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ABSTRACT

The habitats of rainbow trout and brown trout redds and fry in
the Beaverhead and Yellowstone rivers were studied from April-November,
1979 and March-May, 1980. The middle 90% of &7 rainhow trout redds om
the Beaverhead River were found at depths of 23.0-43.0 cm, in current
velocities of 0.40~0.83 m/sec and composed of substrates of atr least
50% pebble and less than 1.67%7 silt., On the Yellowstome River, the
middle 907 of nine raimbow trout redds were found at depths of Z4.0-
34,0 cm, in current velocities of 0.42-0.65 m/sec and composed of
substrates of at least 50% pebble and less than 0.6% silt. The middle
90% of 77 brown trout redds on the Beaverhead River were found at
depths of 18.0~46.0 cm, in current velocities of 0.35-0.95 m/sec and
composed of substrates of at least 33% pebble and less than 3.07 silt.
On the Yellowstone River, the middle 907 of 25 brown trout redds were
found in depths of 17.0~34.0 cm, in curvent velocities of $.28-0.63
m/sec and composed of substrates containing at least 607 pebble and
less than 0.1% silt, A total of 102 fry of both species averaging 3.3
cm in length were found in the Beaverhead River at a mean depth of
14.9 cm, in an average current velocity of 0.05 =/sec over a subsirate
composition averaging about B0% fines and 20% gravel. A total of 31
rainbow trout and 114 brown trout fry averaging 6.8 and 7.7 cm in
length respectively were found on the Beaverhead River in waters with
a mean depth of 22.5 cm, an average current velocity of 0.12 m/sec
over a substrate composition of about 70 fines and 307 gravel. Fry
were always found within 1 m of cover and shifted from use of largely
semi-aquatic vegetation to largely submerged organic debris as they
increased in length.



INTRODUCTION

The withdrawal of water from streams in the western Unlted States
by agricultural, municipal and industrial iaterests has increased
substantially in recent years and is continuing. Withdrawals reduce
instream flows and decreases the water depth, cover, current velocity
and the availability of suitable substrates {(Giger 1973, Bayha 1974,
Wesche 1976, White 19768) which result in a lowered carvying capcity
for fish (Nelson 1978).

Conservation agencies are becoming increasingly concerned about
providing sufficient instream flows to maintain quality habitat for
fishery resources. The Montana Department of Fish, Wildlife and Parks
is attempting to protect some fisheries habitat by legally establish-
ing minimum instream flows. The department has obtained water rights
on 12 streams and has alsc established flow reseryvations on the
Yellowstone River drainage. It is preparing to file for flow reser-
vations on streams in two more major drainages withim 3 to 5 years.

The instream flow reservations obtained by the department om
Montana streams are subject to challenge every 5 years. BRetention of
the reservations is dependent upon showing a blological need for them.
As a result, studies are needed to establish the relationship between
flows and fish populations. The purpose of this investigation was o
measure selected characteristics of the spawning and rearing habitats

of rainbow trout (Salmo gairdneri) and brown trout (Sglmo truiia)
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in the Beaverhead and Yellowstone rivers so that these necessary
habitats in streams can be protected by minimum Instream flows. Field
research for the investigation was conducted between April, 1978 and

June, 1980.



DESCRIPTION OF STUDY AREAS

Beaverhead Rivey

The Beaverhead River dis locared in Beavevrhead County in south-
western Montana. The waters forming it arise in the Centennial and
Tendoy mountains and flow Inte Clark Canvon Reserveir, The Beaverhead
River is formed below Clark Canvon Reservoir and flows for about 100
km to join the Ruby and Big Hole rivers near Twin Byidges, Montana.

Flows in the Beaverhead River are controlled by releases from
Clark Canyon Reservoir which i& mansged primarily for fiood control
and irrigation., The flows released into the river are velativelv low
from October through March when water is stored in the regervoir and
are relatively high from April through Septewber when water is
released for irrigation (Nelsonm 1578).

The study section was located divectly below the Clark Canyon Dam
and extended from the U.85.6.8. gaging station at Grant, 0.4 km below
the dam, to just below Pipeorgan Bridge about 12 km downstream {(Figure
1), The elevation of the river at the gage station is about 1639 n
above mean sea level., Gradients and other physical characteristics of
the Beaverhead River mesagured near Grant and about 4 kw downstream in
the Hildreth Section are given in Tabple 1.

The chemical characteristics of the Beaverhead River at two é{igs
within the study area are presented in Table 2. The measured

parameters varied little between sampling stations. Flows recorded at



kmn

Figure 1. Map showing the location of the study area on the Beaver-—
head River.
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Tshle 1. Selected characteristics of the channel of the Beaverhead
River at two sections within the study area. Data from
Nelson {1978).

