total SCUBA counts of kokanee spawners and

new redds built in shoreline areas of Flathead Lake during

Cct ober, November and Decenber, 1983. Left hand number represents

fish seen, right nunber represents newredds count ed.

Area 10-18  10-26 10-30 11-6 11-10 11-15 11-22 11-30 12-5
F RFRFRFRFRTFR RFRTFTR RTFEFR

Vdods Bay O 0 60120 6 0 OO0 I8 - - - - 0 |[2
Yel | ow Bay |l 0 3 3 0 0 0 0 0 69 0 5 0 4
Bl ue Bay 0o 0 0 0 0o 1 - - 2514 0 26 - O 0 0 5
Talkingvter & O O O O O 4 0O 0 25 112 0 O 0O 0 0 0
Smal | Dock 0O 0 0 0OOO O 0 O 8 150 0 14 0 O
Gravel Bay 0 0 151 90 18 - - 0 92 0 0 60 0 0 77 -
D.RchardsBay 1 2 6 0 30 4 40 14 9 21 37 2

Ski doo Bay

a) East -~ - - 305 8 20 9% 23 - O

b) Orange - - - - 5 2 3 20 75 33 - 1.1

c)East of K. - - - - - - 5 3 - 0 - 11

d West of Pt. - - - - - - 10 20 - 5 - 25 -

Soners Bay O 0 0 0 - - 6024301 403 0 O
Crescent Bay 0 0 45 16 - - 010 3 0 O
Total s 2 2

129 32 155 40 270 129 346 298 92 78 60
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Tabl e 2. Conparison of redd counts fromthe gl ass bottompramwi th
chronol ogi cal Iy close SCUBA counts for shoreline spawning
areas of Flathead Lake, 1981 - 1983.

1981 1982 1983
Pram Scuba Pram Scuba  Pram Scuba
Woods Baé(
west Shal | ow ’ - 38 22 20 30
50
e e S
Yel | ow Bay* 150 152 70 144 28 g?
Bl ue Bay* 30 45 25 34 55 38
39 45
Gravel Bay* 23 37 40 100 67 110
92 187
Dr. Rchard' s Bay
Nort h 40 63 30 45 23 19
South 40 106 11 12
i doo Bay
st 50 43 48 43
East 40 86 50 68 55 66
Gal | agher' s West - - 25 50
Pine den Resort - - 50 67

Total 4 551 365 513 515 77

e TWO counts nade at each area
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Table3 .

Total length and age composition with totals and means
of adult kokanee salmon collected by seining and gill
nets in nine shoreline areas of Flathead Lake in November 1983.

Bge Cotposition
length (mm) Vel e Female Percent
__Male _Female I+  _III+  __Iv+ V4 11+ 111+ IV+ Combined
_N Bange X _N Range X N & _N % N &8 N & N % N _% N & II+ ILI+ IV+ V+
Bi gf ork 23 366-419 391 37 345-386 368 24 92% 2 8% 8 8o 1 1% 91% 9%
Yel  ow Bay 35 368-434 396 6 366-412 389 23 68% 10 29% 1 3% 1 14% 6 86% 59%  39% 2%
Gavel Bay 35 335-429 389 6 353-389 371 23 779 7 23% 3 750 1 25% 76%  24%
Or. Richard's Bay 25 343-401 384 9 343-381 368 1 4w 21 91% 1 5% 9 100% % 94w 3%
Wods Bay 24 373-434 394 15 353-376 366 16 73% 6 28% 9 69% 4 31% 719 29%
B ue Bay 13 358-409 389 2 363-384 373 7 54% 6 46% 2 1000 - - 60% 400
Skidoo Bay 4 379-389 386 30 353-399 373 9 900 1 10% 24 830 5 17% 840  16%
Somers Bay 8 340-404 368 12 358-384 378 3 43% 3 43 1 14% 12 100% - - 16% 79% 5%
Hatchery Bay 26 340-414 368 46 315-391 348 12 ss5% 10 45% - - 25 66% 13 34% - - 67% 38% -

Lake Qveral |

195 335-434 384 163 315-412 371 16 9% 138 73% 34 18% 25 20% 81 66% 17 14% 13%  70% 17% 4%



Table; . Intergravel dissolved oxygen concentrations (in ng/l)
by bottom el evation and transect |ocation from Yellow
Bay, Skidoo Bay, Dr. Richard' s Bay, Wods Bay, G avel
Bay, Pine Gen Resort and Crescent Bay.

