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ABSTRACT

A fishery inventory and planning study was continued on the blue ribbon portion of the
Missouri River from Holter Dam to the confluence of the Smith-River. Twenty species
representing eight families of fish occur in this study area. Ra;nbow and brown trout
and mountain whitefish are the most common game fish, and they comprlse the bulk of
the sport fishery.

Electrofishing surveys indicate rainbow and brewn trout and mountain whitefish utilize
tributaries for spawning. Tag returns indicate some trout move considerable distances
in the Missouri River to reach spawning tributaries. Tributaries provide important
rearing habitat for trout. Trout and whitefish also use the mainstem of the Missouri
for spawning and rearing. Tributaries are relatively more |mportant for rainbow

spawning and rearing, while side channels of the Missouri are relatively more important
for brown trout.

Creel survey in 1981 indicated anglers caught 0.41 trout/hour in the Missouri River.
Catch rates ranged from 0.16 trout/hour in May to 0.64 trout/hour in October. Brown
trout comprised 18.6 percent of the catch at Cascade compared to only 1.5 percent at
Holter. Boat fishermen caught 0.61 trout/hour, while bank fishermen caught 0.38 trout/
hour. Anglers have harvested 5.49 and 5.70 percent of the rainbow and brown trout
tagged in the study area.

Work was completed on an instream flow study for the Missouri River. In addition,
data were col]ected on water temperatures, aquatic macroinvertebrates, fish larvae and
forage fish. '

BACKGROUND

A basic inVentory is essential in formulating management plans for maintaining and
utiltizing the fishery resources of a given area. Seldom is this information com-
plete for an entire area or drainage. The Missouri River from Holter Dam to the



confluence of the Smith River supports a cold water fishery of considerable signif-
icance, and prior to this study, basic data on the aquatlc resources of this area
were lacking.

Because of the increasing demand for Montana's limited water supplies for hydro-
power, irrigation, industrial and domestic uses, water resource development pro-
posals for this section of the Missouri River appear likely. Proposals which remove
significant amounts of stream flow or modify existing flow regimes could ultimately .
affect the fishery resource and the associated aquatic community. Unless stream
flow levels necessary to maintain the aquatic resources of the middle Missouri River
are determined, little can be done to evaluate conflicting demands and minimize
adverse |mpacts on the fishery. For these reasons the Montana Department of Fish,
Wildlife, and Parks (DFWP) initiated this study on April 1, 1980.

DESCRIPTION OF STUDY. AREA

The study area lies in north central Montana and inciudes a 99 0 kllometer (km)
(61.5-mile) reach of the mainstem of the Missouri River from Holter Dam to the
confluence of the Smith River. Four study sections, Craig, Hardy, Cascade, and

Ulm were established in this reach (Figure 1). In addltlon, limited studies were
conducted on the lower reaches of the Dearborn River, and Little Prickly Pear, Sheep,
Rock, Stickney, Hardy, and Wegner creeks. These are the principal tributaries to

the Missouri River in the study area. The tributaries add considerable flow to the
Missouri during spring runoff, but they contribute very little F]ow durlng the
remainder of the year. '

The Missouri is the nation's longest river, 3982 km in length from its orlgln at
Three Forks, Montana, to its confluence with the Mississippi River at St. Louis,
Missouri. The river segment covered by this study represents one of the last free-
flowing reaches of the entire river. Most of the Missouri River has been impounded
by dams and reservoirs. '

The river flows in a north easterly direction through two distinct geologic zones

in the study area. From Holter Dam to the confluence of Sheep Creek, a distance of
38.7 km, the river flows through a mountain canyon having an average width of 1,000
m. The Big Belt Mountains lie to the southeast, while the east front of the Rocky
Mountains lies to the northwest. A narrow band of riparian vegetation consisting
primarily of willow and some cottonwood lies along the riverbanks. Several brushy
islands surrounded by extensive side channels are found in the upper portion of this
reach between Holter Dam and ‘the confluence of the Dearborn River (Craig study section,
Figure 1). From the Dearborn River to the confluence of Sheep Creek, the river is
confined by precipitous rock cliffs and other hydraulic controls to a single, -deeper
channel with very few islands and side channels (Hardy study section, Figure 1).

Below the confluence of Sheep Creek, the river abruptly leaves the mountain area

and meanders through a wide and genera]]y flat prairie zone. The upper portion of
this zone, from Sheep Creek to Cascade, is characterized by well defined pools and
riffles w;Lh some large brushy islands and side channels (Cascade study section,
Figure 1). The lower segment of the prairie zone, from Cascade to the confluence of
the Smith River, is characterized by a deep meandering channel with very few riffles.
Several old oxbows have created shallow sloughs and backwater areas in this reach
(Ulm study section, Figure 1). Extensive growths of riparian vegetation consisting:
of a willow/cottonwood overstory are found on the floodplain throughout most of the
prairie zone.
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The 99.0-km reach of the Missouri River from Holter Dam to the confluence of the
Smith River is classified by the Montana Fish and Game Commission as a blue ribbon
trout fishery (Brown et. al., 1959). This is one of the longest single reaches of
blue ribbon trout stream in Montana, and it represents 14 percent of the state's

727 km (452 miles) of blue ribbon water. An excellent fishery exists in this area
for trophy-sized rainbow and brown trout. Many trout from 2.3 to 4.5 kilograms (kg)
(5 to 10 pounds [1b]) are taken each year as well as a good number of trout larger
than 4.5 kg. Fish larger than 4.5 kg are predomlnant]y brown trout. .Mountain white-
fish are several times more abundant than trout and provide an important w:nter
fishery. : ‘

‘Many species of waterfowl are seasonally associated with the river. -Mallards,
mergansers, Canada geese, and teal nest along the river on islands, backwater
dreas, and sloughs. Some mallards, goldeneyes and geese spend the winter in ice-
free areas along the river. During spring migration, the river is often an
important resting area for thousands of pintails, mallards, and other waterfowl
enroute to northern nesting areas. Several species of shore birds such as killdeer,
snipe, phalarope, and gulls are also seasonally associated with the river.

The extensive riparian vegetation along the lower half of the study section provides
excellent habitat for many important wildlife species. Large numbers of white-
tailed deer, mule deer, and ring-necked pheasant are found here year-around. Small
patches of riparian vegetation along the river in the mountain canyon area also pro-
vide habitat for a few deer. Mink, muskrat, beaver,raccoon, and a few river otter

. are found throughout the study section. Bald eagles are often observed along the
river corridor during the winter. ’

Access to the river is good throughout the study area. There are several public
access areas along the upper half of the river. 01d U.S. Highway 91, now designated
as a recreation road, parallels considerable portions of the river and also provides
easy access. River flow is always good for floating, and many recreationists take
advantage of this sport. The outstanding scenery and fishing add to the enjoyment
of this activity.

OBJECTIVES AND DEGREE OF ATTAINMENT

The long range objective of the study is to follow inventory procedures developed in
earlier studies (Wipperman 1973, Berg 1975 and 1981a) and use the resulting data to
prepare recommendations for aquatic resource management on this section of the
Missouri River. Specific objectives during this report period were:

(1) Continue to conduct baseline surveys of resident adult fish popultations in four
study sections of the Missouri River from Holter Dam to the confluence of the Smith
River to determine species composition, longitudinal distribution, relative abundance
and size composition of the populations. The four study sections are located on the
Missouri River in the vicinities of Craig, Hardy, Cascade and Ulm.

(2) Obtain spring and fall estimates of rainbow and brown trout populations in the
Hardy study section using a mark/recapture technique.

(3) Continue to identify and monitor spawning migrations of rainbow and brown trout
in the Missouri River mainstem and in the lower reaches of the Dearborn River, Little
Prickly Pear Creek, Sheep Creek and Rock Creek.



(&)

(5)

(8)

(9)

Continue to attempt to locate spawning sntes of rainbow and brown trout by searchlng
for redds. Determine the conditions required for successful spawning by measuring
physical parameters including water depth, velocity and substrate composition of

the redds. Attempt to determine time of emergence of larval trout from redds by
sampling with approprlate equipment.

Continue to tag key flsh species in the Missouri River below Holter Dam with
individually numbered tags to determine angler harvest, monitor movements of
individual fish and establish home ranges.

Continue to conduct a partial creel survey on the mainstem of the Missouri River to
determine success rate, species composition and size composition of the catch.

Continue to conduct baseline surveys in the lower reaches of the Dearborn River,
Little Prickly Pear Creek, Sheep Creek and Rock Creek to determine the importance
of these tributaries as rearing areas for juvenile rainbow and brown trout.

Complete sampling for aquatic macroinvertebrates at four stations on the Missouri
River to determine taxonomic composition and longitudinal distribution. The macro-
invertebrate sampling stations are located in the Craig, Hardy, Cascade and Ulm
study sectnons.

Continue to collect forage fish samples in conjunction with adu]t fish populatlon
surveys to determine specnes composition and longitudinal dlstrlbutlon of forage
fish.

(10) Cemp]ete analysis of wetted perimeter cross-section.data gathered on the Missouri

River in 1980. Attempt to derive instream flow recommendations from the data.

(11) Continue ‘to conduct baseline surveys in side channels-of the Missouri River to

determine the amount of instream flow required to maintain trout rearing habitat.

(12) Locate a minimum of 10 viewpoint sites on the mainstem of the middle Missouri River

and photograph the river at each of the sites at a variety of flow levels. Attempt
to derive instream flow recommendations from the photo series.

(13) Maintain thermograph stations at four sites on the Missouri River below.Holter

Dam. The thermograph sites are located in the Craig, Hardy, Cascade and Ulm study
sections. ‘

(14) Continue to supervise BLM-funded instream flow study on the Missouri River from

Morony Dam to Fort Peck Reservoir. Prepare annual study proposal and budget for
this study and assist with preparation of annual report.

(15) Prepare instream flow applications for the Missouri River from Morony Dam to Fort

Peck Reservoir and from Holter Dam to the mouth of the Smith River.

Progress was made on all of the objectives. Findings are presented in the appropriate
sections of this report.



PROCEDURES

Water Tempefature

Thirty-day continuous recording thermographs were used to monitor water temperature.
The recorder box was positioned on the streambank as far above the high water mark
as possible. A thermocouple lead, varying in length from 8 to 23 m, was extended
into the water through flexible, plastic sewer pipe.

Macroinvertebrates

Aquatic macroinvertebrate samples were collected using a rectangular framed 20 x 45
cm, conical net kick sampler with fine mesh (300 micron) pores. The net was positioned
on the streambed so the current flowed into it. Macroinvertebrates were washed into

the net by an operator standing in front of the net kicking into the substrate. A
variety of habitat types (cobble, gravel, sand, submerged vegetation, etc.) were

sampled at each station to obtain a representative sample. Samples were transferred
to jars containing an identifying label and preserved with 10 percent formaldehyde.

Larval Fish

Drifting larval fish were sampled with a 0.5 m diameter by 1.6 m long Nitex plankton
net (750 micron mesh) fitted with a threaded ring sewn at the distal end to accomodate
a wide mouth, pint mason jar as the collecting bucket. The net was fished in a
stationary position immediately below the surface of the water in main channel border
areas of the river. The net was anchored in position in the current by a 4 m length
of rope. The net was fished for a measured period of time, usually 30 to 60 minutes.
On some occasions the net was fished for less than 30 minutes because of excessive
amounts of debris collecting in the nets.

Larval fish located near the border of the stream channel were sampled with a hand-
held rectangular framed 25 x 45 cm, conical shaped dip net with fine mesh (300 micron)
pores. Since Salmonidae larvae rarely are found in drift samples, this techntque was -
utilized principally to collect Salmonidae.

After the net was retrieved from the river, its contents were thoroughly washed into

a collecting jar containing an identifying label. Samples were preserved in a 10 per-
cent solution of formaldehyde colored with phloxine-B dye, a deep pink coloring agent
which penetrated the fish larvae and aided in separating them from aquatic vegetation
and debris. Larvae were identified to the lowest taxon practical using keys by Hogue
et. al., (1976) and May and Gasaway (1967). For purposes of this study, larval fish
were defined as those fish exhibiting undeveloped pectoral, anal, and dorsal fin rays,
essentially as suggested by May and Gasaway (1967). ' ' ~

Juvenile and Adult Fish

Boom—suspended Electrofishing System

A boom- suspended electroflshlng system was used to sample fish populations on the
mainstem of the Missouri River. The electrofishing system was adapted from Novotny
and Priegel (1974) and is described by Berg (1981a). The electrofishing apparatus
was mounted on a 4.5 m (14.6 foot) aluminum drift boat powered by a 9.9 horsepower
outboard.



The boom-suspended electrofishing apparatus was the most effective technique for
sampling fish in the Missouri River mainstem. Other procedures such as mobile
electrofishing and seining were effective only in restricted habitat areas such as
shorelines, backwaters, and side channels.

Mobile E]ectrofishihg System

A mobile electrofishing system was used to sample juvenile and forage fish in shore-

line and side channel areas of the Missouri River. The system was-also-used to. sample =~~~

adult, juvenile, and forage fish in tributaries of the Missouri. The mobile electro-
flshlng system consisted of a hand- -held mobile positive electrode, a stationary nega-
tive electrode mounted on a 1.0 m2 float attached to the boat, and a portable 1350-
watt, 115 volt (60 Hz. single phase) alternating current generator. A Coffelt Model
VVP-2C rectifying unit was used to change the alternating current to pulsed direct
cufrent. Output from the rectifying unit was adjustable from 0 to 300 volts half-wave
60 hz. in 25 and-50 volt increments. The electrofishing system was carried in a

5.8 m (19 foot) aluminum’ fretght canoe. In tributaries where the freight canoe could
not be floated, electrofishing with. this system was accomplished by bank shocking

with 76.2 m (250 feet) of 16/2 electrical cord.

Fish Sample Protessing and Tagging

Fish captured by various methods were measuUred to the nearest mm in total- length and
weighed to the nearest 10 g. Sex and spawnling condition (gravid, ripe, or spawned)
were recorded for fish captured during their spawning season. Several thousand catch-
able game fish were marked with individually numbered Floy t-tags to evaluate growth
rate, movement, and angler harvest. All fish were released near the capture site.

Fish Population Estimates

Population estimates were made using the Petersen mark-recapture formula as modified
by Chapman (1951):

(M+1) (C+1)

L T

where: = population estimates
the number of marked fish
the number of fish in the recapture sample

= the number of marked fish in the recapture sample (C)

N
M
C
R

Multiple marking and recapture runs were needed to collect an adequate sample size.
A partial fin clip or fin punch was used to mark the fish. A minimum of two weeks
was allowed before recapture runs were made. Additional methods used for population
and standing crop estimates are described by Vincent (1971 and 1974).

Fish Aging

Scales were collected from some fish for age determination. The scale samples were
imprinted on an acetate slide, and the imprints were projectedat 44X with a Bausch
and Lomb optical projector. Annull were identified and ages assigned Fol]OWIng pro-
cedures described by Tesch (1971) and Lagler (1956).



Missouri River Creel Survey

An angler creel survey was conducted on ‘the sport fishery which.exists on the Mlssourx
River from Holter Dam to the confluence of the Smith River. The survey was a partial
census in which interviews of fishermen were used to obtain estimates.-of angling data.
With a postcard-sized survey form, partial trip data were obtained during interviews
with individual anglers (Figure 2). The interview form was recorded in duplicate,
with the original copy retained by the census taker and a carbon copy given to the
angler. Upon completion of his/her fishing trip, the angler voluntarily recorded
complete trip data and returned the postpaid carbon copy of the interview form.

FINDINGS - PHYSICAL CHARACTERISTICS

Drainage Area and Stream Discharge

The drainage area of the mlddle Mnssourl River increases from L4, 6416 km? - to 54,237 km?
or by about 29 percent, between Holter Dam and the confluence of the Smith River

(USGS 1979). The climate is characterized by moderately low rainfall, a dry atmosphere,
hot summers, cold winters, and a large proportion of sunny days.

