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ABSTRACT

The long term effectiveness and durability of random boulders,
rock jetties, and log step dams installed as improvement structures
in three Montana streams were evaluated in 1279 and 1980. Random
boulders and rock jetties placed in chammelized sectionz of the Se.
Regis River appeared to have restored habitat for cutthroat trout
(Salmo clarki) and broock trout (Sulvelinus fontinalis) populations.
Total numbers of trout were least in a partially altered control,
greatest in a section mitigated with random boulders, and intermediate
in a section mitigated with rock jetties. Total biomass of trout was
gimilar in the control and jetty sections, but was greater in the
boulder section. Total densities of trout in the control and jetty
sections were less than estimates obtained 5 years previously. Sec-
tions with mitigative structures had greater pool frequencies than the
contrel. Pool-riffle periodicity was significantly related to the
total numbers of trour among sections (P<0.01}. A majority of the
boulders were functionally intact 8 vears following installation,
Twelve of 18 rock jetties were functionally intact 7 years following
installation. Rock jetties placed in a channelized section of Litrle
Prickley Pear Creek appeared to have restored habitat for a rainbow
trout {(Salmo gairdneri) population, but were ineffective in restoring
habitat for a brown trout (Salmo frutta) population, The hiomass of
rainbow trout was similar in a control and a section mitigated with rock
jetties, but was less in a channelized section that was unmitigated,
Brown trout densities were greatest in the contrcl and similar in the
jetty and unmitigated sections. Brown trout densities and rainbow
trout biomass in the control were less than estimates obtained 14
vears previously. The jetty section had a poel freguency that was
similar to that in the control. Pools were absent in the unmitigated
section. Individual physical characteristics were not significantly
related to the densities of trout among study sections (P>0.10). Four-
teen of 16 rock jetties were functionally intact 16 years following
installation. Log step dams placed in Sheep Creek were ineffective in
enhancing habitat for a rainbow trout population. Densities of rainbow
trput in a section containing step dams and a control were not differ-
ent., Pool frequencies in the step dam section were greater than the
control, Eight log step dams were functionally intact 19 years follow-
ing installation.



INTRODUCTION

Randomly placed boulders, rock jetties, and log step dams are
common types of stream improvement structures that have been utilized
to restore or enhance trout habitat, These structures have been shown
to produce changes in channel configuration that have enhanced trout
populations in Montana streams {(Swedberg 1964; Elser 1968; Schaplow
1976). However, these svaluations were made within 2 years following
installation. This 2 vear interval between installation and assessment
is not adequate for evaluating the effectiveness of these structures
to enhance trout populations (White 1975). Hunt {1676} found that the
maximum response of a brook trout population did not occur umtil 5
years following habitat development of Lawrence Creek, Wisconsin.
Furthermore, evaluations of these structures within 2 years of
installation do not provide an assessment of their ability to remain
intact and functional over a long term.

The present study was undertaken to evaluate randomly placed
houlders, rock jetties, and log step dams that have been in Montana
streams Tor at least 5 years. The objectives of this study were o
evaluate: (1) the changes in physical habitat associated with these
improvement structures; (2} the persistance and integrity of these
gtructures; (3) the response of trout populations to the habitats

created by these structures. Field studies were carried out from



2
July through September 1979 and July through October of 1980 on the

St. Regis River, Little Prickley Pear Creek, and Sheep Creek,



DESCRIPTION OF STUDY AREAS

5t. Regis River

The St. Regis River oviginates on the east slope of the Bitterrooct
Mountains in the northwest corner of Mineral County, Montana {(Figure
1}. It arises at an elevation of 1,707 meters (m) above mean sesz level
{msl) and flows southwesterly for approximately 60 kilometers (kmj} to
its confluence with the {lark Fork River at an elevation of 805 m
{mgl). The mean gradient of the stream is about 1.5%. Mean, minimum,
and maximum discharges meas&%eé near the town of 5t. Regis over z 17
vear period ending in 1973 were 16,4, 1.16, and 273 mgfsecend {sec),
respectively {U. 5, Geclegical Survey 1976),

The narrow valley of the St. Regis River has been used as a
transportation route since the late 1800s. Much of the river has been
channelized or encroached upon as a result of railroad and state high-
way construction. Additionmal aslterations to the river have resulted
from constructicn of Interstate Highway 90 which began in 1971. Rock
step dams, random boulders, and rock jetties were imstalled in sec~
tions of the river above the town of Saltese in 1972 and 1973 to
mitigate the destructive effects of the Interstate construction
{Schaplow 1976}.

Three study sections were established on the St, Regis River.

They were located between the confluence of Dominion Creek and Saltese.
Section 1 was located approximately 3.0 river km =zbove Saltese at an

elevation of about 1,078 m (msl}. It began at a railrcad trestle and
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5
exrended 510 m downstream. Construction of Interstate Highway S0
altered approximately 35% of this section (Schaplow 1976). Willow
{(Salix spp.) and red dogwood {(Cornus stolinifera) dominated the
riparian zone, This vegetation provided a moderate amount of cover
overhanging the stream. This section served as a partially altered
contrel.

Seétisn 2 began about 2,3 river km above Saltese and extended
455 m downstream. The approximate elevation of the section was 1,057
m {msly. Thiz section of stream was réchanneleé and confined betwesn
Interstate Highway 90 and the roadbed of the railroad as a result of
highway construction. Random boulders were installed as a mitigative
device in 1972, The riparian zone was practically deveid of vegeta~
tion beeause of the placement of rock revetment at the time of
construction, This section served s an altered stream reach mﬁtiw
gated with random boulders,

Section 3 began approximately 0.5 viver km above Saltese at an
elevation of 1,042 m (msl) and extended 387 m downstream. This section
was situated in a relocated channel which was built to faclilitate the
construction of Interstate Highway 90. Nine pairs of offsetr rock
jetties were installed at intervals of approximately 40 m within the
section in 1873. Rock revetment was used to stabilize the streanm
channel which limited vegetation in the riparian zone fo sparse patches

of willow, This vegetation provided aimost nc cover overhanging the



&
atream. This sectlon served as an altered stream reach mitigated with
rock jfetties.

The three study sections established on the St. Regis River
corresponded with sections studied by Schaplow (1976). The iegal
description of each study section is given in Appendix Table 1.

Water temperatures were measured in the first 2 weeks of
September, 1980. Ranges for stations in Sections 1, 2, and 3 were 5.0~
15,0, 5.0~16,0, and 8.0-15.0 Celsius {(C}, respectively. The mean diel
difference between maximum and minimum temperatures for Sectiomns 1, Z,
and 3 were 8.8, 8.0, and 5.3 €, respectively,

selected chemical and phyeical analyses of water made within the
three study sections are presented in Table 1, Similar values of pH
(7.0-7.3), hardness [20-34 milligrams/liter (mg/1)], alkalinity
(21-3% mg/1), and conductivity [42-86 micromhos/centimeter {(pmhos/cm)]
have been reported for the St. Regis River near Saltese by Lund (1976).

Cutthroat trout (Salmo clarki) was the dominant game fish in the
study area. Brook trout {Salvelinus fontinalis}, wountain whitefish
(Prosopium williamsoni), longnose dace (Fhinichthys catoractae), slimy
seulpin (Cottus cognatus), and shorthead sculpin (C. confusus) were
also present. No hatchevy fish were stocked in the area during the

study.



7

Table 1. Mean and range (in parentheses) of selected chemical and
physical properties of water in study sections on the 5ti.
Regis River from September I through September 12, 1984,

Study Total Hardness  Total Alkslinity Conductivity
Sections pH (as mg/l CaC0y} (as mg/1l CaClq) (umhos/em at 25 C)
1 7.1 40 38.5 88.8
{(7.0-7.2} (407 (35-40) (85~90)
5 7.2 37.5 38.5 83.8
- (7.1-7.3} {35407 {35-40) {8085}
4 7.2 37.5 38.5 80
(7.0-7.33 (35-40) {35-40) (80}

Little Prickley Pear Creek

Little Prickley Pear Creek is located in Lewis and Clark County
in central Montana (Figure 2). Tt oviginates on the east slope of the
Continental Divide and flows northeasterly for approximately 50 km to
its confluence with the Missouri River. The elevation of the stream
ranges from 1,475 m (msl) at the headwaters to 1,038 m {msl) at the
mouth., The mean gradient of the stream is about 0.85%. Mean, minimum,
and maximum discharges measured near the town of Wolf Creek over a 5
vear period ending in i?é? were 3,65, 0.40, and 88,01 mg/sec, respec—
tively (U. §. Geological Survey 19568;.

The lower 18 km of Little Prickley Pear Creek flows through Wolf
Creek Canyon. This portion of the stream has heen extengively altered
for the construction of Interstate Highway 15. Eighty-eight vock

jetties were installed at intervals of approximately 80 m in this reach
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Figure 2. Map of Little Prickley Pear Creek showing locations of
study sections.



9
of the stream during 1963 and 1964 to mitigate the harmful effects of
the highway construction {(Johnson 1967).

Three study sections were established on Little Prickley Pear
Créek. Section 1 was located near the Sieben Interchange of Inter-
state Highway 15 just above the head of Wolf Creek Canyon. It began
150 m above a county bridge and extended 340 m downstream., The approx-
imate elevation of the section was 1,176 m {(msl). Approximately 962
of the section was in an unaltered condition, The remaining 107 was
partially altered in 1962 by the construction of Interstate Highway
15. The mean discharge measured near Sieben over a 5 Year period end-
ing in 1967 was 1.96 m3fsac (U. 8. Geological Survey 1968). The
riparian zone was dominated by willow and alder (4dlnus spp.). This
vegetation provided a substantial amount of cover overhanging the
stream. Section 1 served as an unaltered control.

