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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 67 rainbow trout
redds on the Beaverhead River were found at depths of 23.0-43.0 c¢m, in current velocities of 0.40-0.83
m/sec and composed of substrates of at least 50% pebble and less than 1.6% silt. On the Yellowstone
River, the middle 90% of nine rainbow trout redds were found at depths of 24.0-34.0 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 3.0% silt. On the Yellowstone River, the middle 90% of 25 brown trout redds were found in
depths of 17.0-34.0 cm, in current velocities of 0.28-0.63 m/sec and composed of substrates containing
at least 60% 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 m/sec over a substrate composition averaging about 80% 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 Rivet 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 30% gravel. Fry were always found within
Im of cover and shifted from use of largely semi-aquatic vegetation to largely submerged organic
debris as they increased in length.
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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 67 rainbow trout redds on
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 at least
50% pebble and less than 1.6% silt., On the Yellowstone River, the
"middle 90% of nine rainbow trout redds were found at depths of 24.0-
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 3.0% silt.
On the Yellowstone River, the middle 90% of 25 brown trout redds were
found in depths of 17.0-34.0 cm, in current velocities of 0.28-0.63
m/sec and composed of substrates containing at least 60% 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 m/sec over a substrate

composition averaging about 80% 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 707 fines and 30% 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 ﬁﬁited States
by agricultural, municipal and iﬁdustrial interests has increased
substantially iﬁ recent years and is continuing. Withdrawals reduce
inspream flows and decréase the water depth, cover, current velocity
and the availability of suitable substrates (Giger 1973, Bayhé 1974,
Wesche 1976, Whité 1976) which result in a lowered carrying capacity
for fish (Nelson 1978).

Conservation agencies are becoming increasingly concerned about“
_providiﬂg sufficient ipétream'flows to maintan quality habitat for
fishery resources. ’The Montana Department of Fish, Wildlife and Parks
is attempting to protect some fisheriés'habitat by legally establish-
ing minimug instream fl&ws. The departﬁent has obtained water rights
on 12 streams and has also established flow reservations on the
XellpWstone River drainage. It is preparing to file for flow reser-
vations on streams in two more major drainages within 3 to 5 years.

The instream flow reservations obfained.by the department on
Montana streaﬁs are subject-to challenge every 5 years. Retention of
the reservations is dépendent upoﬁ sﬁowing a biological need for ﬁhem.
As a result, studies are needed to establish the relationship between
flows and fish populations., Thé purpose of this investigation was to
measure selected charaéteristics of the spawning and rearing habitats:

of rainbow trout (Salmo gairdneri) and brown trout (Salmo trutta)
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in the Beaverhead and Yellowstone rivers so that these necessary
habitats in streaﬁs can be protected by minimum instream flows. Field
research for the investigation was chductgd between April, 1978 and

June, 1980."




DESCRIPTION OF STUDY AREAS

Beaverhead RiQef
The Beaverhead Rive: is located in Beaverhead County in south-
western Montana. The waters forming it arise in the Centennial and
Tendoy mountains and flow into Clark Canyon'Resepvoir. The Beaverhead
River is formed_beiow Clark Canyon-Reservoir and flows for about 100
:km to join the Ruby and Big Hole rivers near Twin Bridges, Montana.
Flows in_the’Béaverhead River are controlled by releases,from

Clark Canyon Reservoir which is managed primarily for flood control

and irrigation. The flows released into the river are relatively low

from October th;ough March when water is stored in the reseerir and -
are relatively high from April through September when water is

released for irrigation (Nelson 1978).

The study section was lbcated:directly bélow_the'CIark-Cényon Dém

and gxtended from the U.S.G.S. gaging station at Grant, 0.4 km below
the da@, to just béio@'Pipeorgan Bridge about 12 km~d9ﬁnstream (Figure
1). fhé elevation of the river at the gage station is about 1659 m
above mean sea level. Gradients énd'othgr-physiéal characteristics of
‘the Beaverhead. River measured near Grant and about 4 km dowﬁstreaﬁ,in
the‘Hildreth_Secfion are given in Table 1.

The chemical characteristics qf the Beaverhead River at two sites
within the study éréa are.presente& in Table 2. The meaégred

parameters varied little between sampling stations. Flows recorded at




0, 4

km

Figure 1. Map showing the location of the study area on the Beaver-
head River.




Table 1.

