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ABSTRALT

Daily flow fluctuatiocns would cccur in the Missouri
River hetween Hauser Dam and Holter Reservoilr if Hauser
Dam were converted to a hydroelectric peaking facility.

To address potential impacts of fluctuaring flows on free-—
swimming voung-of-—the~year (YO0Y) brown trout {(Salimo
trutta) and rainbow trout {§. gairdneri) emergence,
growth, abundance, distribution, movement, and habitat usse
were investigated. During reduced-flow tests stranding,
isolation, displacement, and habltat changes were
evaluated. Hydraulic modeling was used to predict changes
in the guantity of usable hablitatr at different discharges.
Recrultment from a tributary into the river was also
monitored. Field data were collected between April 19812
and November 1983, Youngrof-the-year brown trout were
first ohserved in early April while ¥0Y rainbow trout wers
first found in mid-June. Both species used relatively
shallow, low=velocity water mnear shore where CovVer Was
abundant. Reduced—flow teste in August of each vyesar
revezled little stranding or isolation, aund YOY troult werve
not permanently displaced from temporarily dewatered
habitat. Hydraulic modeling predicted an increase in the
quantity of habitat as discharge decreased, but field
observations indicated a reduction in habitat quality.

The tributary was found to be a relatively important
source of recruiltment to the river rainboew trout fishery
but rather unimportant to the river brown trout fishery.



IBTRODUCTION

The flowing portion of the Misscouri River hetween
Hauser Dam and Holter Reservolr is a high qualitcy fishing
and recreation area. Sporcfishing in this reach focuses

on brewn trout {Salmo trutta), rainbow tfrout

{§. gairdneri), and mountain whitefish (Prosopium

williamsoni). Lougnose sucker {(Latostomus catostonusy and

white sucker (C. comersoni) are commonly caught, but not

actively harvested. Walleve {(Stizostedion vitreum),

though rvarely taken, are a prized addition to the creel.
Brown trout, mountain whitefish, longnose sucker, white
sucker, and walleye populations are sntirely self-
sustaining. The rainbow trout population 1s asugmented by
annual stocking of hatchery-reared fish intoe Canyon Ferry,
Hauser, and Holter Reservoirs.

Hauser Dam has been operated by Montana Power Company
as a run-of-the-river hydroelectric power plant, i.e. whean
the reservolr is full, all water which cannct pass through
the turbines must be spilled over the dam. Hecent
engineering studies by Montana Power Company fiandicated
that construction of a new powerhouse, coupled with
hyvdroelectric peaking, would maximize the operational

benefit:icost ratio. Hydroelectrie peaking would alter



Z
discharge patterns that have been in effect since 1954
{when the U.5. Bureaun of Eeclamazilon inictiated
hydroeleciric power generation at Canyon Ferry Dam iocated
approximately 24 km upstreawm) and daily flow fluctuations
in the rviver downstrean of the dam would cccur duvring one
or more seascns of the year.

This study was part of a larger investigation
designed to predict potential impacts of altering
discharge patterns from Hauser Dam on fish populations
{White et al. 19843, Due to the importance of the brown
trout and rainbow trout fisheries, research emphasis was
placed on these species. Specifically, my study concerned
potential impacts of fluctuating flows associated with
hydroelectric peaking on young-of-the-yeayr brown trout and
rainbow trout.

Effects of fluctuating flows due to hydroelectric
peaking, experimental drawdowns, and dam inspectiocns on
juvenile salmonids have been reported since the 19507s.
Lindroth (1956) observed lateral displacement of age-0
anazdromous brown trout during daily fluctuations below a
nydroelectric plant on a large Swedish river. A number of
investigators have reported stranding of fry and

ingerlings of chinoock salmon {(Uncerhynchus tshawytscha),

chum salmon (0. keta), coho salmon (Q. kisutch), steelhead

trout {(Salmo gairdneri), and rainbow trout on devatered

substrate {(Phillips 1969; Phinney 1974; Wittty and Thompson
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1974: Bauversfeld :977,1978; Beckevr et al. 1881). Others
have ohserved that juvenile fish may bhecome Isclated In
pools during reduced discharges and exvosed to increased
water temperatures, decreased dissolved oxygen levels, and
inecreased predation (Bauversfeld 1978; Becker et al. 18%81).

1 know of no information on potential impacts of
fluctuating flows on young—of-the~year brown troul o¥
rainbow trout under flow regimes similar to those tested
by Montanz Power Company at Hauser Dam. The following
objectives were sstablished for investigating potential
impacts on young—of-the-year of both species: 1. determine
date of earliest emergence; 2. monitor growth, abundance,
distriburion, and movement; 3. locate and deecribe habltat
used by voung-of~-the-year trout; 4. evaluate stranding,
isolation, and displacement during reduced-{low tests;
5. ohserve and predict habitat changes at different
discharges: and 6. determine the importance of Beaver
Creek as a2 source of recrultment to the river fishery.

Field rasearch for this study was conducted between

April 1982 aznd November 1983.
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DESCRIPTION 0V STUDY AREAS
Misgouri Hiver Below Hauser Danm

Heuser Dam 1is located on the Missouri River
approximately 23 km northeast of Helena, Montana. The
dam, in operation since 1911 as a rvun-of~the-river
hydroelectric powery generating facility, i3 a comncrete
structure with & height of 3%.6 m, length of 133.6 m, and
a spillway crest elevation of 1,103.7 v above mean sea
level. Fresent intake capacity of the turbines is
121.8 m3/sec; surplus water exceeding this capacity 1is
spilled (White er al. 1984)}.

The Missouri River study area extended from Hauser
Dam downstream to American Bar Gulch near the head of
Holter Reservolr, a river distance of about 6.8 kn
(Figure 1), From the dam to the mouth of Beaver Creek,
the river flows in a confined channel through a high
walled, rugged canyon. It continues through & narrow
floodplain bordered by several benches and bars until
reaching Upper Holter Reservoir,

A ponderosa pine {Pinus ponderocsasj-grassland

vegetation type 1s dominant slong the banks of the rviver;

patchas of rved csier deogwood {Cornus stolonifera) and

willow {Salix sp.} are also present {(White et al. 1%84}.
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Talus slopes zrve common betwesn the dam znd the mouth of
Boavey Lreek. The three malilor access pelints are at
Hauser Dam, the mouth of Beaver Creek, and the Hilger's
Landing-Gates of the Mountalns ares; access is primarily
by boat and foot.

Average monthly discharge at Hauser Dam for the
perviod 1954~1976 was 156 w3 /sec. Peak discharges occurred
in June at a mean of 254 mgfsec while nininun flovws
ocecurred in September at an aversge of 120 mjfsec. Averags
monthly discharges during the period 1982-13%83 were
similar to those from 1954-1976 {(Figure 2}{Montana Power
Company, unpublished dataj).

Average monthly water temperatures duvring the period
1982-1983 ranged frow 1.5 C in January to 14.3 C in August
{(Figure 3). The river 1s virtually free of ice during
winter.

Fifteen fish species rvepresenting six families are
known to occur in this section of the Missouri HRiver
(Table 1} Brown trout, rvainbow tyout, and mountain
whitefish are the most abundant game fishes. Longnose

suckers and mottled sculpin {Cottus bairdi} are the most

numerous non-game species.

Beaver {reek

Beaver Creek is the only perennial tributary within

the Missouri River gstudy arsa {Figure 1). 1t is
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Table 1.

Fish species kanown

g

to ocour in the Missourid

Biver between Hauser Dam and Holter Resevrvolr

{Whice e al.

19847,

Family HName
Commen Hame

Scientific Hame

Salmonidae
Kokanee
Brown trout
Rainbow trout
Cutthroat trout
Brook trout
Mountain Whitefish

Catostomidas

Longnose sucker
White sucker

Centrarchidae
Crappie
Cottidae
Mottled sculpin
Cyprinidae
Common carp
Longnose dace
Fathead minnow

Percidae

Yellow perch
Halleye

Oncorhyvynchus nerka

Salmoe trutta

Salmo gairdneri

Salmo clarkil

Salvelinus fontinmalis
Prosopium williamsoni

Catosfomus catostomus

fatostomus commersoni

Pomoxis sp.

Cottus bairdi

Cyorinus carpio
BRhinichihys cataractae
Pimphales promelas

Perca flavescens

Stizostedion vitreum
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approximately 27.4 km long and has an average gradient of
1.72%, From its source to the town of Nelson, HMontana,
Beaver (reek flows through a narrow limestone canyon.
Dowastream from this point, the creek meanders through a
broad floodplain until joining the Missouri River about
2.7 km below Hauser Dam. Numerous beaver dams are found
throughout the stream.