Section ? was established inm Wolf Creek Canyon. This section
began about 4.3 viver km below the confluence of Lyons Creek at an
approximate elevation of 1,119 m (msl) and extended 468 m downstream.
T+ was rechanneled and confined between Interstate Highway 15 and the
roadbed of the railroad during the construction of the highway. Seven
pairs of offset rock jetties spaced at intervals of approximately 60
m were located in this section. Willow, interspersed with cottonweod

{(Populus spp.), provided a sparse amount of cover overhanging the
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stream. This section served as an altered stream reach mitigated with
rock jetties.

Section 3 was established in Wolf Creek Canyon near the conflu-
ence of Sheep Creek at an approximate elevation of 1,109 m (msl) and
extended 238 m downstream. This section also was rechanneled and con-
fined as a result of highway construction, however, rock jetties were
not installed as mitigative structures. Willow and cottonwood
dominated the riparian zone and provided a sparse amount of cover
overhanging tﬁe stream. This section served as an altered stream
reach without mitigative structures.

Sections 1 and Z which were established in the present study om
Little Prickley Pear Creek cerrespondeé with gections studied by Elser
(1968). The legal description of each study section is given in
Appendix Table 1.

Water temperatures were measured for the month of September,
1980. Ranges for stations in Sections 1, Z, and 3 were 8.5-15.0, 7.0~
16,0, and 8.5-17.Q C, respectively. The mean diel difference between
.maximum and minimum temperatures for Sections 1, 2, and 3 were 2.6,
3.3, and 3.0 C, respectively.

Selected chemical and physical analyses of water made within the
three study sections are presented in Table 2. Slightly higher values

of pH (8.0-8.7), hardness (215-235 mg/l), alkalinity (225-245 mg/l1),
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Table 2. Mean and range {in parentheses)} of selected chemical and
physical properties of water in study sections on Littie
Prickley Pear Creek from August 29 through October 6, 1580,

Study Total Hardness  Total Alkalinity Conductivity
Sections pH {as mg/l CaC03} (as mg/l CaCO3) (umhos/cm at 25 C)

. 8.0 204 208 396
(7.8-8.1)  {200-210) (205-210) (340~430)

) 8.4 191 194 372
(8.2-8.8)  (185-195) (180-200) (360-390)

s 8.5 194 191 378
(8.2-9.3)  (180-200) (180-195) (350-390)

and conductivity (410-445 umhos/cm at 25 C) have been reported for
Little Prickley Pear Creek near Section 1 by Elser (1968).

Rainbow trout (Selmo gairdneri) was the dominant game fish in the
study area. Brown trout {(Salme truita), brook trout, mountain white-
fish, longnose sucker (Catostomus cotostomus), white sucker (.
commersont) and mottled sculpin (Cottus bairdi) were also present.

No hatchery fish were stocked in the area during the study.

Sheep Creek
Sheep Creek is located in Meagher County in central Montana
(Figure 3). The stream originates in the Little Belt Mountains near
Kings Hill Pass and flows westerly for approximately 50 km to its com-
fluence with the Smirh River, The elevation of the stream ranges from

2,195 m (msl} at the headwaters to 1,335 m {msl) at the mouth. The
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mean gradient of the stream is about 1.772. Mean, minimum, and maximum
discharges measured 11.3 km above the confluence of Moose Creek over
a 31 vear period ending in 1972 weve 0.90, 0.10, and 13.02 m3fsec,
respectively (U. 8. Geological Survey 1973},

Sheep Creek flows through a meadowed valleyv and is paralleled by
. 5. Highwayv 89 for approximately 40% of its length. Log step dams
were installed in a reach of the stream by the U. 8. Forest Service
in 1961 to improve trout habitat by producing scour holes and provid-
ing additional cover (Swedberg 1964).

Two study sections were established on Sheep Creek. Section 1
was located about 2.0 river km above the confiuence‘of Meose Creek and
extended 310 m downstream. The approximate elevation of the section
was 1,707 m {msl). Fight log step dams spaced at intervals of 20-70
m were located in this section. Willow dominated the riparian zone
and provided sparse amounts of cover overhanging the stream. This-
section served as a stream reach with improvement structures,

Section 2 began immediately below Section 1 and extended 300 m
downstream. Thig section contained no stream improvement structures,
Willow, interspersed with conifers, provided a moderate amount of
cover overhanging the stream. Section 2 served as the control. The
legal description of each study section is given in Appendix Table 1.

Water temperatures were measured from July 10 through July 22,

1980. Ranges for stations in Sections 1 and 2 were 8.0-17.0 and 9.0~
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17.0 C, respectively. The mean diel difference between maximum and
minimum temperatures for stations in Sections 1 and 2 were 5.7 and 5.0
C, respectively. Selected chemical and physical analyses of water
made within the two study sections ave presented in Table 3.
Table 3. Mean and range {in parentheses) of selected chemical and

physical properties of water inm study sections on Sheep
Creek from July 16 through July 31, 1580.

Study Total Hardomess  Total Alkalindty Conductivity
Sections pH  {(as mg/l CaCOSD {as mg/1 CaCOE) {umhos/em at. 25 C)
1 7.8 185 185 368
(7.5-7.9) (185-197) {180-190) (360-375)
2 7.8 193 i8s8 350
(7.5-8.0} (190-195) {185-180) {3507

Rainbow trout was the dominant gsme fish in the study area.
Rrock trour, brown fvoul, cuithroat trout, mountain whitefish, long-
nose sucker, longnose dace, and mottled sculpin were also present. No

hatchery fish were stocked in the area during the study.



METHODS

Physical Characteristics of Study Sections

Physical characteristics were measured in all study sections
between July 17 and October 23, 1980. Transects were egtablished
perpendicular to the stream channel at intervals of 7.5, 7.5, and
10.0 m throughout the length of the study sections on the St, Regis
River, Little Prickley Pear Creek, and Sheep Creek, respectively.
Sryeam width was measured to the nearest 0.5 m from water edge to
water edge of each transect. Water depth was measured to the nearest
1.0 em ar 0.5 m intervals along each transect. The deepest measure-
ment along each transect was considered to be the thalweg of the cross
section. The mean width, depth, and thalweg depth were computed for
each study section.

Water velocities were measured with a model 627 Teledyne Gurley
current meter at 0,6 of the depth below the water surface. Thalweg
velocity was measured at each transect in study sections on the St.
Regis River and Little Prickley Pear Creek. Warer velocities were
recorded at 0.5 m Intervals along each transect in study sections on
Sheep Creek. Mean thalweg velccity was computed for each sectiom on
the three study streams, In addition, mean water velocity was
computed for each study section on Sheep Creek.

The total area of potential overhanging and instream cover was

measured within 1.5 m on either side of every other transect on the
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St, Regis River and on every transect on Little Prickley Pear Creek
and Sheep Creek. Cover was classified as either brush, debris, under-
cuts, or rock shelves. Only features which were within the water or
< 1.0 m above the surface were congidered cover. In addition, depth
of water underneath these features had to be greater than 15 cm.

The sizes of bottom materials along the transects for each study
section were classified visuslly using a modified Wentworth scale
(Wentworth 1922) as Bedrock (umbrokenm, solid rock), boulders (>26 cm
in diameter), rubble (6.4-26 cm in diameter), gravel [Z millimeters
(zm)~6.3 em in diameter], or fines (<2 mm in diameter). The linear
distance of each tvpe of bottom material along a transect was ggtimated
and expressed as a percentage of the total stream width,

Pool~riffle periodicity (average distance between the heads of
successive riffles divided by the average stream width) and pool-riffie
vratio {total length of pools divided by the total length of riffies)
were determined for each study section from measurements along the
thalweg. A pool was defined as a portion of the stream having reduced
water velocities and =z maximum depth greater than the average thalweg
depth. Gradient (rise divided by run and expressed as a percentage}
was measured with a transit and a stadia rod, Sinuosity was determined
by dividing the thalweg length by the down vallev distance., Discharge

was determined in each study section using standard techniques of the
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U, 8. Geological Survey {(Corbett et al. 1943), Section length was

obtained by measuring down the center line of the stream.

Parameters of Fish Populations

Fish populations were sampled on the St. Regis River and Sheep
Creek during August and early September, 1979 and on Little Prickley
Pear Creek during July and August, 1980. The salmonid populations inm
each study section were censused by electrofishing. Captured fish
were classified by species, measured to the nearest 1.0 mm (total
length), and weighed to the nearest 3.0 grams (gm). Samples of scales
were taken for analyses of age and growth. Salmenids were marked with
a partial fin clip and released within the study section from which it
was taken. Recapture runs were made at least 6 days after marking
TUNS.

Population estimates of salmonids were made using Chapman's
modification of Peterson's mark and recapture formula (Ricker 1975).
A computer program developed by the Montana Fish, Wildlife, and Parks
Department was used te calculate estimates of salmonid populations,
condition factors for fish over 12.5 em {total Jength), and correspond-
ing 80% (P=0.20) confidence intervals. Estimates of numbers and
biomass were made by length and age groups.

