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Abstract
Fe\l diffcrcnccs in habital use were observed belween culthroa! ftout and brown [out during winter in thc Shoshone River. a
regulated river in nonhwestem \\'"voming. Radio-tagged fish of20 30 cm lolal length were found in fool habitat fivc to sir tines
more licquently than lr'ould be expected ifthe]' r'ere using pools in proporrion to pool availability. Neve(hclcss, run habitat was
most ficqucnll] used by bolh specie\. The microhabitat characcrisdcs .rt locations of each species werc similar when in both
pools and runs. however. habitat use !va,i variable suggcsling that a variery of microhabitats \\'ere suilablc oler wintering habirar.
Brot\'n roul lr'ere more fiequently associated with boulds cover thm wele cutihroai trout. Cutthroa! troul used large pools that
provided rclugc liom high water velocities more frequend! rha! brown rlout. Cutthroar trout and bro\,"n lrcut were ibund at
similar distances from thc bank ercept in late Februan when cuithroal lrour were farther from the bank. Both specics noved
frequently during the winlcr. bu! cullhroat trout showed a greater propensity than brown lrout to move long disrances. This sludy
suggests that during a mild winlcr in a nable enlironment. these species {'ere ablc to oletwinler successfully in a |ariet_v oi
habitats.

Introduction

ln regulated rivers of westem North America.
discharge from upstream impoundments is often
reduced to annual lows during fall and winter af-
ter the ilTigation season. The habitat constriction
associated with decreased discharge may reduce
habitat segregation among multiple populations
ol introduced salmonids. Rainbow tout (Or.o-
rhtnchus mykiss) or cutthroat trout (O. c/4r&i)
are often reared in hatcheries and stocked into
regulated rivers (Wiley et al. 1993) where brown
1Jout (Salmo trutta\have been introduced and have
become naturaLlized (Heidinger 1993). While stud-
ies have been conducted on habitat preferences
and competition among native and introduced
salmonids, little oomparative research has been
conducted in regulated rivcrs among combina-
tions ofnon-natives, especially during winter when
habitat limitation may be most severc. The pur-
pose of our study was to examine one combina
tion of non-natives, sympatdc populations ofcut-
throat trout and brown trout. in a regulated river
during winter.

The physiological constnints placed on fish
at low water temperaturcs are reflected in their
habitat use and movenrent during winter. Pools
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arc impofiant areas for stream-dwelling salmo-
nids during winter that provide decreased water
velocities and protection from harsh envircnmental
conditions and predation (Swales et al. 1986,
Heggenes et al. 1993, Brown and Mackay l995.
Jakober et al. 1998, Simpkins et al. 2000a). Use
of cover by salmonids appears to increase in the
winter. Several studies have reported that salmo-
nids suspend diurnal activity and conceal them-
selves when temperatures drop below 8-10'C
(Rimmer et al. 1983, Griff ith and Smith 1993.
Fraser et al. 1995, Valdimarsson et al. 1997).
Howeveq salmonids may not cease aclivity en-
tirely as they have been observed feeding during
the day whel] water temperatures were substan
tially less than 8'C (Needham and Jones 1959,
Pirhonen et al. 1997, Simpkins et al. 2000b).

Most studies of salmonid movement 1n wrntcr
have shown that mobility is decreased when com-
parcd to other times of year (Hilderbrand and
Kershner 2fi)0) and is most often related to changes
in environmental colditions (Brown and Mackay
1995. Simpkins et al. 2000a). However. the bulk
ol previous research was conducted in natural
flowing streams that maybe subject to greater
environmental variabiUty and potentially harsh
environmental conditions, such as riyer ice tbr-
mation.

Despite similarbody folms, there are contasts
in habitat use between cutthrcat trout and other

36



salmonids when in sympahJ. When cutthroat trout
and bull trout (Salvelinus confluentus) were stttdied
in Montana (Nakano et al. 1992) and cutthroat
ffont and brook ffout (S(rlrelinus fontinalis) werc
asscssed in ldaho (Grift ith 1972), cutthroat trout
were more frequently found at locations fafiher
fiom structures than eitherbull trout or brook trout.

