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EABCUTIVE SUMMARY

From 20 October, 1981 to 14 December, 1983 we collected
information on important fish species and their habitat
reguirements in the Missouri River between Hauser Dam and
the impounded water of Holter Reservolir. We also evaluasted
the importance of Beaver Creek to the Missouri River
fishery. This information was used to predict potential
impact of altering the flow patitern below Hauser Dam.

Fifteen fish species representing six families were sampled
in the Missouri River study area. Brown trout, rainbow
trout, and mountain whitefish were the most abundant game
fish sampled while longnose suckers and mottled sculpins

were the most numerous non~game species.

During 1982 and 1983, 3,478 rainbow Trout and 1,435 brown
trout were tagged in the Missouri River and Beaver Creek.
Anglers reported hayvesting 14.5% and 11.7% of the tagged
brown and rainbow trout in the Missouri River, respectivelvy.
Trout in spawning condition were less frequently recaptured
near the original tagging location than were non-spawning
trout. After spawning, brown and rainbow trout were most
often recaptured downstream from the tagging location or

in Holter Reservoir. One brown trout and nine rainbow

trout were recovered below Holier Dam.

The trout population in the Missourl River study area ranks
among the best in Montana. The brown trout population is
primarily adfluvial, spending much of the year in Holter
Reserveoir, moving up into the river in the fall to spawn
and then returning to the reservoir. Although rainbow trout
also move in and out of the reservoir, they are more apundant
than brown trout in the river during all seasons. The brown
trout population is entirely self sustaining while large
numbers of Arlee hatchery rainbow are stocked in Hauser

and Holter reservoirs.



The abundance cf brown trout in the study area during

the fall is large {(~500/mile) but not exceptional when com~
pared to other large blue ribbon trout streams in Montana.
The average size, however, is exceptional. In our study
section, 41% of the brown trout sampled in fall were longer
than 18.0 inches and these {ish welghed an average of

4.2 1b.

The 1982 spring rainbow trout population estimate {2,548/
mile) was similar to estimates on the Madison and Callatin
rivers but was larger than for other Montana trout streams
for which data were available. Average sige during spring
was also larger than reported for most large Montana rivers.
Over half of the rainbow were longer than 16 inches and
welghed an average of 1.8 pounds; nearly one-third were
tonger than 18 inches, weilghing an average of 2.3 pounds.
During the study period, brown Trout numbers changed littie,
rainbow trout numbers decreased, and kokanee salmon increased

in number.

Spawning and subseguent incubation of sggs and emer-

gence of fry appear to be the trout life history features
most 1ikely to be influenced by fluctuating flows in the
Missouri River study area. Nearly all observed brown and
rainbow trout spawning occurred in four areas. BRased upon
the large amount of superimposition of redds, the guantity
of adequate spawning habitat appears limited for brown

trout.

Brown trout spawned from mid-October through mid-

December with peak spawning in early to mid-November.
Rainbow spawned from mid-March through late Mav, peaking

in late April. Although rainbow of river or reservoir
origin used Beavery Creek sxitensively for spawning, there
was no brown troul spawning run up Beaver (reek. Conse-
gquently, Beaver Creek does not appear to be a major source
of brown trout recruitment to the Missourl River study area,

2



but it does appear to be an important source of recruitment
of rainbow trout; 6,693 YOY rainbow trout migrants were

captured near the mouth of Beaver Creek in 1983.

From redd observations in 1982 we were unable to account

for 82% of the estimated 734 brown trout females in the
spawning population. The presence of deep-water redds adja-
cent fo the major spawning areas, and underestimation of

the number of redds in areas of concentrated spawning acti-
vity account for mest of the discrepancy between the number
0f spawning females and the number of redds chserved,

Based upon the measurement of physical and hydraulic
characteristics of redds, the minimum depth and velocity
selected by brown and rainbow trout spawners in our study
area was 0.8 £t and 1.0 fps, respectively; preferred mean
velocity was 2.5 fps. Few redds were observed at water
velocities exceeding 4.0 fps. Velocity appearsed to be more
important than depth in spawning site selection.

Brown trout selected larger substrate than rainbow for
spawning even though both species spawned in the same general
areas. Except for ons spawning area, the amount of fine
sediment in redds of both species was within the acceptable

range for successful egg incubation and frvy emergence.

Duration of brown trout redd construction vanged from appro-
ximately 1 to 5 dayvs with most redds being completed within
3 days. Early and late in the sgpawning run, most spavning

coccurred at night, while during peak spawning, both brown

and rainbow trout spawned during both day and night.

Young-cf-the-year brown trout were first observed in the
Missourl River study area in mid to late April while YOV
rainbow trout were first located in mid-June. Young-of-

the-vear of both species were approximately 1 inch in



length when they emerged from the gravel. Mean length of
captured YOY brown trout was 0.6 inches to 1.7 inches
greater than YOY rainbow Troub on comparable sampling dates.

vOY troul occupied near-shore areas in the Missouri River
which would be most affected by fluctuating flows. Although
brown and rainbow YOY trout were rarely found together,

they occupied similar habitats within the study section.
Approximately 90% of YOY trout of both species were captured
in water depths of less than 2 feet, where mean water veloc-
cities were less than or egual to 0.60 fps, and within 8
feet of shore. Young-of~the-vear trout were usually asso-
ciated with substrates dominated by fines or boulders. One
or more instream cover components were present at 9%% of all
YOY trout capture sites. Downstream movement of a few ¥YOY
trout was detected in the Missouri River, and nearly all
brown and rainbow trout emigrating from Beaver Creek into

the rviver were YOV fish.

Figh, primarily mottled sculpin, made up the bulk of the
diet of all but the smallest size group of brown trout.
Zooplankton were the most important food item for all size
groups of rainbow trout except in Augusi when caddisfiies
became important. Chironomids were important food for YOY
brown trout and were the second most important food item

of rainbow.

