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ABSTRACT

A fish and wildlife inventory and planning study was conducted
along the middle Missouri River from 1 October 1975 through 1 Janu-
ary 1980. Big game found in the study area include mule deer, white-
tailed deer, antelope, elk and mountain sheep. Game birds present
are sage grouse, sharp-tailed grouse, Hungarian partridge, ring-
necked pheasants, turkeys and waterfowl. Yearlong observations of
all species of game were recorded. Mule deer, antelope, mountain
sheep and sage grouse winter ranges were delineated during average
and extremely severe winters. Mule deer classification and winter
range densities and summer antelope population surveys were made.
Known sage grouse and sharp-tailed grouse breeding grounds were
surveyed. Previously unknown sage grouse and sharp-tailed grouse
breeding grounds were located and surveyed. Primary pheasant habi-
tat was mapped, pheasant winter sexXx ratios were taken and Hungarian
partridge winter covey size was recorded. Upland game bird and
waterfowl brood data were collected. Canada goose breeding popu-
lations and nest surveys were made. Harvest and production figures
for some big game and game birds are presented. Other birds and
mammals are discussed. State and federal land parcels important to
wildlife are identified. Major existing and potential environmental
problems affecting the wildlife resource are discussed. Major prob-
lems are livestock overgrazing, brush eradication, weed eradication,
0il and gas development and dam construction.

GENERAL INTRODUCTION

Fish and game resource planning has been, and continues to
be, an important phase of the fish and game managers' work. How-
ever, the constant pressure of day-to-day management consumes most
of their time. The intensity of individual fish and game problems
also varies from place to place in a management area. Consequently,
managers have not been able to develop complete inventories of
either wildlife or wildlife habitat in a common area.

This project is a comprehensive inventory of the fish and
game resources 1in the study area, from which plans for management
of these resources can be formulated. This report consists of
two sections: (1) Fisheries, and (2) Big Game and Upland Game Birds.

DESCRIPTION OF THE STUDY AREA
Eocation

The middle Missouri River project area is located in north-
central Montana (Figure 1). The western boundary of the study area
originates at Morony Dam on the Missouri River approximately 8 miles
northeast of Great Falls, Montana. The study area continues north-
eastward, then southeastward and then eastward, following the
course of the Missouri River for about 184 miles and taking in the



- Map of middle Missouri River drainage in Montana.

Figure 1
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adjacent river breaks and uplands. The eastern boundary ends in

the vicinity of the Robinson Bridge crossing of the Missouri
River. ‘

The Marias River from the north, including its tributary the
Teton River, and the Judith River from the south are the principal
tributaries entering the Missouri River in the study area. Other
tributary drainages entering the Missouri River from the north in
this area include: Little Sandy., Eagle, Chips, Birch, Bullwhacker
and Cow creeks. Belt, Highwood, Sshonkin, Arrow, Dog, Two Calf
and Armells creeks enter from the south.

The study area includes portions of Chouteau, Cascade, Fergus,
Blaine and Phillips counties.

Physiography

The greater part of the study area lies in the glaciated por-
tion of the Great Plains. It is characterized by broad, rolling-
to-broken divides sloping gently toward the Missouri River. The
Missouri River flows through a relatively deep valley varying from
500-1,000 feet below the average elevation of the adjacent plains.
The soils are extremely unstable and erosion and tributary drain-
age have produced highly dissected, rough terrain, resulting in
spectacular, varied, and scenic badlands and breaks ranging from
7-10 miles in width immediately adjacent to the river valley along
both sides of the Missouri River, and of lesser width along tribu-
tary streams. This greatly eroded section of the region is com-
monly known as the Missouri River Breaks (Department of the In-
terior 1975). '

Climate

The climate is semi-arid. It is marked by wide seasonal fluc-—
tuations in precipitation and temperature, by recurring drought,
a relatively short growing season, 120-135 days, and a high pro-
portion of sunny days. Precipitation averages about 13.5 inches
annually, and more than 70 percent occurs between March 1 and Sep-
tember 1. BAbout 7 inches of the annual total falls during the
months of May, June and July. Summer temperatures are moderate,
usually hot in the daytime and cool at night. Fall months are
generally open and dry. Very little snow falls before October.
Winters are cold, with light to moderate snowfall (about 40 inches)
occurring over an average season. Low temperatures are frequently
dispelled by moderating winds known as "chinooks ." The Missouri
River below Fort Benton is usually frozen over by December and
does not thaw until April (Department of Interior 1975).

puring the report period, the study area experienced two ex-
tremely severe winters, 1977-78 and 1978-79. Since these winters
had a major influence on wildlife, the following description of



the two winters is presented, The winter of 1977-78 was one of the
most severe in the past 100 vyears and it will be remembered pri-
marily for its deep snow and length of time that this snow re~
mained on the ground. The following weather data were obtained
primarily from the data collected at the Roy 8NE, official U.S.
Weather Bureau station, about 12 miles south of the eastern end
of the study area (U.S. Dept. of Commerce 1977-78). Temperatures
were not extremely severe; however, they were still below normal
for four continuous months (November through February). Snowfall
commenced on November 19, 1977 and for the next 128 days (until
March 27, 1978) snow was recorded covering the ground. Snow
depths averaged about 6 inches in November and increased to 19
inches during the first two weeks of December. Snow levels
dropped to 2 inches for 1 week and then increased to 20 inches on
December 31. From December 31 through March 25 (85 days), there
were 20 or more inches of Snow on the ground. From January 8
through March 21 (72 days), there were 30 or more inches of snow
on the ground. From January 27 through March 16 (49 days), there
were 36 inches or more and from February 11-20 (10 days), there
were 50 or more inches of Snow on the ground. On February 19, the
maximum snow depth of the winter, 56 inches, was recorded.

The winter of 1978-79 was another severe winter, and accord-
ing to the U.S. Weather Bureau, it was the first time since
record keeping was started that Montana experienced two severe
winters back-to-back. The following weather data were obtained
primarily from the Roy 8NE, U.S. Weather Bureau station, U.S.
Department of Commerce 1978-79. The 1978-79 winter started No-
vember 9, 1978, 10 days earlier than the 1977-78 winter. It had
much deeper snow depths in November and December than the 1977-78
winter; however, during January, February and March the snow

1977-78 winter. Snow depths during the 1978-79 winter reached

18 inches in November, increased to 26 inches by mid-December,
dropped to 18 inches by December 31 and increased to 30 inches in
January. In February, snow depths varied between 23 and 31 inches
and by the second week of March they dropped to 10 inches. The
major thrust of both winters was over about the same time, the
third week in March; however, during the 1978-79 winter, below
average temperatures and above average precipitation in April

kept snow on the ground until April 25. The result was 167 con-
tinuous days with snow recorded on the ground at Roy, while the
1977-78 winter had only 128 days. The 1978-79 winter recorded

20 or more inches of snow on the ground for 65 Straight days,
January 2 - March 7. Between January 23 and March 4, snow depths
reached 29 or more inches on 30 days. Maximum snow depth was 31
inches, recorded on February 14, and it remained at that level for
11 straight days. Temperature averages were below normal for

4 months (November through February) in the 1978-79 winter, the
same as 1977-78; however, the 1978~79 winter was colder each
month, November through February, than the 1977-78 winter.



Soils

Seven
area. The
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Vegetation

Payne
study area

soil associations (Figures 2 and 3) occur in the study
following is a brief description of each (Southard

Badlands. Dominantly rough, gullied land along maijor
streams, principally the Missouri River Breaks. They
are used primarily for grazing.

Bearpaw-Sprole-Vida Association. These are dark,
moderately fine-textured soils on continental glacial
till. The compact substratum in many places may re-
strict root and water penetration. They are used pri-
marily for grain and hay production.

pDanvers-Judith-Utica Association. These are dark,
medium-textured soils underlain by gravel. They are
used principally for small grain production.

Joplin-Scobey Association. These are soils on glacial
till. They occur on the undulating glacial till plain
of northern Montana and are used mainly for grain pro-
duction.

Lismas-Pierre. These are clay soils over shale and the
Pierre soils are deeper than the Lismas soils. They
are used mainly for range.

Spring Creek-Blaine-Woodhurst Association. This asso-
ciation is confined to the Bearpaw Mountains. It is
associated with the igneous rocks that form the high-
lands and is used for range and timber production.

Spring Creek-Cowood Association. This association is
confined to the Highwood mountains and is used for
small grain, range and timber production.

(1973) describes six vegetative rangeland types in the
(Figures 4 and 5). They are the foothill grassland,

northern grassland, Teton River-Judith Basin grassland, central

grassland,

Missouri Breaks scrub pine and undifferentiated stream

and lake bottoms. The following is a brief description of each

type.
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Foothills Grassland

This type is restricted to the southwestern edge of the study
area. It consists of rolling foothills that are along the base of
the Highwood Mountains. This distinguishing features of the
type are the admixture of plains and mountain species and the
predominance of wheatgrasses (bluebunch and western) and fescues
(Idaho and sheep). Other common species are service berry, choke~
cherry, snowberry, rose, western yarrow, clubmoss and phlox.

Northern Grassland

This type is primarily restricted to the western half of the
study area north of the Missouri River. It consists of glaciated
and rolling plains. Common sSpecies are blue grama, western wheat~
drass, dryland sedges, blue grasses, prairie junegrass, clubmoss
and fringed sagewort.

Teton River-Judith Basin Grassland

This type is primarily located in the western half of the
study area south of the Missouri River and on both sides of the
Judith River. It is a gently sloping to rolling grassland with
large amounts of sandberg bluegrass, prairie junegrass and lesser
amounts of bluebunch wheatgrass, needleleaf sedge and threadleaf
sedge. Much of the better land has been broken for grain produc-
tion and is very productive.

Central Grassland

This type is commonly found on the high plains adjacent to
the Breaks in the eastern half of the study area. The distinguish-
ing feature is the general prevalence of big sagebrush in minor
quantities throughout this type. The sagebrush assumes dominance
in some local situations, while in others it fades out almost com-
pletely. Some other common species are plains prickly pear,
silver sagebrush, fringed sagewort, sandberg bluegrass, green
needlegrass, bluebunch wheatgrass, phlox, wild buckwheat, scarlet
globemallow and sedges. Western wheatgrass is abundant on the
heavier soils such as those occurring in northern Fergus County.

Missouri Breaks Scrub Pine

This type is found along the steep breaks and rough and roll-
ing land of the Missouri River and its tributaries throughout the
eastern two-thirds of the study area. The distinguishing feature
of this type is the wild, rugged topography. Cliffs, deep~cut
canyons and large rock outcrops are common. A distinguishing
grass species is plains muhly. Other common species are bluebunch
wheatgrass, blue grama, western wheatgrass, little blue-stem,
sandberg bluegrass, threadleaf sedge, phlox, wild buckwheat, sage-

brush, rabbitbrush, yucca, plains prickly pear, ponderosa pine and
juniper,

10



Undifferentiated Stream and Lake Bottoms

This type is found along the Missouri River and Arrow
Creek. The distinguishing species along the Missouri River
are willow and cottonwood. Other common species are rose,
big sagebrush, silver sagebrush, rabbitbrush, common snow-
berry, silver buffaloberry, western wheatgrass, bluegrass,
cheatgrass brome, needle-and-thread, blue grama, saltgrass,
lambsquarter goosefoot, sunflower, stickseed and plantain.
Much of this type is overgrazed, and a large portion of the
best land has been withdrawn for farming.

History and Land Use

Man has left evidence of his presence in the study area since
the paleo Indian inhabitation of North America. Indian tribes
used this area for hunting grounds for centuries and had exclusive
use of it until the white man arrived. Lewis and Clark's explora-
tory trip up the Missouri River in 1805-1806 gave the first impor-
tant record of the area. The country remained relatively unchanged
until the 1860's as trappers and traders, exploiting the rich fur
trade, were the only white men residing in the area. The Missouri
River was used as their highway and it became more important as a
transportation route when heavy immigration to Montana came with
the discovery of gold in the 1860's. The cattleman also arrived
in the 1860's and became a dominant force in the development of
the territory when the mines became exhausted. In the 1880's
farmers began to arrive and take up homesteads. The Missouri
River died out as a major transportation route when the railroads
arrived. The study area changed rapidly during the close of the
1800's and the beginning of the 1900's as more farmers arrived and
began farming the native grasslands. Livestock raising continued
to be the dominant land use practice on lands that were deemed un-
suitable for farming. The changes in the 1900's in the western
half of the study area can best be compared with that of Chouteau
County. In 1925, 411,661 acres of land were cultivated in Chouteau
County (Figure 6). By 1967, Chouteau County, which is predomi-
nantly private land, Table 1, had 1,102,263 acres of land classi-
fied as cropland (Table 1). Since 1967 more rangeland has been
converted into cropland and now dryland farming has taken in most
of the plains and divides (Figure 7). The eastern half of the
study area is different, as it is predominantly public land. Here,
livestock grazing has remained the primary land use on both public
and private lands. However, each year farming continues to ex-
pand as more rangeland is converted to cropland. In summary, in
the past 100 years the land use of the study area has changed from
undisturbed native grassland prairies and rough breaks, which
supported large wildlife populations, to an area of intensive
small grain agriculture on the prairies and intensive livestock
grazing in the rough rangelands and which now supports much less
wildlife.

11



Table 1. Chouteau County land use and ownership.

Landownership Acres Percent
Private 2,059,844 82.1
State 267,698 10.7
Federal 145,919 5.8
Urban 27,839 1.1
Water 7,500 0.3
Total 2,508,800
Land Use (Except Federal)
Cropland 1,102,263 47.4
Rangeland 1,154,266 49.6
Woodland 24,359 1.0
Tame pasture 31,529 1.4
Other 15,125 0.6
Total 2,327,542

Land Use Chouteau Co, 1925
FARML AND
FARMING - GRAZING
GRAZING - FORAGE
GRAZING

NONTILLABLE GRAZING

ZRNDED

IRRIGATED

Figure 6. Chouteau County land use 1925,

12



v

Lond Use Cheuteau Co. 1974

cropland

Chouteau County land use 1974.

Figure 7.
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BIG GAME & UPLAND GAMEg BIRD INVENTORY & PLAN
INTRODUCTION

into two segments with a biologist assigned to study both the
big game and upland game in each segment (Figure 8). This was
much more practical than having one biologist responsible for
only big game throughout the entire study area and one biologist
responsible for the upland game. The following presentation is
the combination of both biologists' research:

The Middle Missouri River study area Supports an excellent
big game population and provides Yearlong habitat for large num-
bers of mule deer (Odocoileus hemionus) ang antelope (Antilocapra
americana). A few white~tailed deer (Odocoileus virginianus),
elk (Cervus canadensis) and bighorn sheep (Ovis canadensis) are
also present. The study area contains substantial populations of
sadge grouse (Centrocercus urophasianus), 3harp~tai1ed grouse
(Pedioecetes phasianellus), ring-necked Pheasants (Phasianus
Colchicus) and Hungariaﬁwpartridge (Perdi§ pPerdix). Numerous
ducks and Canada Jeese (Branta canadensis) are distributed through-
out the study area.

Mule deer and antelope are widely distributed throughout the
study area. White-tailed deer are found pPrimarily associated with
the Missouri River and Judith River bottoms. E1lk and bighorn
sheep are found only in the Missouri River Breaks in the extreme
eastern end of the study area. Sharp-tailegd grouse and Hungarian
partridge are widely distributed throughout the study area. Sage
grouse are distributed throughout the sagebrush-grasslang vege-~
tation type in the study area. Pheasants are Primarily found in
the brushy river and Creek bottoms, especially when these bottoms
are located adjacent to small grain agriculture. Waterfowl are
primarily associated with the Missouri River, Marias River,
Judith River andg many of the lakes, ponds ang reservoirs found
throughout the study area. The study area also Supports numerous
Other animals and birds.

Various problems affect or could affect the wildlife resource
on the study area. Some of the most serious problems now are the
land use practices: livestock Overgrazing, brush eradication and
weed eradication. Potential problems are dam building and ex-

pPanded o0il and gas exploration. A]l]l of the above are discussed
throughout the report.

Critical wildlife habitat is found on both private and public
lands throughout the study area. To help with the management of
the wildlife resource on public lands, many parcels of public land
which are important to wildlife are identified in this report.
Recommendations which will be of benefit to the wildlife rescurce
are presented at the end of this report,

14
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Although figures are not available, numerous hunters and
other recreationists spend significant numbers of mandays in the
study area pursuing their hobbies. These people have a signifi-
cant economic impact on the communities within and immediately
adjacent to the study area.

OBJECTIVES

The objectives of this Study are to determine the extent and
location of wildlife habitat, to ascertain the status, distribuy-
tion, composition and critical use areas (such as winter ranges)
of the wildlife Present and to obtain information on breeding popu-
lations, pProductivity and hunter utilization. 1In conjunction with
these objectives, specific problems affecting wildlife are to be
delineated and possible solutions to these problems are to be
formulated. Within the range of this study, all of the above ob-
jectives were reached.

TECHNIQUES

Wildlife observations were made from the ground by using a
vehicle and afoot, from the air by using a fixed-wing aircraft or
helicopter and on the rivers by floating in a canoe. Binoculars
and spotting Scope were used as an aid for wildlife observations
and classifications. Observation data were recorded when pos-
sible as to date, Species, sex, age, location, climatic conditions,
slope, exposure, vegetation type and topography. Data were tran-
Scribed from fielgq forms to Unisort cards to facilitate analysis.

Information was Ssummarized Seasonally.

Sage grouse and sharp-tailed grouse breeding grounds were lo-
cated in the spring by driving around the area and looking and
listening for birds and by flying with a fixed-wing airplane over
potential breeding ground sites. To determine pheasant densities
-a 12-mile long pheasant crowing count route with 12 stops, each
a mile apart, was Set up. The observer stops at each stop, re-

peats'the pProcedure. Vegetation along the pheasant crowing route
and elght ppland game bird production routes was typed at
1/10-mile 1nteryals. Game bird production data were gathered by

16



FINDINGS
Mule Deer

Western Segment

Mule deer are the most numerous and widespread of the three
big game species found in the study area. During the course of
the project, observations were made on a total of 2,970 mule deer,
with many of these observations during the critical winter periods.

Distribution

While mule deer can generally be found seasonally throughout
the study area, they are primarily associated with the Missouri
River, Teton River, Marias River, and Arrow Creek breaks and
their associated tributaries. They can also be found in the
foothills of the Highwood and Bearpaw mountains. The Missouri
River Breaks and its tributaries form the major habitat for this
species. Figure 9 presents the general winter distribution of
this species and the critical winter range. The critical winter
range was determined by observations during two severe winters
(1977-78 and 1978-79) when deep snows and extreme temperatures
greatly restricted deer movements. During these extreme condi-
tions, deer made much greater use of the rugged sagebrush breaks
along the Missouri and Marias rivers as well as the major tribu-
taries, such as Arrow Creek. In more mild winters (1975-76 and
1976-77), deer were found wintering in Rowe and Crow coulees with
their open terrain and gradual topography.

In the 1977 progress report, data on seasonal use of vegeta-
tion, slope, exposure, and topography were reported. From these
data, it was found that mule deer are most limited in distribu-
tion and habitat use during the winter. In winter they are found
in the sagebrush-grassland vegetation types on the sidehills and
ridges of the river, tributary streams and coulee breaks. Here
on south facing and wind blown slopes, they find available forage
and protection from the elements. In the spring there is a gen-
eral movement out of these rugged breaks into the surrounding
benchlands and creek bottoms. The greatest variety in use of
habitat is found at this time of year. In late summer and early
fall there is a further shift toward greater use of agricultural
and open habitat types. This expansion of seasonal range is fol-

lowed by a returned to the breaks-type habitat during late fall
and winter.

Mule deer used islands in the Missouri River for fawning.
Does were commonly found on islands with dense willow cover dur-
ing the month of June. When searches were conducted fawns were
usually present. These islands provide dense cover and security
from predators for the fawns, and along with other riparian areas,
appear to be a critical habitat component at this time of year.

17
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Population Characteristics

Figures of yearly production and population have been pre-
sented in annual progress reports. The mule deer population in
the study area has been increasing each year from a low in 1974.
Tables 2 and 3 present data on winter deer surveys on the Missouri
River, Marias River and the west side of Arrow Creek. Winter
aerial surveys were conducted along the Missouri River from Fort
Benton to the mouth of Arrow Creek for 4 years. The 1976 survey
recorded 114 mule deer, while in 1977, 122 mule deer were ob-
served. The 1979 survey was felt to be low due to poor snow
conditions at the time. A 1976 Wildlife Division survey of the
Missouri River Breaks from Morony Dam to Fort Benton found 467
mule deer. A recent survey, 1980, observed 906 mule deer in
this same reach.

Table 2. Mule Deer Winter Surveys - Missouri River.

Missouri River Adults Young Unclass. Total

Morony Dam

1976 100 74 97 271
Carter

1976 107 60 29 196
Fort Benton

1976 82 82

1977 21 13 34

1978 42 20 114 176

1979 21 12 77 110
Loma

1976 32 32

1977 40 25 65

1978 40 15 101 156

1979 74 30 52 156
Virgelle

1977 14 9 23

1978 85 36 159 280

1979 61 33 49 143

Arrow Creek
West side Arrow Cr.
Hiway=-80 to mouth
1978 148 61 127 336
1979 84 46 4 78 208
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Table 3. Winter Mule Deer Survey - Marias River, 1978.

Bucks  Does Fawns Total
Mouth to 33 226 139 398
Highway 80
to 1 15 9 25
Tiber Dam . - - .
Total 34 241 148 423

In 1978, a winter Survey of the Marias River breaks found
423 mule deer from the mouth to Tiber Dam. This population had
8 percent bucks, 57 percent does, and 35 pPercent fawns.

winter of 1978. The number of fawns/100 adults declined from
53.8 on January 13 (423 deer), to 43.5 on February 16 (806 deer)
to 37 on March 4 (202 deer), just prior to Spring break~up.
Average group size increased from 5.6 deer to 10.9 to 11.9, re-
spectively.

The western Segment of the Middle Missouri River Project
takes in part or all of five hunting districts (Figure 10).
They are 400, 404, 405, 471 and 610. Only two of these districts,
405 and 471, are totally within, or have a majority of their area
within, the Project boundaries. Table 5 presents average deer
harvest figures from hunter questionnaires for these two dis-
tricts from 1974 through 1977. From a low in 1974 the number of
deer harvested and number of hunters has generally increased with
some changing regulations and varying weather conditions. Hunter

On November 4, 1979 a hunter check station was Operated at
Fort Benton. Sixty-one hunting parties were contacted, with a
total of 157 hunters (2.6/party). a total of 25 mule deer (17
bucks, 8 does) was checked for a hunter success rate of 16 per-
cent. The mule deer ages were 2 fawns, 9 yearlings, and 14
adults,

20



Table 4. Winter production ratio - mule deer.

Adults Fawns Fawns /100 Adults
1977 75 47 64
1978 590 280 47
1979 240 121 50

Table 5. Number of deer harvested and hunters.

Aver. No. Aver.
_Hunters Harvest * Success
405
1974 31 23 74
1975 494 186 38
1976 1,077 399 37
1977 528 193 37
1978
471
1974 139 84 60
1975 739 293 40
1976 1,232 559 45
1977 870 331 33
1978

21
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Eastern Segment

Mule deer are the most abundant and widely distributed big
game animal on the study area. Confirming data were obtained by
numerous observations made during the entire study (Constan 1976,
1977, 1978 and Appendix Table 2). Mule deer are found associated
with all vegetation types present in the study area; however,
they appear to prefer the Missouri Breaks scrub-pine vegetation
type. Generally, mule deer in the study area are nonmigratory,
as they usually make only small seasonal movements. Mule deer
in the breaks habitat tend to disperse in the spring and summer
and concentrate at the heads of the drainages in the winter.

Deer in the nonbreaks areas also disperse in the spring and sum-
mer and then concentrate on rough sagebrush-grasslands or steep
wind-swept hillsides during winter.

Emphasis during the study was placed upon delineating mule
deer winter ranges. Winter ranges were identified during the
1975-76 and 76-77 winters and plotted. The winters of 1977-78
and 78-79 were extremely severe, SO they provided an opportunity
to identify areas where mule deer winter under severe weather
conditions. All winter ranges located, under average and severe
winter conditions, were plotted and are presented in Figure 11.

An intensive winter mule deer survey, by helicopter, was

made of the Birch Creek drainage in Hunting District 680,
Figure 12. Observations of 948 mule deer were obtained during
the flights on February 19 and 20, 1979. The approximately
222 square miles covered by the survey had a density of 4.3
mule deer per square mile. This breaks habitat density of 4.3
is higher than the densities of 3.0 and 3.5 that were found in
similar breaks habitat on the south side of the Missouri River
during the winters of 1976-77 and 1977-78, respectively.

Winter classification of 1,157 mule deer was made during
the report period (Table 6). The 1978-79 winter fawn/adult
ratios showed significant increases over the 1977-78 ratios and
were the highest obtained in Hunting Districts 410, 426 and 680
during the 4 years of this study. Overall, it appears that
mule deer reproduction and/or survival is on the increase in
the Missouri River Breaks.

Hunter harvest figures are presented in Table 7. The 1978
harvest in Hunting Districts 410 and 680 (see Appendix Figure 1)
decreased from the 1977 harvest and the harvest in Hunting Dis-
trict 426 remained about the same. Overall, the harvest of mule
deer has dropped drastically from 835 to 200 in H.D. 410 between
1975 and 1978 and from 325 to 186 in H.D. 680 between 1975 and
1978. Hunting District 426 has increased from 511-558 between
1975 and 1978. Data for the 1979 hunting season are not avail-
able; however, the overall harvest of mule deer will probably
increase in 1979, as mule deer were much more plentiful during
the 1979 hunting season.



Table 6. Winter mule deer classification by hunting district,

Hunting (Winter) No. Classification Fawn/adult
District Date Class. Adults Fawns ~_Ratio
410 1975-76 82 64 18 28/100
1976-77 160 122 38 31/100
1977-78 301 239 62 26/100
1978-79 501+* 278 223 80/100
417 1975-76 - - - -
1976-77 138 83 55 66/100
1977~-78 176 119 57 48/100
1978-79 48 32 16 50/100
426 1975~76 1,271 920 351 38/100
1976-77 376 256 120 47/100
1977-78 67 47 20 43/100
1978-79 263 151 112 74/100
680 1975-76 - - - -
1976-77 65 44 21 48/100
1977-78 224 160 64 40/100
1978-79 846 553 293 53/100

_.-.___—._-.—_-.-_—_,—_-.—._—_——-—_—.—..—

*Classifications by Ken Hamlin, Montana Dept. of Fish, Wildlife
and Parks, during Dec. 1978 and Jan. 1979 inp portion of 410
adjacent to study area.

Table 7. Total deer harvest from hunter questionaires 1975-1973.

Hunting Hunters Harvest Percent Hunter
District Year (point) (point) Success Days
410 1975 2,921 835 29 9,482
1976 : 1,235 397 32 4,145
1977 1,120 266 T 24 3,585
a 1978 932 200 21 2,633
426 1975 1,139 511 44 4,094
1976 980 405 41 3,125
1977 1,103 562 51 3,917
1978 1,055 558 53 3,324
680 : 1975 830 325 39 -
1976 614 220 36 1,678
1977 738 270 37 2,314
1978 619 186 30 1,836
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Mule deer habitat is affected by several major land use
practices. These are livestock overgrazing, brush destruction,
and weed eradication. Since winter range is key habitat, emphasis
should be placed upon protecting these lands from the above-
mentioned land use practices. The majority of mule deer winter
range is public land managed by the BLM (largest amount of winter
range involved), State and the U.S. Fish and Wildlife Service
(Charles M. Russell National Wildlife Range) . It should be the
primary responsibility of these land managers to manage these
lands in a manner which is beneficial to mule deer and other
wildlife present. Public land agencies and other wildlife man-
agers can determine what public lands are designated mule deer
winter range used under average winter conditions by consulting
Figure 11. A more detailed description can be obtained by con-
sulting previous Job Progress Reports (Constan 1976 and 1977).
Land managers can determine which of their lands are used as
mule deer winter range during severe winter conditions by check-
ing Figure 11 and Constan 1978, and by examining the following
list of public lands that are used as mule deer winter range
under severe winter conditions:

STATE - S 5,7,17,20,29, T22N, R15E; S 33,34, T23N, R1l6E;
s 15,16,27,34, T22N, R16E: S 15,16,36, T21N, RI16E;
$16,19,20, T22N, R18E; S 36, T22N, R22E; S 16,36,
T22N, R21E; S 36, T25N, R16E; S 16, T23N, R1l7E.

BLM - s 20,21,22,25,26,27,28,35, T25N, R16E; S 19,20,28,
29,30,31,32,33, T25N, R17E; S 1,2,11,12,13,24,
T24N, R16E; S 5,6,7,8,9,10,11,14,15,17,18,23,24,
25,26, T24N, R1l7E; S 4,5,7,8,9,19,20,21,29, 30,
T24N, R18E; S 1,3,4,5,8,9,10,12,13,14,17,18,20,21,
23,24,25, T23N, R17E; S 4,5,6,19,20,21,22,27,28,
29,30,33, T23N, RI18E; S 8,20,32, T22N, R15E;
$ 5,29, T21N, RI15E; S 15,21,22,28,31,32,33, 34,
T22N, R16E; S 3,4,9,10,11,13,14,21,22,23,24,25,
26,27,28,29,32,33,34,35, T21N, R16E; S6, T20N,
R17E; S 2,3,4,9,10,11, T20N, R16E; S 21,22,27,28,
29, T21N, R17E; S 19,20,22,23,26,27,29,30, T22N,
R17E; S 1,2,9,10,11,12,15,19,20,21,22, T22N, R18E;
S 26,27,34,35, T23N, R1BE; S 29,31,32, T23N, R22E;
S 2,4,5,8,9,10,11,12,13,14,19,20,23,24,25,28,29,30,
31,32,33,35, T22N, R22E; S 2,3,5,6,7,10,11, T21N,
R22E; S 15,21,22,24,34,35, T22N, R21E.

CMR - s 7,18,19, T22N, R23E.

White-tailed Deer

Western Segment

Distribution

White-tailed deer are the most limited in numbers and distri-
bution of the three big game species found in the study area.
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During the course of the Project, only 146 whitetails were ob—‘
Served, Figure 13 bresents the distribution of these observations

clated with the riparian river bottoms of cottonwood, willow,

rose spp., and agricultural vegetation types. Winter observations
find whitetails up on the grassland-sagebrush types on sidehills
and ridges of the river breaks. During periods of deep snow,

Population Characteristics

The white-tailea deer population showed a higher rate of
Productivity and/or fawn survival than the mule deer in the study
area. Spring 1976 Observations found a ratio of 78.¢ fawns/100
does (25 deer). In 1977 this figure was 114 fawns/100 does, 1978
was 90 fawns/100 does, and 1979 figures show 75 fawns/100 does.,

Whitetails have composed a small segment of the total deer
harvest. For district 405, they comprised approximately 13 per-
cent of the harvest from 1975 through 1977 ang 7 percent of the
harvest in district 471 (Table 5). "at the 1979 Fort Benton check
Station, only 1 white-taileq deer was taken out of a total of
26 deer.

found along the Missouri River from the Robinson Bridge upstream
for about ¢ miles and along the Judith River, Only an OCcasional
sighting was made elsewhere. Along the rivers, whitetails are
Primarily found in the riverbotton habitat; however, some use is
made of nearby rough, timbered breaks habitat. The riverbottomn
vegetation type, which consistg of large stands of willows ang
cottonwoods, numerous brush Species, hayfields and a large variety
of other riparian vegetation Species, provides good habitat for
these deer. The range use, food habits ang productivity of the
white-tailed deer along the Missouri River was studied by Allen
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made south of the study area in Hunting District 417. Classifi-
cation of these deer resulted in a ratio of 43 fawns per 100
adults. This low fawn/adult ratio can be attributed, at least
in part, to the extremely severe winter. Deer were observed
using haystacks as early as December 1, and dead fawns were ob-
served around haystacks before the end of December .

Most of the whitetail habitat along the Judith River is on
private lands, whereas all the habitat along the Missouri River
is within the Charles M. Russell National Wildlife Range. Live-
stock tend to concentrate along riverbottoms, and the resulting
overgrazing of the bottoms can harm whitetail habitat. Land use
practices which destroy brush species in these bottoms are also
very detrimental to whitetail habitat. All involved land mana-
gers should take extra precautions to prevent wildlife habitat
destruction on these riverbottom lands, as these are usually
Superior wildlife habitat.

Antelope

Western Segment

Distribution

Figure 14 presents the distribution of antelope observations.
A total of 711 antelope was Observed during the course of the
study. This species is generally found in small bands (10-20
animals) throughout the study area in the remaining native sage-
brush~grassland areas. The antelope is one species that has un-
doubtedly seen its numbers and range greatly reduced with the ad-
vent and expansion of dryland agriculture. Seasonal vegetation
use shows the importance of the native sagebrush and grassland
types with some spring and fall use of small grain areas. Ante-
lope are typically found in the plateau and coulee head areas
during most of the year, with a movement into the river breaks
during winter. The severe winter of 1977-78 found antelope con-
centrated along the Missouri River and Teton River breaks near
Fort Benton, the Arrow Creek breaks and the Birch Creek-Black
Coulee breaks. Here antelope are found wintering along with mule

deer, making particular use of the sagebrush sidehill and ridge
habitat types.

Population Characteristics

Table 8 presents data on seasonal antelope classifications
for the course of the Study. The average population structure
found was 11 percent bucks, 62 percent does and 26 percent fawns.
This would primarily represent postwinter populations. Varying

the number of fawns/100 does. The severe winter of 1977-78, how-
ever, recorded a 75 percent decline in the fawn/doe ratio. This
severe winter caused high antelope mortalities in the study area.
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Antelope Hunting Districts 473 on the south side of the
Missouri River and 610 on the north side (Figure 15) take in
most of the western segment of the study area. These hunting
districts incorporate greater areas than defined by the study
area boundaries, but it is felt they are representative of the
antelope populations in the study area. Table 9 presents data
on summer antelope surveys conducted by the State Wildlife Divi-
sion. The population structure for District 470 was 13 percent
bucks, 60 percent does, and 27 percent fawns. This district has
been subsequently divided into District 470 and 473.

Table 9. Summer Antelope Surveys (District 470 and 610).

Classification District
470 610

Year 1974 1966 1969 1972 1975 1978
Bucks 133
Does 598
Fawns 268

Total 999 181 220 309 119 162
No./sq mile .39 .20 .20 - - -
Bucks/100 does 22 49 46 - - -
Fawns/100 does 45 95 100 82 39 70
Fawns/100 adults 37 64 67 - - -

Data on antelope harvest for Districts 470 (old) and 610 are
presented in Table 10. Antelope harvest in District 470 (470 and
473) has averaged 164 antelope, with different regulations for the
3-year period. Hunter success averaged 58 percent. Following
the severe winter of 1977-78, the number of permits for this dis-
trict was greatly reduced (473). For District 610 the antelope
harvest averaged 76 antelope with 59 percent hunter success.
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Table 10. Antelope harvest (Districts 470 and 610).

Percent
No. Hunter Total
Year District Permits Success Harvest
1974 470 500 49.2 246
1975 470 500 60.0 247
1977 470 250 65.0 143
1975 610 150 49 65
1976 610 150 69 92
1977 610 150 58 71

Eastern Segment

Antelope are primarily distributed throughout the nonbreaks
portion of the study area; however, data gathered during the past
two severe winters revealed that antelope will use breaks habi-
tat for wintering when a winter reaches such severe proportions
that snow depths bury the sagebrush on their traditional winter
ranges. Antelope distribution was accomplished by obtaining
year-round observations (Constan 76, 77, 78 and Appendix Table
3).

Summer aerial surveys were made within the Hunting District
480 portion of the study area on July 25, 1978 and in Hunting
District 471, north of State Highway 81 on July 31, 1978. Obser-
vations on these flights were plotted in Figure 16. A total of
495 antelope was observed and classified as 239 does, 189 fawns
and 67 bucks in Hunting District 480. This total was 32 percent
more than the 376 antelope censused in the same area in 1977.
The fawn/doe ratio of 79 fawns per 100 does in 1978 was higher
than the ratio of 66/100 in 1977. A total of 235 antelope was
observed and classified in Hunting District 471. The 119 does,
93 fawns and 23 bucks resulted in a 78 fawns per 100 does ratio.

An important part of this study was the determination of
antelope winter range used under average winter conditions and
winter range used under severe winter conditions. These winter
ranges, were determined and plotted in Figure 17.
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Antelope winter ranges must be considered key habitat and
the public lands that make up parts of these winter ranges must
be classified as very important keys to these winter ranges.

The following is a list of public lands that are antelope winter
range under average winter conditions and under severe winter
conditions:

Winter Range - average winter conditions

State - S 8,9,10,15,16,18,20, T22N, R19E; S 1,4,9,10,11,
12,13,14,15,16, T22N, R20E; S 36, T23N, R20E;
S 16,20,21,22,27,28,29, T22N, RI5E; S 16, T20N,
R16E; S 36, T24N, R23E. ‘

BLM - S 24, T22N, R18E; S 9,18,19,20, T22N, R19E;
S 20,21,27,28,34, T22N, R15E; S 22,28,32,33, T21N,
R16E; S 3,4,5,8,9,17,18, T20N, R16E; s 30,31,32,
T24N, R24E; S 25,26,35, T24N, R23E; S 6,7, T23N,
R24E; 5 1,2,11,12,14, T23N, R23E; S 31, T23N,
R21E; S 34,35, T23N, R20E; S 6,7, T22N, R21E;
s 1,2,3,4,12,15, T22N, R20E.

Winter Range - severe winter conditions

State - S 15,16, T21IN, R16E; S 34, T23N, RI16E;
S 1,2, T22N, RI19E.

BLM - 5 17,22,26, T24N, R17E; S 4,5,7,8,9,17,18, T21N,
R15E; S 3,10, T21N, R16E; S 34, T23N, RI16E;
S 33,34, T23N, R20E; S 6, T22N, R21E; S 17, T21N,
R22E; S 14, T25N, R16E.

CMR* - S 27,28, T22N, R23E; S 18,19,30, T22N, R24E;
S 13,21,22,23,24, T22N, R23E.

*CMR = Charles M. Russell National Wildlife Range.

Since the above-mentioned lands are critical to the survival of
antelope, the involved land managers should key their land man-
agement to protect and enhance this wildlife resource.

The land use practice most detrimental to antelope on the
study area is the destruction of sagebrush. Under no circum-
stances should state or federal land managers allow sagebrush
eradication on antelope range, especially winter ranges. Over-
grazing is another land use practice that must be requlated on
public lands, as it has a negative impact on antelope. Since
antelope are a migratory big game animal, public land managers
should avoid the construction of antelope-tight fences which
prevent antelope from moving throughout their home range. This
can be extremely important during severe winters when antelope
may need to migrate longer distances to suitable wintering areas.
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Bighorn Sheep

Eastern Segment

A small bighorn sheep herd is found in the eastern end of
the study area and completely within the Charles M. Russell Wild-
life Range. This small bighorn population has remained rela-
tively stable during the study period, as the ewe population has
varied between 8 and 11 and the rams have dropped frofm 2 to 1
(1 winter-killed in the 1977-78 winter). Reproduction rates are
high, as numerous lambs have been observed each summer; however,
few lambs survive their first year. Only one lamb was recruited
in 1977, one or two lambs in 1978 and two lambs in 1979. All
jambs recruited were ewes. This bighorn population has not
changed much since the major die-off during the winter of
1971-72 when the population dropped from at least 90 to 23. It
is apparent that this sheep herd is barely holding on, and addi-
tional research should be done to pin-point the causes preventing
a population increase.

Observations during the 4-year study (Constan 1976, 77, 78
and Appendix Table 4) show that these bighorns spend most of the
year within approximately 3 square miles, N% S 30, N% S 29, Nk
S 28, S 20, S% S 19, T22N, R23E. During a severe winter, these
bighorns use only about 1 square mile of range, Figure 18, and
not much more during an average winter. This bighorn habitat is
being affected by several factors: (1) the rough breaks that
comprise the bighorns' range appears to have a minimum quantity
of vegetation, (2) the area used by the bighorns is quite small
in size, (3) there is substantial competition between livestock
and bighorns, and (4) elk are beginning to winter on the bighorn
winter range, and elk will compete directly with bighorns (Con-
stan 1972).

The Charles M. Russell National Wildlife Range is responsible
for the management of these bighorns. Their management plans
should include directives that will eliminate livestock grazing
on bighorn range and closely monitor elk use on the bighorn
winter range to protect the bighorns from excessive elk-bighorn
competition.

Elk

Eastern Segment

Throughout the 4-year study, only a few elk have been ob-
served within the study area. These observations have been re-
stricted to the extreme eastern end of the study area, and all
observations were made within the Charles M. Russell National
Wildlife Range (Constan 1976, 77, 78 and Appendix Table 5).
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The elk are found in the rough Missouri River Breaks and
along the Missouri River bottom. The dense willow stands and
cottonwood groves in the riverbottom are used for cover and the
nearby hay fields, bottoms and grass-covered hills are used for
feeding. Several islands in the Missouri River, Two Calf Island
being the most important, provide elk with maximum security,
cover and food and are, therefore, important elk habitat.

There appears to be a definite trend where these elk, which
were only occasionally observed in the study area, are now es-
tablished there on a yearlong basis. Numbers remain low, with
about 20-30 elk present at any one time.

The 1978-79 elk observations, Appendix Table 5, continue to
show that some elk are wintering on the bighorn sheep winter
range. Considering the plight of these bighorns (see section on
bighorn sheep), any elk use on the bighorn sheep winter range
would be detrimental to the sheep. Elk management programs on
the Charles M. Russell National Wildlife Range should include
plans to avoid any elk-bighorn competition for winter range.

The CMR should also be managed in a manner to preclude livestock
overgrazing of elk habitat in the riverbottom, on the islands
or on any other elk winter range.

Other Animals

Western Segment

Beaver

The beaver (Castor canadensis) is one of the primary fur-
bearers along the Missouri River and its tributaries. Other
sought-after species would include mink, muskrat, bobcat, and
coyote.

Beaver are found associated with the cottonwood-willow
riparian vegetation found on islands and river banks. For the
most part, they occupy bank burrows; however, a few lodges are
found in cut-off side channels. 1In these areas a few dams have
also been observed.

Tables 11 and 12 present beaver cache counts that have been
flown on the Missouri River and Marias River. For the last
7 years, an average of 42.8 caches have been located from Great
"Falls to Coal Banks Landing on the Missouri River. The 1979 and
1954 surveys were quite similar, with only the Loma to Coal
Banks reach down from 1954. Coal Banks to PN Ferry averaged
15 caches for the 2 years surveyed.

On the Marias River below Tiber Dam, an average of 33 caches

was located for the 6 years surveyed. Most caches were found on
the lower reach below Meissner Ranch.
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Table 11. Beaver cache counts - Missouri River.

Section 1954 1968 1969 1971 1972 1974 1976 1977 1979
Great Falls 9 7 6 4 5 1 4 8
Carter 14 7 6 3 4 2 5 14
Ft. Benton 28 18 15 15 7 3 14 26
Loma 35 36 23 21 17 3 5 21
Coal Banks 7 */ 23
PN Ferry 43 41 41 ?
Robinson
Bridge

Total 86 68 50 43 33 43 57 69

*not surveyed

Table 12. Beaver cache counts - Marias River.

Section 1968 1969 1971 1972 1975 1979
Loma 44 18 13 26 22 16
to
Meissner Ranch
to 4 3 9 22 14 7

Tiber Dam

Total 48 21 22 48 36 23
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Nongame Mammals, Reptiles and Amphibians

The Montana Department of Fish, Wildlife and Parks, through
its Nongame and Endangered Species Program, has designed a pri-
ority rating system to identify key nongame species. The criteria
for the rating system are species security level, public appeal
and economic and ecological impact of species range expansion
and/or increase in numbers. For the four counties (Cascade, Chou-
teau, Fergus and Blaine) which are partially taken in by the ,
middle Missouri River project, a list of 17 mammals, 3 reptiles
and 2 amphibians was compiled for species with high positive or
negative priority ratings. Table 13 presents this list of species
and their ratings. Not all of these species may be in the project
area, but the potential exists.

Table 13. Nongame species list.

Priority
Rating
. Mammals
Meriam shrew (Sorex merriami) 11.5
Dwarf shrew (Sorex nanus) 11.75
Preble shrew (Sorex preblei) 10.25
Long-legged bat (Myotis volans) 8.24
Townsend's bat (Plecotus townsendii) 6.25
Black-footed ferret (Mustela nigripes) 41.5 *
Least weasel (Mustela nivalis) 7.5
Wolverine (Gulo gulo) 20.0
Swift fox (Vulpes velox) ‘ 24.5
Wolf (Canis lupus) 27.5 *
Lynx (Lynx canadensis) - 17.5
Mountain phenacomy (Phenacomys intermedius) 5.75
- Sagebrush vole (Lagurus curtatus) 9.25
Black-tailed prairie dog (Cynomys ludovicianus) 6.0
Norway rat (Rattus norvegicus) -20.25
Desert cottontail (Sylvilagus auduboni) 11.25
Mountain cottontail (Sylvilagus nuttalli) 7.0
Reptiles

Snapping turtle (Chelydra serpentina) 8.5
Plains hognose snake (Heterodon nasicus) 8.25
Spiny softshell turtle (Trionyx spiniferus) 7.5

Amphibians
Spotted chorus frog (Pseudocris clarki) 4.0
Dokato toad (Bufo hemiophrys) 8.2

*Endangered species
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Eastern Segment

Emphasis during the study was placed upon the coyote and
beaver. Data were not obtained on other mammals or reptiles and
amphibians. (The Montana Department of Fish, Wildlife and Parks'
nongame and endangered species program designed a priority rating
system to identify key nongame species. A list of possible
species that may be on the study area is presented in Table 13.)
None of these species was observed during the study.

Coyotes are plentiful throughout the study area, and they
are the primary furbearer-predator that hunters and trappers
seek, as the price of their pelt remains high. Controversy con-
tinues to surround the coyote, as some people want to protect
them and other people want to eliminate them. Data obtained
during the study clearly show that large numbers of coyotes
(one local hunter took nearly 500 pelts in the 1978-79 winter)
are being harvested, and coyote populations continue to remain
at high levels. Hunters and trappers don't appear to be able to
substantially affect the coyote population.

The Montana Department of Fish, Wildlife and Parks initiated
two intensive research projects investigating coyotes in the
Missouri River Breaks adjacent to this study area. One project
studied the coyote and the other project focused on the coyote
and its effect on mule deer fawns. Current results can be found
in Montana Deer Studies, Montana Department of Fish, Wildlife
and Parks, 1976, 77, 78 and 79, Projects W-120-R-7, 8, 9 and 10,
respectively.

- Beaver are primarily found along the Judith and Missouri
rivers. The Missouri River islands, with their cottonwood-willow
vegetation, are the primary habitat used by beaver, as over half
the beaver caches counted were observed on islands (Table 14).

Aerial beaver cache counts have been conducted along the
Missouri River and Judith River by C. R. Watts, Montana Depart-
ment of Fish, Wildlife and Parks' biologist, during the period
1976-79 (Table 14). Numbers of beaver caches on both rivers
declined in 1978 and 1979. The severe winters of 1977-78 and

1978-79 appear to have had a detrimental effect upon beaver, as
dead beavers were observed after each winter.

‘ Thg mgjor threat to beaver would be dam building on the
Ml;sourl River. Wherever a dam is erected, the resulting reser-
VOolr would destroy beaver habitat.
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Table 14.

Beaver cache counts - Missouri and Judith rivers,

1974, 1976-1979.
Caches Counted
Location 1974 1976 1977 1978 1979
Missouri River
Judith River-

Stafford Ferry 5 (4)* 6 (4) 5 (4) 3 (1) 1 (0)
Stafford Ferry-

Power Plant 12 (5) 8 (7) 12 (8) 11 (7) 8 (5)
Power Plant-CMR 6 (4) 6 (5) 6 (5) 5 (4) 5 (4)
CMR-Robinson : ~

Bridge 20 (7) 21(10) 18 (9) 20(10) 8 (4)

Totals 43(20) 41(26) 41(26) 39(22) 22(13)
Judith River
Hobson-Spring Cr. 12 21 29 16 19
Spring Cr.-

Warm Springs Cr. 2 4 9 10 7
Warm Springs Cr.-

Dry Wolf Cr. 9 11 11 9 4
Dry Wolf Cr.-

‘Mouth 6 5 s 7 6

Totals 29 41 54 42 36

*Numbers in parentheses are caches on islands.
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Sage Grouse

Western Segment

Distribution

During the course of this study, 495 sage grouse were ob-
served. The distribution of these observations is presented in
Figure 19. The distribution of Sage grouse in the study area is
directly related to the availability of sagebrush habitat. Sage
grouse are the most restricted in numbers and distribution of the:
upland game birds. ‘This species, like the antelope, has seen
the greatest reduction in its historic habitat with the advent
of dryland small grain agriculture.

The primary habitat for this species in the study area is
found in the heads and divides between Birch Creek, Sand Creek
and Black Coulee on the north side of the Missouri River. 1In
this area, a native sagebrush-grassland vegetation type exists
and supports a significant population. Throughout the rest of
the study area, the Sage grouse has been reduced to essentially
Temnant populations where sagebrush has been left by farming
operations or has received a degree of protection by federal
ownership. However, these areas are being continually reduced
by land conversion programs. Reproducing populations exist on
the lower Teton and Marias river breaks, the Rattlesnake Coulee
drainage, the Missouri River Breaks near Virgelle, and the Arrow
Creek drainage. Sage grouse have been reported southeast of
Fort Benton along the Missouri Breaks. These populations, with
the exception of Arrow Creek, are quite limited in numbers and
available habitat. Habitat use data presented in 1977 showed
the importance of coulee and riverbottom areas of sagebrush-
grassland vegetation. A shift to small grain agricultural areas
was found in late summer and early fall. During severe winter
conditions these birds appear to make greater use of the steeper
sagebrush breaks.

Population Characteristics

Fivé Sage grouse strutting grounds were located during the
spring of 1976 between Birch Creek and Black Coulee. Table 15

’

15 in 1977, 15 in 1978, and 17 in 1979, Counts were not recorded
for three grounds in 1979 due to poor conditions on the date of
Observations.

