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Abstract:

This study evaluated potential impacts of flow fluctuations on spawning success of brown and rainbow
trout (Salmo trutta and S. .gairdneri)in the Missouri River below Hauser Dam. Trout spawning habitat,
and its relationship to discharge, was evaluated by using the physical habitat simulation method
(PHABSIM) in conjunction with empirical observations. PHABSIM underestimated discharges
required to provide maximum available spawning habitat because of biases in depth criteria, and
inadequacy of model inputs (depth, velocity, and substrate) in describing preferred spawning habitat.

In the Missouri River and Beaver Creek, physical and hydraulic characteristics of redds were measured
to establish spawning criteria. Water velocity appeared to be the most important variable in spawning
site selection, and as discharge varied, lateral adjustments in spawning site selection were dictated by
water velocity. Dewatering of brown trout redds in the Missouri River occurs at about 60% of the
spawning discharge. Spawning of either brown or rainbow trout occurs for at least 5 months of the
year. Nocturnal spawning was predominant though fish were observed spawning at all times during a
24-hour period. Duration of brown trout redd construction (Missouri River) ranged from I to 5 days,
with most redds being completed in 3 days. Quantity of adequate spawning habitat appears limited for
brown trout, which show a high incidence of redd superimposition. Use of Beaver Creek for spawning
by river migrants was extensive for rainbow trout but was negligible for brown trout.
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ABSTRACT

This study evaluated poteéntial impacts of flow
fluctuations on spawning success of brown and rainbow
trout (Salmo trutta and S. 'gairdneri)in the Missouri River
below Hauser Dam. Trout spawning habitat, and its
relationship to discharge, was evaluated by using the
physical habitat simulation method (PHABSIM) in
conjunction with empirical observations. PHABSIM
underestimated discharges required to provide maximum
available spawning hablitat because of biases in depth
criteria, and inadequacy of model inputs (depth, veloc¢ity,
and substrate) in describing preferred spawning habitat.
In the Missouri River and Beaver Creek, physical and
hydraulic characteristics of redds were measured to
establish spawning criteria. Water velocity appeared to
be the most important variable in spawning site selection,
and as discharge varied, lateral adjustments in spawning
site selection were dictated by water velocity. Dewatering
of brown trout redds in the Missouri River occurs at about
60% of the spawning discharge. Spawning of either brown
or rainbow trout occurs for at least 5 months of the year.
Nocturnal spawning was predominant though fish were
observed spawning at all times during a 24-hour period.
Duration of brown trout redd construction (Missouri River)
ranged from 1 to 5 days, with most redds being completed
in 3 days. Quantity of adequate spawning habitat appears
limited for brown trout, which show a high incidence of
redd superimposition. Use of Beaver Creek for spawning
by river migrants was extensive for rainbow trout but was
negligible for brown trout.




INTRODUCTION AND OBJECTIVES

In recent years, Montana Power Company's (MPC)
' hydroelectric facilities have generated about 400
megawatts annually and met a little over half the total
electrical demand for'thé State of Montana. At the sfart
of this study, Hauser Dam was one of four existing
hydroelectric genera;ion sites scheduled for
redevelopment. The goal of redevelopment was to "more
ecomomically utilize the water available at the existing
sites” (MPC 1984). |

Hauser Dam is presently operated as a run-éf-the--
river plant with a genératiﬁg capacity of 16.5 megawatts.
Engineering studies performed for MPC indicate thatlan
additional 25 megawatt powerhouse, combined with a peaking
operation, would produce the highest cost-benefit ratio.
The flow patﬁern associated with increasing the generating
capacity below Hauser Dam could result in daily discharges
ranging between 42.5 and 269.0 m3/seéond (1,500 and 9,500
cfs).

The flowing portion of the Missouri River between
Hauser Dam ani the'impﬁunded water of Holter Reservoir is
an extremely popular rec;eation area with:fishing for

brown and rainbow trout (Salmo trutta and S. gairdneri)
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being an important aspect. This reach has been designated
as a Class 1, Blue Ribbon trbut stream with national ‘
importancé (Brown et al. 1959).u Little inforﬁation
concerning the fish populations in this reach of river and
its major tributary, Beaver Creek, was available prior to
this investigation.

Spawning, incubation of eggs, and rearing of young-
of-the-year trout are the life history features assumed to
be most influenéed by fluctuating flows in the Missbpri
River study area. Factors relating to brown and rainbow
trout spawning and egg incubation were evaldated in this
study.

Selection of spawning sites is not a random process,
but rather, depends upon a specific set of physical and
hydraulic conditions including particle size of streambed
materials, water depth, water velocity, and escape cover
for spawners. Each species has evolved to select the
combination of these parameters ﬁhich will result in
maximum reproéuctive success within the environment in
which it evolve&. In the Missouri River study area, brown

: A
trout are entirely self-sustaining and depend on the
short, flowing segment of river for spawniﬁg. The rainbow
trout population, however, is supplemented by hatchery
fish. The average 'stocking rate in Hauser and Holter
Reservoirs during recent years has been 200,006 and

300,000 fingerlingé, respectively (Berg and Lere 1983).
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This stocking probably has a large influence on the
resident river ﬁopulation.

The objective of this investigation wa; to determine
the.reproductive requirements of brown and rainbow trout
and to predict the impact of altering the diséharge
pattern from Hauser Dam on trout reproduction. The
approach taken in assessing impact was to:

1) Determine the importance of Beaver Creek as a
spawning tributary.

2) Locate important spawning habitat and describe
distribution and abundance of tredds.

3) Measure physical and hydraulic characteristics
0of redds to determine spawning requirements.

4) Monitor timing of spawning runs.

5) Monitor movements of spawning trout

6) Observe general spawnihg habits that may aid in
predicting spawner responses to changes in
discharge pattern.

7) Use hydraulic and habitat modeling to examine a
series of discharges in relation to spawning
habitat. '

Results addressing the objectivé of this study are
presented in this thesis, but conclusions and specific
flow recommendations can not be published ‘at this time.
Recommendations:relating to proposed Hauser Dam expansion
are available in White et al. (1984) which will be
released at a later date.

Information presented in this thesis was collected

during 301 field days between 20 October 1981 and 8

January 1984.




DESCRIPTION OF STUDY AREA

Hauser Dam is located on the Missouri River
approximately 22.5 km northeast of Helena, Montana. The
Missogri River study area included the 6.8 km flowing
segment of river between Hauser Dam and Upper Holter
Reservoir (Figure 1)1 The flowing segment becomes
increasingly influenced by the impounded water of Holter
Reservoir dowﬁstream from the.island located 4.5 km below
Hauser Dam.

The Missouri River‘flqws through a high walled,
rugged canyon from Hauser Dam to the mouth of Beaver
Creek. The remainder of the study agea lies in a narrow
floodplain‘bordefed by broad benches'or bars. Access to
the study area is primarily limited to boat and foot
travel by the steep topography of the surroundings.

Hauser Dam is poéitioned between Holter Dam, which is
43.0 km downstream, and Canyon Ferry Dam which is located
24.9 km upstream (Table 1). These impoundments greatly
influence the fishery within the study area. The
limnology of Canyon Ferry Reservoir largely governs that
of Hauser and Holter Reservoirs (F. Pickett pers. comm.).
Holter Reservoir provides an extensive rearing area for

fish produced in the flowing segment below Hauser Dam.
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Figure 1. Missouri River study area showing spawning
areas and distances below Hauser Dam.
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Hauser Dam is a run-of-the-river plant which
began operating in 1911. The dam is a concrete
gravity structure with a spillway crest 135.6 ﬁ long, and
an elevatioﬁ of 1,103.7 m above sea level. The height of
the dam above the riverbed is 39.6 m and the intake depth.
below wafer surface is 8.2 m at the midpoint. Capacity of
water intake is 121.8 m3/second (4,300 cfs). .
Table 1. Date of installation, surface area, electrical

capacity, and storage capacity of three
impoundments in the upper Missouri River.

Canyon

Ferry Hauser Holter
Year Installed ' 1953 1911 1918
Electrical Capacity 50 16.5 49
(megawatts) '
Reservoir Storage 2530.0 67.8 101.2
(million cubic meters)

Surface Area (ha) 14,238 1,497 1,943

The average annual monthly flow at Hauser Dam is
139.6 m3/second (4,929 cfs) (MPC flow data for period'1929 to
1978). Flows are above average from April fhrough July.

227.6 m3/second; 8,036

Highest flows occur in June X

cfs) while September is the month of lowest flow X =

107.8 m3/second; 3,805 cfs). The drainage area of the
2

Missouri River at the dam is 43,708 km“.
Beaver Creek, the only perennial tributary in the

flowing segment, was also evaluated. This stream, which




7
empties into the ﬁigsouri River 2.7 km below Hauser Dam,
is %pp%oximately 27 km long,‘with an average gradient of
1.72% (Figure 2). "From ifs éourde féjthe'féwn'of NeIEAn,
the creek flows tﬁfough a narrow, limes;oﬁe canyon. Below
this, Beaver Creek meandefsAthrough—a broader flood plain.
Numerous beaver dams arejfﬁﬁﬁd throughout the length éf
the stream. Most of the iand surrounding Beaver Creék is
administered by the U. S. Fo?ést Service (USFS); a USFS
road parallels the creek'upstream_from the mouth for over
19 knm.

Severe habitat degradation on Beave? Creek has
resulted from alteration of the stream bed for
construction of roads and a pipeline, as well as from
dewatering and channe;ization. Prior to 1974, the lower
3.2 km of the stream was under privéte control and had
been completely dewatered for several years during the
irrigation season (Hill and Wipperman 1976). The
Department of Fish, Wildlife and Parks survéyed the stream
in 1973 and found that 24% of a 22.4 km length had been
adversely impacted by human activities (Hill and Wipperman
1976).

The Missouri.River and Beaver Creek study areas lie
within a ponderosa pine - grassland vegetation type.
Riparian zones are dominated by red dogwood (Cornus

stolonifera) and Willow (Sallix spp.).
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Figure 2. Beaver Creek study area showing locations of
electrofishing sections and study section.



METHODS

Fish Sampling

Several aspecté of the spawning life history were
'investigated by electrofishing tﬁe Missouri River and
Beaver Creek. F&ur‘different electréfishing s&stems were
used té meet a variety o? sampling situations.

For electrofishing ;he ﬁiSSOuri River, a fixed-
electrode system was suép@nded'from a 4.8 m aluminum boat.
The éystem &as pdwgred €y111500-watt, 115-volt AC
gene?ator, and a Coffelt%rectifyihg—unif (Model VVP-2C)
was used to adjust voltaées and convert aiternating
current to pulsed direct;current (60 pulsgs per second).
Most river electrofishiné was conducted at night to
enhance capture efficiengy. Four 120-v61t flood lights
were attached to the bda; to provide lighting forfhg
netter and boat operatoé.

Three types of mobiie electrode systems were used to
sample fish populations ;n Beaver Creek. During low and
‘ modérate discharges, bat;ery backpack rectifying units
were effective in capturing spawners. A more powerful
system was used in Beaver Creek during periods of hiéh
disch;rge. For this syséem, a 5.2 m aluminum‘canae

| .

carried the same power sburce-and rectifying unit used in

\
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the fixed electrode‘sfstem, but the positive electrode was
hand-held and the negati%e electrode was suspendeq from
the canoe.

Estimates of fish populations‘in Beaver Creek were
made using a bank electrofishing unit. The componént;
were the Qame as usede{the canoe system, except the
hand-held positive electrode was attachéd to a 152 m
length of electrical cord. Beaver dreek electrofishing
was primarily confined to sections which were chosen as
being representative of the habitat available. Popuiation
estimate sections were 305 m long. Section 1 was the
lower—-most 305 m of Beaver Creek. Sections 2, 3,-and 4
were located 4.8 km, 6.4 km, and 17.7 km upstream from the
mouth, respectively.(Figure 2). Population estimétes were
calculated using the Chapman modification of the Peterson
formula.

During spawning periods, the Missouri River and
Beaver Creek study sections were electfofished
periodicaily to determine where spawning fish were

concentrated and their stage of maturity. Spawners were

"classified as: 1) gravid - sex pfoducts well -developed;

small quantities of milt 'extruded from males when light
pressure was applied to abdomen; eggs in females well
developed but not released when pressﬁre was applied, 2)
ripe — milt and eggs readily released when light préssqre

was applied to the ventral cavity, and 3). spent — testes

v
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and ovaries empty; females in this copdition had flaccid
abdomens. Secondary sexual characteristics, such as kypes
and the degree of scale embeddedness, were also used to
differen;ia;e between males and females when they were not
ripe. Males tended to have more pronounced kypes and

scales more deeply embedded.
Trout Movenent

Trout longer than 200 mm total length wére marked
Qith individuallyyidentifiable Floy T—tags us;ng a Mark II
tagging gun. Five thousand fish were tagged from 12
March 1982, to 23 March 1983-4,000 in the Missouri River
and 1,000 in Beaver Creek.

Tagged fish captured by anglers and electrofishing
were used to monitor movement of brown and rainbow trout.
Spawning movement‘was determined by.using recapture qafa
for fish showing sexual maturity when tagged or
recaptured. General (non-spawning) movement was
evaluated from fish that were not ripe, gravid; or spent
when tagged or récaptured.

To determine movement patterns within the 4.5 kﬁ
study section, the Missouri River study area wﬁs div;ded
into four subsections coinciding with frequently used

stopping places where fish were tagged ‘and released. The

four subsections ranged from 0.8 to 1.4 km in length.

Reliable recapture locations were obtained from only 1,264
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(8}.0%) of the 1,560 recaptures beéause standard fish
processing stops were not always used and fisherman catch
locations (received by phomne or mail) were often too
general.

. Movement of trout from the Missouri River to Beaver
Creek or from Beaver Creek to the river was also
measured. Angler returns from Holter Reservoir, two
tributaries of Holter Reservoir, and the Miésouri River

below Holter Dam provided further movement information.
Redd Distribution and Abundance

Missouri River

The Missouri River between Hauser Dam and the slack
water of Upper Holter Lake (approximately 5 km) was
monitored regularly to record the progression of spawning
activity for brown frout (fall 1981 and 1982) and rainbow
troﬁtl(spring 1982 and 1983). Redd couﬂts were made by
walking the shoreline, by flogting, and by observing

spawning areas from the surrodﬁ:ing bluffs. Efficiency of

) R
counting redds was affected by wind, cloud cover, and

A
Piad

turbidity.

The presence (or gbsence) of &eep;water spawﬁing was
an important consideration in this investigation. We
unsuccéssfull& attempted to locate and count redds by
snorkeling in relatively deep water. On 14 December 1983,

river discharge was decreased from 169.5 m3/second (5,986
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cfs)'to 42.7 m3/second (1,506 cfs) for 2 hours. During
this time, a helicopter was used to search for and count
brown trout redds in deep water areas, and a ground crew
examined shallow and dewatered areas. ‘Aerial photographs
were taken covering 4.8 km of the Missouri River beléw
Hauser Dam. From theée, surface areas of redd aggregates
within intensively used spawning areas were determined.

Beaver Creek

Approximately 3.2 km of Beaver Creek from Nelson to
the second bridge below Nelson (electrofishing section 2)
were selected for périodic redd counts (Figure 2). Redds
were counted by wading upétream or walking the shoreline.
Fish could occasionally be observed on re&ds, allowing for
species confirmation, and size estima%ion. From 1981 to
1983, the number of redds was estimated in the lower 11.6
km of Beaver Creek'near the ehd of the brown tréut
spawning period. Reliable counts of rainbow trout redds
were not obtained in Beaver Creek‘duripg the spring of
1982 because of turbid water. Rainbow trout redds were

counted during 1983.
Physical and Hydraulic Characteristics of Redds

Preferred habitat for spawning in the Missouri River
and Beaver Creek was determined by measuring phys;cal
conditions at and around brown and rainbow trout redds.

Each redd observed was marked with a painted rock so that
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it would not be-éounted or méasured again. The lehgth of
each redd was ﬁeaéuréd from theupﬁer edge of the pit to
the lowermost portion of the tailspill (Figure 3). Three
equidistantly spaced width measurements were also taken.
From fhese, an estimate of the surface area of the redd
was made using the following formula (Reiser 1981):

Area = (1/2L x Wt) + (1/3L x Wm).+ (1/6L x Wu)

L = length of redd

Wt = width across lower third
Wm = width across midpoint

Wu = width across upper third

Measurements of water dgpth and point velocity (taken
approximately 20 mm above the subgtrate surface) were made
at the.upper edge, the pit, and the tailspill of each
redd. Mean water velocity (at 0;6 of depth) was measured
at the upper edge of the redd (Figure 3). Water depths
(nearest 2.0 cm) were measure& with a top setting rod and
velocities were measured with a Marsh-McBirney (Model 201)
electronic current meter. When applicable, I also
measured the distance to cover, riffle, and shore, and
noted cover type.

