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ABSTRACT

The trout biomasses and selected physical parameters
associated with five tvpes of habitat improvement structures
(HIS) were measured in a section of the Boulder River near
Basin, Montana in 1987 - 1989. The study sites consisted of
three log Jetties, three check dams and their plunge pools,
three boulder clusters, three log bank hides, four shore
anchored habitat structures (SAHS), and two contrel sections
{no structures). During the summer and fall seasons,
sections with all types of HIS had mean total salmonid and
rainbow trout biomasses that were significantly greater
(p<0.10) than the means for the control sections, indicating
HIS provided some improvement . 0f the five structure
types, check dams and log bank hides had the highest mean
total salmonid and rainbow trout biomasses during the summer
and fall seasons. Simple and stepwise regression procedures
indicated that maximum associated depth (MAD), a measure of
pool presence and depth, was the most important physical
parameter axplaining variation in both total salmonid
bicmasses. Check dams, bank hides, and boulder piles were
the least expensive structure types to install. Check dams
and bank hides were also the most physically durable of the
five HIS types. The high relative attraction to salmonids,
relatively low construction cost, and high physical
durability indicate that check dams were the most
advantageous form of habitat improvement structure.




INTRODUCTION

In 1983, the Montana Department of Highwavs (MDH) moved
portions of the Boulder River above the town of Basin,
Montana (Figure 1) from its natural channel into sections
of artificially constructed channel. This was done to
facilitate the construction of U.S. Interstate 15 through
the Bernice - Basin canyon.

To enhance fish habitat in the artificial channsl, the
MDH installed a variety of habitat improvement structures
{HIS). HIS are used to enhance the cover, depth, ve;acity,
and poecl-to-riffle ratios in a stream, thus improving the
habitat for fish poeopulations (Hunt 1971: Binns and
Eisermann 1979: Wesche 1%980).

Five different types of structures were installed.
Log bank hides and shore anchored habitat structures (SaHS)
were built to provide overhead cover by simulating undercut
stream banks. Log and rock check dams were installed to
create pocls and thereby increase the stream’s pool to
riffle ratio. Log Jettiss and bouldser clusters wWwers
installed primarily as current deflectors to increass
channel depth, but also to function as HIS.

The performance of HIS have wvaried substantially on
improving both physical habitat and fish oopulations.
Babcock (1982) reported that rock dams, log dams, log

deflectors, and boulder deflectors in Tenmile Creek,
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Figure 1. Map showing the location of the Sculder River
study area (arrows indicate direction of flow).




Colorado, were providing little suitable physical habitat
after 2 vears. Eiser (1970) found that rock Jetties
installed in altered portions of Prickley Pear Craesk and the
rast Gallatin River, Montana provided physical habitat
similar to that present in the prealteration channels of
those streams although fish populations and biomasses
showed marked postalteration reductions. In contrast,
Schaplow (1976) found that trout populations and biomass in
sections of the St. Regis River of Montana altered with step
dams, random rocks, and Jetties, were similar to those of
unaltered sections. 7 Lere {1982) noted varied results among
three Montana streams improved with the emplacement of
boulders and rpck jetties. Trout biomassss and populations
increased in altered sections of the St. Regis River but not
in altered sections of Sheep Creek and Prickley Pear Cresek
{Lers 1982).

The purpose of this study was to avaluate the
performance and characteristics of HIS types and of
individual HIS in the Boulder River. Evaluation involved
measuring the fish biomass, water depth, water velocity, and
averhead cover associated with sach of 16 study structures
during spring, summer, and fall seasons. Of the five tvpes
of HIS constructed in the Boulder River, SAHS, log jetties,
and log bank hides, have not been evaluated in Montana,
previously. Analyses were implemented to identify the most

productive HIS type and individual HIS and to identify the
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particular habitat features that made structures attractive
or unattractive to fish. In addition, the durability and

cost effectivenass of the structures were evaluated.




STUDY SITE

The Boulder River originates in the Boulder Mountains
of Jafferson County in southwestern Menta#a at an
approximate elevation of 2,200 m (Figure 1). It flows north
for approximately 17 km then turns southaast near the town
of Basin and anters the Jefferson River near the town of
Cardwell. The average discharge of the Boulder River near
the town of Boulder, for a 58 vyear period ending in 1988,
was 11.8 m3/$ {(U.8. Geclogical Survey 1988%. Maximum and
minimum discharges for that period wers 98.8 m3/s and ©.0
ms/s, respectively. annual precipitation averages
approximately 90 cm atl the town of Basin (North Boulder
Drainage and Jefferson Conservation District 1973).

The study structures are located in two areas situated
approximately 2.1 to 5.1 km upstream from Basin {(Figure 1).
8oth areas are located above the section of river influenced
by heavy metals {(Nelson 1976). The lower area lies adjacent
to U.S. Interstate 15. Its entire highway side consists of
riprap, while the far side consists mainly of a narrow
riparian zone and steep rock walls. There is no vegetative
overhead cover. Stream width in this area varied from 12.2
m in June of 1988 to 3.2 m in August of 1987.

The upper study site has steep stream hanks and lies in



a flood plain containing greater amounts of riparian
vagetation than the lower site. The dominant floodplain
vaegetation consisted of conifers and alders (Alnus sSpD. J,
but these provided little overhead cover. Stream width
varied from 8.7 m in June of 1987 to 2.6 m in August of
1988.

Mean, maximum, and minimum measurad discharges during
the three study seasons were .71 mgjs, 1.42 m3/$, and 0.30
mgja, respectively. Seasonal discharges are presented in
Figqure 2. Dissolved oxygen concentrations, conductivity, and
pH (Table 1) were similar to those found in the area by
Nelson (1976). Alkalinity for this section of the Béulder

River averaged a relatively low 40.6 mg/1 Ca003 {Gardner

1977}.

Tables 1. Water chemistry measurements of the Boulder
River during 1989. Number of measurements are in

parentheses.

Upper Lowsar
Characteristic section section
pH &.96-7.22 (3} &£.85-6.86 {3}

Specific

conductivity 150 (2) 148 {2}

{umhos/cm)
Dissolved

oxygen 16.0 {2 0.0 (23

{mg/1)

Rainbow trout (Oncorhvynchus mykiss) were the most
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common salmonids in the study area. Brook trout (Salvelinus

fontinalis), mountain whitefish (Prosopium williamsoni),

and mottled sculpin (Cottus bairdi) were also present.

Sixteen structures were studied, thirteen in the lower
area and three in the upper area (Figure 3). They consisted
of four SAHS, three log bank hides, three log jetties, three
boulder clusters, two rock check dams and one log check dam.
Within a structure type, structures with differing physical
features were sealected. Two river sections with no

structures were chosen for controls.
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METHODS

Fish Biomass Measurements

Bloeck nets were placed across the river immediately
above and below each study structure and control section.
The resulting enclosures were then electrofished with either
a Ccoffelt Model BP-1C electrofishing unit or a bank
electrofishing unit, Three passes were made over each
enclosure as recommended by Armour and Platts {1983).
Captured fish were anaesthetized, identified to species,
measured to the nearest 1.0 mm total length (TL), and
weighed to the nearest 1.0 g with an Ohaus Lume-0-Gram
digital balance. Each rainbow trout over 200 mm was tagged
with an individually numbered Floy T-tag. Recaptured fish
with tags were used to obtain information on fish movemants.
Fish were released at the site where they had bsen

collected.
Habitat Measurements

water depth and water velocity along the =dge of sach
structure and overhead cover were measured. The amount of
averhead cover orovided by sach structure was determined by
obtaining the average width and length of portions of the

structure overhanging water greater than or equal to i5.¢
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cm in depth (Platts et al. 1987). surface turbulence
{bubbles) primarily associated with check dams, also was
considered to be overhead cover {(armour and Platts 19833
Arnatte 1976).

