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EXECUTIVE SUMMARY

This study is part of the Northwest Power Planning Council's
resident fish and wildlife plan to mtigate damages to fishery
resources caused by hydroelectric devel opment on the Col unbia
River System The goal of this study is to quantify seasona
water |evels needed to maintain or enhance the reservoir fishery
in Libby. This report summarizes data collected from Jul y1984
through July 1985, and, where appropriate, presents data collected
since 1983.

The Canada, Rexford, and Tenmle areas of the reservoir are
differentially affected by drawdown. Relative changes in water
volune and surface area are greatest in the Canada area and
smal lest inthe Tennile area. Reservoir morphol ogy and hydraulics
probably play a major role in fish distribution through their
Influence on water tenperature. Geatest areas of habitat with
opti num water tenperature for Salm spp. and kokanee occurred
during the spring and fall nonths.  Dissolved oxygen, pH and
conductivity levels were not limting during any sanpling period.

Habitat enhancenent work was |argely unsuccessful. Littora
zone vegetation plantings did not survive well, primarily the
result of extrene water |evel fluctuations. Sedge sod plots
sPomed greater survivorship than did the willow or dogwood
pl antings.

Rel ative abundances of fish species captured by floating and
sinking horizontal gill nets varied seasonally within and between
the three areas. Water tenperature is thought to be the major
influence in fish distribution patterns. COher factors, such as
food availability and turbidity, may mtigate its influence. GII
net trend sanpling since 1975 illustrates a continued increase in
kokanee nunbers and a dramatic decline in redside shiners. Salno
spp., bull trout, and burbot abundances are relatively |ow whiTe
peanout h and coarsescal e sucker nunbers remain high.  Kokanee
dom nated the vertical gill net catch in the |ower two areas of
the reservoir.

The 1985 hydroacoustic estimate of kokanee abundance in the
reservoir was 2,385,742 fish. This represents a slight decrease
fromthe 1984 estimate (2,574,333), but seems fully plausible when
angler nmortality and recruitment from a weaker year-class is taken
into account. Hghest densities of kokanee during the August
sanpling period were found in the Peck Gulch and Rexford areas.

A total of 2, 347 an?lers were interviewed during the reservoir
creel survey. Mst anglers caught kokanee, which conprised over
95%of the ganefish creeled. The nean catch rate for kokanee was
0.84 fish kept per hour, and ranged from0.30 to 2.15 fish per
hour. Mean catch rate for Salno spp. was 0.03 fish per hour. The
most successful kokanee anglers came from the Eureka-Rexford area




| daho, Washington, and Flathead County, Mntana, indicating the
regional inportance of this reservoir fishery.

There is some evidence for density dependent growth of kokanee
in the reservoir. Kokanee in the 1984 year class are |ess
nunerous, but slightly larger than last years spawners

Trout otolith analysis showed that size-at-age was partially a
function of when fish emgrated fromtheir natal streamto the
reservoir. Gowh was rapid the first year follow ng reservoir
entry and slowed after two years. ish emgrating to the
reservoir after one grow ng season in the natal stream seened
predestined to do so because of a large initial size

The 1985 Young Creek spawning run was 71 adult cutthroat
trout, approximately 28% of the previous years run (354 fish).
I ncreased fishing pressure is believed to be the major cause of
this dramatic decline. Peak downstream mgration of juveniles
occurred between late May and late June for all tributaries
trapped.

Since 1983, 1,903 adult trout and 7,698 juvenile trout have
been tagged. Approximately 11% of the adult and 0.7% of the
juvenile trout have been recaptured to date. Tagged trout nove
throughout the reservoir, generally in the downstream direction,
towards the dam

During fall 1983, DaPhnia spp. were found to be the single
nost inmportant food item for trout. Conparison of mean available
zoopl ankton size with that ingested by mjor fish species in the
reservoir indicated that trout selected larger Daphnia than did
kokanee and mountain whitefish.  Mst Daphnia consumed by Sal np
spp. were greater than 1.5 nm while kokanee consuned Daphnia
smaller than 1.5 nm Length distributions of Daphnia spp. indi-
cated that the greatest percentage of Daphnia in the water colum
were between 0.5 and 1.5 mm During nost nonths, |ess than 10% of
t he sanpl ed Daphnia were greater than 1.5 nmin the Tenm | e and
Rexf ordar eas.

H ghest densities and biomass of benthic nacroinvertebrates
were found in the permanently wetted and occasionally dewatered
zones of the reservoir. Statistical analysis indicated that
bent hi ¢ macroinvertebrate densities in these zones were higher
than those found in the frequently dewatered zone, but did not
differ from each other

Seasonal densities of terrestrial and aquatic surface nacro-
invertebrates were generally greater in the near shore zones of
the reservoir. Statistical conparison of nearshore and |imetic
zone densities revealed there was no significant difference
between the two, a consequence of high variances resulting from
the patchy distribution of the insects



We have contracted with the U S. Geol ogical Survey and
Dr. Daniel CGoodman (Montana State University) to refine a thermal
dynam cs nmodel and develop a trophic |evel conponents nodel .
These nodels will be used to quantify the inpact of reservoir
operation on the reservoir habitat, primary production, secondary
production and fish popul ations. Particulate carbon will be used
to track energy flow through trophic levels. A growth-driven
popul ation dynam cs sinulation nodel that will estimate the
I npacts of reservoir operation on fish population dynamcs is also
being considered. Validation of the nodels created by this
project will require long termnonitoring and eval uati on beyond
the March 31, 1988 conpletion date of the study.
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INTRODUCTION

Li bby Reservoir was created in March 1972 under an
International Colunbia River Treaty between the Lhited States and
Canada for cooperative water devel opnment of the Col unbia River
Basin (Colunbia River Treaty, 1964). The inpoundnent was designed
as a nul tipurpose project to provide power, flood control, and
recreation benefits (Stormet al. 1982). The Pacific Northwest
Power Act of 1980 recognized possible conflicts stemming from
hydroel ectric projects in the northwest and directed Bonneville
Power Adm nistration to "protect, mtigate, and enhance fish and
wildlife to the extent affected by the devel opnent and operation
of any hydroelectric project of the Colunbia Rver and its tribu-
taries..."(4(h)110)(A)). Under the Northwest Power Act, the
Nort hwest Power Pl anning Council was created and recormendat | ons
for a conprehensive fish and wildlife programwere solicited from
the region's federal, state, and tribal, fish and wildlife
agenci es. Among Mntana's recommendations was the proposal that
research be initiated to quantify acceptable seasonal m nimm
pool elevations to maintain or enhance the existing fisheries
(Gahamet al. 1982).

Thi s study began May 1983 to deternine how operations of Libby
Dam i npact the reservoir fishery and to suggest ways to |essen
these inpacts. The specific study objectives are:

1) Quantify available reservoir habitat

2) Determne abundance, growth and distribution of fish

within the reservoir and potential recruitnent of
sal nonids from Libby Reservoir tributaries within the US.

3) Determne abundance and availability of food organisns for
fish in the reservoir

4) Quantify fish use of available food itens

5) Develop rel ationshi ps between reservoir drawdown and
reservoir habitat for fish and fish food organisnms

6) Estimte inpacts of reservoir operation on the reservoir
fishery.



DESCRIPTION OF STUDY AREA

Li bby Reservoir is located in northwest Mntana and sout heast
British Colunbia (Figure 1). The damsite is on the Kootena
River, the second largest tributary to the Colunbia River, about
27 km (17 m) upstream from Li bby, Mntana. The Kootenai River is
780 kmin length and drains an area of 49,987 sq km
(19,300 sqg. m) (Bonde and Bush 1975). Libby Reservoir and its
tributaries receive drainage from 47/% of the Kootenai River
drai nage basin. Three Canadian rivers, the Kootenai, Elk and
Bul'I, supply 87 percent of the reservoir's inflow (Wods 1982).
Figure 2 presents the profile of the Kootenai River

Atngll pool , Libby Reservoir is 148 km (92 m) long, contains

7.16 kn? (5.869 mllionacre ft) of water wth a surface area of

18,801 ha (46,456 acres), and has a mean and naxi mum water depth

of 38.5 m (126 ft) and 107 m (351 ft), respectively. The surface

?Ievatno? at full pool is 749.5 m(2,459 ft) above mean sea | evel
m.s.l.).

Prior to inpoundnent, Bonde and Bush (1975) used a nutrient
| oading model to predict a eutrophic reservoir; however, based on
primary productivity, Libby Reservoir is considered oligotrophic,
primarily the result of large-scale annual water fluctuations
(Wods and Fal ter 1982). Annual vertical water fluctuations of up
to 52.4 m (172 ft) occur in Libby Reservoir, at which point
reservoir volume is reduced nearly 85 percent, surface area by
69 percent and nean depth by 51 percent. The reservoir has main-
tained its maxi num water surface altitude for less than five
mont hs during the past four years (Figure 3). In 1985, full pool
elevation was not attained;, the relatively long lake-fill tine
(0.55 years) indicates insufficient inflow to conpensate for the
35.7 m (117 ft) drawdown that occurred (Table 1).

Sevent een species of fish are present in the inpoundnent
(Shepard1985). Libby Reservoir currently supports an inportant
fishery for westslope cutthroat trout, rainbow trout, bull trout,
kokanee, and burbot. The Montana Departnent of Fish, Wldlife and
Parks has historically nanaged the reservoir fisheries for the
enhancenent of westslope cutthroat trout stocks (Huston et al.
1984). However, relative abundances of major fish species in the
reservoir are changing (Table 2), with possible inpacts on present
management strategies.
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Table 1. Take-fill time (yrs.), hydraulic-residence time (yrs.), maximgm d:awdown,.nunber of
days held at full pool, and maximum reservoir elevation for Libby Reservoir by year
from 1972 through 1985.

--Lake-fill time_(yrs) _ uydraulic-residence (yrs) Maximum  No. days Max. pool
--__Montbly ____ ____Toptbly ___  drawdown. at full elevation

Year anpual  mean min, max, annual mean max, min,  ft. M. __pool_ __(ft,) _
1972 0.14  0.17 0.04 0.52 0.14 0.14 0.02 0.37
1973 0.22 0.40 0.10 0.88 0.33 0.49 0.11 1.29 230 70.3 0 2417
1974 0.28 0.61 0.09 1.28 0.29 0.33 0.13 0.67 153 46.6 66 2459
1975 0.37 0.63 0.11 1.13 0.41 0.78 0.10 2.66 172 52.4 0 2454
1976 0.38 0.71 0.13 1.54 0.38 0.55 0.13 1.56 152 46.2 61 2459
1977 0.64 0.93 0.26 1.64 0.50 0.59 0.24 1.42 100 30.5 0 2414
1978 0.43 0.75 0.18 1.33 0.48 0.63 0.24 1.28 129 39.3 44 2459
1979 0.66 1.08 0.22 1.78 0.62 0.97 0,22 2.08 95 28.9 0 2451
1980 0.52 0.94 0.17 1.47 0.58 0.78 0.29 2,07 106 32.3 65 2459
1981 0.33 0.89 0.12 1.77 0.41 0.59 0,23 1.29 110 33.5 58 2459
1982 0.46 0.84 0,11 1.53 0.46 0.49 0.24 0.89 117 35.7 61 2459
1983 0.50 0.81 0.13 1.96 0.51 0.61 0.22 1.57 111 33.8 54 2459
1984 0.61 1.02 0.16 1.78 0.56 0.74 0.25 1.53 89 27.1 23 2459
1985 0.55 0.86 0,13 1.36 0.54 0.80 0,19 1.96 117 35.7 0 2450
Average

(Post 1974) 118 33.3
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Tabl e 2.

Present rel ati ve abundance (A=abundant, C=common, R=rare)

and abundance trend from 1975 to 1982 (I=i ncreasing,
S=stabl e, D=decreasing) of fish species present in Libby

Reservoir.
Rel ative  Abundance

Common Name Scientific name abundance trend
Ganefish species
Vst sl ope cut t hr oat

trout Sal no clarki |ew si A S
Rai nbow trout Sal i no gairdneri A I
Bul | trout Sal venl i nusconf | uent us C S
Brook trout Salvenlinus fontinalis R S
Lake trout Sal venl i nusnamaycush R S
Kokanee sal non Onhcor hynchus nerka C I
Mountain whitefish Proscpl unwi | | i ansoni C D
Bur bot Lota lota C I
Largenout h bass M cropt erus sal noi des R S
White sturgeon Aci penser t ransnont anus R p&/
Nongane fi sh speci es
Punmpki nseed Lepom s qi bbosus R S
Yel [ ow perch Perca fl avescens R I
Redsi de shi ner Ri chardsoni usi _bal t eaus C D
Peanmout h M/l ochei | us cauri nus A I
Northern squawfish Ptychochei lus oregonensis A S
Largescal e sucker Cat ost omus _macrochei I us A S
Longnose sucker Cat ostomus catostonmus C D

&/ Five white sturgeon were relocated from bel ow Li bby Damto the

reservoir. At

At [east one of these fish noved up-river out of
the reservoir and two were reported caught by anglers.



SEASONS

The year was stratified into four seasons based on reservoir
operation and surface water tenperature criteria for gill netting:

1) Wnter (January - March). The reservoir was being drawn
down Surface water tenperatures dropped below 8° C.

2) Sé)ring (April - June). The reservoir was refilled.
urface water tenperatures increased to 9° - 13°C

3) Summer (July - Septenber). The reservoir was held at full
pool . Surface water tenperatures increased to above 17°C.

4) Fall (Cctober - Decenber). Drafting of the reservoir
began Surface water tenperatures dropped to 13° - 9°C

RESERVOIR HABITAT
Physi cal and Chemcal Li rmol ogy

Li bby Reservoir has been divided into three areas for study
purposes by the Mntana Department of Fish, Wldlife and Parks
(Huston etal. 1984, Shepard 1985). Segregation into three geo-
graphic areas was based on reservoir norphonetry, effects of
reservoir drawdown, and political boundaries (Figures 4 and 5).

A pernmanent sanpling buoy was placed within each area (an
established U S.GS. buoy was used in the Tenmle area) where
water quality and zooplankton sanpling were conducted. In
addition, eight to twelve transects were established between
recogni zabl e [andmarks in each area. These transects were further
subdivided into east, west, and md-reservoir stations for random

sanpl i ng.

The "nearshore" zone was defined as that portion of the
reservoir within 100 m of the shoreline. The remaining area of
the reservoir was designated as the limetic zone.

Vertical |ayers of the water columm were defined using
measurenments of |ight penetration, water tenperature, dissolved
oxygen, pH, and conductivity (urmhs-cm‘l). A Martek Mark V
digital water quality analyzer and a protomatic photometer were
used to measure the above variables. Sanpling was conducted in
each geographic area biweekly from My through Cctober and nonthly
from Novenber through April unless dewatering of boat ranps or ice
formation prohibited access.

Martek sanpling was done using nethods accepted by the
USGS (Geesonet al. 1977). Water quality measurenents were
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taken at the surface, atone neter, at ever%/ two neters to 15 m
at every three neters to 60 m and at every tive neters to 95 mor
the bottom Laboratory calibrations of the Martek were done prior
to and followng field neasurenents using manufacturer's
instructions. \Water sanples were also taken with a VanDorn
sanmpl er (Wl dco, Model #1120D40) at the surface, 11 m and 21 m
A nodified Wnkler titration (AP.HA , 1975 was used to deter-
mne the dissolved oxygen (D.Q) content of these sanples. These
D.O. values were used to verify proper calibration of the Martek
Meter. Incident |ight was recorded above the water's surface and
at one neter intervals to a depth of 30 mor until light intensity
was one percent or less of the surface light; defined as the |ower
boundary of the euphotic zone (G eeson et al. 1977).

| sopleths of tenperature, pH dissolved oxygen, and con-
ductivity by sanple station through time, and by date across
sanple stations, were plotted using the USGS program STAVPEDE.

Contour maps of the area inpounded by Libby Dam[(U S. Arny
Corps of Engineers, File Nunber E53-1-154, Sheets |-37, 1972, and
British Colunmbia Mnistry of the Environment, Draw ngs M 249-C,
Sheets 1-63, 1969)] were digitized using a Bausch and Lonb
digitizer (Mdel 7048, Huston Instrunents) connected to a
Di scovery conputer. Each ten foot contour interval was entered by
geographic reservoir area. Digitized data for the above maps were
used to proof our data entry and edit our conputer data files.
Water surface area and volume, wetted reservoir bed area, and
shoreline I ength were cal cul at ed using the MDFWP pr ogr am GECSCAN
and wi |l be available in June 1986.

Habi tat Bnhancenant

Bristow Creek and Tobacco River bays were selected as
potential revegetation sites. In April, 1984, approxinately
thirty willow (Salix spp.) and thirty red osier dogwood (Cornus
sericea) cuttings were planted in plots located 5 10, 15 and 20
feet below full pool. Three pieces of sedge (Carex spp.) domi -
nated sod were also planted in each of the four plots at the two
sites. Survival was evaluated in June 1984 prior to full pool
i nundation and again in June 1985.

FISH ABUNDANCE, GROWTH AND DISTRIBUTION

Trout field identifications were based on scale size, presence
or absence of basibranchial teeth, spotting pattern and presence
or absence of the red slash on each side of the jaw along the
dentary. W recognize the difficulty in distinquishing between
rainbow trout, cutthroat trout and hybrids of these, using morpho-
logical criteria as reported by Learg et al. (1983) and where
appropriate have reported results for Salno spp.
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Abbrevi ations used throughout this report for the various
species of Libby Reservoir are as follows: rainbowtrout (RR),
west sl ope cutthroat trout (WCT), hybrids between rainbow and cut -
throat trout (HB), nenbers of the genus sal np spp. (SALM),
kokanee sal non (KOK), bull trout ( , _mountai n whitefish (MAF),
burbot (LING, Colunbia River chub (CRC), northern squawfish

(NSQ, redside shiner (RSS), |argescale sucker (CSU), |ongnose
sucker (FSU), and yel | ow perch (YP).

Rear Shore Zone Fish Abundance

Seasonal and annual changes in fish abundance within the near
shore zone were assessed using floating and sinking horizonta
gill nets. These nets were 38.1 mlong and 1.8 m deep and con-
sisted of five equal panels of 19, 25, 32, 38 and 51 nm mesh

(One to seven double floating and two sinking gill nets were
set seasonally fromAugust 1984 through August 1985. Nets were
set perpendicular fromthe shoreline just before sunset and were
retrieved shortly after sunrise. Al fish were renoved fromthe
nets, and species, length, weight, sex and state of maturity were
recorded. Scale sanples and a limted nunber of otoliths were
collected for age and growth analysis.