Spawning substréte was sampled by using a modified
McNeil samplér with a 17B—mm;diameter tube (McNedil 1964).
The tube was embedded immediately in front of the redd to
a depth of 190 mm and thé enclosed substrate and suspended
solids extracted and stoLed for later particle size

analysis. Thirty-five substrate samples (consisting of

bed—material) were colle¢ted from brown and rainbow trout




LONGITUDINAL SECTION OF TROUT REDD

(FROM REISER AND WESCHE, 1977)

Figure 3. Location of redd measurements.
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redds in Beaver Creek, and 50 samples were collected in
the Missouri River. At major spawning sites, substrate in
the river was observed and photographed during a flow
reduction test. During 1983, visual estimates of
substrate composition ﬁere made at brown trout redds in
Beaver Creek.

Substrate samples were dried in a forced air oven for
4 hours at a temperature of 150 C. Sieving was done using
a Tyler Ro-Tap gieve.shaker and U.S. Standard Testing
Sieves in nine sizes of square mesh ranging from 63.50 nm
to 0.42 mm. The gamples were halved to prevent clogging
of sieves,.and the shaker was operated for 1 minute per
half sample for a total of 2 minutes per sample. The
substrate material in each sieve was weighed to the
nearest 4.54 gm (0.01 1b) dnd the percentage of the total
sample weight was computed.

Measurements along cross—sectional transects were
taken to quantify habitat available for brown trout
spawning. Prior to the brown trout spawning period, 65
transects were randomly located along the 3.2 km study
section of Beaver Creek. Readings of water depth and mean
water column velocity were taken at 0.5-m intervals along
cross sections, and substrate composition was visually
estimated at 1.6 m intervals using the modified Wentworth
séale (Table 2). Stream width and presence of overhead

cover were also recorded at each transect.
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Table 2. Classification of substrate based on a modified
version of the Wentworth particle size scale.

Substrate Type ) | Particle Size (mm)
Fines . 2.0

Gravel . ' 2.0 - 64.0
Cobble - 64.0 - 250.0

Boulder ‘ >250.0

To compare use and availability of spawning
substrate, a method was developed to derive a single value
representing the mean particle size of a visual

observation. The method is explained in Appendix A.
Duration and Pattern of Redd Construction

.From 18 chober to 12 November 1982, brown trout
spawning in fhe Missouri River was monitored daily to
Aetermine the amount of time required for redd
construction, and to document daily spawning battern of
individual fish. By placing a painted rock in the pit of
the redd, additional spawning at that redd could be
detected. Selected redds were observed 6nce or twice each
day froﬁ the time redd building activity began until it
ceased to determine times of the day when fish were on the
redd. Some night observations were also made using a

spotlight.
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Predicted Hatching and Emergence TFTinme

Surface water temperature data from the Missouri
River were used to estimate development ;étes of brown and
réinbow trout embryos. Temperature units were calcuiated
from the mean daily temperature (average of maximum and
minimum daily temperature), with one temperature unit
equaling one degree Fahrénheit above freezing (0 C) fbr a
period of 24 hours. The number oﬁ days and temperature
units required for eggs to hatch. . were obtained from the
literature (Leitritz and Lewis 1976; Carlander 1969).
Hatching dates were calculated for the earliest and latest
redds observed in the river to determine the rangeof
hatchiné times.

Whitlock—Vibert'boxes were used to observe égg
development for rainbow frout. Eggs and sperm were taken
from'spawners.collected during electrofishing. One
hundred fertilized eggs were placed in each box and the
boxes were buried 150 to 200 mm (the depth which eggs were
observed in natural redds) in the gravel. Three
boxes were placed in each of two spawning areas in the
vicinity of rainbow trout redds. We had hoped to retrieve
the boxes individually at various incubation times, but
none could be reached until high spring flows in the river

receded.
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Physical Habitat Simwmlation

The U. S. Fish and Wildlife Service physical h;bitat
simulation (PHABSIM) system:was used to relate changes in
discharge to changes in the quantity-of usable spawning
habitat. The basic premiges of PHABSIM include: 1) each
species exhibits preference within a range of habitat
conditions it can toierate, é) these ranges can be defined
for each species, and 3) the area of stream .providing
these condifions can be quantified as a function of
discharge and channel structure (Bovee 1982). The primary
outputrof the -model is a measure of usable microhabitat
called weighted usable area‘(WUA)“

The.basic model components are: 1) a water surface
profile (WSP) model which predicts changes in water
surface elevation, depth, velocity, and wetted perimeter
along transects, 2) a judgement of the boundaries of
suitable spawning substrate within the transect areas
(these boupdaries were determined during a reduced flow
test), and 3) observed spawning preferences for depth,
velocity, and substrate presented as’probability of use
cur?es. Curves were generated from GOSTAT/GOPLT programs,
which perfbrm an exponential polynomial curve fit on
frequency data.

Field data required for hydraulic simulation
included cross-section surQey data (to highwater marks),

distances between cross—sections, corresponding water
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surface elevations at all cross sections at the known
discharge. Also recérdeq were descriptions of substrate,
bank and overbank material and vegetation as well as where
these change within the cross sections. ‘ .

During the 3day pegiod.in which transect data were
collected, MPC regulated the river at a constant flow of
146.6 m3/second (5,178 cfs)? as determined from the stage-
discharge ralationship developed by MPC in 1982. Survey
data were collected along four transects in each of three
sections of the river; these sections corresponded to
spawning areas 1,2 and 4.

Bank and wadable areas (depth < 1.0 m) were surveyed
using a level and_hand-héld stadia rod. Channel profiles ~
in unwadable areaslwere surveyed ffom a boat equipped.with
a constant recording fathometer (Raytheon, model DE—719BL
A range finder (Lietz, model SD-5F), operated by a person
on shore, was used to détermine distance along the
transect and ‘to keep the boat ‘on course. To provide
targets for the boat operator, two large floats were
placed off each bank at the outer extent of the
measurements taken by wading. For a more detailed
description of field techniques, see Graham et al. (1979).

The PHABSIM model calculates a weighted suitability
index which refleéés the relative preference of the
spawners for the combination of structural and hydraulic

characteristics found in each stream segment (or set of
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four‘transects). This index is expressed as the
percentage of the gross surfgce area in the stream segment
which contains suitable combinations of habitat variables
for each 1ife stage of the species for eachéimulated
discharge. For a detailed exﬁlanation of how the PHABSIM
system functions, see Bovee (1982) and Milhous et al.

(1981).
Predicted Dewatering of Utilized Spawming Habitat

In 1982, 77 brown trout redd depths were measured at
spawning areas 1 and 2. The number of these.redds
dewatered at a specific discharge was determined by using
predicted changes in wa?er surface elevation. Three
inputs were required to use this method: 1) discharge and
water surface elevation of the river at the time of
spawning; 2) distribution of redd depths at spawning areas
1 and 2; énd 3) water surface elevations at numerous
discharges from hydraulic modeling.

The number of redds dewatered at areas 1 and 2 was
determined at 2.8 m3/second (100 cfs) increments betweén
85.0 m3/second (3,000 cfs) and 70.8 n3/second (2,500 cfs).
The number of redds dewatered at a given discharge
was divided by the-numb;r of redd depth measurements (77)
to determine the percentage dewatered. Spawﬁing areas 3
and 4 were not included in this analysis because hydraulic

modeling was not available at area 3, and the backwater of
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Holter Reservoir made hydraulic modeling unreliable at
area 4. Also, redds at area 4 are not dewatered within

the range of flows outlined above.
Reduced-Flow Test - 1982

A reduced-flow test waé conducted on 17 August 1982.
The purpose of the test was to provide additional
information for evaluating potential impacts on spawning
habitat of periodic flow reductions from approximately
269.0 m3/second (9,500 cfs) to 38.5 m3/second (1,358 cfs).
The 38.5 m3/second (1,358 cfs) flow was based on the
stage-dischargg relationship developed'in 1982 by MPC.

Three major spawninglareas of brown and rainbow trout
were examined during the 38.5 m3/second (1,358 cfs) flow
to evaluate substrate slze in areas known tobe.usedfor
spawning, to measure depths and velbcities of potential
spawning areas with suitable substrate,“and to determine
bottom profilés of’spawning areas as far into the channel
as possible. Thirt?en permanent transects were
established at known spawning'sites:' six transects at the
first gravel bar élong the right bank 0.2 km beiow the
dam, six at the series of gravel bars along the right bank
approximately 1.6 km downstream from the dam, an& one ét
the mouth of Beaver Creek. Along each transect,

substrates were sampled and photographed, profiles of
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spawning areas were made, and depths dand mean column

velocities were measured.

Reduced-Flow Test — 1983

On 4 August 1983, a reduced—-flow test was conducted to
evaluate the accuracy of hydraulic modeling predictions at
th;ee major‘brown and rainbow trout spawning areas (areas
1, 2, and 4). Water surface elevations were measured by
surveying techniques at four discharges [81.1 n3/second
(2,863 cfs), 66;7 m3/second (2,357 cfs), 55.4 m3/second
(1,956 cfs), and 143.0 m3/second (5,048 cfs)]r Water
depths and velocities were measured along mo&eling
transects to coﬁpare observed with predicted values, and
to determine suitability of.these areas for spawning

and/or incubation at the three lowest discharges.

Temperature and Discharge Monitoring

Water temperatures were recordéd continuously with
submersible Ryan 90-day thermographs (Model J) that were
installed in October, 1981l. The thermograph in the
Missouri River was located 0.4 km below the dam, whilg the
thermograph in Beaver Creek was placed néar the U. 8.
Forest Service gauging stgtion 2.4 km above the mouth.

Streamflow data in the Missouri River were gathered
from a U. S. Geological Survey station 0.3 km below Hauser
. Dam. Beaver Creek flow data were recordéd at the U. S.

Forest Service gauging station.
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RESULTS
Redd Distribution and Abundamce

Brown Trout = Missouri River

During the 3 years brown trout spawning was
monitored, spawning began between 11 and 22 October and
was completed by mid to late December. Water temperature
at initiation of spawning was between 9.4 and 11.1 C
(Figure 4). Spawning activity peaked‘in early to mid
November during 1981 and 1982 (Figure 5).

During each field season, most redds (87 to '100%)
wefe observed in four general spawning areas: 1) the
large gravel bar immediately below the dam, 2) the series
of small gravel bars 1.6 km below the dam, 3) the delta at
thé mouth of Beaver Creek, and 4) the broad, homogeneous
run above Cochran Gulch (Figure 1).

Fifty-five and 160 brown trout redds were observe& in
1981 and 1982, respectively. These redd counts were known
to be underestimates. Factors contribuing to the low redd
counts were: 1) the high incidénce.of multiple redds ahd‘
superimposed redds, 2) the presence of redds in relatively
deep water that were not visible to the observer, énd 3)
the inability to distinguish between brown trout and

kokanee salmon redds. . In areas jointly used by brown
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TIMING OF SPAWNING
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Figure 4.

Timing of trout spawning, and water temperature
at initiation of spawning iIn the Missouri
River study area (1981-83).
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BROWN TROUT - MISSOURI RIVER

12‘1 ' [ r
181
] i N = 55
1
8-
-
4
N
g | |
o October "November Docember
.
o 1
i
m 30- -
% - N : 1982
2 ] N = 130
20+ -
o [T _
[1
10+
o 1 ’ " TL]
Octobor Novomber Decomber
DATE

Figure 5. Temporal distribution of redd starts by brown
trout in the Missouri River study area (1981-82),
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trout gnd kokahee spawners, redds were omitted from Fhe
counts unless positive i&entification of the redd builder
was made. Kokanee spawning progressively increased during
each of the three fall spawning periods.

In 1982, considerably more ¥edds were counted than in
1981. This wasAdue to more frequent obse;vations which
allowed better enumeration of multiple and superimposed
redds. During 1982, only an estimated 22% of the redds
obse;ved were single spaﬁning sites (Table 3). All other
redds were aggregates with additional construction in
front of, adjacent to, or directly over the original
spawning site (superimposed). The 55 redds counted in
1981  actually represent 55 redd aggregates; the number of
individual spawning éites-was probably much larger. The
discovery of spawning area 4 also supplemented the 1982
redd count.

Table 3. Total number and percentage of single (not

superimposed) brown trout redds constructed
in the Missouri River, 1982.

Total Number Number of Percent

Spawning of Single Single
Area Redds Redds Redds
1 ‘ 26 6 23%
2 , 66 18 27%
3 34 4 12%
Other 4 1 25%

Total 130 29 ‘ 227%
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In 1983, ard estimated 487 brown Erout redds were
observed on 14 December during a reduced flow test. This
higper estimate was primarily a result of observing deep-
water redds adjacent to known spawning areas, especially
at area 3. The redd count was also increased by more
accurately estimating the number of redds within large
redd aggregates by using aerial photographs and
planimetric methods. The estimated number of redds at
area 4 was significantly increased by using this method.
Also observed weré 49 deep-water redds that were not
associated with the four major spawning areas.

Kokanee spawning was extensive in areas 1 and 3
during 1983, but no kokanee were observed spawning in
areas 2 and 4 during the 3 years of investigation.
-Electrofishing also failed to find spawning kokanee
concentrated in areas 2 and 4. Deep-water redds observed
in these areas during 1983 were designated as brown trout
redds because brown trout spawners were predominantly
electrofished there.

The delta at the mouth of Beaver Creek (area 3) was
heavily used by brown trout in 1981 and 1982. 1In 1983,
kokanee appeared to displace brown trout spawners from the
shallow, observable portion of the delta. Because of
heavy use by kokanee, redds in th}s area were all
designated as kokanee redds although some brown trout

spawning probably occurred. Deep-water redds in the
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vicinity of the delta (approximately 175 redds)'were
counted as brown trout redds, although kokanee spawning
may have occurred there. During electrofishing, kokanee
were primarily concentrated in the shallow portion of the
delta, while brown trout were captured in the deeper
waters above and below the delta.

By comparing ground and aerial counts of brown trout
re&ds during the 14 December 1983 flow reduction, an
estimate of the number of brown trout redds that were not
visible to gfound observers during highér flows was made
at areas 1, 2, and 3 (Table 4). In area 1, six of the 20
observed brown trout redds (30%) were found in areas that
would not normally be visible to the redd observer. In
area 2, 19 of 64 redds (30%) were found iﬁ areas not
visible at normal flows. In 1983, no ground count of

brown trout redds was made 1n area 3 because of extensive

kokanee spawning activity. In 1981 and 1982, however, 21-

and 25 brown trout redds, respectively, were observed at
this site. This would represent less than 20%Z of the
total number of redds ;t this area if a similar amount of
deep water spawning occurred during the 3 years.

In 1982, an estimated 30 redds were located at area
4. Redds in this area were aggregatea, éway from shore,
and were at water depths of about 120 cm. Therefore, it

was difficult to estimate the number of redds present.

During 1983, this ‘group of redds comprised an area of
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295.7 m?2. Dividing this surface area measurement by the
average size of individual brown trout redds gave an
estimate of 170 redds——-a much higher and probably mére
accurate estimate than could have been made from the
ground.
Table 4. Comparison of redd counts from the ground and

-from a helicopter during the 14 December, 1983
flow reduction;, Missouri River.

Spawning Number of Redds
Area Ground Ground and Not Visible
Survey Helicopter From Ground
1 14 20 6 (30%)
2 45 64 19 (30%)
3 21 to 25% 175 ~150 (> 80%)
4 ' no count 170 --

*From 1981 and 1982 redd counts (no count in 1983).