While there have not been any direct compari-
\ons of cutthroat trout and bror.l n trout in a nrtrr
ral setting, studies of habitat use by brown trout
suggest there may be diflerences between the
species. Brown trout are a highly cover oriented
species otten occupying positions downstream
from strucfurcs that crcatc lceding stations, areas
$,ith slow water in close prcximity to fast water
(Chapman and Bjornn 1969, Fausch and White
l981, Bachman 198,1, Greenberg et al. 1996,
Haugen and Rygg 1996, Quinn and Kwak 2000).
This contrasts with the open-water, swifi-f low-
ing environment often used by cutthroat trout.

We wanted to know if there would be detect
able dift'erences in habitat use by cutthroat trout

and brown trout that are placed in unnatural sym-
patry in a regulated river during winter. Our ob-
jective was to assess the similarity and differences
in winter habitat use between cutthroat ffout and
brown trout in a regulated river where these tv"'o
intoduced species dominate the salmonid com-
munity. No research has been conducted during
winter when lower water tempemtures and habi-
tat limitations could result in substantial overlap
in habitat use between the species (Chapman 1966).
Because ofthe environmental stabil ity and higher
water tempemtures associated with river regula
tion, we expected to observc habitat-use patterns
and spatial segregation similar to previous research.

Study Area

This research was conducted in the Shoshonc Rivcr.
a regulated river in northwestern Wyoming. Dis-
charge is controlled by Buffalo Bill Dam.located
'l I km west of Cody, Wyoming (Figure l). Dis-
charge during winter 1997 1998 was relatively
stable at 13.8-14.E mr/s.

][ Highway Bridge

Figure L The study reach and !later temperamre sampling sitei in the Shoshone Rirer. Letters indicaic rvatcrqualjty moniroring
sites. Habrtat availabilit! and use \\'ere monitored betrveen sites E and G.
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The fine-spotted form ofYellowstone cutthroat
lrort (O. clurki bouvieri) that is native to the Snake
Rivcr watershed is stocked annually downstream
from Buffalo Bill Dam during the eafly summer
By October cutthroat lrout reach 20-30 cm total
length (TL). Brown rout werc introduced in the
1930s and have been self-sustaining downstream
from Buftnlo Bill Dam since the 1960s. The den-
sity ofeach species has been estimated to be abeut
500 frsh./km (Steven Yekel. Wyoming Game and
Fish Depaft ment, personal communicitt ion).

Methods

Seven rccording themographs were placed at
approximate 2-km interyals downstream f'rom
Buffalo Bill Dam from DeMaris Springs to thc
do*nstrcam end of the study reach (Figure l).
The most downstream sampling site was 27 krn
downstream fiom Buffalo BillDam. Thermographs
were set to record at 30-min intervals from 15
November l997 through 31 March 1998.

The 5 km study rcach was divided into 50 seg-
ments each 100 m in length and a transect was
randomly placed at 0, 25, 50. or 75 m down from
the upstream end of cach segment. Habitat avail-
abil ity was measured within a series of 4-m-
diamcterciroles evenly spaced along cach transect.
Spacing of sanpling areas was detcrmined by
dividing the transect wetted width by thc number
of san.rpling arcas thrt could be placed along the
transect. For example, a transect with a wetted
width of 36 m would have nine sampling areas
with 4 m between adjacent celterpoints. Both
microhabitat and mesohabitat teatures were de-
scribed and assessed. Microhabitat features were
specil ic to the,l m diametcr sampling in which
thc flsh occulled. Mesohabitat features q'ere
measures of larger-scale habitat features within
the study reach.

Microhabitat features measured within each
sampling area included minimum and maxinum
waler depth, minimum and maximum water ve-
locity, substrate composition. and presence ofcover
Substnte composition was estimated by deter-
mining the areaofeach ofsix substrate size classes
prescnt within each sampling area. Size classes
ranged from silt/sand (size l) to bedrock (size 6)
and the area of each sizc class was estimated to
the nearest 107c. We used a weighted average to
calculate the mean substnte sizc within each sam
pling area. Coverwas classifiedbased on the physi

cal features associated with its fonnation-boul-
ders, aquatic vegctation, or deep-water cover Deep-
water cover was idcntifled as any area where the
*ater velocities were near zero that lacked an
associated structural ltature. such as a boulder
(Wesche et al. 1987). To be considered cover, any
area or  \ l ruc lu rJ l  Ieu ture  had to  h l re  I  m l r r i rnum
water depth of at least 0.,+ m to provide an over
head cover component. Ve ical relief and water
velocity gradients u ere estimated by subtracting
a minimum depth or velocity value from the cor-
responding maximum. A detailed description of
our habitat sampling methodology can be fbund
in Dare rnd Hubert (2000).

