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EXECUTI VE SUMVARY

The first six nonths of the fishery investigations in Libby
Reservoir were aimed at devel oping suitable methodol ogy for s
l'ing physical-chemcal I|imology, fish food availability, fish food
habits, and seasonal distribution and abundance of fish popul a-
tions. Appropriate methods have been devel oped for all aspects
with mnor nodification of original proposed nethodol ogi es. Purse
seining has yet to be tested. Physical-chemcal |imologic sanp-
ling could be reduced or subcontracted with the U S. Geologic
Survey to allow for more intensive sanpling of fish food or fish
distribution portions of the investigation. Final sanple design
wll be determned during 1983-84.

Future directions of the study revolve around two central
I ssues, the potential for flexibility in reservoir operation and
determnation of how reservoir operation affects fish popul ations.
Si nul at ed maxi mumdrawdown | evel's during a 40-year period were
controlled by power in seven out of eight years. Drawdowns were
generally within 10 feet of the flood control rule curve, however.
There may be more flexibility with regards to timng of refill and
evacuation. This aspect needs to be evaluated further.

Production and avail ability of fish food, suitability of
reservoir habitat, and accessibility of off-reservoir spawning and
rearing habitat were identified as conmponents of fish ecol ogy which
reservoir operation could potentially inpact. Two nodel s based on
trophic dynamcs and habitat suitabilities were suggested as a
framework for exploring the relationship of reservoir operation on
the fish community.
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| NTCROUCTI ON

Li bby Damwas constructed on the Kootenai (spelled Kootenay in
Canada) River as part of an international Colunbia River Treaty
between the United States and Canada to provide hydroel ectric power
and flood protection for the Kootenai and Colunbia River basins
(Colunbia River Treaty 1961). (onstruction began in 1966, i npound-
ment was first achieved on 21 March 1972, and full pool elevation
of 2,459 feet was first reached in July 1974.

In 1980, Congress passed the Pacific Northwest Electric Power
Pl anni ng and Conservation Act (public Law 96-501) which created the
Nor t hwest Power Pl anning Council (Council) and directed it to

"pronptly devel op and adoPt . .. aprogramto protect, mtigate,
and enhance fish and wildlife, including related spawing %rounds
and habitat, on the Colunbia River and its tributaries.”™ The

fol lowing recomendations by the Mntana Fish, Wldlife and Power
AslHoc Conmittee (conP||ed by Grahamet al. 1982) were adopted by
the Council as part of that program

1) Except in years of extreme runoff (defined as twentieth
percentile or higher flow drawdown for power purposes
shal | not exceed 90 to 110 feet at Libby Reservoir
[804(b) (1) I;

2) Bonneville Power shall fund research to.deveIoF operating
procedures for establishment of reservoir |evels
negessary to maintain or enhance fisheries [804(b)(3)]
an

3) The Corps of Engineers (COE) shall devel op operatin?
procedures for Libby Damto ensure that sufficient flows
are provided to protect the resident fish in the Kootena
River and | ake Koocanusa (Libby Reservoir) and that in
the event of a conflict between maintaining the ninimm
flows 1804(a)(f)] and maintaining reservoir levels
[ 804( D) _I)L, the CCE shal | consult with MDFWP to deter-
mne whi ch requirement shall be preferred (Northwest
Power Planning Council 1982).

This study was initiated My, 1983 to neet the foll ow ng
obj ect i ves:

1) Quantify reservoir habitat by segregating the reservoir
into geograPh|c areas, shoreline versus pelagic zones,
and vertically, based on physical and chemcal attributes.

2) Assess use of available reservoir habitats by inportant
fish species and document seasonal changes in habitat use
based on reservoir operation. Determne the abundance
and availability of fish food items in the reservoir
including the distribution, abundance and conposition of

!



t he zoopl ankton community, the benthic community, surface
insects and forage fish. Quantify the seasonal use of
food itens by inportant fish species.

3) Devel op rel ationships between reservoir drawdown and
reservoir habitat for fish and fish food organisns.

4) Estimate inpacts of various |evels of drawdown on affected
fish popul ations.

This report contains two naj or segnents. The first segment
presents nethods used to collect information during the first six
mont hs of the study (Mwy through Cctober, 1983) and summarizes
results of stream trapping. Since the primary goal of these first
six months was to develop an appropriate sanple design, the data
collected represents linmted information. The thrust of this por-
tion of the report is to docunment suitable techniques for neeting
the objectives. Results fromJune, 1983 to Cctober, 1984 will be
fully presented and discussed in next year's annual report.

Metric units are used throughout this report except for reser-
voir elevation, reservoir volune, reservoir area, and stream dis-
charge which will be reported in feit above mean sea |evel, acre-
feet, acres, and cubic feet-second™ (cfs), respectively. We are
using this convention because these are the units used by water
Wagers.

The second segnent of the report presents a prospectus which
will: 1) describe the physical environnent and biotic comunity of
the reservoir and discuss the factors potentially controlling fish
popul ationlevels: 2) explain present and proposed reservoir opera-
tion and iow reservoir operation is controlled; 3) introduce ideas
on what flexibility mght exist in reservoir operation to benefit
fish: 4) explore the possible relationships which may exist between
reservoi r operation and the biotic comunity; and 5) conceptualize
how a nmodel coul d be devel oped to meet study objectives



STWDY AREA DESCR PTI QN

The Kootenai River drains an area of 49,987 km? covering
portions of British Colunbia, Mntana, and |daho (Figure ? A
detailed description of the study area was presented by Bonde and
Bush (1975) and woods (1982).

PHYSI CAL  ENVI RONMVENT
Kootepai River Drainage

Fol | owi ng i npoundnent of the Kootenai River by Libby Dam
approximately 145 km (90 m.) of the river was transformed to a
reservoir with annual vertical water |evel fluctuations of up to
52.4 m(172 ft.) (Figure 2). The length and depth of the reservoir
changes dramatically with these fluctuations (Figure 3). At fulﬁ
pool, Libby Reservoir contains 5.869 nillion acre feet (7.16 km 2|
of water wth a surface area of 46,456 acres ﬁ18,801 ha) and a nean
depth of 126 feet (38.5 n). At the maxi mumal | onabl e drawdown (172
feet), reservoir volune is reduced by nearly 85 percent, surface
area i s reduced by 69 percent,and nean depth is reduosd by 51
percent. At a drawdown of 90 feet (the %ﬂfer drawdown limt recom

mended), reservoir volune is reduced by percent, surface area is
reduced by 42 percent, and meandept hi s reduced by 22 percent .

Available Nitrients

“Prior to inpoundment of the Kootenai River by Libby Dam
nutrient Ioad|n%$ to the upper Kootenai R ver were |arge enough
that Bonde and Bush (1975) predicted the reservoir had a high
potential to becone eutrophic. The source of nuch of the phos-
phorous input to the upper river was a fertilizer plant near
Kinberley, BritishColunmbia. Wods (1982) determned that bas%g on
daily areal primary productivity (range: 63.6 to 105.5 mg-<C'm™<.

Li bby Reservoir was at the |ower end of the oligotrophic classifi-
cation. He attributed this discrepancy between the oligotrophic
rating based on areal primary productivity and the eutrophic rating
based on nutrient inflows to the inability of nutrient |oading
nodel s to account for physical and |immol ogical processes which
control led the availability of nutrients to phytoplankton

In 1975, a Pollution Control permt issued by the province of
British Col unbia was responsible for forcing Sullivan M ne (Coninco)
to up%pade their effluents by recycling and treatnent which was
acconpl i shed by 1979. This treatnent of effluents elimnated the
direct discharge of acid mne drainage (and associated heavy netals
and fluoride) and S|gn|f|cant|y reduced phosPhorous input (GG
Aiver, Fish and Wldlife Branch, Mnistry of Environnent, Cran-
brook, B.C., personal communication). Domestic sewage treatnent in
%??brook, B.C. was also upgraded to a spray irrigation project in
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Bl OTI C COWMUNI TY
Phytoplankton and Zooplankton

Primary productivity in Libby Reservoir was estimted by Wods
1979, 1981, 1982) and Wods and Falter (1982). Irving and Falter
1981) described the species conposition, biomass, and sPatiaI and

tenporal distribution of both the phytoplankton and zoopl ankt on
comunities within Libby Reservoir during 1977. They found the
phyt opl ankt on comunity was dom nated by Chrysophyta and Eugl eno-
phyta. The zoopl ankton conmuni ty was donnated by Daghni asp. in
the upper portion of the reservoir within the United States and

and Di apt onmus were nmost abundant in the | ower reservoir.
Phyt opl ankt on and zoopl ankton densities peaked inearly to md-
sumrer and were |owest in the wnter

Fish

Vst sl ope cutthroat trout were selected by MDFWP biol ogists as
the target species to manage in the reservoir. Reasons for this
decision included: 1) the desirability of managing for a native
fish species: 2) the availability of a Hungry Horse Reservoir stock
of westslope cutthroat trout al ready adapted to a fluctuating
reservoir environnent; and 3) the belief that this species would be
able to establish "wild" spawning runs in reservoir tributaries.
Consequent |y, a programto enhance production of westslope cut-
throat trout in tributaries to the reservoir was undertaken. The
program included rehabilitation of tributaries consisting of one or
more of the following: 1) removal of fish passage barriers; 2)
chemcal treatnent to elimnate undesirable fish popul ations: and
3) inmprint planting of cutthroat trout fry (My 1972, 1975, Huston
and May 1975a).

As partial mtigation for Libby Dam the Arny Corps of Engin-
eers constructed a westslope cutthroat trout hatchery (Mirray
Springs Hatchery near Eureka, Montana) which was conpleted in 1980.
Cutthroat trout raised in the hatchery were first released into the
reservoir in 1981, Management of the cutthroat trout fishery in
the reservoir calls for annual releases of 300,000 yearlings and
500,000 fry into the reservoir.

~ The fish comunity in Libby Reservoir has been extensively
monitored from inPoundnent through 1982 under a contract with the
U.S. Arny Corps of Engineers to: 1) nonitor population trends of
maj or fish species; éﬂ seasonal |y determne the vertical and
horizontal distribution of major fish species in the forebay area
3) collect data on angler harvest and novement of game fish; 4)
determne growh rates and condition factors of major gane fish
species; and 5) determne food habits of rainbow and cutthroat
trout (Huston and May 1975b, May and Huston 1976, 1977, 1978, 1980,
1981, McMullin 1979, My et al. 1979). A final report summrizing
their work is presently being conpleted (Huston et al., in prep).
The rel ative abundance of each species in the reservoir and trend
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of abundance procured from gill net and creel census sanpling
suggests the reservoir's fish comunity is still in a state of flux

(Table 1).