Depths and velocities at the edges. of structures and
around the circumferences of the boulder clusters were
measured in accordance with the methods described in Armour
and Platts (1983). The maximum associated depth {(MAD) and
the maximum associated velocity (MAV) were determined in ths
water adjacent to each structure. The distance from the
MAD to the midpoint of the nearest HIS and distances beiween
structures also ware measured. .

Parameters measured in each of the two control sections
{no HIS) included maximum depth and velocity on a transect
across the section. For the control sections, the maximum
depth and maximum velocity in the section wers used as the
MAD and MAV, respectively.

A1l velocities were measured with & Teledyvne Gurlsy
Madel 622 current meter at 0.6 depth. Depths wers measured
with sither the current meter rod or a meter stick.

Statistical Analvses

fish biomass associated with the structures fluctuated
greatly by season S0 analyses were performed on a sgasonal
basis to 1limit variance. In addition, a log
transformation of ssasonal biomass data wWas utilized to

sliminate the influence of non-constant variance in the
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data.

Tukey’s studentized range test {(Christensen 1987) wWas
smployed to identify significant differences among mean
biomasses per structure type. Significant differences in

biomass means were considered to occur at the alpha error

ievel of 0.106.

Modified F-Tests (Christensen 1987) were used to
determine whether structure types, measursd physical
variables, or both together, best explained the variation in
rainbow trout biomass. To determine the effect of physical

paramgters on biomass the following equation was used:

SSEy - SSE, / d.f., - d.f.n

F o=
SSEQ/d.f.E
where SSE1 = sum of squares error for model one
containing rainbow trout biomass as the
dependent variable and time factors as
the independent variables.
SSE, = sum cf squares error Tor model two

containing rainbow trout biomass as the
dependent variable and time factors and
stream paramsters as the independent
variables.

Yo datermine the effect of structure typs the following

equation was used:

QSEL - SSES / dqf,1 - d.fms

SSEx / d.f.z
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Whers SSEl = wsame as above
88Ex = sum of squares error for model three
containing rainbow trout biomass as the
dependent variable and the the time
variables and structure types as the
independent variables. .

To eliminate variables not supplying useful
information, the variable selection procedure STEPWISE, with
a significance level of ¢.1C, in the SAS statistical
computer package wWas utilized. pDifferences among the
physical wvariables and the biomasses associated with

individual HIS were analyzed with the cCOMP procedure in the

MSUSTAT statistical analysis package (Lund 1987).
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RESULTS

Biomass
The means of total salmonid biomass (Table 2) for each
structure type were greater than the means for the control
However, the only

sections during all Seasons.

statistically significant differences occurred in the summer

and fall.

Table 2. Means and standard deviations (in parentheses)
for total salmonid biomasses* (g/m?) per habitat improvement
structure (HIS) type on the Boulder River, 1987-1989.

Season
HISs Spring Summer Fall
type {June) {July and aAugust) {October)
Check 7.04 584 .40 32.02
dams (7.19} {66.23) {(40.01}
Bank 5.88 Z2.49 28.16
hides {3.99) {(46.31) {30.30}
SaHSxX 2.71 ig.832 Z22.61
{10.58) {(21.55) (30_36)
Jetties 12.89 21.49 23.17
{12.82) {(27.01) {18.53)
Boulder 3.12 14,34 13.91
niles {(2.58) {(15.91) {12.02}
Controls 1.49 1.93 2.32
{2.32}) (2.29) (2.243

% Includes rainbow trout, mountain whitefish, and
brook troutb.
x% Shore-anchorad habitat structurse
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The means of total biomasses at each HIS type during
the summer, and at each HIS type except boulder piles during
the fall, wers significantly greater than means in the
controal sections. Thiz indicated that, during summer and
fall, study sections with HIS were more attractive to
salmonids than those without HIS. No significant
diffaerences among the HIS types were presant during either
season.

The total salmonid biomasses captured at individual
sites on each sampling date are given in Table 1¢
{Appendix}. Compa%isens of mean seasonal total galmanid
niomasses for each individual structure and control {Table
3) indicated two significant differences . During the
summer, log bank hide HIS 13 had a mean total salmonid
biomass that was significantly greater than the means of log
bank hidses 4 and 15. During the fall, check dam HIS 1& had
a mean total salmonid biomass significantly greater than
the means for the check dams HIS 2 and 10 in the study.

Smasonral mean rainbow trout biomasses {Table 4) in
sections with HIS were greater than means for the control
sactions during all collection seasons, indicating that the
structures provided improved habitat for this species.
However, as with the total salmonid biomasses, the only
significant differences between the HIS and controls wWars

found in the summer and fall.



total salmonid biomassaes and
standard deviations {in parentheses) for habitat improvement

Table 3. Seasonal mean

structures (HIS) and controls in the Boulder River, 1987 -
1989.

HIS HIS Spring Summer Fall

type {June) {July and August) {October)

i Jetty 0.00 (0.00C) T1.97 (12.65) 2.28 {11.58}
2 Dam 10.34 (4.42) 20.25 (12.19) 14.31 (9.57}
3 SaHS 22.14 (15.32) 40.34 (34.76) 70.42 (11.53)
4 Hide 2.88 (3.68) 11.86 (10.77) 40.89 {(43.82)
3 Ppile 4.82 (3.94) 17.73 {19.64) 25.93 (9.28)
& SAHS 3.66 (1.03} 1.91 (c.08) 3.63 {5.13) -
7 SAHS 1.47 {1.20) 9.22 {2.75) 2.85 (1.62}

£} Dam 18.66 (7.44) 23.77 (29.02) 17.81 {13.92)
4 Pile 1.45 (0.59) 4.83 (2.58) 4.00 (2.42)
10 Jetty 2.04 (2.88)} 6&.27 (6.173 5.16 (5.09)
11  SaAHS 11.59 {(4.57) 23.05 {7.13) 23.44 {6.69)
iz Pile 3.10 (2.48) 20.47 (20.27) 11.80 (11.68)
13 Hide 8.68 (5.43) 100.23 (8.43) 40,17 (28.78)
14 Jettiy 19.11 (17.03) 38.72 (41.81) 42.74 (13.13)
1% Hide 6.08 (1.73) 5.77 (2.84) £.8%9 (6.95)
i6 Dam 8.76 {12.39) 125.42 (76.30) 76.60 {42.%0)
Ci1 Contreol 0.04 (0.03) 0.39 (0.55) 0.42 (0.12)
CZ2 Control 2.9% (2.78) 3.48 (2.39) 1.93 {(1.78)




17

During the summer, all structure types sxcept SAHS had
mean rainbow trout biomasses that were significantly greatisr
than those of the control sections. aAmong HIS types, check
dams had mean rainbow trout biomasses that werse
significantly greater than those associated with the
boulder piles during the summer. During the fall, only check
dams and bank hides had significantly greater mean rainbow

trout biomasses than the control secticons.

Table 4. Mean and standard deviations {(in parentheses)

for rainbow trout biomasses (g{mz) per habitat improvement
structure {HIS) type collected in the Boulder River, 1%987-
1989.

