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Abstract

Bull trout (Salvelinus confluentus), a native char of the Pacific Northwest, has declined in abundance and distribution in recent
years. Little is known about the habitat use by salmonids in streams with substrate characterized by Belt-Series geology. Such

information could be used by managers to evaluate potential e

ffects of land use practices on the species, or to enhance or protect

existing habitat. A total of 28 pools, 60 riffles, and 46 runs was sampled in 14 reaches of four streams to determine habitat use of
age 0 and age 21 juvenile bull trout in three habitat types (pools, runs, and riffles) and in channel margins and main channels. Age
0 bull trout used habitat types in equal proportion to availability, whereas age 21 juvenile bull trout selected pools and avoided
_ riffles. Lateral position within the stream channel differed with age class: 88% of the age O fish were in the channel margins,
whereas 91% of the age =1 fish were in the main channel. In addition to the habitat use study, 18 reaches in six streams were
studied to determine habitat characteristics that influence abundance and distribution of juvenile bull trout. Reaches with high
densities (3.9 to 11.2 fish/100 m?) of bull trout had maximum summer temperatures ranging from 7.8 to 13.9°C, whereas most
reaches with low densities (< 1.0 fish/100 m?) had higher maximum summer temperatures (18.3 to 23.3°C). Density of juveniles
in reaches increased with the nuraber of pocket pools/100 m. The combination of number of pocket pools and maximum summer
temperature explained nearly two-thirds of the variation in density of juvenile bull trout.

fntroduction

The bull trout (Salvelinus confluenius), a native
char of the Pacific Northwest, has declined in abun-
dance and distribution during the past 30 years
(Goetz 1989), especially in southern portions of
its range (Rode 1988). Several factors have been
implicated in their decline, including habitat deg-
radation (Cardinal 1980; Enk 1985), competition
with introduced species (Dambacher et al. 1992),
and exploitation (Allan 1980; Carl 1985). Bull
trout gained their southern distributions during
the Miocene and Pleistocene epochs when major
river systems of the Northwest were connected
and the climate cooler (Goetz 1989). As tempera-
tures warmed, bull trout took refuge in cold head-
water streams. Some populations of bull trout are
year-round stream residents, whereas others are
migratory, requiring downstream passage from
natal streams to a river or lake to grow to matu-
rity and upstream passage to return for spawn-
ing. McPhail and Murray (1979) suggested that
Jack of rearing habitat may limit the overall number
of bull trout in a population. However, compared

! Current address: Shoshone-Bannock Tribes, Fisheries De-
partment, Fort Hall, Idaho 83203
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to most other salmonids, little is known about the
specific rearing requirements of bull trout,

‘When evaluating the habitat requirements of
bull trout, the geology of watersheds should be
considered. Much of northern Idaho and north-
western Montana consists of Belt-Series geology
characterized by cobble-sized sediments. Little
is known about the habitat use by salmonids in
streams with Belt-Series type substrate. Such in-
formation could be used by managers to evalu-
ate potential effects of land use practices on the
species, ot to enhance or protect existing habitat.
The objectives of this study were to 1) character-
ize habitat use of age 0 and older juvenile bull
trout in summer and 2) identify the physical at-
tributes of streams that are most closely associ-
ated with the distribution and abundance of bull

‘trout. Although habitat for juvenile buil trout can

be limiting in any season (e.8., winter), the em-
phasis in this stady was on late spring and sum-
mer, when conditions for growth of juveniles were
meost favorable. :

Study Area

The study was conducted in 18 reaches of six dif-
ferent tributary streams (Grouse Creek, North Fork
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Figure 1. Map of study area including geographic location
of Lake Pend Oreille, its major tributaries, and the
study streams.

Grouse Creek, Trestle Creek, Granite Creek, North
Gold Creek, and Gold Creek) of the Lake Pend
Oreille drainage in northern Idaho (Figure 1). In
these and other Lake Pend Oreille tributaries, ju-
venile bull trout most often occur sympatrically
with resident and juvenile adfluvial westslope cut-
throat trout {Oncorhynchus clarki lewisi), resi-
dent and juvenile adfluvial rainbow trout (O.
mykiss), and occasionally with brook trout
(Salvelinus fontinalis) and brown trout (Salmo
trutta) (Pratt 1985). Most bull trout in these sys-
tems are adfluvial, typically remaining in streams
as juveniles from one to three years, and migrating
to-the lake to grow (often up to 65.0 cm in length)
and mature (Hoelscher and Bjornn 1989). Matu-
rity occurs within two to four years after reaching
the lake, so adult fish are typically five to seven
years old. Adult bull trout have strong homing in-
stincts (Scott and Crossman 1973), returning to their
natal streams during spring through early fall and
spawning during September and October.