Location
Yel | ow Bay
East Transect

Center Transect

West Transect

Gravel Bay
west Transect

Center Transect

East Transect

_ =
—
=3

OO OO O

PO NN — —
oo

Bott om
El evation
Headstake __ (ft.)  12/82 3/83 6/83 9/83
2885. 50 1.8 No H20 8.2 1.1
2884. 51 1.6 8.7 9.0 4.8
2883.86 <I.0 9.4 6.7 7.4
2881. 56 5.7 7.1 4.7 8.1
2876. 31 3.6 5.2 0.6 2.9
2873. 36 0.3 <.0 No H20 .8
2886. 15 3.5 10.9 2.5 N H
2885. 50 8.8 10.5 5.6 36
2885. 17 1.6 10.8 8.3 9'1
2883. 20 2.8 10.5 8.5 7.6
2879. 59 1.2 10.8 9.0 8.8
2873. 69 3.1 6.5 7.8 7.8
2868. 77 1.8 6.1 5.3 4.8
2866.80 no H0 0.6  noHyOO.1
2881. 56 1 4.2 1.5 1.5
2877. 95 1.9 9.3 5.1 A
2872. 38 7.6 9.6 4.4 8
2868. 44 6.6 7.7 3.8 3.7
2865. 16 No B0 1.9 0
/5 3/8
2882. 55 9.2 11.6
2877. 62 9.6 12.1
2875. 00 9.3 12.1
2872. 05 No H20
2883. 86 8.8 11.9
2881. 23
2876. 64 8.5 12.0
2873.03 11.3
2870. 08 7.5
2868. 44 4.0 3.3
2883. 53 9.0 10.6
2879. 92
2875. 00 8.6 10.6
2871. 06
2867. 13 8.5 no H20
2864. 17
2862. 20 3.4 6.8
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Tabl e 4.

Location
Bl ue Bay

101

102

103
104

gr. pt.

Saner s

Hockmark's

Wod' s Bay East

Wods Bay Vst

i doo Bay
Area 1l

(Cont i nued)

Distance _ Bottom
From El evation
Headstake __(ft,)

2873. 66
2875. 99
2869. 64
2874. 68
2879. 66

2888. 20
2888. 14
2887.76
2887.51
2887. 49
2887. 40
2887. 04
2886. 94

2889. 29
2888. 70
2888. 14
2888. 07
2887. 57
2887.19
2887.18

2887.91
2887. 63
2887. 37
2887.00
2886. 94
2886. 37
2886. 35

2886. 73
2886. 73
2885. 48
2884. 87
2884.72
2884. 48
2884. 10

2887.21
2887. 44
2886. 10
2886. 02
2885. 26
2884. 84
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Table 4. (Continued)

Di stance
From
Location
Skidoo Bay (Continued)
Area 2

Area3

Aread

Crescent Bay

Bot t om
H evation
Headstake _ (ft.) 12/8 3/

2889. 46
2888. 39
2887. 67
2886. 82
2885. 87
2885. 49

2888. 99
2888. 69
2888. 43
2888. 23
2887. 89
2887.51

2888. 75
2888. 75
2888. 23
2887. 39
2886. 98
2886. 43

2889. 12
2886. 53
2886. 65
2885. 00
2884. 85
2885. 02
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Table 5. Percent conposition of substrate sanples, date sanpled
and bottom el evation (in ft) for shoreline spawning
areas of Flathead Lake.

Per cent Conposi ti on

Dat e Elevation ____ Sieve Sizes (mm)
Sampled ___ft = >50,8 _16 6.35 _ 2 .,063 <.063
Gravel Bay 12120/ 83 2879.0 2.9 9.4 56 0 0 0
Gravel Bay 03/ 09/ 84 2879 .0 13.5 80.9 53 .3 .1 0
Gravel Bay 12120/ 83 2872. 7 14.1 48.4 19.2 14.0 4.1 .3
Gravel Bay 03/ 09/ 84 2872. 7 17.1 44,5 16.3 19.0 3.0 |
Gavel Bay
Egg BaE?s (Line 1) 2882. 3 85.7 144 O O O 0
Gavel Bay
Egg Bags (Line 2) 2877.3 g§1.4 170 1.6 0 O 0
Gavel Bay
‘Bags (Line 3 2874.0 943 57 o0 0 0 0
Dr. "Richard's Bay No.  01/06/84 2885. 0 63.6 18.7 4.453 7 9 0
Dr. Richard' s Bay No.  03/28/ 84 2885. 0 71.8 85 5.4 54 87 |
Dr. Richard's Bay No.  01/06/84 2887.0 29.8 19.9 17.4 17.1 15.6 2
. Rchard's Bay No. 03/ 28/ 84 2887. 0 20.2 16.3 41.9 13.1 8.3 2
Dr. Rchard's Bay So.  12/08/83 2887.0 73.2 9.8 6.7534.9 |
Dr.Rchard' s Bay No.  12/08/83 2885. 0 73.8 16.3 3.6 2.3 4.0 o
Swan River 01/ 06/ 84 48.1 17.4 15.6 16.2 2.7 o
SnanRi ver 04/ 02/ 84 8.5 7.1 37 .10 0
Swan R ver 01/ 06/ 84 56.2 41.8 1.6 .2 .2 0
Swan Ri ver 04/ 02/ 84 62.0 25.9 9.6 2.2 .3 0
Bl ue Bay 12/ 14/ 83 2879.6 0 382 58.0 3.1 .4 3
Bl ue Bay 03/ 09/ 84 2879.6 0 384 55.6 5.6 .3
Bl ue Bay 12/ 14/ 83 2873.6 4.6 449 36.0 13.8 .7 |
Bl ue Ba 03/ 09/ 84 2873.6 0 42,2 38.0 18.9 .8 |
Yel | ow Bay G 12/ 14/ 83 2879.5 3.3 37.9 37.6 19.5 1.5 2
Yel | ow Bay @ 03/ 09/ 84 2879. 5 4.5 68.4 22.1 4.4 5 |
Yel | ow Bay & 12/ 14/ 83 2811.5 0 584 39.9 1.4 2 1
Yel | ow Bay & 03/ 09/ 84 2871.5 12 46.6 46.5 5.6 .| 0
Yel | ow Bay G3 12/ 14/ 83 2867. 5 0 144 555 29.2 .9 |
Yel | ow Bay &3 03/ 09/ 84 2867. 5 1.7 25.0 53.4 19.4 /¢4 |
Ski doo Ba
Area | (East) 11714/ 83 2885 8.1 69.3 8.44993 0
Mnitoring Sanples 12/ 08/ 83 2885 41.7 49.6 3.6 .94.2 0
01/ 12/ 84 2885 7.6 34.2 24.0 21.0 13.0 2
02/ 01/ 84 2885 0 77.4 9.8 2.4 10.4 |
02/ 09/ 84 2885 4.5 65.9 12.6 2.8 14.2 |
03/ 05/ 84 2885 9.5 63.1 9.5 3.5 14.3 |
05/ 24/ 84 2885 2.7 6.3 856.221.2 0
06/ 13/ 84 2885 7.4 40.8 18.6 12.0 21.2 0
Wods Bay East 12/ 13/ 83 2885 50.4 48.3 170 S5 0
\Wods Bay East 03/ 05/ 84 2885 43.0 24.2 7.2 7.7 7.8 |
Wods Bay East 12/ 13/ 83 2887 22.3 351 11.5 15.7 15.4 0
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Table 5. (Continued)