Streamflow is monitored by the USGS at gages 1located 0.6 km downstream from Holter
Dam (Holter Dam gage) and 14.6 km downstream from the confluence of the Smith River
(Ulm gage) . Mean annual discharge for a 33-year period of record at Holter Dam is
4.99 km3/yr (4,051,000 acre-feet/year) compared to 6.09 km3/yr (4,938,000 acre-feet/
year) for a 21-year period of record at the Ulm Gage (USGS 1978). The maximum flow
recorded at Holter Dam was 986 m3/second (34,800 cfs) on June 8, 1948, while the
maximum at Ulm was 779 m3/second (27,500 cfs) on June 22, 1964. :

Present day flow regimens of the Missouri River are not natural because of regulation
and storage at several dams in the drainage upstream from the study area. Flow is
largely controlled by Canyon Ferry Reservoir, the largest of three consecutive up-
stream reservoirs. Canyon Ferry was completed in 1953, and it is operated by the
U.S. Bureau of Reclamation for irrigation, hydropower, flood control, recreation,
and supplemental water supply for the City of Helena. Canyon Ferry has a surface
area of 14,245 hectares (35,200 acres) and a storage capacity of 2.529 km3
(2,051,000 acre-feet). Hauser and Holter reservoirs lie downstream of Canyon Ferry
Dam and provide head for power generation (Figure 1). Hauser and Holter dams are
owned and operated by Montana Power Company. :

Stream Gradient

The Missouri River enters the study area immediately below Holter Dam-at.an elevatlon‘
of 1056.1 m (3,465 feet) msl, dropping 44.2 m (145 feet) to an elevation of 1011.9

m (3,320 feet) msl near the confluence of the Smith River (Table 1). Stream gradient
averages 0.39 m/km (2.04 feet/mile) and varies from 1.49 m/km (7.84 feet/mile). at
Halfbreed Rapids to 0.10 m/km (0.52 feet/mile) near Ulm (Figure 3). Stream gradients
were determined by measurements taken from USGS topographic maps. ' _



Table 1.

Stream gradients of the Missouri River from Holter Dam to Black Eagle

Dam at Great Falls, MT.

Approximate Elevation

River ) Gradient Gradient
Kilometer Location (meters, msl) (m/km) (ft/mi)
0.0 Black Eagle Dam 1005.8 - -
5.0 BN RR Bridge at Gr. Falls 1008.9 0.67 3.22
36.0 Ulm 1011.9 0.10 0.52
93.3 Cascade : 1018.0 0.11 0.56
107.9 Finigan Creek 1024.1 0.42 2.21
112.0 Sheep Creek 1030.2 1.49 - 7.8k
121.0 Andy Creek 1036.3 0.67 3.56
126.4 Mid-Canon 1042. 4 1.4 6.01
135.1 Craig : 1048.5 0.70 3.68
146.0 L. Prickly Pear Creek 1054.6 0.56 2.96
150.3 Holter Dam ' 1056.1 0.35 1.87
~ MISSOURI RIVER CREEL CENSUS (Holter to Ulm)
Date. interview
Location Holter, Craig, Hardy, Cascade, Ulm
No. Persons In Party Bank/Boat
Where From
Type Of Tackle Artificial Lure, Bait, Flies
Hrs. Fished After interview Fish Caught
After Interview
No. Fish Kept Rainbow ‘
Brown
Whitefish
Other
No. Fish Released Rainbow
Brown
Whitefish
Other
Completed Trip? Yes No .
. ) Courier Printing
Figure 2. Forms used in Missouri River creel survey.
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Water Temperatures

Water temperatures were monitored during the ice-free period by continuous recording .
thermographs located in the Craig, Hardy, Cascade and Ulm study sections. (Figure 1).
The thermographs were inoperative for a short perlod of time in late May “and June
due to unusual]y high runoff

The maximum water temperatures recorded in 1981 at the Craig, Hardy, Cascade and Ulm
stations were 21.7, 23.3, 21.7 and 22.2 degrees C (71, 74, 71 and 72 degrees F), re-
spectively. These temperatures were achleved in late August (Flgure 4)

Water temperature exceeded 21.1 C (70 F) on 1, 25, 3 and 7 days at the four stations,
respectively, in 1981. The greater number of warm days at Hardy is related to a
larger diurnal temperature fluctuation at this station, which, in turn) is probably
related to the influence of the Dearborn River. Mean diurnal fluCtuatlon of water
temperature at the Hardy station was 2.79 C degrees (5.02 F degrees) compared to only
1.31, 1.06 and 1.30 C degrees (2.35, 1.90 and 2.3h F degrees) at the Craig, Cascade
and U]m stations, respectively. Diurnal fluctuations of water temperature are greater
in the Dearborn River than in the. Missouri River, and the Dearborn River enters the
Missouri River only 3.4 km upstream from the Hardy station.

Since average minimum water temperatures at the Hardy station were consustent]y cooler
than the other stations, mean temperatures at each of the thermograph stations follow
a more logical sequence, generally warming in a downstream direction. However, the
Hardy, Cascade and Ulm stations averaged only 0.43, 0.48 and 0.07 C degrees (0.78,
0.87 and 0. ]2 F degrees) warmer, respectively, than the Cralg station.

The data essentially indicate that water temperature is optimal for trout survival from
Holter Dam to Ulm. Water temperature monitoring will be continued in 1982.

MACROINVERTEBRATES

Aquatic macroinvertebrate sampling was completed during the report period Samples
have been sorted and identified, and interpretation of the data is in progress.

A total of 55,281 macroinvertebrates, representing at least 16 orders and 39 families,
was collected during the study. Detailed findings will be presented in a future report.

FISH POPULATIONS

Species Composition, Distribution, and Relative Abundance

Twenty species representing eight families .of fish occur in the Missouri River between
Holter Dam and the confluence of the Smith River (Table 2). Rainbow and brown trout
and mountain whitefish are the most common game fish, and they comprlse the bulk of
the sport fishery. A few burbot and walleye are found in the river; however, they are
not nearly as common as the former species. Longnose and white suckers, carp, long-
nose dace and mottled sculpin are the prevalent nongame species.
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Table 2. Fish speCIes found in the'Missouri River in Montana between Holter Dam

.and the confluence of the Smith River.

SALMONIDAE (Trout family)
Prosopium williamsoni
‘Oncorhynchus nerka
Salmo clarkii
Salmo gairdneri
Salmo trutta
Salvelinus fontinalis

CYPRINIDAE (Minnow family)
Cyprinus carpio
Couesius plumbeus
Pimephales promelas
Rhinichthys cataractae

CATOSTOMIDAE (Sucker family)
Catostomus catostomus
Catostomus commersoni

ICTALURIDAE (Catfish family)
lctalurus melas
Noturus flavus

GADIDAE (Codfish family)
l.ota lota

CENTRARCHIDAE (Sunfish family)
Lepomis gibbosus
Micropterus salmoides

PERCIDAE (Perch family)
Perca flavescens
Stizostedion vitreum

COTTIDAE
Cottus bairdi

Mountain whitefish (A)!l
Kokanee (R)=*

Cutthroat trout (R)*%*
Rainbow trout (A)

Brown trout (A)

Brook trout (R)*%*

Carp (A)

Lake chub (C)
Fathead minnow (C)
Longnose dace (A)

Longnose sucker (A)
White sucker (A)

Black bullhead (R)
Stonecat (R)

Burbot (C)
Pumpkinseed (R)
Largemouth bass (R)
Yellow perch (C)

Walleye (R)

Mottled sculpin (A)

] Relative abundance - A=Abundant,
Rare transients found in the river, apparently from Helena Regulating Reservoir.
Common in some tributaries of the Missouri in the study area. :

(=Common, R=Rare.
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No particular longitudinal distribution pattern has been found for mest game or nongame
fish species sampled during our study. Most species occurring in the river are found
throughout the entire length of the study area from Holter Dam:to the.Smith River.
Surveys are being continued to better define relative abundance, longitudinal distribu-
tion and species composition. Findings on these parameters will be.presented in the
completion report for this project. -

Trout Popﬂiatibn Estimates and. Growth Rates

Trout populations were estimated in a 9.2 km reach of the Hérdy section in fall 1981
and spring 1982. Trout populations were also estimated in a 6.2 km reach of the Cascade
section in fall 1981. ‘

A1l of the population estimates were successfully completed. The data have been key-
punched and verified. Parameter cards have been prepared and sent to the Computer
Sciences Center at Montana State University for computing the final estimates. Popu-
lation estimate statistics will be presented in the next progress report. Age class
assessments indicate spring population estimates can be made for at:least two distinct
age classes, while fall estimates can be made for at least three distinct age classes.

A comparison of the length-frequency distributions of rainbow trout sampled during the
estimates indicates rainbow trout growth is better in the Cascade section than in the
Hardy section (Figure 5). The sample of brown trout from the study sections was too
small for a valid comparison. :

Spawning and Recruitment Studies

Salmonid Spawning

Most members of the trout family migrate during the spawning season in. search of
suitable spawning sites (Hubbs and Lagler 1970). Spawning movements of lake dwelling
salmonid populations into inlet or outlet streams have been extensively documented
for rainbow (Rayner ‘1942, Hartman et al. 1962, Calhoun 1966, Scott and Crossman 1973)
and brown trout (Fenderson 1958, Stuart 1957) and mountain whitefish (Snydér 1918,
Calhoun 1966). '

Less information is available on spawning movements of river dweliing salmonid popula-
tions into feeder streams. Calhoun (1966) reports resident rainbow trout populations
in streams tend to move upstream, and if possible into tributaries to spawn. River
dwelling brown trout in Ontario normally seek tributary streams for spawning purposes
(MacKay 1963). Spawning movements of mountain whitefish from larger streams into some
tributaries have been observed in Montana (Liebelt 1970, Brown 1971).
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In an effort to better understand the relationship between the Missouri River and its
feeder streams, the lower reaches of several tributaries were electrofished during
brown trout and mountain whitefish spawning seasons to document the possible presence
of spawning runs. The tributaries were electrofished prior to the spawning runs to
determine the size and abundance of resident salmonids. Fish captured in the trib-
utaries during the spawning season were assumed to be' from the Missouri Rjver if

they were in a ripe spawning condition and obviously oversize or overabundant for the
habitat present. Also, some fish captured in tributaries had tags attached from fish
population study sections on the Missouri River which confirmed the fish's origin.

Our sampling efforts on each tributary during the salmonid spawning migration periods

were very limited. Numbers of spawners given in this report represent only a small

portion of the total runs, since only selected days during the spawning period were sampled,
and only one capture run was made on each day sampled. Also, the sections surveyed
represent only a small portion of the total spawning area available on most tributaries.
Therefore, in the tributary streams where migrant salmonids were captured, our data
document only the presence of a run and do not necessarily reflect its magnitude. In
tributary streams where no migratory fish were found, more intensive sampling is need-

ed to definitely confirm the presence or absence of spawning runs.

The lower reaches of Little Prickly Pear, Sheep, Rock, Wegner, Hardy, Stickney and
Prewett creeks and the Dearborn River were electrofished in 1981 to document the pos -
sible presence of rainbow and brown trout and mountain whitefish spawning runs. All
of the tributaries contained enough flow to sustain spring spawning runs, but only
Little Prickly Pear and Sheep creeks and the Dearborn River contained enough flow to
sustain fall spawning runs. The Smith and Sun rivers also contained enough flow to
sustain spring and fall spawning runs; however, these tributaries are located at and
below the lower boundary of our study area and were not included in the survey.

Electrofishing evidence indicates rainbow and brown trout and mountain whitefish
utilize tributaries for spawning if they contain enough flow to sustain spawning runs
(Table 3). Tag return evidence indicates trout may move considerable distances in
the Missouri River to reach a spawning tributary. Tabular data on spawning movements
defined by tag returns will be presented in the completion report for this project.

In addition to tributary streams, rainbow and brown trout and mountain whitefish
utilize the mainstem of the Missouri River for spawning. Side channels; in particular,
provide an abundance of suitable spawning habitat. It appears tributaries are rela-
tively more important for rainbow spawning, while side channels of the Missouri are
relatively more important for brown trout. Mountain whitefish spawn abundantly in

both areas.

Trout Redd and Larval Fish Studies

The Missouri River and the lower reaches of tributaries were searched extensively in
the spring and fall of 1981 for rainbow and brown trout redds. Numerous redds were
located. A variety of physical characteristics were measured at each of the redd
sites to define conditions required for spawning.
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Larval fish samples were collected from the Missouri River and the Tower reaches
of its tributaries in 1981 to determine timing and location of hatching and
emergence of important fish species. Brown trout and mountain whitefish emerged
mainly in Tate April, rainbow trout peaked by mid-May, Catostominae hatched in
late May and June, and Cyprinidae emergence peaked in July.

Detailed analysis and interpretation of trout redd and larval fish data are in
progress. Tabular data and a complete write-up of findings will be presented in
a future report.

Trout Rearing

Missouri River

Electrofishing surveys were made in side channels of the Missouri River in 1981 :
to aid in determining the amount of flow required to maintain trout rearing habitat..
Juvenile trout habitat preferences were identified in 1980 (Berg 1981b). Flow
requirements for trout rearing were incorporated into an. instream flow claim filed
on the Missouri River in December 1981. The instream flow claim will be discussed
later in this report. ‘

Tributaries

Electrofishing surveys were made on the lower reaches of the Dearborn River and
Little Prickly Pear, Sheep and Rock creeks in 1981 to evaluate the importance of
the tributaries as rearing areas for YOY and yearling trout. Scale samples were
collected from a representative sample of the juvenile fish for age determination.

A composite average of 0.44 YOY rainbow trout per electrofishing minute (trout/min)
was collected compared to only 0.26 brown trout/min (Table 4). For yearling fish,
averages of 0.11 rainbow and 0.04 brown trout/min were sampled. Thus, tributaries
appear to be more important as rearing areas for rainbow trout than brown trout.
In addition, the data suggest that a significant percentage of rainbow trout rear
in the tributaries as YOY and yearlings, while a greater percentage of brown trout
yearlings emigrate from the tributaries to the Missouri River. These findings

are consistent with tributary rearing observations in 1980 (Berg 1981b).

Forage Fish

Forage fish were collected by electrofishing and seining. The most common forage
species collected in 1981 were YOY mountain whitefish, YOY longnose and white
suckers, juvenile yellow perch, mottled sculpin and longnose dace. Forage fish
were generally more abundant in the lower river (Cascade and Ulm sections) than in
the upper river (Craig and Hardy sections). Similar observations were made in
more detailed forage fish studies conducted in 1980 (Berg 1981b).

Angler Harvest as Indicated by Tag Returns

A total of 7889 game fish has been marked with individually numbered Floy T-tags
since the inception of this study on April 1, 1980. Of this total, 6883 have been
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tagged in the mainstem of the Missouri, and 1006 have been tagged in tributaries. The
species tagged include 6100 rainbow, 1753 brown, 3 brook and 2 cutthroat trout, 17
burbot and 14 walleye. :

An indication of angler harvest of rainbow and brown trout in the Missouri River and
its tributaries is being provided by angler-returned fish tags. Since very few game
fish other than rainbow and brown trout have been tagged, data for other species are
not significant enough to warrant interpretation.

A total of 6.01% of the rainbow trout tagged in the mainstem of the Missouri River has
been harvested by anglers (Table 5). In tributaries, anglers have harvested 2.32% of
the tagged rainbow trout. Harvest rates for brown trout are 5.96 and 3.43% in the
mainstem and tributaries, respectively. In total, anglers have harvested 5.70% of the
brown trout tagged in the Missouri River and its tributaries compared to 5.49% of the
rainbow. This finding was not anticipated, since most anglers believe brown trout are
more difficult to catch than rainbow trout. '

Since large numbers of tagged trout are still at large in the study area, harvest
rates presented in this report are preliminary. Angler harvest rate statistics will
be updated in the next progress report.