5

Selected characteristics of the channel of the Beaverhead
‘River at two sections within the study area. Data from
Nelson (1978).
' 1/ Willow ban
Section Sinuosity Gradient (%)= ~ Riprap (%)~ cover (%)§
Grant 1.19 0.21 ' 14.6
Hildreth 1.32. 0.33 1.2 67
s _ Rise’
1/ % = F= % 100
s _ Total length of riprap on both banks
2/ %= 2 x section length x 100
3/ % = Total length of wlll?w cover on both banks % 100
- 2 x section length
Table 2. Selected chemical characteriétics of the Beaverhead River at -
sites within the study area, measured in the summer of 1972.
Data from Smith (1973).
. Distance (km) below Clark Canyon Dam
Parameter .
0.4 9.7
Turbidity (JTU) - 4 4
Conductivity (umhos @ 25° C) 565 572
pH 8.1 ' 8.2
Dissolved oxygen (ppm) : 9.6 ' 9.7
Total alkalinity (ppm'CaCOB) 198 - 199
Total hardness (ppm CaCOB) 220 230
Ammonia .(ppm NH3-N) © 0.14 : 0.08
Nitrate (ppm No;-N) : 0.057 0.110.
Nitrite (ppm No;-N) ' 0.015 0.018
o -3 ‘ .
Orthophosphate (ppn PO4 . 0.11 0.10

LA
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the Grant gaging station for the stud& period are presented in Figure
2. These flows were slightly below the average discharge for the
record period of 1962-1979 (U.S.G.S, 1979).

Water temperatures for 1972 taken near the Grant gaging station
are presented in Figufe 3. The reservoir, which was constructed in
1964, has caused reduced fluctuations in water temperatures in the
upper reaches of the river and altered the natural temperature regime
by inducing a general trend of lower water temperatures in the eatrly
spring and higher temperatures in the fall (Smith 1973).

Rainbow trout, brown trout, mountain whitefish ‘Prosopium
williamsoni), burbot (Lota lota), white sucker (Catostomus c‘omersoni) .
mottled sculpin (Cottus bairdi) and longnose dace (Rhinichthys

cataractae) have been reported in the study area (Nelson 1978).

Yellowstorie River
The Yellowstone River flows from its headwaters in Yellowstone
National Park in nofthwestefn Wyoming in 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 rivef comeé from mountain snowpack which causes
high flows in the spriﬁg and low flows through fall anﬁ winter

(Peterman 1979). . The upper Yellowstone Rivetr from Gardiner to Big .
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data).
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Timber, Montana is classified as a Blue.Ribbon trout stream‘by the
'Mbntaﬁa Department of Fish, Wildlife and Parks (Brown 1965)°

The study area on the upper Yellowstone River was situated from
just above the Pine Créek Bridge downstream to the Route 10 Bridge in
Livingston, Montana (Figure ‘4). The elevation of the river ét‘thg
U.5.G.S. gaging stétioh, located approximately 6.4 km south of
Livingston, is 1384 m above mean sea level. During the study period,
flows (Figure 5) at this station were slightly beloﬁ the average
discharge for the 53 year period of record sited in U.S.G.S. (1979),
whereas seleéted chemicél and physical characteristics (Table 3).and
temperatures (Figure 6) were within the normal range (U.S,G.S; 1979).

ﬁleven species of:fish in five families have been reported from
the upper Yellowstone River (Graham et al. 1979). .Cutthroat trout
(Salmo clarki), rainbow trout and brown trout are the main spért'

species. Mountain whitefish, longnose sucker (Catostomus catostomus)

and mottled sculpin were also present.
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Livingston iy

To

Figure 4. Map showing the location of the study area on the
Yellowstone River.
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Figure 5. Average monthly discharge for the Yellowstone River at the U.S.G.S. gage 6.4 km

south of Livingston, Montana from October, 1978 through June, 1980 (U.S.G.S
1979 and unpublished).
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Table 3. Selected chemical-physical characteristics of the Yellowstone River at the
U.S.G.S. gage 6.4 km south of Livingston, Montana from October, 1978 through
June, 1980 (U.S.G.S. unpublished data). '

- 1978 1979 _
Parameter : 0 N D J F M A M J J
Turbidity (NTU) 4.3 3.3 4.9 6.7 10.0
Conductivity (umhos) 268 278 289 331 335 334 299 254 108 103
pH . o 8.4 7.8 8.9 8.1 8.1 7.9 8.1 7.9 7.5 8.0
Dissol&ed oxygen (mg/l) - ' 11.2 11.9 '10.4 ﬁD 8.8