The incidence of hybridization between rai nbow and cutt hroat
trout has been steadily increasing since 1975 nmaking it difficult
to assess popul ation trends for these species. Individual fish
bel ongi ng to the rai nbow cutthroat species conpl ex have been
increasingly difficult to visually identify to species using
external norphol ogical characteristics. This continued hydridiza-
tion threatens the genetic integrity of the stock of westslope
cutthroat trout produced naturally in reservoir tributaries. Qll
net catches and creel census data indicated abundance of rainbow
trout was increasing or remaining relatively stable, while the
abundance of cutthroat trout was declining (May and Huston 1981).
Hat chery-raised cutthroat trout were believed to contribute as much
as 50 percent to the reservoir's population of cutthroat trout in
1982 (Huston et al., in prep.).

Kokanee sal non abundance increased dramatically during recent
years and a large spawning run was observed in 1982. The origin of
this large year-class was probably an unauthorized rel ease of
kokanee fry from the Kootenay Trout Hatchery, upstream from the
reservoir in British Colunbia (Huston et al., in prep.) Age infor-
mation indicated the 1982 spawning run was domi nated by the 1980
year class. Muntain whitefish and redside shiner abundance has
declined inrecent years, while peamouth abundance has steadily
increased. Theories for these causes of the changes in the fish
community and inplications of those changes will be explored in the
prospectus segment of the report.



Table 1. Present relative abundance (A=abundant, C=conmon, Rerare)

and abundance trend fran 1975 to 1982 (l=increasing, S=
stabl e, D=decreasing) of fish species present in Libby

Reservoir.
a/ d Rel ative Abundance

Cammon name— Scientific nane* abundance trend

CGanefi sh speci es
. . _.b/ c/

West sl ope cutthroat Salmo clarki lewisi~— A S

trout
Rai nbow trout Salmo gairdneri A I
Bul | trout Salvelinus canfluentus C S
Brook trout Salvelinus fontinalis R S
Lake trout Salvelinus namaycush R Sd/
Kokanee sal nmon Oncorhynchus nerka C I-
Mountai n whitefish Prosopi un williamsoni c D
Bur bot Lot al ot a C I
Largemout h bass Micropterus salmoides R Sf/
Wiite sturgeon Acipenser transmontanus R D=
Nongame fish species
Punpki nseed Lepamnis gibbosus R S /
Yel | ow perch Perca flavescens R Ig/
Redsi de shi ner Richardsoniusi balteaus C pd
Peamout h Mylocheilus caurinus A I
Northern squawf i sh PtychocheilusOr egonensi s A S
Largescal e sucker  Catostamus macrocheilus A S
Longnose sucker Catostanus catostamus C D
a/ Fran American Fisheries Society (1980).

b/
c/
a/

e/

W adopted ths subspecies classification of Behnke (1979).
Popul ation is supplemented with rel eases of hatchdery origin fish.

Kokanee sal non abundance has increased dramatically recently due
to an unauthorized rel ease of salnon believed to originate fran
t he Kootenay Trout Hatchery, B.C

Increasing trend for yell ow perch basd on first occurrence in
recent gill net catches.

Five white sturgeon were relocated from bel ow Li bby Damto the
reservoir. At least one of these fish noved ypriver out of
the reservoir and two were reported caught by anglers.

Decr easi ng abundance of redside shiners was based on gill net
cat ches which capture only larger (-100 mj individuals



METHODS
STUDY AREA AND SAVPLE S TES

Li bby Reservoir was segregated into three study areas (Ten-
mle, Rexford and Canada) based on reservoir norphometry and the
effects of drawdown (Figures 4 and 5). Wthin each of these study
areas, buoys were placed at a permanent sanplinP site for water
quality and zooplankton sanpling. Vertical gill net, horizonta
gill net (floating and sinking), and benthic invertebrate sanpling
was conducted near these permanent buoys, except in the Canadi an
area which was too shallow for vertical gill nets. Inadditimto
these permanent sanple sites, randomtransects were plotted across
the reservoir at visual |andmarks for addi tional zoopl ankt on sanp-
ling, purse seining and surface insect sanpling.

RESERVOI RHABI TAT

Morphometry, Cover and Substrate

A base map of reservoir elevation contours was digitized for
storage in our conputer. W will overlay various habitat conponent
(i.e. cover types or substrate types) upon that base nap.

This systemwi |l allow us to evaluate the effects of water |evel

el evation changes within the reservoir upon fish habitat. Addi-
tional maps have been ordered fromthe US. Nw% Corps of Engineers
and British Colunbia's Survey and Mapping Branc

Reservoir norphormetry will be assessed by digitizing contour
maps of the reservoir area prior to inpoundment ?US. Arny Corps of
Engi neers, Seattle District, District File Nunber (E53-1-154,
Sheets |-37, 1 inch = 400 feet, |C=foot contour interval, 1972 and
British Colunbia Mnistry of Environment, Map Production, surveys
and Mapping Branch, Draw ng M249-C Sheets [-63, 1 inch = 200
feet, 5-foot contour interval, 1969) using a Baush and Lomb digit-
i zer (Mbdel - 7048, Huston Instrunents) connected to a Discovery
conput er (manufactured by Action Conputer Enterprises). Each 10-
foot contour interval will be digitized by geographic area (Ten-
mle, Rexford, and Canada). The area and vol ume of each 10-foot
interval can then be conputed using the program GEOSCAN devel oped
by MDFWP (Lonner and Paxton, in prep.).

In April 1984, when the reservoir is expected to be at an
el evation of 2,370 feet (89 feet below full pool), a visual survey
of cover and substrate types will be done by boat. The surveyors
will sketch locations of substrate types and cover types between
the full pool level and present pool |evel onto base maps between
10-ft. contour intervals. Cover types will be subnerged trees,
stunps, conplex rock structures, mnnade or none. Substrate types
will be irregular bedrock, smooth bedrock, boul der, cobble, gravel
sand and silt. These cover and substrate types will be digitized

10
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RESERVOIR LATITUDINAL PROFILES
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over the contour map to forman overlay to assess habitat at
various reservoir elevations and depths.

Physical-Chemical Limnology

Wat er tenperat ure, (°C), di ssol ved oxygen (mg-liter™), pH and
conductivity (umhos'cm™~) were neasured with a Martek Mark V
digital water quality analyzer at the permanent sanpling buoys.
Measurenents were taken biweekly from My through Cctober and will
be taken monthly Novenber through April. In addition to our
sanpling, the United States Ceol ogic Survey (USGS) sanpled nonthly
from May through Cctober at three stations within the reservoir
(for locations see Stormet al. 1982). Depth integrated neasure-
ments were recorded at the surface and one neter, then every two
meters down to 15 m every three neters down to 60 m and every
five neters down to 100 mor the bottom

Sanpling was done according to nmethods used by the USGS whi ch
aso uses Martek Mark V neters (Geeson et al. 1977). This in-
cluded calibration of the meter in the field follow ng the manu-
facturer's instructions. Wen meter readings were in doubt, water
sanples were collected in the field and returned to the |aboratory
for analysis. Accuracy reported by the meter's manufacturer were:
tenperature +0.19C, conductivity +10.0 unhos-cni+, pH +0.1 unit.

Light penetration was measured in foot candles with a Proto-
mati ¢ photoneter. Incident light was recorded above the water's
surface and the amount of |ight was nmeasured imediately below the
water's surface and at one neter depths down to 30 m The | ower
boundary of the euphotic zone has been defined as the depth at
which light penetration is reduced to one percent of incidence
(Geeson et al.1977).

Several problems were encountered during nmeasurements of
physi cal - chemcal profiles. Field calibration of the Mirtek neter
requires a ininumof one hour at each sanpling station. At anbient
air tenperatures below OC field calibration was inpossible and the
conductivity probe would not function. Al calibration had to be
done in the laboratory prior to field sanmpling during cold weather
and water sanples were collected and returned to the laboratory to
verify the neter's readings. W believe the time spent calibrating
the Martek meter for dissolved oxygen, pH and conductivity m ght
be better spent in other aspects of the study. A review of past
data (Stormet al. 1982) indicates the range of values for these
constituents were within tolerance limts for fish species found
within the reservoir. W plan to explore the feasibility of sub-
contracting with the USGS to intensify their sanmpling of the reser-
voir to provide these data
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FOOD AVAI LABI LI TY
Zooplankton

Crustacean zoopl ankton was sanplea fromthe upper 30 mof the
water colum. Irving and Falter (1981) stated that nost of the
zooglankton i n Li bby Reservoir was concentrated above 22.9 mduring
1977 and 1978. Two 30 mvertical tows were made biweekly in each
geographi ¢ area from md-August through Cctober, 1983 using a 153
mcron mesh conical plankton net. Sanples were collected using a
net having a 0.3 mdianeter orifice with the exception of the
August sanpl es which were collected using a 0.115 mdianeter net.
Sanples in each area were taken at the permanent |imnological buoy
and at one randonly selected site each sanpling trip. Sanples were
%ollefted according to nethods presented i n Leathe and G aham

1982).

Vertical distribution of zooPIankton was assessed using a
28.1-liter plexiglass Schindler plankton trap (Schindler 1969). A
plankton trap sanple series consisted of sanples collected fromthe
surface and every three neters down to 15 m and then every five
neters down to 30 m Plankton trap sanple series were conducted in
the three areas at the permanent |imological buoys i nSeptenber
and Oct ober .

Zoopl ankt on sanpl es were preserved in a sol ution of nethyl
al cohol , formalin, and acetic acid. Sanples were diluted in the
| aboratory to a concentration at which each five nl subsanple
contai ned approxinmately 80 to 100 organisms. Schindl er traB
sanpl es were concentrated to 25 m. Counting cells were fabricated
out of lexan plastic (glued to glass) in which a continuous 5
channel had been cut. Five 5.0 nl subsanpl es were counted

A variabl e power dissecting mcroscope set at 20X was used to
count zoopl ankters.  Zoopl ankters were classified to genus
(Epischura, Cvclops, Diaptomus, Daphnia, Leptodora, Bosmina) and
al'l juvenile copepods were identified as nauplii. W were unable
to identify individual plankters to species wth any degree of
confidence because of an apparent wide variation in morphol ogic
characteristigfmjthin species. Densities were expressed as
nunbers-liter™ One random5.0 m subsanpl e was used to neasure
carapace length of each individual plankter by genus using a grad-
uated field in one ocular of the microscope. Bi onass of zoopl ank-
ters will be estimated using |ength-weight relationships of
Bottrell et al. (1976).