Vdods Bay East
\Wods Bay \est
Wods Bay west
Woods Bay west
Vbods Bay Vést
Crescent” Bay
Crescent Bay
Crescent Bay
Crescent Bay
Soners Bay
Soners Bay
Soners Bay
Soners Bay
Skidoo Bay
Area | (East)
Skidoo Bay
Area | (East)

(Vest)
(Vest)
Ski doo Bay

Area | I" (Vest)
Ski doo Bay

AreaII (Vest)
Skidoo Bay Area |l
Skidoo Bay Area |l
Skidoo Bay Area III
i doo BayAr ealll
Skidoo Bay Area |V
idoo Bay Areal V
Xidoo Bay Areal V
Skidoo Bay Area IV
Ski doo Bay

ol (1% )

Egg Bags (Line 2
Sk |ggo Baga W ?)’
s (Line
SkIEdg Bq )
Bags (Line 4
Sorrgrgs Bagy ( . |
Egg Bags (Line 1)
Somers Bay
Egg Bags (Line 2)

Per cent Conposi tion

1o NDooro ——Proow [N

- - - - e s " -
N o SHOWON =~ —,

Dat e El evation Sieve sizes |
_Sampled _ _ft = 23508 _16 6,35 __2 .063 <.063
03/ 05/ 84 2887 41.6 27.7 8.5 10.6 11.5
12/ 13/ 83 2885 61.6 28.7 6.8 2.7 .2
03/ 05/ 84 2885 33.2 325 19.9 10.7 3.5
12/ 13/ 83 2887 44,3 349 6.59.25.1
03/ 05/ 84 2887 48.6 26.9 7.0 8.7 8.5
12/ 19/ 83 2885 0 5.0 9.2 17.9 22.8
03/ 30/ 84 2885 7 60.5 11.0 13.2 12.4
12/ 19/ 84 2887 0 633 11.3 14.2 11.2
03/ 30/ 84 2887 1.0 46.6 15.6 20.6 15.9
12/ 13/ 83 2885 35.3 339 8991120
03/ 30/ 84 2885 31.3 15,7 4.4 5.2 41.2
12/ 13/ 83 2887 41.6 33.2 9.2 6.8 8.6
03/ 30/ 84 2887 2.7 26.0 5.9 6.5 35.5
12/ 08/ 83 2887 0 76,9 9.86.17.2
03/ 05/ 84 2887 6.5 31.3 32.8 11.8 17.4
12/ 12/ 83 2885 43.4 45.0 4.6 2.1 4.8
03/ 27/ 84 2885 22.6 38.8 12.8 9.0 16.7
12/ 12/ 83 2887 0 27.4 22.3 23.0 27.2
03/ 27/ 84 2887 16.9 33.6 14.4 16.4 18.6
12/ 12/ 83 2885 4.0 32.5 25.9 19.9 17.0
03/ 28/ 84 2885 0 28.7 29.9 20.6 19.6
12/ U 83 2887 0 557 19.2 12.7 12.2
03/ 28/ 84 2887 2.4 37.9 29.3 20.9 8.9
12/ 13/ 83 2805 0 0 ' 9 96.7
03/ 27/ 84 2885 0 0 0 .199.2
12/ 13/ 83 2887 37.7 54.3 25 11 4.3
03/ 27/ 84 2887 15.6 451 9.9 6.1 23.2
12/ 07/ 83 2888 4.2 29.8 18.5 17.7 29.6
12/ 07/ 83 2886 21.0 40.7 14.9 7.9 15.6
12/ 07/ 83 2884 0 34.863.2200
12/ 07/ 83 2882 0 348632200
12/ 08/ 83 2888 0 34.519.8 22.0 23.2
12/ 08/ 83 2886 15.8 51.9 10.5 8.9 12.3
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Comparison of spawning area boundaries and location with elevation
countour lines (in ft) of Skidoo Bay Area 1 (formerly Skidoo Bay East)
for 1981, 1982, and 1983. Solid stars indicate location of seepage
meters. Light stars represent location of substrate composition sample
site.
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APPENDI X B

EMBRYO SURVIVAL AND DEVELOPMENT



Table 1. Mean percent survival to the eyed stage in sampled redds
exposedt o tenperat ures bel ow -10°C for less than 6 days
at areas above minimum pool. Sampling occurred from 15
January to 15 February, 1984.