Three of the four known spawning areas {1, 2, and 3, see
Figure 2.0~1) were considerably dewatered during the 1,348
cfe flow test in August 1982. All rainbow trout redd loca-

fus
fmf v

ong observed in the three areas during spring 1982 wvere
dewatered as were 50 to 100% of the observed brown Lrout
spawning locations. The quantity of lknown suitable spawning
habitat remaining at this flow was relatively small. Vir-
tually no YOY trout wers dewatered during the August flow
test but mottled sculpin were dewatered in relatively large



numbers. Large reductions in flow earlier in the vear when
YOY trout are smaller could be more detrimental.

Means and ranges of water depth, mean water velocity, and
distance to shore occupied by YOY trout were similar
between normal seasonal and reduced discharges. Durin
experimental low flows YOY distribution changed temporarily,
but there was no indication of permanent displacement.

Physical and hydraulic conditions in three spawning areas
(1, 2, and 4) were predicted for as many as 36 discharges.
The relationships between predicted guantity of suitable
spawnlng habitat and discharge differed between spawning
areas. Maximum predicted brown and rainbow trout spawning
habitat at area 1 was provided by 3,500 cfs and the maximum
at ares 2 was 5,178 cfs for brown trout and 5,500 cfs for
rainbow. Area 4 predictions were not used in the analvsis
dus to suspected influence of the backwater of Holter
Reservoir. Evaluating spawning area 1 and 2 simultaneously,
the overall maximum guantity of spawning habitat is pre-
dicted to occur at about 2,100 cfs for brown trout and
3,000 cfs for raimbow Ltrout. Spawning activity was concen-—
trated in small areas and did not occur throughout most of
the habitat that was predicted and/or appeared available.
Therefore, the reliability of gpawning habitat modeling

results was questioned.

Brown trout redds begin to be dewatered at 60 to 62% of
the spawning discharge. Redds constructed when flow was
about 5,000 cfs would remain nearly 100% wetted in spawning
areas 1 and 2 at discharges greater than 3,000 cfs. Rainbow
trout redds built at a discharge of 5,619 ofs would remain
wetted at flows greater than 4,500 cfs. At discharges less
than 4,000 cfs the percent of spawning habitat wetted would

decrease rapidly.

Lt



The habitat simulation model predicted that usable Y0OY
trout habitat would increase as discharge decreased from
9,500 ofs to 1,500 ofg. Field chservations, however,
indicate that YOY trout habitat guality may be reduced at

low discharges due to a decline in the number of available

cover Lvpes,

Potential effects of fluctuating flow on spawning behav-
or, incubation, YOY trout rearing, and forage fish are
S

io
discussed.



1.9 INTRODUCTIGN AND OBJIECTIVES

a
has national importance (Brown et al. 1959). Engineering

studies performed for the Monitana Power Company indicate
that the additicn of a new 25MW power house at Hauser Dan,
cowbined with a peaking coperation, would produce the
highest cost~benefit ratio. Hauser Dam 1s presentiy opaiw

ated as a run-¢fi-the-river plant.

Little information concerning the

section of the river and its major

T
lected in the past. Due

frowad

has been oo
the trophy brown trout fishery, the rainbow Crout fishery
ang other recreational ac ities on this section of the
river, information d@cumenting the present status of fish
populations and habitat is being gathered to predict
potential ilmpacts of altering the flow pattern below Hauser
Dam. Although information on several fish species was

o g

Qﬂlleﬁt@d; emphasis was placed on the trout populations.

n presented in this report was collected between
-, 1981 and 14 December, 1983

O




3.8.1 Spawning

Three malor spawning areas of brown and rainbow tyroul were
examined during the 1,358 cfs (38.5 m“/s} flow to evaluate
substrate size in areas known to be used for spawning, 1o
measure depths and velocities of potential spawning areas
with suitable substrate, and to determine bottom profiles
of spawning areas as far into the channel as possible.
Thirteen permanent transects were established at known
spawning sites: six transects at the first gravel bar
along the right bank just below the dam, six at the series
of gravel bars along the right bank approximately 1 mile
(1.6 km) downstream from the dam, and one at the mouth of
Reaver Creek. Along each transect, substrates were sampled
and photographed, profiles of spawning areas were made,

and depths and mean velocities were measured.

3.8.2 YOY Rearing

Stranding of YOY trout and other fish on dewatered
substrate and the isolation of fish in pools were evalu-
ated during the period of 1,358 cfs (38.5 m>/s flow.
Sampling was restricted to four areas previously found to
contain relatively large concentrations of YOY trout and
where they were most likely to be affected by dewater ing.
section 1 encompassed the dewatered portion of the first
gravel bar along the right bank just below the dam.
Section 2 included the series of six exposed gravel bars
along the right bank approximately 1 mile (1.6 km) down-
stream from the dam. Section 3 consisted of the delta
areas just above and below the mouth of Beaver Creek and
Section 4 was the mid-stream island approximately 1 mile
(1.6 km) downstream from the dam (directly across from

Section Z3.
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Twelve, 1.1 vd {1 m) wide transects were established over
the four sections to exanmine stranding on dewatered sub-
strate. Individual surface rocks were removed and aguatic
vegetation examined along the transects. Although primary
interest focused on the numbers and sizes of YOV trout
stranded, the numbers and sizes of other fish species found

were also recorded.

The location and size of pools isclated from the main river
3 ,

channel at 1,358 cfs (38.5 m /g} were noted and specles

and size of each fish captured in these pools were

recorded.

2.9 Phvsical Habitat Simulaltion

Data collected in this and other parts of the study were
used to help predict impact of proposed flow modifications
in the Missouri River Study aresa. Predictions were made
using the USFWS physical habitat simulation (PHABSIM) svs-
tem. This system 1s a collection of computer programs used
to relate changes in discharge to changes in the guantity
of usable fish habitat. The underlying principles of
PHABSIM include: (1) each species exhibits preference
within a range of habitat conditions 1t can tolerate,

{2} these ranges c¢an be defined for each species, and

{3} the area of stream providing these conditions can be
guantified as a function of discharge and channel structure
{Bovee 1982). The primary output of the model is a measure
of usable microhabltat called weighted usable area.