The regressions of total length with anterior scale radius were

found to be linear (r=0.89 to 0.96), thus the divect proportionality
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formula as described by Tesch (1971) was used to back-calculate total
lengths at previous ages. The predicted weights at age were computed
using the relationships described by the formula (Ricker 19753
iog W = log a + b{log L},
where W 1s weight {(gm), L is the total length {mm}, and & and b are

constants.

Statistical Analyses
Statistical analyses were made according to the methods of
Snedecor and Cochran {(1980). Analyses were performed using programs

described in MSUSTAT (Lund 1979) and SPSS (Nie et al. 1967).



RESULTS

5t, Regis River
Phvslcal Characteristics

The physical characteristics measured in the three study sections
of the St. Regis River are presented in Table 4. Widths, depths,
thalweg depths, and thalweg velocities were compared using analyses of
variance and the studentized Newman-Kuels method (P<0.05). Means of
the widths and depths were significantly different among all study
sections. Widths were intermediate in Section 1 {(partially altered
control), least in Section 2 (mitigated with random boulders), and
createst in Section 3 (mitigated with rock jetties). Depths were
intermediate in Section 1, greatest in Section 2, and least in Section
1, The mean thalweg depths in Sections 1 and 3 were not significantly
different, but were significantly less than in Section 2. The channel
of Section 2 had been relocated between Interstate Highway 90 and the
bed of a railroad. The narrow widths and greater depths found in this
section were associated with this channel confinement.

Mean thalweg velocities were not significantly different among
all study sections. The narrow channel configuration and the rela-
trively steep gradient of Section I should have resulted in greater
water velocities, however, the vandom boulders installed in this
section probably reduced these velocities by increasing the hydraulic

roughness of the channel.
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Pool numbers as measursd by pool-viffle periodicity were less in
Secrion 1 than in Sections 2 and 3. In contrast, the pocl-riffle
ratio was.intefmediate in Section 1, greatest in Section 2, and least
in Section 3. These differences indicated Section 1 contained fewer
but larger pools than the two channelized sections.

Sections with mitigative structures appeared to have greater pool
frequencies than the contrel section., However, the pool frequency
found in the control may have been less than normal since it had been
partially altered. In unaltered sections of the S5t. Regis River,
pool-riffle periodicities ranged from 4.6 to 7.7 stream widths {(Lund
1976). 'The mitigative structures installed in the channelized sections
created pool frequencies that were comparable to fregquencies found in
these unsaltered reaches.

The gradients of Sections 1 and 3 were similar and were approxi-
mately 37% less than that in Section 2. The sinuosity of Section 1 was
appraxi&ateiy 87 greater than those of Sections 2 and 3. Discharges
were gimilar among zll study sections at the time measurements were
made. The sample size (N) for each physical characteristic measured
is presented in Appendix Table 2,

The profiles of the stream bed along the thalweg of the three
study sections are shown in Figure 4., The thalweg appeared to undulate
less in Section 1 than in Sections 2 and 3. 1In addition, deeper pools

were formed in the thalwegs of Sectioms 1 and 2. Generally, the
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sndulations cccurring in Sections 2 and 3 were associated with the
mitigative structures that were installed.

The surface areas of potential overhanging and instream cover in
the three study sections are presented inm Table 5. Brush comprised
approximately 90% of the total overhanging cover in Section 1, while
rock shelves comprised 1007 of the total overhanging cover im Sections
2 and 3. The lack of overhanging vegetation in Sections Z and 3 was
the result of the installation of rock revetment alomg the stream
banks. Rock shelves provided a majority of the total instream cover
in all study sections. The total amount of potential cover present
was not significantly different among study sections {Analvsis of
variance: P>0.05).

The mean percentages of each class ¢f beottom material measured in
the three study sections are presented in Appendix Table 3. The mean
percentages of boulders in Sections 1 and 3 were not different, but
were less than in Section 2. Rock revetment and randomly placed
boulders inetalled in Section 2 contributed to the greater percentages
s5f boulders found in this section, Fine sediment was scarce in all

study sections.

Changes in Physical Characteristics since 1974
The measured physical characteristics of the three sections in the

present study were generally similar to those measured by Schaplow
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(16763 {Table 4)}. The mean depth and mean thalweg depth for each
study section were not significantly different between the present and
previcus studies (t-tests; P>0,08), However, numbers of pools im all
study sections had decreased since measurements were made in 1974.
This decrease was probably a result of increased velocities and
erogicn associated with the channelizations.

The profiles of the thalweg in Sections 2 and 3 appeared similar
between measurements obtained in the present study and those obtained
in 1974 {(Figure 4). Pools in Section 2 appeared out of phase between
rhe two studies probably because measurements were taken at slightly
different places on the stream.

Cover characteristics of the three study sections measured during
the present study were generally similar to those measured by Schaplow
(1976) except that the total overhanging cover in Section 1 was 887
greater in 1974 (Table 5}, This loss of cover was probably caused
by the sloughing of a large undercut since 1974, Vegetation on the
stream banks in Sections 2 and 3 had not significantly increased in

the 8 years following channelization of thesge sections.

Purability and Dimensions of Stream Improvement Structures
Randomly placed boulders appeared to he durable mitigative
devices in the St. Regis River., A majority of the boulders placed in

Section 2 during 1972 were fumctionally intact 8 vears following
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installation, These boulders created a pool frequency that was com-
parable to frequencies found in unalitered sections. 3Boulders were

"srair-step

grouped in clusters that created a series of cascades and
pools” throughout the length of the study section. Pools asscciated
with the random boulders had an average maximum depth of 0.62 m {5D=
0.14). The number of boulders in the channel had not significantly
changed since installation, however, the positions of these boulders
had apparently been altered to some extent.

Rock jetties appeared to be less durable as mitigative struc—
cures. Twelve of the 18 rock jettles placed in Section 3 during 1873
were functionally intact 7 years following installation. The non-
functional remnants of 2 others were also present. Schaplow (1976)
reported 5 of the jetties in the cemtral portien of the section were
destroyed and others were damaged as a result of an unusually severe
flood during the spring of 1974, An ipstallation interval of approxi-
mately two stream widths was probably not gatisfactory in creating a
stable pool-riffle periodicity. Although these structures had under-
gone some changes since 1973, the pool frequency in this section was
similar to frequencies found in unaltered reaches.

The dimensions of the 12 functional jetties have remained essen-
tially unchanged since 1974. Individual jetties, excluding those that
were destroved, were spaced at intervals averaging 1.6 stream widths

(18.1 m, SD=3.9) on alternating banks of the stream. Fach jetty
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contained 7 to 5 rocks {(approximate mean of 4 rocks/3etty) that
averaged 1.8 mgfreck in volume, Functional jetties were oriented
perpendicular to the stream and extended an average of 3.2 m (SD=1.1)
into the channel. Pools were commonly associated with the downstream
side of the functional jetties and averaged 0.48 m {Sp=0.14) in maxi-
mum depth. The pool-riffle periodicity measured in this section was
50% less frequent than measurements obtained in the summer immediately

following the severe flood. Damage to the structures apparently

reduced their ability to scour pools.

Parameters of Trout Populations

The numbers and sizes of each species of trout captured in the
study sections are presented in Appendix Table 4., Cutthroat trout
was the dominant species in all study sections, comprising 87, 91, and
4% of the total trout numbers collected in Sectioné 1 {partially
altered control), 2 (mitigated with random boulders), and 3 (mitigated
with rock jetties}, respectively.

Estimates of the numbers and biomass of I+ and older cutthroat
trout, brook trout, and total trout in each study section are pre-
sented on an equivalent basis in Table 6. Estimates of the trout
densities among study sections were compavred using t-tests {P<(.20).

The total numbers of trout per hectare were significantly differ-

ent among all study sections. Total trout numbers were least in
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Table 6. Zatimates of numbers (N}, blomass, and age structures of
trout in the study sections of the St. Regis River obtained
during the summer of 1578, 80% confidence intervals in
parentheses.

?er.ii‘ectare

Ssction Species Age-group B Biomaze (kg}
i Cutthroat trowt I+ 329 .6
{oontrol) 1i+ 190 7.7
IIi+ & older 3 .0
Total 558 16.3

{485-631) {14 .4-~18,23
Brook zwout i+ 27 0.4
114 43 1.8
I1%+ & older 5 5.8
Total 74 3.9

{60-88) {3.0-4.8)

Totel trout i+ & clder 632 6.2

{555~706) {18,1-22.3}
b Cutthreoat tvoul ¥ 827 7.6
{randew boulders) 1+ 420 i8.%
X 11i4 & older 30 3.4
Total 1277 29.9

{1144-2410) {26.9-32,9}
Broak trout i 40 1.2
I+ (¥ 8.8
I+ & plder _1g 4.7
Total 117 12.7

{34~140) {9.7-15.7)
Total trour i+ & older 1394 4Z2.6

{1259-15293 {38.3-46,9)
3 Lutthreat trowt p&3 &4E &.4
{ietrries} Ii+ 185 8.7
III+ & older _23 2.5
Totsl a66 8.9

{752-980) {16.8-21.0)
Brook trout I+ 7 0.1
114 30 2.3
113+ & older 7 3.0
Totel &4 5.4

{35-53} {4 48,43

Toral trout I+ & plder g10 24,3

{796-10243 (22,0-26.6)
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Zection 1, greatest in Section 2, and intermediate in Section 3. The
rotal biomass of trout per hectare in Sections 1 and 3 were not sig-
nificantly different, but were significantly less than in Section 2.