Brood observations for the course of the study recorded an
average of 5.3 young per brood in 1976, 3.8 in 1977, and 4.0 in
1978. The low figures of 1977 and 1978 are considered low due to
limited observations.
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Table 15. Sage grouse strutting grounds.

Ground No. Males

No. 1976 1977 1978 1979 Location
1 48 18 29 30 S 26, T26N, RI16E
2 13 - 8 - S 9, T25N, R18E
3 16 15 - - S 35, T26N, RI16E
4 25 18 16 - S 11, T25N, R17E
5 14 9 7 4 S 15, T25N, RI17E

Table 16 presents data from the opening day upland game bird
check station operated for 5 years at Fort Benton. As can be
seen, sage grouse make up a small portion of the total harvest.
The sage grouse season south of the Missouri and Marias rivers
is closed.

Table 16. Fort Benton check station.

Year 1964 1965 1966 1967 1968
-~ Date 9/20 9/18 9/18 9/17 9/15
No. Hunters 86 46 81 103 85
Manhours 413 139 353 408 460
Sage Grouse

No. 5 0 0 3 41

% 5 0 0 3 26
Sharptails

No. 93 58 150 111 119

% 93 100 100 97 74
Total Birds 100 58 150 114 160
Hours/Bird 4.2 2.4 2.4 3.6 2.9
Birds/100 hunters 114 126 185 111 188
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Eastern Segment

Sage grouse and sagebrush are inseparable; thus, sage
grouse habitat is the same as the sagebrush-grassland vegetation
type. South of the Missouri River, sage grouse are mostly found
east of a north-south line that extends through Winifred. There
is a remnant population that occupies the west side of Arrow
Creek and the "Big Sage" area between the mouths of Arrow Creek
and the Judith River. North of the Missouri River, sage grouse
are found throughout the heads of all major drainages wherever
the sagebrush-grassland vegetation type occurs. Sage grouse dis-
tribution was documented through observations made during the
study (Constan 1976, 77, 78 and Appendix Table 6).

Primary emphasis during the study was placed upon locating
sage grouse wintering areas in the 1975-76 and 76-77 winters
and wintering areas used under the severe winter conditions of
the 1977-78 and 1978-79 winters. Data collected throughout the
study delineated sage grouse winter ranges used under average
winter conditions and under severe winter conditions (Figure 20).
A February 19 and 20, 1979 helicopter survey of the Birch Creek
drainage located numerous sage gdgrouse wintering sites, and these
findings are presented in Figure 21 to provide a more detailed
delineation of these sites.

puring spring 1979, several trips were made to census male
sage grouse on their strutting grounds. Poor observation condi-
tions and the earlier than usual movement of sage grouse off
their grounds before daylight, probably caused by the unusually
numerous raptors present, hindered the survey, and probably
caused counts that were too low. Sage grouse were counted on
8 grounds and a total of 186 cocks was observed (Table 17).
This total was 6 percent lower than the total in 1978 and 22

percent less than the 1977 total. Even though the numbers of
cocks counted in 1979 and 1978 were down from the 1977 count, the

fall sage grouse populations of 1978 and 1979 appeared to be
high, and at a higher level than the 1977 fall level.

During the 1978 summer, 2 broods were observed averaging
3.5 juveniles per brood. Region 4 sage grouse brood data for
1978 had an average brood size of 5.6 juveniles per brood.
Region 4 bird production ratios taken from fall wing analyses
showed that in 1978 there were 197 juveniles per 100 adults.
After 6 straight years of below-average production, the 1978
production was above the 1l7-year average of 193 juveniles.
This substantiates the observation that fall sage grouse popu-
lations in 1978 were higher than in 1977.

Hunter harvest was also up in 1978, as hunter harvest
questionnaire data estimated that 3,744 sage grouse were har-
vested in Fergus County. Harvest figures for 1977 and 1976 were
3,620 and 5,140, respectively. Data are not available for the
1979 harvest; however, it appears that this harvest will be
equal to or better than the 1978 harvest.
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Tab

le 17. Maximum numbers of male sage grouse observed on breed-
ing grounds, Winifred area, springs 1974-79,

Ground Designation & Location 1974 1975 1976 1977 1978 1979
1 State S16, T22N, R19E NC 67 77 66 34+ 35
2 S10, T22N, R19E 25Y 28 23 34 g1
5 S 8, T22N, RI19E 26 17 11 14 1
6 S 1, T22N, R20E 36 le = 22 22 33
7 Cutbank S33, T22N, RI19E 13 8 15 26 12 8
8 S27, T22N, R19E 11 14 0* 0* 0*
9 Taffy Cr S25, T22N, RI19E 0 7 NC 10 15 0
10 Knox Rdg S 8, T21IN, R21E 20 9 20 18 NC 24
11  Rose Cr $32, T2IN, R19E I3+ 22 Nc 482/ 1g 213/
12 S21, T21N, R19E 0 12 NC 11 0 0
14 Butcher S35&36,T21N,R19E 33+ 36 NC 7 NC 0
15 Suffolk S21, T20N, R19E 25+ 7 NC 45 0 23
AA S18, T22N, R21E 15 NC NC 0
cC SE% S21, T23N, R20E 7 NC ox*
DD SW% S31, T24N, R24E 26 NC 0
1/ Underlined in year ground first found and counted

Location of birds moved % mile north to S29, T21N, R19E

Location of birds returned % mile south to original
location - Sec 32, T21N, RI19E

Not Counted

Needs further inventory to make sure it is a permanent
ground
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As previously mentioned in Constan 1976, 77 and 78, the
primary land use practice detrimental to sage grouse is sage-
brush destruction. It is well documented that sage grouse can-
not exist without sagebrush, yet every year more sagebrush is
destroyed and the resulting sagebrush-free lands are planted to
small grain agriculture, hay or grasses. The major sage grouse
habitat east and northeast of Winifred is no exception. What
was once a large block of sagebrush-grassland is now a grain
agriculture with only small remnant blocks of sagebrush remain-
ing. In order to protect sagebrush, at this time when massive
amounts of privately owned sagebrush-covered land is being con-
verted into grain production, more sagebrush must be protected
on public lands. Sagebrush on Bureau of Land Management land
and on State lands must be protected and managed for its wild-
life values. During this study, the following State and BLM
lands have been identified as key lands for sage grouse, and
therefore the sagebrush on these lands must be protected.
These™lands are separated into areas used by sage grouse for
strutting grounds, winter ranges used under average winter con-
ditions and winter ranges used under severe winter conditions.
They are as follows:

Strutting Grounds

State - S 1, T22N, R20E; S 10, T22N, R19E; S 16, T22N,
R19E; S 36, T21N, RI19E.

BLM - S 8, T22N, R20E; S%S 33, T22N, RI19E; S 29 & 32,
T21N, RI19E.

Winter Ranges - average winter conditions

State - S 36, T21N, R19E; S 36, T23N, RI19E; S 9,10,11,
15,16,21, T22N, RI19E; S 25,26,27,28,33,34,35,36,
T22N, RI19E.

BLM - S 31, T23N, R20E; S 18, T22N, R20E; S 19,30, T22N,
R19E; S 5,21, T20N, RI19E; S 31, T21N, R20E;
s 29,30,31,32,33,35, T21N, RI19E.

Winter Ranges -~ severe winter conditions

State - S 16, T25N, R17E; S 16, T23N, R17E; S 36, T25N,
R16E; S 16, T21N, R15E; S 13,14,25,26, T22N, R21E;
S 1, T22N, R20E; S 16, T21N, RI19E.

BLM - s 7,8,12,3,2, T23N, R22E; S 5,6, T23N, R23E;
S 28,32, T21N, R1l6E; S 17, T21N, R15E; S 8,9, T22N,
R15E; S 25, T23N, R21E: S 17,30, T22N, RI19E;
S 25, T22N, RI1BE; S 26, T23N, R20E; S 19,30, T22N,
R22E; S 13,14, T22N, R21E; S 14,21,23,24,25, T25N,
R16E; S 4,10,11,14,20,21,31,32,33, T25N, R17E;
s 5,6,7,8,10,18,19, T24N, R17E; S 4,8,9,10,11,
14,15,21,23, T23N, R1l7E.

CMR - Charles M. Russell National Wildlife Range - 521,
T22N, R23E.



Sage grouse are also adversely affected by livestock overgrazing
and weed eradication programs. The Department of State Lands

and the BLM should prevent these practices on the above-mentioned
lands and any other lands used by sage grouse.

Sharp-tailed Grouse

Western Segment

Distribution

Sharp-tailed grouse observations totaled 1,087 for the
period of this project. The distribution of these observations
and spring dancing grounds are presented in Figure 22. The
sharptails are the most abundant of the native grouse found in
the study area. They are found throughout the study area where
native grassland vegetation still exists. They are primarily
associated with the river breaks and tributary coulees. Excellent
pPopulations are found in the foothill grasslands of the Highwood
Mountains. Seasonal habitat use data show an association of this
species with plateau and ridge grasslands during the spring, which
correlates with breeding season activity. A movement toward

Population Characteristics

During the course of the project, seven sharptail dancing
grounds (Table 18) were located and censused in the western seg-
ment of the project. The average number of males per ground was
13.8 in 1976, 16.6 in 1977, 11.3 in 1978, and 14.7 in 1979.
Sharptail brood observations found an average of 6.3 young per
brood in 1976 and 6.5 in 1979.

Table 18. Sharptail dancing ground count.

No. of Males

Ground 1976 1977 1978 1979 Location

1 Rowe Coulee 11 24 8 9 S 3, T24N, RI1OE
2 Spring Coulee 27 - - -~ S13, T23N, R 8E
3 O'Hanlon Coulee 10 8 - - S 8, T24N, RI10OE
4 Rowe Bench 21 23 15 22 S30, T25N, RI10E
5 Harwood Lake 30 - - - S 4, T23N, R11E
6 Brewer Road - 10 - - S 2, T25N, RI16E
7 Teton Breaks - 18 11 13 520, T25N, R 9E

54



-uUOT3INGTIISTP osnoib pafTel-dieys °zz 2anbtg

] . @@x! sifed 10099
¢ 37 sopmy °

V¥ - SGNNOYWS ONIG33H4 354

=
* - S1V1IdHVHS Py L \\. =/ |
- ;
's +
\Qu\sh \\
/ \
r— \ ’
S N n
N e e, : !
\.e\gb. \
.093% .
S e \“\\
- A
s B ) \ [\
ipuesin
-y
»at)

55



Brown (1962-1967), in his study of the sharptail in the
Highwood Mountains, found an average breeding cock density of
6 cocks per square mile and an average of 21.5 males per ground.
Breeding season habitat consisted of areas with a minimum of
1 square mile of native grassland. He stressed the importance
of standing herbaceous cover as a critical element of the breed-
ing habitat. A direct relationship was found between increases
in herbaceous cover and increases in numbers of breeding males;
the reverse also being true. Shrub interspersion and topography
had compensating roles. 1In 1967, Brown found nest success to be
62 percent, with an average first clutch of 12.7 eggs. Hens (9)
were found to nest an average of .68 miles from the breeding
ground.

Eastern Segment

Sharp-tailed grouse are distributed throughout the study
area (Constan 1976, 77, 78 and Appendix Table 7). They are
found in all vegetation types; however, they are especially
abundant where there is a combination of grassland, small grain
agriculture and brushy cover. No distinct winter ranges were
located; however, the highest winter observations of sharptails
were plotted in Figure 23. 1In general, sharptails were found
wintering in brushy draws adjacent to grain fields, sagebrush-
grasslands with brushy draws and in the scrub pine breaks.

During the study, 31 previously unknown sharptail breeding

- grounds were located (Table 19 and Figure 23). Seventeen grounds
~wWere located in a grassland vegetation type, 6 in a sagebrush-
grassland type and 8 in agriculture such as grain and hay fields.
~In the 1979 spring, male sharptail counts were made on their
breeding grounds (Table 19). Data from 15 grounds surveyed in
1979 were comparable to 1978 data. Results indicated that
~highest counts of males were up on 8 grounds in 1979, down on

5 grounds and 2 were the same. A total of 180 males was observed
in 1979 compared to 181 in 1978; however, a comparison of 1979
data to 1977 data shows a 47 percent decline.

Region 4 sharp-tailed grouse production ratios computed
from the fall wing analyses were 243 juveniles per 100 adults in
1978. This was above the 2l-year average of 214 and an 88 per-
cent increase over the 1977 ratio of 130. During the entire
study, only two sharptail broods were observed - both in 1979 -
and they averaged 8 juveniles per brood.

Observations during the 1976 through 1979 hunting seasons
indicated that sharptail population dropped significantly from
1976 through 1978 and then showed a dramatic increase in 1979.

The 1979 population appeared to be the highest since the study
began. The above observations are substantiated by the hunter
harvest questionnaire estimates of the sharptail harvest in Fergus
County. 1In 1978, the harvest was 6,322, down 34 Percent from

the 1977 harvest of 9,601 and down 43 percent from the 1976
harvest of 11,019. However, sharptails were very plentiful dur-

ing the 1979 hunting season, and the 1979 harvest should show a
significant increase.
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Table 19.

Maximum numbers of male sharp-tailed grouse observed
on breeding grounds, springs 1976-79.

Ground Designation and Location 1976 1977 1978 1979
sT-1 s 1, T21N, R22E 5 3 nel o
ST-2 $33, T22N, R23E 16 13 NC 6
A S15, T20N, R1SE 302/ NC 42 49
B S24, T20N, RI15E 16 NC 0 0
C 516, T20N, RI16E 14 NC 14 17
D S 5, T20N, R16E 16 NC 12 16
E S$12, T21N, R15E 35 NC 4 0
F EX% S34, T22N, R15E 18 NC 5 14
G SE% S24, T22N, R15E 10 NC 0 8
H E% S32, T22N, R15E 31 NC NC 2
I NW% S18, T22N, RI6E 12 NC NC 0
J SE% S 9, T22N, R17E 24 22 NC 17
K NE% S 6, T21N, R18E 13 NC 13
L SWY% S27, T22N, R18E 3 NC 6
M Sk S28, T22N, RI18E 24 NC 0
N NE% S 2, T2IN, R17E 18 15 8
P NE% S$33, T22N, RL7E 18 11 13
R NE% S 7, T22N, R17E 3 NC 1
S SW4% S15, T21N, RI18E 18 15 7
T Nk S 7, T22N, R22E 1 NC 0
u SW% S 7, T22N, R23E 7 NC 0
\Y SE% S 3, T20N, RI5E 19 18
W SE% S12, T22N, RI16E 28 6
X NE% S21, T21N, RI15E 8 11
Y SW% S14, T21N, RI15E 5 10
Z SW% S18, T21N, RI16E 3 3
AR NWy S12, T20N, R16E NC 0
BB NWY% S19, T21N, RI18E 7
cc NE% S31, T21N, RI8E 22
DD S16, T22N, R17E 11
EE $18, T21N, RI16E 15
FF SWY% S21, T20N, R19E 14
GG SE% S 1, T21N, R15E 11
1/ Not Counted = NC

Underlined in year ground first found and counted

!

Ground reported by Larry Schweitzer, pilot for Fish and Game
surveys, who has observed activity on it for years.
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Sharp-tailed grouse are a prairie grouse closely associated
with grasslands. When grassland in good condition is found,
sharptails are usually present. A combination of grasslands,
brushy areas and agriculture produces ideal habitat. Consequently,
land use practices such as overgrazing and brush eradication can
be very detrimental to sharptails. Both practices destroy the
sharptails' food and cover. Also weed destruction programs elimi-
nate many forbs and brush species which are important to these
grouse. Public land managers can expect viable sharptail popu-
lations on their lands if they will protect sharptail habitat from
overgrazing, brush destruction and weed eradication practices.

The following is a list of State, CMR and BLM lands that have
been identified as lands that have above-average importance for
sharptails:

State - S16, T20N, R16E; S25, T22N, R15E; Sl6, T22N, R1l7E.

BLM ~ S6, T22N, R22E; S9, T22N, R17E; S12, T22N, RI16E;
S21, T20N, R19E; NW%S1l, T21N, R22E.

CMR -~ SE% S32 and SW% S7, T22N, R23E.

Hungarian Partridge

Western Segment

Distribution

The Hungarian partridge is the most abundant and widely
distributed of all the upland game birds found in the study area.
Figure 24 presents the distribution of breeding pairs, broods,
and coveys found during the study. Observations of 1,940 Huns
were made. The Hungarian partridge is found throughout the study
area from small grain fields to the sagebrush-grassland river
breaks. Habitat use data from 1977 showed the predominant use of
grassland and small grain areas year-round, with increased use
of built-up areas (i.e., shelter belts, home sites) in winter.

In general, this species uses small grain areas in association
with grasslands or built-up areas which provide necessary cover.
Tts local numbers and survival depend upon man's activities.

In much of the area, the only cover for this species is shelter-
belts, abandoned homesteads, unmowed or unburned borrow pits,
etc. When these areas are cleared by human activities, the
necessary winter cover is lost and a local covey will cease to
exist. During severe winters coveys made extensive use of
plowed roadsides and fairly heavy vehicle mortality occurred.

Population Characteristics

Average brood size was 9.3 in 1976, 11.2 in 1977, 12.2 in
1978. Reduction in covey sizes was noted throughout the fall
and winter. The average covey size during the summer of 1977
was 13.2. This declined to 12 during the fall and 8.1 by
winter. BAnalysis of winter data indicates that most of the
winter mortality occurred between January and February.
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The average covey size in January was 11.6, and it declined
to 7.2 in February. Covey break-up and pair dispersal takes
place in early March. The Hun appears to be able to quickly
recover from severe winter loss. With good spring nesting con-
ditions, average summer brood sizes have actually increased
despite two severe winters.

Eastern Segment

Huns have widespread distribution in the study area (Constan
1976, 77, 78 and Appendix Table 8) and they are commonly found
in all vegetation types except the breaks type, where they are
only occasionally found. No winter concentrations were found
during the study; however, during the two severe winters many
Huns were associated with feedlots, haystacks and grain elevators.

Brood observations in 1978 averaged 6 juveniles per brood,
down from 13 juveniles per brood in 1977 and 15.4 in 1976.
Region 4 Hun production ratios taken from the fall wing analyses
also showed decreased production in 1978. The 1978 ratio of
220 juveniles per 100 adults was the second consecutive year
that the ratio was below average. In the 3-year period 1974-76,
production ratios were above average.

The 1978 Fergus County Hun harvest from hunter questionnaire
data declined 50 percent from the 1977 harvest. This drastic
change took place after 4 straight years of increasing harvest.
Data collected at the Lewistown-Brooks prairie grouse checking
station on opening day of the 1978 hunting season substantiated
the drastic harvest decline, as hunter kill dropped from .34
Huns per hunter in 1977 to 0.9 Huns in 1978, which made 1978
the lowest kill ever recorded. Data collected at this checking
station on the opening day of the 1979 hunting season and during
the entire hunting season indicated that the 1979 Hun popula-
tion was also very low.

Covey size was observed during December 1978 and January
1979 (Table 20). The average covey size was 7.7 Huns which is
much lower than the covey size in similar periods during the
1976-77 and 1977-78 winters.

Table 20. Hungarian partridge covey size, winters: 1976-77,
77-78, and 78-79.

Nos. No. of Average
Date Observ. Groups Group Size
Dec. 1976 & Jan. 1977 604 57 10.6
Dec. 1977 & Jan. 1978 106 10 10.6
Dec. 1978 & Jan. 1979 338 44 7.7
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The primary problems affecting Huns are livestock over-
grazing and clean farming with its associated weed and brush
destruction practices. If land managers make changes which
reduce overgrazing and moderate their stand on clean farming,
the status of Huns can be expected to improve.

Pheasant

Western Segment

Distribution

v The distribution of pheasant observations is shown in
Figure 25. During the course of the study, 695 pheasant ob-
servations were made. The prime pheasant habitat found in the
study area is the river, creek and coulee bottoms where secure
deciduous winter cover is available. However, in locations
where small grain fields are adjacent to grassland and sage-
brush areas, pheasants have been able to expand their ranges
into areas which would normally be considered marginal habitat.
Pheasants are able to survive in these areas, either seasonally
or during mild winters. Under severe winter conditions
(1977-78), there is a movement back to areas of deciduous cover
and/or population loss. During these severe winter conditions
there is also a concentration of birds around areas of agricul-
tural activity such as grain bins, feedlots, etc.

Population Characteristics

A pheasant crowing route was established during the spring
of 1976. The route starts approximately 7 miles south of Loma
on U.S. Highway 87 along the Teton River and proceeds north
to the Marias River where it turns east to the Loma ferry and
then south along the Missouri River. Table 21 presents the
peak crowing counts for the past 4 years. The peak of pheasant
crowing activity occurred on or about the 10th of May each year.

Table 21. Pheasant crowing route - Loma

Date - No. calls per stop

Stops 1976 1977 1978 1979
1 16 19 6 14

2 7 16 7 11

3 6 12 6 15

4 3 8 4 8

5 3 10 2 7

6 4 8 4 5

7 4 10 3 4

8 10 11 7 8

9 10 16 5 10
10 11 11 10 6
11 12 14 9 9
12 13 12 7 7
Average 8.3 14.7 5.8 8.7
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The 1977 survey probably represents a peak in the pheasant popu-
lation following a series of mild winters. Following the severe
winter of 1977-78, a decline in the crowing route results was
noted. The actual reduction in the pheasant population was not
felt to be as severe as the table would indicate, and was judged
to be in the 20-30 percent range. 1979 showed an increase in
numbers and generally reflected the partial recovery of this
population.

The vegetation along the route was typed at 1/10-mile inter-
vals (Table 22). Cottonwood-willow riverbottom, grassland, and
sagebrush types accounted for 61.1 percent of the vegetation
along the route. Small grain and summer fallow which are alter-
nately cropped each year amounted to 12.5 percent of the cover.
This area appears to provide a good combination of cover and
food for pheasants.

Average brood size for 1976 was 5.6 young, 6.5 in 1977,

and 5.3 in 1978. 1977-78 winter sex ratios were 69 males/100
females.

Table 22. Vegetation types - pheasant crowing route*

Left Side Right Side Average

Types No. % No. % No. %
Riverbottom 65 60.2 7 6.5 72 33.3
Grassland 6 5.6 25 23.1 31 14.4
Sagebrush 12 11.1 17 15.7 29 13.4
Hay 8 7.4 21 19.4 29 13.4
Home sites 2 1.9 5 4.6 7 3.2
Brush 6 5.6 6 5.6 12 5.6
Small grain 1 0.9 3 2.8 4 1.9
Summer fallow 4 3.7 19 17.6 23 10.6
Pasture 4 3.7 5 4.6 9 4.2

*Vegetation typed at 1/10-mile intervals.
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Eastern Segment

Observations throughout the study (Constan 1976~77-78 and
Appendix Table 9) indicate that pheasants are mainly located
along Dog Cr., Rose Cr., Cutbank Cr., Judith River, Missouri
River, northwest of Winifred and on the Everson Bench (Figure
26). Most pheasant habitat is associated with agricultural
l1ands that include dense brushy draws. Brushy areas with a
combination of willows, chokecherry, wild rose, snowberry,
buffaloberry, and hawthorn provide excellent habitat for phea-
sants. Pheasant habitat is especially good when these brushy
areas are surrounded by small grain agriculture.

Three broods were observed in summer 1978 and they aver-
aged 5.3 juveniles per brood. Region 4 1978 brood data aver-
aged 5.6 juveniles per brood.

The pheasant harvest estimate, from hunter guestionnaires,
for Fergus County in 1978 was 11,479. This was down 7 percent
from the 1977 harvest (12,325), but still higher than the 1976
harvest of 9,692.

The 1978-79 winter roadside pheasant sex ratio was 2.0
hens per cock (sample of 453). This compared to ratios of 2.6,
1.7 and 1.3 hens per cock in the winters of 1977-78, 76-77, and
75-76, respectively.

Most of the good pheasant habitat within the study area is
keyed to dense brushy cover, and it appears that dense brushy
cover is probably the major l1imiting factor for pheasants in
the study area. Consequently, brush eradication is a major
land use practice affecting pheasants. Without good brushy
cover, pheasants cannot survive. Besides brush eradication,
overgrazing of grasslands and brushy bottoms and clean farming
with its associated practices cause detrimental impacts on
pheasants. Dam building on the Missouri or Judith rivers would
also destroy much pheasant habitat.

Nearly all of the study area's pheasant habitat is on
private lands. The only lands under public ownership of more
than minor importance to pheasants are as follows:

State Lands - Sec 16, T24N, R25E.

BLM Lands - Sec 29 and 32, T21N, RI19E.
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Turkey

Western Segment

A new species was added to the study area with a turkey
plant (1 cock, 14 hens) in the spring of 1978 by the Department
of Fish, Wildlife and Parks. The birds were released on the
Pimperton Ranch approximately 4 miles below Fort Benton along
the Missouri River. Sightings and reports of these birds have
generally occurred within a 5-6 mile radius of the plant site.
They are known to have crossed over to the lower Teton River
bottom and have been reported along the Missouri River between
Fort Benton and Loma. Young birds were reported to have been
found near the mouth of Shonkin Creek the last two summers
and 30 birds wintered at the Lundy Ranch in 1979-80. It appears
that this plant has had some success and the population appears
to be reproducing and increasing. Winter survival may depend
on local supplemental care and feeding.

Eastern Segment

No turkeys were observed in the study area for the second
consecutive year. Available data indicate that a small flock
of turkeys does occasionally use the extreme eastern end of
the study area, however. The past two extremely severe winters
probably caused higher than average mortality to these turkeys,
as turkeys in other parts of Fergus County experienced high
mortality.

Surveys in the new study area, which is adjacent to this
study area, will provide more data on the status of these
turkeys.

Waterfowl

Western Segment

Waterfowl habitat in the western segment of the Missouri
River project area is composed of two major types. The
first is the aquatic habitat provided by the Teton, Marias
and Missouri rivers. The second would be the upland lakes,
potholes and stock ponds.

Species common to the river system are the Canada goose,
common merganser, common goldeneye, mallard, and pintail (Ap-
pendix Table 1). These species all make use of river systems
for nesting and migratory purposes. Table 23 presents obser-
vations of waterfowl on the Missouri River during late fall
for 3 years. As can be seen, major concentrations can be
found, particularly between Morony Dam and Fort Benton.
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Table 23. Waterfowl surveys - Missouri River.

Oct. 1976 Dec, 1977 Nov. 1979
Section Ducks Geese Ducks Geese Ducks Geese
Morony Dam 114 166 1,629 - 930 324
Carter 105 79 1,679 70 1,000 360
Ft. Benton 545 314 657 93 490 90 .
Loma 4 228 723 113 12 -
Coal Banks 12 55 262 - 667 80
PN Ferry 12 122 * *
Robinson Bridge
Total 792 964 4,950 276 3,099 854

* Not surveyed
(Ducks were mallards, common goldeneye, common merganser)

Winter use of the Missouri River depends on the degree of
freeze-up. The river begins freezing over on the lower reaches
and proceeds upstream, depending on the degree and duration of
the cold. During the mild winter of 1979-80, several thousand
common goldeneyes over-wintered on the upper sections of the
Missouri River when open water was available. However, during
the previous two severe winters, there were few over-wintering

waterfowl along the river since it was essentially frozen over
all winter.

Migratory concentrations along the river also occur during
the spring. On March 16, 1979, 875 ducks and 141 Canada geese
were observed on the Missouri River from Fort Benton to Virgelle.
From Virgelle downstream the river was frozen over.,

The upland waterfowl habitat is represented by several
permanent lakes in the northern foothills of the Highwood Moun-
tains, and by semi-permanent and temporary potholes, stock ponds,
etc. The springs of 1978 and 1979 were excellent water years
for these upland areas, due to heavy snow packs and high precipi-
tation. Many upland areas which had previously been without open
water were dotted with small lakes and ponds. Waterfowl species
found utilizing these areas were mallards, pintails, American
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wigeon, lesser scaup, gadwalls, blue-winged teal, cinnamon teal,
shovelers, and ruddy ducks. Ccanvasbacks and red-headed ducks
were also observed on some of the larger ponds. These species
utilized the open water not only for spring migration, but for
nesting and brood rearing as well.

Canada Geese
Marias River

Tables 24 and 25 present data on breeding ground and produc-
tion surveys for Canada geese on the Marias River from Tiber Dam
to the mouth. These data have been collected by the Department
of Fish, Wildlife and Parks. For the 9-year period, the breeding
population has averaged 103.4 birds, using pairs and singles as
an index. Production averaged 95.3 young for the 4 years pre-
sented. Time constraints prevented a ground nest survey on this
reach of river, so data on nest sSuccess, nest production and
habitat use are not available. However, it is known that these
birds make similar use of islands for nesting sites and the gen-—
eral factors, such as length of nesting season, etc., would be
the same as the Missouri River population.

Table 24. Canada goose breeding ground surveys - Marias River,
Tiber Dam to mouth.

Date Pairs Singles Groups Total

1971 21 12 14 67
1972 26 31 37 120
1973 40 26 17 123
1974 31 41 11 114
1975 33 25 7 98
1976 39 10 5 93
1977 66 40 3 175
1978 30 34 0 94
1979 57 26 20 160
Average 38.1 27.2 12.7 116
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Table 25. Canada goose production surveys - Marias River,
Tiber Dam to mouth.

Non-
Date Adult Young breeders Total
1975 32 55 0 87
1977 63 121 0 184
1978 37 102 6 145.
1979 34 103 12 149
Average 41.5 95.3 4.5 141.3

Waterfowl Harvest

The 1977 and 1978 Chouteau County waterfowl harvest is pre-
sented in Table 26. These data are taken from statewide waterfowl
harvest surveys and would include the Teton, Marias, and Missouri
River segments in the western study area.

Table 26. Chouteau County waterfowl harvest.

Goose Harvest No. Hunters
1977 1978 1977 1978
341 551 277 302

Duck Harvest

3,611 2,706 498 377

Canada Geese-Missouri River

Four years of Canada goose production data have now been
collected on the Missouri River. 1In 1979, as in 1978, the river
was surveyed from the Carter ferry to Robinson Bridge, a total
of 163 miles. The 1976 survey was conducted from the Carter
ferry to the mouth of the Marias River and from Coal Banks Land-
ing to Robinson Bridge. 1In 1977, the survey was from the Carter
ferry to the PN ferry. A total of 447 nests was located over
the 4 years. Data on nest success, pProduction, and nest sjite
selection were reported on for each vyear in the 1976, 1977, and
1978 job Progress reports.
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An aerial survey on March 16, 1979 found 139 geese on the
river between Fort Benton and Coal Banks Landing. The first
hatching nest was observed on May 2, which, with backdating
28 days for incubation and allowing 1.5 days for each egg laid,
gives a nest initiation date of March 27. Most of the nests
were hatched off by May 23. The general nesting season on the
Missouri River, therefore, runs approximately from mid~-March
through mid-May. Earlier spring weather and late or renesting
attempts may extend the duration of the nesting season.

During 1979, 152 nests were located, which was an increase
from 127 nests in 1978. Figure 27 shows the distribution of
nesting areas for 1979. Distribution maps for 1976, 1977 and
1978 are found in the respective progress reports. The fate of
118 nests (78 percent) was determined in 1979. The fate of the
remaining 34 (22 percent) was undetermined due to the nests
being washed out (5) by high water or simply not being relo-
cated (29) during subsequent surveys. Table 27 presents a
breakdown of the number of nests located per river section over
the last 4 years. Increases from 1978 to 1979 were noted in
the Fort Benton to Loma section and the Coal Banks to Robinson
Bridge sections. The significant increase in the PN ferry to
Robinson Bridge section is felt to reflect not only an actual
increase in number of nests but also a more thorough survey in
1979.

Table 27. Canada goose nest survey - Missouri River, 1976,
1977, 1978, 1979.

No. Nests

Section 1976 1977 1978 1979 Average
Carter 5 28 26 26 21.3
Fort Benton 30 34 40 44 37
Loma X 9 18 15 14
Coal Banks 18 40 31 38 31.8
PN Ferry 4 X 12 29 15
Robinson Bridge

Total 57 111 127 152 111.8

X - Not surveyed
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A breeding population survey was again conducted in conjunc-
tion with the initial nest surveys. Data for the last 4 years
are presented in Table 28. A total of 569 Canada geese was Ob-
served in 1979, with a potential breeding population of 317
(56 percent) birds, utilizing pairs and singles as an index.

This figure is close to the number of birds (304) associated with
152 nests. For comparable river sections, this represents a

27 percent increase in total spring population and a correspond-
ing 20 percent increase in nests from 1978 to 1979.

Table 28. Canada goose breeding population survey - Missouri River,
1976, 1977, 1978, 1979.

____Pairs Singles Groups Total
Section 76y 77 78, 79 761 77 178 179 76 771 78y 79 761 77, 78; 79
Carter 30| 28| 28| 37 71 81 -1 1 15| 25§ 16| 18 821 89| 72 93
Fort Benton 32| 45| 48| 48 71 8} -1 1 53( 73| 47| 96 [1247171{143}193
Loma X{ 16( 23| 15 X(254) 2| - X| 51| 6| 64 X|108| 54| 94
Coal Banks 23| 46} 38| 43 6| 2 1 1 831 39| 29| 24 |135/133]106111
PN Ferry 271 X} 27| 14 41 X\ 3| - 6| X| 17} 50 64| X| 74} 78
Robinson
Bridge
Total 11211351164 (157 24143 | 6| 3 157|188 |115)252 |405{501{449]569

X - Not surveyed

As in previous years, all nests were located on islands, and
Canada geese' affinity for islands was again demonstrated.
geese populations associated with islands were high during the spring
breeding surveys, with 91 percent of the 569 birds observed on or

adjacent to islands.

cent in 1977, and 87 percent in 1976.

Canada

This compares to 90 percent in 1978, 75 per-

Canada goose nest fate is presented in Table 29.

fate nests,

85.6 percent.
86.5 percent in 1977, and 84 percent in 1978.
for 8.5 percent of the nests, and 5.9 percent of the nests were de-

stroyed in 1979.

the hatching success

For known-
(one or more eggs hatched) was
The hatching success was 66.6 percent in 1976,

Desertion accounted

29.6 percent in 1976 and the lowest 7 percent in 1978.
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Table 29. 1979 Canada goose nest fate.

No. Percent Percent
Fate Nests Total Known Fate
Hatched 101 66.5 85.6
Deserted 10 6.6 8.5
Destroyed 7 4.6 5.9

Subtotal 118 77.7

Washed out 5 3.3
Unknown _ 29 19.1

152
Table 30. Canada goose nest fate for known fate nests,

1976, 1977, 1978 and 1979.
Percent

Fate 1976 1977 1978 1979
Hatched 66.6 86.5 84.0 85.6
Deserted 29.6 7.3 7.0 8.5
Destroyed 3.7 6.1 8.0 5.9

nests destroyed ranged from 3.7 percent in 1976 to 8 percent in

1978.

This
yYears would place this
breeding populations in
high security level this population now

consistently high nesting success for the last 3
population among the most successful wild
North America. It would indicate the
enijoys.

Egg success (Table 31) for known-fate nests was 94 percent
in 1979, compared to 86 percent in 1978 and 95.2 percent in 1977.

Egg fertility was 95 percent which was similar to 1978.
tility accounted for 5§ percent of the eggs and dead

1 percent.

the first or last week of

Table
for 1979.
percent of

compare to.

1978. The

Infer-
embryos only
Dead embryos that were found either succumbed during
incubation.

32 presents the frequency distribution of clutch sizes
There was an average of 5.9 eggs per clutch, with 82

the clutches having between 5 and 7 €ggs. These figures
5.9 and 83 percent in 1977, and 5.6 and 71 percent in
smallest successful nest contained 1 egg and the lar-

gest 13 eggs over the last 4 years.
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Table 31. canada goose egg successSy successful nests.

Fate ' No. Eggs Percent

Hatched 608 94

pPeserted 37 6

pestroyed 4 -1
Total 649

Deserted Eggs

Frozen 1l
1nfertile 30
Dead Embryos 6

37

oo

95% edqg fertility

Table 32. Frequency distribution of clutch sizes/complete nests.
Clutch No. No.
size Nests Percent Eggs
1 0
2 0
3 2 2 6
4 10 9 40
5 30 28 150
6 42 39 252
7 16 15 112
8 4 4 32
9 1 1 9
10 1 1 10
11 1 1 11
12 1 1 12
13 1 1 13
Total 109 ’ 647

erage clutch size -~ 5.94
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Size of 5.9 €9dgs. Thisg Tesults ip an estimate of 161 goslings,
for 4 total Production of 769 Young ip 1979, Production was
estimateqd to bhe 199, 524, and 555 in 1976, 1977 and 1978, re-
spectively. Table 33 Presentsg brooq observations by river Section
for 1979,

18 66
Fort Bentop 24 4 52 76
Loma 26 67 50 143
Coal Banks 22 50 72
PN Ferry - -

Robinson Bridge

Total 90 217 50 357

were ¢ feet or lessg above the river leve] at the time of the initia]
Spring Surveys, and 69, 3 bercent were Within 20 feet Of open wWater,
i 1

76
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Table 34. 1979 nest material and nest site vegetation.

Nest
Material

Litter
Yucca
Grass
Willow

Equisteum

—.—_—————-————_———_————_—.——.

Nestsite Vegetation

Willow
Equisteum
Rosa spp.
Snowberry
Bare ground
Yucca
‘Ragweed
Green ash
Litter
Sweet clover
Grass

Big sage

Cottonwood

No.
" Nest Percent
135 88.8
1 0.7
4 2.6
1 0.7
11 7.2
No. Percent
93 61.2
15 9.9
14 9.2
7 4.6
7 4.6
1 0.7
1 0.7
3 2.0
2 1.3
2 1;3
4 2.6
1 0.7
2 1.3
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Table 35. 1979 nest site vegetation height,

Feet No. Nests % Nests
0-6 in 15 9.9
6 in - 1 ft 4 2.7
1 -2 ft 22 14.6
2 - 3 ft 28 18.5
3 -4 ft 39 25.8
4 - 5 ft 15 9.9
5 -6 ft 12 7.9
6 -~ 7 ft 10 6.6
7 - 8 ft
8 - 9 ft 2 1.3
9 - 10 ft 3 2.0
>10 ft 1 0.7
Table 36. Distance of nest site to water.
Distance No.
(feet) Nests Percent
0 - 5 27 17.9
6 - 10 32 21.2
11 - 20 32 21.2
21 - 50 32 21.2
51 -100 21 13.9
>100 7 4.6
Total 151
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Table 37. Height of nest sites above water - 1979,

Height No. Nests Percent Cumulative %
0 - 1 ft 5 3.3 3.3
1 -2 13 8.6 11.9
2 - 3 22 14.6 26.5
3 -4 19 12.6 39.1
4 - 5 16 10.6 49.7
5 -6 | 13 8.6 58.3
6 - 7 18 11.9 70.2
7 -8 14 9.3 79.5
8 -9 7 4.6 84.1
9 -10 12 7.9 92.0
210 12 7.9 99.9
Total 151

During the study, islands were the preferred nest site habitat
for Canada geese, since all nests located were on islands. Very
little breeding season activity was observed on shoreline areas,
and when searches were conducted, no nests were ever located.

While much greater survey effort was expended on islands, it is
felt that a majority of nest sites (estimated minimum of 90%) were
located. This is based on thorough searches of preferred habitat
and comparisons of number of nests located with spring population
figures.

Table 38 presents data on general vegetation types of nest
site islands. Willow was again the major island cover type of
41 (66%) of the 62 islands used as nest sites and accounts for
57% of the nests. Young cottonwood-willow was the second most
important type, accounting for 16% of the islands used and 26% of
the nests. This was similar to 1978 data.

Multiple nesting, or nesting of more than one bird per island,
is common on the Missouri River. True colonial nesting occurs only
on one island, which has had between 11 and 12 nests over the last
4 years. In most situations where more than one nest per island
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existed, the nests were either isolated by distance or Visually
by intervening terrain and/or vegetation. Table 39 presents the
frequency of multiple nesting on islands for 1977, 1978, and 1979.
For the last 3 years, 50% of the islands used as nest sites had
only one nest (range 48-52%). These islands only accounted for
19.8% of the total nests. In 1979, 49.4% of the nests were
associated with islands which had between 2 and 5 nests.

Table 38. Vegetation types of nest site islands.

Cover Types No. Island/Percent. No. Nests/Percent
Gravel 7 11 7 5
Willow 41 66 87 57
Cottonwood-willow 10 16 39 26
Cottonwood-meadow 1 2 8 5
Equisteum 3 5 11 7

62 152

Data on island availability and utilization are Presented in
Tables 40 and 41. 1In 1979, 62 (41%) of the 150 islands available
were used as nest sites. This was up from the 50 (33%) islands
used in 1978. Utilization of islands by river section ranged from
31% for the PN ferry to Robinson Bridge section, to 66% for Fort
Benton to Loma. The average number of islands per mile was 0.93.
The corresponding average number of nests per mile was 0.68 in
1977, 0.78 in 1978, and 0.93 in 1979,

The sections of river from Carter to Loma had an above-average
number of nests per mile, while other Sections were below average.
The availability of islands would account for some of this dif-

ference by sections, but there appears to be a clear preference
for certain river sections.
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Table 39. Number of islands and nests by frequency of nests
per island.

Nzgés/ No./% Islands No./% Nests
island 1977 1978 1979 1977 1978 1979
1 21/48 26/52 31/50 21/19 26/20 31/20.4
2 10/23 9/18 12/19.4 20/18 18/14 24/15.8
3 4/9 5/10 5/8.1 12/10.8 15/12 15/9.9
4 1/2.2 1/2 4/6.5 4/3.6 4/3 16/10.5
5 4/9 4/8 4/6.5 20/18 20/16 20/13.2
6 2/4 2/3.2 12/9 12/7.9
7 2/4.5 2/3.2 14/12.6 14/9.2
8 1/2 1/1.6 8/6 8/5.3
9 1/2.2 9/8.1
10
11 1/2.2 11/9.9
12 2/4 1/1.6 24/19 12/7.9

Totals 44 50 62 111 127 152

'

Table 40. Numbers nests and percent islands used/river section.

No. No. No. Islands
Section Islands/% Nests/$% Used/g
Carter 20/13 26/17 9/45%*
Fort Benton 26/17 44/29 18/69
Loma 19/13 15/9.9 7/37
Coal Banks 31/21 38/25 11/35
PN Ferry 54/36 29/19.1 17/31
Robinson Bridge

Total 150 152 62
*$ islands/section 2.5 nests/
island
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Table 41. Nests and islands/river mile.

Islands/ Nests/Mile

Section Miles Mile 1977 1978 1979
Carter 18.2 1.1 ' 1.5 1.4 1.4
Fort Benton 18.6 1.4 1.8 2.2 2.4
Loma 19.8 .96 .46 .91 .76
Coal Banks 45.6 .68 .88 .68 .83
PN Ferry 60.8 .89 - .20 .48
Robinson

Bridge

Total 163 mi 152 111 127 152

Average .93 .68 .78 .93

Based on survey data, the Canada goose population on this sec-
tion of the Missouri River appears to be prospering under current
conditions. Consistent population gains have been made over the
last 4 years with an increasing and successful nesting effort.

The low levels of predation and nest loss due to flooding
indicate that river flow levels for the last 3 years have been
beneficial for this species. Additional effort will be directed
at documenting and measuring these flow levels and correlating
these data to the biological information to obtain data for
recommending optimum flow levels for Canada goose production.
The management of flow levels is felt to be the critical factor
in the maintenance of this population.

The currently proposed hydroelectric dams at Fort Benton and
Carter could have very adverse effects on this population. Besides
the direct loss of nest sites by inundation, a change in seasonal
flow regulation could impact downstream habitat which the data
indicate is the most productive of any river section. This could
result from changes in river hydrology which would eliminate pre-
ferred island habitat, nest flooding, or dewatering of side chan-
nels, thus allowing access to the islands by mammalian predators.
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The designation of the Missouri River below Fort Benton as
a Wild and Scenic River would appear to preclude this area from
major forms of development that would adversely impact the Canada
goose population. Since the geese are hatched by the Memorial
Day weekend when recreational use of the river usually begins,
human disturbance is not likely to be a problem.

Eastern Segment

Numerous ducks and Canada geese are present on the study area
each spring, as they seek out nesting sites along the Missouri
River, Judith River and on the many stock reservoirs found in the
study area. Significant numbers of ducks and geese are raised
each summer on the study area. Total freeze-up usually occurs
by early December and at that time all the remaining waterfowl,
except for a few ducks, migrate south for the winter. Migration
of nonresident waterfowl through the study area is light, as the
study area is not located on a major flyway.

An aerial survey of the Canada goose breeding population was
made on the lower 12 air miles of the Judith River on April 27,
1979 and on the Missouri River between Robinson Bridge and the
PN Ferry on April 25, 1979. Five pairs, 11 singles and a group
of 5 were observed on the Judith River (Table 42). This total
was down from the past 2 years. Fifty-seven pairs and 23 singles
were observed on the Missouri River flight, and this total was
significantly up from past years. Twenty-eight nests were also
observed during the Missouri River flight (Figure 28). A float
trip was made down the Missouri River in May to gather data on
Canada goose nests. These data are summarized in the Western
Segments writeup.

Table 42. Canada goose breeding population surveys, lower
12 air miles of Judith River.

Canada Geese Observed

__Date Pairs Singles Groups Total
4/26/77 12 11 0 35
5/4/78 14 9 0 37
4/27/79 5 11 5 26
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Yearlong waterfowl observations are presented in Appendix
Table 10. During the past three summers, reproduction data have
been randomly gathered on ducks and Canada geese (Table 43). Duck
reproduction has remained fairly constant over the 3-year period.
Canada goose reproduction remained constant in 1977 and 1978 and
declined in 1979. The Canada goose brood sample is small, as
only Canada goose broods on reservoirs were surveyed. Most Canada
goose broods are found on the Missouri River; however, they were
not surveyed as they are extremely difficult to locate. Waterfowl
harvest estimates for Fergus County as determined from hunter
harvest questionnaires are presented in Table 44. The harvest of
ducks and Canada geese increased significantly in 1978 as com-
pared to the 1977 harvest.

Table 43. Duck and Canada goose reproduction data, summers 1977-79.

Canada Goose Ducks
No.of Juve- No.of Juve-
Broods Juve - niles/ Broods Juve- niles/
Date Obs. niles Brood Obs. niles Brood
Summer 1977 3 15 5.0 16 85 5.3
" 1978 5 25 5.0 77 429 5.6
" 1979 13 51 3.9 125 632 5.1
77-79 Totals 21 91 4.3 218 1,146 5.3

Table 44. Waterfowl harvest in Fergus County, 1975-1978.

Geese Ducks
No. of No. No. of No.
Year Hunters Taken Hunters Taken
1975 176 156 520 2,976
1976 120 94 362 2,362
1977 129 73 304 1,441
1978 105 128 362 1,927
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Substantial waterfowl reproduction occurs on the study area;
therefore waterfowl management should ensure that the best avail-
able conditions exist for nesting and brood rearing. It appears
that the primary problem that affects waterfowl nesting and brood
rearing is livestock overgrazing of vegetation adjacent to water.
Some nesting sites are on private lands; however, many reservoirs,
much of the Missouri River shoreline and most of the islands in
the Missouri River are public lands managed by the Bureau of Land
Management. The BLM should manage these riparian lands in a
manner beneficial to waterfowl. Major emphasis should be p;aced
upon the Missouri River's islands, which are the major nesting
sites for numerous Canada geese. Valuable Canada goose and duck
nesting habitat could be destroyed on the Missouri River if a dam
is ever constructed on the river. The BLM should take a strong
stand against dam building along this reach of the Missouri River.

Other Birds

Western Segment

In the middle Missouri River project area, Skaar (1975)
identifies 260 species of birds in latilongs 17, 18 and 19.
Varying amounts of information exist for these species. Many are
known to breed within the area and others are seasonal migrants.
Upland game birds account for 10 of these species, with water-
fowl representing 29 species. Nongame species account for the
majority, with 221 species.

White Pelicans

A species making seasonal use of the Missouri River is the
white pelican (Pelecanus erythrorhynchos). These birds are
found along the river from Morony Dam to Robinson Bridge during
late spring and summer. An aerial survey in June of 1979 found
113 birds on the Missouri (Table 45). Usually found in flocks
of 10 to 20 birds, they congregate near the mouths of tributary
streams where they are typically found feeding. Preferred loca-
tions appear to be the mouth of Highwood Creek, Belt Creek,
Marias River, Judith River and Arrow Creek. A majority of the
birds observed have been males (approx. 90%). A breeding popu-
lation exists at the Bowdoin Waterfowl Refuge near Malta and the
birds on the Missouri River may be nonbreeding males from this
population.

Great Blue Herons

Four great blue heron (Ardea herodius) rookeries have been
located on the Missouri River from Morony Dam to the Judith River.
Table 46 presents the location of these rookeries and the number of
nest structures observed. Rookery number 4 is at the mouth of
the Judith River and the remainder are between Fort Benton and
Loma. The first rookery is located on an island, with the others
along the bank. Waterfowl surveys in June have found the adult
birds distributed along the entire reach of the Missouri from
Morony Dam to Robinson Bridge.
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Table 45. White pelican survey - Missouri River (6/22/79).

Section ' No. Birds
Carter 29

Fort Benton -

Loma -

Coal Banks 51
PN Ferry 18
Stafford Ferry 12
Cow Island 3

Robinson Bridge

Total 113

Table 46. Great blue heron rookeries.

No. Nest
Location Structures Area
1) S 9, T24N, R 9E 50 West Bank
2) S 4, T24N, R 9E 35 FEast Bank
3) S 4, T24N, R 9E 36 West Bank
4) S23, T23N, RI16E unknown South Bank

Bald Eagles

Migratory bald eagles (Haliaeetus leucocephalus) can be seen
along the Missouri River during the spring and fall. A high count
of 8 birds was made on December 1, 1977 during an aerial survey
from Morony Dam to the mouth of the Judith River. During the open
winter of 1979-80, some birds may have overwintered along the Mis-
souri River, as bald eagle sightings were reported in the Great
Falls and Fort Benton areas. These birds were apparently taking
advantage of the goldeneye duck concentrations found along the
river this winter.
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Eastern Segment

Bald eagles are primarily observed during their féll‘and
Spring migrations when numerous eagles use the Missouri Rlvey.
No other rare or endangered species of birds have been seen in
the study area.

