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ABSTRACT

Impouindment of the Kootenai River in 1972 by Libby Dam altered the
aquatic environment in the river downstream from the dam. Flow regimes,
temperature patterns, sediment loads and water quality were markedly changed,
resulting 'in changes in periphyton, aquatic insect, and fish populations.
Periphyton biomass and productivity increased. Insect densities near
the dam increased, but species diversity decreased. Insect diversity

“increased with increasing distance downstream from the dam, but species

diversity was lower than would be expected in a free-flowing river. Biomass
of aquati: insects was highest near the dam, but was not significantly
different from the Fisher River at two downstream stations. Extensive
recolonization of shoreline areas occurred above the 4,000 cfs level when
discharge from Libby Dam was maintained at a higher level for two weeks

or more. Reduction in the discharge following recolonization resulted

in the stranding of large numbers of aquatic insects.

Considerable overlap occurs between the food habits of rainbow trout
and mountain whitefish. Chironomidae were the most important food item
of all s zes of mountain whitefish and for rainbow trout less than 20
centimeters Tong. Rainbow trout more than 20 ¢m long fed on Chironomidae,
Trichoptera and Ephemeroptera.

Water released from the dam sluices and spillways caused gas super-
saturaticn and appeared to 1imit fish populations in the Kootenai River
from 197z until 1975. From 1975-1981, water was released primarily through
the penstocks and rainbow trout and mountain whitefish populations increased
over 300 percent. The increased densities were associated with a marked
decline in rainbow trout growth rates and a slight decline in mountain
whitefish growth.

Significant spawning runs of rainbow trout have developed in four
tributar-es above Kootenai Falls and mainstem spawning activity was noted
in 1981 and 1982. Mountain whitefish spawn primarily in the mainstem
Kgotenai., the Fisher River and Libby Creek. The lack of sujtable spawning
habitat and barrier problems in tributary streams downstream from Kootenai.
Falls are limiting trout populations.

Burbot populations have increased since impoundment, whereas white
sturgeon numbers have decilined, The rainbow trout fishery in the Kootenai
River is comparable to some of Montana's more famous blue ribbon streams.
Fishing pressure has increased markedly from 1968 to 1981. The current
catch rate during the summer of 0.6 fish per hour of effort and average
size of rainbow trout creeled (11.0 inches) make the Kootenai one of the
better wild trout fisheries in western Montana.

The interaction of many environmental components have produced a
favorabl2 environment for rainbow trout downstream from Libby Dam. The
single most important factor in maintaining the productivity of the Kootenai
River has been the establishment of an adequate minimum flow. Other important
environmental components include: 1) improved water temperatures for



growth in summer and fall and warm winter temperatures; 2) higher flows

from September through March; 3} reduced sediment loads below Libby Dam;
4) curtailment of sediment pollution from a mine-mill operation on Rainy
Creek; and 5) curtailment of heavy metals and chemical poliution from

an industrial complex in British Columbia.



INTRODUCT ION

Thz demand for electrical power, irrigation and flood control in
the Pacific Northwest has resulted in the construction of dams on most
major river systems. These developments provide the necessary water storage
and produce major changes in the river downstream of the project. This
report covers changes which have occurred in the aquatic environment,
periphyton, benthos, and fish populations of the Kootenai River following
impoundinent by Libby Dam.

The Kootenai River (spelled Kootenay in Canada) is the second largest
tributary of the Columbia River. Its drainage basin has an area of about
50,000 square kilometers (19,300 square miles) and includes parts of south-
eastern British Columbia, northern Idaho, and northwestern Montana. The
river oviginates in Kootenay National Park, British Columbia, flows south
into Montana, then northwest through Montana and Idaho and into Kootenay
Lake in Canada; it then flows southwest from Kootenay Lake and joins the
Columbiz River at Castlegar, British Columbia (Figure A). The Kootenai
River i< approximately 780 km {485 miles) in length, of which 266 km {165
miles) is in the states of Montana and Idaho.

The basin ranges in elevation from about 418 m (1,370 feet) above
mean sea level at Castlegar, British Columbia, to the 3,618 m (11,870
feet) peak of Mt. Assinibone on the Continental Divide in the northeastern
part of the basin. The section of the river in the United States ranges
from an elevation of about 704 m (2,310 feet) to 533 m (1,750 feet) above
mean sea level. The gradient of the river in this section is 0.6 m/km
(3.4 ft/nile).

Construction was begun on Libby Dam in 1966. In March, 1972, the
river was impounded and its reservoir, Lake Koocanusa, was formed. Approxi-
mately 8) kilometers (48 miles) of the reservoir is in Montana with the
remaininy 70 km (42 miles) in British Columbia. Regulation has altered
the flow regime, temperature patterns, sediment loads and water quality
of the Knotenai River. These environmental changes have had profound
effect on the biological communities 1iving in the Kootenai River downstream
from Libby Dam.

Libhy Dam reversed the natural flow regime. Historically, the highest
flows occurred from April through July, with the median peak flows being
about 60,000 cfs during May and June, with low discharges of about 2,000
cfs occurring during the winter and early spring. The average annual
discharge at Libby, Montana is 12,000 cfs. Since impoundment, Tow flows
normally occur from April through July. During the remainder of the year,
flows gererally range from an operational minimum of 4,000 cfs to a maximum
of 23,00C cfs. Maximum discharge prior to impoundment was 121,000 cfs
as compared te 40,000 cfs following impoundment. An International Joint
Commnissicn order for Kootenai Lake requires that Lake Koocanusa be drawn
down to elevation 2,412 feet ms] to accommodate 2,000,000 acre-feet of
storage by January 1 each year, which results in maximum power production
in October through December each year.
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The daily flow regime, which was relatively stable under natural
conditions, now fluctuates due to the power peaking capability of Libby
Oam. Daily flows can fluctuate a maximum of four vertical feet per day
from April through September and six feet per day from October through
March. Actual fluctuations have been less than the maximum criteria on
most days.

From April, 1972 through June, 1975, water was released from either
the dam sluices, the spillways or a combination of the two. The water
falling irto a 60-foot deep stilling basin resulted in gas supersaturation
levels averaging 135 percent. Supersaturation persisted at somewhat Tower
Tevels dovnstream to Kootenai Falls, a distance of 29 miles. Beginning
in July, 1975, increasing amounts of water began to be discharged via
the penstocks as installation of the first four generators was completed.
By the end of March, 1976, penstock discharges had reduced gas saturation
levels to near 100 percent. Sluice and spillway discharges and associated
gas supersaturation have been infrequent since this date.

The water temperature regime in the Kootenai River has been significantly
altered by regulation. Sluiceway and spiliway operation from 1972 through
1976 resulted in unusual temperature patterns. Discharge temperatures
during the summer varied from about 8.2°C (47°F) to 18.3°C (65°F). These
patterns were modified when the selective withdrawal system became operational
in June, 1977. A temperature rule curve was developed for operating the
system. dinter discharges are from deep within the reservoir and temperatures
are generilly near 4.0°C {39°F). As the reservoir fills, the selective
withdrawal is operated to withdraw water no closer than 50 feet from pool
surface (to reduce escapement of fish from the reservoir) and maintain
a maximum temperature of 13.5°C (56°F). The operation of the system provides
temperatures which are warmer than the natural regime from October to
March, and cooler from April through September.

Flow regulation eliminated the spring flood flows which had maintained
the river channel morphometry and resorted substrate materials. Decreased
peak flows also allowed deltas to build around tributary stream mouths.
The reservoir acts as a sediment and nutrient trap and reduces the concentrations
of these water quality constituents in downstream water. Impoundment
of the r-“ver has decreased available allochthonius materials, but sestonic
drift from the reservoir area has increased.

A survey of the aguatic insects in the Kootenai River in Montana
was done as part of the Corps of Engineers preimpoundnent water quality
study from 1967-1972 (Bonde and Bush 1975). Limited macroinvertebrate
sampling done near Keotenai Falls 47 km (29 miles) downstream from | ibby
Dam (Graham 1878) indicated major changes in insect diversity and composition
since impoundment.

Little fish data were collected on the Kootenai River prior to 1969
except fir creel surveys conducted by game wardens. Testing of electro-
fishing jear and development of sampling methodology began in 1969 and
the first population estimates were obtained in 1971 in the Jennings Section,
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Tocated 3.3 km {2.0 miles) downstream from Libby Dam. 1In 1972, Corps
of Engineers funded a comprehensive biological study of Kootenai River.
This report summarizes the data collected between 1972 and 1982,
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SECTION A

Aquatic Insect Study
Octobeyr, 1979 - June, 19827

By
Sue Appert Perry and Joe E. Huston
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OBJECTIVES

The purpose of this aquatic insect study was to measure the quantity
and quality of insects in the Kootenai River below Libby Dam. Specific
objectives were: 1) determine standing crop, composition and specific
diversity of aquatic insects at three locations in Kootenaij River and
a control in Fisher River; and 2) determine effects of river regulation
on insect drift rates, stranding of insects on dewatered substrate and
re-population of these dewatered areas.

These data were to be compared to applicabie information collected
by Bonde and Bush (1975) on pre-impoundment aquatic insect populations
and to data collected by May (1972) at stations on the Fisher River.

METHQDS
Sampling of benthic invertebrates was begun in October, 1979 at
four sampling stations; three sites on the Kootenai River downstream
from Libby Dam and a control site on the Fisher River (Figure 1).
Locations of the four stations are shown on Figure 1 and were as follows:

Distance from

Statio1 name Libby Dam Location
Dunn Creek 3 km Near the mouth of Dunn Creek
ETkhomn 18 km Elkhorn Trailer Court - about 2
km below reregulation dam site.
Pipe Cieek 35 km Near the mouth of Pipe Creek
Fisher River - 1 km upstream from mouth of Fisher
River.
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The Dunn Criek site is at the same location as Station 3 in the pre-
impoundment study (Bonde and Bush 1975).

Six benthic invertebrate samples were taken at each station each
month (excedt December and February) for a one-year period. The sampling
was done whian releases from Libby Dam were at or near the operational
minimum flow of 4,000 cfs. Water depths and mean current velocity measured
at the 15.2 cm depth were taken just upstream from each benthic sample.
During the first year (October 1979 - September 1980), 252 quantitative
benthic samiles were collected and analyzed numerically and volumetrically.
An additional 36 quantitative benthic samples were collected during Octaber,
1980 and January, March and May, 1981.

Three samples were taken at each station and three different samplers
were used t) reduce biomass. The modified Knapp-Waters sampler (Waters
and Knapp 1361) which was used in preimpoundment studies (Bonde and Bush
1975) was used at the Dunn Creek, Elkhorn and Fisher River sites. It
could not be effectively used at the Pipe Creek station due to the very
large substrate size at that site. The other two samplers employed,

a modified <ick net and a circular depletion sampler (Carle 1976) were
designed for use in large substrates. Both of these samplers enclosed
a sample arza of 0.33 m? and have a mesh size of 150 um, compared with
a sample arz2a of 0.093 m? and a mesh size of 471 um for the Knapp-Waters
sampler. The circular sampler was used at the Pipe Creek site in place
of the Knapa-Waters sampler and the kick net was used at all four sites.

After the sampler was placed over the substrate, rocks within the
enclosed ar2a were lifted and brushed free of insects by hand. After
all rocks ware cleaned and removed, the remaining substrate was disturbed
by kicking for 15 seconds. Insects were collected in the cod end of
each sampler. These insects were removed and placed in jars containing
10 percent formalin and Rose Bengal stain.

. Laboratory analysis of each sample included placing the sample in
a white porcelain tray and sorting out all insects larger than 2 mm in
Tength. Th2se Targer insects were identified to order and preserved
in separate vials. The remaining sample was divided into eight subsamples
and all ins2cts removed from one subsample. These insects were sorted
to order and preserved in vials. Occasionally, a larger or smaller sub-
sample was taken depending upon the mass of insects in the total sample.

All insects except dipterans were identified to the lowest taxonomic
group possisle and enumerated using a laboratory counter. Dipterans
were sorted into Chironomidae and other taxonomic groups and counted.
Biomass was measured by volume displacement, with any volume less than
0.1 ml assigned a trace value of 0.05 ml. Volumetric measurements were
made with the use of 2 50 milliliter burette and a graduated centrifuge
tube.

Adult insects were collected at all four sample stations from rocks
and vegetation with sweep nets or by hand. Pit traps (buried cans con-
taining formalin covered with a thin film of diesel fuel to prevent



evaporation) were utilized from March to June to collect stoneflies at

the Pipe Creek and Fisher River sites. Light traps were operated nightly
from June to October, 1980 at the Pipe Creek and Fisher River sites to
collect caddisflies and dipterans. The 1ight traps contained uv fluorescent
lights powered by 110 volt A.C. current or by batteries controlled by

a photocell which activated the Tamp during the hours of darkness.

Insect drift nets had a rectangular opening measuring 45.7 by 30.5
cm and & Nitex bag 1.5 meters long made of 355 um mesh. The frame was
made of angle iron with holes for steel rods which were driven into the
substrate. Samples were taken in duplicate; two nets were set parallel
to each other and to the shoreline in water from 15 to 30 cm deep. Flow
rates through the nets were monitored with a current meter. Generally
the nets were set for a period of one hour.

Coritinuous recording thermograph data were obtained from the U.S.
Army Corps of Engineers. Flow and chemical data were obtained from the
U.S. Geclogical Survey (USGS) for the Kootenai River station below Libby
Dam. Temperature and flow data from the Fisher River were obtained from
UsGS. Temperatures of Fisher River recorded in water year 1976 and Kootenai
River in water year 1980 are shown in Figure 2.

Periphyton standing crop was quantified at the sampling stations
on a seasonal basis (August, October and January) by measuring ash-free
dry weights and chlorophyll a on material collected from natural substrates.
For ash-free dry weight analyses, the Aufwuchs layer was removed from
a randomly selected rock and the surface area was measured. Replicate
samples were taken at two depths. Chlorophyll a samples were taken by
scraping periphyton from a 6 cm? area using a flexible template. The
sample for analysis of chlorophyll a was placed in an opaque, screw-
cap centrifuge tube, and frozen until it was extracted. Methanol was
used in the extraction process {Holm-Hansen and Riemann 1978); calculations
were mad2 according to Lorenzen (1967) using experimentally determined
absorption coefficients {(Riemann 1978).

Benthic community metabolism was measured at the Dunn Creek and
Fisher River stations in September, 1981 by placing rocks from a circumscribed
area of the riverbed in recirculating chambers used .n 4itu and recording
changes in oxygen evolution. Calculations were made of gross productivity,
net community productivity, 24-hour respiration, net daily metabolism,
and the productivity-respiration ratjo.

Organic carbon in the seston was quantified as particulate (POC)
and dissolved (DOC) on a monthly basis for the first year of the study.
Analyses were conducted according to Menzel and Vaccaro (1964) in which
organic carbon is oxidized and quantified in an infrared detector (Ocean-
ography ‘nternational, Inc.). In order to determine how the particle
sizes which are available to insect filter feeders are altered by river
regulation, the particle component of the seston was size-fractionated
on a seasonal basis (September, November and February) at the control
and regulated sites. A wet filtration method was used to size fractionate
samples of the seston, and the organic carbon content of each size class

)
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was determined with the use of a carbon analyzer. Particulates were

sized into fractions (0.45-10 um, 10-165 um, and 355-1000 um) by passing
known volunies of water sequentially through the different mesh sizes.
Particulate organic carbon from 355 um to 1 cm was collected using insect
drift nets. Nets were set in place for a timed interval at minimum discharge
from Libby Dam and flow rate monitored to quantify the volume filtered.

A1l insects and debris larger than 1 cm was removed prior to analysis

for ash-free dry weight.

Periphyton species identifications were made by Dr. Loren Bahls
of Montana Department of Environmental Sciences who analyzed periphyton
community structure using methods described in Bahls, et al. (1979).

The substrate was characterized at each of the four sampling statijons.
The intermediate axis (the widest width) was measured on all surface
rocks in an 0.33 m2 area. Six replicate samples were taken at random
from the zcne flooded with flows of 20,000 cfs down to 4,000 cfs. Sampling
was done at minimum discharge from Libby Dam. Replicate samples taken
from subsurface rocks were fractionated into six sjze classes (>50, 50-
19, 19-16, 16-2, 2-.063 and <.063 mm) using soil sieving techniques.
A heterogeneity index {Schwoerbel 1961) was calculated for the subsurface
samptes. Heterogeneity (degree of particle size diversity) was calculated
by making a plot of the cumulative percentage by weight against the particle
size (mm); heterogeneity = particle size 60%/particle size 10%.

In order to determine the benthic community associations which have
resulted from requlation of the Kootenai River, the bioiogical data was
reduced to fewer variables with the use of diversity indices and three
ordination techniques. These methods were applied to data obtained from
collections which were made in October, 1979 and January, March and July,
1980.

The Shannon diversity index was calculated after samples were pooled
by sampler type at each sample station and date. The formula used for

s Nj N5
the Shannon function was H' = ZTNi'1og2TN} where s = number of taxa in

i ]
sample, Ni = number of individuals in taxon i, and N = zN;. A value

j

of zero is obtained when all individuals belong to the same species.
The maximum value of H' depends on the number of individuals counted
and is obtained when all individuals belong to different species. H'
usually varijes between three and four in natural stream areas and is
usually less than one in polluted or stressed stream areas.

Evenness (E,), as measured by Margalef (1957), is a ratio of the
observed H' to a maximum theoretical diversity (H'p.y), computed with
all individuals equally distributed among the species. Maximum diversity
(H'max) was computed as logps; therefore evenness = H' . Evenness
Iogzs
generally ranges between 0 and 1. Perturbation reduces Ey below 0.5
and generaliy to a range of 0.0 to 0.3,

da:



Ordination techniques were applied to the data with the use of two
computer procrams from the Cornell Ecology Program series. DECORANA,
a Fortran prcgram which was used for detrended correspondence analysis
(Hi11 1979) and ORDIFLEX, which was utilized for its programs for polar
ordination and principal components analysis {Gauch 1977). DECORANA
was performed with no transformation of the data and no downweighting
of rare specizs. Polar ordination was run with both automatic and user
selected samples as endpoints. Percentage distance was the measure used
for the computation of similarity of species composition among the various
samples, which is required for polar ordination. A major function of
ordination is fdentification of groups of similar samples. The equation
for the percentage distance (PD) similarity measure is:

I
200 - £ min (Dij’ Dik)
PDjk = [H - stk’ where stk = i=1

I

2 (Dij + Dik)

i=1
where IA is the internal association, PS is the percentage similarity,
where the summations are over all species (I}, Djj and Dik are the abundances
of species i in samples j and k, and $j and Sk are the numbers of species
in samples j and k. The data were log transformed before principal components
analysis was ajplied. The output from PCA was centered and standardized.

The reduced biological data were then related to environmental predictor
variables using multiple regression and correlation analysis. These
statistical methods were utilized to assess the importance of such factors
as rates of flow change, temperature, substrate heterogeneity, and altered
autochthonous 'periphyton) and alTochthonous {seston) carbon resources
in determining the composition of benthic communities downstream from
dams .

RESULTS

Density and Bicmass Estimates

Data collected from October, 1979 to September, 1980 (1980 water
year) were used for comparisons of insect densities (numbef/mz) and biomass
(cc/m2) at the four sample stations. Accurate guantification of numpers
and biomass in the Kootenai River was complicated by the fact that discharge
from Libby Dam was reduced to 4,000 cfs just prior to invertebrate sampling.
Insect drift is induced by reductions in flow and these flow reductions
may have concentrated insects aTong the shoreline where samples were
taken.

Annual mean densities {(number/m2} of all invertebrates ranged about
1.5 to 2.5 times greater in the Kootenai River than in the Fisher River
(Table 1, Figure 3). Monthly mean densities for each insect order at
each station are Tisted in Appendix 1.

A one-way analysis of variance (ANOVA) at the four stations was
run on log transformed data of the monthly mean densities of all 1qvertebrates.
Densities were sianificantly different (p<.05) for pairwise comparisons
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of all sites but ETkhorn and Pipe Creek. There were distinctive differences
in the abundance of insects by order at the requlated and control sites.

In general, stoneflies, caddisflies and beetles were found in much higher
numbers in the Fisher River. Mayflies were found in greater numbers

in the Kootenai near the dam but the two downstream sites were more comparable
to the Fisher River.

Annual mean bjomass {x cc/m2) was not significantly different in
the two rivers {Table 2, Figure 4). An ANOVA test of monthly biomass
means at the four stations generally did not show significant differences.
The orly pairwise comparison of sites which was significantly different
for monthly biomass mean was between the Elkhorn and Pipe Creek stations
(p<.0%). Monthly mean biomass for each insect order {cc/m2) at each
station are given in Appendix 2.

I two-way ANOVA which incorporated both sites and sampler types
was run using density and biomass data for four seasons (October, January,
March and July). Density (number/m2} was significantly different between
sampler types in all months. This may have been related to the difference
in mesh size between the kick (150 um) and Knapp-Waters (472 um) samplers
more ‘than to the design of the samplers. Biomass (cc/m?) differences
were not significant between sampler types in any month except July.
These differences relate only to overall density and biomass. One might
expect species differences in catchability between the different sampler
types.

Percent composition was calculated from the annual density and biomass
means (Tables 1 and 2). The annual percentages by numbers and volumes
were averaged in the Density-Biomass Index {Table 3, Figure 5) to give
an overall mean comparison of the sampling stations.

The percent composition of each insect order is presented for density
{Table 4) and biomass (Table 5) data for each sample date. Samples for
the Fisher River during May and June were not quantitative, since these
collections were made during spring runoff conditions and were not included
in the calculation of the annual means. A one-way ANOVA test was run
on transformed (arcsin /% composition) data of the present composition
by insect order at the four stations. Densities by insect order were
significantly different (P<0.05) for the following pairwise comparisons
between sampling sites:

(rder Paired Sampling Sites

Ephemeroptera (Mayflies) Dunn vs Fisher, Elkhorn vs Fisher
Pipe vs Fisher, Dunn vs. Pipe,
Etkhorn vs Pipe

»

Plecoptera (Stoneflies) Ounn vs Fisher, Elkhorn vs Fisher,
Pipe vs Fisher

Trichoptera {Caddisflies) Dunn vs Fisher, Elkhorn vs Fisher,
Pipe vs Fisher, Ounn vs Elkhorn,
Dunn vs Pipe



Chironomidae (Midges) A1l were significantly different
Other Diptera None were significantly different
Other Invertebrates Dunn vs Pipe, Pipe vs Fisher

These comparisons indicate: 1) densities of mayflies become comparable
to those in Figher River between Elkhorn and Pipe creeks; 2) caddisflies
approach Fisher River densities between Dunn Creek and Elkhorn; and 3)
stonefly densities do not approach Fisher River levels within the Kootenai
River study area. Midge densities differ both between requlated sites
and between regulated and control sites, while other dipterans and other
invertebrate densities were not significantly different.

An ANOVA test was also run on percent composition by biomass. Biomass
showed the same trends as density by insect order, but with fewer differences
that were significant for the mayflies, stoneflies, caddisflies and midges.
Other Diptera and Other Invertebrates were combined for volumetric analyses
and showed significant biomass differences between the control and regulated
sites. The comparisons that were significantly different (P<0.05) are
Tisted below.

Order Paired Sampling Sites
Ephemeroptera (Mayflies) Dunn vs Pipe, Dunn vs Fisher
Plecoptera {Stoneflies) Dunn vs Fisher, Elkhorn vs Fisher,

Pipe vs Fisher

Trichoptera (Caddisflies) Dunn vs Elkhorn, Dunn vs Pipe,
Dunn vs Fisher

Chironomidae (Midges) Dunn vs Elkhorn, Dunn vs Pipe,
Ounr ys Fisher, Elkhorn vs Fisher,
Pipe vs Fisher

Other Diptera Dunn vs Fisher, Elkhorn vs Fisher,
Pipe vs Fisher

Other Invertebrates Dunn vs Fisher, Elkhorn vs Fisher,
Pipe vs Fisher

Comparisons of Pre- and Post-Impoundment Densities and Biomass

Overall, post-impoundment densities were an order of a magnitude
higher than those found at the Dunn Creek site in pre-impoundment studies
(Table 6). This is due in part to the fact that some of our samples
were taken with the kick sampler which collects many more of the small
instars than the Knapp-Waters sampler used in pre-impoundment studies.
Alsa, there is not a direct month-to-month correspondence in the sampling
dates which could iead to differences. It does seem evident, however,
that higher numters of a few species of mayflies and dipterans projected

-10-
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Table 2. 1Insect biomass as annual mean of monthly means in cubic centimeters
per square meter for Kick, Circular and Knapp Waters samples

combi ned.
Dunn Creek Elkhorn Pipe Creek Fisher River
n=10 n=10 n=9 n=7
x{s.d.} x(s.d. ) %(s5.d.) X{s.d.)
Ephemeroptera 16.4 {12.4) 11.0 ( 7.4) 5.8 { 3.7) 6.2 { 3.8)
Plecoptera 0.01{(0.03) 0.5 ( 0.5) 0.5 { 0.6) 4.0 { 2.7)
Trichoptera 1.2 ( 0.7) 6.8 { 3.6) 5.9 { 4.8) 6.3 { 4.5)
Chironomi dae 9.6 { 6.0) 5.5 { 2.1) 4.0 { 2.4} 2.2 ( 1.4)
Other 11.4 ( 4.4) 10.6 { 4.4) 7.1 { 4.4) 4.4 { 2.5)
TOTAL 38.6 (20.6) 34.4 (15.0) © 23.3 {12.1) 23.1 (14.0)
Perceny Composition |
Ephemeroptera 42.5% 32.0% 24.9% 26. 8%
Plecoptera 0.03 1.4 2.1 17.3
Trichoptara 3.1 18.8 25.3 27.3
Chironomidae 24.9 16.0 17.2 9.5
Other 29.5 30.8 30.5 19.0

~12~
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Tabie 3. Density-Biomass Index {mean of annual percent composition of
numbers and annual percent composition of volumes) for water

year 1980.
Dunn Creek Elkhorn Pipe Creek Fisher River

n=10 n=10 n=9 n=7
Insect order X % X % x % X %
Ephemaroptera 36.5 31.3 19.7 33.4
Plecoptera 0.1 .7 1.0 12.3
Trichoptera 1.5 12.6 15.4% 21.5
Chironomidae 40.3 28.1 36.8 14.8
Other 21.6 27.4 27.1 18.1

* Percentages do not always total 100% due to rounding.

-14-
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Table 5. Percent of total biomass (cc/m2) of invertebrates represented
by insect order (Kick and Knapp Waters samples combined).

Ephemeroptera Plecoptera Trichoptera Chironomidae Total

Ounn Creek

October 19. 1 0.6 3.3 28.7 48. 3
November 30.1 0 1.5 25.6 42.9
January 44.5 0 1.7 13.8 40.0
March 48.0 0 1.9 12.8 37.3
April 46. 4 0 2.6 28.4 22.6
May 48,9 0 3.5 28.5 19.1
June 53.0 0 2.2 26.4 18.4
July - 37.1 0 4.0 22.3 36.6
August 19.0 Q 6.5 38.6 35.9
September 18.3 0 1.7 26.2 53.6
Eikhorn

October 19.7 2.2 36.1 16.9 25.1
November 27.6 3.3 18.9 27.2 23.0
January 26.0 1.3 i5.4 13.1 44,2
March 40.6 0.8 13.3 13.3 32.0
Apri 1 36.1 2.4 10.1 11.5 40.0
May 43.5 0.1 16.9 13.9 25.6
June 38.2 0 11.8 15.9 33.1
July 28.0 0.7 29.3 13.4 28.6
August 30.3 3.9 22.4 12.2 31.3
September 18.4 4.1 28.4 17.0 32.2
Pipe Creek

October 14.6 7.3 42.7 8.5 26.8
November 18.1 2.7 24.9 25.3 29.0
January 23.8 2.0 19.0 10.3 4.8
March 29.2 4.0 28.7 16.5 21.6
April ' -—— -———- - -—— -———-
May 25.6 0.5 6.4 32.0 35.6
June 27.8 0 8.3 26.0 37.9
July 27.1 0 40.7 8.8 23.4
August 28.6 3.0 15.8 14.1 38.5
September 19.6 1.3

3.0 15.7 32. 4

- 18_



Table 5. (Continued).

Ephemeroptera Plecoptera Trichoptera Chivonomidae Total
Fisher River
Oc tober 19.4 23.9 29.9 7.5 19.4
November 27.8 17.3 26.2 11.0 17.7
January 18. 2 22.0 31.0 11.9 16.8
March 33.1 18.9 17.1 5.6 25.3
April ——— —— ——— ——— -——
May* 34.4 8.8 27.5 9.4 20.0
June* 34.9 9.6 2.4 14.5 38.6
July 26.2 16.3 29.2 8.2 20.2
August 27.2 13.0 29.8 8.7 21.4
September 22.3 i7.9 31.4 9.5 18.9

* Not gnod quantitative data.



Table 6. A comparison of pre and post-impoundment aquatic insect data
collected from Dunn Creek site. Preimpoundment data are four
year averages from 1968 through 1971, while post-impoundment
data are annual mean of monthly means from October 1979 through
September, 1980.

Pre- 1mp0undment1/ Post-impoundment

(n = 57 samples)— {n = 63 samples)
Densities Biomass Densities Biomass
(x 7o/m§} {am/m2) (x no/m2) (cc/mz)

Order x{s) x(s) x(s)

Ephemeroptera 539(434) 2.0{1.8) 8,797({7,778) 16.4(12.4)

Plecoptera 570(320) 5.8(3.5) 6(6) 0.01(0.03)

Trichoptera 732(215) 11.3(5.5) 62(32) 1.1(0.7)

Coleoptera 4(5) trace 7(6) trace

Diptera 1,030(466) 4.0{1.8) 17,363(8,322) 12.5(8.0)

TOTAL 2,876(1,197) 23.1(10.2) 26,235(6,779) 30.0(16.0)

Percent Composition

Ephemeroptera 18.7 8.7 . 33.5 54.7

Plecoptera 19.8 25.1 0.02 .03

Trichoptera 25.5 48.9 0.2 3.7

Coleoptera 0.1 ———- 0.03 ———

Diptera 35.8 17.3 66.2 41.7

1/ Bonde and Bush (1975)
2/ X is wean number of grams (pre-impoundment) or cubic centimeters (post-

1mpoundment)
3/ S is one standard deviation.
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an overall increase in the density of invertebrates. The number of stonef]ies
and caddisflies has decreased dramatically at this site since impoundment,
while the densities of mayflies and dipterans appear to have increased
substantially. Species collected in pre-impoundment studies, but not

in this study, are Tisted in Table 7.