The relgtivé importance of spawning areas changed
between years because of differences in discharge. In
1981, when discharge &as 111.9 m3/second (3,951 cfs)
during peak spawning (November), the largest number of
redds (447%) was observea in area 1. In 1982, when
November.discharge averaged 142.9 m3 /second (5,045 cfs),
area 2 was the most used spawning site with 41% of the
redds (Table 5). During 1983, the average discharge in
November was 194.9 m3/second (6,882 cfs). The number of
redds at spawning area 2 was similar &uriné 1982 and 1983

despite the increased flow in 1983 (Table 5). The

/
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. Table 5. Estimated number and percentage of brown and
rainbow trout redds in major spawning areas
below Hauser Dam, Missouri River. ‘

Brown trout

1981 1982 . 1983
x Number Number Number
Area of redds (%) of redds (%) of redds (%)
1 25 (54) 26 (16) 20 (4)
2 . 17 (31) 66 (41) 64 (13)
3 14 (25) 34 (21) 175 (36)
"4 no count . 30 (19) 164 (34)
\
{ Other no count 4 (3) 64 (13)
B

Total 55 160 487

Rainbow trout

1982 | 1983
1 34 (25) 78 (15)
2 61 (45) 198 . (38).
3 | 26 (19) 37 (7)
4 9 (7) © 125 (24)
Other 7 (5) 90 (17)
Total 137 ' 528

*See Figure 1.
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spawning riffles at area 2 are partially dewatered at
discharges less than about 127.4 m3/second (4,500 cfs),
thus the flow increase between 1981 and 1982 significantly -
increased available spawning habitat at area 2. The flow
increase from 1982 to 1983 added little new spawning
habitat at this éite.

The ‘higher redd count in 1983 was not a result of an
increase in spawner abundance. During the 1982 spawning
period, the Missouri River study area was electrofished 14
times from 2 October to 3 December. A total of 367 brown
trout in spawning condition was cappured:,'110 males and
257 females (Table 6). The efficiency of capturé
(recapture&/marked) for brown trout of spawning size, 356
to 686 mm, was approximately 357Z during the fall
population estimate. This electrofishing efficiency gives
an indication of the proportion of the total spawning
population sampled. |

During 1983, the'number of sexually mature brown
trout was estimated separately using mark/recapture
techniques. A number of assumptions inherent in
mark/recapture estimates are .violated when trying to
estimate the size of a transient population; however, the
estimate gives a réugh indication of the abundance of
spawning fish. A total of.713 (+ 219) females, and 202 (+
59) males were estimated during October 1983

electrofishing. The male/female sex ratio, determined




Table 6. A Number, length, and sex ratio of sexually mature trout captured
in the Missouri River below Hauser Dam and in Beaver Creek

- (1982-83).
Length (mm)
Number : M/F
Location Date Sex . . Mean Range observed sex ratio
Brown trout . ) .
Missouri R. 1982 male 551 (338-757) 110 1:2.3
. female 508 (272-676) 257
Missouri R. 1983 . male 523 (277-704) 127 1:1.9
female 498 (320-721) 249
Beaver Cr. 1982 male 297 (216-399) 35 1.2:1
female 287 (216-373) . 30
Rainbow tfout ’
Missouri R. 1982 male 406 (234-630) 220 1.1:1
female 437 (297-516) : 193
Missouri R. 1983 male 417 (246-549) 471. 1.1:1
female 437 (335-544) _ 429
Beaver Cr.” 1982 nale 366 (168-592) . 214 2.5:1
female 7 442 (246-587) 84
Beaver Cr. *1982 nale 394 (249-592) 163 2.0:1
female 442 (249-587) . 82
Beaver Cr.**1983 male : 403 (249-526) 318 1:1
female 432 (254-503) 313

£e

:Residents and river migrants
River migrants only
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from all sexually mature brown trout captured during fall
1983, was 1:1.9 and was not consistent with the above
estimate. The tendency for female spawners to spend less
time ét the '‘spawning grounds than males may have reduced
the number of recaptures and inflated the female estimate.
By comparing spring and fall brown trout population
estimates during 1982 and 1983, it appeared that
approximately 1000 spawners entered the study area eacb
year in the fall (Table 7).
Table 7. Estimates of brown trout population numbers

during spring and fall of 1982 and 1983 in the

4.5 km Missouri River study area (807%Z confidence
intervals in parentheses). ,

Population
Year Month estimate Difference
1982 May 249 (+ 47)
1,138
October 1,387 (+ 181)
1983 May 426 (+ 33)
920
October 1,346 (+ 212)

Each of the three methods used to estimate the size
of the spawning population (captu;e efficiency of gspawning
sized fish, mark/recapture of sexually mature fish, ana
comparisons of spring and fall population estimates)
indicate that brown.trout spawners number about 1000 fish

in the study area.
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Brown Trout — Beaver Creek

Timing of brown trout spawning in Beaver Creek was
similar to that observed in the Missouri River (Eigures 5
and 6). Peak spawning in the 3.2 km study section for all
years occurred during November. Mean daily temperature at
onset of spawning was between 5.8 C and 8.0 C each year.

Brown trout of Missouri River or reservoir origin were
rarely observed in Beaver Creek during the threé spawning
periods. Judgement of spawner origin was primarily based
on size. In 1981, a beaver dam approximately 300 m
upstream from the mouth was believed to be a barrier to
migration. Missouri River brown trout were not
concentrated in this section, and only nine redds were
constructed. These redds were presumably made by rivef
spawners that moved into the creek at night and returned
to the river during the day.

Spawning by brown trout resident to Beaver Creek was
extensive. In the lower 8.7 km of Beaver Creek, from the
mouth to Nelson, 252, 205, and 209 redds were counted
during 1981, 1982, and 1983, respectively. 1In the lower
11.6 km, 324 and 345 redds, respecti§ely, were counted in
1981 and 1982.

Rainbow Trout — Missouri River

Spawning of rainbow trout in the Missouri River study
section continued for over 2 months in 1982 and for 3

months in 1983, with peaks in spawning activity occurring
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BROWN TROUT - BEAVER CREEK

trout in Beaver Creek (1981-83).
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in late May (Figure 7). Water temperature at onset of
spawning was. 3.5 C both years (Figure 4). 1In 1982, redds
wereé first observéd<n127 March and by 23 May, 137 redds
had been counted. Redd counts could no longer be made
after 23 May because of water turbidity. The first reéds
in 1983 were found on 7 March,.and 528 redds were counted
by 7 June. Water clarity was excellent. throughout the
spawning period ;nd partly accounted for the higher redd
count in 1983.

A less conservative approach in estimgting the number
of redds wi;hin redd aggregates also contributed to a
higher redd count in 1983. During spring 1982,
exceptionally large redds were counted as one redd.
Additionai experieﬁce, and more frequent redd counts
during the subsequent spawning season allowed for better
recognition and enumeration of multiple redds.

In 1982, all but 4 of the 137 redds observed were
located on the east (rigﬁt) side of the river between
Hauser Dém and Cpchran Gulch in the same general areas
used by brown trout. Only seven redds (5%) were found
outside the four major spawning areas. Ninety red&g (177%
of total) were found out;ide the four major spawning areas
in 1983. During both spawning years the largest number of
redds (45% and 37.5%) was located at the series of riffles
at area 2 (Table 5).

The Missouri River was electrofished 20 times from 26
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Figure 7. Temporal distribution of redd starts by rainbow
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March to 7 June during the 1982 rainbow trout spawning
run. The percentage of females in spawning condition was
determined at selected times during the spawning period to
confirm that redd counts accurately identified the peak of
spawning activity. On 26 and 27 March, 12% of the rainbow
trout females electrofished were gravid or ripe. Forty-
three percent of the rainbow trout females were gravid or
ripe on 8 May, and 10%Z were in spawning condition during
the period 2-7 June. During 1983 a similar ﬁattern was
observed during electrofishing. Twelve percent of the
females were gravid or ripe on 23 and 24 March, 55% on 8
and 10 May, and by 28 and 29 May, only 6% of the femalés
were in spawning condition.

During 1982 spring electofishing, 413 rainboﬁ trout
in spawning condition were captured: 220 males and 193
females (Table 6). The efficiency of capfure for spawning
sized rainbow trout (330 to 508 mm) was approximately 47%
during the spring population estimate. 1In 1983, when
electrofishing efficiency was 12%, 900 rainbow trout in
spawning condition were captured: 471 were males and 429
were females. Early in the spawning season there was a
much larger number of mature males than females, but by
late April the sex ratio approached 1:1.

Rainbow Trout - Beaver Creek

Rainbow trout of river or reservoir origin used

Beaver Creek extensively for spawning in 1982 and 1?83.
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In 1982, the first spawners were observed in Beaver Creek
on 27 March, coinciding with the beginning of spawning in
the-MiSSOuri River. Spawners began moving into Beaver
Creek when the mean daily water temperature in the stream
was 5.5 C. A beaver dam approximately 300 m above the
mouth concentrated the migrants until 23 April when the
dam was removed by the U. S. Forest Service.
Approximately 20 redds (with consideréble superimposition)
were present in this short section of stream at the time
of dam removal. During 1983, the first rainbow spawners
appeared in Beaver Creek on 16 April, over a month after
initiation of spawning in the river. Thé delay in
entering Beave? Creek was probably related to low spring
flows.

During the spring flows of April, May, ;nd June,
rainbow trout spawneré asceﬂded Beaver Creek without
difficulty despite the presence of several beaver dams.
River migr_ants were electrofished as far as 10.5 km up the
stream in 1982 and 1983.

On 14 May, 1982, 88 redds were counted in the lower
10.5 km of Beaver Creek; this was in addition to the
estimated 20 redds located near the mouth in April. These
108 redds represented'a partial count, éince turbid water
conditions prevented regular redd counts. In‘1982, 245

rainbow trout of river origin were captured during spring

electrofishing. All but three of the migrants were
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classified as being in spawning condition. Of the total
number of rainbows showing secondary sexual
chargcteristics (residents and migrants), 84’were females
and 214 were males (Table 6). The many early maturing
resident males were frequently observed both in the spring
and fall. By late June, 1982, most of the rainbow
spawners had descended Beaver Creek. 6n1y six rainbow
trout in spawning condition were observed when
approximately 1 km of'étream was electrofished on 23 June.

During 1983, six redd counts were made in the lower
10.5 km of Beaver Creek between 16 April and 29 June. The
upper extent of the rainbow trout spawning migration was
10.5 km above the mouth of Beaver Creek. A total of 581
redds were observed'd;ring the spawning run. Redds
constructed during high, turbid water conditions (mid May
to early June) could not be observed, making the overall
redd count an underestimate.

There were 631 spawning rainbow trout (318 males and
313 females) of river origin captured in Beaver Creek
bétween 29 April and 1 July, 1983. Of these spawners, 300
were tagged and 331 were fin-clipped for later
identification. After 19 May, tﬁ; number of épawners in
Beaver Creek appeared to decline markedly, and by 30 June,
few river spawners remained in the stream. Most fish
(67%) captured after 15 June were spent. Of the 631.

spawners marked or tagged in Beaver Creek, only 49 (8%)
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were recaptured in Beaver Creek during spring
electrofishing.

Fourteep cptthroat spawners of river or reservoir
origin were electrofished in Beaver Creek during 1983.
Most of these spawners (79%Z) were captured near the
upstream extent of the spawning migration, 9.6 té 16.5 km
above the mouth. The relatively small number of '

cutthroat spawners probably did not significantly bias the

rainbow trout redd count.
Physical and Hydraulic Characteristics of Redds

Brown Trout — Missouri River

Measurements of physical characteristics of 170 brown
trout redds éonstructed in the Missouri River during 1981-
1983 provided information on water depths and velocities
selected for spawning (Figures 8, 9, and 10). On the
average, redds were found at a depth of 64.0 cm where mean
column velocity was 0.76 m/second; average point velociﬁy
20 mm above the substrate surface was 0.29 m/second (Table 8).

Spawner response to changes in discharge was an
important consideration im this study. -Depfhs and
velocities which trout selected at a number of discharges
~were recorded to predict how spawning site selection

changed with changes in discharge.
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Table 8. Mean; range, and standard deviation of redd
depths and velocities selected by brown trout
(N = 170) in the Missouri River study area.

Mean + SD Range

I+
=
o}
=

Depth (cm) 64.0 24.4 to 118.9

Mearn Column 0.76 + 0.23 0.33 to 1.40
Velocity (m/second)

Point Velocity* 0.29 0.00 to 0.67

(m/second)

|+
o
-
(o))

*Taken 20 mm above substrate level.

Flow during brown trout spawning periods was highest
during 1983, lowest in 1981, and intermediate in 1982
(Figure 11). The 1982 fall discharge most closely
approximated historical (post-Canyon Ferry Dam) flows.
During 1981, discharge increased from 89.5 to 112.7
m3/second (3,162 to 3,978 cfs) at the end of October and
then increased to 132.2 m3/second (4,668 cfs) at the énd
of November. Since peak spawning occurred during
Noveﬁber, most redds were measured at a discharge of about
113.3 m3/second (4,000 cfs). 1In 1982, the discharge
remained relatively constant throughout the sp;wning
period at approximately 141.6 m3/second (5,000 cfs). The
mean November discharge iﬁ 1983 was 194.9 m3/second (6,883
cfs). | ‘

The 20 fo 25% increase in discharge from 1981 to 1982
resulted in a 33.5% increase in depth selected for

spawning, but only a 4.7% increase in mean velocity
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selected (Table 9). Aithough only 17 redds were measured
in 1983, a similar trend in water depth and velocity
selection was noted: .Mean river discharge at the time of
reda measurements (13 to 30 Octbber) was 168.3 m3/second
(5,944 cfs); an increase of 19% from 1982. Redd.depth
increased by'5.7% and mean velocity at redd sites decreased
by 3.1% compared to 1982. '

Selection of certain water velocities is further
illustrated by examining characteristics of fedd é;tes_at
four different times and discharges on tranééct‘"B",
located across the large gfavel bar jﬁst below the dam
(Figure 12). As discharge increased, spawning activity
moved toward shore. Although depths.at spawning‘sit;s
progressively increased, mean veioé;ty remained virtually
unchaﬁged at this transect location until discharge
increased to 184.1 m3/second (6,500 cfs) at which time
mean velocity decreasgd. The gradually descending contour
of this spawning area allowed the spawnefs to make the
desvribed-adjustments.

At £he series of riffles about 1.6 km below the dam,
the spawners were less able to make lateral adjustments to
cﬁanges in discharge because of more limitedZSpéﬁning
substrate. ' At one of the riffle areas, nine redds in 1981
were at an average depth of 54.9 cm and were at an average
meaﬁ velocity of 0.52 m/second. In 1982? 18 redds were

observed at an average depth 80.2 cm and average mean




Table 9. Hydraulic variables, redd area, and distance to shore of brown trout
redds in the Missouri River below Hauser Dam (1981-83).

1981 1982 1983

Area - Variable Mean N Mean N Mean N

1 Depth (cm) 50.6 24 64.0 26 71.3 6

' Mean velocity (m/sec) 0.94 24 0.99 26 _ 0.84 6

Point velocity (m/sec) 0.37 24 0.37 26 0.26 6

Redd area (m?) 3.08 21 2.57 9 0.94 1

Distance to shore (m) 7.80 24 8.24 26 4.52 3

2 Depth (cm) 53.7 17 72.9 51 71.3 7

- Mean velocity (m/sec) 0.53 17 0.68 51 0.68 7

Point velocity (m/sec) 0.20 17 0.25 51 0.21 7

| Redd area (m“) 1.96 16 1.54 22 0.68 2

i Distance to shore (m) 8.81 15 7.77 46 6.71 5
| - .

3 Depth (cm) 52.1 14 67.1 19 85.3 2

Mean velocity (m/sec) 0.65 14 0.75 19 0.84 . 2

Point velocity (m/sec) 0.25 14 0.36 19 0.18 2

Redd area (m“) 2.33 7 2.17 5 - -

Distance to shore (m) 6.00 14 6.00 14 8.20 2

Total® - Depth (cm) 51.8 55 "69.2 98 73.1 17

Mean velocity (m/sec) 0.74 55 0.77 98 0.75 17

Point velocity (m/sec) 0.29 55 0.30 98 0.22 17

Redd area (m?) : 2.55 44 1.89 36 0.74 5

Distance to shore (m) 7.62 53 7.62 88 6.32 12

* . .
Includes miscellaneous redds not in the three major areas.

6%
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velocity was 0.70 m/second. The mean distances to shore
in 1981 and 1982 were 9.66 m and 10.60 m, respectively.
Spawning locations were nearly the same bothnyears;
differences in redd distance to shore primarily reflected
the change in water's edge. The 46.1%Z increase 1in water
depth and the 35.1%Z increase in mean velocity selected for
spawning at fhis riffle were considerably higher than the
overall depth and velocity increases from 1981 to 1982. |

Not included in depth and velocity preferences for
brown trout were the redds located in spawning area 4.
During 1982 and 1983, considerable spawning was observed
about 35 m from the east (right) shore. At a discharge of
141.6 m3/second (5,000 cfs), the general area was 120 cm
deep, With.mean column velocities ranging from 0.91 to
1.13 m/second. Since this area was not w§dab1e, these
measurements were taken from a boat; individual redd
measurements were not obtained. Therefore, the reported
mean water depth of river redds is biased due to the
absence of individual measurements on redds located in
relatively deep water. Additional deep—wé;er redds
located during the 14 December flow reduction further bias
the spawning depth criteria data.