Surface Insects

Surface insects were sanpled using a meter net towed al ong the
water's surface. The net consisted of a one neter wide by 0.3 m
high frame to which was attached a net consisting of 3.17 nm nmesh
ace bobbin netting tapered back to 1.59 nm mesh bobbin netting with
a collar. A removable plexiglass bucket was attached to this
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collar. The bucket had a panel of 80 micron netting to filter the
surface water and retain all insects.

Two randomy selected sites in each area were sanpled biweekly
August through Cctober. Two sanples were collected at each sanple
site. Bach sanple was collected by tow ng the net at approxinately
1.0msec™™ for 10 mnutes in a zig-zag pattern. One tow was made
wi thin 100 mof shore and one further than 100 mfrom shore.

Al'l insects were preserved and individuals were identified to
order and counted. Blotted wet weights of all individuals by order
were neasured in grams. Densities of insects were expressed as
nunbers and weight per hectare.

Tenporal and areal distribution of insects on the reservoir's
surface was patchy. There was no distinct relationship between
nunbers of insects captured and zone of the reservoir (near-shore
versus open water). W may need to sanple surface insects nore
intensively to adequately assess their abundance and availability
as fish food.

Benthic Invertebrates

Bent hos sanples were collected for the fall season during
Cctober with a Peterson dredge from pre-sel ected sanple transects
in each area. N ne sanmples were collected fromeach area; three
above elevation 2,370, three between 2,370 and 2,287, and three
below 2,287. In the Canada area, only six sanples were collected;
three above elevation 2,370 and three from the permanently wetted
river channel.

Benthos sampl es were sieved in the field by washing the sanple
through 5.6, 0.85 and 0.52 mm sieves with buckets of water. The
material retained on the 0.52 mm sieve was collected and preserved
Al macroinvertebrates were picked fromthe sanple and identified
to order or class (Diptera and Oigocheatea). Nunbers and t ot al
bl otted wef wei ghts were determined and densities were expressed as
numbers*m~ < and grams-m<

FI SH DI STI RBUTI ON AND ABUNDANCE
Near- Shore Sanpling with Horizontal GIll Nets

Standard Montana experinmental floating and sinking gill nets
were used to sanple fish in near-shore areas. These nets are 38.1
mlong and 1.8 mdeep and consist of five equal |ength panels of
1.9, 2.5, 3.2, 3.8, and 5.1 cmnmesh. Floating nets sanpled from
the surface down 1.8 m and sinking nets sanpled from the bottom up
1.8 m A floating net set consisted of two floating nets tied end
to end (double floater) and fished perpendicular fromshore. A
sinking net consisted of a single sinking net fished perpendicular
from shore. Five to seven double floaters and two sinkers were set
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in the evening and retrieved the next nmorning on a monthly basis in
each area.

Al fish were removed and species, length (m, and mei?ht (9)
were recorded for each gane fish and a representative subsanpl e of
approxi mately twenty of each species of nongane fish. Sex and
state of maturity (ripe, spent, mature or inmmature) were recorded
for g?nehflsh. Scal e and/or otolith sanples were taken from al
gane fish.

Species of cutthroat trout, rainbow trout, and their hybrids
were identified using external norphological characteristics
throughout this studK._ Frequent errors in identification are nade
when using this technique (Leary et al. 1983). W plan to verify
species conposition and identification using el ectrophoretic
anal ysi s during 1984-85.

Horizontal gill nets were found to be effective for sanpling
most fish species in nearshore habitats at night. W found only
limted nunbers of bull trout and burbot in our horizontal gil
nets. V¥ need to find a better technique for sanpling these two
important predators. Larger sanples of predators would be useful in
gletberm ni ngfood habits of bothspeci esandthe spawning period of

ur bot .

Vertical Distribution

Eight vertical gill nets were set nnnthty in two banks of four
at permanent buoys in the Tenmle and Rexford areas (Figure 4).
Nets were set in the evening and retrieved the next norning using
net hods described by Horak and Tanner (1964). The nets used were
3.7 mw de and 45.6 mdeep and depths were marked in 1.0 mincre-
nents. Each bank of four nets included nets of mesh size 19, 25,
32, and 38 mm  Fish were renoved as nets were retrieved and their
depth of capture was recorded in addition to information described
in the previous section.

Vertical gill nets were found to be effective for capturing
fish fromthe pelagic zone of the reservoir at night. Vertica
nets also provided insight into depth distribution of these pelagic
fish species and gave us an indication of what fish species we
&served as "targets" using hydroacoustic sanpling.

Hydr oacoustic sanpling was conducted using a nodel HE- 356A
Honda Si-Tex Depth Recorder in conjunction with vertical netting.
Three permanent transects were |ocated in each area and hYdro-
acoustic runs were nmade across these transects once nonthly during
the day and at night, beginning in Cctober.

F%droaooustic sanpling was valuable when fish were distributed
throughout the water colum in pelagic zones of the reservoir.

Hydr oacousti c sanpling coul d not identify "targets" (fish) |ocated

near the surface or near the bottom and seemed to be of limted use
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near shore. W plan to expand our hydroacoustic sanpling to cover
random transects in addition to the permanent transects. This
random hydroacoustic sanmpling could be done in conjunction with
surface insect tows and would provide information to validate the
assunption that fish nunbers and distributions in our sanpling
areas were representative of that geographic area

Purse Seingi ng

A 183 mlong by 9.1 mdeep purse seine was fished several days
to test its efficiency. The seine was made up of two 76.2 mlong
panel s of 19 nmmesh net with a 30.5 mlong bunt of 9.5 mmnesh in
the center. The small mesh size of the bunt contributed to slow
pursing tines which was believed to greatly reduce the seine's
effectiveness. W are now nodifying the seine by renoving the bunt
and replacing it with a 30.5 mlong section of 19 nmnesh to reduce
drag during pursing. Intensive purse seine sanpling will be done
during the spring and fall when cool surface water tenperatures
allow fish to concentrate near the water's surface where they are
available to the seine.

FGODOHABI TS

Food habits of the major fish species were assessed seasonal |y
in all three areas. W collected stomachs from a representative
nunber of each species of all game and nongame fish and two size
cl asses of westslope cutthroat and rai nbow trout (<330 mm and

>330 M) .

Stomachs will be anal yzed according to nethods presented by
MeMul Iin (1979) and Leathe and G aham (1982). Prelim nary anal yses
of coarsescal e and | ongnose sucker stomachs col | ect ed during August
found these stomachs contained unrecogni zabl e vegetabl e and detri -
tal matter. We discontinued collecting sucker stomachs, but wll
continue . cursory field examination of sucker stomachs to ascertain
whet her they are consum ng pl ankton or macroinvertebrates during
any season.

AGE-GROWTH

Scal e sanpl es have been collected fromall gane fish captured
ingill nets and downstreamtraps follow ng methods of Shepard and
Graham (1983). Ages will be determned after acetate inpressions
of scal es have been prepared (Shepard and G aham 1983). Gowth
wi |l be determned by follow ng the average | ength of each year-
class throughout the year and by back calculating growth to each
annulus from scal e sanples collected in the spring and fall
Validation of aging techniques will be evaluated follow ng methods
descri bed by Beam sh and Fournier (1981) and Beam sh and MFarl ane
(1983).  Length-wei ght relationships will be established based on
condition factor

17



TRIBUTARY STREAMS
Stream Trapping

A Wl f Trap was operated in Young Creek from6 June through 21
July and box traps were installed and operated in Big and Bristow
creeks frommd-June to 21 July to nonitor and taﬁ downstream
mgrau ng juvenile and adult trout. Traps were checked tw ce daily
and all fish were renoved, anesthesized, nmeasured and wei ghed.
Species, length, weight and tag nunber and type were recorded for
each fish by date. | fish longer than 250 nmwere tagged with
nunmbered anchor tags and fish 100 to 250 mnmwere tagged with
nunbered dangler tags. Scales were taken for age determnation
fromfish in Big and Bristow creeks.

Habjtat Surveys
~ Habitat surveys were conducted in the ngjority of the west
side tributaries and several east side tributaries by reach accord-
ing to methods presented in Gahamet al. (1980a). Reaches were

separat ed on USGS contour maps (1:24,000) using val l ey characteris-
tics, channel gradient and amount of tributary inflow

Hestslope Qutthroat Trout Redd Surveys

Surveys of spawning tributaries were conducted to enunerate
west sl ope cutthroat trout redds. Al tributaries where spawning
was observed in the past (May et al. 1979, Huston and May 1975h)
and where spawning was believed possible, were surveyed with the
exception of the upper Tobacco River drainage. Surveys were done
in late June and early July. Abundant June precipitation kept
streanflows high and made redds difficult to distinguish, there-
fore, redd nunbers reported are a mni numcount. Locations and
nunber of redds were recorded.

DATA ANALYSIS
Reservoir Habitat

W wi |l evaluate the amount of reservoir habitat available at
various water surface elevations using a conmputer program called
GEOSCAN (Lonner and Paxton, in prep.). This programw || conpute
water surface area, reservoir bottom surface area, and water vol une
based on preselected near-shore and open-water habitats at various
water surface elevations. W wll have the capability to overlay
cover types and substrate types to calculate areas of these habitat
conponents at various water surface elevations. These computations
will be done by geographic area.

Physi cal - Chenical Li rmol ogy

| sopleth diagrams of the reservoir will be generated using a
USGS conputer program called STAWEDE (Wods and Falter 1982).
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Depth integrated physical-chenical neasurements Will be correlated
to depth distribution of zooplankton and fish to investigate what,
if any, environment variables may be controlling the vertica

di stribution of zooplankton and fi sh.

Fish Food Availability

Anal yses of zoopl ankton, surface insects, and benthic macro-
invertebrates were based on density data. Biomass and nunbers of
each of these three major food categories will be deternined on
either an areal or volumetric basis. Food availability versus food
utilization will be evaluated as a selectivity index using the odds
ratio and its log (first introduced by Fleiss 1973, then nodified
by Gabriel 1978).

Fi sh Distirbution and Seasonal Abundance

Fish distribution and abundance data were anal yzed using catch
per single net night by species. A WIcoxon matched- pairs signed-
ranks test will be used to determine if a significant difference
exi sts between inner versus outer floating gill nets wthin each
double floating set (Daniel 1978). W will be testing the distri-
bti on of net catches using Chi-squared goodness of fit test (Lund
1983). After deternmining how net catches are distributed, we wll
deci de whet her anal yses of catches coul d best be done by trans-
forming the data to normalize it, and then using normal statistics
or using nonparanetric techniques. W hope to be able to use
normal statistics so that we can simltaneously evaluate difference
bet ween areas, seasons, and years. Correlation and regression
anal yses will be used to relate environnental and food abundance
variables to fish distribution and abundance

Foadb i t s

Food habits data will be summarized for each species by season
and size class (when applicable) according to nethods presented by
Leathe and G aham(1982). Food selectivity will be eval uated using
the odds ratio and its log (discussed previously). Diet overlap
wi |l be eval uated using either the schoener index (Schoener 1970)
or based on Chi-squared (Pearre 1982).

