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Abstract.—We used radiotelemetry to quantify the movements and habitat use of resident adult
Columbia River redband trout Oncorhynchus mykiss gairdneri (hereafter, redband trout) from Oc-
tober to December 1997 in South Fork Callahan Creek, a third-order tributary to Callahan Creek
in the Kootenai River drainage in northwestern Montana. All redband trout (N = 23) were con-
sistently relocated in a stream reach with moderate gradient (2.3%) near the site of original capture.
Some fish (N = 13) displayed sedentary behavior, whereas others were mobile (N = 10). The
mean total distance moved during the study for all fish combined was 64 m (SD = 105 m; range,
0-362 m), and the mean home range from October through December was 67 m (SD = 99 m;
range, 5-377 m). Thirteen redband trout made short upstream and downstream movements (mean
total movement = 134 m; range, 8-362 m) that were related to habitat use. Mobile fish commonly
migrated to complex pools that spanned the entire channel width (primary pools). Eight of 10 fish
that did not change habitat location occupied primary pools, whereas the remaining 2 fish occupied
lateral pools. Fish commonly overwintered in primary pools dominated by cobble and boulder
substrates that contained large woody debris. As water temperatures decreased from 3.2-6.3°C in
October to 0-3.8°C in November and December, we found a 29% average increase (46—75%) in
the proportional use of primary pool habitats. The lack of extensive movement and small home
ranges indicate that adult redband trout found suitable overwintering habitat in deep pools with
extensive amounts of cover within a third-order mountain stream. Resource managers who wish
to protect overwintering habitat features preferred by redband trout throughout their limited range
in streams affected by land management practices could apply strategies that protect and enhance

pool habitat and stream complexity.

Winter conditions can limit salmonid popula-
tions in mountain streams (Chisholm et al. 1987).
Adequate overwintering refuge habitat from in-
clement stream conditions may govern salmonid
production (Bustard and Narver 1975). Despite
these theories, few studies have quantified the hab-
itat use and movement of stream-dwelling resident
salmonids during fall and winter in northern Rocky
Mountain streams.

Several studies have examined the movements
of stream salmonids, although results are variable
and sometimes contradictory (Fausch and Young
1995). Temperature declines in the fall can induce
salmonids to make extensive movements from
tributaries to deep pools and coarse substrates in
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larger stream systems where conditions are more
hospitable for overwintering (Bjornn and Mallet
1964; Bjornn 1971; Cunjak and Power 1986;
Clapp et al. 1990; Brown and Mackay 1995).
Bjornn and Mallet (1964) reported extensive
downstream movements by westslope cutthroat
trout O. clarki lewisi (up to 101 km) to overwin-
tering areas. Brown and Mackay (1995) reported
that cutthroat trout moved (up to 7.6 km) to deep,
ice-covered pools where water temperatures were
warmer than in the rest of the stream during winter.
Conversely, salmonids may remain in suitable hab-
itat areas within a small stream section throughout
the year if population numbers do not exceed the
winter cover capacity of the stream (Bjornn 1971).
Using radiotelemetry, Young (1998) found that
Colorado River cutthroat trout O. clarki pleuriticus
used the same habitat location from early July to
late October in a southcentral Wyoming stream.
Similarly, in a Wyoming stream, Chisholm et al.
(1987) found that brook trout Salvelinus fontinalis
moved less than 350 m to low-gradient stream
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Ficure 1.—Studyeach in South Fork Callahan Creek in Montana.

reaches during late fall. Rainbow trout O. mykiss
move into deep, low-velocity areas with extensive
amounts of cover as winter approaches (Lewis
1969; Baltz et al. 1991). Lewis (1969) reported
that adult rainbow trout tended to move into deep
pools during winter in a Montana stream.
Populations of Columbia River redband trout O.
mykiss gairdneri (hereafter termed redband trout),
a subspecies of rainbow trout, have declined due
to a complex combination of land and water prac-
tices (logging, mining, agriculture, grazing, and
dams), hybridization, and competition with non-
native fishes (Williams et al. 1989; Behnke 1992).
No known studies have focused on fall and winter
habitat use and movement by redband trout in the
upper Columbia River basin. Relatively small and
fragmented populations of genetically pure red-
band trout persist above barrier falls in the Ko-
otenai River drainage in Montana (Allendorf et al.
1980). These remnant populations represent the
only known sources capable of refounding the his-
toric distribution of pure redband trout in Montana.

