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ABSTRACT

Food habits and habiltat selection of mountain
whitefish and rvalnbow trout within the Kootenal River,
Mentana, and two of its major tributaries were studied
to assess possible comperitive interactions between the
spacies. Analysis of gstowmach contents revealed that
chironowmids were the maior food item of mountain
whitefish, ranging frem £2.7%2 to 62.4% total stomach
volume. Swmaller whitefish showed the most consistent and
heaviest use of chironomids, whereas lavger whitefish
showad the largest deviation from chironomid vtilization,
exhibiting nhigh seasonal use of Trichoptera and
Gastropoda. Rainbow trout utilized nmorve Ephemerocpterva and
Trichoptera, ranging as high as a combined 95.8% tozal
stowmach volume, and were more diverse In food preference,
feeding on all major invertebrates found in the Kootenal.
Small trout derived up to 85.7%2 of their winter food bulk
from chironomids. Percent overlap in diet between
mountain whitefish and rainbow trout ranged from 11.0% to
90.6%. Overlap in the diets of smaller fish, less than
20.0 cm TL, was the greatest. Whitefiish appear to be more
selective feeders than vainbow trout, keving in on
chironomids from both the benthoes and drife, Rainbow
trout appear to be an opportunistic water column and
surface feeder, selecting insects in rvelation to thelr
segsonal abuandance. Only slight differences exist between
microhabitat selection of svmpatric mountaln whitefish and
rainbow trout. Average water column velocities gccupied
by both species were virtuslly the same. Whitefish chose
deeper arveasgs and substrates with a higher percent of
gravel and cobble. BRainbow trout occupled areas with a
high percent of boulder. Allcopatric trout were found in
areas with lower average water column velocities than
sympatric trout. The combination of substrate
characteristics and water depths was most impoertant in
influencing mountain whitefish habltat zelection. The
interplay of water depths and velocities was dominant in
influencing rainbow trout habitat selection. Total water
depth contributed the meost in formulating the best
descriptive habitat functions for both species.
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IHTRCDUCTION

The Kootenai River, with an average flow at Libby of
12,000 cubic feet per second {(cfs), is Montana's second
largest river. Since the completion of Libby Dam in 1973,
the remaining 80.53 free-flowing kilometers {(km) of the
¥Kootenai in Montanag have undergone considerable envirconmen=
ral alterations. HNet onlv phvsical parameters, such as
flow regimes, temperature patterns, and water guality have
been altered, but also dramatic changes in the aguatic
invertebrate and vertebrate communities have occured (May

and Huston 1979).

Mountain whitefish {(Proscopium williamsoni) and rainbow

trout {Salmo gairdneri} are indigenocus to the Montana por-

ricn of the Kootenal River {(Allendorf 1980, Brow 1871} and
are also the predominate game fish species. Humbers of
Lhoth species have increassed four and five fold, respecti-
ively, since regulation of the river, with a vesultant
decrease in both aversge size and growth rates {May eg al.
1981%.

Numbers of mountain whitctefish in the Pipe Creek section

0f rhe Koontenai River bave increased from 171 fish per 300



meters {m) in 1974 o 770 in 1981. Year class strength and
growth rates for mountain whitefish have coscillated more
rhan those of rainbow trout, but have decreased overall
since reaching their peak in 1977. Three-year—-cld fish in
1977 averaged 35.8 centimeters {cm) total length {(TL), as
cemp&réd to 29.7 em in 1980, The growth of fish up to age
1% did not change as mavkedly as the growth of older fish.

Numbers of rainbow trout in the Pilpe Cresk section of
the Kootenal River have increased from 24 pey 300 m in
1973 £o 126 in 1980. Although the total number of rainbow
troutr has increased markedly, the abundance and pervcent of
fish larger than 35.5 c¢m peaked in 1977 at 32.8 percent,
dropped markedly in 1878 to 10.3 percent, and fell to 2.5
percent in 1981 {(May et al., 1981). The marked reduction
in the percent of the populatiocn over 35.5 cm TL appears
ro have resulted from a decline In growth rates, with
increasing angler harvest also being a contributing factor
{(Grahsm 1979). Three-vyear-old fish in 1977 averaged 45.5
cm, whereas three-vear-old fish in 1981 only averaged 34.3
cm., Growth of fish is often dnversely related to fish
densities {Chapman 1%66). The reduced growih rales appear
to be primarily a vesult of incrveased fish densitvies.

The Montana Depaviment of Fish, Wildlife and Parks



management program emphasizes maintaining a viable wild
rainbow trout fishery in the Koorenal River. More liberal
fishing regulations on mountain whitefish have been initi-
ated in response to thely growing population and possible
competition with the still increasing rainbow trout popula-
rion. This study addressed possible competitive inter-
actions between mountaln whitefish and valnbow Lroui.
Cowmpertition can occur between species when a necessary
resource is in limited supply orv if the guality of that
resource varies and demand is guality dependent
{McNaughton and Wolf 1973)., With the Kootenai's biotic
and abiotic environment in a consbtant state of flux due
to power peaking, it 1s hypothesized that the opportuni-
ties for competitive interactions between mountain white~
fish and rainbow tfrout are Increszsed. This study was
concerned with possible competition for food and space,
among the most fundamental envirconmental components neces-
sary for any organism to survive (Chapman 1966, McNaughton
and Wolf 15733}, The twe cobiectives of this study were;
(1} to determine the seasonal food habits of select size
groups in mountain whitefish and ralnbow trout as related

to availlability of aguatdlc insects in the Keotenal River;

and (2) to study the macro— and micro-~habitat selection of



select size groups in sympatric mountain whitefish and

rainbow trout within the Kootenal River drainage.



DESCRIPTION OF 3TUDY AREA

KEootenai River

The Kootenai River, the second largest tributary of
the Columbia, drains approximately 50,000 square kilometers
(kmz}, The viver originates in Kootenay National Fark,
British Columbia, flows south into Montana, thenm northwest
through Montana and Idaho and into Kootenay Lake in Canada;
it then flows southwest from Kootenay Lake and joins the
Columbia River at Castlegar, British Columbia {Figure 1).
The Kootenai River 1s approximately 780 kilometers {(km) in
length of which 266 km are in the states of Montana and
Idahe. Elevation of the Kootenail in the United States
ranges from about 533 m to 704 m above mean sea level with
a gradient of 0.6 m/km (Bonde and Bush 1975}.

