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The bull tottt, Salvelinus confluentus, is a stream and lake
dwelling salmonid native to western North America. Within
the Yakima and Wenatchee river basins in eastern Washington,
bull hout are located in lakes and streams. Populations have
been declining throughout their historical range due to many
numerous and interrelated factors (Carl 1985; Fraley and
Shepard 1989; Coetz 1989) such as habitat degradation, over-
fishing, interspecific competition, and predation. Bull trout
populations in the ea^stern Cascade Mountains of Washington
have declined in distribution and abundance in the past 50
years (Brown 1992). The Washington Department of Fish and
Wildlife have recommended long-term monitoring fer several
streams in the Wenatchee National Forest to include: 1) habitat
use byjuveniles;2)juveni le bul l  trout abundance; and 3) aduit
bull troul populations.

Identification of microhabitat use by saimonid species is
necessary to understand the ecology of a species and to ensure
the success of futule stream habitat restoration projects. Stream
habitat availability data is also important to assess any natural
or management related environmental changes within streams.
Juvenile bull trout have specific rearing habitat requirements
and the biology of the species in the eastern Cascade
Mountains in Washington is not well known. The majority of
published data regarding bull trout habitat use are based on
studies of populations in Montana and Oregon (Fraley and
Shepard 1 989: Goetz 1 99 1 ; Glaham et al i 980; Pratt 1 984)

Habitat use by juvenile buli trout cluring the summer lias
been more thoroughlv studied than winter habitat. Winter'
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Abstract. - The bull trout, Salvel.ittus conJluentr.rs, is a stream and lake dwelling salmonid native to western
Nolth America. Four streams were studied in the Yakima and Wenatchee River dlainages in central
Washington to estimate densilies and assess habitat use by juvenile bull trout. These streams have been
recommended by lhe Washington Department of Fish and Wildlit'e fol long term monitoring. Nigltt-snorkeling
techniques wele used to determine buII trout densities and habitat use. Six bundred and tifty six juvenile bull
trout were found in the 12.:l stream km that were snorkeled during the surnmer 1992. Sixty-eight juveniles

were fbund in the 3 stream km surveyed_during winter and spring i992. Density estimates of juvenile bull

trout ranged from 0.03 to ;1.06 fish/l00 m'. During winter and spring, the densiry of j uveniles in Indian Creek
was 0.23 fish/100'm2. The total length of juvenile bull trout ranged tiom 60 mm to 300 mm. However, some

of the fisir smaller or bquai to 300 mm may have been sexually mature. Microhabitat data were collected on

589 juveniles. Sbaltow channel margins and backwater areas of ritfles were generally used. The water deptll

and substrate occupied by the juveniles varied between and within each stream during winter, spring, and

surlmer. Juvenile bull trout occupied slow-moving water usually less than 0.05 rnlsec with no significant
difference detected between streams or seasons. Less than 20Vo of the fish were found utiiizing gverhead cover

at night but the fiq[ were usually less than 72 cm from cover. Even thor-lgh juveniles were not often found

inmediately under' l0ver during the nighttime, areas without cover supported fewer juvenile bull hout. This

study examined nighttime habitat use only and the results should not be exhapolated to describe habitat use

during the dayLight hours.

habitat components have been recognized as an important part

of the life history for salmonid species (Chisholm et al. 1987).
The purpose of this study was: 1) to determine juveniJe bull
hout densities; 2) to describe and quantify the habitat use by
juvenile bull trout during winter, spring, and summer: 3) to

describe and quantify instream habitat characteristios of each

study sheam.

Study Site

In order to acquire baseline data on bull trout habitat use in
Washington, four streams were chosen that were known to
contain self-sustaining bull tlout populations, South Fork
Tieton River, Indian, Chikamin, and Rock creeks have been
recommended by the Washington Department of Fish and
Wildlife for long-term monitoring. The strearns are located in
the Wenatchee National Folest in Central Washington and are
relatively accessible (Fig. 1).