Streams were chosen to represent the range of
habitats accessible to and occupied by adfluvial
bull trout in the Belt-Series geology type rock
formation located on the eastern side of Lake Pend

Montana

Oreille (Figure 1; Table 1). Details of the study
streams are presented in Saffel (1994). Eighteen
stream reaches to be sampled were systematically
placed within the stream distance available to
adfluvial bull trout. Length of study reaches was
approximately 100 m in thalweg length. How-
ever, one reach at the lower end of Granite Creek
was divided into two, smaller reaches because a
large spring in the middle of the original reach
reduced the water temperature by 5°C.

Methods
Density of Juvenile Bull Trout

Numbers of juvenile bull trout were estimated
within each study reach by snorkeling and bank
observation at night between 6 July and 4 Sep-
tember 1992. Night snorkeling was shown to be
a consistently better method of enumerating ju-
venile bull trout than day snorkeling or
electrofishing in three Lake Pend Oreille tribu-
taries (Bonneau 1994). Snorkel counts were made
by moving upstream through the reach, spotting
fish with a flashlight, and whenever possible,
confirming the length with an object of known
length. A bank observer followed approximately
15 m behind the snorkeler and counted fish in
the channel margins on both banks. To avoid du-
plicate counting of fish, the bank observer and
snorkeler communicated and used hand signals
to indicate fish locations and counts. Bull trout
would remain motionless when observed with a
light from underwater and from above, facilitat-
ing identification and length estimation. Bull trout
were categorized according to total length as: Age
0 (< 75 mm) and age = L (75 to 270 mm). Fish
were later consolidated into one group, juvenile
bull trout (age 0 and age > 1 combined), for analysis
of abundance and distribution. Length at age cat-
egories were confirmed by a small sample of
otoliths collected from study streams. Length of
age 0 fish was typically 40 to 60 mm with the
largest being 75 mm. Counts of fish were recorded
according to observation method (snorkeling or
from the bank), species, and size class. Age Obull
trout were distinguished from other age 0 salmo-
nids by an overall darker, mottled body color, the
absence of markings on dorsal fin, a laterally com-
pressed body form, and the presence of a black,
triangular-shaped mark on the caudal fin. Hybrid
bull trout x brook trout were differentiated from
bull trout by spotting on the dorsal fin (Cavender
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TABLE 1. Key physical, chemical, and biclogical attributes of the six study streams. Geologic types are, UGB, unglaciated belt;
GB, glaciated belt; and GM, granitic mix. Other trout species are: ctt, cutthroat trout; ebt, rainbow trout; brt, brook
trout; and hyb, brook trout x bull trout hybrids. Discharge was measured on 27 and 28 August.

August Elevation Other trout

Geologic  discharge Conductivity Percent Range of lower-upper species
Creek type (m¥/s) pmhos cm’ gravel® gradient (%)* {m)* observed
Gold UGB 0.23 99 47.1 3.8 628 - 725 ctt
North Gold UGB 0.11 107 49.6 6.4 628 - 670 ctt
Granite UGB 0.23 88 36.2 19-54 628 - 805 ctt, rbt
Trestle GB 0.21 34 30.0 3.1-83 628 - 1,158 cit,rbt
Grouse GM 0.21 17 13.5 1.6-3.6 902 - 1,228 ctt,rbt,hyb
N.F. Grouse GM 0.05 90 35.2 3.5-5.0 750 - 878 bt brt,hyb

» Dominant gravel substrate includes both pea gravel and gravel (Overton 1992). This size range corresponds with dominant

substrates characterizing bull trout redds (Goetz 1989).

¢ Gradients are those reported by Hoelscher and Bjornn (1989) that corresponded with sections in this study and are approxima-

tions.

¢ Elevations are approximations as reported by Hoelscher and Bjornn (1989).

1978: Markle 1992). Densities (fish/100 m2) were
calculated based on the dimensions of each reach
in which fish were counted.