Bicmass measurements are not directly comparable since we used volumetric
analyses in order to preserve the specimens. The percent composition
can be tsed for comparative purposes. The trend is the same as the density
trend; & very marked decrease in stoneflies and caddisflies and a six-
fold increase in mayflies and 2.5-fold increase in dipterans.

Comparisons of 1970 and 1980 Data on the Fisher River

Coiparison of our data with a 1970 study of the Fisher River (May
1972} indicates that there have been similar changes in the relative
percent composition by density and biomass of insect orders in the Fisher
River in the last 10 years. A comparison of the percent composition
of annual means in density and biomass at two stations from the 1970
study and from our study site on the Fisher River (Table 8) indicates
a decreise in the importance of stanefljes and caddisflies and an increase
in diptzrans. This is likely due to long-term changes associated with
channelization of the Fisher River at the time Libby Dam was constructed,
and othzr changes associated with logging or agriculture in the Fisher
River drainage.

Comparisons of Present Populations of Invertebrates in Kootenai and
Fisher Rivers

A notable feature of the benthos in the Kootenai River was the paucity
of storeflies which generally comprise less than 0.1 percent of the density
of benthic invertebrates {Table 4). There were no species of stonefly
common in the Kootenai River as opposed to about 14 species which were
common in the Fisher River. Seventeen species of stoneflies were collected
in the Kootenai River compared to 23 species in the Fisher River and
A2 species in the partiaily regulated Flathead River. Their absence
may be related to changes in the substrate, to higher fall and winter
water —emperatures, or to availability of oxygen {see later section of
possibie problems with Tow dissolved oxygen).

Shifts in the species composition of mayflies were found with increasing
distan:e downstream from the dam and between regulated and control sites
(Tables 9 and 10). Two species of mayflies (Ephemerella inermis and
Baetis tricaudatus) predominate near the dam. They are species with
several generations per year, and apparently are prolific enough to with-
stand population losses due to frequent stranding and downstream drift
caused by flow fluctuations. The heptageniid mayflies (Epecrus, Rhithrogena)
were found in very low numbers near the dam, but increased at the downstream
stations. They were far more abundant in the Fisher River than in the
Kootenai River (Table 10}. Rapid water fluctuations and increased algal
growths probably impair the efficiency with which they can maintain their

-21-



Table 7. Genera collected in pre-impoundment studies of the Kootenai
River, rarely or not collected in the present study.

Genera not collected in present study

Ephemeroptera
Parameietus
Leptophiebia

Plecopterz
Arcynopteryx (Perlinodes, Setvena)

Diura

Trichoptera
Parapsychne

Neothremna

Megaloptera
Sialis

Genera which are much reduced in abundance

Ephemeroptera
Heptagenia
Callibaetis

Plecoptera
Pteronarcella

Capnia

Isocapnia

Brachyptera (Taenionema)

Isogenus (Cultus, Isogenoides)
Isoperla

fcroneuria {Calineuria, Hesperoperla)
Alloperla (Sweltsa, Swallia)

Trichoptera
Arctopsyche

-22-



Table 8. A comparison of data from a 1970 study {(May 1972) of the Fisher
River and the present study. Relative abundance of aquatic
insect orders expressed as percent of annual density and
biomass means.

1970 Study
Fisher River Present Study

Aquatic Station 1 Station 3 Fisher River Station
Insect Order % % %
Ephemeroptera

Densi ty 17.7 15.9 6.3

Biomass 21.0 37.0 18.72
Plecoptera

Density 41.5 26.8 41.6

Bi omass 4.2 17.8 25.2
Trichoptera

Density 1.3 18.5 4.2

Biomass trace 3.1 1.0
Coleoptera

Density 21.6 29.6 15.5

Bi omass 20.0 24.8 27.5
Diptera

Density 17.9 9.2 32.5

Biomass 24.8 17.3 20.1
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positions in the boundary layer on the surface of rocks as their gills
form a suction cup which assists in maintaining their positions on rock
surfaces.

Caddisflies (Tndichoptera) often show compositional changes in regulated
areas {Henricson and Muller 1979). The species present are often determined
by the composition and particle sizes of the available food in the seston.
The distribution of filter feeding caddisflies is often determined by
the prevalence of food particle sizes. Various species spin nets of
different mesh sizes and thus utilize only a specific range of particie
size (Wallace and Merritt 1980). Seston from Lake Koocanusa is abundant
in the ¥ootenai River and is utiltized by certain filter feeding caddisflies
and influences their abundance (Hydropsyche osfari, Brachycentrus sp.)
(Table 9). Caddisflies which spin nets with larger mesh sizes {Arcto-
psyche ghandis) and smaller mesh sizes (Cheumatopsyche sp.) than the
medium sized mesh of Hydropsyche nets are more abundant in the Fisher
River (Table 10)}. Periphyton bijomass is high in the Kootenai River due
to reduced turbidity and scouring. Caddisflies which graze on the peri-
phyton (Hydroptifa sp.) are found in higher densities in the Kootenai
River than in the Fisher River (Table 10). Allochthonous material (leaves
and woody material from the terrestrial sphere) are much more available
in the Fisher River. Caddisflies which shred leaves (Lepidostoma Ap.)
are found in much higher densities in the Fisher River (Table 10).

Blac«flies (Diptera) are also filter feeders which have much higher
densities in the Kootenai River than in the Fisher River (Table 9). Midges,
worms and snails are more abundant in the Kootenai River.

A species list (Table 11) was compiled from all of the jnsects collected
during the study. The Odonata, Hemiptera, Chironomidae and some other
groups of Diptera were jdentified only to family. Adult collections
were likely incomplete for the Fisher River, so that the species 1ist
based on our samples is incomplete. Some of these species may have been
incidental in the Kootenai River, arriving there in the drift from tributary
streams. The relative abundance of species is indicated: rare =1 or
2 specimens collected during the entire study; infrequent = less than
10/m2/year; common = >10 but <1,000/m2/year; abundnt = >1,000mZ/year.

A total of 53 species were collected at the Dunn Creek site, 73 at Elkhorn,
89 at Pipe Creek and 105 in the Fisher River.

A numb2r of species were collected only in the Fisher River, while
others only in the Kootenai River {Table 12). Many were collected rarely
or only as adults, so may also occur in the other river. It is probable
that a number of the stonefly species found in the Fisher River no longer
occur in the Kootenai River. It is also possible that caddis species
like Brachycentrus amesicanus have been eliminated in the Kootenai River,
and that many of the leaf shredding species of caddis do not occur within
the study area of the Kootenai River. Certain dipteran species were
collected only in basket or drift sampies in the Kootenai River, collection
methods which were not used in the Fisher River. Some species differences
would be expacted based on the difference in the size of the river where
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Table 11. A Jist of insect taxa collected from Dunn Creek, Elkhorn and
Pipe Creek sites in Kootenai River and Fisher River site, 1979,
1980 and 1981. Frequency of occurrence is denoted as: rare
{R), infrequent (1), common (C) and abundant (A).

 _samplingsite

Kootenai River
Taxa Dunn Creek Elkhorn Pipe Creek Fisher River

EPHEMEROPTERA
Ameletus connectus - R
Ameletus cooki
Ameietus oregonensis - - -
Ameletus sparsatus - - -

3

[}

—t
—t bt b )

Baetis tricaudatus A
Baetis bicaudatus -
Baexis hageni R
Cal' ibaetis sp. -
C
R

I 1 I
CI N = I

Pseudocleon sp.

Cinygmula tarda

Epesrus atbertae

Epeorus longimanus -
Nix2 criddlei -
Rhithrogena hageni

Rhi throgena undutata -
Rhi throgena robusta -

1 Y= = A
o B e T B e T ]

Attenuatella margarita
Caudatelia heterccaudata
Drunella doddsi

Drynella flavilinea
Drinella spinifera
Ephemeralla inermis
Serratella tibialis

ORI
IOy = O X

T X bt |
[ lr RN ol o Ne Rer Nap) =N I o N o N N N YA Oy

]
—
&

Caenis sp.

Paraleptophlebia heteronea i I C
Traverella albertana - - ~

~ O

ODONATA
Coiznagrionidae 1 I I 1

PLECOPTERA
Ptaraonarcella badija - R R I
Ptaronarcys californica -

—
—
[ap]

Taenionema pacificum - R I C
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Table 11. (Continued).

Sampling site
Kootenai River
Taxa bDunn Creek Elkhorn Pipe Creek Fisher River

PLECOPTERA {cont.)
Zapada cinctipes R I [
Zapada columbiana - - -
Prostoia besametsa - - |

) e

=

Perlomyia utahensis - - -

Capnia confusa
Eucapnopsis brevicauda
Utacapnia lemoniana
Isocapnia sp.

[ I R - = |
1
_ oy L e

—

Calineuria californica
Classenia sabulosa
Hesperoperia pacifica -

'
1
—1 =t
[ N Nanl OO/ OO

Cultus pilatus

" Cultus sp.
Diura knowl:oni
PerTinodes aurea
Skwala parallela
Isoperla fulva
Isoperla sp. A

PR R R
I O ) e

b-= B N I B |
[~

Suwwallia autumna
Suwallia pallidula
Sweltsa coloradensis
Utaperla sop’adora

LR I |
[ R ]
[ N ]
WA

TRICHOPTERA
Wormaldia gabriella
Tinodes sp.

| I |
i |
—t Pt

Arctopsyche grandis
Cheumatopsyche campyla
Hydropsyche cockerelli
Hydropsyche occidentalis
Hydropsyche o¢lari

——} X3t
IO DO
— Yy Oy O

Rhyacophi 1a angelita
Rhyacophi 1a bifila R
Rhyacophila vao - -

-
D= O = O3

oy
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Table 11. (tontinued).

Sampling site
Kootenai River
Taxa Dunn Creek ETkhorn Pipe Creek Fisher River

TRICHOPTERA (cont.)
Glossosoma exci tum
Glossosoma traviatum
Glossosoma velona

[qp] 21
O Lo T T |
[ep] [ BT
— oo

Hydroptila sp.

Brachycentrus americanus
Brachycentrus occidentalis

— -
- o
L I
[ or B o 3 4o

" lLepidostoma sp.

Neophylax sp.
Dicosmoecus sp.
Onocosmoecus sp.
Chyranda sa.
Limnephilus cockerelli
Limnephilus sp. A - -
Limnephilus sp. B - -
LimnephiTus sp. C - -
_Psychoglypha sp. - -
Apatania sp. - -

- -1
1o e )
I T

1
]
]
1 XD bt b T P ke ()

A

Ceraclea I I I -
Qecetus sp. - - - R

HEMIPTERA
Cori xi dae - 1 1 1

COLEQPTERA
Zaitzevia parvula R I
Optioservus quadrimaculatus [ ¢
Lara avara - -
Narpus sp. - I

- { Dy —
sl = N N ]

o]

Helichus suturalis - - -

Brychius sp. I I I -
Haliplus sp. I - - . -

Dytiscidae - - - I
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Table 11. (Continued).

Sampling site
Kootenai River

Taxa Dunn Creek Elkhorn Pipe Creek Fisher River

DIPTERA
"Antocha sp. I C C C
Dicranota sp. - - R R
Hexatoma sp. R I I C
Limonia sp. - R - -
Rhabdomastax sp. - - R -
Tipula spp. - - R
Ceratopogonidae [ 1 1 C
Atrichopogon sp. - I I -
Simulium arcticum C C A ¢
Simulium vittatum C A A C
Simulium sp. A - - - 1
Chironomidae A A A A
Protanyderus sp. R R I -
Deuteraphlebiidae - - - I
Dixa sp. - - R -
Tabanidae ' - - R 1
Atheriy variegata - - R [
Dolichcpodi dae I I | R
Hemerodromia sp. I R I C
Chelifera sp. - - - : R
Sciomyzidae - - R -
Euparypaus sp. - - R -
Pericoma sp. - - - R

COLLEMBOLA I 1 c 1

-30-



Table 11. {Cor tinued).

Sampling site
Kootenai River
Taxa Dunn Creek Elkhorn Pipe Creek Fisher River

OTHER INVERTEBRATES
Turbellaria
Nematoda

Lumbriculidae
Naididae
Hi rudinea
Piscicola sp.
Hydracarina
Lymnaea sp.
Gyraulus sp.
Physa sp.

A OORD—OO0O0
el ol e B R o B e e M an B
=L ) OO

ADOCAI— I OO,

TOTAL 124

o
[F¢)
~J
)
on]
s

105
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Table 12. Aquatic insects collected only in regulated areas {Kootenai

River) or only at the control site (Fisher River).

Colleted only in Fisher River

Collected only in Kootenai River

EPHEMIZROPTERA
Ameetus oregonensis
Ameletus sparsatus
Rhi throgena robusta
Traverella albertana

PLECOPTERA
Zapada columbiana
Perlomyia utahensis
Eucapnopsis brevicauda
Utacapnia lemoniana
Cultus piltatus
Diura know)toni
Perlinodes aurea
Utaperla sopladora

TRICHOPTERA
Glossusoma traviatum
Brachycentrus amevricanus
Chyranda sp.
Limnephi Tus cockerelld
Limnephilus sp, A
LimnephiTus sp. B
Limnephilus sp. C
Qecetus sp.

COLEOPTEFRA
Lara avara
Helichus suturalis
Dytiscidae

DIPTERA
Simulium sp. A
Deuterophlebiidae
Chelifera sp.
Pericoma sp.

EPHEMEROPTERA

Ameletus connectus

PLECOPTERA

Prostoia besametsa

Isoperia sp. A

TRICHOPTERA
Rhyacophila vao
Apatania sp.
Ceraclea sp.

COLEQPTERA
Brychius sp.
Haliplus sp.

DIPTERA

- Limonia sp.
Euparyphus sp.
Rhabdomastax sp. -
Atrichopogon sp.
Protanyderus sp.
Dixa sp.
Sciomyzidae

-32-



mean discharge for the Kootenai River is 318.3 m?® versus 14.2 m3 for

the Fisfer River. A shift in abundance between the two rivers is a more
frequent. occurrence than the total elimination of a species in the Kootenai
River (Tables 9 and 10).

Comparisons Between First and Second Years of the Study

An attempt was made to compare the relative abundance of common
species collected during the first and second years of the study. This
was complicated by the fact that samples were taken in only four months
during the second year. Only marked changes in abundance were noted,
since sample variation is large even within the same month at the same
site. Cenerally, composition appeared to remain fairly constant during
the two years {Appendix 3). Two more species of stoneflies were collected
during the second year (Isoperfa fulva, Skwala parallfela). Higher densities
of Ephemerella inermds, Drunella glavilinea, Cinygmula, Hydroptifa and
Simulium were found during January and March, 1981. This was very possibly
due to the faster rate at which flows were reduced before sampling during
those menths. The faster rate of flow reduction may have concentrated
higher rumbers of certain species along the edge where samples were collected.
More Hychopsyche osfari were collected at Dunn Creek during the second
year, while fewer Antocha were collected at Elkhorn and Pipe Creek during
the seccnd year. Some changes in relative abundance would be expected
from yeer to year under natural conditions, and especially in a newly
developed regulated river where physical conditions (in particular flow
and temperature regimes) have undergone changes since impoundment.

Comparat.ive Insect Life Histories

Incect emergence times (Table 13) were monitored with the use of
sweep nets, pit traps, and light traps at regulated and control sites.
The amount of sampling effort expended on the Fisher River was much Tess
than thet spent on Kootenai River resulting in information on emergence
times from control areas being less complete. Most mayfly adults were
collected in drift nets, 2 method not used on the Fisher River. Adult
caddisflies were collected in Tight traps operated from June to October
an both rivers, but records were not as continuous as for the Kootenai
River due to the fact that it was necessary to use a battery-powered
1ight trap on the Fisher River. Emergence times were comparable for
certain species, but were often prolonged in the Kootenai River. Particularly
notable were Hydropsyche oslari which emerged from July to October in
the Kootenai, but only in September and October in the Fisher River;
GRossoscma velona emerged from May to September in the Kootenai, but
only in June in the Fisher; and Baetis tricaudatus was collected in every
month from the Kootenai River, but only in April in the Fisher. While
the Fisher River records are probably not completed, it is highly probable
that species 1ike Baetis trlcaudatus shift to a multivoltine (several-
generations per year) life cycle in the higher annual temperatures of
the Kootenai River. Insect growth and emergence is greatly influenced
by temperature patterns. Various researchers have documented the importance
of temperature on larval development (Macon 1960; Becker 1973; Nebeker
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1973; Stanford 1975; Corkum 1978) and on emergence (Macon 1958; Rupprecht
1975; 11lies and Masteller 1977). Lehmkuhl (1979) concluded that relatively
Jittle information is available on the effects of environmental disturbances
on insect 1ife cycles.

The degree day concept has been used in the study of insect life
histories. Mean daily temperatures can be summed for a given period
of time (week, month, season} to give a comparison of the cumulative
heat load in different areas. Mean daily temperatures were summed by
the monih, season and year for the Kootenai and Fisher rivers in water
years 1979 and 1980 (Table 14). Use of the Libby selective withdrawal
system provided a temperature regime more closely approximating pre-
jmpoundnent stream temperatures than were possiblie before its installation
in 1977. Modified temperatures exist but to a much less extent than
prior to 1977. Fall and winter temperatures are warmer than those in
the Fisaer River and spring and summer temperatures are cooler.

Sone differences in insect life history and species composition
in the two rivers would be expected on the basis of temperature alone.
Some insect species show greater flexibijlity in the timing of Tife cycies,
whereas the tolerance Timits of other species may be exceeded and species
replacement will result.

A seasonal temperature cycle is essential for the maintenance of
most aquatic communities (Cairns 1971). Many insects have strict tempera-
ture requirements and minor alterations in temperature can have drastic
effects. Constant temperatures are thought to eliminate many species
which depend on temperature maxima or minima to break diapause or to
stimulate hatching, growth and emergence (Ward 1976b). Life histories
are often dimensioned by temperature summation criteria {(Lehmkuhl 1972;
Stanford 1975). Species for which the number of degree days is inadequate
for larval maturation may be eliminated. It follows that cool summer
conditions below dams may be a limiting factor in the number of species
present (Ward 1976a). Reduced growth efficiency at low temperatures
may eliminate species even though the temperature is within the tolerance
range of the organism (Edington and Hildrew 1973), presumably by causing
a competitive disadvantage. Certain species do appear to be capable
of adepting metabolically to conditions found below dams. Baetis rhodend
exhib’ ted similar growth in isothermic and normal streams in Ireland
(Fahy 1973).

Higher winter water temperatures in regulated rivers may induce
emergience into Tethally cold air or during periods when mating is impossible
(Nebe'<er 1971b). Elevated river water temperatures may disrupt mating
behavior in some species by widening time lag between emergence of males
and famales (Nebeker 1971a). The precise relationship between water
temperature and time of emergence of insects under field conditions has
not been clearly explained for most species. Insects living in natural,
constant temperature springs have either longer emergence periods or
tend to emerge eariier than the same species 1iving in rivers (Nebeker
and Caufin 1967; Smith 1968; Thorup and Lindegaard 1977). 1In the southern



'

Table 14. Sum of the mean daily temperatures in centigrade by month
season and year for water years 1979 and 1980 in the Kootenai
and Fisher Rivers.

1979 Water Year 1980 Water Year

3 month 3 month
1 Oct 78-30 Sep 79 subtotal 1 Oct 79-30 Sep 80 subtotal

Kootenai River

October 366. 7 389.4

Navember 275.7 256.6

December 206.6 187.7
849 834

January 10G.5 130.6

February - 86.7 78.9

March 90.6 86.1
278 296

April 119.4 93.9

May 144.4 221.1

June 300.0 310.6
564 626

July 392.7 359.8

August 420.6 396.7

September 423.3 368. 3
- 1,237 1,125

TOTAL 2,927.2 2,879.7

Fisher River

Oc tober 219 262.0 .
November 32.5 64.5
December 1.5 44 .5

253 371
January 0 5.0
February 0 4.0
March 86 95.0

86 104
April 185 198.0
May 278 307.0
June 438 383.5
: 901 888.5
July 587 543.0
August ‘ 587.5 500.0
September 433 , 390.5

1,607.5 1,433.5
TOTAL 2,847.5 2,797
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United States, some species have been observed emerging year-round in
nower station outfalls (Nebeker 1971b), and midges have been observed

to emerge year-round in regulated streams. Coutant (1967) has shown

that a slight temperature increase (1°C) will cause hydropsychid caddis-
flies to emerge two weeks earlier downstream from the Hanford, Washington
reactors than in upstream areas.

In experimental situations, it has been demonstrated that exposure
of aguatic insect larvae to artifically high temperatures and stable
flows can cause advances in the onset of adult emergence of up to five
months in some species (Nebeker 1971b). On the other hand, Langford
(1975} did not find evidence that temperature changes caused by the
cooling-discharge below a power plant had any influence on the onset
or progress of emergence of either Ephemeroptera or Trichoptera.

In order to assess the affects of regulation of insect growth rates,
the head capsules of two species of mayfly and one species of caddisfly
were measured each month during the 1980 water year in Kootenai River
and Fisher River. The total head width through the eyes was measured
for the two Ephemerellidae (Mayfly) species, while the interocular distance
(between the eyes) was used for the hydropsycnhid caddisfly. The mayfly
Drunella flavilinea emerges in July and lays its eggs which hatch in
January. The mean head capsule width of this species was consistently
larger in the Kootenai River than Fisher River, although the pattern
of growth appears to be about the same (Table 15). Sewatelfa Zibiafis
31150 has an egqg diapause; it was first collected in May and emerged in
August and September. Both mayfly species emerged several weeks eariier
“n the Fisher River. However, Sernatelfa showed no significant difference
in the mean head capsule size in the two rivers.

Hydrnopsyche ostani, 1ike Daunelfa, had consistently larger mean
head capsule size in regulated areas. Hydropsychids emerged earlier
in regulated areas; this may be related to the fact that their eggs hatch
scon after being laid, rather than diapausing 1ike the two mayfly species.
This means that they are growing throughout the fall and winter months
when temperatures in the Kootenai River are warmer and thus are able
to complete their growth sconer. The mayfly species complete most of
their growth during the spring and summer months when temperatures are
cocler in the Kootenai and therefore require longer to complete their
development and thus emerge later.

Certain changes in life history patterns associated with regulation
may be an advantage to the fishery. Aquatic insects are often more available
to fish when they are near emergence, because they often enter the drift
more readily. Certain species, such as rainbow trout, feed extensively
on insect drift and on emerging and oviposting adults. Extended emergence
perinds and an increase in the number of generations per year would increase
their availability to fish. Reductions in the number of species would
eliminate certain species which once provided a food source during their
emergence periods {winter stoneflies).
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Table 15. Mean head capsule widths of Daunella fLavilinea in Kootenai
and Fisher rivers. The standard deviation is in parentheses
~after the mean and the number of head capsules measured is
given beltow the mean.
Kootenai River
Date Elkhorn Pipe Creek Fisher River

Oct - Dec 1979
January 1980

March
April
May
June
July
August

September

.59(.09)
.69(.11)
L97{(.17)

1.93(. 15)

58
1.79(.04)
2

egq diapause

.51(.06)
15

.70(.11)
8

run-off - no samples

1.44(.21)
46
1.69¢(.21)
32

1.85(. 19)
57

1.88(.09)
2

egg diapause

egg diapause

.39(.03)
4
.45(.06)
92

.96(,21)
58
1.29{.18)
3{runoff)
1.67(.11)
41
0

egq diapause
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Species Diversity and Community Ordinations

Specizs diversity was Tower in the Kootenai River than in the Fisher
River, but diversity in the Kootenai River increased with distance downstream
from the dam (Table 16). Shannon diversity indices were calculated using
data from four seasons., The means of the diversity indices calcuiated
using the kick samples taken during the months of October, 1979 and January,
March and July, 1980 were 1.64 + 0.4 at Dunn Creek, 2.38 + 0.4 at Elkhorn,
2.44 = 0.4 at Pipe Creek, and 3.60 * 0.3 in the Fisher River.

Reduction in species diversity in the tailwater areas of hypolimnial
release reservoirs have been found by a number of researchers {(Pearson
et al. 19G8; Holsenhoff 1971; Hoffman and Kilambi 1971; Spence and Hynes
1971; Fisher and LaVoy 1972; Lehmkuhl 1972; Ward 1974, 1976; Young et
al. 1976), but 1ittle information is available on the effects of selective
withdrawal systems on the downstream benthic invertebrates {see Holden
and Crist 1979). It appears that even though temperatures immediately
below Libby Dam are more favorable for insect growth than those beTow
hypalimnial release dams, the effects of flow fluctuations, the lack
of drifing organisms from upstream, and other unknown factors still 1imit
species civersity near the dam.

Although diversity has been considered an intrinsic property of
insect communities, a recent view is that it is too vague (Hurlbert 1971)
and that the two components (species richness and equitability) often
vary independently (Moore 1975). Ordination and clustering methods are
currently considered to be more informative methods for reducing biological
data and arraying it spatially (Green 1979). Ordination techniques were
applied to the data using two computer programs from the Cornell Ecology
Program series. DECORANA was used for detrended correspondence analysis
and ORDIFLEX was used for polar ordination and principal components analysis.

Ordination values were based on the similarity of the quantitative
species composition at the sampling sites. The various ordination techniques
use different mathematical methods to determine the compositional similarities
between samples. Each of the samples (six at each station each month)
was ord‘nated separately and then the output values for each sample were
averaged to give a mean for each sample station. The mean values for
the prinary axis are presented in Table 17 for each of the ordination
techniques. The values for each site are not to be looked at as absglutes,
but rather the relative distance between sites is considered important.
Values nf the subsequent axes (not presented in table) can be used to
array tne samples in multi-dimensional space. The relationship between
stations is best seen by arraying the values for the axes in two or three
dimensional space. For purposes of brevity, only one example of the
spatial relationships is presented in Figure 6, and values from the Flathead
River are included for comparative purposes.

Environmental Variables

Ir an attempt to explain the differences in macroinvertebrate community
structure in regulated and control areas, various environmental factors
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Table 16. Shannon Diversity Indices, Kootenai River and Fisher River

insect samples.

Sample Knapp
location Kick Circular Waters
October 1579
Dunn H' 1.70 1.92 1. 98
Ev 42 .42 .49
Elkhorn H! 2.93 2.43 2.19
Ev .59 Y .51
Pipe Creek H! 2.41 1.82 -——--
Ev .47 .35 -_——
Fisher River H' 3.85 ——— 3.95
Ev .70 ———— .75
January 1960

Dunn Creek H' 1.91 —-—- 1.71
Ev .47 -——— .40
Elkhorn H* 2.33 ———- 2.87
‘ Ev .43 —--- .62
Pipe Creek H' 2.25 1.%4 —-———
Ev .42 .41 ——
Fisher River H' 3.27 -——— 3.50
Ev .58 -——- .65

March 1980
Dunn Creek H' 1.94 -— 1.93
Ev .45 ——— .45
Elkhorn H' 2.26 _——— 2.28
Ev .45 _—— .50
Pipe Creek H' 2.11 2.02 _———
Ev .40 .40 -——-
Fisher River H 3.73 ——— 3.65
Ev .67 ——— 71

July 1980
Dunn Creek H' 1.02 -——- 1.24
Ev .25 ——- .32
Elkhorn H' 2.0 -———- 2.81
. Ev .40 -~ .59
Pipe Creek H' 2. 98 2.40 S
Ev .58 .49 -——-
Fisher River H 3.53 ———— -——
Ev .61 _— ——
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Figure 6. October 1979 values for axes 1 and 2 of polar ordination which
show the spatial relationship between control, partially regulated
and regulated aquatic insect sampling stations in Flathead River
and Kootenai River.
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were also measured. It has been found that other biotic factors better
explain the variation in macroinvertebrate communities, than do factors
such as the chemical composition of the water. Emphasis was placed on
quantifying these factors. The altered food regime in regulated rivers
teads to changes in the biota. Given suitable flow conditions, reduced
turbidity and increased 1ight penetration below dams often allow increased
development of algae and macrophytes (Ward 1976c). Elevated winter water
temperatures and the absence of ice may allow a high year-round production
of periphyton in the comparatively nutrient-rich water below most deep-
release dams. This may lead to increased numbers of scraper organisms
which utilize the periphyton as a food source.

Periphyton was quantified during the summer, fall and winter by
measuring ash free dry weight (AFDW)} and chlorophyll a content of organisms
scraped from natural substrates. Generally, biomass was much higher
at the regulated sites (Table 18, Figure 7). An analysis of variance
test showed significant differences between regulated and control site
in all seasons. The only pairwise comparisons between rivers which were
not significantly different were during the summer at Pipe Creek versus
Fisher -River for AFDW and Elkhorn versus Fisher River and Pipe Creek
versus Fisher River for chlorophyll a. Biomass maxima were measured
in September and October. During January, the substrate in the Fisher
River had teen scoured free of periphyton by winter flooding.

Periphyton productivity was measured in September, 1981 with the
use of in situ recirculating chambers (Table 19, Figure 8). ANOVA tests
showed all calculated parameters to be significantly different between
the Kootenii and Fisher Rivers. Productivity levels were two to three
times higher in the regulated Kootenai River. Due to very high respiration
tevels in the Kootenai River, productivity-respiration ratios were twice
as high in the Fisher River. Warmer temperatures in the October to December
period (approximately three times the accumulated seasonal head load
of the Fisher River) would raise the respiration levels in the Kootenai
River even higher than those measured in September.

Valus obtained from the partially regulated Flathead River are
included For comparative purposes. The Flathead River is generally less
productive than Kooternai River. Lower respiration levels in the Flathead
River resulted in higher productivity-respiration ratios than in the
Kootenai River.

An znalysis of the species composition of periphyton samples from
the Kootenai and Fisher River was done by Dr. Loren Bahls of Montana
Department of Health and Environmental Sciences (see Appendix 4}. The
samples were collected in September, 1981 when productivity analyses
were made. Nestac and Spirogyra were abundant soft-bodied algae in the
Fisher River, while Chaetophora, Cladophonra, Gongrosina, Phormidium, and
Wothnix were very common in the Kootenai River.