Missouri River Creel Survey

A creel survey was conducted from April through November 1981 on the sport fishery which
exists in the blue ribbon segment of the Missouri River from Holter Dam to the con-
fluence of the Smith River. The emphasis of the survey was to evaluate seasonal and
tongitudinal variation in catch and harvest rates of rainbow and brown trout. Study
sections for the creel survey are identical to those shown in Figure 1, except the Craig
section was divided into two creel survey sections. The Holter creel survey section
extended from Holter Dam to the Wolf Creek Bridge, and the Craig creel survey section
extended from the Wolf Creek Bridge to Craig.

The catch rate ranged from a low of 0.16 trout per man-hour (trout/hr) in May to a high
of 0.6k trout/hr in October (Table 6). For all months combined, anglers caught 0.39
rainbow trout/hr compared to only 0.02 brown trout/hr. About 69% of the anglers inter-
viewed in 1981 were from Great Falls.

The catch rate for rainbow trout was fairly uniform from Holter to Cascade, but dropped
significantly at Ulm (Table 7). The catch rate for brown trout increased in a down-
stream direction from 0.01 fish/hr at Holter to 0.11 fish/hr at Cascade. The catch
rate dropped to 0.0l brown trout/hr at Ulm. : '

The success rate was significantly higher in 1981 for lure and fly fishermen than for
fishermen who used bait or a combination of various methods (Table 8). Lure and fly
fishermen caught 0.62 and 0.84 trout/hr, respectively, compared to only 0.37 and 0.3l
trout/hr for bait and combination anglers. Brown trout comprised slightly more than
103 of the catch for lure and fly fishermen. Boat fishermen caught 0.61 trout/hr com-
pared to only 0.38 trout/hr for bank fishermen.



Table 5. Preliminary estimates of angler harvest of rainbow and brown trout as

indicated by tag returns through August 1, 1982.

Rainbow Trout

Brown Trout,

Missouri River ANumber Number Percent Number - Number Percent
Study Area Tagged  Harvested Harvested Tagged Harvested Harvested
Craig Section 1550 92 5.94 393 22 5.60
Hardy Section 2395 168 -7.01 522 Lh 8.43
Cascade Section 820 38 " 463 450 22 4,89
Ulm Section 473 17 3.59 213 6 2.82
Subtotal 5283 315 6.01 1578 - 9h4 5.96
Tributary
Study Area
Sheep Creek 4 113 3 2.65 31 1 3.23
L. Prickly Pear Cr L6l 8 1.74 129 5 3.88
Dearborn River 250 6 2.4o 11 0 0.00
Rock Creek - 3 0 0.00 L 0 0.00
Wegner Creek 6 0 0.00 0 - -
Hardy Creek 2 0 0.00 0 - -
Stickney Creek 27 3 1.11 0 - -
Subtotal 862 20 2.32 175 6 3.43
~Grand Total 6100 335 5.49 1753 100 . 5.70
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Table 6. Monthly variation in catch and harvest rates of rainbow and brown trout as
indicated by creel'survey‘data collected from April through November 1981.

Creel Survey Statistics - Apr "May June July Aug Sept  Oct Nov Total

No. anglers interviewed 230 69 486 46k 734 178 238 122 2521
Avg hrs fished/angler 2.95 3.51 4,12 3.79 3.97 3.88 3.92 2.77 3.79

Fish caught/man hour ‘
.4b0  0.59 0.54

Rainbow trout 0.20 0.16 0.47 0.27 0.38 0 _ 0.39
Brown trout 0.03 0 <0.01 0.01 0.02 0.02 0.04 0.05 '0,02
Total trout 0.23 0.16 0.48 0.28 0.4 0.42 0.64 0.60 0.41

Fish harvested/man hour

Rainbow trout 0.17 0.16 0.43 0.25 0.28 0.25 0.40 0.35 0.31

Brown trout 0.03 0 <0.01 0.01 0.01 <0.01 0.02 0.01 0.01

Total trout 0.19 0.16 0.43 0.25 0.29 0.26 0.42 0.36 0.32
Composition of Catch '

% Rainbow trout 87.7 100.0 99.5 96.1 95.1 94.8 93.3 91.0 95.6

% Brown trout 12.3 0 0.05 3.9 k.9 5.2 6.7 0 L. 4
Angler Re?}dency _

% Local— 1.3 0 2.1 1.7 1.4 3.4 1.7  h.i 1.8

% Great Falls 83.0 62.3 77.6 66.8 63.9 59.0 64.3 73.0 68.9

% Helena ’ 7.4 11.6 4.7 4.5 9.3 12.9 9.2 9.0 7.7

% Other Montana 5.7 26.1 9.9 8.4 12.4 14,0 13.4 9.8 11.0

% Qut-of-State 2.6 0 5.8 18.5 13.1 10.7 11.3 k.1 10.6

1 - Local - Wolf Creek, Craig, Hardy, Cascade and Ulm.




Table 7. Longltudtnal varlation in catch -and harvest rates of rainbow and brown
trout as indicated by cree] survey data collected from April through

November 1981. .
-

Creel Survey Section

Creel Survey Statistic Holter. Craig Hardy . ' Cascade - -.U]m_ 'Total

No. Anglers Interviewed . 1374 581 40 - 55 o1 . 25
Avg. Hrs fished/angler h.23 ° 3.62 - 2.93 2.66 2.87-  3.79

. Fish éaught/manhour 8 _ : E

Rainbow trout o 0.41 0.39 0.37 0.48 0.09 ' 0.39
Brown trout o 0.01 0.03 0.04 0.11 0.01 - 0.02
Total trout C 0.41- 0.42 0.41 0.59 -0.10° 0.4
Fish harvested/manhour. / _ . ‘ '
Rainbow trout o 0.36 0.24 0.26" 0.14 0.08 © 0.31
Brown trout : - <0.01 0.01 0.02 . 0.01 0.01 - 0.01
Total trout ' 0.36 0.25 0 0.09 ° 0.32

.28 0.16

Composition of catch ' T : S . -
% rainbow trout 1 98.5 91.8 91.0 - 81.4 89.3 95.
2 1.5 9.0 o . 4

- % brown trout

oo
O
o
~J

Table 8. A comparison of the success rates of anglers ‘using various methods and modes
of flshlng in 1981. '

: Avg. Hrs : : o ~ Composition
No. of % of Fished/ Fish caught/man hour- .. of catch
Anglers  Anglers Angler Rainbow Brown Trout % Rb . BLL

Method: ‘ - ' .

" Bait 1571 62.8 L4 0.36 0.01 . 0.37 98.5 1.5
Lure 140 5.6 . 2.89 0.55 0. 0.62 - 87.4- - 12.6
Fly 208 8.3 - '3.42 0.75 0.10¢" 0.8:  -88.6 1.4
Comb . 583 23.3 3.21 0.30 0.02 0.31 94,7 5.3

Mode : o .

Bank 305 12.1 3.81 0.37 0.01 0.38 - 97.1 . 2.9
. Boat 2216 87.9 3.59 0.54 0

.07  0.61 . 8.2 11.8
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INSTREAM FLOW STUDY

Adequate instream flow is essential to maintain fish populations in lentic environments.
The increasing demand for Montana's limited water supplies comprises a potential threat
to fishery resources that is often apparent even to casual observers. To maintain

the fishery resource of the Missouri River below Holter Dam, minimum flows must be
established to provide adequate spawning areas for adult fish, rearing areas for
juvenile fish and sufficient food producing and cover areas for fish of all sizes.

A 1969 state law (Section 89-801, RCM 1947), the so-called "Murphy's Law,' authorized.
the Montana Department of Fish, Wildlife & Parks (DFWP) to appropriate water for
instream uses on 12 high quality trout streams in the state. On the Missouri River
between_Holter Dam and the confluence of the Smith River, DFWP filed a claim for

8L4.96 m3/sec (3,000 cfs) from January 1 through December 31. As a.result of a decision
concerning a contested water right on one of the 12 "Murphy's Right' streams, it was
determined that DFWP had an instream right, but it was not adequateély quantified. -
Consequently, fish and wildlife data supporting the instream flow claims on all
"Murphy's Right! streams had to be gathered before the claims could become effective.
Senate Bill 76, entitled ""An Act to Adjudicate Claims of Existing Water Rights in
Montana," was passed by the 1979 Montana Legislature. This act. formally required
quantification of DFWP's existing instream flow rights on the '"Murphy's Right" streams
and established January 1, 1982 as the deadline for refiling to confirm existing
rights. '

In 1981, studies were completed to determine the amount of flow required to maintain
the fishery of the Missouri River from Holter Dam to the confluence of the Smith River.
Our claim was filed with the Montana Department of Natural Resources prior to the
January 1, 1982 deadline. A complete copy of this claim will be included in the com-
pletion report for this project. :
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MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS
FISHERIES DIVISION
JOB PROGRESS REPORT

State: Montana
Project No.: F-5-R-3] Title: Northcentral Montana Fisheries Study
Job No.: I-a Title: Inventory and Survey of Waters in the
Western Half of Region Four
| Period Covered: July 1, 1981 through June 30, 1982

ABSTRACT

A total of 25 waters were investigated during the report period. These
included 9 streams, 6 farm ponds and small lakes and 10 larger lakes and
reservoirs. Survival of rainbow trout planted into four irrigation storage
reservoirs is fair to poor, while growth rates are considered average. Sur-
vival and growth of rainbow trout planted in Holter and Bean Lake and Newlan
Creek Reservoir is discussed. Walleye and northern pike populations in Lake
Elwell are depressed due to a shortage of forage fish and/or lack of suitable
spawning areas. Lake Frances populations of walleye and northern pike appear
healthy with good representative age classes. Population estimates of northern
pike in Pishkun Reservoir indicate a slight increase over previous years.
Mature snagged kokanee salmon in Pishkun Reservoir were comprised of 17, 49
and 34 percent of age 3, 4 and 5 fish respectively. The four year old fish
represent natural reproduction. Survey electrofishing was conducted in several
small streams along the Rocky Mountain Front. Information collected from the
forks of the Sun River indicates average size of rainbow trout has increased
s1ightly from 1979. Trout population estimates were estimated in the North
Fork Smith River and in the access area in the Smith River. Notices for a
total of 157 stream alteration projects were received in the project area.

OBJECTIVES AND DEGREE OF ATTAINMENT

1. To evaluate the effects of a two fish creel 1imit on trout popu-
lations in the North and South Forks of the Sun River. This work
was done and information is included in the report. ‘

2. To determine stocking densities, growth rates and angler success
for rainbow trout in six reservoirs and lakes. Data was collected
and appears in this report.



3. To estimate the northern pike population and fisherman harvest,
to evaluate natural reproduction of kokanee salmon and to evalu-
ate survival and growth of rainbow trout in Pishkun Reservoir.
This work was done and is included in this report.

4. To evaluate management of four farm ponds and small Takes planted
with rainbow and cutthroat trout, and to investigate fishery
potential in new ponds. Information was gathered on four exist-
ing waters and for one potential pond. The data is included in
the report. Data is also presented on one non-trout lake.

5. To inventory trout populations in six streams to update manage-
ment files. Data was collected on nine streams and is included
in this report.

6. To determine fish population trends, fisherman harvest and food
habits of northern pike, walleye and burbot in Lake Elwell (Tiber
Reservoir) and Lake Frances. Also to determine composition and
abundance of indigenous forage species in these waters. This
work was accomplished and the data appears in the report.

7. To monitor stability of stream habitat on the Teton River where
flood debris was mechanically removed and where it was not removed
and to estimate brook trout populations in these areas. This
objective will be investigated only if significant changes occur
in channel morphology and river habitat. No work was done on this
segment during the report period. ’

8. To take necessary action to protect stream habitat from hydraulic
construction projects sponsored by government and private concerns.
These actions were monitored and are presented in this report.

PROCEDURES

Rainbow trout and kokanee salmon were sampled with gill nets in Bynum,
Eureka, Nilan, Pishkun, Holter, Newlan and Willow Creek Reservoirs and Bean
Lake to determine survival and growth. Trout sampled were examined with a
black 1ight to detect fish that were marked with fluorescent pigment in
past years. Hatchery rainbow trout planted in Pishkun Reservoir were marked
by an adipose fin clip. Gi1l nets, trap nets and seines were used to sample
northern pike, walleye, burbot and forage fish in Pishkun Reservoir, Lake
Frances and Lake Elwell (Tiber Reservoir). A population estimate of northern
pike in Pishkun Reservoir was made by short term mark and recovery through
use of trap nets. Northern pike and walleye in Lake Elwell and Lake Frances
were marked with Floy T-tags and fin clips to determine movement and harvest.
Age and growth studies in these reservoirs were conducted through the
collection and analysis of scale samples. Harvest determinations were made
through voluntary tag returns and limited creel census. Farm ponds and



small lakes were surveyed as outlined in the Department's Lake and Stream
Survey Manual. Fish were sampled with gill nets, trap nets and hook and
Tine. Trout populations in the Smith River were censused by employing
electrofishing mark and recapture techniques described by Richard Vincent
(Prog. Fish Cult. 33(3): 163-169, 1971). Trout in small streams were

- randomly sampled with electrofishing equipment. Trout populations in the
Forks of the Sun River were sampled by hook and 1ine and scale collections
and length measurements taken. Inspections and recommendations were made
upon receipt of notices to construct hydraulic projects influencing streams.
The recommendations include protecting, mitigating or enhancing fish habitat
as provided by the Stream Preservation Act and the Natural Streambed and
Land Preservation Act.

ACCOMPLISHMENTS
Lakes and Reservoirs

- Trout Reservoirs

Gill net sumaries for the lakes inventoried are presented in Table 1.
Rainbow trout planted in the spring of 1981 appear to have had fair to poor
survival, even though the fish were stocked according to recommendations
determined through previous studies. These recommendations involve stocking
tr8ut into these reservoirs approximately one month after ice-out and/or
50°F. water temperatures. Individual discussion of some of the waters
follows:

Bean Lake

Sampling of the trout population with gill nets in the fall of 1981
revealed poor survival of 20,000 Arlee strain rainbow trout planted in the
spring of 1981. Nearly twice as many wild trout (eggs collected from the
Missouri River) from a plant of 16,300 fish in the fall of 1980 were repre-
sented in the catch. Average size of the two stocks were about the same,
however, the Arlee trout averaged slightly more in weight. A fair sample
of Arlee trout stocked in 1979 were present in the sample. These fish
averaged over two pounds (Table 1). Nearly the same number of fish were
sampled in the spring of 1982, except fewer large trout were present in the
nets. Total sample size of the catch was considerably less than for those
years when good survival was noted.

DeSmet rainbow trout were scheduled to be planted in Bean Lake in the
fall of 1981. These fish were not planted until the spring of 1982 because
of poor growth in the hatchery: The right pelvic fin was clipped on DeSmet
trout for identification prior to stocking. At the time of stocking, these
-fish averaged 3.7 per pound and varied in length from about 3 to 11 inches.
Spring and fall sampling will continue to evaluate the fishery provided by
DeSmet rainbows compared to the Arlee rainbow. :



Weight Range
(Average)

Length Range
(Average)

TN P Taumn Yoann ¥ TN TN T T NN TN TN T NN TN NN N PN L Yo
NOYr— LD ~NW NS SLOMO0W Aoy MO VOouom WO~ O
OD—O0y Yr— O DO P~ — < O 0 <N < <t <t~ M O LW~ < ™M ™M oY~
—NO ONO OO — OO Or—NOOr— OQr—r—m Or—r—O O oo m
e Mt M e N Np” N et M N e i e Sl L L g L g N M N S S e et e
O— O NN M~ O — ~SANONO S ~ O 0 = OO O Sl aN — Y
NO— N = N r— T MOOOH ~NOMNO wmMmenm O~ <t —
— N r— — 0 — O — Or— MO O ON — < O r—N— O O —

1 ] 1 1 { 1 [} t 1 I i ] 1 I 1 1 t 1 L} t i 1 ] I 1 i 1
Ot~ NN [soNeoNTy) S VWOONHW O — &F OMN~NO W O — o <
P~~~ NWY N~ O MmMMmANO Moy WO NWOwOoOm o) - ™M~
OO Or— O OO — QOoONOCOCO M SO r—m oCOm—O O (e N e}
PTTNSTNSTN SN N NN TN N L T T P N P N L T amme Woane W N SN N L T N NN
NO— O~M O r—wowLw Mot O ur~m QO <O~ [N e QO —
NN MWwWwm O~ od o<t OO O <t oW — Oy W QW oy <& —
- — = e — — —r— — e - p—— = = pr— O\l —r—-r— e = O
N e e e e e N e e S N Nt Mt et e Nt Mt S S e N Nt St St St N Nt
Nr—L NOYQNN Woo LOoOMmMOmw — 10 oY CO LO WO O [spRve} N O
<t oyt <N D O W0 O r—N—Ww N~ O — — LO 00 LD — O [en)yie}
— - — o — e — 0 — - —r— = Qd — e r—r—- —r— ——

1 ! 1 1 1 I t [} 1 1 1 1 1 ! I ] L 1 1 1 I 1 ] L} 1
AL NIt~ — QWO NOYWO LU OW [sn Yo Ne)Neo] M r— W0 O Ww <t o
L0~ W — oy M O oMoy mMm o<t o o= O o <3 [e)ep)
—rer— —r—r— — — —r— — = — QOJ —r—r r— -—
OOy IO, LOMN~Nr—— NSttt | S UR eSS N aN| MO O MmN ~ O <t oY —

— = r— (o] < — —

; LnSu-Tongnose

Gi11 net data from trout reservoirs, 1981

Table 1.