Hydraulic simulation is the first step in the habitat eval-
uation process. Because of constraints of a lavge river
environment, as well as time and funds, we utlized the wate
surface profile option of the PHABSIM system. This model
is a multiple transect approach which uses data collected
at a minimum of one discharge to predict changes in water

Lk
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surface elevaltion, depth, velocity, and wetited perimeter
along each transect at other specified discharges. Field
data reqguired included cross-section survey data {from high
water marks), distances between cross-sections, correspond-
ing water surface elevations at all cross sections at the
known discharge and, description of substrate, bank and
overbank material and vegetation as well as where these
change within the cross sections.

During the 3 day period in which transect data were col-
lected, Montana Power Company regulated the river at a
congtant flow of 5,178 cfs {(146.6 mgfs}; as determined
from the stage~discharge relationship develcoped by Montana
Power Company in 1982, Survey data were ceollected along
four transects in each of three sectionsg of the river;
these sections corresponded to spawning areas 1, 2 and 4,
and were also suitable for examining influences of flow on
rearing habitat.

We surveved bank and wadable areas (depth £ 3 feet; 0.9 m)
using a level and hand-held stadia rod. Channel profiles
in unwadable areas were surveved from a boat equipped with
a constant recording fathometer (Ravtheon, model DE-719B).
A range finder {Lietz, model SD-5F), operated by a person
on shnore, was used to determine distances along the tran-
sect and to keep the boat on course. To provide targets
for the beat operator, two large floats wers placed off
each bank at the ocuter extent of the nmeasurements taken by
wading. For a more detailed description of field tech-
nigues, see Graham et al. (1979}.

Following completion of field data collection, channel
profiles were plotted for esach transect using the elevation
data. Each transect was then divided into several subseg-
ments based upon depth, substrate and areas EKnown Lo be

important for spawning and YOY trout rearing (the model



accepts up to 100 subsegments}). The model predicis mean
depth and velocity of each subseciion at the cobserved and
simulated discharges. These data are then fed into the
HARITAT model which, using observed habitat preferences
for depths, velocity, and substrate associations at each
iife stage of interest, calculates a weighted suitability
index. This index reflects the relative preference of the
species for the combination of structural and hvdraulic
characteristics found in each stream segment (group of
four transects). This index 1s expressed as the percentage
of the gross surface area in the stream segment which con-
taing suitable combinations of habitat variables for esach
life stage of the gpecies for each simulated discharge.

An example of model oubput is presented in Table 3.9%-1.
for a detailed explanation of how the PHARSIM svstenm
functions, see Bovee, 1982 and Milhous et al., 1981.

2.10 EReduced Flow TestT, 1983

On 4 August, 1983 a reduced flow test was conducted o
evaluate the accuracy of hyvdraulic modeling §§edictiqﬁg at
three major brown and rainbow trout spawning areas {(areas
1, 2, and 43, to determine i1f YOY troul are displaced from
utilized habitat and to measure changes in YOY trout habitat.

3.10.1 Spawning

Water surface elevations wers measured by surveving tech-
nigues at four discharges [2863 cfs (81.1 m3;s), 2,357 cfs
(66.7 m°/s), 1,956 cfs (55.4 m°/s), and 5,048 cfs {(143.0
mzjs}g (Table 3.10-1). Water depths and velocities were
measured along modeling transects to compare cbserved with
predicted values, and to determine suitability of these
areas for spawning and/or incubation at the three lowest

discharges.



3.106.2 ¥YOY Rearing

Displacement of YOY trout from utilized habitat as well as
changes in avallable habitat characteristics were evaluated
at three flows. Sampling was restricted to four previously
established stations where YOY troul were relatively
abundant. Station 1 was sampled at 2,852 ofs, Stations 2
and 10 at 2,357 cfs, and Station 4 at 1,956 cfe (Figure
36-1).

Stations were electrofished with a cance mounted electro-
fishing unit using a handheld, mobile electrode. The
number of YOV troul captured plus number observed but not
captured at each station was recorded as was the species
and length of each captured trout. Technigues described
in Section 3.6.3 were used to evaluate YOY trout habitat

selection and to guantify changes in physical habitat.

3.11 Predicted Dewatering of Utilized Spawning 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 dischavge was determined by using
predicted changes in water surface elevation. Three
inputs were regquired to use this method: 1) the discharge
and water surface elevation of the river at the fime of
spawning; 2) the distribution of redd depths at spawning
areas 1 and 2; and 3} predictive modeling to determine
water surface elevations at numercus discharges.

The number of redds dewatered at areas 1 and 2 was deter-
mined at 100 cofs (2.8 mgfgé increments between 3,000 ofs
(85.0 m°/2) and 2,500 ofs (70.8 m°/s). The total number
of redds dewatered at a given discharge was divided by the
number of redd depth measurenments {77) to determine the
percent dewatered. Spawning areas 3 and 4 were not

Lad
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included in this analysis because the influence of Beaver
Creek {area 3} and the backwalers of Holter Regervolr
{area 4} made hydraulic modeling unreliable. Also, redds
at area 4 are not dewatered within the range of flows

putlined above,
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TABLE 3.&-1

SCHEDULE FOR BAMPLING YOY TROUT
IN THE MISSOURI RIVER, 1983

HNUMBER OF DATES OF
SAMPLING SAMPLING
Month PERIODS PERIODS
April Z éfléwz?“a
4/30-5/1
May Z 5/14~1%
5/28-2%
Juns Z 6/12-14
5;2%“2?
PPN
July 2 7/9~12
7/23~24
August Z 8/6=7
8/20-21%
Septembear z G/3=4&
9/17~18
October 2 10/1-2
10/15-16
November 1 11/12-13

As5tations 7, 14 not sampled {(not established)
Stations 1, 4, 8, 11 not sampled (high water)