South Fork Tieton River and Indian Creek, Yakima River'

drainage, are tributaries of Rimrock Reservoir (Fig. 2).
Rimrock Reservoil supports an adfluvial population of bull
trout South Folk Tieton River', a 4th order stream, was

surveyed from Corral Creek (T12N R13E Sec 6) to
approximately 1.0 stream km downstream of the barrier fal1s
(T12N R12E Sec 12). This is a fair ly low gradient r iver Indian
Crcek, a 3rd order stl'cam. was surveyed from its confluetice at
Rimrock Reservoir (T13N R13E Sec 6) to a possible barr ier
fal ls (T14N Rl2E Sec 20). Indian Creek is a low gradient
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Figure l. Map of county and location of str.eams surveyed in theWenatchee Nat.ional Foresr.

stream with au approximate 2,300 feet elevation gain in the g.2
river miles. The headwaters of this stream are-pZar ancl Applelakes. 

-Trris drainage basin is 9.16g acres uniilr" 
"nto. 

ur.u i,Iocared on National Foresr land (Hoefer 199d;- The last 1.5stream km surveyed in reach 6 is locatecl ln itre Wlttiam O.Douglas Wilderness. Chikamin unA no.f. 
"...tr, 

*.nu,"t..River drainage, are tributaries to the Cfriru*u niu"r jocatecl inthe Entiat Mountain Range and *uy ,oppori--adfluvial andfluvial popularions of bul trout (Fig."3t-"6;ikuilto cr""k, u2nd order stream, was surveyed from its confluence withMarble crepk (T28N R17E Sec zrl to its iowerlForks (T29NR17E Sec 33). Rock Creek, a.:rA^o.0",,n*;;  ;r ,  surveyed
I9a,l. 

bridge crossing of the Cfri*awu niu". road (T29N

|tOn jec 16) 
to a potential log jam Uu,ri.. iT2SN RlTE SecI t. rDe neaclwaters of Rock and Chikamin creels areapproximateiy 6,930 and 6,300 feet respectivelf.

Methods

Density eslinxates and microhabitat

^ An approximately 3.0 km reach was surveyed in IndianCree\fron February through April, 1992 to assess the habitatuse of juvenile bull trout durin-q winter una ,pring.- A 12.4 kmarea was surveyed from 6 July ,!992 
to: SepteirUeL tgg2 Ioassess habitat use in South Fork Tieton. tnOiai, Ctritamin anaRock creeks during tbe summer. (Table l ). Two 1.-5 km reacheswrcre surveyed within each.stream by night snorkeling threeadjacent 500 m sections in both tfr" f,o*"ri unA ufj.1. ,"u.lr"r.An extra 500 m was surveyed in the lower reach of Indian

,nrJubr. 
1. Snorkelling perlods for each srream during summer

I  dn = l .  {  rL- ies

Figure 2. Mao of the study streams in the yakima RiverDrainage. Washington rsqz. (shaJea ar;^l;rj;"#.;ote sites, ___=roads, <<>>=rarnlgr)

Creek and only 1.4 km surveyecl in the upperreach. The lowerreach of Indian and Chikamin creeks hajihree altemating 500m sections surveyed ifteeCl] sheam. Sampiing in'eactr steamwasusually completed within a two week perioi.

,^..,lli-tl.ttll 
sampling was auempted by snorkeling duringqayhght hours and using a back_pack electroshocker.

Experiments during the winter and , summer ixdicated thatsnorkeling at night was the most effective method forestimating.iuvenile bull trout densities. po, .*u*pf., a 700 mreach of Indian Creek snbrkeled during flre Oaf rJsutteO in noJ-:l:lii" l:t,. y.o.u, being found wnite'trre ."uh, ,no*"r"A utnrgllt resulted in locating sevenjuvenile bull txout.
Daytime elech.oshocking had similar;;ir. A -500 metersection of the South Fork Tieton River. was 

"i.ct 
#o"t"O unAonly one.luvenile bull trout was found. H;;;, nighttimesnorkeling in the same reach yieided ZZ ;uvenii" bull trout.consequently, nigrrt snorkering techniques *"r. 

"r".r 
to assessmicrohabitat and density estimates of juvenile- bull troutbecause they were believed to provide u 

-*or" 
accurateassessment of actual bull tr.out numbers.