Golden eagles (Aquila chrysaetos) are common Year-round and
widespread throughout the study area. Many different hawks, owls,
songbirds and other birds are observed in the study area. The
different species of birds, seasons bPresent and evidence of
breeding in the study area can be found in P. D. Skaar (1975).

Special reference should be made to the mourning dove
(Zenaida macroura) which has songbird status in Montana_and
game bird status in many other states. Doves are plen§1ful -
in the study area during the breeding season, and remain until
cold weather forces them south. Doves are outstanding game
birds and also provide excellent eating. The Montana State
Legislature should make the mourning dove a game bird, thus
allowing Montanans to hunt and harvest birds which are now
being harvested by other states.

Land use practices such as overgrazing, brush eradication
and indiscriminate use of insecticides and herbicides are detri-
mental, in varying degrees, to all birds. Although no data
were gathered to substantiate these impacts on birds in the
study area, it is probable that these pPractices are adversely
affecting these bird populations.

POTENTIAL AND EXISTING ENVIRONMENTAL PROBLEMS

Western Segment

pact mule deer, antelope and upland game bird breaks habitat.
The impact of grazing varies from one end of the study area to
the other. With changing agricultural economics, many landowners

production. This is particularly true from Morony Dam to Fort
Benton. From Fort Benton to Virgelle, livestock become more
noticeable, but are Still limited. Below Virgelle to the PN
ferry, the breaks habitat extends back from the river and
larger livestock Operations occur. One of the major impacts is
the concentration of cattle in riparian areas during the summer.

to establish suitable Mmanagement practices to protect and en-
hance this critical wildlife habitat.
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Sagebrush Removal

From the advent of homesteading, sagebrush removal has been
an on-going and intensifying activity. Today, in the western
segment of the project area, sagebrush habitat is essentially in
a remnant status in parts of the breaks too steep to farm. The
Ccritical importance of this vegetation type for sage grouse,
antelope and mule deer winter range makes it essential that any
sagebrush removal or land conversion programs on public lands
be carefully evaluated - if not eliminated. Public assistance
pPrograms on private lands should consider conservation of these
important areas.

Dams

With the passage of the Upper Missouri River Wild and Scenic
River Act, impoundments of the Missouri River from Fort Benton
to Robinson Bridge have, for the time being, been precluded.
However, proposed hydroelectric dams at Fort Benton, Carter,
Highwood Creek, and Belt Creek pose serious impacts for the
wildlife resource. Much of the breaks area taken in by these
dams contains important deer winter range for a sizable and in-
Creasing mule deer population. These impoundments would inun-
date significant Canada goose nesting habitat. The possible
downstream impacts from changed-flow regimes in the Missouri
River could have even greater negative impacts for the Canada
goose nesting population.

Eastern Segment

The study area abounds in wildlife; however, there are many
existing and potential problems detrimentally affecting this
wildlife resource. The following discussion is a summation of
these problems:

Overgrazing

Overgrazing by livestock is a major land use practice which
adversely affects the wildlife resource. Overgrazing destroys
big game, upland game and nongame animal food sources and im-
portant cover for upland game birds, waterfowl and other birds.

Many private lands are overgrazed, and public agencies
cannot prevent it; however, on public lands, the land managers
involved can prevent overgrazing. It should be the primary re-
sponsibility of public land managers to discourage programs that
lead to overgrazing.
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Sagebrush Eradication

Sagebrush eradication can completely destroy sage grouse,
mule deer and antelope populations in many places. It can dras-
tically affect game birds and nongame birds. The value of sage-
brush to wildlife has been documented by many studies throughout
Montana and the West. Sage grouse are completely dependent upon
sagebrush. Sagebrush provides important winter food for antelope
and mule deer, and it provides cover for many game birds and non-
game birds.

The study area is similar to much of Montana in that sage=-
brush is constantly being destroyed. This is very apparent
northeast of Winifred, where a large expanse of sagebrush-
grassland once existed. Now most of the land has been cleared
of sagebrush and grain and hay have taken its place. Since most
of this sagebrush eradication is on private lands, the burden of
saving sagebrush and its wildlife resource lies with the public
land managers. The BLM and State Lands Department must prevent
destruction of sagebrush on their lands. Key areas, such as
winter ranges and grouse breeding grounds, should be protected
at all costs.

Other Brush Eradication

Besides sagebrush, other brush species such as chokecherry,
snowberry, service berry, buffaloberry, hawthorn, willows, etc.
are very important to wildlife, and the eradication of these
species will severely damage wildlife resources. An extensive
drainage pattern formed by numerous creeks, seeps, springs and
rivers covers the study area. Many of these water courses are
lined with brush, and it is apparent that where you find the
best brush stands, you find the majority of the mule deer, white-
tailed deer, sharp-tailed grouse and pheasants. Brush provides
cover and food for nearly all wildlife at one time or another;
thus, it is very important to wildlife.

There should be no brush eradication on public lands under
any circumstances, and private landowners should be encouraged
in some way, possibly by monetary awards, not to destroy brush
on their lands. '

Weed Eradication

Programs to destroy weeds have been a part of the state's
agricultural community for many vears, and the trend toward
clean farming and total elimination of undesirable weeds is
building popularity. Unfortunately, these programs have also
destroyed other forbs and brush that provide food and shelter
for wildlife. Most problems occur when the method to destroy
the target species is not specific enough to avoid destroying
other vegetation. Programs should be set up and enforced,
which will eliminate indiscriminate destruction of vegetation
and only destroy the target species.
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0il and Gas Deve lopment

A gas field is being developed in the study area, and
future exploration may find more gas and even oil. 0il and
gas developments and their associated pipelines, etc. can have
a minor impact on wildlife if the developers will follow
offered guidelines for the protection of wildlife habitat.
Through cooperation with the land managers involved, oil and
gas developments can remain a source of energy which has little
impact on the wildlife resource and the environment.

Dam Building

The Corps of Engineers has designated reaches of the Missouri
River, in the vicinity of the mouth of Cow Creek, as possible dam
sites. Since this reach of the Missouri River is now protected
under the Wild and Scenic River designation, the possibility of
a dam is very remote; however, the increasingly critical energy
shortage affecting the country could bring this proposal back
to life. A dam built on the Missouri River, in the vicinity of
the mouth of Cow Creek, would adversely affect the wildlife
resource, both above and below the dam, by destroying important
Canada goose and duck nesting habitat, and deer and pheasant
habitat. In a world of shrinking wildlife habitat, it will not
be possible to obtain mitigation for these losses.

Fencing

Fencing that prevents antelope migration is a land use prac-
tice that adversely affects wildlife. It is minor when compared
to the above-mentioned problems, but it can significantly impact
antelope. Public land managers should not allow sheep-tight
fences or four-plus strand fences to be erected where they will
prevent antelope migrations. This can be very critical during
periods of crisis, such as severe winters, when longer migration
routes are necessary.

PLANNING RECOMMENDATIONS

Western Segment

1) Riparian vegetation on public lands should receive protec-
tion from overgrazing and land clearing.

2) Wildlife values on public lands should receive full con-
sideration in grazing allotments, since these lands often
represent the only native vegetation in the area.

3) Sagebrush removal or conversion on public lands should
cease, and cost-sharing on private lands should be care-
fully evaluated with full recognition of wildlife values.

4) Annual breeding ground and production surveys of Canada
geese should continue on the Missouri River.

5) Winter mule deer surveys of the Missouri River should con-
tinue as needed to monitor this population.

6) The impacts of potential hydroelectric dams at Fort Benton
and Carter should be thoroughly evaluated.

91



8)

9)

10)

Work should continue on developing instream flow require-
ments on the Missouri River.

BLM and State lands in T25N, RO9E on the west side of the
Teton River should be given special consideration in manage-
ment, due to their importance to Sage grouse and mule deer

BLM and State lands along the west side of Arrow Creek should
be given special wildlife consideration, due to their impor-
tance as mule deer and antelope winter range,

Eastern Segment

1)

Overgrazing by livestock is a land use practice that adversely
affects the wildli fe resource. Since private lands cannot be
managed by the public, emphasis must be placed upon manage-
ment of public lands, with priority placed upon management

of critical use (key) areas.

A. The BLM and State should Prevent livestock overgrazing

B. The U.S. Fish and Wildli fe Service (Charles M. Russell
National Wildljife Range) should prevent overgrazing on
elk, mountain sheep, mule deer and white-tailed deer
winter ranges.

E. The BLM, CMR and State should prevent overgrazing of all
riparian vegetation, especially vegetation along the
Missouri River.

F. The BLM and CMR should prevent overgrazing on Missouri
River islands under their jurisdictions.

G. The BLM, State and CMR should also pPrevent overgrazing

on the remainder of their lands, as overgrazing is
detrimental to most wildlife,
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2)

3)

4)

5)

6)

Brush destruction is also a land use practice that adversely
affects wildlife. Destruction of sagebrush and other brush
species, such as willows, chokecherry, service berry, snow-
berry, buffaloberry, hawthorn, skunkbush, rabbitbrush, etc.,
should be discouraged. The value of sagebrush and these
other brush species to wildlife has been documented many
times; therefore, public land managers should protect brush
at all costs.

A. The BLM, State and CMR must not initiate or aig programs
which destroy sagebrush on mule deer and antelope winter
ranges (see species sections for lands involved).

B. The BLM, State and CMR must not destroy sagebrush on
Sage grouse range, especially winter range and breeding
grounds (see sage grouse section for lands involved).

C. Generally speaking, the BLM, State and CMR should not
destroy sagebrush on any of their lands, as the resultant
sagebrush-free vegetation type is usually poor wildlife
habitat.

D. The BLM, State and CMR must not initiate or aid programs
which destroy any other brush species.

E.  The BLM, State and CMR must not allow livestock feedlot
operations to take place in brushy bottoms.

Weed eradication, especially by spraying, should be dis-
couraged, as it is another land use practice that adversely
affects wildlife.

A. The BIM, State, counties and CMR should not allow weed
eradication on their lands, especially by spraying.

B. If counties continue weed destruction, county crews must
be trained to be very specific with their weed eradica-
tion operations, as drifting spray and other "mistakes"
destroy forbs and brush valuable for wildlife.

The BLM and State must actively monitor oil and gas develop-
ments on their lands to keep these developments from destroy-
ing key wildlife habitat.

A dam should not be built on the Missouri River at any site
within the study area. If a dam is built, much valuable
wildlife habitat would be destroyed.

The BLM and State should not allow or build sheep-tight or

four-plus strand fences to be erected where they interfere
with antelope movements.
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Appendix Table 1.

Waterfowl scientific names.

Common name

Scientific name

Pintail

Shoveler
Canvasback

Redhead

Mallard

Gadwall

Baldpate

Lesser scaup
Whistling swan
Common merganser
Red-breasted merganser
Common goldeneye
Barrow's goldeneye
Bufflehead

Ruddy duck
Blue-winged teal
Green-winged teal
Cinnamon teal
Ring-necked duck
Canada goose

Anas acuta

Anas clypeata
Aythya valisineria
Aythya americana
Anas platyrhynchos
Anas strepera
Mereca americana
Aythya affinis
Olor columbianus
Mergus merganser
Mergus serrator
Bucephala clangula
Bucephala islandica
Bucephala albeola
Oxyura jamaicensis
Anas discors

Anas carolinensis
Anas cyanoptera
Aythya collaris
Branta canadensis
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Appendix Table 2.

Mule deer and white-tailed deer (as
noted) observations - July 1978-June 1979.

Hunt No.
Date Unit Obs. Classification Location
9/29/78 426 1 lBl/ 515, T21N, R18E
10/16/78 426 3 3B s 1, T21N, RI15E
12/11/78 417 13 7D, 6F S of Winifred
12/15/78 417 18 12b, 5F, 1B Moulton
12/19/78 417 85 (WT) 46D, 30F, 9B Hilger—-Roy
1/ 4/79 426 70 44D, 26F Denton NE to Wolf
Cr. Bridge
1/ 8/79 417 90 (WT) 67A, 23F Hilger-Roy
1/10/79 417 17 12a, 5F Suffolk
1/12/79 426 49 31a, 18F Jct. Judith R. &
Denton Highway
1/26/79 426 14 9A, 5P §32, T21N, RI15E
1" [1] 8 3A’ SF 829 ' " "
" " 10 5A, SF si7, " "
)] 1] 2 lA’ lF S 5 ’ " ”
" " 8 4p, AF s 3, T22N, "
" " 9 4a, SF $34, T23N, R16E
" " 5 3a, 2F 510, T22N, "
1] " 7 4A, 3F 515 , " "
" " 5 4a, 1F sle, " "
" " 2 lA, lF Szl, " "
(1] n 4 2A' 2F 834 ’ 1] 11}
" " 12 6A, 6F S 2, T21N, R1l6E
" u 3 lA' 2F 528 ’ [1] "
" " 2 lA' lF 834 ’ " n
" " 11 5A, 6F s26, " "
1] 1} 5 3A, 2F SlZ . " 1"
" " 14 7A, TF s13, " "
" " 3 2A, 1F s10, T22N, RI18E
" " 6 3A, 3F $25, T23N, R19E
" " 14 8A, ©6F 2 Mi. NE of Denton
2/16/79 410 6 (WT) - $21, T22N, R23E
2/19/79 680 8 5A, 3F §22, T23N, R1B8E
113 " 6 4A’ ZF SZO R " "
1] " 3 lA, 2F 827 ’ 1" [1]
n " 8 SA, 3F g22 , " "
" " 8 5A, 3F s28, " "
" " 5 2A' 3F " [1] 11
" " 10 8A, 2F S29, " "
" " 2 lA' lF 1] 11 "
1} 1] 6 3A, 3F 530, " "
" " 4 2a, 2F s25, " R17E
" 1] 4 ZA' 2F 826 ' [1] "
" " ]_ - 824 , 1] "
0 [1] l - 11 11} "
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Appendix Table 2 (continued). Mule deer and white-tailed
deer (as noted) observations - July 1978~
June 1979.

Hunt No.

Date Unit Obs. Classification Location
2/19/79 680 19 10a, O9F 524, T23N, R17E
" ” 9 8A R 2 F 11} n "
" " 12 11a, 1F s13 " "
" " 15 13a, 2F s25 " "
n " 8 SA ' 3 F u " ”"
" " 15 11a, AF s21 " "
" " 8 6A, 2F s20 " "
" " 7 6A, 1F s12 " "
L1 " 8 5A ’ 3F S l " 11
" " 6 54, 1F S 6 " R18E
" " 5 3A ' 2F S 5 L1} "
" " l l 8 A ’ 3 F " " "
" 11 7 4 A R 3 F s 4 " "
[1] ” 28 lSA’ 13F " " ”
" " 9 6A, 3F S32, T24N "
" " 20 13a, 7F s28 " "
" " 12 8A, A4F S29 " "
" " 8 — 528 " [
" " 24 19A, SF s17 " "
" " 8 6A, 2F 528, T25N "
" " 3 2A, 1F 519 " "
" " 5 3, 2F s25 " R17E
" " 17 12a, 5F 530, T24N, R18E
" " 7 6A, 1F s25 " RL7E
" " 6 4p, 2F 531 " R18E
" " 8 A, 1F S 6, T23N "
" " 24 17a, 7F S$36, T24N, R17E
" " 11 7A, AF S23 " "
" " 2 - " " "
2/20/79 " 14 8A, 6F s20 " "
" " 5 3A ’ 2F " " 1]
" " 10 7A, 3F s21 " "
" " 8 5a, 3F si6 " "
n " 2 2A S l 5 n "
" " 7 — " " 11}
" " 6 3a, 3F S17 " "
" " 7 5A, 2F 518 " "
" " 11 7a, AF S36, T25N, R16E
" " 13 8A, OF s 7, T24N, R17E
" " 12 - s 7 " "
" " 9 - S 8 1] n
" " 11 8a, 3F s 7 " "
" " 14 8a, 6F s31, T25N, R17E
" ”" 7 - " " "
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Appendix Table 2 (continued). Mule deer and white-~tailed
deer (as noted) observations - July 1978-
June 1979,

Hunt No.

Date Unit Obs. Classification Location

2/20/79 680 14 6A, 8F S36, T25N, R1l6E
" " 4 3A, 1F 531 " R17E
1" " 7 SA R 2 F S 3 2 1 n
" " 3 3A 533 " "
n 11 8 4A ’ 4F " " "
11} n 2 3 - S 3 l i} "
”n " 9 S 3 2 1t "
" " 4 2A , - 2F S31 " "
" " 21 12a, O9F S30 " "
" " 8 4a, A4F 529 " "
11} n 5 4A ’ lF " " "
" " 9 6A, 3F 528 " "
" " 5 5A 529 " "
" " 15 11a, 4F 529 " "
" " 4 4Aa S1l9 " "
" " 3 1A , 2F " ] "
" " 13 8A, O5SF S30 " "
n " 9 SA , 4 F " " L]
" " 2 1A, 1F S36 " R16E
" " 12 8A, A4F 525 " "
] " 13 7A , 6F ] n "
" " 6 4A, 2F 536 " "
" " 9 — 1" " 1]
" " 8 5A , 3 F n [ "
" " 8 47, A4F 535 " "
L L ] 2 l l 4A ’ 7 F o u "
1" 1] 3 lA ‘ 2 F " " "
" " 13 6A, 7F S26 " "
1 " 5 3A ' 2 F ”n 1] "
" " 10 8A, 2F 522 " "
" " 25 17A, B8F S21 " "
" " 5 3A, 2F 527 " "
n " 8 4A ' 4F 1] " [1)
" " 10 6A, 4F 528 " "
" " 7 5A, 2F S20 " "
" " 9 4A, 5F 528 " "
" " 9 - 522, T24N "
" " 5 3A, 2F S 1 " "
" " 12 7A, SF S 2 " "
" " 2 2A 512 " "
" " 2 1a, 1F s30, " R17E
" " 15 10A, O5F s10, T23N, "
[1] " '7 -— S 9 " n
" L1} 3 lA ' 2 F S 8 n "

e
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Appendix Table 2 (continued). Mule deer and white-tailed
deer (as noted) observations - July 1978-
June 1979.

Hunt No.

Date Unit Obs. Classification Location
2/20/79 680 2 2A Sl6, T23N, R17E
" " 18 13A, ©5F S17 " "

" " 11 8A, 3F S 8 " "

-1/ A - Adults, B - Bucks, D - Does, F - Fawns

99



Appendix Table 3. Antelope observations, July 1978-June 1979.

No.

Date Obs. Classification Location
7/10/78 3 3 yearling bucks 513, T21N, R21E
" 1 ip 1/ sS10 » "
7/25/78 7 3p, 3F, 1B S$29, T20N, RI19E
" 20 10D, 10F S$31, T21N "

" 3 3B S 5, T20N "
" 9 7D, 1F, 1B s$33, T21N "
" 2 2D S 9, T22N "
" 4 4B 534, T21N "
" 13 7D, 6F slé " "
" 12 6D, O5F, 1B 528 " "
" 2 1D, 1F S$10, T20N, R19E
" 8 2D, SF, 1B " 1] n
1] 3 3B 527 11} "
" 4 4B S34, T21N "
" 3 1p, 2F 515 " "
" 1 1B S15, T22N "
n 3 3D Slo " (1]
" 2 2B Slo [1] ”"
" 6 GB Slo [} ] "
" 4 2D, 1F, 1B S 3 " "
" 3 1D, 2F 515 " "
" 10 4D, 6F S15, T21N "
" 10 5D, 3F, 2B S35 " "
" 4 1p, 2F, 1B 5§24, T20N "
" 3 1p, 1F, 1B " " "
" 5 2D, 3F S11, T22N v
" 5 3D, 2F S1l4 " "
" 1 1D 525, T23N "
" 10 5D, b5F S36 " "
" 1 1D S13, T22N "
" 5 3D, 2F 525, T21N "
" 14 8D, b5F, 1B " " "
" 14 9D, &F s 7 " R20E
" 8 4D, AF S18 " "
" 5 SB " " "
" 7 4D, 3F 519 " "
" 6 3D, 2F, 1B 520 " "
" 1 1B S 8 " "
" 1 1B . 822, T23N, R20E
" 8 2D, 3F, 3B 529, T22N "
" 4 3D, ]_F ] " "
" 6 2D, 4F s 7 " "
" 9 5D, 3F, 1B 518 " "
" 8 3D, 5F 529 " "
" 4 2D, 2F 1] " "
" 3 1D, 2F S31 " "
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Appendix Table 3 (continued). Antelope observations, July
1978~June 1979.
No.

Date Obs. Classification Location
7/25/78 8 3D, O5F S31, T22N, R20E
" 6 3D, 3F S 5, T21N "

" 2 1D, lF " " "

" 9 4D, 4F, 1B S 6 " "

" 16 9D, 6F, 1B S 6, T20N, R20E
" 15 8D, 7F S5 " "

" 5 3D, 2F 532, T21N "

" 7 3D, 3F, 1B S 5, T22N "

" 4 2D' 2F " " "

" 9 6D, 2F, 1B S$10, T21N, R21E
" 4 2D, 2F S 3

" 4 4B S1 " R20E
" 2 2B S13, T22N "

" 10 7D, 2F, 1B S 3 " R21E
" 3 2D, 1F S12 " R20E
" 6 3D, 2F, 1B S 9, T21N, R21E
" 35 18D, 14F, 3B S35, T23N, R20E
" 9 4D, 4F, 1B S12, T22N "

n 12 6D' 6F " ” "

" 12 4D, 7F, 1B S14 " "

" 4 3D, 1F S 3, T21N "

n l lD 828 " "

" 1 1D S22, T23N "

" 6 3D, 2F, 1B S24, T22N, RI1S8E
" 10 4D, ©5F, 1B S 7, T20N "

" 11 7D, AF sis " "

" 10 6D, 3F, 1B S15, T21N "

" 12 9p, 2F, 1B S 4, T20N "

" 1 1B 520, T21N "
7/31/78 11 6D, OF 520, T19N, R16E
" 21 9D, 11F, 1B S 8, T22N, R16E
" 18 8D, 1O0F 512 " R15E
" 1 lB " " "

" 11 5D, ©5F, 1B S13 " "

" 4 3D, 1F " 1] "

] a 3D, lF, 4B " " "

" 6 6B 814 1] "

" 17 11D, 6F S15 " "

" lo 7D, 2F , lB " " U]

" 19 12D, 6F, 1B S 3, T21N "

" 14 7D, 6F, 1B S23 " "

" 11 9D, 2F 525 " "

" 4 2D, 2F S19 " R16E
" 6 2D, 3F, 1B S30, T20N "



Appendix Table 3 (continued). Antelope observations, July
1978-June 1979.

No.
Date Obs. Classification Location
7/31/78 10 6D, 4F 536, T20N, R15E
" 8 3D, 4F, 1B S29 " "
" 10 6b, 3F, 1B 526 " "
" 4 1p, 2F, 1B S$17, T19N, RISE
" 6 4p, 1F, 1B Sl1l4 " R14E
" 15 6D, 8F, 1B 523 " R15E
" 21 9D, 11F, 1B S33 " R14E
8/ 2/78 4 S 1, T22N, R1l9E
9/27/78 5 SEl/4 S30,T21N,R19E
" 24 S 5, T21N, R20E
" 15 529, T22N "
" 6 S29, T21N, RI19E
" 9 836 11 "
10/ 5/78 5 " " 1]
’ 1] 16 830 " "
‘ " 2 829 " ”
10/13/78 19 S 4 v R21E
" 25 $32, T22N, R20E
11/ 7/78 64 Sleé " "
" 17 Szl (1] n
1/23/79 45 NE1l/4 S6, T22N, R21E
1/26/79 150 ss, 6, 7, 8, 17 & 18,

T21N, R15E
(Antelope using this
area entire winter)
" 60 $27,34,T23N, R16E
(Antelope using this
area all fall & winter)

" 90 s2,3,10,11,T21N,R16E
2/16/79 90 52,3, T22N, R19E
" 19 NW1l/4 S4, T22N, R20E
" 9 $1/2 S33,34, T23N,R20E
" 100 S28, T22N, R23E
" 100 S13,T22N,R23E &

S18, T22N, R24E
2/19/79 19 S21, T24N, R18E
2/20/79 64 S14, T25N, R16E

l/ D - Does, F - Fawns, B - Bucks
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Appendix Table 4. Bighorn sheep observations.

No.
Date Obs. Classification Location
2/10/78 5 3g, 20 NW1/4 S28, T22N, R23E
7/11/78 15 9, 6L 528 " "
7/25/78 14 9, 5L Nwl/4 " " "
8/11/78 10 7E, 3L 528 " "
10/17/78 11 9E, 2L S19 " "
2/16/79 3 2E, 1L NWl/4 S28 " "
" 8 6, 1L, 1R 519 " "
4/25/79 12 9, 2L, 1R NWl/4 S28 » "
6/ 4/79 9 5E, 2YE, 2NL " " " "
7/10/79 17 10E, 7L " " " "
8/ 9/79 15 8E, 7L " " " "
8/20/79 17 11E, 6L " " " "
12/27/79 6 3, 3L " " " "
2/ 6/80 13 8E, 4L, 1R " " " "

1/ E -~ Ewes, YE - Yearling Ewes, L - Lamb, NL - New Lambs,
R ~ Rams
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Appendix Table 5. Elk Oobservations.

No.
Date Obs. Classification Location
8/11/78 1l 1lc Two Calf Island,NW1l/4
S27 &NE1/4 528,
T22N, R23E
10/17/78 4 3C, 1B Same as above
2/16/79 4 2C, 2c s19,20, T22N, R23E
" 7 4C, 3c 523,24 " "
o 8 S l l [1] "
8/20/79 7 4C, 2c, 1B S$23 " "
11/13/79 8 4C, 3c, 1B S22 " "
11/20/79 8 " " " Two Calf Island,NW1l/4
S27, T22N, R23E
(1] 9 S 2 3 ”" n
11/22/79 6 , " " "
12/13/79 12 2B Two Calf Island, NWl/4

527, T22N, R23E

l/ C - Cows, c - calves, B - Bulls
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Appendix Table 6.

Sage grouse observations, July 1978-June 1979.

Nos.
Date Obs. Classification Location
7/10/78 3 1 adult, 2 yn. S14, T21N, R20E
8/ 2/78 1 S23, T22N, R19E
8/10/78 6 1 adult, 5 yn. S 2, T21N, R18E
9/29/78 14 520, T22N, R20E
" 15 516, T23N, R19E
10/ 3/78 2 " " "
10/ 5/78 25 S36, T21N, R19E
10/12/78 12 " " "
1/23/79 4 SE%S4, T22N, R20E
1/31/79 3 NE%S30, T21N, RI19E
" 78 N%S17 and NWkS16,
T21N, R19E
2/16/79 Not counted lots S17 and 18, T22N,
of sign R19E
" 12 S25 and 26, T22N,
R21E and S19 & 30
T22N, R22E
" Not counted lots Missouri R. bottom,
of sign S21, T22N, R23E
2/19/79 15 approx. $21, T23N, R17E
" Slgn 816, " "
" 1 S 1’ n "
" 6 §25, T25N, R17E
2/20/79  Sign S15, T24N, "
" Sign Sl7, " "
1" Sign 818’ ”n "
" 15 519, " "
" 11 818, " n
" 4 S31, T25N, "
" Sign S 7, T24N, "
" lo " " "
" 4 531, T25N, "
v Sign S32&33," "
" 20 820, T25N, R17E
" 4 S30, " "
" Sign s25, " R16E
" 15 514, " "
] 150 821, " "
n Sign 833, n "
" 5 S30, T24N, R17E
" Sign S3&4, T23N, "
" 100+ S9&10, " "
" 20 58&9, n "
" 23 S 8, " n
4/25/79 23 23 males strut- S21, T20N, R19E
ting ground
" 7 7 males " S33, T22N, R19E
" 6 6 males " S16, T22N, RI19E
" 19 19 males " s10, " "
5/ 1/79 21 21 " " $32, T21N, "
" 4 4 " " 533, T22N, "



Appendix Table 6. (continued) Sage grouse observations, July 1978-

June 1979.
Nos.
Date Obs. Classification Location
" 16 : 16 males strut- Sl1l6, " "
ting ground

” 2 9 2 9 [1] " S l O R " "
" 33 33 " " S 1, " R20E
5/ 3/79 22 22 " " S21, T20N, R19E
.oon 3 3 [ L] 533’ T22N, "
" 24 24 " " S 8, T21N, R21E
5/ 4/79 8 g " " S$33, T22N, R19E
" 2 2 1] " sl6 . " "
”n 2 0 2 0 11} 1 S l O ; 11} 7"
" 1 1 1] " S 8 , " n
5/15/79 35 35 " " s1e6, " "
" 4 l 4 l ” " S l 0 ’ n "
6/27/79 5 1 adult, 4 yn. S 4, T21N, RI19E
7/ 6/79 5 1 "o, 4 DY Junction and

‘ Vicinity
7/31/79 4 1 v“., 3 v S19, T21IN, RI19E
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Appendix Table 7.

Sharp-tailed grouse observations, July 1978-

June 1979.
Nos.

Date Obs. Classification Location
9/29/78 15 S15, T21N, RI1S8E
10/12/78 13 " " "

" 11 $27, T22N, R17E

" 10 S 6, T21N, RI18E
10/16/78 3 S 1, T21N, R15E
12/15/78 16 S§26, T11N, R18BE

" 5 S10, T22N, R16E

" 17 S 6, T21N, R18E
1/ 5/79 17 S26, " "
1/18/79 42 SW4%S22, T20N, R15E
1/31/79 5 SE4S26, T21N, R18E
4/21/79 49 49 males danc- S15, T20N, R15E

ing groun

" 17 17 males " Sl6, " R16E

" 16 16 males " s 5, " "

" 18 18 males " SE%S3, " R15E

" 11 11 males " NE%S21, T21IN,"

" 10 10 males " Swks14, v

" 11 11 males " SE%S1, o

" 14 14 " " ELS34, T22N, "

" 8 8 n " SE%Sz 4 ’ " "

" 6 6 " " SE%S12, ", R16E

" 1 1 " " NE%S 7, ", R17E

" 17 17 ] " SE%S 9 , " "

”"n ll ll " " 516 ’ " "

" 1 3 l 3 " " NE;&S 3 3 , " "

" 8 8 " " NE%S2, T21N, "

" 11 11 " " NE%S6 " RI1S8E

" 6 6 " " SwWw4%s27, T22N,"

" 21 21 " " NE4%S31, T21N, R18E
5/ 3/79 6 6 " " $33, T22N, R23E

" 8 8 " " S16, " R17E

" 15 15 " " Sk518, T18N, R14

" 21 21 " " N;f827 , " n
5/ 4/79 7 7 " " SwWk%s15, T21N, RI1S8E

n 6 6 " [1] Nw;&Sl 9 ’ " "

" 1 3 1 3 1 1] ” NE ;as 6 , ”" "
5/15/79 6 6 SW%S15, " "

" 14 14 " " SW4%S21, T20N, R19E

" 22 22 " " NE%S31, T21N, R18E

" 7 7 " " NW;&S].Q , " "

" 12 12 " " NE%S33, T22N, R17E

" 4 4 " " SE%s12, " R16E

" 2 2 " " E%S32, " R15E

" 15 15 " " Sk518, T21N, R16E

" 7 7 " " SE%S1, " R15E

" 3 3 " " swysig, " R16E

" 12 12 " " SE%S3, T20N, RI15E



Appendix Table 7.

(continued)

Sharp-tailed grouse observations,
July 1978-June 1979,

Nos.
Date Obs.

6/18/79 13
- 6/27/79 5

Classificatibn Location

1 adult, 12 yn. NW%S26, T21N, R16E
1 adult, 4 yn. S 16, T2IN, R19E
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Appendix Table 8. Hungarian partridge observations, July 1978-

June 1979,
‘Nos.
Date Obs. Classification Location
8/10/78 6 1 adult, 5 yn. 5§22, T21N, R18E
8/31/78 8 1 adult, 7 vyn. W. of Lewistown
10/ 5/78 16 $27, T21N, RI9E
10/13/78 7 515, T21N, R20E
12/11/78 10 1 group 513, T21N, RI19E
" 25 4 groups S. of Winifred
12/14/78 10 2 groups Denton
12/15/78 8 1 group S 2, T21IN, R17E
12/19/78 12 2 groups Roy
12/20/78 6 1 group S$13, T21N, R18E
" 3 1 group slz2, " "
" 12 1 group S13, " "
12/27/78 24 3 groups Winifred-Hilger
" 36 3 groups Hilger-Lewistown
1/'4/79 45 5 groups Denton & vicinity
1/ 5/79 15 3 groups Winifred
1/10/79 71 10 groups Suffolk-Winifred
1/12/79 11 2 groups Lewistown-Denton
1/18/79 28 3 groups N. of Denton
1/23/79 17 1 group NE of Winifred
1/26/79 5 1 group Denton
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Appendix Table 9.

Pheasant observations,

July 1978~June 1979,

Nos.
Date Obs. Classification Location
8/ 2/78 8 1l female, 7 yn. 8$26, T21N, R18E
8/10/78 4 1 female, 3 yn. 8525, " "
8/16/78 7 1 female, 6 yn. §S17, T21N, R17E
10/ 3/78 2 $18, T21N, RZ0E
10/ 5/78 2 529, TZ2IN, R19E
10/16/78 1 male S 1, T21N, R15E
12/11/78 5 5 males S13, T21N, R19E
" 56 43 females, 13 S. of Winifred
males
12/14/78 19 10 females, 9 Denton
males
12/15/78 54 37 females, 17 S. of Winifred
males
12/19/78 6 6 males NW%S528, T24N, R24E
" 6 6 males S15, T24N, R24E
12/20/78 45 27 females, 18 Winifred-Hilger
males
12/27/78 40 30 females, 10 " "
males
1/ 4/79 43 27 females, 16 Denton & vicinity
males
1/ 5/79 18 13 females, 5 Winifred-Hilger
males
1/ 8/79 19 11 females, 8 Hilger-Roy
males ‘
1/10/79 36 22 females, 14 S30, T21N, R17E
males
" 37 29 females, 8 Winifred-Suffolk
males
1/12/79 45 20 females, 25 Denton
males
1/23/79 11 8 females, 3 NE of Winifred
males
1/31/79 8 5 females, 3 Winifred-Hilger
males
" 17 17 females SW%S23, T21IN, RI1SE
2/27/79 9 8 females, 1 Winifred-Hilger
male
7/27/79 10 1 female, 9 yn. Denton
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Appendix Table 10. Water fowl observations, July 1978-June 1979.

Sub Nos.
Date Family Obs. Classification Location

7/10/78 Duck 64 10 broods: 10 adult, S 4, T21N, R21E
54 yn.

" " 29 4 broods: 4 adult, S 9, T2IN, R20E
25 yn.

" " 16 3 broods: 3 adult, 524, T21N, R19E
13 yn.

" " 14 2 broods: 2 adult, S30, T21N, R19E
‘ 12 yn.

7/25/78 Goose 9 1 brood : 2 adult, S13, " "
7 yn.
8/ 2/78 Duck 15 2 broods: 2 adult, S 2, T22N, "

13 yn.

" " 29 4 broods: 4 adult, S 7, " R20E
25 yn.

" " 10 2 broods: 2 adult, S 9, T21N, R20E
8 yn.

8/ 3/78 " 4 1 brood : 1 adult, E. of Roy
3 yn.
8/ 9/78 " 8 1 brood : 1 adult, "

7 yn.

4/25/79 . Goose Aerial survey on Missouri River - see section on
waterfowl for results

4/2 5/79 " " ] " Judi th n " 1] '
6/ 4/79 Duck 10 2 broods: 2adult, NE of Winifred
8 yn.
6/12/79 " 141 25 broods: 25 adult, Dy Junction &
116 yn. vicinity
6/12/79 Goose 18 3 broods: 6 adult, " " "
12 yn.
6/14/79 Duck 172 23 broods: 23 adult, W. of Winifred
149 yn.
6/18/79 Goose 31 5 broods: 11 adult, SE of Winifred
20 yn.
" Duck 68 13 broods: 13 adult, SE of Winifred
55 yn.
6/27/79 " 203 35 broods: 35 adult, Winifred & vicinity
168 yn.
6/28/79 " 25 5 broods: 5 adult, Robinson Bridge &
20 yn. ~vicinity
7/ 2/79 " 39 7 broods: 7 adult, Denton & vicinity
32 yn.
7/ 6/79 " 34 6 broods: 6 adult, Dy Junction &
28 yn. vicinity
" Goose 28 5 broods: 9 adult, " " "
19 yn.
7/17/79 Duck 65 9 broods: 9 adult, S 9, T21IN, R19E
56 yn.
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PREFACE

The Missouri River from Fort Benton to Fred Robinson Bridge (US Highway
191) was designated a component of the National Wild and Scenic River
System in October 1976. This 240-kilometer (149-mile) segment is the only
major portion of the Missouri River to be protected and preserved in its
natural, free-flowing state.

Today, floaters enjoy scenic vistas which remain much as first de-
scribed by Lewis and Clark in 1805-1806. The Missouri River was the major
waterway route to the Rocky Mountain west from the time of Lewis and Clark
until the coming of the railroads in the late 1800's.

The Blackfeet, Assiniboine, and Cree held dominion over the river area
for many years. At the riverside trading posts of Fort Lewis, Benton,
McKenzie, and Piegan, fur trade flourished for a brief period. Steamboats
plied the shallow waters as far as Fort Benton, bringing gold seekers and
materials for an expanding economy. The exceptionally scenic White Rocks
area along the river contains landmarks that recall those days of long ago.
LaBarge Rock, Hole-in-the-Wall, Dark Butte, Citadel Rock - the names ring
with the excitement and romance of this period of westward expansion.

Later, homesteaders found the Missouri River valley too harsh an
environment to pursue their livelihood. The frame and log dwellings they
left behind are present-day reminders of dreams that were not to be.

The river's free-flowing nature, protected by its designation to the
National Wild and Scenic System, has preserved not only scenery, solitude,
and recreational opportunities, but it has also preserved a precious and
rare ecological community. A study of a portion of this community is
described in the pages of this report.
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ABSTRACT

A fishery inventory and planning study was conducted on a 333-kilometer
(km) reach of the mainstem of the middle Missouri River between Morony Dam
and Fort Peck Reservoir and on the lower reaches of its principal tributaries,
the Marias, Teton, and Judith rivers. The study was made during a five-year
period from October 1, 1975, through September 30, 1980. Physical, chemical,
and biological characteristics of the waters of importance, or potential
importance, to the recreational fishery of the study area were determined.

A total of 92,568 fish were sampled in the mainstem and 8,720 in
tributaries. Longitudinal distribution, relative abundance, and size com-
position of the fish populations were determined. A total of 53 species
representing 14 families of fish occur in the study area. Sauger, walleye,
channel catfish, shovelnose sturgeon, paddlefish, northern pike, and burbot
were the most common game fish species collected. Common nongame species
included goldeye, carp, freshwater drum, stonecat, mottled sculpin, and
a variety of suckers and minnows. Movements of several important fish
species were evaluated by electrofishing catch rate and tag return data.
Age and growth studies of eight important fish species indicated growth in
the middle Missouri River generally equals or exceeds growth in other waters.

Seasonal spawning migrations of shovelnose sturgeon, sauger, bigmouth
and smallmouth buffalo, and blue suckers in the Missouri River and from the
Missouri River into major tributaries were identified and monitored. The
annual spawning migration of paddlefish from Fort Peck Reservoir into the
Missouri River was studied, and nine critical spawning sites were identified.
Significant movements of paddlefish to the spawning sites did not occur unt%]
flow in the Missouri River a% the Virgelle gage station exceeded 396 meters>/
second (m3/sec) [14,000 feet3/sec (cfs)].

Aquatic macroinvertebrates, larval fish, and forage fish were studied
in the Missouri River and in the lower reaches of major tributaries. Water
temperature was monitored at four sites on the Missouri River and at one
site on the lower Marias River. Water chemistry was studied at six stations
on the Missouri River. In 1977, a paddlefish creel census was conducted in
a 23-km segment of the Missouri River between Robinson Bridge and Fort Peck
Reservoir. An estimated 1,625 anglers fished 2,526 man-days and harvested
666 paddlefish weighing 15.96 metric tons. A partial creel survey of the
Missouri River from Morony Dam to Fort Peck Reservoir revealed an excellent
sport fishery exists for sauger, shovelnose sturgeon, channel catfish, and
several other species. Returns of tagged fish by anglers indicated relatively
Tight harvest rates for most species.

Assessment of human-related activities affecting the aquatic resource
indicates water quality degradation and stream dewatering are problems in
portions of the study area. Increased exploitation of fossil fuels and non-
fuel mineral resources could lead to future environmental problems. Potential
dams on the Missouri River near Fort Benton represent the greatest single
threat to the aquatic resources of the study area.



INTRODUCTION

A basic inventory is essential in formulating management plans for main-
taining and utilizing a fishery. Seldom is this information complete for an
entire area or drainage. The middle Missouri River in Montana supports a
significant fishery, and prior to this study, basic data on the aquatic re-
sources of this area were lacking.

The aquatic resources of Montana are threatened by an expanding
population. Human activities encroach on the aquatic habitat at an alarming
rate. These activities on the floodplain, streambanks, and headwaters have
altered many streams beyond the point where they can naturally adjust.

Because of the increasing human demand for Montana's lTimited water
supplies for industrial, agricultural, and domestic uses, development of the
middle Missouri River appears likely. Projects which remove or impound
substantial amounts of stream flow may alter the existing flow regimes and
associated aquatic communities. For these reasons the Montana Department of
Fish, Wildlife and Parks (DFWP) initiated this study on October 1, 1975.
Without basic inventory data on the aquatic resources of the middle Missouri
River, little could be done to evaluate conflicting resource demands and
minimize adverse impacts on the resource.

A 333-km (207-mile) reach of the mainstem of the middle Missouri River
was included in the fisheries inventory. This reach extends from Morony Dam
near Great Falls to the headwaters of Fort Peck Reservoir near Landusky.
Eleven study sections were established in the reach (Figure 1). In addition,
the lower reaches of the Marias, Teton, and Judith rivers were studied. The
Marias River entering from the north (including its tributary, the Teton
River) and the Judith River from the south are the principal tributaries to
the Missouri River in the study area.

The Missouri is the nation's longest river. The 333-km reach covered
by this study represents the last major free-flowing portion of the 3,982-km
river. From Three Forks to Great Falls, the Missouri is characterized by
several dams and intensive bottomland cultivation. From Fort Peck to its
Junction with the Mississippi River, the Missouri has been substantially
altered with channel pilings, flood walls, dams, and reservoirs, all of
which have impaired the river's natural values.

The Tand contiguous to the Missouri River in the study area has retained
most of its primitive characteristics. It consists primarily of rolling
plains, interrupted by isolated areas of mountain uplift (Missouri River
Joint Study 1963). The gorge-like river valley, which lies 150 to 300 meters
(m) below the average elevation of the adjacent upland plains, is comprised
largely of spectacular, varied, and highly scenic badlands and breaks,
ranging from 3 to 16 km in width,

Because of its extraordinary historical, recreational, scenic, and
natural values, a 240-km segment of the Missouri River in the study area
from Fort Benton to Robinson Bridge has been designated as part of the
National Wild and Scenic Rivers System (US Congress 1975a). This inclusion,
signed into law on October 13, 1976, affords considerable protection for
the last major free-flowing portion of the Missouri River. Under provisions
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of the legislation, no dams may be built on any of the protected waters

and specific protective regulations will be imposed on any new commercial
development in designated areas surrounding the protected waters (US Congress
1975b). The law does allow minor diversion and pumping of water from the
protected area for agricultural uses. Private landowners in the area can
continue with traditional grazing, farming, recreational, and residential
uses.

OBJECTIVES

The long-range objective of the study was to follow the inventory pro-
cedures developed on the Smith River (Wipperman 1973) and the upper Yellow-
stone and Shields rivers(Berg 1975) and use the resulting data to prepare
recommendations for aquatic resource management on the middle Missouri River.
Specific objectives were:

1. To conduct baseline surveys of resident fish populations in 11
study sections on the mainstem of the middle Missouri River,

2. To identify and monitor spawning migrations of paddlefish, shovel-
nose sturgeon, and sauger in the Missouri River and the lower reaches
of the Marias, Judith, and Teton rivers, *

3. To tag key fish species with individually numbered tags to
determine angler harvest and monitor movement patterns,

4. To determine age and growth of paddlefish, shovelnose sturgeon,
sauger, channel catfish, blue sucker, bigmouth and smallmouth buffalo,
and freshwater drum in the middle Missouri River,

5. To determine location, seasonality, and success of Spawning of
important fish species in the middle Missouri River by sampling for
larval fish at eight stations on the mainstem of the river and at
one station near the mouth of the Marias River,

6. To inventory the aquatic macroinvertebrate community at five stations
on the mainstem of the middle Missouri River and at one station each
near the mouths of the Marias and Judith rivers,

7. To maintain thermograph stations on the Missouri and Marias rivers
to monitor water temperatures,

8. To monitor water chemistry (quality) parameters at six stations
on the mainstem of the middle Missouri River,

9. To conduct a partial creel survey on the sport fishery of the
middle Missouri River between Morony Dam and Fort Peck Reservoir,

10.  To conduct a creel census on the paddlefish fishery between
Robinson Bridge and Fort Peck Reservoir, and

11. To identify immediate and future problems affecting the aquatic
resources in the study area and recommend solutions to alleviate
these problems.



A1l objectives stated above were accomplished. Findings are presented
in the appropriate sections of this completion report.

TECHNIQUES

Water Temperature

Thirty-day continuous recording thermographs were used to monitor water
temperature regimes. 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. :

Water Quality

A limited amount of water chemistry (quality) monitoring was conducted
during this study. Samples were collected by the DFWP, and laboratory
analyses were made by the Water Quality Bureau of the Montana Department
of Health and Environmental Sciences. Standard Methods for the Examination
of Water and Wastewater were followed (APHA 1975).

Macroinvertebrates

Aquatic macroinvertebrate samples were taken using a rectangular
framed 20 x 45 centimeters (cm), conical net kick sampler with fine mesh
(300 micron) pores (Figure 2). 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, mud, submerged vegetation,
etc.) were sampled at each station to obtain a representative sample.
Samples were transferred to jars containing an identifying label and pre-
served with 10 percent formaldenyde.

In the laboratory, the samples were washed on a US Series No. 30
screen. Material retained by the screen was transferred to an enamel
sorting pan where the aquatic macroinvertebrates were separated from vege-
tation and bottom materials. Separation of macroinvertebrates was
accomplished by picking each sample twice. Macroinvertebrates were
identified to the lowest taxon practical using keys by Ward and Whipple
(1959), Pennak (1953), Brown (1972), and Roemhild (1976). A1l macroinverte-
brate identifications, except chironomids, were verified by Dr. George
Roemhild, Montana State University. Chironomids were identified by Dick
Oswald, Montana State University.

Larval Fish

Larval fish were sampled with a 0.5 m diameter by 1.6 m long Nitex
plankton net (0.75 millimeter (mm) mesh) fitted with a threaded ring sewn
at the distal end to accommodate a wide mouth, pint mason jar as the
collecting bucket (Figure 3). 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 volume of water filtered was measured with a Price
type-AA current meter positioned at the center of the net orifice. The
net was fished for a measured period of time, usually 30 to 60 minutes.



Figure 2. Macroinvertebrate samples were collected with arectangular framed
kick net positioned on the stream bottom.

Figure 3. A 0.5 m diameter larval f

ish net was used to collect drifting
fish larvae.



On some occasions the net was fished for less than 30 minutes because of
excessive amounts of debris collecting in the nets. The samples were
usually collected during the dusk-to-dawn hours of the day at two week
intervals.

After the net was retrieved from the river, its contents were
thoroughly washed into the collecting jar. ATl samples were preserved
in a 10 percent solution of formaldehyde colored with phloxine-B dye.

In the laboratory, the samples were washed on a US Series No. 30 screen.
Material retained by the screen was transferred to an enamel sorting pan
where the larval fish were extracted. The ploxine-B dye was 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
Towest 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).

Adult Fish

The middle Missouri River is a substantially larger stream than the
Smith or upper Yellowstone River drainages where the previous inventory
and planning investigations were conducted. The Missouri has a greater
diversity of aquatic habitat types and a larger variety of fish species
than the aforementioned drainages. Natural turbidity, deep water, and
deceptive current velocities present problems for survey operations in
many areas.

Because of these problems, many of the fish population sampling
procedures developed during the previous inventory and planning studies
could not be used on the Missouri River. A basic objective of this study
was to become familiar with proven sampling methods on large rivers and
develop sampling equipment and techniques adaptable to the Missouri
River. The following fishery sampling gear and methods were tested and
used during the study.

Boom-Suspended Electrofishing Apparatus

Alternating or direct current shockers with electrodes suspended from
fixed booms have been relatively successful for sampling fish populations
in large rivers such as the lower Yellowstone River in Montana (Peterman
and Haddix 1975), the Missouri River in Nebraska (Morris 1965, Stuckey
1973), the Missouri River in Missouri (Robinson 1973 and 1977), and other
large rivers (FAD 1975).

A boom shocker was constructed for use on the middle Missouri River.
Basic design of the boom shocker was adapted largely from boom shockers used
in Wisconsin (Novotny and Priegel 1974) with specific modifications similar
to those used on the lower Yellowstone River in Montana (Peterman 1978).

The electrofishing apparatus was mounted on a 6.7 m (22 ft.) semi-vee
aluminum boat powered by a 245 horsepower (hp) inboard jet (Figure 4). An
aluminum boat offers the advantage of simple, reliable grounding of all
electrical equipment by the physical attachment of the equipment to the
boat (Novotny and Priegel 1974). A metal railing was constructed around the
front deck of the boat for safety and to facilitate collection of stunned



Figure 4. Boom suspended electrofishing apparatus mounted onaé6.7m
aluminum boat was used for sampling fish populations in the
Missouri River.

fish with dip nets.

The electrode system of the boat consisted of positive and negative arrays.