If winter habitat conditions limit redband trout
production, identification of winter habitat selec-
tion is crucial for fisheries managers to develop
effective conservation and management programs
that will protect and enhance critical overwinter-
ing habitat. Our objective was to identify over-
wintering habitat and to describe the movements
of adult redband trout by use of radiotelemetry in
a small stream in the Kootenai River drainage in
Montana.

Study Area

Our study was conducted in South Fork Calla-
han Creek, a third-order, 5,600-ha watershed lo-
cated in the Kootenai River basin of northwestern
Montana in the Kootenai National Forest (Figure
1). Callahan Creek originates along the eastern
slopes of the Cabinet Mountains in Idaho (Idaho
Panhandle National Forest) and flows approxi-
mately 20.8 km east through steep topography to
its confluence with the Kootenai River. Elevations
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in the South Fork Callahan Creek range from 825
to 2,252 m.

The study section of the stream flows approxi-
mately 4,085 m through a moderately confined val-
ley bottom type characterized by cobble and large
gravel substrates (Muhlfeld et al., this issue). The
average reach gradient is 2.3%. The underlying
bedrock is mostly from the Precambrian sediments
of the Belt Supergroup; soil material is derived
from alpine and continental glaciation, glacioflu-
vial deposits, and residual material (U.S. Forest
Service, Three Rivers Ranger District, Troy, Mon-
tana, unpublished data). During a stream habitat
inventory conducted in August 1997, the mean
low-flow wetted width was 7.3 m, and the mean
depth was 0.22 m (Muhlfeld et al., this issue). Pool
habitats that span the entire channel width encom-
passed 6% of the total available habitat and had a
mean depth of 0.52 m (SD = 0.17 m). Annual
precipitation ranges from 63.5 to 274 cm (U.S.
Forest Service, Three Rivers Ranger District, Troy,
Montana, unpublished data). Runoff patterns are
typical of the northern Rocky Mountains; high
flows occur in the spring, and base flow conditions
are experienced in the late summer. This hydro-
physiographic region is highly susceptible to rain-
on-snow events that result in an increase in the
frequency, magnitude, and timing of channel-
forming discharges (peak flows).

The watershed has been intensively managed for
timber production and mining since the early
1920s. Riparian vegetation consists of European
alder Alnus glutinosa, willow Salix spp., and west-
ern red cedar Thuja plicata communities. Upland
vegetation is dominated by western larch Larix
decidua, Douglas fir Pseudotsuga menziesa, and
subalpine fir Abies lasiocarpa.

Callahan Creek is the only known watershed in
Montana that supports both native inland redband
trout and bull trout Salvelinus confluentus. A bar-
rier falls is located approximately 3.2 km upstream
from the confluence of the Kootenai River and is
suspected to be the isolating mechanism impeding
genetic introgression of coastal rainbow trout from
the Kootenai River (Marotz and Fraley 1986).

Methods

We used radiotelemetry to monitor the habitat
use and movement of redband trout from 6 October
to 14 December 1997. Twenty-six adult fish (196—
255 mm in total length [TL]) were captured by
angling, surgically implanted with radio transmit-
ters, and released in close proximity to their cap-
ture location (Table 1). Fish were captured in fast
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(e.g., riffles) and slow (e.g., pools) habitat types
throughout the reach to obtain a representative
sample of fish from available habitat types.