Severe hablitat degradation has occurved In Beaver
Creek from alteration of the stream bed for comstruction
of roads and a pipeline, as well as from channelization
and dewatering. Prior to 1974, the lower 3.2 km was under
private control and was completely dewsatered for sevaral
years during the irrigating season. A 1973 survey by the
Montana Department of Fish, Wildlife, and Parks found that
24% of a 22.4 km reach had been adversely impacted by
human activities (Hill and Wipperman 1976). Currently,
mest of the land surrounding Beaver Creek is managed by
the U.8. Forest Service. Stream access is provided by =2
USFS road which parallels the creek from the mouth to a
peint 19 km upstream.

Average monthly discharge from April through November
for the period 1982-1983, measured at the USFS Beaver
Creek gauging statiomn, was 0.62 mB/secs Flows wers
jowest in October and November and highest in May and June
(Figure 4). The gauging station was not operated from

December through March.
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Average monthly water temperatures for the sanme
pericd ranged frow 0.7 C in Janusry to 14.0 C in Adugust
{Figure ﬁ}m Ho teuperaturs dats were available for
February of either vear due to thermograph malfuaction.
Surface ice and snow covered most of the creek during
winter.

Five fish species representiog twoe famlilies are
resident in Beaver Creek {Table 2). frown trout, rvainbow

trout, cutthroat trout {(Salmo clarki), and rainbow trout %

cutthroat trout hybrids were the mosSt numerous game
fishes. Rainbow trout from the Missouri River used the
creek exrensively for epawning from late March through
early June. Brown trout of river corigin varely used the
creek for spawning due to low discharges in the creek
during fall (White et al. 1984).

Table 2. Fish species known to be resident in Beaver
Creek.

Family Name Scientific Nanme
Common Name

Salmonidae

Brown trout Salmo frutta

Rainbow trout Salmo galrdoneri
Cutthroat trout Salme cliarki

Brook trout Salvelinus fontinalis

Rainbow trout % cutthroat trout hybrids
Cottidae

Mottled sculpin Cottus bairdi
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HETHODS
Missouri River Fish and Habitat Saumpling

Young~of-the-year (Y0Y) brown trout and rainbow trout
were sampled in the Missouri River study avea between 25
April and 31 October 1982 and 10 April and 13 Novembery
1983. Sampling was centered in relatively shallow, low~
velocity waters near shore where Y0Y fish concentrate and
where impacts of fluctuating flows would be greatest. In
1982, the entire length of both shorelines was sampled
from the dam downstream to the head of the island between
Cochran and Foster Gulches, a river distance of
approximately 4.5 km (Figure 6). 1In 1983, 14 sawmpling
stations, each 100 m long, were established between the
dam and American Bar Gulch (Figure 6); all 1983 data were
colliected from within sampling station boundaries.

in both years, most YOY trout were captuvred by
electrofishing; a few were caught by dipnetting. When
trout were less thanm 33 mm total length (IL}), a backpack
electrocfishing system was used. This system was powered
by a 12 volt DC battery. Smith-Root Type ¥V or VII
rectifying units were used to output pulsating direct

current.



15
“J_ AMERICAN BAR

1§AHh

FLOW
@ﬁﬁ ”wﬁn
o
% 13
s
@’3”%
%ﬁ&%
STRANDING
ARER 3
T EMIGRATION TRAP
MISSOURI  RIVER
STRANDING
AREA 4 STRAMDING
=T AREA 2
STRANDING

N, AREA 1

i-e-—-——*skmmmw»a»

HAUSER Dam

Figure 6. HMap of study area showing ¥0Y trout
electrofishing stations {l-14), stranding
gacpling areas {(1-4), and Beaver (rsek
emigration trap.



16

4 more powerful electrofishing system was used when
mnost YOY trout had reached 33 am TL: 2 Hondsa 1500-ware,
115~veolt AC generator mounted in an aluminum cance. In
1982, & Coffelt Model VVP~ZIC rectifying unit was used to
convert alternating current to pulsed direct currvent (&0
pulses/sec). In 1983, =z Fisher Model 1010 "Fish Shocker”
was used to convert alternating current to non-pulsed
direct current; this tvype of current appeared to be more
gfficient in capturing small fish. Hlectrefishing was
conducted by walking upstrean in shallow, nszar-shore
waters. One person operated the positive aslectrode whilse

the other netted stunned fish as they drifred downsirean.

Date of Earliest Emergence, 13982 and 1983

Beginning in late March of each year, weekly visual
searches were made in near—shore areas of the Missouri
River. A few YOY trout were capitured with a hand—held dip
net to allow for positive identification. Electrofishing
sampling began 1 week after the first YOY brown trout

were captured by dipnetting.

Growth, Abundance, Distributiocn, and Movement, 1983
Monitoring of growth, abundsnce, discributicn, and
movement began on 16 April 1983 and continued bi-weekiy,
with ocne sxception, to 13 November {Appendix Table 1}.
Within each sampling period and station, caprtured YOV

trout were identified to species and measured to the
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nearest 1 mm TL. The number of sach species observed {but
not captured) was also recorded, Captured fish were
released in shallow, low-velocity watevr near the upstrean
boundary of the saumpling station.

To monitor movement of YOY trouwt, the Missouri River
study area was divided into three segctions. The Upper
Section included all sampling stations from the dam
downstream to just bhelow the mouth of Beaver Creek
(Sampling Stations 1, 2, 8, 9, 16, and 11). The Middle
Section included all sampling stations from just below the
mouth of Beaver Creek downstream to the head of the island
between Cochran and Foster Sulchzs (Sampling Staticns 3,
b, and 12). The Lower Section included all sampliing
stations from the head of the island between Lochran and
Foster Gulches downstream to American Bar Guleh (Sampling
Stations 5, 6, 7, 13, and 14} (Figure 6).

Beginning with the 12-14 June sampling peried, YOY
trout greater than 35 mnm TL were marked with a caudal fin
punch. Captured fish in the Upper Section received an
upper caudal fin punch while those in the Middle Section
received a lower caudal fin punch. Young-of-the-year
trout captured in the Lower Section received no mark;
gsampling stations in this section were usged for
recapturing downstream migrants. Primavy interest lay in

detecting movement by recapturing fish outside the ares in

which thevy were originally marked, but recaprures within
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sections were alsoc recorded.

This mark-rzcapture technigue was useful only for
detecting movement between the Upper and Middle Sections,
from the Upper to Lower Section and from the Middle to
Lower Section. Movement between sampling stations or
movement outside effective slectrvofishing range could not

be detected.

Habitrat, 1982 and 1983

In 1982, habitatr used by YOY brown trout and vrainbow
trout was located and described {Appendix Table 2)}.
Young~of~the~year trout were captured by electrolfishing
and capture locations were marked with a small float.
Captured YOY trout were identified to species and measured
to the nearest 1 mm TL before release.

Phygical parameters measured at the point ¢f capture
included water depth and distance to shore; both
measurements were made with a meter stick te the nearest
1 ¢cm. Mean water velocity was determined to the nearest
1.5 cnfsec with 2 Marsh—~McBirney electronic curreni meter.
Dominant subhstrate type and the presence of cover
components were visually estimated within a 0.5 m radius
around the point of capture. Substrates were classified
using a modified version of the Wentworth particle size
scale {Welch 1948) {Table 3. fover components wWere

uniquely defined for this study (Table 4.
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Table 3. Classification of substrates used in the study
of Y0Y brown trout and ralnbow tvoutp hablftar Iin
rhe Missouri River betwesen Hauser Dam and
Holter Reserveir, 1982-1983.

Substrate Type Parcicle Size
(mm}
Fines < 2
Gravel Z2-64
Cobble 65-2356
Boulder > 236

In 1983, during three time pericds (Table 5), habltat
within the 14 electrofishing stations was measured Lo
evaluate habitat changes at various discharges. On these
same occasions, habitat—~use data were collected in the
manner described previocusly to determine whether YOY trout
selecred similar habitat at different discharges. The
period 29 June-4 July was chosen because it represented
conditions existing during spring runoff, The other
periods, 26-30 July and 23-26 August, were selected as
representative of average summer discharges.

To measure habitat changes at varlous discharges,
five permanent cross—~sectional transects were established
in each of the L4 sampling stcations. Within each sanmpling
station, beginning at the upstream boundary and extending

£o the downstream boundary, transects were spaced 25 m
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Table 4. Classification of cover components used in the
study of YOY brown trout and rainbow trout
hahitat in the Missouri River betwesen Hauser Dam
Holter Reservoir, 1982-1983.