Since the boat was intended primarily for operation with direct current,

the electrode configurations were designed specifically for this operating
mode. However, the electrode system was also adequate for operation in the
alternating current mode.

The positive electrode system consisted of two anodes suspended from
fiberglass booms approximately 1.8 m (6 ft.) ahead of the bow of the boat.
The booms were spread 2.1 m (7 ft.) apart and were adjustable for height by
means of pin-locked adjustments. Each anode consisted of either (1) a
spherical electrode, 38.1 cm (15 in.) in diameter, constructed from 1.0
cm (3/8 in.) diameter copper tubing or (2) an array of 12 to 15 “dropper"
electrodes clipped to a 0.9 m (3 ft.) diameter aluminum support ring. The
support ring provided mechanical support and an electrical connection for
the droppers which actually carried the current into the water. Individual
"droppers" consisted of 15.2 cm (6 in.) Tengths of 1.6 cm (5/8 in.) diameter
stainless steel tubing supported by a 45.7 cm (18 in.) length of heavy
gauge insulated copper wire with a 20-amp test clip to attach to the support
ring. By moving a sleeve of insulating material (1.6 cm [5/8 in.] diameter
auto wire loom), exposure of the stainless steel "droppers" could be
adjusted for waters of varying conductivity.

The negative electrode system consisted of two cathode arrays, one
mounted on each side of the boat. Each array consisted of a set of five
1.2 m (4 ft.) lengths of 1.9 cm (3/4 in.) diameter flexible conduit supported



by a 2.4-m(8 ft.) length of fiberglass boom. Each length of conduit was
fastened to the support boom by a chain and rubber insulator. The top of
each length of conduit was insulated with electrical tape to reduce an
unnecessary electrical field near the surface of the water.

Power was supplied to the positive and negative electrodes through 1.3
cm (1/2 in.) diameter metal conduit and watertight junction boxes.
Industrial duty electronic plugs and receptacles (screw-in type) provided
positive watertight connections between junction boxes, electrodes, and
power source.

The power source for the electrofishing system was a 2,500-watt, 230-
volt (60 Hz. single phase) alternating current generator. A Coffelt Model
VVP-15 rectifying unit was used to change the alternating current to various
forms of pulsed or continuous direct current. Output from the rectifying
units could be varied from 0 to 600 volts and from O to 25 amps. Pulse
frequency was adjustable from 20 to 200 pulses per second and pulse width
from 20 to 80 percent. Meters were used to monitor all voltages, current
output, frequency and pulse width.

Most of the aquatic habitat of the Missouri River in the study area
consisted of deep mainstem areas with a few large side channels and back-
waters. The boom-suspended electrofishing apparatus was the most effective
technique for sampling these areas. Other procedures such as mobile electro-
fishing apparatus, gill nets, hoop nets, frame traps, and seining were
effective only in restricted habitat areas such as shorelines, quiet pools,
backwaters, and small side channels.

Mobile Electrofishing Apparatus

A mobile electrode apparatus was used for sampling fish populations
in the lower Marias River and in shallow, restricted side channel and back-
water areas of the Missouri River. Maneuverability of the relatively small
mobile unit in these confined habitat areas proved highly advantageous.

The mobile electrofishing unit consisted of a 4.3 m (14 ft.) fiber-
glass boat containing a hand-held mobile positive electrode, a stationary
negative electrode (fastened to the bottom of the boat) and a portable
2,500-watt, 115-volt (60 Hz. single phase) alternating current generator.

A Fisher Model FS-103 rectifying unit was used to change the alternating
current to various forms of pulsed or continuous direct current. The direct
current output was adjustable from 0 to 500 volts. A 40 hp jet outboard

was used for mobility in deep water areas where the electrofishing boat
could not be maneuvered by hand.

Gill Nets

Fish were also captured with standard experimental sinking nylon gill
nets 1.8 x 38.1 m (6 x 125 ft.) with graduated mesh size from 1.9 to 5.1 cm
(3/4 to 2 in.) square measure. Overnight stationary sets with these nets in
areas of the river with 1little or no current, generally produced good
catches of a wide variety of fish species. Stationary gill net sets in
areas of the river with any significant amount of current were largely
unsuccessful because the nets usually became badly fouled with debris and,
in some cases, were washed downstream by the current.



In some main channel areas of the Missouri River with moderate current,
heavy-duty, large-mesh sinking nylon gill nets were drifted perpendicular to
the current in an attempt to capture fish. These nets were 2.4 m (8 ft.)
deep and varied in length from 15.2 to 45.7 m (50 to 150 ft.). The nets
could be drifted only in areas of the river relatively free from snags and
with sufficient current to carry the nets. In many areas, the current was
tooswift for drifting the nets.

Drifting gill nets with 7.6 cm (3 in.) square measure mesh was effective
and fairly selective for sampling shovelnose sturgeon and blue suckers.
Paddlefish were taken readily by drifting gill nets with 12.7 cm (5 in.)
square measure mesh in the Missouri River below Robinson Bridge. The 12.7
cm mesh appeared to be exclusively selective for paddlefish.

Baited Hoop Nets

Baited hoop nets were used to sample channel catfish in the Study area.
The nets were constructed of 3.2 cm (1.25 in.) square mesh, tarred, nylon
netting on a matched set of four 0.8 m (2.5 ft.) diameter wood hoops with
an overall length of 2.0 m (Figure 5). This type of hoop net had been used
successfully by commercial fishermen to capture channel catfish in the
Missouri and Mississippi rivers (Ragland and Robinson 1972, Helms 1973).
The nets were fairly selective for channel catfish although a few other
species were occasionally taken.

~ The hoop nets were set in the river with the open throat facing down-
stream. A bait bag containing from % to 1 kilogram (kg) of rotten cheese
was attached to the bottom of the rear hoop inside the net. The bait bags
were constructed from rubber tire inner tubes perforated as much as
possible to help feed the bait. A weight of from 20 to 50 kg was attached
to the rear of the net. This weight anchored the hoop net on the stream-
bottom. The exact amount of weight required to anchor the net depended on
the force of the current. A second weight of about 2 kg was attached to
the bottom of the front hoop to keep the net stretched in position on the
streambottom. A 3 to 6 m nylon line with a buoy was attached to the top of
the front hoop to mark the location of the set.

The most important element in sampling for channel catfish in large
rivers is to locate the specific site for the net. The lack of success in
capturing catfish is usually due to net location rather than to inefficiency
of the hoop net or bait.

Net Tocation varies to some extent with the seasonal distribution of
channel catfish. From about mid-March through mid-June, a substantial
number of catfish were found in side channels of the Missouri River in pools
near undercut banks. A Timited number of sets were made in these areas
during spring. However, it was generally impractical to set hoop nets in
the Missouri River during spring because of the great amount of debris
carried by the river. As stream flow levels rose, the nets often became

badly fouled with debris and, in some cases, were washed downstream by the
current.

The best results in sampling for channel catfish in the Missouri River
were obtained during the period from mid-June through late October. Most
of the channel catfish were found in deep pools in main channel areas in or
near the thalweg during this time period. The nets were placed on stable
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Figure 5. Baited hoop nets were used to sample channel catfish in
the Missouri, Marias, and Teton rivers.
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gravel or sand and gravel substrate at the head of the larger pools in
water at least 1.5 m (5 ft.) deep. Nets placed on unstable substrate, such
as sand or mud, usually resulted in poor catches and often became partially
buried and were difficult to retrieve. To facilitate feeding out of the
bait the nets were placed in areas with current velocity as swift as
possible without washing away the nets.

The first nets set in each section were left in the water for 48 to
72 hours to allow sufficient time for the bait to feed out. The nets were
then raised and data on the catch recorded. After the first set, the nets
were checked approximately once every 48 hours. Information on the time
of setting and raising, correct to the nearest five minutes was recorded
for each net.

Frame Traps

Spawning migrations of sauger and other species were monitored on the
lower Marias River with 0.9 m (3 ft.) high by 1.2 m (4 ft.) long frame
traps (Figure 6). The traps were constructed from 2.5 cm (1 in.) square
mesh fence wire and 1.3 cm (% in.) diameter reinforcing rod material.
Similar traps were used successfully by Posewitz (1963) to capture fish
in the middle Missouri River and the lower reaches of jts tributaries.

Figure 6. Spawning migrations of sauger in the lower Marias River were
monitored with frame traps.
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The frame traps were set in the river with the open throat facing down-
stream. One or two Tead nets, 0.9 to 1.8 m (3 to 6 ft.) high, with 2.5 cm
(1 in.) square mesh and from 3 to 15 m long, were stretched at various angles
downstream from the trap. The angle depended on the force of the current.

The frame traps were successful for sampling a substantial number of
migrating adult game fish, especially sauger, during their spawning seasons.
Posewitz (1962) believed the traps were selective for adult sauger in the
Tower Marias River. Selectivity toward adults was probably due to the
relatively large square mesh 2.5 cm (1 in.) of the traps and leads. Ricker
(1971) reported that underwater frame traps are selective by species, and
have been selective for the larger fish of a size class above the minimum
imposed by the physical dimensions of the net. Traps and leads of a mesh
size smaller than 2.5 cm cannot be fished effectively in the Missouri River
because they impede streamflow, trap debris, and are washed out much more
easily than the large mesh.

Seines

Forage fish samples were collected with 15.2 x 1.2 m(25 x 4 ft.)
beach seines with 6.4 and 3.2 mm (1/4 and 1/8 in.) square mesh. The seinewas
operated by two persons and worked in as many different habitat types as
the current and bottom characteristics allowed. Most of the seining sites
were confined areas, such as backwaters and side channels, where the presence
of forage fish was anticipated. Some forage fish were also taken in
selected unconfined portions of the open river, such as shoreline and
shallow riffle areas. Fish collected were identified and associated
habitat types were recorded.

Fish Sample Processing and Tagging

Fish captured by the various techniques were anesthetized with MS-222,
measured to the nearest millimeter in total length, and weighed to the
nearest 10 grams (g). In addition, paddlefish and shovelnose sturgeon were
measured to the nearest millimeter in fork length. Sex and spawning
condition (gravid, ripe, or spawned) were recorded for fish captured during
their spawning season. A1l fish were released near the capture site.

In addition to the above, several fish species were marked with
individually numbered tags. Tag return data were used to provide an
indication of angler harvest rates and to determine movement patterns of
individual fish, particularly spawners, and establish their home ranges.

Individually numbered, plastic, cinch-up spaghetti tags, anchored
through the base of the adipose fin, were used to mark channel catfish.
Shovelnose sturgeon were tagged with individually numbered, monel, wing
band tags clipped over the anterior rays of the pectoral fin or with
individually numbered, plastic, cinch-up spaghetti tags inserted through
the posterior portion of the fleshy keel at the base of the dorsal fin.
A1l other game fish species and several nongame species, including blue
suckers, bigmouth buffalo, smallmouth buffalo, and freshwater drum were
tagged with individually numbered Floy T-tags inserted near the base of
the dorsal fin. Information signs were placed at accessible points along
the river in an effort to encourage anglers to provide information about
tagged fish in their creel.



Age and Growth

Scales or other structures were taken from certain fish species for ~
age and growth determination. Scale samples were taken regularly from
sauger, blue suckers, bigmouth and smallmouth buffalo, and freshwater drum.
Small numbers of scales were also collected from walleye, northern pike,
rainbow and brown trout, and mountain whitefish. The scale samples were
imprinted on an acetate slide, and the imprints were projected at 44X on
a Norwest nmi 90 microfiche reader. Annuli were identified and ages
assigned following criteria in Tesch (1971) and Lagler (1956).

Annuli measurements in millimeters for back calculations were made from
the center of the focus of each scale along the central radius to the
anterior edge of the scale. Calculations of length at previous annuli for
fish 0 to 10 years old were made at the Montana State University computer
center using a modified version of FIRE I, a fisheries statistics program.
This program employs the Dahl Lea, Rosa Lea, and corrected Rosa Lea
linear back calculation equations and the Monastyrsky logarithmic equation
(Tesch 1971). FIRE I was also used to summarize empirical data concerning
length, weight, percent composition, and condition factors of assigned
age groups. It also calculated length-weight and length-scale radii
relationships. Condition factors (KTL) were calculated by the forumula:

= W x 105

K X
TL 3

Dentarys (lower jaws) were collected from a number of angler harvested
paddlefish during creel censuys surveys conducted on the Missouri River in
the Slippery Ann area. The dentarys were placed in chlorine bleach for
several days to remove the flesh and then dried in an oven set at 50 degrees
centigrade (C). The dentarys were then cut into thin cross sections, 30
to 40 micra thick, with a Jeweler's saw. Because of the greater thickness
of the dentary at the point where it bends mesially, cross sections were
made in this area (the caudio mesiad) to provide the widest area for counting
growth rings. The sections were smoothed on garnet paper and immersed in
glycerin prior to being examined under a 30X stereoscope. Annuli were then
counted in the manner described by Adams (1942).

Pectoral spines were collected from channel catfish for age and growth
determination. The spines were sectioned with a small power saw apparatus
similar to that described by Witt (1961). Sections of the spines were
made just distal to the basal groove as suggested by Sneed (1951). The
sections were sanded to less than 0.05 mm in thickness and emersed in a
dilute solution of hydrochloric acid for partial decalcification. The
sections were then washed in tap water and placed in glycerin between two
microscope slides. The mounted sections were projected at 44X on a Norwest
nmi 90 microfiche reader for age and growth determinations.

The magnified spine sections clearly showed narrow transparent bands
separated by wider, opaque bands. The narrow, transparent bands were deposited
gy s]owgr winter growth and were considered annuli. Measurements were made

by Sneed (1951). The articulating process of each spine was sectioned, wetted -
with xylene and viewed with reflected 1ight under a binocular microscope.

Under reflected light the annuli appeared as narrow, dark banks. These

sections were used to check ages assigned to spine sections taken distad

14



to the basal groove as suggested by Ragland and Robinson (1972). The sections
made through the articulating process retained all annual marks, while sections
made through the spine distad to the basal groove were missing annuli due

to enlargement of the spine Tumen. Age and growth calculations were made

using methods previously described for scaled fish.

Pectoral fin rays of shovelnose sturgeon were sectioned and examined
for age determination. Three sections of each ray were made, beginning
approximately 12 mm distad from the articulation and proceeding proximally
toward the articulation. Roussow (1957) and Cuerrier (1951) sectioned
shovelnose sturgeon pectoral rays 13 mm or closer to the base. Zweiacker
(1967) made the first sections 20 mm from the base and proceeded proximally.
The shovelnose sturgeon pectoral sections were then prepared and mounted
as described above for channel catfish. The cross section of the marginal
anterior ray of the pectoral fin was used to age the sturgeon. Annuli
apppeared as narrow, translucent, single or banded lines. No attempt was
made to back calculate shovelnose sturgeon lengths at previous annuli be-
cause of their old age and the close compaction of their annuli.

Complete decalcification, microtome sectioning and mounting with Giensa
stain proved unsatisfactory for viewing annuli on channel catfish and shovel-
nose sturgeon pectoral cross sections. This process tended to obliterate the
annuli.

Creel Census and Creel Survey

Paddlefish Creel Census

A creel census study was conducted on the paddlefish fishery on the
Missouri River immediately upstream from Fort Peck Reservoir during the
spring of 1977. The creel census method was adapted largely from Needham
(1973). Based on field tests of various creel census methods, Needham
selected this technique because it was the most reliable one for the Missouri
River study area.

Creel census data were collected on as many days as possible throughout
the entire spring paddlefish snagging season. Weekends and holidays re-
ceived much heavier fishing pressure than weekdays. Therefore, a larger
proportion of weekends and holidays were creel censused than weekdays.
Estimates of fisherman pressure and catch on noncensus days were based on
data from preceding and following census days. In addition, some information
on pressure and harvest on noncensus days was provided by US Fish and Wild-
life Service personnel stationed on the Charles M. Russell National Wild-
life Range, which borders the study area and by DFWP wardens.

As many anglers as possible were interviewed after completing their
fishing day. On most days, the absolute number of fishermen and their
harvest could be determined. Data recorded on angler interviews included
angler residency, length of trip, estimated time spent fishing, method of
fishing (bank or boat), number of paddlefish caught, and number of paddie-
fish kept.

As much of the creel as practical was measured to the nearest centi-
meter in length, fork length, and eye-to-fork length. Weights were
determined to the nearest 0.5 kg with a Chatillon Model 100A straight
spring scale. Sex was determined by weight, body configuration, presence
of tubercules and examination of the gonads and urogenital pore.



A number of paddlefish in good condition which were caught by anglers
who did not wish to keep them, were tagged and released near the capture
site. The tags used were individually numbered, monel, poultry bands
anchored around the dentary (lower jaw) near its symphysis. Tag returns
provided information on angler harvest rates and movements.

Missouri River Creel Survey

An angler creel survey was conducted during 1977 and 1978 on the sport
fishery which exists on the Missouri River from Great Falls to Fort Peck
Reservoir. This survey was a partial census in which interviews of fisher-
men were used to obtain estimates of angling data. The survey technique,
formulated with the assistance of George Holton, Fisheries Division, DFWP,
used a fish species identification chart and postcard-sized angler survey
forms (Appendix Figures 1 and 2).

The angler survey forms were of two different types - "voluntary" and
“interview." The "voluntary" survey form relied on voluntary compliance
in answering the survey and returning the postpaid card. "Voluntary" forms
were distributed to parties of anglers by personnel from the Bureau of
Land Management (BLM), Lewistown, and Northwestern University, Evanston,
I11inois, during the course of their recreational use surveys on the river.

With the "interview" survey form, partial trip data were obtained
during interviews with individual anglers. The "interview" form was
recorded in duplicate, with the original copy retained by the census taker
and the 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. As many inter-
views as possible were obtained during the course of the research, such
as electrofishing and gill netting on the river. In addition, a number
of days, especially weekends and holidays, were devoted exclusively to
collecting creel survey data. ‘

Data recorded on the angler survey forms included residency, party
size, length of trip, estimated time spent fishing, type of fishing (bank
or boat), method of fishing (setline, angling, or snagging), type of lure
used, and number and kind of fish keptand released.

FINDINGS -~ AQUATIC HABITAT PARAMETERS

Drainage Area and Stream Discharge

The drainage_area of the middle Missouri River increases from 60,326
kmZ to 106,156 km2 or by about 76 percent, between Morony Dam and Robinson
Bridge (United States Geological Survey 1979). However, due to the semi-
arid climate, the increase in mean annual streamf]low is only about 17
percent. The climate is characterized by moderately low rainfall, a
dry atmosphere, hot summers, cold winters, and a large proportion of sunny
days (Gieseker 1931). Precipitation averages about 33 cm (13 in.) annually,
of which about 22 cm falls during May through September (Misssouri River
Joint Study 1963).

Streamflow regimes are monitored by the US Geological Survey (USGS)
at Morony Dam, Fort Benton, Coal Banks Landing, and Robinson Bridge. Mean
annual discharge for a 22-year period of record at Morony Dam, an 88-year
period of record at Fort Benton, a 43-year period of record at Coal Banks
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Landing, and a 44-year pe51od of record at Robinson Bridge were 7.12 km3/y
(5,776,000 AF/y), 6 95 km°/y (5,636,000 AF/y), 7.70 km3/y (6,242,000 AF/y),
and 8.35 km3/y (6,775,000 AF/y) respect1ve1y (USGS 1979). The maximum flows
recorded at the four stat§ons, respectively, were 2,040 m 3/sec (72, 003 cfs)
on June 10, 1964, 3,960 m>/sec (140,000 cfg) on June 6, 1908, 3,460 m?/sec
(122,000 cfs) on June 5, 1953, and 3 880 m°/sec (137,000 cfs) on June 6, 1953.
The recorded minimums were 0.028 m3/sec (1 cfs) on April 16, 1962, at Morony
Dam in response to a power plant shutdown, 9.06 m 3/sec (320 cfs) on July

5, 1936, at Fort Benton, 18.1 m3/sec (638 cfs) on July 5, 1936, at Coal Banks
Landing and 31.7 m3/sec (1,120 cfs) on July 8, 1936 at Robinson Bridge. The
present day flow regimens are not natural because of regulation and storage
at several dams in the drainage upstream from the study area.

Stream Gradient and Velocity

The Missouri River enters the study area immediately below Morony Dam
at an elevation of 856.2 m (2,809 ft.) msl, dropping 167.6 m (550 ft.) to an
elevation of 688.5 m (2259 ft.) ms1 at Robinson Bridge. Stream gradient
averages 0.57 m/km (3.0 ft./mi.) and varies from over 1.9 m/km (10 ft./mi.)
in the extreme upper reaches to less than 0.4 m/km (2 ft./mi.) in some sections
(Table 1). A longitudinal profile from Morony Dam to Fort Peck Reservoir
js shown in Figure 7. Stream gradients were determined by measurements
taken from USGS topographic maps (1:24,000 scale). A river distance chart,
also taken from the topographic map, is presented in Appendix Table 1.

Velocity is closely associated with stream width, discharge, and gradient.
Mean velocities range grom about 1.1 to 0.6 m/sec (3.5 to 2.0 ft./sec.) at
a discharge of 169.9 m°/sec (600 cfs) (USDI 1975).

Water Temperature

Water temperatures were monitored during the ice-free period by con-
tinuous recording thermograph stations located on the Missouri River at
Morony Dam, Fort Benton, Coal Banks Landing, and Robinson Bridge and on the
Marias River 5.1 m upstream from the mouth. The daily maximum and minimum
water temperatures recorded at each station from 1976 through 1979 are
shown in Appendix Tables 2 through 17. The Coal Banks Landing station was
operated by the USGS. The others were maintained by the DFWP.

Each year, at the five stations, water temperature warmed progressively
from late March through early June. The highest annual water temperatures
were achieved from early June through mid-August. The highest temperatures
recorded at the Morony Dam, Fort Benton, Coal Banks Landing, and Robinson
Bridge stations during the study period were 20.0, 26.1, 26.7, and 26.7 C
(68, 79, 80, and 80 F), respectively. The highest temperature recorded on
the Marias River was 28.9 C (84 F).

Water temperatures were monitored from 1976 through 1979 at Fort Benton,
Coal Banks Landing, and Robinson Bridge. The Marias River was monitored from
1977 through 1979, and Morony Dam was monitored only in 1977.

Water temperature at the Coal Banks Landing and Robinson Bridge stations
from late July through early November 1976 averaged 0.22 and 0.17 C (0.4 and
0.3 F) degrees higher, respectively, than the Fort Benton station. The mean
diurnal differences between the average maximum and average minimum water
temperatures were 2.52, 2.26 and 1.26 C (4.53, 4.07 and 2.26 F) degrees
for the Fort Benton, Coal Banks Landing, and Robinson Bridge stations, respectively.



Table 1. Stream gradients of the middle Missouri River from Morony Dam
to Fort Peck Reservoir. Confluence of the Missouri River with
the normal flood pool of Fort Peck Reservoir is kilometer 0.0.

River Approximate Elevation Gradient Gradient
Kilometer Location {meters, ms1)  (m/km) (ft/mi)
333.1 Morony Dam 856.2 - -
331.9 853.4 3.1 16.41
330.2 Belt Creek 847.3 3.54 18.69
326.8 841.2 1.77 9.34
323.7 Highwood Creek 835.2 2.05 10.81
316.2 829.1 0.79 4.19
309.2 823.0 0.88 4.66
304.3 Carter Ferry 816.9 1.21 6.41
297.7 810.8 0.92 4.88
289.5 804.7 0.75 3.95
282.2 Fort Benton 798.6 0.84 4.45
270.9 792.5 0.54 2.84
261.5 786.4 0.65 3.41
254.9 780.3 0.92 4.88
240.4 Marias River 774.2 0.42 2.20
225.3 768.1 0.40 2.13
203.7 Little Sandy Creek 762.0 0.28 1.49
188.7 755.9 0.40 2.13
173.0 Hole-in~the-Wal1l 749.8 0.39 2.05
158.8 743.7 0.44 2.30
148.2 737.6 0.57 3.01
133.5 Judith River 731.5 0.42 2.20
113.3 Stafford Ferry 719.3 0.60 3.17
90.6 707.1 0.53 2.82
65.6 Cow Island 694.9 0.49 2.59
37.3 Robinson Bridge 688.5 0.39 2.08
0.0 Fort Peck Reservoir 684.6 0.16 0.83
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In 1977, water temperatures at the Coal Banks Landing and Robinson
Bridge stations from mid-April through early November averaged 1.2 and 1.0
C (2.1 and 1.8 F) degrees higher, respectively, than the Fort Benton
station. At the Morony Dam station during 1977, a shorter period of record -
was available than for the other three Missouri River stations. However,
during a period of record from early June through early September, 1977,
water temperature at the Morony Dam station averaged 3.7 C (6.7 F) degrees
lower than the Fort Benton station. During 1977, the mean diurnal differences
between the average maximum and average minimum water temperatures were
2.83, 2.71, 2.44, and 2.14 C (5.10, 4.87, 4.39, and 3.86 F) degrees for the
Morony Dam, Fort Benton, Coal Banks Landing, and Robinson Bridge stations,
respectively.

In 1978, water temperatures at the Coal Banks Landing and Robinson
Bridge stations from late April through mid-October averaged 0.2 and 1.7 C
(0.4 and 3.1 F) degrees higher, respectively, than the Fort Benton station.
During the same period of record in 1979, water temperatures at the Coal
Banks Landing and Robinson Bridge stations averaged 0.3 C (0.5 F) degrees
lower and 0.9 C (1.6 F) degrees higher, respectively, then the Fort Benton
station. The colder water temperatures in 1979 at the Coal Banks Landing
and Robinson Bridge stations are dye to relatively cooler water temperatures
of the Marias River in 1979. The mean diurnal differences between the
average maximum and average minimum water temperatures at the Fort Benton,
Coal Banks Landing, and Robinson Bridge stations, respectively were 2.13,
1.59, and 1.56 C (3.83, 2.87, and 2.81 F) degrees in 1978 and 2.38, 1.98,
and 1.51 C (4.28, 3.57, and 2.72 F) degrees in 1979.

The Marias River enters the Missouri River between the Fort Benton
and Coal Banks Landing stations. The average temperature of the Marias
River from late April through mid-October was 16.8, 16.6, and 16.0 C (62.2, =
61.9, and 60.9 F) in 1977, 1978, and 1979, respectively. By comparison
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the water temperature of the Missouri River upstream from the Marias River
at Fort Benton averaged 15.5, 15.6, and 17.2 C (59.8, 60.0, and 63.1 F)
during the same periods in 1977, 1978, and 1979, respectively. The Marias
River had a warming influence on the Missouri River in 1977 and 1978 and

a cooling influence in 1979. The reversal in 1979 was due to abnormally
large amounts of cold water being released from the bottom of Tiber Reservoir.
The Marias River normally has a warming influence on the Missouri River
during the ice-free period. The mean diurnal difference between the average
maximum and average minimum water temperature is greater on the Marias

River than on the Missouri River. The diurnal difference was 4.12, 4.07,
and 2.97 C (7.42, 7.33, and 5.35 F) degrees in 1977, 1978, and 1979,
respectively. By comparison the diurnal difference on the Missouri River

at Fort Benton was 2.71, 2.13, and 2.38 C (4.87, 3.83, and 4.28 F) degrees
in the same years.

Water Quality

Basic water quality parameters were monitored at six stations on the
middle Missouri River during 1978 and 1979. The stations were located at
Ulm (above Great Falls), below Morony Dam, at Fort Benton, at Coal Banks
Landing, at Judith Landing, and at Robinson Bridge. The latter five
stations were study sites for aquatic macroinvertebrates and fish.

Sampling "runs" were made during four periods:

Jow flow, warm water - early August 1978,

Tow flow, cool water - middle October 1978,

after ice-out, prior to spring runoff - early April 1979, and
near the peak of spring runoff - middie June 1979.

I~
2w -
e et Nt

Stream flow in the Missouri River was near normal in 1978 and 1979.
Therefore, the water quality findings should be representative of average
conditions. Results of the water quality analyses are shown in Table 2.

In general, chemical constituent values progressively increased down-
stream at the six stations. Concentrations of most of the major ions, in-
cluding calcium, magnesium, sodium, bicarbonate, and sulfate, were moderately
high at all stations during all sampling periods. In general, the
Missouri River contains two or three times more total dissolved solids
than "average" river water as described by Livingstone (1963). However,
the concentrations of two major ions, chloride and carbonate, were near
normal on the Missouri River when compared to other rivers.

Reid (1961) developed the following classification scheme for potential
biological productivity based on calcium ion concentration:

Ca** concentration Potential biological productivity
Less than 0.50 me/1 Poor

0.50 - 1.25 me/1 Medium

Greater than 1.25 me/] Rich

Calcium ion concentrations of the Missouri River during our sampling ranged
from 1.796 to 3.942 me/1. Therefore, by these criteria, the potential
biological productivity of the Missouri River in the study area is very
good.
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Inorganic nitrogen and phosphorous are generally recognized as having
an influence on primary production in streams and lakes (Sawyer 1948, Chu
1942, Curry and Wilson 1955). Organic nitrogen, amino acids, and ammonia
may inhibit biological growth whereas nitrates and phosphates stimulate
phytoplankton (Chu 1942, Sawyer 1948). Nuisance growth of algae in flowing
waters usually does not occur until total soluble inorganic nitrogen exceeds
0.35 mg/1 and total phosphorous (as P) exceeds 0.05 mg/1. Both nitrogen
and phosphorus must exceed these amounts for problems to develop. No
clear conclusion can be made about the 1imiting nutrient for productivity
in the middle Missouri River (Loren Bahls, Montana Department of Health and
Environmental Sciences, personal communication).

During the winter of 1978-79, a major sewage pipeline break occurred
on the Missouri River at Great Falls. It appears that the consequences of
this break may be reflected to some extent in the relatively higher nitrogen
concentration levels in early April and mid-June, 1979, at the five stations
below Great Falls. However, the nitrogen concentrations were still generally
below the maximum suggested permissible levels.

Even before the pipeline break, some nitrogen enrichment of the Missouri
River was observed in the Great Falls area between Ulm and Morony Dam.
A slight increase in nitrates, nitrites, and total nitrogen was evident
in early August and mid-October, 1978, at the Morony Dam station immediately
below Great Falls. However, the increase was not significant, and nitrogen
levels were below the maximum suggested permissible levels.

Concentrations of trace elements and heavy metals (copper, lead, zinc,
etc.) were within acceptable limits for all six stations. Concentrations
of aluminum, zinc, and iron increased significantly following heavy rain-
storms and during spring runoff, while the concentrations of other trace
elements did not increase significantly.

FINDINGS - MACROINVERTEBRATES

Missouri River

Aquatic macroinvertebrate sampling was conducted at five study sites
on the middle Missouri River from late October, 1976, through mid-September,
1977. The sites were located at Morony Dam, Fort Benton, Coal Banks
Landing, Judith Landing, and Robinson Bridge. The Morony Dam, Fort Benton,
and Coal Banks Landing sites were sampled on eight occasions at approximately
six-week intervals. Because of channel ice, the Judith Landing and Robinson
Bridge sites were sampled on seven and six occasions, respectively.

A total of 59,135 macroinvertebrates, representing 13 orders and at
least 40 families, was collected during the study. The number of macro-
invertebrates collected per kick sample ranged from 62 to 9,200 (Appendix
Tables 18-22). Diptera, Ephemeroptera, Trichoptera and Plecoptera comprised
37, 32, 18, and 2 percent of the macroinvertebrates collected, respectively.
(Table 3). The average number of subordinal taxa ranged from 18.4 at
Robinson Bridge to 24.7 at Fort Benton.

Ephemeroptera (Mayflies)

The numerical percentage of mayflies, averaging all sampling dates,
ranged from 19 percent at Fort Benton to 52 percent at Robinson Bridge

(Table 3). Mayflies were the most common order at Judith Landing and Robinson Bridge.
There were annrnavimatelv twice ac manv mavflisce at t+ha lndith | andina and
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Robinson Bridge sites as there were at the upper three sampling sites.

The lower two sampling sites, Judith Landing and Robinson Bridge, also
exhibited the greatest mayfly diversity, with 9 and 11 genera, respectively
(Table 4).

A total of 13 mayfly genera were collected in the study area.
Tricorythodes, Ephemerella, Rhithrogena, Stenonema, Heptagenia, and
Baetis were the most common and widely distributed genera. Traverella
and Ephoron were not common in the kick samples; however, large numbers
of these species were observed emerging from the river as adults during
summer 1977 at the lower three sampling sites. Hornung and Pollard (1978)
also found underrepresentation of Traverella in kick samples. They con-
cluded that Traverella was not effectively sampled by the kick technique
because of its close attachment to the substrate. Ephoron, a burrowing
mayfly, is also difficult to dislodge from the substrate and collect in
kick samples (Merritt and Cummins 1978). The occurrence of Baetiscq at
Coal Banks Landing was an anomaly, probably the result of drift from the
Marias River where it is common.

Plecoptera (Stoneflies)

The numerical percentage of stoneflies, averaging all sampling dates,
ranged from less than 1 percent at Morony Dam and Fort Benton to 4 percent
at Judith Landing and Robinson Bridge (Table 3). Stoneflies were similar to
mayflies in being significantly more abundant at Judith Landing and Robinson
Bridge than the upper three sampling sites. The Judith Landing and
Robinson Bridge sites also exhibited the greatest stonefly diversity with
five and four genera, respectively (Table 4).

A total of five stonefly genera were collected in the study area.
Isoperla, the most widely distributed genus, was common at all sites except
Morony Dam. Isogenus was collected at all sites except Morony Dam; however,
it was common only at Judith Landing. The remaining three stonefly genera
were rare.

Trichoptera (Caddisflies)

The numerical percentage of caddisflies, averaging all sampling dates,
ranged from 8 percent at Coal Banks Landing to 31 percent at Fort Benton
(Table 3). Caddisflies were significantly more abundant at Morony Dam and
Fort Benton than the lower three sampling sites. The Morony Dam site
exhibited the greatest caddisfly diversity with eight genera (Table 4).

Nine caddisfly genera were collected in the study area. Hydropsyche
was the most abundant and widely distributed genus, followed by Cheumatopsyche,
Brachycentrus, and Oecetis. Hydroptila was sampled regularly from Morony
Dam to Coal Banks Landing. ILeuchotrichia, Psychomyia, and Amiocentrus
were rare, found only at Morony Dam. The occurrence of Heliopsyche at Coal
Banks Landing was an anomaly, probably the result of drift from the Marias
River where it is common.

Diptera (Trueflies)

The numerical percentage of trueflies, averaging all sampling dates,
ranged from 15 percent at Robinson Bridge to 55 percent at Coal Banks Landing
(Table 3). Trueflies were numerically the most common order at Morony Dam,
Fort Benton, and Coal Banks Landing. There was more than a twofold increase
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in trueflies at these three sites compared to Judith Landing and Robinson
Bridge. The Morony Dam site exhibited the greatest truefly diversity with

20 subordinal taxa (Table 4). Robinson Bridge exhibited the least diversity
with 10 subordinal taxa. However, truefly diversity(particularly chironomid
diversity) was probably underestimated at Robinson Bridge because of sampling
problems.

Twenty-six subordinal taxa of trueflies were collected in the study
area. Chironomus, Microtendipes, Phaenopsectra, Polypedilum, and
Rheotanytarsus were the most common and widely distributed genera.
Potthastia, Paracladopelma, Micropsectra, Cardiocladius, Hexatoma and
Muscidae were collected only at Morony Dam. In contrast, Thienemannimyia
gr. and Cryptochironomus were sampled regularly at all sites except Morony
Dam.

Sixteen of the 21 subordinal taxa of trueflies collected in the study
area were from the Chironomidae family. At Morony Dam, Cricotopus, Ortho-
cladius, and to a lesser extent,Phaenopsectra, and Dicrotendipes were clearly
the predominant chironomids. At Fort Benton, a notable change in chironomids
occurred, and Microtendipes, Phaenopsectra, Polypedilum, and Thienemannimyia
gr. were the most common taxa. This chironomid fauna essentially persisted
throughout the lower three study sites. However, the attenuationof chironomids
below Coal Banks Landing was apparent.

The chironomid fauna at the five sites sampled in this study is
typical of large western Montana rivers on the east slope of the
Continental Divide (Richard Oswald, Montana State University, personal
communication). The change in the taxonomic composition of chironomids
between Morony Dam and the four stations downstream is probably related to
water temperature. Water temperature at Morony Dam from early June through
early September, 1977, averaged 3 to 5 C degrees cooler than the downstream
study sites. Several possible effects of the cooler water temperature at
Morony Dam were observed:



(1)  Diamesa were Present in large numbers at Morony Dam in June
and virtually absent from the downstream stations. Diamesa is a
coldwater form which emerges in early spring from most streams.

(2) Potthastia, another coldwater form, was found only at the Morony
Dam site. 4

(3) Orthocladiinae dominated over Chironominae during the cooler
months at Morony Dam, while Chironominae dominated at the lower

four study sites. Orthocladiinae typically dominate over Chironominae
in cooler water and vice-versa in warmer water (Richard Oswald,
Montana State University, personal communication).

(4) The two dominant Chironominae at Morony Dam, Dicrotendipes and
Phaenopsectra, prefer cool water.

(5) Polypedilum, a warmwater form, was very common at the lower
study sites throughout the spring and summer, byt significant numbers
were not observed at Morony Dam until August.

(6) The Thienemannimyia group, which prefers warmwater was totally
absent from the Morony Dam site.

Other Macroinvertebrate Orders

The Tongitudinal distribution, relative abundance and frequency of
occurrence for the remaining orders of macroinvertebrates sampled in the
Missouri River are shown in Table 4. Two heteropterans (Sigara and
Trichocorixa), a coleopteran family (Elmidae), and the order Oligochaeta
were collected at all five sampling sites. The crayfish, Orconectes, was
sampled regularly at Morony Dam and occasionally at Fort Benton.

Discussion

(Figure 8). Macroinvertebrate diversity increased Progressively in a
downs tream direction, The Judith Landing and Robinson Bridge sites had
t?e greatest diversity and the most "stable" community structure (Table
5).

A possible explanation for the community change between Morony Dam
and the downstream sites is the apparent scarcity of good substrate for
macroinvertebrate pProduction at Morony Dam. At the Morony Dam sampling
site, most of the substrate was comprised of flat rocks and bedrock.
Hynes (1970) concluded that substrate is ga major factor influencing
distribution and abundance of aquatic macroinvertebrates.

The series of hydropower dams immediately upstream from the Morony
Dam sampling site may also have an effect on the macroinvertebrate community,

The dams may act as barriers to natura] colonization (drift) of the macro-
invertebrates.

Also, diurnal fluctuations of stage height in the river below the
hydropower dams are more severe at the Morony Dam sampling site than at the
downstream sites. This fluctuation could disrupt the macroinvertebrate
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Figure 8. Diversity of the aguatic macroinvertebrate community was least
at Morony Dam and greatest at Judith Landing and Robinson Bridge.

community.

Baetis, chironomids, and Hydropsyche were the predominant macroinvertebrate
taxa collected at the Morony Dam site. As an average for all sampling dates

combined, these taxa accounted for 83 percent of the macroinvertebrates collected

at the Morony Dam site. In contrast, these taxa accounted for only 47 percent

of the macroinvertebrates collected at the downstream sites. Baetis, chironomids,

and Hydropsyche, because of their great variety of species, are generally con-
sidered very adaptable to wide changes in the normal physical and chemical
conditions in a lotic system (Merritt and Cummins 1978). Stoneflies, which
have a narrower environmental tolerance, were essentially absent from the
Morony Dam site, and mayflies were found only in limited numbers. Although
the aquatic macroinvertebrate community at the Morony Dam site was not as
diverse as the downstream sites, the relative abundance of macroinvertebrates
appeared to be similar to the downstream sites.

With a few important differences, the aquatic macroinvertebrate community
of this Missouri River study area exhibited a striking resemblance to that
of the Yellowstone River between Huntley and Glendive (Schwehr 1977). Con-
sidering the mayflies, stoneflies, and caddisflies only, both riverscontained
a diverse mayfly taxa in contrast to a rather Timited diversity of stonefly
and caddisfly taxa. The mayfly diversity was slightly higher on the Yellow-
stone River, while stoneflies and caddisflies were slightly more diverse on
the Missouri. Dominant subordinal taxa were essentially the same in both



rivers.

The largest number and greatest diversity of mayflies on the Yellowstone
River occurred in the cold-water/warm-water transitional zone (Schwehr 1977).
This was attributed to overlap of cold-water and warm-water forms. In con-
trast, the largest number and greatest diversity of mayflies on the middle
Missouri River occurred downstream from the cold-water/warm-water transitional

zone. Since the Yellowstone River exists in a natural free-f]owing state,
its physiographic range. The flow regime of the middle Missouri River has
been altered by upstream impoundments. This alteration has probably had some
influence on the aquatic macroinvertebrate community of the river,

Marias and Judith Rivers

Aquatic macroinvertebrate sampling was conducted at study sites near
the mouths of the Marias and Judith rivers in 1977 and 1978. The Marias
River was sampled four times, and the Judith River was sampled three. times
(Appendix Table 23). - -

The Tower Marias and Judith rivers had relatively diverse mayfly taxa,

moderate caddisfly and truefly compositions, and a meager stonefly representation

(Table 6). This composition is typical of western rivers. The mayfly,
Baetisca, was sampled regularly in the lower Marias, but it was rare in the
Missouri and apparently absent from the Judith River. R

In general, the aquatic macroinvertebrate community of the Marias River
is very similar to the Tongue River, a tributary of the Yellowstone River
(Newell 1976). The Marias and Tongue rivers are both greatly influenced by
large water impoundments. The truefly, Atheriz, was sampled regularly in
the Judith River but never in the Marias River, Similarly, Newell (1976)
did not find Atheriz in the Tongue River.

FINDINGS - LARVAL FISH

Larval fish were sampled at eight study sites on the mainstem of the
Missouri River and at one study site on the lower Marias River near its
mouth. Samples were collected from late May through late August, 1978,
to determine timing and location of successful hatching and emergence of
important fish species. The mainstem Missouri River sampling sites were
located at Carter Ferry, Fort Benton, Coal BankshLanding, Little Sandy Creek,
Judith Landing, Stafford Ferry, Cow Island, and Robinson Bridge (Figure 1).

A total of 6,141 larvae were collected in 53 samples from the Missouri
River, and 966 larvae were taken in 11 samples from the Marias Rijver
(Appendix Table 24). The larval taxa sampled represented common adult fish
known to occur in the study area.

Spatial Distribution

Missouri River

sampled at the mainstem Missouri River sites and were the predominant group
tes except Robinson Bridge (Table 7). The Ictiobinae/
Cyprinidae group (buffalo, carpsucker and minnows) was the only other major
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Table 6. Taxonomic composition of the aquatic macroinvertebrate community
in the Tower Marias and Judith rivers, 1977-78. Asterisk (*)
indicates the presence of a taxon at the sample site.

Taxa Marias River Judith River
Ephemeroptera
Baetiscidae
Baetisca *
Leptophlebiidae
Leptophlebia *
Traverella * *
Ephemeridae
Ephemera *
Hexagenia *
Ephoron *
Siphlonuridae
Isonychia *
Tricorythidae
Tricorythodes * *
Ephemerellidae
Evhemerella * *
Heptageniidae
Rhithrogena * *
Stenonema * *
Heptagenia *
Baetidae
Baetis * *
Pseudocloeon *
Plecoptera
Nemouridae
Brachyptera *
Perlidae ,
Acroneuria *
Claassenia *
Perlodidae
Isogenus * *
Isoperla * *
Trichoptera
Hydroptilidae
Hydroptila * *
Hydropsychidae
Hydropsyche * *
Cheumatopsy che * *
Leptoceridae
Oecetis * *
Helicopsychidae
Helicopsyche *
Brachycentridae
Brachycentrus * *
Diptera
Tipulidae

Hexatoma *



Table 6 continued.

78.

Asterisk (*) indicates the

at the sample site.

Taxonomic composition of the aquatic macroinvertebrate
community in the lower Marias an

d Judith Rivers, 1977-
presence of a taxon

Taxa Marias River Judith River
Athericidae
Atherix *
Simuliidae
Simulium * *
Empididae * *
Chironomidae
Tanypodinae
Thienemannimyia gr. *
Diamesinae
Monodiamesa *
Potthastia *
Chironominae
Microtendipes * *
Polypedilum * *
Rheo tanytarsus *
Orthocladiinae
Cricotopus *
Eukiefferiella *
Orthoeladius *
Odonata
Gomphidae
Ophiogomphus * *
Heteroptera
Corixidae
Trichocorixa *
Sigara *
Coleoptera
Hydrophilidae *
Elmidae
Microcyl loepus * *
Ordobrevia * *
Pulmonata
Physidae
Physa * *
Oligochaeta * *
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group‘co11ected. This group comprised a substantial portion of the larvae
sampled at the lower three study sites. Ictiobinae/Cyprinidae accounted
for 61 percent of the larvae sampled at Robinson Bridge.

Two paddlefish prolarvae (Figure 9) were collected in the Missouri
River in 1978, one at Coal Banks Landing and one at Little Sandy Creek.
The specimens were collected late at night, July 12, and the early morning,
July 13 at each site, respectively. This finding confirms that paddiefish
spawn successfully in the Missouri River at least as far upstream as Coal
Banks Landing. Paddlefish larvae have also been sampled in the Yellowstone
and Milk rivers, Montana (Russ Penkal and Kent Gilge, DFWP, personal
communication).

Goldeye was a very common fish in the study area, but very few goldeye
larvae were sampled, and those found were sampled only at the three lower
study sites. The scarcity of goldeye is probably related to their preference
for calm waters for spawning and incubation (Scott and Crossman 1973).

Larval fish samples were collected in the Missouri River only at sites where
current velocity was sufficient enough to stretch out the sampling net.
Calm water, which probably was preferred by goldeye for spawning, was not
sampled.

Figure 9. qud]efish prolarvae were sampled on July 12-13, 1978, on the
Missouri River at Coal] Banks Landing and Little Sandy Creek.
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The scarcity of sauger in the larval fish collections was probably
related to time of sampling. Based on examination of the spawning con-
dition of adult sauger, it is believed that the peak of spawning occurred
in late April and early May, 1978. Assuming an incubation period of 13 to
21 days as described by Nelson (1968), most of the larval sauger probably
emerged by the end of May. Intensive sampling for larval fish on the
Missouri was not initiated until early June. Most larval sauger probably
had emerged prior to this time. The two larval sauger which were collected
on the Missouri River in 1978 were taken on June 13 and 15 at Coal Banks
Landing and Stafford Ferry, respectively.

The greatest density of larval fish in 1978, for all sampling dates
combined, was found at the Coal Banks Landing site. Mean density at this
site was 306.8 larval fish/100 m3 of water filtered (Table 7). Mean
densities at the remaining seven sites ranged from 5.1 larvae/100 m3 at
Judith Landing to 35.6 larvae/100 m3 at Fort Benton. Densities at the
latter sites were similar to averages reported for the Missouri River
below Gavins Point Dam in South Dakota (Kallemeyn and Novotny 1977).

Marias River

Taxonomic composition of larval fish in the Marias River in 1978 was
similar to the Missouri River. Catostominae and Ictiobinae/Cyprinidae
accounted for 81 and 17 percent, respectively, of the larvae sampled in
the Marias (Table 7). The mean density of larval fish taken at the
Marias River sampling site was 105.9 larvae/100 m3.

Two shovelnose sturgeon prolarvae were collected in the Marias River
on June 19, 1978. These were the first shovelnose sturgeon larvae ever
collected in the Missouri River drainage above Fort Peck Dam, indicating
that successful reproduction of shovelnose sturgeon occurs in the lower
Marias River.

Very few goldeye larvae were sampled on the Marias River. The
scarcity is probably related to sampling techniques previously described
for goldeye in the Missouri River.

One channel catfish aelvin was sampled on the Marias River June 19,
and three were collected July 28, 1978. This finding confirms that channel
catfish spawn successfully in the Tower Marias River.

Eleven sauger larvae were sampled on the lower Marias River June 1
and 2, 1978. Most larval sauger in the Marias River probably emerged
prior to sampling. ,

Temporal Abundance

To facilitate interpretation of temporal abundance data for larval
fish, the Missouri River was divided into three subreaches:

(1) Subreach 1 included the Carter Ferry and Fort Benton sampling
sites,

(2) Subreach 2 included the Coal Banks Landing, Little Sandy Creek,
and Judith Landing sampling sites, and

(3) Subreach 3 included the Stafford Ferry, Cow Island, and Robinson

-



Bridge sampling sites.

Two different peaks in temporal abundance of Tarval fish were obSérved
in 1978. In Subreaches 1 and 2, peak densities were observed from late

were related to the dominance of Catostominae (suckers) in the larval fish
samples collected in the upper river. The later peak in Subreach 3 was
due to the large number of Ictiobinae/Cyprinidae (buffalo, carpsuckers, and
minnows) larvae which were sampled in the lower river. Brown (1971) indicated
that Catostominae spawn earlier and prefer swifter water for spawning then
Ictiobinae/Cyprinidae which prefer slow, protected water. The former habitat
is common in Subreaches 1 and 2 while the latteris prevalent in Subreach 3.

The greatest density of larval fish on the Marias River in 1978 was
observed in early June (Figure 10). However, the Marias was not sampled
frequently enough to determine if this was the actual peak in abundance of
larval fish.

FINDINGS - ADULT FISH POPULATIONS

Species Distribution, Relative Abundance and Size Composition

Fifty-three species representing 14 families of fish occur in the middle
Missouri River drainage between Morony and Fort Peck dams (Table 8). Forty-
two species are found in the mainstem of the Missouri River from Morony Dam
to Fort Peck Reservoir. Known distribution of the remaining 11 species is
limited to Fort Peck Reservoir or tributaries of the middle Missouri River.
It is possible that some of the latter species occur as transients in the
mainstem,. '

Longitudinal distribution of fish species sampled in the Missouri River
during the inventory period, 1976 through 1979, is shown in Table 9. Sauger,
burbot, white sucker, longnose sucker, shorthead redhorse, river carpsucker,
carp, goldeye, freshwater drum, emerald shiner, western silvery minnow, and
longnose dace were the most widely distributed fish species. They were
abundant throughout the 333-km length of the study area. Northern pike and
walleye were also distributed throughout the study area, but not as abundantly
as the former species. Mountain whitefish, rainbow trout, brown trout, mountain
suckers, and mottled sculpin were most common in the upstream study sections
with only an occasional specimen found in the lower reaches. Shovelnose
Sturgeon, flathead chubs, blye suckers, smallmouth buffalo, bigmouth buffalo,
and channel catfish were common in the Missouri River below the confluence of
the Marias River but generally uncommon above the Marias. However, blue
suckers and buffalo were common in the Missouri River upstream from the Marias
River during their Spawning period. Paddlefish were found seasonally in the
Missouri River from Fort Peck Reservoir upstream to the confluence of the
Marias River. They occurred primarily during April, May, and June when they
migrated upstream from Fort Peck Reservoir into the Missouri River to spawn.
Most paddlefish return to Fort Peck Reservoir following high water in June.