Each sampling area was classified as one of
three mesohabitat types: pool. run. or riffle in a
manner similar to Rimmer et al. (1983) with rhe
quantitative characle stics of each mesohabitat
type modified to characterize the Shoshone River
more accurately. Pools *ere areas having 1.50-
m maximum depth. or >0.75 m maximum depth
and <0.30-m/s maximum watervelocity. Runs were
in lemcd ia te  a re l \  h r r  ing  0 .30-  |  .50  m rnur imum
depth. intcrmediate watel velocities. and no sur
face turbulsnce. Ri1l-les were stream areas ha\r
ing <0.30-m maximum depth. or <0.75-m nraxi-
mum depth and >0.65-m/s ninimum water
velocity.

T$'enty cutthroat trout and 20 brown trout (23-
30 cm TL) were collected by angling and
electrofishing on l3-17 November l997.Aradio
transmitter (Advanced Telemetry Systems Model
357; 411.2fi)-,18.980 Mhz, mean weight 3.0 g; whip
antenna length: 10 cm) was surgically implanted
into the abdomen following thc technique of
Bidgood (19130). After a period of recovery (30
120 min) each fish was released near its point of
capture.

F ish  u  e re  Ioca ted  er  e r5  2 -4  d  u ' ing  a  Iece i r  c r
and handheld loop antenna from 22 November
1997 through 28 February 1998. Fish were tracked
from a boat or tiom the bank, and fish locations
were deteflnined using two-point triangulation
(Simpkins and Huben 1991:l). Upon locating a fish
we described microhabitat and mesohabitat fea-
tures at the location \'"'ithin a few minutes of find-
ing the fish. Microhabitat and mesohabitat fea-
tures wcre measured or described within an area
having a 2-m radius to collect data that were con
sistent with the habitat availability measurements.
Microhabitat at an individual location was the
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depth, velocity. substrate, and cover present with
the 2 m diameter sampling area. Bascd on the
dcpth and velocity characteristics we character-
ized each Iocation as one ofthe tlu'ee mesohabitats.
Sampling methodologies for habitat availability
and habitat use data u'ere identical. The distance
of a tish position tiom the bank was determined
by neasuring the straight-linc distance (m) fiom
the triangulated llsh Iocation to the nealest strcam
bank. Fish movement distance (straight-l ine dis-
tance within the stream channel) between con-
secutive locations was measured (m) with a tape
il '  less than 100 m, or estimated fiom I :24.000
scale topographic maps if greater than 100 m. Thc
resolution of the naps was sufficient to identif)'
the llsh location to within 5 nr, theretbre only
molements greater than 5 m were recorded.

Wc asscsscd the efl'ect of fish length (t!'ithin
each species) on microhabitat use and movement
using sinpleJincar rcgrcssion. No significant
relationships u'ere found between fish length and
water dgpth and water velocity use or movement,
so we discounted fish length as a sourcc of vari-
ability in microhabitat use and movement pattems.
Additionalll'. neither species was obsen'ed in riffle
habitat. therelore, this habitat type was excluded
l rom the  ana l ) \ i .  o l  me.ohab i ta t  use