Willow bank

Section Sinuosity Gradient {%}&j Riprap (41— cover {%}Ef
Grant 1.1%9 .23 14.6
Hildreth 1.32 .33 1.2 &7
-~ _ Rise
1/ % g ¥ 100
» _ Total length of viprap on both banks ;
2/ %= 2 % section length x 100
3/ %= Total length of willow cover om both banks < 100

2 x section length

Tahle 2. Selected chemical characteristics of the Beaverhead River at
sites within the study area, measured in the summer of 1972.
bata from Smith {1973).

Distance {(km} below Claxk Canyon Dam

Parameter 0.4 5.7
Turbidity (JTU) 4 4
Conductivity (umhos @ 25° () 565 572
pH 8.1 8.2
Dissolved oxygen (ppm) 9.8 9.7
Total alkalinity {(ppm CaCGB) 198 199
Total hardness (ppm CaCOB) 220 230
Ammonia (ppm NHB*N} 0.14 0.08
Nitrate (ppm NO,-N) 0.057 0,110
Nitrite (ppm NOQ»&) 0.015 §5.018

Orthophosphate (ppm PGQ g.11 0.10




&
the Grant gaging station for the study period ave presented im Figure
2. These flows were slightly below the average discharge for the
record period of 1962-1979 {(U.S5.G.8. 1879).

Water temperatures for 1972 taken near the Grant gaging station
are presented in Figure 3. The reservolr, which was constructed in
1964, has caused reduced fluctuations in water temperatvures in the
upper reaches of the river and altered the natural temperature regime
by inducing a general trend of lower water temperatures in the early
spring and higher temperatures in the fzll (Smith 1873).

Rainbow trout, brown trout, mountain whitefish (Prosopium
williamsoni), burbot (Lota lota), white sucker (Catostomus commersoni},
mottled sculpin (Cottus bairdi) and longnose dace {Rhinichihys

cataractae) have been reported in the study area {Nelson 18785,

Yellowstone Riwver
The Yellowstone River flows from its headwaters in Yellowstone
National Park in northwestern Wyoming im a northeasterly direction
through southeastern Montana for 1091 km to its confluence with the
Missouri River near Cartwright, North Dakota. Approximately 70% of
the annual flow of the river comes from mountain snowpack which causes
high flows in the spring and low flows through fall and winter

(Peterman 1979). The upper Yellowstone River from Gardiner to Big
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Timber, Montana is classified as a Blue Ribbon trout stream by the
Montana Department of, Fish, Wildlife and Parks (Brown 19635).

The study area on the upper Yellowstone River was situated from
just above the Pine Creek Bridge downstream to the Route 10 Bridge in
Livingston, Montana (Figure 4). The elevation of the river at the
.8.G.8, gaging station, located approximately 6.4 km south of
Livingston, is 1384 m above mean sea level. JDuring the study period,
flows (Figure 5} at this station were slightlv below the average
discharge for the 53 year period of record sited in U.8.G.5. {19793,
whereas selected chemical and physical characteristics {Table 3) and
temperatures {(Figure 6) were within the normsl range (U.5.G6.8. 1979).

Eleven species of figh in five families have been reported from
the upper Yellowstone River {Graham et al. 1979}. Cutthroat trout
(Salmo clarki}, rainbow trout and brown tfrout are the main sport
species. Mountain whitefish, longnose sucker {Catostomus catostomis)

and mottled sculpin were also present.
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Figure 4. Map showing the location of the study area on the
Yellowstone River.
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METHODS

Study of Redds

Concentrations of trout redds were located by imspection. Ten to
twenty vedds in each concentration were selected for study and marvked
with a series of numbered rocks. The current velocity of the water
directly in front of each redd was measuved at 0.6 of the depth from
the water's surface and at the level of the substrate, All current
velocities were measured with 2 Gurley Model AA current meter.

The depth of the water directly in froat of each redd was
measured. The distances from each pit Lo the nearest point of land and
the nearest significant holding cover were registered. The distance
from the pit of each brown trout redd on the Bsaverhead River to the
nearest riffle also was recorded.

The substrates in selected redds were sampled to determine the
gize of materials used by spawning trout. Samples were taken from the
front edge of the mound with 2 metal cylinder 15 cm in diameter driven
to a depth of approximately 15 c¢m. Cave was taken to retain the
smaller particle sizes in the semples. Each sample was alr dried and
then sorted through a series of U.S5. Standard sieves. Initially esach
sample was sorted through the £3.5, 31.5 and 16.0 mm sieves by hand
shaking for about 30 sec. The materials in each of the three gize
groups in each sample were weighed to the nearest 0.1 gm. The parti-

cles of less than 16.0 mm in the sample wevre then sovied through 8.0,



16
4.0 and 2.0 mm sieves by a powered sieve shaker operated for approxi-
mately 2 min. Those particles retained bv each of these sisves were
weighed. The amounts of marerials in size classes less than 2.0 mm
in each sample were determined by (1) the hydrometer method (Black
1965) if there were 45 gm ot more or (2) further sorting through the
1.0, 0.5, 0.25, 0.125 and 0.0625 mm sieves with the shaker operated
for approximately 2 min if there were less than 45 gm. No analysis
of materials that passed through the 2.0 mm sieve was made when they
composed less than 0.1% of the total substrate sample by weight. The
terminology for substrate classes (Table 4} was modified after the
Wentworth classification that appeared in Welch (1948}.