Magration Patterns of Gane fish

Mgration patterns of gane fish will be assessed fromtag
return information collected during our sanpling and from angler
returns. Angler tag returns, especially voluntary tag returns, may
bias fish novement data because the distribution of angler pressure
is generally not uniformthroughout the reservoir and viluntary tag
returns are nore |ikely near popul ation centers. A creel census
woul d allow for more conplete recovery of angler caught tagged fish
and reduce the bias inherent in voluntary angler returns. The
program RTRN (G aham et al. 1980b) will be used to sort and anal yze
mgration data.
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Tributary Streams
Al habitat data will be entered onto the Mntana Interagency
StreamFi shery Dat abase (Holton et al. 1981). Tabl es and nmaps
sunmari zing habitat and fish information for each tributary stream

%8£€)ach Wl be prepared simlar to those found in MDEWP (19833,
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RESULTS AND DEC SSI ON

Only streamtrapping and spring spawning site surveys are
reported in this document. Al results fromMy 1983 to Cctober
1984 will be presented in the 1985 annual report.

STREAM TRAPPI NG

An estimated 260 adult cutthroat trout imrmigrated to Young

Cr eekt ospawn i n1983 (Joe Buston, MDFWP, Kalispell, Montana,
ersonal communi cation). From 6 June to 21 July, 1,612 juvenile
ish (1,321 cutthroat trout, 288 hybrids and 3 rainbow trout)
emgrated to the reservoir from Young Creek. Peak emgration
occurred during the latter half of June (Figure 6). June rains
seemed to Prolpng and spread out the emgration of juveniles. The
majority of emgrating juveniles were between 120 and 220 nmin
length and were age Il and II1.

A total of 935 éuvenile emgrants (405 cutthroat trout, 519
hybrids, and 11 rainbow trout) were caught in the downstreamtrap
set in Big Creek. Peak emgration occurred in |ate June, but the
trap was put in on 17 June and may have mssed a |arge segnent of
theemgration (Figure7). Juvenile emgrants generally ranged
between 120 and 170 nmin length and were age Il and IIl. W also
captured 31 post-spamnin% adult fish emgrating back to reservoir
(17 cutthroat trout, 11 hybrids and 3 rainbow trout).

A total of 339 juvenile emgrants %177 cutthroat trout, 169
hybrids, and 3 rainbow trout) were caught in our downstreamtrap in
Bristow Creek (Fi?ure 8). Since the trap was not put in until 14
June, it was [ikely that we mssed a portion of the emgration
Emgrants were caBtured primarily during June and their |engths
ranged generally between 110 and 170 nmm

A total of 2,311 juvenile trout and 246 adult trout were
tagged when passed through our downstreamtraps. To date, we have
recovered eight juvenile tags and 17 adult tags from anglers. Mst
of these fish were recaptured in the reservoir

WESTSLOPE COTTHROAT TROUT REDD SURVEYS

A total of 311 redds were observed during surveys of Libbz
Reservoir tributaries (Table 2). Bristow, Big, Young, and Pinkham
creeks were identified as the nost heavily used spawning streans of
those streans surveyed. Redd surveys can be used to |ocate spawn-
ing areas, but are of little value in docunenting abundance of
spring spawners because of the variable conditions during surveys.
During 1983, late spring and early sumrer rains kept streanfl|ows
high. ~ These high late flows caused silting in of redds constructed
early (meking identification difficult) and resulted in stream
surveys being done during high flows reducing surveyor's efficiency.
W do not plan to repeat spawning site surveys during 1984 in those
streans surveyed during 1983.
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Table 2. Nunber

of cutt hroattroutredds seen during spawning

surveys conducted in tributaries to Libby Reservoir

during 1983.
Nuber of

Creek Area surveyed redds
Canyon Mouth up to falls 8
Cripple Horse Muth up to cascade (Sec. 6) 1
Bristow Mouth up to AR 7
FRup to Sec. 8 bridge 46

Sec. 8 bridge up to Camp Creek 14

67

Big South Fork (nai nstem 22
West branch of South Fork 52

East branch of South Fork 15

Steep Creek 4

93

Fivem|e Mout hupt osec. 14 7
Sul'livan FDR up to Falls 5
Pi nkham Mouth up to Canp 32 27
Canp 32 up to falls 55

82

Young Mouth up to Vst Kootenai Road 2
West Koot enai Road up above neadow 29

From meadow up to bridgein Sec. 3

34

G ave Cursory Survey 1
Terriault cursory Survey |
TOTAL 311
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PROSPECTUS

In 1984, twelve years after inpoundnent, Libby Reservoir is
still undergoing change, both biologically and politically. Bio-
| ogi cally, nutrient and pollutant sources to the reservoir have
been reduced as a result of ﬁollut|on abatenent efforts in the
upper drainage within British Colunbia, and the fish community
suygported by the reservoir has been changing due to natural and
man- causedevents. Politically, reservoir operation is being re-
eval uated to conply with the Northwest Power Planning Council's
reconmended "water budget”. This "water budget" was proposed to
enhance survival of juvenile anadronmous sal nonids in the Col unbia
River by allow ng fishery managers some control over flow rel eases
frommd- Col unbi a and | ower Snake River dams. Libby Reservoir, a
| arge headwat er storage reservoir, will likely be called upon to
store water during the spring to provide water to downriver pro-
jects late in the spring after "water budget" flows have been

rel eased. Consequently, Libby Reservoir's operation will be re
eval uated and modified to include "water budget" releases in the
Col unbi a River systemoperation. Al aspects of reservoir opera-
tion will be re-examned including flood control criteria, power
generation needs, and fish resource requirenents. Drawdown limts
and timng of drawdown and refill will result fromthis effort.

This re-eval uation provides an opPortunity to exanine past
operating criteria and attenpt to devel op an operational plan which
w || ensure the maintenance or enhancenent of resident fish re-
sources within Libby Reservoir. The present study was devel oped,
in concert with the above events, to recomrend reservoir operation
criteria which would best meet the needs of target fish popul ations
in the reservoir. This prospectus exFIains what resources are
avai | abl e and how these resources coul d be managed to provide flood
protection and hydroel ectric power to citizens of the Pacific

Nort hwest, while maintaining the inportant regional fishery that
exists in Libby Reservoir.

BACKGROUND

Fish populations normally respond in a predictable nmanner
after a lentic (reservoir) environment has been created by inpound-
ing alotic (riverine) environnent. Inmediately after inpoundment,
fish popul ations generally increase and the fish comunity shifts
froma community domnated by lotic species to one dom nated by
| enticspecies. Reasons for this response include the altering of
a riverine environnent which favors lotic species to a reservorr
envi ronment which favors lentic species, rapidly expanding habitat
during reservoir filling, and an increase in nutrient sources and
food su glies caused by flooding of terrestrial areas (El der 1964,
Neel 1967, Frey 1967). After several years, fish populations tend
to decrease somewhat and stabilize at a lower level than that
i medi ately follow’n? i npoundnent (Ellis 1937, Evans and Vanderpuye
1973).  The reasons for this decline have been related to increased
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interspecific and intraspecific conpetition after the newy created
habitat has been filled, the loss of terrestrial vegetation near
shoreline areas caused by water level fluctuations and wave action,
T8g7JOSS of a portion of the food supply and nutrients (Ellis

. The mgjority of research conducted on the effects of fluctuat-
ing water l'evels on reservoir fish populations has dealt with warm
and cool water fisheries (Pl oskey 1982). Wrk done regarding col d-
water fisheries has been conducted mostly in Scandinavian waters
(Ploskey1982). Aass (1960, cited in PIoskeY 1982) stated the
extent of water level fluctuations is the only factor that affects
changes in the fish food fauna. He also believed trout catches
declined in fluctuating inpoundnents, Probably because of |ow
benethos popul ations, and the harvest of chars frequently increased
as a result of inproved zoopl ankton production. This conclusion
inplies that planktivorous fish can do well in a fluctuatlnP reser-
vol r environment, while insectivores do not (l1som 1971, MIller and
Paetz 1959). Reduction of benthos in fluctuating reservoirs has
been related to desiccation, |oss of vegetation as a substrate and
food source, freezing and siltation (Kaster and Jacobi 1978, Benson
and Audson 1975, Caflin 1968, El der 1964, Fillion 1967, Rinsey
1958).  Conversely, zooplankton popul ations seemto increase dranma-
tically immediately follow ng inpoundment, remain relatively con-
stant (even in fluctuating reservoirs), and any decline in zoo-
pl ankton abundance after inpoundment was attributed to a |oss of
Productivity caused by leaching of nutrients fromthe recently

| ooded reservoir bottom (Kinsey 1958, Gimas 1961, MIler and
Paetz 1959, Nlsson 1964).

The fishery in Libby Reservoir is unique to nost western col d
water reservoirs in that nuch of the sport fish Eroduct|on is from
natural sources. Rainbow trout, bull trout, burbot, kokanee
sal non, and sone westslope cutthroat trout reproduce naturally to
supply the reservoir's sport fishery. \\éstslopecutthroat trout
popul ations are supplenented with annual releases of approximtely
300,000 fingerlings and 500,000 fry from Mirray Springs State
Hatchery.  The literature on cold water fisheries in Iar?e fluc-
tuating reservoirs is limted, and what is available deals prinar-
i1y with hatchery planted rainbow and brown trout (for exanple;
Marrin and Erman 1982, Geer 1978).