Shannon diversity of diatom species was higher in the Fisher River
(3.87) than in the Kootenai River (Dunn Creek - 2.17; Elkhorn - 1.39).
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_ Table 18. Periphyton biomass measured as ash free dry weight (AFDW)
and chlorophyll a (Ch1" ).

% AFDW(s.d.) X Chl 4 (5.4.)
(g/m?) (g/m2)
August 16, 1980
Ounn Creek 29.0(18) 0.258(0. 149)
Elkhorn 68.0(18) 0.090(0.048)
Pipe Creek 20.0(16) 0.085{( .058)
Fisher River 2.5( 1.7) 0.0113(. 008)
October 24, 1980
Dunn Creek 61.0(11.0) 0.742(0.28)
ETkhort 75.0(50.0) 0. 236(0. 050)
Pipe Creek 71.0(13.0) 0.331(0. 15)
Fisher River 14.0(3.0) 0.027 (0.015)
January 17, 1981
Dunn Craek 29.0(18.0) 0.155(0.05)
Elkhorn 79.0(27.0) 0.147(0.03)
Pipe Creek 21.0(4.3) 0.119(0. 14)
Fisher fiver Not measureable
September, 1981
Dunn Creszk 74.2(16.2) .462(.131)
Etkhorn  aeeee amee
Pipe Creck —  emeee e -
Fisher River 17.0(5.8) .065(. 025)
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Figure 7. Periphyton biomass measured as ash free dry weight and chlorophyll
a, September, 1981, Flathead River and Kootenai River at control
sites, partially regulated site (Flathead River only) and regulated
5i tes.

-47~



Table 19. Measurements of periphyton productivity in Kootehai, Fisher
and Flathead rivers, September, 1981 in milligrams of oxygen
per meter per day.

Units inm m?/da
Location GP NCP= R24= NDM= P/R=
Kootenai Rjver
Dunn Creek X 3273 2307 1792 1481 1.86
s.d. (283) (108) (363) {143) {0.26
Fishe~ River X 1277 1086 372 895 3.5
S

.d. (119)  (140) (75) (166) (0.85)

Flathead River

South Fork X 1428 1326 618 810 2.36
(reguiated) s.d (418)  (294) (168) (336) (0.58
Kokanee Bend X 664 519 269 396 2.69
(partially regulated} (98) (73) (116) (93) (0.84)
Bible Camp X 493 362 242 252 2. 05
(control) s. d. (30) (23) (27) (24) (0. 18)

1/ GP = gross productivity = 20, + Rpq

2/ NCP = pet community productivity = GP - photoperiod respiration.
3/ Rog = respiration, 24 hr., as measured.

4/ NOM = net daily metabolism = GP - Roy.

5/ P/R = productivity - respiration ratio.
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Figure 8. Gross productivity (entive bar) and respiration (lower part)
measured in regulated Kootenai River and Fisher River (Kootenai
River control)} and Flathead River in September, 1981.
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Planktonic diatoms {Centrales, Araphidae) made up a larger percentage

of the periphyton in the Fisher River (9.5%) than in the Kootenai River
(1.5-2.5%). The Biraphidae, which are benthic but motile, comprised
49.5 percent of the diatoms in the Fisher River, while the Monoraphidae,
which are sessile and attached, made up 87 percent of the diatoms in

the Kootenai River. Cocconedis placentufa and Epithemia sorex were cOmMOn
diatom species in the Fisher River, while Achnanthes minutissima and
Achnanthes deflexa were abundant in the Kootenai River.

The downstream transport of particulate organic matter {POM) in
the seston is altered by reservoirs and dams. Dams act as barriers and
settltingy traps which prevent the transport of certain categories of organic
matter. There have been many recent investigations of particulate organic
matter [POM) dynamics in natural streams, but 1ittle work has been done
in regu'ated rivers. Limnetic production in reservoirs can have a positive
influence downstream, when water is withdrawn from surface layers. Filter-
feeding insects are usually not found below reservoirs in the concentrations
found ir. the outlets of many natural lakes, unliess they are supplied
with plankton-rich surface water from above the dam (Miller 1962).

The particulate organic matter is also affected by the type of flow
regime. The size distribution of drifting seston is a function of fliow
intensity. Algae and other POM may be sloughed and transported during
high flows, and deposited during low fiows. Studies done on the Flathead
River showed large amounts of POM put into suspension as discharge was
increased for hydropower generation (Perry and Graham 1982). This included
sloughed algae, resuspended organic matter and debris collected from
shoreline areas which were not wetted at lower discharges.

Particulate organic matter was fractionated into four size classes
during operational minimum flow from Libby Dam (Table 20, Figures 9 and
10). The size classes measured in the Kootenai River therefore reflect
the composition of particulate organic carbon {(POC) in water discharged
from the dam and include only a minimal component from sloughing which
increases with discharge. Samples were taken in September and Novewber
before and after leaf fall and in February during a winter flood. The
February samples reflect runoff conditions in both Kootenaj and Fisher
rivers. Total POC values were two to six times higher in the Fisher
River than in the Kootenai River during these three sample months.

Eleven total POC values measured approximately monthly over the
course of a year gave mean values {mg/1} of .14 + .08 for. Dunn Creek,
.17 + .13 for Pipe Creek, and .46 *+ .66 for the Fisher River station,
These gross POC values indicate Fisher River is much higher than Kootenai
River.

The percentage of POC in each of the four size fractions is altered
below Libby Dam. The largest percentage (85-93%) of POC was in the smallest
size fraction (.45-10 pm) at the Dunn Creek site. Only 46-62% of the
POC was in the smallest category in the Fisher River, with the lowest
percentage occurring during runoff conditions. The Pipe Creek site (22
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Table 20. four size fractions of particulate organic carbon (POC) in the
seston of three stations in Kootenai River.

Total POC 355-1000um 165-355um 10-16bum . 45-10um

(mg/1} (%) (%) (%) {(#)
September 13, 1980
Qunn Creek 0.0705 1 4 10 85
Pipe Creek 0.0834 1 rd 24 73
Fisher River 0.1480 2 3 41 54
November 1), 1980
Dunn Cre:zk “D. 0652 2 3 2 93
Pipe Crezk 0.0914 1 4 g 86
Fisher River 0. 3258 1 2 35 62
February 19, 1981°
Dunn Creek 0. 143 3 2 8 86
Pipe Creek 0. 264 2 1 51 46
Fisher River 0.858 1 7 46 46
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PQC

Figure 9.

A= >355 um
B=165-3585 um
C=10-185um
D2 4510 um

Four size fractions of particulate organic carbon in milligrams
per liter in Fisher River (Kootenai River control) and Kootenai
iver, summer, fall and winter. Particle sizes are: A =
>355 um, B = 165-355 um, € = 10-165 um and D = .45-10 um.
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miles from Libby Dam) was intermediate, reflecting some input of the
larcer size categories of POC from tributary streams, as well as sloughing,
ever at conditions of Jow discharge.

An ANOVA test of the log transformed POC size fractions showed signifi-
cant. differences (P<0.05) between all pairwise comparisons of Kootenai
River stations with the Fisher River station for all size fractions in
the fall and winter. There was not significant difference between Dunn
Creek and Pipe Creek. The only pairwise comparisons between rivers which
were not significant were during the summer for the largest and smallest
size fractions.

The size of food particles is important to the filter feeding insects
and to those that gather detritus. Blackflies can filter very small
pariicles and were abundant at the Dunn Creek station. The hydropsychid
caddisflies filter larger particles and were not common in the Kootenai
River above the Elkhorn station. Only Hydropsyche and Cheumatopsyche
were generally present throughout the Kootenai River. Axctopsyche, which
spin nets with larger mesh sizes and feeds on larger sized particles,
was found only in the Fisher River. Thus, certain of the compositional
differences between the two rivers can be explained on the basis of the
distribution of POC particle size.

Particulate organic carbon >355 um was measured with the use of
insact drift nets. Net POC was substantially higher in the Fisher River
than Kootenai River under runoff conditions in February (Fisher River -
.013 mg/1; Dunn Creek - .0025 mg/1; Pipe Creek - .0022 mg/1}. Values
for net seston were not significantly different between the two rivers
in the summer and fall. Green filamentous algae and bits of Teaves and
neeiles composed much of the net POC in the Fisher River, while a large
component of net POC in the Kootenai River was from insect exuvia, which
hava not been shown to be of great nutritional value.

Compositional changes in the POC altered carbon-nitrogen ratios
in the two rivers. C:N ratios were: July - Kootenai River 5:1, Fisher
10:1; October - Kootenai River 7:1; Fisher 13.1. Lower carbon-nitrogen
ratios in the Kootenai River were due to the greater amount of nitrogen
in insect exuvia and probably also in plankton from Libby Reservoir.

Zooplankton from Libby Reservoir were frequently observed in insect
drift net samples. Only the larger individuals would be retained by
the 355 um mesh. A count of Cladocera and Copepoda was made of February,
1981 samples. Count of Cladocera and Copepoda per cubic meter of water
filtered were: Dunn Creek - 24 Cladocera and 73 Copepoda, and Pipe Creek -
6 Cladocera and 17 Copepoda. It is probable that zooplankton from Libby
Reservoir provide a food source for filter feeding invertebrates at some
times. Their availability in the river would depend upon whether selective
withdrawal levels corresponded with their vertical distribution in the
reservoir. It is not known whether zooplankton provide a constant food
source.
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Other environmental factors which are known to have important effects
on aguatic insect distributions are river discharge, temperature and
substrate. F ow, temperature and chemical data were obtained from the
U.S. Geological Survey for the station just below Libby Oam and for the
Fisher River. Rates of flow change were calculated from gauge height
readings taken at the three sample stations as discharge was reduced.

Substrat2 measurements were taken in September, 1981. Surface rocks
were measured in the field at the four sample stations and subsurface
samples were taken back to the laboratory, dried and sieved. The mean
size of surface rocks and the number/m? were calculated; the mean grain
size and an index indicating the amount of heterogeneity were caiculated
for the subsurface samples (Table 21). Substrate size was not constant
among the four sites; it ranged from small at Dunn Creek to large at
the Fisher River and Pipe Creek stations. The substrate size was perhaps
more related to the gradient at each of the sample sites than to regulation.
The heterogeneity index shows some of the affects of regulations. The
Fisher River substrate samples showed much higher heterogeneity. The
study site on the Fisher River was not good for comparative purposes
with Kootenai River sites due to its high gradient.

Downstri2am from a dam the small particles are typically washed out
by fluctuating flows and are not replaced during runoff perjods. Particles
less than 2 mm are being removed from the Dunn Creek site. There is
the possibility of some replacement of fine materials at the downriver
sites on the Kootenai River due to the introduction of sediments from
tributary streams. It is clear that the Dunn Creek site has not lost
as large a proportion of the fine materials in 10 years since dam construction
as the Soutt Fork of the Flathead River has in 30 years and where armoring
of the substrate has occurred.

Another environmental factor which probably affects macroinvertebrate
composition is dissolved oxygen. Low dissolved oxygen levels in the
Kootenai River may be limiting to certain species of aquatic insects.

Our study wis not designed to include water quality studies, so 0y satura-
tion levels were measured only on a few occasions. Our 02 measurements

were taken with a Yellow Springs Instruments oxygen weter which had

been calibrated using the Winkler method. We measured 0y saturation

values on November 10, 1980 of 77% at Pipe Creek at 6:30 a.m. and 75%

at Dunn Creek at 10:00 a.m. U.S.G.S. measurements of oxygen taken bimonthiy
below Libby Dam recorded percent saturation values in the 70 percentile
range during November of 1976 and 1977 and January of 1978, 1979 and

1980. These readings were generally taken between 10:00 a.m. and 12:00
noon. Valves taken during the night would be much lower and oxygen tensions
in the substrate would be lower than in the water column. The decomposition
and respirétion load of organisms in the river would add to the load
produced by decomposing phytoplankton passing out of Libby Reservoir.

Studies done on 24-hour community metabolism at the Dunn Creek site

on September 26, 1982 show clearly the nocturnal depression and the high
respiration in the Kootenai River as compared with the Fisher River.
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Table 1. Measurements of surface rocks (number measured, mean size)
and subsurface rocks {mean grain size, heterogeneity index
(Sctwoerbel 1961).

Surface substrate

Subsurface substrate

N % (cm 5.d. X _grain size(mm) heterogeneity
Dunn Craek 278 6.66 (1.62) 9.5 14.8
(139/m2)
Elkhorn 276 7.60 (2.51) 17.3 26.9
(138/m2)
Pipe Creek 181 10.10  (4.33) 15. 3 28. 1
(90.5/m?)
Fisher Fiver 262 B.04 (3.25) 29.0 53.3
{131/m2)
Percent composition - subsurface substrate
50-19 19-16 16-2 2-.063 <.063
Sample {mm) { mm} {mm) {mm) {rm)
Dunn Creak 1 33.2% h.5% 42.6% 18. 4% 0. 2%
2 28.2% 5.7% 46.7% 19. 1% 0.3%
Elkhorn 1 35.4% 5.9% 36.1% 21.7% 0.9%
2 36.6% 7.6% 35.4% 20.0% - 0.4%
Pipe Creek 1 30. 5% 6.3% 39.4% 23. 2% 0.5%
2. 47.4% 4.0% 30.9% 17.0% 0.7%
Fi sher River 1 59. 5% 0.8% 14.9% 24.2% 0.6%
2 45.2% 5.9% 18. 9% 29.0% 0.9%
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This work was done before oxygen levels become Towered, and since recirculating
productivity chambers were used, our data account for only the respiration

load of the riverbed periphyton, and not for the sestonic drift from

the reservoir. A respiration value of 1,792 mg0,/m2/day was obtained

for the Kootenzi River as opposed to 372 mg02/m2§day for the Fisher River.

Kootenai River oxygen readings outside the chambers taken September
26th were depressed from greater than 100 percent saturation during the
day to a level of 83 percent saturation at night. A nocturnal depression
of this magnitude when daytime readings were in the 70 percentile range
could be very detrimental to invertebrates within the substrate.

Low oxygen values in the late fall and winter may be problematic
for macroinvertebrates living within the substrate. Low oxygen fensions
may be the cause of the current paucity of stoneflies and to the nymphs
within the suhbstrate which are particularly sensitive to 0y levels. The
sensitivity o stoneflies to lowering of the oxygen tension has been
documented (Spence and Hynes 1971; Gaufin 1973; Hynes 1976). Noton and
Chymko (1978) implicate the nocturnal oxygen depression in regulated
Poplar Creek as a possible factor causing the absence of stoneflies.

Information concerning the oxygen requirements of aquatic insects
is known for only a very few species, and these values are meaningful
only for the particular conditions under which they were obtained. The
rate of oxygen consumption of an animal is influenced by temperature,
activity, nutritional state, body size, stage in life cycle, season,
and time of day, as well as by previous oxygen experience. Gaufin {1971)
found that, jenerally, coldwater mayflies and stoneflies cannot tolerate
02 concentrations much below 5 mg/1 for any extended period of time.
Tests conducted at the University of Montana Biological Station gave
an average LCgy (lethal concentration, 50% mortality) value of 4.9 mg/}
for the stone?Ties he tested, with an average survival of 62 days, and
an LCsg of 4.6 mg/7 for mayflies with an average survival of 30 days.
The minimal dissolved oxygen level for 50% survival at 111 days was 5.8
mg/1 for Hewperoperfa pacifdica, a stonefly which were collected in very
Tow numbers in the Kootenai River. Gaufin found that stonefly groups
with few or no external gills, such as the Periodidae, were very sensitive.
Species of this family have been almost totally eliminated from our study
area,

Nebeker (1972) found that emergence of adult insects was inhibited
at oxygen concentrations much higher than those of the 96-hour LCsq values
he measurec. He found only 20-30% emergence at concentrations of 6
to 7 mg/1 of dissolved oxygen. Low dissolved oxygen levels at a sensitive
point in an insect's life history could eliminate or severely reduce
the numbers of that species.

There is need for further water guality studies on the possible
oxygen tTimitation in the Kootenai River. The nocturnal oxygen depression
should be measured on a number of occasions, measurements within the
substrate should be taken, and the oxygen load should be modelled.
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Correlation Analyses of Environmental and Macroinvertebrate Data

The composition of benthic communities downstream from dams may
be "argely requlated by the flow regime, temperature patterns, substrate
composition and to altered autochthonous (periphyton) and allochthonous
{POC in the seston) resources. To assess the importance of these factors
in cetermining community associations, multiple regressions and correlations
were run,

Environmental variables can also be ordinated to ascertain relation-
ships between sites. Environmental data for temperature {degree days
summed by season), flow (velocity rates of change), substrate heterogeneity,
coarse (165-1000 ym) and fine (.45-165 um) POC in the seston, AFDW and
Chlorophyll a in the periphyton, and gross community productivity were
ordinated for three seasons using detrended correspondence analysis (DECORANA).
The sampling stations showed a gradient of values similar to that obtained
from the macroinvertebrate ordinations. First axis values ranged from
43-54 at Dunn Creek, from 34-42 at Elkhorn, and were zero at the Fisher
River station.

Correlation analyses included data from the three seasons in which
envircnmental parameters were measured (summer, fall, and winter). Ash
free dry weight (AFDW) and Chlorophytl a {Chl a} measurements of periphyton
biomass were included as were particulate organic carbon (POC) measure-
ments of the seston. The carbon fractions were combined into two groups;
less than 165 ym and greater than 165 um. The substrate heterogeneity
index was used as the measure of substrate characteristics. The sum
of the mean daily temperatures for the three months in each season was
used as the measure of temperature. The rate of decrease of the water
level on gauges was used as the indicator of rates of change in flows
at the Xootenai River sites. These factors were used as the independent
variables in the correlation analyses.

The dependent variables included the seasonal values obtained with
the use of diversity indices and the three ordinations, detrended correspond-
ence analysis {DECORANA), polar ordination {P0O), and principal components
analysis (PCA}, on data collected during July, October and January. The
mean monthly values for density (no./m2) and biomass (cc/m2) were averaged
for the three months in each season.

A correlation matrix was obtained for the Dunn Creek and Pipe Creek
sites on the Kootenai River and the Fisher River site (Table 22). Ancther
correlation analysis was run which included three stations from the Flathead
River (one control and two requlated as well as the Kootenai River stations
(Table 23). A number of correlations between two independent variables
and betwean independent and dependent variables were significant (p<.05)
or highly significant (p<.01). The measurement of temperature did not
give many correlations, primarily because temperatures did not change
much between the Dunn and Pipe Creek sites. Invertebrate composition
showed a considerable change.
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Table 22. Pearson correlation matrix for seasonal data, Kootenai Rjver

stations.
POC POC
Velocity Temperature Substrate >165 <165 AFDW  Chl a

Independent variables
VYelocity 1.0
Temperature "ok 1.0
Substrate ~. 952 1.0
Poc >165 ~.697* -.7 b= .627 1.0
POC <165 -.786% -.758%* .7 26% .965%%1,0
AFOW .815* - 740%%  ~ 838%*%-,801%* 1.0
Chl a . 870%% ~-.819%% - 891#%x- 891%% _G73%x 1.0
Dependent veriables
Numbers . 800#* -.849%x
Biomass
Diversity -. 938** .g37%* J11% 0 -,690* - 776%*
DECORANA ~. 927%* L937%%  BOB** _BA2A* - 812Kk - BBQ**
PO . 785*% -.759*
PCA .607 -.657

* Significant at (.05 level.
*%x Sjgnificant at 0.01 level.
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Among the dependent variables, numbers and biomass did not show many
significant correlations. Although diversity indices have been somewhat
oui; of favor for invertebrate analyses in recent years, their use appears
qu te adequate to elucidate differences in these regulated river environments.
Principal components analysis (POC) was the least successful ordination
technique used. Historically, it was one of the earlier ordination techniques
developed and has since been shown to have problems with the mathematical
ascumptions not conforming to actual environmental differences.

Another correlation analysis (Table 24) was run which included annual
means for total POC, gross productivity, degree days summed for the entire
year, and annual mean numbers, biomass, and diversity. Fall values were
used for periphyton, the two seston size fractions, and the ordinations.
Yearly mean biomass was significantly correlated with temperature when
daily mean temperatures were summed for the year. Gross productivity
was significantly correlated with annual mean densities of invertebrates
and with DECORANA.

Generally, velocity rates of change, substrate heterogeneity, POC
in the seston, and AFDW and Chl a in the periphyton were environmental
variables which were well correlated with measures of invertebrate diversity
and composition. The characteristics of the seston and periphyton, as
well as the invertebrate composition, appear to be determined by the type
of ~egulation and exhibit similar varijation.

Invertebrate Drift

Invertebrate drift samples were taken during eight months from June,
198(} to May, 1981 in conjunction with the fish food habits study (DosSantos
Sec:ion B of this report). Two drift nets were set from one hour before
darl: to one hour after dark each month. These samples have been analyzed
for this report for the purpose of examining the relationship between
the discharge regime during sampling and the amount of insect drift. The
insects in each drift sample were identified to species, but drift densities
(nunber/100m3) were calculated for each insect order rather than for each
species.

Drift densities were highest during July and January and lowest during
September (Appendix 5). There is an indication that drift rates were
higher during months when discharges from Libby Dam were maintained at
a high level for at least two weeks before sampling. It appears that
high fiows maintained for at least two weeks allowed insect recolonization
to occur and that drift densities were higher as flows were reduced for
invertebrate sampling.

Reduction in flows is a stimulus which initiates insect drift (Minshall
and Winger 1968). Insect drift was increased during the day after flows
were reduced, but the highest drift rates appeared to occur on the first
night after the reduction in discharge. Insect drift rates in Kootenai
Rive~ were normally highest just after dark. Drift rates were consistently
higher at the ETkhorn than at the Pipe Creek sampling station. This is
1ikely due to the fact that the Elkhorn station was sampled on the first
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night after flows were reduced and Pipe Creek was sampled on the second
night after reduction. This hypothesis is further substantiated by the
fact that tle drift difference between sites was minimal during months
when flows vere generally low prior to sampling (e.g. June, 1980), and
the difference between sites is maximal when flows were high prior to
sampling {e.g. July, 1980).

The correlation between the mean discharge for the 14 days prior
to sampling and the mean drift density for each month {Table 25) at the
Elkhorn sta:ion was not significant, but it was high enough to perhaps
substantiate the trend. The correlation coefficient for the mean drift
density at Pipe Creek and the previous l4-day mean flow was not high enough
to show any relationship.

There may be some differences between sites which are unrelated
to discharge history, and there are seasonal differences in drift rates.
Higher drift rates occur during months when common species are near emergence.
Caddisfiies, for example, were most abundant in the drift during July
and October when many caddis species emerged. Caddisflies generally are
not as predisposed to drift as certain species of mayflies and dipterans.
More terrestrial insects were found in the drift during months when deciduous
plants were leafed out. The nets set closest to the shore tended to collect
more terrestrial insects.

In July and November, 1980 and January, February and March, 1981
discharge from Libby Dam was reduced to 4,000 cfs during daylight hours.
Insect drif't rates at the Dunn Creek site were 200,000-300,000/m3 at 11:00
a.m. in Ju'y, 1980 and January, 1981. River flow for the two weeks prior
to flow reduction was above 15,000 cfs. Insect drift rates in March,

1981 were nnly 6,000/m3 following two weeks of variable discharge from
Libby Dam.

Mid-water surface insect drift was sampled at the Montana Highway
37 bridge near Libby, Montana during a flow reduction in November, 1980.
Drift nets were suspended from the sides of a boat tied to a bridge pier.
Hourly drift samples were taken before, during and after flows were reduced
from 20,000 cfs to 4,000 cfs. Total drift densities increased two to
three times for the first several hours after water levels began to drop,
then decreased as flows stabilized at 4,000 c¢fs discharge. Drift rates
were lower than expected during the period of flow reduction averaging
200 insects per 100 m3 per sample period. The main component of the drift
was adult midges. It was possible that some insect drift was Tower in
the water column than the surface which was sampled.

Recolonizetion of Zones of Fluctuating Flows

The emount of insect recolonization of riverbed above minimum flows
was estimited by burying basket samplers just below the streambed surface
at the 4,000, 6,000 and 10,000 cfs levels at the Elkhorn and Pipe Creek
sites. The baskets were allowed to colonize for about a month at discharges
above 10,010 cfs between sample periods during the months of October, 1980
and January, February and March, 1981. The samplers were removed after

-63-



Table 25. Mean monthly drift densities in number of insects per 100 cubic

meters of flow at Elkhorn and Pipe Creek sites on Kootenai

River compared to mean daily flow for 14 days prior to insect

sampling.
Mean drift density Prior 14 day
{no. /100m3) mean flow

ETkhorn Pipe Creek Below Libby Dam

x(s.d.) x{s.d.) cfs
June, 1930 3,950(1,943) 2,692(276) 10,089
July, 1980 96,139(152,166) 33,670(24,552) 12,081
August, :980 4,358(2,411) 1,715(303) 7,312
September, 1980 2,202(609} 1,834(875) 7,827
October, 1980 11,310(11,025) 1,106(1,068) 15,600
January e 4,306(3,622) 18,200
May, 1981 9,540(4,197) 4,914(1,388) 3,000
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discharge was reduced to the 4,000 cfs level,

Insect densities ranged from about 10,000/m? to over 100,000/mZ re-
colonization in the zone previously dewatered. Colonization was higher
at the 4,000 and 6,000 cfs levels during October and January, but by February
and March, there appeared to be extensive recolonjzation at the 10,000
cfs level aiso (Appendix 6). After high flows had been in effect for
long pericds of time, the substrate was conditioned by microbes and algae.
Recolonization was probably faster and densities were higher in the winter
than when higher flows were first established in the fall.

Further evidence of the extensive recolonization was obtained from
stranding samples (Appendix 7} taken by digging up the gravel in a circum-~
scribed aea and elutriating the invertebrates. These samples gave estimates
of from 10,000 to over 100,000 individuals/m2 during the winter months.
Stranding samples were also taken during July, 1980 when there appeared
to be stranding occurring, but these estimates were lower (4,000-7,000/m2)
than in the winter.

CONCLUSIONS

Libky Dam has caused pronounced changes in the community structure
of the benthos in the Kootenai River. There are large numbers of a few
species near the dam and diversity increases with increasing distance
downstream from the dam. Species diversity is lower than in a free-flowing
river. A total of 53 species of macroinvertebrates were collected at
the Kootenai River site two miles downstream from Libby Dam, while 105
species were collected at the Fisher River control site. Macroinvertebrate
densities were highest near the dam and Towest in the Fisher River. Biomass
was highest in the Kootenai River near the dam, but was not significantly
different at the two downstream Kootenai stations from the Fisher River.
Stoneflies were uncommon within the area of the Kootenai River under study,
and cadcisfiies have also been reduced from their preimpoundment levels.
There were compositional .differences between Kootenai River sites and
between Kootenai and Fisher rivers; these were reflected in the values
obtained for the community ordinations. Differences were found in adult
insect emergence times and in larval insect growth between the Kootenai
and Fisher River.

Periphyton biomass and productivity were much higher at the Kootenai
River sites. The percent composition of four size fractions of particulate
organic carbon in the seston was altered at the regulated sites due to
the presence of drift out of the reservoir. Ash free dry weight and chlorophyll
a in the periphyton, particulate organic carbon in the seston, substrate
heterogeneity and velocity rates of change showed high correlations with
measures of invertebrate diversity and composition.

There was a relationship between the discharge regime prior to sampling
and the amount of invertebrate drift and stranding. There was extensive
recolonization of shoreline areas above the 4,000 cfs Tevel during months
when discharge from Libby Dam was maintained at a higher level.
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Appendix 1

Mean densities (no./m2) of insects by order by month,
October 1979 through September, 1980
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APPENDIX 2

Monthly mean biomass (cc/m2)} for each insect order at each
sample station, October 1979 through September 1980. Data from the
three types of samplers were analyzed for each month.
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APPENDIX 3

Insect species composition of samples collected
in Kootenai and Fisher rivers, October 1979 through May 1981.
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NOVEMBER (CONT.)

z

Elkhorn
Kick Circufar “Knapp Waters
_ n=3 _ h=3 _n=3
x{s.d.) X(s.d.) x(s.d.)
PLECOPTERA
"Pteronarcicae
Pteronarcys californica 2(3) 0(0) 0(0)
Perlidae
Calineuria californica 1(2) 0(0) 6(0)
Chioroperlidae
Sweltsa coloradensis 8(3) 8(14) 0{0)
small Chloroperlidae 0{0) 0(0) 0{0)
Nemouri dae
Zapada cinctipes 1(2) 0{(0) 0(0)
Taeniopterygi dae
Taenionema pacificum 1(2) 0(0) 0(0)
Capniidae
small Capniidae 8(14) 0(0) 0(0)
EPHEMEROPTERA
Baetidae
Baetis tricaudatus 15,066(11,119) 5,093(2,533) 3,196(2,181)
Baetis bicaudatus 1(2) 0(0) 0(0)
Pseudocleon sp. 1(2) 2(3). 0(0)
Heptageniidie
Epeorus sp. 9(16) 0(0) 0(0)
Rhi throgera hageni 42(42) 37 (64) 34(44)
Cinygmula sp. 8(14) 0(0) 15(27)
Ephemerelli dae
Ephemerella inermis 3,191(687) 1,306(273) 2,778(1,674)
Leptophlebiidae :
Paraleptophlebia heteronea 27 (42) 0(0) 0(0)
TRICHOPTERA
Hydropsychidae
Hydropsycha oslari - 479(491) 74(107) 322(295)
Hydropsyche cockerelli - 1(2) 0(0) 0(0)
Hydropsycha occidentalis’ 11(19) 10{17) 6(11)
Cheumatopsyche sp. 35(56) 2(2) 40(28)
small Hydropsychidae 285(240) 31(48) 186(89)
Glossosomatidae ‘
Glossosoma sp. 54(57) 11{19) 71(33)
Hydropti 1i dae
Hydroptila sp. 126(120) 18(29) 347 {205)
Brachycentridae
Brachycentrus sp. -33(30) 1{2) 3(5)

PEENTN



NOVEMBER (CONT.)