Total alkalinity (mg/l CaCO3) 80 82 82 91 95 94 85 69 31 28

Total hardness (mg/l CaCO3) 79 85 42 . 110 110 110 97 80 64 52

2'+ NO;) 0.06 0.24 0.53 .0.36 0.37 0.35 0.22 0.08 0.06 0.04

Total nitrogen (mg/l NO

‘Total phosphorus (mg/1l P) " 0.04 0.02 0.02 0.05 0.07

¢TI




Table 3. (cont.)

y 1980
Parameter : A s o N D J F M A M J
Turbidity (NTU) | 2.0 1.4 1.1 1.7 0.60 1.0 3.2 2.3 14.0 8.2
Conductivity 190 231 285 322 357 371 293 301 157 132
pH | 8.1 8.3 7.9 7.6 8.1 8.2 7.6 8.1 7.6 7.3
‘Dissolved oxygen (mg/l) 8.7 10.2 11.8 12.1 11.4 9.2 -~ 10.6 '11.8 9.6
Total alkalinity (mg/1 CaCo,) s 72 83 - 100 110 110 86 84 41 45
Total hardmess (mg/l CaC03) 60 80 ' 88 _ 110 110 130 84 91 47 42.

2
Total phosphorus (mg/1l P) 0.00 0.02 0.01 0.03 -0.03 0.01 -é.06, 0.05 0.11 0.01

Total nitrogen (mg/l NO +NO,) 0.02 0.02 1.3 0.34 0.45 0.40 0.37 0.09 0.12 0.06 ~—
. . L
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Figure 6. Water temperatures of the Yellowstone River at U.S.G.S. gage 6.4 km south of Liv-
ingston, Montana from October, 1978 through June, 1980 (U.S.G.S. 1979 and unpub-
lished data).
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METHODS

Study of Redds

Conceptrations of trqut redds were located by inspection. Ten to
‘twenty redds in each concehtrétion were selected for study and marked
with a series of numbered rocks. The cur;ent velocity of the water
directly in front 6f each redd was measufed at 0.6 of the depth from
the water's éﬁrface and at the lgvel of ﬁhe substrate. All current
velocities we?e.measured &ith a Gurley Model AA current meter.

The depth of £he water directly in front of each redd was
measurgd. The distances from each pit té the nearest point of landland
the nearest significant holding cover were registered. The dis;ance
from the pig of each brown trout redd om the Beaverhéad River to the
nearest riffle also was recorded.

The substrates iﬁ selected redds were sampled to determine the
size of magerials used by spawning trout. Samples were taken from the
front edge of the mound with a metal cylinder 15 cm in diameter driven
to a depth of approximately 15 cm. <Care was taken to retain the
smaller particle sizes in the samples. Each sample was air dried and:
then sorted through a series of U.S. Stgndard sieves. Initially each
sample was sorted through the 63.5, 31.5 and 16.0 mm sieves by hand -
shaking forx ;bout 30 éec. The matérials in each of the three‘size
.grogps in each~sample were weighed to the.nearest 0.1 gm. The parti-

cles. of less than 16.0 mm in the sample were then sorted through 8.0,
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4,0 and 2.0 mm sieves by a powered sieve shaker operated for approxi-
mately 2 min. Those particles retained by each of these sieves were
weighed. The amounts of materials in size classes less than 2.0 mm
in each sample were defermined by (1) the hydrometer ﬁethod (Black
1965) if there were 45:gm or more or.(2) further sorting through the
1.0, 0.5, 0.25, 0.125 and 0.0625 mm sieves with the shgker operated
for approximately 2 min if there were less than 45 gm. No analfsis
of materials that passed through the 2.0 mm sieve was ﬁade 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. Classification of substrate materials in redds as modified
after the Wentworth classification in Welch (1948).

