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Abstract,--~8tream habitat and trout population densities
were compared on 112 tributary reaches of the Worth and
Middle Forks of the Flathead River during 197% and 1880. The
habitat model that best described age I and older westslope
cutthroat (Safmo clarnki £ewisi) and juvenilie bull trout
{(Salvedinus conffuentus) densities contained measurements of
trout cover, D-90 {(measurement of bed material} and stream
order. The correlation {r) betwesn actual troutr densities
and predicted densities for 23 new reaches surveyed during
1981 was 0.63 with a least squares fit, and $.84 when fitted
with zgero Y intercept. Discriminant analysis produced simi-
iar results to thoses of multiple regression. Trout densities
and stream habitat parameters differed significantly between
geologle types. Results from this study allowed an inte-

gration of fisheries information into the land management
decision making process in the Flathead National Forest,

Montana.

INTRODUCTION

in assessment of trout habirar and associated
densities was recently made in tributaries of the
Horth and Middle Forks of the Flathead River (North
and Middle Forks, FHR) as part of a baseline environ-
mental studv of the Flathead Lake-River ecosystem
in norvthwest Montans {fig. 1}. The study asssessed
the conditions of the aquatic vesource to provide
information needed to evaluate potential impacts
of large-scale coal development in the Flathead
drainage in Canada, and coll, gas, and timber develop-
s in both the U.5. zné Cancdian portions of the
{Graham 1980, Graham et 21, 198G},

ibutaries to the Flathead River are in far-
. clear mountain streams dominated by a run-
e channsl configuration. Late summer flows
he tributaries ranged from 0.07 to 1.9 m°
; Trout populations consisted mainly of
viles rvesulting from westslope cutthroat
bull frout adults migrating from Flathead Lake
and Filathesd River, and some resident tributary
thy The tributaries serve as the vital
ing areas for the intercomnscied Flathead Lake
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Figure 1.

METHODS
Habitat Measurement

tygam habitat was evaluated on a total of
142 North and Middie Fork Flathead River tributary
reaches comprising 675 stream kilometers during 197%
and 1980. This total includes all major tributaries
south of the Canadian border im the North Fork drain-
age and approximately two-thirds of the tributariss
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le Fork drainage. Approximately two- Physical and chemical characteristics typical of each

ha resches survevad are looated in wilde bedrock type were determined by soil samples of the

asz oy Glacier Hational Park and have not unweathered soll horizon (Martisson et al, 1982}

ted by development. One-third of the Stream reaschss were then classifiad into zeclogin
:zches have been impscted to some degree by types on the basls of the dominant uwnderlving bed-

ng or logging sciivitdes.

babitat condizion was measured using
me eveloped by the Aguatic Studies Branch of Fish FPopulation Estimalos
th Colubia Mindistry of Znviromment
{Ch 1980a, 1980L). Popuiation estimares of westsiops cutthroat and
Bull trour were made on randomlv chosen 190150 m
Each halicoptey ctions of each veach. Observers wors a wet

and divids & e ches Regches ways sult, diving mask and snorvkel, and estimatsd rhe
portiong o tresm having uwniform asscciation number of fish in each ags classs based on predeter—
of physica at characteristics. Changes in ained length fraguenciss for vpools, runs, viffles
stream gra rezuited in diffevences in bad and pockef water habitats as thev pulled chemselves
materizl = ream channsl psitern, and chanpel upsireasm.
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b‘hen55b ji ; of many wWiters in the Flathead
in ﬂ%iﬁﬁﬁﬁefﬁ areas and sl Park
30 inddvidual phvs- regulations restrict zhe fian
tributary reach ment, suorkeling was an raciio
2t al. 1981, method for obiaining fish population ssrimazes. Jome
izong of u@rg& 1&; and Iwo fass e?ec?rafishing
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ic
of the twe methods for age § and older

quantililes. Log £ means
stability, and cutthroat and bull rout (Ff&iey et al, 1281). Snorvk~

aiing efficiency was lower for juvenile bBull trout
and estimates [or this species were not considersd
as rellable ag those for curthyoat trour {(Fraley et
al, 1981, Shepard et al. 1982:,
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programs of the Montana State University Statistical
Library (Luad 1979). Discriminant analysls was per-
formed using programs in the Statistical Package

for the Soclal Sciences series {(Nie et al. 1973).
Trout densities and stream habitat conditions in

the different geologic types were also analyzed
wging discriminant analysis.
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RESULTS AND DISCUSSION
Habitat~-Trout Relationships

Of the 30 physical habitat parameters tested,
16 were found to have significant rslationships to
trout densities (p<0.01). These included six cover
variables or variable combinations, substrate size
{D-90), wetted perimeter, average depth and stream
order.