Table 4. Classificatrion of substrate materials in redds as modified
after the Wentworth classification in Welch {1948},

Substrate class Particle size range {(mm)
Cobble 646-256

Pebble 16~64

Gravel 216

Sand 0.0625-2

8ilt <(.08Z5

Habitat of Trout ¥Fry
Rainbow trout and brown trout fry were collected with a Smith-

Root Type VII Electrofisher and dipmet. The collection site of each
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captured fry was marked. The total length (to nearest mm) and, when
practical, the speciles of each fish were determined. Teo aveild making
multiple measurements on the same fry, each captured fish from an area
was retained in a holding container until sampling in the area was
completed, and no avea was sampled more than once. The current
velocity at each collection site was measured with a Gurley Pygmy
current meter. The relative abundance of stream substrate classes
within a radius of 1 m of each collection location were visually
estimated using the classification given in Table 5. The surface area
of aquatic vegetation, undercut bank, rock, semi-aquatic veggtation
and submerged organic debris, which could serve as cover, within the
1 m radius was measured with a meter stick. The depth of the water
at each capture site and the distance to the nearest bank alsc were

measured,

Tahle 5. Classification of substrate materials used in the study of
fry as modified after the Wentworth classification in Welch

{1948).
Substrate class Particle size range (mm)
Cobble B4~256
Gravel 264

Fines <2
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Statistical Analyses

Probability-of-use curves for the selected spawning and rearing
habitat factors were derived using the Freguency Analysis technigue
described by Bovee and Cochnauer (1977). The Statistical Package for
the Social Sciences (SPSS) was used for stepwise multiple regression
analysis of the data on the habitat of fry and the analysis of vari-
ance on the data of the habitat of redds. The znalyses were performed

on the Sigma 7 computer at Montana State University.



RESULTS

Spawning Habitat
i freen redds of rainbow trout from ome concentration of nests on
rhe Beaverhead River were examined in April, 1975 (ippendix Table 14).
The means and ranges of values of selected habitat factors associated
with the redds are presented in Table 6. HNinety percent of the redds
were in water 23.1-43.2 cm deep, with curvent velocities of 0.66-0.91
m/sec at their fronts and were situated in substrates of at least 30%

pebble and 3.0% or less silt.

Table 6. Means and ranges for selected characteristics of 15 redds
of rainbow trout on the Beaverhead River in 1879,

Parameter Mean (Range)

Current velocity at fromt of redd

at 0.6 of depth from Water's surface 0.73 {0.52-0.91)
Current velocity at front of rvedd

near substrate 0.52 {0, 36=-0.82)
Depth at front of redd 32.3 (18.7-45.9
Percent weight of cobble in substvate 19.3 {0.0-37.3%)
Percent weight of pebble in substirate 55,5 {31.3-72.1)
Percent weight of gravel in substrate 19.5 (15.2-27.5)
Percent weight of sand in substrate 4.0 {D.5-9,2)

Percent weight of silt in substrate 1.6 {0.0-3.3)
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In March and April, 1980 a total of 67 ralmbow trout redds were
examined. OFf these, 58 were in three concentrations on the Beaverhead
River (Appendix Table 153) and nine were in one concentration on the
Yellowstone River {(Appendix Table 16}. The means and ranges for the
measured characteristics of the redds on the Beaverhead River are
presented in Table 7. Analysis of variance indicated that there were
significant differences at the 30% level (F=2.48) between the concen-
tratione in depth of water (F=38.4), distance to cover {(F=15.4},
distance to shore (F=38.5), percent pebble in the substrate (F=5.9},
percent gravel in the substrate (F=15.9) and percent silt in the sub-
strate {F=2.65). These differences indicate rainbow troul spawn in
several fairly diverse areas on the Beaverhead River.