We made separate comparisons ofmicrohabi
tat use by cutthroat trout and bro$,n trout in pools
andruns using individual fish as the sampling unit.
Fish were included in an analysis if they were
observed at least five times within a mesohabitat
type. To discem difltrenccs in mcsohabitat use.
$e calculated the proportion of observations of
individual f ish of cach spccies recorded in pods
and runs and cornpared lhe propoflion. u\ing:l
t*o-sitmple t-test. For each test a one-sided af
temative hypothesis was used. We analyzed mi-
e r , ,h rh i t r t  u : 'e  u i th in  e rch  melohub iLJ t  l lpe  to
rcmove vlrriation associated with the differences
in the physical characteristics of pools and runs.
For each individual we calculated a mean for each
continuous microhabitat variable and then used
a two-sample t-test to comparc thc suite of cut-
throat trout individual means to the suite ofbrown
trout individual means. To les1 for dil'lercnccs in
covcl typcs used by cutthroat trout and brown trout
within each mesohabitat type. we also used atwo
sample t-test. We calculatcd thc proportion of
locations ofeach individual having boulder cover
or deep-water cover present. Given the expected
differences between the two specics, wc used tr

one-sided altemativc hypothesis that cutthroat trout
used boulder cover less frequently and deep-wa-
ter covel more frequeDtly than brown trout.

The mean distance from the bank at locations
of each species was calculalcd using data fiom
dates when we obseryed at least l0 individuals
of each species. We used time-series plots to de
termine ifthere was a trend through the wrnter In
mean distance fiom the bank for each species.

To test ifthe frequency ofmovements differed
between cutthroat trout and brcwn tlout. we cal
culated the propofiion of observations of individu-
als ofeach species made at new versus prcviously
held locations. Proponions for each species were
compared using a two sample t{est. We compared
movcmcnt distancas by calculating the mean
movement distance dudng each month of the study
for individuals of each specics and assessing dif-
terences using atwo-sample t-test for each month.

We insured the data met the assumptions of
parametric statistical tests (Sokal and Rohlf 1995).
Transtbrmations were applied to data as neces-
'a ry .  In  a l l c l re r  uhcrc  r  l r rn : fu rmul i , rn  ua .  re
quired, natural log transformations werc used. ln
cases where two samples were compared, if the
assumption of homoscedasticity was violated, a
t-test that did not assume equal varianccs wtrs used.
When multiple tests of the same hypothesis werc
conducted (c.9. microhabitat use comparisons),
a Bonferroni corection was applied to the dcci-
sion rule ofeach test (Sokal and Rohlf 1995). The
significance level was set at 5%.

Results

Water temperatures declined from fall to winter
but remained several degrees above freezing
throughout the winter (Figure 2). Additionally.
watcr temperatures were quite stable throughout
the winter The lowest mean daily water tempcra-
ture in the middle of the study reach was 2.8'C
on l2 January 1998, and water temperature rose
to 6'C by 15 February 1998.

Runs were the most common mesohabitat type
in the study area, whereas pools and rifflcs were
relatively rarc (Table l). Water depths and water
velocities ref-lected the charactedstics of each
mesohabitat type. Pools had the greatest water
depth and vertical relief. whereas runs had the
greatest maximum and minimum water veloci-
t ie ' .  R i f l les  had the  grea ter t  ra r i r t ion  in  u r te r
vclocity. The substrate size in pool habitat was
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on average only one size class smaller than in
run: rnd rime\ rellecling lhe lJrge \ub\Lrate \izes
throughout the study reach.

The prcponderance oflarge substrate was also
reflected in the abundance of boulder cover (Table
J ). Boulder cover was observed in over half of
the sanpling areas in both pools and runs and
was substantially more cornmon than aquatic veg-

15 Feb. 1998

etation or deep-water cover Cover was infrequendy
observed in riffles.

E igh tcen ind i r i r lua ls  l rom each spec ie \  uere
tracked throughout the study. Two individuals of
each species were not relocated alier surgery.
Foufieen cutthroat trout and 1l brown trout in
poo l .  und lz l  ind i r idua ls  o leach .pec ie :  in  run \
were observed at least five times and were ln
cluded in the analysis.

Pool habitat was used by both species five to
six times more lrequently than would be expccted
ifpool habitat were used in proportion to its avail
ability. Pool habitat constituted 7.57, ofthe avail-
able habitat within the study area, however, 437r
(SE = 10%) of cutthroat trout observations ard
38% (SE = 10%) of brown tout obsen'ations were
made in pools.