TABLE 3.6-2

SCHEDULE FOR SAMPLING YOY TROUT
IN THE MISSOURI RIVER, 1982

NUMBER OF DRTES OF
SAMPLINHG SAMPLING
Month PERIODS PERICDS
April 1 4/25
May 2 5/20 - 5721
5/31
June 2 &6/22 - /24
6/25 - 7/2
July 3 7/6 - 7/9
7/14 ~ 7716
T/23 = T/24
August 3 7/30 = 8/5
8/11 - B/12
8/24 - 8/27
September 1 9/18 -~ 9/20
October 1 10/28 - 10731




TABLE 3.6-3

CLASSIFICATION OF SUBSTRATES BASED ON A MODIFIED VERSION
OF THE WENTWORTH PARTICLE SIZE SCALE

SUBSTRATE TYPE PARTICLE S1Z2E
{inchesg}
Fines < (.08
Gravel 0.08 - 2.52
Cobble 2.53 - 9.84
Boulder > 9.84
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TABLE 3.6~5

SCHEDULE FOR SAMPLING YOY TROUT HABITAT, 1283

DATES OF MEAN DISCHARGE
SAMPLING FOR PERIOD {cfs}
PERICDS

/297 /4 10,401 1 865
7/26=30 5,268 = 224
8/23~26 5,537 % 293
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TABLE 3.8-1

FLOW SCHEDULE FOR THE PERIOD JUST PRICR TO
AND INCLUDING THE REDUCED FLOW TEST ON THE ﬁlSSOgRZ RIVER
BELOW HAUSER DAM: 16-17 AUGUST, 1987.

AYFPROKIMATE
ELAPSED

DATE TIHE FLOW (CF8} TIME (HRS})
16 August 12:00 AM - 10:30 AM 6,200 10.5

10:30 AM - 11:00 AM 6,200 - 9,500 0.5

11:00 AM - 5:00 PM 5,560 6.0 24

5:00 PM -~ 6:00 PM 9,500 » 8,200 1.0

6:00 PM - 12:00 AM 8,200 6.0
17 August 12:00 AM - 7:00 AM 8,200 7.0

7:00 AM - B:00 AM 8,200 » 6,200 1.0

8:00 AM - 10:00 AM 6,200 2.0

10:00 AM - 11:00 AM 6,200 - 1,500 1. z4

11:00 aM - 7:00 M 1,500 8.

7:00 PM -~ 8:00 PM 1,500 -~ 5,800 1.

(O R o T i S

B:00 PM - 12:00 AM 5,900 4.

Aoy s wy : -
Filows provided by Project Operator,
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TABLE 3.10~1

FLOW SCHEDULE FOR THE FLOW TEST ON THE MISSOURI RIVER
BELOW HAUSER DAM: 4 AUGUST, 1983

post et
Wi B bt BN b 0D O

Time Fiow {(cfs) Elapsed Time {hrs}

: 00 AM - 9:00 AM 5,814 -+  2.B63 1.6
00 AM - 11:30 BM 2,863 2.5
30 AM - 12:00 2,863 - 2,387 LED
;G0 = 1:4%5 PM Z. 387 1.75
245 PY - Z:15 PM 2,357 = 1,958 .50
115 PM - 4:00 PM 1,956 1.75%
00 PM 1,856 - 5,048 -
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4.0 RESULTS

4.1 Species Composition

Fifteen fish species representing six families were gsampled
in the Missourl River study area. {(Table 4.1-1). Brown
trout, rainbow trout, and mountain whitefish were the most
abundant game fish sampled while longnose suckers and
mottled sculpins were the most numerous non-game specles.
Walleye were rare in the study area, but some exceeding 10
ibs (4500 gm) were captured. Crappie and fathead minnows
were also rare; only one larval crappie and two fathead

minnows were sampled.

4.2 Trout Movement and Harvest

Five thousand fish were tagged in the study area during
1982 and 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 tTagged fish by fishernmen
or by electrofishing provided information on movement.
Brown and rainbow trout movement trends were evaluated
as non-spawning or general movement, pre-spawning move-
ment, and post-spawning movement. Non-spawning movement
was determined from fish not gravid or ripe when tagged,
or recaptured. Pre-spawning movement was basad on fish
that were not ripe or gravid when first captured, but were
in spawning condition when recaptured. Post-spawning
movement was determined from fish captured in spawning
condition, but were not ripe or gravid when later recap-
tured.

Tagged fish recovered by anglers were assumed to be non-
ripe or non-gravid when caught ocutside of the spawning
season, but were not assumed to be ripe or gravid when
caught during the spawning season.
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Anglers reported catching 11.7% of the rainbow troul tagged
in the Missouri River study area and 4.0% of the rainbows
tagged in Beaver Creek (Table 4.,2~1)., The brown trout har-
vest rate in the river was higher than for rainbows with

a reported harvest of 14.3%;: only 3.0% of the brown trout
tagged in Beaver Ureek were reported caught. Two of the
five brook trout tagged in the river were harvested by
anglers. Of 31 cutthroat trout tagged in the river, 9.7%
{3} were reported creeled. A total of 2Z brown and 4
rainbow trout with tags were reported caught and released
in the Missouri River.

4.2.1 Brown Trout Movemsnt

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 determined
from 104 recapture locations, and 385 tag returns were
related to non-spawning movement.

For non-spawning brown trout {general movement)}, an aver-
age of 69.6% of the recaptures {(range = 80.9 to 16.7%)
were recoverad in the initial tagging subsection {Table
4.2=-2Y. Eight brown trout which were not in spawning
condition when tagged were recovered by anglers in Holter
Lake; four of these trout were tagged during early October.
Ssecondary sexual characteristics were less prominent
during early October and may have Deen overloocked. Thus
these movements were possibly spawning related. No resi-
dent brown trout from Beaver Creek were recovered in the
Migsouri River (Table 4.2-21.