Season

HIS Spring Summer Fall
typa {June} {July and sugust) {October)
Chack .10 15.73 25.99
dams (7.08) {10.33) . (29.61)
Bank 2.83 15.25 17.81
hides {2.20) {(14.50) (21.08)
SOHS% Z.59 11.40 15.08
(3.49) {(20.91) {18.56)
Jetties 0.65 17.04 11.07
(1.173 (16.23) {12.8)
Boulder 1.45 4,74 & .97
piles (2.04) (B.Z8) {6.36)
Controls .26 1.42 1.046
{.48) {1.11} (0.78)

¥ Shore—anchored habltat structurss
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nainbow trout biomasses captured at each individual
site on each sampling date are given in Table 11 {Appendix]}.
As with total salmonid biomass, only twWwo significant
differences were present among the rainbow trout ‘biomass
means {Table 3). puring the summer, log bank hide HIS 13
had a significantly greater mean rainbow trout biomass than
the means for hides HIS 4 and 15. During the fall, the mean
rainbow trout biomass for check dam HIS 16 was significantly
greater than the means for the other check dams (HIS 2 and

#10).

Phvsical Yariables

During the springs of 1988 and 1989 there watre no
statistical differences between the mean measursad physical
parameters at individual structure. Physical parameter
measurements at sach individual structure at each sampling
date are given in éppendix Tables 12-21. In addition, no
significant differences wers found betwesn the structure
types in the springs of 1988 or 1989 {Table &).

Sesveral statistically significant differences were
present among the HIS types during the summers of the study
{Table 7). The mean MAY for boulder piles in the summer of
1987 was significantly higher than in 1988 and 1989. SaHS

had a significantly lower maximum velocity along their sdgss
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in 1988 than 1987 and 1989. Check dams had a significantly

lower MAY in 1988 than in 1987. The lower velocities

Seasonal mean rainbow trout biomasses and standard
habitat improvement

Table 5.
deviations {(in parentheses) for

structures (HIS) and controls in the Boulder River, 1987 -
1989.
HIS HIS Spring Summar Fall
type {June)} (July and August) (October)

i Jetty 0.00 (0.0C) 25.81 (22.88) 4.49 {(4.80)

2 Dam 0.00 (0.00) 17.77 (10.00) 9.29 {2.48)

3 SAHS 8.14 {4.48) 30.83 (39.64) 42.49 (10.69)
4 Hide 2.88 (3¥68) 8.46 (4.87) 17.05 {(15.44)
5 Pile 1.52 {2.14) 6.39 (8.11) 10.02 (4.25)
6 BAHS 1.47 {2.07) 1.11 (1.00) 0.73 {(1.03)

7 SAHS 1.47 (1.20) 4.43 {(4.97) 1.45 (0.21)

8 Dam 1.46 (2.06} 14.49 (16.66) 6.24 (7.96)

g Pile 0.00 (0.00) 1.99 (2.60) 1.386 {1.05)
io Jetty 0.53 (0.74) 6.27 (£.17) 4.90 (5.46)
ii SAHS 3.31 (0.16) $.23 (1.90) 15.67 (2.74)
1z Pile 2.82 (2.87) 5.84 {(5.07) 9.54 {9.41)

i 12 Hide  2.71 (3.02) 33.78 (5.04) 33.74 (31.84)
14 Jetty 0.51 (0.71) 10.81 (8.33) 22.530 {17.33)
15 Hide 2.90 (1.23) 2.50 (1.10) 2.8% (0.93)
1é Dam 8.76 (12.39) 23.15 (8.11} £3.79 {(6.59}
c1 Control 0.04 {0.05} 0.36 {(0.56) 0.90 (0.80)

. CZ Control 0.49 {0.69) 1.88 (1.74) 1.23 {(1.03)
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Table 6. Means (standard deviations in parentheses) of
physical parameters for structure types and contrals on the
Boulder River during two springs (June)}.

Structure type

Check Bank Bowlder
Yariable dams nides SAHS® Jetties piles Controls

1388 1989 1988 1989 1988 1989 1988 1989 1983 1983 1583 1989

Haximum .94 0.83 2.76 G.86 0,33 0.29  0.55 1.17 0.84 0.82 0.67 0.74
velocity {0.26) 1{0.40) (0.19) (0.51)} (0.17) (0.19) (6.38) (0.22) (0,39} ({0.33} (0.01} (C.18}
{mis)

Hinimum 0.12 g.14 6.14 .28 0.08 4.06 0,11 4.31 0.02 0.05 0.0¢6 0.1l
velocity (0,03} {(0.08) {D.05) (C.29) (0.08) ({C.02} (0.11) (8.1%) {0.0Z} {0.02) ([0.00) (56.07)

{mfs)
Hean G.42 0.51 .82 0.48 G.17 0.14 0,60 0.53 .13 (.32 .16 0.43
velocity  {0.11} {0.20} ({0.20) ({0.38) ({0.11) {0.08} {0.14} ({(0.28) {0.15) {0.12) {0.17) (0.0%)
{mfs}

Overhesd 13,16 13,13 6.5 0.87 4.68 §.01 8.07  8.02 4.0 &.0 0.6 4.0
cover (12.25) (1L.73) (215} (0.24) (1.23) {0.46) (9.20) {12.27} {0.0} {0.0} {¢.0} {0.0}

{m?} .
HAye e .41 0.53 D62 1.0 0.27 0.81  0.81 0.97 0.94 0.80 6.67 0.73
. (m/s) {0.47)  (6.33)  {0.16) (0.57) {0.08) (0.58) (C.34) (0.44) {0.20) ({0.30} {£.01) {0.18)

HAD?ee 0.6% g.92 0.66  0.67  0.88  0.53 Q.87  0.67 ¢.63 ¢.81 0.5z ¢0.42
{m} (0.20}  (0.14) {0.18) {0.07) (0.13} (0.15) (0.08) (0.08) {0.07) (0.18) (0.17) (0.01)

Maximm .54 .70 0.50 0,58 076 0.67  0.88 0. 0.62  0.57 5.52  0.42

depth (.24} (0.173  {8.12) (0.14) {0.13} {0.18) {0.15) (0.11) (0.18) (0.27) {0.17) (D.0n}
{m)

Hinimum 0.13 $.24 0.37 0.3 038 4.31 0 014 0,13 0.3 0.27 0.6 0.9

depth {0.12) (008} {0.11) {0.I11) {0.13) (0.08) {0.13) {0.11} {0.10) {0.13) {0.0) (0.O)

{m}
Hean 0.48 0.41 5,49 0.30  0.57 0.4 0.42 0,36 5,44 0.28 0.3 0.7%
depth (0.17)  {0.13)  (0.12) (0.08) {0.06)} {0.0%) {0.05) {8.10) ({0.07) ({0.08) ({§.13} (0.10)
{m)

Ht, of 6.9 4.0 g.0 g.0 8.23  0.22 0.0 0.9 §.0 G.¢ G.4 2.0

cover  {0.01 (0.0} (6.0) (8.0 (0.7} {0.18) {€.0)  (C.O} (0.2} (0.0} {0.0} (0.0
{m)cawe

* Shore-anchored habital structures
== Manimuz associated velecity

“*% Maximum associgled depth

Tree Height of cover above water
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present in 1988 are probably a result of the seavers drought
that year.

There wWere alsoc statistically significant differences
in mean physical parameters amond HIS types in the falls
{Table 8)}. The mean mMay for SAHS in the fall of 1988 wWas
significantly lower than the mean MaAV Tor SAHS in 1987.
fgain, this is probably attributable to the drought of 1988.
overhead cover for SAHS in the fall was significantly
greater than in all structure types, excepl check dams.
nank hides rested on the substrats, elimimating overhead
cover for this type of HIS.

several physical variables at structurss were
significantly greater during springs than during SUMMEers.
The MAD for both check dams and bank hides were
significantly greater in the spring of 1989 than in ths
summer of 1989. The mean mMay for boulder piles was higher
during the springs of 1988 and 198% than during the summers
of those vears. Also, the Mav for both log jetties and
controls were significantly higher in the spring of 1988
than the summer of 1988. These differencas warse causad by
the higher spring fTlows.