The average area of a brown trout redd in the
Missouri River (1982 and 1983 combined) was 1.74 m2. Redd
areas were considerably larger in 1981 than in 1982 and

1983 and are considered to be poor estimates because many
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of the sites counted as redds in 1981 were really
aggregates of several redds. The mean estimated area of
1981 redds was 2.55 m2; 47% larger than for the individual
redds measured in 1982 and 1983 when a distinction between
single and m;ltiple redds was made.

Méasurements were taken on ;even multiple redds that '’
were each constructed by t%o females. . Multiple redds were
86% larger than redds believed to be constructed by a
single female. The mean distance of redds to shore was

identical in 1981 and 1982 (X = 7.6 m).

Brown Trout - Beaver Creek

Preferred depths and velocitlies at spawning sites
wefe determined from measurements taken on 240 brown trout
redds in Beaver Creek during 1981 and 1982. Redds were
found at an average depth of 16.8 cm. The averages of
mean column velocity and point velocity were 0.49 and 0.29
m/second, respectively (Table 10).A Mean area of brown

trout redds was 0.66 m2.

Table 10. Mean, range, and standard deviation of redd
depths and velocities selected by brown trout
(N = 240) in Beaver Creek.

Mean + SD Range
Depth (cm) . , 16.8 + 6.98 4.60 to 61.0
Mean Column a 0.49 + 0.14 0.06 to 1.04
Velocity (m/second)
Point Velocity 0.29 + 0.11 0.00 to 0.67

(m/second)
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Spawning criteria data are less meaningful if a
Qescription of available habitat is lacking. 1In thé 3.2
km study section of Beayer Creek, aﬁailable brown trout
spawning habitat was quantified (u;ing random transects)
and compared with-habitat measurements at 200 redds. The
variance of water depth, mean column velocity, and
substrate size at redds was significantly less (p < .001)
than the variance of these parameters at random sites.

Water velocity, substrate size, and water depth, in
descending order of importance, were selected by brown
trout spawners in Beaver Creek. Available habitat not
used (outside of 95%-use curves) was greatest for velocity
(42.2%), and least for water depth (30.9%) (Figure 13).
Water velocity measurements also had the lowest
coefficient of variation.

It is difficult to determine the importance of
substrate size in the selection of spawning sifes because
substrate size is related to the hydraulic parameters. A
method was developed (see Appendix B) to quantify surface
particle size based on visual subétrate observations in an
atﬁempt to more closely examine the relgtionship between
hydraulic parameters and substrate size. Poor
correlations, however, were observed bétween substrate
size and velocity (r = 0.36) and substrate 'size and depth
(r = 0.27) during October flow in Beaver Creek. This was

not surprising since channel form is largely determined
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from hydraulic conditioné during high discharges.

Overhead cover, typically present as overhanging
vegetation, was observed over 45.4% of the redds--a
significantly (p < .001) higher frequency than observed at -
random locations (20%). 1In addition, redds were
frequently located near shore. Mean distance of redds to
shore was 0.85 m, and the mean width of the stream in the ,
study section‘was 4.88 m. The tendency of near-shore
spawning may be related to the increased availability of
overhead cover.

Rainbow Trout —rMissouri River

‘In 1982 and 1983, measurements were taken on 249
rainbow trout redds in the Missouri River to determine .
depth and velocity preferences of spawners. Rainbow trout
spawned at én average dgpth of 66.8 cﬁ, and the mean
column velocity was 0.70 m/second. The average point
velocity near subsfrate level was 0.26 m/second (Téble
11).

Tableill. Mean, range, and standard déviation of redd

depths and velocities selected by rainbow trout
(N = 249) in the Missouri River study area.

Mean + SD Range
Depth (cm) 66.8 + 23.8 74.%4 to 143.3
Mean Column 0.70 +.0.23 0.09 to 1.37
Velocity (m/second)
Point Velocity 0.26 + 0.14 0.00 to 0.70

(m/second)
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During 1982, rainbow trout spawned at discharges
ranging from 164.3 m3/second (late March) to about 283.2
m3/second at the end of May (5,800 to 10;000 cfs)

(Figure 11). Despite higher discharge during rainbow trout
spawning, depths and velocities associated with redds were
similar to those observed for brown trout redds (Figures

8, 9, and 10). In 1983, the mean monthly discharge for
March, April, and May ranged froh 155.7 to 173.9 m3/second
(5,498 to 6,139 cfs); depths and velocities af redds were
similar to those measured in 1982 (Table 12).

The average area of rainbow trout redds in the
Missouri River (1982 and 1983 combined) was 1.35 m?. The
mean distance of redds to shore was 6.1 m and 6.8 m in
1982 and 1983, respectively.

Rainbow Trout - Beaver Creek

Measurements were taken of hydraulic characteristics
of 169 rainbow trout redds constructea in Beaver Creek
during 1982 and 1983. Redds were built at an average
depth of 22.6 cm, where average mean velocity was 0.72
m/second and average point velocity was 0.42 m/second

(Table 13).




Table 12. Hydraulic variables; redd area, and distance to shore-of rainbow
trout redds in the Missouri River below Hauser Dam (1982-83).

1982 1983

Area Variable Mean N Mean N
1 Depth (cm) 58.8 32 50.6 17
Mean velocity (m/sec) 0.85 32 0.72 17

- Point velocity (m/sec) 0.31 32 - : 0.30 17

Redd area (m“) 1.52 20 -— -

Distance to shore (m) -7.26 30 7.61 17

2 Depth (cm) 74.1 61 74.1 63

Mean velocity (m/sec) 0.60 61 ) . 0.59 63 -

Point velocity (m/sec) 0.20 61 0.20 .63

Redd area (m?) 1.36 51 0.93 18

Distance to shore (m) 5.35 59 6.51 63

3 "Depth (cm) 64.3 - 26 56.1 9
Mean velocity (m/sec) 0.96 26 ] 0.87 9

Point velocity (m/sec) 0.32 25 0.41 9

Redd area (m“) 1.51 20 1.43 2

Distance to shore (m) , 7.03 12 5.30 ‘9
Total® Depth (cm) 65.8 135 67.4 115
" Mean velocity (m/sec) 0.74 135 0.66 115

Point velocity (m/sec) 0.26 134 0.25 115

Redd area (m*“) : 1.46 107 0.97 23

Distance to shore (m) 6.13 116 - 6.80 116

* , )
"Includes miscellaneous redds not in the three major areas

LS
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Table 13. Mean, range, and standard deviation of redd
depths and velocities selected by rainbow trout
(N = 169) in Beaver Creek. :

Mean + SD Range
Depth (cm) 22.6 ¥ 6.46 10.7 to 41.1
Mean Column 0.72 + 0.19 0.20 to 1.19

Velocity (m/second)

Point Velocity 0.42 0.03 to 0.84

(m/second)

4
o
~
w

The higher velocities and increased depths of rainbow
trout redds compared to brown trout redds in Beaver Creek
probably reflect the larger size of rainbow spawners and
the differences in discharge during the two spawning
periods [0.31 to 0.42 m3/second (L1 to 15 cfs) during
brown trout spawning in October and November, and 0.71 to
1.42 m3/second (25 to 50 cfs) during rainbow trout
spawning in April and May] (Figure 14).

Rainbow trout redds were associated with overhead

‘“cover at 34.27% of the sités, which was significantly
higher (p = .01) than the frequency of occurrence of
overhead cover at random sites. Rainbow redds, like brown
trout redds, were often located near shore (X = 1.34 m)
and were not randomly distributed thoughout the chanqel.

Average size of rainbow trout redds in Beaver Creek
was somewhat larger (1.58 mzj than redds in the Missouri
River (1.35 m2) despite similar sized spawning females

(Table 6). The probable reason for the larger Beaver
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Creek redds was the higher point velocities at redd

locations which resulted in longer redds.
Core Samplimg of Spawvnimg Substrate

Brown and rainbow trout in the Missouri River spawn
in the same general areas but appear to have diffe?ent
éubstrate size prefefences. At spawning area 1, for
example, most brown trout redds were located at the
upstream portion of the gravel bar, and the mean particle
diameter at redds was 30.5 mm. Most rainbow trout redds
were at the tail of the gravel bar where nean partiqle
size at redds was 19.8 mm. Substrate samples from the
other three major spawning areas for both species revealed
the same trend; samples from brown trout redds contained a
larger mean particle diameter than samples from rainbow
redds,X = 27.4 mm and 19.1 mm, respectively (Figure 15).
Mean particle sizes at brown and rainbow trout redas in
Beaver Creek were 21.1 énd 22.4 mm, respectively.

With the exception of brown trout redds in £he

Missouri River, the amount of fine materials at spawning

sites In the Missouri River and Beaver Creek was

relatively high (Table 1l4). Rainbow trout embryo
survival, which can be predicted based on the amount of
sediment smaller than 9.50 and 0.85 mm (Irving and Bjofnn
1984), was estimated to be 19.66% and 27.19% in the

Missouri River’and Beaver‘Creek, fespectively. No
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equation is avallable for brown trout embryo survival.

Table 14. Amounts of fine materials found at brown and
rainbow trout redds in the Missouri River study
area and Beaver Creek, and predicted effects on
survival of rainbow trout embryos through
emergence.

N "Percent smaller than Percent®
9.50 mm 0.85 mm Survival
Missouri River
Brown Trout 11 21.97 %% 3.17%% -~
Rainbow Trout 27 40.70 11.07 19.66
Beaver Creek
Brown Trout 15 42.98 11.07 -
Rainbow Trout 19 37.48 ) 9.79 27.19

* From equations of Irving and Bjornn (1984)
Significantly fewer fines (p < 0.002)

Effects of Reduced Flow om Spawning
and Egg Incubation Habitat

In 1982 and 1983, reduced-flow tests were condgcted
to examine spawning and egg incubation habitat at selected
test flows. Validity of hydraulic modeling results was
also determined during reduced flow tests. To estimate
éuitability of a series of minimum flows, water surface
élevations and veiocities predicted by hydraulic modeling
were evaluated in areas of observed spawning. This
information was used to determine the range of minimum
flows fequired to mainfain favorable conditions for
embryos_and alevins occupying the intergravel environment.

‘Observed Impacts of Reduced Flows

During the 1982 reducéd-flow test, spawning areas 1,
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2, and 3 (Figure 1) were considerably dewatered during the
38.5 m?/second (1,358 cfé) test flow. Although spawning
area 4 was not closely examined, relatively little
substrate was dewatered due to the shape of the channel
and probable influence of backwater of Holter Reservoir.

In the three spawning areas examined, all rainbow
trout redd locations observed during spring 1982 were
dewatered during the reduced flow. Brown trout spawning
areas were also extensively dewatered. 1In spawning areas
1, 2, and 3, respectively, 63%, 100%, and 50% of the
ob;erved brown trout redd 1§cations were dewatered at a
flow of 38.5 m3/second (1,358 cfs).

The suitability and amount of potential brown trout
spawning habitat that remained covered with water at the
reduced flow was also examined. Suitablg spawning afea
was defined as having substrate within the size range
utilized for spawﬁing, having a depth greater than 24.4
cm, and mean velocity greater than 0.30 m/second. The
velocity criterion used was conservative in that this was
the minimum velocity associated with observed redds. The
preferred velocity (based upon frequency of utilization)
was 0.76 m/second. No velocity measured over potential
spawning substrate at the test flow was in the "preferred
range”. Maximum mean velocities observed in spawning
areas 1, 2, and 3 were 0.53, 0.35, and 0.14 m/second,

respectively.
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A conservative estimate of minimum incubation
veloé¢ities was obtained by assuming that the minimum
velocity sélected for spawning was approximately the same
as the minimum velocity required for successful egg
incubation. Therefore, the criterion for estimating
potential spawning habitat also describes suitable
incubation habitat. Velocities exceeding 0.30 m/second
were not observed where deﬁth was less than 24J)§m, so
theldepth critgrion did not apply in determining the
quantity of suitable_spawning/incubation habitat at 38.5
m3/second (1,358 cfs).

The quantity of.spawning/incubation haBitat at 38.5
m3/second (1,358 cfs), as define& by the linear length of
spawning substrate meeting depth and velocity criteria
outlined above, was relatively small (Table 15). The"
proportion of suitable habitat rangéd from O to 55% of the
wetted length of each transect over éuitable spawning
substrate in spawning area l. Virtually no suitable
habitat remained in spawning areas 2 and 3 at the reduced
flow.

Spawning and incubation hab;tat was evaluated during
the 4 August 1983 flow reduction using the same critéria
used during the 1982 flow test. At a discharge of 81.1
m?/second (2,363_cfs), the proportion of suitable habitat
ranged from O to 98% of the wetted lenéthat‘spaﬁning

areas 1 and 2. At area 3, measurements were only taken in-
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Table 15. Amount of habitat with suitable depths and
velocities for spawning and/or egg incubation
in the Missouri River at two discharges. -

Remaining spawning habitat

" Meters of

: Meters suitable
Discharge Area Transect wetted habitat#* (%)
38.5 mo/sec 1 A 10.0 0.0 (0)
(1,358 cfs) B 15.0 8.0 (53)
: c 13.0 4.0 (31)
D 22.0 12.0 (55)
E 20.5 11.0 (54)
F 25.0 8.0 (32)
3 - G- 0.0 0.0 (0)
H 0.0 0.0 (0)
I- 0.0 0.0 (0)
J 0.0 0.0 (0)
K 0.0 0.0 (0)
L 0.5 0.0 (0)
3 M 1.6 0.0 (0)
81.1 m3/sec 1 B 25,5 25.0 (98)
(2,863 cfs) between C&D 31.2 21.0 (67)
) E 27.3 20.0 (73)
-F 30.5 26.0 (85)
2 G 9.9 6.2 (63)
I 9.5 6.0 (63)
J 10.4 0.0 (0)
between K&L 6.3 0.0 (0)
3**
4 N 53.3 50.0 -(94)
0 53.3 52.1 (98)
P 53.3 48.8 C(91)

*Habitat with velocity > 0.3 m/second and depth > 24 cm.

**Single measurement in vicinity of deep-water redds

with suitable velocity (0.82 m/second).
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the vicinity of deeﬁ Vater spawning habitat where the mean
velocity was 0.82 m/second. At spawning area 4, little
dewatering occurred and adequate spawning and incubation
velocities were present throughout most (91 to 98%) of the

A

spawning area (Table 15).

As a part of the flow test, validity of Water Surface
Profile (WSP) hydrgulic prediétioqs was evaluated at four
discharges and three transect sets corresponding to
spawning areas 1, 2, and 3 (T;ble 16). At tranéect sets 1
and 2, predicted water surface elevations compared
favorably with observed values. The predicted changes in
water surface elevation during a change in flow from 55.4
m3/second (1,956 cfs) to approximately 141.6 m3/second
differed from observed elevations by 10.9%Z and 1.67 at
transect sets 1 and 2, respectively. At transect set 3,
however, the predicted change in water surface elevation
was 95%Z higher than ofserved (Table 16). Apparently,
slack water of Holter Lake ‘influences this riier segment,
effectively damping changes in water levels as discharge
from Hauser Dam varies. Similar discrepancies between
predicted énd observed water surface elevétion at transect
set 3 betwéen 55.4 m3/second (1,956 cfs) and 8;.1
m3/second were not evident.

The WS? model predicts water velocities at
predetermined gells along a river cross section.

Predicted mean segment velocities were compared with
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Table 16. Comparison of observed and predicted changes in
water surface elevation during controlled flows,
Missouri River. '

Transect Change in discharge Change in surface
set m” /second (cfs) elevation (cm)
1 Observed 55.4 to 81.1 31.1
(1,956 to 2,863)
Predicted 55.4 to 81.1 22.2
(1,956 to 2,863)
Observed 55.4 to 143.0 74.7
(1,956 to 5,048)
Predicted 55.4 to 145.7 67 .4
(1,956 to 5,145)
2 Observed 55.4 to 81.1 30.8
(1,956 to 2,863)
Predicted 55.4 to 81.1 _ 27.7
(1,956 to 2,863)
Observed 55.4 to 143.0 74 .4
(1,956 to 5,048) .
Predicted 55.4 to 1l41.6 75.6
(1,956 to 5,000) ‘
3 Observed 55.4 to 81.1 17.1
(1,956 to 2,863)
Predicted 55.4 to 81.1 21.3
(1,956 to 2,863)
Observed 55.4 to 143.0 - 33.8
(1,956 to 5,048)
Predicted 55.4 to 145.7 66.1

(1,956 to 5,145)

*
Average of four transects.
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observed poinf velocities (0.6 depth if < 61.0 cm; average
of 0.2 and 0.8 depth if > 61.0 cm). Since segments
encompassing the measgreg velocitiés ranged from 0.9 to
15.2 ﬁ in length, predicted mean segment velocity and
observed point velocity would not be expected to exactly
correspoqd. This comparison, however, provides a means of
defermining reasonableness of predictions. Velocity
comparisons were made for the three lowest discharges of
the flow test, and two additional discharges examined in
1982 [38.5 m3/second (1,358 cfs) and 146.6 m3/second
(5,178 cfs)].