Brown trout pre-spawning movements revealed no obvious
trends (Figure 4.2-13. Compared to nen-spawning fish,
however, spawning brown trout were less freguently re-
captured 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-spavwning relocations were most often downstream Lfrom
the tagging location (Figure 4.2-2). Fifty percent of the
recaptures were from anglers at Holter Lake, and most
tagged fish were creeled prior to 1 July of the following
yvear. Ons tagged brown trout was recovered by an angler
below Holter Dam.

Twenty-one brown trout {19 females and 2 males) were ob-
served in spawning condition during consecutive years.
We recaptured 10 {47.6%) repeat spawners within the same
subsection each of the 2 vears (Figure 4.2-3}.

4.72.2 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 locatilons,
and spawning movement was determined from 218 recapture

locations.

In the Missouri River, an average of 56.6% of the non-
spawning recaptures (range = 67.8 to 13.2%) were from the
initial tagging subsection (Table 4.2-1). During pre-
spawning movement, rainbow Troult were less freguently
recaptured within the initial tagging subsection; only 25%
of the recaptures were from the initial capture location
{(Figure 4.2-4}. No non-gpawning rainbow trout in

Reaver (reek were racovered in the Missouri River.

A relatively large number of non-spawning rainbow trout
were recovered by anglers in Holter Lake. Of the 42 angler
returns from Holter Lake, 32 non-spawning rainbows were
tagged during the fall and 10 were tagged in the spring.

It is likely that some of the non-spawners tagged in the
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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 spring and early summer. The
number of fall migrating fish that ripen during the winter
to spawn in the spring is not known. Two non-spawning
rainbows were recovered by anglers below Holter Dam.

Rainbow trout post-spawning movement was similar to the
brown trout post-spawning movement pattern {Figure 4.2-5).
Sixty-seven percent of the relocations were downstream
from the initial tagging location, and 52% of the reloca-
tiong were from anglers downstream from the lower boundary
of the 2.8 mile {4.5 km)} study section. Of the 22 angler
returns below the study section, 13 were creeled in Holter
Lake, 7 were caught below Holter Dam, and 2 were recovered
in tributaries of Holter Reservoir; one each in Willow
Creek [11.6 river miles {(18.6 rkm) below Hauser Dam] and
in Cottonwood Creek [17.0 river miles {27.4 rkm) below

Hauser Dam].

Fifty rainbow trout spawning movements from the Missouri
River to Beaver Creek were observed in 1982 and 1983. In
1982, 20% 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 4.2=-6). In
1983, most {74%) relocations in Beaver Creek were from
spawners tagged during the fall of 1982 because few tags
were distributed during 1983. O©Of the rainbow trout spawn-
ers marked in 1982 and recovered in Beaver Creek in 1983,
45%, 26%, and 29% were tagged above, at, or below the
mouth of Beaver Creek, respectively.

After spawning in Beaver Creek, most rainbow trout were
recovered downstream from the mouth of Reaver Creesk
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{Figure 4.2-7). Twenty-four recapture lccations {(35%)
were from sections 4 and 5, 22 (32%) were fyron Holter
Lake, and two (2.9%) were from below Holter Dam.

We observed 20 rainbow trout (11 males and 9 females)

in spawning condition during 2 consecutlive years. Consid-
ering that recapture locations at section 3 {(at the mouth
nf Beaver Creek) were combined with Resveyr Creslk reloca-
tions, 15 (75%) were observed in the same spawning area
each of the 2 vears {Figure 4.2-8}.
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4.3 Population Estimates

4.3.1 Missouri River

Brown and rainbow troubt population and biomass estimates

in the Missourli River study area were calculated during
spring and fall 1882 and 1983 (Tables 4.3-1, 4.3-2, 4.3-3,
and 4.3=4}. The estimated number of brown trout in the
study area was 249 {f 47} for age 11 and older fish during
spring 1982 while the estimate in the fall was 1,387 (zx
181} for brown treout age I and older. This represents a
457% increase between the fall and the spring estimate in
1982; all age groups of brown Trout displaved an increase
in population levels in the fall over spring 1982. The
largest percentage increases occurred in the IV and V and
older age groups, while the largest numerical increase
occurred in age 11 brown trout. The spring 1983 population
estimate of brown trout was 426 (£33} for ages 11 Lo V and
older, substantially lower than the fall 1982 estimalte but
71% greater than that obtained in spring 1982. The fall
1983 brown trout estimate was 1,346 (212} for age 1 to IV
and older, which was almost identical to the point estimate
for brown trout in fall 1%82.

The rainbow trout estimate was greater by 56% in spring

1982 than in fall 1982, even though the fall estimate
included an additiconal age group, age 1. The spring 1982
population estimate was 7,912 (+ 2,062} for age groups I1I

to IV and older while the fall 1982 estimate, which

included age I to IV and cldexr fish, was 5,061 (i 864},

The spring 1983 rainbow trout population estimate was 3,726
(+ 795), only 47% of the spring 1982 rainbow estimate.

The fall 1983 rainbow estimate was once again much higher;

it was 6,044 {% 1,422). Although the estimate was the highest
since spring 1982, the population levels of clder aged
rainbows was lowery than from any cother estimate. Age I
rainbows comprised the maior portion of this estimate.

£
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Brown trout biomass estimates in the study area remained
seascnably stable in 1987 ang 1983, Spring biomass esti-
mates of brown trout in the study ares were 465 lbs (211
kg} in 1982 and 571 1bs {259 kg) in 1983, During the fall,
brown trout biomass estimates were 3,119 1bs {1,415 kg} in
1982 and 3,326 1bs {1,509 kg} in 1983 The estimated bio-
mass of rainbow trout was at its highest during spring 1982
at 11,329 1bs (5,230 kg). The biomass of age 111 rainbows
in spring 1982 comprised most of the estimate and was larger
than the total biomass from all age groups in the three
other estimates. The total biomass decreased to 5,266 1bg
{2,389 kg) during fall 1982 and remained stable during
spring 1983 {5,636 1lbs; 2,55% kg} and fall 1983 {5,512 1bs.
2,500 kg).