Maximum veleoccities along the structure edge wers
significantly higher in the spring of 1988 than in the
summer of 1988 for log ietties, controls, and check dams.

significantly higher maximum velocitiss were also
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Table 8. Means {(standard deviations in parentheses) of
physical parameters for structure types and controls on the
Roulder River during two falls (October).

Structure type

Check Bank Bouider
yariable dams hides SAHS*® Jetties piles {ontrols

1987 1988 1987 1988 1987 1988 1987 1988 1987 1988 1987 1938

Haximum 4,37 8,70 0.79 G.a1 §.24 G.14 .69 .65 n.45 $.46 0.80 0.53
velocity {0.15) (0.48) {0.04} (0.18) {0.17) {0.10) (6.08) (0.15) (0.02) (0,29} {G.01} {0.21)
{m/s)

¥inimum ¢.07 0.07 0.06 ©0.i1 0.03 ©.62 0.1 0.8 0.03 0.03 6,05 0.11
velacity (6.04) (8.03) {0.93) (0.07) (0.01} (0.03) {¢.08} (6.18) (0.01) {0.03} (0.04) {0.02)

{m/s)

Mean 0,21 0.26 .15 .23 .11 0.0% 3.38 g.41 .18 0.1 0.723 0.33
velocity (0.07) (0.07) (0.03) {0.08) (0.09) (0.06) {0.21) (8.15} {0.07) {0.09) (0.07) {9.05)
{m/s)

Overhead 1.82 2.2 1.68 6.39 5.18 5.51 2.08  0.54 0.0 0.C 8.0 0.9
caver (3.39) (2.48} (0.B6) (0.53) (2.23) (2.271) (0.84) {0.54) (0.0) {0.0) (0.0} (0.0}

{m*}
| MAVE* 5.85 0.5 0.7 0.3 0.43 0,07 0.75 0.41 9.67 0.t 0.40 7.53
. (mfs}) (0.18) (0.15} (0.38} ({0.07) (0.17) {0.08} €0.25) (0.19) {0.37) {0.09) (0.01) {0.21})

MaDea= G.51 0.5, 0.42 0.48  0.43 0,57 .43 D.46 0.30  0.47 0.31 0.2%
(m) (4.26) (0.20) (0,08} (0.07} (0.12) {0.17} (0.13} {0.12) (0.06} (0.09) {0.1) (o.0n}

Maximem  0.51 0.54  0.40  0.41  0.48 0.8 6.53 0.48 0.4 0.42 0.3t 0.2
depth (0.20) (0.21) (0.06) (0.10) {0.16) (0.08) (0.1} (0.11) (0.09) (0.18) (0.13) {0.67)
{m}

Wimimam 0.0 0.03 0,20 0.1t 0.1 0.26 027 0.03 0.3 0.14 0.08 0.03
depth  (0.05) (0.01) (0,10} (0.11} (0.08) (0.03) (0.16) (0.02) (0.0%) {0.06) (0.02) (0.03)

{m}

Mean 0.3 0,33 0.31 0.30  0.37 0.42 5,35 0.28  0.27 0.26 0.24 G.18
desth  (0.11} (0.10) (0.06) (0.09) {0.10) (0.05) (0.15) (0.01) .07y (0.08) {0.31} (0.01)
{m}

Ht. of 0.0 8.0 0.6 9.0 0.38 0.37 6.0 0.0 8.0 ¢.6 2.0 0.3
cover 10.0)  {0.8) {0.0) {0.0} (0.i18) {0.18} £0.0) {0.0} (6.0} (0.0} {0.0) {0.0)
(m)lt*i

= Shore-anchored habitat structure
=+ Maximum associated velocity

vee Mayimum associated depth

=r=v doight of cover above water
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present during the spring of 1989 for boulder piles and log
jetties. gaHS had significantly higher maximum wvelocities
during the summers of 1988 and 1989 than during the springs
of those years, Tor some unexplained raason.

Maximum depth along the structure edge was greater for
SAHS in the spring of 1988 than in the summer of 1988. It
was also higher for log Jjetties during the spring of 1989
than during the summer of 1989. Mo other significant
differences were present between variables for the spring
and summer seasons. Most of these differences are probably
related to the higher discharges present in the spring.

There were several significant differences beéween
physical variables within HIS types during the summer and
fall sesasaons. MaD, MAY and maximum vaelocity were
significantly higher for SaHS during the summer than the
fall of 1987. Maximum velocities along the edges of GSAHS
and log Jjettiss were significantly higher in the fall of
1988 than the summer of 1988. Maximum wvelociiy wWas aisé
significantly higher for boulder piles during the fall than
during the summer of 1987.

Surprisingly few significant differences occurred in
the habitat variables in a comparison of spring and fall
Se@ascns. MaD for log jetties was significantly higher in
the spring than in the fall of 1988. Mav was significantly
higher for SAHS, boulder piles, and bank hides during the

spring than during the fall of 1988. Maximum depths along
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the edges of bank hides and SAHS were significantly higher

in the spring than in the fall of 1988. figain, these

differences probably weres caused by the higher spring flows.
Regressions

The modifisd F-tests used to test the signifiéamce of
structure types and habitat variapbles indicated that both
significantly contributed to the variation in total salmonid
and rainbow trout blomasses. Each habitat variable was
tested individually for significant associations with total
salmonid and rainbow trout biomass by simple linear
regression. This ?rbcedura indicated that the habitat
variable MAD explained more of the seasonal wariation in
total salmonid biomass than any other single variable {(Table
7). The coefficient of determination {R*) for this habitat
parameter doubled in value from spring (24%) to fall (48%).
This increase was probably due to the increased value of
pools during periods of decreased water flow.

Regressions for the habitat variables and rainbow
trout biomass indicated minimum depth along tha structure’s
edge (MINDPTH) accounted for the most variation (27%) in
spring rainbow trout bicmass (Table 7). During the summer
and fTall, MAD accounted for the greatest amounts of
variation, 24 and 41%, respectively.

Stepwise multiple regression analyses of saasonal total

salmoenid biomasses and the measurad physical wvariables
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produced the following equations. During the spring the
bast fit equation wWas:
Table 2. Ssasonal coefficients of determination (R%) per
season between total salmonid biomass (rainbow trout in
parentheses) and physical parameters for the Boulder River
HIis and controls.
Season
Parameter Spring Summer Fall
{(June) (July and August) (Octcber)
Overhead
cover {m®)} 0.15 {0.00) 0.27 (0.20) C.08 (O.11)
Maximum :
velocity 0.00 {0.04} G.08 (0.063 C.03 {0,003
[ (m/s)

Minimum
velocity 0.01 {0.02) 0.02 (0.04) 0.02 (0.02)

{(m/s)
Mean
vaelocity 0.00 (0.04) 0.12 (0.10) .01 {(0.01)

{m/s}
Maximum
depth {m)} 0,14 {(0.08) 0.30 {(0.13} 0.44 (0.34)
Minimum
depth {(m) 0.09 {(0.26) 0.01 {0.00} .00 {(0.02)
Mean
depth {(m)} 0.24 {0G.23) 0.31 {0.17) 0.30 (0.24)
Height of
structure 0.04 {0 113 0.00 (0.00) .00 {0.013

{m)
HMad {(m) g.2&6 (0.11) 0.%4 {0.24) 0.48 {(0.41)

l. May {(m) 6.02 (0.01) 0.10 (0.06) 0.05 {0.01)




Y = =-0.97 + 0.053% +2.66X, ¥ 2.28X %

where: X,= Mabd
Xzz Overhead cover
¥%= Minimum depth along the structures
edge
This equation described 42% of the variation in total
salmonid biomass.