We first implanted and released 10 redband trout
(mean total length = 231 mm; range, 206-255
mm) on 5-6 October and then an additional 5 on
11-12 October (mean total length = 222 mm;
range, 214-237 mm), hereafter referred to as group
1. As these tags reached the end of their expected
30-d battery life, we implanted 11 additional fish
on 1-2 November (mean total length = 209 mm;
range, 196—-246 mm), hereafter referred to as group
2. Fish were anesthetized with a solution of 60 mg
of tricaine methanesulfonate (MS-222)/L, and
transmitters were surgically implanted into the
body cavity. Each anesthetized fish was placed in
a padded V-shaped trough, and gills were irrigated
with a solution of 30 mg of MS-222/L during sur-
gery. We made a 10-mm incision immediately an-
terior of the pelvic girdle and 3 mm to the side of
the midventral line (Young 1995). A sterilized
transmitter was placed in the body cavity, and the
antenna was extended through the body wall. Each
incision was closed with two to three synthetic
absorbable sutures. Fish were placed in live traps
along the stream margin for approximately 12 h
after surgery to ensure proper recovery before re-
lease. Transmitters weighed 2.0 g in air, and each
emitted a unique frequency (40 pulses/min) in the
range of 49.380-49.920 MHz; a 36-h-on, 132-h-
off cycle maximized the battery life (model 377,
Advanced Telemetry Systems [ATS], Isante, Min-
nesota). Large redband trout (>100 g) were dif-
ficult to capture during October and November.
Consequently, some transmitters exceeded the rec-
ommended 2% transmitter-to-body weight ratio
(mean = 2.28%, SD = 0.45%) that was suggested
by Winter (1983). However, recent information
suggests that the ““2% rule’” should be replaced by
an index with a more scientific basis (Brown et al.
1999). For example, the swimming performance
of intraperitoneally implanted juvenile rainbow
trout was not substantially altered by the presence
of the tag or the effects of the operation even
though the transmitter comprised 6-12% of the
fish’s weight (Brown et al. 1999).

Fish were tracked twice a week during the day-
time with a Lotek (model SRX 400) scanning re-
ceiver equipped with an ATS loop antenna from
vehicle access points along the stream. Also, fixed-
wing aerial telemetry was used to survey remote
and inaccessible areas throughout the Callahan
Creek drainage and the Kootenai River system on
three different occasions during the study to iden-
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TaABLE 1.—Summar of radio-tagged adult Columbia River redband trout and habitat used in the South Fork Callahan

Creek, Montana, during fall and winter 1997.

Trans- Total : 0

mitter dis-  Number Habitat type used (%)

fre- Home  tance of Number Chan-
quency Length Weight Release range moved reloca- of move- Primary Lateral Pocket nel
(MHz) (mm) (9) date (m) (m) tions ments  pool Riffle Run pool  water braid
49.341 216 80 6 Oct 21 0 4 0 0 0 100 0 0 0
49.352 220 90 6 Oct 59 59 5 2 40 0 0 60 0 0
49.361 255 142 6 Oct 377 362 10 4 60 0 0 0 0 40
49.371 206 80 6 Oct 188 263 6 3 40 0 0 0 60 0
49.382 250 113 6 Oct 0
49.401 223 92 6 Oct 71 71 3 1 0 0 0 100 0 0
49.421 230 101 6 Oct 71 136 6 2 0 0 83 17 0 0
49.431 233 113 6 Oct 0
49.442 225 94 6 Oct 24 0 1 0 0 0 0 100 0 0
49.452 248 130 6 Oct 13 0 5 0 100 0 0 0 0 0
49.390 237 112 12 Oct 10 0 2 0 100 0 0 0 0 0
49.412 226 102 12 Oct 0
49.471 214 91 12 Oct 13 0 6 0 100 0 0 0 0 0
49.491 215 85 12 Oct 105 118 12 2 83 0 0 17 0 0
49.510 219 89 12 Oct 8 0 4 0 100 0 0 0 0 0
49.820 210 74 3 Nov 73 56 10 2 20 0 0 80 0 0
49.830 202 72 3 Nov 8 0 10 0 100 0 0 0 0 0
49.840 196 72 3 Nov 65 65 6 1 33 0 0 0 67 0
49.850 246 120 3 Nov 8 0 2 0 100 0 0 0 0 0
49.860 218 90 3 Nov 316 292 9 1 100 0 0 0 0 0
49.870 202 70 3 Nov 70 63 4 1 50 0 0 50 0 0
49.880 202 68 3 Nov 10 0 4 0 100 0 0 0 0 0
49.890 196 70 3 Nov 24 8 3 1 100 0 0 0 0 0
49.900 220 96 3 Nov 9 0 6 0 100 0 0 0 0 0
49.910 197 64 3 Nov 13 0 3 0 100 0 0 0 0 0
49.920 209 76 3 Nov 14 0 3 0 100 0 0 0 0 0