Both cutthroattrout and brown trout werc found
more frequently in runs than in pools and neither
species used riffle habitat during the study. On
average, 57% ofcutthroat trout locations and 627.
of brown trout locations werc in mns, however,
there was substantial variation among individu
als of both species. Four cutthroat tout were found
exclusively inpools, four were exclusively in runs,
and 10 used both pools and runs. Similarly. four'
brown tout were found exclusively in pools, seven
were only lbund inruns. and seven were observed
in both pools and runs.

15 Dec. 1997 15 Jsn, 1998

Figure 2. Nlean daily watcr lcmpcralurcs recorded in fte Shoshone River during winter 1997-1998.

TABLE 1. Area of nesohabitars and average nicrohabital
charactcristics within nesohabitars measured ai
4u0 sanpling arcas along lransccls. Percendle
values for cover rettr to lhc pcrccntagc of san
pline afeas having that cover type present.

Mesohabitat
H:rbrtat fertufe

Area (t )

Maximum depft (c'n)

Nllnimunr dep$ (crD

Vcrtical rcljct (cm)

N{aimuln $ater lelociry (m/t

Minimunr \\'ater velocit,v ( /s)

\la|er le]ociry gradienr (n/s)

Vean substrate \ize class

Boulder cover (%)

Vegetarion coler (9t)

Deep $aler (7.)

1 .5

r 6 r . l

I  t 2 .3

19.1

0.,18

0.21

0.22

4.2

65.5

{).0

26.1

83.5 9.0

76.5 23. I

43.0 1.0

33.5 22.1

0.82 0.48

0.,16 0.10

0.36 0.39

5.t 5.0
6t.9 5.6
).t  2. lJ

2.1 0.0
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TABLE 2. Grand mcan and range ol means for microhabitat paranclers neasured at and estimated for llsh locations in two
mesohabitats in thc ShoshNe Rivcr.

Habi13r fearure Crand mean Range of ncans Grand mcan Range of means

Cutthroat trout

Maxilnum depth (cm)

Minimum dcplh (cm)

Vcrlical rclief (cm)

Ma\inum velocity (m./s)

Minnnum velocrt), (m/s)

Velociry gmdient (nr/s)

Rronn trout

Maximum depth (cm)

Minimum deplh (cm)

Vertical rclicl (cm)

Nlaximum !elocit] (n/s)

I!linimuln velocity on/s)
Velocity eradient (mA)

190.6

88.3

102 .1
ti .37

0 .13

0.25

206.',7

11.9

125 .3

0.,12

0 .  r 7

0.29

I 19. r-. t05.0

10.,1 1,10.2

51 .2  295 .0

0.15-0.57

0.06-0.30

0.1,1-0.37

81.1-,100..1

r9 . t  151 .9
.10.8 292.'1

0.20 0.81

0.03-0.35

0.1:l  0.60

102 .9

52.5

50.2

0.57

0 .  r 6

0..11

103 .0

38 .3

61.2

0.68

0 . 1 8

0.50

56 .2  136 .3

17 .  l - 81  . . 1
:13.1 66.5

0.3ri  0.79

0.[J1 0.39

0.13-0.69

65.8 127.5

0.0-67.3

4 r . l - 128 .5

0..18 0.86

0 .0 r  0 .37

0.30-0.38

Cutthroat trout and brown trout in both pools
and runs usedlocations having sinlilar microhabitat
characteristics (Table 2). There were no signifi-
cant difTerencas between the two specics with
respect to microhabitat f'eatures used when in ei-
ther pools or runs. Both species wcre consistently
observed at locations that averaged 5-6 m from
the stream bank.

Cover was always prcsent at locations ef both
cutthroat ffout and brown trout. howeyer', there
uere  som(  J i f le renre .  he tueen lhe  tuo .pec ic . .
when in pools, deep-water covgr wns obsen'ed
at 617c ol cutthroat ffout locations, which was
approximately double the tiequency with which
this cover type was obseryed at bro\'",n trout loca-
tions (P = 0.02). However. when in runs, both
spccies used boulder covel more frequently than
deep-water cover, with boulder cover present at
757c ofcutthroat trout locations and 89% ofbrown
trcut locations. Boulder cover was significantly

more common at brown trout locations than at
cutthroat trout locations in runs (P = 0.02)