Substrate class o - Particle size range (mm)
Cobble . ' 64-256

Pebble : 16-64

Gravel | i 2-16

Sand o . . ‘ 0.0625-2

silt  <0.0625 |

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

Root Type VII Electrofisher and dipnet. The collection site of each:
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captured fry was marked., The total length (to nearest mm) and, when
practical, the species of each fish were determined. To avoid making
multiple measurements oﬂ the same fry, each captured fish froﬁ an area
was retained in a holding container until sawpling in the area was
completed, and no area was sampled more than once. The current
vélocity at each collection site was measured with a Gurley Pygmy .
current meter. The relative aburidance 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 équatic vegetation, undercut bank, pock, semi-aquatic veggtation
and submerged organic debris, which coﬁld serve as cover, within the
1 m radius was measured with a metér stick. The depth of £hé.watér
at each capture site and the distaﬁce to the nearest bank also were
measufed. |

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

(1948). :
Substrate class Particle size range (mm)
Cobble ' - 64-256

Gravel L . 2-64

Fines : : <2
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Statistical Analyses

Probability-of~-use curves for the selected spawning and rearing
habitat factors were deriveq using the Frequen;y Analysis technique
described byiBovee and Cochnauer (1977). Thé Statistical Package for
the Social Sgienceg_(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 analyses were performed

~on the Sigma 7 computer at Montana State University.




RESULTS

Spawning Habitat

Fifteen redds of rainbow trout from one concentration of nests on
the Beaﬁerhead River were examined in April, 1979 (Appendix Table 14).
The means and ranges of values of selectéd habitat factors associated
with the redds are presented in Tabie~6. Ninety percent of the redds
were in water 23.1-43.2 cm deep, with current velocities of 0.66-0.91
m/sec at their fronts and.were situated in substfates 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 1979. -

Parameter ‘ ’ , Mean (Range)

Current velocity at front of redd

at 0.6 of depth from Water's surface 0.75 (0.52—0.91)
Current velocity at front of redd
near substrate 0.52 (0.36-0.62)
Depth at froﬁt of redd : © 32.3 (18.7—45.9)
Percent weight of cobble in substrate 19.3 (0.0-37.3)
Percent weight of pebble in substrate 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 (0.5-9.2)

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 rainbow trout redds were
examined, Of these, 58 were in three concentrations on the Beaverhead
River (Appendix Table 15) 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 907 level (F=2.48) between the concen-
trations in depth of water kF=38.4), distance to cover (F=15.4),
distance to éhore (F=38.5), peréent 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 trout spawn in
several fairly divgrse areas on the Beaverhead River.

Ninety percen£ of the redds of rainbow trout on the Beaverhead
River in 1980 wefe found at depths of 23.0-43.0 cm of water with veloc-
ities of 0.40-0.83 m/sec, in substrates composed of at least 50% pebble
and less than 1,67% silt. The probability~of-use curves for rainbow
trout spawning on the Beaverhead River in 1979 and 1980 are given in
Figure 7. The optimum sﬁawning!habitatlvalues calculated for rainbow
trout vere in water with 20.0-21.0 cm of depth, 0.73-0.74 m/sec of
current velocilty, 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 100%

gravel. Although the current velocities measured in this study were




Table 7. Means and ranges of selected characteristics of 58 redds of rainbow trout on
the Beaverhead River in 1980.

Parameter

Redd concentration number

2

Current velocity at front of redd at 0.6
of depth from water's surface (m/sec)

Current velocity at front of redd at
substrate (m/sec)

Depth of front of redd (cm)

Percent of redds within 5 m of cover
Distance to shore (cm)

Percent weight of cobble in substrate
Percent weight of pebble in substrate
Percent weight of gravel in substrate
Percent weight of sand in substrate

Percent weight of silt in substrate

0.62 (0.40-0.91)

0.39 (0.23-0.68)
29.2 (19.0-42.0)
9.9

685.2 (200.0-1300.0)
4.32 (0.0-21.6)

63.4 (48.8-79.4)
26.6 (18.3-36.8)

4.5 (1.1-11.9)

1.2 (0.0-2.9)

0.67 (0.36-1.21)

0.49 (0.18-0.76)
28.5 (4.4-53.0)
85.0

677.5 (70-500)
3.52 (0.0-17.6)
45.6 (39.9-55.0)
44.5 (34.2-54.4)
4.9 (1.9-10.2)

1.4 (0.6-3.0)

0.54 (0.22-0.77)

0.43 (0.31-0.58)

17.33. (10.0-27.0)
13.0

430.8 (125.0-780.0)

6.6 (0.0-40.0)

69.0 (43.2-84.0)

22.1 (4.3-32.2)

1.95 (0.4-6.6)

0.47 (0.0-1.4)

4
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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 on the nine rainbow
trout redds on the Yellowstone River are given in Table 8. Ninety
percent éf the redds were found at depths of 24.0-34.0 cm, in current
velocities of 0.42—0;65 h/sec and composed of substrates of at least
50% pebble and less than 0.6% silt. Probability-of-use curves for the
habitat factors associated with these redds are presented in Figure 8.
The optimum spawning habitat values for rainbow trout on the
Yellowstone River weré 22.0-26.0 cm of water depth, 0.48-0.51 m/séc of
current velocity, with‘a substrate composed of 80% 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 velocity and a substrate composed of 100% grayel.