Ninety percent of the vedds of rainbow trout on the Beaverhead
River in 1980 were found at depths of 23.0-43.0 cm of water with veloc~
ities of 0.40-0.83 m/sec, in substrates composzed of at least 50% pebble
and less than 1.8% silt. The probabilivy-of-use curves for rainbow
trout spawning on the Beaverhead River in 1979 and 1980 are given in
Figure 7. The optimum spawning habitat values calculated for rainbow
trout were in water with 20.0-21.0 cm of depth, 0.73~0.74 m/sec of
current velocity, with a substrate composed of 80% pebble and 20%
gravel. Bovee (1978) reported optimum values of 18.3-24.4 cm of depth,
0.45-0.58 m/sec of current velocity and a substrate composed of 100X

gravel. Although the current velocities measured in this study were
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Probability-of~uge curves for selected characteristics

of rainbow trout redds on the Beaverhead River during
1979 and 1980. Substirate code: l=silt, Z=sand, I=gravel,
4=pebble and S=cobble. Gradatlons beiween code numbers
refer to rough proportions between one substrate type and
another {Bovee and {ochiauer 19773,
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greater than he reported, the optimum values for depth and substrate
were roughly comparable.

The means and ranges for measurements made oun the nine rainbow
rrout redds on the Yellowstone River ave given in Table 8. Hinety
percent of the redds were found at depths of 24.0-34.0 cm, in current
velociries of 0.42-0.65 m/sec and cosposed of substrates of at least
50% pebble and less than 0.6% silt. Probability-ocf~use curves for the
habitat factors associated with these redds are presented in Figure 8.
The optimum spawning habitat wvalues for vainbow troui on the
Yellowstone River weve 22.0-26.0 cm of water depth, 0.48-0.51 w/sec of
current velocitv, with a substrate compossd of B0OY pebble and 20%
gravel. The results of this study generally agree with those of Bovee
(1978) who reported optima of 18.3-24.4 cm of depth, 0.45-0.58 m/sec
of current velcocity and a substrare composed of 100 gravel.

A total of 102 brown trout redds were examined in October and
November, 187%. Of these, 77 were in four concentrations on the
Beaverhead River {Appendix Table 17} and 25 were in two concentrations
onn the Yellowstone River (Appendixz Table 18). The means and ranges
for the measured charactevistics of the redds on the Beaverhead River
are given in Table 8. An analvsis of vardance indicated there were
significant differences at the %07 level (¥=2.37) among the concentra-
tions in current velocity at 0.6 of the depth from the water's surface

{(F=3,51), current velocity at the substrate {(F=3,52), depth (F=5,24),
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Teble 8. Means and ranges of selected characteristics of nine vedds
of valpbow trour on the Yelleowstone River in 1980,

Parameter Mean {Range)

Current velocity at front of redd at 0.6

of depth from water's surface (m/sec) 0,52 {0.61-0.65)
Current velocity at fromt of redd at

substrate {(m/sec) 0,35 (0.22-0.543
Depth at front of r@dé {cm} FH.E (22.0-34.0)
Percent of redds within 5 m of cover 0.4
Distance to shore {cm) 894 (100-14530)
Percent weight of cobble in substrats 15.3 {0.0-32.9)
Percent weight of pebble in substrate 2.6 (48.7-78.7)
Percent weight of gravel in substrate 19,3 {14.7-23.87
Percent weight of sand in substrate 2.4 (1.3-3.5)
Percent weight of silt in substrate 0.5 {0.0~-0.8)

percent of redds within 5 m of cover {F=7.83), distance of redds to
cover (F=2.62), digtrance of vadds to shore {F=22.9) and percent sand
in the substrate (¥F=2.52), These differences showed brown trout
spawned in several types of areas with different cowbinavions of
characteristics on the Beaverhead River.

Eighty-seven percent of the 77 redds of brown trout on the
Beaverhead River were located within riffles. Those redds not located

in a riffle were within an average of 4.2 m (vange of 0.6~7.2 m) of a
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riffle. Spence (1975) found 81Z of the redds of brown trout in a 1

2 FE

mile section of the Blackfoot River, Montana were in viffles or the
tails of pools. Wnat Spence {1975} called "tails of pools” were con-
sidered to be riffles in the present study.

Brown trout redds on the Beaverhead River were closely associated
with escape cover. All of the concentrations had 50% or more of their
redds within 5 m of escape cover. Spence (1975} found that brown trout
redds on the Blackfoot River, Montana were usually closely assoclated
with escape cover, and that areas which appeared to be guitable for
spawning but without nearby escape cover were notl utilized.

Probability-of-use curves were developed for selected chavacter-
tatics of redds of brown trout from the Beaverhead River {Figure 9J.
Ninety percent of the redds were found In depths of 18.0~-46.0 ¢cm with
current velocitiesg of 0.35-0.95 m/sec with substrates containing at
least 33% pebble and less than 3% silt. The optimum spawning habitat
values calculated for brown trout were 27.0-29.0 cm in depth, 0.70-
0.73 m/sec of current velocity and & substrate composition of 60%
pebble and 40% gravel. Bovee (1978) reported the optimum spawning
values for brown trout were 15.2-21.3 cm in depth, 0.48-0.61 m/sec in
current velocity and substrates with a composition of 1007 gravel.