Typically, a 500 m reach was snorkeled each ni.eht by twodivers moving upsheam while searchilrg i", nrir'r"'rir habitatsencountered. When a diver located a fish identified as a bulltrout, a colored metal washer was piaced on the substratedi'ectly beneath the focar point of trre fisrr. E;, ;;, site wasfla-e_qed and numbered. TLe bull t out ot,r.*.J-* nrgt , ,r"..usually extremely clocile: consequently, snorkeler.s usin.9
,u3.O3rw-ater flashlight wer.e able to measure Ure- iotat tengtir(TL) of each fislr to tbe nearest l0 mm. This was done byplacing a hand-lreld plastic ruler above. or. t,.riJ., .*n firn.

Stream
Sampling period-

South Fork Tieron

Indian Creek

Chikamin Creek

Rock Creek

1/6 - 7/16

1n0 - 8/4

8/5 - 8/20

8t21 - 9/2

;

I
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Figure 4. Diagram of microhabitat measurement points at each
bull trout location during summer and winter/spring l9-92. (D=water
depth, S=substrate,C=cover, Vl=cunent velocity at 60Zo depth,
VO=current velocity at 1009o depth)

Stream Characteristics 
'

Habitat characteristics lbr each of these strearns were
determined by measuring the physical ha,bitat within each study
reach. Water depth, current velociir- and substrate were
measured at six points across the width of the stream at 100 m
intervals. Current velocities were measured at 60 and 100
(bottom) percent of the water column with a Marsh-McBirney
elechonic flow meter.

Each 500 m transect was divided into riffles, pools and
giides using a modified Hankin-Reeves method (Hankin and
Reeves 1988). The length and width of all riffles, pools and
glides were visually estimated with each 5th riffle. 3rd pool and
2nd glide being estimated and measured. Riffles were
identified as shallow reaches of the stream with moderate to
high current velocities and a stream subshate dorninated by
pebble and cobble sized particles. In high gradient riffle areas,

Table 2. Modified Wentworth Particle Size scale used to
classify substrate in the study streams.

Code Substrate Classification

,\--'lKEIA:E€ Y \

r*
\
)

r qr, = 1.4 nufes (

\
Figure 3. Map of the study streams in the Wenatchee River

Drainage, Washington 1992. (shaded areas designate sample site, __
=roads, <<>>=water)

Microhabitat was quantifiecl within a I m2 area arouncl the
fish by measuring water depth, current velocity, substrate. and
cover at each fish focal point. An additional eight
measurements were collected of the water depth, substrate ancl
cover located along an imaginary X-y axis at 25 ancl 50 cm
from the focal point (Fig. 4). Data presenreci on water depths,
substrate and cover at fish locations a.re average values within
the I m2 measured area. The current velocit-ies at each fish
focal point were measured at 60 and 100 (bottom) percent of
the water column with a Marsh-McBirney electronic flow
meter. A modified Wentworth Particle Size scale was usecl for
coding the substrate (Table 2). Cover types were classifiecl
using an alphabetical code (Table 3),
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substl'ates wer.e -generally coalser. pools were clescr.ibed as
scoured out depressions which were longer than wide and had
small substrate and variable depths. Depressions were usually
caused by woody debr.is or.boulcler. Glides were shallow areas
with gravel/pebble substrate. iow current velocity and no major
flow obstructions. Large woody debris (>30 cm diameter),
small woody debris (<30 cm diameter), rootwads. and log jams
were enumerated. The decline in elevation for each 1.5 km
reach was determined in meters and then converted to a percent
grade to determine gradient.

Density estintat| 

Results

During summer 1992, 656 iuveniles were found in the 12.4
km surveyed in the study streams. Juvenile bull trout found in

juveniles found in the three km reach surveyed in Indial Cr.eek
during win^ter and spring resulted in a density estimate of 0.23
fish/i00 mj.

Length-fi.equency histograms (Fig. 5) for juveniles from

Table 4. Densitjes of .iuvenile bull trout during the sunmer
(#/m2) and winter/spring (#/m) sampling periods 1992.

l 'able 3. Alphaherlcal codc used to clas.sify habiral cover types

C--ode Cover-type

Submer_qed vegetatron

Small wood <30 cn

lar_qe wood >30 cm

C)verhanging vegeration

Rootwad

Boulder

Turbulence

Undercut bank

None

lng jam

Area
surveyed

(m) Total # Mean no. (range)

cacn stl'eam suggest that the size distr.ibution was similat.
among sbeams and belween seasous (L=0.j2. p<0.47) except
fol the Sourh Fork Tieron River 14pgyA, F=-5.46. p<0.00i).
Avelage length (TL) ranged from 122 mm in Chikamin Creek
to 138 ffrm in South Fork Tieton River cluring the summer
sampling per.iod. During tlie winter and spl.ing, tlre average
total lengtl l  of juveni le bul l  t lcut was 121 mm.