Esrimated numbers of cutthroat trout per hectare were signifi-
cantly different among all study sections, being least im Section 1,
greatest in Section Z, and intermediate in Sectiom 3. Cutthroat trout
in age-group I+ comprised a majority of the estimated numbers among
age-groups in all study sections. The cowbined numbers of age I+ and
11+ cutthroat trout were significantly less in Sectionm 1 than in
Seetions 2 or 3. However, numbers of age III+ and older cutthroat
trout in Section 1 were similar to those in Section 2 and signifi-
cantly greater than those estimated in Section 3.

The estimated biomass of cutthroat trout per hectare in Sections
1 and 3 were not significantly different but were significantly less
than in Section 2. Age TI+ cutthroat troul comprised the greatest
biomass among age-groups in all study sections. The combined biomass
of age I+ and T1+ cutthroat trout was significantly less in Section 1
than in Sections 2 ov 3, In contrast, the biomass of age III+ and
older cutthroat trout was significantly greater in Section 1 than in
Sections 2 or 3.

Brock trout numbers per hectare were significantly different
among all study sections. Estimated numbers were intermediate in

Section 1, greatest im Section 2, and least in Sectiom 3., Brook trout
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in age-group II+ comprised a majority of the estimated numbers among
age-groups in 81l study sectioms. The combined numbers of age I+ and
IT+ brook trout were intermediate in Section 1, greatest in Section 2,
and least in Secrion 3., Estimated numberg of asge IIT+ and older brook
rrout were not significantly different among study sections.

The estimated biomass of brook trout per hectare was least in
Section 1, greatest In Section 2, and intermediate in Section 3.

Brook trout in age-groups II+ comprised the greatest bhiomass among
age-groups in Sections 1 and 2, Age IIT+ and older brook trout com-
prised the maiority of the biomass in Section 3. The combined biomass
of age T+ and 1T+ brosk trout in Sections 1 and 3 were not signifi-
cantly different, but were significantly less than in Section 2. The
estimated biomass of age II1I+ and older brook trout was significantly
iess in BSection 1 than in Sections 2 or 3.

Regression eguations used in the back-calculation of lengths and
weights at age of cutthroat trout captured in the three study sections
arve presented in Appendix Table 5, The wean total length at time of
capture and the back-calculated lengths and weights at age are given
in Table 7. The mean back-calculated lengths and welghts for each age
among study sections were compared using analyses of variance and the
studentized Vewman-Huels method (P<0.05).

The mean backecaleculated length and weight at age I were signi-

ficantly greater in Section 1 than in Sections 2 and 3. The
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hack-calculated lengths and weights at age IT and I1I were similar
among the study sectionms. Cutthreoat trout in Sectlon 1 appeaved to
grow more during their first year than in Sections 2 or 3, but cut~
throat trout in Sections 2 and 3 reached gimilar lengths and weights
to thoge in Section 1 in their second year.

Mean condition factors (K) were computed for cutthroat trout and
brook trout greater than 12.7 cm in total length from the three study
sections (Appendix Table 6). The mean condition factors for each
species of trout did not vary significantly among study sections (£~

tests, P>0.05).

Changes in Population Parameters since 1974

Estimated densities of total trout, cutthroat trout, and brock
trout cbtained from rhe three study sections during the present study
and in 1974 by Schaplow (1976) are presented graphically in Figures 5o
7, respectively. Comparisons between studies were made using t-tests
(P<0.20). Total densities of trout in Sections 1 and 3 estimated
Jduring the present study were significantly less than those obtained
in 1974. Cutthroat trout numbers in Section 1 and, numbers and bio-
mass of cutthroat trout in Section 3, estimated during the present
study were significantly less than the 1974 estimates. In addirtion,
brook trout densities estimated in Section 3 during the present study

were significantly less than the estimates obtained previously.
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The mean total length for each age at time of capture obtained in
the present study was similar to those obtained in 1974, Although
hack-caleulated lengths and weights of cutthroat trout were not com-
puted by Schaplow (1976}, there was no indication growth rates had
changed significantly since Schaplow's study.

Condition factors for cutthroat trout and brook trout were not
computed by Schaplow. As a result, comparisons between studies could

not be made.

Relationships between Physical Charactistics and Trout Populations
Regression analysis was used to determine the amount of variation
in the estimated numbers of trout asmeng atudy sections thal was
attributable to individual physical characteristics measured in the
St. Regis River. Point estimates of trout numbers obtained during
the present study and in 1974 (Schaplow 1976) were used as cases of
rhe dependent variable. Pool-riffle periodicity was the only physical
characteristic that was significantly related to the total estimated
numbers of cutthroat trout and brook trout among study sections
{P<0.10). This feature was negatively related to numbers of trout
and accounted for 77 and 61% of the variation in the total numbers of
cutthroat trout and brook trout, respectively (Figure 8}.
In general, estimated densities of treut in Section 3 {(mivigated

with rock jetties) were similar to those gstimated in Section 1
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{partially altered control}. Trout habitat available in this miti-
gated section appeared to be comparsble to that in the control
gsection. The greater estimated densities of both cutthroat trout and
brook frout in Section 2?2 {(mitigated with randomly placed boulders)
indicated that this section provided the greatest amount of habitat
for trout among all study sections. The randomly placed boulders and
rock jetties appeared to be effective in restoring cutthroat trout and
brook trout populations in the chanmelized sections of the 5t, Regis

River,

Little Prickley Pear Creek

Physical Characteristics

The phyvsical characteristics measured in the three study sections
of Little Prickley Pear Creek ave presented in Table 8, Widths,
depths, thalweg depths, and thalweg velocities were compared using
analyses of wvariance and the studentized Newman-Kuels method {(P<0.05).,
Mean widths in Sections 1 {unaltered control) and 3 {(without mitiga-
tion} were not significantly different, but were significantly less
than that in Section 2 (mitigated with rock jetties). Mean depths and
mean thalweg depths were not sipnificantly different among study sec—
tions. The mean thalweg velocities in Sectioms 1 and 2 were not
significantly different, but were significantly less than in Sectien

3.
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Pool-riffie periodicities and pool~riffie ratios were similar
between Sections 1 and 2. Pools were absent in Section 3. The miti-
gative structures installed in Section 2 were effective in establish-
ing & stable pool~riffle periodicity., Mitigative structures were not
inetalled in Section 3 and, as a result, a normal pool-riffle perio-
dicitv was absent in this channelized section.

Gradients and sinucsities were similar among all study sections.
Measured discharges were similar between Sections 1 and Z, but were
almost twice as great in Section 3. Widths, depths, and thalweg
velocities measured in Segction 3 were consequently greater than thosge
that would occur at more eguitable flows. The sample size (W) for
each physical characteristic measured is presented in Appendix Table
Z.

The profiles of the stream bed along the thalweg of the three
study sections are shown in Figure 9. The stream bed appeared to
undulate more in Sections 1 and 2 than in Section 3., In addition,
deep pools were formed in the thalwegs of Sectioms 1 and 2. The
undulations cccurring in Section 2 were associated with the mitigative
structures that were installed.

The surface areas of potential overhanging and instream cover in
the three study sections are presented in Table 9; Brush provided a
majorityv of the total overhanging cover in all study sections. The

ampunt of brush cover was gignificantly greater in Section 1 than in
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Table 9. Area {mZISGSIm} 0f each cover claseification from the study
sections in Little Prickley Pear Creek measured during the

summner of 1980.

Cover Tvpe ; Section 1 Sgction 2 Segction 3
Overhanging

Brushi 339.3 14.5 13.6
(% of total overhanging cover) (88.7) {54,3) (69,4}

Debris’ 25.4 6.3 o
(% of total overhanging cover) (6.6) (23.6) 0

Undercut53 0 0 2.8
{(Z of total overhanging cover) (%) (0} (14.3)

4

Rock shelves 17.7 5.9 3.2
{7 of total overhanging cover) (4.6) (22.1) {16.3)

Subtotal 182.4 26,7 19.6
Ingtream

Debzisz 1.2 2,0 Y
(7 of total instream COver) {17.4) {16.73) (o

Rock shelves& 5.7 16.3 3.4
(% of total instream cover) {82.6) {83.7) {100}

Subtotal 6.9 12.3 3.4
Total cover 289.3 39.0 23.0

3
Overhanging rooted woody vegetation

2Snagsg driftwood, and leogs

3
Indercut stream banks

4
Shelves of rock within or overhanging the watery
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Sections 2 and 3 {Analvsis of variance; studentized Newman-Kuels
method; P<0.05). 7The lack of overhanging vegetation in Sections 2 and
3 was the vesult of rock vevetment instslled alonp the stream banks.
The frequency of occurrence of debris, undercuts, and rock shelves
that provided overhanging cover along the shoreline were not signifi-
cantly different among study sections {Chi~sguare analyses:; P>03.05}.

Rock shelves provided a majority of the total instream cover in
all study sections. The frequency of occurrence of instream cover was
not significantiv different among study sections (Chi-square analvses;
P>0.03).