Temperature

-

Water temperature in the 18 study reaches was
mionitored with 14 maximum-minisnum thermorm-
eters and four Ryan Tempmentors. A thermom-
eter or Tempmentor was placed directly below
each study reach by 18 June and removed on 10
and 11 September. Maximum-minimum thermom-
eters were read every two weeks. Tempmentors
recorded hourly temperatures. Temperatures
throughout study reaches were confirmed with a
hand-held thermometer at times of snorkeling.
Maximum summer temperature was chosen for
analysis because it has been cited as a controller
of juvenile bull trout distribution (Goetz 1989)
and is commeonly used in relating fish abundance
to habitat.

Use of Habitat Types

To determine use of habitat types, twenty-eight
pools, 60 riffles, and 46 runs were sampled from
14 reaches in four streams during July and Au-
gust of 1992. Habitat typing followed the proce-
dure described by Overton (1992). This proce-
dure used information from Bisson et al. (1981)
and Sullivan (1986) to determine habitat types.

To determine physical features of the pools,
riffles, and runs, three equidistant transects parallel
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and perpendicular to flow were placed in each
habitat unit. As a result, nine points within each
habitat unit were measured for water depth, bot-
tom water velocity (2 cm above bottom), and
dominant substrate. Depth was measured with a
meter stick, velocity with a Marsh-McBirney flow
meter, and dominant substrate was estimated vi-
sually within a 0.3 m? area around each point.
Length was measured along the thalweg, wetted
stream width was measured at each perpendicu-
lar transect, and bankfull channe] width was mea-
sured at each one-half transect.

Mean depth, geometric mean substrate size,
and mean velocity was determined for each habitat
unit. Mean depth (cm) of habitat units was calcu-
Jated as the sum of the nine depths divided by 12
to account for O depth at the bank (Platis et al.
1983). Geometric mean substrate size was deter-
mined using ranked classifications described by
Overton (1992): sand/siit (< 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), and bedrock (rank = 7). Mean
velocity was equal to the sum of velocity mea-
surements in a habitat unit divided by nine.

Reaches

To determine habitat features of reaches most
closely associated with abundance and distribu-
tion of bull trout, six habitat variables were



measured for each study reach. Mean depth, mean
velocity, and substrate diversity were calculated
from transect measurements in habitat units. Other
measurements included volume of large woody
debris (volume/100 m?) within bankfull width,
water temperature, and number of pocket pools.

Mean depth and mean velocity in a reach were
calculated from data collected for habitat units.
Diversity of substrate was estimated using the
reciprocal of Simpson’s index (Hill 1973),
D=1/Z (P?); where, P, is the proportion of sub-
strate measurements in category i.

Volume of large woody debris within bankfull
" discharge was estimated for each reach. Pieces
measured were defined as either a bole or rootwad.
Boles were greater than 10 cm in diameter at one-
third the distance from the base and either (1)
equal to or longer than 3 m in length or (2) two-
thirds the stream width (Overton 1992). Root wads
were attached to logs less than three meters in
length. Diameter was measured at one meter from
" the base. The volume was estimated using the
formula for determining the volume of a cylin-
der; (r¥)(1); where, r = the radius at onée-third
(bole) or one meter (root wad) the distance up
from the base and | = the length.

“The total number of pocket pools was deter-
mined for each study reach. Pocket pools were
" small, low velocity areas formed by channel ob-
structions including boulders, woody debris, and
irregular bank formation (Overton 1992). Pocket
pools were characterized by less turbulence, smaller
substrate, and generally greater depth than sur-
rounding areas and were in riffle and run habitat

types.

Analyses

Chi-square contingency tables and goodness-of-
fit tests were used to determine whether use of
- habitat types by bull trout was independent of age
class (age 0 and age = 1). Use was determined by
pooling habitat unit counts from Granite Creek,
Trestle Creele, North Gold Creek, and Gold Creek.
Reaches 1 and 2 from both Grouse and North Fork
Grouse creeks were excluded because factors other
than physical habitat features (i.e., high tempera-
tures and presence of brook trout) may have lim-
ited bull trout numbers there. Observed values
by age class were equal to the number of fish
counted in a habitat type. Expected values were

calculated based on the proportion of area sampled
of a habitat type. The null hypothesis was that
use of habitat type was in proportion to the avail-
ability of a particular habitat type. If use of habi-
tat types by an age class was significantly differ-
ent (i.e., P <0.05), Bonferroni confidence intervals
around frequency of use were used to determine
if bull trout age classes were selecting, neutral,
or avoiding habitat types (Neu et al. 1974). Se-
lection for a habitat type was indicated if avail-
ability of a habitat type was lower than the lower
bound of the confidence interval. Conversely,
avoidance was indicated when availability of a
habitat type was higher than the upper bound.
Neutral selection was indicated when the frequency
of the habitat type was within the bounds of the
confidence interval.