The Koortenai River was impounded by Libby Dam in
March, 1972, leaving ounly 80.5 kma free-flowing in Montana.
Libby Dam discharges have reversed the natural river
hydrograph. Historically, the highest flows occurred fronm
April through July, with the median peak flow of about
43,000 cfs occurring during May and June. Low dilscharge

of abeout 2,000 cfs occurs during winter and early spring.
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The average annual discharge is about 12,000 cfs. Zince
impoundment, lowest mean flows of 4,000 cfs occcur from
4pril through June, with highest mean flows of 20,000 cfs
gcecurring from November through January (Figure 2a).
Maximum discharge prior to impoundnment was 121,000 cfs as
compared to 40,000 cfs following impoundment (Shields et
al. 19823,

The daily flow regime, which was stable under natural
condlitions, now fluctustes from 4,000 to 23,000 cfs due to
power peaking capacity of Libby Dam. These daily flows
can fluctuate an allowable maximunm of 1.2 vertical meters
per day from April through Septenber and 1.8 m per day
from October through March. Actual fluctuations have been
less than the maxinum allowed on most davs {May ¢ al.
19813,

Kootenai River water temperature has also been altered
by regulation. Although Libby Dam is equipped with a
selective withdrawal system, operational constraints
result in water temperatures which are warmer than the
natural regime from Jctober fo March, and coocler from
April to September {Figure 2.

Two sections of the Kootenal River were sslected to

derermine seasonal food availability and food hablts of
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Figure 2. The median flows and mean daily water temperatures
recorded in the Kootenal River before and after
construction of Likby Dam.



mountain whitefish and rainbow Lrout. The Elkhoyn study
sectien is approximately 16 km downstream frowm Libby Dam,
near the censtruction site of z proposed reregulation dam;
the Pipe Creek study section is 32 km downstream from the
dam (Figure 1). Thess areas differ in gradient, velocity,
substrate size, and width of channel.

Fourteen fish species inhabit the Kootenai River and
irs tributaries above Kootenai Falls, approximately 356.3
¥m below the dam site. HMountaln whitefish and rainbow
trout are the predominate fish species in this area

{Graham 1979}.

Fishery Hiver

The Fisher River 1s the largest tributary to the free
flowing Kootenai in Montana. It drains approximately £,.748
kmz of northwest Montana. The rviver originatesg in Pleasant
Valley approximately 80.5 kmn west of Kalispell, ¥ontana,
and flowe west for 86 km before joining the Kootenai 2.6 km
helow Libby Dam. Average annual discharge for the study
period was 212.6 c¢fs, witha low flow of 118 cfs occurvring
in September 1981 (Shields et al. 19%82).

To avoid extensive railroad and road construction rip-

rapping, study sections were established approximately
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38.6 to 47.6 km above the mouth of the river {(Figure 1).
The Fisher River exhibite the same general filsh

species composition as does the Kootenal River itself.

Mountain whitefish and rainbow trout are yeary—long

residents of the viver.

Libby Creek

Libby Creek is the second largest tributary to the
Kootenal above Kootenai Falls, entering the river at the
town of Libby. Originatimng in the northern slopes of the
Cabinet Mountain Wilderness, Libkby Ureek and iteg many
feeder streams drain approximately 665 km? and flows 36.7
km before entering the Kootenail. During 1981, flows ranged
from 370 cfs in May to only 8.4 cfs in Septenmber.

Study sections were established 8 to 9.5 km above the
mouth of Libby Creek {(Figure 13. Mountain whitefish use
Libby Creek extensively for spawning and rearing, but adult
fish were rarely present during the summey months. Rainbow

trout are vear-long residents of Libby Creck.
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METHOQDS

Food Habilits

Fish were collected from the Kootenail River in the
Elkhorn and Pipe Creek study sections (Figure 1) during
early night hours using boat mounted electvofishing gear
{Loeb 1957) from June teo October 1980 and January, March
and May 1981. Eaeh month 20 mountaia whitefish and 20
raianbow trout were collected from each of the two study
sgctiona. When possible, samples of each specles were
made up of ten small (10.0 - 19.9 cm TL), five medium
{20.0 ~ 27.8 e¢m TL)}, and five large (27.8 - 43 cm TL)
fish. Sample size, however, was less during certain months
due to fish availability. These size grouping, in
general, represent age I+, 1L+, and III+ and olidery
mountain whitefish and rainbow trout {(May 198Z).

Rainbow trout less than 20 cm TL and all whitefish
were sacrificed, stomachs removed and contents preserved
in 10% formalin for later amnalysis during June, July and
August 1980. Stomach contents of ralnbow trout longer
than 20 cm TL were obtained with stomach pumps {Seaburg

1957, Meehan and Miller 1978) and the fish were relessed.



During the remainder of this study this size group of
rainbow trout was handled in the same manner az all other
fish. Total leungth and weight were recorded aund scale
samples taken from sach figh collected.

Stomach contents ¢f mountain whitefish and rainbow
trout were hand picked, sorvted to order and placed in
vials containing 73% alcohol. SBamples collected in July
and Cctober 1980 and Januvary and May 1981 were evaluated
for seasonal food habits and food organisms ddentified to
the lowest taxonomic level possible. A1l macroinverte—
brates weve identified with the ald of a wvariable power
dissecting micrescope and numerous ianvertebrate keys
{Jensan 1966, Merrit and Cummins 1978, Pennack 1978,
Wiggins 1977} and enumerated using a2 laboratory counter.

Food bicmass was measured by volume displacement, with
any velume less than 0.053 milliliters (ml) aassigned a
trace volume {TY of 0.0125% nml. Volumetric measurements
were made using a 10 ml gradusted centvrifuge tube or a 30
ml graduated cylinder.