tify whether missing fish migrated from the study
area. Observers walked along the stream bank and
used a stripped coaxial cable antenna to obtain a
more accurate location after a signal was detected.
Pilot tests suggested that location accuracy was
within 1 m of the transmitter. Therefore, we as-
sumed a 1-m? area at the location to be the current
habitat used.

Primary habitat data (i.e., habitat units that
spanned the entire channel) were obtained at each
fish location and classified as either a pool, riffle,
run, or channel braid on the basis of channel char-
acteristics and stream flow (Bisson et al. 1982).
Secondary habitat units within riffles were clas-
sified either as lateral pools or pocket waters. Lat-
eral pools were pools located on the side of the
channel (e.g., pools that did not span the wetted
channel width) that had reduced velocities com-
pared with the surrounding habitat and were pro-
duced by a boulder or large-woody-debris bank
structure. Pocket waters were deep areas located
in riffles that had reduced velocities created by
small and large boulders.

At least once during the study, we measured
habitat unit characteristics for each location that

included thalweg length, mean width, mean depth,
substrate score, and percent cover. Three point lo-
cations were established along transects perpen-
dicular to the stream flow. Wetted stream width
was measured (0.1 m) at each transect, and mean
width was calculated. Water depth (0.1 m) was
measured at each point interval with a calibrated
rod, and mean water depth was calculated by add-
ing the nine depth measurements and dividing the
sum by 12 to account for zero depths at the shore-
line (Platts et al. 1983). Percent composition of
substrate was visually estimated and ranked as
sand-silt (<0.2 cm; rank = 1), pea gravel (0.2—
0.6 cm; rank = 2), gravel (0.6-7.5 cm; rank = 3),
rubble (7.5-15.0 cm; rank = 4), cobble (15.0-30.0
cm; rank = 5), boulder (>30 cm; rank = 6), or
bedrock (rank = 7; Overton et al. 1995) and
weighted by proportional area to obtain a single
variable for each unit (Baltz et al. 1991). Percent
cover was visually estimated as either woody de-
bris, boulder, undercut bank, overhead vegetation
(within 0.5 m of the water surface), or surface
turbulence. Hourly water temperatures were mon-
itored with an Orion Hobo temperature data logger
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deployed at the downstream limit of the study
reach.

Individual fish movements were quantified by
measuring with a tape the distance from the pre-
vious location to the new location along the stream
bank. Individual movement was considered the
linear distance moved between locations, and total
movement was the sum of all movements for the
duration of the study. The study home range was
defined as the linear distance between the fish’s
most upstream and downstream locations (Young
1996, 1998) or, if the fish did not change habitat
location, the habitat unit (primary or secondary)
it occupied during the study.

Results

A total of 124 relocations (mean per fish = 5.4;
range, 1-12) were obtained on 23 of the 26 radio-
tagged redband trout from 11 October to 14 De-
cember (Table 1). Ground and aerial surveys re-
vealed that all study fish were consistently relo-
cated within the same study reach throughout the
duration of the study (Figure 1). Three fish were
never relocated after release, and eight fish were
not found after 3 weeks of ground and aerial track-
ing. These fish apparently carried faulty transmit-
ters that failed prematurely because of sensitivities
to low stream temperatures found in South Fork
Callahan Creek (D. Riechle, ATS, personal com-
munication).