Variables or variable combinations associated
with cover had the highest simple correlation co-
efficients., All four cover variables tested had
significant positive relaticnmships to trout densi-
ries. The combination of the variasbles overhang
and instrear cover had the best corrvelation with
trout densities (r=.602, p<0.01). This two variasble
combination was chosen as best representing trout
cover in the tributary reaches. C{anopy had the low-
est significant correlation of ail cover variables
tasted.

Substrate size (D-50), wetted width, average
depth and stream order were all negatively correl-
ated at the 99% level. This indicates that larger
measurements of these variables in a reach were
associated with lower trout densities. Although
water temperature was an important variable affect-
ing trout densities in other studies (Bians and
Eiserman 1979), there did not appear to be a strong
relationship between measured fish densities and
maximum summer water temperatures im North and
Middie Fork tributaries in the reaches where. temp-
erature data were available.

In the small number of stream reaches whers
chemical data were available, ion concentrations
did not seem to be associated with high fish densi-
ties within the range of lon cencentrations sampled.
Dissolved ion concentrations were about twice as
large in the Middle Fork drainage, but average trout
density was only half as large as the density in
North Fork tributaries. HNutrient concentrations
{phosphorus and nitrate) and total organic carbon
were relatively low and varied little in tributaries
of both drainages.

Multiple Regression Analysis
Age I and Older Cutthreoat and Bull Trout

Trout cover, stream order, and D-%0 {(substrate
size} formed the best variable combination or model
{R=0.643 describing the relationship between habitat
and combined densities of age I and older cutthroat
and bull trout {(Table 2). EFach remaining habitat
parameter in the data base was inidividually added
and tested, but none increased precision of the
model at the 85% level. HNo multi-collinearity pro-
blem exilsted among the three habitat variables in
the mpdel based on tests performed following methods
in Cavallare et al. {1981).

correlation
the single
that

Trout cover had the highest partial
coafficient in the model and is probably
most imporiant habitatr variable measured
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The correlation between predicted and actual
fish densivies was 0.63 which is significant te
the 99.9% lsvel {fig. 4). When fitted with a zero
intercept, the corrslation coefficient was .84,
Harshbarger and Bhattacharyya (1981} reported
similar correlation coefficient between trout bio-
mass and physical habitat measurements in small
Horth Carolina streams. Binng and Eiserman (1979)
obtained a much higher correlation coefficient
{0.977) in a model predicting trout densities iIn
Wyoming: however, the model was based on ratings
of 11 wariables or varisble combinations and con~
structed with only 20 observations. The habitat
model developed for the North and Middle Fork FHR
tributary reaches consisted of the actual measure-
ments of only three variables which are relatively
2asy to quantify and was based omn 112 observations
{reaches), In addition, Binns' model was based on
chosen cbservations from throughout the State of
Wyoming, while cur model iz based on observations
from only the Flathead drainage. A much higher
corrvelation coefficient could probably be cbtained
if streams from other parts of Montana were in-
ciuded in the model, but this would not improve
its predictive qualities for the Flathead drainage.

The equation for the final habirat model which
includes the 23 Middle Fork reaches surveyed in
1981 was:

A
Y = 0.523%, - 2.58X, - G.068%, + 8.9
1 2 3
This model includes all 134 reaches which contained

trout in the intercomnected Horth and Middle Fork
Fiathead River system surveyed from 1979 to 1981.

20
F -]
H
—
o~
=
& -
’
S -
8 7
>
4
e
e
= °
%
b
3 G
frue
g
)
B
=
Hs
p
& P
iy p
= p
PaE-
B =
i3

o

] 0 5 2. A 20
PREDICTED THOUT DENSITY {NG./ W00 M } Y

Figure 4. Measured trout densities (¥} and predicted
trout densities {§) for 23 tributary reaches
gurveyed in the Middie Fork drainage in 1981,
The solid Lline is the least sgquares fit (Y =
.75 - BT $, r = .63) and the dotted line is

fitred with zerc intercept (Y = 0 + .87 ¥, r=

LB4% .

ER3 peb w

182

Discriminant Analysis

Discriminant analysis was used as a check for
the ugefulness of habitat varisbles to classify
stream reaches. Groups of reaches with low (0.1 %o
1.9, medium (2.0 -~ 7.9) and high (8.0+ trout/100m®)
trout densitles were compared with 10 habitat vari-
ables considered important to trout densities (table
4}. The 112 stream reaches surveved in 1979 and
1980 were used in the initial analysis.