J lu, enil,e ni croha b itat us e (',, ununer )

Microhabitat data were collectecl from 5g9 iuvenile bull
tlout. Tl're babitat data collected only pertains to nighttime and
does not necessalily reflect daytime habitat use. Juvenile bull

mean distance to cover was similar in all sh.eams exceDt Soutll
Fork Tieton River. 14ir16yA, F=11.73, p<.001). lr"

assessment of cover use includes fish seen using immecliate
covel'and those found away from cover. Juvenile bull trout
were usually found using boulders as cover except in South
Fork Tieton River (Fig. 6). The maiority of juveniles in
Chikamin, Indian and Rock creek were found in tire mainstem
of each stleam. However, the South Fork Tieton Riveriuvenile
bull trout we1.e most frequently within braided side channels
and using large woody debris for hiding. Three_dimensional

found either resting on, or moving slowly over, the substrate.
The stream substrate used varied among the four shearns
(Kruskai-Wallis, H=87.98,.p<.001), and ranged from dehitus
to bedrock (Fig. 8). Juvenile bull trout locared in the braided
side channels of the South Fork Tieton were generally
associated with small-sized subshate particles such as sand. In
conhast, the substrates used by juveniles in the other three
study streans were generally coarser (gravel to boulder).
Juveniles occupied slow-moving water with mean flow rates
Iess than 0.05 m/sec for each stream. No significant differences
were found in the mean velocities at fish location between ilre
four study sreams (tr3uska1-Wallis, H=2.31. b0.50).

B

n

E

F

U

H

I

J

Streanl

Table 5. Number
macrohabitat types during
pools. or riffles)

of juvenile bull trout using various
the summer 1992. ftrwpr=backwater,

South Fork Tieton

Inclian Creek (summer)

Inclian Creek (win/spr)

Chikamin Creek

Rock Creek

3000

3400

3000

3000

3000

Stream Pools Riffles Bwpr

13 ?2

3 4 5

l 0  8 9

0 5 6

2 9  1 4

8 8 9

33 67

8 6 3

1 0 I

t5'l

68

t  t ?

156

0.34 (0.08 - 0.70)

0.84 (0,03 - 2.0)

0.?3

1.85 (0.ls - +.06)

0.74 (0.0s - t.1s)

South Fork Tieton

Indian Creek

Chikamin Creek

Rock Creek
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Figure 5. I-ength-fiequency histograms for juvenile bull trout sampled in the four streams during the winter, spring and summer 1992.
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Taltle 6. Numbc'r of .juvenile bull tr.out fouucl assocrated with
cover dur iuq summer 1992.

Streanr #. juveni les # usirre cover 7c,

Sbuth Fork freron

Indian Creek

Chikarnin Creek

Rock Creek

1 9

28

23

I 0 l

1 5 3

116

t 5 6

r 8  8

1 1  . 8

I 3  I

1 5 1

p
F)
o
tr

l
o
U

zU
l

Juyenile nicrohabilal u,sc (tt,inter ancl. spring t

Winter and spring habitat use by iuveni le bul l  tr .out was
studied fi'om Februar.y thr.ough April. 1992 in Inclian Creek.
however'. habiLat availahility was not measurecl. The
appl'oxlmate amount of snow watel equivalent for. Inclian Cr.eek
for February through Apr. i l  was 2.08. 1.64. and i .7g incl ies
respectively with an annual sum of 2Lj l  inches. The str.eam
temperatures during February through April ranged from 2 to
60C.

