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Abstract
Additional inlbmadN about the nigratory behaviof ofr\est\lope cutihroat trout nra\' aid anagcrs in makng decisions fegard-
ing lhc long term conserlalion of lhe species. Fl.om September 2000 to September 1001. wc uscd radio telemetrr- to tfack the
mo\elnent o1 30 aduh westslope cutthrcrt trout that lr'efe collected from Ucar Vallcy Crcek a tribuhry to lhe N{iddle Fork Salmon
Rner. Idaho. Do\\'nstferm nnvement of the tagged fish began soon allcr thc,"- $cre released in late September and continucd
through DeceDrber. By l2 Februar], the tagged fished were sprcad ovcr morc than 150 lm of habitat, frrm Bear Valley Crcck
to the S.rlmon Ri\'er. Fish movement diminished as temperaturcs stabilizcd during the coldest months of the winte. Ljpstream
molemenr ol the rrgged lish began in March as water temperature and dischargc incrcascd and peaked in Ma). As of 30 May. 2
ol thc 8 lish thal were in likely spa$nmg and fear ing afeas wefe in mbutaries that wcre downslrean of the locations of captLrre.
Thc longc\t (nal molcmcnl lbr a lish lvas ,175 kln. The longest do\\'nstrean morement \\'as l9.l k . Of thc lilh rhar sulviled
lhrough Marcl. thc shoflcsr dolvnsri:an molement was 9 km. Our fesults suggest that wesdsopc cutthroar lrour in &e studv
area havc a $idc wintcr habilal rangc and lack strong spring and summer habitat site fidelity. Ourrcsults also pro!ide additionrl
$idcncc thal. $hel1 no( constr.rired b)_ brmiers such as dam\ or impassable culverts. $cslslopc cutthroat lrout na) migfate ovef
long dis[nccs. and exhibil p]asticit""- in sea\onal habitat use. Conservation plans should account lbr rhe diversity n \\esrslole
currhJoat uour misralorv behaviof.

lntroduction

Westslope cLrtthroat trout (Onutrhynchus t larki
lerL lrl) exhibit a continuunr of l i le history types.
In some systens, fluvial westslopc cutthroat tfout
will often migrate out ofspawning areas soon aftcr
spawning and return to larger rivers. The amount
of time the adults lingel in specific areas bctwccn
spawning and $,intering habitats varies. Io some
: )  \ le rn : .  lhe  i ldu l t \  re lu rn  to  the  la rge  r i \  e r .  soon
after spawning (Shepard ct al. 1984. Behnke
1992) and in other systems they wil l spend much
ol thc summer in the snraller tributlLdes where
they spawned (Shepard et al. 1984). Westslope
cutthroat trout io head\\,lrtel stleams may also be
resident f ish that spawn, rcar and live through
adulthood in the same relatively shofi section of
stream (Shepard et al. 1984, Behnke 1992, Brown
and Mackey 1995).

Extensive spawning migrations have been
documented for nativc stocks of westsiope cut-
throat trout in the Blackfoot River, Montana
(Schnetterl ing 2001), and the Srlmon River.
ldaho (Bjornn and Mallet 1964). The Bear Valley
Creek drainage. located on the Boise National
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Forest.Idaho, f lows directly into the Middle Fork
of the Salmon River. We have little infbrmation
specific to westslope cutthroat trout migration
pattems and spawning habitat in the Bear Valley
Creek and Middle Fork Salmon drainage. Natural
resource managers will be able to more adequatcly
ilssess the effects of land management activities
on $'estslope cutthroat trout in the Bear Valley
Creek and Middle Fork Salmon drainage if they
have a more detailed understanding of the fish's
migratory pattems and the location of spawning
habitat. We used radio telemetry to trNLck the an-
nual movement ofadult westslope cutthroat trout
in the BearValley Creek drainage and the Middle
Fork Salmon River.