The total amount of potential cover present was significantly
greater in Section 1 than in Sections 2 or 3 (Analysis of variancej
studentized WNewman~Kuels method; P<0.05). The greater amount of poren-
tial cover in Section 1 was asscocdated with the large quantity of
brush overhanging the chamnel. |

The mean percentage of each class of bottom material in the three
study sections are presented in Appendix Table 3. The composite of
boulders, rubble, gravel, and fines was not different among study
sections, Generally, fine sediment was localized in the pools of the

three sections.
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Changes in Physical Characteristics since 1966

The physical charactreristics of Sections 1 and 2 measured during
the present study were generally similar to those measured by Elger
{1968} (Table 8). Section 3 was notf included in the research con-
ducted by Elser. Although physical characteristics were similar
between studies, discharges in Sections 1 and 2 were greater during
1980,

The profiles of the thalweg in Section 2 measured during the
present study appeared similar to the one messured by Elser {(1968)
except pools were deeper in the present study (Figure 9). Pools in
Section Z appeared out of phase between the two studles probably
because measurements were taken at sglightly different places on the
stream.

The amount of potential cover measured during the present study
was not comparable to that measured by Elser (1968) because the
methodelogies utilized in the two studies were different. However,
the relative difference in the amount of potential cover between
Sections 1 and 2 obtained during the present study was similar to that
of the previcus study. Some vegetation had become egtablished along
the stream banks of Sections 2 and 3 in the 18 vears following chan-
nelization, but the amount of overhanging cover in these sections had

not significantiy increased.
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Durability and Dimensions of Stream Tmprovement Structures

The rock jettles installed in Section 2 of Little Prickley Pear
Creek appeared to be durable mitigative structures. Fourteen of the
16 jetties placed in this studv section during 1964 were functionally
intact 16 vears following installation. A nonfunctional remmant of
one other jetty was also present. An installation interval of
approximately 5 stream widtrhs appeared to be satisfactory in creating
a stable pool-rifile periodicitv,

The existing jetties were located in pairs on opposite banks of
the stream and were spaced at intervals averaging 4.5 stream widths
(55.1 m, SD=6.0}. Opposing jeities were offset by an average of 4.9 m
(8D=2.9). Each jetty contained 3-16 rocks {approximate mean of 7
rocks/jettyy that averaged 0.7 m3/rock in volume. TFunctional jetties
were oriented at 30-%0° angles from the downstream bank and extended
an average of 4.5 m (8D=1.4) into the chamnel. The mean width of the
jetties at the bank of the stream was 5.2 m (8D=0.8). The dimensions
of the 14 functional jetties have undoubtedly changed in the 16 vears
following instalilation.

Pools in Bection 2 were associated with the functional jetties
and averaged 1.03 m {80=0.26} in maximum depth. Twelve of the 14
jetties had been examined earlier by Elser (1968). He reported large
pools were scoured Immediatelvy below the jetties 2 years following

installation. Comparisons between the profiles of the thalweg
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obtained in the present and previous studies indicated deeper pools
had been scoured in Section 2 since measurements were made in 18656

{¥igure 9}.

Parameters of Trout Populations

The numbers and sizes of each sgpecies of trout captured in the
study sections are presented in Appendix Table 7. Rainbow trout was
the dominant species In all study sections, comprising 57, 77, and 83%
of the total trout numbers collected in Sections 1 (unaltered con-
trel), 2 {mitigated with rock jetties), and 3 (without mitigation),
respectively,

Fstimates of the numbers and biomass of I+ and older rainbow
trout, brown trout, brook trout, and total trout im each study section
are presented on an equivalent basis in Table 10. Estimates of the
trout densities among study sections were compared using t-tests
{P<0.20).

The total numbers of trout per hectare were not significantly
different among all study sections. The estimated total biomass of
trout per hectare was significantly different among study sections,

being greatest in Section 1, intermediate in Section 2, and least in
Section 3.
Estimated numbers of rainbow trout per hectare were not signifi-

cantly different among study sections. Rainbow trout in age-group I+
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Tahle 10. Estimates of numbers {N), biomass, and age structures of
trout in the study sections of Little Prickley Pear Creek
obtained during the summer of 1880. B80% confidence
intervals in parentheses.

Fer Hectars

Section Species Age-group o Biomags (kg)
1 Rkainbow trout I+ 512 18.8
{control) I+ 144 17.4
11+ 47 11.4
IVe & oider 9 3.9
toral 732 51.5

(641781 {67.5-55.5)
Brown trouwd i+ 171 8.3
Ti+ 74 12,8
IT+ 6 2.7
I¥+ & older 4 13.7
Total 345 38.7

(316743 (56.0-61.43
Brook trout I+ &5 4.6
11+ 59 2.5
111+ & older A i.2
Total 127 14,3

{183-151) {31.6-17.0)
Tetal troet I+ & older 1184 i2k.5

{1102~1266} {119.0-130.6)
4 Rainbow trout I+ 619 23.2
(jetviesy i+ 151 7.8
1114 51 2.3
I & older Az 13,1
total 851 5.6

(525-1181} (46.5-84.7)
Browm trout i+ 44 2.8
I+ 12 3.0
1II+ 37 4.8
¥4 & oldar 12 8.5
Total inl 8.1

{68-133) (18.3-37.7)
total trout T+ & nider 354 93.7

(638~1270) (72.3-115.1)
3 Fainbow trout I+ &40 1%.4
(unmitigated)} Ii+ 148 2.2
1114 & older 4 8.4
Totel 792 29.0

{368-1018) {21.7-36.33
Brown trout I+ 40 1.5
I+ [ 0.5
11¥+ & older -] 21.3
Total 160 23.3

{64-136) {14,2-32.4)
Toral troul t+ & glder B92 52.3

{865+1119} {60, 6-64 .0
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comprised a majority of the estimated numbers among age-—groups in
all study sections. The combined numbers of age I+ and II+ rainbow
trout were.not significantly different among study sections. Esti-
mated numbers of age 11T+ and older rainbow trout were significantly
greater in Sectiong 1 and 2 than in Section 3.

The estimated biomass of rainbow trout per hectare in Sections 1
and 2 were not significantly different, but were significantly greater
than in Section 3. Age I+ rainbow trout accounted for the greatest
biomass among age-groups in all study sections. The combined biomass
of age I+ and II+ rainbow trout in Section 1 was similar to estimates
in Section 2 but significantly greater than those in Section 3. The
biomass of age III+ and older rainbow trout was gignificantly differ-
ent among all study sections, being intermediate in Section 1,
greatest in Sectiom Z, and least in Section 3.

Estimates of brown trout numbers per hectare were significantly
greater in Section 1 than in Sections 2 or 3. Estimated numbers of
brown trout in age-group I+ dominated the age structure in Section 1.
Age IIT+ and older brown trout comprised a majority of the estimarted
numbers in Sections 2 and 3. Estimated numbers of age I+, II+, and
111+ and older brown trout were each significantly greater in Section
1 than din Sections 2 or 3.

The estimated biomass of brown trout per hectare was signifi-

cantly greater in Section 1 than in Sectioms 2 or 3. Age III+ and
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older brown trout comprised fhe greatest biomass among age-groups in
all study sections. The combined biomass of age ¥4 and II+ brown
trout was significantly different among all study sections, being
greatest in Section 1, intermediate in Bection 2, and least in Section
3. The biomass of age III+ and older brown trout was significantly
greater in Section 1 than in Sections 2 or 3.

Brook trout were only captured im Section 1. The relationships
in trout numbers belween study sections did not change when densities
of brook trout were excluded from analvsis. However, the biomass of
trout in Sections 1 and Z became similar when densities of this
species were excluded,

Regression equations used in the back-calculation of lengths and
weights at age of rainbow trout and brown trout captured in the three
study sections are presented in Appendix Tables 8 and 9, respec~
tively. The mean total length at time of capture and the back-
calculated lengths and weights at age of rainbow trout and hrown trout
are given in Tables 11 and 12, respectively. The mean back-calculated
lengths and weights for each age among study sections were comparsd
using analysis of variance and the studentized Newman~Kuels method
(P<(.05}.

In Sections 1 and 2, the mean back=-calculated lengths and weights
for age 1 and II rainbow trout were significantly greater than those

in Section 3. The mean back-calculated lengths and weights of rainbow
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frout at age 111 and IV were not significantly different among study
sections. The mean back-calculated lengths and weights for age I and
1V brown trout were not significantly different among study sections.
However, in Sections 1 and 2, the mean back~calculated length and
weight for age I1 brown trout were significantly greater than those in
Section 3. In addition, the mean back~calculated lemgth and weight
of brown trout at age IIT in Section 2 were significantly greater
than those in Section 3.

Mean condition factors (K) were computed for rainbow trout, brown
trout, and brook trout greater than 12.7 cm in total length from the
three study sections and are presented in Appendix Table 6. The mean
condition factors of rainbow trout or brown tyvout did not vary signif-

icantly among study sections {(t-tests:; P>0.03),

Changes in Population Parameters since 1966

The estimated densities of total trout, rainbow frout, brown
trout, and brook trout for Sections 1 and 2 during the present study
and in 196% by Elser (1968} are presented graphically in Figures 10-
13, respectively. In Section 3, estimates of trout densitles were
unavailable during 1966. Compavisons between studies were made using
t-tests (P<0,20).

Total numbers of trout in Section 1 estimated during the present

study were significantly less than estimates obtained in 1966,
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Rainbow trout numbers estimated in the two study sections during the
present study were not significantly different than the 1966 espi-
mates. Brown trout numbers In Section 1, and brock trout numbers in
Section Z, estimated during the present study were significantly less
than the previous estimates. In contrast, brook trout numbers esti-
mated in Section 1 during the present study were significantly greater
than the 1966 estimate.