It is not known if any paddlefish reside in the Missouri River throughout the
year.

In 11 study sections on the middle Missouri River a total of 92,568

fish representing 41 species were sampled. The primary objective of the
Surveys was to determine species distribution,Arelative abundance, and size
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Figure 10. Temporal abundance of larval fish sampled in three subreaches
of the Missouri River and at one site on the lower Marias
River, early June through late July, 1978.
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Table 8. Fish species recorded for the middle Missouri River drainage in
Montana between Morony and Fort Peck Dams (family, scientific,
and common names).

ACIPENSERIDAE (Sturgeon family)
Seaphirhynchus albus - Pallid sturgeon
Seaphirhynchus platorynchus - Shovelnose sturgeon

POLYODONTIDAE (Paddlefish family)
Polyodon spathula - Paddlefish

HIODONTIDAE (Mooneye family)
Hiodon alosoides - Goldeye

SALMONIDAE (Trout family) :
Prosopiwn williamsoni - Mountain whitefish
Onocorhynchus kisuteh - Coho salmon*
Onocorhynchus nerka - Kokanee*

Salmo clarkii - Cutthroat trout*
Salmo gairdneri - Rainbow trout
Salmo trutta - Brown trout
Salvelinus fontinalis - Brook trout
Salvelinus namaycush - Lake trout*

ESOCIDAE (Pike family)
Esox lucius - Northern pike

CYPRINIDAE (Minnow family)
Cyprinus carpio - Carp
Carassius auratus - Goldfish
Notemigonus crysoleucas - Golden shiner*
Phoxinus eos - Northern redbelly dace*
Phoxinus neogaeus - Finescale dace*
Hybopsis gracilis - Flathead chub
Hybopsis gelida - Sturgeon chub
Hybopsis meeki - Sicklefin chub
Couesius plumbeus - Lake chub
Notropis atherinoides - Emerald shiner
Hybognathus hankinsoni - Brassy minnow
Hybognathus placitus - Plains minnow
Hybognathus argyritis - Western silvery minnow
Pimephales promelas - Fathead minnow
Rhinichyths cataractae - Longnose dace

CATOSTOMIDAE (Sucker family)
Carpoides carpio - River carpsucker
Cyeleptus elongatus - Blye sucker
Ietiobus bubalus - Smallmouth buffalo
Tetiobus cyprinelius - Bigmouth buffalo
Moxostoma macrolepidotum - Shorthead redhorse
Catostomus catostomus - Longnose sucker
Catostomus commersoni - White sucker
Catostomus platyrhynchus - Mountain sucker

48



Table 8 continued. Fish species recorded for the middle Missouri River drainage
in Montana between Morony and Fort Peck Dams (family,
scientific, and common names).

ICTALURIDAE (Catfish family)
Ietalurus melas - Black bullhead
Ietalurus punctatus - Channel catfish
Noturus flavus - Stonecat

GADIDAE (Codfish family)
Lota lota -Burbot

GASTEROSTEIDAE (Stickleback family)
Culaea ineconstans - Brook stickleback*

CENTRARCHIDAE (Sunfish family)
Lepomis macrochirus - Bluegill*
Lepomis gibbosus - Pumpkinseed
Micropterus dolomieui - Smallmouth bass
Micropterus salmoides - Largemouth bass*
Pomoxis annularis - White crappie
Pomoxis nigromaculatus - Black crappie*

PERCIDAE (Perch family)
Perca flavescens - Yellow perch
Stizostedion canadense - Sauger
Stizostedion vitreuwn - Walleye
Etheostoma exile - lowa darter

SCIAENIDAE (Drum family) ,
Aplodinotus grunniens - Freshwater drum

COTTIDAE (Sculpin family)
Cottus bairdi -Mottled sculpin

*Known distribution is Timited to Fort Peck Reservoir or tributaries to
the middle Missouri River.
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composition. The study sections were located near Morony Dam, Carter Ferry,
Fort Benton, Loma Ferry, Coal Banks Landing, Hole-in-the-Wall, Judith Land-
ing, Stafford Ferry, Cow Island, Robinson Bridge, and Turkey Joe (Figure 1).
Exact descriptions of the study section boundaries are given in Appendix Table
25. : :

Catch rate summaries for electrofishing and gill net surveys are pre-
sented in Tables 10 and 11, respectively. The catch rate summaries provide -
an indication of species composition in each study section and allow for a
general comparison of relative abundance of fish populations between s tudy
sections. Total catch, average size, and size range for individual species
sampled in each study section by electrofishing and gill netting are shown
in Appendix Tables 26 through 46.

Electrofishing surveys indicated that sauger was the most common game
fish species in the Missouri River. The greatest densities of sauger were
found in the Missouri River above the confluence of the Marias River. During
the four-year inventory, an average of 11.0 sauger per electrofishing hour
were sampled in the Missouri River above the Marias, and 2.1 sauger per hour
were collected below the Marias (Table 10).  In the Morony Dam section, the
uppermost study area, an average of 20.] sauger per electrofishing hour
were sampled. This was more than twice the catch rate observed for sauger
in any of the remaining 10 study sections. o

Shovelnose sturgeon and burbot were also common game fish, averaging
1.2 and 0.2 fish per electrofishing hour, respectively, for the ‘11 s tudy
sections. Walleye, northern pike, channel catfish, and the four salmonid
species found in the Missouri River all averaged 0.1 or fewer fish per
electrofishing hour. Northern pike, burbot, and channel catfish do not re-
spond as well to electrofishing as the other game fish species. "Therefore,
densities indicated for these species in the electrofishing surveys are an
underestimate of their actual relative abundance and cannot be used for com-
parison. ‘ R

Excluding forage species (minnows, dace, sculpin, etc.), goldeye, short-
head redhorse, and lTongnose suckers were the most common nongame species.
For the 11 study sections combined, an average of 18.8 goldeye, 9.2 short-
head redhorse, and 6.2 longnose suckers per electrofishing hour were sampled..
Carp, river carpsucker, blue sucker, smallmouth buffalo, freshwater drum,
and white sucker averaged 3.1, 1.2, 0.8, 0.5, 0.4, and 0.4 fish per ‘electro-
fishing hour, respectively. The remaining nongame fish species all averaged
0.1 or fewer fish per electrofishing hour.

Channel catfish are a common and important game fish in the Missouri
River. However, they respond poorly to many kinds of sampling techniques.
Boom shocking, gill netting, frame trapping, and seining all failed to pro-
duce a sufficient sample of channel catfish. Other researchers have also
reported problems sampling channel catfish in main channel areas of large
rivers (Haddix and Estes 1976, Schmulbach 1974). However, good success has
been reported by researchers in the states of Missouri (Ragland and .
Robinson 1972) and Iowa (Helms 1973) sampling for channel catfish in large
rivers with baited hoop nets. , .

Channel catfish were sampled with baited hoop nets at six sites in the
study area during the four-year inventory period. Four of the study sites
were located on the mainstem of the Missouri at Turkey Joe, Two Calf Island,
Judith Landing, and Loma Ferry. These study sites are 3, 45, 136, and 248
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hing surveys conducted on the middle Missouri River from 1976 through

Catch rate summary for electrofis

Table 10.

lectrofishing hour.

1979, expressed as number of fish sampled per e
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km upstream from Fort Peck Reservoir, respectively. The remaining two study
sites were Tocated on the Marias River 1 to 10 km upstream from the mouth
and on the Teton River 1 to 2 km upstream from the mouth. Sampling for
channel catfish with baited hoop nets was conducted during the months of"
June through September.

A total of 2,049 channel catfish and 119 fish of other species were
captured in 313 net-days at the six study sites. A net-day represents one
baited hoop net fished for a 24-hour period. Catch rates for channel cat- .
fish were consistently higher at the Turkey Joe study site than at the other
sampling sites. The catch rate at Turkey Joe averaged 10.0 channel catfish
per net-day (Table 12). Catch rates at the Two Calf Island, Judith Landing,
Loma Ferry, Marias River, and Teton River study sites averaged 3.0, 1.1, 0.2,
0.8 and 1.0 channel catfish per net-day, respectively. ‘ :

The catch data can be used to make a general comparison of relative
abundance of channel catfish between study sites. However, since the baited
hoop nets are selective for channel catfish, the catch rates cannot be used
to determine relative abundance of other species. Total catch, average size,
and size range of channel catfish and other species sampled in hoop nets at
the six study sites during the inventory period are shown in Appendix Tables
47 through 52.

The average size (mean total Tength) of a number of fish species was
larger in the upper study sections than in the Tower sections (Figure 11).
This phenomenon can be explained largely by the upstream migration
of mature adults before or after spawning, and the downstream drift of emergent
larval fish into the lower study sections following spawning. Gardner and
Berg (1981) found the most important rearing areas for several fish species
in the Missouri River in this study area were in downstream sites. The
larger number of subadult fish rearing in the downstream study sites accounts
for the smaller average size of fish in these areas. - Graham and Penkal (1978)
observed that sauger in the upper section of the lower Yellowstone River had
a larger average length than those in the Tower section. They attributed this
to a general upstream migration of mature sauger after spawning.

Spawning Migrations. Spawning Periods & Fish Movements

Eadd]efiéh‘Snawninq Miqrations‘l'

Paddlefish are native to Montana and are found in both .the Yellowstone
and Missouri River drainages. Significant numbers of paddlefish are found
seasonally in the lower Yellowstone River and in the Missouri River in the
dredge cut complex below Fort Peck Dam. Another paddlefish population in-
habits Fort Peck Reservoir. A portion of this population seasonally migrates
upstream from Fort Peck Reservoir into the present study area to spawn.

The paddlefish was formerly abundant throughout much of the Mississippi/
Missouri River System but has undergone a drastic decline since 1900 (Pflieger
1975, Rehwinkel 1975, Vasetskiy 1971). A combination of destructive inFluences,
including overharvest and loss of habitat in some areas, has contributed to
this decline. Only six major, self-sustaining populations: of paddlefish re-

main in the United States today, including the population in this study area
(Berg 1980). ' ~ N

The annual migration of paddlefish frOmIFort,Peck Reservoir into the
Missouri River was studied during 1977, 1978, and 1979. The main objectives
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_ Table 12. Catch rate summary for baited hoop net surveys conducted on the middle
Missouri River from 1977 through 1979, expressed as number of fish
captured per net-day.

STUDY SITE

Fish Turkey Two Calf Judith Loma Marias Teton
Species Joe (196)1/ 1Island (2) Landing (28) Ferry (33) River (34) River (20)

Channel 10.0 3.0 1.1 0.2 0.8 1.0
catfish
Shovelnose tr 0.4
sturgeon
Sauger 0.1 0.1 0.1 0.2 0.3
Northern tr
pike
Burbot tr2/ 0.1
Goldeye tr tr ’ 0.1 0.1
Carp tr tr
Freshwater tr
drum
Smallmouth tr
buffalo
Shorthead tr tr 0.2 0.1 0.1
redhorse
Longnose 0.1 0.1
sucker
White 0.2
sucker
River carp- tr 0.1 0.3
sucker
Flathead 0.1
chub

 Total 10.2 3.0 1.3 0.6 2.1 1.7

1/ Number of net-days sampled at the study site.
2/ tr - trace (less than 0.05 fish/net-day).




38 1061
4 N e SAUGER y SHOVELNOSE
> STURGEON
36- Mo 2. 984 : :
: I ST AR
p. ~ T - \'\
\\ . : \\
344 N 90+ Se
o L] \\\ _ . \\
A 824 . "$\\
324 \\ 8 . N
o N . o \\
® \\ J \\.
30- N ° 74 ~ L4
N N
~
- \\ el o \\.
28 Y L] T T T T U ¥ T T 66 T y L Y T T Li T Y LA |
— MD CF FB LF CB Hw JL SF CI RB TJ MD CF FB LF CB HW JL SF C! RB T1J
£
o 0y, 167 ‘
~ N BURBOT . CHANNEL
ISH
52"l \\ 68' CATF S
P N
L ] N . \\ 1
044' .\\ 60+
: - \\. - [ AN
Q) LR \\
- AN 52 N
36~ N . 949 e
\\ i S
- . N
— 28+ . 44 DN
N\
E - ¢ N 7 \\}
£ 20 LS ¥ ) 1} ] ¥ 1 ] L LA 36 ¥ Lj L] | ] L ¥ L) Li § L
MD CF FB LF CB HW it SF ClI RB T) MD CF FB LF CB HW JL SF Ci RrRB T1J
32+ RN 54+
c J ° . GOLDEYE ’ 4 N o CARP
. . [ 3
U d \\ Y o \\
o 3l LJEN . 50 U
\\ . ..
s - . ] .
N 4 e
30- \\ ) \\\
7 AN b N
N e
23+ N 424 S
N N
28+ N 38+ N
N
- ~ N
[ ]
2] 34

Figure 11,

L) T T T T L{ | L] U F
MD CF FB LF CB Hw JL SF CI RB TJ

MD CF B (F Cb Hw 1 o CI RB 1)

Decrease in average size (mean total length) of six fish
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were to monitor the migration to determine timing of the run, relative

abundance of paddlefish involved in the run, and extent of their upstream
movements.

The migration was monitored by sampling with boom suspended electro-
fishing apparatus. Survey counts were made by tabulating all paddlefish
observed by the boat operator and dip netter during the electrofishing
operation (Figures 12 and 13). Since the effective field of the boom
shocker did not cover the entire width of the river, the survey counts
are a sample of the spawning run, not a complete census.

A direct current of 6 to 8 amps and 120 volts pulsed at 120 to 160
pulses per second with a pulse width of 40 to 50 percent was sufficient to
make the survey counts. The effective field of the boom shocker at this
setting was 15 to 20 meters. More than a thousand paddlefish were counted
in three years with the electrical field at this setting, and no paddiefish
mortality was observed. Paddlefish were considerably less vulnerable to
electrofishing mortality at these settings than other game fish species such
as sauger, walleye, mountain whitefish, and trout. Only two known paddie-
fish electrofishing mortalities occurred during the entire three years,
and these occurred at the inception of the study when the current was
allowed to exceed 10 amps and 200 volts. The electrofishing census technique

was a very safe and effective method for monitoring the paddlefish migration
in the Missouri River.

Figure 12. Photograph of a paddlefish in the field of the positive electrodes
ahead of the boat.
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Figure 13. Photograph of a paddlefish in the field of the negative electrode
at the side of the boat.

Twelve electrofishing survey runs were made during a 119-day period
from April 6 to August 2, 1977 (Table 13). The most paddlefish observed
in a survey run was 63 on May 19. Nearly all paddlefish counted during
the 1977 migration period were observed in the lower 37 km of the Missouri
River between Robinson Bridge and Fort Peck Reservoir (Figure 14). The
farthest documented upstream movement was one paddlefish observed 42 km
upstream from Fort Peck Reservoir on June 18.

Flow was well below normal in the Missoyri River during the 1977
migration period. Peak flow was about 221 m>/sec (7800 cfs) from early
to mid-May at the Virgelle gage station. Because of the low flows, the
paddlefish migration was severely reduced. A relatively small number of
fish was involved in the run, and the extent of their upstream movements
was minimal. Some paddlefish remained in the lower 37 km of the Missouri
River during July, August, and September (Figure 15). These fish were
probably waiting for sufficient flow to make an extended migration, but
this flow was not achieved in 1977. Since there is no known suitable
Spawning substrate in the lower 37 km of the river, it is Tikely that
spawning success in 1977 was very poor.
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In 1978, flow in the Missouri River was about normal during the migration
period, and a substantial number of paddlefish were found upstream from
Robinson Bridge (Table 14). Six electrofishing survey runs were made during
a 128-day period from April 26 through August 21. The most paddlefish observed
was 244 in a survey run from May 10 through 14. The farthest documented
upstream movement was two paddlefish observed 241 km upstream from Fort
Peck Reservoir (about 3 km below the mouth of the Marias River) on June 13,
"978. . . BN . ~

Table 14. Number of paddlefish counted in electrofishing survey runs on the
middie Missouri River in 1978. .

~-

Census Dates, 1978

4/26- 5/10- 5/23- 6/13- 7/19- 8/14-
River Section 4/27  5/14 5/26  6/16 7/25 8/21

Highwood Creek (320.1)1/
to
Carter Ferry (306.8)
' : to
Fort Benton (281.1)
to 0
Marias River (245.2)
to 10 8
Coal Banks Landing (212.5)
to
Hole-in-the-Wall (177.0)
‘ to
Judith Landing (135.6)
to
Stafford Ferry (113.9)
to
Bird Rapids (92.0)
to 1 .
Cow Isiand (70.2) v
to 7 127 40 ~56
Grand Island (50.5) -
to 26 31 10 15
Robinson Bridge (37.3)
t

N A0 N W
—
~N
— S O O O

o
-+
w—
o ©o O O O O O o ©o o o

—t

0 30 32 15 17 2
Slippery Ann (27.7)
to 6 5 6 4 1
Rock Creek (16.3) o

to
Fort Peck Reservoir (0.0)

Total 91 244 107 138 18 0

1/ River kilometers upstream from Fort Peck Reservoir.
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A significant migration did not_develop in 1978 until flow at the
Virgelle gage station exceeded 396 m3/sec (14,000 cfs). A flow of this
magnitude was achieved during the first week of May, and a substantial in-
crease of paddlefish was observed shortly thereafter in a surgey count
made from May 10 through 14 (Figure 16). Flow exceeded 396 m°/sec for 50
consecutive days, May 4 through June 22, and paddlefish survey counts re-
mained high throughout this_time period. In late June, flow was reduced
to slightly less than 396 m3/sec, and most of the paddlefish returned to
Fort Peck Reservoir. During the first three weeks of July, flow recovered
to a level again exceeding 396 m3/sec. However, there was no parallel
recovery of the paddlefish run during this time period. Most of the
paddlefish probably spawned before the flow reduction in late June.
However, since flow at the Virgelle gage usually exceeds 396 m3/sec
through early July, the paddlefish spawning season may have been slightly
shortened.

On May 23, 1978, an abnormally heavy rainstorm in the Highwood
Mountains caused flooding in Arrow Creek, a tributary entering the Missouri
River 154 km upstream from Fort Peck Reservoir. As a result of the flood
a large amount of logs, tree branches, grass, and other organic debris was
washed into the Missouri River and carried in suspension in the thalweg.
Many migrant paddlefish in the Missouri River between the mouth of Arrow
Creek and Fort Peck Reservoir encountered this debris, and it apparently
clogged their mouths and gill rakers, weakening the fish. As a result,
many paddiefish were forced downstream into Fort Peck Reservoir. On May
24, 1978, Bob Watts, a DFWP biologist from Lewistown, observed about 1000
to 1500 paddlefish in the Missouri River below Robinson Bridge drifting
downstream near the surface of the water (Needham 1978). The fish were
apparently under stress and exhausted from contending with debris.

As a result of this event, the abundance of migrant paddlefish in the
Missouri River was temporarily reduced during late May and early June (Figure
16). However, by mid-June a significant recovery of the run was observed.
The run probably would not have recovered if flows had not remained above
396 m3/sec.

In 1979, five electrofishing survey runs were made on the Missouri
River during a 60-day period from May 15 through July 13 (Table 15).
Flow in the Missouri River in 1979 reach%d a near normal peak, but the duration
of time during which flow exceeded 396 m3/sec at the Virgelle gage station
was greatly reduced, compared to 1978. Flow exceeded 396 m3/sec at
Virgelle for only 23 consecutive days, May 18 through June 9. By comparison
flow exceeded this amount for 50 consecutive days in 1978. As an average
for a 39-year period of record from 1940 through 1978, flow at the Virgelle
gage exceeded 396 m3/sec (14,000 cfs) for 48 consecutive days, May 19 through
July 5 (USGS 1980).

Because of the shortened 1979 spring runoff period, the main portion of
the spawning migration occurred during a more confined time period than in
1978 (Figures 16 and 17). A substantial movement of migrant gadd]efish into
the Missouri was observed shortly after flows surpassed 396 m3/sec on May
18 at the Virgelle gage. Three hundred and thirty-seven paddlefish were
counted in the river during a survey run made from May 26 through June
6 (Table 15). This was the highest paddlefish count made during the three-
year study period, and it coincided with the peak flow observed in 1979
(Figure 17). On June 10, 1979, flow declined to less than 396 m3/sec, and
most of the paddlefish returned to Fort Peck Reservoir. Only 70 paddlefish



Table 15. Number of paddlefish counted in electrofishing survey runs on the
middle Missouri River in 1979. B

‘Census Dates, 1979

5/15-  5/26-  6/16-  6/26-  7/07- -
River Section 5/18 6/06 6/19 7/03 7/13

Fort Benton (281.1)1/

to
Marias River (245.2)

to 10 0 1
Coal Banks Land1ng (212.5)

7 13 11
Hole-in- the—Wa]] (177 0)
2 4 2 3 0

Judith Landing (135.6) ‘ :

to 4 6 0 1 0
Stafford Ferry (113.9) ‘

to 4 14 8 4 0
Bird Rapids (92.0) ‘ .

to 4 16 0 ] 0
Cow Island (70.2) o :

to 1 148 - 15 6 1
Grand Island (50.5)

to 19 105 3 6 0
Robinson Bridge (37.3) : ’ ’

to 10 18 : 6
Slippery Ann (27.7)

to 0 3 (29) 1 (10)
Rock Creek (16.3) '

to 40 6 3
Fort Peck Reservoir (0.0)
Total 94 © 337 70 43 16

1/ River kilometers upstream from Fort Peck Reservoir.
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were observed in a survey count conducted from June 16 to 19, and 49 of

these were found in the lower 37 km of river below Robinson Bridge. Documentation
gathered during these studies indicates most paddlefish spawn in the Missouri
River from early June through early July. Therefore, it is possible that

a portion of the paddlefish in the 1979 run did not spawn before the flow

declined in mid-June. If so, reproductive success of paddlefish in 1979 may

have been poorer than average.

The farthest documented upstream movement of paddlefish in 1979 was seven
paddlefish observed near Three Islands, a site located 233 km upstream from
Fort Peck Reservoir. Six paddlefish were counted at Three Islands on June
5-6 and one on June 27.

Concentrations of paddlefish were observed at certain localities along
the Missouri River during the migration periods in 1978 and 1979 (Figures
18 and 19). Ten areas of particular importance are:

Slippery Ann- Robinson Bridge area - river kilometers 29 to 37
Upper and Lower Two Calf Islands area - river kilometers 45 to
50

Cow Island - Powerplant Ferry area - river kilometers 56 to 71
Bullwhacker Creek area - river kilometers 78 to 79

Dauphine Rapids area - river kilometers 113 to 116

Holmes Rapids area - river kilometers 129 to 132

Deadmans Rapids area - river kilometers 137 to 142

Little Sandy Creek area - river kilometers 195 to 211

Virgelle Ferry - Boggs Island area - river kilometers 216 to 222
10. Three Islands area - river kilometers 233 to 235.

N —t

LO~NOU W

Although these ten areas encompassed only 64 km, or 19 percent, of the
333-km reach of free-flowing Missouri River between Morony Dam and Fort
Peck Reservoir, they contained 87 percent of the migrant paddlefish observed
during the electrofishing survey counts. It is very significant that the
paddlefish observed in 1979 inhabited the same ten sites that were occupied
in 1978. The recurrent use emphasizes the importance of these sites as
paddlefish habitat.

The Slippery Ann - Robinson Bridge area does not appear to contain
gravel bars suitable for paddlefish spawning. However, the site is important
as a "staging" area for paddiefish which inhabit the area prior to or
following extended migrations to upstream spawning areas.

The remaining nine paddiefish concentration areas are important
spawning sites. The following evidence was gathered during the study
to support this conclusion:

1. All nine sites contained extensive silt-free gravel bars of
a type described by Purkett (1961) as being suitable for paddle-
fish spawning.

2. Numerous paddlefish were observed in electrofishing survey
counts conducted at the nine sites in both 1978 and 1979. The
total number of paddlefish observed at the sites ranged from 10
at the Bullwhacker Creek site to 411 at the Cow Island - Power-
plant Ferry site.

3. The paddlefish were observed at the nine sites during their
known spawning period.
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4. Sexually mature paddlefish were captured, tagged, and re-
leased in five of the nine sites, including Little Sandy
Creek, Holmes Rapids, Dauphine Rapids, Cow Island - Power-
plant Ferry, and Upper and Lower Two Calf Islands (Table 16).

5. Spawning activity, as described for paddiefish on the Osage
River by Purkett (1961), was observed at four of the nine
sites. Purkett indicated most paddlefish spawning activity
occurred underwater, but the spawning behavior also involved
appearances on the surface of the water. Spawning paddle-
fish visible at the surface agitated the caudal fin several
times, then disappeared after a few seconds. Specific
spawning sites were tentatively identifed on the Osage
River by observing paddlefish which continued to surface in
one place. When the river level declined, Purkett found
attached eggs and newly hatched larvae in these areas.

Spawning activity was observed on May 23 and June 14, 1978,

at the Little Sandy Creek site, on June 15 and June 27, 1978,

at the Dauphine Rapids site, on June 16, 1979, at the Cow Island -
Powerplant Ferry site, and on June 17, 1979, at the Upper and
Lower Two Calf Islands site.

6. Two paddlefish prolarvae were collected on the Missouri River
in 1978, one at Coal Banks Landing on July 12 and one at Little
Sandy Creek on July 13. This finding confirms that paddlefish
Spawn successfully in the farthest upstream spawning sites which
have been identified.

7. An incubating paddiefish egg was collected at the Dauphine Rapids
spawning site on June 12, 1979. Identification of this egg was
confirmed at the TVA fish repository in Norris, Tennessee.

The egg was developed to the 55-hour embryo stage as described
by Ballard and Needham (1964). Thus, the €gg was spawned
at the site on June 10, 1979.

Numbers of paddlefish observed at the nine spawning sites do not
necessarily indicate the relative importance of the sites for Spawning.
For example, the largest numbers of paddlefish in electrofishing surveys
were observed in the Cow Island - Powerplant Ferry area. While the concen-

of the site for spawning, it was also apparent that physical characteristics
of the river in the vicinity of Cow Island (shallow, swift water) acted as

a partial barrier to upstream passage of paddlefish. Large concentrations
of paddlefish were often found in a 16-km section of river located
immediately below Cow Island. Significant movements of paddlefish to

the seven spawning sites Tocated upstream from Cow Island did not occur
until flow at the Virgelle gage station exceeded 396 m3/sec (14,000 cfs)
(Figure 20). Since most of the spawning areas are locat%d upstream from
Cow Island, flow should be maintained in excess of 396 m /sec whenever
possible during the spawning period to allow passage past the island.

In summary, the nine paddlefish spawning sites and the "staging" area
below Robinson Bridge are critical habitat areas for the Missouri River -
Fort Peck Reservoir paddiefish population. Efforts must be made to protect
the sites so paddlefish use can continue undiminished. These efforts are

particularly important because of the tenuous status of paddlefish in the
United States today.
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Spawning Periods of Fish in the Missouri River Mainstem

Spawning periods were determined for 18 fish species in the mainstem of
the middle Missouri River. The spawning period was defined as the time be-
tween the first observation of a spent or partly spent female to the last
observation of a ripe female. Larval fish collections were used to aid in
determining the spawning period for some species. Spawning chronology of the
18 fish species is illustrated in Figure 21. The spawning periods represent
a four-year composite for the inventory period, 1976 through 1979.

Walleye, sauger, northern pike, goldeye, and longnose sucker were
relatively early spawners; all began spawning in April. Walleye spawning
peaked in late April. Sauger, northern pike, goldeye, and Catostominae
(suckers and redhorse) spawned primarily in May, while shovelnose sturgeon,
paddlefish, and Ictiobinae/Cyprinidae (river carpsucker, buffalo, and
minnows) spawned primarily in June and early July. Channel catfish
spawning peaked during the first three weeks of July.

Seasonal Migrations of Fish in the Missouri River Mainstem

Information on seasonal migrations of common fish species in the study
area was provided by electrofishing catch rates. Electrofishing data indicated
shovelnose sturgeon made a significant seasonal spawning movement from the
lower portion of the middle Missouri River into the Coal Banks Landing and
Loma Ferry study sections. The shovelnose sturgeon spawning period in the
Missouri River extends from late May through early July. From 1976 through
1979, an average of 0.9 shovelnose sturgeon per electrofishing hour was
sampled in the Coal Banks Landing and Loma Ferry study sections in early May.
During the peak of the shovelnose sturgeon spawning period in early June,
the catch rate increased to an average of 2.2 sturgeon per electrofishing
hour in these study sections. By late June the catch rate decreased to 0.9
sturgeon per electrofishing hour, probably indicating that many of the fish
had spawned and dispersed back downstream.

It is not known if shovelnose sturgeon actually spawn in the Coal Banks
Landing and Loma Ferry study sections or if this is a staging area for
sturgeon which spawn in the Marias River. Shovelnose sturgeon prolarvae
have been collected in the lower Marias River, indicating that successful
reproduction occurs there. While shovelnose sturgeon spawning has not been
verified in the mainstem of the middle Missouri River, the presence of
substantial numbers of ripe male and female sturgeon in the Coal Banks
Landing and Loma Ferry study sections during the spawning period suggests
that some spawning could occur in the mainstem. The Coal Banks Landing and
Loma Ferry study sections contain significant amounts of silt-free gravel
bars. Although 1little is known about the spawning habits of shovelnose
sturgeon, Pflieger (1975) indicated they evidently spawn in the open channels
of large rivers, in a strong current, and over gravelly bottoms. Morris
et al. (1974) also indicated that shovelnose sturgeon spawn over gravel,
and they have been observed moving upstream prior to spawning, sometimes
for considerable distances. ~

One of the most substantial fish movement patterns observed in the
middle Missouri River was the seasonal migration of sauger from the lower
river into the reach between Fort Benton and Morony Dam. Sauger movement
into the upper portion of the river occurred during the spring and summer.
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Figure 21. Observed spawning chronology of eighteen fish species sampled in
the middle Missouri River from 1976 through 1979,
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The catch rate of sauger in the upper river gradually increased prior to,

during, and following the spawning period which peaked in early May. The

early spring movements of sauger were related to spawning, while movements
later in the summer were probably related to feeding.

The increased concentration of sauger was particularly evident in the
Morony Dam study section where the catch rate increased from an average of
0.2 sauger per electrofishing hour in late March to 12.0 sauger per hour
during the spawning period in May. The catch rate continued to gradually
increase to a peak of 28.8 sauger per hour in August, and then it decreased
to an average of 9.5 sauger per hour in October. The catch rates represent
a composite average for the period from 1976 through 1979.

In the Carter Ferry study section, located between Morony Dam and Fort
Benton, the catch rate increased from an average of 0.6 sauger per hour in
late March to 10.0 sauger per hour during the spawning period in May. 1In
August, the catch rate reached a peak of 18.7 sauger per hour. By late
October, the catch rate decreased to 7.5 sauger per hour, indicating that
many of the fish had dispersed back downstream.

Sauger movement trends in the Fort Benton study section were similar
to those observed in the Morony Dam and Carter Ferry sections, but seasonal
changes were Tess pronounced. Catch rates in the Fort Benton study section
were 2.5 sauger per electrofishing hour in late March, 7.5 sauger per
hour during the spawning period in May, 9.9 sauger per hour in August, and
9.5 sauger per hour in October.

The reach of Missouri River between Morony Dam and Fort Benton is
obviously critical sauger habitat. Large numbers of sauger in a ripe
spawning condition are found in this area during the spring spawning
period. In addition, a spawning run of sauger from the Missouri River occurs
in lower Belt Creek, a tributary which enters the Missouri River 1.9
kilometers below Morony Dam (Posewitz 1963 and Al Wipperman, DFWP, personal
communication). Forage fish, which comprise the principal portion of the
sauger diet, are very abundant in the Missouri River between Morony Dam
and Fort Benton. Several important forage species, including longnose
dace, mottled sculpin, mountain suckers, and juvenile shorthead redhorse
and Tongnose suckers are significantly more abundant upstream from Fort
Benton than in downstream areas (Table 10). Tag return evidence indicates
that sauger using the Missouri River upstream from Fort Benton come from
areas as far downstream as the headwaters of Fort Peck Reservoir, a distance
of approximately 280 km. Sauger movements indicated by tag returns will
be discussed in greater detail in the next section of this report.

In summary, the Missouri River from Morony Dam to Fort Benton provides
food production and spawning sites for sauger from as far downstream as
Fort Peck Reservoir. Protection of this critical habitat area is essential.

Electrofishing data also indicated that blue suckers, smallmouth
buffalo, and bigmouth buffalo made significant seasonal movements from the
Tower portions of the river into upstream areas. Large numbers of blue
suckers and buffalo were found during their spawning period in the Coal
Banks Landing, Loma Ferry, and Fort Benton study sections, and some were
found seasonally as far upstream as the Morony Dam study section. The
seasonal movement of blue suckers and buffalo was evidently related to
spawning since most of the fish dispersed back downstream shortly after
the spawning perijod.



Several additional species of fish, including goldeye, river carp-
suckers, shorthead redhorse and others, made extensive seasonal movements.
However, electrofishing data were not adequate to evaluate movement patterns
of these species.

Movements of Fish as Indicated by Tag Returns

A total of 8165 fish of 17 species were marked with individually
numbered tags during the period, October 1, 1975 through October 1, 1980.
Of this total, 6992 fish were tagged in the mainstem of the Missouri River
from Morony Dam to Fort Peck Reservoir, and 1001, 131, and 41 were tagged
in the lower Marias, Teton, and Judith rivers, respectively. The species
tagged included 3950 sauger, 1926 channel catfish, 814 shovelnose sturgeon,
423 blue suckers, 287 smallmouth buffalo, 216 freshwater drum, 169 burbot,
131 mountain whitefish, 97 bigmouth buffalo, 40 walleye, 40 northern pike,
28 brown trout, 21 white crappie, 18 rainbow trout, 2 brook trout, 2 yellow
perch, and 1 pallid sturgeon.

Of the 8165 fish tagged, 276 were recaptured in subsequent research
surveys or by anglers (Table 17). The recaptures included 168 sauger, 66
channel catfish, 12 shovelnose sturgeon, 6 blue suckers, 6 smallmouth
buffalo, 6 walleye, 3 northern pike, 3 burbot, 2 freshwater drum, 2 brown
trout, 1 bigmouth buffalo, and 1 mountain whitefish. The recaptures pro-
vided significant information about movement patterns of several species.

Sauger

Tag return data indicated that sauger moved considerable distances in
the Missouri River and its tributaries. Of 168 sauger recaptured, 127
(76 percent) moved 1 km or more from the site where they were tagged.
Distances moved by individual fish ranged from 1 to 295 km upstream and
from 1 to 246 km downstream (Table 17). The tag return data indicate
that sauger move throughout the entire river from Morony Dam to Fort Peck
Reservoir.

Other researchers have also reported extensive movements of sauger in
rivers. Graham et al. (1979) found numerous sauger which moved more than
100 km upstream or downstream in the lower Yellowstone River, Montana. The
maximum distances moved in the lower Yellowstone were 417 km downstream
and 269 km upstream. Posewitz (1963) observed sauger movements of up to
87 km upstream and 32 km downstream in the lower Marias River, Montana.
Morris (1969) reported downstream movements of up to 124 km below the
stilling basin of Gavins Point Dam on the Missouri River, Nebraska.

A seasonal migration of sauger from the lower portion of the middle
Missouri River into the reach between Fort Benton and Morony Dam was described
in the previous section of this report. Numerous recaptures of individually

‘tagged sauger provided additional evidence of this movement pattern.
Twenty-nine sauger tagged upstream from Fort Benton were subsequently re-
captured downstream from Fort Benton. Most of the recaptured fish were
tagged upstream from Fort Benton during spring and summer (mid-April through
mid-September). Most of the downstream recoveries were made in the late
fall or early spring.

Nineteen sauger tagged downstream from Fort Benton were recaptured in

the Missouri River upstream from Fort Benton. Most of these fish were
tagged downstream in the late fall or early spring, and most of the recoveries
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were made upstream in the spring and summer. Some of the sauger recaptured
upstream from Fort Benton had been tagged in the Missouri River near the
headwaters of Fort Peck Reservoir. Several of these fish moved upstream for -
distances of more than 200 km. In summary, the tag return evidence verifies
that sauger using the Missouri River upstream from Fort Benton for spawn-
ing and feeding come from areas throughout the Missouri between Fort Benton
and Fort Peck Reservoir, a distance of approximately 280 km.

Another significant movement pattern for a portion of the sauger re-
siding seasonally in the Missouri River upstream from Fort Benton was their
migration downstream in the Missouri River and upstream into the lower
Marias River. Eleven sauger tagged in the Missouri River upstream from
Fort Benton in July and August were recaptured the following spring in
the lower Marias River. These fish moved 35 to 80 km downstream in the
Missouri River and then several kilometers upstream in the lower Marias
River to spawn. The recaptures were made in the lower Marias River during
the spawning period in April and May. Two sauger tagged in the lower
Marias River during the spring spawning period were recaptured in the
Missouri River upstream from Fort Benton after the spawning period in June
and July. These fish moved several kilometers downstream in the Marias
River and 35 to 55 km upstream in the Missouri River. Three additional
sauger tagged in the lower Marias River were recaptured in the Missouri
River between the confluence of the Marias River and Fort Benton. These
fish moved several kilometers downstream in the Marias River and 6 to
33 km upstream in the Missouri River to the recapture sites. L

“Sauger residing in the Missouri River below the confluence of the
Marias River also use the Marias for spawning. Three sauger tagged in
the Missouri below the Marias prior to the spawning period were recaptured
in the Tower Marias River during the spawning period. These fish moved
5 to 239 km upstream in the Missouri River and several kilometers upstream
in the Marias River. Four sauger- tagged in the lower Marias River during
the spawning period were recaptured in the Missouri River below the con-
fluence of the Marias River after the spawning period. These fish moved
several kilometers downstream in the Marias River and 4 to 243 km down-
stream in the Missouri.

~Tag returns reveal that sauger from the Missouri River which enter
the lower Marias River for spawning come from anywhere in.the immediate
vicinity of the confluence of the Marias River to at least as far as
243 km downstream and 80 km upstream. This evidence indicates that sauger
residing throughout the Missouri from Morony Dam to Fort Peck Reservoir use
the Tower Marias River for spawning. Spawning success of sauger in the
lower Marias River has been confirmed by collecting larval sauger in %-
meter plankton nets. ,

As mentioned previously, electrofishing surveys also indicate that
sauger from the Missouri River use the lower Judith and Teton rivers and
the Missouri River upstream from Fort Benton for spawning. Larval sauger
have not been collected from these sites, but the presence of large
numbers of ripe sauger in these areas during the spawning period indicates
that they are spawning sites. ' v

In summary, movements of sauger in the middle Missouri River are
extensive, and several intricate migration patterns have been identified.
The migration patterns include:
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1. A sesaonal spawning and feeding migration of sauger from areas

in the Missouri River downstream from Fort Benton into the reach of
river between Fort Benton and Morony Dam. This is, by far, the most
significant migration pattern of sauger. It involves a large portion
of the sauger population of the Missouri River from Morony Dam to
Fort Peck Reservoir and is probably vital to its survival.

2. A seasonal spawning migration of sauger from areas in the
Missouri River above the confluence of the Marias River into the
Tower Marias River.

3. A seasonal spawning migration of sauger from areas in the
Missouri River below the confluence of the Marias River into the
lower Marias River.

4. A seasonal spawning migration of sauger from areas in the
Missouri and Marias rivers into the lower Teton River.

5. A seasonal spawning migration of sauger from areas in the
Missouri River into the Tower Judith River.

The latter four movement patterns involve migrations of sauger
between the mainstem of the Missouri River and its tributaries. These
migrations are collectively significant, and are important in maintain-
ing the sauger population in the mainstem of the middle Missouri River.
However, the tributary spawning migrations do not appear to be as
important as the mainstem spawning migration into the Missouri River up-
stream from Fort Benton. The tributary migrations involve smaller
numbers of fish, and the migrations appear to be related only to spawn-
ing. The mainstem migration involves significantly more fish, and the
migration appears to be related to both spawning and feeding.

Channel catfish

Movement data for channel catfish were provided by 66 recaptures of
tagged fish in the study area. Ninety-four percent of the recaptured
channel catfish moved one kilometer or more from the site where they
were tagged. Distances moved by individual fish ranged from 5 to 267
km (Table 17). Other researchers have also reported extensive movements
of channel catfish in large rivers. Elser et al. (1977) observed channel
catfish movements ranging from 1 to 333 km in the lower Yellowstone and
Tongue rivers, Montana. Hubley. (1963) reported channel catfish movements
of up to 344 km upstream and 275 km downstream in the upper Mississippi
River.

The largest numbers of channel catfish in the Missouri River are
found in a 37-km reach of the river between Robinson Bridge and Fort Peck
Reservoir. Channel catfish normally residing in this area apparently
move long distances during the spawning period. A total of 1792 channel
catfish were tagged in the Missouri River at the Turkey Joe study site about
3 km upstream from Fort Peck Reservoir. Most of the fish were tagged at
Turkey Joe in August and September following the channel catfish spawning
period. Sixty-three channel catfish tagged at Turkey Joe were recaptured
in subsequent research surveys or by anglers. Most recaptures were made in
succeeding years during the channel catfish migration and spawning period
from late May through early August.
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Channel catfish recaptured during the migration and spawning period
exhibited extensive and divergent movement patterns. Six percent of the
catfish tagged at Turkey Joe were recaptured at the release site,

30 percent were recaptured upstream in the mainstem of the Missouri

River, 35 percent moved eastward through the headwaters of Fort Peck-
Reservoir and upstream into the Musselshell River where they were re-
captured, 25 percent were recaptured in Fort Peck Reservoir, and 3 per-
cent moved upstream in the Missouri River and were recaptured in the lower
Marias River. Since many of the tag returns were provided by anglers,

the percentages could reflect some bias if fishing pressure was not equally
distributed at the recovery sites. However, observations of anglers made
during the study period suggest that fishing pressure was fairly evenly
distributed, and bias was probably negligible. Therefore, the recaptured
catfish should provide an accurate appraisal of general migration tendencies
of the population.

Channel catfish recaptured in the mainstem of the Missouri River up-
stream from the Turkey Joe study site moved from 10 to 267 km. The fish
which moved 267 km was tagged at the Turkey Joe site on August 31, 1978,
and was recaptured during the spawning period at Fort Benton, July 1, 1979,
Several other channel catfish moved more than 100 km in the mainstem.

The data indicate that channel catfish in the Turkey Joe area migrate-
throughout the Missouri River between Fort Benton and Fort Peck Reservoir,

Another significant movement pattern identified for channel catfish’
residing at Turkey Joe was a seasonal spawning migration upstream through -
the Missouri River and into the lower Marias River. One channel catfish
tagged at Turkey Joe on August 13, 1977, was recaptured 316 days later \
on June 24, 1978, in the lower Marias River. Another catfish tagged on August
27, 1977, was recaptured 300 days later on June 22, 1978, in the lower a
Marias River. Each of these fish moved 242 km upstream from the tag site
at Turkey Joe to the confluence of the Marias River, and then 2 km up the
Marias River to the recapture site. One channel catfish tagged during the
spawning period in the lower Marias River on August 5, 1978, was recaptured
at Turkey Joe, September 2, 1978. This fish moved 244 kilometers down-
stream (2 km in the Marias and 242 in the Missouri) in 28 days. The data
indicate that channel catfish using the lower Marias River for Spawning
come from areas throughout the entire length of the Missouri River down-

stream from its confluence with the Marias River, a distance of approximately
245 km. '

Another significant movement pattern identified for channel catfish re-
siding at Turkey Joe was a seasonal spawning migration eastward through the
headwaters of Fort Peck Reservoir and into the Tower Musselshell River.
Twenty-two channel catfish tagged at Turkey Joe from mid-August through
early September were recaptured in subsequent years in the Musselshell River
from late May through early August. To spawn, these fish moved 3 km
downstream in the Missouri River, 46 km eastward through Fort Peck Reservoir
and upstream into the Jower Musselshell River. Channel] catfish were re-
captured. in the Musselshell River at distances ranging from 2 to 119 km
upstream from the mouth. An irrigation diversion dam on the Musselshell
River near the town of Musselshell, 119 km upstream from the mouth, blocks
further movement of the migrant channel catfish. Five channel catfish
tagged at Turkey Joe were caught immediately below this diversion dam by
anglers. These fish each moved a distance of 168 km. Recapture data
indicate that channel catfish in the Turkey Joe area migrate to areas of
the Tower Musselshell River from the diversion dam to the mouth. Weidenheft
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(1980) indicated that the peak of channel catfish spawning activity in
the Tower Musselshell River probably occurs from late May through mid-
June. Every effort should be made to keep the lower 119 km of the
Musselshell River free from barriers, so the channel catfish spawning
migration in this river can continue undiminished.

Sixteen channel catfish tagged at Turkey Joe were recaptured in Fort
Peck Reservoir. These fish moved 3 km downstream in the Missouri River
and 8 to 159 km eastward through Fort Peck Reservoir to the recovery
sites. Fort Peck Reservoir is about 199 km in length from the dam to its
confluence with the Missouri River near Turkey Joe. Tag return evidence
indicates that channel catfish in the Turkey Joe area migrate into Fort
Peck Reservoir at least as far eastward as the mouth of Crooked Creek, a
site Tocated 40 km from Fort Peck Dam. Most channel catfish were recaptured
in Fort Peck Reservoir following or prior to the spawning period.

Shovelnose Sturgeon

Movement data for shovelnose sturgeon were provided by 12 recaptures
of tagged fish in the study area. A1l of the recaptured fish moved from
the site where they were tagged. Distances moved ranged from 3 to 112 km
upstream and from 2 to 169 km downstream (Table 17). Other researchers
have also reported significant movements of shovelnose sturgeon in rivers.
Schmulbach (1974) observed shovelnose sturgeon movements of up to 533.6 km
downstream in the Tower Missouri River. Christenson (1975) reported shovel-
nose sturgeon movements of up to 19 km upstream and 17 km downstream in the
Red Cedar River, Wisonsin. Helms (1974a) found the maximum distance moved



by shovelnose sturgeon in the upper Mississippi River, Iowa, was 193 km
upstream. Moos (1978) reported a shovelnose sturgeon which moved 250 km
downstream in the lower Missouri River, South Dakota and Nebraska.

Recaptures of shovelnose sturgeon in the study area provided evidence
of the importance of the lower Marias River as a spawning area for shovel-
nose sturgeon. One shovelnose sturgeon tagged in the Missouri River 4 km
below the mouth of the Marias River on April 27, 1977, was recaptured 417
days later on June 16, 1978, during the spawning period in the Marias River
3 km upstream from its confluence with the Missouri. Another shovelnose
sturgeon tagged in the Missouri River 4 km below the mouth of the Marias
River on April 27, 1977, was recaptured 443 days later on July 12, 1978,
in the Marias River, 2 km upstream from the mouth. One shovelnose sturgeon
tagged 2 km upstream from the mouth of the Marias River on August 7,

1978, was recaptured nine days later in the Missouri River, 3 km upstream
from its confluence with the Marias River. The maximum distance moved by

a shovelnose sturgeon using the lower Marias River for spawning was a fish
tagged immediately below Judith Landing on July 21, 1977. This fish was
recaptured 1034 days later during the spawning period in the lower Marias
River, 2 km upstream from the mouth. This fish moved 112 km from the tag
site to the recapture site. It appears that shovelnose sturgeon from the
Missouri River using the lower Marias River for spawning come from anywhere
in the immediate vicinity of the confluence to at least as far as 110 km
downs tream.

It also appears that shovelnose sturgeon use the Missouri River up-
stream from Fort Benton for spawning. Electrofishing evidence indicates
that shovelnose sturgeon begin to move into this area in mid-April, and
numbers peak during the June spawning period. One shovelnose sturgeon
tagged in the Missouri River just below the confluence of the Marias River
on September 23, 1976, was recaptured April 10, 1977, at Carter Ferry.
This fish moved 66 km upstream in 201 days. Presently, there are no
barriers in the Missouri River to inhibit any of the shovelnose sturgeon
migration routes which have been identified. :

Blue Suckers

ETectrofishing evidence indicates that blue suckers make extensive
seasonal movements in the Missouri River. One blue sucker tagged near
Robinson Bridge on July 21, 1978, was recaptured during the spawning
period on May 19, 1979, just upstream from Fort Benton, a movement of
196 km upstream (Table 17). One blue sucker tagged near Robinson Bridge
on October 6, 1976, was recaptured during the spawning period near Hole-
in-the-Wall on May 24, 1978, a movement of 129 km upstream. Electrofishing
surveys indicate that blue suckers migrate during the spawning period at
least as far upstream as the mouth of Highwood Creek, 320 km upstream from
Fort Peck Reservoir.
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Smallmouth and Bigmouth Buffalo

Smallmouth and bigmouth buffalo are common and important fish species
in the middle Missouri River. They comprise a significant portion of the
commercial fishery which exists in Fort Peck Reservoir. Three smallmouth
buffalo and one bigmouth buffalo tagged in the middle Missouri River were
subsequently recaptured and harvested in Fort Peck Reservoir by commercial
fishermen (Table 17). These fish moved for distances which ranged from
106 to 325 km from the tag site to the harvest site.