# of days
Mean Number Exposed To
El evati on of Days Tenperat ures
# of of Exposed Less Than Tot al Percent
Redds Redds Prior To -10°CPrior % Eqg Stage
Crescent Bay 3 2084. 87 0 0 61 310 43% hat ch
Ski doo Bay | 4 2885. 72 7 2 92.5 464 106% eyed
Skidoo Bay Il 4 2885. 98 8 4 92 303 100%seyed
Wods Bay West 6 2885. 17 3 0 87 452 9% kat-ch
Woods Bay East 2 2885.36 3 o} 4 139 29% hatch
Mean/Total 19 2885.42 4.2 1.2 87 1,668

able; . Mean percent survival to the eyed stage in sanpled redds
exposed to temperatures less than -10%C for more than 6
days at spawning areas above m ninmum pool in Flathead
Lake. Sanpling occurred between 15 Jamuatly
February, 1984.

# of Days
Mean Nunber Exposed To
El evati on of Days Tenperat ures
#of of Exposed Less Than Total Percent
Redds Redds  Prior To -10°CPrior % Eqg Stage
Sampled __ (ft)  Sampling To Sampling Swrviva. C Development
rescent Bay 2 2886.59 22 t 0 12 -
Skidoo Bay | 3 2887.89 50 22 C 243 100% eyed
Skidoo Bay I 3 2887.93 47 22 99 402 100% eyed
Skidoo Bay 111 2 2888.99 59 22 29 232 100% eyed
Skidoo Bay v 3 2889.44 63 22 23 111 100% eyed
Woods Bay East 4 2887.04 45 21 4 518 100% eyed
Somers Bay 2 2888,32 el 22 0 156 -
Mean/Total 19 2887.89 52 20.1 24.2 1,674  100% eyed



Table 3. Mean percent survival at the second sanpling for redds

above m ni num pool of Skidooand Wods bays. Sanpling
occurred 5 ad 6 March, 1984,
# of Days
Mean Nunfoer Exposed To
El evati on of Days Tenperatures
# of of Less Than
Redds Redds Prior To -10°9C Prior Percent
Sampled (ft)  Sampling To _Sampling Survival
Ski doo Bay | 5 2886.18 57 7 65
Ski doo Bay Il 13 2887.04 67 11 24
Ski doo Bay |11 2 2888. 17 94 22 50
Skidoo Bay I\V 1 2888.56 97 22 74
Vidods Bay Vést 6 2885.89 36 4 14.5
Wods Bay East _2 2885.36 29 ] 0
MEAN OR TOTAL 18 2886. 63 49 7 30.4

Tabl e 4.

Location

Gravel Bay
Yel | ow Bay

Bl ue Bay

Total or Mean

G avel

a2

mpling occurred from

Nunber of H I\e/sg?i on Per cent
_Redds —Ft _ Survival
15 2878.11 96
6 2874, 42 3
4 2874. 30 84
25 2876. 10 43

Egg_Count

Tot al

Egg
Counc

59

383

39

256

981

Percent survival to the eyed stage for sanpled redds at
Yel | ow and Bl ue Bays.
15 January to 4 February, 1984.

Tot al

353
248
304
905

Per cent
stage
27%hat ch
39%bhat ch
88%bhat ch

0
61%hat ch
£
62. 8%

State
Developm

100% e
100% e
100% e
100% e



TABLE 5. Elevation, Percent survival and development, stage of development, date exposed
and nuwber of days exposed by drawdown and to -10°C for egg bag lines at
Dr. Richards, Gravel, BSomers, and Skidoo Bays and the Hatchery Channels at

Somers.
NOMBER
OF DAYS NMBER
PERCENT EXPCSED OF DAYS
REDD DATE TOTAL SURVIVAL  PERCENT DATE LAKE EXPOSED
ELEVATION SAMPLED EMBRYOS  BGGS  DEVELQOPMENT SIAGE* EXPOSED DRAWDOWN 710 -109C
DR. RICHARDS BAY
2886.00 12/16/83 98 91 100 1 01/16/84 0 4
2886.00 01/16/84 100 86 75 2 01/16/84 0 4
2886.00 02/16/84 100 5 100 2 01/16/84 31 4
2886.00 03/22/84 99 0 01/16/84 61 4
2882.00 12/16/83 99 18 100 2 0 o
2882,00 01/16/84 100 0 0 0
2882,00 02/16/84 100 0 0 0
Summary for Dr. Richards Bay (Count = 7}:
Total 696 92 16
Average 2884.28 99 28 53 " 13 2
Maximum 2886.00 10Q 92l 100 61 4
Minimum 2882.00 98 0 0 0 0 0
GRAVEL BAY
2877.30 12/16/83 100 92 100 1 0 0
2877.30 01/16/84 21 86 ic0 2 0 0
2877.30 02/16/84 100 82 100 2 0 0
2877.30 03/22/84 1] 88 1 3 0 0
2874.0C 12/16/83 99 100 100 1 0 0
2874.06 01/16/84 93 82 100 2 0 0
2874.00 12/16/84 99 2 100 2 0 0
2874.00 3/22/84 10¢ 27 35 3 i) 0
Summary for Gravel iay (Count - 3):
Total 7810 0 0
Average 2875.85 97 76 79 2 0 0
Maximam 2877,30 100 100 100 3 0 0
Minimam 2874.00 91 27 1 1 0 0
(MERS BAY
2888.00 12/16/83 100 53 100 1 12 /05 /83 10 21
2888.00 01/16/84 10M 0 12/05/83 40 21
2886.00 12/16/83 97 12 100 1 01/16/84 ] 4
2886.00 01/16/84 .00 0 01/16/84 ] 4
Summary for ers Bay {Count = 4):
Total 39 50 20
Average 2887.0 98 16 50 0 12 a2
Maximum 2888.00 100 53 100 1 40 21
Minimum 2886.00 97 0 0 0 0 4
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NIMBER
OF DAYS  NUMBER