Redband trout displayed both sedentary and mo-
bile behavior during fall and winter. Considering
all study fish together, 13 fish (57%) did not change
habitat location (e.g., were sedentary), and 10 fish
(43%) migrated to other habitat units (mean total
movement per fish = 134 m; range, 8,362 m). The
mean total distance moved for all fish was 64 m
(SD = 105 m; range, 0-362 m), and the mean
study period home range was 67 m (SD = 99 m;
range, 5-377 m).

No pattern of upstream or downstream move-
ment was found; six fish moved upstream, three
moved downstream, and one fish moved upstream
from a run to a side pool and then back to the
original run a week later. However, fish that
moved primarily went to deeper, slower habitats
than those previously occupied after release; 7 of
the 10 mobile fish were last located in primary
pools. Of these, four moved from runs, two were
from lateral pools, and one was from a pocket
water in a riffle. Of the three remaining mobile
fish, two were last located in lateral pools, and one
was in a run.

Sedentary fish commonly remained in primary
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pool habitats during their respective monitoring
periods. For group 1, seven fish did not leave the
habitat units where they were tagged and released.
Four of these sedentary fish were located in pri-
mary pool habitats through 26 October, and one
fish remained through 19 October. One fish was
located in a deep run from 19 October to 16 No-
vember, and one fish was located in a side pool
through 11 and 26 October. For group 2, all six
sedentary fish remained in the primary pool in
which they were tagged.

We found that both study groups used primary
pools more than other habitat types; however, use
of pools intensified during November and Decem-
ber as water temperature declined sharply (Table
1). Mean daily stream temperatures declined from
3.2-6.3°C during 11-26 October to 0-3.8°C dur-
ing 7 November—14 December. Surface and fringe
ice formation was first observed in late November.
Snow and ice bridging and anchor ice formation
were observed in some areas of the stream on 14
December. From 11 to 26 October, 46% (N = 19)
of locations were in primary pools, 24% (N = 10)
were in side pools, 7% (N = 3) were in pocket
waters, 12% (N = 5) were in runs, and 10% (N =
4) were in braided channels. From 8 November to
14 December, 75% (N = 62) of locations were in
primary pools, 14% (N = 12) were in side pools,
6% (N = 5) were in pocket waters, 5% (N = 4)
were in runs, and none were in braided channels.
Thus, as stream temperatures declined from fall to
winter, redband trout showed a 29% increase in
the proportional use of primary pools.

Primary pools were relatively deep and con-
tained extensive amounts of cover. Average pool
depth was 0.59 m (range, 0.43-0.70 m), and mean
total area was 102 m? (58-185 m?). Mean percent
total cover (all cover categories combined) was
60% (30-100%). Large woody debris covered an
average of 27% (0-70%) of the total pool area.
Primary pools were dominated by cobble-sized
substrates (mean score = 4.54, SD = 0.75).

Discussion

As temperatures decreased from fall to winter,
the use of primary pools by redband trout inten-
sified near the site of original capture and release.
Redband trout exhibited a use of pools similar to
that of other species of salmonids during fall and
winter (Cunjak and Power 1986; Hearn and Kyn-
ard 1986; Chisholm et al. 1987; Brown and Mack-
ay 1995; Young 1998). Similarly, Muhlfeld et al.
(this issue) found that adult redband trout selected
primary pools during summer throughout the Cal-
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lahan Creek drainage in Montana. Water temper-
atures below 4-6°C stimulate winter concealment
by some salmonid species (Chapman and Bjornn
1969; Bjornn 1971) because as water temperatures
approach freezing temperatures, metabolic rates of
fish are reduced, food requirements are lowered,
and less energy is available for activity. Hence,
during relatively inactive periods, salmonids re-
quire deep, low-velocity areas that maximize en-
ergy conservation (Fausch 1984). Pools also pro-
vide areas of protection from inhospitable condi-
tions such as anchor and frazil ice formation
(Brown and Mackay 1995) and from potential
predators (Chapman and Bjornn 1969). Our results
demonstrate that adult redband trout occupied
pools dominated by cobble-sized substrates. Other
studies have shown that as temperatures decline
in the fall, salmonids will shift microhabitat use
from small- to larger-sized substrate for overwin-
tering cover (Bjornn 1971; Johnson and Kucera
1985). Therefore, pools appear to have a combi-
nation of greater depth and lower velocity with
extensive cover and interstitial spaces that pro-
vides the most optimal winter habitat for adult
resident redband trout.