Juveniles were found occupying the same stream reacltes
and similar habitats dur.ing winter, spring, and summer,
Microhabitat measul.ements revealed tltat juveniles were
occupying areas with similar velocities between seasons
(t=0.79, P>0.25). But during the summer juveniles were found
in areas with significantly deeper water (t=7.06, p<0.001).
Juveniles rested on a wide variety of substrat€s and significant
differences were found between the seasons (t=5.51, p<0.001).
Tbe majority of thd bull rxout juveniles were found with small
woody debris as the nearest available cover during tbe winter
and spring. whereas boulders were the n.or.rt uuu-iluble cover.
found during the summer. Juveniles were significantly closer
to cover during the'winter and spring than the sutrrmer (t=2.23,
P<0.02-5). Juvenile bull hout occupied microhabitats in low
velocity pocket pools and backwater eddies durine the winier
and spring that wer.e very similar. to the microh-abitats used
during the sutnmer.

Habitat availabilih,

The water depths measured along the habitat transects
differed between study streams (F=53.83. p<.001). Juveniles
in South Fork Tieton River and Rock Creek occupied mean
depths similar to the mean water depths found aiong habitat
ftalsects. In contrast, juveniles in Chikamin and Indian creeks
were occupying significantly deeper- water. than measured along
habitat transects (Fig. 9a-b).

The mean cunent velocities along habitat transects varied
between tlre study str.eams (H=22.69, p<0.001) Indian Creek
had the highest mean velocity. The mean velocity from habitat
transecls among the sheams was gleater than 0.16 nr./sec,
suggesting that water selected by fisli was significantiy slower
than the mean stream velocity (Fig. 9a-b).

Riffles accounted for over 90% and pools less tl.tan.l7o of
each stream, Except for the South For.Ii Tieton River, the
stlearns wele narrower in the upper reaches. However., tlte
lou,er reach of South Fork Tieton River. contained numer.ous

Figure 6. Bar graph representation of nearest cover tlpes used by
juveni'le bull trout (9o ol total iudividuals) in the four study streams
during the summer 1992. (RW = rootwad, LTCB = undercul bank,
LGW = laree wood. SMW = snall wood, BOU = 66u16.., OHV =
overhangrng vegetation, LJ = 16t jam. TUR = turbulence, COB =
cobble)

side channels that were not includecl in the stream width
measufements.

The amount of woody debris present varied between upper
and lower reaches of individual sh.eams, and between streams.
Total woody debris present in each stl.eam was greater in the
lower reach except in Rock Creek. A higher occurrence of
large wood was found in Chikamin and Rock creeks than in the
othel study sites (Table 7)

The percent graclient amb4g study reaches ranged from2Vo
in South Fork Tieton River to 6Za in Chikamin Creek. In
general. higher gradients we1.e found in the upper reaches of
eacli stream. where the highest densities of juvenile bull hout
were found. Maximum temperaturel befween study streams
during the summer sampling periods ranged fi.om 9.5o C in
Indian Creek to 12.5o C in South Fork Tieton River.

A stepwise multiple regres$ion was used to determine the
relationship between the physical habitat characteristics of
streams and iuvenile bull hout densities. Bull trout density in
each 500 m section was assessed as either low (<12
individuals) or high (>12 individuals). This analysis attemprs
to determine whether certain insheam habitat characteristics

Table 7. Total and percent composition of woody debris found in
each study stream during summer 1992.

Stream Total Rootwad
<30 >30
cm cm

South Fork
Tieton

Indian
Creek

Chikanrin
Creek

Ro-k Creek

l-og
Jam

1 i

l 1

J J

35

50

3 8

26

l 8

36

l 6

1 J

25r

l 6 42 29
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SOUTH FORI(  TIETON RIVER
INDL\N CREEI(
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FigureT' Graphical representationofjuveni lebul l troutmicrohabitat. inthefourstudystreanssampledduringthesummerlgg2
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Juvenile bull trout densities varied greatly among study
streams. The average density for. all the streams was 0.94
fish/I00 m'. Density of juvenile bull trout present in the upper
reach of Rock Creek may be underestimated because of the
Iarge number of adult bull trout that had moved into the
tributary to spawn. The presence of pre-spawning adult bull
trout may induce juveniles to remain under cover. Most
streams surveyed during this study had relatively low clensities
of juveniles compared to those reportecl by other resea-rchers.
For example. age I bull trour in the South Fork of Codl Creek
following a habitat^enhancement project rangecl from 12.g to
14.2 fish per I 00 m2 area (Weaver 1991 ) and lensiries renorted
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either singulariy or in combination are correlated with bull
trout densities. A total of 19 physical habitat variables were
used in the analysis (Table 8). From this analysis, the
combination of habitat variables that best explained clifferences
in juvenile density were gradient, mean and stanclard deviation
of current velocity at 100 percent of the water column. ancl the
amount of large woody clebris (r2=0.61).