During the summer, 62% of the variation in total

salmonid biomass was described by the equation:

Yy = -1.37 + 3.56X; * 0.15%X, * 1.17Xg + 0.48X, + 1.14X,

where: Xy = mMAD
Koy = Overhead cover
Xz = Mean velocity along the structurses edge
g = Year
Xg = May

In the fall, 51 % of the variation in total salmonid

biomass was described by:

¥ = -0.68 + 6.64X + 2.04X%,

whars: Xl = MAaD
Xo = Minimum velocity along the structures adge.
A s=imilar analysis Tor spring rainbow frout

niomasses and physical variables produced the squation:.isl

Y = -0.03 + 3.13X4
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where: X, = Minimum depth along the structures edge

This accounted for 26% of the wvariation in rainbow trout
biomass. No other variables wers included in the aquation
by the stepwise regression procedure.

During the summer, 48% of the variation in rainbow

trout biomass was described by the aquation:

¥y = =-1.5%2 + Q.ésxl + 0.13X2 + 2,49x3 + 1.24X4
whare: Xy = ‘Ysar
X2 = Overhead cover
XS = MAaD
x4 = Mav

buring the fall, 41% of the variation in rainbow trout
biomass wWas described by the equation:
v = -0.82 + 6,10Xi

whare: Xl = MAD

Tagged Fish

gighty-three rainbow trout were tagged during the 3
yvears of the study. Twenty recaptures {z24%) of tagged fish
were recorded, 11 within & weeks of the initial capture.

cieven of the twenty marked fish were recaptured at or
near {(at an adjacent structure) the original tagging site.
1 addition, two rainbow troul were recaptured at or near
their original capture sité for 3 consecutive years. This

indicates that sSome salmonids are returning sach spring
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to a specific site.

structural Integrity

gight of the sixtesn HIS svaluated in this study showsd
significant amounts of structural deterioration bétwean
their installation in 1983 and 198%. Two log jetties (HIS 1
and 14) have logs resting on the substrate thus,
eliminating much of their available overhead cover). one
log jetty {(HIS 10) had logs above the water level at even
the highest springidischarges and was, therefore,
ineffective in deflecting currents oOF providing overhead
cover.

During summer and fall, three poulder piles (HIS 5, 9,
and 12} accumulated significant amounts of fine bottom
materials on their downstream sides. This greatly reduced
fish habitat quality.

Two SaHs (HIS 3 and 1i) had developed holes in the

£ibrous material used to retain the s0il and gravel which

form the roofs of the SAHS.
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DISCUSSION

Effectiveness of Structures

The average total salmonid and rainbow trout biomasses
asspociated with structure types were 1owesr and had higher
variances in spring than those in the summer and fall.
They were not significantly different from the controls.
The lower spring biomasses may nhave bsen caused by the
emigration of the salmonids out of the study area during ths
winter and the sampling of structures prior to their full
summer-fall recolonization. Statistical analyses were not
gseful in identifying differences among structure typés or
important physical habitat factors associated with spring
bicmassaes.

Analysas cf summer and $a211 biomasses yvielded more
information. Comparison of mean total salmonid and rainbow
trout biomasses in the five HIS types and the contreol
sections during these two s@asons indicated that all of thes
HIS types had significantly higher means than the control
sections. This indicated that all :fypes of HIS provided
some habitat improvement.

of the five HIS types, check dams and their attandant
plunge pools and bank hides containaed the greatest total
salmonid and rainbow trout piomasses during the summer and
fall sampling sSsasons. The depth of water in the plungs

pools was probably the cause for the performance level of
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the check dams. The attractiveness of the log bank hides 1is
not understood.

Ltere {1982) found significant increases in cutthroat
and brook trout biomasses in sections of the St. Regis
River, installed with random boulders. However; no such
increases occurred with boulder piles in the Boulder River.
In the St. Regis River, boulders provided an increased
amount of slow water habitat around their circumferences.
However, much of the habitat on the downstream side of ths
boulder piles in the Boulder River was unavailapble to Tish
pecause large amounts of sediment were deposited in. these
areas during the lower summer and fall discharges.

The design of the log jetties allowed sediments and
woody debris to be deposited under those structures during
rhe summer and Tall. This severely reduced their potaential
for providing overhead cover. in additiocn, one of the
original objectives of the jetties was to force the stream
to meander more and create more poOols. Pools were not
formed and 1little meandering cccurred because the channel
was bordered by large riprap on the side adjacent to U.S.
Interstate 153 and by a steep rock wall on the cther side.

addition of SaHS and the deepening of pools in
Wisconsin streams increased standing crops of brook trout
{age I and older) B86% {Hunt 19713, However, the SAHS in

rhe Boulder River were not nearly as effesctive with rainbow
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trout. Rainbow trout in the Boulder River appeared to prefer
pools to $SAHS. Perhaps the depths undér the SAHS may not
have been great enough to be attractive to them.
among a1l structures, the greatest lsummer and fall

total salmonid biomasses and the greatest fall rainbow trout
piomasses were associated with check dam HIS 16 and its
plunge pocol. During the summer, this structure also had the
third greatest mean rainbow trout biomass. These standing
crops identified this structurs as the most productive m%

the 14 HIS studied in the Boulder River.

Important Physical Paramsters

The explanatory powers of measured physical and
chemical wvalues differs among siudies. In Wyoming, Weschs
a2t al. (1987) explained 56% of the trout biomass variation
with two variables {modifisd trout cover rating and the
average annual base flow). Also in Wyoming streams, Binns
and Eisermann (1979) predicted 96% of the variation in
brown, rainbow, and brook trout standing crop with nine
variables in their Habitat Quality Index (HQI). However,
these variables only accounted for 9.2% of the biocmass
variation in southern Ontaric streams {(Bowlby and Roff
1985). The physical factors measured in this study varisd
seasonally and accounted for 42 - 62% of total salmonid

biomass and from 26 - 48% of rainbow trout biomass during

summer and fall, respectively.
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The single most important habitat variable in
explaining standing crops also differs among studies. In the
praesent study, MAD {Maximum associated Depth) was the most
important single habitat variable in simple and multiple
regression analyses accounting, for total salmanid and
rainbow trout biomass in the summer and fall. MAaD was a
measure of woth pool preseance and depth, and became
increasingly important as the seasons progressed from spring
to fall. This reflected the inoreasing importance of pools
as flows decreased {Figura 3y, In searnecchia and gergersan
(1987) slevation of the stream explained more of'tha
variation in trout standing stock +han any other single
variable. Channal width to depth ratio was mest clossly
correllated with trout standing stock in Kozel et al.
(1989} .

The largest and deepest pools in both the uppser and
1ower study sections (Figure 2% were pelow the check dam
structuras. They provided depth of water and surface
surbulence which could be utilized as cover {(Giger 19733 .
pepth of water in plunge pools wWas dirsctly related to the
total salmonid and rainbow trout hipmasses. The pool with
His 16 was the despasi, having a mean maximum depth of 0.78
m, and the most consistant in retaining that depth
(S-Dazo,egm) and generally held the greatest pionass.

raleigh =t al. (1984) noted tha importance of pools to
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rainbow trout by including it in that specises Habitat

guitapility Index.

cost of Structures

o el e ]

The average costs of types of habitat structures
calculated from the construction contractor’s estimatés are
shown in Table 10. 1 og bank hides, poulder piles, and check
dams had similar estimated costs and wers less expensive
than the log jetties and SAHS. Since check dams and their
plunge poocls, and log bank hides nad the greatest biomasses

they were the most cost effective HIS types.