The values obtained in this study tended to show higher optima for

both depth and current velocity as well as larger substrate materials
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Figure 9. Probability-of-use curves for selected chavacteristics of
77 brown trout redds on the Beaverhead River durins 1979.
Substrate code: L=silt, Z=sand, 3=gravel, 4=pebble and
5=cobble. Oradations between code numbers refer fo rough
proportions between one substrate type and another (Bovee
and Cochnaver 1977).
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than those Boves (1978) reported. However, there was considerable
overlap in the figures obtained in the two studies.

The means and ranges for measurements made on the redds in the
Yellowstone River are given by concentration of redds in Table 10. An
analysis of variance showed no statistically significent differences
between the averages of the parameters for the vedds of the two concen—
trations. Ninety percent of the redds were found in water 17.0-354.0
cm deep with current velocities of 0.28-0.63 m/sec in substrates
composed of at least 60% pebble and less tham 0.17 silz.

The values of depth, current veloclty and distance to shore
obtained in this study for brown trout vedds on the Yellowstone River
tended to be less than the compavable values obtained by Berg (unpub-
1ished data) and Workman {unpublished data) {Table 11}. The differ-
ences may have resulted from examining redds located in smaller side
channels in this study, whereas they studied redds in the main and
larger side channels. However, the results of this study showed the
highest percentage of substrate particles in the redds to be in the
16-32 mm size range which roughly compares with Workman's (unpublished
data) report that most redds were in substrates composed largely of
particles in the 12.7-25.4 mm size range. Alsc, the vesults of this
study on the Yellowstone River showed no association of brown trout
redds with cover. This was similar to Berg’s (unpublished data)

results on two spawning areas in the Yellowstone River downstream from
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Livingston. However, Workman {(unpublished datay did note a close
associarion of the brown trout redds with willow cover and undercut
bank. Apparently brown trout will use a variety of spawning habitats,

Probability-of-usge curves for important brown trout spawning
habitat factors were developed for the upper Yellowstone River using
the data of this study as well as those from Workman (unpublished
data) and Berg (unpublished data}. These curves are presented in
Figure 10. The optimum spawning habitat values calculated for brown
rrout on the Yellowstone River were 23.0-24.0 cm in depth, 0.46~0.51
m/sec in current velocity, in substrates with a composition of 90%
pebble and 107 gravel. These results are comparable to those of
Bovee (1978) which gave optimum values of 15.2-21.3 cm in depth, 0.48-
0.61 m/sec in current velocity and substrates with a composition of

1007 gravel.

Habitat of Fry
A total of 145 fry were captured on the Beaverhead River from
July 9-August 29, 1879. Of these, 31 were rainbow trout {Appendix
Table 19) and 114 were brown trout {Appendixz Table 20). Specimens
ranged from £4.2-11.1 ecm In total length.
Probability-of~use curves for the habitat varisbles measured at
capture points of rainbow trout fry are presented in Flgure 1l.

Ninety percent of the rainbow trout were taken in water depths of
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Probability—of-use curves for selected characteristics of
brown trout redds on the Yellowstone River during 1374 and
1979, Substrate code: I=silt, Z=sand, 3=gravel, 4=pebble
and S=cobble. Cradations between code numbers refer to
rough proportions between one substrate type and another
{Rovee and Cochnauer 1977).
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9,0-37.0 cm with current velocities of 0.01-0.17 m/sec over substrates
composed of st least 307 of particles 2 mm in diameter or less. The
optimum habitat values were 12.0-20.0 cm in depth, 0.09~-0.14 m/sec of
current velocity and the substrate composed of 100% fines. Bovee
(1978) reported greater optimum values for rainmbow trout fry of 18.0-
27.0 cm in depth, current velocity of 0.12-0.18 m/sec and substrate
composed of 100% gravel, but he may have worked with larger fish.

Probability-of-use curves for the hsbitat variables measured at
capture points of brown trout fry are presented in Figure 1Z2. Ninety
percent of the specimens were taken at depths of 7.0-31.0 cm and
current velocities of 0.03-0.19 m/sec over suhstrates having at least
60% of their particles 6.4 cm in diameter or smaller. The optimum
habitat values calculated for brown trout fry were 14.5-17.5 cm in
depth, 0.08-0.11 m/sec of current velocity and a substrate composition
of 85% or more fines, Bovee (1978) reported the optimum values for
brown trout fry were 24,4~58.6 cm in depth, 0.00-0.37 m/sec in current
velocities and substrates with a compesition of at least 30% gravel
and the remainder sand. However, these larger values Bovee (1978)
reported were obtained with "fairly large young-of-the-year brown
trout” which were probably larger than the fish examined in this study.

A regression analysis was utilized to complete a discrimipant
analysis for determining the differences in levels of the measured

variables associated with raivbow trout and brown trout fry {(Appendix
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Gradations between code numbers refer to rough proportions
between one substrate type and another {Bovee and Coch-
nauer 1977},
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Table 21). The result of the analysis showed that rainbow trout fry
were smaller than brown trout fry, utilized deeper water and were
found closer to shore than brown trout fry.