Benthic invertebrates were sampled at both study
sections within the 24 hours {(hrs) prior to stemzach
sampling. Three samples were taken with each of three

different samplers, to reduce blases associated with any
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one gsaumpling device. At the Elkhorn study section a
modified ¥napp~Waters sampley {Waters and Knapp 1961) was
used to collect dnvertebrates. This sampler could not be
effectively used at the FPlpe Creek gection due to very
large substrate. The other twoe sanplers used, & modified
kick met and a circular depletion sampler (Carle 1976),
area of designed for use in large substrate. Both saumple
an are 0.33 sguare meters {mz} and have a mesh size of 150

2

microns, compared with a sample area of 0.0%93,m” and a wmesh

size of 471 microns for the Enapp~Waters sampler, The
circular sampler was used at the Pipe Creek section in
place of the EKnapp-Waters sampler and the kick net was used
at both study sections. Drifring invertebrates were
sampled in conjunction with fish sampling periods. Drift
samples ip both study sections were taken 1 hour (hr}
baefore and 1 to 2 hrs into the fish sampling pevriod. Two
drift nets were vun councurrently. These nets were sat
parallel o each other and to the shore line inwater from
15 to 30 cm deep for 1 hr intervals. Het openings measursad
0.145 m? and nets were 1.5 m long. Mesh size was 355
microns., Veloecltity readings were taken at the net openings

and volumes of water filtered were calculated. For futhevr
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details on invertebrate sampling and analvsis procedures

see Appertc-Perry and Huston {1982}%.

Habitat Selection

Snorkeling was used to evaluate habitat selection,
feeding, and interactions of mountain whirefish and rainbow
trout during davlight hours frowm June to Ssptember, 1980
and 1981, 1n sections of the Kootenail River, Libby Creek
and the TFisher River {(Figure 1}. One 9.6 km section of
the Kootenai River, encompassing the Pipe Creek study
section, was snorkslled on two separate cccasions in
August of 1980 (Figure 1). Jualitrarive notes on general
gacrohnabitat selection, intra— and interspecific
distributional patterns and generzl behavioral
interactions among and betwesn wountalin whitefish and
rainbow trout were recorded. Approximately 14 hrs of
underwater observation time was logged in this section of
the Kootenal River.

411 guantitative habitat work was conducted in Libby
Creek in September 1980 and July to September 1981, and in
the Fisher River from July to October 1981. Strean

sectiong were first snorkelled to determine areas with
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adequate fish densities. Fish locations and physical

stream characteristics at selected sampling sites were
later documented using the planimerric method and spot
observations (Bovee and Cochnauver 1%77}.

The planimeter method involved making detalled contour
maps of selected stream sections. Two differing stream
sections were established in both Libbhy Creek and the
Fisher River, totalling 58 and 68 stream metevs, respec~
tively. First, 2z base line was established parallel to
the stream edge. Then, pervrpendicular lines from the base
line were strung at 1 m intervals across the strean
channel (Figure 3a). Measurenments of water depth and
average water velocity (0.8 depth) were taken at 1 m
intervals along these transects from the base line toward
the opposite water's adge. Small painted vocks were placed
on the stream bottom every 3 m to aid in future fish
location work {Figure 3b). Major physical cover compo—
nents {boulder, wood debris, stc.) were also added to this
depth — velocity map {(Figure 3c}.

After mapping was completed, 2 days were allowed for
fish to rvedistribute thewmselves within the study section
before habitat uvtilization data were collected. Habiltsat

utilization was evaluated by snovkeling, usually during
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Figure 3. Procedures in estasblishing a planimetric study area.
A} establishment of base and transect lines:; B) total
depth and average velocity (0.6 depth! taken at one
meter intervals; C) major cover components and snork-
iing reference rocks: D) fish locations ooded for
size and species.
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mid—day hours, facing upstream and cohserving fish

in relation to the 3 m2 grids previocusly established.
Working in this upstream zig-zag pattern allowed me to
cover the entire strean section with 22inimum chance of
disturbing the fish. Fish were chbsevrved for as long as 20
minutes to determine if habltat utilization was influenced
by my presence. An inddividual fish locatlon was then
marked on a "poly~-paper” stream section depth-velocity map
I carried with me. Symbols were used to denote gize and
species of fish. Individual fish were perliodically
collected, using an underwater percussion gun (Everest
1%79), to verify my sccuracy in estimating fish sizes
underwater. Stomachs and scale samples were also taken
from these fish.

By transferring observed fish locations onto the
original depth-velocity map, additional parameters of
habitat utilization and species associations could be
quantified. These parameters included; average velocity
{0.6 depth) and total =ztream depth at Iindividual fish focal
points; distance to other specles and number of other fish
within the stream study section; disfance to major covey
components and closest waters' asdge {(Figure 34d}.

Snorkeling sections, situated to encompass the
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planimetric study areas, wevre also established on the
Fisher Riwer and Libby Creek., Eguipped with a measuring
rod, pencil, "poly-paper”, clip board, and several
weilghted fliloats, I snorkelled downstresm making spot ob-
gservations. When fish were observed, 1 would float past
them and then return to their locatien by moving back
upstreamnm. I observed fish for some time to assurse that
they had not been temporarvrily displaced by my presence

and then place a weighted mavrker at the focal point of the
fish under observation. I would then leave the water to
record the gsize and speciles of that fish, the distance
above the substrate which thet fish maintained, and the
estimated distances, species, and number of other fish
within my field of visicn. I would re-enter the water and
continue downstream, making these observations until I had
run out of markers. I would then return to the most
upstream marker and, with the aid of a field worker, make
additional wmeasurenents &t each observation point. These
megsurements included: total depth; facing, average (0.6
depth), and surface veloclties at the focal point
{marker}; average {0.6 depth) velocities within a 0.5 =
radius of the focal point: and distance to cover. ‘?rew

dominate substrate composition (2} within a 0.5 m radius
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of the focal polint was slso estimated. Substrate
categories were; sand, particle dianmeter less than 0.1

cmy; gravel, from 0.1 o 10 cm; cobble, from 10 to 30 cmg
boulder, greater than 30 ¢m. These categories represent a
condensed Wentworth’'s (Cummins 1964) parvicle size clagsi-
fication. Approximately 50 and 84 hyvs, respectively, were
logged in making spot observations in Libbv Creek and the
Fisher River.

Detailed notes on intra- and interspecific behavior,
feeding behavior, and distribution patiterns of nountain
whitefish and vainbow trout were recorded during a1l
snporkel activities. General data on time of day, weather
conditicng, air and water tempervatures were also recerded.
Many ﬁnderwater photographs were taken to vecord general
distribution patterns of the species and thelr associgtion
with differing cover components.