Study Area

The study area is located within National Forest
system lands in the Salmon River Mountains of
West Cental Idaho. The study focused on the Bear
Valley Creek and the Middle Fork Salmon River
drainage, which encompasses a drainage area of
7,485 kmr (Figure I ). BearValley Creek converges
with Marsh Creek in the Frank Church River of
No Retum Wildemess and forms the Middle Fork
Salmon River The entire length of the Middlc
Fork Salmon River lies within the Wildemess. The
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geolog,v underlying the stud)' area is dominated
by the ldaho Batholith Granitics and the Challis
Volcanics. Glaciation. cryoplanation. plutonic
intmsions, localized block laulting, and fluvial
processes including mass wasting have shaped
the landscape (Amold 1975).

Wet winters and dry summers chluacterize the
locrl cl imate. \4o.1 rrl the rnnurl precil i lal ion re-
sults from cyclonic stoms from the Pacific Ocean
that drop snow tiom November through March
(Wendt et al. 1975). Depending on elevation and
topography, mean annual precipitation in the area
ranges from 370 to 820 mm and mean annual air
temperlrtures range trom l.rl" to 6.8'C (Wcstcrn
Regional Climatc Center 1998). Peak stream
flows corespond u'ith spring and early summer
snownclt, which begins around March and can
extend into early July. The strcams that flow into
the Middle Fork Salmon River originate in rolling
hills and meander into deeply 6lled glacial valleys
that often accumulate cold air.

In addition to westslope cutthroat trout, fish
species found in the study area include mountain
rvhitelish (Prcsopirnt wi I lionsoni), scllpin ( C ot
ru.r) spp.. spring/summer Snake River chinook
salmon (O. tshan_r'tcfta). resident and anadromous
tbrns of redband trout (O. mtkiss gai dn e ri),bnll
trout(Sabe|inus cot??renl .r). and non indigenous
brook trout (S. forli/rdllr). Anthropogenic distur-
bance in the ;irea has historically focused on the
Bear Valley Creek drainage and inoluded intensive
sheep and cattle grazing, road construction. dredge
mining. logging. and fi re supprcssion. Cunently,
the Forcst Service allows linited logging and
pnctices fire suppression. Recreational and Native
American subsistence fishing have a long history
in the drainage and continue today. Because it is
Iocated within a designated wildcrncss area, the
Middle Fork Salmon River remains relatively
pristine. Common predators found within the
study area include ri\et ottefi (Lut16 canadensis),
belted kingfisher (Cer\le alc\"on), and osprey
(Pandion httliattrs)

Methods

A continuously recording thennograph was de-
ployed to measure water tcmperature in Bear
Valley Creek for the duration ofthe study (Figure
l). Stream flow data were nreasured at a gaging
station nearthe mouth ofthe Middle Fork Salmon
River (USGS 2001) (Figure 1).
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Between l:l September and 5 October 2000,
hook and line was used to capturc 30 adult rvcst
slope cutthroat trout in Elk Creek, and BearVallel
Creek (Figure 1 ). The Bear Valley Creek drainage
was initially the tbcus ofthe study: therefbre. lish
capture was restricted to BcarValley Creek and Elk
Creek. Tagging occunedin the late sunmer to help
insure that the fish were in good physical condition
and because angling efliciency was known to be
high at this time. Fish were anaesthetized with
MS 222 andradio tags were suryically implanted
using the shielded needlc techniquc (Ross 1982).
For each fish the trailing antenna was trimmed so
that it did not proiect past the caudal fin. Follo$-
ing surgery thc fish wcre allowed to recover rn a
holding tank, then released near their location of
capture. Wintcr (1983) suggested that the weight of
radio tags in the air should be less then 2Tr ofthe
lotal weight ofthe lish. Because there is evidence
that the 2ol. rule is conservative (Brown et al. 1999)
we elected to follow that recomnendation. Each
radio tag had a dry weight of 7.8 gt therefore, all
but two fish tagged were > 390 g. The remaining
two flsh were 370 g each. The mean wet weight
o f the  f i .h  hc fo rc  tagg ing  ur '  52R.3  g  rSE =  2 . t .5
g) with a range of 370 - 850 g. The mean total
lcngth of tagged fish was 36.8 cni (SE = 0.,19
g) with a range of 33 ,13 cm. Radio tags were
equipped with a mortality flnction. which $'ould
causc the radio tag to double the tmnsmifted pulse
ra te  i I  the  tag  \ \ i l \  . ta t ionJr ]  lo r  l2  con.ecut i re
hours. The radio tags had an expected battery
life of one year. On 27 and 2ll September 20(X).
we tracked tagged fish from the ground using a
wireless receiver rndYAGI antennu. Between l6
October 2000 and 10 September 2001 . we tracked
at weeldy or biweekly intervals from a fixed wing
aircraft. The mean number of flights per rnonth
was 2.4. with a total of 29 flights. The frequency
of flights depended on the amount of iish move-
ment. For example, only two fl ights were made
in February 2001 bccause llsh moyement was
minimal. In contmst, flve flights occurred in May
2001 when fish were swimming long distances
(Figurc 1). Due to US Forest Sen ice administrative
constraints. there were no i l ights in April 2001;
therefore. there are no data for fish location during
April. Oncc a radio signal was reccivcd thc UTM
coordinates of the fish location were recorded
using a handheld GPS unit. In the Middle Fork
Salmon Riveq where habitat unils are large (e.g.
pools >50 m in length sepffated by >5 krn long