To test for differences in mean velocity, mean
depth, and geometric mean dominant substrate
size between habitat types, the Kruskal-Wallis test
was used because of unequal variances and non-
normal distributions of samples. Dunn’s test was
used for multiple comparisons of ranked values
with unequal sample size. Each test was consid-
ered significant at P < 0.03.

Regression techniques were used to relate bull
trout densities to the six habitat variables (vol-
ume of large woody debris/100 m?, mean depth,
substrate diversity, maximum sumimer tempera-
ture, mean velocity, and number of pocket pools/
100 my). Multiple best subsets regression, with
Mallow’s C(p) statistic as a criterion, was used
to choose the five best models with two indepen-
dent variables. For multipie and simple linear re-
gression tests, density of juvenile bull trout was
the dependent variable (Y) and habitat features
were the independent variables (X). Multiple and
simple linear regression results were considered
signifi¢ant at P < 0.05.

Normality and homoscedasticity assumptions
were evaluated to determine the validity of re-
gression analyses and the need for transforma-
tions. Transformations of density of juvenile bull
trout and volume of large woody debris were nec-
essary to normalize distributions and stabilize
variance. Density of bull trout was transformed
using a square root (Y + 0.5) transformation and
volume of large woody debris was transformed
using log, . For regression procedures the con-
stant variance assumption was visually determined
using residual plots (Zar 1984).
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Results

Use of Habitat Types

Atotal of 190 age 0 and 253 age = 1 juvenile bull
trout was observed during July and August in 14
reaches of four streams (Table 2). Use of habitat
ty%es was dependent on age (size) of bull trout
(x* = 28.26; 2 df; P < 0.001), so different age
classes used habitat types differently. Age O bull
trout showed no selection for a habitat type (x2 =
3.83; 2 df: P> 0.10). Age = 1 bull trout, in con-
trast, were found more often than expected in pools
and less than expected in riffles (= =24.43; 2 df;
P < 0.001). Use of channel margins and main
channels by juvenile bull trout was also related
to age class. Eighty-eight percent of the age 0
fish were observed in the channel margins, whereas
91% of the age = 1 were found in the main chan-
nel.

For Granite, North Gold, Gold, and Trestle
Creeks combined, riffle habitat was most abun-
dant (3,793.5 m?) followed by runs (2,344.1 m?)
and pools (962.5 m?). Significant differences were
found between habitat types in mean velocity (H
=51.7; 2 df; P < 0.001; Figure 2), geometric mean
substrate size (H = 29.1; 2 df; P < 0.001), and in
mean depth (H = 44.4; 2 df; P < 0.001). Mean
comparisons indicated similarities in mean depth
and mean velocity between pools and runs, whereas
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TABLE 2. Availability of three habitat types and use by juvenile bull trout in four streams during July and August 1992.

Pool Run Totals
1 28 46 134
Habitat area (m?) 962;5 3,793.5 7.100.2 11,856.2
Available (%) 13.6 33
Age O bull trout
n 17 62 190
Use (%) 9.0 32.6
Age =1 bull trout
n 6l 77 253
Use (%) 24.1 304
Confidence interval 17.7 - 30.6" 37.9 - 53.0° 23.5-374

= Percent of total habitat area
b Selection for pool habitat
< Avoidance of riffle habitat
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riffles were shallower and had higher velocities.
Substrate size was significantly larger in both runs
and riffles than in pools. Therefore, in combina-
tion with the habitat use results, it can be con-
cluded that age > 1 juvenile bull trout were found
more often than expected in deeper, slower habi-
tat types with smaller substrate (i.e., pools). Con-
versely, age 2 1 juvenile bull trout were observed
less often than expected in shallower, faster habitat
types with larger substrate (i.e., riffles).

Reaches

Juvenile bull trout were found at elevations rang-
ing from 628 m to 1158 m and gradients ranging
from 1.9% to 8.3% (Table 1). Densities of juve-
nile bull trout (age 0 and age = 1 combined) ranged
from zero to 11.2/100 m?(Table 3). Two variables,
maximum summer temperature and number of
pocket pools/100 m, were significantly related with
density of juvenile bull trout using simple linear
regression. None of the other four habitat vari-
ables (mean depth, mean velocity, substrate di-

versity, or log,, volume of large woody debris)
was significantly related to density of bull trout.