Although some authors have reported long
downstream movements during the fall and winter
period (Bjornn and Mallet 1964; Bjornn 1971; Me-
jers et al. 1992), relatively sedentary behavior by
salmonids has been observed in other Rocky
Mountain stream systems with adequate overwin-
tering habitat (Chisholm et al. 1987; Jakober et al.
1998; Young 1998). The amount of suitable winter
cover in streams with water temperatures below
4-6°C plays a major role in regulating the number
of fish that survive over winter (Bjornn 1971). Low
stream temperatures (4-10°C) often trigger fall mi-
grations of salmonid species (Bjornn 1971). If red-
band trout were unable to locate suitable over-
wintering habitat as temperatures declined and if
populations exceeded the winter capacity of the
stream, we would have expected fish to migrate
downstream to deep pools. Thus, redband trout
may not have been forced to migrate with the onset
of winter conditions because adequate winter hab-
itat, in the form of deep, slow pools with extensive
cover, was locally available in the study reach.
Failure of redband trout to leave the stream reach
may reflect an ability to persist in this small stream
system throughout the fall and winter due to their
small body size (range, 196-255 mm TL), which
allowed them to be concealed in interstitial spaces
in available cobble and boulder substrates (Jakober
etal. 1998; Young 1998). Also, downstream move-
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ments may have occurred in the spring before our
study (Shepard et al. 1984). Perhaps the sedentary
behavior we observed reflects selective pressures
of the downstream barrier falls.

Small total movements exhibited by redband
trout in our study (<350 m) are consistent with
those observed for radio-tagged brook trout and
cutthroat trout during the fall and winter. Using
radiotelemetry, Young (1998) found that cutthroat
trout in a small stream in Wyoming occupied mean
home ranges of 38 m (range, 3—-152 m), nearly half
of our reported mean home ranges. He speculated
that cutthroat trout failed to move and change hab-
itat from summer to autumn due to the availability
of coarse substrates for concealment and year-
round low water temperatures in the study stream
where the fish were monitored. Similarly, Chis-
holm et al. (1987) reported that brook trout moved
into low-gradient stream reaches with the onset of
winter, less than 350 m from where they were ra-
dio-tagged and released in a Wyoming stream.
However, redband trout possibly could have al-
tered this relatively sedentary behavior if stream
temperatures continued to remain less than or
equal to 1°C for an extended period of time and
harsher weather conditions created unfavorable
overwintering habitat. Formation of anchor ice can
dam rivers and exclude fish from overwintering
areas (Brown and Mackay 1995), and frazil ice
development may cause winter mortality because
ice crystals can plug the gills and mouths of sal-
monids (Tack 1938). Thus, if faced with harsher
overwintering conditions, redband trout may be
forced to find more suitable habitat in other areas
of the stream or watershed.

Our results suggest that deep pools with com-
plex cover are important to overwintering adult
redband trout. Maintaining pools with adequate
depth and cover throughout their limited range is
probably critical for the conservation of redband
trout. Minimizing impacts from land-use practices
(e.g., logging and associated road construction)
that can reduce cover and depth of pools (Burns
1972; Hartman et al. 1996) would maintain suit-
able overwintering habitat and probably enhance
the winter survival of redband trout populations
throughout their limited range in the upper Co-
lumbia River basin.

Acknowledgments

We are grateful to M. Warren and B. Reeves for
their assistance in the field; T. Bjornn, C. Williams,
M. Hansen, J. Rosenfeld, and two anonymous re-
viewers for their reviews of previous drafts; K.



176

Lindstrom for developing the study area map; and
the Bonneville Power Administration, Montana
Department of Fish, Wildlife, and Parks, and the
U.S. Forest Service for providing the funding and
administration for the project.