Covey Component Description

Submerged Vegetation (8V) Aguatic, emevgent, oF
tervestrial vegetation
partially or wholly
submerged

Roeck Cover {(RC) River gubstrate lavge
encugh toe be used by
YOY trout as cover
{(Relative to size of
fishj}

Woody Organic Debris (0D} Dead woody vegetation
wholly or partially
submerged ovr living or
dead woody vegetation
extending into the watel
from the bank

Undereut Bank {UB) River bank undercut by
erocsion
Overhanging Vegetation (COHV) Living or dead

vegetation extending
out over the water's
surface and within

30 cm of the surface
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Table 5. Discharge and ¥YO0Y brown trout and rainbow trout
habitat sampling schedule in the Misscuri River
between Hauser Dam and Holter Reservoir, 1983.

Mean Discharge for Period

Sampling Periods (m35sec}
June 29-July & 295 + 1%
July 26-30 149 + 6
August 23-26 157 + 8

apart and were oviented perpendicular to the thalweg.
Measurements of water depth and mean water velccity,

and visual estimates of dominant substrate type and cover
components were made at 0.5 m intervals. The greatest
distance from sheore at which measurements were taken
depended on wadability, usually a minimum of 3 m and never

greater than & m.

Reduced~Flow Test, 1982

A reduced-flow test was conducted on 16-17 August
1982. The purpose was to provide information for
evaluating potential impacts of periodic flow reductions
on trout spawning, trout rearing, and fish-food eorganisms
{White et al. 1984}, The time required to veduce flow
from a maximum of 269 m>/sec to a minimum of 39 m3/sec
was approximately 18 hours and occurred in three steps

{Table &}. The largest decrease occurred over a period
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Table 6. low schedule for the reduced-flow test,
Migsouri River at Hauser Dam, 1&-17 August
1982,
Approrimate Flapsed
Time of Discharge Time
Date Day {h} {mgisec} {hrs}
August 16 1100 to 1700 269 5.0
1700 to 180C 269 ~ 232 i.90
1800 to 2400 232 £.0
August 17 0000 to 0700 232 7.0
0700 to 0800 23z - 176 1.0
0800 to 1000 176 2.0
1000 to 1100 176 ~ 39 1.9
1100 to 1900 is 8.0
1900 te 2000 39 —- 167 1.0
2000 o 2400 167 4.0

of 30~40 minutes on 17 August between 1000 and 1100 hours
when discharge was reduced from approximately 176 m3f3ec
to 39 m3/sec; flow remained at this minimum level for
about 8 hours.

Stranding of YOY trout and other fish on dewatered
substrate and the isclation of fish in pools were
evaluated during the period of minimum flow. Sampling was
restricted to four areas previcusliy found te contain

relatively large concentrvations of YOY trout or where they
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were most likely fo be affected by dewatering {(Figure &).
Twelve Lransectis weve estsblished over the four AYess
(three transects in Area 1, six in Area Z, one in Area 3,
and two in Area 43 to evaluate stranding. Humbers and
sizes of all species of fisgh found stranded along
rransects were recorded. The location and size of pools
jsolated from the main river channel at minimum flow and
the gspecies and gize of fieh captured in these pools were

also rtecorded.

Reduced~Flow Test, 1983

On 4 August 1983 a reduced~flow test was counducted to
evaluate the accuracy of hydraunlic modeling (see following
section), determine 1if YO0Y trout were displaced froum
habitat, and measure changes in habitat {(White et al.
1984), Digplacement from habitat and changes in habircat
were evaluated at three flows {Table 7). Sampling was
restricted to 1983 electrofishing stations 1, 2, 4, aund 10
(Figure 6). Station 1 was sampled at B1 md/sec, Stations
2 and 10 at 87 m3!sec, and Station & at 55 mo/sec.

Young~of-the~year trout were captured by
electrofishing. At each station, the number of each
species captured added fo the number of each speciles
observed {but not captured} was recorded. Captured trout

were measured to the nearest 1 mm TL before rvelease.

Techniques described previcusly were used to evaluate
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Tanle 7. TFilow schedule for the reduced-flow test,
Missouri River at Hauser Dawm, 4 August 1983.

Approximate

Time of Tay Digeharge Elapsed Time
{(hj {(m?/sec) (krs)
G800 to 0800 165 ~ 81 1.0
0900 to 1130 81 2.5
1130 to 1200 81 - &7 0.5
1200 to 1345 67 1.75
1345 o 14153 67 - 55 8.5
1413 o 1600 55 1.75
1600 to 1700 55 - 143 1.0

habitat changes and habitat use.

Physical Habitat Simulation, 1982

Predictions of habitat alterations sssociated with
fluctuating flows were made using the Water Surface
Profile {(WSP) option of the U.S5. Fish and Wildlife Service
Physical Habitat Simulation System {(PHABSIM) {(Milhous et
al. 1981: Bovee 1982). This model 1is a2 multiple-transect
approach which uses data cellected at 2 minimum of one
discharge to calculate a weighted sultabilicy dlndex callsed
Weighted Usable Area {WUA). This index is expressed as
the percentage of gross surface area 1Ian a given strean

segment which contains suitable combinations of habitat
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variables for each specries and life stage of lnterest art
simulated discharges.

During the 3-day period in which data were collected,
Montana Power Company regulated river discharge at
147 mgfgecg Survey data were obtained from four TLransects
in each of three secticns of the river. These sections
corresponded to brown trout and rainbow trout spawning
areas, but were deemed adequate for examining the
influences of flew on YOY trout rearing habitat. Data
collected along transects included distance between high
water marks and water’s edge, substrate, and bank and
aquatic vegetation. For a detailed description of field
techuniques see Grazham et al. (19795

Computer—generated habitat-preference curves {devived
from empirical habitat—use data) were used in conjunction
with simulated physical and hydraulic conditions 1n the
surveyed areas to predict the pervcent of habltat suitable
for rearing at as many as 36 flows ranging fron

36-269 m3/sec (Table 8).
Beaver (Creek Fish Sampling

Fmigration of Y0Y brown trout and valinbow frout from
Beaver (reek into the Missocuri River was moniltored from
19 June-27 August 1983. A hoopunet (12 mre down to & mm
bar mesh) and four modified imsect drift nets wevre used L0

trap downstream migrants. FEach net was equlpped with a
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Table 8. Example of the Fhysical Habitat Siwulation
Svystem {(PHABSIM} output from one transact
location on the Missouri River betwesen Hauser
Dam and Holter Reservolr, 1982Z.

Heighted Usable Area
by Life Stage

Gross (% of Gross Surface Area)

Simulated N Surface

Digcharge Area

(n3/sec) {(hal Fry Spawning Adult
77 3.17 0.93 13.10 30.93
76 3.22 0.87 12.25 30.22
32 3.27 G.886 i1.45 29.60
85 3.32 0.87 i0.71 28,84
99 3.42 0.54 .27 26.65
113 3.45 6.23 7.28 26.95
127 3.48 .12 7.52 26,94
142 3.51 0.0% 7.87 25,28
147 3.52 0.07 7.91 24.70
156 3.53 8.03 7.78 23.68
170 3.54 g.07 7.13 Z21.5%
184 3.55 0.07 £.14& 19.82
198 3.56 0.07 5.14 17.35
212 3.57 0.07 4,15 15,31
227 3.58 6.067 3.24 13.11
241 3.59 G.06 2.37 11.16
255 3.60 0.06 1.71 2.37
269 31.61 0.04 1.18 7.88

"iive box" attached to its downstream end to hold
migrating fish between net checks. The hoop net was
installed approximately 100 m upstream of the confluence
of Beaver Creek and the Missouvi BEiver and the drift nets
were placed about 50 m downstreanm of the hoop net. The
hoop net was size~selective for fish greater than 40 mm TL
while figh as small as 23 mm TL could be caught in the

drift nets,
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Hets were checked each morning and evening from LI

i

June~27 August, except for the period il1-13 July. High
water due to heavy rainsg necessirated removal of the nets
during this time. The number of each species of frout
captured was recorded at each net check and body lengths
of a subsample were measured to the neavest 1 mow TL sach

day. All captured fish were released just downstrean from

the drift nets,
Discharge and Temperature Honltoring

Discharge information for the Missourl River study
area for the period 1982-1%83 was obtalned from
Montana Power Company's gauging station located just
downstream of Hauser Dam. The stage—discharge

relationship developed by the company in 1982 was

a=4677.251°%,

where Q=discharge in cubic feet per second and H=gauge
height reading in feet. All discharge information
reported here, other than that for reduced~flow testsg, was
based on gauge readings taken by the dam operators at
1600 houvrs each dav. Discharge information for Beaver
Creek was cbtained from the U.35. Forest Ssxvice gauging
station located 2.4 k¥m upstream of the creek mouth.