PERCENT EXPCSED  OF DAYS
REDD DATE TOTAL SURVIVAL  PERCENT LAKE EXPCSED
ELEVATION SAMPLED EMBRYOS  EGGS — DEVELOPMENT STAGE* Emsm DRAWDOWN 10 -109c
BATCHERY CHANNELS
2883, 12/16/83 99 98 100 1 0 0
2883, 01/16/84 97 95 100 2 0 0
2885.24 02/10/84 96 93 10 3 02/03/84 7 0
2884.95 03/05/84 50 100 3 03/05/84 0 0
2884,95 03/06/84 25 100 3 03/05/84 1 o
2884,95 03/07/84 40 100 3 03/05/84 2 o
2884.95 03/08/84 50 0 03/05/684 3 a
2883, 12/16/83 100 100 100 1 0 0
2883, 01/16/84 97 97 100 2 0 0
2885,24 03/02/84 45 0 100 3 02/03/84 Z8 0
2885.84 12/16/83 99 0 100 1 01/27/84 0 0
2885,84 02/10/84 101 87 6 3 01/27/84 14 0
2635,.84 03/02/84 56 B9 3 01/27/84 35 0
2885.84 03/05/84 160 0 1600 3 01/27/84 38 0
2886.39 12/16/83 98 98 100 1 01/13/84 0 0
2886.,39 01/16/84 98 98 100 2 01/13/84 3 0
2886.39 02/10/84 98 90 100 2 01/13/84 28 0
2886,39 03/02/84 98 ) S0 3 01/13/84 49 0
2883, 12/16/83 99 100 100 1 0 0
2883, 01/16/84 98 100 100 2 0 0
2883, 02/10/84 39 80 20 3 & o
2883, 03/02/84 45 88 100 3 0 0
Summary for Hatchery Channels (Count = 22):
Total 1768 8 0
Average 2884.69 80 59 82 2 9 0
Maxinum 2886,39 101 100 100 3 45 0
Minimam 2883.00 25 0 0 0 0 0
SKIDOO BAY
2888.00 12/16/83 100 89 100 1 12/05/83 12 2l
2888,00 01/16/84 100 0 12/05/83 44 21
2886.00 12/16/83 99 94 100 1 01/16/84 0 -4
2886,00 01/16/84 96 26 100 1 01/16/84 30 4
2886.00 02/16/84 100 0 01/16/84 60 4
2884,20 12/16/83 99 95 100 1 03/21/84 0 0
2884.20 01/16/84 56 a8 100 2 03/21/84 0 0
2884.20 02/16/84 94 95 2 3 03/21/84 J 0
2884.20 03/22/84 96 83 100 3 03/21/84 i 0
Sumpary for Skidoo Bay {Count = 9);:
Total 880 147 54
Average 2885.64 97 63 11 1 16 6
Maximum 2888.00 100 95 100 3 60 21
Minimum 2884.20 1] 0 0 0 0 0
Summary for REPORT (Count = 50):
Total 4521 437 120
Average 2883.54 90 54 72 1 . 2
Maximum 2888.00 101 100 100 3 gL 21
Minimug 2874.00 . 25 0 G 0 h Q
* Stage 1 = Green eggs
2 = Eyed eggs
3 = Hatched
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APPENDIX C

FRY EMERGENCE AND DISTRIBUTION



Table 1. Resul ts of kokanee fry emergence studies conducted
at the Soners Hatchery. Channel one was the contro

Channel
—Channel

1 2 3 4 5
Percent  Fines 10 10 20 30 40
# Fry Planted 200 100 100 100 100

Dat e:

Ery Emerged

11 April 0 0 0 0 0
13 Apri | 0 0 0 0 0
16 April 0 0 0 0 0
20 April 1 1 0 0 0
21 April 0 0 0 0 0
24 April 1 10 0 0 2
27 April 0 4 4 0 0
30 April 2 9 4 0 0
3 My 10 11 1 0 1
Total s 14 35 9 0 3
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Table 1.  The number of days Flathead Lake was held below 2883 to 2888 ft
from 1928 to 1984. Annual minimum pool is also included.

Year <2883 L2884 <2885 52886 281 <2888 _Min.