The density of juvenile bull trout was nega-
tively related with maximum summer tempera-
ture (2 = 0.33; df = 17; P = 0.01). However, a
non-linear, dome shaped relationship or barrier
effect (temperatures are either too low or high to
support the species) is more likely (Figure 3).
Density of bull trout increased with increasing
temperature below 14°C and decreased with in-
creasing temperature above 18°C. The highest
densities of bull trout were found in Trestle and
Gold Creeks where maximum suinmer tempera-
tures ranged from 10 to 13.9°C. Lower densities
of bull trout were found with decreasing maxi-
mum summer temperatures below 13.9°C in North
Gold Creek and portions of Granite Creek and
with maximum summer temperatures above 18°C
in the Grouse Creek drainage and in one reach of
Granite Creek. No reaches were sampled that had
maximum summer temperatures between 14 and
18°C. This may be due to the relatively warm

TABLE 3. Physical characteristics and densities of juvenile bull trout in 18 stream reaches of six Lake Pend Oreille tributaries.

7 Maximum
Mean  Mean Mean Volume of sumrner Number of  Juvenile
Length width . depth  Substrate  velocity large woody temperature pocket bull trout/
Creek Reach (m) (m) “(cm) diversity (m/s) debris/100 m? °CH pools/100m 100 m?
Granite 1 436 . 638 1493 2.96 0.20 i.92 12.2 6.88 5.39
Granite 2 64.9 6.19 16.34 1.92 0.11 0.96 18.3 ¢ 0.75
Granite 3 105.8 555 1549 3.02 .21 2.24 1},._9 0 0.85
Granite 4 111.8 513 15107 425 0.18 2.44 11.0 1431 4,01
Granite 5 92.4 592 1682 3.24 0.20 2.12 9.2 20.56 4.94
Grouse 1 892.0 7.37 13_.52‘ 3.11 047 0.80 20.0 20.22 0.30
Grouse 2 83.0 6.25 10.39 3.67 0.12 020 20.0 28.92 0.96
N.F. Grouse .1 88.7 476 1012 3.61 0.30 2.44 - 233 6.76 0.00
N.E Grouse 2 90.1 492 10.88 4.56 0.25 312 20.0 6.66 0.23
North Gold 1 957 501 12.57 2.45 0.12 9.84 7.8 0 0.42
North Gold 2 100.9 485 1493 3.73 0.18 6.92 7.8 6.94 3.88
Gold 1 108.6 6.65 1192 3.59 0.22 0.48 100 21.18 1.89
Gold 2 893 390 15.63 2.90 0.23 3.12 i1.1 24.64 11.20
Trestle 1 103.6 6.57 17.06 3.73 0.17 2.40 13.0 25:10 8.96
Trestle 2 128.6 505 13.20 4.00 0.23 492 13.3 30.33 7.55
Trestle 3 123.6 522 16.22 3.90 0.24 4.88 13.9 20.23 11.16
Trestle 4 101.5 443 11.72 3.49 0.20 6.08 12.2 12.81 6.23
Trestle 5 105.3 416 823 3.71 0.18 16.28 12.1 17.09 9.82
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Figure 3. Scatter plot of maximum summer temperature and transformed juvenile bull trout dersity for 18 reaches of six streams.
Lines indicate trends in density of juvenile buil trout in reaches with maximum summer temperatures <14°C (increas-

ing trend) and >18°C (decreasing tread).

summer climate in the Lake Pend Oreille drain-
age. Low elevation (690 m at lake level) and con-
sistently warm summer air temperatures (often
above 30°C) may result in warm stream tempera-
tures except where influence of cold ground water

310 Saffel and Scarnecchia

is significant or the stream is shaded from sun-
light.

The density of juvenile bull trout was posi-
tively related with number of pocket pools/100
m (2 = 0.33; df = 17; P = 0.01; Table 4; Figure



TABLE 4. Results of simple linear regression between density of jlivenile bull trout (Y) and independent variables (X) for 8
reaches (df = 17) of six streams.