riffles) and easily identiflable during Decen.tber
- Fcbruary, the observer tried to determine if the
lish was in a pool or riff le (Hawkins et al. 1993).
Once a mortality signal was received no fu her
attempts werc made to locatc the fish from the air.
After all 29 flights thc mean percent success rate
for locating tagged lish was calculated b1' dividing
the number of flights in which a living fish was
located by the total number flights that thc lish was
searchcd fol and multiplying by 100. The mean
was then takcn of the percent succcss rate for all
ofthe lish. The UTM coordinates offish locations
were plotted on a stream la.ver using geographlc
ifibmation system software. Thc distance between
two consecutive lish locations was rccorded as the
length ofthe sftcan-I segment bet$een the fishloca-
tions. ln order to have a standardized comparisot]
of fish travcl distances per month the nrean daily
upstream and downstream tmvel distancc per nsh
u,as calculated for each month.

Results

Water Temperature and D scharge

Temperaturc and discharge data came tiom two
locations separated by over 100 km theretbre. we
con.iJer thC generrl lrend\ i l \ morc rcpre\enltt i\ e
ofthe drainage than actual values. Watertempera-
ture declined in the tall of 2000 and remained
near 0"C t'rom early Novembcr 2000 through
mid March 2001 (Figure 2). Water temperature
began to rise in late March 2001 and peaked at
18.9'C on 4 July 2001. Discharge. as mcasured at
the USGS gage at the mouth of the Middle Fork
Salmon River. remained relatively steady tiom the
time oftagging in late September through March
(Figurc 2). Much of the Middle Fork Salmon
River drainage was covered u'ith icc tiom mid
Dccenber through February. Flows began to rise
in late April 2001. peaked on 16 May 2001, and
bcgan to recede in latc May.

Fish I\,4ovement

In locations where mdjo tag transmisslons were
not blocked by canyon walls the maximum linear
distance over $'hich a we could detect a radiQ tag
transmission was -1.6 km. In most cases the fish
location was logged immcdiately after a trans-
mission was received: therefore, the actual lish
Iocation could vary from the UTM coordinates
by a rraximurn of 0.11 km. When possible wc

would wait for the strongest signal before log-
ging the location and in those cases the accuracy
u'as significantly better than 0.8 km. The mean
success rate for locating individual fish over the
course of 29 fl ights was 93.67c (SE = 2.3%).
Downstream movement of thc tagged fish began
soon atter thcy were released in late September
and continued through December (Figure 2). We
obscrved that tagged fish generally moved quickly
through the higher gradient sections ofdver that
were dominated by riffles. During January and
February, thcre was little movement and tagged
fish tended to hold in sections of river where large
pools existed. By 22 February. of the l7 surviv-
ing iish, 5 continued to hold in lower Bear Valley
Creek. l0 were spread throughout the Middle Fork
Salmon, and 2 were in the Main Salmon River
(Figurc l). The longest downstream movement
was 194 km. Of the fish that survived tfuough
March. thg shortest downsffeam movemcnt was
9 km and was completed by a fish that remained
upstream of the Middle Fork Salmon River for
the duration of the study. The mean downstrcan't
movenent for l6 tagged lish that sun'ived through
mid February was 9 | .4 km (SE = 16.5 km). The
mean total distance traveled (includes downstream
and upstream movement) lbr 16 tagged fish that
sunived through February was 231 .6 km (SE =
39.9  km) .