Water temperatures in the river and creek were

recorded continucusly with submersible Ryan Medel J,
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90-day thermographs that were installed in October 1981.
The range of water temperatures measureable by these
thermographs was -5 to 25 C. They were accuvate to within
0.6 ¢ and 3 miputes/day. The Missouri River thermograph
was Located 0.4 km downstream of Hauser Dam while the

Beaver Creek thermograph was located near the USFS gauging

station.
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RESULTS

Missourli Biver

Date of Earliest Emergence, 1982 and 1983

In 1982, YOY brown trout were first found on 23 April
in waters along the east bank of the river between Cochran
Gulch and the side channel approximately 0.4 km
downstream. Intitial observacicuns of ¥YO0Y rainbow trout
ware made on 272 June in the same section of river
{Figure 63}.

Earliest observaticns of Y0Y brown trout in 1983 were
on 10 April in waters along the east bank of the river
between the mouth of Beaver Creek and the side channel
1.6 km downstream. Young-of-the-year valonbow frout were
first located on 13 June in waters along beoth sheorelines

from the dam downstream to American Bar Gulch (Figure &).

Growth, 1983

Young—-of-the-~year brown trout and ralinbow trout were
about 25 mm TL when newly emevrged from the gravel. The
yolk sac was gcompletely resorbed in nearly a2l captured
rrout of this length. Brown trout growth was greatest
from late June through mid-Seprtember while growth for

rainbow trout was greatest from early July through mid-
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Septembey (Figure 7)(Appendix Tables 3 and 43. Mean total
length of captured fish increased an average of 20 ma each
30 davs during these periods. HMean total lemngth of YOY
hrown trout was 127 mn in mid-NHovembery and that of Y0¥
rainbow frout was /79 mm. Young-of~the-year brown frout
averaged 15~43 mm longer than Y0Y rainbow tfrout on

comparable sampling dates due to their earvrliier hatching

and emergence pericd.

Abundance and Distribution, 1983

Young-of~the-vear brown trout were observed during
all 15 bi-weekly sampling periods between 16 April and
13 November 1983, and YO0Y rainbow trout were found during
the 11 bi-weekly sampling periods between 12 June and 13
November 1983. Young-of-the~year brown fLrout reached
greatest abundance during the 12-14 June sampling period
when 328 were captured (Figure 8). Abundance of ¥Y0Y
rainbow trout peaked during the 25-27 June sampling period
when 573 were captured. Numbers of both species declined
from rTespective maximums until late July. Thereafter,
numbers of captured YOY brown trout remained between 9 and
17% of their highest level while Y0Y rainbow troutl numbers
fluctuated between 22 and 52% of theilr greatest level.

Approximately B0% of 1,480 YOY brown trout and 61% of
2,879 Y0Y raindbow trout were captured in the seven

sampling statiocns slong the east bank of the Missouri



31

k

“Lg6ET "IT0aanERY ABATCH puUR wmeBQ L198DERY

UBBMIBG IBATY TANOBSTW Pul ut saiep Suypydwes

peioesres Uo Suiysiioiinstre Aq peanided Inoail
MOQUIEA PUB INOIT UMCIQ L0E IO sYIBusT uwmap vy eaniyg

29 | Ao, 420 d8g | Boy

HINOW
fof ounp ADW m idy aow  qag  uo

{

LOOYL  MOENIVY

Nodl NMOEE

- Q&

- O

-8

- 06

=004

- DGl

- OFL

HIDNIT  NVYIW

w )

S



32

$g61 ‘IT0ale8BY A9ITOY PuUE WE(Q AV9SNEY UIBMIaq
Jaaly 1anossIK 8ul vl spoiisd Fuipijdwes
#1 Butanp Bupysyijgoazosie Ag psanides

INOIT MOGUTEA PUR INOII UMOAG A0 IO BisqUny ‘g san8ryg

HiINOW

dag “mzq tnpunp Aow ady dow Q@4 upp

w

veq | AON 130

00

LNOYL  NMOUE 002

-00€
-00P
INOYL  MOENIVY

¢

)

§

§

g

E

i

]

]

) L 06
§

§

§
: L 009
[}
H

-~ 004

40 HITWINN

HSid



33
River. Spoon (19853} observed that 1in 1982 and 1983 umost
brown trout and rainbow trout spawning activity ian the
Missouri River between Hauser Dam and Holter Hesevrvoelr
sceurred in four areas along the gast side of the rviver.
Numbers of YO0Y brown trout captured in the seven sast-bank
sampling stations were significantly greater than numbers
captured in the seven west—bank sampling stations from
April through June and also in late August {Table 9.
Numbers of YO0Y rvainbow trout captured in the seven gast-
bank sampling stations were significantly greatery than
numbers captured in the seven west—bank sampling statlocns

from June through early October {Table 10).

Movement, 1983

Between 12 June and 13 November 1983, 436 Y0Y brown
trout were marked (243 in the Upper Section and 193 in the
Middle Section). BRetween 253 June and 13 November, 1,226
Y0Y rainbow trout were marked {932 in the Upper Section
and 294 in the Middle Section).

Recaptures of marked fish outside of original marking
sections were too few to draw any conclusions about
upstream or downsirsam movements {Table 113, Ounly =six
marked YOY brown trout were recaptured downstreas and Cwo
were recaptured upstreanm from original marking sections.
One marked YOY rainbow trout was recaptured downstream and

none were recaptured upstream. Recaptures of marked YOY



Table 9. Digtribution of YOY brown
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trout captured by

glectrofishing 1n shallow~water arveas along fhe

banks of the

Missouri River bhetwaen Hauser Dam
and Holter HReservoir,

Discribution (%)

Humber
Sampling Period Captured East West
April 16-172 20 100" 0
April 30 -~ May 1 73 56" 4
May 14-15 238 gg* 12
May 28-29 239 90" 10
June 12-14 328 8s5* 15
June 25-27 219 84" 16
July 9-12P 20 55 45
July 23-24 34 62 38
August 6-7 41 51 49
August 20-21 29 83° 17
September 3~4 44 61 39
September 17-18 30 60 40
Octobeyr 1-2 57 58 42
Cctober 15-16 39 49 51
November 12-13 &7 59 51

fSrartions 7 and 14 werse not samplaed as they ware notf yet

established

“stations 1, 4, 8, and 11 were not sampled due to high

water

%
Indicates a significant difference {Chi-square @

053
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Table 10. Distrvibution of Y0Y rainbow trout captured by
elecrrofisning in shallow-water areas along the
hanks of the Misscuri Biver between Hauser Dam
and Holter Resevrvolr, 1983,

Discribution (%)

Humbey
Sampling Period Captured East West
June 12-14 50 76" 24
June 25-27 673 68% 3z
July 9-128 279 627 18
July 23-24 199 64" 36
August 6-7 2049 57% 473
August 20-21 150 617 39
September 3-4 290 63" 37
September 17-18 205 66~ a4
October 1-2 271 587 472
October 15-16 202 56 44
November 12-13 351 45 55

25trations 1, 4, 8, and 11 were not sampled due to high
water

"Indicates a significant difference {Chi-square € ,05)
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brown trout within original marking sections wers 20 and
167 of those marked in the Upper and Middle Sections,
respectively (Table 11). Comparable figures for YOY
vainbow trout are 21 and 21% fn the Upper and Middle

Sections, respectively (Table 11},

Habitat, 1982

From April through October 1982, 387 ¥0Y brown trout
and 1,460 Y0Y rainbow trout were captured (¥Figure 9).
Physical habitat measurements and visual sstimates of
dominant substrate type and cover components recorded at
capture sites were grouped by spacies for the entire
sampling period. Grouping rhe data allowed for a general
comparison of habitat used by each species and appeared to
be an appropriate way Lo relate the data to potential
impacts of hydroelectric peaking.

Young-of-the-year brown trout and rainbow trout
cccupied similar habitat in the Missouri River study area.
For each species, about 80% were captured in water depihs
less than 50 cm and where mean water velocitles weTe iless
than 10 ecm/sec (Figure 10). Approximately 88 and 80Z of
Y0Y brown trout and rainbow trout, respectively, were
caught within 2 m of shore {(Figure 11). Seventy and 53%
of YOY brown trout and rainbow trout, respectively, were
captured over substrate dominated by fines or boulders

(Figure 11); these areas almost always colnecided with
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rainbow trout captured by electrofishing in the
Migsouri River between Hauser Dsw and
Holter Reservolr, April-October, 1982,
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areas of low mean water velocity. Groups of boulders also
appeared Lo Seyve 48 COVer.