Table 10. Averags astimated cost {costs obtained from 1983
construction estimates) per structure typs for the HIS
installed in the gpoulder River, Montana.

HIS type average Cost
Log bank hide . $650.00
Log jetties $1,000.00
check dams (rock and 10g) $650.00
Boulder piles $5650.00
SAHSX $2,100.00

% Shore—-anchored nabitat structures

surability of Structures

i I e e )

Johnson (1967} found that randomiy placsed poulders in
Little Prickley pear Creek, Montana were ineffective as HIS
4 years after iﬁstailatign pecause many became purisd in the

uncensalidated substrate. There seems 1O ne littls
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probability of the boulder piles in the Boulder River doing
this as they gensrally rest on a laver of bedrock. With
1ittle chance of being buried, boulder piles in the Boulder
River should endure in their present condition for many
years. Lere {(1982) found that boulders installed in the St.
Regis River; Montana were functionally intact 8 yea}s atter
installation.

Log jetties in the Kaweah River, California wers still
functicnaily intact 18 years after being installed (Ehlers
1986). They stayed highly functional as long as the ends of
the structures were well anchored. Three jetties in the
Boulder River appearrtc have logs that have either becoms
eievatéd or depressed which indicates a loosening of the and
piece anchors and a lack of long term durability.

in general, the SAHS in the Boulder River were
physically intact, although two have deﬁeloped openings in
their roofs. During high spring discharges water was
observed flowing over the tops of these structures. Thess
flows are probably the cause of the openings and will
undoubtedly exert a destructive influence over time.

The three log bank hides in the Boulder River showed no
physical detsricration. No estimates of durability for this
type of structure were found in the literaturs.

Log and rock check dams in the Soulder River appear to
bea physically intact. Frequently, erosion of the banks

around the ends of the dam logs {endcutting)} render them
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inoperative. This was not observed on goulder River log
dams. Log step dams can function for decades. In Sheep
Creek, Montana Lere {1982) found several that were intact i9
years after installation.

Ehlers {(1956) found that 1oose rock dams (similar in
form and function to rock check dams) need frequent
maintenance beCause rocks often became displaced during
periods of nhigher discharge. No displacement of the rocks
in Boulder River check dam wWas observed in this study

probably because larger sized rocks were used in their

construction.
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CONCLUSIONS

1. A1l five types of HIS enhance the total salmonid and
rainbow trout biomasses in the Boulder River Lo some
degree. Check dams and bank hides appearsd to prcvide

the grsatest enhancement.

2. The presence of a pool near the structure and the depth

of that pool appear to nhe important to the success of the

structure.

z. Check dams and bank hides are the most cost
effactive of the five types of HIS installed in the

Boulder Riwver.

4. Check dams and bank hides are the most durabls of

+ha structure types in the Boulder River.

5. Based on enhancement provided, ralative cost, and
durability, check dams and bank hides appear to be the
best HIS for streams that lack pools such as tha Boulder

River.
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APPENDIX




Taple 11.
with the h

43

Tatalx salmonid biomasses (g/m*) associated
abitat improvement structures (HI8) and
controls (C1 and (C2) on the Boulder River.

Month/vear
HIS o8/87 10/87 06/88 o7/88 10/88 06/89 08/8%
i 18.49 1.0%9 .00 X3.84 17.47 Q.00 43%.59
2 &.56 7.54 7.21 29.94 21.07 13.46 24 .24
3 74.56 78.57 32.97 27.272 62.27 11.31 7.25
4 5.3% 71.87 G.27 5.91 Q.90 5.48 24 .29
3 6.59 19.37 2.03 6.1%9 32.4°9 7.60 40 .40
& 1.97 7.25 4 .38 1.95 0.00 2.93 1.82
7 2.14 1.70 0.862 &.52 2.99 Z.31 12.01
8 z.52 27.35 13.40 10.78 7.66 23.932 57;01
9 4.43 5.71 1.03 2.47 2.29 1.86 7.58
10 13,11 g.76 2.00 1.12 1.56 4 07 4.59
i1 27.14 18.71 14.82 14.82 28.17 8.36 27 .20
12 3.41 3.54 4.85 42.88 20.06 1.34 15.12
13 101.31 19.82 4.84 108.07 60.52 12.52 91.32
i4 10.00 33.45 31.16 19.48 52.02 7.07 86.69
i5 3.13 1.97 7 .50 5.41 11.80 4. 86 8.77
ié 84.05% 106.93 17.52 213.70 456.26 0.0C 78.51
Ci .15 0.50 Q.00 0.00 .33 £.07 1.01
c2 .06 3.19 4.91 &.05 .67 ©.98 1.32
* Includes rainbow trout, mrook trout, and mountain

whitefish.
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Table 12.
with the habitat
controls {Ci and

Rainbow tr

impr
£2) on the Bou

44

out {(g/m*) biomasses associated
ovement structures (HIS) and
lder River.

Month/vear
HIS 08/87 10/87 06788 07/88 ic/88 06/89 o8/89
1 0.00 1.09 0.00 33.84 7.88 0.00 43.59
2 &.26 7.54 0.00 22.82 11.04 0.00 24.24
3 76.56 34.93 4.97 g8.81 50.05 11.31 7.09
4 5. 39 27.97 3.27 5,21 &.13 5.48 14.08
] Z2.67 7.01 $.00 0.81 13.02 %z.03 15.70
& 0.00 1-45 0.00 1.95 0.00 2.92 1.37
7 .49 1.59 0.62 ©.00 1.30 2.31 g.81
8 0.00 11.87 Z2.91 10.78 0.61 0.00 32.69
9 .35 2.10 0.00 0.64 G.61 C.00 4,99
10 13.11 8.76 0.00 1.12 1.04 1.05 4 .59
11 7.16 13.73 z.42 10.90 17 .61 x.19 o, 54
12 .43 2 .88 4.85 10.49 16.19 .79 &.61
i3 39.53 11.22 4.84 30.12 5B6.25 0.57 31.68
14 10.00 10.24 .00 2.92 34.73 1.01 19.51
15 2.62 1.97 2.03 .13 3.29 .77 4.74
16 28.88 59.13 17.52 13.88 &58.45 0.00 26.70
Cci 0.08 1.46 .00 .00 0.33 .07 1.01
c2 ¢.886 1.946 0.00 3.87 0.50 0.98 .85
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Table 13. Maximum velocity {msls) near the adges of the
habitat improvement structures (HIS) and controls {CL
and C2) on the Boulder River.

Month/vear

HIS 08/87 10/87 0&/88 07/88 10/88 06/89 08/89

1 1.15 0.61 1.36 ©0.68  0.53 0.91 1.02

2 0.86 0.55 1.08 ©.46 0.51 0.75 0.85

3 0.45 0.50 ©0.41 0.41 0.26 ©0.21 ©0.45

4 0.23 0.26 ©0.58 ©0.34  0.58 0.97 0.29

5 0.46 0.24 ©0.40 0.14 0.24 0.46 0.18

& 0.21 0.13 0.33  0.13 0.11 ©.24 0.09

7 0.05 0.16 - 0.09 0.00 0.03 0.14 0.06

| 8 1.26 0.68 0.86 0.55 0.81 1.31 1.87
® 9 0.43 0.40 1.00 0.23  0.65 0.90 0.38
10 0.60 0.26 0.65 0.29 0.34 0.4B 0.43

11 0.24 0.19 0.48 G.24 0.14 .56 0©.19
iz 0.70 ©.70 1.12 0,36 G.48 1.10 0.61
13 0.28 0.34 .97 0.55 G.38 1.31 ¢.51
i4 1.24 0.76 0.61 .71 .61 1.27 06.98
15 ¢.26 0.28 G.73 .50 .26 0.31 0.24
is Q.53 0.31 1.1¢ .41 1.26 1.27 ©0.71
Ci ¢.48 0.40 0.&8 0.27 0.38 .61 0,23

c2 0.56 O.41 G.66 O.34 0.68 .86 ¢.38
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Table 14. Minimum velocity (mg/s) near the edges of the
habitat improvement structures (HIS) and controls (Cl
and C2) on the Boulder River.