The estimated biomass of total trout, rainbow trout, and brown
trout cbtained in Section 1 during the present study were less than
estimates obtained in 1966. The biomass estimates of these trout
groups obtained in Section 2 during the present study were greater
than the 1966 estimates. In addition, the biomass of brook trout
estimated in Section 1 during 1980 was greater than estimates made
previously. Differences of biomass between studies could not be
tested for significance becauss standard deviations were unavailable
from Elser {1968},

The growth curves for rainbow trout and brown trout cobtained
during the present study and from Elser (1968) are presented graphi-
cally in Figure 14. The growth rates for both species appeared
similar between studies. Condition factors for trout were not com-
puted by Elser, therefore comparisons between studies could not be

made,
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Relationships between Physical Characteristics and Trout Populations

Regression analvsis was used to determine the amount of variaticon
in the estimated numbers of trout among studvy sections that was
attributable to individual physical characteristics measured in
ILittle Prickley Pear Creek. Point estimates of trout numbers obtained
during the present study and in 1966 (Elgser 1968) were used as cases
of the dependent variable. All cover measurements were not included
in analyses because the methodologies utilized were not comparable
between studies. In addition, thalweg velocities were excluded from
regression analysis because measurements were not obtained in 1966.

None of the Individual physical characteristics gignificantly
related to the total estimated densities of rainbow trout or brown
trout among study sections (P>0.10). The relatively large confidence
intervals computed for rainbow trout estimates during the present
study could have masked any meaningful correlations with physical
characteristics that may have existed,

The greater estimated biomass of rainbow trout in Sections 1
{unaltered control} and 2 (mitigated with rock jetties) indicated that
these sections had provided a greater amount of habitat for this
species than Section 3 (without mitigation). Rainbow trout habitar
available in Section Z appeared to be comparable to that in Section 1.
The jetties appeared to be effective in restoring the rainbow trout

population in Section 2.
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Densities of brown trout estimated in Section 1 were greater than
these in Sections 2 or 3. These relationships indicated that the rock
Jetties installed in Secticn 2 had not created brown trout habitatr
that was comparable to Section 1. Densities of brown trout appeared
to have been directly velated to the total amount of overhanging cover
that was present in each study section. This relationship was also
found in 1966 by Elser (1%68). In general, Section I {unaltered
control) provided the greatest amount of habitat for trout among all

study sections.

Sheep Creek

Physical Characteristics

The physical characteristies measured in the two study sections
of SBheep Creek are presented In Table 13, Widths, depths, thalweg
depths, thalweg velocities, and water velocities were compared using
analyses of variance and the studentized Newman-Kuels method {P<0}.05).
The mean widths were not significantly different between Sections 1
(with step dams) and 2 (control). The mean depth and mean thalweg
depth were significantly greater in Section 1 than in Section 2. Mean
thalweg velocities were not significantly different between study
sactions, The mean water velocity was significantly less in Section

than in Section Z., The greater depths and lesser water velocities
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Table 13, Selected phvsical characteristics of the study sections din
Sheep Cresk measured during the summer of 1980, Standard
deviations in parenthesesg.

Section 1 Section 2
Parameter {step dams) {control)
Mean width (m) 9.3 9.2
{1.4) (1.1)
Mean depth {cm) 32.7 _ 24,5
(20.23 {12.5)
Mean thalweg depth {cm} 53.8 4734
(22.13 {6.6)
Mean thalweg velocity {(m/sec) (.43 0.54
{0.24} (G.263
Mean water veleoeity {(m/sec) 0.35 0,44
(0.21) (0.25}
Poel-viffle peviodicity 6.2 12.0
Pooi~riffle ratio 1.34 0,15
Gradient {43 (0.95 1.10
Sinucsity 1.04 1.09
Discharge {m3fsec} 0,94 (.94
Area {(hectares) 3.29 0.28

Section length {(m) 310 300

inn Section 1 were associated with the numerous peols present in this

section.
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Numbers of pocls as measured by pool-riffle periodicity were
approximately twice as great in Section 1 than in Secticn Z, The
pool-riffle ratio in Section 1 was 7237 greater than that in Section
7. The greater numbers and lengths of pools in Section 1 were associ-
ated with the step dams installed in this section.

The gradient was approximately 147 less in Section 1 tham in
Section 7. Sinucsities were similar between both sections. Dis-
charges in the two study sections were similar at the time measure-
ments of physical characteristics were made. The sample size {3} for
each physical characteristic measured is presented in Appendix Table
s

The profiles of the stream bed along the thalweg of the two
study sections are shown in ¥igure 15. The thalweg of the stream bed
appeared to undulate with similar freguency in the two study sections.
However, more numerous and deeper pools were formed in the thalweg
of Bection 1.

The surface areas of overhanging and insiream cover in the two

study sections are presented in Table 14. Brush provided over 90%

of the total overhanging cover in both study sections. Although the
total amount of overhanging cover in Section 1 was 63% greater than in
Section 2, this difference was not significant (Analysis of variance:

P>0.05).
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, Z
Table 14, Area {m /300 n) of each cover classification from the
study sections in Sheep Creek measured during the summer

of 1980.

Caver Type Section 1 Section 2
Overhanging

Brush' 96,2 65.3
{2 of total overhanging cover) {(90.6) {(100)

Sebrisz 3.6 3
{Z of total overhanging cover) (3,43 £0)

Undercut53 3.5 &
(% of total overhanging cover) {3.3} {3

Rock Sheivesé 2.8 0
(% of total overhanging cover) (2.7) (o)

Subtotal 106.2 65.3
Instream

Debrisz 18.8 G
{%? of toral instream cover) (77.73 (03

b

Rock shelves 5.4 6,7
(% of total instresm cover) {(22.%} {1003

Subtotal 24,2 5.7
Total covar 130,24 72.6

iﬁverhangiﬂg rooted woodv vegetation

7

Snags, driftwood, and logs including those in step dams
Sﬁndercut stream banks

4 ‘o - . .
Shelves of rock within of overhanging the water
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Debris provided over 75% of the inmstream cover in Section 1.
Much of the potential instream cover in this section was comprised of
the logs that were installed as improvement structures. Rock shelves
provided 100% of the instream cover in Section 2. The total amount
of imstream cover was not significantly different between study sec-
tions {Analysis of variance; P>0.05).

Although the separate amounts of overhanging and instream cover
were not significantly different between study sections, the total
amount of potential cover was significantly greater in Section 1
than in Section 2 {Analvsis of variance; P<0.05). This difference
was mainly due to the greater amounts of brush and instream debris
found in Sectionm 1.

The mean percentages of each class of bottom material measured
in the two study sections are presented in Appendix Table 3. The
greater percentage of gravel and fines in Section 1 was probably cor-
related with the greater pool frequency measured in this section.
Fine sediment was found to be localized in the pools impounded by

the step dams.

Durability and Dimensions of Stream Improvement Structures
The log step dams installed in Section 1 appeared to be durable

improvement structures. FEight of these structures placed in this

section during 1961 were functionally intact 19 vears following
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installation. Thaese structures appearad to be effective in increas-
ing poel-riffle pericdicity. The pool frequency measured in Section
1 was almost 1007 greater than that in Sectiom 2. However. numerous
small pools associated with individual boulders were present in the
channel of Section 2. Because physical measurements.were taken at
10 m intervals, many of these were missed and not classified as
pools.

All of the step dams appeared to be in generally good condition,
The dams consisted of twoe logs laid one on top of the other which
formed a barrier with a height of approximately 0.30-0.60 m above
the surface of the plunge pool created immediately downstream. The
iogs were installed diagonally to the main currenl across the full
width of the stream and spaced at intervals averaging 4.5 stream
widths (41.6 m, SD=21.2). The ends of the dams were embedded approxi~
mately 0.9-1.5 m into the banks of the stream. Pools impounded by
the step dams averaged 0.538 = {8Dp=0,11) in maximum depth, while those
formed by the scouring action of the water plunging over the dams

averaged 0.69 m (SD=0.33) in maximum depth.

Parameters of Salmonid Populations
The numbers and sizes of each species of salmonid captured in the
two study sections are presented in Appendix Tahle 10. Rainbow trout

was the dominant species in both study sections, comprising 51 and 677



67
cf the total salmonid numbers collected in Sections 1 (with step
damg) and 2 {contrel), respectively.

Estimates of the numbers and biomass of I+ and older rainbow
trout and III+ and older mountain whitefish are presented on an
equivalent basis in Table 15. Populations of brook trout and brown
trout could not bhe estimated because the sample sizes for these
species were inadequate. Estimates of salmonid demsities among study
‘sections were compared using t-tests (P<0.20).

The total numbers and total biomass of salmonids per hectare
were significantly greater in Section 1 than in Section Z. Estimated
aunkers of rainbow troutr per hectave were not significantly different
between study sections. Numbers of age I+ rainbow trout were dominant
among age-groups in Ssction 1, In contrast, numbers of age II+ rain-
bow trout dominated the age structure in Section 2. The combined
numbers of age I+ and IT+ rainbow trout were not significantly differ-
ent between study sections, However, the numbers of age III+ and
clder rainbow trout were significantly less in Section 1 than in
Section 2,

The estimated biomass of rainbow trout per hectare was not
significantly different between study sections. The biomass of age
111+ rainbow trout was dominant among age-groups in both study sec—
tions., The combined biomass of age I+ and II+ rainbow frout was

significantly greater in Section 1 than in Secticon 2. However, the
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biomass of age ITI+ and older rainbow trout was not significantly
different betwaen study sections.