A series of regressions were used in the form of another dis-
criminant analysis on data obtainmed in 1979 to test for statistical
differences in the habitats utilized by the rainbow trout and brown
trout fry as their length increased {Appendix Tzble 22). The analysis
showed that rainbow trout apparently tended to select deeper and
faster water as they grew, while brown trout fry focused more on the
presence of certain cover Lypes, especially submerged organic debris.
These tendencies also have been noted in the adults of the two species
{Lewis 1969).

A total of 102 fry were captured on the Beaverhead River from
April 24-May 5, 1980 (Appendix Table 23). The small size of the fish
made field identification dmpractical, although most of the fry were
nelieved to be brown trout.

Probability-of-use curves for the habitat variables measured at
capture points of the fry are presented in Figure 13. The middle
ninety percent of the specimens were taken at depthe of 6.0-27.0 cm
and im current velocities of 0.00-0.09 m/sec over substrates having
at least 60% of their particles 2 mm in diameter or smaller. The
optimum habitat values calculated for these fry were 10.0 cm in depth,

0.00-0.02 m/sec of current velocity and a substrate composition of
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1007 fines. These values were considerably lower than optima for
rainbow trout and brown trout fry examined im 1979. However, the
fry collected in 1980 weve smaller than those taken in 197%, indicating

they use different habitats as they grow in ilength.



SUMMARY AND DISCUSSION

Rainbow trout in general zelected sites for spawning with
definite characteristics of depth, curvent velocity and substirates.
The middle 90% of the rainbow trout vedds on the Beaverhead River were
located at depths of 23.1-43.2 cm, in current velocities of 0.40-0.83
m/sec in substrates composed of at least 50% pebble and legs than 1.6%
silt. The middie 90% of the rainbow trout redds on the Yellowstone
River were located at depths of 24.0-34.0 cm, in current velocities
of 0.42-0.65% m/sec in substrates composed of at least 530% pebhle and
less than 0.6% silt. These values may approximate the geneval rvequire-
ments for spawning since the optimum and mean depths, current veloc-
ities and substrate sizes asscciated with the rainbow trout redds im
this study compare favorably with those reported in other studies
{Table 12}.

Rainbow trout azlso select spawning sites located in areas with
accelerating current velocities {(Tautz and Groot 1973). Although the
presence of accelerating current at redd sites was not measured in
this study, it was noted that rainbow trout redds weve most often
found (1) alongside or downstream of large rocks, {(2) in areas with
undulations in the bottom or {3) in areas where the water flowed into
a narrower channel, where accelerating currents would be expected.

The middle 90% of the redds of brown trout in the Beaverhead
River were found at depths of 18.0-46.0 cm in current velocities of

$.35-0.95 m/sec and in substrates containing at least 33% pebble and
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Table 12. Depths, current velocities and substrate sizes associlated
with spawning sites of raimbow trout.

Farsmeter Valiue Source

Depth f{cm) 2702908 {25 3)%% Present study {Beaverhead R.)
28.5%% Pregent study (Yellowstone R.)
34, 2%% Smith (1573)
18.5-24 4% Bovee {(1978)

Current velocity 0.70-0.73%((.62)%% Bresent study (Beaverhead R.)
{m/sec) 0.52%% Present study (Yellowstone R.)
0. 70%% Smich {1973
0.45-0,58% Bovee {1978}

Substrate size 8.0-64.0% Present study (Beaverhead R.}
{mm) 8.0~64.0% Present study (Yellowstone R.)
8.0-16.0% Bovee {1978}

* expressed as optimum as defined by Bovee and Cochnauer (1977).
*% expressed as mean.

less than 3% silt. The middle 90% of the brown rrout on Yellowstfone
River were found at depths of 17.0-34.0 cm in current velocities of
0,28-0.63 m/sec in substrates composed of at least 60F pebble and less
than $.17 silt., These values are similar to values obtained in other
studies (Table 13).

Brown trout select areas for spawning which have currents that
penetrate into the substrate {(Stuart 1953). The currents provide the
eggs with oxygen and vemove the metabolic waste products (Wesche
1976). Areas with percolation often are locsted betfween the lower
ends of pools and the following riffle (Stuart 1953). It d4s likely

that the combinations of depths, curvent velocities znd substrate
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Takble 13. Depth, current velocity and substrate criteria of spawning
areas of brown trout. All references other than present

study from Beiser and Wesche (1977},

Parameter

Valua

Source

Depth {cm)

Current velocity

{m/sec)

Bubstrate gize
()

18.0 minipum®
17.0 mindmum®
24 .4 wminimum
24.4 mindimum
15.2 minisum

16, 0~64, 0F%%
16,084 (k%
6.4-63.5

up to 63.5
6.4~38.1
6.4-76,2

Present study (Beaverhead R.)
Pregent study {(Yellowstone K.}
Thompson (1972}

Smith (1973

Bovee (1975)

Present study (Beaverhead R.)
Present study (Yellowstone R.)
Thompson (1972)

Hooper {1973}

Smith {1973}

California {in Hunter, 1973}
Bovee {1975}

Present study {(Beaverhead R.)
Present study {Yellowstone R.}
Percival {1932}

Hobbe {1948}

Hooper (1973)

Hunter {1973}

* lower value of the wmiddle 90%.
#% middle 90Z.