A spring sinking and fall floating gill netting series have
been used by the MDFWP since 1975 to assess annual trends in fish
abundance.  These yearly sanpling series were continued using
criteria established by Huston et al. (1984).

E ectrofi shing

The near shore reservoir zone was segregated using habitat
mappi ng information (including cover type, substrate, and
reservoir bed gradient) withinthe 1984 drawdown zone. Standard
hoat electrofishing gear was used to sanple these near shore zones
inthe spring and fall of 1985.  Electrofishing was conduct ed at
night in both the Rexford and Tennile areas. In the spring of
1985, electrofishing was also conducted in the Canadian area for
taggin pur%Pses, Captured fish were neasured, weighed, tagged
and” rel ease

Limnetic Zone Fish Abundance

Vertical gill nets were used to assess the relative abundance
and depth distribution of fish species in the limetic zone of
each area. An overnight set of four 45.7 mdeep by 3.7 mw de
vertical gill nets of mesh sizes 19, 25, 32 and 38 mm were set
monthly in each area. Each net was marked at one meter intervals.
As the vertical nets were retrieved, fish were renoved and depth
of capture, species, length, weight, sex, and state of maturity
were recorded and scale sanples were collected.
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Rel ative abundance of the various fish species in the limetic
and near shore zones were conpared using vertical and horizonta
gill netting data. Vertical distributions of fish were also
compared to thermal profiles and vertical distributions of
zoopl ankt on

Hydr oacoustic Estinate of Kokanee

Kokanee abundance was estinated using hydroacoustic sanpling
during four noonless nights in August 1985. Visual isolation
during noonless nights results in an even dispersal of kokanee
which increases the reliability of the technique (Hanzel 1984).

A Honda Sitex depth recorder (Mdel HE 356A) with a transducer
beam angl e of 10 degrees was used. Field calibration of the sonar
cone wdth was not possible so it was assuned that cone width was
consistent with the 10 degree beamangle. Thirty-eight transects
covering four discrete reservoir areas were surveyed for a tota
sanpling distance of 65 km Al targets within each 10 neter
depth interval were counted The nunber of kokanee per transect
was cal culated using vertical gill net §peciesconFosition pro-
portions. Nunbers of kokanee per 1,000°m were cal culated for
each depth interval. These estimtes were then converted to
numbers per area and expanded to total surface area using methods
and assunptions expl ai ned by Shepard (1985).

Growth

Fish collected in Libby reservoir and its tributaries were
neasured (total maxinumlength) and weighed. Scal e sanples were
col l ected using techniques described by Lagler (1956). Age was
assi gned based on interpretation of annulus formation on scales

Jearld1983%. Qoliths were taken froma limted nunber of fish.

olith analysis was conducted by Dr. Ed Brothers to provide
information on seasonal and differential growth of two mgration
classes of rainbow trout in the reservoir.

Movenment

Fish novenent within the Libby Reservoir drainage was assessed
using tag return and tributary fish trapping information Trout
over 99 nm captured purse seining, electrofishing, or stream
trapping were tagged with either a Floy anchor tag (fish length
250 nmor larger) or with a Floy dangler tag (fish |ength 100-
249 m).  Kokanee captured purse seining in spring 1984 were
adi posed clipped. Rokanee sanpled after that date were either
adi pose cIipPed (fish length 249 nmor less) or marked with a
color coded flag tag (fish Iength 250 nm or Iarger?, Tags were
recovered by voluntary angler conpliance and our sanpling efforts

13



An upstream box trap and a downstream Wl f-type trap (Histon
et al. 1984) were operated in Young Creek from May 1 through
Jul'y 19, 1985 (Figure 4). Downstream box traps were al so operated
inBig (June 21 -July 16), Bristow (June 3 - July 16), Fivenle
(June 10 - July 17), Pinkham (June 11 - July 15) and Sinclair
Creeks (June 11 -July 15) (Figure 4). Trap operators occasional -
|y used hook and line techniques to capture and tag fish above the
downstream traps.

Food Habits

Stomachs of various fish species captured in ?ill nets during
1984 and 1985 were collected and enptied into [abeled plastic
vials with preservative. Stomach contents were sorted into taxo-
nom ¢ groups, counted and wei ghed (Tabl e 3). Subsanpling was used
when anaIK2|ng zoopl ankton and other abundant, small food itens.
Wet weights of all food categories except zoopl ankton were
g?asuped to the nearest 0.01 grans after renoving excess water by
otting.

Dry and wet weights of zooplankton ingested by fish were
estimted using |ength-weight regressions (Bottrell et al. 1976)
and length weight tables (Cummins et al. 1969). Dry weights were
converted to wet weights using a nultiplication factor of 10.
This nultiplication factor is applicable for wet weights between
10 and 300 ng (Bottrell et al. 1976), the range nost frequently
found in Libby Reservoir. Tables developed by Curmins et al.
(1969) were used to estimate wet and dry weights of Leptodora spp.
by one mllineter length classes

The mgjority of zooplankton ingested by fish were fragmented,
and identifiable body parts were used to estimte the nunber of
E?Ch genus Mﬁéhlnrfach stonair. ILengths of Bosm na sg?”

at onusspp. , Epi schura spp. and Cycl ops spp. were estinated as
0.3, 0.7, 1.2, and 0.5 mm respectively, based on average |engths
found in zooplankton collections at the tine fish stomach were
sanpled. Al dry weights were converted into wet weights. W
assuned an average length of six mllinmeters for all
Leptodora spp. and used this length to enter Ienﬂth wei ght tabl es
devel oped by Cummns et al. (1969) to estimate the wet weights of
Lept odor a spp.. Body | engths of _Daphni a spp. were estinmated usi ng
measurements of the post-abdom nal claw follow ng nethods
presented by Leathe and G aham (1981).

An index of relative inportance (IR) was calculated to
estimate the inportance of particular food items in the diet
(Ceorge and Hadley 1979). The IR is the arithnetic nean of the
nunber, frequency of occurance, and weight of a food itemin the
diet, expressed as a percentage. IRl values range fromzero to

14
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Table 3. Number of stomachs collected for food habits analyses from three areas of Libby
Reservoir during 1983-85.

Tenmile
Summer/1983

Fall/1983
Winter/1984
Spring/1984
Fall/1984
Spring/1985
Summer/1985
Fall/1985

Rexford
Summer/1983
Fall/1983
Winter/1984
Spring/1984
Fall/1984
Winter/1985
Spring/1985
Summer/1985
Fall/l1985

Canada
summer/1983
Fall/1983
Winter/1984
Spring/1984
Fall/1984
Summer/1985
Fall/1985

RB VT RB x VT
<330 >330 <330 >330 <330
1 16 0 2 0 3
8 10 4 6 2 11
7 10 4 4 4 6
11 10 5 11 10 4
14 12 6 7 6 8
5 12 3 10 2 6
5 8 6 - 7 5
15 12 9 6 8 1
4 40 11 10 5 4
8 10 2 5 3 9
9 10 13 7 11 10
5 11 1 6 2 11
11 11 7 10 11 3
12 9 12 9 11 9
10 4 4 1 7
9 8 10 1 5 7
12 11 12 8 12 5
0 6 2 0 0 0
8 9 10 6 13 8
frozen - - -
dewatered - -
12 10 9 4 10 4
8 13 8 - 3 7
12 6 10 2 2 2
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100, with a value of 100 indicating exclusive use of a food item
in the diet. Frequency of occurance and weight data were used to
calculate IRI"s for insect parts, algae, and debris.

ABUNDANCE AND AVAILABILITY OF FISH FOOD ORGANISMS

Zooplankton Standing Crop

Three 30 M (or the entire water colum when depth was |ess
than 30 M vertical plankton tows were nade bi-weekly from Apri
through Cctober and nmonthly from Novenber through April in each
geographic area of the reservoir. A 0.3 Mdiameter Wsconsin
pl ankton net was used for all tows. One tow was made at the
permanent sanpling buoy and two tows were made at randomy
selected points on established transects in each area

Zoopl ankton Vertical DO stribution

A plankton trap simlar to that described by Schindler (1969)
was used nonthly to sanple the vertical plankton distribution at
per manent sanpl e buoys i n each geographic area. The trap sanpled
a 28.1 liter volume of water and each sanpling series consisted of
nine discrete sanples collected at the surface, 3, 6, 9, 12, 15,
20, 25, and 30 M

Al zooEIankton sanples were preserved in a solution of water
methyl alcohol, formalin, and acetic acid. Vertical tow sanples
were diluted in the Iaboratory to a solution in which five mlli-
liter subsanples contained approximately 80 to 100 organisns.
Schindler trap sanples were concentrated to 25 nl. Five sub-
sanples (5 nm were counted and averaged to estinate densities
(nunmber per liter) of zooplankton classified to genus, Carapace
l'engths of individual plankton from one randomy selected tive
mlliliter subsanple were measured. Caraﬁace | engt hdata were
segregated into 0.5 nn1|enPth groups for each genus and each group
was averaged. Biomass of zoopl ankton was estinmated using the
| engt h-wei ght relationships previously described.

Schindler (1969) and Bottrell et al. (1976) considered the
plankton trap to be an efficient sanpling device. Densities of
zoopl ankton estimated fromvertical tow and plankton trap sanples
were conpared to evaluate the efficiency of the vertical tow
met hod.

Bent hos
Three replicate sanples were collected seasonally from three
el evational strata in each area using a Peterson benthic dredge.

The three elevational strata were classified as: frequently de-
wat ered (between full pool and the 2,369 foot contour),
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occasional |y dewatered (between 2,368 and 2,287 foot contours),
and permanently wetted (below the 2,287 foot contour).

Bent hos sanples were wet-sieved using 5.6, 0.85 and 0.52 mm
sieves. The material retained in the 0.52 nmsieve was preserved
and brought to the Iaboratorg where all macroinvertebrates were
pi cked fromthe sanple and identified to order or class (Diptera
and Qigocheatea). The nunber and total blotted wet weights of
each order or class were recorded. Densities were expressed as
nunber per square nmeter and weights as grams per square neter of
reservoir bed by elevational strata and geographic area

Surface Macroinvertebrates

Macroi nvertebrates on the surface of the reservoir were
sanﬁled using a net made of 3.17 nm mesh which tapered to 1.59 nm
nmesh that tapered to a 100 mmcollar. The nmouth of the net was
hel d open by a rectangular frame 1.0 mwde by 0.3 Mhigh. A
renovabl e plastic bucket with a panel of 80 mcron nitex netting
was attached to the collar at the cod end of the net. The net
sanpled a one neter swath of the reservoir's surface.

Three sites were sanpled bi-weekly in each geographic area
from My through Cctober and nonthly from Novenber through April
Sanple sites were selected randomy u5|ng established transects as
startingpoints, Surface tows were made by tow ng the net for ten
mnutes at a fixed speed of one meter per second Each ten mnute
tow covered approxi mately 600 square neters. As of July 1985
this method was sinplified with the use of a digital knotneter
(Si?net, Model MK 2678. This instrument accurately neasured the
sanpling distance of 600 meters. At each sanple site, one tow was
made in the nearshore zone and another in the |imetic zone.

Al macroinvertebrates were renoved fromthe bucket and net
after each tow and placed in a labeled vial containing preserva-
tive. Macroinvertebrates in each sanple were identified to order
and counted in the laboratory. Blotted wet weights were neasured
in grams. Densities of surface macroinvertebrates were expressed
as number per hectare and grams per hectare. A matched pair T-
test  (Lund 1983) was used to conpare total nunbers of nacro-
invertebrates per hectare in the limetic and nearshore zones of
each geographic area

CREEL AND ECONOMIC CENSUS

An intensive creel and econom c census was conducted from
May 18 (openln%]of the general fishing season) through November 1,
1985 in the three geographic areas of Libby Reservoir. Census
techni ques incorporated direct interviews and car counters in-
stalled at boat ranp access sites. Interview data were collected
at car counter sites, check stations on naj or access roads, and on
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the reservoir by boat using nmethods described by G aham and
Fredenberg (1982). Car counter data were collected according to
net hods presented by Mschon and Watt (1979).

Categories of angling (shore or boat) were stratified into
weekday, weekend day, and holiday time periods and each day was
segregated by four hour time blocks starting at 6:00 a.m Al
weekends and holidays and three weekdays were censused so a mni-
mum of 40 hours/week were sanpled. Interview weekdays, time
bl ocks, and geographic |ocations were selected randomy. Econonic
and creel interviews were performed on a party basis with enphasis
on conpleted trips. Interview and car counter information will be
used to establish catch rates, harvest, catch conposition, size of
catch, angling nethods, angler origin and economc val ues.
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RESULTS AND DISCUSSION
RESERVOIR HABITAT
Physical - Chemcal Limol ogy

The three reservoir areas are differentially affected by draw
down, a function of the basic norphol ogy and proximty to the dam
Rel ative changes in water volunme and surface area are largest in
the Canada area and smallest in the Tenmle area (Figures 5 & 6%.
During August 1984 through July 1985, euphotic zone depths
averaged 9.5, 8.5, and 12.7 neters for the Canada, Rexford and
Tenm | e areas, respectively (Figure 7). The overall average
euphotic zone depth for this period was 10.0 neters. A decrease
in euPhotlc zone depth for all areas from April through July
probably reflects turbid tributary inflows due to runoff.

Reservoir tenperature profiles representative of the fall
winter, and summer periods are presented in Figure 8. The
relatively even spacing of the isopleths during all periods indi-
cates a weak thermal structure - even during the summer period.
G eatest areas of habitat with o tinmum water tenperature for
West sl ope cutthroat trout (11-169C, H ckman and Ral ei gh 198?,
r%gnbom/trout (12-18°C, Raleigh et al. 1984), and kokanee (10-
15°C, Piper et al. 1982) occur during the spring and fall nonths.
The reservoir was homot hernous from Novenber 1984 through Apri
1985 in the Tenmle and Rexford areas (Figure 9). During wnter
1984-85, the entire reservoir froze over; the Canada and Rexford
?reas were ice-covered in Decenber and the Tennmile areabylate

anuary.

Monthly profiles from Cctober 1984 through Novenber 1985 for
di ssol ved oxygen, pH, conductance, incident |ight, and tenperature
are presented in Appendix A Dissol ved oxygen and pH val ues in
the reservoir were within the range considered optinum (I0-160
for trout growh (Piper et al. 1982).

Digitized contour maps of the reservoir at 3.1 m (10 ft.)
interval s down to 58 m (190 ft.) drawdown have been created using
the computer program Geoscan. \When proofed, these maps will
provide information on the areas and volumes of water at each
drawdown |evel and nore detailed information on the amount and
types of habitat lost as the reservoir is drafted.

Habitat Enhancement

Overal | survival of vegetation plantings in the littoral zone
was poor. WIlow, dogwood and sedge plantings did not survive in
the Tobacco Bay area to June 1985 (Table 4). Plantings in the
Bristow Bay area were somewhat nore successful; one of four green
willow plots had 33% survival by June 1985 and two of eight sed?e
sod plots had 66% or greater survival. None of the other 13 plots
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Table 4. Survival of planted willow, sedge, and red ozier dogwood
from planting in May, 1984 to June, 1985 prior to
inundation by Libby Reservoir.

Number (%) Number (%)

of of
Area - ________ Date _______ Number gurvivors Suryivors
Species Plotd “Planted Inventoried Planted  6/14/84 6/14/85
Bristow Bay
Red Willow 5 04/06/84  06/14/84 24 11 (46) 0 (0)
10 " " 24 15 (62) 0 (0
15 " . 24 17 (71) 0 (0)
20 - " 24 19 (79) 0 (0)
Green Willow 5 - - 24 23 (96) 8 (33)
10 - - 24 22 (92) 0 (0)
15 - - 24 23 (96) 0 (0)
20 - - 24 23 (96) 0 (0)
Sedge 5A  05/02/84  06/16/84 3 3 (100) 2 (66)
5B " " 3 (100 0 (0)
10 A - - 3 3 (100) 0 (®
10 B " " 3 3 (100) 0 (0
15 A " - 3 3 (100) 0 (O
15 B - - 3 3 (100) 0 (O
20 A . - 3 3 (100) 0 (0)
20 B - - 3 3 (100) 3 (100)
Tobacco_Bay 6/20/85
Red Willow 5A  04/05/84  06/23/84 24 16 (67) 0 (@
58 " " 24 7 (29 0 (0)
10 A - . 24 8 (33 0 (0
10 B " " 24 9 (37) 0 (0)
15 A - . 24 10 (42) 0 (O
15 8 . - 24 7 (29 0 (0)
20 A - - 24 8 (33) 0 (0)
20 B . - 24 13 (54) 0 (0)
Dogwood 5A - - 24 18 (75) o (0)
58 - - 24 8 (33) 0 (0)
10 A - - 24 12 (50) 0 (0)
10 B " - 24 2 (8) 0 (0)
15 A - - 24 11 (46) 0 (0
15 8 " - 24 5 (21) 0 (0
20 A " " 24 8 (33) 0 (0)
20 B - " 24 4 7 0 (0
Sedge SA  05/02/84 - 3 3 (100) 0 (0)
5B - - 3 3 (1000 0 (0)
10 A - " 3 3 (100) 0 (0)
10 B . . 3 3 (100) 0 (0)
15 A . “ 3 3 (1000 0 (0)
15 B . . 3 3 (100) 0 (@
20 A . . 3 3 (100) 0 (0
20 B - " 3 3 (100) 0 (0

@/ Number indicates approximate depth at full pool (ft.) and letter
indicates replicate,
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survived to June 1985. Extrene water |evel fluctuation is thought
to be the major cause of the plantings' poor survival.