Kokanee population and biomass estimates were obtained
during fall 1982 and Spring 1983 {Table 4.3=5). The popu-
lation and bicmass estimates in fall 1987 were 440 (i 189)
and 185 lbs (84 kagy, respectively, for kokanee 9.0-11.4
inches {229-290 mm} in length, During spring 1983, the
population and biomass estimates were 140 (+ 37) and oz
1bs (42 kg) for kokanee in the 9.5-12.g inch {241-328 mm
size group.

The weights of brown and rainbow trout captured during the
spring populaticn estimate in 1982 ranged from 0.07-7.5
ibs (30~3,420 gm} and from 0.07-7.8 ibs (30-3,5238 gm},
respectively. The range of brown trout welghts during the
fall population estimate in 1982 was 0.02-13. 2 ibs
(20-6,000 gm) while the range of rainbow trout weights was
0.01-5.8 Ibs (5-2,620 gm).

Back-calculation of fish lengths from the Missouri River
study area showed extremely high growth rates (Table 4.3-6).
Brown trout grew faster and weighed more than comparably
aged rainbows. Both brown and rainbow trout grew most
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rapidly between +tha first ang Second year of life when the
insremeﬁtai growth was g.gp and 7.2 incheg {203 and 183 mmj,
zegpectiV@iy. Growth tended +q decline for both specles
after age 3. The growrn fate of bt Lrout Species in the
Study areg Wag greater than that found on 4 section of the
Missoury River betwesen Holter Dam and Cascade during 194g
and 1g4g {K&thx&in; 1950) ang in a 2.2 mile (3.5 km} streteh
of the river imme@iateiy Upstream frop Canyon Ferry
Reservoiy iFredeﬁberg; 18980 4in 1978 ang 1979, Eguations
used tgo backwﬁaicuiat& lengths and weightg are given in

Four age groups c@rzespeﬁ@iﬁg oughly o the back-
Calculateg lengthe for ageg 1=4 rainpoy trout are shown in
length fz@gaeﬁcy distzibuticﬁs from Spring and fall 19sp
{(Figure 4.3=1}.  The largest mode dispiaye& in the spring
1982 Tainboy length fregaenay @zebabiy'fegresgnts at Jjeast

2 @9e~groupg, both 492 4 and § Three hmodes are exhibited
by the fall 1982 brown trout length frequency {(Figure
£.3-2%. The firgt mode COrresponds With +the backwc&icuiﬁtﬁd
length of age 2, the fecond with 29¢ 3, and the fourth mode
appears to include age 4 and Older figh. A very small
Dumber of fish near 2.5 inches {140 fam ) Teépresents vov brown
trout that Correspond +to age 1, Eighteen kokanee wWere

aged using SCales ang their length backwcalcmi&teé for each
age (Table 4.3-8), Although the sample Was small, kokanee
exhibited 5 faster 9rowth rate their f£iprer Yyear than elther
Trout Species and hagd gz largeyr backwcaicuzat&@ length a+

age 2 thanp rainbows

Fopulation estimateg Calculateqg with Chapman'g mModifics-
tion of the Petersen Estimate are valid only if Several
AsSsumptions are met: one 6f the most important assumptions
is that there ig pg TeCcruitment +o the Population. Thege

dASsumptions wWere of Particular Concer




made in the river, since several included both resident

and adfluvial fish.

The spring population estimates of brown trout did not
&@péax to be affected by immigration or emigration and
represents the resident population in the river on 23 May,
1982, and 14 May, 1983. However, the spring rainbow trout
estimate was influenced by emigration of fish that had
finished spawning and returned to Holter Reservolr. The
mean number of rainbow trout caught each night during the
fecapture runs declined 57% and 227 in 1982 and 1983,
respectively, from the pumber caught during the marking
runs, which suggests s lower density of fish in the river.
A comparison of discharge records and catch rates of rain-
bow trout implies that the reduction in electrofishing
efficiency during the recapture runs was not a result of
discharge alteration. Since it appears tThat a portion of
the rainbow spawners left the study area, the Spring popu-
lation estimate would be an underestimate if it is assumed
that an egual proportion of marked and unmarked fish emi-
grated to the reservoir.

The fall population estimates of brown trout in 1982 and
1983 were apparently influenced by immigration of fish from
Holter Reservoir. As in spring 1982, changes in glectro-
fishing efficiencies due to water discharge from Hauser

Dam did not appear to be a factor. However, electrofishing
efficiences during fall 1983 were low due to eguipment
problems. The efficiency rate for brown trout was 1%%
during fall 1983, down from 30% in fall 1982. This
decrease in efficiency did not affect +the population
estimate. The average number of brown trount caught per
electrofishing run increased from August or September
through November in 1982 and 1983, This recruitment to

the population caused the fall population estimates to be
inflated. However, since the estimates were made on 9
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October, 1982, and 10 October, 1983, and more fish entered
the river after the estimates were completed, the egitimates
should be used as an index for the minimum number of brown
trout in the river during fall 1982 and 1%982. The £fall
brown trout estimates appear reliable since estimates in
both vears were nearly identical, even though efficiency
rates were substantially diffevent. Fall rainbow trout
estimates did not appear to be influenced greatly by fish
immigration or emigration. The addition of age I fish to
the estimates in the fall was the most significant factor
affecting the estimates. Age I rainbow troul estimates,
which were not calculated in spring, were a major component
in the fall. HNo major changes were seen in the average
number of kokanee captured each electrofishing run in
October and November of both vears.

The number of trout and salmon captured per hour on each
electrofishing trip on the Missouri River during the fall
of 1982 and the spring and fall of 1983 was calculated
{Table 4.3~8). Highest mean capture rate for brown and
rainbow trout was along the left bank during fall 1982,
and for kokanee along the right bank during fall 1983.
Right and left streambanks were designated as though you
are loocking downstream. The highest capture rate of brown
trout, rainbow trout, and kokanee during the fall of 1982
was alcong the left bank on 3 December, 9 November and 5
October, respectively. Catch per hour for both trout
species along both banks was highegst on or later than 19
October. The only significant difference {F-test; P=0.05}
between catch rates of the same species on the two banks
wag with rainbow trout. The mean nuuber of rainbow trout
caught per hour was 61% greater on the left bank than on
the right bank.