Independent Variable (X) r? F Probability Equation
No. of pocket pools/100 m 0.33 7.87 0.01 Y = 1.26 + 0.06(X)
Mean bottom velocity 0.04 0.59 0.46 Y =133 +3.75(X)
Mean depth 0.06 1.1 0.33 Y =0.84 + 0.09(X)
Substrate diversity 0.05 0.88 0.36 Y =0.87 +0.35(X)
Volume of large woody debris (log, ;) 0.09 1.6 022 Y = 1.63 + 1.65(X)
4.0
rZ =0.33
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Figure 4. Relationship between nurmber of pocket pools/ 100 m and transformed juvenile bull trout density for 18 reaches
of six streams. ’
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4). Density of juvenile bull trout in the four reaches
within Grouse Creek and North Fork Grouse Creek
was poorly described by the linear model and
decreased the amount of variation explained (r?).
These four reaches differed from the others in
that maximum summer temperatures were > 18°C
whereas the other reaches had maximum sum-
mer temperatures of <14°C.

Using multiple best subsets linear regression,
transformed juvenile bull trout density (Y) was
best predicted by the model: Y =2.919-0.11%(X)
+0.055(X,) where X, = maximum summer tem-
perature, and X, = number of pocket pools/100
m (R? = 0.64; df = 16; P < 0.001; Table 5; Figure
5). Number of pocket pools accounted for 33%
of the variation and maximum summer tempera-
ture accounted for 31%. Colinearity between num-
ber of pocket pools and maximum summer tem-
perature was insignificant (r = -0.02; P> 0.90).
Model numbers 2 through 5 (Table 5) were also
significant, however, in each case either maxi-
mum summer temperature or numbar of pocket
pools were included in the model and accounted
for most of the variation.

The interpretation of the temperature data in
this study is limited because of the dependence
of maximum summer temperature on streams (in-
dicated by the clustering of individual reaches by
stream in Figures 4 and 5) and by the absence of
maximum summer temperature data between 14
and 18°C. Clustering of individual stream reaches
is not unexpected because sections of streams
accessable to bull trout were relatively short, re-
sulting in little variation in water temperaturcs
within a stream. An exception was Granite Creek,
which consisted of cold stream temperatures (maxi-
mum summer temperatures of 9.2 and 11°C) at

the upper reaches, warm stream temperatures (13.9
and 18.3°C) in the middle reaches, and low tem-
peratures (12.2°C) at the lowermost reach, where
the stream was influenced by a large, cold water
spring. Densities of bull trout were highest in the
upper and lowermost reaches where temperatures
were coolest, and lowest in the middle two reaches.

Discussion

Age 0 bull trout used habitat differently than age
> 1 bull trout. Age O fish were found primarily in
the channel margins of runs and riffles, whereas
the older juveniles selected deeper, slower pool
areas and exhibited an avoidance of riffles and
runs. Segregation of habitat between larger, older
salmonids and younger, smaller salmonids has been
reported for bull trout in the upper Arrow Lakes
drainage, British Columbia (McPhail and Murray
1979), for age 0 and older char (bull trout and
brook trout) in Sun Creek, Oregon (Dambacher
et al. 1992) and for steelhead trout (O. mykiss)
and chinook salmon (OQ. tshawytscha) in two Idaho
streams (Everest and Chapman 1972). Use of
higher velocity, main channel areas for food ac-
quisition requires stronger swimming, which may
also exclude smaller fish. Channel margins often
provide the necessary habitat for salmonid fry to
survive. Moore and Gregory (1988) reported that
age 0 cutthroat trout (O. clarki) were more abun-
dant and had higher biomass in stream margins
that provided slow, shallow water, and abundant
food. Chapman and Bjornn (1969) and Everest
and Chapman (1972) suggested that smaller steel-
head trout fry used stream margins in the pres-
ence of chinook fry because of reduced preda-
tion by the larger chinook fry. In the present study,
potential predators of age 0 bull trout included

TABLE 5. Results of multiple best subsets linear regression between transformed juvenile bull trout density (Y) and indepen-
dent variables (X) for 18 reaches of six streams. Asterisks indicate use of independent variables in the respective

models.
Maximum  Vol. of large

Model _ Adjusted summer woody Substrate  No. of pocket ~ Mean Mean
number C(p) R? R? P temp. (°C} debris/100 m*  diversity pools/i00 m depth (cm) velocity (n/s)

1 433 064 059 0.0003 * : *

2 1123 049 042 0.0066 * *

3 1435 042 034 00l68 * *

4 15.00 041 033 0.0202 * *

5 15.87 039 031 00256 * *
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400 m?