Elkhorn
Kick Circular Knapp Waters
n=3 n=3 _n=3

_ x(s.d.) X(s.d.) x{s.d.)
Lepidostomatidae

Lepidostoma sp. 11(14) 1(2) 28(25)
CCLEQOPTERA
Elmidae :

Zaitzevia parvula 3(3) 8(14) 28(48)

Optioservus quadrimaculatus 48(68) 1(2) 56(49)
DIPTERA
Tipulidae

Antocha sp. 25(22) 27(29) 12(21)
Dalichopodidae -—-- 1(2) -—--
Simuliidae

STmuTium sp. 20,765(19,865) 4,760(4,347) . 533(440)
Chi roni mi dae

larvae 16,605(12,876) 8,935(2,689) 11,458(6,474)

pupae 70(49) 52(68) 9{(9)

adults 242{154) 17(29) 43(42)
Ceratopogoni dae ---- 8(14) -——
OTHER INVERTEBRATES
Turbellaria’ 335(434) 170(160) 474(411)
Nematoda 316(389) 67 (62) 539(210)
01igochaeta

Cumbri culi dae 539(788) 6(8) 59(39)

Nai di dae 2,192(1,289)  1,026(1,419)  1,028(633)
Hydracarina 1,064{(977)} 0(0) 285(176)
Gastropoda

Lymnaea sp. 52(56)} 36(35) 90(70)

ayraulus sp. 0{0) 0(0) 0(0)

———
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APPENDIX 4

Periphyton species coliected in Kootenai River and Fisher River.
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APPENDIX 5

Drift densities for each insect group at each site.
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APPENDIX 6

Insect densities {no./m2) in basket samples located at
4,030, 6,000 and 10,000 cfs levels retrieved after water level reductions.
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APPENDIX 7

Insect stranding {no./m2) at normal and quick
drawdown rates of river change.
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Section B
Food Habits of Rainbow Trout and

Mountain Whitefish in Kootenai River
June, 1980 - October, 1981

By

Joe M. DosSantos and Joe E. Huston
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FORWARD

Data coliected on food, feeding, and habitats of rainbow trout and
mountain whitefish in Kootenai River are being analyzed by Joe DosSantos
for fulfillment of thesis requirements for a Masters of Science degree,
Montana State University, Bozeman, Montana. Aquatic insect data collected
and analzyed by Sue Appert Perry and presented in Section A, Aquatic
Insect Investigations, will be incorporated into this M.S. Thesis.

Mr. DosSantos is still in the process of analyzing data collected
for this study and applicable information from the Aquatic Insect Investi-
~gation. It is regretable that all data and its analysis could not be
available for inclusion in this report. Mr. DosSantos' Masters Degree
Thesis is expected to be available by 31 March, 1983 from Montana Coopera-
tive Fishery Research Unit, Montana State University, Bozeman, Montana
59717.

OBJECTIVES

Few studies have dealt with food habits, feeding habits, and habitat
selection of sympatric fish populations in large regulated rivers (Dettman
1973). Mountain whitefish (Prosopium williamsoni) and rainbow trout
(Salmo gainrdneni) are the predominant gamefish species in Kootenai River
below Libby Dam and abundance of these two species has increased since
the dam was completed in 1972. Interaction between rainbow trout and
whitefish for food and space may be occurring, but a thorough knowledge
of food habits, feeding habits and habitats selected is required before
assessments of competition can be judged.

This study provides information to explain the interactions between
rainbow trout and mountain whitefish within the Kootenai River and the
possible effects on one or both species caused by these species inter-
action. The principle objectives of this part of the Kootenai River
biological investigation were:

1. Deternmine the food habits of mountain whitefish and rainbow
trout and relate these food items to aquatic insects in the
benthos and drift.

2. Compare the habitats selected by mountain whitefish and rainbow
trout.

METHODS

Fish were collected from the Kootenai River monthly from June through
October, 1980 and January, March, and May, 1981 in the Elkhorn and Pipe
Creek stations (Figure 1) using boat mounted electrofishing gear. A
total of 495 mountain whitefish and 399 rainbow trout were collected
and stomachs removed for food habits analysis (Table 1). Fish less than
30 centimeters total length were killed, stomachs removed and contents
preserved for Jater analysis. Stomach contents of rainbow trout greater
than 20 centimeters total length were obtained using a stomach pump {Seaburgh
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1957) during June, July and August, 1980. The efficiency of stomach

pumping was considered too Tow for a quantitative study and its use was
discontinued after August. Thereafter, this size group of rainbow trout

were handled in the same manner as other fish. The stomach contents

of rainbow trout and mountan whitefish were jdentified and measured volumetrically
and numerically.

{nsect drift samples were collected upstream from and immediately
prior to and during capture of fish. Insect benthos samples were taken
within 24 hours of the time fish were collected in the vicinity of fish
collection sites.

[iet of rainbow trout and mountain whitefish as related to the available
benthic and drifting aquatic insects were compared using a Chi-square
statistic (Hunstberger and Billingsley 1977). Percent overlap in the
diets of these two species were calculated using the Schoener {1970)
overlap index.

n
. Percent overlap = x = 1-0.5 (1E1DXi - pyi)
Where: Pyi = proportion of food category £ in the diet of species x;
Pyi = proportion of food category { in the diet of species y;
n = number of food categories.

The selected size groups in which the fish species were divided for
analysis were:

S = small: 10.0 - 19.9 centimeters
M = medium: 20.0 - 27.7 centimeters
L = large: 27.8 - 43+ centimeters
Total: S, M, L - combined

These size groupings represent age groups I, II and III and older trout
and mountain whitefish adequately with some overlap {see Section € for
Age and Growth data).

Stomach contents collected in June, August, September, 1980 and
March, 1981 were identified to the ordinal level. Samples collected
in July and October, 1980 and January and May, 1981 represent the four
seasons of the year and were identified to the Towest possible taxonomic
level, usually species.

Mour.tain whitefish and rainbow trout were observed feeding and inter-
acting during daylight hours using snorkel gear from June through September,
1980 and 1981 in sections of the Kootenai River, Libby Creek and the
Fisher River (Figure 1). Stream sections were surveyed to determine
fish locations and stream characteristics by using the planimeter method
and spot observations (Bovee 1977). Physical parameters included fish

"y



facing velocities, average velocities at 0.6 stream depth, total stream
depth and composition of substrate types. Statistical comparisons were
made using a simple t-test (Huntsberger and Billingsley 1977).

Sixty-seven meters of the Fisher River were mapped, including two
different habitat types; a deep run-riffle area, and a run-pool-run area.
Fifty-nine meters of stream were mapped in Libby Creek, and included
two pnol-riffle areas. About three miles of both Fisher River and Libby
Creek were snorkeled several times to assess fish distribution patterns,
make spot observations and to study behavioral interactions between rainbow
trout and mountain whitefish. Approximately six mites of the Kootenai
River were snorkeled to assess the above relationships.

FINDINGS
SEASOMAL FOOD HABITS

Data presented in this section show deviations from the generalized
seasoral food habit trends. Food preferences of individual fish result
in variations that are clearly evident in any statistical analysis of
the feeding habits of fish (Pontius and Parker 1973, Johnson 1981}. There-
fore, assigning confidence intervals to the selection of any insect group
is relatively meaningless. The means for the three size groups and the
group totals presented here should be taken at face value for the purposes
of comparison.

The most important food item in the diet of all sizes of mountain
whitefish were Chironomidae. This family of insects made up 43 to 62
percent of the total combined stomach volume (Tables 2 and 3; Figures
2 and 3). Ephemeroptera (mayflies) and Trichoptera (caddisflies) contributed
to overall yearly means at 21 and 18 percent of total volume, respectively.

Waitefish from 10.0 to 19.9 cm (S) total length were the most consistent

and greatest users of chironomids (Tables 2 and 3). Small whitefish
collected at Elkhorn and Pipe Creek stations derived 60 percent of their
total annual food bulk from chironomids. Whitefish, those 27.8 cm (L)
long or longer, showed the largest deviation from heavy chironomid utilization.
They ave significant quantities of Trichoptera larvae and adults and
;0th§r15 mostly Gastropoda, during May and June through October {Tables

and 4},

Ré inbow trout utilized more Ephemeroptera and Trichoptera than whitefish,
ranging as high as a combined 95 percent total stomach volume (Tables
4 and &; Figures 2 and 3). Rainbow trout showed a diverse food preference
and fec on all the major invertebrate groups present in the Kootenai
River. Utilization of other invertebrates (Nematoda, Coleoptera, Gastropoda,
Annelicdae, Hemiptera and Hirudinea) averaged 10 percent compared to only
four percent for mountain whitefish.

PERCENT OVERLAP

Differences or similarities in food habits do not reflect the true
relationship of overlap of the diet of mountain whitefish and rainbow



Percent of total volume in milliliters of stomach contents of select size groups of

mountain whitefish collected from the Elkhorn study section of the Kootenai River.

June to October, 1980, January, March and May, 1981,
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Percent of total volume in milliliters of stomach contents of select size groups of moun

whitefish collected from the Pipe Creek study secticn of the Kootenai River.

October 1980, January, March and May, 1981,

Tablé 3.
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to October,

June

Percent of total volume in milliliters of stomach contents of select size groups of rainbow

trout collected from the Pipe Creek study section of the Kootenai River.

1980 and January, March and May, 1981.
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trout. There are three basic methods of food habit analysis; frequency

of occurrence, percent of total numbers and percent of total volume (Bagenal
1378). Some investigators have used an index of relative importance

(IR1) {George and Hadley 1979, McMullin 1979). This IRI is essentially

a mean of the three dietary measures. Frequency of occurrence and percent
of total numbers are heavily influenced by the smalier food items which

may contribute Tittle to the total volume of an individual stomach. For
these reasons, the average of the volume percentages appears to be the
1eas§ objectionable measure of the diet when calcutating overlap (Wallace
1931).

Percent diet overlap between mountain whitefish and rainbow trout
is given by month, size group and total in Table 6 for Elkhorn section
anc Table 7 for Pipe Creek section. The percent overiap in diet between
mountain whitefish and rainbow trout in any one size group, month or
section ranged from 11 percent in June, 1980 (at Elkhorn) to 91 percent
in October, 1980 (also at Elkhorn section). Total overlap (for all size
groups) for any one month ranged from 31 percent in January, 1981 at
Pipe Creek section to 94 percent in October, 1980 also at Pipe Creek.
Totel percent overlaps in the Elkhorn section were more consistent than
those for the Pipe Creek study section.

=1 e

Percent overlap in the diets of small fish were the highest and
were less variable than other size groups. Small fish are more restricted
to smalier food items than larger fish and would be expected to have
more diet overlap. Data described in Tables 3 through 6 indicates small
whitefish feed heavily on chironomids and that small rainbow trout select
more chironomids than other rainbow size groups. Therefore, if competition
for food is occurring, it is most 1ikely taking place among fish less
than 19.9 cm long.

SELECTION VS AVAILABILITY

The measured or apparent availability of benthic insects may have
1ittle relationship to the actual ingestion of the item by a fish. Apparent
abundant resources may be relatively inaccessible, less desirable, pro-
tectivaly camouflaged, or hard to catch (Wallace 1981). Not only must
the benavioral habits and size of the particular fish be considered,
but also the behavioral and drift habits of the insects and larval size
before judgements about selectivity can be made.

Rainbow trout are primarily drift feeders (Bryan 1973, White 1973) =
while mountain whitefish are much more substrate oriented (May et al.
1981). Therefore feeding habits of mountain whitefish are not necessarily ]
correlated to those invertebrates which have a high tendency to drift, e
but may be due to the inherent behavioral differences of the fish them-
selves. Fish develop and maintain definitive feeding images (Ivlev 1961).
Regardless of the actual availability of a food item, some fish species
may chocse a particular food organism at a frequency well abave its relative
abundance. In other instances, selection is very strongly correlated
to the actual availability.
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Table 6. Percent overlap in the dietary composition of mountain whitefish
and rainbow trout stomachs collected from the Elkhorn study

section of the Kootenai River.

Formula by Schoener (1970}.

Size group
M

Month S L Total
June 1980 49.34 11.03 16.17 50. 14
July 1980 28.61 32.98 71.47 48.00
August 1980 49.13 33.18 60.51 55.43
September 1980 71.98 65.82 45.07 73.52
October 1980 72.27 90. 67 51.71 73.40
January 1981 57.88 73.88 35.85 74.85
March 1931 No fish 43.35 54, 58 45. 25
May 1981 59,42 59.92 62. 16 72.04
Overall mean 55.52 51.35 49,69 61.58
Standarci deviation 15.14 25.89 17.37 13.03
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Table 7. Percent overlap in the dietary composition of mountain whitefish
and rainbow trout stomachs collected from the Pipe Creek study
section of the Kootenai River. Formula by Schoener (1970)}.

Size group
Month S M L Total
June 1980 55.90 33.52 36.58 56.67
July 1980 16.80 38.56 83.46 38.93
August 1980 52.40 36.23 32.70 46.67
September 1980 56.28 53.30 54.50 58.83
October 1980 80.80 77.42 61.31 94.32
January 1981 33.58 15.06 37.47 31.11
March 1981 74.38 77.28 23.73 71.24
May 1981 77.03 56.69 59.29 71.54
Overall Mean 55.90 48.51 48.63 58.66
Standard deviation 22.18 21.87 19.51 20.33
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At the present time, the drift data have not been compiled by mean
percent total composition {biomass). However, the benthic data for summer
1980 have been analyzed and compared to food selection of rainbow trout
and mountain whitefish. Rainbow trout usually selected Ephemeroptera
and Trichoptera at or above their respective availability in the benthos.
In June and September, 1980, they also selected "other" invertebrates
in ¢losz correlation to their availability (Tables 8 and 9). Rainbow
trout salection for chironomids was always well below their availability,
except for the month of September, 1980 when they substituted chironomids
and "otrers" for Trichoptera.

Mountain whitefish always selected chironomids above their apparent
availability (Tables 10 and 11). Whitefish selection of "other" invertebrates
was below availability, whereas their selectivity for Ephemeroptera and
Trichoptera was variable.

These data support the seasonal food habit trends of mountain whitefish
and rairbow trout food where Chironomidae were the principle food item
for whitefish, while rainbow trout depend upon Ephemeroptera, Chironomidae
and Trichoptera. The data also demonstrates that particular organisms
are preyed on regardless of their degree of availability in the benthic
jnsect community at any particular time in the Kootenai River.

MICROHABITAT COMPARISONS

High discharges from Libby Dam during June through September, 1981,
rarely bulow 6,000 cubic feet per second, made habitat analysis in the
Kootenrai River operationally impossible. Al1 habitat work was conducted
in Fisher River and Libby Creek, the two largest tributaries to the Kootenai
River abuove Kootenai Falls. The basic assumption is that habitat preferences
of mountein whitefish and rainbow trout would be similar in these tributaries
to those in the Kootenai River itself. Two basic justifications for
this assumption are: both species move freely between these tributaries
and the nain river during certain times of the year, and on the basis
of observations in Kootenai River, rainbow trout and mountain whitefish
utilized relatively similar macrohabitat areas.

The author feels that data presented in this section can be extrapolated
to the Kostenai River and that trends in microhabitat selection will
likely hold true for fish residing in the river. Microhabitat preferences
for 178 riainbow trout and 69 mountain whitefish were documented in Fisher
River and Libby Creek. Velocity and depth measurements versus fish size
data will be analyzed using single and multiple regression and discriminant
and principle component techniques. Preliminary analysis indicate that
as whitef'sh increase in size they choose habitats with slower water
velocity. Conversely, as rainbow trout increased in size they chose
habitats with increased velocities. Chapman and Bjornn (1969) noted
that larger rainbow trout inhabited faster velocity water than small
rainbow trout

Mountain whitefish chose deeper areas with higher average velocities
than did rainbow trout (Table 12). However, due to their close association



Table 8. Conparison of percent of total volume of stomach contents (0-observed)
of rainbow trout to that of percent total biomass (E-expected) of
benthic samples collected from the Elkhorn study section of the
Kontenai River during summer 1980.

Percent of

Month Value Ephemeroptera Plecoptera Tricoptera Chironomidae Other

June Observed 37.99 0.03 10.97 5.84 30.35
Expected 38.20 0.0 11.80 15.90 34.10

July Observed 50.58 0.01 45,18 4,24 0.21
Expected 28,00 0.70 27.30 13.40 28.60

August Observed 17.19 0.0 59.10 7.24 12.70
Expected 30.30 3.9 22.40 12.20 31.30

September Observed 44,44 0.0 6,26 17,08 23.88
Expected 18.40 4.1 28.40 17.00 32.20

Table 9. (omparison of percent of total volume of stomach contents (0-observed)

of rainbow trout to that of percent total biomass (E-expected) of
benthic samples collected from the Pipe Creek study section of the
Kootenai Riyver during the summer of 1980.

Percent of

Month Value Ephemeroptera Plecoptera Tricoptera Chironomidae Other

June Observed  33.64 0.03 8,49 8.77 32.63
Expected 27.80 0.0 8.30 26.00 37.90

July Observed 5.84 0.0 89,13 1.40 3.63
Expected 27.10 0.0 40.70 8.80 23.40

August Observed 28,09 0.0 52}73 5.53 5.51
Expected 28.06 3.0 15,80 14.10 8,05

September (bserved 8.30 0.0 16.15 17.20 26.94

_ Expected 19,60 1.3

31.00 15,70 32.40.
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Table 10. Comparison of percent of total volume of stomach contents (0-observed)
of mountain whitefish to that of percent total biomass {E-expected)
of benthic samples collected from the Etkhorn section of the Koot-
enai River during the summer of 1980.

Percent
Month Value Ephemeroptera Plecoptera Tricoptera Chironomidae Other
June Observed 15.46 0.03 14,02 58.51 8.86
Expected 38.20 0.0 11.80 15.90 34.10
July Observed 18.79 0.0 24.92 54,63 1.66
Expected 28.00 0.7 29.30 13.40 28,60
August  Observed 10,91 0.0 26,62 45,06 14,87
Expected 30.30 3.9 22.40 12,20 31.30
Septenber QObserved 32.05 0.0 7.03 44.63 11.64
Expected 18.40 4.1 28.40 17.00 32.20

Tabie 11. Comparison of percent of total volume of stomach contents (0-observed)
of mountain whitefish to that of percent total biomass (E-expected)
of benthic samples collected from the Pipe Creek section of the
Kootenai River during the summer of 1980.

Percent
Month Value Ephemeroptera Plecoptera Tricoptera Chironomidae Other
June Observed 19.07 0.0 132,21 50.77 8.29
Expected 27.80 0.0 8.3 26,00 37.90
July Observed 17.35 0.0 31,51 49,88 1.25
Expected 27.10 0.0 40.70 880 23.40
August. Observed 16.12 0.0 19.55 62.44 1,08
Expected 28.06 3.0 15,80 14,10 38.05
Septenber Observed 37.20 0.0 7.13 42.69 8.28
Expected 19.60 1.3 31.00 15.70  32.40
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with the substrate (i.e. fish depth), they were actually occupying areas
with lower velocities. Rainbow trout chose substrate areas with a higher
percent sand composition than did mountain whitefish. Sand areas can
only be derosited and maintained in areas with relatively low velocities
(Chorley 1969). This corresponds to the slightly less facing velocities
between the two species {(Table 12).

Althotgh there are not always statistically significant differences
between all microhabitat parameters, the aspect of morphological adaptations
should not be ignored. Mountain whitefish choose substrate areas with
higher percent gravel and cobble composition. Because of their planing
availity, they can maintain positions in these higher velocity areas.

This type of substrate mixture may facilitate their benthic feeding habits
(May et a”. 1981). Rainbow trout occupied areas with a higher percent
composition of boulders. They are not a planing fish, and use these
boulders with reduced velocity areas. In this manner, they can occupy
areas affording resting positions and still be near high velocity waters
where drifting insects are available to them.

SUMMARY

Rainbow trout generally selected food jtems from the water column or
near the water surface while mountain whitefish selected food jtems from
near or on the substrate. Rainbow trout of all sizes generally fed on a
wider range of food groups.than did mountain whitefish. A1l sizes of
mountain whitefish fed heavily on Chironomidae although whitefish larger
than 27.8 cm total Tength often selected other food groups such as Trichoptera,
Ephemercptera and other Dipterans. Dietary overlap between rainbow trout
and mourtain whitefish was most noticeable for fish Tess than 19.9 cm
total Tength and this overlap was confined to their utilization of
Chironomidae.
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OBJECTIVES

The objectives of this study were to determine the effects of operation
of Libby Dam upon fish popuiations in the Kootenai River and to collect
the data necessary for management of the sport fishery. The specific
job objectives were:

1. Determine abundance of fish populations in the Kootenai River.

2. Determine growth rates and condition factors of gamefish in
the Koctenai River.

3. Monitor spawning runs of rainbow trout and mountain whitefish
from the Kootenai River into tributary streams and locate spawning
areas in the mainstem Kootenai.

4. Determine angler catch rates and species composition of the
catch.

METHDDS

Water Quality and Flow Data

Water chemistry, flow and temperature data were collected by the
USGS and Seattle District Corps of Engineers at a station just downstream
from Libby Dam. Temperature degree days for each year from 1968-1978,
and calculated degree days for the temperature rule curve developed for
the selective withdrawal system were provided by Seattle District Corps
~of Engineers.

A Taylor recording thermograph was utilized to record water temperatures
in Pipe Creek and maximum-minimum thermometers were utilized in Bobtail
Creek. A Marsh-McBirney flow meter was used to determine velocities
in tributary streams and Kootenai River.

Creel Census

Creel census information was collected from anglers fishing the
Kootenai River between Libby Dam and Kootenai Falls in summers 1975 and
1980, and all four seasons in 1977 and 1978. Angling data were collected
12 weekdays and 12 weekend days during each three month season, spring,
summer, fall and winter. Anglers interviewed included those that had
completed their angling effort and those stitl fishing with the exception
that interviews were not taken from anglers who had fished less than
one hour.

Data cullected from each angler included hours of fishing effort,
time of day fished, number of fish caught by species and total length
of each fish caught. Type of gear was recorded and included use of natural
bajt, artificial lures or flies or a combination and whether fishing
was from a poat or shore. Residency of each angler was classified as



resident of Lincoln County, other State of Montana residents, or non-
resident.

Tag Retyrns

Rainbow trout more than 250 wm total length captured during electro-
fishing in Kootenai River or in spawning surveys were generally tagged
with a numbered anchor tag and released. Return of these tags by anglers
provided useful information on movements of individual fish and on fisherman
harvest. Anglers were requested_to return tags from tagged fish they
had caught and to provide information about when the fish was caught,
the size of the fish when caught, and where the fish was caught. Anglers
were asked to return tags to either Department personnel or local sporting
goods stores via newspaper articles and radio programs.

Fish Population Sampling

Fish were collected at night in the Kooternai River using an electro-
fishing boat. Pulsed direct current of approximately two amps and 150
volis was used. Fish caught were held overnight in cages and processed
the next morning. Methods described by Vincent (1971} were followed
for electrofishing operations and for analyzing mark and recapture data.
Tritutary streams were sampled with boat mounted electrofishing gear
with mobile electrodes or a backpack electrofishing unit powered by a
six volt motorcycle battery.

Fish population study sections, their lengths and locations, were:
1} Jennings Section, 4,117 m, three to eight km below Libby Dam; 2} Elkhorn
Section, 6,100 m, 16 to 22.5 km downstream; 3} Flower-Pipe Section,
7,350 m, 27 to 35 km downstream; and 4) Troy Section, 3,843 m, 58 to
61 km downstream from Libby Dam {Figure 1}.

Spawning fish entering tributary streams were captured in box traps
with poultry netting leads and in fyke nets. The emigration of fry and
juvenile fish was monitored using a fry trap designed by Northcote {196%a).
The tast Teads were 6.4 mm square mesh hardware cloth.

Most fish collected during the study were anesthetized, measured,
weighed, some scale samples taken, marked or tagged and released.

Age and Growth

-k
e

Scale samples were taken from 20-30 fish per each 25.4 mm Jength

- group to determine growth and age structure of the population. Scales

were cdllected from a small area below the origin of the dorsal fin and ®
one scale row above the lateral line. _ :

Cellulose acetate impressions of the scales were read at 106X and
40X magnification for rainbow trout and mountain whitefish, respectively.
Measurements {mm) were made from the center of the focus to each amnulus
and to the anterior edge of the scale.
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The Fire I computer program (Hesse 1977) was used to calculate the
body-scale relationship. The relationship was most accurately described
by th:= Monastrysky Togrithmic method which is based on a log-log plot
of fish Tength versus scale radius. Body-scale relationships for mountain
whitevish and rainbow trout were calculated from pooled data (1972-1981)
from the Flower-Pipe Section of the Kootenai River. Backcalculated lengths
were determined using the Monastrysky relationship and a program, Age
Mat, ceveloped by Delano Hanzel and Bob McFarland of Montana Department
of Fish, Wildlife and Parks.

The age at which juvenile rainbow trout emigrated from their natal
stream into the Kootenai River varied from young-of-the-year to three
years oid. Fish that emigrated as young-of-the-year could not be reliably
separated from those that emigrated at one year of age. Fish that emigrated
at two years or three years of age were discrete. Age and growth data
presented in this report combines rainbow trout that lived Tess than
two years in the natal stiream into classification X and those that lived
two or three years in the natal streams as Xo and X3. In this classification
"X" represents the total age of the fish and the "sub" number represents
the age at emigration from the natal stream, i.c., 55 is a fish with
total age of five years which emigrated from the natal stream after rearing
there two full years.

FINDINGS AND DISCUSSION

Pre-Impoundment Wateér Quality

Information concerning the water quality and fishery of the Kootenai
River prior 1o 1967 is scarce. Bonde and Bush (1975) reported that prior
to the Tate 1940's, cutthroat and burbot were the most abundant fish
caught, while rainbow trout and mountain whitefish were less abundant.

A decline in burbot and cutthroat populations and an increase in rainbow
and mountain whitefish occurred in the 1950's. Fishermen reported that
water quality deteriorated during this time period resulting in increased
algae growth, silt and sediment becoming more noticeable. Sediment loads
during the spring appeared larger and more persistent and on occasion

the river seemed to develop an odd color.

Majcr point sources of pollution were mining operation, smelter
and fertilizer plant on the St. Mary River, coal mines on Etk River,
Kraft paper mi1l on the upper Kootenai, and a vermiculate mine and concentrator
located 11 miles downstream from Libby Dam on Rainy Creek {Figure A).
Sediment loaded discharge from thickening and concentration of the vermiculate
and drainage from the tailings into Rainy Creek settled out in the Kootenai
and adversely affected aquatic insect and fish production. This sediment
source was cleaned up in 1972 by order of Montana Department of Health
and Environmental Sciences.

PolTution in the St. Mary River resulted from effiuents from a lead-
zinc mine, a concentrator, a fertilizer plant and city sewage plant (Malick
1978). The mine began operation in 1900, the fertilizer plant .in 1953
and the iron and steel plants operated from 1961 to 1972.



Water quality in the Kootenai River improved in 1968 following imple-
mentaiion of the first step of pollution control at the industrial complex
on the St. Mary River, The improvement in water quality resulted in
a marled increased in aquatic insect populations in the Kootenai River.
The st:anding crop of aquatic insects increased from 1968 to 1971 by 273
percent above Libby Dam site and 392 percent downstream from Libby Dam
site [Bonde and Bush 1975)}.

5ignificant improvements in water quality of the St. Mary River
and Kootenai River were made in 1975 and 1977 largely by recycling effluents
(Mali:zk 1978). The concentrations of dissolved phosphorous, iron, zinc,
lead and fluorides were reduced and pH increased. Rapid recovery of
the stream biota occurred in conjunction with the reductions in levels
of metals, suspended solids and phosphorous discharged into the St. Mary
River. Cutthroat trout populations have increased and a good fishery
now exists for this species in the St. Mary River (Jerry Oliver, personal
communication).

In summary, water quality probiems in the Kootenai River were limiting
aquatic insect populations and may have caused a shift in the species
composition of the fish population from cutthroat and burbot to rainbow
trout. and mountain whitefish.

Post-Impoundment Water Quality

Changes in water quality and discharge patterns occurred in the
Kootenai River following impoundment in 1972. To illustrate these changes,
comparisons are given of sediment loads in 1970 and 1975 and nutrient
concentrations and specific conductance in 1970, 1975 and 1979, These
were years of below normal flow, being 75, 83 and 75 percent of nomal,
respiactively. Duration hydrographs were utilized to compare the median
and 30th percentile flows prior to impoundment, 1925-1972 and post-impound-
ment, 1973-1981.

Sediment lLoads

Suspended sediment loads in the Kootenai River downstream from Libby
Dam and reservoir have dropped markedly since impoundment of the river.
The sediment Toad in 1975 was approximately 15 percent of that found
in 1970 (Figure 2). Prior to impoundment, peak sediment Toads occurred
from April to July in conjunction with peak flows. Following impoundment,
peak loads took place during the high flow period from November to March
wher the reservoir was being drafted. In addition to reduced sediment
loac downstream from Libby Dam, a marked reduction in sediment pollution
occurred in 1972 from Rainy Creek. An improved treatment facility removed
most. of the sediment from mine-mill effluents.

The reduction of large sediment Toads has been an important factor
in the high productivity of the river downstream from the dam. The adverse
effaects of sediment on the aquatic environment have been well documented
in ihe literature by Cordone and Kelly (1961). Apman and Oates (1965),
Peters (1967) and Hall and Lantz (1969). Phillips (1971) in reviewing
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research on the sediment problem concluded that sediment adversely affects
fish by: 1)} blocking transmission of light thereby reducing primary
production; 2) reducing abundance and diversity of aquatic insects which
are the primary food of stream salmonids; and 3) filling the interstices
in the gravel which prevents successful incubation of eggs, escapement

of fry from the gravels and eliminates escape cover for fry and fingerling.

Nutrient Concentrations

Nutrient concentrations in the Kootenai River downstream from Libby
Dain have declined markedly since impoundment. Dissolved orthrophosphate
corcentrations averaged .383 ppm in 1970 as compared to .039 ppm in 1975
and only .002 ppm in 1979 (Figure 3 and Appendix A). A similar pattern
was noted for concentrations of total phosphorous (Figure 4, Appendix
A). This decline in nutrient concentrations was related to improved
pollution control facilities at a fertilizer plant on the St. Mary River
in British Columbia and trapping of nutrients in the reservoir. The
operation of the selective withdrawal system was probably a factor in
reduced nutrient levels after 1977 due to the shallow depth of water
withdrawal from Lake Koocanusa. Deep release of water from reservoirs
results in higher levels of nutrients than shallow releases (Ward and
Stanford 1979).