Capture rates during spring 1983 were highest for brown

5

trout and kokanee on the left bank on 8§ May and 11 Havy,

55



respectively. The number of brown trout captured per hour
on the left bank was significantly greater than on the
right bank (F-test; P=0.05). The highest catch rate for
rainbow trout occcurred 10 April on the right bank; rainbow
catch rates steadily decreased after the 10 April peak.
The highest catch of rainbow trout on the left bank was on
24 March.

Catch per unit effort during September and October 1983

for both brown and raimbow trout was low but then increased
dramatically in November. The large change in the C.P.U.E.
is due to changes in the efficiency of the electrofishing
equipment and does not reflect changes in seasonal abundance
caused by movement of trout. The capture rates for trout
from the fall of 1983 should be used cauticusly; thev are
not comparable to any of the previcus fall or spring catch
rates and should only be used to assess trends in fish
abundance during the fall of 1%83.

Excluding data from NHovember, the highest catch per hour
for pbrown trout and kokanee was on the right bank on 19
and & October, respectively, and on the left bank for
rainbow trout on 9 October. Although eslectrofishing
efficiency was lower during the fall of 1983, the mean
caplture rate of kokanee, even if November sampling was
excluded, was approximately equal to or greater than any
other kokanee capture rate during the study. This indi-
cates a strong kokanee vear class in 1983 and may suggest
that the kokanee population of the Missouri River-Holter
Reservolr complex is increasing. No significant differ-
ences (F-test; P=0.05) were found between catch rates of
the same species on the two banks over the entire fall.
However, 1f catch data from November are excliuded, the
number of rainbow trout and kokanee caught on the left and
right bank, respectively, was significantly grester than

the capture rate on the cther respective bank.
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4.3.2 Beaver Cresek

Brown and rainbow trout population and biomass estimates

in Beaver Creek Sections 2 and 3 were calculated during

the spring and fall in 1982 and 1983 to assess the size of
resident trout populations (Tables 4.3-9 and 4.3-10). The
estimated rainbow trout numbers in Section 2 increased
dramatically between March and September of 1982; this in-
crease was entirely due to the addition of the 0 age group
in September. Rainbow trout numbers in Section 2 decreased
in 1983 but remained much higher than the initial estimate
in spring 1982. Also, the biomass estimate continually
increased to a high of 11.3 1bs (5.1 kg) during fall 1983.
Brown trout population levels in Section 2 remained much
more stable than rainbow levels and comprised most of the
bilomass except during September 1983. The highest rainbow
trout peopulation estimafe from Section 3 was during spring
1283. The rainbow trout populations of Section 3 were
greater than in Section 2 during both spring estimates.
Browvn trout population estimates in Section 3 also re-
mained stable and were consistently higher than estimates
from Section 2. The largest biomass estimates from Section
3 wag from fall 1983 and 1982 for rainbow and brown trout,
respectively. During 1982, brown trout biomass in Section
3 was at least two times greater than rainbow biomass but
in 1983, biomass of the two species were nearly egual.
Population and biomass estimates of cutthroat trout in
Section 2 were also obtained during the fall of 1983 (Table
4.3-10}. It appears that cutthroat trout in Section 3 may
be increasing in numbers.

Population estimates for rainbow, cutthroat, and rainbow-
cutthroat hybrids were combined in Section 4 due to problenms
in identifying separate species because of hybridization

and the large number of small fish {Table 4.3-11).



Both the combined and brock trout population estimates were
greatest during fall 1383. The lumped biomass estimate

was also greatest in fall 1983 while the highest brock trout
biomass estimate was from fall 1982. The trend in increas-
1ng number and biomass estimates may indicate recovery of

the populations after flooding in 1981.

Mottled sculpin and brook trout were the only other resident
fish sampled. Although large numbers of mountain whitefish
and suckers are present in the river, no resident adults

cf these species were captured or cbserved in Beaver (reek.
However, there is a large spawning run of suckers intc
Beaveyr Creek during the spring, and several vearling cato-
stomids were found in an isolated pool at Section 2 on 13
March, 1982,

As would be expected, the back~calculated lengths of resi-
dent trout in Beaver Creek showed a much slower growth rate
than in the Missouri Rivey {Table 4.3-12). The aged fish
in Sections 2 and 3 were combined because of the close
proximity of the sections and to obtain average growth
rates representative of the lower 5.0 miles {8.0 km) of
the stream. As in the river, brown trout exhibited higher
growth rates than rainbows at each age. Both brown and
rainbow trout in the lower sections grew most in their
first year of 1life. Aged rainbow, cutthreat, and rainbow-
cutthroat hybrid trout were combined in Section 4 for
back-calculation purpceses as they were for population
estimates. The combined group showed a higher rate of
greowth than brown trout during the first vear of 1life.
However, after the first vear, brown trout growth rates
were higher. Although both groups from Section 4 appear
to grow faster than those in Sections 2 and 3, very small
sample slizes were used to calculate the regression equa-
tions and therefore thelr predictive value is guestionable.
Only age I in the combined group contained a substantial
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sample size; 1t showed a lower incremental growth rate than
the lower sections, which would be expected since Section
4 is near the headwaters of Beaver Creek. Eguations used
Lo back-calculate lengths and weights for trout in Beaver

Creek electrofishing sections are presented in Table 4.3-13.
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4.4 Spawning

4.4.1 Redd Counts

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 lnitiation
of spawning was between 49 and 52°F {9.4 and 11.1° ¢)
{(Figure 4.4-1). Spawning activity peaked in early to mid
November during 1981 and 1982 {Figure 4.4~-2).

During our study, most redds (87 to 100%) were observed in
four general spawning areas: 1. the large gravel bar
immediately below the dam, 2. the sgeriss of riffles about

1 mile (1.6 km) below the dam, 3. the delta at the mouth

of Beaver Creek, and 4. the shallow run above Cochran Gulch
{(Figure 2.0-1}.

