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Cover is an important trout habitat component result-
ing from the geomorphological characteristics of a stream
channel, the streambank interface with the riparian

community, and the streamflow.

This paper quantitatively

describes the significance of the riparian contribution to
overall stream cover as related to brown trout population

size.

INTRODUCTION

Cover is an important trout habitat component
resulting from the geomorphological characteris-
tics of a stream channel, the streambank interface
with the riparian community, and the streamflow.
In recent years, numerous habitat models have
included cover measurement as part of the overall
evaluation process. These models include the
Habitat Quality Index (Binns, 1982), the Instream
Flow Incremental Methodology (Bovee, 1982), the
Habitat Suitability Index Models for brown trout
(Raleigh, Zuckerman and Nelson, 1984), the Bureau
of Land Management Stream Habitat Survey (Duff and
Cooper, 1976) and the General Aquatic Wildlife
System of the U.S. Forest Service, Region 4 (Duff,
1981).

Trout cover in smaller streams has been
described by Wesche (1973, 1974 and 1980) as
consisting of three primary components: 1)
instream rubble and boulder areas having a
substrate particle diameter of 7.6 cm or greater
in association with water depth of at least 15 cm;
2) overhead bank cover, including undercut banks,
overhanging vegetation, logs and debris jams,
having effective widths of 9 cm or greater in
association with water depths of at least 15 cm;
and, 3) deep pool areas having water depths of at
least 45 cm. These components were identified
based upon the escape cover preferences of
approximately 2,300 trout (62% brown trout)
sampled by electrofishing. Combining these
components into unitless, additive equations and
incorporating weighing factors based upon trout
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preferences for different cover types, two models
for cover evaluation were developed and tested
against trout standing crops (Wesche, 1980).

The objective of this paper will be to
summarize the application and evaluation of these
two Cover Rating Models, stressing the important
contribution of riparian vegetation to the
availability of cover in small trout streams.

DESCRIPTION OF STUDY AREAS

The results presented in this paper are based
upon field investigations made at 27 study sites
in 11 reaches of 8 montane and foothills streams
located in the North Platte River Basin of south-
east Wyoming. Brown trout (Salmo trutta) was the
predominant game fish species present at all
study sites, comprising 617 to 100%7 of the total
trout populations, on a numbers basis. Lesser
numbers of brook (Salvelinus fontinalis) and
rainbow trout (Salmo gairdneri) were collected at
certain of the sites. Trout standing crops were
found to range from 8.0 to 210.6 Kg/Ha.

Mean elevations of the study sites ranged from
1615 to 2835 m above mean sea level, while average
discharges through the reaches varied from approx-
imately 0.3 to 4.5 m®/sec. Site lengths averaged
140 m (range of 73 to 253 m). Study reaches, the
combination of several adjacent sites, had a mean
length of 340 m with a range from 134 to 629 m.
Stream widths varied from 2 to 23 m.

More detailed descriptions of the study
streams can be found in Wesche (1973, 1974 and
1980).

METHODS

Trout standing crop estimates were made at
each study site by means of electrofishing using
the three-pass removal method described by Zippin
(1958). Block nets were placed at the upper and
lower ends of each site prior to sampling to
prevent fish migration.



Available trout cover was measured at each
study site using the Cover Rating Method de-
scribed by Wesche (1973, 1974 and 1980). The
equation for Model I of this method is of the
form:

obc A r-b
CR= 7 CF) *g— (PEy)
where Lobc = length of overhead bank cover in the

study section having a water depth
of at least 15 cm and an effective
width of 9 cm or greater;

T = length of the thalweg line through
the section;

Lobc

—— = percent overhead bank cover;

T
PF = preference factor of brown trout for
obc
overhead bank cover;

Ar-b = surface area of the study section
having water depths greater than 15
cm and substrate size 7.6 cm in
diameter or greater (i.e., rubble
and boulder) or a substrate covered
with aquatic vegetation;

SA = total surface area of the study
section;

Ar-—b

Tl percent rubble-boulder area;

PF b " preference factor of brown trout
for instream rubble-boulder-aquatic
vegetation areas; and

CR = cover rating value for the study
section at the discharge worked.

While Model I was developed for use primarily on
smaller streams (average discharge less than 2.75
m3/sec), a deep water component was included in
Model II to increase the applicability of the
method to larger habitats. The equation for Model
II is as follows:

L A
obc r-b Ad
CR T (PFobc) + SA (PFr—b) + SA
where CR, Lobc’ T, PFobc’ Ar-b’ SA, and PFt-b

are exactly the same as defined
above for Model I, and

Ad = surface area of the study section
having a water depth of 45 cm or
greater regardless of substrate or
adjacent bankside cover.

Ad/SA = percent deep water area.

Step-by-step procedures for applying the two
models are provided in Wesche (1980).

326

Simple and multiple regression analysis of
the relationships between the two cover models
and the three individual cover components (inde-~
pendent variables) and trout standing crops
(dependent variable) were performed using the
ABSTAT package on the Wyoming Water Research
Center's CompuPro computer system.