One or more cover components such as roeck cover,
submerged vegetation, woody organic debris, undercut bank,
or overhanging vegetatlon were present at %9Z of YO0Y brown
rrout and rainbow trout capture sites. For each specles,
35~40% were captured at sites with one cower componeni.
Approximately 25% were captured at sites with two cover
components and at sites with three cover components. Four
cover components were observed at 9-12% of capture sites
while five cover components were found at less than 4% of
these sites {lower portioms of Figures 12 and 13). Rock
cover, submerged vegetation, and overhanging vegetation
entirely or partially comprised those cover types most
frequently observed at all capture sites, vegardless of
the number of cover components present {(upper portions of

Figures 12 and 13).

Reduced-Flow Test, 17 August 1982

Data coliected from 12, 1l-m wide transectis
established over the four areas sampled (Figure 6) showed
no stranding of YOY trout on dewatered substrate
{Table 12). Although a few ¥Y0Y troul were observed
stranded in areas outside transect boundaries, the extent
of fish dewatering appeared to be insignificant.

Blectrofishing about 1 week prior to the reduced~flow test
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Table 12. HNumber of figh observed stranded, by area and
species, during the 17 August 1982 reduced-flow
test on tChe Missouri River between Hauser Dam
and Holter Heservoilr.

Humber Stranded

Area HNo. Area of
{Avea Trangect
Dewatered) Transect {mz} Trout Sculpin Suckser
1 A 7% 0 15 2
B 13 9] 3 g
{0.60 ha) C 22 #] 13 #]
2 I 19 ] G G
H 25 G G O
F 32 0 3 0
{0.31 ha) G 10 #] 3 G
H 20 4] 0 O
I 13 8] G 3
3 : J 25 0 3 G
{0.72 ha)
4 K a5 g 8 0
{0.24 ha) L 40 0 3 0
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revealed mean total lezngths of Y0¥ bhrown trouf and valnbow
trout £o be 746 {(n=100) and 56 am (n=490), respectively.

Motiled sculpin were stranded in velatively lavge
numbers, particularly in Area 1 where beds of agquatic
vegetation were extensively dewatered {(Table 123,
Expanding the number of sculpin stranded to the total area
dewatered provides an estimate of the magnitude of
possible mortality. The estimated loas of gsculpin in
sampling aress 1 through 4, respectively , was 3,050, 157,
861, and 346,

Two pools were isclated from the main river channel
at minimum flow. Pool A was located in Area 1 and Pool B
in Area 2. Examination of these pools revealed that they
contained live trout, sculpin, and suckers (Table 13).
The number of i1sloared fish observed is conservative due
to difficulties in the capturing process, but 1t did not

appear to be extensive.

Reduced~Flow Test, 4 August 1983

The displaceument of ¥0Y brown trout and ralinbow trout
from occupied habitat was evaluated by comparing the
number found in Sampling Stations 1, 2, 4, and 10
(Figure 6) during three sampling periods with differing
discharges (Table 14). The first sampling period, 23-24
July, occurred pricr to flow rveduction and the second, on

4 August, occurved during flow reduction. The third



L6
Table 13. JFNunmher of fish obsevrved isolated in pools, by
area and species, during the 17 August 1982
reduced~flow test on the Missourl Riwver
between Hauser Dawm and Holtevy Reserveir.

Surface
Ares Humber Isolated
of Pool
Area H¥No. Pocol {mz) Trout Sculpin Sucker
i A 135 2 Humerocus 3
2 B 5 3 14 H

Table l4. Number of Y0Y trout {(brown tyout and rainbow
rrout combined) observed at four sampling
stations during thres zaumpling periocds In the
Missouri River between Hauser Dam aand
Holter Reservoir, 1983,

Number of Y0Y Trout

Mean Observed at Station
Sampling Discharge
Period (mB/sac} 1 2 &4 10 Toral
July 23 to 24 142 28 35 54 &ty 161
August 4% 9 1 29 7 46
August 6 to 7 153 20 39 59 33 161

FReduced Flow Test: Station 1 sampled at 81 m’/sec
Stations 2, 10 sampled at 67 m3/sec
Station 4 sampled at 535 w’/sec
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sampling period, 6-7 August, took place after flow was
rerurned to pre-rvreduction lavels. Specles rasponses wera
similar so specles were combined to provide a larger
sample gize.

The number of trout observed at sach station at
reduced discharges on 4 August declined from the number
found at 142 m3fsec on 23~24 July. Decreases ranged from
6% (54 £o 29) at Station 4 to 97% (35 to 1) a2t Station Z.
Abundance dropped 71% (161 to 46) when data from all four
stations were combined.

Gn -7 August, when discharge was approximately
153 mgiseﬁsthe number of Y0¥ trout captured at gach
station was similar to pre-flow reduction levels.
Abundance over all four stations was identical to that
ocbserved on 23~24 July (161 and 161), suggesting that YOY
trout were not permanently displaced from temporarily
dewatered habitat. Their true discribution at reducad
discharges is unknown.

Changes in habitat were examined by comparing habitat
data collected in Stations 1, 2, 4, and 10 for the period
29 June-2 July to data obtained fron theéess arsas on
4 August (Table 15). The first sampling period teok place
before Flow rveduction while the second periocd osccurrad
during flow reduction. At sach station, area dewatered was
determined and mean water depth and mean water veloclty

profiles were obtained. 4lso, differences in visual
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Table 15, Discharge, chaage in discharge, and area
dewatered for four sampling stations during
two sampling periods (2% June-2 July vs-.

4 August) in the Missouri River between
Hauser Dam and Holter Reservoivr, 1983.
Change in Area
Sampling Sampling Discharge Discharge Dewatered
Station Date {mgfsec} {high~low} {mz}
18 June 2% 268
187 499
Adugust 4 81
2 b July 1 300
233 £02
August & &7
4%< July 2 300
Zhu 142
August & 55
1od June 30 277
211 256
August 4 657
8grarion 1 was located along the east bank of the viver
and wae 1.1 km downstream o¢f the dam.
Psrarion 2 was located along the east bank of the rviver
and was 2.6 km downstream of the dam.
Corgtion 4 was located along the east bank of the viver
and was 4.0 km dowanstream of the dam.
dosrarion 10 was located along the west bank of the river

and was

2.4 wm downstream of the dam.
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estimates of substrate and cover were recorded.

drea dewatered decresased as downstream distance {ron
rhe dam increased, probably due to the nmoderating
influence of Holter Reserveoir {Table 13). Starions 1, Z,
and 4, located oun the egast bank of the river, were 1.1,
2.6, and 4.0 km downstream from the dam, respectively, and
had similar channel morphology. Area dewatered was least
at Stationm 4, though the difference between high and low
discharge was greatest. Likewise, discharge difference
was greater at Station Z than 1, but the area dewatered
was less.

When downstream distance from the dam was about
equal, area dewatered was most affected by channel
morphology {Table 13). Stations Z and 10 were,
respectively, 2.6 and 2.4 km downstream of the dam, but
located on opposite banks of the river. Greater area was
dewatered in Station 10 due to its gradually descending
bottom contour even though the difference between high and
low discharge was less.

Mean water depth decreased at each station when flows
were reduced (Figure 143}, Declines were greatesgt in
Station & and least in Station 2, dropping an average of
33 and 3 cm, respectively, at each 0.5 m interval iato the

channel. Average decrease at Statiom 1 at each interval

was 30 cm while at Station 10 1t was 10 cm.
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Water depth profiles of four sampling
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Meagn water velocity decliined in three stations but
increased in the fourth at low discharges {(Figure 15}.
Decreases avevaged 24, 11, and 7 cmfsac at sach 0.5 m
interval into the channel at Stations 1, 4, and Z,
regspectively. At Station 10, mean water veloglty rose an
average of 2 cnfsec at each interval,

Cover differences were nolable between high and low
discharges. At high discharges, submerged vegetation,
rock cover, and overhanging vegetation ware observed at
sach station: undercut bank was also found at Station 4.
At low discharges, rock cover was the only cover component
remaining.

Substrate differences were minor at high and low
discharges. At high discharge, substrate at Stations 1
and 4 was dominated by fines and boulder, at Svtation 2 by
fines and cobble, and at Station 10 by boulder. At low
discharges, boulder was the dominant subsivate at Stations
1, 2, and 4 while boulder and cobble dominated at Station
10.