Phosphorous is often considered the most critical sinale factor
in the maintenance of biochemical cycles (Reid 1961). This extreme importance
stems from the fact that phosphorous is vitally necessary in the operation
0¥ energy transfer systems in the cell and it normally occurs in very
small amounts. The latter factor means that there is apt to be a deficiency
of the nutrient which could lead to inhibition of primary productivity.
I't appears that the low phosphorous concentrations currently found in
the Kootenai River could be Timiting the production of periphyton.

Specific Conductance

Specific conductance was more stable following impoundment of the
river in 1972 (Figqure 5 and Appendix A) due to the lack of high sprina
flows and Tow winter flows. Specific conductance ranged between 190
and 373 um in 1970 as compared to 235 and 298 um in 1979, The mean con-
ductance in 1970 of 295 ym was higher than the mean of 266 ym in 1979,
Conductance is often used as a gross indication of potential productivity
cf aquatic systems (E11is et al. 1946). The values for the Kootenai
classify it as a medium to high productive system.

Water Temperature

The thermal regime was greatly modified in the Kootenai River down-
stream from Libby Dam following regulation in 1972, Temperature patterns
vere variable from 1972-1976 depending upon whether water was released
via the sluices, spillways or penstocks (beginning June, 1975). Penstock
inverts are at elevation 2,222 ms1 (237 feet below full pool), the sluices
are at elevation 2,200 ms1 (259 feet below full pool), and the spillways
are at elevation 2,405 ms1 (54 feet below full pool). Releases from
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the sluices and penstocks were hypolimnetic, whereas the spillway releases
were epilimnetic. The mean daily temperatures in the Kootenai River
prior to impoundment {1970), following impoundment (1975) and the first
year the selected withdrawal system was operated (1977) are compared

in Figure 6.

River temperatures were generally cooler in 1975 and 1977 than in
1970 fron April to mid-September. Temperatures increased rapidly in
1975 the last week of June when the spiliway was used to release water.
Temperatires were warmer in 1975 and 1977 than 1970 from October through
March.

The selective withdrawal system is operated under a temperature
rule curve developed to control depth and temperature of water discharged
from the dam. Discharges are from deep in the reservoir during the winter
when the reservoir is isothermal with temperatures about 39°F. As temperatures
increase in the spring, the selective withdrawal is operated to draw
water from near the reservoir surface to increase the discharge temperature
as rapidly as possible to a maximum temperature of 56°F. A temperature
of 56°F is then maintained until reservoir temperatures decline to below
50°F. Selective withdrawal operation is regulated to draw water from
50 feet bpr more below the water surface to minimize damefish escapement
and turbine induced mortalities. The temperature regime was designed
to provide near optimum temperatures for fish but still reduce escapement
of fish from the reservoir,

The temperature patterns in the Kootenai River prior to impoundment
(1962-1¢71), hypolimnetic release (1976) and the temperature rule curve
are compared in Figure 7. The 1976 temperature pattern, in which releases
were hypolimnetic, resulted in cooler water temperatures from mid-April
to October than the preimpoundment temperatures. Water temperatures
during the remainder of the year were higher than preimpoundment temperatures.

The: temperature rule curve provides water temperatures that are
cooler ‘n the summer and warmer in the fall and winter than prior to
impoundnent with an overall increase in the number of degree days above
the preimpoundment mean of approximately 30 percent (Table 1). However,
the actual number of degree days from 1977-1980 has averaged only 115
percent of the preimpoundment mean., The highest number of degree days
occurred in 1974 and 1975 when epilimnetic spiliway releases were used.

Wa~d and Stanford (1979a) noted the extent to which impoundments
modify the temperature of the receiving stream depends primarily upon
the discharge depth, the thermal stratification of the reservoir, the
retentiin time, and dam operation. Thermal modification of the Kootenai
River has resulted in: 1) increased diurnal constancy; 2) increased seasonal
constancy; 3) summer depression; and 4) winter elevation. The overail
effect of these changes upon gamefish populations is not totally known,
but some positive effects may have occurred for rainbow trout.

) Numerous studies have been made on the temperature preferences of
rainbow trout. These studies have shown that temperature preference

-11-
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Table 1. Number of degree days (32°F base) in Kootenai River near Libby
Dam before impoundment (1962-1971), after impoundment without
selective withdrawal system {1972-1976) and with operation of
selective withdrawal system (1977-1980).

L% IS

Calendar year Degree days Percent of normal
Pre-impoundment meanl/ 4,573 100
1962-1971)

Post~impoundment without
selective withdrawal

1972 4,827 106
1973 5,279 115
1974 5,519 121
1975 5,669 124
1976 4,940 108
1972-1976 mean 5,246 115

Post-impoundment with
selective withdrawal

- 1977 5,374 118
1978 5,220 114
1979 5,269 115
980 5,183 113
1977-1980 mean 5,261 115

Operational plan 5,947 130

1/ Degree days data with the exception of 1979 and 1980 calendar years
supplied by Tom Bonde, Seattle District Corps of Engineers.
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is influenced primarily by the age of the fish and its recent thermal
history or thermal acclimation. McCauley et al. (1977) found the calculated
final preferred temperature of 15 month old rainbow trout was 5Z2°F. In
contrast, ~ainbow trout fingerlings had a preferred temperature of 63°F
{McCauley and Pond 1971). Hokanson et al. (1977} found the maximum specific
growth rate of juvenile rainbow trout fed excess rations occurred at

a temperature of 63°F. A study by Atherton (1970) indicated that 54°F

was the optimum temperature for rainbow trout growth. These studies show
that young-of-the-year rainbow achieve their best growth at temperatures

of about 60-63°f, whereas rainbow trout over one year old grow best when
temperaturres are about 50-54°F.

The <ootenai prior to impoundment averaged about 111 days each year
above 50°F. The planned temperature regime should increase this to 168
days, but only 110 days were above 50°F in 1977 (Table 2). The number
of days above 50°F increased to 140 in 1979 and 168 in 1980. The temperature
pattern in 1980 followed the temperature rule curve closely, having temp-
eratures above 50°F from May 30 to November 13.

Table 2. The number of days in which the mean daily water temperature
was above 50°fF in the Kootenai River near Libby Dam.

Period temperature Number days
~Calendar year above 50°F temperature above 50°F
Pre-impoundment 6/15-10/4 111
(19621971}
1972 6/13-11/8 158
1973 5/12-11/18 191
1674 7/18-12/3 154
1975 ‘ 6/24-12/2 162
1976 8/16-12/5 113
1977 6/23-10/15 115
1979 6/16-11/2 . 140
1980 5/30-11/13 168
Planned 6/1-11/15 168

Warmer water temperatures during the fall and winter following impound-
ment ¢f the river have probably increased over-winter survival of trout.
Severe winter conditions including the formation of anchor ice have been
shown to cause high mortalities of trout {Needham and Slater 1945; Naciolek
and Needham 1952; Nielson et al. 1957). Reimer (1957) found that excessive
winter mortality rates are due more to adverse and exhaustive physical
conditions than to food availability. Needham and Jones (1959) observed
tgat rg;n?ow trout fed actively as long as the water temperature was
above 33°F.

Flows

The annual and daily flow regime of the Kootenai River was altered

~15-



by river regulation. Prior to impoundment, high flows occurred from

May through July. Following impoundment, high flows characteristically
occurred from October through mid-February (Figure 8). The median peak

flows prior to impoundment were about 60,000 cfs as compared to only

21,000 cfs following impoundment. In two of ten years, peak flows exceeded
60,000 cfs prior to impoundment as compared to a peak of 26,000 ¢fs following
impoundment. The maximum discharge recorded prior to impoundment was

121,000 cfs on June 21, 1916, while the maximum following regulation

was 40,000 cfs in June, 1981. The lack of high scouring spring flows

has altered the habitat of the Kootenai River by allowing the formation

of deltas at the mouths of tributaries and eliminating channel maintenance
flows. .

High spring flows determine the shape of the channel rather than
the average or low flows. Lack of these high flows which are needed
for scouring and channel maintenance may be especially important in main-
taining fish and aquatic insect populations (Holden 1979). The Montana
Department of Fish, Wildlife and Parks (1981) noted that the major function
of the high spring flows in the maintenance of channel form are bedload
movement ard sediment transport. The movement of bed and bank material
and subsequent deposition shapes the channel and forms islands and side
channels. The flushing action of high flows removes deposited sediments
and maintains suitable gravel conditions for aquatic insect production,
fish spawning and egg incubation. A significantly altered channel confiqura-
tion and armouring of the river bottom would affect both the abundance
and species composition of the present aquatic poputations by altering
the existing habitat types through time.

An operational minimum flow of 4,000 cfs has been established in
the Kootenai River downstream from Libby Dam, unless water is needed
to refill th= reservoir. In that case, a flow of 3,000 cfs is allowed
. during the period when water is being stored in the reservoir. The median
flow in the Kootenai River was above 4,000 cfs from 1973-1981 (Figure
8). 1In contrast, the median flow from 1925-1972 was below 4,000 cfs
from approximately the first week of December to the last week of March.
A similar pattern was recorded faor the 80th percentile flow or flow that
is exceeded in eight of ten years (Figure 9).

The relationship of the wetted surface area to discharge is presented
in Figure 10 for a 17.9 km section of the Kootenai River beginning 5.8
km below Libbv Dam. This figure shows that the water surface area increases
rapidly up to a discharge of about 5,000 cfs. Further increases in discharge
resuylts in a nuch smaller rate of increase in water surface area. The
minimum flow ¢f 4,000 cfs in conjunction with the higher flows in the
winter have ccmbined to produce good year-round flows for fish production.
The establishment of a satisfactory minimum flow is probably the single
most important factor in maintaining a high level of aguatic productivity
downstream fron dams. The primary impacts of increased minimum flow
are an increase in the quantity and quality of living space. The detrimental
effect of reduced flows on salmonid production has been well documented
(Kraft 1968; Hzzel 1976; Mulan et al. 1976; Bovee 1978; and McMullin
and Graham 1981). The higher flows during the winter following impoundment
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Wetted surface area vs. discharge for a 17.9 km section of
the Kootenai River beginning 5.8 km below Libby Dam.
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have undoubtedly increased over-winter survival of fish. The Montana

Department of Fish, Wildlife and Parks (1981) pointed out that naturally

occurring low flows in the winter coupled with the adverse affects of

surface and anchor ice formation and the resulting scouring of the river

channel at ice-out can adversely impact the fishery. Consequently, reduced

flows during this crucial low flow period have the potential to be extremely

harmful to trout populations. Needham (1959) noted that Tow winter flows

and sutsequent reduction of habitat was a factor limiting rainbow trout

populations, .

The daily flow pattern of the Kootenai River, which was stable under
natural conditions, now fluctuates on most days due to the power-peaking .
operation of Libby Dam. Maximum fluctuations under discharge criteria
are: 1) April through September, four vertical feet per day and one
foot per hour; 2) October through March, six vertical feet per day and
two feet per hour. The average daily fluctuation from 1976-1982 has
been consistently less than the maximum criteria.

Fluctuating power dam releases have been shown to be detrimental
to aquatic insect and fish populations below many dams. Corning (1969)
found that stream fluctuations below dams on three Colorado trout streams
reduced productive trout water to a non-productive series of intermittent
pools. Aquatic insect diversity and abundance can be limited by slow
currents resulting from low flows (Trotzby and Gregory 1974) or conversely
by fast water releases (Powell 1958). Sudden decreases in flows exposes
the streambed and destroys algae, aquatic insects and some fish {Kroger
1973; Brusven et al. 1974).

The magnitude of aguatic insect stranding in the Kootenai River
is determined to a large degree by the flow regime prior to the flow
reduction. Little stranding occurs when flows are fluctuated at least
weekly frrom a high of 10,000-20,000 cfs to the minimum of 4,000 cfs.
After higher flows have been in effect for several weeks, extensive coloni-
zation occurs above the 4,000 cfs perimeter and considerable stranding
of aquatic insects occur when flows are reduced to 4,000 cfs (Section
A, this report).

Stranding of fish has been limited to very small numbers of game
and nongane fish in backwater areas and appears to have had Tittle effect
on any fish species population. The overall effect of flow fluctuations
upon aquatic insect and salmonid production in the Kootenai River is
not known, but it appears that the establishment of an adequate minimum
flow has been an important factor in alleviating these effects. The
minimum flow of 4000 cfs provides a large amount of base habitat which
is not dewatered when flow is fluctuated. The drastic effects of flow
fluctuations upon the aquatic insects and fish populations in the studies
previously noted occurred in streams: withdut adequate minimum flows.

The ¢1teration of flows has also influenced the fishability of the
Kootenai River downstream from Libby Dam. Fishing appears to be best
when the flows are less than 8,000 cfs (Graham 1981). Prior to flow
regulation, the Kootenai River was “fishable“ below 8,000 cfs an average
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of 225 days per year, about 62 percent of the time (Table 3, Fioure 11).
Following impoundment, the days the river has been below 8,000 cfs has
varied from 45 days in 1974 to 261 days in 1973, with an average of 152
days per year or 42 percent of the time for the ten years from 1972 through
1981. On an annual basis, fishing opportunity has been reduced by 73

days since impoundment of the river,

The fishing opportunity is somewhat different if the period when
most people desire to fish from April through September is considered.
Prior to impoundment, the Kootenai River was below 8,000 cfs an average
of 43 days or about 23 percent of the time. Following impoundment, the
river was fishable an average of 94 days. Fishing opportunities during
the summer season from April through September have increased by an average
51 days since construction of Libby Dam in 1972.

Species List

Sixteen species of fish have been documented in the Kootenai River
below Libby Dam.{Table 4). Westslope cutthroat trout (Salmo clarhi Lewisdi),
raintow trout (Safmo gairdneni), mountain whitefish (Prosopium williamsoni),
torrent sculpin {Cottus nhotheus), largescale sucker (Catostomus macro-
cheifus) and longnose dace {Rhinichthys cataractae) were considered abundant,
whereas stimy sculpin (Cottus cognatus), northern squawfish (Ptychocheilus
anegonensis) and peamouth chub (Myfochedifus cawrinus) were seldom collected.
. Kokanee {Oncorhynchus nerka) were first collected in 1980. These fish
emigrated from Lake Koocanusa through the turbines. Westslope cutthroat
trout:, torrent sculpins and longnose dace populations have declined in
abundance following impoundment, whereas burbot (Lota Lota), rainbow
trou: and mountain whitefish numbers increased. One largemouth bass
{(Micropterus sabmoides) was collected but was not included in the species
list.

Species found downstream from Kootenai Falls were identical to the
upstream 1ist except for white sturgeon (Acipenser transmontanus). A
pure strain of native inland rainbow trout is found in Callahan Creek
(Allendorf et al., 1980). Rainbow trout, mountain whitefish, largescale
suckers and peamouth chub were considered abundant in both pre and post-
impoundment periods.

White sturgeon populations appeared to decline following regulation
of the river (Graham 1981), Moderate populations of white sturgeon still
exist in the lower Kootenai River (Partridge 1981), but few fish move
upstream into Montana.

Pre-impoundment Sport Fishery

Little data were collected on fish populations in Kootenai River
prior to 1970, except for contact creel surveys conducted by game wardens.
A summary of these surveys is given in Table 5. Cutthroat dominated
the catch during the summer season comprising 46.2 percent of the fish
creeled followed by mountain whitefish (38.7%), burbot (7.6%), rainbow
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trout (6.5%) and bull trout (1.0%). The average length of cutthroat

and rainbow trout creeled was 284 mm and 309 mm, respectively. The catch
for gamefish was .97 fish per hour of effort, of which the catch for
trout was .52 fish per hour of effort. Mountain whitefish made up 90
percent of the harvest during the winter and fish caught averaged 282

mm lond.

Post-Impoundment Fisheries Investigations

Gamefish Reproduction

A detailed summary of data collected on the capabilities of streams
tributary to Kootenai River to support spawning runs from the Kootenai
for that section of river downstream from the Libby Rerequlation Dam
site (Figure 1) to the Idaho border was presented by May and Huston (1979).
In summary, it was shown that adequate stream habitat was available from
the reregulation damsite downstream to Kootenai Falls to maintain river
populations of rainbow trout. About 219 kilometers of stream are accessible
for spawning and rearing of rainbow trout. Only 34 kilometers of tributaries
were accessible to spawning rainbow trout below Kootenai Falls to the
Idaho border. Much of this stream length below Kootenai Falls was judged
to be of poor quality. The quantity and quality of spawning and rearing
area may be a factor Tlimiting rainbow trout numbers in this section of
the river. Natural falls or man-made barriers prevent fish access into
major sections of all the Kootenai River tributaries below Kootenai Falls.
0'Brien Criek, a tributary below Kootenai Falls, had a small wooden dam
near its mouth which was removed in 1978. Rainbow trout eggs were taken
from fish spawning in Bobtail Creek (Figure 1) and planted in 0'Brien
Creek in 1978 and 1980. Removal of this dam should provide access into
about 25 kn of fair to good spawning and rearing habitat for rainbow
trout.

Mountain whitefish spawn both in tributary streams and in the mainstem
Kootenai River. Spawning habitat for this species is considered excellent
throughout the entire Kootenaj River downstream from Libby Dam. May
and Huston (1979) reported finding 17 whitefish spawning areas from the
reregulation damsite downstream to Libby in 1979 compared to only five
areas in 1973.

Spawn-ing potential is considered to be more than adequate for rainbow
trout and mountain whitefish above the site for the reregulation dam.
Investigations have shown both species reproducing in Fisher River and
mainstem Kootenai River between Fisher River and Libby Dam.

Kootenai National Forest funded a project to collect streamflow
data needed to file on instream water reservations for Bobtail, Pipe,
Libby and ('Brien creeks. The results of this study were presented by
May (1982) and flow reservations requests have been filed with the Montana
Department of Natural.Resources and Conservation.
Rainbow Trout Spawning

Box traps utilized to capture spawning runs in Bobtail and Pipe
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creeks were located near the mouths, while the trap in Libby Creek was
about six miles upstream from the mouth (Figure 1). Trapping success
varied betweer streams and year as related to discharge and debris. Traps
in Libby and Fipe Creek could only be maintained for short periods of
time before high spring flows and captured a small part of the total
spawning run.

Best trapoing success was obtained in Bobtail Creek and was related
to its small size and low peak discharges and less debris. The trap
was inoperable only 10 days during the time fish were entering the creek
from 1977 through 1979. The trap was removed before the end of the spawning
run in 1978. The trap was inoperable for a total of 14 days during the
spawning run in 1980 because of high water and large amounts of debris.

Rainbow trout spawners genevally started entering Bobtail Creek
near the last ¢f March and new fish continued to enter the creek through
early June {Table 6, Figure 12). Minimum and maximum temperatures in
late March ranged from an average 35°F to 40°F (Table 7). Temperatures
during the tast of the spawning run varied from an average maximum of
about 58°F to a minimum of 49°F. The peak of the spawning run in Bobtail
Creek extended from mid-April through late May and average maximum and
minimum water temperatures were from 44°F to 40°F in mid-April increasing
to 58°F to 49°F in late May.

Stream gauye height Tisted in Table 7 is not related to a specific
volume, but rather an i7lustration of changes in discharge. These data
show that most spawning rainbow trout entered Bobtail Creek during noticeable
increases in discharge. A similar temporal and temperature pattern was
noted for spawning rainbow trout trapped in Libby and Pipe creeks.

Number of spawners caught in Bobtail Creek was 131 in 1977, 155
in 1978, 382 in 1979 and 205 in 1980. The reduced catch in 1980 is con-
sidered to be a function of poor trapping success, not a decreased spawning
population (Table 8). Skewed distribution of sex ratios evident as many
more males than “emales in 1978 and 1980 (Table 8) was undoubtedly related
to trapping success. Males entered Bobtail Creek in greater numbers
than females during the early part of the spawning run and in 1978 and
1980 trapping success was highest during the early part of the run.

Trap catches of spawning rainbow trout in Pipe and Libby creeks
(Table 8) seem to indicate increased numbers of fish entering these creeks
from 1976 to 1977 and 1981.

Examination >f the average lengths of male and female rainbow trout
captured in Bobtail, Pipe and Libby creeks (Table 8) clearly show two
trends. These are: 1) females were larger than males in all creeks;
and 2) average size of both males and females decreased from 1976-1977
to 1980-1981. Di¥ference in sizes of males and females within the same
year was a function of age composition differences while declining average
size of fish between years was related to changes in growth rates while
the fish were in kootenai River {see Age and Growth Section).

-27-



*
I

502 28t sst 1el L0l
paAowad deds € 6 {unp-¢ aunp
6 ST paArowsd deuy 2 aunp-4z Aey
0f 95 01 92 AeW-0z Aew
L9 Ly 8 61 AeW-£1 Aey
g2 ce panowad deuy 61 21 Aen-9 Aey
¥ v8 £ 9 g AeW-62 | lady
uMOp speaj ¢01 or 9t 8¢ |iudy-g2 | ludy
9¢ £ 6 01 12 Ltady-G1 { Ltudy
8 a1t 12 2 p1 Llady-g8 | Lady
L 8 ¢l 8 Ll Wdy-1 | ludy
g 1 uMop spes| L 1€ Y2Jel~GZ Uddey
0 0 0 0 P2 UdJ4ep-8T youey
0861 6461 8/61 L61 poluad aw]

¥oam 4ad Jybned

USLj 30 JBaquny

yanow ay3 Jesu pajeaaddo dedd ust) 9yl ub I8sm uad JybBNEDd SUBUMBAS INOJLT MOQULBU JO J3quny

"0861-L461 30 bulads ayy BuLunp 38347 (lelqog 4o

‘9 91qel



"0861-4/61

“¥esu) L1e3qog ut dedl ySii Y3 ul A(}33aM pajaa| ol SsJadumeds N0LT MOquiRd S0 JSqunu 34} 2T [unbtiy
086t 6161} 8.6} LBl
CAYW TlddY AYW — Tiddy AV THd Y AV YlYay
_ Lygaadiial ISR TERE lerardbaaad 0
g
3
?
-5
<
~H
A%
=)
o
=
=
- L] 3
e
Lo ¢
1]
ot}
O
=
u 5
[ | *
l”lu-.
B
2
=
L o001

~728-



paAowad dedd 06 " 0°8% 0°69 6§ 3Iunp-¢ sunp
001 £*0§ €96 26" Lo LY 069 g aunp-sz Aep
£0°'1 L 6¥ 0°(§ 00" 2 8t G '6S 92 Aen-0Z Aep
8T°1 £ "6t G LS £1°1 0°td 89 61 Aey-¢1 Aey
01 £ lp ¥ °5S 8z2°1 v 1b 408 pascwa. desl 21 Aep-9 Aey
LA 1bb £-06 6€°1 L Th v'08 8 b G Aep-62 | tudy
08°1 -— -—- 221 8°8¢ G 9% £°2y 82 | iudy-2z | tudy
g2°1 ye1d 0'ch 1€°1 G LE S bp 0°1d 12 1 tady-G7 [ Ludy
60°1 1°8¢ 8°'1v 921 b Lg 9'trb '8¢ P1 | tady-g [ tudy
20°1 L°Gg 1°1v 601 1°6¢ 0'EY £°8¢ L | tady~1 | tudy
20°1 £°6¢ £°6E - 0¥ L1y 0°9¢ 1€ YoueW-GZ Yooy
- --- - -—- G gg 5'1p G EE Y2 Y4oJ4el-81 youey
b 1oy Uiy Xey 4B 1oy Uty "XBY 2D RADAY potasd st}
0861 6761 861

"SUNOY Q00T INOGE UBAREI JUBWBUNSEBW SNOAURIULRISUL A} Lep BdUD ® uO paseq §/6T 403 ulaib sae

sadnledadwas Bessay

“uha Butumeds INoJ4l MOGULRL BY3 BuLanp OBBT PUR F/BT ut Yasdun

1193508 u)

papJodaa jybiay abneb weau3s sbredsAe pue {,4) unjeuaadwal whmiuun pue wowixew Kyy83m aBeusny £ oyqe)

~30-



‘uns Butumeds ay3 40 3ded Butanp paysits Kluo sdea) /71

0'T * §°2 $6€ 89¢ 19 8 1861 ‘2 +dy-91 udy
D°1 : £°0 S8 11t 6t €2 1161 *[2 Ady-pT aep
0°7T: 91 2Ly 60% 3% £1 §/61 ‘G _Jdy-pg Jep
JTIP34 Aqq17

0°1T @ 41 Gee (82 §8 22 1861 02 Ady-/T Jey
0°1 : 80 29y 8G¢e 8¢ gy LL6T Q¢ Key-¢ aey
0°'T : §°€ G9¥ 19¢ ¥S 81 9461 G Ady-8T 4py
\..H: 3349 wm_.n_

0'1 ' g2 SyE 292 502 89-1§ 0861 “1 unp-9z Jey
0'1 : 0'1 96¢ 182 285 v.-0! 66T ‘v unp-z2 Jey
0°1 : 1°¢ iy L6Z 691 €€ 8/61 ‘8 APW-12 4By
0°1 L0 LSy 0S¢€ 149} £6-18 ({67 ‘G2 KeW-5Z Ay
3oa4) {1ejqod

3| eWwa-3 ey EYLENEY] aley sJaumeds unJa 1o ujbualy uorredado ul
oLled XoS wy ul 40 J4IGUNYN "SA :o.ﬁfmao uL amc_n_. awl j

y3jbuaj abeuasay

deay sheq

pue Aqql) “adid ul paysLl) 2J49m sdedl xog

*J4BALY 4BYSL4 BY} Ul pPBUSLY Suam sdeul KL AN0Y “SHBBUD | Le}qog

"1861-946T “X9347 [L€3Q0g pUR JBALY J3YSL “39BU)
AQQLT *38a4) ddid 03Ul ASALY Leudlooy wod) suns bulumeds 3noul moquled wodji elep Jo Adewwns °g a[qel

-31-



Adecuate numbers of scaltes for age analysis and lengths of fish
were collected throughout the entire spawning vun only from Bobtail Creek
so analysis of differences between size of males and females will be
Timited to this creek. It may be assumed that what occurred in Bobtail
Creek would also hold true for Pipe and Libby creeks.

Female fish averaged 89 mm Jonger than male fish in Bobtail Creek
ranging from 117 m in 1978 to 69 mm in 1979. Age data presented in Table
9 indicates that most males were two vear old fish in 1978, while most
females were three and four year old fish, Data for 1879 shows that
most males were two and three year olds, while most females were three
year old fish,

Data shown in Table 8 for average sizes by year for Libby Creek
and Pipe Creek show the same magnitude of differential sizes between
males and females. It is suggested that most males in Pipe Creek were
two and three year old fish, while most females were three and four year
old fish. The greater average size of fish captured in Libby Creek suggests
that most males were three and four years old, while most females were
faur and five years old.

Length frequency information presented in Table 10 for Bobtail Creek
shows the yearly trend toward smaller fish. Figure 13 clearly shows
the size differences between the 1977 spawning population and the 1980
spawning porulation by sex. Growth rates which reduced the size of fish
spawning in Bobtail Creek will be discussed in Age and Growth of rainbow
trout section of this report.

A substantial spawning run of rainbow trout appears to have developed
in Quartz Creek. Personnel from the Kootenai National Forest counted
100 redds in 1980 and 83 in 1981 (personal communication, Alan Bratkovich).

Three fyke traps operated in the Fisher River in 1981 {(Figure 1)

" caught six rainbow trout spawners ranging from 262 to 394 mm total length
from the Kootenai River including one tagged in the Kootenai River near
Flower Creek on May 28, 1980 and recaptured on May. 15, 1981. This fish
migrated 14 miles up the Kootenai t¢ the Fisher River, then 12 miles

up the Fisher River whevre it was captured. Other fish caught in the
Fisher River ‘ncluded 28 largescale suckers and 58 resident rainbow trout
ranging from 127 to 229 mm total length. A fyke net in Wolf Creek (Figure
1) caught 29 largescale suckers and one resident rainbow trout. Suckers
coltected in Fisher River and Wolf Creek were likely spawning fish from
Kootenai River,

The first evidence of rainbow trout spawning in mainstem Kootenai
River was found in 1981, Spawning activity was observed from mid-April
to mid-May between the mouths of the fisher River and Dunn Creek and
14 redds were jdentified, A SCUBA survey conducted in 1982 found 37
redds in the same area {(Figure 14). Two rainbow trout observed spawning
in 1981 appeared to be over 30 inches in total length. These fish were
“probably too large to have attained that length in the Kootenai River,
They may have b2en rainbow trout from Kootenay Lake, British Columbia,

.32



Table 9. Age composition by percent of male and female rainbow trout
spawning in Bobtail Creek, 1978 and 1979.

1978 1979
Age class Males Females MaTes Females
11 67.5% 7.9% 42.0% 4.3%
111 28.2% 55.3% 51.3% 78.19%
1V 4.3% 36.8% 6.2% 14.4%
¥V and older -- -— 0.5% 3.2%
Size difference 117mm 69mm

(from Teble 10)

Table 10, The percent length frequency distribution of rainbow trout
spawning in Bobtail Creek from the Kootenai River, 1977-1980.

Length g~oup Males Females

in mm 1977 1978 1979 1980 1977 1978 1979 1980
178-202 -~ -- -- 16.5 -- -- - --
203-228 -~ 8.5 14.6 9.0 -- -- ~- --
229-253 -~ 17.8 17.6 30.0 -- -- 1.1 --
254-278 5.1 19.4 17.6 25.6 -- -- 1.1 9.8
279-304 10.3  21.7 15.0 9.8 -- -- 10.7 23.5
305-329 12.8 14.0 9.8 3.0 - 5.6 18.2 13.7
330-355 28.2 11.6 8.8 3.8 8.2 16.6 20.2 15.7
356-380 23.1 0.8 5.2 3.0 4.1 8.3 22.5 9.8
381-405 7.7 -- 4.1 2.3 12.2 13.9 12.3 7.8
406-431 7.7 2.3 4.7 2.3 18.4 16.6 5.9 5.9
432-456 5.1 1.6 1.6 0.7 24.5 11.1 4.3 13.8
457-482 - 0.8 0.5 -- 10.2 5.6 0.5 --
483-507 -- -- 0.5 -- 16.3 8.3 1.1 --
508-532 -- 0.8 -~ -- 4.1 5.6 - --
533-558 -- 0.8 -~ -~ 2.0 2.8 1.6 -~
559-582 -= -- - -- -- 5.6 0.5 -
Sample size 39 129 193 133 49 36 187 51
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Figure 14. Location of rainbow trout redds in Kootenai River in 1981
and 1982.
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which migrated up the Kootenai River or moved downstream from Loon Lake
via the Fisher River or escaped from Lake Koocanusa.