Simple sunmmary statlstics and Student's t~-rLests were
hand calculated following procedures by Huntsbherger and
Billingsley {(1977). Percent overlap in the dietary com-
pogitlon of mountailn whitefish and rainbow trout was esti-
mated using a formula developed by Schoener {1%70). 411
percentage data were tranformed using an angular tranfor—

mation in order fo assure normalitry (Snedecor and Cochran
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L9803, Pearson corrvelations and discriminant analysis
were made using the SPS55 (Hie et al. 1875) statistcical

package at the Montana State University Computer Center.
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RESULTS AND DISCUSSION

Food Habirtrs

Stomach contents of 340 wmountain whitefish and 2%8
rainbow trout collected during the 8 months of sampling
were utilized in evaluating food habits. The sample con-
sisted of 174 small, 83 medium and 83 large mountain
whitefish. Size group distribution of vainbow trout was
129, 85 and 81, respectively {(Tables 1 aund 2).

The efficiency of stomach pumping for obtalning
stomach contents of rvalnbow trout greater than 20 cm total
length was considered to be too low for this guantitative
study {(Table 3}, and thus was discontinued after the first
3 months of sampling. OFf the 68 rainbow trout greater
than 20 c¢m total length collected during June, July and
August, 1980, 1% were randomly sacrificed afrer stomach
pumping. Volume of contents gumped wag then compared to
the volume remaining within tThe stomach. These relatively
iow sfficiencies obtained by using the stomach punpinag
methods were most ililkely due to my own inexperience in
using them. However, vegardless of the methed I eumploved,

the fuller or more conmpact a stomach was, the less
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Table 3. Stomach pumping efficiency on rainbow trout
greater than 20 cm TL. HMean efficiency
expressed in pervcent of total stomach volumse
remwoved.

Total length Humber Mean Standard
{centimeters) of fish Bfficisncvyi Deviartion
20.0 -~ 27.7 7 51.75 36.30
27.8 - £3.0 12 31.14 17.13
19 38.73 27.13

gfficient was the removal of the contents.

During the entire sampling periocd, Chironomidae larvae
and adults were the nmajor food ltenm of mountain whiteflish,
ranging from 42.7% to 52.4% total comnbined stowmach volume
{(Table 1 and Figures 4 and 5). The smaller whitefish {(1G.0
ro 19.9 cm} showed the most consistent and heavist use of
the Chirononidae, with an overall mezn utiliigation in the
two study sites of 460.1% (Standard deviation = 9.78)
{(Tables 1). Larger whitefish (27.7 to &3+ cm TL) showed
the largest deviate from chironomid utilization, exhibiting
relastively high seasonal use of Trichopteras larvrvae and
adults and Gastropoda (Other® category, Table 1).

¥Mountain whitefish in geneval also uvuiilized Ephemeroptera
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and Tricoptera to a significant extent, showing overall
vearly means 1n the two study ssctions of 20.7 and 17.7%,
respectively.

Many authors have previously reported a high
utrilization of Chironomidae by mountalin whitefish {(McBugh
1940, Sdigler 1951, Daily 1971, Poeantiuvs and Parker 1973 and
White and Wade 1%980}. Laakse (19531}, Brown {1%70), and
Stalnaker and Gresswell (1974} also reported a general
broadening in food selection ss mountain whitefish size
increased.

Seasonal food habits of mountain whitefish were gen—
erally consistant between the twoe study sections. Ucili-
zation of the three wmaior food groups, Chirononmidae,
Ephemerocptera and Trichoptera, was alsec guits consistent
throughout the year (Table 1 and Figures 4 and 5).

Individual size groups of whitefish from the Blkhorn
study section derived as much as 36.8% of their food bulk

from seversl Diptera genera {(Antocha s Hexatoma sp

Simulium sp) during the months of January and March 1981:
the overall relative uwtilization of these genera combined
was 17.3 and 12.2%, respectively. This resulted im the
relative importance of the three major food groups.

Larger whitefish (27.8 to 42+ cm TL} derived 27.8 and
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2G.0% of their food bulk froem Castropods {(Othar® catezory)
during the months of Awvgust and Septembey, 1980, respec~
tively. This shift vesulited in a marked decrease in
relative importance of Chironomidae during August 1980

and of Ephemercoptera and Trichoptera during Septenmber 1380
{Table 1 and Figure 4&4}. Whitefish from the Elkhorn study
section devrived 8%.2% of thelr annual food bulk frowm the
three major food groups: Chironomidae, Ephemeroptera, and
Trichoptera.

Whictefish from the Pipe Cresek study secticn derived
91.1%Z of their total annual food bulk from the three maioer
food groupe. In contrast to findings in the Elkhorn
section, there wae noe increased use of Dipiterans, othery
than Chironowmidae during Janusry and March 1981. Larger
whitefish (27.8 to 43+ cm TL) aguired 206.1, 58.6, and
39.8% of theilr teotal monthly food bulk primarily from
GCastropods {(Other* category) during the months of
September, October 1980, and March 188l, respectively.
This resulited in a marked decrease in the relative impor-
tance of Ephenmevoptera and Trvichoptera for this size group
¢f mountain whitefish during these 3 months. drilization
of Chironomidae decreasaed only slightly for these months

{Tadble 1 and Figure 3.
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Rainbow troutr utillzed more Ephemeroptera and Trichop-
tera than whitefish with totals ranging ss high as 95.8%
of total stowmach volume {Elkhoyn ssetioen, July 1980, Table
2 and ¥Figures & and 5). BRainbow trout also showed a more
diverse food prefevence and fed on Other® invertebrates
such as Nematods, Coleopriera, Gastropoda, Annelida, Hemip-
tera, and Hirudinea. Urilization of these inpvertebrates
ranged as high as 43.7% in an individual size group
{overall mean = 10.4%}. The overzll mean of utilization
of thie group by whitefish was only 3.8%7 {(Table 1).

Seasonal food hablits of ralnbow troui were generally
consistant between the two study seciionsg, however, fish
gsize class and monthly variations in diet were uwmuch more
variable than those exhibited by mountaln whitefish (Table
2%. ¥rom June te August 1980, and during March 1981,
utilization of Chircnomidae by rainbow trout in the Elk-
horn study section never exceeded 117 total stomach
volume for any one size group. During the other 4 months
o0f gsampling, utilization of Chirvnomidae was never iowe%
than 10%Z total stomach volume. In January 1981, small
rainbow {10.0 o 19%.0 ¢m TLY derived 85.7%Z of that months
food bulk from Chironmidae alone {Tablse 2. Bisson (1975}

and Johnson {1981) also repovted a high uwiilization of
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Chironomidae by small rainbow trout. White and Wade
{1980 alsc found that the ralative importance of
Chircnomidae waeg highest during the winter months.