Habitat use by Y0Y brown trout and rainbow frout was
evaluated by comparing habitat parameters umeasured or
estimated at capture sites in Sampliling Stations 1, 2, %,
and 10 during selected periods of normal sessonal flows
(29 June=2 July, 26-29 July, and 23~25 August) to habitat-
uzse data collected in these areass during reduced flows on

4 August. Discharge during the former three perlods



A
P

STATION 1

ZBE m3ssee

81 o/ sec

o i T i ke et AT T TGS R R R
e e i

STATION 2

@m
o
g
2
£ 30~
(¥
o
[
U
O
)
FER
pe8
'
§ 30~
z
z
<
EEN ]
=

STATION 4

T i H ] L]

30+ STATION 10
20
10 LS
i T e e e
o 0.5 1.0 1.5 2.0 2.5 3.0

Figure 15.

DISTANCE FROM WETTED EDGE [ m )

Mean water velocity profiles of four sampling
stations at different discharges 1in rthe
Misscuri River between Hauser Dam and Holter
Reservoir, 29 June-2Z July vs. 4 August

1983,



53
averaged 1946 m’/sec and ranged from 1472-300 a/sec.
Discharge on & August averaged 67 wo /eec and ranged from
55-81 mgfsec, Biases Iinherent in this comparison are
nonrepresentative sampling of Y0Y tryout hablitat at reduced
discharges on 4 August as well ag small sample sizes.

For sach species, means and raunges of water depth,
mean water veloccity, and distancece Lo shore measursements
cbrained at capture gites wevre similar between normal
seasconal and reduced discharges {(Tables 16 and 17} At
normal seasounal discharges, Y0Y brown trout and vainbow
trout were most often associarted with covey components
such as rock cover, submerged vegsetation, aud overhangiung
vegetation {(either singly or in combinaticn} and were
found most fregquently over substrate dominated by fines,
cobblis or boulder. During reduced discharges on 4 August,
gach species was most frequently associasted with rock
cover and most often caprtured over substrate dominated by

boulder.

Physical Habizast Simulation, 1282

Probabilitv~of—~use curves {Figure 16} were developed
from depth and velocity measurements made at YO0Y brown
trout and rainbow trout capture sites. According to the
fitted curves, optimum depths and velocloy for ¥Y0Y brown
trout were 27-34 cm and 0.0 cm/sec, vespecrively.

Similarviy, optimum depths and velocity for Y0Y rainbow
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Means and ranges of fish length and habitat
parameters for YOY browm trout captured by
electrofishing during selected periods of
sormal seasonal discharges (29 June-2 July,
26~29 July and 23-23 August) and reduced
discharges (4 August) in the Missouri River

between Hauser Dam and Holter Reservoir, 1983,

Normal Seasonal Reduced
Discharges? Discharges
{H = 43) (g = 13)
Parameter Mean Eange Mean Bange
Fish Length 71 46 = 114 81 59 - 94
(mm)
Water Depth 43 i8 - 64 37 15 - 52
(cm)
Msan Water
VYelocity g 0 - 34 3 o - 3
{cm/sec)
Bistance to
Shore {(m) 1.07 .06 - 3.69 1.1 .46 - 1.92

fMean disch
Range = 14

bMean disch
Range = 53

arge = 198 - /sec
2 to 300 m3fsec

arge = 67 w3 /sec
to 81 m/sec
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Means and ranges of fish length and hablt
parameters for YUY ralabow trout
electrofishing during selected pervieds of
normal seasonal dischaerges {29 June-2 Jul
26-2% July and 23-235 August) and reduced

at

captured by

¥

discharges {4 August) 1o the Missourl River

between Hauser Dam and Holrer Reserveir, 1983.
Hormal Seasonal Reduced
Discharges? Discharges?
(B = 953 {§ = 16}
Parameter Mean Range Mean Range
Fish Length 48 23 - 91 61 46 =~ 71
{(mm)
Water Depth 31 G -~ 04 31 2 - 76
{em)
Mean Water
Velocity 5 g - 46 & G - 37
{cm/sec)
Distance to .96 0% - 4,21 1.19 24 =~ 4.4
Shore (m}
AMean discharge = 196 wd/sec

Range =

142 to 300 m3jsec

PMean discharge = 67 m3fsec

Range =

55 to B81 m’/sec

CCaptured under an undercut bank
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Figure 16. Probability-of-use curves for Y0V brown trout
and Tainbow trout In the Missouri River
between Hauser Dam and Holter Reservolr, 198Z.
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trout were, respectively, 31-37 cm and 0.0 cmisec. The
probabilicy-of~use curves wersa used in rthe PHABSIM wmodel
to predict the guantity of usable rearing habirat at
various discharges.

At Transect S5et 1 the PHABSIM model predicted
decreasing Y0Y trout habitat as dlscharge incressed from
28 to 269 m3!sec (Figure 17). Maxlmum habitatr for
Y0Y brown trout was predicted to cccur at 37 n?/sec and at
28 mB{sec for YOY rainbow trout. According to the model,
habitat became virtually unmavailable at discharges between
227 and 253 m3fsece

At Transect Set 2 the model predicted, in general, a
decrease in YOY trout habitat as discharge increased from
28 to 269 mo/sec (Figure 18). Maximum habitat for YOY
trout of both species was at 28 mesec with seccndary
peaks at 68 m3fsec. Within the range of flows predicted,
habirat reached 2 minimum at zbout 269 m’/sec for both
species.

The secondary peak in habitat generated by the model
for Transecr Set 2 is related to a cobble-boulder bar
located near midstream inm this section of river. At
discharges at or below 43 mgfsecs thig bar is dewatered
and unusable as fish habitat. However, at discharges
between 43 and 638 msfsec, the cobble~boulder har becones
partlially to wholly gubmerged and, according to the model,

hecomes usable as habitat. At discharges greater than
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Young~cf-~the~year brown frout and rainbow
trout habitat at different discharges as
predicited by the PHARSIM model, Transect Sert
Wo. 1, in the HMissouri River between Hauser
Dam and Heolter Reservoir, 1982.
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No. 2, in the Missouri River between Hauser
Dam and Holter Reservoir, 1882.
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68 mgfsec, depths and velocities apparently exceed the

limits tolerated by Y0Y trout and habitat declines.
Beaver Creesk

Trout captured in the hoop and drift nets between 19
June and 27 August 1983 were assumed to be migrating from
Beaver (reesk into the Missouri Biver. Ninety nine percent
of 6,742 trout captured were vainbow trout while the
remainder was comprised of cutthreat trout, brown Lroutl,
and brook trout. 0f 6,593 rainbow trout captured, 93%
were classified in the field by length at date of capiture
as young-of~the-year and 7% as age T and older {Table 18}.

Mean total lengths of respective rainbow trout age
groups, based on a subsample of 2,130 fish, were 31 mnm for
YGY fish and 91 nm for age I and clder. Mean total
lengths of captured brown trout and cutthreat trout were,
respectively, 61 and 163 mm. The brook trout was 134 mm
TL.

Age I and older vainbow trout were emigrating when
the nets were installed om 19 June and virtually ceased
emigrating by the end of July. Young-of-the-year rainbow
trout were first captured on 30 Juns. Downstrean
migration of YOY vainbow trout appeared to be nearing
completion when the nets were removed on 27 August

{Figure 193,



Tahle 18. Catch statistics for trout emigrating from
Beaver Creek into the Missouri River between
Hauser Dam and Holter Reservoir, 1983,

Number of Each Age Group Captured

Species YOY Age 1 and Older
Rainbow Trout 6,254 439
Brown Trout 14 1
Cutthroat Trout 4] 33

Brook Trout o 1
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Figure 19. Weskly counts of rainbow trout emigrants from
Beaver Creek intc the Missouri River,
June—-August, 1883,
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DISCUBRION

Potential impacts of fluctuating flows due tfo
hydroelectric power peaking on ¥Y0Y brown trout and rainbow
trout in the Missouri River between Hauser Dam and Holter
Reservoir include stranding on dewatered substrate,
igolation in pools, displacement from occcupied habltat,
interference with the establishment and maintenance of
rerritories, reduced growth rvates due Lo increased energy
expenditure and possible reduction of the food supply, and
increased exposure to predatlon. These ilmpacts may be
influenced by stage of development, daily and seasonal
abundance and distribution, guantity and guality of
habitat, magnitude and rate of flow change, and number and
time of daily fluctuation. The portion of each year class
of each species which migrates downstream o rear in
Holter Reservoir or is recruited from an unimpacted avea,
e.g. a tributary, may also affect the overall impact of a
fluctuating flow regime on the adult population.