FISH ABUNDANCE, GROWTH AND DISTRIBUTION
Near shore Zone

Rel ative abundances of fish captured by floating and sinking
horizontal gill nets varied seasonally wthin and between the
three areas (Figures 10 & 11). Floating gill net catch rates in
the three areas (no fish/net) were highest in spring for trout,
char, and |argescale suckers (Appendix B). H ghest catch rates of
kokanee occurredduringthe fall sanmpling period. Northern squaw
fish and redside shiners were nore frequently captured during the
summer nonths in the Tennmile area. The relative abundance of
Sal mo spp., kokanee, and other ganefish (mountain whitefish and
bull trout) in the catch increased during the fall. Peanouth were
the nost frequently caught species in the gill nets which probably
reflects their numerical predomnance in the reservoir. The ex-
ception in Novenber 1984, when nore Salno spp. and kokanee were
caught in the Rexford and Canada areas coul d be a consequence of
nmovement towards deeper water as suggested by Shepard (1985), or a
change in behavior (i.e. reduced novement) induced by |ower water
tenperatures resulting in a | owered susceptability to capture
(Hubert 1983). Seasonal peamouth catches were |ower during fall
sanp[|n? inall areas for all study years and no increase in fal
vertical gillnet catches of peamouth has been noted (Appendix B)

Sinking gillnet catches consisted of higher nunbers of bul
trout, mountain whitefish, and |argescal e suckers (Figure 11
Appendi x B). G eatest nunbers of Salno spp, mountain whitefish,
and bull trout were caught in the Rexford area during spring
sanpling and in the Canada area during the fall. An increase in
Salmo spp. sinking gill net catches in the Tenmle area during
summer 1985 could reflect an active migration by these species
towards steeper sloped shorelines associated with deeper, cooler
wat er .

Annual floating gill net sanpling from 1975 through 1985
iIlustrates a continued increase in kokanee abundance and a
dramati c decline in redside shiner numbers (Figure 12, Table 5).
In 1985, average length of kokanee captured was 351 mm down from
the 440 mm average length reported for the 1982 catch, when fish
were less numerous. This could indicate the existence of a den-
sity dependent growth relationship as reported by Coodl ad et al
(1974), Rogers (1973), and others. Salnmp P abundance continues
to be lower than in 1980 and preceding years. Northern Squawfish
nunbers appear to be steadily declining. However, direct conpari-
son of 1985 data with antecedent years may be tenuous; sanpling in
rel atively cooler water may have increased or decreased the
efficiency of the shoreline gill net sets, depending on an indivi-
dual goeaesthermal preferences and associ ated behavi or
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Figure 1O Rel ative abundance of various fish species
captured in floating gill nets in the three
areas of Libby Resérvoir from August 1984
through August 1985.

26



TENMILE AREA

SINKING GiLL NET CATCH
%174, ﬂ KOKANEE

[ w0 50

PEAMOUTH

§\‘
\ o o s

. OTHER MONGAME SPECIES

]

_
7

NT OF CATC—
g

Z/

FEs
3

AUG B4 MOV 84  MAT BS  AUG 85

REXFORD AREA

SINKING GiLL NET CATCH

100 b \v\§ ;T;Z:EE
. w" § § \ § PEAMOU?:"
@\\N§\mmﬁ

7]

AUG B¢ NOV B4 APRBS JUN 85 AUG BS

CANADA AREA
SINKING GILL NET CATCH
D KOKANEE

] saimo spp.

@ PLAMOUIN

@3 OTHER CAME SPECKS

[l o1mer norcaut seeoes

PRCENT OF CATCH

AUG B4 MOV 84 AJG 8BS

Figure 11. Relative abundance of various species captured
in sinking gill nets in the three areas of Libby

Reservoir fromAugust 1984 through August 1985.
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Table 5. Average catch per net night in floating gill nets set during
the fall inthe Tenm|e and Rexford areas of Libby Reservoir
in 197 5/, 1976, 1978, 1979, 1980, 1982, 1983, 1984, and

1985. &
Year
Par anet er 1975 1976 1978 1979 1980 1982 1983 1984 1985
Surface
tenperature(°C) 16.1 17.2 15.6 16.7 15.6 16.7 16.3 15.6 11.4
Nurmber of nets 129 91 78 73 79 70 24 28 40
Aver age catch of : b/
RB 2.8 3.6 6.3 49 48 24 1.9 1.5 2.5
WCT 2.0 25 20 1.4 1.2 1.2 0.7 0.7 1.4
RB x wers/ 00 00 0.1 <0.1 <0.1 <0.1 1.6 0.4 1.0
Total Sal no 48 6.1 84 6.3 6.0 3.6 4.2 2.6 4.9
MNF 20 23 12 1.4 06 1.0 0.4 0.8 0.2
CRC 40 4.2 3.0 6.5 8.8 15.1 12.6 11.0 5.5
NSQ 4.2 4.7 4.2 2.1 1.9 3.5 1.9 1.3 0.5
RSS 3.3 7.9 7.3 2.0 0.5 0.2 0.7 0.2 0.1
DV <0.1 <0.1 <0.1 01 0.2 <0.1 0.0 01 0.2
CSuU 1.9 24 09 11 12 1.2 0.4 0.2 0.1
KOK 0.0 0.0 00 02 00 7.1 0.3 6.5 8.1
Tot al 20.2 27.6 25.0 19.7 19.2 31.7 20.5 22.7 19.6

a/l Catches prior to 1983 reported by Huston et al. (1984)
b/ Abbreviations explained in "Mthods" section under "Fi sh Abundance..."

¢/ Prior to 1983 very few hybrids were identified as such, although they
vere probably present in the sanples.
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Spring sanmpling through the same years with sinking gill nets
I ndi cat est hat bul | trout and burbot abundance has remained fairly
constant (Figure 12, Table 6). Muntain whitefish and finescale
sucker nunbers appear to be declining and there has been an in-
crease in yellow perch caught, However, 1985 sanpling tenperature
may be too disparate from previous years and confounded inter-
pretation of catch rates over time (Table 6).

As in 1984, nighttine shoreline electrofishing of areas con-
taining various habitat types revealed no distinct trends in
habi tat preference by Salno spp. (Appendi x C).H ghest catch
rates of peanouth were along shorelines with [ow gradient slopes
in both areas sanpled. These data support the general observation
of Scott and Crossnman (1973) that the peanouth "is a fish of the
weedy shallows of |akes and rivers...". Lack of consistent
habi tat associations by other fish species suggests that the
habi tat variables we neasured were not inportant factors deter-
mning fish distribution or that the sanpling nethods used con-
f ounded exi sting habi t at associ ati ons

Limnetic Zone

Kokanee dom nated the vertical gill net catch during al
nmonths sanpled in the lower two areas of the reservoir (Figure 13
Appendix D), a reflection of the pelagic nature of the species.
Vertical gill nets in the Canada area caught mainly peanmouth and
coarsescal e sucker, except during Cctober 1985, when the 1983 year
class of kokanee returned to Canada to spawn

~ Purse seine catch was also dom nated by kokanee (Table 7).
H ghest average catch of kokanee occurred during spring in both
the Tenmle (63.5 fish/haul) and Rexford (57.7 fish/haul') areas.
The high standard deviations associated with these catch rates
reflect the schooling and therefore patchy distribution of this
species. Fall sanpling yielded the highest catch rates of Sal
spp. and mountai n whitefish while nost peanouth were captured
during spring purse seine sanpling

Conparative Depth D stributions

Conparison of depth distributions of plankton and kokanee with
tenperature profiles fromJuly 1984 through July 1985 reveal ed the
seasonal 'y changing inportance of tenperature as a factor regu-
| ati ng kokanee distribution (Appendix E). During the sunmer
nonths (late June through Septenber), kokanee were faud al nmost
exclusively at those depth strata with optimumtenperatures 110-
|5°C, Piper et al. 1982). Wen water tenperatures were bel ow
10°C, kokanee depth distribution aﬁpeared to be nore strongly
i nfl uenced by Daphni a abundances. This interpretation applied to
all three areas. Cenerally, the greatest percentage of plankton
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Table 6. Average catch per net night in sinking gill nets set
during the spring in the Rexford area of Libby
Reservoir in 19/5, 1976, 1978, 1980, 1982, 1984,

and 1985. &/
Year
Par anet er 1975 1976 1978 1980 1982 1984 1985
Sur face tenperature ((C) 12.8 12.2 11.1 11.1 11.7 12.7 15.0
Nunber of nets 111 41 41 38 36 20 23
Aver age catch d: b/
RB 0.8 03 1.4 07 14 2.5 0.3
WCT 0.2 0.04 0.4 0.2 04 <0.1 0.1
RB x WCT ¢/ 0.0 0.0 0.0 00 <0:1 0.6 0.1
MAF 6.6 6.4 7.2 10 21 2.9 0.8
CRC 0.3 1.0 07 7.2 243 59.2 79.7
NSQ 2.3 1.2 58 28 4.3 8.0 8.9
RSS a 1.4 28 07 1.9 2.5 1.4
oV 1.4 1.9 22 08 15 1.8 1.3
LING <0.1 0.2 0.3 0.6 0.5 0.4 0.6
Csu 37.3 26.1 23.5 36.3 18.6 63.2 21.3
FSU 7.9 11.1 9.1 58 10.9 5.6 4.3
YP 0.0 0.0 0.0 0.0 0.2 0.8 1.0
Tot al 56.8 50.0 53.4 56.1 66.0 147.5 119.8

al Catches prior to 1984 reported by Huston et al. (1984)
b/ Abbreviations explained in "Methods" .

¢/ Prior to 1984 very few hybrids were identified as such,
al though they were probably present in the sanples

d/ Nunbers of redside shiners were not recorded i n 1975,
al though several hundred were caught
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captured in vertical gill nets in the three

Figure 13. Relative abundance of various fish species



1 X3

Table 7.

Area

TENMILE

REXFORD

CANADA

Mean catch (standard error) of fish by area in purse seine hauls
conducted in Libby Reservoir during 1984 and 1985.

_____ Mean Catch  (SE)

Season n?  Rral WCT HB  SALMO KOK MWF Csu CRC
Spring ‘84 4.0 0.5 0.5 5.0 331.5 1.0 0.5 —
o 2 (2.0) (0.5) (0.5) (3.0) (14.5) (--) (0.5) --)
Summer '84¢ 1.0 0.6 0.4 2.0 35.0 0.4 0.2 4.2
5 (06) (©.4) (0.4) (0.7) (33.5) (0.4 (0.2 (1.2)
Fall ‘84 0.1 0.1 - - 0.2 24.7 - T
) 19 (01) (03) (- ©2 (60 (9 (GO
Spring ‘85 0.6 0.3 — 0.9 54.8 0.1 0.1 - -
14 (1.16) (0.83) - - (1.88) (63.92) (0.27) (0.36)
Spring ‘84 3.0 1.7 1.3 6.0 120.3 3.0 9.4 1.6
37 (0.6) (0.4) (0.3) (.00 (55.3) (0.6) (3.6) (1.3)
Summer '84¢ 0.5 0.7 — 1.2 7.8 0.2 0.2 2.8
6 (0.3) (0.3) (--) (0.6) (5.00 (0.2) (0.2 (2.2)
Fall ‘84 0.2 0.04 0.1 0.4 20.6 0.1 - T
) 27 (0.2) (0.04) (0.1) (0.1) 2.7y (0.1 (--) (--)
Spring ‘85 0.3 0.2 0.2 0.6 54.2 0.1 1.9 13.6
12 (0.45) (0.39) (0.39) (1.00) (58.17) (0.29) (2.27) (10.60)
Fall ‘85 1.2 0.3 0.2 1.7 2.3 1.0 - T

23 (150) (0.71) (0.52) (1.86) (2.34) (1.31) -- -

Fall ‘84 11 03 04 19 77 - - -
22 (0.3) (02 (02) (0.4) (1.9) (-) (3.8) (-)

& n = number of hauls

b Abbreviations were described in the “Methods” section.

< Summer sampling was done during the evening and night all other sampling
Ms done during the day.



were found at or bel ow the euphotic zone depth, especially during
the sunmer.

Hydr oacoustic Estinate of Kokanee

Estimated densities of kokanee in the reservoir during August
1985 differed by area (Table 8). Sonar transect vol unes and
| engths sanpled are presented in Appendix F. Peck Qulch and
Rexford areas had the highest estinated densities (128/ acre and
109/ acre, respectively) and the nunber present differed statisti-
cally fromthe Tenm e and Canada areas. The Canada area had the
| owest density of kokanee (5/acre) and this also differed sta-
tistically fromthe other areas. These densities varied from
those reported in 1984 for the same areas (Shepard 1985), but
given the pelagic habit of kokanee this is not unexpected. The
expanded total popul ation estimte of 2,385, 742 kokanee (Tabl e 9)
suggests a decline in kokanee nunbers from 1984 (2,574,333), prior
to fall spawning |osses. However, taking into account natural and
fishing nortality over the year and a weaker year-class recruit-
ment, the estimate seems fully plausible. The 1986 sonar kokanee
estimate should be much reduced fromthis number, follow ng the
spawning |l oss of a very strong 1983 year class

Preliminary Creel Survey Results

A summary of creel interview data is presented only; analysis
of car counter data and other information needed to calculate
fishing pressure was not conpleted. A future report will detai
total harvest, fishing pressure, average |l ength creel ed, econonic
val ues and other infornmation not presented here

A total of 2,347 anglers were interviewed during the reservoir
creel survey. Mst anglers contacted were fishing for kokanee.
The mean catch rate for this species during the interview period
was 0.84 fish per hour (Table 10). Catch rates ranged froma high
of 2.15 fish per hour from 27 My through 9 June 1985 and a |ow of
0.30 fish per hour in late Septenber, just prior to the spawning

eriod. The catch rate for kokanee was 1.2 fish/hour in the

xford area of the reservoir, conpared with 0.95 fish/hour in the
Tenmle area and 0.55 fish per hour in the Canada area. The
overal | average catch rate (0.84 fish/hour) during the creel
interview period was significantl hiEher than that in 1981 (0.04
fish/hour, Huston et al. 1984), when kokanee first appeared in the
catch. The nost successful kokanee anglers came fromthe Eureka-
Rexford area, |daho, Washington, and Fl athead County, Montana,
indicating the regional inportance of the reservoir fishery

(Table 11).
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Table 8. Kokanee density estimates in four areas of Libby
Reservoir, August 1985, as determ ned by hydroacoustic

sanpl i ng.
Estimated Density
Newnan- Keul s*
Area Nunber/acre Nunber / ha Mil tiple Conparison
Tenmle 46.5 114.9 A
Peck Gul ch 128.0 316. 2 B
Rexford 109.5 270.5 B
Canada 5.1 12.6 C

" Anova test indicated significant difference anong areas

** Number/area val ues that are significantly different are
indicated by different capital letters.
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Tabl e 9.

Expanded estimates of kokanee numbers in Libby Reservoir

determ ned by hydroacoustic sanpling during August,

1985.

Surface 95%
Geographi c Total area Aea Sampled Estinated Confi dence
rea ha acres acres Number | nterval
Tenm | e 4,680.1 11,564 | 8.5 20.9 537,731  + 28,425.5
Peck Gulch 1,912.1 4,724.7 5.7 14.2 604,762 + 23,883.3
Rexf or d 4,379.3 10,820.7 9.7 24.1 1,184,867 + 66,680.3
Canada 4,632.9 11,447.5 7.7 19.1 58,382 + 10,031.0
Tot al 15, 604. 4 38, 557 31.7 78.3 2,385,742  +129,020.1
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Table 10. Summary of conpleted trip creel interviews by two week tinme
bl ocks conduct edon Li bby Reservoir from 27May t hrough
13 Cct ober 1985.
Nunber Creel ed
1985 Nunber Angling (Fish kept per Hour)
Period anglers  hours  Sal nposp. KOK w
Nay 27 - June 9 12 60 10(0. 17 129(2.15)  1(0.02)
June 10 -June 23 113 665 7(0.01 705é1.06} 0(--)
June 24 - July 7 952 4,659 61(0.01) 4,341(0.93) 1(<.01)
July 8 - July 21 31 167 1 (0.01 132(0.79 %
July 22 -Aug. 4 84 449 8(0.02 526(1.17)  0(-
Aug. 5 - Aug. 18 323 1,550 40(0.03)  1,501(0.97) 2(<.01)
Aug. 19 - Sept. 1 281 1,253 59( 0. 05) 876(0.70)  0(-)
Sept. 2- Sept. 15 335 1,473 66é0.04; 917é0 62g OEg
Sept. 16 - Sept. 29 214 824  I11(0.13 250(0.30) O(-
Sept. 30 - Cct. 13 2 1 0(-) 0(-) 0(-)
Tot al 2, 347 11,101  363(0.03) 9,377(0.84)  4(<.01)
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Table 11. Resi denc% and fishing success of anglers contacted
during the creel survey conducted on Libby Reservoir,
27 May through 13 Cctober, 1985.

~ Nunber Sal mo
Angler Origin Aglers (% Hours sp. KOXK  DW

Li bb{ 348 514. 9) 1,495 47 949 1
Eur eka- Rexford 174 (33.2) 3,297 197 2,037 2
Li ncol n Co. -

ot her 73 53. 1{ 268 17 137 0
Fl at head Co. 275 (11.8 1,351 19 1,386 1
Sanders Co. 33 (L4 259 2 148 0
Q her -

Véstern M 79 53. 4% 256 1 386 o
Eastern M 143 6. 1) 601 22 359 0
| daho 290 212. 4 1,687 33 1,932 0
Washi ngt on 253  (10.8 1,512 25 1,720 0
Qther States 28 (1.2) 135 0 145 0
Canada 14 (0.6) 94 0 42 0
Forei gn 23 (1.0) 109 0 75 0
Tot al 2,333 99.9 11,064 363 9,316 4
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Sal no spp. catch rates declined considerably fromthe 0.26
fish/hour rate reported in 1981 (Huston et al. 1984). Wether the
decline in catch rates is wholly due to a decreased abundance of
trout in the reservoir or a function of decreased angler interest
has not yet been examned. Mean catch rates for westslope cut-
throat, rainbow, and hybrid trout was <.01, .02, and <.d (fish
kept per hour), respectively. Seventy percent of the Salmo spp.
creeled were identified as rainbowtrout. Mst cutthroat and
rai nbow were caught in the Canada area of the reservoir after
19 August. Hybrid trout were nmost often creeled in the spring, in
the Tenm | e area.