References

Allendorf, FE W., D. M. Esperlund, and D. T. Scow. 1980.
Coexistence of native and introduced rainbow trout
in the Kootenai River Drainage. Proceedings of the
Montana Academy of Sciences 39:28-36.

Baltz, D. M., R. Vondracek, L. R. Brown, and P. B.
Moyle. 1991. Seasonal changes in microhabitat se-
lection by rainbow trout in a small stream. Trans-
actions of the American Fisheries Society 120:166—
176.

Behnke, R. J. 1992. Native trout of western North Amer-
ica. American Fisheries Society, Monograph 6.
American Fisheries Society, Bethesda, Maryland.

Bisson, P. A., J. L. Nielsen, R. A. Palmason, and L. E.
Grove. 1982. A system of naming habitat in small
streams, with examples of habitat utilization by sal-
monids during low stream flow. Pages 62-73 in N.
B. Armantrout, editor. Acquisition of aquatic habitat
inventory information, proceedings of a sympo-
sium. Hagen Publishing, Billings, Montana.

Bjornn, T. C. 1971. Trout and salmon movements in two
Idaho streams as related to temperature, food,
stream flow, cover, and population density. Trans-
actions of the American Fisheries Society 100:423—
438.

Bjornn, T. C., and J. Mallet. 1964. Movements of plant-
ed and wild trout in an Idaho river system. Trans-
actions of the American Fisheries Society 93:70—
76.

Brown, R. S., and W. C. Mackay. 1995. Fall and winter
movements of and habitat use by cutthroat trout in
the Ram River, Alberta. Transactions of the Amer-
ican Fisheries Society 124:873-885.

Brown, R. S., S. J. Cooke, W. G. Anderson, R. S. Mc-
Kinley. 1999. Evidence to challenge the ““2% Rule”’
for biotelemetry. North American Journal of Fish-
eries Management 19:867-871.

Burns, J. W. 1972. Some effects of logging and asso-
ciated road construction on northern California
streams. Transactions of the American Fisheries So-
ciety 101:1-17.

Bustard, D. R., and D. W. Narver. 1975. Aspects of
winter ecology of juvenile coho salmon (Onco-
rhynchus kisutch) and steelhead trout (Salmo gaird-
neri). Journal of Fisheries Research Board of Can-
ada 32:667-680.

Chapman, D. W,, and T. C. Bjornn. 1969. Distribution
of salmonids in streams with special reference to
food and feeding. Pages 153-176 in H.R. MacMil-
lan Lectures in Fisheries, symposium on salmon and
trout in streams. University of British Columbia.

Chisholm, I. M., W. A. Hubert, and T. A. Wesche. 1987.
Winter stream conditions and use of habitat by
brook trout in high-elevation streams. Transactions
of the American Fisheries Society 116:176-184.

MUHLFELD ET AL.

Clapp, D. F, R. D. Clark, and Diana, J. S. 1990. Range,
activity, and habitat of large, free-ranging brown
trout in a Michigan stream. Transactions of the
American Fisheries Society 119:1022-1034.

Cunjak, R. A., and G. Power. 1986. Winter habitat uti-
lization by stream resident brook trout (Salvelinus
fontinalis) and brown trout (Salmo trutta). Canadian
Journal of Fisheries and Aquatic Sciences 43:1970—
1981.

Fausch, K. D. 1984. Profitable stream positions for sal-
monids: relating specific growth rate to net energy
gain. Canadian Journal of Zoology 62:441-451.

Fausch, K. D, and M. K. Young. 1995. Evolutionary
significant units and movement of resident stream
fishes: a cautionary tale. Pages 360-370 in J. L.
Nielsen and D. Powers, editors. Evolution and the
aquatic ecosystem: defining unique units in popu-
lation conservation. American Fisheries Society.
Symposium 17:360-370. Bethesda, Maryland.

Hartman, G. F, J. C. Scrivener, and M. J. Miles. 1996.
Impacts of logging in Carnation Creek, a high-
energy coastal stream in British Columbia, and their
implication for restoring fish habitat. Canadian
Journal of Fisheries and Aquatic Sciences 53:
(Suppl. 1):237-251.