1928 52 61 61 61 61 61 2882. 67
1929 178 181 181 181 181 181 2881. 30
1930 192 196 200 206 209 212 2881. 37
1931 195 211 212 212 212 212 2801. 75
1932 120 195 200 204 213 213 2881. 64
1933 119 144 178 212 212 212 2802. 23
1934 48 124 173 194 197 202 2881. 92
1935 201 208 212 212 212 212 2881. 54
1936 201 203 205 207 210 213 2081. 29
1937 211 212 212 212 212 212 2881. 23
1938 105 108 110 181 212 212 2882. 06
1939 32 57 149 198 211 212 2882. 40
1940 10 85 112 121 121 166 2882.91
1941 0 54 84 102 120 120 2883. 03
1942 43 66 90 100 110 113 2882. 40
1943 27 51 66 76 102 132 2882. ~4
1944 11 56 91 114 121 123 2882. 85
1945 6 48 63 80 97 120 2802. 95
1946 0 22 47 60 75 88 2083. 42
1947 0 22 50 66 82 100 2883. 60
1948 26 54 72 86 97 108 2882. 84
1949 14 60 81 97 106 113 2882. 88
1950 0 55 74 88 97 107 2883. 31
1951 0 19 41 61 n 95 2883. 67
1952 8 42 57 68 78 124 2882. 92
1953 0 39 58 82 135 161 2883.18
1954 0 29 48 120 120 120 2883. 27
1955 0 28 65 74 86 115 2003. 61
1956 0 0 0 76 113 135 2885. 12
1957 0 47 59 78 109 120 2883. 08
1958 1 43 56 70 94 109 2883. 00
1959 0 0 16 45 63 87 2884. 07
1960 0 0 0 16 27 55 2885. 17
1961 0 0 0 0 40 90 2886. 63
1962 0 34 50 61 75 88 2083. 22
1963 0 0 20 40 56 64 2884. 40
1964 0 11 39 45 56 63 2883. 67
1965 0 0 0 20 3 64 2885. 04
1966 0 21 50 62 68 76 2883. 44
1967 0 5 32 56 62 68 2883.91
1968 0 0 20 40 50 80 2884. 14
1969 0 0 8 26 59 82 2884. 57
1970 0 0 45 65 88 107 2884. 08
1971 0 ] 3l 49 7 92 2884.18
1972 0 0 0 24 77 98 2885. 38
1973 0 32 46 55 65 82 2883. 68
1974 0 0 0 10 37 53 2885. 87
1975 0 45 60 80 88 9% 2883. 41
1976 0 0 20 46 63 78 2884.50
1977 0 kY 69 91 99 107 2003. 35
1978 0 32 74 89 104 124 2883. 34
1979 0 64 87 100 108 124 2883. 17
1980 0 71 89 104 116 121 2883.13
1981 0 0 48 64 79 89 2884. 35
1982 0 5 67 92 106 129 2883. 75
1983 0 0 62 84 104 125 2884. 03
1984 0 18 85 121 135 169 2883. 80



Table 2. Fenal e kokanee | ength, river gauge hei ght and | ake | evel days, Flathead
System 1951-1983.

Kokanee Mean Vter Years 3- Year Mean 3-Year Mean*
Spawn Kokanee Affecting Kokanee No. Days Below Rver Gauge Height
Year Lengt h Length 2885 Feéet Difference
1951 320 1947-49 68 -
1952 332 1948- 50 76 -
1953 328 1949-51 66 -
1954 318 1950- 52 56 -
1955 1951-53 53 -
1956 302 1952-54 55 -
1957 288 1953-55 56

1958 1954- 56 40 0.56
1959 308 1955- 57 37 1.03
1960 335 1956- 58 40 -0.30
1961 319 1957-59 45 -0.96
1962 325 1958- 60 23 -1.22
1963 328 1959- 61 05 -0.42
1964 334 1960- 62 15 0.13
1965 315 1961- 63 26 1.09
1966 287 1962- 64 35 2.06
1967 268 1963- 65 22 2.44
1968 271 1964- 66 27 2.20
1969 306 1965- 67 30 0.65
1970 321 1966- 68 34 -0.36
1971 331 1967- 69 20 -0.29
1972 332 1968- 70 23 -0.14
1973 304 1969-71 30 0.22
1974 315 1970- 72 26 0.23
1975 316 1971-73 23 0.41
1976 311 1972-74 18 0.06
1977 321 1973-75 32 -0.43
1978 332 1974-76 30 -0.97
1979 344 1975-77 47 -0.87
1980 363 1976-78 56 -0.48
1981 372 1977-79 76 -0.94
1982 379 1978- 80 84 -2.31
1983 373 1979-81 76 -2.06

o Difference between mean river gauge elevations during the Decenber through March

FI ncubat i on? and Noventer (spawni ng) periods. Positive val ues indicate condition

avgr?ble or kokanee egg Incubation. Negative values indicate poor incubat
conditi s
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ABSTRACT

Fl at head Lake zoopl ankt on popul ations were nonitored in 1984,
VWater tenperatures werequite simlar to those seen in 1982, hut
the maxinum average tenperature in 1983 was [ower than in any of
the three previous years. Thernal stratification began in md-June
and |asted through md-Cctober. Theaverage secchidisc reading
was 7.9 m _ Three copepod and four cladoceran species were
col l ected. Total zooplankton density did not change significantly
since 1981, although I ndivual species exhibitedtrends Indicating
declining densities. Diaptonus ashlandi was the single nost
numer ous organi sm collected and its density was SOSItlveclﬁ
correlated to total zooplankton density (r = 0.98, p<. )
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INTRODUCTION

_anitoring of Fathead Lake zoopl ankt on pﬁgulations was
continued in 1983 as described by Decker-Hess and MMl lin (1983).
This sanpling program was designed to nonitor zoopl ankton
popul ation trends in Flathead Lake on an annual basis and to note
any significant shifts in zooplankton species conposition or
density. A maj or change in the zoopl ankton popul ati on coul d have
3ubstant|al effects on the kokanee salnon of the entire Flathead
rai nage.