Electrofishing and tag return evidence indicates that smallmouth and
bigmouth buffalo move considerable distances in the Missouri River between
Morony Dam and Fort Peck Reservoir, particularly during their spawning
periods. One bigmouth buffalo tagged on June 13, 1978, while spawning in
a backwater near Fort Benton was harvested 52 days later by commercial
fishermen in Fort Peck Reservoir. This fish moved 278 km downstream in
the Missouri River and 47 km eastward through Fort Peck Reservoir to the
harvest site. One smallmouth buffalo tagged on June 29, 1977, while spawn-
ing in a backwater near Loma Ferry was harvested 330 days later by commercial
fishermen in Fort Peck Reservoir. This fish moved 238 km downstream in the
Missouri River and 68 km eastward through Fort Peck Reservoir to the harvest
site. Electrofishing surveys indicate that large numbers of bigmouth and
smallmouth buffalo are found seasonally in the Missouri River during the
spawning period as far upstream as Horseshoe Falls, 5 km below Morony Dam.

Other Species

Limited information on movements of walleye, northern pike, burbot,
freshwater drum, brown trout, and mountain whitefish was provided by re-
captures of tagged fish (Table 17). One walleye tagged near Carter Ferry
on May 11, 1980, was recaptured 10 days later by an angler in Fort Peck
Reservoir. This walleye was a large female which apparently spawned in
the Carter Ferry area. The fish moved 293 km downstream in the Missouri
River and 69 km eastward through Fort Peck Reservoir to the harvest site.
Electrofishing data indicate walleye spawn in the Missouri River at least
as far upstream as Horseshoe Falls, 5 km below Morony Dam. Most walleye
found in the Missouri River are probably seasonal migrants from Fort Peck
Reservoir.

One northern pike tagged 3 km upstream from Fort Peck Reservoir on
April 21, 1977, was recaptured in the Marias River below Tiber Dam on
May 2, 1979. This movement of 371 km was the greatest distance moved by
any tagged fish in the study area during the inventory period. Another
northern pike tagged near the mouth of the Marias River on April 27, 1977,
was recaptured on December 5, 1979, in the Marias River at Tiber Dam, a
movement of 127 km. Many of the northern pike in the Missouri River are
probably seasonal migrants from Fort Peck Reservoir. Northern pike are
found seasonally in the Missouri River as far upstream as the Big Eddy,
7 km below Morony Dam.

Discussion

Migration patterns of numerous fish species have been identified in
the middle Missouri River and its tributaries. Presently, there are no
barriers in the mainstem of the Missouri River between Morony Dam and Fort
Peck Reservoir to block any of the migration routes which have been



identified. The migration routes are undoubtedly important to the survival
of several fish species which inhabit Fort Peck Reservoir, the Missouri
River, and its tributaries. Every effort must be made to keep the Missouri
River free from barriers so the spawning, feeding, and other migration
movements can continue undiminished.

Marias River Spawning Migrations

The Tower 4 km of the Marias River was sampled regularly by electro-
fishing during the spring/summer of 1976, 1977, 1978, and 1979 to monitor
spawning runs of fish from the Missouri River. In addition, frame traps
were operated in the Tower 2 km of the Marias River during the spawning
periods in 1976, 1977 and 1978, and baited hoop nets were used in the
same reach in 1978 and 1979. Electrofishing was generally effective to
monitor migrations of all species in the Marias River except channel cat-
fish. Frame traps were mostly selective for sauger and walleye, and bajted
hoop nets were almost exclusively selective for channel catfish.

The Tower Marias River was sampled prior to and following the spawn-
ing runs to determine the size and abundance of resident fish species. Fish
captured in the lower Marias River during the spawning season were assumed
to be from the Missouri River if they were in a ripe spawning condition and
obviously overabundant for the habitat present. Also, some fish captured
in the lower Marias River had tags attached from fish population study
sections on the mainstem of the Missouri River, which confirmed their origin.

Sampling efforts on the lower Marias River during the spring/summer
migration periods were limited. Since only selected days during the migration
periods were sampled, spawning numbers presented in this report represent
only a portion of the runs and do not necessarily reflect their magnitude.
Also, the study section surveyed on the lower Marias represents only a small
portion of the total spawning area available. Significant numbers of
migrant fish move upstream in the Marias River to spawning areas located
upstream from the study section. Evidence of this was provided by angler
tag returns and by limited sampling conducted in the upstream areas.

The game fish species which most heavily used the lower Marias River
for spawning were sauger, shovelnose sturgeon, and channel catfish. River
carpsucker, shorthead redhorse, Tongnose sucker, and goldeye were the most
abundant nongame spawning migrants found in the lower Marias. Migrant
blue suckers and bigmouth and smallmouth buffalo also made significant use
of the lower Marias River for spawning, but they were less abundant than
the preceding nongame species. Results of electrofishing, frame trapping,
and baited hoop netting surveys conducted on the lower Marias River during
the spring/summer spawning migration periods from 1976 through 1979 are
Presented in Appendix Tables 53, 54, and 55.

Sauger and Shovelnose Sturgeon

The relation of water temperature and discharge to sauger and shovel-
nose sturgeon spawning in the lower Marias River during each of the four
survey years is shown in Figure 22. The spawning periods shown on the graph
were defined as the time between the first observation of a spent or partly
spent female to the last observation of a ripe female. The peak of Spawning
was judged by a combination of a large number of spawning migrants and a
high percentage of ripe females among the migrants. Abnormal flow, water
temperature, or ice conditions altered sauger and shovelnose sturgeon

96



- S 380
4100 1976 T

34 ~10
s 209

2 60
_—50 flow N

31425 Fra— 10-1-50

by Spawning
= ISGR| Fsturgsont B
spawning {SNS ] -

Mar | Apr | May | Jun i Ju I Aug 10

F

ctsx10°_m¥sec ¢ -30
Lo 1977 4 e 1

3 P 10
—-75 K ".: ...v E.'..‘ e 0 ".20.-‘-

2—‘—50 !g T'.p.::.:" | [P ...'.":::::. .:.::: '.‘.:': _"60

o 145c R 10-+-50
o Hows il f—gmm—— -

. 40

Mar | Apr I May | Jun T I Aug

Mar

F
clex10°- m%oc ¢ —-30

100 1979 . 7

_ "¢ "SGR —— |
‘ SNS ‘

Mar YY) I May ' Jun I gul I Aug

Figure 22. Relation of water temperature and discharge to spawninglof
sauger and shovelnose sturgeon in the lower Marias River from

1976 through 1979,

40



spawning in each year except 1976.

In 1976, the magnitude of flow in the lower Marias River during the
spring/summer migration period was near normal. However, the runoff peaked
slightly sooner than normal in mid-May rather than early June. Water
temperature was not measured continuously, but spot measurements revealed
near average temperature conditions. The sauger spawning period extended
from April 20 to May 22 and peaked from April 29 to May 10. The shovel-
nose sturgeon spawning period extended from May 27 to June 28 and peaked
from June 9 to 17. Since flow, water temperature, and other physical
conditions were near normal during the spring/summer period in 1976, the
observed spawning periods and peaks should also be considered as typical
for the Tower Marias River.

In 1977, water temperature in the lower Marias during the spring/
summer period was significantly higher than normal, and flow was considerably
below normal. As a result of the above normal water temperature, sauger
spawning in 1977 occurred slightly earlier than normal. Partly spent
female sauger were sampled on April 15, the earliest spawning date observed
during the four-year inventory period. The sauger spawning period in
1977 extended from April 15 to May 20 and peaked from April 25 to May 12.
Migrant sauger in the lower Marias River were significantly less abundant
in 1977 than 1976. 1In 1976, an average of 1.00 sauger per trap-day was
sampled in frame traps during the migration period compared to 0.48 sauger
per trap-day in 1977. ‘

The shovelnose sturgeon spawning run in 1977 was even more ‘severely
depressed than the sauger run. An average of 15.0 shovelnose sturgeon per
electrofishing-kilometer was sampled in 1976 during the peak of the spawning
run_compared to only 2.3 shovelnose sturgeon per electrofishing-kilometer
in 1977. Flow in the lower Marias River in 1977 during the sagger and
shovelnose sturgeon spawning periods ranged from 7.9 to 11.3 m/sec (280
to 400 cfs), and was obviously well below the minimum flow required to sus-
tain good spawning runs.

In 1978, flow and water temperatures of the lower Marias River during
the spring/summer period were near normal. However, a more severe than
normal ice break up occurred in the Missouri River in March, 1978. As a
result, it appeared that many fish in the Missouri River were displaced
downstream into the lower portion of the river or Fort Peck Reservoir.
Consequently, the sauger run in the lower Marias River was severely re-
duced in 1978. An average of only 0.02 sauger per trap-day was sampied
during the migration period. However, 11 sauger larvae were sampled with
a plankton net on the lower Marias River on June 1 and 2, 1978, indicating
that some successful reproduction did occur. Assuming an incubation
period of 13 to 21 days as described by Nelson (1968), spawning occurred
between May 11 and 20.

Shovelnose sturgeon spawning in the lower Marias River in 1978 occurred
significantly later than normal. This may have been the result of
substantial downstream displacement of shovelnose related to the severe
ice break up, and the long distance of the migration route back upstream
to the Marias River. The sturgeon spawning period in the Tower Marias
River extended from June 9 to July 10 and peaked from June 23 to July 3.

An average of 6.3 shovelnose sturgeon per electrofishing-kilometer were
sampled during the peak of the spawning run. Two shovelnose sturgeon pro-
larvae were sampled with a plankton net on the lower Marias River on June
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19, 1978. Assuming an incubation period of one week as estimated by
Brown (1971), spawning occurred about June 12.

Severe ice break ups such as the one observed in 1978 occur periodically.
It is significant to note that even though this ice break up resulted in
substantial downstream displacement of fish, native resident species, such
as the shovelnose sturgeon and sauger, were able to move back upstream and
spawn successfully in the lower Marias River.

In 1979, flow in the lower Marias River during the spring/summer
migration period was near normal, but water temperature was significantly
below normal. The cooler-than-average water temperature was due to large
amounts of cold water being released from Tiber Reservoir. As a result
of the depressed water temperature, sauger and shovelnose sturgeon spawning
occurred later than usual. The sauger spawning period extended from May
12 to May 23 and peaked from May 12 to 19. A larval sauger was sampled with
a plankton net on the lower Marias River on May 28, 1979. Assuming an
incubation period of 13 to 21 days as described by Nelson (1968), spawning
occurred between May 7 and 15. The shovelnose sturgeon spawning period in
1979 extended from June 10 to July 6 and peaked from June 17 to 21. An
average of 12.7 shovelnose sturgeon per electrofishing-kilometer were sampled
during the peak of the spawning run.

The inception of sauger spawning on the lower Marias River in 1977
occurred when mean water temperature reached 11.7 € (53 F). In 1978 and
1979 initial spawning was observed at 12.2 C (54 F). Elser et al. (1977)
reported sauger spawning on the Lower Tongue River, Montana, in a temperature
range of 9.4 to 12.2 C (49 to 54 F). Peterman and Haddix (1975) observed
sauger spawning on the mainstem of the lower Yellowstone between May 16
and 24, 1974, when water temperatures were 7.2 to 11.1 C (45 to 52 F).
Brown (1971) indicated sauger spawning usually occurs in Montana when
water temperaturesreach about 10.0 C (50 F).

Shovelnose sturgeon spawning in the lower Marias River was observed
at mean water temperatures ranging from 15.0 to 22.8 C (59 to 73 F),
but peak spawning occurred at 16.1 to 20.6 C (61 to 69 F). The optimum
temperature range for spawning of shovelnose sturgeon on the lower Tongue
River, Montana, was 17.2 to 21.7 C (63 to 71 F) (Elser et al. 1977). In
the Powder River, Montana, the peak of the shovelnose sturgeon run occurred
at 16.1 C (61 F); however, these fish were not considered ripe (Rehwinkel
et al. 1976). Christenson (1975) reported shovelnose sturgeon spawning
in the Red Cedar River, Wisconsin, at temperatures between 19.4 and 21.1
C (67 and 70 F). Brown (1971) stated that shovelnose sturgeon usually
spawn in Montana at temperatures between 15.6 and 21.1 C (60 and 70 F).

Size at Maturity

Sauger found in the lower Marias River during the migration period were
usually mature at sizes larger than 270 to 280 mm (10.6 to 11.0 in.). The
smallest mature sauger sampled on the lower Marias River was a 259 mm ripe
male. However, most sauger smaller than 270 mm were immature. Female
sauger appeared to reach maturity at about the same size as males. The
smallest mature female sauger sampled on the Tower Marias River was a 274
mm specimen. Brown (1971) indicated that sauger reach maturity at lengths
of 229 to 305 mm. ’



Male shovelnose sturgeon found in the Tower Marias River during the
migration period were usually mature at a smaller size than females. The
minimum fork lengths of ripe male and female sturgeon sampled in the
lower Marias during the inventory period were 546 and 709 mm (21.5 and 27.9
in.), respectively. Elser et al. (1977) reported minimum lengths of ripe
male and female shovelnose on the lower Tongue River of 523 and 688 mm
(20.6 and 27.1 in.), respectively. Other researchers have also reported
male shovelnose maturing at a smaller size than females (Christenson 1975,
Helms 1974, Monson and Greenbank 1947, Barnickol and Starrett 1951).

Size-Frequency Distributions

The length-frequency distribution of shovelnose sturgeon sampled during
the spawning period in the lower Marias River was compared to the length-
frequency distribution of shovelnose sturgeon sampled during the spawning
and nonspawning periods in the mainstem of the middle Missouri River (Figure
23). The average size of shovelnose sturgeon sampled in the lower Marias
River was significantly larger than the average size of sturgeon collected
from the Missouri River mainstem. Also, the Tength distribution was wider
for the Missouri River sample than for the Marias River sample. Sturgeon
smaller than 550 mm, which are usually immature, were rarely found in the
Marias River but were common in the Missouri River mainstem. These data
indicate that the lower Marias River shovelnose sturgeon were a migrant
spawning population. Peterman and Haddix (1975) and Rehwinkel et al.

(1976) found migrant populations of shovelnose sturgeon from the lower
Yellows tone River spawning in the lower Tongue and Powder rivers, respec-
tively. The average size of sturgeon found in the tributaries was larger
than the average size of sturgeon sampled in the mainstem of the Yellowstone.
This was attributed to the tributary sturgeon being spawning populations.

The length-frequency distribution of shovelnose sturgeon sampled in
the middle Missouri and Marias rivers was also compared to the length-
frequency distribution of shovelnose sturgeon sampled in the Missouri
River in South Dakota (Moos 1978), the Mississippi River in Iowa (Helms
1973), and the Chippewa River in Wisconsin (Christenson 1975) (Figure 23).
Shovelnose sturgeon in the middle Missouri/Marias River study area were
significantly larger than those sampled in the other rivers. In fact, the
mean fork lengths of shovelnose sturgeon sampled in the middle Missouri
and Marias rivers were about equivalent to the maximum fork lengths
attained in the abovementioned study areas. :

The weight-frequency distribution of migrant shovelnose sturgeon
sampled in the lower Marias River during this study was very similar to
the weight-frequency distribution reported for migrant shovelnose sturgeon
in the Tower Tongue River, Montana (Peterman and Haddix 1974, Elser et
al. 1977) (Figure 24). Of the shovelnose sturgeon sampled during the
spawning period on the Tower Tongue River in 1975 and 1976, 22.6 percent
exceeded 2.7 kg (6 1b), 7.2 percent exceeded 3.6 kg (8 1b), and 1.7
percent exceeded 4.5 kg (10 1b). On the lower Marias River from 1976
through 1979, 29 percent of the shovelnose sturgeon sampled during the
spawning period exceeded 2.7 kg, 8 percent exceeded 3.6 kg, and 2 percent
exceeded 4.5 kg. The average size of sturgeon sampled on the Marias River
was 2.43 kg (5.36 1b) compared to 2.41 kg (5.31 1b) on the Tongue River.

A sample of shovelnose sturgeon migrating from the Yellowstone River into
the 1owe; Powder River, Montana, averaged 2.42 kg (5.33 1b) (Rehwinkel et
al. 1976).
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Shovelnose sturgeon captured during the spawning period in the Tower
Marias, Tongue, and Powder rivers, Montana, were considerably larger in
both length and weight than those reported in other streams. Even though
the sturgeon sampled in the Montana streams were spawning populations, the
presence of considerable numbers of larger fish is significant. Carlander
(1969) reviewed numercus research reports on shovelnose sturgeon. The
largest shovelnose sturgeon recorded in the studies which he reviewed
was a 4.536 kg (10 1b) specimen reported by Trautman (1957). Eddy and
Surber (1943), Pflieger (1975), and Brown (1971) indicate that shovelnose
sturgeon rarely exceed 2.3 to 3.2 kg (5 to 7 1bs).

The relatively large size attained by shovelnose sturgeon in the
Jower Marias, Tongue, and Powder rivers may be related to an abundant
food supply available to these fish in the lower Yellowstone and middle
Missouri rivers during the summer months. Two mayflies, Rhithrogena and
Traverella, comprised 58 percent of the food volume in the summer diet of
shovelnose sturgeon in the middle Missouri River (Gardner and Berg 1981).
Traverella are also abundant in the lower Yellowstone River (Newell 1976).
They accounted for 46 percent of the food volume in the diet of shovelnose
sturgeon in the lower Yellowstone from July to September (Elser et al.
1977). Rhithrogena and Traverella exhibit relatively little tolerance to
habitat changes, and the middle Missouri and lTower Yellowstone rivers are
the only significant reaches of large river habitat in the Mississippi/
Missouri River drainage which have not been extensively altered. Limited
findings by researchers studying the food habits of shovelnose sturgeon
in other portions of the Mississippi and Missouri rivers indicate that the
bulk of the diet is usually comprised of trueflies (Diptera) and caddisflies
(Pflieger 1975). The relative scarcity of mayflies in the summer diet of
shovelnose sturgeon in these areas could account for the smaller sizes,
but this hypothesis requires more supporting evidence.

Shovelnose sturgeon in the middle Missouri and Tower Yellowstone
rivers may also be a distinct genetic subgroup, and this could explain
their larger size. However, genetic studies conducted on shovelnose
sturgeon collected in Montana and other states in 1979 failed to confirm
this hypothesis (Larry Peterman, DFWP, personal communication).

Channel Catfish and Other Species

Use of the lower Marias River for spawning by migrant channel cat-
fish was studied in 1978 and 1979. An average of 1.06 channel catfish
per net-day was captured in 18 net-days on the lower Marias River from
August 3 through 9, 1978. By mid-September, spawning was apparently
completed, and no channel catfish were taken in 12 net-days of sampling,
September 23 through 29, 1978. One channel catfish aelvin was sampled
in a plankton net on the lower Marias River on June 19, and three were
collected on July 28, 1978. Assuming an incubation period of 6 to 10 days
and aelvin dispersal after about five days (Brown 1971), spawning
occurred between June 4 and July 17. An average of 2.25 channel catfish
per net-day were captured in four net-days on the lower Marias River from
June 8 through 12, 1979. These data suggest that peak abundance of migrant
channel catfish in the lower Marias River occurs during the early
portion of the spawning period.

Maximum water temperature in the lower Marias River during the channel
catfish spawning periods in 1978 and 1979 ranged from 18.9 to 25.6 C
(66 to 78 F) and averaged 22.2 C (71.9 F). Brown (1971) indicated
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channel catfish spawning usually occurs from May into July after water
temperatures exceed 23.9 C (75 F). However, Helms (1975) reported spawning
activity of channel catfish in the upper Mississippi River, Iowa, usually
began in mid-May at a water temperature of.18.3 C (65 F). Initial spawning
of channel catfish in the lower Marias River appears to occur when the
maximum water temperature reaches 18.9 C (66 F). \

Significant spawning runs of blue sucker, smallmouth and bigmouth
buffalo, river carpsucker, shorthead redhorse, longnose sucker, and goldeye
were observed in the lTower Marias River during the spring/summer migration
periods from 1976 through 1979. Limited numbers of walleye, northern pike,
carp, and several minnow species were also observed spawning in the lower
Marias River during the study period. Spawning condition of fish examined
during the surveys is shown in Table 18. In general, Catostominae (suckers
and redhorse) and goldeye spawned primarily in May, while (Ictiobinae/Cyprinidae
(river carpsucker, buffalo and minnows) spawned primarily in June.

Table 18. Spawning condition of several fish species sampled in the lower
Marias River during the spring/summer spawning periods from
1976 through 1979.

Fish ~ Range of dates for capture of:
Species Ripe Males Ripe Femalesl/™ Spent Females2/
Goldeye May 9-June 9 May 16-June 9 May 16
Northern pike April 9-May 27 '
Carp May 1- 10

Flathead chub June 7-July 18 May 24-dune 27 June 2
Emerald shiner June 21

W. silvery minnow June 7 June 21

Longnose dace May 10-June 7 June 23 July 3
River carpsucker May 10-Jduly 10 May 24-June 9

Blue sucker May 12-June 28 May 29-June 17 May 29
Smallmouth buffalo May 9-July 3 June 9- 21 June 9
Bigmouth buffalo May 9-July 3 May 29-June 17 May 29
Shorthead redhorse May 10-June 9 May 10-June 9

Longnose sucker June 9 May 10-Jdune 9

Walleye April 9- 15

1/ Range of dates for sampling ripe females is equivalent to observed
spawning»period.

2/ Earliest date observed.
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Teton and Judith River Spawning Migrations

The lower several kilometers of the Teton and Judith rivers were
sampled on several occasions during the spring/summer migration periods
in 1977, 1978, and 1979 to document possible spawning runs from the
Missouri River. Considerably less effort was spent on migrant fish
surveys in the lower Teton and Judith rivers than on the lower Marias
River. Therefore, the spawning runs found in these areas are probably an
underestimate of actual use. Further surveys should be conducted to
confirm the presence of spawning runs of additional species.

The lower Teton River was sampled by electrofishing on April 27,
1977, and May 13, 1979. A significant number of migrant sauger were
found in the lower Teton River. An average of 10.5 sauger per electro-
fishing-kilometer were sampled on April 27, and 1.5 per electrofishing-
kilometer were captured on May 13. This information suggests that peak
spawning of sauger in the lower Teton occurs in late April. Sauger
spawning on the lower Teton apparently occurs slightly earlier than on
the lower Marias. This is probably due to warmer spring water '
temperatures on the lower Teton River. Sauger found spawning in the
Jower Teton were significantly less abundant than in the lower Marias.

Numerous migrant goldeye, shorthead redhorse, and longnose suckers
were collected on both sampling dates on the lower Teton River, and the
fish were in a ripe spawning condition. A few migrant carp were also
sampled on both dates, but they were not ripe.

A significant spawning run of blue suckers was observed in the lower
Teton River on May 13, 1979. An average of 25.0 blue suckers per electro-
fishing-kilometer were sampled, and all were ripe males and females or
gravid females. Most of the blue suckers were found in the lower 2
kilometers of the Teton River, and the run was confined to the lower 15 km
of the river. This run was substantially larger than blue sucker spawn-
ing runs observed in the lower Marias River. No blue suckers were found
in the lower Teton River in an electrofishing survey conducted on April 27,
1977, indicating that the run probably does not begin until mid-May.

Migrant river carpsucker, smallmouth buffalo, and bigmouth buffalo
were conspicuously absent from electrofishing surveys conducted in the
Jower Teton River. These species usually spawn in larger streams with
backwater areas (Brown 1971), and therefore, it is unlikely they spawn
in the lower Teton River. As described earlier, significant spawning runs
of these three species were found in the lTower Marias River. The lower
Marias is a substantially larger stream than the lower Teton River, and it
contains more slow-moving and backwater areas.

Migrant channel catfish were sampled in the lower Teton River with
baited hoop nets in 1978 and 1979. An average of 0.67 channel catfish per
net-day were captured in six net-days on the Tower Teton River from August
3 through 9, 1978. By mid-September spawning was apparently completed, and
no channel catfish were taken in six net-days of sampling from September
23 through 29, 1978. An average of 1.88 channel catfish per net-day were
captured in eight net-days on the lower Teton River from June 8 through 12,
1979. Thus, migrant channel catfish are found in the Tower Teton River
from at least early June through early August.

Largely because of irrigation withdrawals, it is not uncommon for the
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Tower 20 to 30 km of the Teton River to be dewatered by late August to the
extent that only large pools remain. In some years, the lower Teton is com-
pletely dewatered. Therefore, the spawning fish found there during the
spring/summer migration (runoff) period are all migrants.

The Tower Judith River was sampled by electrofishing on May 25 and
August 13, 1979. A significant number of mature sauger were sampled on
May 25. A1l female sauger were spent, indicating that spawning was com-
pleted prior to May 25. Some of the sauger appeared to be migrants from
the mainstem of the Missouri River. The recapture of one sauger previously
tagged on the mainstem of the Missouri River confirmed this observation.

Shorthead redhorse and longnose suckers in a ripe spawning condition
were abundant in the Tower Judith River on May 25, 1979. Many were
probably spawning migrants from the Missouri River. A few carp and goldeye
were also sampled on the Tower Judith on May 25, and some of them were
ripe. Two ripe male blue suckers were sampled on May 25, and one spent male was
taken on August 13. River carpsucker, smalimouth buffalo, and bigmouth
buffalo were conspicuously absent.

No effort was made to sample migrant channel catfish in the lower
Judith River with baited hoop nets. However, circumstantial evidence
indicates that this river is an important spawning tributary for this
species. Gardner and Berg (1981) collected 30 channel catfish aelvins in
a plankton net fished in the lower Judith River on August 2, 1979. In
addition, numerous logs and other instream cover features necessary for
catfish nests are found in the lower Judith.

Age and Growth
| Paddlefish

Age Structure of the Population

In 1977 and 1978, 132 paddlefish harvested by anglers from the middle
Missouri River were assigned ages ranging from 6 to 29 years (Table 19).
The sample included 69 males and 63 females. Males averaged 13.7 years of
age and ranged in age from 6 to 25 years., Females averaged 18.7 years and
ranged from 11 to 29 years. Forty-four percent of the female paddlefish
were 20 years or older, while only 7 percent of the males were this old.

The middle Missouri River paddlefish population is older and probably
more stable than most other paddlefish populations in northern waters. In
a study of paddlefish in the lower Yellowstone River, Montana, Rehwinkel
(1975) found only 0.2 and 3.9 percent of males and females, respectively,
were 20 years or older. Twenty-six percent of the paddlefish (male and
female combined) harvested by anglers in the Missouri River below Fort
Randall Dam, South Dakota, in 1979 were 20 years or older (Unkenholz
1980b). The oldest paddlefish harvested by anglers in the Missouri River
below Gavins Point Dam, South Dakota, in 1979 was a 14-year old specimen
(Unkenholz 1980a). 1In 1960, 2.3 percent of the paddlefish collected from
the Mississippi River, Iowa, were 20 years or older (Meyer 1960).

Most paddlefish populations in the United States are harvested more
intensively by anglers than the middle Missouri population. Since anglers
select for larger fish, the older paddlefish experience greater harvest
rates than younger fish as fishing pressure increases. The relatively
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small harvest rate of paddlefish in the middle Missouri River probably accounts,
in part, for the large percentage of old fish.

Table 19. Age structure and observed growth of male and female paddiefish
sampled in the middle Missouri River in 1977 and 1978. The
number of fish sampled is shown in parentheses.

Mean Total Length (cm) of Paddlefish in Age Group

1977 1978 Combined Average

Age

Group Male Female Male Female Male Female
6 102(1) 102(1)

7 122(1) 122(1)

8 132(1) 135(1) 134(2)

9 136(2) 137(1) 136(3)

10 137(1) 137(1)

n 139(5) 156(1) 139(5) 156(1)
12 143(11) 140(4) 142(15)

13 144(5) 156(4) 142(3) 143(8) 156(4)
14 147(6) 164(3) 142(2) 168(2) 145(8) 166(5)
15 148(6) 144(2) 170(6) 147(8) 170(6)
16 149(4) 169(1) 149(3) 149(7) 169(1)
17 168(5) 150(1) 175(1) 150(1) 170(6)
18 149(2) 168(3) 173(1) 149(2) 170(4)
19 150(2) 169(7) 175(1) 15052) 171(8)
20 149(3) 171(6) 173(1) 149(3) 171(7)
21 155(1) 171(8) 155(1) 171(8)
22 174(4) 174(4)
23 173(5) 173(5)
24 177(1) 177(1)
25 160(1) 180(1) 160(1) 180(1)
26 181(1)
27 181(1)

28

29 188(1) 188(1)

Observed Growth

Since the middle Missouri River paddlefish population is comprised
almost entirely of mature, spawning fish, observed annual increments of
growth are fairly small (Table 19). Female paddlefish were consistently
larger than male paddlefish at all comparable ages. The largest (and
oldest) male paddiefish collected for age determination was a 160 cm, 28.6
kg (62.8 in., 63 1b) 25-year-old. The largest (and oldest) female was a
188 cm, 54.8 kg (74.0 in., 121 1b) 29-year-old. The smallest (and youngest)
male was a 6-year-old measuring 102 cm (40.0 in.) in total length and
weighing 7.7 kg (17 1b). The smallest (and youngest) female was a 156 cm,
22.2 kg (61.3 in., 49 1b) 11-year-old.
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Observed growth of paddlefish collected from the middle Missouri River
is compared to observed growth in other waters in Table 20. Growth of
paddlefish in the middle Missouri River is superior to growth in the other
waters at all ages. Growth of paddlefish in the middle Missouri River also
exceeds growth in all the studies summarized by Carlander (1969). Based
on this evidence, it can be concluded that growth of paddlefish in the
middle Missouri River and Fort Peck Reservoir is better than in any other
known water in the United States.

Shovelnose Sturgeon

Characteristics of the Annuli

Annuli appearing on the anterior pectoral fin ray sections of shovelnose
sturgeon occurred in belts (Figure 25). Four to eight single annuli preceded
the first sub-marginal annuli belt. Sub-marginal annuli belts contained from
two to three annuli. Zweiacker (1967) identifed similar annuli belt patterns
on shovelnose sturgeon pectoral rays from the Missouri River in South Dakota.
Roussow (1957) found annuli belts on pectoral fin ray sections of lake
sturgeon. These researchers attributed the belts of annuli to slowed growth
during periods of gonadal development.

Single annuli occurring on the sections were more widely spaced than
annuli within belts, indicating faster growth of the shovelnose sturgeon in
the first years of 1life before belting of annuli occurred. Belting of
annuli probably coincided with attainment of sexual maturity and slowed
growth due to channeling energies into gonadal development. Spaces also
occurred between each sub-marginal annuli belt, probably indicating faster
growth between periods of gonadal development.

Figure 25. Cross-sections of the anterior pectoral fin rays of shovelnose
sturgeon were studied for age and growth determination. The
belt patterns of the annuli are probably related to slowed
growth during periods of gonadal development.
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If the interpretation of the single annuli/annuli belt patterns is
correct, shovelnose sturgeon in the middle Missouri River become sexually
mature at 4 to 8 years and make their first spawning attempt between 6
and 11 years. They spawn every 2 to 3 years after their initial attempt.

Assigned Ages and Observed Growth

In 1978 and 1979, 122 shovelnose sturgeon sampled on the middle
Missouri River were assigned ages ranging from 8 to 33 years and averaging
21.3 years (Table 21). Ninety-three percent of the sturgeon in the sample
were 15 years or older. Zweiacker (1967) reported shovelnose sturgeon in
the Missouri River in South Dakota ranged from 8 to 27 years, and 80 per-
cent of the sturgeon were 13 years or older. The oldest shovelnose sturgeon
reported by Helms (1974b) in the Mississippi River, Iowa, was a 12-year-oid
measuring 716 mm (28.2 in.) in fork length. However, Christenson (1975)
seemed to question the rapid growth rates and young ages reported by Helms.
Christenson observed a very slow growth rate for tagged and recaptured
shovelnose sturgeon in the Red Cedar/Chippewa River system in Wisconsin.
Christenson felt his tagging method should have had a negligible effect
on sturgeon growth rates. He concluded it was unlikely that shovelnose
sturgeon in the Red Cedar/Chippewa River system were only 12 years old at
approximately 710 mm (27.9 in.) in fork length. Schmulbach (1974) also
observed a very slow growth rate for tagged and recaptured shovelnose
sturgeon in the Missouri River near Vermillion, South Dakota.

Male shovelnose sturgeon sampled from the middle Missouri River
averaged 20.6 years of age and ranged from 9 to 29 years. About one-
third of the sturgeon 25 years or older were males. The youngest ripe
male in the sample was a 10-year-old. Female sturgeon averaged 22.6
years and ranged from 14 to 33 years. About two-thirds of the sturgeon
25 years old or older were females. The youngest female with egg develop-
ment in the sample was a 16-year-old. The data indicate that female
sturgeon mature at an older age and live Tonger than males.

The aging technique used for shovelnose sturgeon was validated by two
forms of evidence. First, there was a highly significant correlation
(r = 0.84, P <.01) between body length and anterior pectoral fin ray section
radius. Second, sturgeon of increasing lengths were generally assigned
ages of increasing magnitude (Table 21).

Length/Weight Relationship

Shovelnose sturgeon sampled in 1978 and 1979 ranged from 533 to 945
mm (21.0 to 37.2 in.) in fork length and averaged 758 mm (29.8 in.).
Mean weight of the sturgeon in the sample was 2191 g (4.83 1b). The length/
weight relationship for sturgeon in the sample is described by the equation:
log W = 3,22 log L - 5,95 (r = 0.93), where W = weight and L = fork length.

Forty-one ‘shovelnose sturgeon sexed as males averaged 739 mm (29.1] in.)
in fork length and 1969 g (4.34 1b). Fifty females averaged 782 mm (30.8
in.) in fork length and 2472 ¢ (5.45 1b). The average length and weight of
shovelnose sturgeon sampled from the middle Missouri River in 1978 and 1979

sturgeon in samples from the Missouri River in South Dakota (Zweiacker
1967), Mississippi River in Iowa (Helms 1974a), and the Red Cedar/Chippewa
River system in Wisconsin (Christenson 1975). Mean lengths and weights

of shovelnose sturgeon in the Tongue River, Montana (Elser et al. 1977),
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Table 21. Age-frequency of shovelnose sturgeon sampled from the middle
Missouri River in 1978 and 1979 with mean fork length, weight
and condition factor (KTL) of each age class.

Age No. of Fish Mean Fork Length (mm) Mean Weight (g) Mean KTL |

8 2 579 826 0.43
9 1 566 703 0.38
10 2 655 1179 0.42
1 0 - - -
12 0 - - -
13 1 686 1505 0.47
14 3 663 1442 0.49
15 7 683 1578 0.50
16 2 711 1828 0.51
17 5 701 1683 0.49
18 9 749 1647 0.40
19 12 749 1978 0.47
20 13 729 1896 0.49
21 7 762 2109 0.48
22 11 754 2109 0.49
23 7 759 2127 0.49
24 9 785 2667 0.55
25 8 813 2690 0.50
26 6 772 2495 0.54
27 2 790 277 0.55
28 4 820 2839 0.52
29 3 813 2930 0.55
30 1 914 3946 0.52
31 3 874 3266 0.49
32 3 902 3878 0.53
33 1 853 3774 0.61
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Powder River, Montana (Rehwinkel et al. 1976), were similar to the middle
Missouri River. : ,

Condition Factors

Mean condition factors were higher for shovelnose sturgeon over 21 years
(the mean age) than for sturgeon younger than 21 (Table 21).  Mean condition
factors were 0.46 for fish less than 21 years and 0.52 for fish more than
21.

The average condition factor for all shovelnose sturgeon sampled from
the middle Missouri River was 0.503. Condition factors averaged 0.487 for
males and 0.517 for females. Condition factors reported by Carlander (1969)
for shovelnose sturgeon in reservoirs on the Missouri River in South Dakota
were much Tower, ranging from 0.22 to 0.27. Elser et al. (1977) reported
data which indicated mean condition factors of 0.481 for males and 0.611
for females in the lower Tongue River, Montana, in 1975. Since the shovel-
nose sturgeon population in the lower Tongue River was comprised almost
entirely of mature spawning fish, the high condition factor of female
sturgeon is probably related to the presence of a large number of gravid
fish. The middle Missouri River sample included a significant number of
immature and nonspawning females, which more nearly reflects an average
condition factor for female shovelnose sturgeon.

Channel Catfish

Assigned Ages and Observed Growth

In 1978, 234 channel catfish sampled on the middle Missouri River
were assigned ages ranging from 1 to 18 years (Table 22). Age determinations
were made by examining cross-sections of the pectoral spine (Figure 26).
Since the sampling gear was selective for larger fish, only 4 percent of
the channel catfish in the sample were 2 years or younger. Three and four-
year-old channel catfish made up 66 percent of the sample. About 30
percent of the channel catfish were age five or older. Ragland and Robinson
(1972) reported that 3 and 4-year-old channel catfish made up 61 percent
of a sample of channel catfish from the lower Missouri River in Missouri.
They concluded the most Tikely cause for the dominance of catfish of
intermediate size and age was gear selectivity.

In general, the middle Missouri River channel catfish population
appears to be older than populations in the lower Missouri River,
Missouri (Ragland and Robinson 1972), Lake-of-the-0zarks, Missouri
(Marzo1f 1955), Grand Lake, Oklahoma (Sneed 1951), and the Salt River,
Missouri (Purkett 1957). The channel catfish population in the St.
Lawrence River in Quebec (Carlander 1969) appears to be older than the
middle Missouri population in Montana. Carlander (1969) reported that
channel catfish reach sexual maturity at 303 to 381 mm (11.9 to 15.0 in.)
and 4 to 5 years of age in the Mississippi River in Iowa and Missouri. If
this is true for the middle Missouri River population in Montana, probably
half or less of the sample of 234 channel catfish collected in 1978 were
sexually mature.

Growth of channel catfish in the middle Missouri River is superior
to growth in the Tongue River, Montana (Elser et al. 1977), Des Moines
River, Towa (Carlander 1969), and St. Lawrence River, Quebec (Carlander
1969), and similar to average growth in the Mississippi and Missouri
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Table 22. Age-frequency of channel catfish sampled from the middie Missouri
River in 1978 with mean length, weight and condition factor
(KTL) of each age class.

Age No. of Fish % of Sample Mean Length (mm) Mean Weight (g) Mean KTL

1 2 0.9 186 61 0.93
2 7 3.0 256 148 0.88
3 69 29.2 304 227 0.80
4 87 36.9 373 417 0.79
5 9 3.8 428 641 0.81
6 15 6.4 a7 869 0.82
7 9 3.8 496 1067 0.87
8 7 3.0 542 1424 0.89
9 4 1.7 527 1325 0.89
10 3 1.3 587 2008 0.95
11 3 1.3 582 1837 0.93
12 3 1.3 648 3007 1.1
13 2 0.9 701 4105 1.19
14 7 3.0 669 3334 1.1
15 5 2.1 690 3656 1.11
16 0 0 - - -

17 2 0.9 718 4604 1.24
18 2 0.9 658 2767 0.97

rivers (as calculated by Carlander 1969) through age six (Table 23). For
channel catfish 7 years and older, growth in the middle Missouri River is
slower than average. However, since channel catfish in the middle
Missouri live longer than average, the size structure of the population
is nearly identical to that in other portions of the Mississippi and
Missouri rivers.

The aging technique used for channel catfish was validated by three
forms of evidence. First, there was an increase in ages assigned to
catfish of increasing length (Table 22). Second, there was a highly
significant correlation between body length and pectoral spine section
radius (r = 0.87, P <.01). Third, calculated lengths at annuli 1 through
10 showed reasonable agreement with observed mean lengths of assigned
age classes.

Length/Weight Relationship

Channel catfish sampled in 1978 ranged from 175 to 787 mm (6.9 to 31.0
in.) in total length and averaged 371 mm (14.6 in.). Weights ranged
from 45 to 5488 g (0.10 to 12.10 1b) and averaged 771 g (1.70 1b). The
length/weight relationship for channel catfish in the sample is described
by the equation: 1log W = 3.187 log L - 5.563 (r = 0.99), where W = weight
and L = total length.

Condition Factors

Condition factors of channel catfish showed a tendency to increase with
age (Table 22). Mean condition factors of the various age groups ranged
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Figure 26. Cross-sections of the pectoral spines of channel catfish
were studied for age and growth determination.

from 0.79 to 1.24. Carlander (1969) reported condition factors of channel
catfish populations in five midwestern states ranged from 0.50 to 1.22.

Calculated Growth

Calculated lengths of channel catfish at annuli 1 through 10 are
presented in Table 24. The calculations were based on 212 channel catfish
from the 1978 sample. The Monastyrsky logarithmic equation best fit the data
(r = 0.87), indicating curvilinear growth. Growth was greatest during the
first three years of 1ife, then continued more slowly, but steadily,
through the tenth year. Lee's Phenomenon was apparent in the data for
most age classes.

Calculated growthof channel catfish in the middle Missouri River is
generally equivalent or superior to growth in other northern waters (Table
25). Channel catfish growth in the middle Missouri River also compares
favorably with growth in lakes and rivers in southern states, particularly
during the first few years of 1life.
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Table 24.

Calculated length at the end of each

growth of channel catfish sampled fro

year of life and average
m the middle Missouri River
in 1978 (Monastyrsky logarithmic method)

Calculated Total Length (mm) at End of Year

Age No.
Group Fish 1 2 3 4 5 6 7 8 9 10
1 2 103
2 7 95 198
3 69 98 207 285
4 87 99 209 300 332
5 9 98 192 271 3334 382
6 15 9 168 246 321 384 411
7 9 89 169 259 323 378 426 470
8 7 91 174 266 332 387 426 474 513
9 4 86 179 262 319 367 406 442 476 508
10 3 80 155 231 298 345 393 437 478 516 521
Grand Average 97 201 285 329 379 416 462 495 511 521
Calculated
Length :
Grand Average 97 104 84 44 50 37 46 33 16 10
Length Incre-
ment ,
No. Fish 212 210 203 131 46 37 23 14 7 3
Sauger

Assigned Ages and Observed Growth

In 1978 and 1979, 802 sauger sampled on the middle Missouri River
were assigned ages ranging from 0 to 8 years (Table 26). Ages 0, 1 and
2 made up 23 percent of the sample. The small percentage of sauger in this
age range was due to sampling bias. The boom suspended electrofishing
boat was much less efficient for sampling smaller, younger sauger than
larger, older sauger. Ages 3, 4, and 5 made up 61 percent of the sample.
This percentage would have been even higher if the 1979 sample had contained
fish from 305 to 405 mm (12.0 to 15.9 in.) in length. Sauger in this size
range were not collected in 1979 because an adequate sample was collected
in 1978. Ages 6, 7, and 8 made up 16 percent of the sample.

Completion of annuli for sauger in 1978 ranged from June 7 to July
22 and averaged June 29. Time of completion of annuli formation in 1979
ranged from May 19 to July 10 and averaged June 9. Riggs (1978) reported
100 percent completion of annuli formation for sauger in the Tongue River
Reservoir by July 11 in 1975 and July 5 in 1976.
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Table 26. Age-frequency of sauger sampled from the midd1e Missouri River
in 1978 and 1979 with mean length, weight and condition factor
(K7L) of each age class.

No. of Mean Mean
Age Fish % of Sample Length (mm) Weight (g) Mean KTL
0 48 6.0 127 - .68
1 40 5.0 207 86 .70
2 95 11.9 276 153 71
3 109 13.7 310 224 74
4 154 19.3 353 339 .75
5 224 28.1 392 476 .78
6 94 11.8 430 655 .80
7 26 3.3 480 921 .81
8 8 1.0 498 1011 .82

Table 27. Observed growth of sauger sampled from the middle Missouri River
in 1978 and 1979 compared to observed growth in other Montana
streams. The number of fish sampled 1s shown in parentheses.

Mean Length (mm) of Sauger in Age Group

Stream 0 1 2 3 4 5 6 7 8

Middle Missouri River 127 207 276 310 353 392 430 480 498
(present study) (48) (40) (95) (]09)7(154) (224)(94) (26) (8)
Lower Yellowstone R. - 211 257 310 356 394 485 574 .

(Haddix and Estes 1976) (0) (44) (82) (67) (85) (78) (50) (7) (0)
Tongue River - - - 289 332 374 418 444 478
(Elser et al. 1977) (0) (o) (0) (26) (89) (62) (50) (31) (12)
Powder Rivep 306 318 357 415 421 425 478

(Rehwinkel et al. 1976) (6) (6) (4) (20) (45) (22) (15) (5) (2)

Table 28. Mean monthly condition factors (KTL) of sauger sampled from
the middle Missouri River in 1978 and 1979.

April  May June  July August  September October

Mean Ky 0.83 0.80 0.71 0.73 0.76 0.81 - 0.74
No. of kish 8 49 88 127 319 135 72
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Growth of sauger in the middle Missouri River was similar to growth
in the Tower Yellowstone, Tongue, and Powder rivers through age five. Be-
yond age five, sauger from the lower Yellowstone River were larger in average
size than on the middle Missouri, while sauger from the Tongue and Powder
rivers were smaller.

The aging technique used for sauger was validated by three forms of
evidence. First, there was a highly significant correlation between body
length and scale radius (r = 0.90, P <.01). Second, sauger of increasing
lengths were assigned ages of increasing magnitude (Table 26). Third,
observed lengths of ass1gned age classes showed reasonable agreement with
calculated lengths at previous annuli.

Length/Weight Relationship

Sauger sampled in 1978 and 1979 ranged from 39 to 579 mm (1.5 to 22.8
in.) in total length and averaged 350 mm (13.8 in.). Weights ranged from
20 to 1542 g (0.04 to 3.40 1b) and averaged 325 g (0.72 1b). The length/
weight relationship for sauger in the sample is described by the equation:
Tog W = 3.157 Tog L - 5.524 (r = 0.99), where W = weight and L = total
length.

Condition Factors

Condition factors of sauger increased consistently with age (Table
26). The condition factors ranged from 0.68 for young-of-the-year to
0.82 for 8-year-olds. Graham et al. (1979) reported condition factors
of sauger in the lower Yellowstone River, Montana, rang1ng from 0.57 to
0.91.

Mean monthly condition factors of sauger were high in April, decreased
in May and June, and increased slowly from July through September (Table
28). The condition factor decreased again in October. The pattern of
seasonal change in condition factors is probably related to spawning,
feeding, and recruitment characteristics of the population.

Calculated Growth

Calculated lengths of sauger at annuli 1 through 8 are presented in
Table 29. Thecalculations were based on 735 sauger from the combined
1978-79 sampie. The Monastyrsky logarithmic equation best fit the data
(r = 0.90), indicating curvilinear growth (Table 30). Calculated growth
of sauger in the middle Missouri River is generally superior to growth
in other northern waters at the end of the first year of life, similar to
other northern waters at the end of the second and third years, and inferior
after the third year (Table 31).

Blue Sucker
Assigned Ages and Observed Growth

In 1978 and 1979, 214 blue suckers sampled on the middle Missouri
River were assigned ages ranging from 6 to 17 years (Table 32). Over
70 percent of the fish in the sample were 11 years of age or older. The
old ages of blue suckers in the sample could be related to sampling bias
or differential distribution of the younger blue suckers. The sample was
probably comprised almost entirely of mature fish.
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Table 29. Calculated length at the end of each year of 1ife and average
growth of sauger sampled from the middle Missouri River in
1978 and 1979 (Monastyrsky logarithmic method).
Calculated Total Length (mm) at End of Year
Age No.
Group Fish 1 2 3 4 5 6 7 8
1 40 154
2 95 155 250
3 109 147 227 282
4 154 151 240 298 344
5 224 148 236 296 329 377
6 94 152 234 289 33 379 413
7 26 153 235 295 - 347 393 432 463
8 8 148 228 280 331 381 422 456 485

Grand Average
Calculated Length 151 237 293 336 379 417 462 485
Grand Average
Length Increment 151 86 56 43 43 38 45 23

No. Fish 735 708 615 506 351 128 34 8

Table 30. Comparison of grand average calculated 1engths’of sauger at the
end of each year of life using alogarithmic method (Monastyrsky)
and three Tinear methods. Calculations are based on 735 sauger
sampled from the middle Missouri River in 1978 and 1979.

Average Calculated Total Length (mm) at End of Year

Method 1 2 3 4 5 6 7 8

Monastyrsky 1561 237 293 336 379 417 462 485

Dahl Lea 127 210 263 301 341 376 416 439

Rosa Lee 157 240 292 331 371 406 446 469

Rosa Lee (corrected) 157 240 294 337 379 417 462 485
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Table 31. Calculated growth of sauger sampled from the middle Missouri
River in 1978 and 1979 compared to calculated growth in other
northern waters.

Average Calculated Total Léngth (mm) at
End of Year
No. of

Water Fish 1 2 3 4 5 6 7 8

Middle Missouri River 735 151 237 293 336 379 417 462 485

(present study)

Lower Yellowstone River 859 157 244 305 365 424 476 534

(Graham et al. 1979)

Marias R., Montana 16 112 203 282 335 384 465

(Peters 1964)

Milk R., Montana 5 130 246 323 366

(Peters 1964)

Fort Peck Res., Mont. 124 130 224 297 363 429 493 521

(Peters 1964)

Garrison Res., N. Dak. 318 125 221 310 386 461 587

(Carufel 1963) :

L. Winnebago, Wisc. 1741 130 246 310 338 358 378 391 401

{Priegel 1969)

Upper Mississippi R. 42 124 229 302 345

Backwaters (Christenson
and Smith 1965)

Table 32. Age-frequency of blue suckers sampled from the middle Missouri
River in 1978 and 1979 with mean length, weight and condition
factor (Ky ) of each age class..

Age No. of Fish % of Sample Mean Length (mm) Mean Weight (g) Mean KTL
6 1 0.5 556 1338 0.78
7 2 0.9 609 2043 0.91
8 7 3.3 625 2051 0.88
9 30 14.0 670 2590 0.85

10 21 9.8 658 2551 0.90

11 52 24.3 704 2985 0.88

12 40 18.7 734 3578 0.90

13 34 15.9 747 3774 0.92

14 17 7.9 774 4277 0.89

15 6 2.8 799 4763 0.93

16 3 1.4 841 5053 0.89

17 1 0.5 793 5035 0.89




Very few studies have been made of the age and growth of blue suckers,
probably because of the scarcity of the species. Carlander (1969)
summarized age and growth observations for a few blue suckers collected
from the Missouri River in South Dakota and two lakes in Oklahoma.

Observed growth of blue suckers in the middle Missouri River is similar
to these waters for comparable age groups.