Predictions of velocity by the model appeared reliable
(Table 17). 1In general, predicted velocities were higher
than observed; 25 of the 38 comparisons (667%) resulted in
larger predicted values. At the highest ébserved |
discharge [146.6 n3 /second (5,178 cfs)], predicted
velocities averaged 20% less than observed velocities. At
transect sets 1 and 2, the average difference in predicted
vs. observed velocity was 0.12 m/second and 0.14 m/second,
respectively. The minimum difference in velocity was

0.003 m/second, while the maximum difference was 0.31

m/second (Table 17). At transect set 3 (spawning area 4), -

predicted and observed‘veloCities‘were not generally
available at comparable discharges thus allowing only
gross velocity comparisons. At 146.6 m3/second (5,178

cfs), predicted and observed velocities differed by 0.02




Table 17. Comparison of observed and predicted mean water velocities
in the Missouri River below Hauser Dam.

Predicted ' Observed
Observed
Discharge velocity Segment Discharge velocity Number of minus
m~ /second (cfs) (m/second) length (m) m> /second (cfs) (m/second) measurements predicted
Transect set 1

Transect #1 38.5 (1,358) 0.78 15.2 38.5 (1,358) 0.67 1 -0.11
90.6 (3,200) 0.37 2.4 81.1 (2,863) 0.55 1 +0.18
o 0.65 6.4 0.51 3 -0.14

0.80 0.9 0.91 1 +0.12
146.6 (5,178) 0.97 15.2 146.6 (5,178) 1.07 1 +0.09
Transect #2 90.6 (3,200) 0.16 2.7 81.1 (2,863) 0.00 1 -0.16
0.33 7.6 0.14 4 -0.19
0.41 1.2 0.32 1 -0.09
0.62 15.2 0.51 ) 4 -0.11
Transect #3 38.5 (1,358) 0.27 15.2 38.5 (1,358) 0.22 1 ~-0.05
90.6 (3,200) 0.53 15.2 - 81.1 (2,863) 0.61 9 +0.08

Transect set 2

Transect #5 . 38.5 (1,358) 0.16 10.4 38.5 (1,358) 0.00 1 -0.16
56.6 (2,000) 0.12 1.2 55.4 (1,956) 0.02 1 -0.10
0.17 3.0 0.06 1 -0.11
79.3 (2800) 0.08 1.8 81.1 (2,863) 0.01 1 -0.07
0.15 2.4 0.15 1 0.00
0.19 2.4 0.36 2 +0.17
0.27 3.0 0.44 2 +0.17
146.6 (5,178) 0.38 2.4 146.6 (5,178) 0.61 1- +0.23
0.41 2.4 0.56 1 +0.15
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Table 17. (concluded)
Predicted Observed
Observed
Discharge velocity Segment Discharge velocity Number of minus
m”/second (cfs) (m/second) length (m) m”/second (cfs) (m/second) measurements predicted
Transect #6 38.5 (1,358) Q.}G 10.4 38.5 (1,358) 0.00 1 -0.16
56.6 (2,000) 0.01 1.8 55.4 (1,956) © 0.00 2 -0.01
79.3 (2,800) 0.12 1.8 81.1 (2,863) 0.00 1 -0.12
0.19 3.7 0.06 1 =-0.13
0.15 4.6 0.18 3 +0.03
0.13 5.8 0.27 3 +0.14
0:15 5.2 0.14 2 -0.01
0.17 6.1 0.27 3 -0.10
146.6 (5,178) 0.45 3.7 146.6 (5,178) 0.52 1 +0.07
. 0.42 4.6 0.53 1 +0.11
Transect #7 79.3 (2,800) 0.24 6.4 8l.1 (2,863) 0.01 3. -0.23
Transect #8 38:5 (1,358) 0.30 7.6 38.5 (1,358) 0.06 1 -0.23
0.40 7.6 0.22 1 -0.18
0.26 7.6 0.24 1 -0.02
56.6 (2,000) 0.16 4.6 55.4 (1,956) 0.00 2 -0.16
0.31 2.4 0.00 2 -0.31
Transect set 3
. Transect #9 38.5 (1,358) 0.70 15.2 55.4 (1,956) 0.66 4 *
90.6 (3,200) 0.91 . 15.2 66.7 (2,357) 0.76 4 *
145.7 (5,145) 1.02 15.2 81.1 (2,863) 0.84 & *
Transect #10 38.5 (1,358) 0.71 15.2 55.4 (1,956) 0.72 4 *
90.6 (3,200) 0.86 15.2 66.7 (2,357) 0.78 4 *
L45.7 (5;145) 0.95 15.2 8l.1 (2,863) 0.90 4 *
Transect #11 38.5 (1,358) 1.03 15.2 55.4 (1,956) 0.70 4 %
90.6 (3,200) 0.98 15.2 66.7 (2,357) 0.72 4 *
145.7 (5,145) 1.01 15.2 8l.1 (2,863) 0.93 4 * R
146.6 (5,178) 0.97 15.2 - 146.6 (5,178) 0.99 1. +0.02

*Discharges not close enough for meaningful comparison.

0L
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m/second, although only one measurement was taken in a
152 m segment. At the three lower discharges the
hydraulic model tended to overestimate mean velocities,
but the discrepancy was not large (Table 17). Predicted
velocities at 38.5 m3/second (1,358 cfs) were either
greater than or nearly equal to velocities observed at the
same segment during the 55.4 m3 /second (1,956 cfs) flow.

Predicted Impact of Reduced Flows

The extent to thch redds may be dewatered by reduced
flows during the incubation period are related to the
magnitude of flow during redd construction. Predicted
dewatering analyses were based on redds construéted during
spawning flows that most closely approximated histérical
(post—-Canyon Ferry) spawning discharges, and mean spawning
discharges were calculated for the period that redq depths
were measured. During 1982, brown trout spawning occurred
at a flow of 141.6 m3/second (5,000 cfs), compared to a
méan historical flow of 139.8 m3/second (4,935 cfs) during
November. Based on model predictions, brown trout redds
constructed at spawning areas 1 and 2 woulgbegin.tobe
dewatered at a discharge‘ﬁet&een 85.0 and 99.1 m3/second
(3,000 and 3,500 cfs) (Table 18). - Of the 77 brown trout
redds observed in the two spawning areas, six (7.8%) would
be dewatered at a discharge of 85.0 n3 /second (3,000 cfs).
Between each 2.8 m3/second (100 cfs) decrease in discharge

from 85.0 to 70.8 m3/second (3,000 to 2,500 cfs), an
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Table 18.

Predicted dewatering of brown and rainbow trout redds at a
series of discharges in the Missouri River below Hauser Dam.

Discharge

m~ /second

Spawning area 1

= 26

Spawning area 2

N =

51

Areas 1 and 2 combined

N =77

(cfs)

Number of
redds dewatered (%)

Number of -

redds dewatered (%)

Number of
redds dewatered (%)

Brown trout (1982)

99.1 (3,500) 0 (0.0) 0. (0.0) 0 (0.0)
85.0 (3,000) 0 (0.0) 6 (11.8) 6 (7.8)
82.1 (2,900) 2 (7.7) 6 (11.8) 8 (10.4)
79.3 (2,800) 5 (19.2) 8 (15.7) 13 (16.9)
76.5 (2,700) 5 (19.2) 10 (19.6) 15 (19.5)
73.6 (2,600) 5 (19.2) 18 (35.3) 23 (29.9)
70.8 (2,500) 7 (26.9) 19 (37.3) 26 (33.8)
Rainbow trout (1983)
= 17 N = 56 N =173
127.4 (4,500) 0 (0.0) 0 (0.0) 0 (0.0)
113.3 (4,000) 0 (0.0) 1 (1.8) 1 (1.4)
99.1 (3,500) 5 (29.4) 3 (5.4) 8 (11.0)
85.0 (3,000) 11 (64.7) 14 (25.0) 25 (34.2)
82.1 (2,900) 11 (64.7) 15 (26.8) 26 (35.6)
79.3 (2,800) 12 (70.6) 17 (30.4) 29 (39.7)
76.5 (2,700) 13 (76.5) 19 (33.9) 32 (43.8)
73.6 (2,600) 14 (82.3) 25 (44.5) 39 (53.4)
70.8 (2,500) 15 29 (51.8) 44 (60.3)

(88.2)

ZL
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additional 2.6% to 10.47Z of the brown trout redds would be
dewatered (Table 18). At 70.8 m3/second‘(2,500 cfs),
26.9%Z and 37.3% of obsérved redds in spawning areas 1 and
2, respectively, would be dewatered.

In years when the flow is higher during spawning, redd
locations would shift shoreward and would become dewatered
at a higher discharge. Conversely, with lower than
average spawning discharges, redds would begin to be
dewatered at a lower flow. During 1981, for example, most
redds were measured between 23 October and 29 November,
when discharge averaged 109.6 m3/second (3,870 cfs), and
dewatering would first occur at 70.0'm3/second (2,400
cfs). Initial redd dewatering occurred at 607 and 522 of
the spawning discharge in 1981 and 1982, resﬁectively.

All obsefved rainbow trout redds constructed at areas
1 and 2 duriné 1983 would remain wetted at flows greater
than 127.4 m3/second (4,500 cfs) (Table 18). Mean
discharge during the period redds were measured (19 March
to 20 April) was 159.1 w3 /second (5,619 cfs). Only one
(1.4%) of the 73 redds present would be dewatered at a
flow of 113.3 mBYSecond (4,000 cfs), but considerable redd
dewatering would occur between 113.3 and 85.0 m3/second
(4,000 -and 3,000 cfs). Redds at area 2 would be the first
to be dewatered, but at flows less than 99.1 m3/second
(3,500 cfs), the most dewatering would occur at area Ll

(Table 18). At 70.8 m3/second (2,500 cfs), 88.2% and

v
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51.8%Z of observed redds would be dewatered in areas 1 and
2, respectively.

For rainbow trout, the 1983 spawning flow [159.1
m3/second (5,619 cfs)i apprdxiﬂated the post—-Canyon Ferry
spawning flows [mean April discharge = 157.2 m3/second
(5,550 cfs)] more closely than the 1982 spawning flow 6f
181.2 m3/second (6,397 cfs). Predicted water surface
elevations were not available for the 1982 spawning flow,
therefore a comparison of dewateriﬁg'could iot be made
between years.

Figures 16, 17, and 18 illustrate the relationship
between brown trout spawﬁing habitat ﬁsed in-1982, and
water levels at three diécharges. At spawning areas 1 and
2 combined, 11.9% of the observed.spawning habitat was
ﬁetted at 38.5 m3/second (1,358 cfs), and 99.6%Z was wetted
at 79.3 m3/second (2,800 cfs) (Figures 16 and 17). At
spawning area 3, 18.0%7 of the observed spawnipg habitat
was wetted at 38.5 m3/second (1,358 cfs), and 67.0% was
wetted at 68.8 m3/second (2,422 cfs) (#igure 18). The
79.3 m3/second (2,800 cfs) water ievel was not
determined for spawning area 3 because‘hydraulic modeling
was not attempted there. Because of the ghannel
configuration and the influence of Holter Lake backwater
at area 4,n6‘redd dewatering occufredzatthe lowest floﬁ

evaluated.




SPAWNING AREA |

flow
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Transect Location

Figure 16. Amount of brown trout spawning habitat wetted
at three discharges, Missouri River (area 1).
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SPAWNING AREA 2

flow

79 m/ »ecC
(2800 CT)
38 m¥V ==cC
269 m Iee-cC (1388 CT)
(9500 CfT)

Treneeet Loeetlen

Figure 17. Amount of brown trout spawning habitat wetted
at three discharges, Missouri River (area 2).
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Transect Location

Figure 18. Amount of brown trout spawning habitat wetted
at three discharges, Missouri River (area 3).
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Time of Hatchimg and Emergence

Mortality resulting from redd dewatering varies with
the stage of development. Since dewatéring mortality is
highest for individuals at the post—hatching stage,'the
period when alevins occupied the intergravel environment
between hatching and emefgence was estimated.

Brown Trout - Missouri River

Using temperature units, brown trout hatching time in
1981-82 was estimated to extend from 26 January to 23
April depending on when the redds were bﬁilt (Tablg 19).
The wide range in estimated hatching times is due to the
'rapidly declining temperature during brown trout spawning
(October-December) (Figure 19). Eggs deposited early in
the spawning period develop much faster than those
deposited later because of higher‘water temperatures at
that time. One redd examined on 30 April contained fry
with large YOlk sacs, indicating that they had recentiy
hatched. After hatching, the amount of time fry were in
the gravel is not precisely known. In 1982, we
unsuccessfully attempted to trap emerging brown trout fry.
Fry were first obsérvg@ alongthé shoreline on 25 and 10
April in 1982 and 1983, respectively (White et al. 1984).

Rainbow Trout - Missouri River

Estimates of hatching dates of rainbow trout eggs in
1982 ranged from 20 May to 2 June for early spawners, and

from 27 to 28 June for relatively late spawners (Table




Table 19. Estimated dates of hatching for brown and rainbow trout in the Missouri
River below Hauser Dam.

Date of Temperature units Predicted
spawning (TU) or days hatching date Source of method

Brown trout (1981-82)

27 QOctober 800 TU ~ 26 January Leitritz and Lewis (1976)

95 days 30 January = Carlander (1969)

100 days 4 February Leitritz and Lewis (1976)
22 December 120 days 21 April Carlander (1969)

600 TU 23 April Leitritz and Lewis (1976)

122 days 23 April " Leitritz and Lewis (1976)

Rainbow trout (1982)

30 March 67 days 4 June Leitritz and Lewis (1976)
634 TU 31 '‘May Leitritz and Lewis (1976)
65 days 2 June Carlander (1969)

1 June 27 days 27 June .Carlander (1969)
555 TU 28 June Leitritz and Lewis (1976)

28 days 28 June Leitritz and Lewis (1976)

6/
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Figure 19. Mean weekly temperature of the Missouri River
study area and Beaver Creek (1981-83).
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19). Eggs in Whitlock-Vibert boxes, planted in the river
on 8 May, were not retrieved until 22 July because of high
flows. Fry observed in the boxes at that time had
absorbed their yolk sacs, and therefore, must have hatched
considerabiy earlier, as would be expected from the
estimated hatching dates. .Datés of first fry sightings
were on 22 and 13 June in 1982.and 1983, respectively

(White et al. 1984).
Duration and Pattern of Redd Construction

The duration of spawning activity associated with 32
brown trout redds in the Missouri River was recorded in
1982. Time required for redd. construction and spawning
ranged from approximately 1 ﬁo 5 days, with most redds
being completed within 3 days (less ‘than 72 hours) (Figure
20). Five of the seven redds which were completed within
24 hours were of a relatively-normal, large size and were
believed to be successful spawning sites. vThe othér two
redds were smali and were ﬁéliéved to be abahdoned or‘
false redds;

Most spawning occurred at night early and late in the
spawn;ng period. Fish were rarely observed on redds during
the day the first 2 or 3 weeks of spawning, or after the
peak of spawning (about 15 November). During peak

spawning, the first 2 weeks of November, brown trout were

commonly observed on spawning sites at all times of the
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Figure 20. Duration of brown trout redd construction and

spawning in the Missouri River study area..
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day. At this time they also spawned at night as judged
from overnight progress in redd construction and spot
observations using a light. At the mouth of Beaver Creek
(area 3), spawning fish were rarely obsefyed on redds
.during daylight, which was prébably due to heavy fishing
pressure at this site.