White and Wade {1%80), in their study of the South
Fork Boise River in Idaho, also found that rainbow trout
diets became increzsingly diverse in spring and summer,
with the highest number of terrestrial organisums belng
consumed in the summer. This generzl scenario of rainbow
trout food habits can also be applied to the Kootenai
River. During the late spring, and eariy summer months
{(June 1980 and May 198B1) nmedium (20.0 to 27.7 cm TL} and
large (27.8 to 43+ cm TL) rainbow trout obtained 21.3 and
19.0%, respectively, of their monthly food bulk from cer-
restrial invertebrates. Utilization of Other?® inverte-
brates was evident during all months except July 1980 and
March 1981i. The three major food groups; Chironomidae,
Ephemeroptera and Trichoptera made up 73.Z% of the toral
annual diet of rainbow trout in the Elkhorn Section {Table
2 and Figure 4).

Prom June to August 1980, and during Januvary 1981,
utilizacion of Chironomidae by rvralnbow tryout in the FPipe
Creek study section rarely exceeded 7.5% toral stomach

volume by any one zize group. During the other 4 months



31

0f samplding, wtilization of Chircnomidae dropped ag low as
6% total Stgmach volume but avevaged 33.7%Z for that sane
time period. All sizes of rainbow trout fed heavily on
Chironomidae during the month of fctober 1380 {(Table 2Z).
Utilization of Ephemeroptera and Trichoptera fluctuated
throughout the sampling period, varving from 0.0% vo as
high as 89.1% total stomach volume for any ong‘size group
during any one month. When utilization of Ephemeroptera
and Trichoptera was relatively high, size group varlations
were low {(Table 2). Again, ae in the Elkhorno study
section, the shifting between utilization of Chirconomidae
and Ephemercoptera—Trichopters wae evident. OGthey® Ilnver-
tebrates were utilized during all months except January
1981. Rainbow trout from the Pipe Creek study section
derived 73.8Z of their total anunual food bulk from the
three major food groups:; Chivoncomidae, Ephemercptera and

Trichoptera (Table 2 aund Figure 3)}.

Percent Overlap

Differences or similarities 1un food habits slone do
not adeguately veflect the relationship of diet overliap
and potential competrition between mountain whitefish and

rainbow trout. There are three basie methods of food habitc



analysis; frequency of occurrence, percent of total numbers
and percent of total volume {(Bagenal 1978). Some investi-
gators have used an index of relative imporvtance (IRI) to
evaluate diet overlap (Geovrge and Hadley 1979, McMullin
1979). This IRI is essentislly a mean of the three dietary
measures. Freguency of occurrence and percent of total
numbers are heavily Influenced by the zumallery food items
which may contribute little teo the total volume of an
individual stomach, For this reason, the average of the
volume percentages appears to be the leasgt obiectionable
measute of the diet when galculating overlap {Wallace
19813,

The percent overlap in diet between mountain whirefish
and rainbow trout in any one size group, month or section
ranged from 11% in June, 1980 «to 90.6%Z in October, 1980
{Table 43. Total overlap (for all size groups) for any one
month raunged from 31% January, 1%8L at Pipe Creek section
to 94.3% 1in October, 1%80 alsc at Pipe Creek. Total per-
cent overlaps in the Elkhorn section werve move consistent
than those for the Pipe Creek study section.

Percent overlap in the diets of small fish, less than
20.0 ecm TL, was higher than those of fish greater than

20.0 em TL {Table 4). Small fish ave more resiricted to
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smaller food organisms than larger fish {Laakso 19531,
Bigson 1878B) and, thevrefore, would be expected to have more
diet Ovefza;g Small whitefish fed heavily on Chirononidae
and small rvainbow trout utilized more Chironomidae than
larger rvainbow trout {(Tablssg 1 and 2. Therefore, if com-—
petltion for food is occurving, it is most likely taking

place among fish less than 20.0 cm TL.

Selection vs Availabiliity

The measured or appsarent availlabilicy of benthic
insects may have little rvelatiocunship to the actual
ingestion of the itews by a fish. Prev which appear
abundant may be velatively iunaccessible, less desirable,
protectively camouflaged, or hard to catch {Wallace 1981}
Fish develop and maintain definitive feeding images {Iivievw
18613, Therefore, food utilization by fish can be less
than, equal to, or greater than measured availabilicy. The
behavior and size of both predator and prey nust be
considered before decizslons about selectivity can be made.
Without these biologicsl censiderations, the interpretation
of either rav dats or auny form of mathewatical computation
could be deceptive {Williams 1983)}.

When selection of & food organism is significantly
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lower {(p<0.03} than its measured availability, one could
postulate that some enviroumentsal or behavioral character—
iatdic of either pradator or prey amctually decraases the
preyse' availabllity below that which was measuved. This
point 1is best demonstrated by using Chircnomidae as an
example., Chironemidae are one of Lhe mosgt abundant insect
families found in the Kootenai Hiver {Appert L1983} and are
alsc kanown to demonstrate a high propensity o drifr.
However, they usually conmprise only a swmall percentage of
the overall diet in valnbow trout over 20 cm TL {(Tables 2,
5 and 6). Rainbow trout are known to be priwmarily drife
feeders (Bryan 1973, White 1973, Irvinpne and NHorvthcots
1982), however, utilization of drifting Chironomidae by
rainbow tfrout was usually well below their presence in
drift samples at both study sections {(Tables 5 and 6}.

When vtilization dis relatively equal to availability,
the food organism’s measuvred availability is vealistic and
the fish is feeding cpportunistically. This type of
feeding relationship with sany one of ithe seven food groups
can be geen In both mountain whitefish and razinbow trout at
both study sections throughout the sampling periocd.

In the Blkhorn study section, mountaln whitefish fed

upon Trichoptera larvae approximately in proportion to
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theiry composition in the Denthic dlnsect community during
June, July and August 18580 {Table 5}. In the Pipe Creek
study section, rainbow trout utilized Ephemeroptera larvae
and adults approximately in proportion to percent com—
positicon in the drifring insect community during August
1980 and February and May 1981 {(Table &6}.