Fifty-five and 130 brown trout redds were observed in 1981
and 1882, respectively. These redd counts were known to
be underestimates. Factors contributing to the low redd
counts were: 1. the high incidence of multiple redds and
superimposed redds; 2. the presence of redds in relatively
deep water that were not vigible to the observer; and 3.
kokanee salmon spawning activity that progressively in-
creased during the three fall spawning periocds. Redds of
unknown origin, brown trout or kokanse, were omitted from

the counts,

In 1982 considerably more redds were counted than in 1981.
This was due To more freguent observations which allowed
us to better enumerate multiple and superimposed redds.
During 1982, a2n estimated 29% ¢f the redds observed were
single spawning sites (Table 4.4-1). A1l other redds were
aggregates with additional construction in front of,
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adjacent To, or directly over the original spawning site
{superimposed}. The 55 redds counted in 19%81 actually
represent 5% redd aggregates; the number of individusl
spawning sites was probably much larger. The discovery of

spawning area 4 also supplemented the 1982 redd count.

In 1983, an estimated 487 brown trout redds were counted

on 14 December. This higher estimate was primarily a result
of observing deep-water redds adjacent to known spawning
areas, especially at area 3, during the low flow test.

The redd count was also increased by more asccurately esti-
using aerial photographs and planimetric methods. The
estimated number of redds at area 4 was greatly increased

by using this method. We also observed 49 redds in rela-
tively deep water that were not associated with the four

Major Spavning areas.

oot

In 1983, keokanee spawning was extengive at areas and 3,
while none were observed spawning at areas 2 and 4 during
the 3 vears of investigation. Electrofishing alse failed
to find spawning kokanee concentrated at areas 2 and 4.
Deep water redds observed during 1983 were designated as
brown trout redds because brown troult spawners were pre-

dominantly electrofished in these areas.

The delta at the mouth of Beaver Creek [area 3) was heavily
used by brown trout in 1881 and 1%82. In 1983, kckanse
appeared to displace brown trout spawners from the shallow,
observable portion of the delta. Because of heavy use by
kokanee, redds in this area were all designated as kokanee
redds although some brown trout spawning probably occurred.
Deep water redds in the vicinity of the delta {approximately
175 redds) were counted as brown trout redds, although some
kokanee spawning may have occurred there. During electro-
fishing, kokanee were primarily concentrated in the shallow
portion of the delta, while brown Lrout were captured in

the deeper waters above and below the delta.
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By comparing ground and aerial counts of brown trout redds
during the 14 Decembey, 1%83 flow reduction, an estinmate

of the number of brown troul redds that were not vigible

to ground observers during higher flows was made for areas
1, 2, and 3 {Table 4.4-2). AL area 1, & of the 20 observed
brown trout redds (30%) were Iound in areas that would not
normally be visible to the redd cbserver. AL area 2, 19 of
64 vedds {(30%) were found in areas not visible at normal
flow. 1In 1983 no ground count of brown Lrout redds was
made at area 3 because of extensive kokanee spawning
activity. In 1281 and 1982, however, 21 and 25 brown trout
redds, respectively, were observed at this site. This would
represent less than 20% of the total number of redds at
this area if a similar amount of deep water spawning

occurred during the 3 vears.

In 1982, an estimated 30 redds were counted at area 4.

Redds in this area were aggregated, away from shore, and

were at water depths of about 4 ft. {121.2 cm). Therefore,
it was difficult to estimate the number of redds present.
During 1983, this large group of redds comprised an area

of 3,183 ft2 {295.7 mz}, Dividing this surface area measure-
ment by the average size of individual brown trout redds

gave an estimate of 170 redds - a much higher and probably
more accurate estimate than could have been made from the
ground.

The relative importance of spawning areas changed between
yvears because of differences in discharge. In 1981 when
discharge was 3,951 cfs (111.9 QS/S} during peak spawning
{Novembey ), the largest number of redds {(44%) was observed
in area 1. In 1982 when November discharge averaged 5,045
cfs {142.9 m355§, aresa Z was the most used gpawning site
with 41% of the redds (Table 4.4-3). During 1983, the
average discharge in November wag 6,882 cfs {(194.9 mzfs}w
The number of redds at spawning area 2 was sinmilar during
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TABLE 4.4-2

COMPARISON OF REDD COUNTS FROM THE GROUND AND FROM A HELICOPTER
DURING THE 14 DECEMBER, 1983 FLOW REDUCTICON, MISSOURI RIVER

SPAWNTHNG NUMBER OF REDDS TOTAL NUMBER OF NUMBER OF REDDS

AREA VISIBLE DURING REDDS ESTIMATED  NOT VISIBLE
GROUND SURVEY FROM GROUND DURING GROUND
AND HELICOPTER SURVEYS
1 14 20 & (30%)
2 45 64 19 (30%)
3 21 to 25° 175 ~ 150 (> 80%)

“From 1981 and 1982 redd counts {no count available during 1983)
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TABLE 4.5-1

MEAN LENGTH AND LENGTH RANGE OF YOY BROWN
AND RAINBOW TROUT CAPTURED IN THE MISSQOURI
RIVER BELCW HAUSER DAM; 1982 and 1983.

SPECIES YEAR M LENGTH GE
{inches} {inches}

Brown Trout 1982 3849 2.6 1.0-6.2
1583 903 z2.4 1.0-6.1

Rainbow Trout 18982 1,472 2.1 0.8-6.1
1883 2,636 z2.3 0.9-5.4
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TABLE 4.5-3

CATCH STATISTICS FOR TROUT EMIGRATING FROM
BEAVER CREEK INTO THE MISSOURI RIVER:
19 JUNE TOC 27 AUGUST, 1983.

NUMBER CAPTURED

SPECIES YOoy¥ AGE I AND CLDER
rRainbow Trout 6,254 439
Bprown Trout 14 1
cutthroat Trout 0 33
rrock Trout 0 1
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