Although rainbow trout spawning was not monitored as
intensively, a similar pattern of spawning activity was
obsérved. Daytime spawning was more frequently observed

at some locations than others.
Physical Habitat Simulation

Physical and hydraulic conditions in spawning areas
1, 2, and 4 were predicted for as many as 36 discharges
ranging from 36.8 to 269.0 m3/second (1,300 to 9,500 cfs).
The percentage of usable habitat for spawning was
predicted for each simulated flow on' the basis of
distribution of bredicted depths and velocities, éubstrate
associations, and known habitat preferences of brown and
rainbow trout;

Depth, velocity, and substrate data collected at
brown trout redds in 1981 and 1982 and at rainbow trout
redds in 1982 were used todevelopprobability of use
curves (Figures 21 and 22). These data were collected

from all measureable redds at all observed spawning sites.
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Figure 21. Depth and mean velocity probability of use
‘ curves for brown and rainbow trout spawning in

in the Missouri River below Hauser Dam.




BROWN TROUT

SUBSTRATE CODES:

1 PLANT DETRITUS

2 CLAY
RAINBOW TROUT 3 st

4 SAND

5 GRAVEL

PROBABILITY OF USE

6 COBBLE

SUBSTRATE

Figure 22. Probability of use curves for brown and
rainbow trout spawning substrate (from Bovee,
1978).
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The curves were then entered into the PHABéIM modgl to
predict usable spawning habitat at each simulated flow.

At spawning area 1 (Figure 1), maximum predicted
usable spawning habitat for brown trout (10.§SZ of the
total segment area) was at a discharge of 99.1 m3/second
(3,500 cfs) (Figure 23). The available spawning area
decreased abruptly at discﬂarges greater than 99.1
m3/second-(3,500 cfs) and discharges less than 56.6
m3/second (2,000 cfs). The secondary peak in the curve at
62.3 m3/second (2,200 cfs) was probably a result of
increased availability. of spawning habitat at the lower
portion of the gravel bar during lower discharges.

Maximum rainbow trout spawning habitat (15.01% of
total segment area) was also predicted at a discharge of
99.1 m3/second (3,500 cfs) (Figure 24). At discharges
less than about 85.0 m3/second (3,000 cfs) and greater
than about 113.3 m3/second (4,000 cfs), the amount of
estimated spawning habitat decline& sharply.

At transect set 2, located at the series of riffles
about 1.6 km below Hauser Dam (spawning area 2; Figure 1),
maximum brown trout spawning area was predicted to occur
at 146.6 h3/second (5,178 cfs) (Figure 23). A£ this
discharge only 3.487% of the total segment area was usable
for spawning. As flow decreases, a second peak in habitat.
suitability occurred at 59.5 to 62.3 m3/sécond (2,100 fo

2,200 cfs). No brown trout redds were observed in the
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area represented by the second peak during the course of
the study.

Area of available rainbow trout spawning at transect
set 2 was maximum (5.15% of total segment area) at 155.8
m3/second (5,500 cfs) (Figure 24). The secondary pgak on
the usable area curve was at 68.0 n3/second (2,400 cfs).

Peaks of available spawning habitat occurred at
higher discharges for rainbow t;out, compared to brown
trout, because of the differences in spawning depth
criteria. Rainbow redds, on average, were located at
greater depths (Figure 21).

Transect set 3 was located at spawning‘area4, just
upstream from Cochran Gulch (Figure 1). At this area the
hydraulic model predicted reasonably well at higher
discﬁargés, but at lower flows the model overestimated
velocities and underestimated decreases in water surface
elevation (Tables 16 and 17): These observations suggest
that this area is influenced by the backwater of Holter
Reservoir; therefore, modeling data at transect set 3 were

not used in the evaluation.
Fecundity

Only three brown trout were sampled for egg counts.
Three females, 538, 395, and 592 mm total length, contained
2,708, 1,687, and 3,845 eggs, respectively. Seventeen

rainbow trout, captured in the Missouri River, ranging
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from 344 to 501 mﬁ (X =410 mm) contained an average of
1,80? eggs (range = 847 to 2,919 eggs). Eight rainbow
trout females, captured in Beaver Creek, ranged from.368
to 457 mm (X = 421 mm) contained an average of 2,368 eggs

(range = 1,811 to 3,558 eggs).
Age Distribution of Spawners

First spawning for male and female brown trout in the
Missouri River occurred at age 2+. Predominant age
classes comprising male and female spawning populations
were age 2+ (37%) and.age 3+ (42%), respectively
(Table 20). Missouri River rainbow trout males and
females first spawn at age 1+ and 2+, respecgively. Age
3+ was thé predominant spawning cohort for both males and
females (Table 20).

Table 20. Age compostion of brown and rainbow trout
spawners in the Missouri River study area.

Males Females '
Age N (%) N (%) . . -
Brown trout
2+ 10 37.0 24 31.6
3+ 8 29.6 32 42.1
4+ 7 25.9 18 23.6
5+ 1 3.7 .2 2.6
6+ 1 3.7 0 0.0
27 76
Rainbow trout
’ : 1+ 1 2.4 0 0.0
2+ 10 24.4 4 15.4
3+ 28 68.3 21 80.8
4+ 2 4.3 1 3.8

41 26
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Trout Hovement and Harvest

Five thousand fish were tagged in the study area
from March 1982 to March 1983. These included 3,478
rainbow trout and 1,435 brown trout. The remaining tags
were placed in brook, cutthroat, and rainbow/cutthroat
hybrid trout as well as walleye. Recapture of tagged fish
by fishermen or by electrofishing provided information on
movement. Brown and rainbow trout movement trends weré
classified as non-spawning (or general movement), pre-
spawning movement, and post—-spawning movement. Non-
spawning movement was determined frbm fish not gravid or
ripe when tagged, or recaptured. Pre-spawning movement
was based on fish that were not ripe or gravid when first
captured, but ;ere in spawniné condition when recaptured.
Post-spawning movement was determined froﬁ fish captufed
in spawning condition, but were not ripe or gravid when
later Fecaptured. Tagged fish recovered by anglers were
assumed to be non-ripe or non-gravid when cgught outside
of the spawning season, but were not assumed to be ripe or
gravid when caught during the spawning season.
Harvest

Anglers reported catching 11.7%Z of the rainbow trout
tagged in the Missouri River study area and 4;02 of the
rainbows tagged‘in Beaver Creek. The 5ro§n trout harvest
rate in the river was higher than f;r rainbows with a

reported harvest of 14.5%; only 3.0Z of the brown trout
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tagged in Beaver Creek were reported caught. Brown trout
harvest rate was highesf during October and November (the
spawning period) of 1982. Harvest of spawners which had
returned to Holter Lake primarily occurred during the
spripg and early summer. Rainbow trout harvest in the
Missouri River was highest during April of 1983. Fish
returning to Holter Lake were most often caught during
mid-summer.

Brown trout males appeared to be more vulnerable to
harvest during the spawning perioa than were females.
.Thirty males and 41 females, previously tagged and sexed,
were reported harvested; 60% of the males were harvested
during the spawning period, compared to 39% of the
females. This sex—specific harvest may, in party; account
for the nearlj 2 to 1 female/male sex ratio observed
during the spawning period.

Brown Trout Movement

During 1982 and 1983, 489 recapture locations were
obtained from 1,435 brown trout tagged in the Missouri
River and Beaver Creek. Spawning movement trends were
degermined from 104 recapture locationé, and 385 tag
returns were related to non-spawning movement.

For non-spawning brown trout (general movement), an
ave;age of'69.6%‘of the rec;pturgs (range between sections

= 80.9% to 16.7%) were recovered in the initial tagging

subsection (Tablé 21). Eight brown trout, which were not




Table 21. \Non-spawning movement of brown and rairnbow trout in the
Missouri River study section and surrounding areas (1982-84).

Number of recaptures from tagging location

Tagging* = Beaver Holter Below Total number
location Section } Section 2 Section 3 Section 4 Séction 5 Creek Lake Holter Dam of recaptures

Brown trout

Section 1 55 (80.9Z) 9 (13.2%) 2 (2.9%) - - - 2 (2.9%) - 68
Section 2 12 (30.0%) 22 (55.0%) 2 (5.0%) - 4 (10.0%) - - - 40
Section 3 1 (3.7%) 4 (14.8%) 9 (33.3%) 6 (22.2%) 5 (18.5%) - 2 (7.4%) - 27
Section 4 2 (11.1%) 2 (11.1%) 7 (38.9%) 3 (16.7%) 3 (16.7%) - 1 (5.6%) - 18
Section 5 v - 6 (7.4%) 4 (4.9%) 9 (11.1%2) 59 (72.8%) - 3 (3.7%) - 81
Beaver-Ct: — . - - - - 151 (100%) - - 151
385

Rainbow Trout
Section 1 125 (60.0%) 56 (26.8%) 9 (4.3%) 2 (1.0%) 8 (3.8%) - 8 (3.8%) 1 (0.5%) 209
Section 2 38 (29.2%) 58 (44.67) 12 (9.2%) 6 (4.67%) 4 (3.1%) - 12 (9.2%) - 130
Section 3 5 (10.0%) 8 (16.0%) 16 (32.0%) 3 (6.0%) 11 (22.0%) - 7 (14.0%) - 50
Section 4 2 (5.372) 2 (5.3%) 8 (21.0%) 5 (13.2%) 13 (34.2%) ~-— 8 (21.0%) - 38
Section 5 2 (1.7%) 7 (6.0%) - 11 (9.5%) 10 (8.6%) 78 (67.2%) - 7 (6.0%) 1 (0.9%) 116
© Beaver Creek = —-— - - - 14 (100%) - - 14
557

. ;
Kilometers below Hauser Dam

Section 1 = 0.0 to 1.

Section 2 = 1.4 to 2.3

Section 3 = 2.3 to 2.7

Section 4 = 2.7 to 3.4 )
Section 5 = 3.4 to 4.5 2

£6
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in spawning condition when tagged, were recovered by
anglers in Holter Lake. Four of these trout were tagged
during early‘October when secondary sexual cﬁaracteristics
would be less prominent and may have been overlooked.
These movements were possibly spawning related. No
resident brown trout from Beaver Creek were recovered in
the Missouri River (Table 21).

Brown trout pre-spawning movements revealed no
discernable trends (Figure 25). Compéred to non—spawning
fish, however, spawning brown trout were less freqpently
recaptured in the subsection from which they were tagged.
For spawning brown trout, an average of 53.1% of the
recaptures occurred at the initial tagging location.

Post—spawning relocations were most often downstream
from the tagging location (Figure 26). Fifty ﬁercent of
the recaptures were from anglers at Holter Lake, and most
tagged fish were creeled prior tol July of the following
year. One tagged brown trout was recovered by an angler
below Holter Dam.

Twenty-one bfown trout (19 females and 2 males) were
observed in spawning condition during consecutive years.
Ten (47.6%) repeat spawners were recaptured within the same
subsection in each of the 2 years (Figure 27). . Qne female

was observed in spawning condition 3 consecutive years.
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Figure 25. Movement of brown trout in the Missouri
River study area prior to spawning (1982-83)
(Each arrow represents the movement of one
fish, and broken lines correspond with
section boundaries).
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Figure 26. Movement of brown trout in the Missouri River
study area after spawning ((1982-83).
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BROWN TROUT
(SPAWNING TWO YRS)

DATE

1/83

8/82

HOLTER
LAKE

HAUSER DAM

Figure 27. Locations of brown trout in spawning condition
two consecutive years in the Missouri River
study area (1982-83).
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Rainbow Trout Movement

During 1982 and 1983, 2,830 rainbow trout were tagged
in the Missouri River, and 648 were tagged in Beaver
Creek. Non—-spawning movement was based on 556 recapture
locations, and spawning movement was determined from 218
recapture locations.

In the Misgsouri River, an average of 56.6% of.the
non—-spawning recaptures (range between sections = 67.8 to
13.2%) were from the initial tagging subsection (Table
21). During pre—spawning movement, rainbow trout were
less freq;ently recaptured within the initial tagging
subsection; only 25% of the recaptures were from thg
initial capture location (Figure 28). No non-spawning
rainbow trout tagged in Beaver Creek were recovered in the
Missouri River.

A relatively large number of non—spawniné rainbow
trout were recovered by anglers in Holter Lake. Of thg 42
angler returns from‘Holter Lake, 32 were from non-spawning
rainbows tagged in the spring. It is likely that some of
the non-spawners tagged in the spring were associated with
the spawning migration but were not in spawning condition
at the time of capture. There also appeared to be a fall
migration of rainbow trout from Holter Lake to our study
section, and a similar'proportion of fall and spring

migrating fish were harvested in Holter Lake during the
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Figure 28. Movement of rainbow trout in the Missouri
River study area prior to spawning (1982-83).
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spring and early summer. Two non—spawﬁing ralinbows were
recovered by anglers below Holter Dam.

Rainbow trout post-spawning movement was similar to
the brown troﬁt post—-spawning movement pattern (Figure
29). Sixty-seven percent of the relocations were
downstream from the initial tagging location, and 52% of
the relocations were from anglers downstream from the
lower béundary of the 4.5 km study section. Of the 22
angler returns below the study section, 13 were cree%ed in
Holter Lake, 7 were caught below Holter Dam, and 2 were .
recovered in tributaries of Holter Reservoir; one each in
Willow Creek (18.6 river km below Hauser Dam) and in
Cottonwood Creek (27.4 river km below Hauser Dam). |

Fifty rainbow trout spawning movements from the
Missouri River to Beaver Creek were observed in 1982 and
1983. 1In 1982, 90% of the spawners recovered in Beaver
Creek were tagged at or below the mouth of Beaver Creek
(sections 3, 4, and.5) earlier during the spring
(Figure 30). In 1983, most (74%) relocations in,ﬁeaver
Creek were from fish tagged dufing the fall of 1982
;ince few tags were distriﬁuted during 1983. O0Of the
rainbow trout spawners marked in 1982 and recovered in
Beaver Creek in 1983, 45%Z, 267%Z, and 29%Z were tagged above,
at, or below the mouth of Beaver Creek, respecfively.

After spawning in Beaver Creek, most rainbow trout

were recovered downstream from the mouth of Beaver Creek
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RAINBOW TROUT
(POST-SPAWNING MVMT)

1/84

DATE

1/83

2/82

HOLTER
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HAUSER DAM

Figure 29. Movement of rainbow trout in the Missouri
River study area after spawning (1982-84).
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RAINBOW TROUT
(MVMT INTO BEAVER CRK)

HAUSER DAM

Rainbow trout spawning movement from the
Missouri River to Beaver Creek (1982-83).

nlni
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(Figure 31). Twenty-four recapture locations (35%) were
from sections 4'and 5, 22 (32%) were from Holter Lake, and
two (2.9%) were from below Holter. Dam.

Twenty rainbow trout (11 males and 9 females) were
observed in spawning condition during 2 consecutive years.
When recapture locations at section 3‘(at the mouth §f
Beaver Creek) were combined with Beaver Creek relocations,
15 (75%) were observed in the same spawning area each of

the 2 years (Figure 32).
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RAINBOW TROUT
(MVMT FROM BEAVER CRK)
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Figure 31. Rainbow trout movement from Beaver Creek to
the Missouri River study area after spawning
(1982-83).
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RAINBOW TROUT
(SPAWNING TWO YRS)
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Figure 32. Locations of rainbow trout In spawning
condition two consecutive years in the
Missouri River study area and Beaver Creek
(1982-83) .
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DISCUSSION

Spawning, incubation of eggs, and emérgence of fry-
are the life stages of trout most likelyto be influenced
by fluctuating flows in the Missouri River study area.
Diminished success of any of these ‘processes could result
iﬁ decreased abundance of troﬁt.

In the Missouri River study area, the known quantity
of adequate spawning habitat is small relative to the
size of the spawning populations. Only four areas are
known to be used extensi;ely for spawning. Although daily
fluctuations in discharge of the magnitude proposed have
not .occurred in the past, the éresent channel was formed
by much higher discharges. Thus, flows in the range
tested are not expected to remove spawning substrate:

The intensive aggregation and supefimposition of
redds is possible evidence éf the scarcity of suitable
spawning sites and suggests that the brown trout
populétion in the study area may be limited by available
spawning habitat. Stuart (1953) noted that |
superimposition is inevitable when available spawning area
is limited and‘the spawning populétion is largef Redd
superimposition results in mortality of eggs pfeviously

deposited. Redd aggregates, however, may be partly due to

attraction of spawners to disturbed substrate; this has been
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observed with spawning chinook salmon (Chapman et al.
1982). Multiple redds were less frequently observed in
Beaver Creék except when spawners were concentrated below
"beaver dams.