When utilization i1s higher than avallability, either
ocur hablrat sampling techniques are biased ovr the fish are
selecting that particular food itsm. Mountain whitefish
and rainbow trout differ the most in thelr apparent
selecrivity of preferred food,

Mountaln whitefish in the Xootenai Biver fad on
Chironomidae from both the water column and by actively
foraging through river substrates. Underwater observa—
tions revealed that foraging was a common feeding be-
navicer. By using theilr sunouts, whitefish turn over rocks
and literally "plow” through swmaller substrates during
bottom feeding. Uzilization of Chironomidae by whitefish
averaged 53.8% {(Standard desviation = 7.17) and ranged as
high as 64.9%%. With few exceptions, utilization of
Chironomidae was well above thelr measured zgvallability in
both the benthos or drift {(Tables 5 and 6j). Conversgsely,

utilization of Chircnomidae by rainbow trout was usually
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helow msasuvred availabiliicy.

Although only occaslonally conmprising a substantial
pare of the benthic biomass, Chirconomidae accounted for s
considerable pevcentage of the total drift sampled,
Whitefish food habits were positively correlated (p<0.03)
to the total drifiting community 82% of the tine. Ho
positive correlations were found with the benthic insect
community {(Tablee 11 and 12} However, without direct
observaticn of the feeding behavior of mountain whitefish
or the awareness of inhervent wmathematical biases, the
implicaticns of these resulis could not be fully reazslized.

I believe that a considerable amount of Chironcomidae
urilizarvion occcurs during substrate foraging and neot from
drift feeding alone. 8mall, slow moving, high density
insects such as Chironomidae would be highly susceptible
to a foraging predator such as whiztefish. Also, mountain
whitefish ware obsevrved capiuring ounly larger bodied in-
sects such as Ephemsroptera and Tricheptera during drifc
feeding. Kiefting (1978} reported that the lack of ter-
restrial insects in the stomachs of whitefish from the
Snake River also suggests that surface feeding 1s not an
important source of food to whitefish. Terrestrial insects

never comprised more than LZ of the roetal stomach volume



for mountain whitefish from the Kootenai River {Table 1}.
Inorganic material such as sand and gravel, which was
almost always present ia whitefish stomachs from Che
Kootenai River, also supports their adapticn to botton
feeding. Pontius {1972 alsce found this to be true.

Rainbow trout food hablits pesitively correlated with
drift samples only 25% of the time, and 50% of the tinme
with benthic samples (Tables 11 and 12). However, uander-
water observations indicated that rainbow trout fed pri-
marily on drifting insects and were only occasionally
observed picking imsects from the surface of the substrate.
Never were they observed actively foraging through the
substrate or in and arcuand submerged objects as did
whitefish. Rainbow food habits, however, showed little
correlation with the dyifting insect communitcy. Possibly,
the timing of inegect sampling did neot adequately represent
the fish's time of feeding.

Rainbow trout food habits in the Xootenal River are
quite variahble, but after studying both empirical and
hehavorial data, certain treands in utilization of avail-
able food become apparent. Raianbow trout appearved to
sreferably feed on three famililes of both Ephemeroptera

and Trichoptera. Utilization of these Iinsects was usually
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at or above their measured benthic avallability and showed
no consistent correlatiocn with drifting dnsect availlability.
During those months when utilization of these two food
groups was well above measured availlability, emergent
and/or adult forms were belng heavily preved upon. Rainbow
trout switched to any other food organiswms {(ie; NHematoda,
Coleoptera, Annelida) as they becames seasonally abundant
{Table 6}. My observations indicated that Kootenazi River
rainbow are opportunistic, emnergy sfficient, water column
and surface feeders that select insects Iin relation to
their seasconal availability. Although Chironomidae may
sometimes comprise the majority of the drift biomass, they
apparently were not selectively taken as long as other,
larger bodied insects were abundant. During wianter months,
when most other aguatic insect activity and production are
slowed, utilization of drifrting Chirononmidae was high

{Table 6.

Habitatr Selection

High dischsrge of 6,000 cfs and larger from Libby Dam
from June through September, 1981, made habltat analysis
in the Kootenai River opervationally impossible. A1l hab-

itat work was conducted In the Filesher Hiver and Libby
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Creek, the two largesi tributavries tfo the Keotenal River
above Xootenai Falls {Figure 1},

In Lipby Creek, mountain whitefish are abundant only
during spawning; therefore the rainbow trout population is
existing in generally an allopatric situvation. Both
species occur in the Fisher River in abouif equal numbers
throughout the vear; these populations exhibilt sympatry
similar to the situation in the Rootenai River.

Only slight differences existed bhetwsen the micro-
habitat selection of these sympatric salmonids within the
Fisher River. Whitefish chose deeper aveas Lhan rainbow
trout; 0.957 m total depth as compared to 0.762 m total
depth, respectively. Average (0.6 depth) velocities
gccupied by both specles were virtually the same; 13.38
cm/sec for whitefish and 13.11 cu/sec for rainbow trout
{Table 7). BRainbow trout choss substrate areas with 2
higher percentage of sand {1%9.32Z%) than did wmountain
whitefish (9.647). Sandy areas can only be maintained in
areas with relatively low velocities {Chorley 196%), and
sympatrie rainbow trout were found to occupy areas with a
slightly gmaller facing velocity than whitefish, 1.4% and
2.22 cm/sec, respectively {(Table 73. Bovee {(1L978), in the

formation of probability-of~use critevria for the habitat
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parameters of total depth, avevage velocity and substrate
composition, found few dissimilarvities between the
probability curves developad for mountain whitefish and
rainbow trout.

Rainbow trout larger than 27.8 cm TL occcupied areas
with both higher facing and average velocities than
mountain whitefish of the same size (Table 7). This
appears to be due to the fact that this size group of
rainbow trout occcupied significantly shaliower areas than
similar sized mountain whitefish, (0.878 and 1.25 w, res-
pectively) and velocitises were greater. Highey velociny
areas would be transporting wmore drifting insects than
slower areas, thus benefiting rainbow frout feeding on
drifzg.