RESULTS

The results of the regression analysis
testing the relationships between the independent
cover variables (Cover Rating Model I, Cover
Rating Model II, percent rubble-boulder cover
area, percent overhead bank cover, and percent
deep-water cover) and the dependent variable,
Kg/Ha of trout, are presented in Table 1 for the
site data. The analysis by study reach is
provided in Table 2.

Three cover variables (Model I, Model II and
percent overhead bank cover), were found to have a
statistically significant positive linear rela-
tionship with trout standing crop when considered
on a site basis. Of the three, percent overhead
bank cover was found to explain the greatest
amount of variation among the trout populations
sampled, 39 percent. Also, the regression using
this cover variable had the smallest standard
error, 42.5 percent.

The results of the analysis on a study reach
basis (Table 2) indicate that two of the cover
variables, Model I and percent overhead bank
cover, were found to have statistically signifi-
cant positive correlation coefficients when
regressed against trout standing crop. As with the
site analysis, percent overhead bank cover was the
independent variable found to explain the greatest
amount of variation among the trout populations
sampled, 63 percent. Also, the standard error of
the estimate using percent overhead bank cover was

again the lowest, 25.4 percent.

Multiple regression analysis on a study site
basis using percent rubble-boulder area (% A_,),
percent overhead bank cover (7 OBC) and percgﬁg
deep water cover (Z Ad) as the independent vari-
ables yielded the following equation:

Y(Kg/Ha) = 38.31 - 32.45 (% Ar—b)
+ 108.31 (7 OBC) + 46.93 (Z Ad)

This relationship explained 40 percent of the
variation in trout standing crops with a 44.2
percent standard error of estimate, only slightly
improved over the simple regression relationship
found when using just percent OBC.

Similar results were obtained with multiple
regression analysis on a reach basis. The
equation developed was:

Y(Kg/Ha) = 0.67-5.16 (% A__) + 192.58

(% OBC) + 74.72 (7 Ad)



Table 1. Regression statistics for brown trout streams, by sites, using trout biomass (Kg/Ha) as the

dependent variable.

Independent n X Y a b T R2 F T Standard
Variable (KG/Ha) Error of
Estimates
Cover Rating *ok ok ok
(Model I) 27 0.30 68.4 -5.60 235.46 0.56 0.31 11.22  3.35 45,1
Cover Rating ok ok "k
(Model II) 25 0.47 72,2 19.46 112.20 0.51 0.26 8.18 2.86 47.0
% Rubble-Boulder
Cover Area 26 0.30 70,2 104.84 ~-117.02 -0.37 0.14 3.92 -1.98 50.6
% Overhead Bank "ok - ok
Cover 26 0.33 70.2 24,14 137.91 0.63 0.39 15.54 3.94 42,5
% Deep Water
Cover 25 0.15 72.2 51.86 136.93 0.38 0.14 3.89 1.97 50.6
*Statistically significant at = ,05
*kStatistically significant at = .01

Table 2. Regression statistics
dependent variable.

for brown trout streams, by reach, using trou

t biomass (Kg/Ha) as the

Independent n X Y a b T R? F T  Standard
Variable (KG/Ha) Error of
- Estimates
Cover Rating * * %
(Model I) 11 0.32 76.3 -28,21 330.33 0.62 0.39 5.72 2.39 32,7
Cover Rating
(Model II) 11 0.47 76.3 12.53 136.73 0.54 0.29 3.711 1.93 35.2
% Rubble-Boulder
Cover Area 11 0.28 76.3 113,77 -132.15 -0.53 0.28 3.51 -1.87 35.5
% Overhead Bank Ak *k ok
Cover 11 0.34 76.3 6.78 202.81 0.79 0.63 15.43  3.93 25.4
% Deep Water
Cover 11 0.15 76.3 61.36 100.66 0.32 0.10 1.04 1.02 39.6
*Statistically significant at = .05
**Statistically significant at = .0l
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While this equation explained 69 percent of the
variation in trout standing crop with a standard
error of 26.5 percent, these results were only
slightly improved over the simple regression
equation developed using only percent OBC.

CONCLUSIONS

1) Based upon the results presented, it is
evident that riparian vegetation contributes
significantly to the amount of cover available in
smaller trout streams and to the brown trout
carrying capacity of these streams. Not only does
the vegetation directly provide cover by creating
quiet, shaded resting areas where it comes in
contact with the water surface (overhanging vege-
tation) and by contributing material to debris
jams, but also the roots of these plants are
critical to the development and maintenance of
undercut banks. Without this stabilizing influ-
ence and natural means of sediment control, trout
cover would also be lost through the filling of
pools and the embedding of larger substrate
particles.

2) While the cover variables percent deep-water
cover, percent rubble-~boulder area, and Cover
Rating Models I and II were not as strongly
correlated with brown trout standing crop as was
percent OBC, Wesche (1980) and Eifert and Wesche
(1982) found these variables to be significant
when dealing with larger brown trout streams and
with brook trout streams. Thus, given the
diversity of cover within stream systems, the
investigators feel these variables can be useful
for trout cover evaluations.

3. While the cover variables measured in this
study are unitless and can be applied to any
length of stream section, the data tend to
indicate that the longer the reach investigated,
the more reliable and meaningful will be the
results. Additional study is needed in this area.
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