Physi cal - Cheni cal Environment

~ The norphonetry of Libby Reservoir was described earlier in
this report. Nutrient |oadings to the reservoir were h|%h enough
to place the reservoir in the eutrophic classification; however
averagﬁgdaily areal primary production values of 63.6 to 105.5
mg<C-m < placed the reservoir at the [ower end of the oligotrophic
cate?ory (Wods 1982). Wbods (1982) attributed this difference to
the tollow ng |imological Prpcesses wi thin Libby Reservoir which
affected the availability of influent nutrients including:
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1) stratified interflow or underflow of the Kootenay River
during the annual filling phase preventing all the
nutrients which enter the reservoir frombeing available
for phytoplankton uptake

2) absorption of phosphorous to suspended sediment particles
and thesubsequent deposition of this sediment on the
reservoir bed; and

3) weak thermal structure in Libby Reservoir which circulates
t he phytopl ankt on out of the euphotic zone.

otic Communi

The biotic comunity consists of successive trophic |evels
through which energy and nutrients flowto support bionass. The
various levels are made up of primary producers, prinary consuners,
secondary consumers (primry carnivores), tertiary consumers
(secondary carnivores), and so on w th deconposers (or reducers)
breaki ng down material and returning it to the nutrient poo
(Pianka 1974). In Libby Reservoir, the primary producers are
phyt opl ankton, primary consumers are zoopl ankton and bent hi c
Invertebrates, secondary consumers are zooplankton and fish, and
tertiary consumers are fish

Phvtoplankton

Phyt opl ankton use |ight and nutrients to produce bionass.
Phyt opl ankton in Libby Reservoir were dom nated by the diatom
geglerha (Bzi\cll ' ar|| ophy((:%%) gzckll ot el)a’D_Frgo?I?glLoa” aand AAgiagdla
and the yel | ow al gae (Chrysophyceae) D n(lrving and Fal ter
1981). Rawson (1956) reported thatl&ﬂjﬁiopelga.and_DLnQbqun
reported_CyclotellaandD nobyron, were typical of oligotrophic
| akes.

Aver age phyé&glankton dens¥ties in Libby Reservoir ranged ironﬁ
53,000 to 1, 480, cells-liter™ and averaged 498, 000 cells-liter™
(I'rving and Falter 1981). R enan (19761 report ed peak phyt opl ank-
ton densities of 3,000,000 cells-liter-+ in Lake Pend Oreille, a
large oligotrophic lake in Northern Idaho

Zoool ankt on, Bent hos and Adul t | nsect s

Zoopl ankton, benthos and adult insects provide a link to
transfer energy fromprimry sources of production (phytoplankton
and terrestrial vegetation) ‘to fish. Zooplankton and aquatic
macroi nvertebrates utilize autocht honous sources of energy, while
terrestrial insects utilize allochthonous sources. The two major
factors control |ing autochthoncus energy sources are sunlight
enerPy.(both tenperature and light penetration) and nutrient
availability.
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Vst sl ope cutthroat and rainbow trout ate Daﬁhnia sp. al nost
exclusively during the winter of 1977, prior to the presence of
kokanee sal mon (MMl lin 1979). Small rainbow trout and all cut-
throat trout shifted to a diet of both terrestrial insects and

zoopl ankton during the sumrer with aquatic dipterans being inpor-
tant during the spr|n? while large (>330 nm) rainbow trout used
fishextensively (MMllin 1979). Kokanee sal mon are very effi-
Eggg? pl ankton predators (R eman and Bow er 1980, Leathe and G aham

Fish

Game fish species in Libby Reservoir spawn primarily in tribu-
taries during the fall, winter and spring, while nongame fish
species spawn primarily in the reservoir during spring and sumer
(Table3). Ganme fish species often rear as juveniles in tribu-
taries, in contrast to nongame species which rear in the reservoir
Distribution of subadults and adults of both gane and nongane
species within the reservoir is variable and dependent upon therma
structure, thermal preference, and prey availability. Considerable
overlap exists in food habits between many of the fish species
(Table 3). This overlap could lead to serious conpetition if an
efficient ?redator can crop the densities or alter the size com
position of a shared prey itemsuch that it beconmes unavailable to
other species. This possibility will be discussed later in this
report.

W will now present nore detailed life-history information for
selected target species in Libby Reservoir. Qur target game fish
species include rainbow and cutthroat trout, kokanee sal non and
burbot. A brief discussion of the probable reasons for the decline
of nountain whitefish will also be included. Qr target nongane
speci esincl ude peamouth, redside shiners and northern squawtish.

Before beginning life-history reviews, it is necessary to
present information on the status of both the westslope cutthroat
and rai nbow trout stocks which presently inhabit Libby Reservoir
Both species were present in the Kootenai River prior to inpound-
ment.  Behnke (1979) described the westslope cutthroat trout (Salno
claki lewsi) as a subspecies and documented three life-history
patterns for this subspecies:

1) an adfluvial pattern where juveniles enigrate from natal
tributaries to mature in a lake (or reservoir) hefore
returning to their natal tributaries to spawn;

2) afluvial pattern, where juveniles emgrate to a river
from their natal tributaries to mature: and

3) a resident pattern, where juveniles remain in their nata
tributaries throughout their life.
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Table 3. General life history of the more camon game and nongame fish in Libby Reservoir (data campiled
fram Scott and Crossman 1973, Brown 1971, and Carl et al. 1977).
Juvenile rearing
Length Subadult and adult Age at
Spawning of time lentic residence maturity
Species Timing  Location Locat ion {yrs) Distribution Food habits (yrs)
Gamefish
Westslope Spring Tribs. Tribs. 1-3 Near the water's Zooplanktan, 3-4
cutthroat surface in both terrestrial and
trout pelagic and near aquatic insects
shore areas
Ra inbow Early Tribs. Tribs. 0-2 Near shore and Zooplankton 2-3
trout spring ne1r water's terrestrial and
sur face in pel- aqua;} insects,
ag.c areas fish=
Bull Fall Tribs. Tribs. 1-4 Dictated by Fish 56
trout prey and
temperature
Kokanee Late Tribs. Lake - Mostly pelagic Zooplankton 2-4
salmon fall or
sho 7
line=
Mountain Late Iarqeg/ Large 0-1 Near the bot- benthos, 2-3
Whitcfish fall tribs. tribs. tom, and alang zooplanktan
shoreline
Burbot Winter Tribs. Iakegl - Deep waters of fish, yamg 3-4
to or i?/ pelagic zone, feed on
early lake— may move into aquatic insects
spring shore for food
Nongame  fish
Redside Summer Lake Lake - Schools near Aquatic insects 2-3
shiner shorﬁ—, shore, moves rlankton
line—’ into pelagic
or tribs. zane at night
in summer
eamcuth Early Lake Lake - Schools along Irnsects, 3-4
summer shorel ine shcre zooplanktan
Northern Early Lake lake - everywhere fish, young 5-6
squawfish summer shereline
or mouth
of tribs.
Coarsescale Spring Tribs. Lake - Near the bot- bottan material, 4-S
sucker or shamals tom at depths (benthos, de—
in lake <25 m tritus, etc.)
Lonmose Spring Tribs. or lLake - Near the bot- bottar material 4-5
sacker shoals in tam at all (benthns, de-
lake depths tritus, otc.)
a’ General dastribution disrezarding thermal constraints.
b/ A list of all food items most camonly used.
c’' larger rairbow trout use fish.
3 Kokanee salmon will spaw: along lakesheres of cravel, ruble cr fractured rock.
e/ Mourntain whitefish generally spawn in lar » mairster tr:ilutaries.
f - Burbct have been reparted o §awn ~ver shcals, in deep water, and 1n shallow covers of lakes.
§ Burbot young may rear up to a year :in tributaries if spawning occwrs there.



Since the formation of Libby Reservoir, cutthroat trout pre-
viously exhibiting a fluvial [ife-history pattern in the Koot enai
River have shifted or been replaced by cutthroat with an adfl uvial
pattern. The remaining references to cutthroat trout refer to this
adf | uvi al westslope cutthroat trout, unless otherw se specified

The "enhancenent" of tributaries to Libby Reservoir included
rel easing Hungry Horse Reservoir stock of fluvial and adfluvial
west sl ope cutthroat trout. This stock was raised in the Jocko
River State Hatchery until 1980, when Mirray Springs State Hatchery
began operating. In recent years, it was realized genetic divers-
ity in this hatchery stock had been reduced (Allendorf and Phel ps
1980).  MDFWP bi ol ogi sts began col | ecting wi | d westsl ope cutt hroat
trout during 1983 to revitalize this hatchery stock.

There have been questions raised regarding the origin of
rainbow trout in Libby Reservoir. These rainbow trout were
believed to originate fromone or nore of the follow ng sources: 1)
they were originally native to the upper Kootenai R ver drainage;
2) they were offspring of early hatchery releases; 3) they were
from recent releases out of British Colunbia's Kootenay Trout
Hatchery; or 4) they were fromrecent releases out of Mntana's
Jocko River Hatchery. Neither British Columbia's nor Mntana's
hat chery records showed any recent rel eases of rainbow trout into
the Kootenai River drainage above Libby Dam The hatchery stock in
British Colunbia's Kootenay Trout Hatchery originated froman
inland stock, while Mntana's hatchery stock originated froma
coastal stock fromCalifornia. Phelps and Allendorf (1980) con-
ducted el ectrophoretic anal yses on rai nbowtrout fromLibby Reser-
voir, British Colunbia's Kootenay Trout Hatchery, and Mntana's
Jocko River Hatchery. They found the rainbow trout from Libby
Reservoir was a coastal type of rainbow trout, but this coastal
the rainbow trout from Libby Reservoir was different enough from
the cost al tYpe stock raised in the Jocko River Hatchery to rule
out recent releases fromthis hatchery as their source. They
concl uded the rainbow trout in Libby Reservoir probably were”off-
spring fromrel eases of hatchery rainbow trout within the drainage
prior to 1950. Grcunstantial evidence is available indicating
there have been | osses of rainbow trout fromthe Kootenay Trout
Hat chery (Phel ps and All endorf 1981, Joe Huston, MDFWP, Kalispell,
Mont ana, ﬁersonal comuni qatlon(}, although studies to date indicate
these fish have not contributed significantly to the reservoir's
rai nbow t rout ngUI ation (Phel ps and Allendorf 1980, 1981). Phel ps
and Al | endor f fl 81) also raised the possibility of a genetically
discrete stock of rainbow trout usi ng the Tobacco River drainage by
showing a statistically significant difference at three gene |oci
between the Tobacco River rainbow trout and the rainbow trout
col lected fromthe reservoir.

W despread hybridization between rainbow and cutthroat trout
was occurring in Big Creek as early as 1977, as electrophoretic
anal yses fromten spawning adults collected during 1980 reveal ed
nine were first generation hybrids (Phelps and Al endorf 1981). It
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Is apparent that the integrity of the cutthroat trout stock wll
inevitably be lost, and the only "pure" cutthroat trout in the
reservoir's future will be those released fromMirray Springs
Hat chery.