Although there were not always statcistically
significant differences between microhabitaf parameters,
the aspect of morphological differences may playv a
significant role. The generval body shape of 2 rainbow
trout could be described as a laterally depressed fusiform,
whereas a mountain whitefish can be described as a

ventrally depregsed fusiform. By angling the leading edge

of their pectoral fins downward, whitefish "sig”

¢n the substrate. Water passing over their fusiform dorsal
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area and angled pectoeral fians compresses thelr bodles onte
the substrate. As a conssquence mountain whitefish chose
substrate areas with higher percent gravel (44.64%) and
cobble {(38.21%) composition than did rainbow trout {(35.91
and 30.91%, respectively, Table 7). Because of theirxr
planing ability, whitefish can maintain position in these
higher velocity aresas, whereas vainbow trout would be
forced to swim constantly. This tvpe of substrate also
facilitates their benthic feeding habits {(May et al. 1881,
DosSantos and Huston 19833

Rainbow trout occupied areas with a higher percent
composition of boulders (13.867), almost double the boulder
composition associated with mountain whitefish (7.50%).
Rainbow trout are not a planing fish, and use reduced
velocity areas asscclated with boulder substrate. In this
manner, they can occupy low velocity resting positions and
still be near high velocicy waters where drifting insects
are available to them. Direct underwater observations In
the ¥ocotenai River and the ftwo studyktrihatafies showed
this te be frue. Dettman (1973} alasc observed this type of
feeding behavior im svmpatvic ralobow trout from a

tributary to the Sacramento Eiver.
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Discriminant anslvseis resulis were somewhat incoan-
clusive, however they did rvevezl the imwnortance of certailn
habitat parameters which influence the habltat selection of
rainbow trout and nmountain whirefish. When using three
phyvgsical habitat variables [facing velocliy, average
{velocity at 0.6 depth) velocity and total depth] the best
genevrated size—species function accounted for only 63%
{canonical correlation = 5.438%) of the observad data
variation {Table 8{a}). Classificarion of iandividual fish
into correct size and specles groups averaged only 33.6%.
When the substrate variable, percent sand composition, was
added percent classification into correct size and species
groups increased to an average of 91.7%. The best function
generated with this combination of variables now accounted
for 71.1% {(caneonical correlation = §.9276) of the observed
variation {Table B(b}}. When evaluating the best canonical
discriminant function at the size—gpecies group centroids
(Figure 63, most habitst similarities between mountain
whitefish and vrainbow trout are found in size group I
{10.0 = 19.% cm TL). The largest food habit overlap was
aleo found in this size group.

The importance of different habitat parameifars cn

habitat selection can also be interpreted from the
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Table 8. Results of stepwise discriminant analysis. a) three variable
analysis for 178 rainbow trout and 69 mountain whitefish,
b} nine variable analysis for 22 rainbow trout and 14 moun—
tain whitefish. Only those variables passing the F-to-enter
rest are given. Fish from both Libby Creek and the Fisher
river were lumped for this analysis.
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a)
Total depth 53.87 .00 Total depth 1.037 RB-T 0 388
Average velocity 29.32 0.00 Average velocity 0.350 RB-2 181
Facing velocity 7.36 0.20 Facing velocity 0.035 RR-3  33.3
WF-1 30.0
Best funciion described 83.1% of total variation. Wr-2  17.7
Canonical correlation = 0.4389 WF-3 85,7
mean 335

b)
Total dapth 41.38 0.00 Facing velocity 0.420 BRE-T  B83.3
Fish depth 28.52 0.00 Total depth $.390 RE-2z 100.0
Facing velocity 21.47 0.00 Fish depth 0.242 BB-3 100.0
% Sand 15.22 0.01 % Sand 0.088 WE-1 85,7
WF-2 100.0
Best function described 71.1% of total variation. WF-2 100.0

Canonicael correiation = 0.927¢ mean 91,7
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Figure 6. Territorial map of size-species group centroids gen-
erated by the two best canonicsl discriminant functions.,
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discriminant analvsils rvesults. When subjecting all 9
measured habitat paramefers to a stepwisge discriminant
technique, different combinations of variables, passing the
F-to-enter rtest, were more significant in determining the
best functions for the two species. The interplay of
substrate characteristics and water depths was most impor~
tant Iin influencing mountain whitefish mircohabitatr selec~
tion. Ouly three variables {percent boulder and sand
composition and fish depth) were needed to describe
yhitefish habitat sslection and described 95.7% of the
total data variation {canonical correlation = 0.%9763}.
Although sample size was small {n = 14}, this function
correctliy classified sach fish into its proper size group
{(Table 93.

The interplay cf water depths and velocities was domi~
nant in influencing rainbow trout habitat selection.
Facing velocity was the most important, whereas percent
sand composition was the least important of the five
varliables describing rasinbow trout habliat selectlon.

This function described 82.77 of the total data variation
{cancnical correlation = 0.9280%  Although sample size
wag small {(n = 223, this function corrvectly classified

each fish into its proper size group {Table 93. Hanson
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Table 9. Results of stepwise discriminant analvsis on nine habitat
variables for 22 rainbow trout and 14 mountain whitefiszh.
Only those variables massing the P-to-enter test are given.
Fish from both Libby Creek and the Fisher River were lumped
for this analysis.
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Yariable = p = Variable “ 8 e S

Rainbow trout o

Facing velocity 18.2% £.00 Total dapth 0.698 % 160.0

Average velocity 16.79 0.00 Facing velocity 0.33 H 1490.0

Fish dapth 11.%6 0.00 Averagse velocity 0.417 L 00,0

Total depth 16.62 0.0% Fish depth 0.240 mean 100.0
% Sand 2.2¢ 0.0% % Sand . D088

Best functiion described 82.7% of total variation.
Canonical corrvelation = 0.9280
Mountain whitefish

% Boulder 7%.20 0.00 Fish desth -1.396 5 106.0

% Sand £E3.87 0.00 % Sand 2.983 W 100.0

Fish depth 32.30 0.0 % Boulder 4.752 L 100.0

mean 100.0

Best function described 95.7% of total variation.
Canonical corvelation = 0,8763
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(19773, in his work with sympatric steelhead trout (S8almo
gairdneri}, also found that facing velocity was the most
degsceriptive habitat variable.

Ho one variable was found to have a truly deminant
influence on habitat selection for these sympatric
species. Total depth, however, consistently contributed
the most in discriminating the best functlions. 4Alse, this
variable usually produced the largest canconical discrimi-
nant coefficients within that fumction (Table 8).