Month/vear

HIS og8/87 10/87 046/88 07/88 10/88 06/89 08/89

1 0.06 .06 0.11 0.00 c.o8 0.14 .51
2 .11 .11 0.11 G.00 0.11 0.09 Omég
3 0.03 0.05 ©.03 0.00 .03 G.05 0.00
4 Q.09 0.0%9 0.09 ¢.11 ¢.18 0.11 0,11
5 G.00 .03 .03 C. .00 0.03 0.0% ¢.00
& .08 0.03 0.08 0.06 G.06 ¢.05 0.03
7 C.00 0.03 _0.03 0.00 .00 0.05 0.00
8 0.19 .06 .21 0.11 0.11 0.26 .11 .
9 0.03 .05 .00 0.05 0.06 0.03 .60
1¢ 0.08 .03 0.09 0.00 0.05 C.13 .11
11 0.03 C.03 0.19 0.13 .00 0.0% G.00
12 0.06 .03 0.05 0.00 0.00 0.06 C.00
12 0.08 .03 ¢.19 0.1%9 0.11 0.61 ©.33
14 0.05 0.21 0.00 G.00 0.34 0.51 0.63
15 0.06 0.0&6 0.14 0.11 0.05 0.13 ¢.09
i 0.08 0.06 G.1l6 0.14 0.06 .21 ¢.05
cr 0.36 0.08 0.00 $.13 Q.09 0.16 0.18

cz 0.05 0.03 0.00 .00 .13 0.06 G.00




Table 15.
habitat improvement structures (HIS) and
and C2) on the Boulder River.
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Mean velocity (msfs) near the

edges of the
controls (Ci1

Month/vesar
HIS 08/87 10/87 06/88 o7/88 10/88 06/89 o8/ 89
1 0.387 0.194 0.747 0.277 0.244 0.479 C¢.730
2 0.291 0.288 0.479 0.177 0.227 §.462 0.311
3 0.232 0.237 0.160 0.177 0.177 ©.127 0.160
4 0.150 ©.177 ©.21C0 0.194 0.311 0©.294 0©.194
5 0.146 0.0%96 ©0.177 0.04&6 0.064 0.227 0.064
& 0.134 0.083 0.160 0.079 ©0.07%9 0.111 0.064
7 0.024 0.042 0.046 0.000 ©0.027 0.079 0.027
8 0.418 02.277 0.379 0.311 0.445 9.462 O,4§5
S 0.211 ©0.144 0.328 0.144 0.244 0.277 0.160
i¢o 0.194 ©0.164 0.294 0.177 0.210 0.344 0.244
i1 0.119 0.088 0.311 0.177 0.079 0.227 0.094
iz 0.316 0.238 0.479 0.210 0.177 ©.462 0.277
L3 0.173 0.122 0.599 0.361 0.227 0.%914 0.411
14 0.428 0.599 0.481 0.294 0.5329 0.948 0.764
15 0.152 0.150 C.462 0.244 0.144 0.227 0C.194
16 6.248 O0.181 0.479 ©0.294 0.344 ©.730 ©.177
Ci 0.328 0.277 0.479 0.210 0.294 0.411 0.244
o2 0.168 0.177 0.244 ©.111 0.378 0.445 0.144
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Table 16. Maximum velocity (msfs) associated (#Mav) with
the habitat improvement structures {(HIS) and controls
{(Ci and C2) on the Boulder River.

Month/vyear

HIS 08/87 10/87 R&/88 o7/88 10/88 0&/89 08/8%9
i 1.102 0.914 0.747 0.411 0.629 0.479 1.018
2 0.445 0.546 0.160 0.277 0.462 0©.780 0.227
X 0.613 0.633 0.361 0.177 0.127 0.177 ©.160
4 c.881 ©.579 0.797 0.529 0.311 0.445 0.361
) 0.780 0.378 ©0.713 0.079 0.000 0.512 0.579
& 0.328 0.277 0.1%4 0.094 0.07% ©.562 0.160
7 0.5172 0©.311 0.311 0.048 D.000 0.948 0.094
. 8 0.479 0.462 0.680 0.344 0.X44 1.307 0.6{;3
9 C.831 0.546 1.085 0.344 0.144 0.797 0.3546
0 0.764 ©.730 0.948 0.210 0.730 ©.244 0.294
ii 0.59% 0.495 ©.227 0.127 0.064 1.562 0.210
i2 1.169 1.08% 1.018 0.244 0.177 1.102 0.847
13 1.018 1.205%5 0.5%79 ©0.311 0.378 1.307 0.713
14 1.08% 0.881 1.307 0.629 0.261 1.135 ¢.428
15 0.495 0.512 0.479 0.277 0.227 1.528 0.244
16 0.780 0.378 0©0.111 0.094 0.495 0.864 0.428
c1i 0.000 0.000 ©.000 0.000 0.000 0.000 0.0060
cz 0.000 ©0.000 0.000 0.000 0.00C ©£.000 0.000
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Table 17. Maximum depth {m) in waters associated (MAD)

with the habitat improvement structures (HIS) and

controls (C1 and C2) on the Boulder River.

Month/vear

HIS o8/87 10/87 0&/88 07/88 10/88 06/89 c7/89
1 0.62 .37 0.70 .54 0.46 o.70 0.53
2 0.63 0.52 Q.67 .59 C.54 .80 0.58
3 .84 0.55 0.78 0.8C | 0.65 0.82 0.68
4 0.39 .34 0.56 .35 .40 0.60 C.44
5 Q.66 Q.55 .62 0.55 .55 0.78 .50
& .38 .34 0.59 .44 0.43 .42 0.40
7 Q.37 0.31 £.52 Q.36 G.42 0.51 0.38
8 0.50 ©0.34 0.57 0.38 ©0.34 0.60 0.37
9 0.40 .44 .57 .38 0.37 .50 .36
10 0.38 0.31 .50 Q.47 0.30 i1.08 0.34
it .49 0.52 0.76 0.58 c.58 C.76 £.68
12 .52 0.52 Q.70 .57 C.48 Q.54 ©.48
13 .56 Q.49 C.75 O.57 .53 Q.74 £.40
i4 0.69 .58 0.92 0.74 .58 0.70 C.62
15 0.54 .43 G.67 .57 0.51 0.66 .52
ié 0.77 .70 C.90 .74 .69 $.88 0.70
c1 Q.00 .00 $.00 .00 0.00 .00 Q.00
c2 .00 0.00 0.00 0.00 .00 0.00 .00




Table
{HIS) and contrels {(Cl1 and C2) above the water on the

Boulder River.

i8.
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Haight (m) of habitat improvement structures