®&% gize interval with 70% or movre of all particlies in the substrate,
sizes repoorited In this and previous studies produced percolations.
However, attempits to measure percolations in this study failed.
Eighty-seven percent of the brown trout redds studied in the Beaverhead
River were within either the upper end of a riffle or the pool-viffie
interchange. Stuart (1%53) obtained similar results.

Spawning sties are not necessarily located near cover. About 79%

of the measured rvedds of brown trout on the Beaverhesd River ware
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within 5 m of cover and all concentrations had 507 or more of their
redds within this distance. However, all of the measured redds of
this species on the Yellowstone River were further than 5 m from
cover. Reiser and Wesche (1977) also reported the association between
brown trout redds and cover varied.

The fry of both species averaging 3.3 cm in total length utilized
water with a mean depth of 14.9 c¢m, and average current velocity of
0.05 m/sec over a substrate composition averaging about 80% fines and
20% gravel. Rainbow trout and brown trout fry averaging 6.8 and 7.7
cm in total length, respectively, were found in waters with a mean
depth of 22.5 cm, an average current velocity of 0.12 m/sec and a
substrate composition averaging about 70% fines and 30% gravel which
showed a movement to faster and deeper water with increase in length
of the fry., Stuart (1953) has reported that brown trout fry move from
the redds into pocls containing mud, silt and large stomes. Calhoun
{1965} and Sundeen (1968) have repovted that rainbow trout move to
shallow water areas of low currvent velocity. As they grow, the fry of
both species tend to move to faster and deeper water where they
encounter a greater stream of food per unit time {(Chapman and Bjormn
1969},

All of the areas fry use sppear to have a component of cover.
About 36% of the fry averaging 3.3 cm in length were found in areas

with semi-aguatic vegetation, while 43% and 10%Z of fry of this size
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were within 1 m of submerged organic debris and aquatic vegetation
respectively. Eighty-three percent of the rainbow tyout and brown
trout fry having mean lengths of 6.8 and 7.7 om, respectively, were
found within 1 m of submerged organic debris and 75.5% were found
within 1 m of aquatic vegetation. The association of fish 6.8 cm and
larger with semi-aquatic vegetation dropped to 2.7%, reflecting the
movement of larger fry into deeper watevr.

Reduced flows have been correlated with decreases in reproductive
success (Farnes and Bulkley 1964} and in standing crops of trout popu-
larions (Nelson 1978, Vincent and Nelson 1978). Riffles are critical
areas for spawning sites of brown trout and shallow inshore areas are
required for rearing the fry of rainbow trout and brown trout. Since
these areas are among the first habitats to be affected by flow reduc-
tions (Kraft 1968, Nelson 1978, Sundeen 1968), they should receilve the

highest priority for protection from dewatering.
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Table 14. Date, location and number of redds for one concentration
of rainbow trout redds on the Beaverhead River in 1979.
Distance downstream from Number of
Date Clark Canyon Dam (km) redds
Apr. 14 1.7 15
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Table 1%, Date, location and number of redds per concentration for
rainhow trout studied on the Beaverhead River in 1980.

Distance downstream Number of
Concentration # Date from Clark Canyon Dam (km) redds
1 Apr. 14 1.7 20
2 Apr. 15 4.7 20

3 Apr. 15 7.9 15
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Table 16. Date, location and number of rvedds for one concentration
of rainbow trout redds on Yellowstone River in 1980.

Date Location Number of redds

Apr. 18 12.¢ km upstream of Livingston, MT 9




59

Table 17. Date, location and number of redds per concentration for
brown trout studiled on the Beaverhead River inm 1979,

Distance downstryeam Number of
Concentration # Date from Clark Canvon Dam (kmj redds
1 Nov, Z 1.7 19
2 Nov. 16 5.7 20
3 Nov. 13 7.9 18

4 Nov., 9 12.1 20
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Table 18. Date, location and number of redds per concentration for
brown trout studied on the Yellowstone River in 1979,

Concentration # Date Location Number of redds
iy Nov. & 17.8 km upstream 10
of Livingston, MT
P Nov. 17 Town of 15

Livingston, MT
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Table 21. Regression analysis to test for differences between the
measured variasbles associated with rainbow trout and brown
trout fry. Variables showing significance at the 90% level
{F=2,71) have F-values in parentheses.