Discussion

Densitv Estimates
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Table 8, Instream habitat variahles usecl in nrultiple regression

analvsis.  (Std.  = standard deviat ion)

Vanables

Deplh

Substrate

Velocity (600/0)

Velocity (l 007o)

Strean. width

Std. depth

Std. substrate

Std. velocity (607o)

Std. velocity (1007o)

Std. streanr width

Total wood

Rootwad

Small wood

Large wood

I-ng jam

Gradient

Riffle (7o)

Pcrl (7o)

Giide (7o)

by Pratt (1984) in the Flathead River, Montana were higher.

However, densities reported in this study are similar to bull

hout densities found in Sun Creek, Oregon (Dambacirer et al'

1992).
The streams chosen during tbis study had a high number of

redds prior to this study and were assumed to have high

densities of juvenile bull ttout (E. Anderson and L. Brown,

Washington Department of Fish and Wildlife' pers. com.)

Juvenile bull trout population densities are generally suspected

to be an indication of tbe reproductive success of adults and of

the overall condition of tire population. However, high counts

of spawning adults and redds do not always result in high
juvenile populations. The Mad River in the Wenatchee

National Forest had fewer adults rind redds than the sheams

surveyed during this study but had higher densities ofjuveniles

than any of my study streams (L. Brown, Washington

Department of Fish and Wildlife, pers' com.).

The size and age ofjuveniles can vary between streams due

to the steam temperature and productivity (Brown 7992; Pratt

1984). The samplin.r method employed in flris study was found

to be accurate for determining densities of juveniles greatel'

than age 0. However. this method does not produce an

accurate replesentation of age 0juveniles. Goetz (1991) also

suggested night snorkelin.q may lrot be suitable for determining

age 0juvenile bull tlout densities.

7'

Ofr SIL SAN OM PEE
SUESTBATE

Figure 8. Bar graph representation of substrate used by juvenile

bu1l trout (7o of total individuals) for each streanr surveyed during the
summer 1992. (DET = detritus. SIL = silt. SAll = sand, GRA =
gravel, PEB = pebble, COB = cobble, BOU = boulder. BDR =

bedrock)

Juvenile habitat

Juvenile bull trout found at night were typically occupying

slow, shallow, open watel' along stream margins. Slow water

adjacent to riffles was usually formed by woody debris or

complex boulder structures. These areas may be an important

factor in the microhabitat of juvenile bull trout. Juvenile bull

txout were frequently fegnd occupying slow moving water

adjacent to swifter watet' vlhich aliowed them to expend little

energy. This type of microhabitat apparently results in the

accumulation of drifting macroinvertebrates (Fausch 1984).

Bull hout juveniles were found in similar nucrohabitats in

Montana streams (Shepard et al 1984)' Juvenile bull trout were

predominately found in-tbe channel margins of pools in Sun

Creek, Oregon (Dambacher. 1992). During the summer, less

than 20 percent of juvenile bull tlout were observed using

overhead cover. Juvenile buli trout were found associated with

large submerged wood or interstitial space between boulders

during this study. Juveniles in the Metolius River Basin during

the summer night sampling period were more closely

associated with fine woody debris (Goetz 1991). Woody debris

and unembedded substrate were also common cover for the

juveniles in the Flathead River system (Pratt 1992). Juvenile

bull trout found during this study wele -lenerally using similar

cover as juveniles in the Metolius and Flathead river basins but

were usually further from cover' Possibly the sheams studied

in Washington had less cover available' Generally, the
juveniles were found folaging and resting ovel'substlates

ranging from deffitus to bedrock at depths ranging from 5 - 75

cm. Juvenile bull tlout in this study were observed to be

mainly benthic foragers. I'he hi-shest percentage of juvenile

bull trout wele found slightly above, or on tlte steambed which

was genelaliy dominated by substrate lalger than gravel'

Similarly, iuvenile bull tlout in the Flathead River Basin are

usually near the subshate ancl cousidered benthic foragers
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(Nakano et al. 1992). This was similar to frndings in the
Metolius (Goerz 1991) ancl Flatheacl river. basins (pr.att 1992:
Shepard et al.  198:l).