Stranding of Y0Y trout on dewatered substrate may
represent a serious negative impact, since rhese fish
occupy areas which would be periocdically dewatered by
fluctuating flows. 1In 1982 and 1983 both species selected

relatively shallow, low water veloccity avreas near shore
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with abundant cover and substrate dominated by fines or
boulders {(Figures 10, 11, 12, and 13¥Tables 16 and 17},
Although sampling the entire width of the river channel
was not possible, 2 high degree of use of shoreline areas
by Y0Y brown trouif and vainbow trout has been reported in
this and other relatively large rivers {Lindroth 1956;
Gosse and Helm 1979;: Berg 1981:; Sando 19813,

Young-of~the-year trout may be most vulnerable £o
stracding during the first few weeks of posgt-enmergent
life, primarily due to thelr swmall asize. Hamilitcn and
Buelil (149768) stated that stranding could be particularly
critical during the first 3 months following emergence.
Observed dates of emergence in the HMissouri River study
area indicated that thig would encompszsss April through
June for YOY brown trout and June through August for YOY
rainbow trout. Mean total lengths of brown trout ranged
from 26~46 mm during the former period and those fox Y0Y
rainbow trout ranged from 27-47 wmm during the latter.

Agside from my observations during reduced~flow tesis
in the Misscuri River below Hauser Dan in August of 1982
{Table 12} and 1983, 1 know of no available data to test
Hamllton and Buell's {1976} contention with regard to Y0OY
brown trout and rainbow trout under flow regimes similarx
to those tested at Hauser Dam. However, stranding of
recently energed anadromous salmonids during hydroglectric

peaking (Bauersfeld 1%77) and experimental flow reductions
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(Phinney 1974: Bauversfeld 1978) is well documented.

Stranding losses of newly emerged Y0Y trout could be
reduced if emergence and/or periods of greatest abundance
sceurrad during the periocd of spring runofi. Bauersfeld
(1977) reported that flow fluctuations due to
hydroelectric peaking were uncommon below Dalles and
Bonneville Dams during spring runcoff and areas susceptible
to dewatering were often flooded when chinock salmon fry
were present. In the Missouri River at Hauser Dam, spring
runocff usually commences in early June and continues
through July. Though YOY brown troult began emergence in
April, they did not veach greatest abundance in sampling
areas until mid~June (Figure 8). Emergence of Y0Y rainbow
trout began in early June and greatest numbers were
ohserved late the same month {Figure 8}). It is not kunown
how spring runoff would affect pezking cperations at
Hauser Dam, but stranding mortality should be reduced if
fluctuating flows did not occur during this time.

Stranding losses following spring runoff may be
reduced by an apparent increase in the abilitcy of Y0Y
trout to adjust o receding water levels. Yirtuaily no
stranding of YOY trout occurred during the 17 August 1982
reduced~flow tesf (Table 12}. Mean total lengths of Y0Y
brown trout and rainbow trout 1 week prior to the test
were 76 and 56 mwm, respectively. Under test conditions,

rrout of this size were successful in making the necessary
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adjustments to avelid being stranded; however, the effacts
of greater magnitudes and/or rates of flow decrease are
not known.

Comparable information comes primarily from stranding
studies of juvenile anadromous salmonids. Bauevsfeld
{1978) recovrded extensive mortality of chincok salmon fry
below Mayfield Dam on the Cowlitz Rivery, Washington during
two experimental flow reductions. Digcharge intially
dropped from 266 to 157 @l /sec between 1800 and 2200 hours
at successive hourly vates of 538, 30, 153, and & wd/sec on
29 April 1976. A second reduction occurred on 1 May
between 1900 and 2400 hours when digcharge decreased fronw
156 to 63 mJ/sec at successive hourly rates of 28, 24, 24,
9, and % m3/sec. Phinpey (1974) also observed stranding
of chinook salmon fry when discharge was experimentally
lowered at Gorge Dam on the Skaglt Riwver, Washington.
Flow declined from 156 to 65 m>/sec between 2300 and 0040
hours on 16-17 March and from 143 to 31 m>/sec between
2315 and 0200 hours on 17-18 March 1973. 1In comtrast,
virtually no stranding of chincok fingerlings, steelhead
smolts, or "resident” rainbow trout occurred during
inspection of Minto Dam on the Novth Santiam River, Oregon
when discharge decreased from 28 to 2 n /sec on 2 May 1972
{Herb 1972).

Stranding losses following spriung runoff may also be

reduced by lower numbers of YOY trout reaving in the study
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area. From late July through mid-November 1983, YO0Y brown
trout and rainbow frout numbers fluctuated between 9 and
17% and 22 and 52% of highest levels, respectively {Figuvre
813. Downstream nmovement into Holter Heservoir, natural
mortality, and vtilizgation of habitat cutside seffective
electrefishing range probably account for observad
declines in abundance.

Vulnerability of Y0Y trout to stranding may be high
in winter when cold water temperastures are fhe norm. On
14 December 1983 at Hauser Dan discharge was reduced from
about 170 to 43 m3/sec to look for deep~water redds (White
et al. 1984); water temperature was 4 €. Though not
gquantitatively evaluated, there appeared to be
considerably more stranding of YO0Y trout than was observed
during the 17 August 19827 reduced-flow test. Juvenile
salwmonids show a strong association with the bottom when
water temperatures drop below 5 C {Hartman 1%63; Chapman
and Bioron 1969) which appavrently offers protection from
predators and helps prevent downstream displacement at a
time when metabolic rates are low {(GCibson 1%78). This
strong assocciation may hamper the ability of fish to
adjust to periodic flow rveductiocuns.

Isclation of Y0Y brown trout and rainboew trout 1uo
pools ssparated from the main river chanpel at low flows
was minimal in the Migsouri River study area {Table 13}.

Only two small poolsg formed when discharge was
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experimentally reduced on 17 Augusty 198Z. Fieh trapped in
these pools would probably survive daily fluctuating

lows, since the pools held water until discharge returnad
ro normal seasonal levels later that day. ITsolated f£ish,
though, may be subject to stress from increased water
temperatures in summer {Bauversfeld 1978; Becker et al.
1981) and would be guite vulnerable to avian and
terrestrial predators {Erman and Leidy 1974;: Bauersfeld
19773,

How time of day of flow reduction affects stranding
and isolation of ¥Y0Y trout is a complex lssue. Close
association with the gubstrate at night may Incresss
overall stranding losses if flows are reduced at this
rime. In studis=s cited previocusly (Phinney 1974,
Bauersfeld 1977, 1978), extensive mortality of chinook
salmon fry occurred when flows were lowered during pericds
of darkness. Lindroth {1%956) noted that age-0 anadromous
brown trout rested on and possibly in the substrate at
night while ranging away from the substrate to feed and
defend territories during daylight. Becker et al. {19813
speculated that fish could escape more readily 1f rapid
flow reductions occurred in daylight.

Young-of-~the~year trout actively migratiang
downstream, however, may be more vulnerable during daviime
flow reductions. Stober {(University of Washingten,

personal communication, March 1983 found that actively
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migrating juvenile chinocok and chum galmon were often
stranded during davilime flow reductions while lizrle
stranding occurred at night, primarilly because these fish
occupled gravel intersticies during the day aad moved
downsetream at night. Migration of Y0Y rainbow tvout from
Beaver Creek into the HMisscuri River took place almost
exclusively at night and occasional trapping in the
Missouri River in May 1983 captured a few Y0Y brown trout
in overnight trap sets only. Highttime downstregan
migration of Y0Y brown trout and ralnbow trout has also
been reported by other investigators (Elliotr 196&;
Northcota 1969; Stauffer 1972; Alexander and Maclrimmon
1974; Cavrl 1982), suggesting similar behevior to migrating
juvenile chinocok and chum salmon.

Young-of-the~year brown trout and ralinbow Lrout were
not permanently displaced from habitat temporarily
dewatered during experimentally reduced discharges on
4 August 1983; they recolonized these areas when flows
ware returned to normal seasonal levels {Table 14].
Frequent temporary displacements, though, would be common
under a fluctuating flow reginme. Lindroth (1956) observed
daily lateral displacements of up to 10 m for age-0
anadromous brown treout trout in the River Indslsalven,
Sweden below a2 hyvdroelectric plant.

Freguent lateral movements required to adjust to

changing water levels may interfere with terricorial
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behavior and growth in YOY trout. Juvenile salmonids are
territorial {Xalleberg 1938} and securing food resources
igs thought to be a primary function of this behavior
{(Keesnlevside 197%3. Lindroth {19563 observed that age-{
anadromous brown trout were forced to leave thelr
territories and establish new ones each time discharge
increased or decreased. Greater energy expendlture would
be required to adjust to c%amgingrw&tez levels and to
cccupy and hold "new” territories. If food resources were
diminished as 2 resuly of flow fluctuations, growth rates
of Y0Y trout could be negatively affescred.