Measurements were taken on eight redds in 1981 to determine character-
istics of the spawning bed environment (Table 11). The substrate was
comprised of gravel in the 13 to 76 mm range, the water velocities ranged
from 0.40 to 0.88 meters per second, and the average depth was 0.58 meters.
The distance from the waters edge var1ed from 1.37 to 10.95 meters. There
was considerable variation in the size of redds which ranged in length
from 0.79 to 6.28 meters and width from 0.43 to 2.35 meters. Several
pairs of fish were observed spawning in the redd which was 6.28 meters
in length.

Spawninc runs of large rainbow trout weighing as much as 4 kilograms
ascend Callahan Creek and the Yaak River from about April to mid-June.
A specialized fishery for these fish has developed near the mouths of
the two streams and in Kootenai River downstream from Kootenai Falls.
These runs have not been quantified and little is known about them. The
origin of these fish was thought to be Kootenay Lake, British Columbia,
although this has not been verified.

Kokanee Spawning Runs

Small spawning runs of kokanee ascended the Yaak River, Callahan
Creek and Lake Creek in September and Octiber, 1971 (May and Huston 1975).
These runs have not been sampled and their current status is unknown.

The origin of these fish was thought to be Kootenay Lake, British Columbia.

Smolting of Rainbow Trout

The emigration of juvenile rainbow trout from Bobtail Creek into
Kootenai River was sampled in 1978 and 1979, 1In 1978, the downstream
trap, located about 3060 yards above the mouth, was installed July 28
and removed November 10 (Table 12). 1In 1979, the trap was fished from
June 12 to July 13 (Table 13}. Some numbers of juveniles emigrated prior
to installation of the trap and after the trap was removed so trap catches
represent an unknown percent of total annual emigration. Trap efficiencies
shown in Tables 12 and 13 were determined by marking trapped fish, placing
them some distince above the trap and calculating the percent that were
trapped a second time.

Combining 1978 and 1979 trapping, young-of-the-year rainbow trout
were first caught emigrating from Bobtail Creek during the last week
of June and continued into November (Figure 15). A total of 1,479 young-
of-the-year were captured from July 28 to November 10, 1978. The estimated
number of emigrants during this period was 4,700. Large numbers of fish
were still emigrating the first week of November when the trap was removed
due to ice formation.

In 1979, the trap was installed before many young-of-the-year fish

moved out of thz creek (Table 13 footnote}. The trap catch in July 1979
was 762 fish with the estimated number being 2,506 during this period.
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Table 11. Characteristics of rainbow trout redds in mainstem Kootenai

Fiver.
1/ Water Redd Redd Distance  Substrate
Velocity- depth width length  from shore size
Redds meters/second ({meters) (meters) (meters) (meters) {mm}
1 0.79 0.73 1.22 6.28 8.20 13 - 76
2 0.61 0.66 2.35 3.54 10,95 13 - 76
3 0.70 0.44 0.49 0.76 3.97 13 - 76
4 0.88 0.67 0.61 1.59 8.30 13 - 76
5 0.88 0.75 .92 1.80 6.28 13 - 76
B 0.58 .58 0.93 2.32 1.89 13 - 76
7 0.58 0.46 0.43 0.79 2.07 13 - 76
8 0.40 0.38 0.55 0.92 1.37 13 - 76
Average 0.70 0.58 0.95 2.26 5.37

1/ Velocity taken at 0.6 depth in meters/second at 4,000 cfs discharge.

Table 1Z. A summary of the catch of young-of-the-year rainbow trout in
a downstream fry trap in Bobtail Creek, 1978.

Time period

Parameter 7/28-8/31 9/1-9/30 10/1-11/10 Total
Number caught 369 469 641 1479
Size of fish {mm) 33<46>64 38<53>76 43<58>81
Trap e’ficiency 35% 35% 36%
Estimated total number 1054 1440 1831 4325

1/ Ectimate based on trap efficiency in October.
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Tabte 13. Catch of O+, I+ and II+ age class Juvenile rainbow trout in
a downstream trap in Bobtail Creek, June 12 through July 31, 1979,

Time period

Parameter 6/12-6/30 7/1-7/31
0+ {young-of-the-year)
Number caught 10 752
Size of fish {mm) _—— 25<36>53
Trap efficiency 30% 30%
Estimated total number 33 2506
1+ (yearling)
Number aught 343 40
Size of fish {mm) 64<89>109 ——
Trap efficiency 23% 23%
Estimated total number 1491 174
11+ {2 year olds})
Number caught 16 1
 Size of fish {mm) 112<120>155 155
Trap efficiency g;% 52%

Estimated total number

1/ Al 0+ fish were caught the last week of Jdune.
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The total number of young-of-the-year rainbow emigrating from Bobtail
Creek is probably in excess of 7,000 fish per year.

Yearling and two year old rainbow trout were collected in 1979 from
June 12 to July 8 (Figure 15). The large number of fish (158) collected
the first week of trap operation indicated that considerablie numbers
had already left the stream prior to installation of the trap. The out-
migration peaked the third quarter of June and was completed by July
8. A total of 383 age [ and 17 age II fish were collected in the 26
day period. Lstimated number of emigrants was 1,704. The total number
of age I and [I fish emigrating from Bobtail Creek in 1979 was probably
in the 2,000-3,000 range.

The data collected in 1978 and 1979 indicated that most rainbow
trout emigrated from Bobtail Creek as young-of-the-year from July into
November. Age 1 fish migrated primarily in May and June along with a
few age II fish. Numbers of juvenile rainbow trout emigrating from Bobtail
Creek into Kcotenaj River included about 7,000 young-of-the-year and
3,000 yearlings and two year old fish.

Wagner et al. (1963) and Shapovalou and Taft (1954) reported that
emigration o yearlting and older rainbow trout from the natal stream
generally occurred in late May to late July when flows were decreasing
from the annual spring fiood. Stauffer {(1972) found that downstream
movement of rainbow trout smolts occurred between May 21 and June 30
on subsiding water levels. The age composition of the migrants from
a Lake Michigan tributary averaged 64% age I, 34% age II and 2% age III
(Stauffer 1€72). Van Velson (1974) noted that 92 percent of the rainbow
trout in McConoughly Reservoir, Nebraska had spent one year in a tributary
stream. In contrast, Erman and Hawthorne (1976) found that rainbow trout
fry emigrated as young-of-the-year from a small stream which became dewatered
in the late summer and fall. The age at migration for rainbow trout
juvenile is quite variable from stream to stream, depending upon summer
flows, water temperatures and fish densities (Northcote 1969b). Large
numbers of rainbow would be expected to emigrate as young-of-the-year
from streams like Bobtail Creek which have low summer flows and high
fish densities. Conversely, most rainbow trout juveniles live one to
two years before emigrating in streams with good summer flows and comparatively
low fish densities.

Mountain Wkitefish in Fisher River

Spawning runs of mountain whitefish ascending Fisher River were
sampled from 1969-1975, 1978 and 1979 (Table 14}. Trap efficiency varied
depending primarily upon streamflows and was lowest in 1975, 1978 and
1979. 1In the other years, approximately 50 percent of the run was captured.
Estimates of the 1978 and 1979 runs were made from mark and recapture
data.

The number of fish captured varied among the years depending upon
the magnitude of the run and trap efficiencies. The estimated run increased
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from about 2,000 fish in 1969 to 20,000 and 30,000 in 1978 and 1979.

The increased spawning run since 1969 is primarily due to increased mountain
whitefish populations in the Kootenai and improved water quality and
spawning habitat in the Fisher River and Wolf Creek. Approximately 19

km of these *wo streams were rechanneled from 1965-1969 during construction
of the Burlington Northern Railroad. The channelization caused excessive
sediment loading and habitat destruction (May 1972).

The average Tength of fish collected from 295 mm in 1969 to 330
mm in 1978 (7able 14). This was primarily due to an increase in growth
rates following impoundment which-are presented in the age and growth
section of this report.

Peak of the spawning run in 1969 through 1972 occurred in the first
four weeks of October {Table 15). 1In 1973 and 1974 the largest numbers
of fish entered Fisher River in late September and again in late October;
a bimodal distribution. Trapping efficiency was too low in 1975 to estimate
periods of peak upstream movement. In 1978 and 1979, greatest numbers
of fish were captured in late October and early November.

These data indicate a shift in calendar timing of adult mountain -
whitefish and are likely related to method of water release from Libby
Dam. Spawning runs in 1968 through 1971 were before any water was impounded,
while the 1972 spawning run occurred during the time Lake Koocanusa discharge
was kept at sluiceway elevations for construction purposes. Essentially
the timing of the 1969-1972 spawning runs would have been indicative
of pre-impoundment streamflow and temperature conditions. Spawning runs
in 1973 through 1975 occurred during the time releases from Libby Dam
were through sluiceways in the hypolimnion. Spawning runs in 1978 and
1979 were related to releases from Libby Dam controlied by the selective
withdrawal system and were mostly from the epilimnion.

Kootenai River temperatures (Figure 6) show that in 1970 the river
cooted from 20°C in early September to 10°C in mid-September and to 5°C
in mid-October. In 1975, river temperatures were about 18°C in early
August and dropped to about 10°C in mid-August. Discharge temperatures
were about 10°C through late November and about 7°C in late December.
After operation of the selective withdrawal system started in 1977, tempera-
tures in early September were about 15°C and dropped to about 10°C in
late September. Temperature slowly dropped to about 5°C in early December.

- A review of temperature data {(Figure 6) and spawning run data (Table
15) indicates that whitefish started entering Fisher River after the
Kootenai River cooled to about 10°C. Rapid cooling of the river during
pre-impoundment years resulied in peak numbers of fish entering Fisher
River in Octobzr, while warmer temperatures extending later in the year
after impoundmant delayed the peak of the run two to three weeks. Rapid
cooling of rivar temperatures in 1973, 1974 and 1975 1ikely caused the
bimodal spawning run peaks.

Observations by Huston {unpublished data) and by Brown {1952) indicate
that mountain whitefish do not spawn until water temperatures are about
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Table 15,
River, 1969-1975 and 1978 and 1979.

Number of mountain whitefish caught per week in the Fisher

Time Number of fish caught per week
period 1069 1970 1971 1972 1973 1974 1975 1978 1979
9/2-9 0
9/10-16 0 0
9/17-23 15 0 21 10 223: 539% 52 58
9/24-30 72 37 48 71 38 2092 97 0 122,
10/1-7 49, 437% 454 4982 21 8l 2 0 0
10/8-14 170, 614 186 101*  §° 215 4P 2 o®°
10/15-21 587, 8237 515 222% 405%  897% 119 3582 79
10/22-28 1000 730% 7492 152% 737% 11,3128 158 2932 7272
10/29- 38  Trap 42 64 76 4262 Trap 4472 176
11/4 washed washed
11/5-.1 0 out 0 92 23 out 8 2032
11/12-18 0 10 93
TOTAL 1,131 2,641 2,015 1,220 1,506 3,702 512 1,166 1,400

a/ peak periods of spawning run.

b/ 1rap inoperative all or most of week.
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5°C. Table 16 shows the average weekly maximum and minimum water temperatures
in Fisher River for 1969 through 1975 and 1978. Whitefish started entering
the Fisher River about a month before actual spawning may have occurred.
Observations were not made on time of egg laying by whitefish in Fisher
River, but spent fish started congregating near the trap leads one to

two weeks before the trap was removed. This would indicate that egg
deposition took place near the end of the upstream spawning run.

In 1969, upstream traps were fished at the mouth of Fisher River,
in the mouth of Wolf Creek 10 miles upstream, and in Fisher River 14
miles upstream. A1l whitefish passed through the lower Fisher River
trap were fin-clipped for future identification. No fish were recaptured
in the Wolf Creek trap showing that few, if any, whitefish from Kootenai
River spawn in Wolf Creek. The upper Fisher River trap caught 13 whitefish
that had been marked at the lower Fisher trap. These data showed that
the majority of whitefish spawned in the Tower 14 miles of the Fisher
River and that some whitefish moved at least 14 miles up the Fisher River
to reach spawning areas.

Age composition of the spawning runs varied from year to year (Table
17) and may have been related to high levels of gas supersaturation in
the Kootenai River from 1973 through 1975 and increased growth rates
after 1975. Ag2 class II and III fish made up the majority of both male
and female fish in spawning years 1970, 1971 and 1972. Age class II
fish decreased in abundance in 1973 (1971 year class) and 1975 (1973
year class) when gas supersaturation caused high mortalities of juvenile
whitefish in th: Kootenai River (May and Huston 1975}. Age class II
{1972 year class) spawning for the first time in 1974 appeared not to
be severely affected by gas supersaturation. The spawning runs in 1973,
1974 and 1975 did contain more three and four year old fish than the
1970, 1971 and 1972 spawning runs.

The 1978 whitefish spawning run was comprised of mostly three year
old and younger fish, similar to the 1970, 1971 and 1972 spawning runs.
A considerable portion of the 1978 male spawning population were one
year old fish compared to zerc one year old fish in previous years. Year-
1ing males averaged 252 mm in length and their presence in the spawning
population js probably correlated with excellent growth in the Kootenai
River. The average length of one year old males in 1978 was greater
than two year old fish in 1969 through 1972 which ranged from 241 mm
in 1971 to 246 nm in 1969 and 1970.

Mountain Whitefish in Libby Creek

Data were collected on mountain whitefish spawning runs ascending
Libby Creek in 1976 through 1978 (Table 18 and 19). Trap efficiency
was high in botl 1976 and 1978 when the leads were down only six and
three days, respectively, but Tow in 1977 when the leads were down for
15 days. The peak of the run varied but generally occurred from late
October to mid-November.

An increase was noted in the spawning run from 1976 to 1978. A
total of 3,403 spawners were trapped in 1976 as compared to 6,675 in
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Table 17. Percent age composition of mountain whitefish spawning in
Fisher River, 1970-1975 and 1978.

Age Year
class 1970 1971 1972 1973 1974 1975 1978
Males
[ - -- -- .- -~ -- 28.2
i1 heL3 37.6 62.4 1.9 20.8 9.5 17.5
1Tl 3z.7 43.9 30.7 65.8 39.5 64,3 51.0
IV and 13.0 18.5 6.9 32.3 39.7 26.2 3.3
older
Females
I — - - - - - -
11 22.3 22.8 55.4 2.0 21.6 7.0 25.1
111 44.5 52.7 34.4 65.5 38.9 57.3 70.6
IV and 32.2 24.5 10.2 32.5  39.5 35.7 4,3
older
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Table 18. Summary of data from mountain whitefish spawning in Libby
Creek from the Kootenai River, 1976, 1977 and 1978,

—p——

Results
Parameter 1976 1977 1978
Perijod trap operated 9/18-11/29 9/20-11/20 10/15-11/15
Days trap in operation 51 54 31
Days lead up 45 39 28
Nuirber fish captured 3,403 1,378 6,675
Estimated run 4,000-5,000 4,000-5,000 8,000-10,000
Ave. length male (mm) 259 305 328
Ave. length female (mm) 368 315 351
Sex ratio: male:female 5.5:1.0 1.1:1.0 1.1:1.0

Table 19. Number of mountain whitefish spawners caught per week in the
fish trap operated near the mouth of Libby Creek, 1976, 1977
and 1978. The average weekly maximum and minimum temperature
(°F) are given in parentheses for 1978.

Tima Number of fish caught per week
perind 1976 1977 1978
Sep .8-24 21 33
Sep ¢5-30 1* ~mn%
Oct 1-7 398 ——*
Oct £€-14 4* 0
Oct 15-21 164 45 121 {53.0/42.0)
Oct 22-28 63 h51 2,305 (48.7/37.1)
0ct 29-Nov 4 211 543 4,246) (45.4/41.0)
Nov 5-11 827 21* 3 (41.0/34.4)
Nov 12-18 1,565 178 0 {40.0/33.3)
Nov 19-25 144 7*
Nov 26-Dec 2 5

TOTAL 3,403 1,378 6,675

* Denotes trap leads down all or most of week.
[ ] Spawning run peaks are boxed in.
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1978. The estimated run of 10,800 fish in 1978 was twice as high as
the 5,000 estimate in 1976. This substantial increase in numbers correlates
with increased populations of mountain whitefish in the Kootenai River.

Length of whitefish spawning in Libby Creek varied by sex within
the three years of trapping. Average length of males increased from
259 mm in 1976 to 328 mm in 1978, while average length of females declined
from 368 mm in 1976 to 315 mm in 1977 then increased back to 351 mm in
1978 (Table 18}, Variations in average length of spawning whitefish
were related to year-class strengths (TabTe 20). Data listed in Table
20 show that the 1975 year-class made up 90 percent of the male fish
in the 1976 run causing the small average length of mates in that year's
spawning population. The 1972 year-class was the predominant age female
in the 1976 run resulting in the large average length for females. The
paucity of the 1973 and 1974 year-classes in the 1976 spawning population
was likely due to high mortalities related to gas supersaturation in
Kootenai River which occurred from March 1972 through mid-year 1975.

The 1975 year-class comprised over 90 percent of both male and female
fish in the 1977 spawning run which resulted in an increase in length
of males and a1 decrease in average length of females. This same year
class was the predom1nant fish in the 1978 spawning run as three year
old fish resulting in increased average lengths for both sexes.

The low umbers of age III and older fish in the 1977 run was partially
due to extensive mortalities of spent spawners in 1976. A gill bacteria
disease (Myobacteria sp) was determined to be the cause of the epizootic
by the U.S. Fish and Wildlife Services Disease Lab at Bozeman, Montana.

The five fish examined had massive infections of the disease which resulted
in extensive proliferation of the epithelium covering gill lamellae to

the extent that the gill surface was rendered nonfunctional. Mybacteria

1s present in most waters, but only becomes virulent when the fish are
stressed.

Other Whitefish Spawning

A substantial spawning run of whitefish has developed in Quartz
Creek but has not been quantified. Spawning activity in the mainstem
Kootenai River has increased since 1973. Seventeen spawning areas were
found in 1979 from the "reregulation dam site" to L1bby as compared to
only five in 1973 (May et al. 1979).

Kootenai River Fish Populations

Four seciions of the Kootenai River below Libby Dam were sampled
between 1971 and 1981. Purpose and intensity of sampling varied between
sampling sections and years, but was divided into two basic categories
for analysis; population survey and population estimation. Sampling
method was mainly an economic choice. Population estimation required
an average expenditure of 400 man-hours of effort to collect field data
Eer section while population survey required an expenditure of 80 man-

ours.
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Table 20.

Year class, age class, composition of mountain whitefish
spawning in Libby Creek, 1976, 1977 and 1978.

Spawning Percent composition
_year Year class Age class Male Female
1976 1975 I+ 89.7 2.5

1974 IT+ 3.2 18.5
1973 [T+ 3.8 33.3
1972 IV+ & older 3.3 45,7
1977 1976 I+ 5.7 0.5
1975 II+ 92.5 97.0
1974 [II+4 1.6 1.5
1973 IV+ & older 0.1 1.0
1978 1877 I+ 7.7 ---
1976 II+ 37.6 29.5
1975 [IT+ 48.7 61.9
1974 IV+ & older 6.0 8.6
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Survey samplina in 1971 was to determine relative abundance of fish
inhabiting Kootenai River before Libby Dam started storinag water in 1972
and was funded by State of Montana. Work done in 1972 through 1981 was
by contract with Corps of Engineers and was a combination of population
survey and population estimation. Data are given by river sampling sections.

In the Jennings and Troy sections (Figure 1) work was limited to
population survey measured by average catch-per-boat-hour of operation.
A boat hour of operation was defined as one hour of actual fish catching.
Data for the Elkharn Section {Figure 1) was from catch-per-boat-hour
data in 1971, 1973 and 1974, but a population estimate was made for this
section in 1980. Fish samplings in the Jennings, Elkhorn and Troy sections
were made in late summer.

Sampling of the Flower-Pipe Section (Figure 1) was by population
estimation and was done in March or early April in 1973 through 1975
and 1977 through 1981.

Jennings Section

The section was sampled arnually from 1971 through 1975 and in 1977
and 1981 (Table 21). Catch-per-boat-hour in 1971 {pre-impoundment) indicated
a fish population of mostly mountain whitefish, suckers and few trout
at 130,100 and one per boat-hour, respectively. Water was released from
Libby Dam through sluiceways first in March, 1972 and created high Jevels
of gas supersaturation which continued into 1975 (May and Huston 1975).
River sampling done in the period of high gas levels (1972-1975) indicated
a major decline in numbers of mountain whitefish, a less marked decline
in suckers, and no change in trout. Sampling done in 1977 and 1981 indicated
that catch of whitefish increased to near 1971 levels and by 1981 catch
of trout had increased markedly above 1971 catch.

The length frequency distribution and age composition of the mountain
whitefish population varied from year to year. The length mode of the
1972 catch was dominated by 203 mm fish, whereas the mode in 1974 was
457 mm fish (Figure 16 and Appendix B). The length frequency distribution
showed a peak at 203 mm (I+} for 1972 and modes at 304 mm (II+) and 330
mm (II1I+) in 1977 and 1981, respectively.

Age II fish comprised 62.7 percent of the catch in 1971 as compared
to only 1.0 to 9.4 percent of the catch from 1972-1975 (Table 22). Age
1 fish increased to 30.3 percent of the population in 1977 then declined
to 12.7 percent in 1981. High mortalities from gas bubble disease were
a major factor Timiting the recruitment of age I fish into the population
from 1972-1975 (May and Huston 1975). Whitefish fry and young-of-the-
year inhabit shallow backwater areas (Libelt 1970) which make them more
susceptible to gas bubbie disease.

Largescale sucker popultations remained high in 1972 and 1973, but
declined sharply in abundance in 1974 and 1975 as the result of gas super-
saturation affecting reprodutive success and recruitment. Suckers were
present but 1ot collected in 1977 and 1981. Observations indicated they
were numerous in 1981.
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Table 21. Catch per hour of boat operation for largescale suckers, mountain
whitefish and trout larger than 178 mm in total length in
Jennings Section of Kootenai River, 1971-1975, 1977 and 1981.

Catch per boat hour

Largescale Mountain 1/

suckers whitefish Trout= Total
September 1971 100 (43) 130 (56) 1 (1) 231
August 1972 72 (89) 9 (11) 1 (1) 82
July 1973 143 (89) 16 (10) 2 (1)} 171
Septenber 1974 62 (62) 34 (34) 4 { 4) 100
Augus 1975 38 (39) 24 (38) 1 (2) 63
August 1977 et 36 (90) 4 (10) 40
September 1981 97 (87) 14 (13) 111

1/ Trout includes rainbow, cutthroat and bull trout.
2/ Suckers were not collected in 1977 and 1981,

Table 22. Age composition of mountain whitefish electrofishing catches
in the Jennings Section of the Kootenai River, 1971-1975,

1877 and 1981.

Percent age composition of year class

Year I 11 111 IV and older
1971 62.7 25.4 3.7 8.2
1972 9.4 B2.5 17.2 20.9
1973 6.7 3.6 47.1 11.6
1974 4.4 49.3 28.6 17.7
1975 1.0 21.2 43.6 34.2
1977 30.3 52.2 11.2 : 6.3
1981 12.7 32.0 41.0 14.3

1
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Trout populations in the Jennings Section were low from 1971 through
1977 but increased markedly in 1981. The catch-per-hour of boat operation
increased from one in 1971 to 14 in 1981. The species composition of
trout catch varied considerably among the years (Table 23). Rainbow
trout appeared to increase in relative abundance from 1971 to 1981 whereas
cutthroat trout and bull trout declined in relative abundance. Rainbow
trout comprised 27 percent of the catch in 1971 as compared to 79 percent
in 1981. Cu:throat catch declined from 50 percent in 1971 to 18 percent
in 1981, but showed variability other years. Catch of trout, particularly
cutthroat, wiis influenced by escapement out of Lake Koocanusa in 1972-
1975 and 1981 when surface discharges were made.

Elkhorn Section

The ETkhorn Section located 16 to 23 km downstream from Libby Dam
was sampled in 1971, 1973, 1974 and 1980 (Table 24). The mountain whitefish
catch rate wias 40 fish per hour of boat operation in 1971 prior to impoundment.
The catch rate declined to 21 fish per hour in 1973 and 14 fish per hour
in 1974. Ca:ch increased to 56 fish per hour of boat operation in 1980.
The 1980 population estimate was 1,059 whitefish per 300 meters of river
(Table 25). The low catch rate in 1973 and 1974 was due to a marked
reduction in the whitefish population from gas bubble disease following
impoundment of the river in 1972 (May and Huston 1975). The high catch
rate in 1980 shows that the whitefish population had recovered from the
suppressing affects of gas supersaturation.

The 197! length frequency distribution had only one mode at 279
mm with few “ish under 203 mm or over 303 mm in length (Figure 17 and
Appendix B). In contrast, the 1971 and 1980 distributions were bimodal
with a good representation of fish less than 253 mm and fish over 303
mm in length, :

Catch ritte of rainbow trout (Table 24) was only 0.1 fish per hour
in 1971 indicating a very low preimpoundment population. Catch increased
to 1.1 fish per hour by 1974, probably not a significant change from
1971. The 19380 catch per boat hour increased markedly to 11.3 fish per
hour while the population estimate (Table 25) was 123 rainbows per 300
meters of river. Yearling (I) fish averaging 221 mm total length were
the most abundant age in the population estimate.

Flower-Pipe Section

The relitive abundance of mountain whitefish increased from 1973-
1975 to 19781981, whereas the relative abundance of rainbow trout, cutthroat
trout and bull trout declined (Table 26 and Figure 18). Rainbow trout
were more abundant in 1974 and 1975 when mountain whitefish were depressed.
Cutthroat trout and bull trout comprised 6.5 percent and 0.9 percent
of the catch, respectively, from 1973-1975 as compared to 0.3 percent
and less than 0.1 percent, respectively from 1978-1981. The decline
in cutthroat abundance after 1975 was primarily due to reduced escapement
from Lake Koocanusa {May and Huston 1979).
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Table 23. Electrofishing catch of trout from the Jennings Section of
the Kootenai River, 1971-1975, 1977 and 1981. Percent is
given in parentheses.

Species

Year Rainbow Cutthroat Bull trout
1971 12(27) 22(50) 10(23)
1972 1{ 8) 4(31) 8(61)
1973 14(33) 15(36)} 13(31)
1974 11(42) 15(58) 0

1975 5(45) . 6(55) 0

1977 32(73) 8(18) 4( 9)
1981 193(79) 43(18) 9( 3)

Table 24. <Catch per hour of boat operation for yearling and older mountain
whitefish and rainbow trout from the Elkhorn Section of Kootenai
River 1971, 1973, 1974 and 1980.

Catch per hour boat operation

Year Rainbow trout Mountain whitefish Total
1971 0.1 - 40.4 40.5
1973 0.5 20.9 21.4
1974 1.1 14.3 15.3
1980 11.3 56.0 67.3
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Table 25. Population estimate for rainbow trout and mountain whitefish
per 300 meters from the Elkhorn Section of the Kootenai River

September, 1980.
in parentheses.

The 80 percent confidence limits are given
Lengths are in millimeters and weights in

grams.
Age composition  Average Average Number/ Kilograms
Age of estimate mm grams 300 meter 300 meter
Rainbow trouf
I+ 77.6 221 123 85.3 11.6
I+ 17.0 328 367 20.9 7.7
111+ and 5.4 394 640 6.6 4.2
older . o o L L
Totals 122.8 23.5
(+41.4%) (£32.9%)
Mountain whitefish
I+ 22.0 224 127 233.2 29.7
I+ 9.4 292 281 99.1 27.8
IT1+ 50.3 340 445 533.0 237.5
IV+ 14.8 386 603 156.7 94.5
¥+ and 3.5 824 699 37.4 26.2
older o o e o o
Totals 1,059.4 415.7
(£21.7%) (+21.3%)
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Table 26. Species composition of electrofishing catches in the Flower-
Pipe Section of the Kootenai River, 1973-1981.

Number and percent { } in catch

Cutthroat

Year Rainbow trout trout Bull trout Mountain whitefish
1973 210(12.9) 166(10.2) 12(0.7) 1,243(76.2)
1974 642(33.5) 39( 2.0) 21(1.1) 1,217(63.4)
1975 848(39.2) 169( 7.8} 17(0.8) 1,127(52.2)
1977 582(19.0) 93( 3.0) 6{(0.2) 2,376(77.8)
1978 680(15.6) 6( 0.1) 2(<0.1) 3,683(84.3)
1979 855(17.5) 5( 0.1) 2(<0.1) 4,020(82.3)
1980 868(16.5) 21( 0.4) 1(<0.1) 4,386(83.1)
1981 1,305(19.4) 23( 0.3) 5(0.1) 5,392(80.2)
1973— 1,700(29.8) 374( 6.5) 50(0.9) 3,587(62.8)

7
‘197?- 3,708(17.4) 55( 0.3) 10(<0.1) 17,481(82.3)

8
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The population estimates for rainbow trout indicate an increase
of nine-fold from 1973 to 1981 (Table 27, Figure 19). The trend estimate
in 1973 was 24 two year old and older rainbow trout per 1,000 feet of
stream compared to 212 in 198l. The weight estimate in 1981 of 37.7
kilograms per 300 meters was 478 percent higher than the estimate of
7.9 kilograms in 1973.

The large increases in rainbow trout numbers beginning in 1978 were
due to strong 1976, 1978 and 1979 year classes (Figure 20) entering the
catch as two year old fish. The number estimate for age II fish from
the 1972 year class was 35 fish per 300 meters as compared to 90, 98
and 188 fish for 1976, 1978 and 1979 year classes, respectively. Percent
contribution each year class made to the population estimates also showed
a similar pattern with the 1976, 1978 and 1979 year classes appearing
to be the strongest (Table 28). For example, the 1979 year class at
age II comprised 88.7 percent of the 1981 estimate, while the 1972 year
class at age II comprised only 49.3 percent in 1974. Although the 1976
and 1978 year classes were two to three times more numerous at age 11
than the 1972 and 1975 year classes, the numbers for all year classes
were approximately equal at age III (Figure 20). This could be a result
of high natural and angler mortality rates of strong year classes or
reduced sampling efficiency for larger fish which tend to inhabit deeper
water.