GROWTH

Exam nation of empirical growth curves for the 1983 and 1984
year classes of kokanee show that growth was strong for both year
cl asses durin? 1985 (Figure 14). Kokanee in the 1984 year class
appear to be [arger during July of their second grow ng season;
averaging 250 nm | ong coq&gred to 239 nmfor the 1983 year-class
at the sane life stage. expl ained in the Hydroacoustic Esti-
mates section, there were markedly nore kokanee in the 1983 year
class, a consequence of relatively higher nunbers of spawners
(1980 year class) and recruitment rates. Correspondi ng wei ghts
for the 1983 and 1984 year classes during July of therr second
8romﬁng season of 136 g and 139 g hel p substantiate a density

ependent_?romﬁh rel ationship for kokanee in the reservoir.
However, if Johnson's (1965) contention that sockeye schools are
conposed of m xed age classes applies to kokanee, density
dependent %romxh in Libby Reservoir would probably be the result
of an age-based size selectivity for plankton Variation in prey
sel ection among different age classes of kokanee and even within
the same age group was noted by Leathe and Graham (1982). Mbre
sensitive size increments in food habits analysis woul d address
this question.

Seasonal growth of two mgration classes of rainbow trout in
the reservoir was evaluated by Dr. Edward Brothers using otoliths
and illustrates some of the difficulties of assigning ages to
reservoir fish. Depending on mgration class, trout may have
mar kedly different sizes at the sane age (Figure 15). However,
both mgration classes show simlar growh patterns: strong, al-
nost uninterrupted growth through the first year after reservoir
entry. After two years in the reservoir, there appears to be
retardation of growth and age is extrenely difficult to decipher.
Fish emgrating to the reservoir after one growing season in the
natal stream seenmed predestined to do so because of a |arger
initial size. Regardless of ni?ration class, most trout analyzed
entered the reservoir in the last week of May to the first two
weeks in June.
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Figure 14. Enpirical growh curves of the 1983 and 1984
year classes of kokanee sal mon captured by verti cal
gill nets in Libby Reservoir.
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Tributary Spawning Runs
Young Creek

The 1985 Young Creek spawning run was estinmated at 71 adul t
westslope cutthroat trout, approxinmately 20% of the previous years
run (354 fish). I ncreased fishi ng pressure is believed to be the
maj or cause for this dramatic decline. The sex ratio of adult
trout in the spawning run was 1:2.3 (&:9. Ei ghteen rai nbow trout
and hybrids were also captured in the trap and rel eased down-
stream The spawning run lasted from 11 My through 6 July, and
peak nunbers were recorded on 15 May (Appendix Q. Subsequent
Jadult emgration to the reservoir occurred fromlate My through
une.

An estimated 1,280 juvenile westslope cutthroat trout em -
grated downstream in Young Creek. Downstream migration peaked on
22 June, with the majority emgrating between md-My and early
July (Appendix G. Fifty-five percent of these juvenile trout
were dangl er-tagged.

Big Creek

The downstreampost-spawning runin Big Creek was estimated at
73 trout. Beak numbers of westslope cutthroat trout emgrated on
25 June (Appendix F). The sex ratio of these fish was 1:1.9
(9. W tagged all but two of these fish

An estimated 1,060 juvenile trout emgrated downstreamin Big
Creek between 22 June and 15 July (Appendix G. Beak downstream
nmovenent occurred between 25 June and 27 June.

Bristow Creek

Atotalof 50 adult trout were captured in the Bristow Creek
downstreamtrap after spawning. Sex ratios were 1:3.5 (d%®) for
al | Sal mo sp[.r). combined. Alnost all adults em grated downstream
by the end of June and westslope cutthroat trout” movement peaked
on 14 June (Appendix G.

Four hundred and thirty-one juveniles were trapped emgrating
fromBristow Creek from6 June through 3 July. A mgjority of
these were identified as westslope cutthroat trout and all but
five fish were tagged.

Fivemle Oeek
Rai nbow trout dom nated the downstream catch of adult trout in

Fivem | eCreek. The estinated total spawning run was 63 fish, of
which 48% were rainbow, 27% were westslope cutthroat, and 25% were
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hybrid (RBT x WCT) trout. Downstream novenent occurred between
11 June and 15 July, wth the catch peaking on 20 June
(Appendix §. Sex ratios were 1:2.1 for all Sal mo spp. conbi ned.

An estimated 43 juvenile trout mgrated downstreamin Fivenmle
Creek from 12 June to 16 July. This nunber represented 16% of the
emgrating juvenile trout in 1984. Peak downstream nmovenent
occurred on 29 June.

A nkham Q eek

The trap location was changed to prevent problenms with |ow
stream discharge caused by subsurface flow occurring in 1984
Again, low streanf|ows prevented Proper trap operation and catches
don't accurately show timng of post spawning nmovenents. The
adul't catch consisted of 9 cutthroat, 8 hybrids, and one rainbow
trout. The juvenile catch, which £assed through the trap during
the last two weeks of June, (Appendix G. Al eighteen adults and
23 of the 34 juveniles were tagged.

Sinclair Creek

Only four adults and 78 juveniles Sal mo spp. were captured in
this tributary to the Tobacco River: The majority of the
juveniles captured were cutthroat trout (78% which emgrated
during the |ast two weeks of June (Appendix G. A total of four
adults and 65 juveniles were tagged.

Tag Returns

Since 1983, 1,903 adult fish and 7,698 juvenile trout have
been tagged (Table 12). Approximately 11% of the adult and 0.7%
of the juvenile trout have been recaptured. The juvenile return
rate has increased from 1984 (0.3%; this could reflect an in-
frease in juvenile nunbers being captured or a decrease in tag

0SS.

Adult and juvenile trout tagged and recaptured between 1983
and 1985 noved throughout the reservoir, generally in the down-
streamdirection (Table 13). Mst floy ta??ed adul ts were re-
turned by anglers but the purse seine also effectively recaptured
tagFed fish (Appendix H. Tag return information provided by
anglers was occasionally unreliable; fish reportedly shrunk of
doubl ed their weight within two weeks of their rel ease. Kokanee
tagged in purse seine hauls exhibited no distinct directiona
novenent trends (Table 14). A total of four percent of the fish
tagged were recaptured, one of these below the dam No fish were
returned from the Canada area of the reservoir, although this
Cﬁuld reflect the relatively infrequent use of the purse seine
t here.
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Tabl e 12. Summary of tagging information (by species) for adult
and juvenile fish tagged in Libby Reservoir and its
tributaries from 1983 through 1985.

Nuniber Nunter Per cent
Tagged Ret ur ned Ret ur ned
ADULT:
Sal mo spp. 1,657 175 10.6
Muntain Witefish 138 2 1.5
Bul | Trout 80 4 5.0
Eastern Brook Trout 2 - - 0.0
Kokanee Sal non 5 0.0
Bur bot 21 1 4.8
8=1, 903 8=182 9.6
JWEN LE
Sal no spp. 7,685 51 0.7
Muntain Witefish -- 0.0
Bul I Trout 4 0.0
Eastern Brook Trout 9 0.0
Kokanee Sal mon - - 0.0
Bur bot 0.0
8=7, 698 8=51 0.7
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Table 13. Summary of tagging information (by location) for adult and juvenile fish tagged in

Libby reservoir and its tributaries from 1983 through 1985.

Tagging

ADULT:

LIBBY RESERVOIR
Tenmile area
Rexford area
Canada area

TENMILE AREA TRIBUTARIES
Big Creek
Bristow Creek
Fivemile Creek

REXFORD ARFA TRIBUTARIES
Pinkham Creek
Sinclair Creek
Young Creek

TOTAL ADULTS
(182 total returns)

JUVENILE:

TENMILE TRIBUTARIES
Big Creek
Bristow Creek

REXFORD
Fortine Creek
Young Creek

TOTAL JUVENILES
(50 total returns)

Return Location

—Reservojr (3rea)
Rexford Canada

22
72

-

@

17

16
36

13

22

Tributary (to aroa)

Teomile

Rexford

Canada

19

Kootenai

Rive

Unknown

N U=

- -

18

~ Tt
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Table 14. Tag return data for kokanee salmon tagged while purse seining in the
three areas of Libby Reservoir during Fall 1984 and Spring 1985.
Numbers and percent return () are current through October 1985.
Nurmber Below
Area Tagging Date Tagged Tenmile Rexford Canada Dam No Info. Total($)
Tenmile 10/29-11/12/84 468 5(1.1) 4(0.9) 0(0.0) 1(0.2) 1(0.2) 11(2.4)
Rexford 10/23-10/26/84 530 9(1.7  8(1.,5) 0(0.0) 0(0.0) 0(0.0) 17(3.2)
Canada 10/16-10/19/84 160 0(0.0) 0(0.00) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Tenmile 4/29-5/1/85 1,978 58(2.9) 29(1.5) 0(0.0) 0(0.0) 6(0.3) 93(4.7)
5/28-5/31/85

Rex ford 4/22-4/25/85 647 18(2.8) 13(2.,0) 0(0.0) 0¢(0.0) 1(0.1) 32(4.9)
Total 3,778 90(2.4) 54(1.4) 0(0.0) 1(<.1) 8(0.2) 153(4.0)




RESERVOIR FOOD HABITS

Food habits data have been summarized for fish collected
during fall 1983 (Appendix I). Plots of IR values indicated that
Daphnia was the single nost inportant food item followed by
terrestrial insects and insect parts, for all sizes and trout
speci es examned (Figure 16). Relatively high amounts of debris
and algae in rainbow trout greater than 330 mm long probably was
incident to bottom or shoreline foraging.

Conparison of mean avail abl e zoopl ankton size with that in-
gested by major fish species in the reservoir during fall1983
Indicated that trout selected |arger Daphnia than kokanee and
mountain whitefish (Table 15). If this trend continues, kokanee
and whitefish could have a conpetitive advantage over Sal mo spp
for a major food resource. Al fish species consuned plankton
larger than the nean available size in the water colum indicating
that selectivity was occurring

FISH FOOD AVAILABILITY
Zooplankton
Standing Crop

Zoopl ankt on densities peaked in June in the Tenm|e and
Rexford areas (4.59/1 and 5.17/1, respectively) and in Qctober in
t he Canada area 56. 71/1) (Figure 17, Appendix J). Arealdensity
differences seened to exist throughout the year, with the Canada
area having consi stently higher nunbers of Daphnia spp. Monthly
plots of species conposition by area showed that Cyclops generally
made up the |argest percentage of the sanples ?41-70%
(Figure 18). The binmodal increases in O adocera(Bosnna spp. and
Daphni a spp.) during late spring and again in early fall 1s not
unusual popul ation dynam cs for these zoopl ankton and has been
reported by Wetzel (1975).

Length distributions of Daphnia spp. indicated that the
greatest percentage of Daphnia were between 0.5 and 1.5 mm
(Figure 19). During most nonths, less than 10% of the sanpled
Daphnia spp. were greater than L5nmin the Tenmle and Rexford
areas, and all sanples contained |ess than 20% of this size class
Daphnia. Cearly, fish species in the reservoir that select
Da[ghnia Spp. greater than L5 nmare at a conpetitive disadvantage
W ose that crop smaller zooplankton, and anything that
affects the larger, less nunerous size classes of zooplankton may
have serious inpacts on the fishery.

A conparison of the efficiency of a Wsconsin net and

Schindl er plankton trap indicated that 60% of the tine the
Schindler trap was nore efficient (Appendix K). |ncreased
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Table 15.  Size conposition(%, mean lengths, and nean estimated weights
of Daphni a spp, ingest d by gamefish and available in the
zoopl ankton popul ation & in Libby Reservoir during Cctober 1983

Size Class (m) €336 75330 7 €33 i S0 77 LIS 25 AT 731 265 ALT 31 263 Zoopi ankt on
0.5 to 0.99 e e " e - 2 29 64
1.0to 1.49 a 8 ) 2 16 68 29 36
1.5 to 1.99 --- 54 60 50 57 30 29
>2.0 - - 38 34 48 27 14
Mean | ength(m -- 1. 86 1.87  1.97 1.77 1.35 1. 40 0. 92
Mean weight (m) ---  261.23  267.37 309.81 226.30  100.60  115.34 34. 32

al available zooplankton as sanpled by Wsconsin tows during Cctober.



BAMGnA Sep BENGITY

FLID)

Temmag AREA

alslolaulel,

0

ALY ude WIERW

A=

4

sl Tl eTulale
anta

[ TR0 L]

Figure 17. Densities (number per liter) of Daphnia Spp.

in the three areas of Libby Reservoir from

August 1984 through July 1985.
>0



E TENMILE AREA

— RO —

PLACENT COMPOSITION
g 3 ¥ 8 5 B

alsTolwTol s TrTul alul ] sl

1584 1983

REXFORD AREA

PINCENT COMPORITION

CANADA AREA

WCE COVIN. DEWATE LD

PLACENT COMPORITION
¢

AlS$S ©O +« 01 Fl ol alwyi 31
1984 "es

Figure 18 Densities (Relative Abundance) of the four most
abundant general of zooplankton in the three areas
of Libby Reservoir from August 1984 through July 1985
based on 30 mvertical tow sanples.

51



TENMILE AREA

ANANNANANRNTA a ﬂa ®

ICE COVER ———
T E'-L-
ICE COVER/ DEWRI ERED
¥

g~
$410ums
D 108 LS
D 1 Smm

|

[
wee
REXFORD AREA

.%

wee
CANADA AREA

[

wes

BSOS

-

t ¢ 8 % ¢ R R +* $ ¢ o ....s..» LI § 2 8 ® 3 % ¢ R R ¢
NOILISONNOD ANBIWIY 4 4 NOWLISOUMOD INDIVRY

-

52

tows in the three areas of Libby Reservoir fram

August 1984 through July 1985.

Length frequency distributions (by 0.5 rm length
classes) of Daphnia Spp. captured in 30 m vertical

Figure 19.



efficiency of the Schindler trap over last year could be a result
of acquiring a new trap and famliarization of personnel with its
operation

Benthos

Densities and bi omass of Diptera larvae and oligochaetes in
the Tenm | e and Rexford areas were | owest in the frequently de-
wat ered zone of the reservoir (Figures 20, 21). Statistica
anal ysis of the mean density in each zone revealed that there was
a significant difference (p<.05) between Diptera abundances in the
frequently dewatered zone and the occasionally dewatered and
permanent|y wetted zones, but not between the latter two. Diptera
densities did not differ statistically between the Tenm|e and
Rexfordareas. Average densities of Qigochaeta were also |owest
in the frequently dewatered zone. Peak density of Diptera |arvae
occurred during spring or fall, while Oigochaeta densities peaked
during sunmer (Appendix L).

Surface Macroi nvert ebrat es

Seasonal densities of terrestrial and aquatic surface insects
were generally greater in the near shore zones of all three areas
of the reservoir (Figures 22,231. H ghest average densities of
aquatic surface insects occurred during the spring, corresponding
to peak emergence tinmes, and highest densities of terrestrial
surtace insects occurred during sumer and fall (Appendix M.
Statistical conparison of nean densities in near shore |imetic
zones indicated there was no significant difference between the
two in any area of the reservoir. Conposition of the surface tow
bK order varied seasonally, but was generally consistent across
the three ?eographic reservoir areas (Appendix N). Terrestrial
i nsects belongingtothe Orders Homoptera and Hynenoptera were
general [y most numerous in the fall: during spring Col eoptera
nunbers were high, and during sunmer, Honoptera and Hynenoptera
were again the domnant orders numerically. D ptera conprised the
hi ghest nunbers of aquatic insects in the sanples.

RELATIONSHIPS BETWEEN RESERVOIR OPERATION AND RESERVOIR HABITAT

By June 1986 a conputer map data base will be proofed which
will allow estimation of amounts of habitat available for fish and
fish food organisms based on reservoir elevation. The conputer
program GEOSCAN wi | | quantify volumes of water by 3.1 m (10 ft.)
depth intervals and enable estimation of changes In habit used by
fish and fish food organisns.
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IMPACTS OF RESERVOIR OPERATION ON THE FISHERY
Model Development

A thorough theoretical and practical discussion of the effects
of reservoir operation on the conponents of the fishery was
presented by Shepard (1985) and will not be repeated here. The
goal of this study is to quantify inpacts of various reservoir
operational regimes on the reservoir fishery. W have contracted
wth the USGS and Dr. Daniel Goodman (Mntana State University,
Bozeman, Montana) to refine a thermal predictive nodel
(Adans 1974) and develop a trophic |evel conponents nodel, respec-
tively, to address this goal. The reliability of these nodels is
dependent on the accuracy of input data, subnodel integrity, and
the level of understanding interactions between conponents

As stated above, a thermal predictive nodel devel oped by Adans
(1974) will be used to predict the effects of reservoir operation
on thermal regimes in Libby and Hungry Horse Reservoirs. The
nodel will be nmodified for the Libby selective wthdrawal system
beginning in August, 1985. The final report is scheduled for
conpl etion on Septenmber 30, 1986 and will 1nclude a users nanua
for operation of the nodel, results of validation tests, and a
sunmary of the sinulation tests

To predict reservoir operation effects on fisheries, a com
ponent nodel w |l be devel oped This approach entails the use of
several conponent nodels corresponding specifically to the
hypot hesi zed mechani sms of the effects of dam operation upon the
reservoirs biota. The conponent models, by virtue of their sim
plicity are less likely to generate inappropriate predictions and
are nmore accessible to assessment of reliability, than are conplex
full systemmodels. The nodel will use particulate carbon to track
energy flow through the trophic levels, identify limting factors
and enable a sensitivity analysis. It wll indicate the
direction of change caused by reservoir operation in production of
organisms in the various trcphic |evels.

Physical Framework Model

Eval uati on of the consequences of the various reservoir
management options requires a conmon physical framework within
which the subnodels can operate. This framework must be a three-
di mensi onal representation of the reservoir basin, coupled to a
day-by-day representation of the inflow, turbidity, solar radia-
tion and air tenperature. The nmodel will have a provision for
sPecifying the annual schedule of water wthdrawals. The structure
of the nodel will allow for a day-by-day inventory of the amount
of reservoir area representing each depth of water colum wth a
tenperature profile for that water colum.
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The effect of reservoir operation on thermal reginmes within
the reservoir wll be evaluated using the predictive thermal
model . The nodel will enable us to hold environnental variables
(volume of inflow, tenperature of inflow, and solar radiation)
constant, while determning inpacts of operational variables
(discharge volume, depth of discharge and timng of discharge) on
the thermal regine in the reservoir. & can evaluate the effect
of these predicted thernmal regimes on primary productivity,
secondary productivity and fish growh by incorporating theminto
the physical framework nodel

Primary Production

The primary production submodel includes area, stratification
and washout effects. The area conponent predicts the annua
schedul e of primary productivity for the entire |ake by area. The
Input data includes |ocal primary production estimates by area,
season and depth of water colum. These data will be provided by
a primary productivity study conducted in 1986. A ?eneralized
seasonal fish growth nodel will be used to estimte fish growth
via a two-step average conversion efficiency fromprimry pro-
duction through secondary to tertiary production. Particulate
farbfn will be used to track energy flow through the trophic

evel s.