The egtimated numbers of mountain whitefish per hectare were
significantly greater in Section 1 than in Section Z. Kumbers of age
IV+ mountain whitefish were dominant ameng age-groups in both study
sections. FPEstimated numbers of age II1+, IVH, ¥+, and VI+ mountain
whirefish were each significantly greater in Section 1 than in Section
2. HWumbers of age VIT+ and clder mountain whitefish were not signifi-
cantly different between study sections.

The estimated biomass of mountain whitefish per heectare was
significantly greater in Section 1 than in Section 2, The biomass of
age IV+ mountain whitefish dominated the age structure in Section 1.
The biomass of age V+ mountain whitefish was dominant among age-groups
in Sectieon 2. The estimated biomass of age III+, IV+4, and VI+ moun-—
fain whitefish were each significantly greater in Section 1 than in
Section 2. In contrast, the biomass of age V+ and VII+ and older
mountain whitefish were not significantly different between study
sections.

Regression equations used in the back-calculation of lengths and
weights at age of rainbow trout captured in the two study sections are
presented in Appendix Table 11. The mean total length at time of
capture and the back-calculated lengths and weights at age of rainbow

trout are given in Table 16. The mean back-calculated lengths and
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weights of rainbow trout at age in each study section were compared
using analyses of variance (P<0.05). The means for all apges of rain-
bow trout were not significantly different between study sections.

Mean condition factors (K) were computed for rainbow trout and
mountain whitefish greater than 12.7 cm in total length from the two
study sections (Appendix Table 6. The mean condition factors for
each gpecies did not vary significantly between study sections {t-

regts: P»0.03).

Relationships between Physical Charvacteristics and Trout Populations
Densities of rainbow trout estimated in Section 1 (with step
dams) were similar to those estimated in Section 2 {(control). Densi-
ties of this species were apparently not correlated with the greater

pool frequency found in Section 1. Consequently, the log step dams
installed as improvement structures did not appear to enhance habitat
for rainbow trout.

The greater densities of mountain whitefish in Section 1 indi-
cated this step dam section provided a greater amount of habitat for
this species than did Section 2. Apparently, mountain whitefish
dengities were correlated with the greater pool Ifrequency formed by
the step dams., However, mountain whitefish in the two study sections
may have been migratory and not yvearlong residents. The greater

numbers of age IV+ mountain whitefish among age-groups captured in the
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study sections indicated that at least a portion of the population

was migratory.



SUMMARY AND DISCUSSION

The preferved habitat for stream dwelling treut-is primarily
characterized by & combination of adeguate cover and approoriate water
velocities {(Stalnaker and Arnette 1976). These factors provide shade,
security from predators, and focal points (microhabitat) in water of
lower velocities adjacent to higher velocities carrying principle
lines of drift feod (Chapman and Bjormn 1969). Trout compete for
these preferred microhabitats to maximize efficiencies in feeding and,
ultimately, improve their chances of survival (Kalleberg 1958;

Chapman 1966). In stream improvement work for trout, the primary goal
is to increase the availability of this suitable habitat and, as a
regsuli, increase population densities.

In general, instream structures for improvement and mitigation
are installed to increase the quantity of pools (U, 8. Forest Service
1969) thersby providing & greater number of slower water sites. The
random boulders, rock jetties, and step dams installed in the three
streams in this study were all effective in restoring or enhancing
pool frequencies. However, these three types of structures were not
egually effective in enhancing treut populations.

The random boulders were effective in restoring the stream bed
configuration and trout populations in a velocated section of the 5t,
Regis River. The steep and confined nature of this secticn prevented

the use of jetties for mitigation. The boulders produced a pool
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frequency that was similar to that found In a sectlon mitigated with
jetties and greater than that which was measured in a partially
altered control section,

Densities of cutthrost trout and brook trout estimated in this
section were greater than in either the jetfty or control sections.
These mitigative devices appeared to provide considerable visual iso-
iation for trout within and between the pools that were created.
Kalleberg (1958} reported that increased wvisual isolation for juvenile
salmon and brown trout acted as a mechanism for reducing territory
gize, thereby allowing for greater densities of these species.

Greater visual isolation could, in part, explain the greater densities
of trout found in the random boulder section.

Rock jetties were effective in restoring the stream bed configu-
rations in channelized ssctions of the St, Regils River and Little
Prickley Pear Creek. 1In the St. Regis River, rock jetties produced a
pool frequency that was greater than that in the partially altered
control and similar to the frequency formed in the boulder section.
However, pools created by these structures were smaller and more shal-
low than those in either the control or boulder gections, The shallow
depth of the pools in this section provided little security for trout.
Shaplow (1976) reported a considevable amount of sediment was depos-
ited in the jetty section. This coarse sediment appeared to still be

present in 1980 and probably had partially filled these scour holes.
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In addition, flood damage to the sitructures had reduced their abilicy
te concentrate stream flow.

Rock jetties installed in the 5t. Regis River were not as effec-
tive in restoring cutthroat trout and brook trout populations as were
the random boulders. Estimated densities of these species in the
jetty section were generslly similar to estimates obtained in the
partially altered control but less than those obtained in the section
with boulders.

In Little Prickley Pear Creek, the vock jetties produced a pool
frequency that was cowmparable to an unaltered control section. Pools
formed by these structures were gimilar in size and depth as those in
the ccntrsi; In the 16 vears following chamnelization, pools had not
naturally developed in the uvamitigated section. Previous research has
indicated old channelized siream beds lacking mitigative structures do
not freely return te natural pooleriffle periodicities (Bayless and
Smith 1964; Elser 1968; Lund 1976},

Pools formed by jetties appeared to enhance the rainbow trout
population In Little Prickley Pear Creek. FEHstimated biomass of this
species in the jetty section was similar to the contrel and greater
than estimates obtained in the unmitigsated section. In contrast,
pools formed by these structures were ineffective in restoring the
Brown trout population. Densities of brown trout estimated in the

jetty section were less than estimates in the control and similar to
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rhose obrained in the unmitigated section. Previous research has
demonstrated that brown trout densities are highly correlated with
overhanging cover (Lewis 1969: Enk 1977). The lack of overhanging
cover in the jetty and unmitigated sections was probably limiting
the population of this species. Tuture stream improvement work
involving brown trout populations should attempt to provide overhang-
ing cover along the shoreline.

The log step dams in Sheep Creek created a pool frequency that
was greater than that in a control section. However, thege structures
were ineffective in enhancing the rainbow trout population. This
finding contrasts with the apparent associatilon between densities
{biomass) of rainbow trout and pool frequency in Little Prickley Pear
Creek. Many small pockets were interspersed throughout the control
section and may have not been fully counted in measurements oOn Sheep
Creek. These small pockets in this section may bave provided rainbow
trout security and resting areas that were comparable to the pools
formed by the step dams,

The greater pool frequency created by the step dams did appear
to be effective In enbancing the mountain whitefish population.
Greater densities of this species were estimated in this section than
in the control section. However, the mountain whitefish may not have

been vearlong residents in the study sections. Stefanich (19517
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fnund that mountain whitefisgh in Little Prickley Pear Creek tended
to be migratory.

Differential fishing pressure and harvest may have altered the
relationships of trout densities among sections of the three streams
in this study., Lund (1976) found unaltered sectioms of the St. Regis
River received greater fishing pressure than altered sections., There
was no indication of differential harvest in the comparisons of growth
rates of trout from sections within the streams.

The expense of installing instream structures for enhancement and
mitigation make it imperative that placement will produce effective
and long lasting results, The boulders installed in the St. Regis
River were functionally stable 8 years following their installatiom.
The stability of these boulders is primarily determined by their vol-
ume and the substrate type upon which they are placed. The U, 5.
Forest Service (1969) proposed that boulders should excede 0.6 m3 in
volume and should be placed upon substrate larger than gravel to pre-
vent undermining and displacement into their own scour holes. A
majority of the boulders imstalled in the $t. Regis River appeared to
exceed this minimum volume and were placed upon substrate composed of
rubble and bedrock. Consequently, these boulders will probably
exhibit long lasting stability and functionality as mitigative
devices. Barton and Winger (1973) found this type of mitigation

effectively created pools and aided 4in restoring trout populations in
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the Weber River and the U. §. Dept. of Tramsportation (1979) reported
boulders may be the best mitigative treatment for relocated channels
with steep gradients. Calhoun (1966) also reported large boulders
might be beneficial in restoring channelizations. However, randomly
placed boulders were ineffective in producing good trout habitat in
Little Prickley Pear Creek because many became buried in the substrate
{Johnson 1967).

In intermediate and lower gradient streams, jetties may be the
best type of structure for stream improvement. The rock jetties in
the St. Regis River were less durable tham those installed in Little
Prickley Pear Creek. The imstability of these structures was probably
asgoclated with the placement interval between jetties. The struc-
tures in the St. Regis River and Little Prickley Pear Creek were
installed at intervals of approximately 2 and 5 stream widths, vespec-
tively. Unaltered streams with varying sizes of coarse bed material
generally have pool-riffle perilodicities occurring at 5 to 7 stream
widths {Leopold et al. 1964). An interval of 2 stream widths could
have been a cause for.tbe undermining and displacement incurred by the
jetties 4n the St. Regils River. Additionally, jetties may be more
permanent in streams having lesser high water flows.