Flows which reduce the quantity of suitable spawning
habitat would likely increase the freduency of
superimposition. Although spawning 1is rarely limiting to
stream fish populations (McFadden 1969), the downstream
reservoir in the study area provides increased-space and
food to supporf larger numbers and biomass of trout than
could be supported in the river. If the brown trout
.population is limited by spawning habitat, any reduction
or enhancement'of spawning success would directly affect
the future adult populations. The rainbow'trout
population in the Missouri River study area is less likely
to be limited by spawning habitat because of extensive
tributary spawning and hatchery'stpcking.

Spawning habitat located in the zone of fluctuating
flows would be influenced most by'proposed peaking flows.
Theilargest impact would occur at the two spawning areas
above Beaver Creek where only 30% of the brown trout redds
were locatgd 1n.relative1y deep water that would be less
influenced by flow fluctuations (Table 4).. Most redds
below ‘Beaver Creek would not be adversely affected because

of reduced flow fluctuations and greater spawning depths.
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Trout spawning activity below Hauser Dam occurs for &4
tos months of the yéar,and water temperature ap
initiation of spawning was similar between years. Brown
trout spawning began when water temperature droppéd to 9.5
- 11.1 C in mid October, and.extended through December
with peak spawning occurring in early to mid November.
Berg (1981) reported similar timing of brown trout
spawning in the Missouri River below Holter ﬁam.

Rainbow trout spawned from late March to about mid
June in 1982. Spawning began in early March in 1983,
although water témperature at first spawning was the same
each year (3.5 C). Temperature during trout spawning was
similar to that reported in.the literature (Tables 22 and
23). Migrations of rainbow Erout into Beaver Creek were
less influenced by water temperature, and appeared to be
triggered by increases in streamflow.

Many studies have shown that §a1m9nids spawn within a
relatively narrow range of hydraulic conditions (Tables 22
and 23). Data collected to establish spawning criteria for
depth, velocity, and substrate have been gathered since
the early 1950's. Since most of these criteria were
developed by quantifying physical characteristics of trout
redds in streams smaller than the Missouri River, the
ranges and means of depth and velocity were generally
wider and had higher maximums in the ﬁissouri kiver study

area. Bovee's (1978) probability of use curves for
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Table 22. Minimum depth, range of velocity, and Watép
temperature associated with brown trout -

spawning.

Modified from Reiser and Wesche

(1977).
Parameter Value Source
Minumum 4.6 Present study (Beaver Creek)
depth (cm) 24 .4 Present study (Missouri R.)
29.0 Berg 1983 (Missouri R.)
18.0 Sando 1981 (Beaverhead R.)
17.0 Sando 1981 (Yellowstone R.)
24,4 Thompson 1972
24.4 Smicth 1973
15.2 Bovee 1975
Mean 0.06-1.04 Present study (Beaver Creek)
column 0.33-1.40 Present study (Missouri R.)
velocity 0.38-1.37 Berg 1983 (Missouri R.)
(m/sec) 0.35-0.95 Sando 1981 (Beaverhead R.)
' 0.28-0.63 Sando 1981 (Yellowstone R.)
0.21-0.64 Thompson 1972
0.30-0.91 Hooper 1973
0.20-0.68 Smith 1973
0.30-0.76 California (in Hunter, 1973)
0.43-0.82 Bovee 1975
Water 5-7 Present study (Beaver Creek)
temperature 9-11 Present study (Missouri R:)
(C) 6-7 Stuart 1953
7 Hoppe and Finnel 1970
10 Bell 1973
7-9 Hooper 1973
7-13 Hunter 1973
6-13 Bovee 1975
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Table 23. Minimum depth, range of velocity, and water

temperature associated with rainbow trout
.spawning. Modified from Reiser and Wesche

(1977).
Parameter Value Source
Depth (cm) 10.7 '~ Present study (Beaver Creek)
24.4 Present study (Missouri R.)
4.4 Sando 1981 (Beaverhead R.)
22.0 Sando 1981 (Yellowstone R.)
12.2 MDFWP (Yellowstone R.)*
12.2 Sanborn (Soap Creek)*=*
18.3 Sanborn (Big Hormn R.)**
18.3 Smith 1973
15.2 Thompson 1972
12.2 Bovee 1?75
Mean 0.20;1.19 Present study (Beaver Creek)
column 0.09-1.37 Present study (Missouri R.)
velociy 0.22-1.21 Sando 1981 (Beaverhead R.)
(m/sec) 0.41~-0.65 Sando 1981 (Yellowstone R.)
0.27-1.04 MDFWP (Yellowstone R.)*
0.25~-1.27 Sanborn (Soap Creek)**
0.49~0.91 Sanborn (Big Horn R.)**
0.30-0.91 Smith 1973 . )
0.43-0.82 Thompson 1972
0.10-1.23 - Bovee 1975
Water 3-6 Present study (Beaver Creek)
temperature 3.5 Present study (Missouri R.)
(c) 3.3 Sanborn (Big Horm R.)**
2-20 Bell 1973
11 Hooper 1973
4-13 Hunter 1973
2-8 Orcutt, Pulliam,
and Arp 1968
7-13 Bovee 1975

: Unpublished data from Berg and Workman.

Thesls in preparation.
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spawning, which are based on available literature,
approximate hydraulic conditions at Beaver Creek redds
more closely ghan Missouri River redds (Figure 21).
Separate probabilitj of use curves for Qarious catagories
of stream size may result in more accurate predictions of
effects of flow modifications. To define comprehensive
spawning criteria for salmonids, Reiser and Wesche (;977)
emphasize additioﬁal collection of spawning requirements
in.larger rivers. Annear and Conder (1984), however,
indicated tﬁat Bovee's (1978) spawning and incubation
curves are "reasonably accurate” for most species.

There is needéfor standardizing methods of developing
spawning criteria. Mean colunmnn velocity was used in this
study because the hydraulic model used to predict effects
of various flows predicts mean velocity. Others have used
mean column velocity iﬁ developing spawning criteria
(Reiger and Wesche 1977, Sando 1981, Bovee 1978).
Recently Shirvell and Dungey (1983) measured focal point
velocities (2 cm above the highest point of thé redd) to
investigate brown trout spawning microhabitat selection.
Since focal point position is primarily a function of
spawner size, Hunter (1973) measured velocity at 0.4 feet
(12.2 cm) above the streambed for salmonids larger than 4.
pounds (1.8 kg), and at 0.25 - 0.30 feet'(8 - 9 cm) for

smaller trout.
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Mean column velocity is higher than the velocity
encountered by the épa&nér at the substrate level, and
this discrepgncy increases as stream size incréases.
Velocity criteria, ﬁhereforé, are variab;e between
different sized streams when mean column velocit& is
measured. Shirvell and Dungey (1983), using spawning
focal point, observed consistent selection for vélocity in
various sizes of rivers. Similarly, point velocities of
redds, meagured at the substrate level, were compafable in
the Missouri River and Beaver Creek. A drawback of
measuring velocity at approximately the substrate level is

the variation observed related to streambed roughness. As

a resul;, the coefficient of variation is higher for point

velocity at substrate level than for mean column velocity.
Altﬂough not measured in this study, focal point velocity
of the spawning femalé would likely be the most
representative, least variable, and most comparable
measuremént of preferred velocity for spawning.
Presentation of spawning micpohabitat data also needs
standgrdization.- Since quantification of unused habitat
can be as informative as méasurements of habitat uséd,
suitability curves repfesentiﬁg use of a parameter
relative to its availability are being more commonly
used. These suitébility functions more accurately

describe habitat selection, and consequently, may differ
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marﬁediy from utilization functions (Baldridge and Amos
1981). i .

Veloci;§ a%pehred to be more important than depth for
spawning site selection in the Missogri River study area.
Thié is evidenceq by flow associated changes in spaﬁning
depth while spawning velocity remained similar (Figure
12). Water velogity chosen by spawners remained
consistent even at the deepest bf spawning areas. In
general, water depth did not appear to be an important
component in the selection of spawning sites with the
exception of a ﬁinimﬁm depth spawﬁers would utilize.
Substrate composition defined the boundaries within which
spawners made adjustments according to water velocity.
Others have noted the importance of water velocity ‘and
substrate for the.selection of spawning sites (Reiser gnd
Wesche 1977; Shirvell and Dungey 1983), while Rinne (1980)
believed water velocity to be less important than dépth
and substrate.

, Water velocity also appeared to be the habitat
variable most selected for in Beaver Creek (Figure 13).
An additional parameter influencing the selection of
spawning sites in this small stream was. overhead cover.
The tendency for brown and rainbow trout redds to be
located near shore may, in part, be related to the

increased availability of overhead cover. Brown trout

selection of spawning sites adjacent to undercut banks and
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overhanging vegetation was also observed by ﬁeiser and
Wesche (1977). 1In larger streams, such as the Missouri
River, overhead cover is less important because of the
security provided by spawning at greater depths. In
éddition, rainbow trout redds in Beaver Creek were less
frequently associated with overhead cover comparéd to
brown trout redds. Rainbow trout spawn in deeber water
during higher, more turbid flow cdn&itions which may
reduce the need for structural cover.

Since AIStribution of depths and velocities over
suitable spawning substrate is a function of flow, the
amount of adequate spawningihabitat varies with discharge.
Flows too.high or too low result in-unfavoraﬁle conditions
for sp;wning (Fraser 1972).

" From hydraﬁlic and PHABSIM habitat modeling, it was
evident that the relationship between the predicte@
quantity of suitable spawning‘habitat and flow differs
between spawning areas. _Maximum predicted brown trout
spawning habitat at area 1 was provided by a flow of 99.1
m3/second(3,500cfs),whilethe maximum at area 2 was at
146.6 m3/second (5,178 cfs) (Figure 23); A coﬁparison of
the number of brown trout redds in the two areas seems to
support the model's predictions. In 1981, when discharge
during most of the spawning period was approximately 113.3
m3/second (4,000 cfs), 44%Z of observed redds were at

spawning area 1 and 167% were at area 2. During the higher
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discharge of 1982 (approximately 141.6 m3/second; 5,000
cfs), 41% of observed redds were at spawﬁing area 2 and
31% were at area 1 (Table 5). This difference in spawning
use probably reflects changés in availability of ﬁreferred
habitat in ghe two areas. The example above also
demonstrates the ability of the PHABSIM'system to predict
relative changes in habitat availabiiity'as flow changes.

The model als; predicted that high discharges will
reduce spawning habitat as abruptly as low discharges.
Although there will be a ﬁoint apove which high discharge
wiil produce excessive velocities, consideration of
gdjustments by spawners to avoid high velocities is not
within the capabilities of the model. -In 1982, for
example, as discharge increased to about 200 ﬁ3/seéond
(7,000 cfs), rainﬂow trout spawners at area 2 began to
spawn in small areas behind boulders that were not
previouély used. Redd making -also shifted to areas
Between the small riffles'which had lower veiocities and
sometimes 1n£reased depths. -

Predictions of weighted usable area (WUA) at‘
increased flows were also misleading because of biases in
spawning criteria. Although the number of measurements
taken at redds was considered "good” (200 me?surements are
needed for "excellent” utilizapion curves) (Bobée and
Cochnauer 1977), Missouri River deptﬁ~criteria did not

accurately represent depth preferences. A lack of
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individual redd depth readings at deep~water spawning
dreas was the primary reason for the biased data. Swift
(in Estes 1985) also observed that spawﬁing fish were not
restricted by water depth alone. As a result of this
bias, the model considered areas unsuitable for spawning
at higher discharges despite the existence of 'suitable
substrate and velocity.

Biased depth criteria can be modified based on field
observat;ons, as suggested by Estes (1985). This was not
done because there were additional reasons for quéstioning_
the reliability of predictions based on this modeling;

For the model to provide realistic predictions, the
user must accurately identify the available spawning
habitat. Observed spawning activity, however, was
concentrated in small areas and did not occur throughout
most of the habitat that appeared available. For example,
at spawning area 4, redds were typieally concentrated
within a small portion of the available spawning area
despite relatively homogeneous water depths and velocities
(Figures 33 and 34). Size of bottom materials at area 4
was also relatively uniform throughout the channel area.

" Other factors such as intergravel permeability,
subtle changes in'bottom contour, or groundwater inflow
may have attracted épaﬁners to small areas within the
larger areas that appeared suitable for spawning. Stuart

(1953) also observed that small areas may be used for
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CELL VELOCITY - TRANSECT SET 3

Locations of brown trout redds (1982) 1in
relation to predicted mean column water
velocity, Missouri River.
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Figure 36. Locations of brown trout redds (1982) in
relation to predicted water depth, Missouri
River.
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spawning despite extensive availability of suitable
substrate, depths, and velocities. He concluded.that
areas wifh downyelling of surface water through the
gravels were preferred for redd building. Estes (1985)
beiieved upwelling to be an important variable for |
spawning chum salmon. Attraction of spawners to disturbed
sites (previously constructed redds) ﬁay have also
resulted‘in redd aggregates. Regardless of the cause, it
was not possible to predict whether a site would be used
for spawning based only on water deﬁth, velocity, and
substrate suitability (the inputs to the PHAESIM system).
Spawners did not use several sites where these three
compoﬁénts were within the preferred range for spawning.

In spawning areas 1 and 2, areas of maiimum spawning
use were located in the shallowér, shoreward portion of a
much larger area considered suitable for spawning. The
deeper portion of the areas had little use,.even during
the lower 1981 flows. Thus, WUA predictions were biased
in favor of lower flows. The overal; maximum quantity of
spawning habitat (areas 1 and 2 combined) was predic;ed to
occur at about 59.5 m3/second (2,100 cfs) for brown trout,
énd 85l0.m3/second (3,000 cfs) fﬁr rainbow trout. On the
basis of my observations during five spawning periods,’and
examination of numerous test flows, I believe that these
predictions underestimate'the flows which would produce

maximum spawning habitat. Annear and Conder (1984%)
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concluded fhat PHABSIM methods tend to provide relatively
low minimum flow requirem;nt’estimates on la;ger streams
(annual flow greater than 100 cfs), and high eétihates'for
small streams. The difference in water depth s5election
for the two speciés accounts for the different flows at
which the maximum WUA is predicted.

Because of the problgms discussed above, habitat
modeling results were not used to assess flow-rélatéd
impact on spawning and'egg incubation. An alternative
approach that did not involve speculation about available
spawning habitat was adopted. This was to observe éctual
spawning locations and assess hoﬁ these areas would be
impacted at specific flows by using predictive hydraulic
modeling.

Reliable hydraulic modeling was only available fo;
areas 1 and 2 because the backwater of Holter Reservoir
influences the Missouri River below Beaver Creek. Thus, .
anaiyses of redd dewatering and suitability of incubation
velocities was limited to these two areas. Since spawﬁing
areas 1 and 2 had a higher proportion of redds in
relatively shallow water compéred to areaé 3 and 4, the
minimum discharge ensuring successful spawnihg would be
lower ét areas 3 and 4. Although hydraulic modeling may
not be reliable at area 4, empirical observations cbhfirm
that redd dewatering QOes not occur at the lowest flow

observed at this site (55.4 m3/second); 1,956 cfs).
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Inéubation.Veloéities also remain‘adequate at this flow.
Adeauate minimium flows for the other three spawning areas
will also be adequaté at area 4. The prediction of iﬁpact
of the vérious flow regimes on spawning success for ‘the
entire river segment is likely to be conservative since it
is based on redd dewatering at the-shallowest spawning
areas.

Acceptable ingubation flows will var} with the
magnitude of the spawning flow because of lateral
ad justments in spawning as flow changes. Despite the 20
to 25% difference in spawning flows during 1981 and 1982,
initial redd'dewatering occurred at 607%Z and 62% of the
spawning discharge, respectivély. This roughly coincides
with Wesche and Rechard's (1980) method of recommending an
incubation flow at two-fhirds of the spawning flow.

Despite the large number of redds'in spawning area 4,
its contribution to recruitment may be low. Redds ciose
enough to shore to allow collection of substrate samples
contained conSiderably more fine materials than other
redds below Hauser‘Dam. From the rainbow trout embryo
survival equation developed by Irving and Bjornn (1984),
less than 0.5% survival would be expected in this spawning
area. Although most redds at area 4 were at least 30 m
from shore, where fewer fine materials would be expected,
the homogeneity of this area with respect to w;ter depth{

velocity, and substrate composition suggests that large
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amounts of fine materials may also exist in redds located
away from shore. |

-The influence of fluctuating flows on spawning
behavior was a concern that was not feasible to address in
this study, and only limited ‘research on this potentia%
problem has been condﬁcted. Nelson (1984) has recently
analyzed long-term brown trout population data from the
Beaverhead River, Montana. He compared average daily
flows during the 1964 through 1978 brown trout spawning
perio&s (1 October - 30 November) with abundance of age I+
juveniles produced. He found that spawning flows
associated with five of the six poor yéarling classes were
. characterized by daily.fluctuations of 250Icfs or more
(200 to 400%7 fluctuation). Fair and good year classes
were produced during years devoid of extreme fluctuations.
Factors related to dam completion probably influenced
reproduction the yeariflwhich the dam was built. 1In
analyses contrasting flows associated with fair and good
year class strength, Nelson (1984) found poor correlations
between the magnitude of stable spawning flows and the
ndmbers of age I+ brown trout produced.