An aspect of displacement not investigated in this
study isg the potential downstreaw displacement of YOV
trout due to sudden increases in watey veloclty which may
accompany sudden rises in discharge. OQOttaway and Clarke
(1981) and Ottaway and Forrest {1983}, working with
hatchery brown trout fry in experimental strean channels,
found that wvulnerability to downstream displacement during
increasing water veloclity wae highly dependent on stage af
development. Fry with little or no yolk sac which had
just begun exzogenous feeding were vulnerable when they
rogse off the bottonm to Feed. Yolk sac fry, in contrast,
waere not displaced because they remained in niches on or
in the botitom and were relatively lumactive.

Habitat dats ecllected in 1982 snd 1983, coupled with

generalized predictions of the PHABSIM model, provide
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insight into effects on YOY treout of changes in the
quantity and quality of habiltat occurring under a
fFluctuating flow regime. The model predicted thag less
than 2% of the total wetted surface area was usable by Y0¥
trout at discharges between 209 and 43 n?/sec (Figuresg 17
and 18). This seems consistent with the fact that Y0Y
trout were rarely captured more than 4.8 m from shore
(Figure 11). Also, the model predicted that the quantity
of habitat rose as discharge declined, due to an increase
in low water velocitvy areas. This, too, appears cgorract
since declines in mean water velocity were observed in
three of four ssmpling stations during the 4 August 1983
reduced flow test (Figure 15). The model’s prediction
that ¥0Y trout habitat is virtually lost at discharges
greater than abour 255 mgfsec may be incorrect, as these
fish were found in nearly all near-shore areas sampled in
1982 at discharges between 235 and 473 m3/sec. This
discrepancy is a result of the model being incapable of
taking into account that usable habitat is provided by
physical structures such as larger substrate, submerged
and overhanging vegetation, undercut banks, and woody

debris.

Although the PHABSIM model predicted an increase in
the gquantity of Y0Y trout habitat at relatively lower
flows, field observations during the & August 1%83 low-

flow test suggest habitat quality may be reduced. In
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areas sawpled, habitat cccupied by YOY fvouni at normal
seasonal discharges was exteunsively dewaterd ar raduced
discharges of 81, 67, and 55 &3!s§¢ {Table 153). Also, of
those cover components most frequently available and used
at relatively higher discharges, namely rock cover,
submerged vegetation, and overhanging vegetation, only
rock cover was observed at veduced discharges. A review
of the PHABSIM model by Annear and Conder {1984 srated
that while weighted usable area {(WUA) may increase with
decreasing discharge, velatively low flows may regult in a
reducticn of cover, lowver water gualicty, and/or elevated
wateyry temperatures.

4 reduction in habitat guality at relatively low
discharges may be especially detrimental in those areas
which contain relatively high numbers of YOY trout during
one or more seasons of the year. Dewataring of preferred
trout fry habictat forces fry into other areas and may
result in reduced growth rates or increased mortality
unless suitable replacement habitat is availble {Gosse and
Helm 1979). Unfortunately, no attempt was made in this
study to evaluate whether larger substrate, such as cobble
and boulder, might provide adequate replacement habltat
and compensate for reductiocns in submerged and overhanging
vegetatiocn.

Another issue not addressed in this study was the

potential for greater exposure of Y0Y trout Lo predation



ar reduced flows. At normal seasonal discharges, lavger
juvenile or adult trout were infrequencly captured in
aress whevre Y0Y trout wers COmBON. Ssparation of sge
groups has been veported for stream dwelliog brown trout
{(Jones 1975; Kennedy and Straunge 1982} and for age-0
anadromous brown trout in 8 freshwater streasnm {(Bohlin
19773. Apparently, Y0Y trout reguilre isolation from
larger, potentially pisciverous trout {Gosse and Helm
1979). The PHABRSIM model predicted increased habitat for
both YOY and adult trout in the Missourd Biver as
discharge declined, suggesting that YOY tyvout may be morve
likely to encounter larger, predatory trout at reduced
flows.

Detrimental impacts of a fluctuating flow regims on
brown trout and rainbew trout populations may be lessened
if a large portion of each year class of each species
migrates downstream to rear in Holter Reservolr. dlthough
there are “patterms” inm the lakeward migratory beshavior of
young trout from streams (Northcote 1969} that may be
genetically induced and euvironmentally modified (Raleigh
1971), there is litrle information with which to address
this issue in the Missouri River study arsa. Downstream
movement of a few wmarked Y0Y brown trout and ralabow trout
was detected betwsen June and Hovember 1983 (Table 11).
Alss, the substantial decline in nuubers of both species

observed following spring vunoff {(Figure 8} suggesets
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downstream movenment out of the study avea, though natural
mortality undoubtedly accounts for some of the decline.
This circumstantial evidence, however, gives no real olus
toc the percentage of each year class of each species
migrating downstream to rear in Holter Reservolir.

Detrimental population impacts may also by reduced 1if
a portion of each vear class 1s recruited from an
unimpacted area, e.g. a tributary. Beaver (reek appears
to be a relatively important scurce of recrultment to the
river rainbow trout fishery butr unimporvtant to the river
brown trout fishery {Table 18). As ilntensive trappling
operations of downstream migrants in Beaver Creek did not
begin until mid-June 1983, migration of YOY brown trout
may have been missed; however, llttle use of the creek by
brown trout spawners of river origin (White et al. 1984)
suggests little recruitment would occur. Impacts on
rainbow trout should be lessened each year recruitment

from Beaver Creek 1s high.
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Appendix Table 1, Schedule for monitoring growth,
abundance, distribution, and movemaent
of Y0Y brown trout and rvalinbow Trout
in the Missourl Eiver between Hauser
Dam and Holter Reservolr, 1983.

Number of Dates of
Month Sampling Periods Sampling Periods
April 2 4716 - 178
4430 -~ 5/012
May 2 5714 ~ 153
5728 - 29
June 2 5/12 = 14
6£/253 - 27
July 2 7/09 - 12°P
7723 - 24
August 2 g7/06 -~ 07
8720 ~ 21
September 2 /03 - 04
9/17 ~ 18
Jctober 2 10/01 - G2
16715 -~ 16
November 1 11712 - 13

@8trations 7, 14 not sampled (net established)

Pstations 1, 4, 8, 11 not sampled (high water)
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Appendix Table 2. Schedule for sampling habitat used
by Y0Y brown trout and ralinbow trout
in the Missouri River bestwesn Hauser
Dam and Holter Heservoilr, 1%82.

Humber of Dates of

Month Sampling Periods Sampling Periods

April i 4725

May 2 3/20 - 21
5731

June 2 &£/22 ~ 24
6/25 - 7/02

July 3 770868 - 09
Fiiéd - 16
7723 - 24

August 3 7730 - B/745
8711 - 12
8/24 -~ 27

September 1 /18 - 20

Qctober 1 10/28 - 31
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Appendix Table 3. HMean lengths and length ranges of ¥0Y
brown trout captured by electrofishing
on sslected sanmpling dates Ian the
Misesouri Biver between Hausar Dam and
Holter Reservoilr, 1983.

Standard Length

Sampling Number Mean Length Deviation Range
Period Measured {mm} {mm} {mm?
April 1&6-17 10 27 +1 26-29
April 30-May 1 11 29 +2 24-37
May 14~-15 49 31 +3 2637
May 28-29 74 33 +4 23412
June 12-145% 291 44 +6 26~53
June 25-27 201 46 +6 28-64
July %-12 Z0 57 +7 57-6%
July 23-24 32 £8 +8 5G6-82
August 6-7 41 78 +8 51-96
August 20-21 29 92 +12 61-~112
September 3-4 46 a7 +12 67-122
September 17-18 48 107 +13 71-134
Qectober 1-2 57 116 +16 78-143
Gctober 15-16 38 112 +17 76~149

NMovember 12-13 46 122 +19 7R-154
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Appendix Table 4. HMean ilengths and lengih vanges of Y0¥
rainbow trout captured by
electrnfishing on selected sampling
dates in the Missouri River between
Yauser Dam and Holter Reservoilr, 1983.

Standard Length

Sampling Humber ¥Mean Length Deviation Range
Period Measured {mm} fmm} {mm)
June 12-14 47 27 +2 23-32
June 25-27 514 27 +3 23-37
July %9-12 215 34 +5 25=&7
July 23-~24 164 L4 +8 26-62
August 6-7 189 56 +9 31-76
August 20-21 140 67 +12 36~101
Septenber 3-% 278 77 +18é 40-116
September 17-18 198 81 +20 47=-133
Getober 1-2 262 78 +18 50=-137
October 15-16 193 i7 +18 50-129

November 12-13 336 79 il& 4£6-129