Square Root Juvenile Bull Trout+ 0.5

R? = 0.64
P < 0.001

Y = 2919 - 0.119(X,) + 0.055(X,)
n=18

Figure 5. Relationship between maximum summer temperature, number of pocket pools (independent variables) and transformed
juvenile bull trout density for 18 reaches of six streams.

cutthroat trout, rainbow trout, brook trout, and
larger bull trout. Bull trout greater than 110 mm
have been found in other areas to prey upon other
bull trout (Horner 1978; Shepard et al. 1984).

The density of juvenile bull trout increased with
increased numbers of pocket pools. Pocket pools
provided refuge from high current velocities as
well as visual isolation among individual fish.

Gd = Gold Creek

Gr = Granite Creek

Ng = North Gold Creek
Tr = Trestle Creek

* Nf = North Fork Grouse Creek
Gs = Grouse Creek

Positions of refuge, whether in pools or pocket
pools, are preferred by salmonids because they
offer access to food with little energy expendi-
ture (Fausch 1984). Pratt (1984) and Shepard et
al. (1984) reported that juvenile bull trout com-
monly use small pockets with low water veloci-

ties just above the stream bed. Visual isolation
may be particularly important to juvenile bull trout
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because they may demonstrate a fixed-site terri-
toriality (Pratt 1984). Pratt (1985) suggested that
densities of bull trout may be controlled by the
availability of areas providing visual isolation and
refuge from higher velocities. Unlike cutthroat
trout, which are commonly found throughout the
water column in pools, juvenile bull trout num-
bers may be limited in pools by their territorial,
bottom dwelling behavior. Pocket pools may thus
provide additional rearing space for juvenile bull
trout when pool habitat is unavailable. Pool habitat
was the least abundant habitat type in all streams
except North Gold Creek, where it was the sec-
ond most abundant (Table 6). Placefnent of large
rocks in nursery streams has been shown to re-
sult in the increase in the number of juvenile
chinook salmon (Bjornn 1971} and Atlantic salmon
(Redmond 1975).

In this study, density of bull trout increased
with increasing temperature at lower temperatures
and decreased with increasing termperature at higher
temperatures. Past investigators have suggested
that the relationship of temperature to the distri-
bution of bull trout and other char is a barrier ef-
fect (few, if any, fish existing above a certain tem-
perature). In this study, high densities of juvenile
bull trout were not present in stream reaches with
maximum summer temperatures above 13.9°C.
These results are consistent with those of Fraley
and Shepard (1989), where a sumimer maximuin
temperature of 15°C limited distribution of juve-
nile bull trout in the Flathead Lake and River sys-
tem, Montana. Jensen (1981) suggested that a
maximum temperature of 14°C controlled the
distribution of arctic char Salvelinus alpinus. The
thermal barrier for brook trout has been reported
to be a maximum temperature of 24°C (Ricker

1934; MacCrimmon and Campbell 1969; Meisner
1990). In this study, stream reaches with maxi-
mum summer temperatures below 13.9°C showed
increasing density of bull trout with increasing
temperature. Little is known about how tempera-
ture regulates density of fish in the wild. In labo-
ratory channels, Hahn (1977) found a decreasing
trend in steelhead trout density with increasing,
yet suitable, temperature (opposite of the trend
in this study). One plausible explanation is that
the increasing trend in densities of bull trout be-
tween 7.8 and 13.9°C found in this study is influ-
enced by increased growth and survival (medi-
ated by the availability of food) in stream reaches
with increasing maximum summer temperatures
up to 13.9°C. The availability of food was not
estimated in this study but may be one reason
reaches are clustered by stream in Figures 4 and
5. More inforimation is needed on the effect of
temperature and availablity of food on density of
bull trout.

High water temperatures may be physiologi-
cally constraining on juvenile bull trout. Summer
is the season in which maximum growth of fish
would be expected; however, at temperatures above
the preferred range for growth, increased meta-
bolic processes may result in most or all food being
used for maintenance. When Shepard et al. (1984)
compared temperature and growth of juvenile bull
trout in two tributaries of the Flathead River,
Montana, they found that at warmer water tem-
peratures, fish growth decreased despite higher
primary productivity. In laboratory tests, bull trout
fry grew largest and had the greatest survival at
colder water temperatures with the greatest growth
occurring at 4°C (McPhail and Murray 1979). The

TABLE 6. Area and percent of habitat types sampled in six streams during the summer of 1992,