Hearn, W. E., and B. E. Kynard. 1986. Habitat utili-
zation and behavioral interaction of juvenile Atlan-
tic salmon (Salmo salar) and rainbow trout (S. gaird-
neri) in tributaries of the White River of Vermont.
Canadian Journal of Fisheries and Aquatic Sciences
43:1988-1998.

Jakober, M. J., T. E. McMahon, R. F Thurow, C. G.
Clancy. 1998. Role of stream ice on fall and winter
movements and habitat use by bull trout and cut-
throat trout in Montana headwater streams. Trans-
actions of the American Fisheries Society 127:223—
235.

Johnson, J. H., and P. A. Kucera. 1985. Summer-autumn
habitat utilization of subyearling steelhead trout in
tributaries of the Clearwater River, Idaho. Canadian
Journal of Zoology 63:2283-2290.

Lewis, S. L. 1969. Physical factors influencing fish pop-
ulations in pools of a trout stream. Transactions of
the American Fisheries Society 98:14-19.

Marotz, B., and J. Fraley. 1986. In stream flows needed
for successful migration, spawning and rearing of rain-
bow and westslope cutthroat trout in selected tribu-
taries of the Kootenai River. Pages 71-77 in Kootenai
River investigations. Final Completion Report to Bon-
neville Power Administration, Portland, Oregon, by
Montana Department of Fish, Wildlife and Parks, Pro-
ject 85-6, Kalispell, Montana.

Mejers, L. S., T. E Thuemler, and G. W. Kornely. 1992.
Seasonal movements of brown trout in northeast
Wisconsin. North American Journal of Fisheries
Management 12:433-441.

Mubhlfeld, C. C., D. H. Bennett, and B. Marotz. 2001.
Summer habitat use by Columbia River redband
trout in the Kootenai River drainage, Montana.
North American Journal of Fisheries Management
21:223-235.

Overton, C. K., S. P. Wollrab, B. C. Roberts, and M. A.



HABITAT USE AND MOVEMENT BY STREAM REDBAND TROUT

Radko. 1995. R1/R4 Fish and fish habitat standard
inventory procedures handbook. Forest Service In-
termountain Research Station, Boise, Idaho.

Platts, W. S., W. F. Migahan, and G. W. Minshall. 1983.
Methods for evaluating stream, riparian, and biotic
conditions. U.S. Forest Service General Technical
Report, INT-221, Ogden, Utah.

Shepard, B. B., K. Pratt, and J. Graham. 1984. Life
histories of westslope cutthroat trout and bull trout
in the upper Flathead River Basin, Montana. Mon-
tana Department of Fish, Wildlife and Parks, He-
lena.

Tack, E. 1938. Trout mortality from the formation of
suspended ice crystals. Progressive Fish-Culturalist
37:26.

Young, M. K. 1995. Telemetry-determined diurnal po-
sitions of brown trout (Salmo trutta) in two south-
central Wyoming streams. American Midland Nat-
uralist 133:264-273.

177

Young, M. K. 1996. Summer movements and habitat
use by Colorado River cutthroat trout (Oncorhyn-
chus clarki pleuriticus) in small, montane streams.
Canadian Journal of Fisheries and Aquatic Sciences
53:1403-1408.

Young, M. K. 1998. Absence of autumnal changes in
habitat use and location of adult Colorado River
cutthroat trout in a small stream. Transactions of the
American Fisheries Society 127:147-151.

Williams, J. E., J. E Johnson, D. A. Hendrickson, S.
Contreras-Balderas, J. D. Williams, M. Avarro-
Mendoza, D. E. McAllister, and J. E. Deacon. 1989.
Fishes of North America endangered, threatened, or
of special concern: 1989. Fisheries 14(6):2-20.

Winter, J. D. 1983. Underwater biotelemetry. Pages
371-395 in L. A. Nielsen and D. L. Johnson. Fish-
eries techniques. American Fisheries Society, Be-
thesda, Maryland.