Rai nbow and cutthroat trout spawn in tributaries to Libby
Reservoir during spring (May and Huston 1980). Rai nbow trout
begin entering tributaries as early as md-April and the |ast
adults generally move into spawning tributaries by the end of My
(May and Huston 1980). Adult cutthroat trout usually nove into
spamnln% tributaries later, frommd-My to md-June (My and
Huston 1980). In Big Creek, both rainbow and cutthroat trout
ascend t he streamduringthe sane tine period throughout My ( May
and Huston 1980). Both species select simlar types of spawning
areas (Reiser and Bjornn 1979, Shepard et al. 1984). Enbryos have
been reported to incubate in the streantbed for four to ei ght weeks
dependent upon stream water tenperatures (Scott and Crossman 1973).
After energing, fry rear in tributary streams for two or three
years (range: 1to 3) in the case of cutthroat trout, and an
average of one (range: O2) for rainbowtrout, before emgrating to
the reservoir (My and Huston 1980). Wiile rearing in tributaries
juvenile cutthroat trout have been shown to prefer pool habitats,
whi | e rainbow trout are somewhat |ess selective (Shepard 1983).
During streamresi dence bot h speci es have been found to eat nainly
aquati c macroinvertebrates andterrestrial insects (B sson1978,
Shepard etal.1982).

Areviewof the literature found no information regarding
habitats used by juvenile trout during their first year of reser-
voir residence. W suspect these juveniles may be especially
vul nerable to Eredation because of their small size (100 to 200 nm.
Juveniles in the reservoir feed primarily on adult insects and
zoopl ankt on

Distribution of both species in the reservoir after their
first year was related to thermal preference and feeding habits
Cutthroat trout preferred tenmperatures in the 15 to 18 range and
avoi ded tenperatures higher than 19 ©c. Rainbow trout preferred
tenperatures in the 17 to 19 9 (MMllin 1979). Food habits were
di scussed previously and illustrated the dependence of both species
on the zoopl ankter Daphnia inthe winter. The distribution of
cutthroat trout during the sunmmer was binodal with the hi ghest
concentrations in their preferred tenperature range and a smaller
concentration near the surface. This surface concentration was
related to their preference for surface insects. Even when tenper-
atures rose above 199c cutthroat trout continued to feed on sur-
face insects (MMl lin 1979).

Kokanee sal mon were believed to be present in Libby Reservoir
as a result of salmon drifting downstream from Kootenay Trout
HatcherY; however, prior to 1979 kokanee sal non were consi dered
rare. n 1979, kokanee sal mon were frequently captured in gil
nets (May and Huston 1981). W believe a large rel ease of sal non

32



from the Kootenay Trout Hatchery was the source of this strong year
class. An estinated 26,000 adult sal mon spawned in 1982 (Huston et
al. in prep.) The kokanee sal mon population in the reservoir is
expandi ng rapidly, typical of a new'y established popul ation
exploiting a "new' environment. Reports from Canada and our data

i ndi cate the sal mon popul ati on has been extensively pioneering new
sEamning areas including Kikomun Creek, the Kootenay River near
Skookunthuk Creek, Tobacco River, and Cold Creek, in addition to
their original nata tributary, Norbury Creek (MDFWP files,
Kalispel |, Montana). At the present time we are unsure how nuch
potential kokanee spawning habitat exists in the drainage to Libby
Reservoir, but believe in-reservoir spawning attenpts woul d be
unsuccessful because of winter drawdowns.

_ Kokanee sal mon adults prefer to spawn in mediumsized gravels
i n groundwater influenced areas (Fral ey and G aham 1982). Spawni ng
occurs during Septenber and Cctober in tributaries to Libby Reser-
voi r (Joe Huston, MDFWP, personal communication). Enmbryos in other
drai nages were found to incubate for 15 to 20 weeks (Scott and
Crossman 2973, Rieman and Bow er 1980), but kokanee enbryos in

Li bby Reservoir tributaries may incubate |onger (Joe Huston, NDFWP,
Kalispel |, Mntana, personal communication). This |onger incuba-
tion period may be related to col der water tenperatures during
incubation in Libby Reservoir tributaries. Fry move innediatelg
down into the reservoir after emerging as was the case for Flathead
Lake drainage kokanee (Fraley and G aham 1982).

After fry reach the reservoir they probably inhabit the
pelagic area of the reservoir, simlar to the fry distribution
found in Lake Pend Oreille (R eman and Bow er 1980). Kokanee
sal mon were distributed pelagicallyinboth Pend Oeille and
Flatheadl akes. Vertical distribution was controlled by thermal
stinuli (Reman and Bow er 1980, Hanzel 1980). These authors found
kokanee preferred t enperat ures bel ow10°C.

Kokanee sal mon were considered by Rieman and Bow er (1980) to
select prey follow ng an optimal prey selection strategy descri bed
for other pelagic planktivores (Eggers 1977, Wrner and Hal | 1974).
Sockeye sal non (and the freshwater kokanee sal mon) can utilize
zoopl ankters as small as 0.4 mm which inspired Koenigs (1983) to
describe them as an "obligate" planktivore; neaning that kokanee
sal mon are obligated to feed on zoopl ankton because they are so
wel | adapted for it. Further, Koenigs (1983), Rieman and Bow er
(1980), and Rieman and Falter (1981) described the ability of
kokanee and sockeye salnon to select the largest plankters, and
progressively consume snaller plankters as the [arger plankters
di sappear.  The conbination of the rapidly ex%and|ng popul ation of
kokanee salnon in Libby Reservoir and their ability to crop |arge-
sized zoopl ankters could lead to serious conpetition for a wnter
zoopl ankton food resource between sal mon and cutthroat and rai nbow
trout. Intense size-sel ective predation on the zoopl ankton popul a-
tion, particularly by kokanee salmon, may make nmuch of the zoo-
pl ankton's bi omass unavailable as food for trout. CGeer (1978)
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found trout in Joes Valley Reservoir, Uah were unable to feed on
smal | zoopl ankton after the Iarger zoopl ankt ers had been cropped.
The potential unavailability of zooplankton as a wi nter food
resource for rainbowand cutthroat trout coul d reduce their growth
and survival

Burbot were Bresent in the Kootenai River prior to inpound-
nent, and their abundance has increased slightly in the reservoir
(May and Huston 1981). A popular localized winter fishery exists
inthe Rexford area of the reservoir.

Adul t burbot are known t o spawn in the Kootenay R ver near
Vardner, British Colunmbia (Al Martin, British Colunmbia Mnistry of
Environnent, Fish and Wldlife Branch, Cranbrook, B.C., persona
comuni cation). They are believed to spawn in the Tobacco River
and are suspected to spawn within the reservoir. The literature
suggest s bur bot spamnin? habitat is diverse and ranges from deep
water to shoals and shelves to shall ow coves of |akes, as well as
inrivers and streans (Scott and Crossman 1973, Carl et al. 1977,
Brown 1971). The young may remain in the river or stream if
spawni ng occurred there, for up to a year before moving down into a
| ake or reservoir (Eddy and Surber 1947).

Burbot grow rapidly during their first year (up to 210 nm on
a diet primarily of aquatic macroinvertebrates. They soon begin
eating fish and continue their piscivorous habits throughout their
life. Burbot inhabit the deep cool waters of |akes and reservoirs,
bgtgrﬁll nove into shoreline areas to feed (Scott and Crossman
1973).

Mount ai n whitefish abundance in Libby Reservoir has declined
from 1975, immediately after inpoundment, to 1981 (Mwy and Huston
1981).  Three possible causes may have operated individually, or in
concert, to reduce mountain whitefish abundance in the reservoir:

1) reduced recruitment due to inundation of inportant main
river spawning habitat located in the Kootenay River below
Wardner, British Colunbia (G Qiver, British Colunbia
Mnistry of the Environment, Fish and WIldlife Branch,
Cranbrook, B.C., personal communication);

2) difficulty in effectively switching froma diet of benthos
to a diet of zooplankton and potential conpetition for
simlar food resources between nountain whitefish and
peamouth (Scott and Crossman 1973, Daily 1971); and

3) the reduction of whitefish nunbers from depensatory nor-
tality through predation, meaning the density of predators
I's high enqu%h to significantly reduce their prey popul a-
tion ?espe0|a ly if a single prey species is preferred

and that species popul ation has already been reduced by

other environnental factors) in Libby | serv0|r_bK two

voracious predators that prefer nountain whitefish, bul
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troyt and burbot (Leathe and G aham 1982, Eddy and Surber
1947)

Peanmouth were considered rare in the Kootenai River prior to
I npoundment, al though fol | owi ng i npoundment its abundance increased
and it is presently one of the nost abundant fish in the reservoir
(Huston et al. in preﬁ.). Peamouth spawn in May and June in shal -
| ow water near the shoreline of |akes (Scott and Crossman 1973,
Brown 1971). Hatching occurs in one to two weeks (Brown 1971).
Peamouth remain near shore in schools throughout their lives and
consume aquatic and terrestrial insects and zoopl ankton, particu-
| arly Daphni a and D apt onus (Scott and Crossman 1973, Brown 1971).
Peanouth eat the same itens as cutthroat and rai nbow trout and
ﬁ;ﬁ?tain whitefish and a potential for conpetition may exist (Daily

Redsi de shiners were conmon in sloughs, backwaters and | ow
vel ocity pools of the Kootenai River prior to inpoundnent (Huston
et al. inprep.). Imediately follow ng inpoundnent, shiner abun-
dance increased through 1978, then began declining and is presently
at a relatively low level (May and Huston 1981). Huston et al. (in
prep.) believed the decline was related to the loss of flooded
vegetation in shoreline areas by quctuatin% reservoir |evels.
They thought the inpact of the decline of the shiner po%ulation was
most keenly felt by larger rainbow trout which preyed heavily on
shiners (MMl lin 1979). Redside shiners exhibited a seasona
distribution pattern in Paul and Pinantan | akes where shiner
school s noved into shoal areas in the spring, nmoved off shore in
July, then noved back near the shore in August (Cossman 1959,
Johannes and Larkin 1961). These authors also reported a diurna
di spersal of shiner schools off shore during the night to distri-
bute throughout the |akes near the water's surface and then re-
school i ng near the shoreline duriq? the daE. Redsi de shiners eat
aquatic and terrestrial insects and zcoplankton (Brown 1971).

Nor t hern squawfi sh i ncreased i n abundance fol | ow ng i npound-
ment frombeing "rare” in the Kootenai River to being "abundant" in
Li bby Reservoir (Huston et al. in prep.). These aut hors suggested
t he abundance of small northern squawfish in 1982 sanpling may
i ndi cate the northern squawfi sh population will increase during the
next few years.