Y = (,1762 4+ 0.0036 (L7} - 0.0003 (UCB) -~ 0.0084 (D} - 0.0002 (S4V) +
0.0010 (DTS) + 0.0031 (%F) + 0.0050 (DE) + 0.00001 (AV) +
0.0002 (RCY + 0.1415 (CV) + 0.0047 {ZG) - 0.0023 {ZC) -
0.0046 (S0D)

where Y=species, LT=tctal length in mm (F=4.353), UCB=undercut
bank in cmz, D=depth in cm {F=6.08), SAV=semi-aquatic vegetation in
cmz, DT8=distance to shorve in cm (F=3.44}), F=fines, DE=date, AV=aquatic
vegetation in cmzs RC=rock cover in cmg, CV=current velocity in m/sec,
G=gravel, {=cobble, and S0D=submerged organic debris in cmz.

The multinle correlation coefficient of the regression was R=0.41.
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Table 22. BRegression analysis of relationship between increase in
fish length and change in habitat parvameters.

17 (S0D)Y 4+ 5,47 (8F) 4+ 0.170 (D) +

-~ 0.276 {ZF) - 3.18 {84V} - 0.200 (Zg) -

TEY - 0.0013 (RC) + 0.0044 {(UCH)
[Equation 1]

¥ o= ~12.89 + 0,436 (DE} + 3
26,73 (CV) - 0,438 (X0
0.00007 (Av) -~ 0.002 (D

where Y=total length for both rainbow trout and brown trout fry,
DE=date, 30D=gubmerged organic debris in sg. cm, SP=species rating,
D=depth in cm, CV=current wvelocity in m/sec, C=cobble, F=fines,
SAV=semi~aquatic vegetation in sq. cm, Ge=gravel, AV=aquatic wvegetation
in sg. cm, DTS8=distance to shore din cm, RC=rock cover in sg. cm and
UCB=undercut bank in sq. ¢m.

The multiple corvelardion coefficient of the regression was R=0,56.

The variables that were significant or those that approached
gignificance from Equation 1 were then used in the following three
regressions to perform an F-test with the sums of squares of the three

regressions.

Y o= 55,30 4+ §,552 (DEY + 0.0003 (80D - 0.136 (20 + 31.332 (Ccvy +
0.136 () [Equation 2]

where Y=total length of both species and 211 other variables were
as defined in Equation 1.

Yariables significant at the 904 level (¥F=2.71}) were DE (F=453.9)
and OV (¥=Z,82}.

The multiple corvelation coefficient of the regression was R=0.5Z.

The sums of gguares value for the sguation wag Ssres—zﬂ?SBDSﬁ
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Table 22. {(Cont.}

Y = 66,99 + 0.405 (D) + 0.527 (DE)} + 124.48 (CV) ~ 0.467 {%Cy -
00,0006 (S0D} [Equation 3]

where Y=total length for rainbow trout fry and all other
variables were as defined in Equation 1.

Variables significant at the 90%Z level (F=2,92) were DE (F=9.17),
¢V {F=5.25) and D (F=4.53).

The multiple correlation coefficient of the regression was R=0.56.

The sums of squares value for the equations was SSTESﬂSE&?.ﬁa

Y = -51.36 + 0.53536 (DE) + 0.00086 (80D) - 0.074 (%C) + 0.035 (D) +
5.38 (V) [Equation 4]

where Y=total length for brown trout fry and all other variables
were as defined in BEquation 1.

Variables significant at the 90% level {F=2.76) were DE (F=36.03)
and SOD (F=9.19).

The multiple correlation coefficient of the regression was R=0.56.
The sums of squares value of the equation was SSIQE=E117Q.5.

An P-test was derived from the sums of squares of equations 2, 3
and & by the following equation:

_ - \
g: {ngesiwq, 3y + SSIQS(Eq. £33 SSreS(Eqa 2y /df
; {ss {Eg. 3} + 58 (Eq. 4)/df

res ras

The amalysis yielded an FP-value of 4,39 which was significant at

che 99,59 level {¥F=3.09), showing a significant difference in the
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Table 22. {Comt.)

relationship of these variables to the increase in length between

species.

The habitat factors for each species with significance at the 90%
level were selected from equations 3 and 4 and used in a model for

each species. The model for rainbow trout was:

Y = 48,26 + 0.440 (D)} + 75.230 (V) [Equation 5]

where Y=total length for rainbow trout and the other variables

were as defined in Egquation 1.

The multiple correlation coefficient of the regression was R=0.43,

The model for brown tyout was:

¥ = 74,99 4+ 5,82 (50D} [Equation 6]
where Y=total lengrh for brown trout and the other variable was

as defined in Equation 1.

The multiple correlation coefficient of the regression was R=0.24.
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