The rock jetties and associated pool-riffle pericdicities in the
two streams have apparently reached an egquillibrium with factors that

determine channel configuration. As a result, the remaining
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structures will probably continue to be functional for some time.
Barton and Winger (1973) have found this type of structure aided in
restoring channelized sections of the Weber River cover a 4-year period
of study. Elser (1970) reported jetties restored pool-riffle periodic-
ities in a channelized section of the East Gallatin River one year
following imstallation. Jetties, 1f properly installed, are more
durable and cause less disturbance teo the stream botrom than step dams
(U. 5. Forest Service 1969).

The log step dams placed in Sheep Creek were functionally intact
16 years following installation. The stability of these structures is
primarily determined by the way their ends are anchored into the
stream banks and the substrate tvpe upon which they are placed. Dams
placed on unstable substrate tend to wash out from underneath the logs
(U. 5, Forest Service 1969). Elhers (1956) found the destruction of
log step dams in a small stream in California was caused by inadequate
anchoring. Only one dam in Sheep Creek was observed to be partially
undermined, The rest of the structures were in generally good condi-
tton and will probably function beyond 20 years of age. Log step
dams have been effective in enhancing pool freguencies in streams with
widths ranging from 1 to 6 m, gradients ranging from 0,5 to 207%, and
maximum discharges below 5.7 mgfsec {Raleigh and Duff 1980). The U. S,

Dept, of Transportation (1979) reported that step dams comstructed
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of untreated logs could be expected to last about 20 years, depending

on exposure te alternate wetting and drying.
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Appendix Table 2. Sample size (M) of the physical characteristics
measurad from the $t, Regis River, Lirtle Prickley
Pear Creek, and Sheep Creck oBtained during the
summer of 1980,

Section
Stream Parameter 1 2 3
St. Regis River Widrh 68 58 51
Depth 1351 755 1133
Thalweg depth 68 58 51
Thalweg velocity 68 58 51
Pool-riffle periodicity 5 i1 5
Number of transects 68 58 51
Little Prickley Width 46 61 22
Pear Creek Depth 881 - 1452 455
Thalweg depth 46 61 22
Thalweg velocity 46 61 22
Pool-riffle periodicty & 7 0
Number of transects 46 61 22
Sheep Craek Width 30 30
Depth 548 504
Thalweg depth 33 30
Thalweg welocity 30 30
Water velocity 505 474
Pool-riffle peviodicity 5 2

Numbaer of transects 36 30
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Lad

38

The average percentages of each class of bottom
material of the study sections in the St. Regis
River, Little Prickley Pear (Creek, and Sheep Creek
meazsured during the summer of 1980, Standard
deviations in parentheses.

Bottom Type

Section 1 Section 2 Section 3

Bedrock

Roulders
{over 26.0 cm)

Rubble
{6.4-26.0 cm)

Gravel
{2.0 mm~6.3 cm}

Fines
{under 2.0 mm)

Bedrock

Boulders
{gver 26.0 cm)

Rubble
{(6$.4~26.0 cm)

Gravel
(2.0 mm—6.3 cm)

Fines
. f{under 2.0 mm)

Badrock
Boulders

Rubble

S5t. Regis River

3.56 0 3
(17,39} (03 (%)
39.42 56.90 33.80
(20.44) {20.37) (14.53)
50,59 32.93 . 52.86
(19.38) (16.586) (10,903
6,18 8.45 12.40
{11.94) (B.87) (11.00)
0.29 1.72 1.00
(1.713 {3.35) (2.04)
Little Prickley Pear Creek
0,22 O 0
(1.04) (0 (0}
1.09 5.00 5.45
(3.00) {10.09%) (12.143
54,57 54.50 58.18
(20,05} {16.63} {13.93)
29.13 31.17 30,91
{11.35) (16.23} (13.83)
15.00 13.33 5.45
{23.35) (20,464} (12.63)
Sheep Creek
1.67 1.67
{(9.13) {(6.343
38.25 58.47
(20,55 {20,823
32.71 31.92

(22.043 (18,89}
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{Continued)

Bottom Type

Section 1 Section 2

Section 3

Gravel
(2.0 mm~6.3 om)

Fines
{under 2.0 mm)

Sheep Creek (continued)

21.62 7.33
(18.79) (10.44)

5.75 0.42
(11.95} (2.28)
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Appendix Table 5, Total length-total scale radius and total length-

weight regression eguaticng used to back-
calculate length and weight at age of cutthroat
trout in the study sections of the St. Regis
River during the summer of 1979,

Correlation
Coefficient
Section Regression Equation N Y
Total 1ength~tctal gcale radius regressions

1 L = 4,583 Sc + 12.848 182 0.897
{(control)

2 L= 4.312 Sc + 21.764 209 0.8491
{random :

houlders)

3 o= 4,174 Sc + 22,474 220 1.903
{jetties)
Pooled total T = 4,350 S¢ + 19.446 591 0. 898

Total length-weight regressions

1 log W= ~5.338 + 3,125 log L 162 G.4985
{control)

2 log W= =5.683 + 3.278 log L 209 (3.982
{random

boulders)

3 log W= —~4,957 + 2,917 log L 220 0,962
{jetties)
Pooled total log W = =5.333 + 3,109 log L 591 0.974

where:

L = total length (mm)
Se = total anterior scale radius {mm) = 66
W = weight (gm)
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Mean condition factors (X)) for salimonids

greater than 12.7 cm in total length from the
study sections of the St. Regis River, 1579;
Little Pricklev Pear Creek, 1980; and Sheep Creek,

1979. Standard deviations in parentheses.

Section Date Species Number K
St. Regis River

1 8/8 & 8/14/79 Cutthroat trout 117 .897

(0.133

Brook trout 30 0.957

{0.198)

7 2/9 & B/15/79 Cutthroat trout 171 0,806

{0,157%

rook trout 29 1,042

{(3,134)

3 B/8 & 8/9/79 Cutthroat trout 133 0,776

(0,225}

Brook trout 18 0.923

(0.2046)

Little Prickley Pear Cresk

1 8715 & Bf22/780 Rainbow trout 196 0.945

{0.168)

Brown rrout 105 0.976

{(0.083)

Brook trout 37 1.033

{0.094)

2 B/4 & 8/11/80 Rainbow trout 138 .9935

(0,2043

Brown trout 38 1.003

(G.101)

3 8/4 & &/11/8G Rainbhow trout g7 1.009
(G.197)

Brown trout 18 0,983

(0.122)
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Appendix Table 6. {continued}
Section Date Species Number K
Sheep Creek
1 8/28 & 9/4/79 Rainbow trout 213 0.930
{0.184)
Mountain whitefish 199 0.902
{0.087}
2 8/28 & 9/4/79 Rainbow trout 189 .934
{0.1743
Mountain whitefish 88 .9686
{(0.077)
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Appendix Table 8. Total length~total scale radius and total length~
welght rvegression equations used to bhack~
calculate length and weight at age of rainbow
trout in the study sections of Little Prickley
Pear Creek during the summer of 1980,

Correlation
Coefficient
Section Regression Equation N r
Total length-total scale radius regressions
1 T = 3.310 Sc + 13.857 179 0.932
{control)
2 L = 2.822 Sc + 38.880 160 0.943
{fetties)
3 L = 3.03% Sc + 24.694 113 0.930
(unmitigated)
Pooled total L = 3.006 Sc + 28.091 452 0.940
Total length-weight regressions
1 log W= 4,955 + 2,960 log L 179 G.987
{control)
Z log W= ~5,048 + 3.025 leg L 160 0,984
{jetties}
3 log W = ~5,455 + 3.194 log L 113 3.975
{unmitigated)
Pooled total log W= ~5,123 + 3.045 log L 452 0.983

where

L = total length {(mm)
S¢ = foral anterior scale radius {(mm) % 66
W = weight {gm)
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Total length-teotal gcale radius and total lengih-

weight regression equations used fo back-
calculate length and weight at age of rainbow
trout in the study sections of Little Prickley

Pear Creek during the summer of 1980.

Correlation
Coefficient
Section Regression Equation N T
Total length-total scale radius regressions

1 L= 3,304 3¢ - 0,950 113 4.960
{control}

2 1. = 3,102 8¢ + 16.510 46 0,957
{(jerties)

3 L = 3.240 3¢ + 6.517 22 4,953
(ynmitigated)
Pooled fotal L= 3,232 8¢ 4+ 4.931 181 0.959

Total length-weight regressions

1 log W = ~5.241 + 3,096 log L 113 0.993
{contyol}

2 log W= »5,709 + 3,286 log L 46 4.980
(Jetties)

3 log W = -5,550 + 3.221 Jog L 22 (3.997
{unmitigated)
Popoled total log W= 53,406 + 3,164 log L 181 G.592

where:

L = total length (mm)

Sc = #pral anterior scale radiuvs {mm} x 66

W = weight (gm}
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Appendix Table 11,

Total length~total scale radius and total length-

39

weight regression equations used o back-
caleulate length and weight at age of rainbow

trout in the study secticns of Sheep Creek during

the summer of 1979,
Correlation
Coefficient
Section Kegression Equation N T
Total length-total scale radius regressions
i L= 2.780 Sc + 37.035 198 0.883
(ztep dam)
Z L = 2.786 3¢ + 35.067 132 0.916
{contrel)
Pooled totral L o= 2.795 %3¢ + 35.930 330 0.909
Total length-weight regressions
i log W= =5.312 + 3.123 log L 198 0.977
{step dam)
2 log W = ~5.152 + 3.053 log L 132 0.875
{control)
Pooled total log W= =5,229 + 3,087 1og L 330 3,876
where:

L = total length {mm)

8

total anterior scale radius {(mm) % 68

W o= weight {(gm)