Nort hern squawfish reach sexual maturity at age five or six in
nost Montana waters (Brown 1971). At nmaturity, females average 350
to 500 mmin length and produce approximtely 6,000 to 27,000 e??s
(Brown 1971, Patten and Rodman 1969). Spawni ng occurs in gravelly
shal | ows which may be located along a |akeshore, at the nouths of
tributary streans, or a short distance upstreamin a tributary
stream (Brown 1971). Lake dwelling forms anear to spawn in tribu-
tary streams only when suitable gravel shallows were not available
within lakes. Eggs are adhesive, denersal and small (1.0 nmin
diameter). These eggs are deposited at random over gravel beds and
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hat chi ng occurs approxi mtely one week after deposition at water
tenperatures of TP, Squawfish are sl owgrow ng, long-lived fish.

Nort hern squawfi sh young inhabit shoreline areas during the
sunmer and nmove of fshore into deeper waters during fall and winter.
Adults generally remain offshore in deep water although they fre-
quently nove into shoreline areas when foraging.

Young squawfish (25 to 100 nmin [ength) feed primarily on
insects. As they grow larger, fish becone increasingly inportant
as a prey item and |arger squawfish feed al most exclusively on
fish. Squawfish wi |l consume sal non and trout, begi nning when they
reach a size of 100 nmin the case of sockeye sal mon (Ricker 1941)
Squawf i sh have been considered a significant predator on young
salmon and trout (Hall 1979, Brown 1971). Brown $1971) al so not ed
that squawfish may conmpete with sal non and trout for food

AEROROPERATI ON

eration of Libby Damis dictated by a conbination of factors

including flood control, generation of hydroel ectric power, recrea-
tional constraints for the reservoir, and down-river constraints
for both the Kootenai R ver and Kootenay Lake, British Col unbi a.
Evacuation of water fromthe reservoir during the fall and w nter
provi des hydroel ectric power as well as storage space to contain
run-off. Provided the water supply is adequate and forecasts of
that supply accurate, the reservoir is normally filled by the end
of July and renmains at full pool until after Labor Day for recrea-
tion and anticipated power needs. Downriver constraints include

m ni mum di scharge and maxinum tailwater fluctuation [imtations. A
nininun1dischar?e of 4,000 cfs is recommended bel ow Li bby Dam but
3,000 cfs is allowed when required for refill. Emergency |ow

di scharges of 2,000 cfs are allowed for short time periods. Maxi-
numtailwater fluctuations of one foot per half hour and six feet
ﬁer day are permtted from Cctober through April, and one foot ﬁer
our and four feet per daK from May through Septenber. During the
sunmer season (May through 15 Septenber) the Eroject s operated to
maintain river flows below 8,000 cfs during the weekends whenever
feasible. The International Joint Conmssion's (1J0 1938 O der
requires that water elevations in Kootenay Lake, British Col unbia
(downriver from Libby Damj be lower than 1,744.0 feet on 1
February, 1,742.4 feet on 1 March and 1,739.32 feet on 1 April to
provide storage for spring runoff. Once water |evels in Kootenay
Lake fall to an elevation of 1,743.32 after spring run-off, the
|ake may remain at that level until 31 August when the water |evel
may be raised to an elevation of 1,745.32. The reason for these
control s on Kootenay Lake water | evels is that Kootenay Lake has a
restricted outlet which can pass onky a limted anount of water
(Table4). Kootenay Lake is drawn down to 1,739.32 by 1 April to
provide; 1) flood protection for |akeshore residents and downriver
areas, 2) storage for power generation, and 3) drainage for
agricultural lands adjacent to Kootenay Lake.
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Table 4. Approach channel capacity (cfs) of channela/ above Corra
Linn Damrelated to water |evel elevations.

El evation Channel capacity
(ft) (cfs)
1,738.0 14,000. 0
1,741.0 26,000.0
1,744.0 39, 500. 0
1,747.0 55, 600. O
1,751.0 81, 700.0
1,755.0 112.000.0

al G ohman Narr ows.

Li bby Reservoir provides flood control storage for three key
areas

1)  Bonner's Ferry, Idaho; _
2)  Kootenay Lake, British Colunbia; and
3)  The lower Colunbia River.

E”ood stages and/or flood flows for these key areas are shown
el ow

1) a river stage of 31 feet (elevation of 1,731 and estinated
di scharge of 57,000 cfs) at the USGS gauge at Bonner's
Ferry, Idaho;

2) no firmelevation at Kootenay Lake, B.C., but |ake eleva-
tions higher than 1,747.0 begin flooding |akeshore prop
erty, an

3) ariver discharge of 450,000 cfs on the Col unbia River at
the Dalles Dam

The regulation of flows in the interest of the |ower Colunbia River
general |y provides adequate flood protection for the |ower Kootenai
Rver (US. Arny Corps of Engineers 1972).

Qperating rule curves are devel oped for each project in the
system every year based on water nanagement plans. \ater forecasts
are used to determne operation from January through April. These
forecasts are provided the first week of each nonth. For Col unbia
River Treaty projects, including Libby Reservoir, Assured Operating
Plans are prepared five years in advance followed by Detailed
Operating Plans which are prepared prior to the runoff season
during the year covered by the plan. Two guideline documents
describe flood control and hydroelectric pperat|on1plan preparation
&gé%)Arny Cor ps of Engineers 1972, Coumbi a River Treaty Commttee
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Qoerating rule curves are devel oped by using a series of
curves which are fixed for each project based on _historic water
supply, project storage, andrunoff forecasts. These fixed curves
are:

1) mandatory rule curve (MG or flood control curve

2) @ group of four critical rule curves (CRCL through CRCA)
whi ch control's the nmaxi numal | owabl e drawdown based on a
four year critical |owwater period (August, 1928 through
February, 1932), and at the end of that tine storage
capacity has been depleted (i.e. the reservoirs would be
enptied);

3) an assured refill curve (ARC) which depicts the maximum
al | owabl e drawdown to ensure refill if the second | owest
?bgifrlcal runof f shoul d occur (January through July,

4) avariablerefill curve (VR) which linmts the drawdown to
ensure the reservoir would refill with 95 percent assurance
based on water supply forecasts; and

5 alower limts energy control curve (LLHXC) which [imts
drawdown | evels in January through March to ensure the
systemwi || be able to meet firmpower |oads prior to
spring runoff (Table 5).

The operational rule curve is adjusted to these five curves based
on fixed criteria (Figure 9).

The MRC for Libby Reservoir is consistent from August through
Decenber to provide storage to ensure neeting Kootenay Lake | ake
elevation constraints. After Decenber, the MRCis adjusted at the
begi nning of each nonth (until April) based on water supply fore-
casts (Figure 10). The CRC's, ARC, and LLECC are fixed curves
(Figure 1I). The VRC begins to operate in January, after the first
wat er supply forecast has been made, and is adjusted nonthly based
on water supply forecasts

FACTORS CONTROLLI NG FI SH POPULATI ONS I N LI BBY RESERVA R

Fish popul ations generally are controlled by some [initing
factors which keep the Population bel ow a certain |evel. This
factor or factors usually operate on a particular |ife-stage. W
theorize that fish ﬁopulations in Libby Reservoir may be limted
by one or nore of the follow ng:

1) amount of useable habitat (escape cover may be an inpor-
tant habitat conponent for fish subject to predation);

2) recruitment of fish to the reservoir fromin-reservoir and
off-reservoir spawning and rearing areas;
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Table 5. Months of the year cach type of rule curve is used to determine reservoir operation

(fram Columbia River Treaty Camnittee 1983).

ASTon ﬁ“ﬂl?”ﬁ AM YO

1. Critical Rule Curve ccccceccceccecccc  this curve is developed for each reservoir by the Critical
Period Regulation Study and will be used as an operating guide
in the 30-Year System Regulation Studies

2. Assured Refill Curve AAAAAANAAAAAA  This curve is the same for each water condition in the 30-Year
System Requlation Studies. Ihe values may be the same as Lhe
CRC in the first 4 or 5 months.

3. Variable Refill Curve VY VVVVV  This curve is defined in paragraph 8(b) and will vary with

the water condition. 1lheve will be 30 different curves used
in the 30-Year System Regulation Studies.
4. Mandatory Refill Curve UUUBUUDUUUULBUU This curve is a function of requirements such as flood control,
bank protection, etc., and will generally vary with each of
the 30 water conditions.

5 Lower Limits Enerqy Content LLtL This curve serves as a limit on the potential total system and
Curve project draft to protect the system's capability to meet loads
unt)l the start of the spring freshet,
6. Operating Rule Curve 000000000000 The monthly values for this curve are derived from the first
five curves based on the following criteria: C or A which-
Ihe Operating Rule Curve for each of the ever is higher, except that afier 1 January, V will be used if
30 water conditions will limil reservoir it is below the higher of C or A. In all cases, if U is lower
operation in respect to secondary qenera- than the value thus determined, U will be used. In no case
tion. Reservoirs will be drafted balow shall it be lower than the Limiting Rule Curve (L)
(perating Rule Curves if necessary for
firm load requirements in accordance with
paragraph 9c.
NOTE: The same steps as above for 30-Year System Regulation Studies are used in actual operation except that

the Variable Refill Curve beginning January is developed each month from actual inflow volume forecasts.



USABLE STORAGE CONTENT

NORMAL seciiiveeoeeneoo (Operating Rule Curve (0RO
FULL POOL —— Citical Rule @rve (CRC) first
o - M - €& - Assured Refill Curve (ARQ
- @&———————@ Variable Refill Curve (VRO
S A Mandatory Refill Curve (MRC)
O——————03 Lower Limits Energy Content
Curve (LLECC)

1811} l)n')

Hypot hetical rule curves illustrating how an operational
rule curve (RQ is formed for Colunbia Ri ver flood con-
trol -hydroel ectric projects (modified from Gol unbi a
River Treaty Conmittee 1983).

mthe studies the Operting Rule Curve (OK) is defined
by the higher of the first Citical Rule Curve (CRC) and
Assured Refill Curve (ARC) through Decmeber 31. After
January 1, it is defined by the higher of the CRC or ARC.
Then it is defined by the VRC.  In no case shall it be
hi gher than the Mandatory Refill Curve (MRC) nor | ower
than the Lower Limts Energy Content Q@rwve (LLECC).

In the studies, the MRC defines the naxi namal | owabl e
elevations and is determned from independent simlated
flood control regul ations.
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3) amount, quality and availability of food resources;

4) rmortality of fish in the reservoir from predation, harvest
and natural sources (other than predation).

Recruitment to the reservoir's fish popul ati on depends on
nunber of adult spawners, accessibility to spawning grounds
quantity and quality of spawning habitat, survival of enbryos to
enmergent fry, and (for those species which rear as juveniles in
tributaries) survival of juveniles until emgration fromtribu-
taries into the reservoir.