The increase in numbers of rainbow trout has been accompanied by
a decrease in the size of the fish (Figure 21 and Appendix B). Approximately
50 percent of the 1977 electrofishing catch was 305 mm and longer, while
only 13 percent of the 1981 catch was over 305 mm in Tength. The difference
between 1577 and 1981 was even greater in fish over 356 mm in length.
The percent of fish larger than 356 mm was 28 and 4 in 1977 and 1981,
respectively. The marked reduction in the size of the fish resulted
primarily from a decline in growth rates (see Age and Growth Section).
1ncr?ased angler harvest may have been a contributing factor (Graham
1979).

Age composition of the trend estimates showed 61.0 percent of the
population was comprised of age II fish in 1977 as compared to 88.7 in
1981 (Table 28). The larger numbers of age II fish in 1981 resulted
- in higher numbers and percentages of smaller fish under 305 mm.

The trend population estimates for mountain whitefish from the Flower-

Pipe Section of the Kootenai are given in Table 29.and Figure 22. The
estimates show that the whitefish population was less in 1974 and 1975

than in 1973. The trend estimate increased from 240 fish per 300 meters

in 1975 to 711 in 1978, and 783 in 1981. The weight of the population
followed a similar pattern to that of the numbers. Condition factor
?SBWhitEfiSh increased from 1973 to 1978, then declined thereafter to

1.

The 1972, 1973 and 1974 year classes were weak due to high mortalities
of fry and juveniles from gas bubble disease (Table 30, Figure 23).
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Table 27. Trend population estimates., confidence limits, and condition
factors for rainbow trout from the Flower-Pipe Section, Kootenai
River 1973-1981. MWeight is in kilograms. Estimates include
age 11 and older fish.

Sample Number per 80 percent Weight per Condition
year 300 meters confidence 300 meters factors
1973 23.9 +23.2 7.9 38.99
1974 70.3 *13.3 19.9 35.81
1975 65.1 +12.6 20.0 36.78
1977 64.4 +15.9 31.4 38.82
1978 116.0 +19.% ¢ 32.5 38.76
1979 84.5 +12.7 22.3 34.98
1980 126.4 +16.1 33.2 36.55
1981 211.9 +13.9 37.7 35.08
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Table 28. Percent age and year class compositioh of rainbow trout on
Flower-Pipe population estimates, 1973-1982. No estimate was
made in 1976.

Year Year of population estimate
class .973 1974 1975 1976 1977 1978 1979 1980 1981

1969  J2.
1970 50.
1971
1972
1973 51.5 ---
1974 ——- 3
1975 61. 1
1976 7
1977

1978

1979

-

—

J SRS

D~
W~ O
[
[=)]
o

~J o
[ N N Y
£ 0~
~d
~ W0 N
[{e R s Mool
09—
oo O
-~ ==Y

1/ First number in each column is percent of fish 4 years old or older.
2/ Second number in each column is percent of fish 3 years old.
3/ Third number in each column is percent of fish 2 years old.
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Table 29. Trend population estimates, confidence limits and condition
factors for mountain whitefish from the Flower-Pipe Section,
Kootenai River 1973-1981. Weight is in kilograms and estimates
include age II and older fish.

80 percent .

Sample Number per confidence Kilograms per Condition

300 meters limit 300 meters factors
1973 467.9 +20.0 66.6 32.87
1974 171.4 +22.4 39.9 32.42
1975 240.2 +21.5 57.3 - 35.09
1977 440.9 +12.8 125.3 36.30
1978 710.8 +10.5 248.9 37.41
1979 546.0 + 7.1 138.2 32.88
1980 559.5 * 6.7 174.4 33.18
1981 783.0 + 6.4 200.9 33.42
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Table 30.

A

The percent contribution of year classes to the mountain
whitefish population estimates in the Flower-Pipe Section
of the Kootenai River, 1973-1981.

Year Percent of estimate at age

class IT 111 1V V and older
1971 42.0 33.2 31.8 —
1972 29.8 29.3 ———— 3.6
1973 38.9 ———— 10.4 7.1
1974 -———- 5.3 2.2 5.2
1975 80.7 74.8 27.6 10.2
1976 15.9 16.2 32.5 8.0
1977 51.0 48.7 38.6 -
1978 8.6 11.4 ——— -—
1979 42.0 ———— -——— -——
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Following control of gas supersaturation in 1975, strong year classes

were proluced in 1975, 1977 and 1979. The 1975 year class appeared to

he the strongest at age Il with an estimate of 356 per 300 meters. The

1975 year class at age II comprised 80.7 percent of the 1977 population
estimate. The 1975 and 1977 year classes at age Il were also more numerous
than the other year classes.

The frequency distribution in 1973 and 1977 were uni-model for mountain
whitefish with fish under 280 mm in length comprising between 88 and
78 percent of the catch, respectively (Figure 24, Appendix B). The length
frequency distribution in 1980 was more normal, having a bimodel distribution
with peaks at 229 and 305 mm.

The difference in the Tength frequency distribution was due primarily
to different age composition of the electrofishing catches (Table 31).
Age II and III fish comprised 93.1 and 86.0 percent of the 1973 and 1977
samples, respectively, whereas these age groups made up only 53.4 percent
of the 1981 catch. Changes in growth also influenced the length frequency
distribution (see Age and Growth section).

Troy Section

The species composition in the Troy Section changed markedly from
1971 to 1981 (Table 32). Mountain whitefish comprised 15.8 percent of
the catch in 1971 as compared to 60.7 in 1981. The catch per hour of
boat operation increased from 8.5 fish to 122.3 fish during the same
period. The catch rate of rainbow trout declined from 2.5 fish per hour
in 1971 to 0.8 fish per hour in 1981. This decline may be due to sampling
rather than an actual reduction in the rainbow population. Largescale
sucker catch ratio varied considerably from year to year and it appears
that 1981 population levels are comparable to 1972 levels. The catch
rates of peamouth chub and northern squawfish decreased markedly from
1971 to 1981. This apparent decrease in numbers of peamouth and squawfish
may be related to low water temperatures in spring and early summer adversely
affecting reproductive success. Northern squawfish and peamouth spawn
when water temperatures approach 55°F {Patten and Redman 1969; Brown
1971). From 1972-1977, this temperature was reached six to 12 weeks
later than prior to impoundment. Spence and Hynes (1969) concliuded that
low spring and summer water temperatures were responsible for the absence
of four species cyprinid fishes downstream of a flood control dam in
Canada. In 1980, 55°F was achjeved in the Kootenai River only about
two to three weeks later than prior to impoundment.

Burbot

Burbot provided a popular early spring fishery in the Kootenai River
prior to 1960. This species declined drastically in the early 1960's
and burbot were rarely caught from 1965 to impoundment of the Kootenai
in 1972. The exact reasons for the decline of this species are not known,
but is probably related to chemical and sediment pollution. Burbot were
collected in the Flower-Pipe Section during electrofishing surveys in
March, 1979. Five fish ranging in total length from 340 to 495 mm were
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Table 31. Age composition of mountain whitefish in the trend population
estimztes from the Flower-Pipe Section of the Kootenai River,

1873-1981.

Sample Percent age composition in age group

year 1] 111 IV V and older
1973 42.0 51.1 6.9 ———
1974 29.8 33.2 35.1 1.9
1975 38.9 29.3 31.8 e
1977 80.7 5.3 10.4 3.6
1978 15.9 74.8 2.2 7.1
1879 51.0 16.2 27.6 5.2
1980 8.6 48,7 32.5 10.2
1981 42.0 11.4 38.6 3.0

Table 32. Catch per hour of boat operation for rainbow trout {(RB),
mountain whitefish (MWF}, largescale suckers (CSU}, peamouth
chub {CRC} and northern squawfish {NSQ) from the Troy Section
ot the Kootenai River. The species composition of the catch
is given in parentheses.

Catch per hour of hoat operation

Date RB MWE LSy CRC NSQ Total
9/29/71  2.5(4.6) 8.5(15.8) 23.5(43.5) 16.0{29.6) 3.5(6.5) 54.0
8/10/72 0.0 13.3(11.6) 73.5(64.0) 24.7(21.5) 3.3(2.9) 114.8
4/20/73 2.5{(4.3) 4.1( 7.1) 46.9(B1.4) 3.8{ 6.6) 0.3(0.5) 57.6
9/19/74 2.9(4.1) 12.9(18.4) 41.4(59.1) 11.3(16.1) 1.6(2.3) 70.1
8/9/81 0.8(0.4) 122.3(60.7) 77.7(38.6) 0.5( 0.2) 0.2{(0.1) 201.5
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captured. A few burbot have been collected each spring since 1979 in
the Flower-Pipe Section and a popular fishery has developed for them

in the Kootenai River immediately downstream from Libby Dam in the Jate
winter and spring.

Age and Growth
Rainbow trout

A total of 1,276 scale samples collected from rainbow trout in the
Flower-Pipe Section of the Kootenai River were utilized to determine
gges, growth, migration class and body-scale relationships. The Monastyrsky
body-scale relationship (Figure 25) was log TL+Log 9.170 + .739 tog SR
(r = .918}. This regression line described the body-scale relationship
of rainbow trout in the Kootenai River.

Composition of the migration class for rainbow trout from the Flower-
Pipe Section of the Kootenai River are given in Table 33. Migration
class Xy dominated from 1974-1981, when they comprised 64 to 94 percent
for the rainbow population as compared to 36 to six percent for migration
class X» 3. The averages for the eight years of data were 83.5 percent
X1 and 16,5 percent LS .3+ Less than one percent were X3

The percent of X; migration class rainbow trout increased from 64
percent in 1974 to 92 percent in 1981. Northcote (1969) reported that
Jjuvenile rainbow trout emigrated from natal streams at an earlier age
from densely populated streams than sparsely populated streams. Data
presented in this report show that rainbow trout spawning populations
increased markedly in Pipe, Libby and Bobtail creeks from 1976 to 1981
resulting in increased fish densities and earlier emigration of juveniles.

- Data presented on growth rates of rainbow trout are limited to migration
class Xy fish only. Sample size of migration class Xo and X3 fish were
too sma%l for comparison between years. Growth of the 1969 %hrough 1979
year class of rainbow trout by age group and total length is presented
in Table 34 and Figure 26.

Growth of rainbow trout year classes varied considerably during
the study. The 1969 year class grew the slowest attaining a length of
295 mm at age I1I. The 1974 year class had the fastest growth reaching
452 mm at age III. Growth declined appreciably in succeeding years with
the 1978 year class averaging only 335 mm at age [II. Growth continued
to decline in the 1979 year class which averaged 244 mm at age II as
compared to 264 mm for the 1978 year class.

The growth achieved by the 1978 and 1979 year classes in the Kootenai
River was larger than attained by rainbow trout in other northwestern
Montana streams. Rainbow trout in the Flathead River averaged 206 and
312 mm at ages Il and III, respectively (McMullin and Graham 1981). The
growth of rainbow in the Fisher River, Wolf Lreek and Fortine Creek was
markedly less than in the Kootenai (May 1972). Growth of rainbow trout
was faster below impoundments on the Snake River in Idaho {(Irving and
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Table 33. Percent of rainbow trout by migration class collected in the
Flower-Pipe Section, 1974-1981.

Migration Year Average
class 1974 1975 1977 1978 1879 1980 1981 . 1974-1981
Xy 63.8 83.8 73.7 79.8 90.8 94.0 91.9 83.5

X2 + Xq 36.2 16.2 26.3 20.2 9.2 6.0 8.1 16.5

Table 34. Length of migration class Xy rainbow trout by year class from
the Flower-Pipe Section of the Kootenai River. Number of
fish aged is given in parenthesis.

Year Back-calculated length in milhimeters for age group
class 1 IT 111

1969 107{ 19) 224( 19) 295(19) 363(15)
1970 102( 31) 208( 31) 295(31) 401( 4)
1971 102( 26) 254( 26) 358(15) 386(21)
1972 112( 77) 279( 77} 330(15) ——--
1973 97{ 85) 269( 85) 437( 4) 493( 4)
1974 59{ 18) 330( 18) 452(18) ———-
1975 97( 65) 305( 65) 383(26) 409( 4)
1976 44( 49} 277( 49) 371(39) 409(15)
1977 104( 93} 264( 93} 358(55) 396( 3)
1978 104(116) 264(116) 335(68)

1979 76(128) 244(128)

Preimpoundment averages
1969-1971 104( 76) 216( 50) 295(19) ———
Postimpoundient averages

1972-1976 104(294) 287(271) 373(83) 412(44)
1977-1979 97(337) 262(386) 353{188) 406(22)

-74-



"6/61-6961 ‘uoALY

LeUBI00N JO u0L2235 3dld-J8MO[4 “S3SSe{d JuedA Aq 1noJy moqured 11 abe pue 11 abe Jo yabueq <9z aunbly
sS58() JE3,
BLilL 921G VL Mh;wm_-h on,mm._a:_ oﬁ 8. hh;@h,mm vl €2,€L414,04 69

=-Z0l1

Zst

50t

9sE

o0¥

LI

i 39v

LSt

in millimeters

Total length

-75-



Cuplin 1956} and Bighorn River in Montana (Stevenson 1975).

Annual growth increments by year for age groups 0 through 111 are
given in Table 35 and for age I and II in Figure 27. The increments
achieved during the first year of life in the natal stream varied little
among the years. Growth was slowest in 1980 when an increment of 76
mm was achieved by young-of-the-year fish. Growth of fish in their second
year of life, first year in Kootenai River, fluctuated considerably from
1970-1980. The smallest increment of 107 mm was registered in 1971,
while the largest of 231 mm was recorded in 1975. The growth increments
declined after 1975 with the increment in 1980 being 168 mm. A similar
pattern was noted for fish in their third year of life.

Growth in fish is a complex process which is influenced by many
factors (Everhart and Youngs 1981). Among the mare important determinants
are the amount and size of food available, the number of fish using the
same food vresource, temperature and other water quality factors, and
the age and size of the fish. The most important factors influencing
growth of rainbow trout in the Kootenai River appear to be density of
bottom faunz, density of rainbow trout and mountain whitefish and water
temperatures.

Temperatures of Kootenai River in 1979 and 1980 were comparable
to the 1974-1975 temperatures. The number of days above 50°F in 1974
and 1975 was 154 and 162, respectively, as compared to 140 days in 1979
and 168 days in 1980. The densities of the aquatic insect populations
in 1974-1975 are unknown, but they were probably comparable to the 1979-
1980 densities. Allen (1969) noted that the density of bottom fauna
may be controalled by the intraspecific predation or by fish species,
Interspecific competition for food can occur between species which do
not directly interact in their behavior. This appears to be the case
for rainbow wrout and mountain whitefish which feed in different levels
o{ the water column, but utilize the same food resources {see Section
B).

Intraspecific competition for food has been shown to reduce growth
rates of trout (Allen, ibid). The increased densities of rainbow from
1977-1980 resulted in increased competition for food and space. Rainbow
trout are ter~itorial in streams {Stringer and Hoer 1955) and increased
densities result in increased competition for suitabie territories. Enerqy
that could be spent in feeding activities is expended on establishing
and defending territorial and social hierarchies. The dominant fish
occupy the most desirable territories with regards to food availability.
Symons (1971) found that subordinate atlantic salmon parr grew only two-
thirds as fast as dominant parr. The large increase in mountain whitefish
numbers have veduced trout growth by reducing the amount of habitat available,
thereby jncreasing competition for territories. Chapman (1966) noted
social control in salmonids is quite strong and increased aggression occurs
between rainbow trout when living space is reduced,

The reduciion in species diversity and loss of many of the Yarger
species of Plecoptera, Ephemeroptera and Trichoptera may be a factor
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Table 35. Growth increments of wmigration class X, rainbow trout from
the Flower-Pipe Section of the Kootenai River.

Grewth Length increments in (mm) for age group
year 0 I II 111
1969% 107 - - -
197017 102 117 ——— -—
197157 102 1067 71 -
1972?7 112 152 86 69
197357 97 168 104 107
197457 93 173 51 28
197557 97 231 168 -—-
197&5/ 114 208 147 56
197?§/ 104 163 79 ———
197857 104 160 94 25
19795/ 76 160 94 38
1980~ --- 168 71 -—
Mear

Preimpound-

ment 104 112 71 ——-

Postimpound-

ment 1/

1972-1976~ 104 185 112 66

1977-1980 94 163 84 33

1/ Growth years 1969-1971 was preimpoundment.

2/ Growth years 1972-1976 was postimpoundment prior to operation of
selective withdrawal.

3/ lGrowth years 1977-1980 was postimpoundment with operation of selective

vithdrawal,
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in reducing the growth of larger trout. Larger fish tend to consume
large food items if these are available. Thus the maximum size attained
by trout may be determined by the lack of Targer food items in the bottom
fauna (ATlen ibid and Section B).

The fast growth rates achieved by rainbow trout following impoundment
of the Kootenai River in 1972 were primarily due to low fish densities,
substantial numbers of aquatic insects and good water temperatures for
growth especially in 1974 and 1975 when the largest growth increments
wer2 recorded. The reduction in gas supersaturation in 1975 resulted
in large increases in rainbow trout and mountain whitefish populations
in subseqguent years and a decline in growth rates. The current growth
rat2 of rainbow trout represents a more normal situation than in the
first four years following impoundment when fish densities were low and
the system responding to environmental changes.

Rainbow trout growth increased following impoundment due to an apparent
inc~ease in the density of bottom fauna, reduced densities of mountain
whitefish and better temperatures for growth. The decline in rainbow
troit growth after 1976 appears to be primarily due to increased densities
of mountain whitefish and rainbow trout. Wells (1980) found that increased
densities of trout in the Beaverhead River below Clark Canyon Dam caused
a reduction in the size and weight of rainbow and brown trout.

Mountain Whitefish

A total of 1,216 mountain whitefish from the Fiower-Pipe Section
were used to determine the body-scale relationship (Fiaure 28). The
Monistyrsky body-scale relationship was Log TL = Log 3.657 + .818 Log
SR.  The coefficient of correlation was .930. This relationship was
comparable to the body-scale relationship for mountain whitefish from
the Flathead River (McMullin and Graham 1981). Sufficient numbers of
whiiefish scales were collected and analyzed to present data on Jennings,
Flower-Pipe and Troy sections and these data are presented below.

Jennings Section

The growth of the 1966-1979 mountain whitefish year classes was
var“able (Table 36, Figure 29). The 1966 year class recorded the slowest
grovith, achieving a Jength of 292 mm at age IV as compared to 376 mm
for the 1973 year class. Preimpoundment growth was considerably less
than post-impoundment. The mean Tength achieved by age III fish prior
to impoundment was 252 mm, while age III fish averaged 282 mm from 1972-
197€ and 312 mm from 1977-1980,

Growth increments of mountain whitefish age groups from the Jennings
Section are displayed in Table 37, Figure 30. The mean length increments
achieved by young-of-the-year and age [ fish prior to impoundment were
Tless than those attained following impoundment; while the mean increments
for age II and III fish were slightly larger than following impoundment.
The preimpoundment mean for age O size fish was 117 mm, whereas the post-
impcundment means from 1972-1976 and 1977-1980 were 132 and 140 mm, re-
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Table 36. The back-calculated growth of mountain whitefish year classes

from the Jennings Section of the Kootenai River. HNumber of
fish aged is given in parenthesis.

Year Back~calculated Jength in (mm} for age group
class
1966 114( 28) 193( 28} 252( 28) 292(28) 323(10)
1967 114( 35) 193( 35) 246( 35) 297(12) 358( 6)
1968 112( 31) 193( 31) 257( 34) 310(18) 340(18}
1969 125( 22) 203( 22) 251{ 22) 285(22) 310( 4)
1970 122{ 38) 198( 38) 246( 38) 302(18) 330( 4)
1971 117( 37) 198( 37) 269( 29) 307(28) ---
1972 119( 29) 216( 29) 254( 42) 345(12) 386(12)
1973 117( 22) 221( 22) 338( 6) 376( 6) ~--
1974 142{ 14) 244( 14} 300( 14) ~-- ---
1975 145( 41} 246( 41) -—- ~-- ---
1976 -—-- --- -—-- --- -
1977 140( 22) 262{ 22) 315( 22) 351(22) ---
1978 142( 57) 2587( 57) 307( 57) - ---
1979 135{ 48) 246( 48) --- - -
Pre-~impoundment averages

1966-71 117(191) 196 (154) 252(119) 300(58) 340(16)
Post-inpoundment averages

1972-76 142(106) 226(143) 282(129) 323(86) 343(38)

1977-79 135(127) 254(127) 312{ 79} 351(22) —--
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Table 37. Growth increments of mountain whitefish from the Jennings
Section of the Kootenai River.

Growth Length increments in mm for age group
year 0 I I 111
19661/ 114 - - -
1967 114 79 ~-- ——-
1968 112 79 58 -
1969 125 81 53 41
1970 122 79 64 51
19712/ 117 76 48 53
1972~ 119 81 48 33
1973 117 97 71 56
1974 142 104 38 38
1975 145 102 --- 41
19763/ —-—- 102 56 38
1977= 140 --= -—= -—-
1978 142 122 --- -—-
1979 135 114 53 -——-
1980 --- 112 51 36
Preimpoundment averages

1966-71 117 79 56 48
Postimpoundmznt averages

1972-76 132 a4 53 41

1977-80 140 114 53 36

1/ Growth y2ars 1966-1971 are preimpoundment.
2/ Growth yaars 1972-1976 are postimpoundment prior to operation of

selective withdrawal system.

3/ Growth years 1977-1980 are postimpoundment with operation of selective

withdrawal system.
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spectively. Age Il fish had a preimpoundment average of 56 mm as compared
to 3% mm following impoundment. Growth increments declined slightly
in 1979 and 1980 from the previous two years.

Flower-Pipe Section

The growth achieved by the 1968-1979 mountain whitefish year classes
in tke Flower-Pipe Section varied considerably (Table 38, Figure 31).
The growth of the preimpoundment year classes was markedly less than
post-impoundment year classes and growth of the 1977, 1978 and 1979 year
classes was less than the 1973, 1974 and 1975 year classes. The 1970
year class achieved a length of 252 mm at age III, while the lengths
attained by the 1974 and 1978 year classes at age IIIl were 345 and 297
mm, respectively. The lengths achieved at age IV by the 1974 and 1975
year classes were 46 and 33 mm longer, respectively, than the 1977 year
class. The 1973 year class attained the largest mean size of 378 mm
at age IV, while the 1969 year class recorded the smallest mean size
of 30 wm.

The growth increments achieved by mountain whitefish age groups
from 1968-1980 are presented in Table 38, Figure 32. The increments
of young-of-the-year fish and fish in their second year of life were
less prior to impoundment than following impoundment. The averace pre-
jmpoundment increment for age 0 fish was 119 mm as compared to the 1977-
1980 mean of 140 mm. In contrast, the Tength increments achieved by
age Il and 111 fish durina preimpoundment years were larger than those
recorded following impoundment. The mean increment of 33 mm for age
IIT fish from 1877-1980 was less than the 1971 increment of 53 mm. The
length incrementsattained in 1979 and 1980 were slightly less than recorded
in 1975 and 1976, but the decline in growth increments appeared to have
ceased by 1980.

The growth increments recorded in 1974 by age I, II and III fish
were less than either the preceding or following year. Gas concentrations
were nuch higher in the Flower-Pipe Section in 1974 than other years
due to high flows {May and Huston 1975). These high gas concentrations
appeared to have adversely affected whitefish growth. A similar decline
in grawth increments of age II rainbow trout occurred in 1974.

Troy Section

Age and growth data are presented on four year classes from the
Troy Section of the Kootenai River {Table 40). Growth of the 1970 and
1971 year classes was less than that of the 1978 and 1979 year classes.
The preimpoundment mean length for age III fish of 262 mm was 36 mm less
than the post-impoundment mean of 297 mm. The increase in growth rate
following impoundment occurred in age O and age I fish.

The growth of mountain whitefish from the Jennings, Flower-Pipe
and Troy sections of the Kootenai is compared in Table 40, Fiqure 33.
The growth pattern for the three areas of the Kootenai was comparable.
Growth of young-of-the-year and age I fish was slower prior to impoundment
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Table 38. The back-calculated length of mountain whitefish by year class
firrom Flower-Pipe Section of Kootenai River. Number of fish is
given in parenthesis.

Year

class

1968 112( 18) 206( 18) 257( 18) 310( 18) 340(18) 363( 1)}
1969 117{ 37) 196{ 37) 264( 27) 300( 27) 351( 4) 361( 2)
1970 125{ 36) 201{ 36) 252( 36) 318( 35) 340(24) -
1971 122{ 31) 218{ 31) 285( 24) 320( 30} 391{ 6) 427( 6)
1972 122( 29) 249( 29) 279( 30) 376( 8) 414( 8) -——-
1973 145( 30) 257( 30) 335( 30) 379( 30} 394(37) 434(20)
1974 170{ 20) 290( 20) 345( 20) 376( 12) 386( 8) 412( 8)
1975 142( 37) 259{ 37) 325( 51) 363{ 18) 389(18) 412(81)
1976 147( 60) 262( 60) 302( 60) 330( 60) 389(18) -
1977 145( 27) 252( 27)  297( 27) 330{ 60) -—- -
1978 137( 37} 246( 37) 297( 27) -—- -—- -

1979 137{ 27) 246( 27) --- - —— —
Pre-impoundment averages

- 1968-
11971 119(122) 201( 91)  262( 45) 310{ 18) --- —

Post-impoundment averages

1972- :
1976  145(176)  254(147)  300(140) 338{130) 368(60) 384( 9)

1977-
1979  140{ 91)  252(151) 305(165) 351(150) 389(81) 419(109)
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Table 39. Growth increments of mountain whitefish from the Flower-Pipe
Section of the Kootenai River.

Growth Length increment in millimeters for age group

year Q I 11 111
1968L/ 112 --
1969 117 94 --- —--
1970 125 79 51 ---
19712/ 122 76 69 53
1972= 122 97 51 36
1973 145 127 66 66
1974 170 112 31 36
1975 142 119 79 97
19763/ 147 117 56 43
1977= 145 114 66 31
1978 137 107 41 38
1979 137 109 46 28
1980 --- 109 51 33

Pre-impoundment averages
1968-1971 119 84 61 53
Post-impoundment averages

1972-1976 145 114 56 56
1977-1980 140 109 51 33

1/ Growth year 1966-1971 are preimpoundment.

2/ Growth years 1972-1976 are postimpoundment prior to operation of
selective withdrawal system.

3/ Growth years 1977-1980 are postimpoundment with operation of selective
withdriwal system.
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Table 40. The back-calculated growth of mountain whitefish year classes
from the Troy Section of the Kootenai River. Number of fish
aged is given in parenthesis.

e

Year Back-calculated length in milTimeters for age group
class 1 1] 111
1970 127{ 13} 208( 13) 262{13)
1971 104( 16) 218( 16) -—
1978 145{ 40} 257{( 40) 297{(40)
1979 137( 81) 249( 81) -

Pre-impoundment average
1970-1971 117( 29) 208( 13) -
Post-impoundment average

1978--1979 142(121) | 241(137) 297(53)

Table 41. Comparison of growth of mountain whitefish in the Jennings,
Flower-Pipe and Troy sections of the Kootenaij River.

Age River Section
group Jennings Flower-Pipe Troy

Pre-impoundment mean

I 117 19 117
11 196 201 208
111 252 262 262
IV 300 310 -

1972~1976 mean

I 132 145 -
II 226 254 v~
111 282 300 -
v 323 338 ---

1977-1981 mean

I 140 140 142
1T 254 252 241
ITI 312 305 297
v 351 351 -—-
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Figure 33. Comparison of growth achieved at age II, III, and IV



than after impoundment, but growth of age II and III fish was faster

prior to impoundment than after impoundment. The increase in the arowth

of age 0 and I fish was primarily due to the increased populations of
chironomids in the river following impoundment. The numbers and densities

of chironomids were several times higher following impoundment than prior

to impoundment (see Section A). Chironomids are the primary food source

of small mountain whitefish in the Kootenai River (May and Huston 1975

and see Section B)}. Pontius and Parker (1973) and Thompson and Davis

(1976} also found that small mountain whitefish feed primarily on chironomids.

The sTower growth rate of age II and III fish following impoundment
appears to be rzlated to reduced insect diversity and less of the larger
insect species of the order Ephemeroptera, Plecoptera and Trichoptera
(see Section A). Large mountain whitefish tend to eat larger food items
(Pontius and Parker 1973; Thompson and Davis 1976). Trichoptera were
found to increase in jmportance in the diet as the sjze of the fish increased,
but the number of species of Trichoptera has been reduced in the Kootenai
River, Llarger mountain whitefish in the Kootenai appeared to substitute
snails and aquatic oligochaetes for the missing larger species of aquatic
insects (See Section B? :

It is perplexing that the growth of mountain whitefish in the Kootenai
River declined only slightly in 1979 and 1980, even though fish densities
were much higher than in previous years. The ability of whitefish to
utilize a major part of their environment in the acquisition of the food
resource probably accounts for their being able to maintain good growth
rates in spite of increasing fish densities (see Section B). They actively
feed from all Tevels in the water column, take insects from the surface
film and engage in foraging through substrate.

The mean growth recorded in the Kootenai River from 1977-1980 is
faster than tha: noted for other streams in Montana and other areas.
Mountain whitefish from the Flathead River averaged only 282 mm in total
length at age IY (McMullin and Graham 1981) as compared to 351 mm for
fish from the Jennings and Flower-Pipe sections of the Kootenai River.
The growth of mountain whitefish in the Fisher River {May and Huston
1972), Sheep River, Alberta, Canada (Thompson and Davis 1976) and North
Fork Clearwater River, Idaho (Pettit and Wallace 1975) was Tess than
growth in the Kootenai River from 1977-1980.

Creel Census

Fishing pressure has increased significantly on the Kootenai River
since 1968. Fishing pressure on the 159 km of Kootenai in Montana was
estimated at 11,549 man-days or about 73 man-days per km for the 1968-

1969 season. A similar postal card survey for the 1975-1976 season produced
an’ estimate of 0,352 man-days (254 per km) for the remaining 80 km of

the Kootenai River. Graham (1979) estimated the fishing pressure in

1978 at 1,019 man-days per km for 6.4 km of river upstream from Kootenai
Falls. Angler pressure on the Kootenai between Kootenai Falls and Libby
Dam of 779 man-days per km in the summer was higher than recorded for
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Yellowstone River, comparable to the Gallatin River and lower than the
Madison River (Vincent and Clancey 1980).