Table 4. Means of physical habitat and trout den
sity measurements for reaches grouped in low,
medium and high trout density categeries.

Trout density categories

Parameter Low Medium High
Number of reaches 37 39 36
Trout density 1.0 4.5 17.7
Stream order 3.1 2.9 2.6
D-90 {cm) 45 42 31
Trout cover i3 16 2
{% area) :
Wet width (m) 7.1 4.7 4,8
Wet croess-sectional 2.1 1.8 1.2
area (m?)
% run 46 41 45
Gradient 2.7 2.9 2.5
% pool 12 13 16
Average depth {(cm) 26 5 26
% cobbie 23 24 23

To obtain a significant relationship between
fish density and habitat variables (p<0.005), the
discriminant function analysis used seven of the
i0 habitat variables. The three variables which
formed the best mutual significant combination in
multiple regression analysis, trout cover, substrate
size (D-90) and stream order, were three of the top
four significant variables used to derive the disz-
criminant function. Average depth, wetied cross-
sectional area, percent run hebitat and wetted
width were alsc significant in the discriminant
function. Gradient, percent cobble and percent pool
were not significant and did not enter the discrimi-
nant function at the specified level of significance.

Results from discriminant analysis of habitat
parameters indicated a highly significant differ-
ence between reaches in the low and high trout den-
gity categories (F=4.13, p<0.0005), and between
reaches In the medium and high trout density cate-
Borles (F=3,14, p<0.005). A less significant diff-
erence existed between reaches in the low and medium
trout density categories (F=1.62, p<0.07},

The second portion of the discriminant analysis
invalves classification of the stream reaches into
groups based on habitat parameters. This procedure
allows a check of the adequacy of the diseriminant
function by determining the percent of the original
reaches correctly classed into groups by the habitat
variasbles. Based on the habitat parameters uskilized,
58 percent of the reaches were correctly classified
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Tahle 8. Significance of differences between
reaches in pairs of geologic groups {from F
statistics) based on physical habitat and
trout densitles.

Group A c D I
c .338
D .008 .028
I .001 .0021 .002
AC 146 .003 .023 .0000

Evaluation of Model Performance
and Management Implications

Hynes (1972) suggested that the most Import-
ant environmental factors interacting to affect
fish distribution and abundance in streams were
temperature, discharge, cover or shelger, and
streambed material. He states that these habitat
variables are not independent of one another and
must be considered in combination.

Platts {1974} has documented multivariate
contrel of fish populations in streams. More
recently Binns and Eiserman (1979) developed a
model predicting trout densities in Wyoming streams
based on 11 stream habitat variables or variable
combinations.

Qur meodel is valuable in predicting the exist-
ing fisheries potential of a stream reach based on
major habitat characteristics. The slope associ-
ated with each variable is a measure of the pro-
bable increase or decrease in trout densities with
# pne unit change in the measurement of the habitat
variable (assuming a linear relationship). For
example. trout cover was assoclated with a slope
of +03.53. This would mean that if trout cover
ware increased by 10 uwnits in a reach, it should
result in an increase in trout density by 5.3 fish
par 100 m”. However, an increase or decrease in
tyout cover by adding debris to a stream or logping
operations in a drainage might also change the bed
material size {D-%0) by altering the stream hy-
draulice or channel morphology. Becazuse of this
interrelationship of variables, it is difficult
to predict the exact naturs of the effects of a
change in habdtatg,

Fhygical habitat components and fish popula-
tions ave variable and often difficult to measure.
It iz ldikely that the precision of ocur model is
Zimited by the ddfficulty of obtaining accurate
measurements for these variables in a reach of
stream. The presence of resident and migratory
fish populations in the Flathead drainage create
furthey difficulty in obtaining accurate relation-
ships betwesen troul demgities and habitat variasbles.

It was a basic assumption that the North and
“iddle Fork FHR tributaries were at carrying cap-
« ity for juvenile trout. Burns {1971} reported
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that jovenile salmonid populations were not always
at carryving capacity in small Californiz streams.
He suggested carrying capacity of a stream may
fluctuate from year to year. Studies conducted by
Graham {1977), Sekulich and Bjornn {1981}, and
Horner (1978) indicated that densities of some age
classes of salmonids in several Idaho tributaries
may not be at carrying capacity.

Analysis of data from the Flathead drainage
demonstrated important relationships among trout
populations, physical habitat and geologic bedrock
type. Using these relationships, habitar quality
in relation to fisheries potential was determined
for important rearing areas in the interconnected
Flathead Lake-River system. Through cooperation
with the Flathead National Forest Office, this
information has provided a basis for integrating
fisheries into the land management process in the
Flathead drainage.
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