Length/Frequency Distribution

~ The length/frequency distribution of blue suckers sampled in 1978 and
1979 is given in Table 33. The fish ranged from 556 to 879 mm (21.9 to 34.6
in.) in total length, and averaged 714 mm (28.1 in.). Christenson (1974)
collected 181 blue suckers in the Red Cedar/Chippewa River system in
Wisconsin. He reported a size range of 470 to 755 mm (18.5 to 29.7 in.)
total length with a mean size of 625 mm (24.6 in.). Carlander (1969) re-
ported blue suckers collected from three locations on the Missouri River
in South Dakota ranged from 432 to 686 mm (17.0 to 27.0 in.) in total
length.

Length/Weight Relationship

Weights of blue suckers sampled from the middle Missouri River ranged
from 1338 to 6577 g (2.95 to 14.50 1b) and averaged 3305 g (7.29 1b).
Christenson (1974) reported weights for blue suckers which ranged from
1270 to 3992 g (2.80 to 8.80 1b) and averaged 2177 g (4.80 1b) in the
Red Cedar/Chippewa River system in Wisconsin. Weights of blue suckers
collected from Oahe Reservoir on the Missouri River in South Dakota
ranged from 186 to 2504 g (0.41 to 5.52 1b) (Carlander 1969).

The length/weight relationship for blue suckers sampled in the middle
Missouri River is described by the equation: Tog W = 2.792 log L - 4.466
(r = 0.89), where W = weight and L = total length. A length/weight relation-
ship reported for blue suckers in Alabama by Carlander (1969) was described
by the equation: 1log W = 3.19 log L - 5.57. This equation predicts
weights similar to those predicted by the middle Missouri River equation.

Condition‘Factors

The mean condition factor for the entire sample of blue suckers from
the middle Missouri River was 0.88. Condition factors reported by Carlander
(1969) for blue suckers collected from three locations on the Missouri
River in South Dakota ranged from 0.67 to 0.76.

Mean monthly condition factors of b]ue‘suckers sampled in the middle
Missouri River are given in Table 34. Mean condition factor was lowest
in June, probably the result of fish having completed spawning.
Calculated Growth

An attempt was made to calculate Tengths of blue suckers at previous

annuli. However, due to the lack of smaller and younger fish, results
were very poor and are not included in this report.
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Table 33. Length-frequency distribution of blue suckers sampled on the
middie Missouri River in 1978 and 1979.

Length Interval (mm) No. of Fish Percent of Sample
540-559 1 0.5
560-579 0 -
580-599 : ‘ 0 -
600-619 7 3.4
620-639 8 3.9
640-659 15 7.3
660-679 25 12.2
680-699 32 15.6
700-719 21 10.2
720-739 26 12.7
740-759 16 7.8
750-779 27 13.2
780-799 8 3.9
800-819 9 4.4
820-839 8 3.9
840-859 1 0.5
860-879 1 0.5

Total 205

Table 34. Mean monthly condition factors (Ky ) of blue suckers sampled from
the middle Missouri River in 1978 and 1979.

May June July August September October

Mean KTL 0.87 0.81 0.87 0.91 0.98 0.95
No. of Fish 25 33 7 68 1 6
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Smallmouth Buffalo

Assigned Ages and Observed Growth

In 1978 and 1979, 180 smallmouth buffalo sampled on the middle Missouri
River were assigned ages ranging from 4 to 16 years (Table 35). About 10
percent were 4 to 8 years old, 73 percent were 9 to 12, and 17 percent
were 13 to 16. Smallmouth buffalo in the Missouri River in South Dakota
first reach sexual maturity at age 4. Brown (1971) indicates smallmouth
buffalo in Montana usually reach maturity at age three. This indicates
that the sample of smallmouth buffalo from the middle Missouri River was
probably comprised entirely of mature fish, spawners from Fort Peck Reservoir.
Immature smallmouth buffalo rear in the reservoir.

Observed growth of smallmouth buffalo in the middle Missouri is
about average when compared to observed growth reported by Carlander (1969)
for other watersin the United States.

The aging technique used for smallmouth buffalo was validated by
three forms of evidence. First, there was a highly significant correlation
between body length and scale radius (r = 0.84, P <.01). Second, small-
mouth buffalo of increasing lengths were assigned ages of increasing
magnitude. Third, observed lengths of assigned age classes showed reasonable
agreement with calculated lengths at previous annuli.

Length/Weight Relationship

Smallmouth buffalo sampled in 1978 and 1979 ranged from 404 to 800
mn (15.9 to 31.5 in.) in total length and averaged 576 mm (22.7 in.).
Weights ranged from 975 to 7498 g (2.15 to 16.53 1b) and averaged 3120 g
(6.88 1b). The length/weight relationship for smallmouth buffalo in the
sample is described by the equation: 1log W = 2.96 log L - 4.698 (r = 0.92),
where W = weight and L = total length. - .

Table 35. Age-frequency of smallmouth buffalo sampled from the middle
Missouri River in 1978 and 1979 with mean length, weight —
and condition factor (KTL) of each age class.

No. of % of Mean , Mean Mean

Age Fish Sample Length (mm) Weight (q) KTL
4 1 0.6 404 975 1.48
5 0 0 - - -

6 0 0 - - -

7 3 1.7 478 1588 1.48
8 14 7.8 513 2030 1.56
9 39 21.7 549 2564 1.53

10 4?2 23.3 573 2882 1.58

11 32 17.8 597 3424 1.59

12 18 10.0 623 3724 1.62
13 22 12.2 635 4201 1.60
14 7 3.9 685 5270 1.72
15 1 0.6 696 5557 1.71 ~
16 1 0.6 704 5670 1.73
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Condition Factors

In general, condition factors of smallmouth buffalo increased with age
(Table 35). Mean condition factors for the various age groups ranged
from 1.48 to 1.73. Condition factors were high in April, decreased in
May and June, and increased from July through October (Table 36). The
pattern of seasonal change in condition factors is probably related to
spawning, which occurs mainly from late May through late June.

Table 36. Mean monthly condition factors (K L) of smallmouth buffalo
sampled from the middle Missouri E1ver in 1978 and 1979.

April May June July August September October

Mean Ky 1.74 1.53 1.48 1.53 1.64 1.70 1.70

Calculated Growth

Erosion of the edges of the scales and annuli distortions made it
difficult to calculate growth increments of smallmouth buffalo at previous
annuli. Only 15 scale samples were suitable for age and growth determination
by this method. The scales were from fish 10 years of age or younger.

Calculated lengths at previoUs annuli for this sample of smallmouth
buffalo are presented in Table 37. The Monastyrsky logarithmic equation
best fit the data and most accurately described the growth increments.

Calculated growth of smallmouth buffalo in the middle Missouri River
is similar to other waters (Table 38). Carlander (1969) found no regional
trends in growth rates of smalimouth buffalo when he compared growth in
various parts of the United States.

Bigmouth Buffalo

Assigned Ages and Observed Growth

In 1978 and 1979, 72 bigmouth buffalo sampled on the middle Missouri
River were assigned ages ranging from 5 to 15 years (Table 39). Only 12.5
percent of the fish were younger than 10, and 87.5 percent were 10 or older.
Carlander (1969) reported bigmouth buffalo in the Missouri River in South
Dakota mature at ages 3 to 4. Brown (1971) indicates bigmouth buffalo in
Montana usually reach maturity at age three. This indicates that the
sample of bigmouth buffalo from the middle Missouri River was probably
comprised entirely of mature fish, spawners from Fort Peck Reservoir.
Immature bigmouth buffalo rear in the reservoir.

Bigmouth buffalo in the middle Missouri River appeared to form their
annulus mark between late May and mid-June. This is similar to the time
of annulus formation reported for bigmouth buffalo in the Missouri River
in South Dakata (Carlander 1969),
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Table 39. Age-frequency of bigmouth buffalo sampled from the middle Missouri
River in 1978 and 1979 with mean length, weight and condition
factor (Krp) of each age class.

Age No. of Fish % of Sample Mean Length (mm) Mean Weight (g) Mean KTL

5 1 1.4 432 1,202 1.49

6 0 0 - - -

7 1 1.4 640 3,856 1.47

8 0 0 - - -

9 7 9.7 707 5,811 1.64
10 12 16.7 714 5,816 1.60
1117 23.6 714 5,944 1.63
12 14 19.4 801 9,593 1.87
13 14 19.4 813 9,536 1.77
14 5 6.9 854 10,614 1.70
15 1 1.4 790 7,824 1.59

Table 40. Calculated length at the end of each year of life and average
growth of bigmouth buffalo sampled from the middle Missouri
River in 1978 and 1979 (Monastyrsky logarithmic method).

Calculated Total Length (mm) at End of Year

Age No.
Group  Fish 1 2 3 4 5 6 7 8 9 10

1 18 245 310 383
140 275 397 473 548 578 607

144 241 363 440 513 568 612 652 687
133 229 332 415 465 526 578 622 662 691

OO WA —
OO —~O—~0000O
v—

—

Grand Average

Calculated

Length 136 234 342 421 484 548 595 636 673 691
Grand Average

Lenath

Increment 136 98 108 79 63 64 47 4 37 18
No. Fish 13 13 13 13 13 12 12 N 11 6
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Observed growth of bigmouth buffalo in the middle Missouri River is
about average when compared to observed growth reported by Carlander (1969)
for other waters in the United States.

The aging technique used for bigmouth buffalo was validated by three
forms of evidence. First, there was an increase in ages assigned to big-
mouth buffalo of increasing length (Table 39). Second, there was a highly
significant correlation between body length and scale radius (r = 0.88,

P <.01). Third, calculated lengths at previous annuli showed reasonable
agreement with observed mean lengths of assigned age classes.

Length/Weight Relationship

Bigmouth buffalo sampled in 1978 and 1979 ranged from 432 to 914 mm
(17.0 to 36.0 in.) in total length and averaged 756 mm (29.8 in.). Weights
ranged from 1202 to 14,061 g (2.65 to 31.00 1b) and averaged 7566 g (16.68
1b). The length/weight relationship for bigmouth buffalo in the sample is
described by the equation: log W = 3.391 log L - 5.898 (r = 0.96), where
W = weight and L = total length.

Condition Factors

In general, condition factors of bigmouth buffalo increased with
age (Table 39). Mean condition factors for the various age groups
ranged from 1.47 to 1.87. Carlander reported condition factors of bigmouth
buffalo in reservoirs on the Missouri River in South Dakota ranged from 1.39
to 1.88.

Calculated Growth

Growth of bigmouth buffalo in the middle Missouri River is best de-
scribed by the Monastyrsky logarithmic equation. Calculated lengths at
annuli 1 through 10 are presented in Table 40. Growth was very rapid during
the first five years of life. Growth continued more slowly through years
6 to 10.

Calculated growth of bigmouth buffalo in the middle Missouri River
is similar to other waters (Table 41). Carlander (1969) indicated growth
of bigmouth buffalo in Saskatchewan lakes was slower than in southern
waters, but other regional differences in the United States and Canada
were not distinguishable.

Freshwater Drum

Assigned Ages and Observed Growth

In 1979, 86 freshwater drum sampled on the middle Missouri River were
assigned ages ranging from 2 to 10 years (Table 42). Fish of 4, 5, and
7 years comprised 58 percent of the sample. Six-year-old fish (the 1973 year
class) were poorly represented.

The aging technique used for freshwater drum was validated by three
forms of evidence. First, there was a highly significant correlation
between body length and scale radius (r = 0.92, P <.01). Second,
freshwater drum of increasing Tengths were assigned ages of increasing
magnitude (Table 42). Third, observed lengths of assigned age classes
showed reasonable agreement with calculated lengths at previous annuli.

4~ ~



Table 41. Calculated growth of bigmouth buffalo sampled from the middle
Missouri River in 1978 and 1979 compared to calculated growth

in other waters.

Water Fish

Middle Missouri R. 13
(present study)

Missouri R., Iowa 5
(Carlander 1969)

Roosevelt L., Ariz. 490
(Carlander 1969)

Coralville Res., Iowa 236
(Carlander 1969)

Average Calculated Total Length (mm) at End
of Year

1. 2 3 4 5 6 7 8 9 10

136 234 342 421 484 548 595 636 673 691
135 244 330 368 388
208 361 455 503 538 569 597 582

175 328 388 432 467 513 584 678 688 703

Table 42. Age-frequency of freshwater drum sampled from the middle Missouri
River in 1979 with mean length, weight and condition factor (KTL)

of each age class.

Age No. of Fish % of Sample

Mean Length (mm) Mean Weight (g) Mean KIL
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276 285

1.34
298 342 1.29
329 476 1.32
352 600 1.36
387 816 1.39
426 1203 1.49
451 1406 1.52
499 1996 1.59
526 1973 1.38
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Observed growth of freshwater drum in the middle Missouri River is
shown in Table 42. Growth increased fairly consistently with age and
did not appear to slow down in older age groups.

Length/Weight Relationship .

Freshwater drum sampled in 1979 ranged from 267 to 528 mm (10.5 to 20.8
in.) in total length and averaged 362 mm (14.3 in.). Weights ranged from
227 to 2313 g (0.50 to 5.10 1b) and averaged 765 g (1.69 1b). The length/
weight relationship for freshwater drum in the sample is described by the
equation: log W = 3.295 log L - 5.612 (r = 0.99), where W = weight and L =
total length.

Condition Factors

Condition factors of freshwater drum in the middle Missouri River
generally increased with age (Table 42). Mean condition factors for the
various age groups ranged from 1.29 to 1.59. A1l of the freshwater drum
in the sample were collected in July and August.

Calculated Growth

Calculated lengths of freshwater drum at annuli 1 through 10 using the
Monastyrsky logarithmic equation are given in Table 43. The calculations
were based on 84 freshwater drum from the 1979 sample. The Monastyrsky equation
fit the data better than linear equations, indicating growth of freshwater
drum was curvilinear.

Calculated growth of freshwater drum in the middle Missouri River is
compared with calculated growth in the Salt River, Missouri (Purkett 1957)
in Table 44. The calculated growth for the middle Missouri River is slightly
inferior to growth in the Salt River. Apparently, very few studies have
been made of the age and growth of freshwater drum. The Salt River study
by Purkett was the only one located in a brief review of the literature.

Other Species

Age determinations were made for 15 walleye, 4 brown. trout, 2 rainbow
trout, 1 mountain whitefish, and 1 northern pike collected on the middle
Missouri River in 1978 and 1979 (Table 45). Sample sizes for these species
were too small to calculate detailed age and growth statistics.

Forage Fish

Piscivorous game and nongame fish populations depend, in part, on an
adequate forage fish base for their food supply. The major fish species
in the middle Missouri River which use forage fish for all or part of their
diet include sauger, walleye, northern pike, channel catfish, burbot, and
goldeye. |

Forage fish populations were inventoried from 1976 through 1980 in
eleven study sections on the mainstem of the middle Missouri River and in
one study area on the lower Marias River. A comprehensive summary of the
surveys is given in Appendix Table 56. ' e -

The main objective of .the sampling was to determine taxonomic composition,
Tongitudinal distribution, and habitat preferences of forage fish populations



Table 43. Calculated length at the end of each year of life and average
growth of freshwater drum sampled from the middle Missouri

River in 1979 (Monastyrsky logarithmic method).

Calculated Total Length (mm) at End of Year

Age No. ,
Group Fish 1 2 3 4 5 6 7 8 9 10
1 0 -
2 7 146 226
3 10 138 216 266
4 16 121 200 256 301
5 17 121 196 253 295 330
6 8 115 187 244 289 328 365
7 17 124 196 251 297 339 373 405
8 8 117 197 248 294 332 372 407 435
9 2 132200 251 298 349 389 427 452 477
10 1 129 204 258 318 362 403 433 467 496 513
Grand Average
Calculated
Length 125 201 253 297 333 373 408 441 483 513
Grand Average
Length
Increment 125 76 52 44 37 39 35 33 42 30
No. Fish 84 84 77 67 52 35 27 10 3 1
Table 44. Calculated growth of freshwater drum sampled from the middle
Missouri River in 1979 compared to calculated growth in the
Salt River, Missouri. :
Average Calculated Total Length (mm) at End
of Year
No. of
Water - Fish 1 2 3 4 5 6 7 8 9 10
Middle Missouri R. 84 125 201 253 297 334 373 408 441 483 513
(present study)
Salt R., Missouri 130 130 229 287 335 378 419 454 483 511

Middle Station
(Purkett 1957)
Salt R., Missouri 365 119 211 267 315 351 399 419 449
Lower Station

(Purkett 1957)
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Table 45. Ages of several miscellaneous fish species sampled frdm the

middle Missouri River in 1978 and 1979.

Species, Year Collected Length (mm) Weight (g) Assigned Age
Walleye, 1978 254 131 o
318 254 2
373 431 4
559 1538 6
658 3538 7
711 4627 9
762 5965 9
Walleye, 1979 257 118 2
279 168 -3
292 181 2
302 200 2
310 236 3
693 3583 7
696 3629 8
734 3924 10
Brown Trout, 1979 279 249 2
287 249 2
373 658 3
381 612 4
Rainbow Trout, 1979 264 181 2
513 2336 5
Mountain Whitefish, 1979 348 386 4
Northern Pike, 1979 914 5216 7
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in the study area. Most of the forage fish sampling sites were located in
confined areas of the river, such as backwaters and side channels, where the
presence of forage fish was considered Tikely. Some forage fish were also
taken in the main channel, particularly in shoreline and shallow riffle
areas. Forage fish samples were collected with beach seines.

For the purposes of this report, a forage fish is broadly defined as
any fish used by another fish as a food source. This definition includes
nearly all young-of-the-year (YOY) fish. Some species, such as mottled
sculpin, stonecats, mountain suckers, and most of the cyprinids, seldom
exceed 150 mm (6 in.) in length as adults. These species essentially
remain as a food source for their entire lives.

Thirty-one forage fish species representing 10 families were collected
in the surveys (Table 46). The most common species were flathead chubs,
emerald shiners, western silvery minnows, longnose dace, mountain suckers,
stonecats, mottled sculpin, YOY carp, YOY shorthead redhorse, and YOY long-
nose suckers. Mottled sculpin, longnose dace, mountain suckers, YOY long-
nose suckers, and YOY shorthead redhorse were most abundant in the upper
portion of the Missouri River above the confluence of the Marias River.
Flathead chubs, stonecats, and YOY carp were more common below the confluence
of the Marias. Western silvery minnows and emerald shiners were equally
common above and below the mouth of the Marias.

Stonecats, mottled sculpin, longnose dace, and mountain suckers were
found principally in riffle habitat. Flathead chubs and YOY longnose
suckers were common in both riffles and pools. Emerald shiners, western
silvery minnows, YOY shorthead redhorse, and YOY carp were more abundant
in pools than in riffles.

For a more detailed discussion of the longitudinal distribution and
habitat preferences of forage fish in the middle Missouri River refer to
Gardner and Berg (1981).

FINDINGS - SPORT FISHING VALUES

Paddlefish Creel Census

Background

Paddlefish are native to Montana waters. However, little angler
interest in them occurred until 1962. At that time a number of paddlefish
were taken by anglers below an irrigation diversion structure on the Yellow-
stone River near Intake. This fishery stimulated interest in paddlefishing,
and in addition to the Yellowstone River fishery, a good fishery now exists
in the Missouri River immediately upstream from Fort Peck Reservoir and
in the dredge cut pond complex below Fort Peck Dam.

Fishing pressure on paddlefish reportedly has increased considerably
in recent years in the Missouri River immediately upstream from Fort Peck
Reservoir (Needham 1973). This created the need for information required
to evaluate the effect of angler harvest on the paddlefish population. In
response to this need, a creel census study was implemented in 1973 by the
Fisheries Division, DFWP (Needham 1973). This study also included tagging
of paddlefish and collection of size and sex data. This research was
continued by the Fisheries Division in 1974 and 1975 (Needham 1975 and
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1976). Although the creel census was not repeated in 1976, general obser-
vations suggested that fishing pressure and harvest remained high. Study
efforts were, therefore, resumed on the research project in 1977.

The creel census study section consists of a 37-km reach of the
Missouri River located immediately upstream from Fort Peck Reservoir.
Harvest occurs by snagging, primarily in the spring as paddlefish
migrate upstream from the reservoir. Typical snagging gear consists of
a heavy surf-casting rod and reel, 13.6 - 36.3 kg (30-80 1b) test line,
large treble hooks, and heavy weights. Occasionally, paddlefish are also
caught in the summer and fall, but due to the Tow number taken in these
seasons, only spring harvest was determined.

Creel Period and Coverage

Creel census efforts in 1977 began when the first paddlefish catch
was reported on April 15 and extended through June 12 when most of the
fishing activity had ceased and harvest rates dropped to a negligible
level. Twenty-five (42.4 percent) of 59 days during the creel period were
censused. Fishing pressure and harvest were greatest on weekend days and
holidays, and 15 (88.2 percent) of 17 of these days were included in the
census. During the census in 1979, 1,004 anglers were interviewed.
Completed trip data were obtained on 81.3 percent of the anglers.

Fishing Pressure and Harvest

In 1977, an estimated 1,625 anglers fished 2,526 man-days (8,299 hours)
and snagged 900 paddlefish (Table 47). The anglers harvested 666 (74.0
percent? of the fish caught, and the remainder were released. The overall
catch rate averaged 0.36 fish/angler/man-day (0.11 fish/angler/hour) or
.55 fish/angler/trip. Harvest rate averaged 0.26 fish/angler/man-day (0.08
fish/angler/hour) or 0.41 fish/angler/trip. The average length of a
trip was 1.55 days in 1977, and the average angler spent 3.29 hours per
day snagging.

The estimated total weight of the 1977 paddlefish catch in the Missouri
River upstream from Fort Peck Reservoir was 21.17 metric tons (46,676 1b),
with 15.96 metric tons (35,195 1b) of paddlefish harvested. By comparison
the estimated harvest of paddlefish in the spring fishery on the Yellowstone
River at Intake averaged 34.55 metric tons (76,169 1bs) annually during a
4-year period from 1972 to 1975 (Elser 1976). Estimated harvest from a
fishery in the tailwaters of Big Bend Dam on the Missouri River in South
Dakota averaged 47.10 metric tons (103,837 1bs) annually in 1970, 1971,
and 1973 (Friberg 1974). Paddlefish harvest in a fishery on the Missouri
River below Gavins Point Dam in South Dakota totaled 33.69 metric tons (74,273
1bs) in one snagging season (1972-73) during which a creel census was con-
ducted. Prior to 1978, the largest sport fishery for paddlefish in the
United States occurred in the Osage River above Lake-of-the-0Ozarks in
Missouri. Harvest during the two-month snagging season averaged about
90.72 metric tons (200,000 1bs) annually (Pflieger 1975). However, the
Osage River fishery was drastically reduced with the closing of Truman
Dam on the Osage River in 1978.

Bank anglers accounted for 56.6 percent (1,429 man-days) of the
estimated fishing pressure during 1977, but they took only 48.3 percent
of the paddlefish harvested for an average harvest rate of 0.23 paddlefish/

angler/man-day (Table 47). Boat anglers accounted for 43.4 percent
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(1,097 man-days) of the pressure and 51.7 percent of the harvest for an
average harvest rate of 0.31 paddlefish/angler/man-day.

Weekend/holiday anglers accounted for 48.3 percent (1,219 man-days)
of the estimated fishing pressure during 1977, but they took only 46.7
percent of the paddlefish harvested for an average harvest rate of 0.26
paddlefish/angler/man-day (Table 47). Weekday anglers accounted for 51.7
percent (1,307 man-days) of the pressure and 53.3 percent of the harvest
for an average harvest rate of 0.27 paddlefish/angler/man-day.

Estimates of fishing pressure and paddiefish harvest for the 1977
snagging season are compared with 1973, 1974, and 1975 season estimates.
in Table 48. Fishing pressure and paddlefish harvest were higher in 1977
than during any of the previous creel census periods. Low water levels
in the Missouri River during the snaggging season in 1977 may have been
partly responsible for the increased angler pressure and harvest. A
number of anglers interviewed felt that the low water conditions facilitated
snagging of paddlefish. However, the overall angler success rate in
1977, in terms of paddlefish harvested/angler/man-day, was similar to previous
years.

Angler Residency

Angler residence was obtained for 761 fishermen interviewed during the
creel census period in 1977. Montana residents accounted for 97.2 percent
of the anglers (Table 49). Paddlefish snaggers represented 61 Montana cities
and towns with the dominant ones being Billings, Lewistown, and Great Falls.
The same three cities dominated during previous creel censuses conducted in
the study area (Needham 1973, 1975, and 1976).

Size and Sex Composition of Harvested Paddlefish

Length, weight, and sex data were obtained from 231 paddlefish
harvested during the 1977 snagging season. The paddlefish examined
were selected at random throughout the entire creel census period.
Average length and weight of paddiefish harvested (males and females
combined) was 154.9 cm (61.0 in.) and 25.2 kg (55.6 1b) (Table 50).
Females averaged 168.9 cm (66.5 in.) and 35.5 kg (78.3 1b), while males
averaged 145.0 cm (57.1 in.) and 17.9 kg (39.4 1b). The average size
of male and female paddlefish harvested in 1977 was similar to the
average size of fish harvested in seven previous years (Table 51).

Although the average female paddlefish harvested in 1977 out-
weighed the average male by a substantial margin, considerable overlap
in weight/frequency of the two sexes was observed (Figure 27). Of the
231 paddlefish measured during the spring snagging season in 1977, 43.7
percent occurred in weight intervals which contained both male and
female fish. The largest male paddlefish examined in the 1977 harvest
weighed 38.1 kg (84 1b), while the smallest female weighed 22.2 kg (49
1b). Sex of these two fish was confirmed by autopsy and examination of
gonads. Friberg (1974) also observed considerable overlap in weights
of male and female paddlefish harvested in the tailwaters of Big Bend
Dam on the Missouri River, South Dakota. The largest male in the Big
Bend harvest weighed 29.5 kg (65 1b), while the smallest female weighed
15.9 kg (35 1b). Conversely, Elser (1976) and Rehwinkel (1975) observed
no overlap in weight/frequency of male and female paddlefish harvested
on the Yellowstone River at Intake, Montana.
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Table 49. Angler residence for 761 fishermen interviewed during the paddie-
fish creel census period in 1977.

Montana Number of Montana Number of
Residents Fishermen Residents Fishermen
Billings 122 Helena 14

Lewis town 88 Kalispell 13

Great Falls 85 Winifred 13
Missoula 35 Stanford 12
Bozeman 25 Other Citiesl/ 127
Butte 25

Jordan 25 Resident Total 740
Laurel 23

Malta 22 Nonresidents

Park City 22 Wyoming ‘ 12

Grass Range 21 Idaho ' 6
Harlem 20 Washington 2

Roy 19 California 1

Havre 15

Deer Lodge 14 Nonresident Total 21

1/ Cities in this category were each represented by 10 or less fishermen.

Table 50. Size of paddlefish harvestéd in the Missouri River above Fort Peck
Reservoir during the spring of 1977. '

Averag? Length Average Weight
Number Length_/ Range Weight Range
of Fish (cm) (cm) (kg) (kg)
Female 96 168.9 144.8 - 186.7 35.5 22.2 - 50.3
Male 135 145.0 118.1 - 174.0 17.9 4.5 - 38.1
. Combined 231 154.9 118.1 - 186.7 25.2 4.5 - 50.3

1/ Length measurement is total length
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Table 51. A summary of size data from paddlefish harvested in the Missouri
River above Fort Peck Reservoir during eight spring snagging
seasons, 1965 to 1977.

Females Males

Averag? Average Average Average

Number Lengthl/ Weight Number Length Weight
Year of Fish (cm) (kg) of Fish jgm? Lkgg
1965 13 170.2 37.0 21 140.7 16.5
1966 36 162.6 33.7 30 135.4 14.6
1970 7 178.3 34.9 2 148.6 20.0
197 10 169.4 38.9 1 144.8 20.0
1973 46 168.1 34.5 50 139.4 15.9
1974 58 165.9 33.8. 67 139.7 14.9
1975 63 166.9 33.9 56 142.0 15.7
1977 96 168.9 35.5 135 144.5 17.8

1/ Length measurement is total length.

Table 52. A summary of paddlefish tagging and fisherman tag returns in
the Missouri River above Fort Peck Reservoir, 1973 to 1977.

Year Number of Number of Fish Harvested Percent
Tagged Fish Tagged 1973 1974 1975 1976 1977 Total Harvested
1973 45 0 1 1 0 1 3 6.7
1974 55 - 3 0 1 1 5 9.1
1975 29 - - 0 0 1 1 3.4
1976 23 - - - 1 1 2 8.7
1977 61 - - - - 4 4 6.6
Total 213 15 7.0
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Figure 27. Weight-frequency and sex composition of 231 paddlefish harvested
in the Missouri River above Fort Peck Reservoir during the spring of 1977.



Females accounted for 41.6 percent of the paddlefish examined in the
1977 harvest, while males comprised 58.4 percent. Since anglers often
select for larger fish which are predominantly females, the observed sex
ratio in the harvest may not be the sex ratio of the population.

Age Structure of Harvested Paddlefish

Dentary bones were collected from 142 paddlefish harvested during the
1977 snagging season to determine age structure of fish in the harvest.
The dentary bones were collected at random throughout the entire creel
census period, and the data, therefore, should be representative of the
harvest. However, since anglers often select for larger fish which are
usually older in age, the observed age structure of paddlefish in the
harvest may not be representative of the age structure of the population.

Paddlefish ages were determined by cross-sectioning the dentary bones
and "reading" the annuli in the mesial arm. Findings are presented in
the age and growth section of this report.

Paddlefish Tagging

Sixty-one paddlefish were tagged during the spring migration season
in 1977 with individually numbered, monel, poultry band tags anchored
around the dentary bones to obtain information on angler harvest and
movement. Paddlefish tagging assistance was provided by Mike Poore, ‘
Fisheries Division, Montana Department of Fish and Game, through Dingell-
Johnson Project No. F-5-R-26, Job I-b. Of the fish collected for tagging,
13 were sampled by electrofishing, 44 were taken by snagging, and 4 were
captured with large mesh gill nets drifted perpendicular to the current.
A1l of the fish were captured in the Missouri River immediately upstream
from Fort Peck Reservoir within the boundaries of the creel census study
section. This brings the total number of paddlefish tagged and released
since 1973 to 213. To date, 15 (7.0%) of the tags have been returned
by anglers (Table 52). A1l of the recaptured fish were harvested in
the creel census study section in the same area where they were tagged.

Discussion

Data collected in research studies conducted since 1965 suggest that
the Missouri River/Fort Peck Reservoir paddlefish population is vigorous,
and the current rate of exploitation by anglers does not appear excessive.
The overall success rate of anglers in 1977, in terms of the number of
paddlefish harvested/fisherman/man-day, was similar to previous years
(Table 48). Also, the average size of male and female paddlefish harvested
in 1977 was similar to previous years (Table 51). 1In addition, the total
number of paddlefish harvested was higher in 1977 than during any of the
previous years when creel censuses were conducted. If over-exploitation
does occur in a paddlefish population, females would probably be affected
first due to angler selection (Elser 1976).

With only 7.0 percent of the tagged fish returned by anglers, a
Tow rate of harvest is indicated for the Missouri River/Fort Peck Reservoir
paddlefish population. By comparison, 13.8 percent of 3,661 paddlefish
tagged on the Yellowstone River at Intake since 1964 have been returned
by anglers (Elser 1976). In data summarized by Carlander (1969), snagging
by anglers brought tag return rates 9.8, 12.6, and 12.4 percent in several
studies conducted in the tailwaters of Big Bend Dam on the Missouri River,
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South Dakota. A tag return rate of 24.5 percent in three years following
tagging of paddlefish on the Osage River, Missouri, was considered an excessive
rate of exploitation (Purkett 1963). Angler harvest rates on the Missouri
River/Fort Peck Reservoir paddiefish population do not approach this excessive
rate. However, additional tagging of paddlefish and exposure of marked fish

to the fishery, and further evaluation of angler success rates and size and

sex composition of harvested fish will be necessary to properly evaluate

the effects of exploitation rates on the Missouri River/Fort Peck Reservoir
paddlefish population.

Potential habitat losses resulting from activities such as dam build-
ing or large-scale water withdrawals probably represent a greater threat
to the Missouri River/Fort Peck Reservoir paddlefish population than over-
exploitation by anglers. Every effort should be made to protect the middle
Missouri River from this type of habitat alteration so the spawning migration
can continue undiminished.

Missouri River Creel Survey

A creel survey was conducted from April, 1977, through August, 1978,
on the Missouri River from Morony Dam to Fort Peck Reservoir. The most
important game fish species present include sauger, walleye, northern
pike, shovelnose sturgeon, channel catfish, burbot, and paddlefish. Since
a separate creel census was conducted on paddiefish, this species was not
included in this survey.

Results of 312 angler interviews indicated the average length of a
fishing trip was 2.13 days, and the average angler spent 2.52 hours per day
fishing (Table 53). Sauger comprised the greatest portion of the catch
from Morony Dam to the Marias River, shovelnose sturgeon predominated
from the Marias River to Robinson Bridge, and channel catfish were the
most common species caught from Robinson Bridge to Fort Peck Reservoir.
Anglers kept most game fish and released or discarded most nongame fish.

About 90 percent of the anglers interviewed were Montana residents.
Only 1 percent of the anglers interviewed in the spring (mid-March to
mid-June) were nonresidents compared to 19 percent in the summer (mid-
June to mid-September). The nonresident anglers came from distant states,
including New Jersey, Florida, Texas, Indiana, New Mexico, California,
Missouri, and Minnesota, and from nearby states, including North Dakota,
South Dakota, Wyoming, Idaho, Washington, Oregon, and the Canadian pro-
vinces of Alberta and Saskatchewan.

Angler Harvest as Indicated by Tag Returns

An indication of angler harvest of fish in the middle Missouri River
was provided by angler-returned fish tags. Harvest estimates ranged from
0 percent for several species to 7.5 percent for northern pike and
walleye (Table 54). Even though some anglers do not report tagged fish taken
in their creel, the data indicate relatively light harvest rates for all
species.

Only 0.5 percent of the shovelnose sturgeon tagged in the middle
Missouri River were returned by anglers. On the lower Tongue River,
Montana, anglers returned 1.1 percent of the shovelnose sturgeon tagged
from 1974 through 1976 (Elser et al. 1977). Christenson (1975) reported
2.3 percent of shovelnose sturgeon tagged in the Red Cedar/Chippewa River



Table 53. A summary of creel survey data collected in three subreaches of
the middle Missouri River during the spring and summer of 1977

and 1978.
Subreach of Missouri River
Morony Dam - Marias R. - Robinson Br. -

Creel Marias River Robinson Br. Ft. Peck Res.
Survey
Statistic Spring Summer Spring Summer Spring Summer
No. of Fisherman Interviewed 33 40 10 134 69 26
Avg. Length of Trip (days) 1.61  3.06 1.70  2.41 1.54 2.46
Avg. Hrs. Fished/Day . 1.83 1.66 1.72  2.81 4.03 3.04
Fish Caught/Man-hourl/

Sauger 0.46 0.35 0.19 0.10 0.14 0.00

Walleye 0.01 0.00 0.00 0.01 0.00 0.00

Shovelnose sturgeon 0.04 0.01 0.26 0.12 0.03 0.00

Channel catfish 0.04 0.01 0.19 0.13 0.07 0.1

Northern pike 0.00 0.03 0.00 0.00 0.01 0.02

Burbot 0.01 0.02 0.04 0.01 0.01 0.01

Other species 1.44 0.59 1.37 0.43 0.07 0.26
Fish Harvested/Man-hourg/

Sauger 0.46 0.32 0.19 0.09 0.14 0.00

Walleye 0.01 0.00 0.00 0.01 0.00 0.00

Shovelnose sturgeon 0.04 0.01 0.26 0.12 0.03 0.00

Channel catfish 0.03 0.01 0.19 0.12 0.07 0.09

Northern pike 0.00 0.03 0.00 0.00 0.00 0.02

Burbot 0.01 0.02 0.04 0.01 0.01 0.01

Other species 0.04 0.1 0.00 0.12 0.03 0.04
Percent of Fishermen who

were Montana Residents 100 82 100 96 97 65

1/ Includes fish kept and fish released.
2/ Includes only fish kept.
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Table 54. Summary of tagged fish returned (i.e., harvested) by anglers in
the middle Missouri River from October 1, 1975 through October 1,

1980.
No. of No. of Tags Percent of

; Fish Returned by Tags
Species Tagged Anglers Returned
Pallid sturgeon 1 0 0
Shovelnose sturgeon 814 4 0.5
Mountain whitefish 131 0 0
Rainbow trout 18 0 0
Brown trout 28 1 3.6
Brook trout 2 0 0
Northern pike 40 3 7.5
Blue sucker 423 0 0
Smalimouth buffalo 287 3* 1.0
Bigmouth buffalo 97 1* 1.0
Channel catfish 1926 65 3.4
Burbot 169 1 0.6
White crappie 21 0 0
Yellow perch 2 0 0
Sauger 3950 58 1.5
Walleye 40 3 7.5
Freshwater drum 216 1 0.5

* Harvested by commercial fishermen in Fort Peck Reservoir.
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system in Wisconsin were returned by anglers.

The current rate of exploitation of shovelnose sturgeon is not
excessive. The shovelnose, 1ike the lake sturgeon, is a slow-growing,
late-maturing fish which cannot tolerate high levels of exploitation.
Priegel (1973) believed lake sturgeon in the Menominee River, Wisconsin,
could sustain a harvest rate of 5.0 percent without harm. The harvest
rate for shovelnose sturgeon in the middle Missouri River is well below
this level.

Anglers returned 1.5 percent of the sauger tagged in the middle
Missouri River. Elser et al. (1977) reported 3.4 percent of the sauger
tagged in the lower Tongue River, Montana, in 1976 were returned by anglers.
On the lower Yellowstone River, Montana, a minimum harvest of 5 percent,
based on angler tag returns, was reported for both walleye and sauger
tagged from 1973 through 1977 (Graham et al. 1979).

Anglers returned 3.4 percent of the channel catfish tagged in the
middle Missouri River. On the lower Tongue River, Montana, anglers
returned 3.6 percent of the channel catfish tagged in 1975 and 1976
(Elser et al. 1977).

Fishing Seasons and Creel Limits

The fishing season in the middle Missouri River drainage is open
from the third Saturday in May through November, with the exception of
the Missouri River, Marias River, Judith River below its confluence
with Big Spring Creek, Teton River below US Highway 89, Belt Creek below
the bridge at Riceville, Big Spring Creek near Lewistown, and Musselshell
River below the bridge at Barber which are open the entire year. Most
lakes and reservoirs in the drainage are also open year round.

The daily and possession limits for fish in the study area are:

(1) Brown trout, cutthroat trout, rainbow trout, golden trout,

lake trout and grayling - 10 pounds and 1 fish or 10 fish, which-

ever is reached first, in any combination.

(2) Brook trout - 10 pounds, no number limit.

(3) Bass, sauger, walleye - 10 in any combination.

(4) Northern pike - 5.

(5) Salmon - 10 with some restrictions listed in the regulations.

(6) Whitefish - 30 daily and 60 in possession.

(7) Paddlefish - 1 daily and 2 in possession.

There is no numeral Timit on catfish, burbot, sturgeon, and nongame
fish. However, the maximum weight of a sturgeon (genus Seaphirhynchus)
which may be taken is 7.3 kilograms (16 pounds). This regulation was

adopted statewide in Montana on May 1, 1980, to protect pallid sturgeon
which are rare in the state. All sturgeon larger than 16 pounds are
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assumed to be pallid sturgeon because shovelnose do not grow this large.
The pallid sturgeon was designated as a threatened species in the United
States in 1979 by the Endangered Species Committee of the American
Fisheries Society (Holton 1980). This means the committee believes it
"is 1ikely to become an endangered species within the foreseeable future
throughout all or a significant portion of its range."

There is no evidence that the fishing regulations outlined above
have been detrimental to fish populations anywhere in the study area.
In fact, fish populationsin the area are lightly utilized, and fishing
pressure for most species could probably be increased substantially
without harming the populations. Paddlefish are probably an exception,
and it is not recommended that harvest be increased substantially above
current levels. Statewide limits on paddlefish, formerly two fish per
day and in possession, were reduced in 1978 to one fish per day and two
in possession to prevent overharvest. The DFWP will continue to monitor
paddiefish and will be prepared to further reduce harvest if the future
of paddlefish in Montana seems jeopardized (Holton 1980).

POTENTIAL AND EXISTING ENVIRONMENTAL PROBLEMS

The middle Missouri River and its tributaries support a fishery with
substantial recreational value. A major threat to the resource is im-
proper land and water use management. Water quality degradation and
stream dewatering have had a detrimental impact on aquatic resources in
some portions of the study area. In addition, increased exploitation
of fossil fuel and nonfuel mineral resources in the drainage,
threatened impoundment of the Missouri River near Fort Benton, and other
possible water resource development projects could lead to future
environmental problems.

Water Quality Degradation

Water quality in the middle Missouri River and its tributaries is
considered generally good (US Congress 1975a). However, there are a
few water quality problems in the drainage. A summary of the problems,
as determined by the Water Quality Bureau of the Montana Department of
Health and Environmental Sciences (DHES), is presented in Table 55.

Sediment is a water quality problem in several tributaries of the
middle Missouri River (Kaiser and Botz 1975, Garvin and Botz 1975).
The sediment originates largely from nonpoint sources in the Marias
River, Judith River, and Arrow Creek drainages. Logging, agricultural,
and urbanization practices, as well as natural sources, contribute
to the problem.

Logging and urbanization activities in the headwaters of the
Judith River and Big Spring Creek drainages near Lewistown have in-
creased the stream sediment load to some extent in almost all portions
of the middle Missouri River drainage. Agricultural sediment results
mainly from irrigation return flows and erosion related to overgrazing,
extensive monoculture, and clearing of vegetation from stream banks.
Arrow Creek is the major natural source of sediment in the middle
Missouri River basin (Kaiser and Botz 1975).
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Suspended sediment in the Marias River is a concern in the upper
portion of the drainage. The high sediment load in this area is probably
due, in part, to natural instability of the streambeds and banks, but
irrigation return flows add to the problem (Garvin and Botz 1975).

Nutrient enrichment of streams is a problem in some parts of the
drainage. The nutrients enter the streams as a result of drainage
from confined 1ivestock yards, runoff from fertilized crop or pasture
Tand, and substandard sewage treatment facilities. High concentrations
of nutrients, particularly nitrates and phosphates, have caused serious
eutrophication problems and depressed aquatic conditions in isolated
portions of the Marias and Judith River drainages (Kaiser and Botz
1975, Garvin and Botz 1975).

Nutrient enrichment of the mainstem of the Missouri River from
Great Falls to Coal Banks Landing was a problem prior to improvement
of sewage treatment facilities at Great Falls and Fort Benton. A study
conducted by the DHES on the Missouri River upstream from Fort Benton
over a 3-day period in July, 1959, showed a coliform bacteria count in
excess of 1,000/100 m1 (US Congress 1975a). The high coliform count was
attributed to inadequate municipal sewage treatment in the Great Falls
area about 65 km upstream from Fort Benton. Similar tests near Coal
Banks Landing, 70 km downstream from Fort Benton, still reflected the
influence of sewage outfall from both Great Falls and Fort Benton. Both
cities have substantially improved their sewage treatment plants since
1959, and a study conducted by the US Geological Survey in 1969 and 1970
revealed coliform bacterial counts within acceptable standards. Pre-
cautions should be taken to -insure that any outfall released from
sewage treatment facilities at Great Falls and Fort Benton remains within
acceptable standards.

A great potential for water quality degradation and damage to aquatic
life exists from saline seeps (Bahls and Miller 1973). Saline seep
generally occurs throughout the middle Missouri River drainage,
but it is unknown if any of the seep areas have been detrimental to

‘aquatic life. Streams with saline seep problems in the study area in-
clude Bullwhacker, Dog, and Arrow creeks and portions of the Wolf Creek
and Marias River drainages (Kaiser and Botz 1975, Garvin and Botz 1975).

0il1 field exploration and development is a major activity in the
Marias River drainage. Contamination of surface waters with 0il can
occur due to leakage at the drilling site or pipeline breaks. 0il
contamination problems are presently confined to seeps from drill holes
into some pothole lakes near Cutbank, Montana (Garvin and Botz 1975).
Salt water, resulting from deep drilling operations, can also be an
important pollutant. Continuous monitoring of o1l development projects
will be required to prevent increased water pollution.

In summary, water quality problems in the middle Missouri River
drainage occur mainly in isolated portions of tributary streams. Water
quality of the mainstem of the Missouri River has not been significantly
impaired by these problems, and water quality in the drainage as a whole
is good. However, efforts should be made to remedy the problems which
exist, so that future problems can be avoided.
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Water Use and Stream Dewatering

The largest user of water in the middle Missouri basin is agricultural
irrigation, requiring an annual diversion of slightly more than 1.233 km3/
year [one million acre-ft/year (MAFY)1. Net depletion, including crog
requirements, delivery loss, and evaporation, amount to about 0.6 km /year
(0.5 MAFY). Slightly more than 0.6 km3/year, or 53 percent of the total
diversion, is eventually returned to the streams.

Municipal water use in the drainage amounts to less than 0.01 km3/year
(0.01 MAFY). Of this amount, about 30 percent is derived from surface
water sources, and the remainder comes from groundwater. Other uses of
water in the drainage (i.e. industrial and stock water) are negligible
(Kaiser and Botz 1975, Garvin and Botz 1975).

During late summer and early fall, irrigation withdrawals leave
portions of some tributaries dewatered. A comprehensive evaluation of
dewatering on major streams was not made during this study; however,
severe dewatering was observed in the lower Teton River, and moderately
severe dewatering was observed in portions of the lower Judith River.

There are several possibilities for additional water depletion in
the middle Missouri River basin. One recent study revealed the possibility
of providing irrigation water for lands in the Milk River Valley by means
of a 30 km (100 ft.) pump 1ift from the Missouri River near Virgelle,
Montana. Water withdrawn from the Missouri River would be diverted
through the preglacial channel of the Missouri River north of Virgelle
and into Fresno Reservoir. Another diversion plan under study to pro-
vide irrigation water in the Milk River Valley would pump water from
Fort Peck Reservoir through the Beaver Creek drainage in conjunction with
the Fort Hawley Waterfowl proposal (US Congress 1975a).

The Missouri River between Morony Dam and Fort Benton contains
several potential sites for hydropower dams. In addition, Montana
Power Company has selected a site near Great Falls for a coal-fired
generating plant.

The proposed hydropower dam, irrigation, and coal-fired generating
plant projects have the potential to significantly alter the natural flow
regime of the middle Missouri River. Consequently, detrimental effects
on the aquatic ecosystem and existing recreational values may result.

The extent of the impact depends on the magnitude and type of development.
Impacts could be minimized by establishing a minimum instream flow regime
sufficient to protect all existing uses. Instream flow levels required

to maintain existing aquatic resources and recreational values of the
Missouri River between Morony Dam and Fort Peck Reservoir have been
determined (joint BLM/DFWP instream flow study, in press).

Exploitation of Fossil Fuel and Nonfuel Mineral Resources

Exploration and development of oil and natural gas fields in the
middle Missouri River drainage has been increasing in recent years.
The area lies within a geological province that is favorable for shallow
(Tess than 2,000 ft.) natural gas accumulation. Within the last 6 years,
four major natural gas fields have been designated south of the Bearpaw
Mountains in the northcentral portion of the drainage. These are the



Sherard, Bullwhacker, Leroy, and Sawtooth Mountain fields. There are many
shut-in wells outside of the four major fields, and there is a high
probability that more producible wells will be drilled in other portions
of the study area. 0il1 field development in the study area is currently
confined mainly to the upper portion of the Marias River drainage.
However, development of 011 wells throughout the study area is possible.

Subbituminous coal deposits extend from the vicinity of Coal Banks
Landing to the east boundary of the study area. Early in the century,
small quantities of coal were mined and used domestically or sold
commercially. Coal mining has been inactive in the study area for the
past several decades, but the nation's energy problems could stimulate
production (US Congress 1975a).

Bentonite beds 1ie in three shale formations in the study area. The
beds of bentonite are generally less than 50 cm (18 in.) thick and covered
by 15 to 30 m (50 to 100 ft.) of overburden. Because of the thick over-
burden, commercial development is not economically feasible at this time.
However, analysis of samples has revealed that some of the bentonite beds
are satisfactory for brick, while other are suitable for lightweight
aggregate and possibly for foundry sand (USDI 1978).

Metallic minerals are relatively scarce in the study area,
but a few known reserves are found in mountainous portions of the drainage.
Although present production is negligible, increasing national demand
for metallic minerals could stimulate development of the reserves.

Exploitation of the fossil fuel and nonfuel mineral resources
described above could have a significant impact on the aquatic resource.
Careful scrutiny of this activity will be required to prevent or minimize
environmental degradation.

Development of natural gas and o0il fields will probably require pipe-
line crossings of streams in the study area. The crossings must comply
with all applicable stream preservation laws and water quality standards
and should be routed through established utility and transportation
corridors. Pipelines should not be allowed to cross through or in the
immediate vicinity of the nine critical paddlefish spawning sites which
have been identified.

Potential Hydropower Dams

The Missouri River between Morony Dam and Fort Benton contains
sevgra] potential sites for hydropower dams ranging in magnitude from

dams (Table 56). Smaller pump-back storage dams on Highwood and Belt
creeks, tributaries of the Missouri River between Morony Dam and Fort
Benton, have also been studied but are not feasible because benefit/cost
(B/C) ratios are presently well below unity. Potential dams on the main-
stem of the Missouri River represent the greatest single threat to the
aquatic resources of the study area.

The most obvious impact of the proposed dams would be the
inundation of 11.3 to 64.4 km of the Missouri River and several km
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of tributary streams including the lower portions of Highwood Creek, Belt
Creek, and possibly Shonkin Creek (Table 56). This irreversible commitment
would inundate 3 to 19 percent of the 333-km reach of free-flowing Missouri
River which currently remains between Morony Dam and Fort Peck Reservoir.
This loss becomes particularly significant in light of increasing national
demand for large, free-flowing recreational rivers combined with an ever-
dimishing free-flowing stream resource.