METHODS

A sanplin? program designed to nonitor zooplankton popul ation
trends in Flathead Lake continued in 1983. Wth one exception,
met hods remained the same as in previous years (Decker-Hess and
MMl 11n1983). Counts of Leptodora and Epi schura were nade by
d||ut|qg the sample to 150 ml and extracting a 10 ml subsanple for
exam nat’i on

Leathe and Graham (1982) found that the zoopl ankton
COﬂPOSItIOﬂ and density of Flathead Lake was honpbgeneous. Because
of this, and due to its easy accessibility, a station near Bigfork,
Mont ana, sel ect ed by Leathe and G aham(1981), was chosen as the
sampling site for nmonitoring availability of kokanee food
or gani sns.

RESULTS AND DISCUSSION
PHYSICAL LIMNOLOGY

Average water tenperatures for the upper 15 m of the water
col um for 1980-1983 are shown in Figure 1. " During April, \ay and
June in 1983, the average tenperature at the B|?fork Station was
|°Cto 2.5°C warner than in 1982 and generally less than |°C
different than tenperatures for the same period in 1981. The
average tenperature for July and August in 1983 did not appear to
fluctuate as in the three ggeV|ous years, During this period, the
1983 tenperature was up to 5% cooler than in 1980 or 1981 and the
1982 mninum for this period was only about 1°C cooler than the
1983 maxi num for the same period. In Septenber and Cctober of
1980, 1981 and 1983, the average tenperature declined steadily
toward 10°C. |n 1982, the tenperature stabilized at 12°C during
this period. The maximm average tenperature in 1983 was 15.8°c,
?p ared to 17.9, 20.1 and 18.6°C in 1982, 1981 and 1980, respec-

ively .

Thermal stratification was first noticedin md-June 1983. A

moderate thernocline remained until md-COctober. Thermal strati-
fication in 1982 was seen only fromearly July to late July, in

E2
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Figure 1. Mecan water temperaturc of the surface waters (0-15m)

of Flathead Lake during 1980-83.



| ate Septenber, and again i n md-Cctober. The thernocline i n1981
was present fromearly June through late Cctober and in 1980 from
the rirst sanpling periodinearly July through |ate Cctober.

Secchi disc readings for the 1983 sanpling season ranged from
2.5 mtoll.0 mand averaged 7.9 m

ZOOPLANKTON

Three copepod and four cladoceran species were collected in
1983. Copepod speci es sanpl ed i ncl uded Epi schura nevadensi's, a
| arge plankter which is predatory on snaller species. Cyclops

Spi thomasi, an ormi vor e, and Diaptomus ashlandi an
herbivore, were the other copepod species found. The cladoceran
speci es consisted of Leptodora kindtii, a | arge predator on ot her
zoopl ankton, and mfhm.a thorata, Daphnia lopgiremis, and Bosmina
langirostris, al | filter feeding herbivores.

The copepods piaptomus and Cycl ops conprised an aver age of
77.1 percent of the total zooplankton comunity sanpled (excludin
copepod naupl i 1). Thecl adocer ansh. Thorata, D. longiremis, an
Bosmina conposed an average of 21.9 percent of the total popul a-
tion. Lept odaraandEpeschuratoget her accountedfor | essthanone
percent of the total. These nunmbers nore closely agfrom mate the
conposi tion of zooplankton found in 1980 and 1981 (Leathe and
G aham 1982) than that found in 1982 (Decker-Hess and McMllin
1983) when cope;)od speci es made up 87.1 percent of the total
density (Figure 2).

As inthe previous three years, Diaptomus Was the single nost
nunerous organismfound in the sanples. It made up 60.7 percent of
the total nunber of organisms sanpl ed éexcludln copepod nauplii)
{Table 1). Thisis simlar to the 68.5 and 54. 7percent found in
1981 and 1982, respectively, but nore than the 47.2 percent found
in 1980. Sanpling in 1980 did not begin until July, so densities
and percent conpositions for that year were probably not the true
val ues The peak density of 26.3 Diaptomus/liter appeared in |ate
Hay in 1983 (Figure 3) conpared to peaks in early June the two
previousyears.

conprised 16.4 percent of the organisms sanpled in
1983. Three peaks occurred during the sarﬁl ng year, one in late
May when the density was 2.7/, one In late August when the density
was 2.8/1, and the third in late Cctober when density again reached
2.711 (Figure 3). Average density of Cyelops dUring the 1983
sanpl i ng season was 1.2/ 1.

Epischura nade up an average of 0.28 percent of the
zoopl ankt on popul ationin1983. The average density during the
sanpliyng season was 23.3/n? (0.02/1) with the peak density of
73.0/m§ QZO.O?/I) occurring in early Jul'y (Figure 3).
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~ Daphnia thorata was t he dom nant cladoceran speci es sanpl ed
&ing 1983. The average density for the season was 0.9/1 with the
peak of 2.1/1 occurri n? inlate August (Figure 4). D, thorata
conprised an average of 1..5.Percent of the zooplankton sanpled in
1983. This percent a?e is sim

, ar to the percentages seen the three
previous years (Table 1).