The movement frequencies of cutthroal trout
and brown trout did not differ significantly. Thifiy
seven percent ofcutthroat trout obserr'ations wcre
made at new locations (range: 10-607r), whereas
3l% of brown trout obseNations wcre made at
new locations (range: 12-54%). Similruly, distances
moved by thc two species did not dilfcr signitl-
cantiy (Table 3) with tlle exception ofJanuary (P
= 0.001) when the mcan movement distance of
cutthroattrout was greater than brown trout. Mean
monthly movcment distances varied considerably
among individuals. pafiicularly cutthroat trou1. A
grcater number ofcutthroat trout moved long dis
tances. Seventeen of l8 brown trout lemaincd
within 300 m of their initial location, while tive
of l8 cutthroat trout moved to locations that werc
tarther than 300 m from their initial location at
some time during winter.

TABI-E L Sanple size. mean movenrent distancc (m). and rarge of individual means ( ) lbr $ree nonths for cutihroat trout and
bro$n rrout in the Shoshone Ri|er durins the wirrer of 1997- 1998.

Cutlhroal trout
Grard mcan Crand mean Rangc ofmeans

Decembef

January
Fcbruary

1 .0 -187 .3
2.0-59.8
0 .7 -185 .0

0.6-9.1
0.9-82.8
0.8 19.2

I 5
t'7
t2

6 .1
l,l.,l
5 . 5

1,1
1 8
l,l

3.5
:1.1
3 .3
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Discussion

Fen differences in habitat use were observed be-
tu een cufthroat trout and brown trout during winter
in the Shoshone River Despite substantial dif-
ferences in habitat use described through previ-
ous resealch on the two species. cutthroat ffout
and brown trout used similar habitat during win-
te r  lou- l lou  pcr i , ' d r  in  r  rcgu la tcd  r i re r  s ) . te r r
whcrc both species have been introduced.

Both cutthroat trout and brown trout sclcctcd
pool habitat. While only 7.57. of thc study area
was classified as pool habitat (Table 1), 38-43%
ofobsen ations of both species were made in pools.
This was five to six times greater than would be
expected if both species wele using pool habitat
in proportion to its availability. Cunjak and Power
( 1986) stated that pools provide low water ve-
locities and overhead cover in the lbrn of deep
water. This was true in the Shoshone River. where
pools provided greater water depths and slower
wilter vclocitics comparcd 10 runs. Brown and
Mackay (J995) fbund that pools wcrc thc pre-
dominant habitat used by cutthroat trout dudng
$intgr because watcr tcmpcratures were slightly
higher in pools providing protection from river
ice. Wtrtcr tcmpcraturcs in thc Shoshone River
prevent river ice fornration. so that avoidancc ol'
ice was not a lactor in our stud)'.

While there was selection for pools, both cut
throat trout and browl'r tlout used ruDS most fre
quendy. Within runs, we observed a wide aray
of stream microhabitats at indiyidual locations.
The variation in mean microhabitat characteris
tics and mcsohabilal use anong individuals of
both species (Table 2) suggests that under thcsc
conditions both species are somewhat plastic in
the i r .e lec t ion  o l  o \e r -$  in te r in !  huh i l J t .

B oth cutthroat tout rurd brou n trout used si mi lar
microhabitats (Table 2). Both species were oon-
sistently found at locations having deeper than
average water depths and slower than avenge water
velocitics. Thcsc findings are similar to those re
pofted tbr other salmonid species in unnatural
synrpatry (Fausch and Whitc 1981, Lohr andWest
1992). Additionally, cutthroat tlout andbrcwn ffout
selcctcd areas having greater thaD average velti
cal rclicl'and water velocity gradients. However,
since both species were ablc to usc suitable over-
wintering habjtats that provided slo$'water ve-
locities and overhead cover, habitat was likely not

limiting at the discharges and water temperatures
we observed during 199'7 -1998.