Pool Riffle Run

Creck Percent Area (m?) Percent Area(m?) Percent  Area (m®) Total Area {m?)
Granile 11.3 263.57 538 1253.47 349 813.13 2330.17
Grouse 34 40.02 61.8 730,99 349 412.46 1183.47
NF Grouse 17.1 97.45 328 186.48 50.0 284.48 568.41

N Gold 27.0 293.55 51.5 559.55 21.5 233.8 1086.9
Gold i3.1 136.07 61.1 634.54 235.7 267.2 1037.75
Tréstle 102 26927 50.9 134594 389  1029.93 2645.14
Totals 124 1099.93 532 4710.97 34.4 3041.0 8851.84
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lowest survival and growth was between 8 to 10°C.
Most charrs are well adapted to cold water, and
therefore it is plausible that the bull trout’s pref-
erence would also be for cold water.

Water temperature may also be a decisive fac-
tor in influencing competitive advantage between
bull trout and other coexisting species, such as
brook trout and rainbow trout. Low bull trout
densities and high temperatures were found in
reaches of North Fork Grouse, Grouse Creek, and
Granite Creek. Brook trout inhabited North Fork
. Grouse Creek and are likely competitors with
juvenile bull trout for food and space {Wallis 1948;
Dambacher et al. 1992). In addition, hybrids (bull
trout x brook trout) were observed in both Grouse
and North Fork Grouse Creeks. At higher tem-
peratures, brook trout may have a competitive
advantage over bull trout. Similarly, low tempera-
tures may limit distributions of competitive spe-
cies and result in only bull trout being present.
Ziller (1992) studied creeks of the Sprague River
subbasin, Oregon and reported that stream sec-
tions with August and September temperatures
less than 5°C contained only bull trout, whercas
brown trout and rainbow trout were found in sec-
tions with warmer temperatures. Brown trout and
brook trout have similar temperature preferences,
and similar upper lethal limits (MacCrimmon and
Marshall 1968; MacCrimmon and Campbell 1969,
Coutant 1977) and habitat use (Nyman 1[970;
Fausch and White 1981). Interspecific competi-
tion, mediated by temperature, may thus play an
important role in bull trout distribution and abun-
dance. A more detailed combination of ficld and
laboratory studies is needed to test this hypoth-
esis.

Other factors may influence the number of
juvenile bull trout in streams. Low productivity,
which was characteristic of all streams included
in this study, may act to limit juvenile densities
by regulating the amount of food available. In
addition, canopy cover may limit the amount of
solar input, thus reducing aquatic production and
food for fish. Low numbers of aquatic insects and
little algal growth was observed in North Gold
Creek indicating low productivity, probably be-
cause of the almost complete canopy cover. Sub-
sequently, low productivity, resulting in little food,
may reduce the number of juvenile bull trout which
can survive in North Gold Creek. Conversely, Gold

Creek is largely spring fed with low temperatures
and little canopy cover. Gold Creek had abun-
dant potential food and the highest density of ju-
venile bull trout.

A shortage of spawning habitat is another fac-
tor that can limit abundance of juvenile fish. In
this study, only Grouse Creek appeared to be lim-
ited in spawning habitat (Figure 6). Grouse Creek,

% Gravels

Figure 6. Percent of stream bed dominated by pea gravel and
gravel in six streams of the Lake Pend Oreille drain-
age.

however, also had high maximum summer tem-
peratures and very low conductivities, both of
which might also result in lower densities of bull
trout.

Results of this study indicate that juvenile bull
trout 1) use habitat differently depending on their
age (size), 2) increased in density with increas-
ing number of pocket pools in a stream reach,
and 3) were associated with stream reaches that
had cool temperatures. Age 0 bull trout did not
select for a particular habitat type and were mostly
found in the channel margins. Age = 1 bull trout
selected pools, avoided riffles, and were mostly
found in the main channel. Pocket pools were
important because they may have provided addi-
tional feeding and resting areas. The highest densi-
ties of juvenile bull trout were in reaches within
Trestle and Gold Creeks which had maximum sum-
mer temperatures ranging from 10 to 13.9°C. Al-
though the relationship between temperature and
density of juvenile bull trout was inconclusive in
this study, other investigators have had similar re-
sults with bull trout and closely related species.
Further investigation is needed to determine the
influence of temperature on the density of bull trout
(and other salmonids) during summer.
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