Y
[
[72)
.
Q L
=
~
o
wn
[}
o
(8}
]
o
wy
158
o wn
43
- @
o=
=
~
—|
P
O wn
o L
4 <
“ Q
= =L
wy
~—~
o
[43)
—
=X
[ =
QB
= w
=L
(]
2
o
o
pa—

Bean Léke

200

Rb

(Oct. 30, 1981)

Wild Rb

28, 1982)

(Apr.

O

oz

[aV]
o
(e}
Low]
(42]

S
o~
o r—
> Q0
~ o
U r—
[%2]
(3] «
[» et}
= .
S+
[l &
>0
o) S~—

KOK
Wf

100

Eureka Reservoir
(Oct. 6, 1981)

Rb
LL
LnSu
WSu

4,800

Holter Lake

(Nov.

Rb
Wf
WE

3, 1981)

300

Newlan Cr. Res.

(Oct. 28, 1981)

£0
o
N
Lo
I~
r—

[
e~
O r—
> 0
[N =)
U r—
(%2}

[¢}] o
ol o
[ .
o >
— O
o— ==
=

Res. 1,300

WitTow Cr.

(Oct.

Rb

14, 1981)

Ct-cutthroat trout; KOK-kokanee salmon;

Approximate surface acres at time of survey.
Rb-rainbow trout;

Species abbreviations:

1/
2/

LL-brown trout; Wf-mountain whitefish
a

sucker; WSu-white sucker; WE-walleye.



Bynum Reservoir

Although kokanee salmon plants were discontinued in 1978 and the
remaining salmon should have matured as four-year-olds in 1980, several
mature five-year-olds were taken during the gill net survey in October.
It is doubtful that any older year classes remain or that natural repro-
duction has occurred. A total of 7,515 four-inch brown trout were intro-
duced into the reservoir on.June 3, 1981. The larger brown trout should
feed on the abundant sucker population and provide a trophy type fish for
~ the angler.

Fureka Reservoir

An introduction of 3,510 four-inch brown trout was made on June 3,
1981. The introduction was also made in an attempt to produce some trophy
trout. This reservoir is also heavily infested with suckers that should
provide ample forage for the brown trout. . :

Holter Reservoir

Flood flow through Holter Reservoir in the spring of 1981 caused con-
siderable loss of rainbow trout over the dam. Gill net sampling in early
November, 1981 revealed poor carry-over of trout planted in the reservoir
in 1980 (Table 1). Good survival of current year (July, 1981) stocked

trout was noted. These fish averaged about one-half pound in weight.

Sampling is conducted with floating gill nets to prevent net tangling
by the huge sucker population in the lake. Therefore, other species of
fish found in Holter Lake are not represented in the catch.

Newlan Creek Reservoir

Description of this reservoir was described in the Job Progress Report
Tast year (Hi11 and Wipperman, 1980). Gill net sampling revealed good sur-
vival of current year stocked rainbow trout (Table 1). A fair number of
cutthroat trout planted in 1978 and 1979 were represented in the catch.
Although slower growing than the rainbow trout, it appears cutthroat may
have superior longevity in this reservoir than the Arlee strain of rainbow
trout. None of the rainbow trout sampled were from 1978 and 1979 plants.

Multi-species Reservoirs

Gi11 net summaries for Lake Elwell, Lake Frances and Pishkun Reservoir
appear in Table 2. These waters have a combination of trout, salmon and/or
warm water species present. A brief discussion fdllows for each water.

Lake Elwell (Tiber Reservoir)

Trend information was gathered during 1981 for northern pike, walleye
burbot, forage fish and other fish species found in the reservoir.



Table 2. Gi11 net summaries of multi-species reservoirs, 1981

Lake Surface No. of No. of Length Range Weight Range
(Date Sampled) Acresl/ Nets Spec1esz/ Fish Inches (Ave.) Pounds (Ave.)
Lake Elwell 11,000 :

(Sept. 30 - 16 WE 21 8.0-11.5(10.0) 0.13-0.40(0.27)
Oct. 1) 20 12.0-15.0(13.1) 0.46-0.98(0.64)
‘ 9 17.7-21.9(20.2) 2.00-2.98(2.50)
NP 9 18.2-27.0(22.0) 1.33-4.32(2.47)
2 30.7-35.1(32.9) 9.00-13.00(11.00
Rb 2 15.1-20.3(17.7) 1.47-2.50(1.99)
Lt 3 23.0-29.0(26.3) 4.00-5. 50(4.67)
Cat 1 (14.5) - (0.82)
YP 2 ( 5.8) 0.10-0.21(0.11)
13 7.1-11.3( 8.6) .16-0.70(0.30)
Carp 1 (20.7) (4.52)
WSu 34 S {(17.1) (2.05)
LnSu 4 7.7- 9.5( 8.6) .18-0.33(0.25)
5 12.6-16.7(13.4) 0.65-1.84(0.89)
Lake Frances 4,700
(Sept. 29) 4 ‘ WE 3 7.9- 8.4( 8.1) 0.14-0.17(0.16)
' 4 11.5-12.5(11.9) 0.49-0.59(0.53)
2 13.9-14.8(14.4) 0.92-0.98(0.95)
9 16.0-21.2(17.4) 1.40-3.22(1.84)
NP 6 20.4-26.2(22.9) 2.12—4.63(3.01)
YP 1 (11.7) (0.89)
WSu 2 16.5-18.2(17.4) 2.02-2.43(2.23)
Pishkun Res. 1,350
(Oct. 15) 3 KOK 8 7.8- 9.3( 8.7) 0.18-0.30(0.25)
: 8 11.8-14.2(13.0) 0.56-0.96(0.80)
17 15.1-21.0(17.5) 1.18-2.56(1.76)
Rb 1 (14.0) - (0.98)
NP 3 18.6-21.5(20.0) 1.63-2.80(2.28)
YP 2 6.0- 8.3( 7.2) 0.08-0.25(0.17)
WSu 5 12.9-14.1(13.9) 0.92-1.42(1.32)
16 16.0-19.0(16.9) 1.85-3.10(2.27)

1/ Approximate surface acres at time of survey.

2/ Species abbreviations: WE-walleye; NP-northern pike; Rb-rainbow trout; Lt-lake
trout; Cat-channel catfish; YP-yellow perch; WSu-white
sucker,.LnSu longnose sucker KOK- kokanee salmon..




A total of 22 trap days in the Willow Creek Arm from April 3-10
captured 16 northern pike, 32 walleye, 4 burbot, 1 rainbow trout, 5 yellow
perch, 93 white and Tonanose suckers and 6 black crappie. In the Bootlegger
Trail area, 17 trap days took 7 northern pike, 40 walleye, 2 burbot, 1
rainbow trout, 19 white and 1onqnose suckers, 2 carp and 1 lake trout, with
traps fished from April 13-17. '

Northern'pike and wa]]eye numbers appear to be considerably less com-
pared to previous years. During April, only 20 northern pike were tagged.
A total of 15.0 percent of these were returned by fishermen during 19871.
Also, during April, a total of 64 walleye were tagged with 4.7 percent
being returned to date. Table 3 summarizes tagging data for northern pike
and walleye from 1977 through 1981. Tag loss ranges from O to 33.3 percent
for northern pike and 28.6 to 100.0 percent for walleye.

Table 3. Northern pike and walleye tagging resu]té, Lake Elwell, 1977-1981
Total Tags Y
Number Accumulative Angler Annual Tag AccumuTlatively
Species Year Tagged Returns to Date (%) Loss Range % Removed (%)
Northern ‘ :
Pike 1977 595 105 (- 27.0) 4.4-33.0 311 ( 52.3)
1978 405 59 ( 15.2) 0- 4.7 76 ( 18.8)
1979 300 50 (17.2) 0- 3.7 - 60 ( 20.0)
1980 271 34 ( 12.5) 0- 3¢ ( 12.5)
1981 20 ’ 3 ( 15.0) - -
Walleye : :
1977 472 37 (100.0) 45.0-100.0 472  (100.0)
1978 508 52 ( 94.5) 66.7- 85.7 505 ( 99.4)
1979 500 52 ( 38.2) 51.9- 60.0 416  ( 83.2)
1980 464 47 ( 12.0) 28.6- 164  ( 35.3)
1981 64 3 ( 4.7) - -
1/ Inc]gdes angler harvest p]us taqs lost from fish. (This data not determined for
1981




At the present time, game fish populations in Lake Elwell are depressed
due to a paucity of forage fish numbers. Northern pike numbers are also
Tower than normal due to absence of suitable spawning substrate during Spawn-
ing season. The Bureau of Reclamation is planning to operate the reservoir
at higher levels and will inundate terrestrial vegetation during the years
1982 and 1983. The Bureau has agreed to flood these areas during the northern
pike spawning season. If water levels are adequate at the right time, several
benefits will be realized. Primary food organisms will increase as will
northern pike and forage fish numbers. Overall condition of the reservoir
fishery should improve with increased food production. This improvement
will be temporary at best due to normal fluctuations of approximately 15
feet. Suitable spawning substrate will be destroyed after being subjected
to annual flooding. Future improvements to the fishery will require a Tow
water year (to allow areas to revegetate), followed by a high water year (to
flood established vegetation).

Lake Frances

Walleye are reproducing successfully and have provided quite a signifi-
cant fishery, particularly during the summer months. Forage fish (yellow
perch and small suckers) are thought to be limited and may result in poor
growth rates for northern pike and walleye in future years.

~ During April of 1981, 58 northern pike and 24 walleye were tagged.
Tag returns to date amount to 20.7 percent, and 4.2 percent, respectively.

Kokanee salmon planted in the Take in 1979 were not collected in either
the spring or fall netting survey. Few salmon are thought to have survived
predation by northern pike due to the overall shallowness of the lake (maxi-
mum depth - 44 feet). :

Pishkun Reservoir

A total of 122 northern pike were tagged during April of 1981. Twenty
or 16.4 percent have been harvested by fishermen. In addition, 3 northern
pike were caught by anglers that were tagged in-1980, bringing the accumula-
tive harvest to 25.8 percent for 1980. No tag Toss has been observed on
this group of fish.

Rainbow trout plants were discontinued in the early 1960's after northern
pike were illegally introduced. Trout plants were reinstated in 1977 when
it was determined the pike population was at low levels. The future of trout
plants will depend on the size of the pike population and predation by pike.
A population estimate of 447 northern pike (16 inches and larger) was made
in 1981 using the Schnabel Method as described by Raunsefell and Everhart
(1960) with the final estimate and confidence limits determined by formulas
described by Chapman and Overton (1966). The pike population may be in-
creasing slightly as evidenced by the smaller average size of fish taken
(20.8) inches) during the spring survey. In past years, larger average size
and fewer individuals were present in the population. Little or no predation
by pike on trout was noticed.



Natural reproduction of kokanee salmon was again documented by analysis
of scales and otoliths. Mature fish in the spawning run were represented by
approximately 17 percent three year olds, 49 percent four year olds, (natural
reproduction of the 1978 year class in which salmon were not planted), and
34 percent five year olds. Size of mature salmon ranged from 13.2 - 21.0
inches and 0.90 - 2.56 pounds.

Small Lakes and Farm Ponds

A gill net survey in Tunnel Lake on October 15, 1981, captured 8 rain-
bow trout averaging 10.6 inches and 0.47 pounds. One Yellowstone cutthroat
trout (14.7 inches, 1.14 pounds) was also taken.” Cutthroat plants were dis-
continued in 1980 and the lake is now managed with rainbow trout.

Dickens Lake, Ostle Reservoir and Furnell Pond were investigated from
the standpoint of improving water levels. Preliminary plans have been
made to increase water Tevels in Dickens Lake by constructing a dirt fil7
in the overflow area and to install a trickle tube to pass excess water.
The spillway of Ostle Reservoir is eroding and it is proposed to close the
spillway along with installing a trickle tube and control valve in the dam.
Both Dickens and Ostle are on lands owned and administered by the Department.
Dickens Lake presently has a rainbow trout fishery and a fishery would be
developed in Ostle Reservoir once water levels were improved. Furnell Pond
is owned and administered by the U. S. Fish and Wildlife Service. Through
a series of dry years, water levels have decreased to a point where the
fishery is considered marginal. The Federal agency has been requested to
investigate their water rights that supply Furnell Pond in order to improve
fish habitat. This pond has been managed with rainbow trout in the past.

A total of 300 black crappie and 30 yellow perch were introduced in
Priest Butte Lake. These fish were of various sizes. Additional intro-
ductions of these species and possibly largemouth bass will be made when
fish become available. A Preliminary Environmental Review (Hill, 1980) was
prepared for these introductions.

Spring Meadow Lake is a gravel barrow pit that is fed by ground-water
and spring water. The pit was excavated from 1936 to about 1965. The lake
has a surface area of about 20 acres, a maximum depth of about 90 feet and
a capacity of 553 acre-feet. It has an overflow outlet to Ten Mile Creek.

The Department assumed administration of a 55.8 acre area around the
lake in August, 1981. When the Tlake was under private ownership, it had
been stocked with rainbow trout, brook trout, largemouth bass, perch and
pumpkinseed. The Department stocked about 1,500 rainbow trout in 1971
when the Tlake was open to public fishing for a short while.

Survey netting was conducted in the lake in early June, 1981, and the
catch is presented in Table 4. No trout were collected or observed. Scales
collected from largemouth bass revealed the following growth rates in inches



at the time of capture: Age II-5.9; III-8.0; IV-8.9; V-11.5. These growth
rates are slightly faster when compared to other waters east of the Continental
Divide in Montana. Larger bass, up to about two pounds, were observed dur1ng
visual exam1nat1ons of the lake shoreline.

A large, healthy yellow perch population appears to be present in the
lake. Predation may be inhibiting survival of trout reproduction which
apparently occurred prior to introduction of perch. Because this lake is
close to a large metropolitan area, heavy fishing pressure was ant1c1pated
Fishing regulations were proposed in an attempt to manage the lake to main-
tain the existing fishery. Creel limits of one bass or trout and unlimited
perch were imposed. Future surveys will determine the effectiveness of
these regulations.

Table 4. Netting summary from Spring Meadow Lake. June 2, 1981

Length Range Weight Range
Net Type Species Number Inches (Avg.) Pounds (Avg.)
2 Trap Largemouth bass 22 7.4-11.5( 8.5) 0.18-0.82(0.34)
' Yellow Perch 232 7.1-12.5( 8.9) 0.16-1.06(0.41)
Pumpkinseed 1
1 Gill Longnose sucker B0 A1T adult
White sucker 4 A11 adult
Streams

Species composition was investigated in Blackleaf, Box, Hall, Hyde and
Spring Creeks, and the West Fork of the Teton River to~update management
files (Table 5). The areas sampled on the West Fork of the Teton River were
done prior to installation of stream improvement structures constructed by
the Forest Service. Future surveys will be conducted to measure the effect-
iveness of these structures.