The patterns of cover use we observed sug-
gest that while both species selected areas hav-
ing slower than average watef velocities brown
trout were more commonly associated with
instream structure than cutthroat trout. Addition
ally, coveruse by cutthroat tout appeared to vary
between nresohabitats. While in pools cutthroat
kout we[e not associated with cover structures.
but structures such as boulders were frequently
observed at cutthroat trout locations when they
wcrc in runs. Brown trout did not display this
variation in cover use between mesohabitats, con-
sistently displaying the high degree ofaffinity for
cover structLlres as observed during other studies
(Bachnran 1984;  Cun jak  and Power  1986;
Greenberg et al. 1996). While wc cannot rulc out
interspecies interactions as a mechanism behind
the contrasting cover usg pattgms \\"e obseNed.
the wealth of supporting rcsearch regarding cut-
throat trout habit t preferences in allopatry (Brown
and Mackay 1995) and sympatry (Nakiino et al.
1992)  .ugge. ts  lh l  innre  d i f le rence.  in  core l
preference and the ubiquity of deep-water cover
in pools allowed for a small dcgrcc of spatial seg-
regation to occur in pool habitat.

Both cutthroat trout and brown trout remained
active during the day even when water tempera-
ture\ \\cre belou 5'C. \\e noled flucturtion. in
the radio transmitter signals during nearly all
observations of both species that suggested that
fish werc active and making shon-distance nove-
ments (Clapp et al. 1990;Young et al. 1997).

Givcn the water lemperaturcs in the Shoshone
River during winter, the habitat use pattcrns we
observed likely indicated that fish were feeding
throughout the winter. Hebdon (1999) found that
cutthroat trout leed throughout thc wintcr in the
Shoshone River and we observed individuals of
both species l-eeding during our study. Therefore,
the natwe of the environment in which we ob
served these lish resulted in a contrast with win
ter habitat use patterns by salmonids that have
been recorded in nalural-f lowing streams
(Heggenes et al. l99l). Chapman (1966) described
food acquisition as the major factor in habititt use
throughout nost of the year, however. shcltcring
from predation aDd the environment takes precc-
dence during winter. Because of the stability of
the regulated river environment, cutthroat ffout
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and brown trout in the Shoshone River continu
ally emploved a feeding stntcgy even at low water
rempelatutes.

Cutthroat trout and brown trout were found at
simil;Lr distances frorn the bank through with winter
with the exception oflate Febru ry when cutthroat
trout were farther from shore (Figure 3). Cutthroat
trout movement away fiom the bank as watertem-
peratures declined during wintcr has been observed
in another river system (Brown and Mackay 1995),
but those movenrents \\"ere believcd to be in re
sponse to river ice fomation. We did not detcct
vrLriation in water tenperature (Figure 2). occur,
rence ofriver ice. or chxnges in other habitat fea-
tures that would account for this differcnce in late
Febmary in thc Shoshone River Additionally, we

werc not able to isolate these obsenations as sta
tistical aflilacts, therefore. the movement by cut-
lhro:rl rroul touard mi,-l-ch.rnnel renrrin: uner-
plained.

A study that examined cutthroat trout move-
ment in Utah classified individuals as mobilc if
they moved morc than 300 m from their initial
point ofcapture during a season (Hilderbrand and
Kershrer 2000). While the 300-m cntenon was
somewhat arbitrary, accoding to it, five ofthe l8
cutthroat ftout we monitored would be consid
ered mobile. Using this criterion, no brown trout
were mobile. Our obsen'ation of mobile cutthroat
trout during winter contrasts with the observa-
tions of Hilderbrand and Kershner (2000). who
observed that -25Vc of the cutthroat trout
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population werc mobile during othcr times ofthe
year, but not dudng winter. Othcr studies have
reported restricted cutthrcat t()ut movement dunng
u in le r  rHeg6rcnes  e l  a l .  lqc ) l r .  Our  cont ru . t ing
observations are most likely a manifestation 01'
the diflerences in water temperature and envircn-
mental stochasticity between regulated and un-
regulated rivers during winter.

This study suggests that cutthroat trout and
brown trout use a variety of similar habitats dur-
ing  w in te r  u  hen in  unnatur l l  \ )  mpu l r )  in  a  regu
lated river system. Howcvel, winter water ten-I-
peratures in the Shoshone River are substantially
higher than otherregulated river systems in wyo-
ming (Hebdon 1999) and discharge was stable
dur ing  th i .  . tud5 .  Thc  re la t i re l l  hcn ign  en t  i ron-
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