The stratification conponent uses a physical framework to
generate a description of profiles of tenperature and light with
passive distribution of nutrients.  Diatom bionass is assigned to
the mxed layer and primary production is calculated fromlight,
tenperature, and nutrients. The intermediate output is a schedule
of depth of light conpensation, and depth and tenperature of the
mxed layer. The final output is an annual schedule of primry
productivity.

The nodel wll conpute net biomass loss to washout and in-
corporates this loss in an annual primry production model. The
final output is a schedule of primary production as affected by
washout [o0ss. The nodel data-needs include: 1) phytopl ankton
bi omass concentrations throughout the reservoir and at ‘the inflows
and outflows, and 2) schedule of depths and vol unes of withdraval.

Secondary Production

~ The bent hos subnmodel uses a life history nodel for aquatic
Diptera to obtain the rate of production of emergers by date.
This rate is calibrated against the observed standing stock of
emergers. Data required for the model consists of local benthic

i nsect standing crop estimtesand | ocal insect pupae and energer
standing stock in water col um. The outPut will be a schedule of

incremental dipteran production for the entire |ake over the
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course of the year. If adequate sanplin? of the emerging forns is
achieved, the results should be reliable and readily interpreted

The generalized seasonal fish growth will be used to carry
through secondary production to tertiary production. The estimte
Is refined by aIIocatin? the increased production to particul ar
species on the basis of food habits data

The zoopl ankton subnodel for Libby Reservoir will include a
"washout effect” which may not be part of the HHR nmodel. The
zoopl ankton nodel will produce a schedul e of zooplankton pro-
duction by area and nonth as influenced by primry production,
living space, and tenperature. Data needed to run the nodel will
be bi-weekly zooplankton densities and biomass concentrations in
each area throughout the growi ng season. Production estimates
will be by genera except for Daphnia pulex. The generalized
seasonal fish growth nmodel will carry through zoopl ankton
production to fish growth.

Pish Commmity

The fish conponent nodel is conprised of four parts. A
recruitment subroutine will estimate the number of juvenile west-
sl ope cutthroat emgrating to the reservoir from selected
tributary streans. Data needs include nunber of spawners
ascending selected tributaries, fecundity of individual tish and
instream nortalities of juvenile cutthroat.

A growth nodel will predict a trajectory of differential
growth for the salnonid stocks in the reservoir. Fish stocks wll
be allowed to grow in response to food availability and to place
ﬁroport|onate demands on food resources as indicated by food

abits dat a. Treat|n? the conpetition between the sal monids as
resour ce-based scramble conpetition should |ead to reasonable
predictions with respect to growth for a period of one grow ng
season.

The effect of volume (living space) reductions on juvenile
trout predation will be estimated. The nodel will conpute con-
sunption rates on the basis of diet conposition and tenperature
corrected netabolic rates. The final output will be a loss rate
of young trout due to winter predation. A range of reservoir
drawdown levels will be needed to accurately attribute the preda-
tion | osses to damoperation

Vi are al so eval uating a popul ation sinmulation nodel devel oped
for adfluvial rainbow trout (Serchuk et al. 1980). This is an
age-structured simulation model of the growth and popul ation
dynamcs of a migratory rainbow trout population. It includes all
principal life-history intervals and incorporates food-density and
tenperature rel ationships of salnmonid qromﬁh efficiency. The core
of the simulation involves individual fish growth efficiency.
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Factors directly affecting the growth processes of trout such as
food availability, water tenperature, and intraspecific conpeti-
tion have been Incorporated. Population size, nmean weight and
bi omass are estimated nonthly in age, sex and |ocation categories.
A variety of environmental and biol ogical parameters are utilized
in the simulation which can be altered as a user option. The
crucial determnant of the utility of this model in our system
will be availability of data that allow us to tailor the
parameters to represent |ocal conditions.

61



RECOMMENDATIONS

1. Conduct creel survey to index the significant winter fishery
whi ch occurs during Decenber through March

2. Continue sanpling as nodified bel ow.

a.

g.

Sanpl e carbon through the zoopl anktontrophic level to
quantify assimlation efficiencies

Conduct insect emergence trapping on reservoir surface to
quantify differential rate of benthic insect energence
dependent on reservoir zone

Di scontinue food habits sanpling for trout; continue
sanpling for those fish whose food habits are not fully
quantified (burbot, peanouth, suckers).

Continue zoopl ankton sanpling, shifting enphasis of
anal ysis fromdensities to size and species conpositiona
changes.

Reconsider diurnal sanpling of both fish and fish food
organismdistribution in at |east one area of Libby
Reservoir.

Begin neasuring discharge while trapping spawners in
reservoir tributaries. Present correspondi ng water
tenperature data.

Refine data col lection to needs of trophic dynam c nodel .

3. Continue to develop strategies for eval uation/monitoring of
the fishery, and validation of quantitative model beyond March
1988.
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APPEND X A

Isopleths of water tenperature, conductivity,
di ssol ved oxygen, pH and incident |ight,
1984 through 1985
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Isopleths of water temperature measured in the Tenmile area of Libby
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Isopleths of dissolved oxygen measured in the Tenmile area of Libby
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APPENDI X B

Near-shore floating and sinking gill net catches
(nunber of fish per net night) by species in the
three areas of Libby Reservoir during 1983, 1984, and 1985.
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Floating gill net catches (# fish/net) in the Rexford area of Libby Reservoir by

date.
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Table B3. Floating gill net catches (# fish/net) in the Canada area of Li bby Reservoir by

dat e.
"""""""""""""""""""""""" Total
Sal mo

Dat e (n) RB WCT HB sp. KOK DV MAF CRC NSQ RSS CsU Fsu
July 28, 1983 (10) 1.4 0.6 --- 2.0 -- --- 324 4.8 7.3 -
Aug. 18,1983 4 0.4 -- --- 0.4 01 --- -- 17.1 10.6 0.9 4.4 - -
Sept . 22, 1983 14 1.6 0.6 0.3 2.5 0.2 --- 0.2 21.4 4.6 0.3 1.6 ---
Oct. 20,1983 14) 1.7 1.7 1.8 5.2 0.2 0.2 0.3 0.8 1.0 - - 2.0 - -
Nov. 16, 1983 (8 3.1 3.9 1.6 8.6 05 ——--0.6 0.6 0.6 3.5
Dec. 1983 FROZEN CR DEWATERED

THROUGH JUNE

Aug. 16, 1984 (28) 0.3 --- 0.1 0.4 0.1 30.4 82 0.5 2.2 <0.1
Sept. 22, 1984 (14) 2.0 1.5 1.8 5.3 19.3 0.2 0.3 18.6 2.6 0.3 0.4 -
Nov. 14,1984 20 2.1 21 1.3 55 56 0.2 0.3 1.4 0.4 3.3
Aug. 21, 1985 (22) 1.1 0.4 0.5 2.0 2.3 0.1 26.7 3.0 0.1 1.6
ct. 25,,1985 100 1.9 1.2 0.4 3.5 76.8 0.2 1.4 0.2 1.2



v-d

Table B4. Sinking gill net catches
date.
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Tabl e Sinking gill net catches (# fish/net) in the Rexford area of Libby Reservoir by

dat e.
o Ttead
Sal no

Dat e (n RB WT HB sp KOK DV Ling MF CRC NSQ RSS CSU FSU
July 26, 1983 (2) 2.0 -- 1.0 30  --- 1.0 0.5 1.0 265 45 --- 110 1.5
Aug. 16, 1983 (2% 3.0 -- 05 385 --- --- --- .. 24015 ---2550.5
Sept. 20, 1983 (2) --- --- 1.0 1.0 0.5 0.5 -- 3.557.59.0 1.0 24.5 1.5
Cct. 18, 1983 (2) 2.5 -- -- 2.5 ~--- 10 -- 6055585 ---13.0 0.5
Nov. 15, 1983 (2) 1.0 0.5 1.0 2.5 - 1.0 -- 0.5 50.0 14.0 - 6.5 0.5
Dec. | CE COVER
Feb. 2, 1983 (2) 30 1.0 1.5 55 -- 1.0 1.0 55 20 - 3.5 0.5
Feb. 23, 1983 (2) 40 ~-- 30 7.0 -- 25 05 90 65 05 -- 55 10
March 21, 1983 (2) 1.5 -- -- 15 -- 15 — 140 170 30 -- 115 1.0
April 24, 1984 (2) 1.5 0.5 -- 2.0 30 30 10 19.0 325 7.5 1.0 100 - -
May 23, 1984 2) 45 20 95 160 -- 25 15 50 200 20 05 6.0 0.5
June 12, 1984 (20) 2.5 0.1 0.6 32 -- 1.8 0.4 29 59.2 80 25 63.2 56
Aug. 14, 1984 (4 1.0 0.7 - 1.7 0.5 0.2 - 20327 6.2 0.2 5.6 1.2
Nov. 12, 1984 (4 1.7 -- 0.3 2.0 -- 1.7 -- 1.5 43.3 3.5 0.2 7.0 ---
April 8, 1985 (2) 25 -- 1.0 35 -- 30 - 160 180 80 -- 7.0 2.0
June 5, 1985 () 0.3 0.1 01 05 05 13 06 08 79.7 89 1.4 21.3 43
Aug. 19, 1985 (4 05 - 03 08 - -- - 20 758 83 0.3 135 0.3
oct. 22, 1985 (2) 2.5 05 -- 30 1.0 1.5 — 35 405 55 05 45 ---

15 in
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TableB6. Sinking gill net catches (# fish/net) in the Canada area of Libby Reservoir by

dat e.
"""""""""""""""""""""""""" ot
Sal no

Dat e () RB WT HB sp. KK « Ling MF CRC NSQ RSS CSU FSU
July 28, 1983 2) --  -- -- 0 - 0.5 - 0.5 95 1.0 - 7.5 - -
Aug. 18, 1983 2) 1.0 1.0 --- 2.0 - - --- 20 95 55 05 19.5 0.
Sept. 22, 1983 (2) 0.5 -- 1.0 1.5 0.5 -- 7.0 17.5 3.5 0.5 125 1.0
Oct. 20, 1983 2) 15 -- 1.0 2.5 0.5 0.5 - - 55 25 3.0 0.5 80 0.5
IlSIgv 16, 1983 IC2 2.0 -- .- 2.0 -- 15 -- 11.5 50 20 - 1.5 - -

C.

Aug. 16, 1984 (4) 0.5 0.5 - 1.0 1.5 0.5 — 4.0 13.2 2.7 0.2 7.2 --
Nov. 14, 1984 (4) 0.5 1.0 0.7 2.2 1.5 - 0.3 11.3 0.7 1.0 -- 1.7 0.3
Aug. 21, 1985 (2) 0.5 --- --- 0.5 1.5 0.5 --- 7.0 11.0 1.5 --- 8.5 --



APPENO X C

Sunmary of el ectrofishing cat ches

(fish per hour) along shoreline of

Li bby Reservoir, by habitat type,
during 1984 and 1985.



Table Cl. Fish catch per hour of night electrofishing effort along the shoreline of Libby
Reservoir during 1984, Shoreline areas were classified based on gradient
(S=steep slope, M=moderate slope, L=low or slight slope), substrate type
(S=sand and silt, G=gravel, C=cobble, R=boulder, D=bedrock), cover class
(0=none, 1=little, 2=moderate, 3=moderately abundant, 4=abundant), and cover
type (R=rock, D=debris).

________ HBabitat Type ____._______ ______Catch per Hour ___
Area Length Cover Cover
Season _(MN__ Gradient Substrate Class Tvpe Salmo MAF _CRC _RSS _CSU
Tepmnile
1 Summer 293 M S 4 D 0 0 23.5 23.5 3.9
2 Summer 274 L S 2 D 0 0 14.1 37.6 4.7
3 Summer 320 S C 4 R 6.8 0 3.4 13.5 16.9
4 Summer 293 S s,G,C 3 R,D 0 0 3.5 14.2 74.5
5 Summer 402 S C, 2 D,R 0 0 0 0 4,8
6 Summer 329 M 0 0 4.3 4.3 0
7 Summer 347 L S 1 D 0 0 4.7 14.1 14.1
8 Summer 438 0 0 7.7 7.7 7.7
9 Summer 256 S R,B 0 0 0 0 0 0
10 Summer 375 S G,C 1 D 5.7 0 0 0 0
Rexford
1 Summer 329 L s,G,C 2 R,D 0 0 0 0 0
2 Summer 384 M S 1 D 10.0 6.7 0 30.0 10.0
2 Fall 3.1 6.3 0 6.3 9.5
3 Summer 198 M S 1 D 0 0 0 10.3 20.6
4 Summer 320 L S 4 D 0 0 0 7.9 35.6
4 Fall 6.7 10.0 0 0 0
5 Summer 274 L S 2 D 0 4,1 4.1 0O 12.3
5 Fall 9.2 64.6 0 0 0
6 Summer 280 L S 1 D ¢ 13.2 5,3 5,3 18.5
7% Summer 192 S R,B 3 R 0 0 0 0 0
8/  sumer 366 s R,B 3 R 0 0 3.8 0 0

8/ Electrofished during the day



Table C. Fish catch per hour of night electrofishing effort along the shoreline of Libby Reservoir
during 1985. Shoreline areas were classified based on gradi ent (S=steep slope, Mnoderate
SLOPE| |=LOWNor slight slope), substrate type (S=sand and silt,  G=gravel , C=cobble,
R=boul der,  D=bedrock), cover class (O=none, |=little, 2=noderate 3=noderately abundant,
4=abundant) , and cover type (R=rock, D=debris)..

Habitat _ Type ___ _____ ___  _______._ Catch__per._hour________.
Area Length Cover ™ Cover
Season (m Gadient Substrate Cass Type Salnb MAF Ling PM RSS
Tenm | e
1 Spring 301 M S 4 D T 28.0 24.0 32.0 8.0
2 Spring L S 2 D
3 Spring 518 S C 4 R 1.7 6.7 1.7 5.056.7 1.7
4 Spring 411 S S, GC 3 RD -- 57 14.3 --- 34.3 5.7
5 Spring 411 S C R 2 DR ---  --- ___ 27 --109.1 5.5
6 Spring 375 M -- 29 - 57 5.7 22.9 5.7
7 Spring 411 L S 1 D --- 3.3 - 53.3 16.7 100.0 26.7
8 Spring 302 8.6 5.7 - 14.3 8.6 142.9 11.4
9 Spring 329 S R B 0 3.0 — --- 15.0 33.0 3.0
10 Spring 411 S GC 1 D --- 3 - - 24,7 28.2 3.5
Rexford
1 Fal | 366 L S 1 9.2 185 46 9.2 46 -—- -—-
2 Spring 356 L S 9 8.1 2.7 8.1 354 545 733 27
2 Fal | 366 S S -~ 50 - - 100 10.0 ---
4 Spring 335 L S, G % B 22.1 158 -— 9.5 66.3 78.9 9.5
4 Fal | 366 L S - 240 — 40 40.0 -— -—-
6 Spring 329 S S 2 D 35 777 7t ==—= 35 -=— 35
6 Fal | 360 S S 2 D 46 -——= "7 = emee oS
8 Spring 329 S RD % R 6.6 -— - 16.7 16.7 20.0 6.7
8 Fal | 360 S R D R “c ——— 33 -—7- 133 10.0 -—-
9 Spring 329 S G } 48.0 9.0 -——— 9.0 45.0 48.0 6.0
9 Fal | 366 M GC R 7.5 - - 7.5 77"




APPENDIX D

Monthly vertical gill net catch
in Libby Reservoir from 1983
through July 1985.



Table D1. Monthly catches of fish (number of fish caught in four vertical
gill nets set overnight) in the Tenmile area of Libby Reservoir
during 1983, 1984 and 1985.

Total
RBx Salmo
Date RB WCT WCT sp DV KOK MWF C(RC NSQ RSS CSU Fsu
Oct. 1983 2 - 1 3 1 4 - ) - - -
Nov. 1983 - - 1 1 1 12 - - - - - -
Dec, 1983 - - - - - 15 - 2 - - - -
Jan. 1984 1 - - 1 2 36 - - - - - -
Feb, 1984 1 - - 1 2 49 - 1 - - - -
March 1984 - - - - - 38 - - - - - -
April 1984 1 - - 1 1 69 - - - - - -
May 1984 1l - 1 2 - 8 - l 1 - - -
June 1984 - - 1l 1 3 22 - 1 - - 1 -
July 1984 - - - - - 12 - 2 1 - - -
Aug. 1984 l - - 1 - 38 - - - - - -
Sept. 1984 - 1 2 - 130 - - 1 - - -
Oct. 1984 2 2 - 4 1l 153 1 - - - - -
Nov. 1984 - - - - - 42 - - - - 1 -
Dec. 1984 - - - - - 31 - - - - - -
Jan. 1985 1 - - 1 - 5 - 2 - - - -
April 1985 - - - - - 9 - 2 - - - -
May 1985 - - - - - 114 -~ 38 - - - -
June 1985 - - - - - 75 - 5 - - - -
July 1985 - - - - - 115 - 2 - - - -




Table D2. Monthly catches of fish (nunber of fish caught in four vertical
gll] nets set overnight) in the Rexford area of Libby Reservoir
uring 1983, 1984 and 1985.

Tot al

RBX Sal no
Dat e RB VWT WCT sp DV KOK MAWF CRC NSQ RSS CSU FSU
Cct. 1983 12 - 3 - - 2 - - -
Nov. 1983 - 1 2 P - - - -
Dec. 1983 - - - - 6 I I
Jan. 1984 - - - 1 ﬂ[s - Fl
Feb. 1984 2 3 1 6 - - - -
March 1984 [ - 3 4 2 62 - 3 1 -
April 1984 2 - - 2 54 1 30 5 - 1
May 1984 4 - - 4 2 92 4 3 - 2
June 1984 1 3 1 5 1 44 1 3 - -
July 1984 1 1 - 2 1 30 2 11- -
Aug. 1984 - - 1 79 1 12 :
Sept. 1984 2 - 2 1 837 - 1 - - 1
Cct. 1984 | 1 I 167 - 8 1 -
Nov. 1984 - - - - 51 - 1
Dec. 1984 - - - - 1 45 1
April 1985 - - 2 114 58 1
May 1985 - - 3 3 28 1 g 4 1 1
June 1985 - - 3}
July 1985 2 - 2 56 25 1

D-2



Table D3. Mnthly catches of fish (number of fish caught in four vertical
gill nets set overnidqhtg in the Canada area of Libby Reservoir
uring 1983, 1984 and 1985.