A total of 102 brown trout redds were examined in October and
November, 1979. Of these, 77 were in four concentrations on the
Beaverhead River (Appendix Table 17) and 25 were in-two concentrations
on the Yellowstbne River (Appendix Table 18). The means and ranges
for the measured characteristics of the redds on the Beaverhead River
are given in Table 9. An analysis of variance indicated there were.
significant differences at the 90% level (F=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=6.24),
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Table 8. Means and ranges of selected characteristics of nine redds
of rainbow trout on the Yellowstone 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 (0.41-0.65)
Current velﬁcity at front of re&d at

_ substrate (m/sec) 0.35 (0.22-0.54)
Depth at front of redd (cm) . 28.6 (22.0-34.0)
Pércent of redds Within 5 m of cover | 0.0

_Distance to shore (cm) 894 (100-1450)
Percent weight of cobble in sqbstréte 15.3 (0.0-32.9)
Percent %eight of pebble in substrate 62.§ (45.7-78.7)
Percent weight of gravel in substrate 19.3 (14.7-23.8)
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;93), distance of rédds to
cover (F=2.62), distance of redds to shore (¥=22,9) and percent sénd
‘in the .substrate (F;2.52). These differences showed brown trout
spawned in several types of areas with different combinations of
characteristics on the Beaverhead River.

Eighty-seven percenf of the 77 redds of brown trout on the
‘Beaverhead River were located within riffles. Those redds ﬁof located

in a riffle were within an average of 4.2 m (range of 0.6~7.2 m) of a
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Table 9.

Beaverhead River in 1979.

Means and ranges for selected characteristics of 77 redds of brown trout on the

Parameter

Redd concentration number

| 54

2

3

4

Current velocity at front of redd at

0.6 of depth from water's surface (m/sec)

Current velocity at front of redd at

substrate (m/sec)

Depth at front of

redd (cm)

Percent of redds within 5 m of cover

Distance to shore
Percent weight of
Percent weight of
Percent weight of
Percent weight of

Percent weight of

(cm)

cobble in substrate
pebble in substrate
gravel in substrate
sand in substrate

silt in substrate

0.63 (0.30-0.95)

0.44 (0.23-0.64)

38.3 (18.0-59.0)
94.7
213 (77-405)
0.0
80.9 (62.7-91.8)
18.1 (7.2-36.4)
0.8 (0.2-2.0)

0.1 (0.0-0.6)

0.78 (0.34-1.17)
0.53 (0.25-0.78)

35.0 (15.0-50.0)
100.0

213 (62-400)

0.2 (0.0-0.8)

49.3 (7.1-78.7)

42.7 (18.9-76.0)

6.7 (1.5-15.0)

0.9 (0.0-2.6)

0.79 (0.35-0.95)
0.54 (0.26-0.64)

29.3 (15.0-40.0)
72.2

887(0-2118)

6.7 (0.0-22.7)

64.1 (55.6-80.8)

26.2 (18.8-33.9)

2.3 (0.2-3.7)

0.6 (0.0-1.1)

0.70 (0.45-0.93)

0.48 (0.32-0.63)

26.8 (18.0-35.0)
50.0

778 (245-1310)

4.9 (0.0-29.6)

62.3 (40.7-87.8)

25.9 (10.5-34.7)

5.2 (1.3-10.3)

1.5 (0.0-3.5)

9¢
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riffle. Spence (1975) found 81% of the redds of brown trout in a 1 -
mile section of the Blackfoot River, Montana were in riffles or the
tails 6f pools. What Sbence (1975) called "tails of pools" weré con-
sidered to be riffles iﬁ 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 associated
with escape covér, and that areas which appeared to be suitable for
spawning but without nearby escape cover were not utilized.
Probability-of-use curves were developed for selected character-

istics of redds of brown trout from the Beaverhead River (Figure 9).