Table 1. Percent conposition of the zooplankton community of
Fl athead Lake from1980- 1983.

1980 1981 1982 1983

Di apt onus 47.2 54.4 68.5 60.7
cl 26.6 22.8 18.6 16.4
|sgﬁlsjra <.0 <[.0 <.0 <.0
D. thorata 16.0 14.5 8.9 11.5
D. longirems 4.4 <.0 <.0 1.8
Bosmina 5.7 7.5 3.9 8.6
Lept odora <.0 <.0 <.0 <.0

Daphnia longiremis density in 1983 averaged 0.15/1, nearly the
same as the 1982 density. The peak D. longiremis density was
0.38/1, seen fromearly ‘August through m d-Septenber (Figure 4).
D. longiremis nade up ‘an average of 1.8 percent of the 1983 zoo-
pl ankt on popul ation (Table 1).

Peak densities of Bosi na appeared at simlar tines inl982
and 1983 (Fl/gure 4). The.average density inl1983 wasl.0/l with a
peak of 3.15/1. However, in 1983 this species conprised an average
of 8.6 percent of the zoopl ankton (Table Q the highest Bosm na
percentage seen since sanpling began in 1980,

di d not appear in the sanmples until md-June 1983,
about one nonth later than in 1982, but simlar_to the tine of
initial appearancein 1980 and1981 1F| ure 4). The peak densit
in 1993 was 44.5/m (0,04/1) in early July, with an average o
6.4/ m> (0. 06/|8). was the species | east seen in 1983,
maki ng up 0. 08 percent of the zoopl ankton popul ati on.

The average nunber of plankters in 1983 was 10.9/1 (excludin
copepod naupl i) conpared to 18.4/1 in 1981 and 23.0/1 in 198
(Table 2).  Although most species showed sinilar percent
conposi tion of the total zooplankton popul ation from1980 t hrough
%9r8b,| ses\)/eral i nportant species appear to have decreased in density

abl e 3).
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Table2. Average total density, |oeak density and date of peak
density of zooplankton® col | ected fromthe Bigfork Station
i n Flathead | ake from1980 t hrough 1983.

Aver age Peak Date of

ity |#1/ density (#1) peak

1980* 15.2 28.4 8-7
1981 18.4 43.6 6-5
1982 23.0 73.5 6-4
1983 10.9 42.9 5-20

* sanpl i ng di dnot begi n untilJuly in1980.

Table 3. Conparison of densities of zooplankton species inportant
to kokanee for food itens, 1980-1983. D. thorata and

Diaptomus ar e expressed as nunber/ | r1ﬁter and Epischura and
Leptodora are expressed as nunber/

1980 1981 1982 1983

D. thorata 3.2 3.4 1.5 0.9
apt onus 12.4 16. 9 17.7 7.3
Epi schura - 34.5 39.0 25.3
Lept odor a - 7.8 14.8 7.0

Leat he and Graham(1982) found that Daphnia thorata was the
nost inmportant food itemin the diet of all kokanee size classes,
conprising 70 to 90 percent of the food biomass. Age Il and ol der
kokanee used Diaptomus during the winter when preferred prey
SpdeCIfeISI vere absent, and Leptodora and Epischura during the sunmer
and fall.

Nei ther total zoopl ankton or Diaptomus densities changed si g-
nificantly between thepfi rst full sanpling season in 1981 a%_d _198%.
The densities of total zooplankton and Di were positively
correlated (r=0.98 p<.0d), indicatingthat total zooplankton
densi tg is greatly infl uenced_%y Diaptomug density. Conparing 1981
to 1983, D. thorata density did decrease significantly (p<Q 01) and
was not correlated to total zooplankton density. It is not known

E9



whet her the decrease i n D. thorata density is due to the cyclic
nature of the population or if some |imological or biological
factors were 1nvolved. Although the density of DR. thorata
decreased, no tenporal displacement has occurred. The first
col l ections of p. thorata were taken during the first sanpling
period in April and they were present in all sanples throughout the
season. Kokanee fry enter Flathead Lake from the |akeshore and
upstreamareas from March through June (Fraley and G aham 1982 and
Decker-Hessand McMul 1i1n1983). "Dwringthis period, the density of
D. thorata was I ncreasi nP. It was not known what effect
tenperature had on the zooplankton popul ation dynamcs, but it is
probably simlar to previous years.

The di scovery of Mysis relicta in Flathead Lake in 1981 may
have an affect on the zooplankton population of the |ake. Mysis
were captured in Flathead Lake by Department of Fish, Wldlife and
Parks personnel in 1984 using a one neter diameter tow net pulled
vertically through the water col um (Mntana Departnent of Fish,
Wldlife and Parks, unpublished data). This is the first sanpllnP
year in which Mysis have been captured by Departnent personne
using this method. Rieman and Falter (1981) associated the
establ i shment of is With tenporal displacement of Daphnia and
Bosmina Species and a change in the species conposition of Daghnia
present. Mysis also contributed to the di saPpearance of several
zoopl ankton speci es fromLake Tahoe (Col dman et al. 1979; Threl kel d
et al. 1980). Continued monitoring of zooplankton densities and
conposi tion and of ﬁ\s_is densities in Flathead Lake will help
document any changes whi ch may occur in the zooplankton comunity.
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