Hook and line surveys were conducted on August 11 and 12, 1981 in the
North and South Forks of the Sun River. Data was gathered to follow trends
of trout populations in relation to the two-fish 1imit that has been in effect
since 1975. As mentioned in a previous report (Hi11 and Wipperman, 1980),
increases and decreases in the size of trout could be a result of normal
fluctuations in the population and not be related to the two-fish Timit.
Data from 1981 shows the average size of rainbow trout in both forks to be
increasing slightly from the lows reached in 1979.

10



Table 5. Streams sampled by electrofishing, 1981

Stream : Length 1/
(Location) Date Sampled Species— Number Length Range Weight Range
Blackleaf Cr. 7/22/81 2/ None
26N-9W-13&14 ’
Lower Box Cr. 9/17/81 75 Ft. Eb 10 2.8- 8.3 0.02-0.27
30N-13W-13 - Ct 4 4.7- 7.6 0.05-0.17
Rb 37 2.1-11.0 0.02-0.52
RbxCt 4 4.6- 7.0 0.06-0.13
Upper Box Cr.  9/18/81 50 Ft Ct 1 10.1 0.41 -
30N-13W-24 Eb 28 3.0- 8.5 0.03-0.28
Hall Creek 9/17/81 3/ Ct 9 1.5- 7.4
30N-13KW-13 RbxCt 1 8.0
Hyde Creek 9/18/81 300 Ft Eb 14 2.6- 9.5 0.02-0.42
30N-12W-18 : :
Spring Cr. 10/08/81 100 Ft Eb 5 4.,5- 9.9 0.04-0.36
24N-4W-30 Rb 12 7.6-18.3 0.16-2.16
‘ : Sculpins
WSu
LnDace
W. Fk. Teton R. 7/27/81 800 Ft. Eb 1 4.7
25N-9K-6 4/ Ct 11 3.5-13.5
Sculpins

1/  Species abbreviations:

2/ Stream intermittent, no fish observed.

3/ Fish collected in pools of intermittent stream.

4y Three areas sampled.

Eb-brook trout; Ct-cutthroat trout; Rb-rainbow trout;
RbxCt-rainbow-cutthroat hybrid; WSu-white sucker;
LnDace-longnose dace.

The Tength range for fish sampled in the forks of the Sun River is

presented in Table 6.

classes for rainbow trout.

11

Also included in the table is a breakdown of age



Table 6. Length range and age class distribution of trout in the North and South Forks

of the Sun River, Aug. 11-12, 1981

: 1/ No. of Length Range Age No. of
Stream Species— Fish (Inches (Avg.) Class Fish Length Range
North Fork Ct 11 6.8-12.5( 9.6)
Sun River Eb 5 6.0-11.2( 8.4)
(Aug. 11) RbxCt 5 7.7-13.2(11.2)
Rb 76 5.5-15.5(11.0) I 5 5.5- 6.8
IT 17 7.4-11.0
ITI + older 54 9.3-15.5
South Fork - Ct 2 10.7-13.2(12.0)
Sun River "~ Eb 2 7.4-10.0( 8.7)
(Aug. 12) RbxCt 1 (12.3)
' Rb 57 8.0-15.3(12.0) I 0
II 8 8.0-11.3
ITT + older 49 9.8-15.3
1/ Species abbreviations: Ct-cutthroat trout; Eb-brook trout; RbxCt-rainbow-cutthroat

hybrid; Rb-rainbow trout.

Smith River

Trout population estimates were conducted in two river sections in early
September, 1981. The estimates are presented in Tables 7 and 8. The trout
population estimates are within the range of estimates computed for the past
four years. A 100-year flood ravaged the river in May but did not appear
to have an overall adverse effect on Age II and older trout. The number of
yearling trout in the Zieg Section was about a third lower than expected,
but was about normal upstream in the Access Section. .

Stream Habitat Preservation Activities

Legislation Teading to passage of the Stream Preservation Act (SPA)
in 1963 and the Natural Streambed and Land Preservation Act (NSLPA) 1in 1975
gives the Department involvement to protect, mitigate or enhance stream
habitat from various hydraulic projects.

The SPA, administered by the Department, covers projects by agencies

of state governments, county, municipality or other subdivision of the State
of Montana. Agencies of the government of the United States voluntarily

12



Table 7. Trout population estimates from Access Section, Smith River
o Length (inches) : Weight
Species Age Range Average Number (Pounds)
Rainbow trout I 5.3- 9.6 8.2 158 35.54
II 6.7-11.9 9.9 115 43.69
IIT + older 9.7-15.9 12.4 224 161.32
9792 240.55%52
Brown trout I 8.1-10.8 9.5 79 27.16
: 11 10.0-15.3 12.7 57 . 47.56
I + older 15.0-19.2 17.5 47 93.46
183773 168.18%67
Grand  total 680 408.73
Standing crop/1,000 feet 65 39.30
Standing crop/acre 57 34.35

Trout population estimates from Zieg Section, Smith River, 1981

Table 8.
Length (inches) Weight
Species Age Range Average Number (Pounds)
Rainbow trout I 5.7- 8.3 7.1 867 120.01
II 7.5-10.5 8.9 385 104.13
II1 8.7-13.5 11.0 632 296.34
IV + older 10.9-15.9 12.4 315 206.73
2,1997360  727.21%135
Brown trout I 7.3- 9.0 8.6 88 22.35
II 9.4-13.6 12.2 98 73.35
III + older 12.7-23.0 16.0 122 206.27
3087150  301.97%147
Grand total 2,507 1,029.18
Standing crop/1,000 feet 233 95.73
Standing crop/acre 120 49.17

13



cooperate with the SPA. Stream projects 1nv01v1nq the private sector are
covered by the NSLPA which is administered by the County Soil and Water
Conservation Districts.

A total of 157 notices of projects were received in the project area
during this report period. Of these, 125 NSLPA notices were received from
9 Conservation Districts and 32 SPA notices were received from 10 county
and city governmental agencies and from 4 state and federal government
agencies. Details concerning these projects are Tlisted in Table 9.

The primary problem in the administration of both stream preservation
acts is the failure of applicants to complete projects as recommended.
Most Conservation Districts cooperate by submitting project notices, attend-
ing field inspections and issuing permits. Since the passage of NSLPA,
the number of private projects involving inadvertent destruction of stream
habitat has noticeably declined.

14



‘weadqsdn 9jLp Wesuls J40 -ded
-dLJd ppy *jueq Buipods uo £333[ %504
40 SULBWAJ 3INQLUISLPaL “SLAGIP DAOWSY diedad dea-dry X  4BALY YyLws 18/1€/8 0)Jely abuooy [8~0Z2-¢)
"3201S8AL| 9pPNLIOX3 03 BOUd4
"MO| | LM pue sseab 03 paas ‘sado|s  deu-did ‘Burdeys jyueq

40 9031 ded-dLd °sjueq Burpoda ado|§ d0UR4RI|D |3auuey) X @84) 493310  [8/6L/8 UOSJSpUY plOdeH 18-61 -89
*uLged 109304d 03 pool} bBuLrunp ‘ waybr] uep  Aousbusug
spuny Aousbuswe SIS Y LM SUOP NJOM ddue4ea|d |auueyy ¥ jy98d) 1199 18/61/8 sewoy | 18-81-29
"ssa%0ud yOy ybnouyz pezoerlqp deda-diu Jd3WLAaYZ [ OH
"U01309dsuL INOYILM PaNSSL 7L pue abpluq aoelday ¥ A994] 1199  18/61/8 SLMaT 18-/1-0)
“(ALuo ded-di4 ©-AoN ui uoijoadsul) dJueura|D waybL] uep
UoL108dSUL INOYILM PansSsL 3Ludad lduueyd pue ded-dry ¥ 1984] 1194  18/61/8 Seuwoy L [8-91-e)
*9bpLaq sLy padeiday
"Pool} Buranp wesuls Jo 3no |sAedb Kouabuswy
ysnd 03 uszop||nq pasn uedt|ddy ddueURd|D [duuey) X A°34] 1189 [8/6L/8  uosuyop uLAdeq [8-G1~®)
"ss2204d 0y ybnouayy pazoeslqp : ded-dLu
"uoL309dsul 1NOY}LM PanssL 3 Luudg pue abpLuq adejday ¥ A@8d) 1[98  18/61/8 Yo Lans shpe|n [8-vL-e)

*ded-dL4 padols A|aadoud :
asn pue [aAeub 89s4nod ylLm eade

PSP043d || L4 "[SUUBYD JO UOL]RIO{34 ON ded-diy X A994] 3189 18/62/L  AOL[493SEH wip 18- -2}
‘ "e9Je WOJ} S3Lsodap [aAeudb
Lney - sLJ4gap poo|) pue DO| aAoway 32UR4RI|D [3BuuRy) X A934) 1189 18/62/L  USMIdW UKL Ldey 18~z -89
.mmmEmn poo|4 948A8% buryip pue Aousbuaw]
*Butpuny Aousbuswd SIS UYILM SUOP FAON ddURJRS|D |auuey)  y A994) 1189  18/61/8 udep Auuyop L8-11-®]

"U0L1BJ0[34 |BuUuRYD JO pud peay ded
-dty -AL3usb jyueq ado|S "Aup ayy ulL

[duueYyD Weauls 23e20|3Yy ‘obewep pool 4 UoL1eO0|3Y [auury) X Y9949 31199  18/%7// ppny ydesop L8-0L-2)
: . " lBuUuRYD WoUS paAOWSL |RLUIeW dea-did Cotdp

ON *ALuo jueq uo ded-dLd Aresy aoe|q €9z1]Lge3s jueg X A994) 1199  18/8Z// usyoueqd qooep L8-60-)

v o _ Adusbusuy

stseq Aousbuswg uo panssl 7 LUiidd p404 40 uJreday X JOALY Y3Llws  [8/6L/8 UOS[UR) 218U9AT 18-80-2)

"199) 006-008 °jueq : ded-did

PopoJs uo buiqqiad Bo| asn Jo ded-dy ‘uoijezi|Lqe}s ueg X 934) 319§  [8/82/L 4P “ULBJLS JJy 18-£0-®)

SIUBWWOY) B SUOLJRPUBULLOI DY (*033 “deu-dry) oN S9A 4978 PELYEREN juedt | ddy Lunszz,go

109l04d J0 adA] pajoadsug 40 ey a1eq awey 398f0uy

"A3uno) speose)  “eaJe 303[04d BY3 YILM SBLILALIOR UOLIBAUSS3Ad J0]LQRY WEDULS "6 3Lqel

15



*|elJsjeWl paq Wesad31S-uou yaLm

ded-dLa pue ayLp

ded-did § 2YLP WEB4LS 4O JONUJSUOY 9JUBRJRI|D [auueRyy X 984 3199 [8/62/LL dood3s 348qLLn 18-YE-en
jueq butpous 03 sboj
o[ge) -eaJde uollLsodap |aAedb abuae|
ybnouyl [suueyd MO|JU9A0 3ONU2SUOY bul|auueyoay X J9ALY yLWws  18/5z/L1 bejuaop ueg 18-£€-1)
_ "24N10N43S |04UOD MO
30NU3SUOD U0 UOLILPUOD UOLAd 03 UBALUA _
3B pasO|d 3q PLNOYS [SUUBYD MO|JUIAQ UuoLledL)Lpow ueg X Y LANOSsLy  18-GZ-Ll  UuOS|LN abuoay 18-25-e9
*308foud e 30} dungd uoriebrady ¥ JOALY UNS  18/12/01 youey J9AIOW L8-1£-e)
*19Aeab uspun uo dea-dia qnd
A3yy pawie|d Auedwo) °syueq BuLpods uo Jledsd "0) autladid uoLrjeforp
paysnd [sAedb B 3N0 pIzZOp||NQg WR3U]S a4nsodxa autljadid X 9947 1188  18/12/01 [PIUBULIUO) 18~-0€-29
"Wead3s uL A3LALloe
49Z0p ON "uMOp @3e3s g jueq dn piLng ¥3240Yd LY
01 sbo) asp -quel Ho| abae] aroway 2JUBJLBD |duuey) X yo9d) 1199 18/12/6 aLJdolfue)y [8-62-0)
*SS300® J400d JO 3SNRIDQ WRDU]S _
SS0JOP JSPLO| PUd JUOUAS © YILM JUDIW
-30B|d "3UBq 4O "4 Q02 3noqe ded-dry dea-diy X 994) 31e9  18/12/6 43440y uyop  |8-8z-e)
‘paddea-dia pue jueq Aup qsuLebe
paysnd aq pinoys pool} Burdnp |auueyd
wes4ls 4O a|ppiw ul dn pazop||ng axLq 2JUBJdE3|D |3uuey) X A994] 3189 [8/¥0/6 44049 abuoay 18-L2-%)
"9)Lp uo
eaJe buipods ojul ded-did dunp pu3 dea-diy X A9_4) 3189 18/12/6 330YdS 9leq L8-92-e)
"s)yuequeadls 03 ded-dida ppe spuod abuaejua uoLje|oLp
Spuod U0 $34NIONULS MO|JUDAO 3DONUZSUO) 2dueJea|D |Buury) X A994) Apuy - |8/€L/01L 184497 9oueT 18-G2-8)
“|leAowsd |aAedb op *8bpLaq Jo JalLd
483U82 pLNgsy *SL4gep poOL) 1IN0 Jeal) mmnwgn Jdleday X A98d] 3189 18/12/6 49pusq 433404 [8-tZ-e)
"18-1Z-8J 913§ buLyLp 8 @3ebpesy X A984) 118G 18/1€/8 uelipooy p3 [8-€¢-®)
*MOLJWe3U3S ) uRWPOOY
3O1L43SU0D J0U pNoys siuswingy abpiag X A994] 1leg  [8/1¢€/8 LLoSsSnY 18-¢2¢-®)
*AD1eM
UL 3J40M ON “)o0d4 AAeay yjim dea-diua “ap
% O3LP Wu04 03 Jeq |dARAE dbue| ||nd Butyip g o3ebpesy X A994) 1199 - [8/1€/8  ‘uosined auol§ L8-12-®)
SIUBWIWOY § SUO LIRPUDUILODI DY (*933 ‘deu-dLy) oN S94 49718H paAL323Y juedL|ddy 43quny J4o
332f0dd 40 adA] pajdadsu] 10 suey aleq aurN 393l0dd
*A3uno) speose)  "panuULIuU0) " dlqe]