Tot al

RBX salm
Dat e RB VWO v sp. DV KOK MAWF CRC NSQ RSS CsU FSU
July 1984 | - - 1 2 2 24 1 11 2
Aug. 1984 - -1 1 - 1 - 12 7
Cct. 1984 - - - - - 6 - 1 1 - - -
Jul'y 1985 - - - - - 4 - 16 2 1 - -
Aug. 1985 - - - - 1 7 - 86 5 - - -

D-3



APPENDI X E

Vertical distributions of zoopl ankton
and kokanee sal mon conpared to tenperature
profiles and euphotic zone depths by date

in the three areas of Libby Reservoir

during 1984 and 1985.

Arrow i ndi cates euphotic zone depth.
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APPENO X F

Lengt hs of hydroacousti c sanpl e transects,
cross-sectional area of each depth strata covered
by the 10° cone width, and vol une of water
sanpl ed by depth strata for hydroacoustic transects
sanpled in Libby Reservoir during August, 1984.



Appendix F. Lengths and volumes across 38 hydroacoustic transects in Libby
Reservoir sampled during August 1985.

Transect
Area Length Total _Volume..(Area _x_length). by._depth._interval _(m3_X_100)
Transect (M) 0-10  10-20 20-30  30-40  40-50 50-60  60-70

area(Mz) a.75 26.25 43.75 61.25 78.75 96.25 113.75

Tenmile
1 1577 138.0 414.0 689.9 965.9 1241.9 1517.9 1793.8
2 1851 162.0 485.9 809.8 1133.7 1457.7 1781.6 2105.5
3 1400 122.5 367.5 612.5 857.5 1102.5 1347.5 15925
4 1513 132.4 397.2 661.9 926.7 1191.5 1456.3 1721.0
5 1690 147.9 443.6 739.4 1035.1 1330.9 1626.6 1922.4
6 1658 145.1 435.2 725.4 1015.5 1305.7 1595.8 1886.0
7 1867 163.4 490.1 816.8 1143.5 1470.3 1797.0 2123.7
8 1706 149.3 447.8 746.4 1044.9 1343.5 1642.0 1940.6
9 2060 180.3 540.8 901.3 1261.8 1622.3 1982.8 2343.3
10 1609 140.8 422.4 703.9 985.5 1267.1 1548.7 1830.2
Peck Gulch
11 1304 114.1 342.3 570.5 798.7 1026.9 1255.1 1483.3
12 1336 116.9 350.7 584.5 818.3 1052.1 1285.9 1519.7
13 950 83.1 249.4 415.6 581.9 748.1 914.4 1080.6
14 1223 107.0 321.0 535.1 749.1 963.1 1177.1 1391.2
15 1770 154.9 464.6 774.4 1084.1 1393.9 1703.6 2013.4
16 1545 135.2 405.6 675.9 946.3 1216.7 1487.1 1757.4
17 1448 126.7 380.1 633.5 886.9 1140.3 1393.7 1647.1
18 644 56.4 169.1 281.8 394.5 507.2 619.9 732.6
19 789 69.0 207.1 345.2 483.3 621.3 759.4 a97.5
20 483 42.3 126.8 211.3 295.8 380.4 464.9 549.4
Rexford
21 772 67.6 202.7 337.8 472.9 608.0 743.1 878.2
2 708 62.0 185.9 309.8 433.7 557.6 681.5 805.4
23 2993 261.9 785.7 1309.4 1883.2 2357.0 2880.8 3404.5
24 1207 105.6 316.8 528.1 739.3 950.5 1161.7 1373.0
25 2816 246.4 739.2 1232.0 1724.8 2217.6 2710.4 3203.2
26 1625 142.2 426.6  710.9 995.3 1279.7 1564.1 1848.1
27 1609 140.8 422 .4 703.9 985.5 1267.1 1548.7 1830.2
28 1738 152.1 456.2 760.4 1064.5 1368.7 1672.8 1977.0
29 2849 249.3 747.9 1246.4 1745.0 2243.6 2742.2 3240.7
30 3187 278.9 836.6 1394.3 1952.0 2509.8 3067.5 3625.2
Canada
31 805 70.4 211.3 352.2 493.1 633.9 774.8 915.7
32 1159 101.4 304.2 507.1 709.9 912.7 1115.5 1318.4
33 2253 197.1 591.4 985.7 1380.0 1774.2 2168.5 2562.8
34 1577 133.0 4140 689.9 9659 12419 15179 17939
35 1159 101.4 304.2 507.1 709.9 912.7 11155 1318.4
36 4088 357.7 1073.1 1788.5 2503.9 3219.3 3934.7 4650.1
37 2028 177.5 532.4 887.3 1242.2 1597.1 1952.0 2306.9
38 2414 211.2 633.7 1056 .1 1478.6 1901.0 2323.5 2745.9
TOTAL 63.41km



APPENDIX G

Timng of juvenile and adult trout novenent
through traps set inBig, Bristow, Fivemle,
Pi nkham Si ncl ai r, and Young Q eeks
during 1985.



BIG CREEK DOWNSTREAM TRAP — 1985
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BRISTOW CREEK DOWNSTREAM TRAP
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PINKHAM CREEK DOWNSTREAM TRAP - 1985
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Figure G&.  Timng of adult and juvenile trout
movenent downstream through a trap
| ocated in Pinkham Creek during 1985.
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SINCLAIR CREEK DOWNSTREAM TRAP
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YOUNG CREEK UPSTREAM TRAP
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APPENDI X H

Tag return infornation for fish tagged
in Libby Reservoir and its tributaries
from1983 through 1985. Return infornation
IS separated by capture method.



Table Hl.  Tag return information for floy tagged adult fish in Libby Reservoir and its tributaries from

1983 through 1985.

Species abbreviations are explained in the “"Methods" section. Lengths and
weights of returned fish were estimated by anglers unless otherwise noted.

- _Tagging_Information Beturo Informaticn _ _
Tag Tag
Location Color Number Date Sp L Wt Date L Wt Location
Eish Txap
Big Creek: Red dangler 218 07-14-83 HB 416 534 12-03-83 -— -— Koocanusa (Lk)
Red 4310 07-06-84 WCT 406 520 07-07-84 406 520 Peck Gulch (Lk)
Red 4299 07-21-84 HB 450 550+ 07-22-B4 432 -— Westside Forebay (Lk)
Red 4342 07-19-84 WCT 362 444 09-08-84 356 --—- Eastside Forebay (Lk)
Yellow 5527 06-28-84 WCT 390 586 09-09-84 381 454 McGuire Creek area (Lk)
Red 4346 07-19-84 HB 352 550+ 09-23-84 -—— -— HMouth of Barron Creek (Lk)
Red 4344 07-19-84 HB 432 550+ 09-03-84 -— -— 01d Bridge - Tobacco River
Yellow 5831 06-04-85 HB 346 405 06-11-85 356 907 Peck Gulch (Lk)
Yellow 6213 06-24-85 HB 372 359 06-26-85 356 680 Big Creek
Yellow 6212 06-24-85 HB 387 412 06-28-85 -— -—— Big Creek
Yellow 6303 06-30-85 WCT 336 300 07-06-85 330 425 Gold Creek B.C. (Ik)
Yellow 6318 07-03-85 HB 375 387 07-06-85 381 499 Gold Creek B.C. (Lk)
Yellow 6372 07-08-85 HB 342 260 07-13-85 — -— Big Creck
Yellow 6304 06-30-85 HB 337 285 07-26-85 328 -—— Cripple Horse (Lk)
Yellow 6281 06-26-85 HB 328 272 08-03-85 330 -— McGillivray (Lk)
Yellow 6325 07-10-85 WCT 345 282 08-13-85 330 --—— Just north of Dam (LK)
Yellow 6305 06-30-85 WCT 374 355 08-18-85 356 — Just north of Dam (Lk)
Bristow Creek: Red dangler 400 07-08-83 HB 277 207 09-04-83 302 227 Forebay (Lk)
Lt. Blue
dangler 773 06-19-83 WCT 390 480 09-20-83 386 572 S. Pt 10 mile 3/ (Lk)
Lt. Blue
dangler 779 06-20-83 WCT 410 550+ 10-12-83 381 — Kokomun Area B.C. (LK)
Green dangler 443 06-27-83 HB 372 412 05-18-84 405 --- Parsnip Cr area (Lk)
Red dangler 511 07-14-83 RB 445 585 06-14-84 445 626 Big Bend (Lk)
Yellow 5500 06-19-84 WCT 380 500 07-03-84 368 -— Mouth of Canyon Creek (Lk)
Yellow 6395 06-06-85 WCT 344 372 07-2?2-85 -— -— Peck Gulch (Lk)
Yellow 6186 06-19-85 WCT 339 -— (07-?2?-85 -— -— No location
Five Mile Creek: Yellow 5560 07-12-84 HB 401 415 07-11-84 432 — Forebay (Lk)
Yellow 5544 07-05-84 RB 404 488 07-12-84 -— -—— Forebay (Lk)
Yellow 5489 06-19-84 WCT 377 455 07-13-84 —— -— Souse Gulch (Lk)
Yellow 5524 06-24-84 RB 405 430 07-19-84 381 -— Peck Gulch (Lk)
Yellow 5539 07-02-84 RB 359 339 07-19-84 318 -— Kootenai River below dam
Yellow 3488 06-19-84 WCT 395 424 07-26-84 — --- No location
Yellow 5546 07-06-84 WCT 357 351 11-16-84 305 -— Boulder Creek area (Lk)
Yellow 6193 06-20-85 HB 282 190 07-05-85 —— ~—— Five Mile Creek area (Lk)
Yellow 6182 06-18-85 RB 335 282 07-?2?-85 — -——— Peck Gulch (Lk)
Yellow 6329 07-15-85 RB 358 288 07-28-85 356 -— Five Mile Creek
Yellow 6177 06-17-85 WCT 365 396 08-18-85 368 -—— Bailey Bridge B.C. (Lk)
Yellow 6279 06-26-85 WCT 243 148 09-01-85 203 202 Five Mile Creek Bay (L)
Pinkham Creek: Red 4226 07-18-84 WCT 378 402 08-04-84 279 — Mouth of Pinkham Creek (LK)
Red 4224 07-18-84 RB 365 410 08-04-84 279 — Mouth of Pinkham Creek (Lk)
Red 4216 11-30-84 WCT 352 413 11-30-84 406 — Kootenai River below dam
Yellow 5988 06-22-85 HB 252 145 07-06-85 254 -— FElk River area B.C. (Lk)
Yellow 5901 06-25-85 WCT 327 310 07-10-85 330 397 Pinkham Creek
Yellow 5999 06-25-85 WCT 344 332 07-20-85 381 S10 Rexford boat ramp (Lk)
Young Creek: Yellow 2598 06-10-83 WCT 397 544 07-03-83 356 -— Mouth Elk River B.C. (Lk)
Yellow 2493 06-15-83 WCT 398 526 07-04-83 -— -— Big Creek
Yellow 3438 06-25-83 WCT 380 536 08-10-83 445 964 S. Pt. - Tobacco Bay (Lk)
Yellow 2790 06-18-83 WCT 375 517 08-11-83 — — Lower Elk River B.C.
Yellow 2554 06-06-83 WCT 372 456 08-26-83 333 526 Mouth of Tobacco River (Lk)
Yellow 2780 06-17-83 WCT 370 817 09-23-83 394 567 wWestbank Tenmile (Lk)
Yellow 2569 06-07-83 WCT 425 -— 09-24-83 406 454 Mouth of Barron Creek (LK)
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Table H1 Continued.

—eoe———-Ta3ging_Information Returp Information . . __ . ____
Tag Tag

Location Color Nurber Date Sp L Wt Date L Wt Location

fish Trap

Yellow Creek: Yellow 3460 06-29-83 395 526 09-30-83 395 680 Koocanusa Bridge (Lk)

WCT
(continued) Yellow 2795 06-16-83 WCT 395 535 09-2?-83 406 567 Peck Gulch (Lk)
Yellow 3807 07-02-83 WCT 380 425 10-22-83 381 680 Sutton Creek Bay (1)

Yellow 2499 06-15-83 WCT 401 526 10-?2?-83 -— - No location
Yellow 2494 06-15-83 WCT 407 544 11-05-83 381 680 Black Laxke Bay (Lx)
Yellow 3448 06-28-83 wCT 305 250 11-16-83 —- =~-—= fNarland (Lk)
Yellow 2584 06—08-83 HB 417 549 04-29-84 445 907 Mouth of Young Creex (Lx)
Yellow 2593 06~09-83 WCT 380 472 04-29-84 —— --- 1Mo location
Yellow 3450 06-29-83 WCT 405 522 04-29-84 356 — No location
Yellow 3815 07-14-83 WCT 356 404 05-01-84 356 --- Tobacco Bay (Lk)
Yellow 3434 06-23-83 WCT 391 581 05-22-84 391 473 Soath Pt. of Britow KVNP))
Red 4043 06-07-84 WCT 410 581 06-08-84 406 907 No location {([x)
Red 4066 06-09-84 WCT 407 576 06-13-84 356 454 Mouth of Pinkham (Lk)
Red 4067 06-09-84 WCT 402 544 06-13-84 457 --- Rexford area {Lx)
Rad 4068 06-09-84 'WCT 402 621 06-16-84 387 567 Peck Gulch (Lk)
Rad 4058 06-08-84 WCT 381 544 06-16-84 406 --- North of Satton Creek (Ix)
Red 4021 06-05-84 WCT 407 671 06-17-84 406 -— East side Forepay (Lk)
Red 4094 06-14-84 WCT 392 531 06-18-84 381 -—— No location
Red 4127 06-15-84 WCT 396 635 06-20-84 406 -— Murray Springs Bay (Lk)
Yellow 2783 06-16-83 WCT 406 522 06-22-84 406 794 Fivemile Creek
Red 4185 07-02-84 HB 382 517 07-06-84 -—- 567 Mouth of Young Creek (LK)
Yellow 2575 06-07-83 WCT 398 550+ 07-11-84 381 -— Fivemile Creek
Yellow 5861 07-08-84 WCT 313 284 07-20-84 318 227 Moutn of Young Creek (Lk)
Yellow 5867 07-16-84 WCT 359 366 07-22-84 356 366 Mouth of Young Creek (Lx)
Yellow 3426 06-21-83 WCT 376 481 08-09-84 445 -—— Forebay (Ik)
Yellow 5868 07-10-84 WCT 386 540 08-11-84 381 453 Mouth of Sullivan (LK)
Yellow 3398 06-16-84 WCT 410 599 08-13-84 406 794 Forebay (ik)
Red 4038 06-06-84 WCT 383 563 08-25-84 457 624 Sutton Creek area {Ix)
Yellow 2586 06-09-83 WCT 433 644 09-01-84 381 — Foreday (Ik)
Yellow 5856 07-05-85 WCT 380 490 09-07-84 406 907 Koocanusa Bridge (LK)
Red 4182 07-18-84 WCT 382 544 09-08-84 356 -— Eastside Forepbay (Lk)
Yellow 2561 06~06-83 HB 390 —— 09-29-84 381 453 Souse Gulch (Lk)
Yellow 2594 06-09-83 WCT 387 513 09-??-384 —- —— No location
Red 4012 06-04-84 WCT 371 572 09-2?-84 -—— -— No location
Red 4042 06-06-84 HB 371 567 04-07-85 381 —— Pine Bay (Lk)
Red 4167 06-26-84 WCT 382 535 04-09-85 383 486 North Pt. Tobacco ¥ (Lk)
Rad 4195 07-05-84 WCT 384 494 05-13-85 —- 454 Rexford area (Lk)
Red 4024 06-05-84 WCT 397 640 06-02-85 420 544 Mouth of Young {(Lk)
Red 4071 06-10-84 WCT 387 590 06-08-85 406 -— Cripple Horse (1k)
Red 4149 06-23-84 WCT 390 544 07-01-85 381 -—- C(Cripple Horse (Lk)
Red 4164 06-26-84 WCT 384 544 07-15-85 395 503 Mouth of Young Creex (Lk)
Red 4116 06-14-84 WCT 390 526 07-26-85 343 -— Bailey Bridge 8.C. (Lk)
Yellow 2600 06-10-84 WCT 392 540 09-22-85 413 544 Rocky Gorge (LK)
Purse Seipe
Tepmile Ares
Souse Gulch Yellow 2601 11-28-83 WCT 308 278 12-01-83 — -——— wWarland Creek
Cripple Horse Yellow 5642 05-31-85 HB 264 -— 06-15-85 330 227 Bristow Creek area (Lk)
14xGillivray Yellow 5591 10-18-84 R8 350 408 05-26-85 330 453 Mouth of Tooacco (Lk)
Sutton Creex
area Yellow 5461 05-04-84 RB 302 315 08-2?-84 426 -— Koocanuaza B.C. (LX)
Rexford
Sullivan Creek Yellow 5228 04-12-84 WCT 398 671 05-22-84 409 649 S. Pr. Temnile & (Ix)
area Yellow 5232 04-12-84 RB 416 762 06-15-84 413 717 N. Pr. Fivemile 9/ (Lk)
Yellow 5019 03-27-84 MJF 337 358 08-14-84 331 351 Tobacco Bay (LK)
Yellow 5021 03-27-84 RB 430 703 08-2?-84 426 --- Koocanusa B.C. (Lx)
Yellow 5227 04-12-84 WCT 280 245 09-13-84 330 —— Souse Gulch (LK)
Yellow 5022 03-27-84 RB 335 404 11-07-84 318 -—— Koocanusa, USA (Lk)
Tobacco Bay Yellow 5188 04-09-84 HB 337 432 ?22-2?-2? 368 --- Bailey Bridge, B.C. (Lx)
area Yellow 5051 03-28-84 WCT 1387 608 04-15-84 406 --- Koocanusa Bridge (Lk)
Yellow 5071 03-28-84 RB 399 653 04-24-84 397 653 N, Pt, Fivealle (Lk)
Yellow 5186 04-09-84 WCT 338 431 05-02-84 330 227 Tenmilz Cree< area (LX)



Tanle HI Continuec.