Some 4ifferences emerge in habitat selectiocn when
comparing allopatric aud sympatric rainbow trout popula~-
tions. Position velative to water velocity provides a
possible indication of habiltat displacement caused by the
presence of mountain whitefish. Although there were nevery
any significant differences in the facing velocities
exhibited by eny size group of rainbow trout, average (0.6
depth) velocities at the fish location weve always greater
when rainbow trout were sympatric {Fisher River) with
mountain whitefish (Table 7). The ranges of available
water depths and velocities were similar between habitat
study sections in both Libby Creek and the Fisher River;
rherefore it could be postulated thst the presence of

mountain whitefish displaces rainbow trout inte highey
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avevrage velocity aveas regquiring a2 greater expendliture of
energy to move aboul.

Digscriminant analysis showed that facing and average
velocities and total depth contributed nearly egually fo
the generation of the best possibie sympatric rainbow
trout fuynction, with facing velocity being slightly more
important. In the allepatric situation, fzcing velocity
was the most important variable in genersating the best
function, followed by average {(03.6 depth} velocitcy. Total
depth only contributed slightly teo thig function (Table 10).

The preceding analysis and vepeated underwater ohser-
vations suggest that rainbow trout were able to find
adequate focal point velocities bhoth when allopatric orv
sympatric with whitefish, even though thevy occcupled higher
average velocity areas when sympatric. In the presence of
mountain whitefish, water depth becomes more important tfo
rainbow trout. With mountain whitefish generally
cccupying the lower strata of water, a greater water depth
becomes important in insuring that adequate veloclty areas
are available to vailnbow trout. This increased water
depth allows for easier vertical stratificaticn among the
two species.

Griffith {1972} and Dettman (1973} have bhoth previously
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Table 16, Results of direct discriminant analvsis on three habitat
variables for 79 svmpatric rainbow trout, 69 synpatric
mountain whitefish and 99 allcoatric rainbow trout,
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Variable “ s - o

Rainbow trout - Sympatric: Facing velocity 9.705 3 57.1

Total depth 0.683% H 33.3

Best function described 93.2% Average velocity 0,807 L §0.0

of total variation. mean 51,9
Canonical correlation = §.39%7

Mountain whitefish - Sympatric: Total éeg%h 1.005 5.0

Best function described 98,2% Bverage velocity 0.088
of total variation. He
Canonical correlation = 0.6312

5

facing velocity 0.18% H 25.7
L
2

Rainbow trout - Allopatric: Facing velogity D0.85% % 73.8
Average velocity 0.437 H 8.8

Bast function described 74.0% Total depth $.09% L 33.3
of fotal variation. mean  55.7

Canonical correlation = 0.3618
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recognized the importance of water deptih to syvmpatric sal-
monids as a means of minimizing the chances of direct
interspecifc interactions. Based upon my work, I certaianly

support this theory.
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CONCLUSIOHNS

A basic fisheries management guestion prompted this
research: Can the bicmass of a salmonid more desivable to
anglers, such as rainbow troui, be locreassd by reducing
mountain whitefish biomass? This vet unresclved
ecologlcal question has troubled many western anglers and
fishevies managers for neariy half a century. Early
studies {(McHugh 1940, Sigler 1931 and Laakse 1931} con-
cluded that mountain whitefish were sericus competitors
for food and space with vainbow frout. HRecent investiga-
tions (Pontius and Parker 1%73, Thoupson 1974 and Kiefling
1978), however, have guestioned this theory of competitvion
between these two salmonids. Most rvecently, investigators
(Schoener 1982, MacNally 1982 and Williams 1983} have
cautioned about the interpretation of mathematical results
in assessing the level of dinterspecific interactions.

Through evoluticnary time, mountain whirefish and
rainbow trout may have competed for food and/or space
within tfthe Kootenal drainage. However, as natural
selection favored individuals that utilized widely

different hablitats, the progeny of these fiash flourished
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to produce the gubitle pattern of habitat segregation
ohserved todayv. THabitates may thuzg be the arenssgs rather
than the obiects of competition” {(Schoener 1974}). Both
mountain whitefish and ralnbow frout flourish in the
Kootenai today, demonstrating s prime example of
gcological compatibility between species.

The potential for competiticn for a specific food item
{(Chironomidae) does exist betwsen small ralnbow frout and
small whitefish, but only i1f this prey item is limited.
Habitats occupied by these smaller fish are also guite
simwilar. ©Cdum {(1971) defines intevrspecific couwpetition as
"any interaction between two or more gpecies populations
which adversely affects thelr growth and survival”. This
definition does not apply to present—day salmonid
populations within the Koectensi Hiver. Kiefling {(1%78)
concluded that wmountaln whitefish and cutthroat trout

{Salmo clarki} did not compete for rescurces within the

Snazke River, ¥Wyoming. Quantitative results and underwvater
cbservations conducted in this study, iandicate that
mountain whitefish and ralnbow trout do not asctively
compete for resocurces within the Kootenal River drainsge.
Mountain whitefish are the most common salmonids

inhabiting our larger Montana vivers. Population levels
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of trout species more desirable tfto sunglers never approach
rthose of whitefish. Disproportionate populations levels
of coexisting salmonids rveflect not only habitat adapt-—
ability but alsoc may be the result of angler selectivity.
Mountalin whitefish are basically a echooling fish,
tolerant of the close proximity of other similar-sized
whitefish, Intraspecific aggression and tevrritorialitcy
within trout species is well documented and was a commonly
observed behavior of rainbow trout in this study. Thevre-
fore, valnbow trout intraspecific behavior may limit their
population density more than the presence of mountaln
whitefish.

The whitefish controversy, howevey, still continues.
The Montana Department of Fish, Wildiife and Parks has
long recognized this relatively unexplolited whitefish
resource and today has taken a sowmewhat passive approach
to whitefish management in large rivers. As trout fishing
regulations have become more vestrictive over the years,
whitefish bag limits have steadily increassed. At this
level 0of populaticn experimentation, the whitefish
controversy is sure to contiaus.

Forvtunately, Montana has the perfsct large scales study

area: The 56 kilowmerer sescrion of the HKootenal River
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isolated between Libby Danm and Keootenai Falls 1s an idesl
area for siudying the effects of whitefish removal on a
big river trout fishery. Mountain whitefish ave highly
suscepitible to river electrofishing operations and fall
tributary trapping within the Xootenai drazinage. With a
minor expenditure of man power and avalladle funds, large
numbers of whitefish could be removed from the Kootenai in
a velatively short period of time. If this whitefish
removal continuved for several vears, and were coupled with
a follow~up monitoring progranm to assess salmonid
population levels, the whitefish controversy could finaslly

be resclved.
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