Juveniles in Souttr Fork Tieton River were usually fbund in
side channels. These areas were shallow, had smali substrate
palticles, anc'l very littie detectable flow. Such sicle channels
may plovide refuge from pledation by larger adult bull h.out
and other lar,te salmonids.

The pocket pool areas for.med by woody clebris or boulders
provided areas of slow moving water (mean=0.05 m/sec) tbr
juvenile bull uout. In contrast. the stream velocities at fish
focal points were slightly grearer in the MetoLius (Goetz 1991)
and Flathead (Shepard et al. 198:l) river basins.

- Areas occupied by juvenile bull trout were significantly
slower than were available at the habitat transects suggesting
fish were selecting areas with low current velocities. Tberefore,
it appears that juvenile bull trout select areas with little
detectable flow re-uardless of the water depth or subshate
available.

Winter and spring habitat use by juvenile bull trout in
Indian Creek was very similai to that used during summer.
Aleas of Indian.Creek thar supported popularions ofjuveniies
during winter also had juveniles during the surnmer. However.
Indian Creek has numerous ground water upwellings and above
ground springs that provide a relatively constant water
temperature throughout thq year. The main differences in
microhabitat use was that juleniles during winter and spring
were found at shallower depths and usually closer to cover.
However, the difference in water clepth use was probably an
artifact of increased water ievels during the July sample period
rather than an actual shift in habitat preference.

Complex channel structures that contained abundant woody
debris may be an important factor in the abundance of bull
hout juveniles. Even though the multiple regression analysis
failed to detect any relationship between the physical
characteristics of the streams and bull hout densities, stream
reaches that supported low amounts of woody clebris usualiy
had lowel densities. The habitat transects within each sheam
may have been measured on a scale too coarse to cletect fine-
scale microhabitat that is important to juvenile bull trout.
.Iuvenile bull trout during the winter, spring, and summer
consistently occupied areas with a slow current velocity. Since
water depth and subsrate varied between strearls, this suggests
that microhabitat components were not selectecl, but were usecl
in proportion to availability. There is however, strong evidence
to suggest that most fish actively select specific microhabitats
rather than randomly choosing areas (Gosse 19g1). Larkin
(1956) stated that freshwater fish are versatile anci piastic with
respect to their adaptations to a wide range of environmental
conditions. However, the results from this stuclv show at nisht
tbe fish are relatively consistent with respect to currlnt
velocity.

Incidental data was collected on other fish species observed
during tlris study. Brook trout (Salvelinus fontinali.r) were
observed in Indian Creek using habitats similar to bull trour.
Ho wever, yo un g chinook s almo n ( O nc o rlty n c h tt.s t.s h aw v t,r c h a \,
rainbow/steelhead trout ( O ttc'o rhvnchu.r nrykjss) and mountain
wliitefislr (Pro.sopir,un williant.roni) were generally obscrved
higher in-the water column and fur.ther from shore than bull

F.igure 9a-b. Comparison of fish use and habitat availability for
microhabitat variables of warer depth (top) and velocity Oottom).
(SFT = South Fork Tieton, IND = tndiap Creek. CHIK = Chikamin
Creek, Rock = Rock Creek)

trout suggesting they utilize faster moving water at night.
Chinook salmon and rainbow/steelhead consistently seiected
areas inshore, which were shallow and slow moving, for
ni,ehttime habitat in the Wenatchee River (Hillman et al. 19g9).
This was similar to habitat userj by bull trout during this study.
Possible factors influencing nighttime habitat selection are
reduced predation, reduction in energy expenditure, and
feeding. The net energy gain ancl fitness might be maximizecl
in these areas of low velocity (Fausch 1984).

Since this study only pertains to nighttime habitat use by
juvenile bull hout ther.e is a need to study daytime habitat use
for this species. During the daytime, juveniles appear to be
using dense cover. This cover may be an important factor in
the survival of this species and shoulcl be stuclied more
intensively. This study only briefly describes the overwintering
habitat use by juvenile bull trout. Winter habitat requirements
are an important factor in the survival of bull trout in many
stleams Iocated east of the Cascades. The available literature
on this subject is extr.emely limited and consequentiy more
studies to describe the overwintering requir.ements of bull trout
are needed.
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