__________ __Tagaipg Informarion. Returo Ioforaotion .. ____
Tag Tag
Location Color Nunper Date Sp L Wt Date L Wt Location
Purse Seipe (Cont.)
Rexford (Cont.)
Tobacco Bay Yellow 5218 04-12-84 HB 447 839 05-06-84 432 -— Koocanusa (Ik)
area Yellow 5055 03-28-84 WCT 403 667 05-15-84 432 -— Forebay (Lk)
{(cont inued) Yellow 5180 03-30-84 WCT 418 721 05-25-84 470 -— Bristow Creek
Yellow 5438 05-02-84 WCT 319 353 05-22-84 — 680 Murray Springs (LK)
Yellow 5003 03-26-84 WCT 398 690 05-27-84 394 -— Tobacco River
Yellow 5177 03-30-84 WCT 304 290 05-27-84 305 -— Rexford area (Lk)
Yellow 5262 04-13-84 WCT 334 336 06-11-84 330 454 Forebay (Lk)
Yellow 5440 05-02-84 HB 352 490 06-14-84 — —— N. Cripple Horse (LK)
Yellow 5441 05-01-84 R8 332 1386 06-14-84 — -— N, Cripple Horse (LK)
Yellow 5001 03-26-84 RB 353 463 06-20-84 330 -— Boulder Creek area (Lk)
Yellow 5210 04-12-84 WCT 302 318 06-22-84 318 ——— Forebay (Lk)
Yellow 5078 03-28-84 RB 420 826 06-23-84 343 340 Mouth of Pinkham Creek (Lk}
Yellow 5209 04-12-84 HB 333 449 06-28-84 355 —- Tabacco River
Yellow 5254 04-12-84 RB 323 367 06-??-84 330 312 Pinkhan Creek area (Lk)
Yellow 5004 03-26-89 HB 401 735 07-01-84 406 794 Mouth of Parsnip (Lk)
Yellow 5045 03-28-84 RB 417 712 08-09-84 406 -— Forebay (Lk)
Yellow 5174 03-30-84 WCT 387 608 08-11-84 394 1134 Kokomun Area B.C. (LK)
Yellow 5065 03-28-84 WCT 316 363 08-27-84 432 680 Koocanusa (Lk)
Yellow 5061 03-28-84 WCT 296 250 10-01-84 — --— Mouth of Wigwam B.C. (Lk)
Yellow 5188 04-09-84 HB 337 432 ?2?-?7-84 368 -— N. Bailey Bridge B.C. (Lk)
Yellow 5284 04-13-84 HB 440 875 ?2?-2?-?2 456 567 Tobacco Bay (Lk)
Yellow 5192 04-09-84 RB 367 502 03-056-85 406 680 Muray Springs (LK)
Yellow 5091 03-28-84 RB 406 717 05-18-85 355 680 Tabacco River
Yellow 2695 04-24-85 HB 296 -— 06-02-85 296 —— Forebay (Lk)
Yellow 3822 10-11-84 DV 440 550+ 06~05-85 451 1225 Kokomun area B.C. (Lk)
Yellow 5000 03-26-84 RB 286 259 06-12-85 -— ~-— McGuire Creek area (Lk)
Yellow 5053 03-28-84 4B 304 286 06-13-85 342 — Mouth of Big Creek (Lk)
Yellow 5912 05-01-84 RB 431 771 07-02-85 381 454 Elk River B.C.
Young Creek Yellow 5159 03-29-84 WCT 405 744 06-03-84 406 -— Koocanusa Bridge (LK)
area Yellow 5155 03-29-84 RB 308 313 06-05-84 311 340 Koocanusa (LK)
Yellow 5160 03-29-84 WCT 358 481 06-10-84 356 340 Canyon Creek
Yellow 5161 05-29-84 HB 313 349 06-11-84 406 -— Tobacco Bay (1k)
Yellow 5146 03-29-84 WCT 402 616 06-15-84 394 -— Sinclair Creek
Yellow 5112 03-29-84 T 310 311 06-16-84 330 -— Souse Gulch (Lk)
Yellow 5132 03-29-84 RB 432 694 07-04-84 — --- Gold Creek B.C,
Yellow 5163 03-29-84 H3 357 481 07-06-84 279 -— EIlKk River B.C.
Yellow 5123 (03-29-84 WCT 282 249 07-06-84 355 —— Elk River area B.C, (Lk)
Yellow 5116 03-29-84 WCT 382 626 07-12-84 -— -— Forebay (LK)
Yellow 5120 03-29-84 RB 348 440 09-2?-84 -—— -— No location
Murray Springs Yellow 5089 03-28-84 RB 386 608 04-20-84 368 567 Tobacco Bay (LX)
area Yellow 5197 04-10-84 RB 340 417 04-28-84 343 227 Koocanusa Bridge (LK)
Yellow 5075 03-23-84 RB 319 362 04-13-85 355 453 Peck Gulch (Lk)
Yellow 5068 (03-28~84 M4F 300 508 08-29-85 -— -— Elk River B.C.
Canada
Koxomun Creek Yellow 3832 10-16-84 HB 272 181 06-26-85 305 -— Bull River B.C.
area Yellow 3833 10-16-84 HB 252 182 07-06-85 305 --- Elk River B.C.
Electrofish:
Canada
Gold Creex Yellow 5115 04-18-85 B 299 285 ?22-272-85 --- 454 Mouth of Sutton (Ix)
area Yellow 6015 04-16-85 RB 352 430 05-01-85 —- -— Bailey Bridge B.C. (Lk)
Yellow 3846 10-18-84 HB 297 262 05-26-85 310 454 Rexford Area (LK)
Yellow 5587 07-19-84 RB 395 544 05-26-85 395 -—- Peck Gulch (Lk)
Yellow 6065 04-18-85 R3 316 310 08-13-85 343 --- Wigwan River 3.C.
Yellow 6107 04-18-85 u3 387 470 08-19-85 --——- ~-- Koocanusa, USA (LK)
Yellow 6122 04-18-85 R3 359 440 08-21-85 356 -—- Bailey Bridge B.C. (Lx)
1K River Yellow 5368 04-19-84 WCT 338 367 08-10-84 305 --- EIlKk River B.C.
area Yellow 5365 04-19-84 Dv 541 1415 08-30-84 559 1588 Wigwam River B.C.
Yellow 5363 04-19-84 WwCT 310 313 08-31-84 1375 680 Wigwam Creer B3.C.
Yellow 5660 (04-16-85 R8 312 268 06-25-85 324 —- Elk River B.C.
Yollow 5713 04-16-85 R3 368 -— 06-30-85 353 -— Rexford area (Lx)



Table H!1 Continued.

e -.Tagging_Informatiop Beturn_Ioformation
Tag Tag
Location Color Number Date Sp L Wt Date L Wt Location
Electrofish:
Capada .
Elk River Yellow 5608 04-17-85 HB 351 —— 07-05-85 315 —— Rexford area (Lk)
area (Cont.) Yellow 5744 04-16-85 HB 365 —— 07-24-85 406 771 Mouth of Bull River B.C.
Yellow 5735 04-16-85 RB 375 — 07-27-85 — ~-— No location
Yellow 2734 04-18-85 R8 282 — 09-08-85 406 -— wWigwam River B.C.
Kikomun area Yellow 5351 04-18-84 RB 250 191 09-2?-84 -— --—— Mouth of Kikomun B.C. (Ik)
Yellow 5338 04-18-84 WCT 326 372 06—03-84 — -— Mouth of Kikomun 8.C. (Lk)
Yellow 5327 04-17-84 RB 443 817 06-04-84 1356 -— Koocanusa Bridge (Lk)
Yellow 5352 04-18-84 RB 411 603 07-01-84 381 567 Koocanusa Bridge (Lk)
Yellow 5332 04-17-84 RB 376 563 07-24-84 368 340 Peck Gulch (LK)
Yellow 5326 04-17-84 Ling 501 160 03-01-85 —— -— Kootenai River B.C.
Yellow 5620 04-17-85 DV 429 — 04-25-85 -— 1134 Bull River B.C.
Yellow 6036 04-17-85 RB 370 480 04-30-85 1356 454 Rocky Creek B.C.
Yellow 6193 04-17-85 DV 413 — 06-19-85 457 680 Mouth of Elk B.C. (Ik)
Yellow 2688 04-16-85 RB 403 — 06-30-85 406 680 Elk River B.C.
Yellow 5696 04-15-85 R8 385 — 07-05-85 381 - Mouth of Elk B.C. (LX)
Yellow 5616 04-17-85 RB 379 — 08-26-85 356 454 Elk River area (Lk)
Yellow 5321 04-17-84 WCT 277 236 09-02-85 — ——- Bailey Bridge B.C. (Lk)
Gillpet:
Rexford
Murray Springs Yellow 5643 06-07-85 RB 371 — 08-15-85 371 590 Forebay (LK)




Table H2.

Big Creek:

Bristow Creek:

Fortine Creek:

Young Creek:

Tag return information for dangler tagged juvenile fish in Libby Reservoir tributaries from

1983 through 1985, Species abbreviations are explained in the "Methods® section. Lengths and
weights of returned fish were estimated by anglers unless otherwise noted.
e Tegging_Information Returo_Informatiop . ____ -
Tag Tag
Color Number Date Sp L Wt Date L Wt Location
Lt, Blue 482 06-21-83 WCT 204 74 07-22-83 — -—— Big Creek
Lt. Green 880 07-01-83 WCT 156 33 07-22-83 -— -— Steep Creek
Lt. Green 852 06-30-83 HB 184 54 07-30-83 -—— -—— Big Creek
Lt. Green 480 06-27-83 HB 150 32 08-02-83 178 -— Big Creek
Lt. Blue 890 06-18-83 WCT 160 38 08-14-83 203 —— Kootenai River below dam
Lt. Blue 471 06-19-83 HB 180 54 08-21-83 265 -— North of Peck Gulch (Lk)
Lt. Blue 889 06-18-83 HB 169 39 05-??-84 279 - Mouth of Young Creek (Lk)
Red 960 07-09-84 WCT 151 30 07-??-84 — -—— Big Creek
White 2602 07-06-84 WCT 141 22 08-21-84 189 54 Tenmile USGS Buoy ¥ ()
White 3199 07-09-84 WCT 164 37 09-??-84 -—— -— No locatio
White 2770 07-07-84 WCT 145 26 02-26-85 229 454 Murray Springs (Lk)
White 3231 07-09-84 WCT 166 38 04-26-85 -— --—— Peck Gulch (Lk)
White 2794 07-07-84 HB 174 50 05-19-85 254 -— Forebay (Lk)
White 3009 07-07-84 WCT 173 50 05-24-85 305 -—- Canyon Creek
White 3225 07-09-84 WCT 146 30 05-27-85 276 -— Barron Boat Ramp (Lk)
Red 994 07-09-84 WCT 165 43 05-??-85 228 —
White 2317 07-05-84 WCT 140 22 06-01-85 261 —— Forebay (Lk)
White 3360 07-11-84 WCT 137 24 06-01-85 305 --—— Koocanusa (LK)
White 2736 07-07-84 WCT 175 47 06-12-85 330 227 Koocanusa (LK)
White 3209 07-09-84 WCT 160 38 06-24-85 194 60 Big Creek fish trap
White 1878 07-14-84 WCT 142 25 07-01-85 279 -— Cripple Horse {(Lk)
White 1931 07-14-84 wWCT 165 43 07-06-85 190 50 Big Creek fish trap
wWhite 2749 07-07-84 WCT 141 24 07-16-85 229 -— pPeck Gulch (Lk)
White 2711 07-06-84 ®WB 143 26 08-31-85 330 -— Linkletter Cr. B.C.
white 3268 07-10-84 WCT 142 24 09-03-85 279 -— Rexford area (Lk)
Red 842 06-19-84 WCT 143 26 04-14-85 381 396 Koocanusa Bridge (Lk)
White 4426 06-15-85 WCT 134 20 07-05-85 -— -— Rexford area (LK)
White 4215 06-14-85 HB 153 35 07-24-85 221 -— Cripple Horse (Lk)
White 4392 06-12-85 WCT 155 40 09-07-85 203 -— Rexford area (LX)
White 4550 06-21-85 WCT 128 18 09-15-85 165 -— Rexford area (LK)
wWhite 3439 07-24-84 WCT 217 89 04-27-85 266 -— No location
White 3572 07-20-84 WCT 212 83 06-13-85 191 -— Rexford area (Lk)
Dk. Blue 5455 06-08-83 HB 168 47 10-09-83 305 —— South Elk River B.C. (Lk)
Lt. Blue 356 06-21-B3 WCT 195 70 10-??-83 241 -— Warland area (LK)
White 2532 07-11-84 WCT 156 40 07-11-84 152 -— Raxford area (LX)
Red 561 06-21-84 WCT 142 29 08-??-84 -— — B.C. Canada (Lk)
White 2082 06-30-84 WCT 213 109 09-08-84 241 -—— Souse Gulch (Lk)
White 3553 07-19-84 WCT 192 76 09-27-84 254 150 Kokomun B.C. (LK)
White 2663 07-06-84 WCT 130 20 05-01-85 292 --—- Rexford area (Lk)
Red 259 06-05-84 WCT 128 21 05-12-85 305 227 Rexford area (LK)
Red 579 06-24-84 HB 136 23 05-18-85 305 -— Barron boat ramp (Lk)
White 2505 07-09-84 WCT 156 36 05-27-85 259 -—— Forebay (Lk)
White 3537 07-17-84 WCT 171 49 06-06-85 -— -—- Fisher River below dam
White 3625 07-17-84 WCT 166 21 06-06-85 ——- -— Mouth of Fisher River -
below dam
White 4121 05-27-85 WCT 210 92 06-21-85 222 Just north of dam (Lk)
Red 564 06-2?-84 WCT -— -—— 07-06-85 280 185 Mouth of Young Creek (Lk)
White 3630 11-14-84 WCT 201 — 07-13-85 278 —- McGillvary (Lk)
white 4111 05-25-85 WCT 182 55 08-??-85 254 -— Rexford (Lk)
white 5161 06-29-85 WCT 161 37 09-07-85 —- —— Cripple Horse (Lk)
wWhite 5105 06-27-85 WCT 180 58 10-18-85 267 - Barron Creek
White 1113 06-22-84 WCT 175 41 10-24-85 335 343 So. Pt. Tobacco Bayﬂ/ (Lk)

¥ Recaptured in our sampling gear.
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Food habi ts infornationfor gamefish
col lected during COctober 1983 from
Li bby Reservoir.



Appendi x |.

I ndex of relative abundance for gamefish collected in Libby Reservoir during

the fall of 1983.
Length Terrestrial Diptera Misc. Fish Insect
Date Species Class n  Daphnia Epischura Leptodora Other  Insects larvae pupae adult Arachnids Other KOKTrout Other Parts Debris Algae
10/83 Rb <330 22 82.8 4.5 <l 15 IB.E — 12.5 1.6 4.6 — - 3.5 20.7 7.1 2.3
10/83 Rb >330 29  51.8 — - - 21.4 6.6 2.3 7.0 11.6 7.0 - == 5.9 339 41.4 --
10/83  WCT <330 15  14.4 — - - 21.6 - - - - 23.6 16.2 1.3 - - 2.2 26.9 3.5 --—-
10/83  WCT >330 18 61.6 i - -- 26.0 2.1 —  21.0 12.5 13.6 - - 3.5 3.1 36.2 --
10/83 HB <330 18 68.5 - — 2.0 39.7 -- 20 177 16.4 5.5 -—- --- 23.1 8.0 --
10/83 HB >330 27 13.7 1.2 _ — 30.6 25 —— 16.5 10.4 10.4 ———— 214  26.7 --
10/83 DV — 6 " --- - - - - - == - --- 41.3 -- 56 — T~
10/83  MWF — 23 81.9 8.6 — - - 1.4 7.0 4.4 1.4 - 7.2 ————- I 9.1 -
10/83  KOK — 3 1000 11.0 -- — 0.0 0.0 -- e -




APPENDI X J

Aver age esti mat ed densities and conpostion (% of
igg&l a8n5kt on by genera in three areas of Libby Reservoir,



Tabl e J1. Meanzoopl ankton densities (No./1)and percentages (in
parentheses) estimted from O-30 mvertical tows during
1984 in the Tenm|e area of Libby Reservoir.

07/31/84 193  1.78 578  1.42 0.08  10.99
(18) (16) (53) (13) (7

08/09/84  1.46  3.90 413 0.7l 0.03  10.23
(14) (38) (41) (07) (7

08/27/84  2.81  0.50  6.81  1.22 0.05  11.39
(29) (04) (60) (11) (7

09/10/84  1.69  0.71  8.49  1.24 <00 12.04
(14) (06) (70) (10) (7

lga/es 234 432 10.20 130 0.02  18.18
(13) (24) (56) (07) (7

10/29/84  2.63 196 462 133 0.00  10.54
(25) (19) (44) (13) (00)

11/27/84  1.47  0.84 400  1.18 0.02  7.51
(20) (11) (53) (16) (7

12/13/84  0.47  0.16 239  0.53 0.01  3.56

(13) (05) (67) (15) (M




Tabl e J2. Mean zoopl ankton densities (No./l)and percentages (in
parentheses) estimted from O-30 mvertical tows during
1985 in the Tenmle area of Libby Reservoir.

——— . ——— — — v — — —— — —— —— . " ——— - - ———

Dat e Daphni a Bosmna Cycl ops D aptonus Epischura Total

01/ 21 /85 0.89 0.15 5.69 0.91 0.00 7.64
(12) (02) (74) (12) (00)

04/ 08/ 85 0.67 0.14 7.04 1.28 0.00 9.13
(07) (02) (77) (14) (00)

05/ 02/ 85 0.65 0.12 12. 31 0.61 0.00 13. 69
(05) (01) (90) (04) (00)

05/ 08/ 85 0.84 0.13 6.61 0.73 0.00 8.31
(10) (02) (79) (09) (00)

05/ 21/ 85 1.43 0.36 15. 57 1.11 0.00 18. 47
(08) (02) (84) (06) (00)

06/ 11/ 85 4.59 3. 47 21. 17 1.83 0.25 31.31
(15) (11) (67) (06) (01)

06/ 26/ 85 4,28 4.72 4.39 0.61 0.00 14. 00
(31) (34) (31) (04) (00)

07/ 09/ 85 2.50 6. 22 7.19 0. 83 0.02 16. 76
(15) (37) (43) (05) (T)

07/ 29/ 85 1.79 0.23 3.35 1.52 0.11 7.00
(25) (03) (48) (22) (02)

J-2



Tal be J3. Mean zoopl ankton densities (No./l)and percentages (in
parentheses) estimated f rom O30 mvertical tows during
1984 in the Rexford area of Libby Reservoir.