16



Aouaby

Y18 Aq paxoAsd uoijedi|ddy sbueys |suuey) X ¥934] yodig  g8/lz/L  3IeePyoelg - yig ¢8-L-19
*jo04 9bde|
Y2LM 43A02 “BiqLssod qou 11 -ded b EENY) auLpadid
3240U0D Y3LM BULL 43A0D - uOL3EBOLLPOl  DULSsSOJ4d aulladid [10 X queqing 34 ‘N 18/22/0L LejuauLiuoj 18-¢-19
"Po93S B 3004 8bue| YILM JLp 90v4 A Lp (uoLjeauasay)
‘Sjueq a[ge3s 03Ul B4NIINUJS Joyduy [BUUBYD MOL44dA0 X A MOLLLM  18/G92/6  P404ILYM AudeT L8-1-19
- fjuno) 4sioe(y
*A1esSS3a0/U dJaYM am;-awp pue sjueq LeAouwau Auedwo) a[3ae)
adeys ©[auueyd plO 0} Wed4]S 3407153Y |8Aedb pue stugaq X 49 poomybiLH 18/6/0L % pueq SlLddey 18-1=H)
_ nxgcsou neajnoyj
Sjueq JBALJL DB LpBWWL Lduueys
uo Mogxo uti bnjpd soe|deda 30u og Mogxo pio bnid ¥ JBALY YILWS  28/81/9 LLL4R) Sauwep 28-/-8)
; "108f0dd 4O pud Jaddn je
1994 00z des-dia pue dueq dn pj|ing youey  uoLIR|OLA
"d°) wWodj uoLldndlsut- 4o 4933197 9JuedE3|d [3uuey) X 984 1199 28/81/9 Aol |eA uSppLH AZ8-1-®)
-abewep poo[4 943AS 1084 -9Yl-J4alie
"Buipuny Aousbusuwe SIS Yiim SUOp HAopM wesuls a4031say X A994) 1189 28/GL/¥ Z343H "W 097 ¢8-90-®)
*A4p BY1 UL YJOM
00 "jueq 40 *34 00€ Inoge ded-diy 34 0GL deu-diy X 4BALY Ylws  28/gz/¢ O34l UOY  Z8-G0-B)
. *19juR[q UOLQRD
asn 4o ded-dLy *|:Z jueq ado[S dea-dLy X 'Y L4ANOSSLW  28/80/¢  ©19931§ sal4ey) ¢8-1%0-%)
“juequesadls IsLey “jueq waybry uep
Bulistxe 03 ded-did Jo 3994-0G1 ALlddy ded-diy X A934) 3189 28/80/¢ sewoy] ¢8-£0-®)
v *ado s
lednieu 03 WJI0JUOD 03 ueq 3J01S3Y dund uotjebrad] X 43ALY unS  23/02/1L  ualyeq pJeyoLy 28-20-89)
*papaau aq jou Aey °*14 009 1noge eade
308fodd -9ouelsLsse buLaasuLbua 393S dea-diy X Y LJUNOSSL  28/02/L 997 uelJeH "u(g 28-10-e9
SIUBUWOY) B SUOLIEPUSWILIODDY (7923 “dea-dry) oN SA Jd91epM PaAL923Y Juedlddy 49quinN 40
202l0dd JO adAy pajoadsu] 40 Bsley 31eq swey 199fouy

*A31uno) apeasen

"panu13uo)

‘6 °lqel

17



: fmeJ 49sNeH 3A0Qe uoL3Jod

.COmccow

BALL4 UL bBuLbpadp oN *3ruwdad jo Lemauay buibpeup uotzong x "M LAnOSSLW  18/5L/6 'y 8buosg 18-1£-37
. "(uorze[oLp) "uoijdadsul
84048q Quop bulaqg N4om swOS *sseub pue ded-dry ,
SMOL LM Jueld "ded-dL4 pue sjyueq ado|s 9dueJed[d |3uuey) X ") lIW U3l  18/G1/6 poom||ewS ‘M ) 18-0€-21
158404 |
109foug OLE & 30N X A834) Inodl  18/61/6 L.3BN eua|ay L8-82-01
15940
108l0o4d gle e q0N ¥ 9347 nodL  18/51/6 L.3eN eus|sH 18-£2-07
"S}UBqURSJ]S U0 Yseul 31sodap j0u og dnuea|d p|al4 X 40 SLLW UsL  18/G1/6  ees] ployursy 18-92-01
"pauue|d se paAodddy  dea-dia § Jdledad yueg X 40 SLLW UdL  18/51/6 dLsny |e3Lde) 18-62-97
"uoL3e]ab3A APOOM 9403S3U4 0] WRAULS sjueq Jiedsd . .
90U * [3UUBYD WOU4 USBUJ BAOWDY 9dURJIRI|D {3uuey) X 40 8L ual  18/381/8 SLOYOLN Audey L8-£2-91
(uoLjejolA) &4Lp ® 31inq § dea-did
uo |aAeub pade|d g paquesu}s no *jueq
bnp Ja3e| juediiddy -ueid pa3deddy  uo 3004 ded-did suorg X 40 9llW usl  18/9z// ZI H'C 18-12-01
FEERY)
-*303fodd-uou e paue|o3( ddueuajuiel sjebpeay x 4e3d A1491ud *0) youey
SHURQ 340159 L3371 18/92/1 48L]]eAsy) 18-0¢-01
“uorje1absa jue|d ‘ded-did |[e3su S9bpLuqg plLngau qny Auagzuno)
JM83eM MO| BuLanp [[el uL dJdom og 3JURJRA|D |BuuRy) X 40 9L usl  18/92// MOpeR3) UI3uUY L8-6L-37
84n30N43s uorjebiudl pue [auuey)y uosueLlsLayy
sbutp]tng 4edU sjueq 03 ded-dLd ppy weadys soe|day X 4] J9ARRg  18/20/( uoiutly L8-81-01
. *308p abplJg Ssdaumopue]
ueyy Jemo| sayoeoudde 3dn43suo) "4) 9|odussuy
"juediidde Aq pajjiuqns ueld pooy abprag ¥ A994] FLOM  [8/10/L ¥ SPOOM 18-£1-01
(uotaeloLA) uorzoadsul
493je 3ybLedls weauls pazop|inq
juedi|ddy ‘ssjueq burysixa ded-drd S)ueq ded-dLd
pue 9do[s ©|auueyd wWOU} SIBUF | |Ng ddueJdR3|D |Buuey) X 40 9LW uaL  |18/81/9 43Qn4g juedy 18-91-97
A3unoy Jue|) g sime
SJUSUIWO) ¥ SUOLIRPUILWOIIY (*913 “deu-diy) ON SA Jd93epM pPaA L2233y jquest | ddy 43qUnN 40
298f04d o adA| pejoadsu] 40 3uey 91e( sueN 329[04d
‘penuliuo) g 9|qel

18



*1S1X9 swo|qodd jl dULWUAIIIP

*Oul ‘BuLulLl

03 pajdadsul 3ng “309fodd e 30N SULW 43%®|d X yoLng Ajzzidg  z8/02/9 paeleg  28-EL-D1
‘ded-dLd
pue :oppmpmmm> jueld *10B}-3Y3-4d34e sburyue|d gnuays
suot3edt)1oads §)S 03 3ONUSUO) g ssedb ‘dea-diy X "4 SLLW udl  28/92/§ 43Qqn4y yuedy  28-21-91
‘uotjedtjdde MaUpy3 LM juedL|ddy sjueq ado[S "4) SLLW UdL  28/92/G 43Qqnuy djued 28-11-21
‘uoLieoL|dde paLuap auLWw Jsdeid
[gued - buLrdesy uolledllqdy LeLuaq abpadp uoijong ¥ ‘¥ LANOSSLY . 28/02/G  SLUULHIp Add3p 28-6-71
-abessed ysL4 opadul
03 30U '0S 24N3ONJS WEBAFS 1INASUOY ¥934) Jedd
*juauLpas g A1LPLQUn] SZLWLull s3ebpeay 32n43su0) X AMOL4d 91337 28/¥2/€ ZOLmoJdojueRy [JE) 28-€-31
UOLSJUBALD 4dujuebuLap
*B3JR PaQUN]SLP 340353y uot3ebLddl 30NU3SU0) X “4) uokue)y  z28/62/2 LLassny 18-2 =31
*wead3s LeLuussad e JoN . ueaung
"0*) Aq 308foud-uou e pase|daq wep Jteday ¥ A994) Mjded  28/62/2 ydssop  28-L -J1
91190S3WWLH
*SUOL]epuUSUWWodad §)S 03 [[eisu] duns uorjebLaar X 49 sueyods  |8-6Ll-1L L L®4de( 18~2E-97
*goe|d uL weauls doay 02
dea~-dLy *poojJ bBuLanp pauopuedge s4sdMm }934) UBd(
10yl S|SUURYD PO UL Weauls 20e|day U0 13ed03594 WedALS X Aotad brg - 1g/6L/LL weyudang uoq 18-9€-97
*ded-dLd pue [[lJ ®de|d -Eade ilead1s [Suueyosy
popo4d butdledsd 84033¢ MOL4 3234LP3Y *abpluq JLeday X "40 ®LLW usL  18/6L/LL  umodg ||3ssny 18-G9€-01
*Aeak yoes Aup S90D weauls . spueiJaquiLl
asnedaq ‘(') Aq 3d3foad-uou e pabpnp Burssoud JuaAnNgy X ‘49 9330pR)  [8/12/01 uotduey) 18-¥E-31
“syueq 03Ul }004 A8 *BullINd but 399U) 4e3dd *0) auL[adLd
-peay dols 01 N2 yYousauy ded-diy  -SSOUD BuL|3dld JOMOT X  ApPotad brg  18/5L/6 3UOJSMO| [ DA 18-2€-7T1
*P,JU0) *A3UNO) NAB|D B SLMIT
SIUSWWOY B SUDLIEPUSUILOIY (*913 “deu-dry) ON SOA 4938M poAL323Y  quedl|ddy 49quny 40
303f0ud 40 adf] pajoadsul 40 Buey 91e(Q aweN 109l04d
| ‘panuLIu0) 6 91qel

19



*ALQ "BLauL doe|dey

‘4 LLsys|assny

[8=0L AW

"UOLSLO3p YiLm pasuby 103foud-uou padse|dsq Y 3404 *0S  18/80/01 11eH |sLNoq
« 39849
L8-G-Jl 93§ outw J3delgd X sewe) 913317 18/12/8 e} 97 sauep L8-6-4}
Lauueyd
"M3LABJ "(°D 340j8q auop LeULBLAO U0 wead]s
HAOM  “SLBJUL0D ybBnouyyl paysem 3asud) dAow ‘abewep poop4 X J984) N0y 18/12/8 3leg yoep 18-8-dl
108[oud-uou
. *ssao0ud p24e (28] "UOLSUBALP FEENG)
y0y ybnouyz 303foud uo pajusuwo) uorgebruaal aoejday  x SLLW uSaIXLS  |8/12/8 SULBBLH wip L8=L~AW
"p29saJ pue Sseade paqunisip
43A0 yjo0ws -AlLlenb u93em 3293044 suLW 4doe|d X *d) JoARdg  [8/12/8 uews |0y uyop 18-9-dly
*Po9SaJd pue sesde pagunisip YECRY)
43A0 yjoous -A3i[enb Jajem 3233044 ULl J4sde|d X SEWE) 9133ILT  IB/¥2/9 4BYISLST pAR[[LM 18-G-4W
"UOLSLOSP Y3LMm UOLSUBALQ
peadby Q) Aq 398louad-uou paue|23(q uorgebraal aoe|day ¥ *d LLaysLassny
A404 “ON  18/%2/9 13025 pad4 L8-t-d
*ss9004d $0y ybnouyz 3o9lfoud uo 109fou4d-uou paue|d9Q
PR3UBUWOY "UOLSLI3p ("D YaLM paaubesig UOLSUDALD uoLjebLud] X A99u) desys  18/¥2/9 181504 Adde 18-E-dl
" SUO L] BpUBWWOISU
Juabuldls |[BUSASS  *paAcJddde sem wesuls
108f04d -308foud Ausp 03 (") paySy 93BI0|3J SBULW 43R |d X ¥994) 13 18/L0/S A3[ 19 sauep 18-2-J}
:A2uno) uaybesy
*10143SLg Aq 393foud-uou
® paJe[d3] MJ4ew d33eM YybLy sAoqe dund 404 pagq SA3S] 491BM
9]sem 8sodstq ‘aoydoeq Jo auL|bedp asp 49311} |9AeJb ueBd[) X ‘¥ seLJdel  18/60/. 493S3yY) -og 18-1-91
A3unoy A3deqL]
SIUSWWO) B SUOLIBPUBLIWOIDY (7013 “dea-dry). ON SDA WELR-IY PeALa39y  quedl}ddy A9quny 40
108f0ud 40 adk] pajoadsut 40 auey 91e( awey 129f0uy
| "PanuLIu0)  *6 9Lqe

20



abuey suwey

*pdeogq jeayoelyg uolrjedo|dx3
"9 Aq 108l0ud-uou pauwual uotjest|ddy PULSSOUD FudALNY X uo burads 18/90/5 SWeLiiLMm 18-2-11
SbuLssoud sweauls 28-21
*Pa9s pue seade paqunisip adeysay ajqed suoydasl X LedaAnsas  gg8//1/¢c L1389 uLejunoy 01 £-31
‘uterd Y Lp Wead3s-440 o ‘
-poO[4 WO4J [9ARAD BAOWIY $SIABAND ded-di4 *0) "S9Y 9AlL
[1ejsul -suoLjedljLpow yiLm sAouddy sJuedea|d |BUURY) X  48ALY u03l®L  28/91/¢  -euddo0) u01a] 28-2-11
[8-£~-9 10 uOL3doadsul wes3 wodj LLoS LW
payoeaje suoljeindils yiLm |erodddy L9ARUD BuL) X J9ALY uolal  g8//L/g Yisuuaj) ¢8-1-31
:A3uno) uoja]
Y SelJdep 3
Burssoudd Aag ¢ +a) burads 28-/
"Pe8s pue sjueq pagunisitp adeys 91qed suoyds|al Y MLN0J edspuod  28//0/9 L1eg uiejunol 01 L-Nd
'351b0|0upAY WOLL 92URLSLSSR palsanbay d23em uoLiebruaar 196 Auedwo) yog1LQ
*UOLIN|0S JuduUeWSAd BJOW pUSULIOIDY 07 40oM Aoudabuswy X d98J) uddirg  18/2L/9 LangsbuLy 18-1-Nd
_ ‘ *A3UN0) edspuoy
sbuissoud sweauls 728-62
*28-21 031 £-J| ‘SUOLIBPUSWLIOIAL 93§ 91 ged m:o:ampmhv awWos LeABARS  28/1L/9 [ 139 uLejunoy 0] ¢i-Al
‘SWesJ3s 03 90URGUN]SLP 9[31L| [B9ASM -
uotgoadsul dn-mo[ |04 -82UBQUNISLP BuLssouo SWesad1s 28-21
ysnag pLoae “ajqrssod se dasp Aung 91 qed suoydaa] X [B42A8S  28/L2/S LL®g uLejunoy 01 £-dly
*E9JR PagUuN3sLp wie|day "A1Lienb _ o - Aoyeq
A97BM 1093044 ‘WRBUALS UO 20N dULW JddR|{ X *4) JBARRYg  28/7L/S "3 sewoyl 28-2 -4l
*$5800ud 93ebpeay LEERG N . ST .
y0y ybnouyz 3o08foud uo pajusuwo) uorjebruaal soelday. X 9L LW U8dIXLS  28/21/S SuLbBLy wip 28-1-4i
“jueq 03 MO||LM jue|dsued] o d LivYysLassny ‘
*seade butpous 03 ded-dia A ddy am;-a?m X 404 *O0S  18/0L/2L "0) youey spueuy: [8-LL-4W
"P,3u0) - *A3uno) uJsybes)y
SUBUIIOD ¥ SUOL}RPUSLILOIDY (933 “dea-diry) - " oN SO A37eM P3A L203Y juedt|ddy 43quny Jo
303f0ud Jo adAL pajoadsur. J0 suwey 93e( aley 1299l0uyd
| ‘PaNULIUY 6 B|qe]