Upstream movement of the tagged fish began
in March and pcaked in May (Figure 2). As of
30 May. 5 ofthe 12 surviving l ish were upstream
o[ lhe l, 'crl ion of capture. anll E ol lhc .ur\ iving
lish were in likely spawning and rearing tributar-
ies. Of the llsh that were in likely spawning and
rearing areas two were in tributaries that were
downstrcam of the locations of capture (Figurc
1). Substantial downsteam movement occun'ed
during May through July (Figure 2) as tagged fish
movedback downstream out oftributaries to Bear
Valley Creek or the Middle Fork Salmon River.
The longest total movement over the course ofthe
year  uas  475 k rn .  The longe. t  lo la l  mo\emenl  in
the shoftest time period occuned during June and
consisted of ,16 km covered in [i days.

Over the course of the study 22 of the 30
fish tagged were probable monalit ies. ln 2001,
after 9 May, two of the surviving fish could
not be located, after [3 August, four of the
suNiving fish could not be located, and on l0
September, seven ofthe surviving fish could
not be located, which indicates that radio tag
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Figure 2. Top graph displals the dailv mcan waler temperature in BearValley Creek. Middle graph displays dail) mean discharge
at the mouth ofthe Middle Fork Salmon Rivcr Bottom graph displays the lnean monrhly up and downsrream movemenr
per tish per day. Due to the mcthod of sampling and analyzing fish movement mean rravel disunces for rhe month of
october 2000 are likely biased toward &e lish that iwam shorterdistances. No 0ighrs were conductcd inApril: therefore
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282 Zurstadt and StcDhan



batteries were beginning to fail. The greatest
number of monalities occured during tlte months
of November and December (Figure 2). Three
of thc spring moilalities occurred while the iish
were in small steams with mean bank full widths
< 7 m. Five tags that were ftalsmitting mofiality
signals were retricvcd.

Discussion

Our re.ult..ugge.t thrt ue:tslopc cutthrorl tnrul in
the study arca are utilizing a wide range ofhabitat
not just hom one season to the next, but within
seasol]s. As temperature and discharge fluctuate
some individuals migrated long distances while
others remained near tbe point of capture. Therc
seems to be a lack of strong spring and summer
habitat site fidelity. More specilically, our find-
ings suggest that the population range for some
westslope cutthroat trout that summer in the Bear
Valley Creek drainage includes the Middle Fork
Salmon River and portions of the Salmon River
Our findings will help provide natural resource
managers with a better understanding of the
extent and plasticity of westslope cutthoat ffout
migration bchavior in the Bear Valley Creek and
Midd le  Fork  Sa lmon R iver  d ra inagc .

On average fish moved downstream as tem-
pcraturc decreased in the fa]] and winter then
moyement diminished as temperatures stabi-
lized during the coldest months of the winter. As
temperature and flows increased in the spring
mean fish movement increased dramatically.
Similar associations between temperature. flow,
and movement of westslope cutthroat trout have
been observed in other drainages (Shepard et al.
1984, Mclntyre and Rieman 1995, Schmetterling
200i). However. not all ofthe flsh we tagged flsh
moved long distances downstream. By the end
of February the tagged lish were spread out over
more than 150 km of habitat (Figure 1). We are
unaware of other instances in which westslope
cutthroat trcut have been documented utilizing
such an extensiye range ofoverwintering habitat.
From December - February the tagged fish tended
to hold in lower gradient sections of river where
large pools exist. The tendency for cutthroat trout
to aggregate in pools during winter has been well
documentcd (Jakober et al. 1998. Brown 1999).
Fron the aircraft it was evident that during the
winterthe habitat in the Middle Fork Salmon River
is doninatedby very long dffles and large distinct

pools eLre relatively scarce. One explanation tbr
extensive range of ovcrwintering habitat is that
adcquate pods are limited and lish are forced
downstream as pools fillup with lish (Cunjak and
Power 1986). It should be noted that the snow
pack for the Salmon River Basin for the winter of
2000-2001 was -507r ofthe mean (USDA 2001),
therefore, the flows in the Middle Fork Salmon
River were less than average. We do noL know if
Iish movement in a more typical water year would
Llif ler greatl5 from qhat ue observce.