08/01/84  1.93  1.08  6.97  1.35 0.07  11.40
(17) (09) (61) (12) (01)

08/13/84 ~ 0.92 029 220 114 0.00  4.55
(20) (07) (48) (25) (00)

08/28/84 217  0.62 418  1.34 0.02  8.33
(26) (08) (50) (7

09/11/84  0.31  1.87  2.80  0.69 0.11  5.78
(05) (32) (49) (12) (02)

10/03/84  0.48  0.94  1.82  1.04 0.07  4.35
(11) (21) (42) (24) (02)

10/25/84  3.30  3.09 499 227 0.03  13.68
(24) (23) (36) (17) (7

11/19/84 050  0.11 213 0.68 0.02  3.44
(14) (03) (62) (20) (01)

12/12/84  0.52  0.04 205  0.53 0.01  3.15
(17) (02) (65) (17) (7

J-3



Tabl e J4. Mean zoopl ankton densities (No./l)and percentages (in
parent heses) estimated fromO 30 mvertical tows during
1985 in the Rexford area of Libby Reservoir.

Dat e Daphnia Bosmna Cycl ops Diaptonus Epischura Tot al

02/19/85  0.91  0.11 608 509 0.00  12.19
(07) (01) (50) (42) (00)

04/08/85 ~ 0.38  0.14  6.65 106 0.00  8.23
(04) (02) (81) (13) (00)

04/25/85 ~ 0.41  0.19 815  0.45 0.00  9.20
(04) (02) (89) (05) (00)

05/07/85 ~ 0.42  0.15 ~ 9.48  0.34 0.00  10.39
(04) (02) (91) (03) (00)

05/22/85 0.3  0.37  13.51  0.10 0.01  14.37
(03) (03) (94) (02) (7

06/12/85  3.74  2.80 587  0.69 0.12  13.22
(28) (21) (45) (05) (01)

06/26/85  6.59  7.58 552  1.03 0.00  20.72
(32) (36) (27) (05) (00)

07/10/85  6.16  0.22  9.83  2.40 0.01  18.62
(33) (02) (53) (13) (7

07/31/85 178  0.10 274 145 0.06  6.13
(29) (02) (45) (23) (01)
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Table J5. Mean zoopl ankton densities (No./l)and percentages (in
parentheses) estimated from O-30 mvertical tows during
1984 in the Canada area of Libby Reservoir.

08/02/84 500 007 28 111 0.01  9.02
(56) (01) (31) (121 (7
08/16/84 252 0.24  1.96  0.83 0.02  5.57
(45) (05) (35) (15) (7
08/29/84  3.75 059  3.63  1.07 0.13  9.17
(41) (06) (40) (12) (01)
09/12/84  0.87 110 220 0.6l 0.06  4.84
(18) (23) (45) (13) (01)
10/04/84  4.94 438 7.14 237 0.00  18.83
(26) (23) (38) (13) (00)
10/18/84 ~ 8.48 8.8 878  3.39 0.02  29.52
(29) (30) (30) (11) (7
11/21/84 277 1.80 565 214 0.01  12.37
(22) (15) (46) (17) (7

J-5



Table J6. Mean zoopl ankton densities (No./l)and percentages (in
parent heses) estimated from O30 mvertical tows during
1985 in the Canada area of Libby Reservoir.

Dat e Daphni a Bosm na Cycl ops Diaptonus Epischura Tot al

06/13/85 ~ 0.01 002  0.02  0.01 0.00  0.06
(17) (33) (33) (17) (00)

06/27/85 ~ 8.99  0.36  7.49 0.5l 0.00  17.35
(52) (02) (43) (03) (00)

07/11/85  4.11 T 1.14  0.66 0.0  5.92
(70) (7 (19) (11) (7

08/01/85  3.43  0.0L 460  1.70 0.06  9.80
(35) (7 (47) (17) (01)

J-6



APPENDI X K

Sanpling efficiency (percent) of Wsconsin net

conpared to a Schindler plankton trap for 30 m

vertical tows in three areas of Libby Reservoir
during 1984 and 1985.



Appendix K. Sampling efficiency (percent) of Wisconsin net compared to a Schindler plankton trap for 30 m
vertical tows in three areas of Libby Reservoir during 1984 and 1985. The Schindler plankton

trap was assumed to be 100 percent efficient.

Daphnia Bosmina Cyclops Diaptomus
Honth, Year Tenmile Rexford Canada Tenmile Rexford Canada Tenmile Rexford Canada Tenmile Rexford Canada
August, 1984 78 35 --- 32 55 --- 85 65 - - 96 73 - -
September, 1984 64 110 75 127 58 89 75 88 107 48 136 133
October, 1984 - - 82 74 - - 85 165 - - 125 117 - - 166 79
November, 1984 92 143 200 84 33 233 141 146 253 141 148 275
December, 1984 130 300 114 200 165 131 179 140 ---
January, 1985 43 --- 37 46 - 70 -
April, 1985 80 115 83 60
June, 1985 93 55 54 77 89 00 57 46 83 55 37 93
July, 1985 98 113 120 15 125 00 65 62 118 71 49 115

July 1985 Rexford efficiency slanted toward VP due to loss of Schindler samples.



APPENDI X L

Estimated densi ties (nunber per n2) and
bi onass (grans per3) of Diptera and
Oigochaetaw thinthereservoir bed of
Li bby Reservoir in frequently dewatered,
occasi onal | y dewatered, and pernmanently wetted
substrated (by area) during Novenber 1984,
and fromApril 1985 through July 1985.



Appendix L. Estimated densities (nunber per n2) and biomass (granms per nR)
of Diptera and Qigochaeta within the reservoir bed of Libby
Reservoir in frequently dewatered, occaisonally dewatered
and permanently wetted substrates (by area) during Novenber
1984, and from April 1985 through July 1985.

Frequent | y Qccassional |y Per nanent | y Prequently
dewat er ed dewat er ed wet t ed dewatered
Tenmle Rexford Tenmle Rexford Tenmle Rexf ord Canada

Nunber / nP
Diptera
Novenber 1984 247 183 1,007 269 197 670 645
April 1985 * * 556 462 369 563 *
June 1985 39 -- 645 226 720 355 *
May 1985 39 -- 90 79 323 * 14
July 1985 265 4 280 32 229 43 18
Aver age 110 37 516 214 459 408 226
Qi gochaet a
Novepber 1984 = - 151 - = 326 507
ril 1985 * * 197 294 176 932 *
May 1985 * * 244 298 50 135 *
June 1985 4 7 183 301 172 * 22
Jul'y 1985 68 - 61 129 502 1,269 208
Aver age 24 2 167 204 180 666 246
Q ans/ n?
Diptera
Novenber 1984 0.615 0. 161 2,555 0,428 0, 653 1,589 1.385
April 1985 * * 0.717  0.449 0.678 1.154 *
May 1985 * * 0.547  0.367 0.370 1.161 *
June 1985 0.052 - 0.330 0.064 0. 650 * 0.008
Jul'y 1985 0.089 0. 004 0.120 0.029 1.048 0.023 0.004
Aver age 0. 252 0. 057 0.854  0.267 0. 680 0.981 0. 466
01i gochaet a
Novenber 1984 — - 0,061 - - 0. 108 0.306
April 1985 * * 0.059 0.050 0.035 0.225 *
May 1985 0.001 * 0.044  0.047 0. 005 0.015 *
June 1985 0. 008 0.041 0.354 0.038 * 0.004
Jul'y 1985 0. 006 - 0.008 0.019 0.100 0.241 0.170
Aver age 0. 002 0. 003 0.043 0.094 0.036 0.147 0. 160

* No sanples taken



APPEND X M

Seasonal average densities and bi omass
of terrestrial and aquatic nxroinvertebrates
captured on the surface of three areas of Libb
Reservoir during Cctober 1984 through Septenmber 1985.



Appendix M. Seasonal average densities (number per hectare) and biomass
(grams per hectare) of terrestrial and aquatic macroinverte-
brates captured on the surface of three areas of Libby

Reservoir during October 1984 through September 1985,

Tenmile Rexford Canada
Season/Year N.S. L. Avg. N.S. L. Avg. N.S. L. Awvg.
Number per hectare
Fall/1984 (4 tows) (3 tows) (8 tows)
Terrestrial 1904 1050 1477 585 1444 1015 157 132 145
Aquatic 125 _83_104 _50 _61 _ 5% _25 _l0 _18
Total 2029 1133 1581 635 1505 1071 182 142 162
Winter/1985 (no tows) (no tows) (no tows)
Spring/1985 (18 tows) (18 tows) ( tows)
Terrestrial 4105 2518 3312 310 239 275 150 107 129
Aquatic 186 _13 100 63 23 _43 _48 56 _52
Total 4291 2531 3412 373 262 318 198 163 181
Grams per bectare
Fall/1984 (4 tows) (3 tows) (8 tows)
Terrestrial 6.324 4,103 5.214 2.071 0.955 1.513 0.929 0.109 0.519
Aquatic 0,355 0,115 0,236 0,176 0,193 0,185 0,159 0,012 0,086
Total 6.680 4,218 5.450 2.247 1,148 1.698 1,088 0.121 0.605
Winter/1985 (no tows) (no tows) (no tows)
Spring/1985 (15 tows) ( tows) (6 tows)
Terrestrial 11.958 7,012 9.485 2.661 1.334 1.998 1.400 0.612 1,006
Aquatic 0.632 0.379 0,506 1.889 1.056 1.478 1.419 0.043 0.731
Total 12.590 7.391 9.991 4,550 2.400 3.476 2.819 0.655 1.737
Summer/1985 (18 tows) (18 tows) (  tows)
Terrestrial 7.585 5.721 6.653 0.922 0.589 0.756 0.542 0,202 0,372
Aquatic 0.306 0.018 0,162 0,595 0.023 0,309 0,047 0.086 0.067
Total 7.891 5.739 6.815 1.517 0.612 1,065 0.589 0.288 0,439




APPENDI X N

Sur face macroinvertebrate densi ties and
bi omass by Order, from fall 1984 through
sunmer 1985.



Table N1. Surface macroinvertebrate densities and biomass, by Order, during fall 1984,

TENMILE REXFORD CANADA
n N.S. L Combined N.S. L Combined N.S. L Combined
(# tows = 8) (# tows = 6) (# tows = 16)
Number/ha
Terrestrial:
Coleoptera 117 54 86 28 1 20 13 4 9
Hemiptera 258 229 244 28 6 17 19 10 15
Homoptera 1058 617 838 506 1383 944 75 108 92
Hymenoptera 400 125 263 17 44 31 42 8 25
Lepidoptera 38 4 21 6 - 3 4 - 2
Neuroptera - - - - - - - - -
Orthoptera - - - - - - - - -
Pscoptera - - - - - - - -
Arachnidia 33 21 27 - - - 4 2 3
Other - - - - - -
TOTAL TERRESTRIAL 1904 1050 1477 585 1444 1015 157 132 146
Aquatic:
Diptera 100 58 79 39 61 50 23 6 15
Ephemeroptera 17 21 19 - - -
Trichoptera 8 0 4 11 - 6 2 4 3
Other - 4 2 - - - - - -
TOTAL AQUATIC 125 83 104 50 61 56 25 10 18
GRAND TOTAL 2029 1133 1581 635 1505 1071 182 142 164
Grams/ha
Terrestrial: .
Coleoptera 1.082 0.432 0.757 0.376 0.012 0.194 0.579 0.035 0.307
Hemiptera 1.104 2,267 1.686 1.297 0.010 0.654 0.065 0.024 0,045
Homoptera 2,299 0.847 1.573 0.362 0.921 0.642 0.034 0.038 0.036
Hymenoptera 1.282 0.127 0.705 0.027 0.012 0.020 0,205 0.007 0.106
Lepidoptera 0.344 0.003 0.174 0,009 ——— 0.005 0.026 -—— 0.013
Neuroptera
Orthoptera
Pscoptera
Arachnidia 0.213 0.427 0.320
Other
TOTAL
TERRESTRIAL 6.324 4,103 5.215 2.071 .0955 1.515 0.929 0.109 0.520
Aquatic:
Diptera 0.269 0.077 0.173 0.116 0.193 0.155 0.156 0.004 0.080
Ephemeroptera 0.052 0.035 0.044
Trichoptera 0.035 -— 0.018 0.060 0.030 0.003 0.008 0.006
Other —_— 0.003 0.002
TOTAL AQUATIC 0.356 0.115 0.237 0.176 0.193 0.185 0.159 0.012 0.086
Parts
GRAND TOTAL 6.680 4,218 5.452 2.247 1.148 1,700 1.088 0.121 0.606




Table N2. Surface macroinvertebrate densities and biomass, by Order, during the spring,
1985.

—  TENMILE REXFORD CANADA
n N.S. L Combined N.S. L Combined N.S. L Combined
(# tows = 30) (¥ tows = 31) (# Tows = 12)
Nunber/ha
Terrestrial:
Coleoptera 153 92 123 76 56 65 42 17 30
Hemiptera 17 9 13 19 1 10 47 22 35
Homoptea 74 76 75 20 27 24 4 10 7
Hymenoptera 84 102 93 30 17 24 8 - 4
Lepidoptera 2 0 1 - - - - - -
Neuroptera - - - - - - - - -
Orthoptera - - - - - - - - -
Pscoptera - - - - - - - - -
Arachnidia 51 22 37 19 10 15 2 2 2
Otner - - - 3 - 2 - - -
TOTAL TERRESTRIAL 381 301 342 167 111 141 103 51 78
Aquatic:
Diptera 184 205 195 477 331 404 17 8 13
Ephemeroptera 16 1 9 0 2 1 83 8 46
Trichoptera 11 3 7 2 2 2 - - -
Other 2 3 3 20 3 12 2 11 7
TOTAL AQUATIC 213 212 213 499 338 419 102 27 66
GRAND TOTAL 594 513 555 656 449 550 205 78 144
Terrestrial:
Coleoptera 3.478 1,388 2.433 1.210 1.070 1.140 0.935 0.294 0.615
Hemiptera 0.059 0.180 0.120 0.167 0.012 0.090 0.254 0.220 0.237
Homoptera 0.040 0.060 0.050 0.549 0.017 0.283 0.003 0.078 0.041
Hymenoptera 1.982 1.700 1.841 0.426 0.157 0.292 0.161 —— 0.081
Lepidoptera 0.023 — 0.012
Neuroptera
Orthoptera
Pscoptera
Arachnidia 0.397 0.178 0.288 0.293 0.078 0.185 0.047 0.020 0.034
Other 5.979 3.506 4,744 0.016 ——— 0.008 —— ——
TOTAL :
TERRESTRIAL 11.958 7.012 9.488 2.661 1.334 1.999 1.400 0.612 1,008
Aquatic:
Diptera 0.444 0.243 0.344 1.750 1.032 1.391 0.113 0.009 0,061
Ephemeroptera 0.041 0.032 0.037 —— 0.0050.003 1.301 0.015 0.558
Trichoptera 0.101 0.064 0.083 0.027 0.027 0.027
Other 0.046 0.040 0.043 0.112 0.001 0.057 0.005 0.019 0.012
TOTAL AQUATIC 0.632 0.379 0.507 1.889 1.066 1.478 1.419 0.043 0,731
Parts

GRAND TOTAL 12.590 7.391 9.995 4.550 2.400 3.477 2.819 0.655 1.739




Table N3. Surface macroinvertebrate densities and biomass, by Order, during the summer, 1985,

—  TENMILE __ _ REXPORD =~ CANADA
n N.S. L Combined N.S. L Combined NS. L Combined
(# tows = 36) (# tows = 36) (# tows = 35)
Busber/ha
Terrestrial:
Coleoptera 22 11 17 13 8 11 9 6 8
Hemiptera 51 18 35 50 41 46 12 12 12
Homoptera 128 32 80 171 113 142 104 82 93
Hymenoptera 3891 2454 3173 75 69 72 22 7 15
Lepidoptera 2 1 2 - 2 1 - - -
Neuroptera 1 - 1 - 1 1 - - -
Orthoptera - - - - - - - - -
Pscoptera - - - - - - - - -
Arachnidia 9 2 6 1 ) 3 3 0 2
Other 1 0 1 - - - - - -
TOTAL TERRESTRIAL 4105 2518 3315 310 239 276 150 107 130
Acquatic:
Diptera 181 13 97 60 18 39 47 54 51
Ephemerontera 4 - 2 3 - 2 1 1 1
Trichoptera - - - 0 5 3 0 1 1
Other 1 - 1 - - - - - -
TOTAL AQUATIC 185 13 100 63 23 44 48 5S4 54
GRAND TOTAL 4291 2531 3415 3713 262 320 198 163 184
Grams/ha
Terrestrial:
Coleoptera 0.208 0.579 0.394 0.247 0.071 0.159 0.100 0.079 0.090
Hemiptera 0.359 0.103 0.231 0.089 0.129 0.109 0.183 0.051 0.117
Homoptera 0.538 0.051 0.320 0.214 0.085 0.150 0,173 0.045 0.109
Hymenoptera 6.426 4.973 5.700 0.365 0.220 0.293 0.071 0.027 0.049
Lepidoptera 0.003 0.001 0.002 —— 0.033 0.017
Neuroptera 0.001 -— 0.001 —— 0.004 0.002
Orthoptera
Pscoptera
Arachnidia 0.045 0.014 0.030 0.007 0.047 0.027 0.015 -—— 0,008
Other 0.095 -_— 0.003
TOTAL
TERRESTRIAL 7.585 5.721 6.681 0.922 0.589 0.757 0.542 0.202 0.373
Aguatic:
Diptera 0.213 0.018 0.116 0.590 0.017 0.304 0.045 0.045 0.046
Ephemeroptera 0.022 _— 0.011 0.005 —— 0.003 0.002 0.005 0.004
Tricoptera 0.006 0.003 -— 0.035 0.018
Other 0.071 — 0.036
TOTAL AQUATIC 0.306 0.018 0.163 0.595 0.023 0.310 0.047 0.086 0.068
Parts
GRAMND TOTAL 7.891 5.739 6.844 1.517 0.612 1.067 0.589 0.288 0.441