Simila; relationships were not evident from Nelson's
(1984) evaluation of flow conditions during the incubation
period. Thus, it appears that fluctuating flows during
the spawning period were the p%imary cause of poor

yearling crops produced. Further, the level of flow
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encountered (low orAhigh) appeared to have no large
"influence on year class strength as long as large flow
fluctua;ions did not occur during the spawning period.

It is not known why fluctuating flows during spawning
seasons produced poor yearling crops of brown trout in the
Beaverhead River. The most reasonable explanation is that
fluctuating flows influence spawning behavior.
Unfortunately, no known research has evaluated this
potential problem for brown trout.

Studies of the effects of fluctuating flows on
chiqook salmon spawning appear to be cont?adictory.
Hamilton and Buell (1976) conducted a study to determine
possible effects of daily flow fluctuations ranging
between 1,000 cfs and 9,300 cfs on the Campbell River
fishery. As a part of this study, spawning chinook were
observed as flows were varied. They reported that flow
increases of 50%, or decreases of 30%, had "a major
disruptive impact"” on spawning behavior. Spawning females
appeared to be disoriented by the flow changes resulting
in untimely release ofeggs andfailure to cover eggs once’
released. Once redds were abandoned, even if not
completed, spawners rarely returned to them when flow was

restored. This is in contrast to the findings of Chapman

et al. (1982) and Stober et al. (1982) who reported that once

redd construction is initiated, chinook usually return to
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complete the redd even though it is periodically dewatered
by fluctuating flows.

Bauersfeld (1978) reported that in the Columbia River
(Vernita Bar),-46% of the chinook redds constructed in the
zone of fluctuation were false redds (redds'not containing
eggs), and not all redds containing eggs (above and below
the ﬁinimum flow level) contained a full compliment. In a
follow=up study, Chapman et al. (1982) found living
embr}os in 847 of the redds above the minimum flow level
but did not determine if the redds contained the normal
number of eggs. They found no evidence that flows reduced
for up to 8 hours per day influénced the distribution of
redds.

Bauersfeld (1978) observed "abnormal redds” in areas
of watér fluctuatién. He attributed this to spawning
under depth and velocity conditions other than preferred.
Most redds lacked the prominent tailspill that was
observed in previous years; fhe lack of a tailspill was
speculated to result in redd scouring and/or increased
‘predation by sculpin or stoneflies within the redd.
Chapman et al. (1982), however, found no evidence that
this was the case.

After examining carcasses of chinook salmon,
Bauersfeld (1978)vfound no evidence thaé fluctuating flows
significantly affected thg ability of a female salmon to

void her eggs. He pointed out, however, that it was
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unknown if the eggs were all deposited in the gravel.

The important qdésti;ﬁ is whether disrupted spawning
behavior translates into a significant decrease in
spawning success. Unfortunately, none of the studies on
chinook salmon evaluated fesulting cohorts. To my
knowledge, Nélson (1984) is the only investigator to
relate flo& fluctuations to resulting standing crops of
fish. _ ' '

Successful trout spawning is not an'ena in itself.
Incubating eggs require an adequate flow of water through
the gravel to supply Qxygen and-éarry away metabolites
.(Wickett 1954). Adequate flow during the incubagion
period is not frequently a problem in unregulated streams.
However, in.regulated streams, fluétuating or low flows
may reduce embryo sur?ival because of dessication,
freezing, sedimentation of redds, or ;educed intragravel
dissolved oxygen levéls (Reiser and White 19813; 1981b).

Reiser and White (198la) reported that egg dewatering
pri.r to hatching had little influence on embryo survival
as long as desiccation or freezing did not bccuf.
Desiccation, which 1is influenced by temperature and
particle size distribution, would probably not be a
problem in the study area. Freezing, howevér, could occur
if brown trout eggs were dewétened during winter. . Because
of redﬁced'sediment recruitment in the study area as a

result of Hauser Dam, sediment deposition over redds would
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not likely occur as a result of proposed flow alterations.
Low flow over redds may result in a "stagnant"égg
environment w?ich causes high embryo mortality (Reiser and
White 1981b).

One problem which I did not evaluate, and to my
knowledge has not been evaluated by others, is the‘impact
of trampling red&; on embryo survival. Because of the
relatively small length of free flowing rivér in the study
area, and the popularity of the area for fishing
(particularly in the vicinity of spawning beds), fiow
regimes which expose redds would likely result in
considerable trampling of spawning sites. The only
information we.have on effects of trampling relates to
cattle. 1In assogiatioﬁ with the studies of keiser and
White (pers. comm.), cattle entered a one-half mile study
section of Big Spring Creek, tfampling on about 50% of the
Whitlock~Vibert boxes being used in embryo survival
studies. Although embryo survival in the study section
was poor due to other causes, the boxes, burried about 1
foot, were crushed by the catfle and presumably mosf eggs
in the boxes were also érushed. To prevent much of the
possible humén disturbance at redd sites, flows which
expose redds should be avoided.

In contrast to develdping embryos, sac fry, which
remain in the gravel for several weeks gfter hatching,

cannot tolerate dewatering. Becker et al. (1982) found




127
nearly 100% mortality of pre-emergent chinook salmon fry
ex?osed to 1 hour daily dewatering. éinceibrown trout
eggs hatch from late January to mid April in the Missouri
River study area, with emergence not complete until about
mid May, any dewatering of redds during this time would
result in high mortality of fry.

A factor not related to flow pattern, but presently

. influencing the brown trout population is angler harvest.

Brown trout harvest rates increase during the spawning
period, and males‘appear to be particularly vulerable to
angling at this time. Sex—specific harvest may partly
account for the nearly two to one female/male sex ratio
observed below Hauser Dam during spawning. This skewed
sex ratio does not occur below Canyon Ferry Dam'where the
female/male ratio is 1.4:1.0 (Berg and Lere 1983), or
below Holter Dam' where the ratio is 0.9:1.0 (Berg 1983).
Spawning fisﬁ are‘either less concentrated or 1less
accessible in these two areas, resulting in less

vulnerability to harvest.
Sunnary

1) Rainbow trout of river or reservoir origin used Beaver
Creek extensively for spawning, but there was no
significant brown trout spawning ruﬁ up Beéver Creek.
Consequently, brown trout reéruitment to the study area

and Holter Reservoir largely depends on successful




128
reproduction in the flowing segment of river below Hauser
Dam.
2) Brown and rainbow trout spawning was'concentrated in
four generél areas of the Missouri River study area. Redd
counts were lower than the estimated number of spawning
females. The presence of deep-water redds adjacent to the
ma jor spawning areas, and underestimation of the number of
redds in areas of concentrated redd building account for
most of the discrepancy between the number of spawners and
the number redds observed.
3) Based ﬁpon the measurement of physical and hydraulic
characteristics of redds, the minimum depth and velocity
selected by brown and'rainbow~trout spawners in the
Missouri River study area was 24 cm and 0.3 m/second,
respectively; preferred mean velocity was about 0.7
m/second. In Beaver Creek, rainbow trout selected
greater water depths and higher velocities for spawning
than did brown trout. Water velocity and substrate
composition were more important than water &epth for the
selection of spawning sites.
4) In the Missouri River and Beaver Creek, brown trout
spawnea from mid-October through December with peak
spawning in mid-November. Rainbow trout spawned from mid-
March through late ﬁay, peaking in late April.

5) Approximately 1000 brown trout enter the 4.5 km study

section during the fall spawning ﬁeriod. After spawning,
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brown and rainbow trout were most often recaptured
downstream for the tagging location or in Holter
Reservoir. One brown trout and nine rainbow trout were’
recovered below Holter Dam after being tagged in the study
area. Trout in spawning copdition were less frequently
recaptured near the'original tagging location than were
non—spawning trout.
6) Duration of b?own trout redd construction'ranged from
approximately 1 to 5 days with most redds being completed
within 3 days. Early ana late in the spawning period,
most spawning occurred at night. During peak spawning,
both -brown and rainbow trout spawned during both day and
night. |
7) Owing to uncertain reliability of habitat modeling
(PHABSIM), hydraulic (WSP) modeling alone was used to
assess flow related impacts on spawning habitat. Brown
trout redds begin to be dewatered at about 607% of the
spawning discharge. Redds constructed when flow was about
142 m3/second (5,000 cfs) would remain nearly 100% wetted
in spawning areas 1 and 2 étdischargesgreaterthanSS
n3/second (3,000 .cfs). Rainbow trout redds built at a
discharge of 159 m3/second (5,600 cfs) would rem;in wetted
at flows greater than 127 m3/second. At discharges less
than 113 m3/second (4,000 cfs), the percentage of spawning

habitat wetted would decreaseée rapidly.
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METHOD FOR QUANTIFYING VISUAL SUBSTRATE OBSERVATIONS

A modified version of the Wentworth particle.size
scale (see Table 1) was uéed to visually classify spawniné
substrate in Beaver Creek. Substrate classes (fines;
g?avel, cobble, boulder) were assigned percentages at 25%
increments according to the estimated surface area each
class comprised at an observatioﬁ.

A'weighted mean approach was used to quéntify
substrate observations so that comparisons could be made
between used and available spawning sﬁbétrate. A single
value representing the méan particle size of a visual
observation was obtained by multiplying the midpoint of
a particle size class by the percentage it comprised at an
observation. These products are then summed to arrive at
the overall mean diameter of subsfrate at the site.
Midpoints of partiéle'size classes are: Fines ; 1.0 mn,
Gravel = 33.0 mm, Cobble = i60.0 mm, Boulder (approximate)
= 300 mm.

For example, the mean particle size for a visual
observation of 50% fines and 50%Z gravel would be:

0.50 mm
16.50 mm

1.0 mm (fines midpoint) x 0.50 (% fines)
33.0 mm (gravel midpoint) x 0.50 (% gravel)

mean substrate diameter at site 17.00 mm
A 1list of particle size diameters is presented in Table

24,
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Table 24. Mean particle size diameter at each combination
of substrate type in ascending order (F = Fines,
G = Gravel, C = Cobble, B = Boulder).

Substrate Mean Substrate
Classification* Diameter (mm)
100F 1.00
75F, 256G 9.00 .
50F, 506G 17.00
100G 25.00
75F, 25¢C 33.00
50F, 256G, 25C 40.75
25F, 50G, 25cC 56.75
75G, 25cC 64.75
75F, 25B , 75.75
50F, 50cC 80.50
50F, 25G, 25B 83.75
25F, 25G, 50cC 88.50
25F, 50G, 25B 91.75
50G, 50cC 96.50
75G, 25B 99.75
50F, 25C, 25B 115.50
25F, 75cC 120.25
25F, 25G, 25C, 25B 123.50
256, 75cC 128.25
50G, 25C, 25B 131.50
50F, 50B 150.50
25F, 50C, 25B 155.25
25F, 25G, 50B 158.50
100C 160.00
25G, 50C, 25B 163.25
50G, 50B : 166.50
25F, 25C, 50B 190.25
75C, 25B 195.00
25G, 25C,. 50B 198.25
25F, 75B 225.25
50C, 50B 230.00
25G, 75B 233.25
25C, 75B 265.00
100B 300.00

*Numbers are percentages.
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"RAINBOW TROUT"
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GENETICS OF SPAWNING "RAINBOW TROUT"

Lafge numbers of Arlee strain rainbo; trout are
stocked in the reservoirs surrounding the Missouri River
study area. It is not known whether or‘not these hatchery
fish successfully repro&uce in the wild.. Spawning and
young—of—-the-year trout were collected for electrophoretic
analysis with the objective of determining the presence or
absence of the Arlee strain among the spawning population
of rainbow tfout.

In total, 33 fish were collected in the Missouri’
River and Beaver Creek. Twenty females in spawning
condition were'collected during the spring of 1983;‘ten
were from the Missouri River, and‘ten were river or
reservoir migrants spawning in Beaver Creek. The 13 fish
sampled during the fall of 1982 included five age 0 fish
known to be wild, five ripe males that were Beaver Creek
residents, and three ripe fish (two males, one female)
collected in the Missouri River. Muscle, eye, and iiver
tissues were dissécted, frozen, and sent to Rebecca
Everett (University of Montana Genetics Laboratory) for
electrophoretic analysis.‘ Findings presented: below ére

summarized from Everett et al. (1985).
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.ELECTROPHORETIC ANALYSIS
(Everett et al. 1985)

Electorphoresis was used to separate protéiné in
tissue homogenates on starch geis according to the methods
of Utter et al. (1974). Bufférs and specific stains fhat
permit detection of active énzymes as bands with a
repeatable pattern were those of Allendorf et al. (1977L
Eighteen enzymes_coded for by 37 gene loci were stained
for (Table 25). Ihe‘results, however, are based on
sixteen enéyﬁes totalling thirty-two loci because
aspartate amino transferase, sorbitol dehydrogenase, and
muscle creatine kinase isozymes dénatured and could not be
scored.

Allele frequencies of variable loci were compared
between the spring (N = 20) and fall (N = 13) samples
using a muitiple simultaneous chi-squared test for
goodness of fit. The two groups were not significantly
different (p < .05), and their genotypes were in Hardy-
Weinperg (random mating) proportions. The spring and fall
samples, therefore,‘were considered together as a single,
random mating population.

The sampled population.has gene products that -
indicate hybridization of yellowstone gutthroat trout,
westslope cutthroat trout, and rainbow trout. Based on 33
fish sampled, the'percentaéeiéf genetic.material

attributable to each species was 92.4%, 6.1%, and 1.5%,
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respectively, - for rainbow trout, yellowstone cutthroat
trout, and westslope cutthroat trout. |

In addition to the alleles distinguishing rainbow
trout from westsldpe and yellowstone‘cutthrdat trout, tbis
sample had allelic variants.which have been observed in
other réinbow trout populations, but have not been
observed in the Arlee strain. Eight of 33 fish sampled
possessed variants not seen in the Arlee strain. This |
‘indicates that rainbow trout"outsidé of the Arlee strain
are contibuting genetic material to the population
sampled.

One female captured in spawning condition during
April had the regulatory variant (ﬁgm-l—t) that is rare in
rainbow trout populations in general, but is‘typical in
the Arlee strain. This variant has a frequency of 0.022
in the Arleé strain, and a frequency of 0.01l5 in the
Missourl River sample. The Arlee hatchery stock and the
Missouri River population are not s;gnificantly different
(p <0.001) in the frequency of the Pgm variant.

Although it cannot be said that individual fish in
the sample are specifically Arlee rainbows, there‘is
evidence that fish of this strain are spawning. Owing to
the sm&ll number of fish sampled, the presencé of the Pgnm
variant in one spring—-spawning female gives little
indication of thelrelative Abundance of Arlee fish in the

spawning populatidn.
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Enzymes, loci, and tissues examined from

Table 25. ‘
: rainbow trout (L = Liver, M = Muscle, E = Eye).

Enzyme Loci Tissue

Adenylate kinase Ak M

Alcohol dehydrogenase Adh L

Aspartate aminotransferase Aat-1;2;3,4 L,L,M

Creatine kinase- Ck-1;3 M,L,E

Glucose phosphate Gpi-1;2;3 M

isomerase

Glyceraldehyde~3- Gap-3;4 M

phosphate dehydrogenase

Glycerol-3-phosphate G-3-P1;G~3-P-2 L

dehydrogenase

Glycyl leucine Gl-1;G1-2 E

peptidase

Isocitrate dehydrogenase Idh-1;2;3,4 M;M;L

Lactate dehydrogenase
Leucyl—glycyl'glycine
Malaté dehydrogenase
'Malic enzyme
Phosphoglucomutase
6-phosphogluconate
Sorbitol dehydrogenase
Superoxide dismutase

Xanthine dehydrogenase

Ldh-13;2;3;4;5

M;M;E;L;E

Lgg-1 E
'Mdh-1,2;3,4 L;M
Me-1,2;334 M;L
Pgm~1-t;2 L;M

6Pg E

Sdh L

Sod-1 L‘

Xdh L
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