The movement of radio tagged fish into the
small tributaries provides additional evidence that
migratory westslope cutthroat trout in the Bear
Valley and Middle Fork Salmon River drainage
use small tributaries for spawning. Schmetterling
(2000. 2001) documented $estslope cutthroat
trout spawning in l-10 m wide tributades to thc
Blackfoot River Montana. In our study some of
the tagged iish nigrated into small headwatcr
tributaries, u hile others remained in Bear Valley
Creek or the Middle Fork Salmon Riverthroughout
thq .pr ing  nd  \ummer .  A l re rnre  year  spru  n ing
has been documented in some westlope cutthroat
trout populations (Shepard et al. 1984, Mclntyre
and Rieman 1995). The tendency for altcrnate
year spawning may help explain why more ofthe
tagged fish did not migrate into small headwaters
streams.

Only one fish died within a month of tag
implantation. The absencc of excessive mortali-
ties immediately atier the release of tagged fish
indicates thatwestslope cutthrcat trout are tolerant
ofthe shod-term eflects ofhook and line capturc
and tag implantation during late summer The in
creases in mortalities during the coldest months of
winter andjust after spring indicate that the rigo$
ofwinter and subsequent migration and spawning
activity are possible causes ofmortaljty. Westslope
cutthroat trout mortality from spawning can bc
high (Trotter 1992, Mclntyre and Rieman 1995).
Several of the mofalities occurrcd shonly atier
fish entered small first-or second order tributar-
ies in which they may have spawned. The high
mortality rate may also have been due to a bias
towards tagging older flsh that were nearing the
end of the norrnal lif-e expectancy of westslope
cutthroat trout. Other causes of mortality mry
have been due to predation and stress from the
radio tag implants. There were no remains of the
iish visible near the recovered tags and no obvious
signs of predators, such as scat.
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Thc long distance migrations exhibitcdby some
ofthe taggcd lish in this study are consistent with
the l indings ftom other'$olt docunrenting migra-
tions from rvcslslope cutthroat trout (Bjornn and
Mallet 196,+, Schmcttcrl ing 2001). Schrnetterl ing
(2001) lound that f luvial westslopc cutthroat
trout in the Blacklbot River. Montana, exhibited
g lc r t  p las t i c i t l  in  p re .p . ru  n ing  r rnd  po : . l .pau  n ing
movenent. The movement of taggcd lish into
tributaries and sections ofthe Middle Fork Salmon
Rilcr downstream of the location of capture ir')
Bear VLlley Crcek (Figure l), suggest a lack of
strong spring and sununcr habitat site iidelity.
Onc implication of a populatior that is widely
distributed is that dislurbances separated by long
distances (e.g. l0 - 200 km) can have cumulative
effects on the population. Man:rgcment activities
that afltct strean habitat condition in an isolated
pan ofa drainage may have effects on a weslslope
cutthroat trout population that is disperued over a
nuch larger area.

Due to low road dcnsities (0.01 km ha') and
bridge placements at road crossings adult west-
slope cutthroat ffout have unimpcdcd access to
many of the tributaries in the Bear Valley Creek
draina-rc. Similarll'. the Middie Fork Salmon River
drainage has few human caused bariers to tish.
The results of this study add to the evidence in
the l iteraturc thal in a system without danrs. and
rvith few other hurnan caused barriers, \\''estslope
cutthroat trout exhibit a wide range ol migratol,v
strategies ard seasonal hrbitat usc. lt is unknown
how restricting the full expression of v!,cstslope
cutthroat trout migratory behavior and habitat use
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