Creel census data for all of 1977, 1978 and summer of 1980 are shown
in Table 42. The percent of successful anglers varied between seasons
and years. Fishing success was lowest in the spring and highest in the
fall when 57-61 percent of the angiers creeled fish. The catch rate
was highest in fall of 1978 when .87 fish were caught per hour of effort.
The summer catch rate increased from .39 fish per hour of effort in 1977
to .58 fish in 1978 and 1980. Graham (1979) recorded a catch rate of
.63 fish per hour during the summer of 1978 in the Kootenai Falls area.
These catch rates were intermediate when compared to Montana's other
Blue Ribbon trout streams. Catch rates in the catch and release section
of the upper Madison River ranged from 1.5 to 2.8 fish/hour of effort
(Vincent and Clancey 1980), as compared to 0.6-1.0 fish/hour in the Big
Hole {Peters¢n 1973) and 0.7 to 0.8 fish/hour from 1976-1979 in the Yellow-
stone River (Vincent and Clancey 1980).

Rainbow trout dominated the catch comprising 89 percent in 1977,
86 percent in 1978 and 94 percent in summer 1980. Cutthroat catch was
seven percent in 1977, four percent in 1978 and two percent in 1980.

Mountain whitefish comprised 11 percent and 16 percent of the catch
in the 1977 and 1978 winter fishery, respectively. Prior to impoundment,
mountain whitefish comprised 99 percent of the winter catch (May and
Huston 1975). The altered flows in the Kootenai River since regulation
has resulted in warmer winter temperatures, higher flows and a lack of
ice formaticon in the winter. Trout feed more extensively during the
winter and most anglers fish for trout rather than mountain whitefish.
This has resulted in a marked reduction in whitefish harvest even though
popuiations have increased three-fold since 1975.

The average size of rainbow trout creeled during the summer declined
from 343 mm in total length in 1977 to 279 mm in 1980. This decline
in size was due to a strong 1978 year class which entered the fishery
at two years of age in 1980 and reduced growth rates. The average size
of rainbow trout caught in the Kootenai was approximately 25 mm less
tggg)the average size creeled in the Yellowstone River {Vincent and Clancey
1 .

The fishing method used by anglers varied considerably from season
to season. Natural bait was the predominate method during the winter
and spring with from 50 to 99 percent of the anglers fishing with bait
(Table 43). Natural bait was the most popular fishing method in the
summer and fall except in the summer of 1877 when 47 percent of the anglers
used flies. On an annual basis, the fishing method preferences in order
of importance were natural bait both years, flies in 1977 versus combination
in 1978, lures in 1977 versus combination in 1978, combination in 1977
versus flizs in 1978. These results compare closely with those compiled
by Graham (1979) in the Kootenai Falls section.

A large majority of anglers contacted were from Lincoin County (Table



Table 42. A summary by season of a contact creel survey in the Kootenai

River from Libby Dam to Kootenai Falls.
the rainbow creeled are given in parenthesis.

man-hour of effort is for trout only.

The average sizes of

The catch per

Percent Catch per
Year/ Number of  successful  man-hour Catch
month anglers anglers of effort RB cT v MWF
1977
Winter 76 32 .30 36(310) 15 -- 6
Spring 26 15 .08 4(358) -= -- 3
Summer 197 37 .34 148(3 3) 5 2 1
Fall 53 57 .64 78(272) 1 -- --
Total 352 37 .36 266(310) 21 2 10
1978
Winter 2/ o5 53 47 103(300) 1 1 20
Spring 123 35 .17 50(325) 6 1 24
Summer 275 46 .58 308(282) 10 3 8
Fall 56 61 .87 110{277) 7 2 11
Total 549 46 .48 571(290) 24 7 63
1980 _
Summer =/ 146 48 .58 150(279) 3 5 2

Y/ Does not include river from Kootenai Falls upstream four miles.
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43). The number of non-resident anglers was highest in the summer comprising
3.6 to 13.7 percent of angler population. Lincoln County residents accounted
for between 78-87 percent of the anglers annually as compared to only 10-

13 percent for nonresidents. The percent of gut-of-state anglers in

the Kootenai Falls section {20%) was larger probably due to good access

from Highsay No. 2 (Graham 1979).

Fish Movement
Rainbow trout

A total of 3,662 rainbow trout 250 mm and longer were tagged in
the Flower-Pipe Section from 1971-1981 (Table 44). Anglers returned
269 tags with Tocation of catch data. Seventy-seven percent (207) of
the returned tags were from the Flower-Pipe Section, seven percent (18)
were caught upstream, and 16 percent (44) were caught downstream from
the Flower-Pipe Section (Figure 34). There was some variation in movement
patterns between 1972-1975 and 1978-1981. Rainbow trout had a greater
tendency to migrate downstream from 1972-1975 than from 1978-1981. Twenty-
five percent of the fish tags returned from 1972-1975 exhibited downstream
movement with 12 fish or 6.7 percent of the returns coming from below
Kootenai Fialls. In contrast, only one (0.7%) tag was returned from below
Kootenai Falls from 1978-1981. The greater tendency towards downstream
movement from 1972-1975 may be related to avoidance of high gas concentrations.

The percent return of tags ranged from 2.9 percent of fish tagged
in 1981 to 16.0 percent of fish tagged in 1973 (Table 45). The small
sample size of the 1972 collection preciuded its use in the comparison
among years. The Tow return in 1981 was influenced by the high flows
generally over 8,000 cfs during most of the summer which limited fishing
pressure and reduced angler catch. Graham (1979) found that angler catch
rates were lower at flows above 10,000 cfs. The tag return rate from
1978-1981 was lower than prior to new generators going on-line and associated
flow fluctuations, even though fishing pressure was greater from 1978-
1981 than from 1972-1975. Overall, the mean return of 8.4 percent indicates
the exploitation of rainbow was low or that tagged fish caught by many
anglers were not reported.

The months in which the tagged rainbow were caught by anglers are
given in Fiqure 35 and Appendix C. Approximately 83.4 percent of the
rainbow trout were caught during April through September, as compared
to only 16.6 percent during October through March.

Cutthroat trout

Angler returns from cutthroat trout tagged in the Flower-Pipe Section
are given in Table 46. A total of 353 cutthroat were tagged from 1972-
1981, but only 33 of these were tagged after 1978. Tags from 37 (60.7%)
cutthreoat trout were returned from the Flower-Pipe Section, 18 (29.5%)
were caught downstream and five (9.8%) were caught upstream from the
Flower-Pipe Section. Cutthroat trout exhibited more movement out of
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Figure 34.

Libby Dam

Fisher R.

River Flow

l

Rereg. Site

Flower ~ Pipe

Section Hwy. 37 Bridge

Cedar Cr.

Kootenai Falls

SCALE

25mm = 6km

d NORTH

Movement of rainbow trout tagged in the Flower-Pipe Section
of the Kootenai River as indicated by angler return of tags,
1971-1981. Numbers in parenthesis inside river channel are
number of fish caught in that area.
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Table 45. Angler return of rainbow trout tags from the Flower-Pipe
Section of the Kootenai River, 1971-1981.

Year Number Number and percent { ) of fish caught

tagged tagged First year Second year Third year Total
1871 41 2{ 4.9) -——- 1{2.4) 3( 7.3)
1972 8 3(37.5) S ———- 3(37.5)
1973 181 25(13.8) 3(1.7) 1{0.5) 29(16.0)
1974 503 24( 4.8) 21(4.2) 4(0.7) 49( 9.7)
1975 646 58( 9.0) 19(2.9) 4(0.6) 81(12.5)
1978 536 43( 8.0) 2(0.4) 1{0.2) 46( 8.6)
1979 525 25( 4.8) 6(1.1) 2(0.4) 33( 6.3)
1980 644 36( 5.6) 9(1.4) —_——- 45{ 7.0)
1981 578 17( 2.9) ——-- ———- 17( 2.9)
TOTAL 3,662 233( 6.4 ( 8.4)

) 60(1.6) 13(0.4) 306
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the Flower-Pipe Section than did rainbow trout. Most of the cutthroat
tagged were the adfluvial strain which escaped from Lake Koocanusa in

the 1973 and 1975 reservoir spills and were not as well adapted to the
river environment as rainbow trout.

Cutthroat trout tags were returned at a higher rate than rainbow
with 19.3 percent of the tags returned {Table 47). The higher return
rate for cutthroat tags indicate they were more vulverable to being caught
by anglers than rainbow trout or were more avajlable due to movement
in seeking tervitory in a new environment. Approximately 87.7 percent
of the cutthroat trout were caught from May through August with 40.0
percent of the catch occurring in July (Figure 36 and Appendix C). Only
7.7 percent of the tagged cutthroat were caught from October through
March.

Bull trout

The number of bull trout tagged (50) was smaller than either rainbow
or cutthroat trout. Ten bull trout tags were returned with seven from
the Flower-Pipe Section, one upstream and two downstream from the Flower-
Pipe Section. One of the downstream tags was returned from below Kootenai
Falls. The small number of bull trout tagged and returned precludes
any definite statements with regards to their movement patterns.

SUMMARY

The impoundment of the Kootenaj River by Libby Dam in 1972 produced
a number of environmental changes to the river downstream from the dam.
Some of these changes have had beneficial affects on salmonid production,
whereas other changes have been negative. Overall, the post-impoundment
environnent in the Kootenai River downstream from Libby Dam has been
conducive to high production of rainbow trout and mountain whitefish.

Significant changes in the flow regime, temperature pattern, sediment
load, and water quality have occurred. The establishment and maintenance
of an adequate minimum flow has been the most important single environmental
componer.t in maintaining high level aguatic productivity in the Kootenai
River. Other important factors include: 1) a reduction in sediment
loads by 85 percent; 2} an increase in the number of days when the average
water tenperature was above 10°C by about 50 percent; 3) warmer water
temperatures in the fall and winter; and 4) higher flows in fall and
winter than prior to impoundment.

Severe water quality problems in the Kootenai River prior to impound-
ment limited the production of aquatic insects and fish. Solution of
these preblems has been an important factor contributing to the increased
producticn of salmonids. Chemical and heavy metal poilution from an
industrial complex on the St. Mary River in British Columbia has been
greatly reduced since 1968. Sediment pollution from a mine-mill operation
on Rainy Creek (11 miles downstream from Libby Dam) was almost eliminated
in 1972,
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Table 47. Mngler return of cutthroat trout tags from the Flower-Pipe
Section of the Kootenai River, 1972-1981.

Year Numbey Number and percent { ) of fish caught

tagged tugged First year Second year Third year Total
1972 5 1(20.0) 2(40.0) -——- 3{60.0)
1973 145 34(23.4) 2( 1.4) ———— 36(24.8)
1974 30 ~—— 1{ 3.3) -——- 1( 3.3)
1975 140 20(14.3) 1{.0.7) ---- 21{15.0}
1978 5 -—-- -—— ~—-- -———-
1979 5 ——- 1{20.0) ~—-- 1{20.0)
1980 18 3(16.7) 1{ 5.6) “——- 4{22.3)
1981 5 2{40.0} ~--- ——— 2(40.0)

TOTAL 353 60(17.0) 8{ 2.3) 68(19.3)
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Aquatic insect populations are high in numbers near the dam, but
species diversity is Tow. Diversity increased further downstream, but
it is still less than in unregulated systems. The loss of many species
of stone“lies, mayflies and caddisflies since the dam was completed appears
to be liniting growth of larger rainbow trout and mountain whitefish.

The Kootenai River affords its best fishing when flows are less
than 8,000 cfs. On an annual basis there has been a decline in the number
of days tlows are below this level. However, during the most popular
fishing period {Apri) through November) the number of days of suijtably
low flows has doubled since impoundment.

The spawning runs of rainbow trout and mountain whitefish into tribu-
taries above Kootenai Falls have increased several fold since impoundment.
A considerable amount of mountain whitefish spawning occurs in the mainstem
Kootenai and spawning by rainbow trout may be increasing in the Kootenaj
River near Libby Dam. The lack of suitable spawning and nursery areas
appear to be limiting rainbow trout populations in the Kootenai River
downstream from Kootenai Falls.

Gas supersaturation limited rainbow trout and mountain whitefish
populations in the Xootenai River from 1972-1975. Water was released
via the penstocks after 1975 rather than through the sluice or spillway.
Penstock releases resulted in total gas concentrations of approximately
100 percert as compared to 135 percent for sluice releases.

Rainbow trout and wountain whitefish numbers increased several fold
in the Kootenai River from 1975-1981. This increase in number was associated
with a marked decline in growth rates of rainbow trout and a slight decline
in growth for mountain whitefish. Increased competition for food and
space appeiars to be the primary cause for the decline in growth rates.
Rainbow traut in streams are territorial and increased densities results
in increasid energy expenditures to occupy and defend territories. Even
though growth has declined it is still faster than recorded for other
streams in northwest Montana.

Burbol, populations, rare in the river for several years prior to
impoundment., have increased sufficiently to provide a fair fishery in
the winter and spring downstream from Libby Dam. Curtailment of water
pollution is believed to have been an important factor in the resurgence
of the burbot population.

The nunber of white sturgeon in the Kootenai River downstream from
Kootenai Falls has declined since impoundment. High spring flows and
increasing wvater temperatures provide the stimulus which triggers the
upstream spawning movements of sturgeon. The altered flow and temperature
regimes in the Kootenai since impoundment may not provide the necessary
aonditions t0 induce the upstream movements of adult white sturgeon into

ontana.

Peamouth chub and northern squawfish numbers have declined downstream
from Kootenei Falls apparently as a result of limited reproductive success
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due to lcw spring water temperatures.

Larcescale sucker populations have fluctuated since impoundment,

but currently appear to be comparable to populations prior to impoundment.

This historical trout fishery in the Kootenai River was for native
cutthroat trout. The catch rate of 0.5 fish per hour of effort recorded
from 1949-1964 indicates that the quality of the fishery was good even
though water quality problems were adversely affecting the river's biota.

Fishing pressure and angler harvest has increased on the Kootenai
River since impoundment. The summer catch rate of 0.6 fish per man hour
of effort compares favorably with Montana's more famous Blue Ribbon trout
streams such as the Yellowstone and Big Hole rivers. The average size
of rainbow trout creeled from the Kootenai is smaller.

Rainbow trout tagged in the Flower-Pipe Section showed a greater
tendency to remain there than to move either upstream or downstream.
Approximately 77 percent of the tags returned were from the Flower-Pipe
Section. Oownstream movement was more prevalent from 1972-1975 than
from 1978-1981. Conversely, rainbow trout exhibited a greater tendency
to move upstream from 1978-1981 than from 1972-1975. The harvest of
rainbow trout was highest from April through September, when 84 percent
of the tags returned were caught.
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APPENDIX A

Water Quality Parameters



Table 1. Total phosphorous (P} and dissolved orthophosphate (P04) concen-
trations in the Kootenai River downstream from Libby Dam, 1970,
1975 and 1979. Concentrations are in milligrams per liter.

1970 1975 1979
Month p P04 p POA p P04
Jitnuary . 080 . 200 .016 .026 .010 .004
February .080 .110 .001 .010 .007 .003
March . 140 . 400 . 045 .025 .007 .004
April .130 .030 .025 . 040 .005 .003
Miay . 240 . 280 .026 .030 .007 .001
June 430 . 120 .025 . 040 .018 .001
July . 130 . 300 . 005 .050 .006 . 000
August . 180 . 450 .020 .035 .006 .006
September .090 . 260 .030 . 060 .003 .001
O tober .210 - .480 .070 .065 .000 . 000
Nizvember .270 . 760 .045 .050 .004 .002
Dicember . 350 1.200 .033 .040 .003 .000
Mzan .194 .383 .028 .039 . 006 .002

Table 2. Specific conductance in micromhos per centimeter (25°C) measured
in the Kootenai River downstream from Libby Dam site, 1970, 1975,

and 1979,
Year
Month 1970 1975 1979
January 373 255 _ 256
Fabruary 340 255 277
March 372 271 291
Aoril 362 288 298
May 245 274 297
June 190 220 263
July 224 199 255
August 262 183 235
September 277 182 237
QOctober 345 189 248
November 355 199 265
December 190 223 267
Mean 295 228 266




Table 3. Specific conductance in micromhos per centimeter (25°C) measured
in the Kootenai River downstream from Libby Dam, 1970, 1975,

and 1979,
. Year
Month 1970 1975 1979
January 373 255 256
February 340 255 277
March 372 271 291
April 362 288 298
May 245 274 297
June 190 220 263
July 224 199 255
August 262 183 235
September 277 182 237
October 345 189 248
November 355 199 265
December 190 223 267
Mean 295 228 266




APPENDIX B

Fish Population Parameters



Table 1. The length frequency distribution of mountain whitefish collected
in the Jennings Section of the Kootenai River in 1972, 1974,
1677, and 1981.

Total
length 1972 1974 1977 1981
in inches Number Percent Number Percent Number Percent HNumber Percent
178-202 47 11.3 20 3.4 22 6.2 12 1.3
203-227 112 26.9 28 4.8 49 13.7 66 7.4
228-253 73 17.6 26 4.4 37 10.4 26 2.9
254-278 71 17.1 23 3.9 23 6.4 55 6.2
279-303 29 7.0 41 7.0 64 17.8 148 16.6
304-329 27 6.5 69 11.8 83 23.3 148 16.6
330-354 22 5.3 47 8.0 36 10.1 217 24.4
355-380 15 3.6 67 11.4 21 5.9 142 16.0
381-405 6 1.4 60 10.2 14 3.9 57 6.4
406-431 6 1.4 70 12.0 6 1.7 14 1.6
432-456 ) 1.4 51 8.8 1 0.3 4 0.5
A57+ 2 0.7 84 14.3 1 0.3 1 0.1
Total
Sample 416 586 357 890
Table 2. The length frequency of mountain whitefish electrofishing
catches in the Elkhorn Section of the Kootenai River, 1971,
1974, and 1980.
Total lenjth 1971 1974 1980
in mm Number  Percent Number Percent Number Percent
152-177 39 22.8 1 1.3 -~ -
178~-202 7 4.1 2 2.3 10 0.6
203-227 20 11.7 6 7.0 174 11.2
228-253 49 28.7 11 12.8 110 7.1
254-278 13 7.7 15 17.4 7 0.5
279-303 13 7.7 27 31.4 122 7.9
304-329 12 7.0 20 23.2 266 17.1
330-354 7 4.1 2 2.3 354 22.8
355-380 6 3.5 1 1.2 254 16.5
381-405 1 0.6 - -- 118 7.6
406-431 3 1.8 - -- 74 4.8
432-456 - - 1 1.2 42 2.7
457+ 1 0.6 -- -- 21 1.4

TOTAL 171 86 1,552




Table 3. The length frequency distribution of rainbow trout in the Flower-
Pipe Section of the Kootenai River 1973, 1977, and 1981.

Total ength 1973 1977 1981
in mm Number  Percent Number Percent Number Percent
178-201 8 4.3 35 5.9 61 4.7
203-276 17 9.2 25 4.2 206 15.3
229-252 19 10.3 60 i0.1 374 28.7
254-277 30 16.2 88 14.9 351 26.8
279-302 33 17.9 86 14.5 143 11.0
305-328 29 15.7 69 11.8 77 5.9
330-353 1 8.6 65 11.0 47 3.6
356-3739 12 6.4 31 5.2 28 2.1
381-404 7 3.8 22 3.7 12 0.9
406-429 9 4.9 25 4.2 6 0.5
432-455 3 1.6 18 3.0 4 0.3
457+ 2 1.1 _68 11.5 2 0.2
TOTAL 185 © 592 1,302

Table 4. The length frequency of mountain whitefish in the Flower-Pipe
Section of the Kootenai River, 1973, 1977 and 1981].

Length group 1573 1977 1981
in fm Number  Percent Number Percent Number Percent
178-201 39 3.2 4 0.2 28 0.5
203-226 208 17.3 14 0.6 197 3.7
229-252 A86 40.3 455 19.1 1,319 24.4
254-277 325 27.0 1,376 57.9 393 7.3
279-302 76 6.3 252 10.6 452 8.3
305-328 27 2.2 10 0.4 1,179 21.9
330-353 23 1.9 30 .3 965 18.0
1356~379 11 0.9 99 4.2 475 8.8
381-404 6 0.5 81 3.4 194 3.6
406-429 1 0.1 38 1.6 104 1.9
432-455 1 0.1 12 0.5 55 1.0
457+ Vi 0.2 5 0.2 31 .06
TOTAL 1,205 2,376 5,392
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APPENDIX C

Catch of Tagged Fish



Table 1.

Month in which rainbow trout tagged in the Flower-Pipe Section
of the Kootenai River were caught by anglers (1971-1981).

Number of fish caught

Year Jan_Feb Mar Apr May Jun  Jul _ Aug  Sep Oct Nov  Dec
1971 = mm em e eo s o
1972 - —e am o
1973 - - - 3 4 4 9 6 1 -- -- -~
1974 - -- - - 3. 2 6 9 2 2 2 1
1975 1 2 1 5 8 13 9 20 4 4 1 -
1976 Kt 3 ) 5 3 - -- -- 1 1 1 --
1977 1 1 1 - 1 - -- -- - - -- -
1978 --=  -=  -- -- 3 13 5 11 4 1 -~ --
1979 -- 1 - 1 3 12 6 1 2 - - -
1980 1 - - 3 13 8 13 2 - i -- --
1981 3 -- 2 5 3 - 3 1 1 2 P4 --
TOTAL 9 7 10 22 4 52 51 40 15 11 ) 1
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KOOTENAI RIVER MANAGEMENT OBJECTIVES

The Kootenai River downstream from Libby Dam currently produces an
excellent rainbow trout fishery. Maintenance of this fishery and in-
creasing the average size of fish creeled should be the primary long-
term management objectives. Many environmental components have interacted
to produce the rainbow trout fishery in the Kootenai River. The more
important ¢f these include flow regime, temperature regime, aquatic insect
populations. and spawning habitat in tributary streams. The fishery in
the Kootenzi River can only be maintained by keeping these necessary
components in balance.

The flow regime has been an extremely important component in the
production of the rainbow trout fishery. The normal minimum flow of
4,000 cfs appears to be the single most important factor influencing
the high productivity of the river. The continuation of this minimum
flow is of paramount importance in maintaining the current level of aquatic
productivizy.

The Knotenai River fluctuates daily throughout a large part of the
year due tn peaking power production at Libby Dam. Stable flows in excess
of 10,000 :fs for three weeks or longer occur mostly in the fall and
winter months. Stranding of fish during reduction of flows is minimal
and does not significantly affect the numbers of any fish species. Re-
duction of flows causes increased insect drifting which does not appear
to be deleterious to total insect populations. Reduction of discharge
after flows have been maintained above the 4,000 cfs minimum for three
weeks or longer strands large numbers of aquatic insects. At this time,
it is not known whether this stranding is deleterious to the base aguatic
insect population maintained by the 4,000 c¢fs minimum flow.

Providing good flows for angling in the Kootenai River should continue
to be a management priority. The number of days when the Kootenai River
has good flows for fishing of Tess than 8,000 c¢fs during the summer season
is much Térger now than prior to impoundment. An agreement between the
Montana Department of Fish, Wildlife and Parks and the Corps of Engineers
provides for stable flows for fishing on the weekends and holidays from
1 May through 15 September.

The spawning and rearing habitat in the tributary streams is a critical
requirement of rainbow trout which needs to be protected and enhanced.
The Kootenai National Forest (KNF) is the primary landowner in the Libby,
Bobtail, (juartz, Pipe, 0'Brien, Callahan and Yaak drainages. Close coopera-
tion must be maintained between Montana Department of Fish, Wildlife
and Parks (MDFWP) and KNF to ensure the protection of water quality,
channel stability, riparian vegetatijon, fish passage and fish habitat
in the above streams. The KNF is currently cognizant of the hiigh fishery
values of these streams and the protection and enhancement of these fish
values is a high priority.

A stream protection law administered by the Lincoln County Conservation
District with assistance from MDFWP is concerned with preserving channel



stability and reducing sediment pollution on private land. Enforcement
of this law will help protect spawning and nursery habitat in sections
of streams which flow through private land.

Procurement of instream flow reservations should be a top priority
for streams with important spawning and nursery habitat. The KNF funded
a study in 1981 which collected data necessary to file for instream flows
for Libby, Bobtail, Pipe and 0'Brien creeks and the Yaak River. This
data should be used to file for instream flows in these streams.

.-

A spawning enhancement program for rainbow trout needs to be developed
and executed in suitable tributaries to the Kootenai River downstream
from Kootenaj Falls. Low natural reproduction appears to be limiting
rainbow populations in this section of the river. This program should
involve barrier removal and reduction of resident stream fish stocks
and imprint planting rainbow trout eggs on fish of the same genetic stock
that inhabits the river.

-

An important factor in determining the quality of the fishery is
the size of the fish creeled. Recent surveys conducted by the MDFWP
showed that angiers would rather catch fewer larger fish than many smaller
fish. Thus, a management objective which increases the average size
of the rainbow trout in the creel is in accord with the values of anglers
and would increase the overall quaiity of the Kootenai River fishery.
The size of the rainbow trout can be increased by: 1} providing better
temperatures for growth, 2) increasing the food supply for trout, 3)
reducing competition for food and space from mountain whitefish, and
4) reducing the angling mortality of large rainbow trout.

Fish growth is a complex process and involves the interaction of
many variables. Water temperatures, water quality and fish densities
are variables that might be modified to improve conditions in Kootenai
River. Each of these variables are discussed below.

Operation of the selective withdrawal system has improved annual
heat budgets over those found in the Kootenai River prior to impoundment
and those created from low-level penstock discharges. A thorough review
of temperature and fish distribution profiles in the forebay area may
reveal that further modification to the selective withdrawal operational
criteria could be beneficial. An increased heat budget should increase
bjological productivity of the Kootenai River. R

Water released from Libby Dam is less than 100 percent oxygen saturated.
These subsaturated discharges may affect aquatic insect species diversity
by reducing numbers of some groups of aquatic insects, primarily Plecopterans.
Review of Libby Dam forebay temperature and oxygen profiles may allow
discharge of saturated waters throughout the entire year which in turn
should increase the numbers of Plecopteran insects in Kootenai River.
Plecoptera are usually large insects unavailable to whitefish because
of their size, but readily taken by trout.

.y



High densities of mountain whitefish and rainbow trout appear to
be competing for food and space. A reduction in the numbers of whitefish
should resuit in more food and space being available for rainbow trout.
Numbars of whitefish in the river might be reduced by either of two methods:
1) increasing the harvest by sport or commercial anglers, or by 2) inter-
upting the reproductive cycle by trapping spawning fish or destroying
their eggs.

Fishing requlations controlliing the angler harvest of whitefish
in the Kootenai River have been liberalized allowing anglers a daily
limit of 100 fish and allowing these fish to be sold commercially. As
yet, these regulations have not increased angler catch of whitefish
materially. Further attempts to promote a commercial harvest of white-
fish would require a change in state law to permit other methods of harvest.

Reduction of whitefish numbers through manipulation of spawning success
appiars to be the most efficient method of control at this time. Mountain
whitefish spawn successfully both in mainstem Kootenai River and certain
areas of its tributary streams. Spawning runs entering tributary streams
would either have to be trapped and removed or blocked and forced to
rerain in mainstem Kootenai River. Whitefish spawn in Kootenai River

in October and November when flows are generally above 10,000 cfs. Re-
ducing the flows to 4,000 cfs in December or January for at least 48

hours during a time when air temperatures are below freezing should either
desiccate or freeze large numbers of the eggs. Initial control of white-
fish should be done for at least two consecutive years and thereafter

as needed.

A reduction in angling mortality of rainbow trout over 35 cm in
leagth should provide the opportunity to catch more larger fish. Several
reguiation options could be used to limit the harvest of the larger trout.
These include: 1} fishing method, 2) bag 1imit, 3) size limits, and 4)
season length. Maximum size Timits coupled with the elimination of bait
fishing has proven to be effective in increasing the number of larger
trout in the Madison River, Big Hole River and Rock Creek in Montana.
Clark et al. (1981} reviewed the effectiveness of various types of fishing
regulations on trout in Michigan trout streams. They concluded that
a minimum size limit was the most effective regulation for controlling
exploitation of trout. A minimum size 1imit increased the number of
larger trout harvested but decreased the total harvest. Hunt (1970)
also found that a size 1imit was the single most effective method of
preventing excessive harvest of brook trout populations.

A major obstacle to instituting a size limit in the Kootenai River
is the high percentage of anglers fishing with natural bait. Mortality
of trout caught and released is much higher with natural bait than with
flies or lures. Before such a management program is instituted, the
angling public should be informed of the reasons for the regulation changes
through news releases and public hearings. The catch and release program
for larger trout should increase their numbers in the river, but increased
densities of larger fish may eventually result in a decline in growth.



The excellent wild trout fishery in the Kootenai River downstream
from Libby Dam would be impacted if more of the river was impounded by
dams. Dams wou'd destroy the river fishery in the impoundment areas,
reduce aquatic insect diversity and drift downstream from the dam and
increase the fishing pressure and harvest on the remaining riverine part
of the Kootenai. Therefore, an important fisheries management priority
shouid be to keep the Kootenai River downstream from Libby Dam in a free-
flowing condition.

Monitoring of fish populations and angier harvest shouid be done
in the Kootenai River to determine the effects of management changes
upen fish populations, angler catch rates and size of fish creeled. Pop-
ulation estimates should be made for rainbow trout and mountain whitefish
annually in late winter in the Flower-Pipe Section and every other year
in the Troy Section. Information on the length frequency distribution,
age structure and condition factor of the rainbow trout and mountain
whitefish populations should be determined. The spawning run of rainbow
trout ascending Eobtail Creek and Libby Creek should be monitored biannually.
A creel census stould be conducted on the Flower-Pipe Section every other
year from July through August. Data should be collected on catch rates,
species composition of the catch, average size of trout creeled, and
total fishing pressure and harvest. Standing crops of major groups of
aquatic insects should be determined biannually in the spring and fall
at the station located above the mouth of Pipe Creek.
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