Ninety percent of the redds were found in depths of 18.0-46.0 cm with

curreﬁt velécities of 0.35-0.95 m/sec with substrates containiné at
least 337 pebble and less than 3% silt. The optimum spawning habitaf
values calculated for brown trout were 27.0-29.0 cm in depth, 0.70-
0.73 m/sec of current velocity and a substrate composition of 607
pebble and 40% gravgl. Bovee (1978) reporéed 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 comﬁositién of 100% éravel. |
The values obtained in this study tended to show higher optima for

both depth'and.current.veloeity as well ‘as larger substrate matefiais
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than those Bovee (1978) reported. Howevgr, 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 gilven by concentration of redds in Table 10. - An
analysis of variance showed no statistically significant differences
between the averages of the parameters for the redds of the two concen-
trations. Ninety percent of the redds were found in water 17.0-34.0
cm deep with current velocities of_0.28—0.63 m/sec in substrates
composed of at least 607 pebble and less than 0.1% silt.

The values of depth,"current velocity and distance to shore
obtained in this study for brown trout redds on the Yellowstone River
tended to be less than the comparable values obtainéd 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. Also, the results of ‘this
étudy 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 )




Table 10. Means and ranges for selected characteristics of 25 redds of brown trout on the

Yellowstone River in 1979.

Parameter

Redd concentration number

1

2

Current velocity at front of redd at 0.6

of depth from water's surface (m/sec)

Current velocity at front of redd at

substrate (m/sec)

. Depth at front of redd (cm)

Percent of redds within 5 m of cover

Percent weight of
Percent weight of
Percent weight of
Percent weight‘of

‘Percent weight of

cobble in substrate .

pebble in substrate
gravel in substrate
sand in substrate

silt in substrate

0.41 (0.28-0.51)

0.30-(0.22—0.36)

21.8 (17.0-26.0)
0.0

7.1 (0.0-35.3)

86.9 (63.2-95.0)

5.9 (1.6-8.6)

0.1 (0.0-0.3)

0.0

0.45 (0.18-0.74)

0.32 (0.15-0.51)

24.7 (10.0-37.0)

0.0
i3.8 (0.0-25.8)
76;1 (60.7-90.2)
9.8 (1.3-16.9)
0.3 (0.0-0.7)

0.0

0c




. Table 11. Means and ranges for selected redd characteristics for brown trout on the

Yellowstone River in 1974.
(unpublished data).

Data from Berg (unpublished data) and Workman

Location

# of
redds

Depth (cm)

Mean (range)

Current velocity
-(m/sec)

Dist. to shore (cm)

- 33.8 km downstream
from Livingston

29.0 km downstream
from Livingston

24.1 km downstream
- from Livingston

Town of Livingston*

17.8 km upstream
from Livingston

45.2 km upstream
from Livingston

59.6 km.upstream*
from Livingston

75

12

97

47

28

30.8 (15.2-82.3)
28.3 (18.3-51.8)

50.0 (21.3-88.4)

57.6 (12.2-131.1)
60.4 (39.6-67.1) -
34.7 (18.3-76.2)

39.0 (18.3-73.2)

0.54 (0.23-0.93)
0.52 (0.40-0.66)

0.54 (0.34-0.71)

0.59 (0.10-1.23)
0.76 (0.60-0.94)

0.54 (0.37-0.99)

-0.49 (0.20-0.85)

568.4 (152.4-1524.0)
441.5 (61.0-914.4)

234.9 (61.0-396.2)

1016.3 (335.3-1249.7)

737.9 (182.9-1493.5)

"% From Workman (unpublished data).

I€
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Livingston. Hoﬁever, Workman (unpublished da?a) did note a close
B association of tﬁe‘brown frout ;edds with willow cover and undefcut
bank. Apparently brown trout will use a variety of spawning- habitats.
, Probability-of-use curves for important brown trout spawning
habitgt'factors were developed for the ﬁpﬁer 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 valués calculated for brown ‘
trout on the YellowstonehRiver were 23.0-24.0 cm in depth, 0.46-0.51
m/sec‘in current ve;ocity, in substrates witﬁ 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 Aepth, 0.48-
6.61 m/sec in current veloci;y énd substrates with a composition of

100% gravel.

Habitat of Fry
A total of 145vfry were captured on ‘the Beaverhead River from
July 9-August 29, 1979. Of these, 31 were rainbow trout (Appendix
TaLle 19) and 114 were brown trout (Appendix Tablé 20).. Specimens
ranged from 4.2-11.1 cm in total length.
Probability-of-use curves for the habitat variables measured at
capture points of rainbow trout fry are ‘presented in Figure 11.

Ninety percent of the rainbow trout were taken in water depths of
















































































