*9bpLuq MO|D®g [Buueyd ulL

oM oN  cded-dia g yueq ado[s <A4p dea-dLa pue %9949 uosuyop
3yl uL abplLaq SA0QR [duUURYD WRBULS SAO) uoLlestiLpow [auueyy X 3ed 91111 18/LL/L 0) spedse) g9g abplug
| ouueyo
*MBLABJ 3N0OYlLM A3UnoD AqQ SUOp HIOM pue sjueq Jo deua-diy X "D MOLLLM  18/LL/L "0) 3pedse) pyg Ibprug
suoiied
"A3unod Aq uorjoe oy -ljlpow Xueq-{auueyy ¥ 1834 3199 18/LL/L *0) spedse) LEE Sv4
peo. ‘ 68 Aemybiy plo
"wesJ3s ui juawdinba oy 40 J49plnoys dea-diry X A934) 1199  18//L/L *0) 9pedse) "4 1199
juswinge A9Xd e
‘4djem ul juswdinbs oy Yanos | (L4 deu-diy X 49ALY yjws  [8/¥1/8 "0J 9pedse) Ggyz abplag
*2bpLug plO JO pus ,
1S9M Jdpun |oARUDL BAOWRY  "udeM yblLy NELRELELITIT
340}3q 9bpLaq NuoM AJedodwsl sAowsy 8bpLuqg pLingoy X JA9ALY UlLWS  18//1/¢ *0) 9pease) (gz abpiag
*9bpLug JO juswinge 31saM Japun AdQ
mumﬁa 0jul ded-dLa ysnd pue dwnp-puj ded-diy X A3ALY ulLuwg 18/L1/. "0) 9pedse) gGgg abpidg
dea-did
"aul|bedp yim pue “peod B abpLdg Ainay
SLJQG3p SAOWSA - Wead]s ul jusawdinba o) 40 uoLjaod soe|day X JU9ALY UILWS  18//1/1 *0) °opedse) Gz 9bplLug
:A3Uno) - |ejUBWU4BAOY
* pOpUBLILOOSU
SBALIRUUASY]Y ‘*pasododd se Aua(g abuey)y [auueyy X J3ALY seldey ULOdULT aL[dey) 18-1-11
:A1uno) s100]
"309(044 ® SL 3L papLdsQq pdeog Q') uoLjedo|dxy _
Aq 208foud~-uou psuwaal uoriest|ddy buLssoud 3usafny ¥ 8949 MO)  18/90/5S SWeLlLLM 18~v-31
*pdaeog g9 YEERS) uoLjedo|dxy
Aq 108foad-uou pawual uoijedy|ddy buLssodd guaAainy  x Jea[ydelg  18/90/5 SWeL|[Ly 18-€-31
"P,3U03  “Ajuno) uols]
SIUBIWOY B SUOLIRPUSWINOISY (7033 “ded-dry) oN SIA A971BM PoAL3D3Y Juedtddy Jaqunpy Jo
108044 JO adf] pajoadsug J0 ouey 93e( suweN 19afouy
‘panuLluo) g aLqel

22



*Seade pagunisLp Y EER| JusWdA0Ud
4 wie[ovy -"aiqrssod se A pided se peod[Ley *1S1Q J9MBS R -Wy Jajem
)JOM 913 [dWO) *UOLIRIUBWLPIS BZLULULY sbutrssouad aur|adid ¥ % OLBAPLW  18/10/L 493eM 4alde|g *3 J9ldR|Y "3
. S9L3L3U7 sSnoaue|[30SLly pue SUMOL °sal3l)
MO[J4DA0
(S348ALND JO pedjsul abplaq aoe[das 0] 32N43SU00 ‘uoLjez :
18/G1/6 A3uno) Aq pai4Lpop) - |erodddy -11Lqe1s jueq ©S34aALN) X 984 Appni  18/10/L A3unoy uo3a]
*abpLuaq | abpLag
MO19q ded-did SALSSDIXd jeuLul|] : : A1unon 180
"wnuiuiw e. 03 3day yJom |duuey) abpLuqg p|ingay X 398d4] nodi Z8/L1L/1L 4Bl B Sime (£)1-082 ¥3
, ‘abessed PeOY X404
YSL4 MOL|e 03 JuaLlpedb wesdls J43A | ND A1unoj q48An)y |8
utejuley "349A[nd 8dA3 yode abue| asp  pabewep pooyi soe|dey X 924) IN04AL  18/90/21L  A4BLD § SLMOT (£)-082-43
pecy
- *A3LAL700 A3unoy 49 JsARag
49ZOp dZIWLULl “puelOg Aq PamdLADY ded-did g peod p|ingay X 43 JoARdg  [8/80/0L  q4e|] ¥ SLMIT 0€20.0
"3994 G/ 3noge
404 weadisdn jueq 3sed ded-diy - A4p R EEFY)
9yl ul 2bpLag dA0qQe Jeq [aAedb aAouwsy S0URUARD|D [BuueY) X 42 poomybLH  18/v1/6 *0) nesinoy) poomybLH
"uoL1e19baA APOOM DAUDSIAJ "WEDALS UL A3unoj ,
AdOM BZLututl  *[LLH "9 Aq pajdadsu] 8bpLJaq plLngay X 4) MOLLLM  18/2L/6 A4 ) § SiMe] L0-£€0-1
"Gl -3des Aq paje|dwod abpLug
3Qq 03 40M -"weadls ul jusawdinbs oy 9bpLag pLLngay X A924) o0y 18/¥Ll/L *0) Jaybesy *4) Yooy
Lgissod se uea|d 3J4OM d3d) ‘SuL| 4I1EM saoe |d "AOUY POO| 4
B PeOJ UO Jleddd Buipasu weauds uo  |uaAds ded-diy -peod A3uno) “py oLl us|
saoe|d GZ-0Z ©SUOL}RPUSWILIOIDL [BqUDA % ULl Jo3em Jleday X 40 S[lW UL  18/8L/8 A4BLD B SIMOT  12-G22 WW
o ) ‘P,3U0) “A3UN0) -] RIUSWUIDADY
SIUDWWOY B SUOLIEPUBUOIBY (033 namL-awmv oN S9A Jd331eM PELYE=REN] juedl{ddy Jdaquny 40
: 108fo4d Jo adA] 10 swey aleq suweN 32al04d

pajoadsug

"paNULIUOY ‘g 3| Qe

23



*dea-dra yzLm 3noysem LLLd

"3N0-YSeM 1B |SUURYD WRIJLS USPLH

"abpLag ueds uesa|)

*uoLjeluswLpas Aurssadauun
JusAdUud "ubisep ded-diu A)Lpoy

"ALuo dued jo sbps ded-dry

"SUOLIBPUBWWOdaL S433ULBUT S)S MO| |04

" [BuUuRYD Weduls ul
jududinba ou (Aj4adoad yood uL Aoy

*pagungsLp
9q 01 3jueq JdAL4 4O yabua| @onpay

. *Butssoud
duLladLd 43A0 ¥20Y °|00YDdS puLyaq
(Lp) jueq ded-dLd “SLAQap DAOWSY

\

Jdledsy pool4

ded-dLda FEEN! 1S8404 |,3BN peoy -u9

pue |[L} peoy X uosass4sr  18/0¢/L A4B1D B SIMBT  uosuasiyap

_ : $S200Yy

1S3404 [,1eN pOOMIU L {

abptug X %994) POOM  [8/9L// A4BLD B SIMIT *4J poop

Jdleday

dea-dLy *4) 1199 UoLS04]

"91qed Aunqgay X o4 Aaq  18/0L/L 44y wodlsuwjey sutq e|qe)

syded §  dwey 1eog

dea-dry  x ‘4 LNOSSLW  18/01/L  94LLPLLM “ysid T4 410M

. {[BJ3pa4 - |PIUBLIUAIAOY

U0 L329304(

A1ddng

491BM

34 000°L dea-dry ¥ 48ALY UOISL  [8/0€/21 u013ang 4O umoy uoling

JdLreday

abeureq

des-dry X 8343 3198 18/90/LL 1189 40 umo] poo|4

108l0ud

UO13232044

Aqueq yjdou ; "3SL@ L043u0)  pool4 "I

uo urseq buryri3s X 49ALY uUns - 18/80/6 POOL4 SLled *39 ©s[|e4 "3p
JuL|J3alem

predsa ‘deua-dlry Jdleday

ddURURI[D |duuey) X 9343 1133 18/G92/8 34eYLBN 40 umMO| abewe( pooi

"Py3U0) S3LILTUT Snoaue] [0Sl pue s

UMOL “S8130)

SQUBUWOY B SUO LIBPUSWILODDY (*933 “ded-dry) ON SOL” 4918 paALaday JuedL|ddy 49quny 40
. 308l0udd 40 adA) pajoadsu] 40 Bduey a1e( aweN 308fodd
‘penutLiuo) g siqey

24



€361 ‘Gz Adenuep :93e(Q

URLISAALM “H P34SLV PUC [LIH [ WELLL[LM  :Aq padedaud

A0\ MIN €rOul “suoS B AS|LM uyop -suoryedol|ddy pue spoyiay
SIL “90uaLdS Bulyst4 Q961 “I4eYUBA] Addey M pue -y abuosy °||ajasunocy

‘e-1 qop ‘ég-a—g—j ‘140d3y sS8UB0OUd qOP  "sSHdeqd pue 3tlL|
=PLLM “YsL4 JO jusujdedsq eURRUO °JNO4 uOLBABY JO JLBH ULILSOM By uL
S493eM 40 ASAUNG pue AUOJUSAUT "(086L -uewddddiM ‘H 'y pue QL WeLlyLM “LLLH

"dd § "syded pue S4L|PLLNM ‘YsL4 4O JudwWIdeddq euequUOl ONET
913Ng 1S3ldd “UOLIONPOUIU] sseg yinowabue] pue srdded) yoelg ‘youad -
MOLL®A MOLABY |RJUBWUOJLAUT ARULWL[BAd 086 ‘[Lddy P WRLLLLM ©[LLH

"08L-€LL  :(L)0E -wby

"LPLLM " "POYISK UOLIRWLYST 13GRUYDS BY3 AQ S|9A37 UOLIR|NdO4 UdBMIag
S90UBUR44LQ buiysal pue Buljewl}s 996l "UOIUBAQ S M pue ‘g g ‘uewdey)

(4113 FHNLYHILIT



G¢

Table 9. Continued.

Project Name Date Name of Inspected Type of Project

or Number Applicant Received Water Yes No (Rip-rap, Etc.) ‘Recommendations & Comments
Governmental - Federal, Cont'd. .

CabTe Line Malmstrom AFB 8/04/81  Dearborn R. X Fill and rip-rap Fi11 on eroded bank secured from
Erosion : ) ~outside the floodplain.

Repair _ .
Muddy Cr. U.S. Geological 8/13/81 Drain M X Install Parshall flume None.
gage Survey
station

Cable 1ine Malmstrom 8/14/81 Belt Creek X Trench & rip-rap Stockpile trenched material outside
repair AFB live stream channel. Remove debris

in area.

CabTe T1ine Malmstrom 12/11/81  Smith River X Rip-rap 1,000 Ft. No borrowing of material from stream
erosion AFB ‘ channel. Use quarry rip-rap.

repair _ : .
Green Gulch Lewis & Clark 5/21/82 S. Fk. Teton X Ford crossings Log hauling. restricted until stream
Timber Nat'l Forest and v flow becomes intermittent.
Sale v Green Gulch _ .
Benchmark  Lewis & Clark 5/21/82  Benchmark X Repair bridge Project approved. Work is to be done
Cr. Bridge Nat'l Forest : Creek abutment by hand.
Ford Cr. Lewis & Clark 6/25/82  Ford Creek X Replace bridge Instream activities allowed July 1 -
Bridge Nat'1l Forest , v Sept. 15. Temp. diversions allowed.

No streambed gravels. No channel
changes. Settling ponds may be needed.




Waters referred to:

14-0320
14-0460
14-2280
14-2520
14-5760
14-6480
14-7080
14-7320
14-7440
14-7450
14-8420
14-8540
14-9240
17-6832
17-8720
17-9074
17-9136
17-9330
20-4400
20-5600
20-7130
20-7900
20-7950
- 20-8400
20~8500

'Key Words:

Blackleaf Creek
Box Creek

~ Hall Creek

Hyde Creek

Spring Creek

W. Fork Teton River
Bynum Reservoir

Eureka Reservoir

Lake Frances '
Furnell Pond

Ostle Reservoir -
Priest Butte Lake
Tiber Reservoir (Lake Elwell)
Smith River

Bean Lake

Spring Meadow Lake
Holter Lake

Newlan Creek Reservoir
No. Fork Sun River

So. Fork Sun River
Dickens Lake

Nilan Reservoir
Pishkun Reservoir
Tunnel Lake

Willow Creek Reservoir

Rainbow trout - strain comparison
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MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS
FISHERIES DIVISION
'JOB PROGRESS REPORT

State: Montana

Project No.: F-5-R-31 Title: Northcentral Montana Fisheries Study

Job No.: I-b ‘ Title: Inventory and Survey of Waters in the
: Eastern Half of Region Four

Period Covered: July 1, 1981 through June 30, 1982

ABSTRACT

Netting surveys were conducted on 7 large reservoirs and 12 farm ponds
located within the study area. Fourteen BLM reservoirs and 10 farm ponds
were investigated for fisheries potential. - Streambed stabilization projects
and habitat conditions were monitored and documented along Big Spring Creek
and its tributaries. Invertebrate bottom samples were collected at the nine
established stations along the stream and its tributaries. Trout population
estimates were made in two sections of Big Spring Creek. Survival of finger-
1ing rainbow trout stocked in one section was monitored. Limited sampling
was ‘done on Warm Spring Creek and Louse Creek. Erosion transects were
measured and photographed along the Lost Fork of the Judith River. A summary
of 10 stream habitat preservation projects is included. Flow requirements
for maintaining aquatic life in Big Spring Creek using the WETP method were
determined. ; ,

OBJECTIVES AND DEGREE OF ATTAINMENT
The objectives of this job were:

1. To obtain information on present management, survival and growth

’ of rainbow trout, cutthroat trout, kokanee, Targemouth bass,
yellow perch and walleye in seven reservoirs and twelve farm
ponds. This work was done and the findings are included.

2. To survey new ponds for possible addition to our management
program. This work was done.

3. To monitor habitat changes and rainbow trout and brown trout
populations in Big Spring Creek. This work was done for two
stream sections and the findings are included.



4. To determine survival of fingerling rainbow trout stocked in a
section of Big Spring Creek. This work was done.

5. To determine the effects of land management practices on stream
habitat along the Lost Fork of the Judith River. This work was
done.

6. To determine the status of the smallmouth bass population 1in
portions of Warm Spring Creek. This work was done and the find-
ings are included.

7. To take necessary action to protect stream havitat from hydraulic
construction projects sponsored by government and private concerns.
This work was done and the results are included.

8. To determine flow requirements for maintaining aquatic 1ife in
Big Spring Creek. Data collection for this objective was done
during the time period covered by F-5-R-30 but the data and
recommendations are included in this report.

PROCEDURES

Fish were sampled with sinking and floating nylon gill nets 125 foot
by 6 foot (with graduated mesh sizes from 3/4- to 2-inch); 4-foot by 6-foot
frame trap nets (1/2- and 1-inch mesh); 3- by 4-foot frame trap nets (1/4-
inch mesh); a 300 volt D.C. electrofish shocker; a 0-500 variable voltage
D.C. electrofish shocker; and by hook and line. Fish captured were measured
to the nearest tenth of an inch (total length) and weighed to the nearest
hundredth of a pound. Scales were collected for growth analysis. Occasion-
al creel census and fishermen interviews were employed to check harvest,
fishing pressure, and success of trout stocking in the more important reser-
voirs and streams. Invertebrate bottom samples were collected with a Surber
Sampler. Population estimates for Big Spring Creek were made using the
mark and recapture method described by Vincent (1971 and 1974). Erosion
and habitat changes were measured from established transects and photo points.
Information gathered was compared to data from prior years to determine rates
of bank erosion. Recruitment to the trout population was studied by stocking
adipose clipped fingerlings into a section of stream followed by electro-
fishing to determine survival to yeariing-age. Determining flow require-
- ments for maintaining aquatic 1ife in Big Spring Creek was done through
correlating discharge measurements with stream cross-section measurements
by using the wetted perimeter computer program (WETP).(Nelson 1980).

ACCOMPLISHMENTS
Large Reservoirs

‘Six of the seven Targer Department of Natural Resources reservoirs
located within the study area were sampled during 1981 and 1982. The results



of the work are given in Table 1. Smith River Reservoir was sampled but
two nets were stolen before biological information could be obtained from
the catch. A short narrative summary of findings on each of the other
six reservoirs follows.

Ackley Lake - Netting surveys conducted during 1981 and 1982 showed
suckers are very abundant in the reservoir. Kokanee made up the majority
of the game fish in the surveys and contribute heavily to the creel as
anglers have shifted their efforts towards harvesting this species. Few
kokanee are harvested in the fall during spawning because of the fishermen's
inability to locate fish concentrations. Lack of water clarity and sig-
nificant inflow appear to be the major problems.

Bair Reservoir - Rainbow trout sampled from the lake are small and
growth rates are below average. Only one brown trout from an introduction
made in 1980 was taken, indicating a near failure for that plant. The
reservoir still needs a predator fish capable of feeding on suckers.