The factors influencing juvenile survival in tributaries and
within the reservoir would be simlar, so only juvenile surviva
within the reservoir will be described. Juvenile survival wthin
the reservoir depends upon being able to find food without being
eaten by a predator. Once a fish grows to a certain mninumsize,
predation is significantly reduced as a nortality factor (Parker
1971).  The density of various size classes of predator dictates
the probability of encounter and subsequent ingestion for useable
size classes of prey. [Escape cover can also inprove the ability of
prey to avoi d predators

The amount, quality and availability of food affects the rate
of growth and survival of fish within the reservoir. These food
resources must be in areas accessible to the fish, and of suffi-
cient quality and quantity that the energy gained by eating the
food is equal to or greater than the energy spent to capture it.
Mrtality by predation was discussed previously. Mortality due to
angler harvest is dependent upon accessibility of fish to anglers
i nherent catchability of the species, and amount of angling pres-
sure. Natural nortality is that nortality due to disease, para-
sites and old age. Nornally, natural nortality occurs only when an
individual in the population has been under stressful environnental
conditions (starvation, crowding, etc.). The anmount of useable
habitat is the volume or area of habitat containing the suitable
"habitat conponents required including suitable tenperatures
Quality of habitat relates to condition nearest optimmfor the
age-class and species of interest.

Operation of Libby Reservoir can affect fish populations wth-
in the reservoir in a nunber of ways. Spring spawning species nmay
be unable to access inportant spawning tributaries because of |ow
reservoir elevation in the spring. Low spring reservoir elevations
are known to expose a natural rock falls barrier (at an elevation
of approximately 2,425 feet) in Barron Creek. If the reservoir
inundated this barrier, spawners could utilize the Barron Creek
drainage for spawning. Reservoir operation was believed to reduce
an inportant rainbow trout forage species, the redside shiner, by
elimnating an inportant conponent of their spawning habitat in the
formof flooded vegetation (Huston et al. in prep). At the sane
tine, an undesirabl e nongane species, peanouth, which utilizes
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habitats simlar to redside shiners has increased in abundance.
Unfortunately, this species is rarely eaten by rainbow trout, san
i nportant prey species was |ost with no known replacenent. Huston
et al. (inprep.) related the loss of redside shiner to reduced
nunbers of [arge rainbow trout.

W specul ate that the |ack of near-shore cover may limt the
survival of juvenile trout when they first enter the reservoir by
exposi ng themto predation. Little is presently known about
juvenile trout habitat preference and distribution during their
first year of reservoir residence. Deep seasonal drawdowns may
expose juvenile fish to abnormally high ?redat|on rates by concen-
trating fish into a smaller space and allow ng predators such as
bul | trout, burbot and northern squawfish better access to pre%_
(McCanmon and von Gel dern 1979). Finally, thermal reginmes within
the reservoir influence fish distribution and may |imt useabl e
sPace. W are unsure at this tine how operation affects the over-
all thermal structure of the reservoir.

Bonneville Power Admnistration (BPA) is responsible for
reviewi ng our recommended operational guidelines to inprove the
fishery in Libby Reservoir. BPA would need to determne what
i npacts any change in reservoir operation to benefit fish would
have on power production, and decide whether the proposed opera-
tional changes are feasible. The US. Arny Corps of Engineers
woul d then review any operational changes recommended by BPA and
deci de whether or not to inplenent them

Potential operational changes which may benefit the fishery
are: 1) limt annual drawdown to provide nore winter habitat and
food production, 2) refill the reservoir faster during the spring
to provide access into sFamning tributaries and fill the pool
earlier to allow fish a longer growing season, and 3) delay the
drawdown of the reservoir in the fall to provide a |onger grow ng
season. The latter two changes woul d al so provide a | onger
recreation season for the reservoir.

PREDI CTING BENEFI TS TO THE RESERVA R FI SHERY

Qur goal is to develop a set of reservoir operating rule
curves based on habitat and food requirenents for fish within the
reservoir. To do this will require developin% nodel s whi ch predi ct
effects of reservoir operation on specific habitat types used by
fish, as well as food r esour ces used by those fish. These models
will not only have to be species specific, but wll also need to
consider inportant |ife-stages of targeted fish species.

Review of the pertinent literature by ourselves and United
States Geologic Survey cooperators has indicated three approaches
are probably nost suitable for cur needs. One is a trophic_dynam cs
approach where energy flows are nodeled (Kitchell et al. 1974, Adans
et al. 1983, Taylor et al. 1980, Cnen and Orlob 1973, Ploskey and
Jenkins 1982). Another approach nodels habitat availability and
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suitability for each species of interest by life-stage (MConnell et
al. 1982, Aggus and Bivin 1982). Habitat suitability criteria for
nmost game fish and several nongame fish species have been devel oped
by the U. S, Fish and Wldlife Service, Habitat Evaluation Proced-
ures Goup, Fort Collins, Colorado (for exanple: H ckman and
Ral ei gh 1982). However, little definitive data has been collected
to devel op habitat suitability curves for preferred reservoir habi-
tats. The predictive capability of regression equations used in
these nodel s can vary dependi ng upon specific habitat availability
and environnental conditions 8mgus and Bivin 1982). Finally, pOﬁU-
| ation sinulation models can be used to sinulate popul ation grow
for an individual species (Serchuck et al. 1980).

Kitchel| et al. (1974) stated that to produce a nodel for
investigating the conplex interactions operating on a fish popul a-
tion in natural conditions we nust consider the total system
including food availability, predation, fishing pressure, and
environnental variables. They further warned that any nodel nust
include a significant Fortion of the inportant mechanisms opera-
ting to control a population or it will have little hope of
5|nu|at|n% responses to a conplex environment. It is then the
duty of the nodeler to determne what factors are inportant
mechani sns influencing the population of interest and concentrate
on those nechanisns. Since our goal is to reconmend reservoir
water |evel operational criteria which will benefit the fishery
we will concentrate on environnental variables influenced by
water |evel fluctuation; however, we cannot ignore other inportant
variabl es which collectively control fish production such as
spawning and rearing habitat. W plan to strive for as sinple a
nodel as possible. To reach this end will require testing of
variable conbinations to select the best nodel, and then valida-
tion of the nodel using field data. W plan to develop the node
using existing data éand nodel s) and then fine tune the model with
information collected during the first three years of the study
(1983-1986) to provide information where gaps presently exist.

Val idation of the model will be done during the final year of the
study (1986-1987).

The nodel we are proposing to develop will have a food com
ponent based on energy flow through successive trophic levels to
fish and a habitat conponent based on habitat availability and
habitat preferences of species gg life-stage. We will rely on a
nodel to be developed by the USGS for predicting the effects of
reservoir operation on the zooplankton community and thernma
structure of the reservoir. W wll use their nodel outputs as
input variables in our model to estimate effects of reservoir
operation on the relative abundance of targeted fish species under
various operational scenarios. W are presently |nvest|%at|ng the
feasibility of adapting models devel oped by Kitchell et al. (1974)
and Pl oskey and Jenkins (1982) as a method of partioning avallable
f ood resources to nmeet food requirements of reservoir fish
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The habitat nmodel will rely on data collected on habitat used
by targeted fish populations in the reservoir, data collected on
quantity and quality of available habitat within the reservoir, and
a review of habitat preference information for target fish species.
Anot her inportant conponent of the habitat portion of the node
will be predicted thermal structure of the reservoir devel oped by
the USGS. This habitat nmodel will use area and vol ume of habitat
segregated into classes based on preferences of targeted fish
species by life-stage to determne relative quality and quantity of
avai | abl e habitat under various reservoir operational scenarios.
The final product will be a single nodel created by Iinkin? the
food availability versus use nodel to the habitat availability
versus preference nodel. This |inked nodel will use reservoir
operation to describe the relative abundance of fish (by species)
the reservoir coul d support under various schemes of operation
This nodel coul d be used to determ ne which |ife-stages were
i mpacted, what type of reservoir operation inpacts a particular
species the |east, and what environnental variables are nost
critical to fish populations.

46



1)

2)

8)

AN X6

Continue sanpling the reservoir and its tributaries follow ng
pgocedures presented in the work plan with the fol | owi ng nod-
| fications:

a) subcontract all physical-cheni cal smmHngiotheLB&SQM
shoul d continue measuring tenperature profiles and |ignt
penetration);

b) use I ength-weight relationship to determne zoopl ankt on
bi onass;

c| standardize sanple tines for collection of surface insects
to md-afternoon

d) conduct a diurnal sanplin%_prog(am for surface insects
zoopl ankton and vertical tish distribution;

Initiate a pilot study to investigate the feasability of re-
establishing several species of vegetation (wllow redosier
do?mnod, and sedge) in the upper portion of the drawdown zone
(elevation 2,439 to 2,459).

SanBIe i cthyopl ankton from February through wy to collect
burbot fry in an attenpt to establish where spawning occurs.

Investigate the advantages and disadvantages of sanpling fish
with horizontal gill nets (floaters and S|nkers% seasonal | y
using a nore intensive effort, rather than nonthly.

El ectrofish shoreline zones of the reservoir during My and
July inan attenpt to | ocate juvenile sal nonids.

Snorkel shoreline zones of the reservoir durin% Jul'y in an
attenpt to locate juvenile salnonids and to observe the use of
structural cover by sal monids.

Investigate the feasibility of doing a novenent and habitat use
study of juvenile trout within the reservoir using radio tele
mentry.

Conduct a creel census in 1985-86 to estimate angler harvest,
collect harvested fish tags for novenent and growth information
and col | ect stomachs for food analysis from predators not
sanpled frequently in gill nets (bull trout and burbot).

Do el ectrophoretic anal yses on a random sanpl e of west sl ope
cutthroat, rainbow, and cutthroat-rainbow trout hybrids to
determne the anount of hybridization within this conplex and
the genetic origin of these fish.
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WATER CODES

Barron Creek

Big Creek

Bristow Creek

Canyon COreek

Cripple Horse Creek

East Branch of South Fork Big Creek
Fivem | e Creek

G ave Creek

Pi nkham O eek

South Fork Big Creek

Steep Creek

Sullivan Creek

Ten Mile Creek

Therriault Creek

Tobacco R ver

Young Creek

Lake Koocanusa ( Li bby Reservoir)

58

I el e o T T
L T T T T T T T S S T T SR

-0200-
- 0420-
- 0640-
-0920-
- 1520-
- 1960-
- 2340-
- 2720-
- 5140-
-6220-
- 6520-
-6620-
- 6800-
- 6860-
-6920-
- 7780-
- 8690-