Month/year
HIS o8/87 10/87 06/88 07/88 10/88 06/89 08/89
1 ©.00 ©0.00 ©.00 ©0.00 0.00 0.00 0.00
2 0.00 0.00 ©6.00 ©0.00 0.00 0.00 0.00
3 0.56 ©0.58 0.41 ©.58 0.58 0.41 0.57
4 0.00 0.00 ©0.06 0.00 ©0.00 0.00 ©0.00
5 0.00 ©0.00 ©0.00 0.00 0.00 ©0.00 0.00
& 0.38 0.38 0.29 0.42 0.3 0.30 0.37
7 0.32 ©0.37 0.20 0.3%3 0.33 0.17 0.27
8 0.00 ©0.00 0.00 ©0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 ©.00 0.0 0.00 0.00
10 0.00 ©0.00 ©0.00 ©0.00 0.00 ©0.00 0.00
11 0.11 0.19 ©0.00 ©0.00 0.1% ©0.00 0.14
12 0.00 0.00 ©0.00 ©0.00 ©.00 0.00 0.00
13 0.00 ©0.00 0.00 ©0.00 ©0.00 ©0.00 0.00
14 0.00 ©0.00 0.00 ©0.00 0.00 0.00 0.00
15 0.00 ©0.00 ©0.00 0.00 0.00 0.00 0.00
16 0.00 ©0.00 ©.00 ©.00 ©.00 0.00 0.00
c1 ©.00 0.00 0.00 ©.00 0.00 0.00 0.00
c2 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00
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Table 19. Maximum depth {(m) near the edges of the
habitat improvement structures (HIS) and controls {(C1
and C2) on the Boulder River.

Month/vear
HIS o8/87 10/87 06/88 07/88 10/88 06/8% 08/89
1 0.74 0.5 0.75 ©0.49 0.54 0.82 ° 0.53
2 0.6%2 0.52 0.59 0.54 0.51 0.74 0.50
3 0.70 0.64 ©0.81 0.65 ©0.59 0.91 0.62
4 0.39 0.34 0.49 0.33 0.31 0.51 0.34
5 0.76 0.43 0.76 0.57 0.39 0.96 0.60
6 0.41 0.34 0.58 0.46 0.46 0.56 0.42
7 0.42 ©0.34 ©0.88 0.41 ©.42 0.50 0.36
8 0.46 0.40 0.52 0.32 0.36 0.60 0.44
3 6.34 0.31 0.49 0.34 0.27 0.44 0.30
10 0.42 ©0.31 0.44 0.32 0.35 ©0.51 0.38
11 0.8 0.58 0.76 0.54 ©0.57 0.70 0.52
12 0.60 ©0.49 0.61 0.47 0.40 0.60 0.51
13 0.5 0.46 0.72 ©0.55 0.51 0.74 0.3F7
14 0.76 0.64 ©.81 0.55 ©0.54 0.72 0.57
15 0.44 0.40 0.59 0.47 ©0.40 0.50 0.40
16 o.84 ©0.70 0.90 0.62 ©0.77 ©0.84 0.78
c1 0.26 0.21 ©0.40 ©.25 0.20 0.41 0.26

c2 0.53 $.40 ¢.64 0.42 0.21 .40 0.43
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Table 20. Minimum depth {m) near the edges of the
habitat improvement structures (HIS) and controls (C1
and C2) on the Boulder River.

Month/year

HIS oB/87 10/87 0&/88 07/88 10/88 06/89 o8/89
i .22 0.46 0.18 .02 0.2 0.05 Q,Oé
2 0.1 .15 .01 .00 C.04 .20 .16
3 .25 .06 0.43 0.26 0.24 0.3&6 0.20
4 0.14 G.09 Q.25 0.13 0.05 G.31 .18
5 .17 0.21 O.41 .19 0.21 0.42 0.20
& .28 .25 0.36 0.3C 0.28 0.31% 0.32
7 Q.27 0.18 .20 O.27 0.30 0.34 0.30
28 0.10 .15 O0.25 .13 .02 .26 .12
) 0.16 0.02 0.221 ©.08 O.11 0,20 0.10
10 .14 0.06 0.4 0.10 .02 .31 .08
11 $.25 0.15 C.51% 0.18 0.23 0.24 ¢.12
iz .10 0.15 .30 0.17 .10 Q.19 .10
13 0.31 0.24 0.47 .30 .24 C.48 0.1%9
14 0.25 .21 G.00 0.00 .06 0.06 G.12
15 .28 .28 .38 0.25 0.04 .28 0.16
ié6 0.13 0.06 0,24 0.19 Q.02 .20 ¢.1¢
Ci 0,10 C.09 .00 .04 0.05 .11 0.04

c2 0.17 .06 0.60 ¢.10 ¢.01 G.04 .14




532

Table 21. Mean depth (m) near edges of habitat
improvement structures (HIS) and contrals {Cl and C2) on
the Boulder River.

Month/vear

HIS os/87 10/87 06/88 07/88 10/88 06/89 08/89
1 ~ 0.38  0.49 0.48 0.29 0.28 0.49 ©0.20
2 0.34 ©0.38 0.45 0.34 0.31 0.48 0.40
3 0.51 ©0.47 ©0.62 0.47 0.44 0.61 0.46
4 0.28 0.24 0.39 0.24 0.24 0.43 0.26
5 0.42 0.33 ©.51 ©0.35 0.35 0.5 0.37
é 0.%25 0.32 ©0.52 0.40 ©.40 0.50 0.38
7 6.31 0.26 0.52 0.33 0.35 0.46 0.33
8 0. 26 0.22 0.39 0.24 0.18 0.41  0.29
g o.25 0.20 0.38 0.19 0.20 0.33 0.22
16 0.23 0.24 0.30 0.22 0.24 0.44 0.29
11 0.48 ©0.42 0.63 ©0.43 0.47 0.59 0.41
12 0.34 0.27 0.44 0.31 0.22 0.40 0.28
13 0.41 ©.35 ©0.63 0.43 0.41 0.61 0.33
14 0.41 0.47 0.46 ©0.3¢6 0.38 0.52 0.40
15 0.35 0.35 0.46 0.34 0.26 0.42 0.30
16 0.46 0.45 0.63 0.45 0.43 0.61 0.54
c1 0.16 0.16 ©0.27 ©0.16 0.15 0.2% 0.1i8

c2 Q.35 0.32 C.45 0.32 0.15 0.24 0.32
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Table 272. Overhead cover {m?®) created by the habitat
improvement structures (HIS) and controls (€1 and C2) on
the Boulder River.

Month/year
HIS og/87 10/87 06/88 ¢©7/88 io/88 0&/89 07/89
1 1.586 1.56 0.85 .38 .55 0.68 - 0.656
2 5.23 3.40 24 .24 2.79 2.00 23.63 TF.62
3 5.16 4.30 4.53 4.34 .88 3.38 I.93
4 2.07 0.98 C.42 0.00 0.00 1.06 o.00
5 G .00 Q.00 0.C0C 0.00 .00 .00 C.00
& 3.91 3.80 3.886 .25 4.73 4.15 .65
7 4.31 4.11 .86 Z2.64 4.55 4. 47 .35
. 8 2.18 2.80 16.6% 4.865 1.08 22.18 5:20
9 0.060 .00 C.00 .60 .00 0.00 .00
10 1.67 0.65 Q.00 0.00 Q.00 0.47 .75
11 .39 8.50 &.45 & .60 8.87 4,02 &.54
12 .00 G.C0 .00 Q.00 .00 .00 0.00
13 3.80 2.30 G.68 1.50 0.91 Q.60 7.15
14 1.9¢ 1.90 0.867 .00 0.00 1.19 1.28
15 2.10 1L.70 Q.42 0.32 0.000 1.02 .00
16 10.00 7.40 15.24 10.10 4.88 15.30 10.75
Ci .00 0.C0 0.060 .00 .00 $.00 .00
C2 .00 .00 .00 0.0¢ .00 .00 .00