Martinsdale Reservoir - Rainbow trout survival and growth remain good
and the reservoir continues to receive very heavy recreational use.

Petrolia Reservoir - Rainbow trout introduced in 1981 have shown good
growth and survival following draining of the reservoir in late 1980.
Netting indicates the buildup of carp and suckers has been quite slow up
to this time.

“War Horse Reservoir - Netting conducted during 1982 failed to take any
desirable species of fish. No yellow perch introduced in 1980 were caught.

Yellow Water Reservoir - Yellow Water continues to be one of the most
heavily used waters in the area. Growth rates for rainbow trout are well
above the average for other waters in the area. Carp, which first showed
up in 1981, continued to increase and its only a matter of time until they
take over the lake.

Farm Ponds

Twelve farm ponds and small reservoirs stocked by the Department were
netted during the report period and the results are given in Table 2.
Fourteen BLM reservoirs and ten private ponds were checked to determine
their fisheries potential. Fish were introduced into several of these new
ponds. A number of the ponds along the northern and eastern portions of
the project area were dry or had water levels so Tow following several
years of drought that the fish populations were lost. An abundance of
moisture during the spring of 1982 filled nearly all the area's ponds and
reservoirs, many for the first time in three or four years. Perch and bass
were planted back into a number of ponds where they had previously been
introduced, and into several new reservoirs.



Table 1. Summary of netting data from large lakes and reservoirs, 1981-82

No. & Length Range Weight Range
Location Surface Type No. of Pounds
(Date Sampled) Acres of Net Species Fish (Average) (Average)
Ackley Lake .
(Oct. 21-22, 1981 247 2 Gill KOK 88 6. 0.06-1.47(1.
Rb 27 8. 0.19-0.80(0.
Wf 1 0.64
LL 1 1.38
CSu 38 --
FSu 18 -
(May 16-17, 1982) Gill KOK 53 6. 0.07-1.15(0.
Rb 16 9. 0.28-0.70(0.
CSu 76 -
FSu 23 --
Trap CSu 501 --
FSu 226 -
Bair Reservoir
(Sept. 16-17, 1981) 272 Gill Rb 50 6. .10-0.50(0.
, Eb 3 8. .20-0.32(0.
LL 1 0.12
CSu 266 -
Martinsdale Res. 1000
(Sept.17-18, 1981) Gil1 Rb 46 .26-1.54(0.
LL 2 1.10-1.59(1.
Wt 1 2.00
CSu 26 -
FSu 1 -
Petrolia Res. 515
(Nov. 1-2, 1981) Gill Rb 24 .24-0.42(0.
WE 2 1.50-2.68(2.
CSu 16 -
FSu 1 --
War Horse Res. 1000
(May 3-T11, 1982 Trap CSu 524 --
S Carp 141 --
Yellow Water Res. 600
Gill Rb 21 13.0-14.5(13. .00-1.62(1.
CSu 106 --
Trap Bulthead 1 1.35
CSu 95 -
Carp 11 --

Species Abbreviations: Rb-rainbow trout; LL-brown trout; Eb-brook trout;

Wf-mountain whitefish; KOK-kokanee; CSu-white sucker;

FSu-Tongnose sucker; WE-walleye




~Table 2. "Results of sampling ponds and reservoirs, 1981-1982

Length Range

Weight Range

No. of No. of Inches Pounds

Pond (Year) Nets Species Fish (Average) (Average)
Benes Pond  (1982) 1 0 0 - --
Berg Res. (1981) 1 Rb 36 6.2-15.7(11.3) 0.09-1.48(0.67)
‘ Eb 6 9.2-12.8(11.0) 0.30-0.78(0.58]
Box Elder Res.(1981) 1 Rb 10 8.5-10.5( 9.6) 0.22-0.44(0.34)
Buffalo Wallow

(Upper) (1982) ~Rb 4 12.8-20.9(17.2) 1.22-4.60(2.79)
Buffalo Wallow '

(Lower) (1982) 1 0 0 - -
Carters Pond

(Lower) | 1 0 0 - -
Catfish Res. (1982) 1 0 0 -- -
East Fk. Res. (1981) 2 Rb 4 7.0- 8.3( 7.6) 0.08-0.19(0.14)

CSu 32 - -

o ‘ FSu 10 - ' -

Hanson Cr. Res(1982) 1 Rb 4 6.5-12.1(10.3) 0.10-0.63(0.45)
coT 4 -- --

Holland Res. (1982) 1 0 0 -- --
Johnston Res. (1982) 1 0 0 - -
Wolf Coulee

Res. (1982) 1 LMB 14.8-15.0(14.9) 1.66-1.92(1.79)

Species abbreviations:

Rb-rainbow trout; Eb-brook trout; CSu-white sucker;

FSu-Tongnose sucker; LMB-Targemouth bass; COT-mottled
sculpin.

Streams

Big Spring Creek - Flows in Big Spring Creek during the report period

were about normal during the first few months of 1982, although mountain
Heavy snow and rain during April, May and June
brought precipitation totals above average in most areas. Watershed dams

snow pack was below normal.

~filled and Big Spring Creek ran bank full for several weeks.

Erosion rates

and habitat destruction in the upper watershed were not too severe because
below average flows for several years had allowed vegetation in the riparian



zone to heal and federally funded (216) projects protected other areas.
Erosion rates and habitat destruction downstream from Lewistown were more
pronounced. High flows coupled with old channel alterations and unstable
banks contributed to the problem.

Erosion and other naturally occurring stream channel stabilization
processes are still very evident throughout much of the Tresch-County Farm
properties in spite of the extensive "216" projects completed in 1977.
Bedload movements and severe erosion around the ends of rip-rap sections
continues even at normal and below normal stream flows. Erosion and sedi-
mentation problems increase in severity as one proceeds downstream from
Lewistown. Habitat changes were monitored and documented with photos and
measurements. The photos are used to update the erosion slide series which
documents the effects of stream channelization.

Invertebrate bottom samples were collected at the nine established
stations located along Big Spring Creek and its tributaries and the results
are given in Table 3. The total number of invertebrates collected from all
the sampling sites in 1981 (4708) was less than half the total number col-
lected in 1980 (9488). This reduction is probably the result of scouring
action from extended high stream that occurred in 1981. It appears that
there is an inverse relationship between stream discharge and invertebrate
populations for that year. It appears that the flushing and scouring
action of extended high flows is the primary 1imiting factor for inverte-
brate populations in Big Spring Creek.

Trout population estimates were made in two sections of Big Spring
Creek during the fall of 1981. The results of population estimates for
1980 and 1981 are summarized in Table 4.

Because of a gradual decline in the rainbow trout population in Section
B, a study was initiated in 1979 to determine if the problem was related to
spawning success and recruitment. Twenty thousand 4-6 inch rainbow trout
were dye marked and planted in and near the section in 1979. Mark retention
proved to be a major problem with the study, so an additional twenty thousand
4-6 inch rainbow trout with the adipose fin clipped were planted in the
study section during July of 1981. Fin clipped fish should be much easier
to identify when making subsequent electrofishing trips over the next several
years of the study.

Rainbow trout estimates were up considerably in Section B when compared
to 1980 estimates but the 1981 estimates are made up primarily of hatchery
fish from age group I (94%). The number of fish from the estimates in age
group IT and III are about the same for both years. As in 1980, we again
saw a significant increase in the number of fish in age group III over the
previous years estimates, indicating possible movement of fish from other
areas of the stream into the section. The number of fish IV and older
declined 57% from 1980 to 1981, indicating that these older fish are possibly
being harvested by fishermen. Recruitment into the population of hatchery
fish from the 1979 plant appears to be Tow.
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Summary of trout population estimates for Big Spring Creek, late

Table 4.
August, 1980 and 1981
Rainbow Trout Brown Trout
Section Year No. Weight (1bs.) No. Weight (1bs.)
B 1980 495 382 95 178
B 1981 5598 787 73 166
D _ 1980 1577 1099 559 449
D 1981 2311 10717 438 386
Age ' Rainbow Trout Age Brown Trout
Section (Year) Group No. Size Range Group No. Size Range
B 1980 I 84 5.8-12.4 111 7  14.3-15.7
| 11 147 10.5-12.8 IV 35  15.0-17.0
ITI 196 12.2-13.7 V + older 53 16.4-19.5
IV + older 68 13.4-16.5 :
D 1980 I 662 -5.0-10.0 I 208 5.0-11.0
II 159 9.8-12.4 I1 201 9.8-13.9
ITI 366 - 11.8-14.4 I1I 63 13.8-15.4
IV + older 390 13.5-17.6 IV + older 87 15.1-19.6
B 1981 I 5229 5.0-10.4 I1I 13 13.9-16.0
II 136 10.0-13.0 IV + older 58 15.8-20.8
111 202 12.1-14.7 '
IV + older 29 14.5-16.8
D 1981 I 1343 5.0-10.1 I 14 5.5- 9.4
IT 449 9.6-12.8 II 173 9.5-12.8
IT1 259 12.6-14.9 111 112 12.2-14.9
IV + older 259 14.3-18.1 IV + older 111 14.1-24.0




10

Brown trout numbers declined by 25% between 1980 and 1981 but the
total number of fish involved is rather small (24). No young-of-the-year
or yearling brown trout were taken, indicating continuing problems with
spawning success and recruitment within this section of stream.

Rainbow and brown trout population estimates in Section D were up 47%
and down 22%, respectively, when compared to 1980 figures. Total weight
estimates for rainbow trout declined slightly indicating a decline in the
average size of the rainbows in the section. This also appears in the age
structure of the population, with major increases in age group I (101%)
and II (182%) and declines in age group III (29%) and IV and older (33%).
Harvest is .considered to be relatively light within this section, so move-
ment probably accounts for much of this change. Most of the decline in
brown trout numbers is from age group I, indicating poor recruitment from
the 1979 fall spawning season. The combined total trout population esti-
mates within this section is the highest it has been since the project
was initiated.

Warm Spring Creek - A two and one half mile section of Warm Spring
Creek was electrofished in August, 1981 as part of a continuing study to
inventory and sample water located within the project area. Table 5
summarizes the findings of this survey. The primary purpose of this pro-
ject was to check on the success of three smallmouth bass introductions
into the stream. Fishermen regularly reported taking the species from
several locations along the stream. No smallmouth bass were sampled with-
in the section but plans for 1982 include additional electrofishing further
upstream where habitat is much more stable and appears to be better suited
for the species. A number of small rainbow trout were sampled, leading to
the theory that some successful natural reproduction may be occurring within
the stream. A few larger brown trout were sampled. The complete absence
of small brown trout indicates that adult fish are probably moving up into
Warm Spring Creek from the Judith River.

Table 5. Summary of electrofishing results from a section of Warm Spring
Creek, August 26, 1981

Barney 'section (2% Miles)

Salmonid Length Range Weight Range
Species Number (Average) (Average)
Rb 139 3.9-12.7( 8.0) 0.03-0.73(0.24)

LL 6 14.5-19.7(16.8) 1.21-2.95(1.80)




11

Louse Creek - A short section of stream on Louse Creek was electrofished.
This work is part of a continuing study to inventory and sample waters located
within the project area. Sampling captured 26 brook trout ranging in length
from 5.0 to 11.0 inches in length. '

Lost Fork - Erosion transects were measured along the Lost Fork of the
Judith River during 1982 and photos were taken at established photo points.
Bank erosion at all three transect locations was insignificant.

Stream Habitat Preservation Activities

During fiscal year 1981, ten "310" projects were inspected and processed.
A summary of these activities is given in Table 6.

Aquatic Life Flow Requirements

To determine flow requirments for maintaining aquatic 1ife in Big
Spring Creek was an objective in Job Progress Report F-5-R-30, Job I-b.
Computer data was not received in time to include the findings in that
report. The data was analyzed and is included in this report.

The Montana Department of Fish, Wildlife and Parks under provisions
of an act passed by the 1969 Montana Legislature, filed for instream water
rights for the purposes of maintaining aquatic life in the 31-mile length
of Big Spring Creek from the mouth to the State Fish Hatchery. The DFWP
filed on December 21, 1970 for the amounts following:

C.F.S.
Reach 1 - Mouth to Mouth of Cottonwood Creek 150
Reach 2 - Mouth of Cottonwood Creek to State Fish 120

Hatchery

Much of Big Spring Creek is classified as a high priority fishery
resource in recognition of its high recreational values. Big Spring Creek
is the largest spring fed stream in Montana and the stable year round flows
have contributed greatly to the excellent fishery. For its size, the stream
is rated as one of Montana's finest fishing waters.

Recent advances in the development of instream flow methodologies and
river electrofishing techniques have enabled the DFWP to more accurately
define those flows needed to maintain the high quality trout fishery of
Big Spring Creek at the existing level. The wetted perimeter inflection
point method (WETP) was applied to two riffle areas along the stream, one
section immediately downstream from the mouth of Cottonwood Creek (T1e6N,
R];E, Sec. 28) and one section upstream from Lewistown (T15N, R18E, Sec.
25).

In the section below Cottonwood Creek, the WETP program was calibrated
to field data collected at flows of 159, 385 and 564 cfs. The inflection
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point of the wetted perimeter-discharge re1ationship (Figure 1) occurs at
‘a flow of about 110 cfs. The inflection point shows up at the same flow
on a riffle composite curve and on a riffle-run-hole composite curve.

The WETP program was calibrated to field data collected at flows of
131, 217 and 314 cfs in the section above Lewistown. The inflection points
on the wetted perimeter-discharge relationship (Figure 2) occurs at a flow
of about 110 cfs.

The WETP method revealed that a flow of 110 cfs ycar round is needed to
maintain the high quality wild trout fishery at the existing level. This
110 cfs flow represents the base flow of record measured below the Big Spring
plus the average flows of Castle Creek and Hanson Creek, both small tribu-
taries. Additional water flowing into Big Spring Creek from the East Fork
of Big Spring Creek and from other tributaries nearly doubles the flow
recorded near the Big Spring.

The final claim amounts to 79,617 acre-feet of water per year or about
56 percent of the annual flow that was recorded below the mouth of Cottonwood
Creek in 1968. This final claim amounts to a net reduction of 36,190 acre-
feet from the original instream filing made on December 21, 1970.
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Figure 1. Wetted Perimeter-discharge relationship for Big Spring Creek below
Mouth of Cottonwood Creek (T16N, R17E, $28)
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Wetted Perimeter-discharge relationship for Big Spring Creek above
Lewistown (T15N, RT18E, S25)



LITERATURE CITED

Nelson, F.A. 1980. Guidelines for using the Wetted Perimeter (WETP)
Computer Program of the Montana Department of Fish, Wildlife and
Parks. Montana Department of Fish, Wildlife and Parks, 8695 Huffine
Lane, Bozeman, MT 59715. 12 pp.

Vincent, Richard. 1971. River Electrofishing and Fish Population
Estimates. Progressive Fish-Culturist, Volume 33, No. 3. pp.
163-169. :

Vincent, Richard. 1974. Addendum to River Electrofishing and Fish
Population Estimates, Progressive Fish-Culturist, Volume 36, No. 3,
pp. 182.

Prepared By: Michiel D. Poore

Date: January 27, 1983

16



Code Numbers of Waters referred to'in this report are:

16-0300 Big Spring Creek Sec. 01

16-0310 Big Spring Creek Sec. 02
16-2140 Lost Fork Judith River

16-2160 _ Louse Creek

16-3920 Warm Spring Creek

16-4300 Ackley Lake

16-4463 Benes Reservoir

16-6420 Carters Pond (Lower)

16-4950 East Fork Spring Creek Reservoir
16-5535 Hanson Creek Reservoir

17-9616 Smith River Reservoir

18-7180 Berg Reservoir

18-7220 Box Elder Reservoir

18-7340 Buffalo Wallow Reservoir (Upper)
18-7341 Buffalo Wallow Reservoir (Lower)
18-7395 Catfish Reservoir

18-7750 Bair Reservoir

18-7840 Holland Reservoir

18-8380 Martinsdale Reservoir

18-8720 Petrolia Reservoir

18-9440 War Horse Reservoir

18-9500 Yellow Water Reservoir
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