The dams would be a barrier to fish migration. At least eight key
fish species (sauger, walleye, shovelnose sturgeon, channel catfish,
smallmouth and bigmouth buffalo, blue sucker, and brown trout) spawn in
the Missouri River upstream from Fort Benton. In addition, goldeye, carp,
and several species of suckers and minnows spawn here. Rainbow trout,
mountain whitefish, and burbot probably spawn in this reach, but verification
has not been made.

Tag return evidence indicates that fish using the Missouri River
upstream from Fort Benton for spawning come for as far downstream as
Fort Peck Reservoir, a distance of approximately 280 km. In addition,
some species which normally reside in Fort Peck Reservoir also spawn
upstream from Fort Benton. Tag return evidence indicates movements of
these fish often exceed 300 km.

The fish movement barrier created by the dams would have a negative
impact on the existing downstream sport fishery. Walleye, sauger, and
brown trout and probably mountain whitefish, rainbow trout, and burbot
depend heavily on the river upstream from Fort Benton for spawning.
Spawning concentrations of these species were rarely found below Fort
Benton, and it can be assumed that most of their spawning area would be
inundated by the proposed dams. Since significant spawning concentrations
of other species have been located below Fort Benton, their spawning
areas would not be reduced as much by inundation. However, spawning of
these species could be impacted by reguiated flows and modification of
habitat characteristics of the river below the dams.

The fish movement barrier created by the proposed dams could also
negatively impact the commercial fishery in Fort Peck Reservoir. The
three most important commercial fish species in the reservoir, goldeye,
bigmouth buffalo, and smalimouth buffalo, spawn in the river above
Fort Benton. Large concentrations of goldeye and buffalo were found in
the area in electrofishing surveys conducted during the spawning period.

Less obvious, but perhaps even more significant, are possible down-
stream impacts of the proposed dams. Changes in flow regime, sediment
transport, chemistry, and water temperature could cause adverse environ-
mental impacts in downstream areas affecting species composition and abundance,
channel configuration, and riparian habitat zones. A major concern about
the dams is their possible effect on the paddiefish migration which occurs
in the river immediately downstream from the proposed dams. The paddlefish
is listed as a "Species of Special Concern - Class A" in Montana (Holton
1980), and any major encroachment on its remaining habitat must be
avoided if the species is to survive.



At one time, paddlefish were common throughout much of the Mississippi/
Missouri River system. However, during the last 100 years paddlefish numbers
have declined considerably. A variety of man's influences have contributed
to the demise of paddlefish, but dams, because they impeded upstream spawn-
ing migrations and destroy spawning grounds, have been the single most
destructive factor (Pflieger 1975, Rehwinkel 1975, Vasetskiy 1971). Only
six major self-sustaining paddlefish populations remain in the United States
today, including the Missouri River/Fort Peck Reservoir population. A
seventh major self-sustaining population was lost recently as a result of
constructing Harry S. Truman Dam on the Osage River in Missouri. Natural
reproduction of paddlefish in the Osage River was essentially eliminated
with the closing of the dam in 1978 (Russell et al. 1980). An attempt is
being made to maintain the Osage River population by artificial propagation,
but the long-range success of this program is questionable.

Our studies indicate that a spring flow in excess of 396 m3/sec
(14,000 cfs) downstream from the US Geological Survey gage station on the
Missouri River at Virgelle, Montana, is needed by paddlefish to reach
critical spawning sites. The flow should exceed 396 m3/sec for about 48
consecutive days from May 19 through July 5. Regulation of spring flow
below the proposed dams could reduce paddlefish spawning runs. Spring
flow in the Missouri River below Fort Benton has already been reduced to
some extent by impoundment and storage at Canyon Ferry, Clark Canyon,
Hebgen, Gibson, Hauser, Holter, and several other reservoirs in the Missouri
River drainage upstream from Fort Benton. If spring flows are reduced
further by additional dams, the spawning migration of paddlefish could be
reduced or threatened.

Reservoirs behind the proposed dams would act as a sediment trap re-
leasing relatively clear water with a high capacity to erode the stream-
bed and banks. As a result, channel configuration of the river downstream
from the dams would be altered. Any alteration of the nine critical paddle-
fish spawning sites between Fort Benton and Fort Peck Reservoir would be
detrimental to paddlefish. Alteration of channel configuration has proven
to be a substantial problem below other mainstem dams on the Missouri
River.

Other potential impacts of the dams on paddlefish and other species
could occur as a result of changes in water temperature, turbidity, and
gas concentration. Paddlefish require water temperatures of at least 10 C
(50 F) and moderately high turbidity during the spring runoff period for
successful spawning. If the dams significantly alter these parameters,
spawning and survival of paddlefish eggs and larvae would be impaired. Gas
supersaturation has resulted in substantial kills of paddlefish and other
fish species in the Osage River below Truman Dam in Missouri (Kim Graham,
Missouri Department of Conservation, personal communication).

It is unlikely that self-sustaining populations of desirable sport
fish species would be established in the reservoirs behind most of the
Proposed dams. Presently, there is a series of five hydropower reservoirs
on the mainstem of the Missouri River in the vicinity of Great Falls,
Montana, about 60 kilometers upstream from Fort Benton. These reservoirs
do not support a substantial recreational fishery, even though they are
close to Great Falls, Montana's second largest city.
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Finally, construction of one or more of the proposed dams would result
in a loss of recreational opportunities and scenic and aesthetic values, in-
cluding loss of the last remaining "white water" segment of the Missouri.

A study on distribution of recreationists on impounded and unimpounded
sections of the lower Columbia and Snake rivers revealed that use of
recreational boats per lineal mile of river was greatest on unimpounded
reaches. With the addition of each impoundment on the Columbia and Snake
rivers in the last several years, use by recreationists has shifted and
intensified in the remaining unimpounded sections of river. Distribution
data showed that recreationists prefer the unimpounded sections during
all seasons (Holubetz and Simons 1975). With recreational use continuing
to increase and already extensive on other free-flowing rivers in Montana,
such as the Madison, Gallatin, Flathead, and Yellowstone, it becomes
imperative to maintain this river in its natural state to continue to
provide the unique aesthetic, fishing, and other recreational experiences
it provides.

MANAGEMENT RECOMMENDATIONS

1. Nine paddlefish spawning sites have been identified on the mainstem
of the middle Missouri River. The paddlefish is Tlisted as a "Species
of Special Concern - Class A" in Montana, and only six major self-
sustaining populations remain in the United States. The paddlefish
spawning sites are the most critical fish habitat type in the middle
Missouri River. Every effort must be made to protect these 51tes
so their use by paddlefish can continue und1m1n1shed

2. Sediment is a water quality problem in port1ons of the middle
Missouri River basin. Contributing factors include logging,
agricultural, and urbanization practices as well as natural
sources. The sediment problem is most severe in the Marias River,
Judith River, and Arrow Creek drainages. Additional study is needed
to better define the amount of sediment carried by these streams so
that recommendations to control the probliem can be formulated.

3. Nutrient enrichment of streams has caused severe eutrophication
problems and depressed aquatic conditions in isolated portions of the
Marias and Judith River drainages. In some cases, sewage or
industrial waste treatment facilities should be upgraded to alleviate
the problem. In other cases, confined livestock yards should be re-
located to areas where animal wastes (i.e. nutrients) do not run
directly into the streams.

4. The study area lies within one of the principal saline seep
problem areas in Montana, and potential for water quality
degradation exists. More study is needed to define the extent
and causes of water pollution caused by saline seep so that
recommendations to alleviate the problem can be formulated.

5. Extensive dewatering during the irrigation season seriously
impairs fish populations in some streams in the study area.
The problem is severe in the lower Teton River and moderately



severe in the lower Judith River. Since prior water rights are in-
volved, little can be done to enhance or improve stream flows in
severely dewatered areas. However, instream flow protection should
be sought on streams in the study area to protect the aquatic re-
source from future dewatering problems. Streams of particular
concern are the Marias, Teton, and Judith rivers and Belt and High-
wood creeks.

There has been an increase in exploration and development of 0il and
natural gas fields in the middle Missouri River drainage. In
addition, increasing national demand could stimulate exploration and
production of coal, bentonite, and metallic mineral reserves located
in the study area. Continuous monitoring of this activity and
establishment of appropriate safeguards, where necessary, will be
required to prevent loss of fish and wildlife habitat.

Development of natural gas and oil fields will probably require pipe-
Tine crossings of streams in the study area. A1l pipeline crossings
should comply with applicable stream preservation laws and water
quality standards. Crossings of the mainstem of the Missouri River
should be routed through established utility and transportation
corridors. Pipelines should not be allowed to cross through or in
the immediate vicinity of the nine critical paddlefish spawning

sites which have been identified.

Man-caused channel alterations are a problem in portions of the study
area. Every effort should be made to ensure successful implementation
of the Natural Streambed and Land Preservation Act of 1975 and the
Stream Protection Act of 1963.

Development of one or more of the potential dam sites between Morony

Dam and Fort Benton represents the greatest single threat to the

aquatic resources of the middle Missouri River. Areas critical for
reproduction and recruitment of several important fish species would

be inundated. A major dam regulating spring flow could also have
detrimental impacts on physical, chemical, and biological characteristics
of the river below the dam. This would impair historic, aesthetic, and
recreational values in the Wild and Scenic segment of the Missouri

River. For these reasons every effort should be made to maintain the
Missouri River in its free-flowing state.
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Appendix Table 1. River distance chart for the middle Missouri River
study area. Confluence of the Missouri River with
the normal flood pool of Fort Peck Lake is river
kilometer 0.0.

lLocation . River Kilometer
Morony Dam 333
Belt Creek 331
Highwood Creek 321
Carter Ferry 307
Fort Benton 281
Loma Ferry - 248
Marias River , 245
Spanish Island 235
Virgelle Ferry 218
Coal Banks Landing 213
Little Sandy Creek 205
Eagle Creek 190
Hole-in-the-Wall 177
Arrow Creek 154
Judith River 138
Judith Ferry 136
Stafford Ferry 114
Bird Rapids 92
Sturgeon Island 85
Cow Island 70
Grand Island 51
Robinson Bridge 37
Slippery Ann Campground 28
Rock Creek 16
Turkey Joe 1
Fort Peck Reservoir 0
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Appendix Table 2. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River near Morony Dam during 1977.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

1 56 62 61 68 54 59
2 59 63 62 67 52 59
3 55 61 61 64 56 61
4 55 59 59 63 56 63
5 56 63 59 63 59 63
6 66 58 61 59 63 56 63
7 60 67 56 60 59 65 55 63
8 60 67 55 63 59 65 57
9 63 67 56 62 60 62
10 58 61 57 58 58 63
11 57 58 56 62 53 63
12 56 60 58 64 58 64
13 55 62 58 60 60 61
14 57 62 56 62 60 61
15 57 62 63 65 57 60
16 56 60 58 66 58 63
17 56 63 60 64 57 65
18 56 64 61 66 59 65
19 57 63 62 65 61 65
20 58 64 59 65 63 65
21 59 65 60 67 61 65
22 58 64 62 68 62 63
23 57 65 62 67 60 65
24 59 65 62 65 59 64
25 58 67 59 6l 56 62
26 59 65 61 66 54 60
27 63 65 61 67 55 59
28 56 60 62 68 52 59
29 58 60 62 66 56 60
30 53 63 60 61 55 58




Appendix Table 3. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River at Fort Benton during 1976.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

46 52 57 61 64 68 68 73 64 70 59 63

1
2 49 53 58 61 63 67 69 73 66 71 60 63
3 50 54 57 61 63 70 69 74 65 70 59 61
4 51 52 58 60 .65 69 69 73 65 69 57 60
5 50 51 57 60 65 .70 69 74 65 70 54 56
6 49 5] 57 60 65 72 68 74 63 68 53 57
7 48 52 58 59 66 72 68 72 61 64 52 56
8 50 53 57 60 67 72 67 73 60 65 52 56
9 52 56 57 62 66 70 67 72 59 64 53 57
10 54 57 58 64 66 70 68 73 59 64 53 57
11 53 56 61 64 65 71 67 73 59 62 54 58
12 52 54 60 63 66 71 68 72 60 63 54 58
13 52 54 57 60 66 71 67 72 59 64 54 57
14 53 54 57 60 67 72 66 70 59 64 52 54
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Appendix Table 4. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River at Fort Benton during 1977.

April May June July Aug. Sept. Oct.

Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

1 36 41 53 57 65 72 68 75 58 63 52 53 -
2 36 41 54 59 64 70 69 74 57 63 51 56
3 36 40 55 59 64 73 68 71 60 65 51 54
4 40 45 52 56 63 67 66 70 61 68 49 54
5 41 47 51 55 41 47 63 71 66 70 63 69 48 51
6 42 48 51 - 57 68 66 70 62 68 48 52
7 44 50 57 67 66 72 62 68 50 51
8 46 53 63 71 65 72 61 65 47 51
9 49 53 65 71 64 69 59 65 47 49
10 48 52 61 63 65 62 70 61 67 45 48
11 48 52 54 59 61 70 64 71 60 65 45 49
12 47 53 55 61 66 72 65 69 59 65 46 51
13 47 53 56 62 64 68 65 68 62 65 48 51
14 48 5] 58 62 68 64 73 63 72 60 65 47 50

17 42 53 52 55 61 73 63 71 63 58 59 49 53
18 43 52 50 53 63 70 67 71 57 62 49 53
19 47 50 49 51 65 70 68 74 57 62 50 53
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Appendix Table 5. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River at Fort Benton during 1978.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

36 40 50 56 51 55 65 68 67 69 63 67 52 57
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Appendix Table 6. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River at Fort Benton during 1979.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

1 53 55 52 57 63 71 68 75 65 68 55 57
2 52 57 54 59 65 70 69 76 65 69 56 57
3 51 54 58 62 63 70 69 75 64 70 52 57
4 51 53 57 61 64 67 69 75 64 67 53 56
5 52 53 58 61 65 71 70 77 62 68 54 57
6 52 53 58 60 66 73 69 76 62 68 53 58
7 50 53 55 56 67 75 69 76 64 68 56 60
8 49 5] 54 57 69 73 69 76 64 69 54 55
9 50 53 55 57 68 75 68 74 64 67 52 56
10 49 56 56 58 71 72 68 74 63 64 53 57
11 52 55 58 65 n 72 69 71 61 64 55 57
12 52 56 61 67 68 72 67 72 62 64 54 57
13 54 58 66 67 66 72 66 69 61 65 52 57
14 55 62 63 67 69 70 63 70 60 63 53 57
15 57 63 61 66 65 73 66 72 61 64 55 56
16 59 62 61 63 65 72 65 71 63 65 54 57
17 57 59 62 67 70 74 66 73 61 65 53 55
18 55 57 62 67 69 76 68 72 61 66 50 52
19 54 58 61 62 70 77 68 71 61 65 49 51
20 52 56 60 63 n 7 68 72 61 65 45 47
21 53 57 59 63 72 79 68 70 61 64 46 47
22 54 57 60 65 73 77 67 73 60 65 46 48
23 54 60 61 67 70 74 67 72 60 64 46 49
24 57 60 62 67 69 73 67 68 59 64 45 48
25 52 57 62 63 69 65 69 65 69 59 64 46 48

26 47 50 57 63 65 72 67 72 66 71 61 65 47 50
27 48 55 58 61 67 72 67 73 65 70 59 63 46 48
28 50 57 57 59 68 75 67 72 64 70 59 62 46 49

30 52 57 53 57 71 74 68 73 65 71 58 59 44 47
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Appendix Table 7. Daily maximum and minimum water temperatures (degrees
F) for the Missouri River near Coal Banks Landing
during 1976.

April May June July Aug. Sept. Oct.

Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.
1 70 74 65 70 59 62
2 68 72 66 70 59 61
3 70 75 65 70 56 60
4 71 73 65 70 54 56
5 69 74 65 70 52 54
6 69 73 63 67 50 53
7 69 71 59 62 50 53
8 66 70 58 63 51 55
9 67 69 58 64 52 56

10 65 67 58 64 53 55

11 65 70 59 62 53 56

12 67 72 60 63 53 56

13 68 71 58 64 53 55

14 67 72 60 64 48 53

15 67 72 59 64 46 48

16 67 70 60 64 44 46

17 65 68 63 67 43 45

18 65 68 61 64 42 45

19 65 67 58 62 43 45

20 65 68 57 62 43 46

21 63 68 57 63 43 46

22 65 71 58 63 43 45

23 0 74 67 69 58 62 42 44

24 7175 66 71 59 63 41 42

25 69 74 68 73 60 63 41 44

26 /1 76 63 69 60 64 44 46

27 69 73 61 64 58 62 44 46

28 69 74 61 66 57 62 45 47

29 69 74 63 68 57 63 45 47

30 69 72 65 68 58 62 44 46

31 68 74 65 70 43 45
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Appendix Table 8. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River near Coal Banks Landing during
1977.

April May June July Aug. Sept. Oct.
Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

o
&
<

39 43 57 61 63 69 67 74 70 76 60 64 52 53
39 42 55 62 64 68 70 74 n 77 58 63 50 55
37 40 58 63 63 68 66 73 72 74 61 65 51 53
40 45 55 59 65 72 66 70 69 71 61 67 50 51
43 49 52 57 67 74 65 72 65 71 65 68 48 51
45 52 53 56 68 76 67 N 67 72 64 69 47 51
47 53 52 59 72 78 65 69 69 74 64 69 49 51
49 55 56 61 72 76 64 71 69 74 61 64 49 5]
52 56 57 64 70 75 65 72 68 73 59 64 46 50
52 56 61 65 69 72 68 70 64 71 60 67 44 48
51 55 59 62 65 68 65 71 65 72 61 65 44 48
56 58 65 65 66 67 73 68 72 61 65 46 50
51 57 59 66 63 68 69 71 69 70 60 65 49 5]
51 54 61 66 65 70 66 73 64 69 61 66 48 50
50 56 56 62 67 72 69 75 63 67 60 64 46 50
52 58 55 58 67 69 70 77 65 71 58 60 48 5I
51 55 53 56 65 71 72 76 67 72 57 58 49 52
49 55 51 54 67 74 774 66 73 55 61 48 52
50 53 53 54 69 75 70 75 68 72 58 61 43 52
20 50 53 52 57 67 71 69 74 67 71 59 61 49 51
21 49 53 54 60 68 73 68 75 66 72 58 60 48 51
22 49 56 55 62 69 75 73 79 66 70 56 61 48 51
23 52 58 58 63 70 76 75 80 65 70 56 59 48 5]
24 53 60 59 63 n 77 74 77 67 70 55 57 48 51
25 55 61 53 61 777 69 73 64 68 53 58 43 50
26 56 61 58 65 777 69 74 62 66 55 58 47 49
27 56 62 61 64 71 75 72 78 62 65 53 57 45 50
28 57 63 58 62 69 73 73 79 61 64 54 55 47 50
29 58 64 55 61 67 70 n 77 60 63 53 54 49 51
30 58 64 56 64 65 73 68 70 58 60 53 54 47 50
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Appendix Table 9. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River near Coal Banks Landing during

1978.

April May June July Aug. Sept. Oct.

Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.
1 52 55 51 54 68 70 65 68 54 57
2 53 56 53 57 68 70 65 69 53 55
3 51 53 56 60 67 68 66 70 52 54
4 49 51 59 62 65 67 66 69 51 53
5 48 50 62 64 63 65 67 69 50 53
6 48 49 63 65 62 63 687 70 50 53
7 47 48 61 63 60 65 67 69 50 53
8 46 50 62 63 62 65 64 67 51 55
9 49 50 61 63 62 66 62 66 51 55
10 50 52 60 62 64 66 63 65 52 55
11 52 53 58 60 65 67 59 63 52 53
12 52 52 58 59 65 68 54 59 50 52
13 45 46 51 53 58 61 66 69 54 54 47 50
14 44 46 53 55 60 62 68 69 54 57 47 51
15 45 46 55 57 62 63 69 7 55 58 48 52
16 44 47 55 57 61 63 71 72 54 56 49 5]
17 43 46 53 56 60 63 66 71 53 56 50 51
18 42 44 51 53 61 63 65 67 ' 51 55 49 52

19 43 46 50 54 59 62 63 65 62 63 50 52 50 53
20 43 46 52 55 59 62 64 66 60 65 50 54 50 52
21 45 46 54 58 62 65 65 69 62 67 50 55 49 52

25 47 5] 52 54 65 68 65 69 57 61 45 47
26 49 52 51 54 64 66 65 68 58 62 43 46
27 49 5] 52 55 65 67 64 67 58 61 44 45
28 50 53 54 56 65 68 64 67 57 59 44 47
29 52 53 55 56 67 69 65 69 56 59 45 46
30 51 54 54 56 68 70 65 69 56 58 43 45
3] 52 55 66 69 42 44
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Appendix Table 10. Daily maximum and minimum water temperatures (degrees
F) for the Missouri River near Coal Banks Landing
during 1979.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

36 38 49 5] 54 56 66 69 70 74 64 69 55 58
37 40 47 52 56 59 65 69 70 74 65 69 54 56
38 40 47 51 58 61 64 70 70 74 65 71 51 56
37 39 47 48 60 62 67 68 70 74 65 68 52 56
35 37 47 49 58 60 .65 71 70 75 63 67 54 57
35 40 47 49 58 59 68 74 70 75 63 68 53 57
41 43 47 48 55 57 69 74 70 74 64 69 55 58
41 45 46 47 54 57 N 74 70 74 64 69 53 55
44 47 45 48 5 59 69 74 68 73 65 68 50 53
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Appendix Table 11. Daily maximum and minmum water temperatures (degrees F)
for the Missouri River near Robinson Bridge during 1976.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.
1 61 63 70 72 67 69 58 60
2 62 63 69 70 66 68 59 61
3 61 64 69 73 65 68 59 60
4 62 63 71 72 65 68 55 56
5 61 63 . 69 N 66 69 51 52
6 62 64 69 71 67 51 53
7 61 62 70 7 50 53
8 61 63 69 71 51 54
9 , 62 64 ‘ 68 70 52 55
10 63 66 67 68 53 55
11 63 65 66 69 54 56
12 63 66 67 70 53 55
13 63 64 69 71 52 54
14 61 62 68 70 49 5]
15 59 62 67 7 64 46 48
16 60 62 68 70 62 65 44 45
17 67 69 63 66 42 44
18 67 69 62 65 42 43
19 66 68 60 62 40 42
20 71 73 67 68 58 61 42 44
21 71 74 65 68 58 61 42 44
22 71 74 67 7 59 61 43 44
23 71 75 69 70 58 60 42 43
24 60 . 61 58 61 72 74 68 71 59 60 41 42
25 60 61 58 60 72 76 69 71 57 60 40 41
26 58 60 58 60 73 76 68 69 57 59 38 42
27 58 61 57 61 73 74 62 64 57 59
28 60 62 60 63 70 72 61 64 5 59
29 60 62 62 66 70 73 62 66 57 60
30 59 62 64 67 70 7 65 68 58 61
31 61 63 68 71 66 69
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Appendix Table 12. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River near Robinson Bridge during 1977.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

1 61 64 63 70 65 75 69 75 60. 64 51 53
2 59 62 66 64 72 70 78 60 65 51 54
3 60 62 65 70 63 74 71 75 61 66 51 52
4 58 60 72 66 71 65 70 62 68 48 51
5 54 57 67 .66 72 65 7 65 68 47 49
6 54 57 67 72 66 70 65 .70 47 49
7 56 60 64 70 66 69 66 71 46 49
8 60 62 65 70 67 71 62 66 47 51
9 62 66 65 72 64 .68 61 66 46 49
10 65 67 66 67 63 69 61 66 44 46
11 65 68 62 68 64 69 61 66 43 46
12 63 67 64 7 66 71 61 66 43 47
13 57 64 68 62 69 65 68 60 66 46 48
14 55 57 66 68 64 71 64 66 62 66 48 51
15 53 57 60 65 67 73 63 65 60 62 47 50
16 54 58 57 60 69 76 62 66 60 63 47 50
17 54 55 55 58 72 73 63 69 57 59 47 49
18 52 55 52 55 1 77 66 72 56 60 47 50
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Appendix Table 13. Daily maximum and minimum water temperatures (degrees F)
for the Missouri River near Robinson Bridge during 1978.

April May June July Aug. Sept. Oct.
Day Min.Max -Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

' 53 55 55 58. 70 73 72 74 67 70 58 59

1
2 54 59 56 60 7173 70 72 67 .70 55 57
3 57 58 58 63 69 73 67 71 68 70 53 55
4 55 57 61 65 66. 71 68 73 68 71 53 54
5 53 55 62 67 63 66 70 72 69 71 50 53
6 51 53 65 68 63 66 70 75 69 71 51 53
7 50 51 65 68 64 68 72 76 70 72 51 53
8 50 53 66 69 66 68 72 75 68 71 52 54
9 51 54 66 69 63 66 73 77 65 68 53 55
10 53 56 64 67 64° 69 74 77 65 66 53 55
11 53 55 62 64 67 70 73 76 62 65 53 55
12 53 56 60 63 67 69 72 75 56 . 62 52 54
13 54 57 61 64 66 70 71 74 55 56 50 52
14 56 58 62 65 68 72 68 71 54 57 48 50
15 57 61 63 66 69 74 68 71 56 59 49 51
16 58 60 63 66 71 74 68 71 56 58 50 51
17 57 59 63 66 71 73 64 68 54 56 50 51
18 54 57 64 67 67 71 62 65 54 56 50 52
19 53 56 64 67 66 68 62 65 52 53 50 52
20 55 58 61 64 65 68 63 66 50 53 50 52
21 57 60 63 67 66 70 64 68 52 55 51 52
22 59 62 67 70 67 71 66 68 54 57 49 5]
23 59 61 68 71 69 74 66 68 56 59 48 50
24 58 61 70 71 72 75 66 69 57 59 48 49
25 57 58 66 70 73 77 66 70 58 61 47 48

26 52 54 56 59 65 68 74 77 68 71 59 61 46 48
27 53 54 56- 60 66 70 73 76 68 70 59 62 45 46

29 53 54 58 61 70 72 72 75 66 70 58 60 45 46
30 53 55 58 60 70 73 72 76 . 68 70 57 59 43 45
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Appendix Table 14. Daily maximum and minimum water temperatures . (degrees F)
for the Missouri River near Robinson Bridge during 1979.

April May June July Aug. | Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

1 51 53 57 60 70 73 73 76 66 69 56 58
2 50 53 58 62 69 72 73 76 68 70 54 57
3 51 52 60 63 68 71 73 76 68 72 54 56
4 49 50 62 65 70 71 72 76 66 69 53 56
5 49 50 63 65 69 72 72 75 65 68 55 57
6 49 5] 61 63 69 72 73 77 65 68 55 57
7 48 50 59 60 71 75 74 76 66 69 56 58
8 48 50 57 60 72 76 74 75 67 69 53 57
9 48 50 59 62 73 76 72 76 67 70 52 54
10 48 53 60 65 74 76 72 74 64 66 53 55
11 52 54 63 66 73 75 71 73 63 64 54 56
12 52 55 64 68 72 74 70 7 61 62 56 57
13 54 57 66 70 71 73 68 69 60 63 55 57
14 55 59 67 68 69 71 65 67 60 63 55 57
15 56 61 66 67 68 71 64 69 61 65 56 57
16 60 62 65 67 68 72 68 72 62 66
17 59 60 64 66 70 74 69 73 64 67

18 58 60 65 67 71 76 1 73 63 66

19 58 60 65 69 73 78 71 73 63 66
20 57 60 66 67 74 78 /1 73 62 65
21 50 58 61 64 67 75 80 70 72 62 65
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Appendix Table 15. Daily maximum and minimum water temperatures (degrees F)
for the Marias River near the mouth during 1977.

April | May June July: Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

37 43 55 63 64 71 68 76. 66 80 60 67 52 54
36 41 54 63 62 72 69 74 70 81. 59 67 49 56
36 40 57 64 66 77 63 73 71 76 62 70 - 51 54
39 46 52 59 67 79 64 68 68 70 63 72 47 52
70 83 .63 74 63 74 67 74 44 49
45 55 49 54 74 82 66 71 65 75 65 75 44 51
48 58 50 64 72 78 60 71 67 77 65 73 47 50
51 61 58 66 69 79 63 75 67 78 63 70 46 51
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Appendix Table 16. Daily maximum and minimum water temperatures (degrees
F) for the Marias River near the mouth during 1978.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

40 46 52 60 61 69 67 72 63 70 61 68 52 59
40 47 52 57 62 70 66 72 62 73 62 69 51 58
40 47 51 57 61 71 66 72 63 72 63 70 50 57
41 47 50 55 61 72 66 72 63 72 64 72 49 56
. 60 68 48 55

a1 47 47 53 62 7 62 71 66 74 58 65 48 56

40 47 46 54 62 70 62 73 67 76 56 63 48 56

43 49 49 56 61 70 61 69 68 76 56 63 48 55

44 50 53 61 62 69 64 71 68 77 58 65 47 55
10 44 5] 54 62 60 69 64 74 69 78 56 62 47 54
11 43 50 54 64 61 69 64 74 68 77 54 60 46 56
12 42 50 54 64 59 69 64 74 63 74 52 58 47 55
13 42 49 56 66 60 70 66 74 62 69 50 53 48 56
14 41 48 55 66 59 69 68 77 62 69 51 58 49 56
15 41 48 54 66 57 68 66 72 61 68 50 57 48 55
16 40 47 56 66 60 67 64 70 58 64 50 55 46 53
17 41 47 53 62 61 68 63 69 55 62 50 54 47 55
18 42 47 55 63 62 69 62 68 53 61 43 54 49 55
19 44 48 56 63 63 70 62 67 59 65 48 51 47 54
20 47 53 57 66 63 71 64 69 57 65 47 54 48 55
21 48 54 56 67 62 68 66 74 58 66 53 59 46 54
22 47 54 56 65 63 66 69 76 60 67 53 59 44 52
23 47 54 54 61 64 66 70 77 62 68 53 59 42 5]
24 46 53 52 59 63 66 71 78 63 69 55 61 41 49
25 47 54 53 61 63 66 7177 62 71 57 64 42 47
26 48 55 54 62 65 72 70 76 63 72 55 62 40 46
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Appendix Table 17. Daily maximum and minimum water temperatures (degrees
F) for the Marias River near the mouth during 1979.

April May June July Aug. Sept. Oct.
Day Min.Max Min.Max. Min.Max. Min.Max. Min.Max. Min.Max. Min.Max.

51 58 59 63 65 73 64 68 54 56

1

2 54 61 58 63 65 73 65 69 54 55
3 57 64 58 67 65 72 65 71 51 55
4 59 63 .63 65 65 71 66 69 51 55
5 57 59 61 68 66 74 62 68 53 56
6 54 57 63 71 65 73 62 68 53 57
7 51 54 65 73 65 72 64 70 55 57
8 49 57 66 70 65 72 65 70 54 57
9 53 61 63 70 63 70 65 68 50 53
10 57 62 65 72 63 70 62 65 50 55
N 58 64 64 70 64 68 60 62 53 56
12 60 67 62 68 63 68 59 62 55 57
13 62 67 60 68 62 67 60 64 54 57
14 54 61 66 60 66 60 67 59 64 53 56
15 51 57 58 64 60 67 62 69 59 65 54 56
16 53 55 58 64 62 70 63 70 61 65 52 55
17 49 54 59 63 63 72 64 71 61 65 52 54
18 50 54 61 65 65 74 65 70 61 65 48 53
19 50 55 61 63 66 74 65 69 61 65 49 50
20 49 54 59 63 67 75 64 68 60 65 46 49
21 51 58 59 64 68 75 65 67 60 63 44 46
22 52 59 60 64 68 70 61 66 59 63 42 45
23 54 62 60 66 64 71 62 69 59 63 44 47
24 57 60 61 67 64 66 65 66 59 63 45 47
25 56 63 62 68 61 62 62 65 58 62 46 48
26 57 66 63 70 57 63 61 68 60 61

27 61 64 65 69 59 69 63 68 58 61

28 56 59 63 70 63 68 64 70 57 60

29 52 57 63 70 64 70 62 69 56 59

30 52 58 65 69 64 72 64 71 57 58

3 52 58 65 73 66 68
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Appendix Table 18.
(per sample

Numbers of aquatic macroinvertebrates collected
period) at the Morony Dam site, late

October, 1976, through mid-September, 1977.

~ Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug.  Sept.
Mayfly A
Tricorythodes 1. 2 15 6 1
Ephemerella 2
Rhithrogena 1
Stenonema 18 5 3 2 4
Baetis 2 5. 19 376 296 671 6 18
Stonefly
Acroneuria 1
Truefly
Chironomidae 121 215 24 168 936 436 2504 2038
Diamesa 4
Monodiamesa <]
Potthastia <]
Chironomus 3 4
Dicrotendipes <1 1 35 39
Microtendipes 1
Paracladopelma 1
Phaenopsectra 2 28 21 15
Polypedilum <1 4 35
Micropsectra <]
Rheotanytarsus 1 1 <1 3
Tanytarsus <] 1
Cardiocladius 3
Cricotopus 42 25 1 29
Eukiefferiella 4
Orthocladius 45 36 4 9
Hexatoma 1
Stmulium 2
Empididae 1 5 2 4
Muscidae 4
Caddisfly ;
Hydroptila 10 12 31 20 46 9
Leucotrichia 6 2
Hydropsyche 315 32 15 39 414 277 30 44
Cheumatopsyche 9 1 2 10 5 12
Psychomyia 1
Oecetis 14 49 2 9 17 1. 4
Brachycentrus 12 6 1
Amiocentrus 3 2 6
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Appendix Table 18 continued. Numbers of aquatic‘mdcfoinVertebrateévcol-
lected (per sample period) at the Morony Dam
. site, late October, 1976, through mid-September,
1977.

~ Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.

Odonata ‘
Ophiogomphus 1

Heteroptera

Sigara 64
Trichocoriza 4

Coleoptera
Hydrophilus 2
Optioservus 1

Lepidoptera ,
Parargyractis -5 2 1 26 10 2 5

0ligochaeta 19 1 6 16 , 148
Nema tomorpha 14 2

Amphipoda
Hyallela : ]

Decapoda .
Orconectes 1 2 6 4

Total 496 328 62 625 1764 1511 2692 2346

* Chironomidae subordinal taxa expressed as a percentage of the family's
total count.
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Appendix Table 19.

Numbers of aquatic macroinvertebrates collected

(per sample period) at the Fort Benton site, late
October, 1976, through mid-September, 1977.

Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.
Mayfly
Paraleptophlebia 1
Tricorythodes 2 4 1 20 20 24
Ephemerella 16 37 43 111 2
Rhithrogena 4 20 10
Stenonema 3 21 - 2 4 9 2 2 31
Heptagenia 2 2 10
Baetis 1 11 230 4468 1767 492 6 109
Stonefly
Acroneuria 2
Isogenus 1 3
Isoperla 1 12 31 22 2
Truefly
Chironomidae 869 754 1133 1671 787 6892 392 695
Thienemannimyia <1 1 11 5
Monodiamesa 2 <1 4
Chironomus <1 1
Cryp tochironomus 7 <]
Demticryptochironomus <1 <]
Dicrotendipes 1
Microtendipes 91 34 61
* { Phaenopsectra 4 5 15 3
Polypedilum 2 90 26 4
Rheotanytarsus 1 <1
Tanytarsus 1
Cricotopus <] <1 25
Eukiefferiella 1 <]
kOrthoc ladius <1 2
Tipula 2 1
Simulium 3 3 2 6
Empididae 2 7 2 2 7
Caddisfly
Hydroptila 46 212 277 396 363 192 1574 170
Hydropsyche 48 103 291 140 117 1392 30 1018
Cheumatopsyche 4 22 29 15 6 82 36 644
Oecetis 5 15 6 5 22 157
Brachycentrus 2 2 1 4 38 10 40
Odonata :
Ophiogomphus 1
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Appendix Table 19 continued. iNumbers of aquatic maCrOinvertebrates‘coTTéEted
. (per sample period) at the Fort Benton site,
late October, 1976, through mid-September, 1977.

Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.

Heteroptera
Trichocoriza 2 1
Hesperocoriza 1 8 ;
Sigara 18 1 128 . 738 1
Coleoptera
Hydroporus 1
Dytiscus 1
Pelonomus 1
Dubiraphia 1 1
Ordobrevia 1
Optioservus 1 6
Lepidoptera
Parargyractis 1 2 T 3
Nema tomorpha 2 2 3 2
Oligochaeta 224 14 22 94 92 14 282 53
Pulmonata ‘
Ferrissia 1 1 1 3 16
Decapoda
Orconectes 2
Total 1237 1189 2064‘ 6901 3367 9200 3128 2956

* Chironomidae subordinal taxa expressed as a percentage of the family's
total count. :
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Appendix Table 20. Numbers of aquatic macroi
sample period) at the Co
October, 1976, through m

nvertebrates collected (per
al Banks Landing site, late
id-September, 1977.

Mayfly
Baetisca
Leptophlebia
Traverella
Tricorythodes
Ephemerella
Rhithrogena
Stenonema
Heptagenia
Baetis

Stonefly
Isogenus
Isoperla
Brachyptera

Truefly
Chironomidae
Thienemannimyia
Diamesa
Monodiamesa
Chironomus
Cryptochironomus
Dicrotendipes
Microtendipes
* Phaenopsectra
Polypdilum
Rheotanytarsus
Tanytarsus
Cricotopus
Orthocladius
Stmulium
Empididae

Caddisfly
Hydroptila
Hydropsyche
Cheumatopsyche
Oecetis
Helicopsyche
Brachycentrus

Odonata
Ophiogomphus

Sampling Period

191

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug.  Sept.
1
2
2
95 30 19
38 54 13
3 432 31 1
3 1 6 16 14 315
2 1 1 13 58 14 3
2 1 8 660 280 180 152 69
20
21 46 1
1
91 M2 44 231 44 1192 1862 363
1 9 1
6 .
40 <1
50 4
1 4 <1
1
20 3 92
3 4
15 40 72 1
4 1 <1
1
4 4
15 <1 <1 <1
1 2
2 ]
6 2 24 5
9 7 3 20 3 17 60 128
5 3 1 19 7 72 78
1 5 6 10 72
1
37 10 8



Appendix Table 20 continued. Numbers of aquatic macroinvertebrates collected -
(per sampling period) at the Coal Banks Land-
ing site, late October, 1976, through mid-
September, 1977.

SSamp1ing Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.

Heteroptera

Trichocoriza 16

Sigara 6 5 4 2 330 30
Coleoptera

Gyrinus ' 2

Hydroporus 1 1 ‘

Curculionidae 1

Ordobrevia - 2
Lepidoptera

Synclita , 2
Oligochaeta 28 34 85 63 172 43
Plumonata : ‘

Physa 5
Total 148 161 66 3538 565 1692 2778 1148

* Chironomidae subordinal taxa expressed as a percentage of the family's
total count.
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Appendix Table 21. Numbers of aquatic macroinvertebrates collected (per
sample period) at the Judith Landing site, late October,
1976, through mid-September, 1977.

Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug.  Sept.

Mayfly
Leptophlebia 1
Traverella 160 1
Ephoron 2 6
Tricorythodes 1 101 94 54
Evhemerel la 38 6 . N 13 162 28
Rhithrogena 33 107 156 209 215 41 1
Stenonema 18 3 0 4 26 19 23 47
Heptagenia 154 49 8 92 239 6 30
Baetis 2 7 T 79 226 9 84 8
Stonefly
Capnia 32 S 1
Aeroneuria 1 1 1 4
Isogenus 1 1 A 73 17
Isoperla 9 34 39 5
M
Truefly : ‘
Chironomidae 91 57 P 644 65 92 24 88
Thienemannimyia , ‘ 9 50 15
Monodiamesa L 65 23
Chironomus 15 15 27
Cryptochironomue E 2 2 6
Demicryptochironomus 2
Microtendipes D 4 3 44
Phaenopsectra 2 20 1
* Polypedilum ' 10 42 10
Cladotanytarsus 5
Rheotanytareus . 3 2
Tany tarsus 8 5
Cricotopus 8
EBukiefferiellq 1
Orthocladius
Stmulium 1 1
Caddisfly
Hydropsyche 40 7 26 47 48 2
Cheumatopsyche 155 8 6 2 1 36 7
Oecetis 2 1 1 2 9 2
Brachycentrus 9N 1 6 1 266 384 5
Heteroptera
Trichocoriza 86 4 1
Hesperocoriza _ 1

Sigarqg 5 9 2 120 12 49 15
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Appendix Table 21 continued. Numbers oflaquéiic mécroinveftebratesgco]]etted

(per sampling period) at the Judith Landing
site, late October, 1976, through mid-September,

- Sampling Period

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.

Coleoptera
Carabidae 1
Hydrovatus 2
Curculionidae : 1
Dubiraphia 2 1
Ordobrevia 1 2
Stenelmis . 2 8
0ligochaeta 2 | 157 17 88
Total

724 289 1005 1276 1322 995 358)

* Chironomidae subordinal taxa expressed as a percentage of the family's

total count.
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Appendix Table 22.

Numbers of aquatic macroinvertebrates collected
(per sample period) at the Robinson Bridge site,
late October, 1976, through mid-September, 1977.

Sampling Period

195

late mid late mid early mid early mid
Oct. Dec. Jan. Mar.. May June Aug. Sept.
Mayfly
Leptophlebia 1 1 8 4
Traverella 22 1
Ephoron 3
Ametropus 2 1
Tricorythodes 1 3 26 17 16
Brachycercus 6 1
Ephemerella 21 58 1
Rhithrogena 5 30 8 1
Stenonema 5 N N 15 44 33 9 132
Heptagenia 18 192 248 275 40 39
Baetis 0 0 28 32 29 30 -7
Stonefly T T
Brachyptera 1 8
Capnia 24
Acroneuria 1 S S 1 8 1
Isogenus 31
Isoperla A A 36 62 8
Truefly M M
Chironomidae 12 825 10 49 12 7
Thienemannimyia P P 4 45 25
Monodiamesa 85 12
Cryptochironomus L L 4
Polypedilum : 15 40 55
Stenochironomus E E 4 25
Micropsectra 4
Rheotanytarsus D D 20 25
ukiefferiella 12 25
Simulium 1 1
Empididae 1
Caddisfly
Hydropsyche 27 22 1
Cheumatopsyche 18 55 1 8
Oecetis 2
Brachycentrus 5 28 16
Odonata
Gomphus ' 1
Ophiogomphus 1T 3 1
Heteroptera
Trichocoriza 1 5 6
Sigara 26 6 149 22



Appendix Table 22 continued. Numbers of aquatic macroinvertebrates col-
lected (per sample period) at the Robinson
Bridge site, late October, 1976, through
mid-September, 1977. : y

SamplingAPeriod

late mid late mid early mid early mid
Oct. Dec. Jan. Mar. May June Aug. Sept.

Coleoptera
Hydropht lus 2 2
Hydrovatus 1 25
Dubiraphia 1 1
Ordobrevia 2 1 2
Stenelmis x 1 1
Nema tomorpha | 1
0ligochaeta , 10 E A 81 19 22 65 18
Total 77 1384 558 558 336 288

* Chironomidae subordinal taxa expressed as a percentage of the family's
total count. »
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Appendix Table 25. Legal descriptions of boundaries of el
sections on the mainstem of the middje

Study Section Boundary

Legal Description of Boundary

Morony Dam (upper)
Morony Dam/Carter Ferry
Carter Ferry/Fort Benton
Fort Benton/Loma Ferry

Loma Ferry/Coal Banks Landing

Coal Banks Landing/Hole-in-the-Wall

Hole-in-the-Wall/Judith Landing
Judith Landing/Stafford Ferry
Stafford Ferry/Cow Island

Cow Island/Robinson Bridge
Robinson Bridge/Turkey Joe

Turkey Joe (lower)

NWx,
NE%,
SW,
SE4,
SWy,
SWy,

E%, Sec.

SW,

NE%,
SW4%, Sec.

NW4,
SE%,

even fishery study
Missouri River.

. 14, T21IN, R5E
. 27, T23N, R6E
. 33, T24N, RSE
. 2, T24N, ROE
. 20, T26N, RI1E
. 30, T26N, R13E
31, T23N, RI5E
. 23, T23N, RI7E
. 9, T23N, R20E
21, T23N, R22E
. 1, T2IN, R24E
. 15, T2IN, R26E



Appendix Table 26. Species composition, number, and size of fish sampled -
by electrofishing in the Morony Dam study section,
1976 through 1979.

Average Length Avéragek VWeight

Number Length Range Weight Range
Fish Species Sampled (cm) (cm) (kg) (kg
Goldeye 75 31.7 28.4-36.1 0.26 0.19-0.43
Mountain whitefish 32 30.8 9.7-43.4 0.41 0.02-1.05
Rainbow trout 18 32.7 15.7-40.9 0.36 0.15-0.64
Brown trout 16 41.0 21.6-58.4 0.73 0.11-1.95
Northern pike 1 57.9 - 1.28 -
Carp 5 55.5 50.3-62.7 2.31 1.56-3.72
Flathead chub 1 8.6 - 0.01 -
Emerald shiner 6 6.9 6.4- 7.1 0.01 -
W. silvery minnow 150 9.4 8.1-10.7 0.02 0.01-0.02
Longnose dace 9 8.3 7.6- 8.9 0.01 -
River carpsucker 2 42.0 41.9-42.2 0.93 0.86-1.00
Blue sucker 4 71.8 66.3-76.2 3.10 2.22-4.31
Smallimouth buffalo 31 55.7 46.2-69.3 2.82 1.50-6.80
Bigmouth buffalo 2 63.0 46.5-79.5 5.47 1.50-9.43
Shorthead redhorse 24 45.9 33.5-51.8 1.13 0.45-1.81
Longnose sucker 65 38.1 13.2-50.3 0.68 0.04-1.25
White sucker 8 30.8 14.5-42.2 0.41 0.04-0.88
Mountain sucker 21 15.8 8.9-21.6 0.06 0.02-0.11
Burbot 6 59.2 36.8-66.0 1.25 0.36-1.74
Sauger 664 35.6 22.6-56.1 0.38 0.09-1.50
Walleye 11 39.2 27.7-77.0 0.86 0.18-5.35
Freshwater drum 85 37.9 27.7-52.8 0.85 0.25-2.31
Mottled sculpin 15 8.6 7.9- 9.7 0.02 0.01-0.02
Total 1251
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Appendix Table 27. Species composition, number, and size of fish sampled by
electrofishing in the Carter Ferry study section, 1976
through 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm) (cm? (kg) (kg)
Shovelnose sturgeon 2 96.9 90.7-103.1 4.65 3.40-5.90
Goldeye 175 31.8 26.7- 36.6 0.27 0.15-0.43
Mountain whitefish 7 27.2 15.7- 39.6 0.27 0.03-0.59
Rainbow trout 1 27.7 - 0.23 -
Brown trout 5 35.3 28.7- 40.9 0.52 0.25-0.75
Northern pike 1 96.5 - 7.08 -
Carp 3 50.0 49.3- 50.8 1.67 1.48-1.81
Flathead chub 1 16.8 - 0.05 -
Emerald shiner 2 7.1 6.6- 7.6 0.01 -
W. silvery minnow 6 9.4 8.9- 9.9 0.02 0.01-0.02
Longnose dace 6 6.8 5.8- 8.4 0.0 -
River carpsucker 3 42.5 38.6- 47.2 1.08 0.88-1.29
Blue sucker 1 67.1 60.2- 78.7 2.68 2.09-4.99
Smallmouth buffalo 21 57.9 49.0- 68.1 3.21 1.86-4.58
Bigmouth buffalo 1 71.4 - 5.31 -
Shorthead redhorse 61 45.2 34.0- 52.6 1.10 0.49-1.47
Longnose sucker 68 42.3 22.1- 50.3 0.93 0.11-1.53
White sucker 1 40.6 - 0.83 -
Mountain sucker 1 19.3 - 0.1 -
Burbot 4 58.0 51.8- 63.0 1.03 0.73-1.39
Yellow perch 1 11.4 - 0.02 -
Sauger 358 37.0 25.7- 48.3 0.40 0.11-0.91
Walleye 1 31.7 - 0.25 -
Freshwater drum 17 39.8 28.2- 52.6 0.98 0.29-1.97
Mottled sculpin 3 8.9 8.1- 9.4 0.01 0.01-0.02
Total 760
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Appendix Table 28. Species composition, number, and size of fish sampled
by electrofishing in the Fort Benton study section,
1976 through 1979. v

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kgg
Shovelnose sturgeon 37 87.2 68.6-101.6 3.03 1.66-4.26
Goldeye 198 31.6 27.9- 39.4 0.27 0.16-0.51
Mountain whitefish 119 36.8 9.9- 49.5 0.68 0.01-1.42
Rainbow trout 4 29.6 25.9- 39.9 0.37 0.18-0.94
Brown trout 14 40.8 27.9- 50.3 0.72 0.25-1.27
Brook trout 2 24.0 23.4- 24.6 0.14 0.13-0.15
Carp 56 49.5 31.2- 61.7 1.59 0.51-3.36
Flathead chub 34 15.7 8.4- 20.3 0.05 0.01-0.11 -
Emerald shiner 6 7.4 - 0.01 - :
W. silvery minnow 7 10.6 9.7- 13.0 0.02 0.01+0.03
Longnose dace 12 7.8 4.8- 11.7 0.01 0.01-0.02 -
River carpsucker 16 40.7 36.3- 44.7 0.90 0.59-1.20
Blue sucker 29 66.4 41.4- 82.6 2.66 0.90-4.54
Smallmouth buffalo 57 58.2 46.2~- 69.9 3.18 1.45-5.13
Bigmouth buffalo 22 73.7 35.6- 83.3 7.59 1.20-10.43
Shorthead redhorse 327 42.6 10.9- 53.8 0.91 0.02-2.16
Longnose sucker 180 37.5 15.0- 50.3 0.66 0.07-1.64
White sucker 17 33.1 22.6- 44.2 0.50 0.15-0.96
Mountain sucker 8 13.5 8.6- 18.5 0.04 0.01-0.09
Stonecat 1 14.2 - 0.04 -
Burbot 14 57.0 39.1- 62.5 1.04 0.34-1.56
Sauger 671 33.9 18.5- 60.2 0.33 0.04-2.40
Walleye 7 58.5 32.3- 74.7 2.54 0.32-5.49
Freshwater drum 29 34.5 26.7- 42.2 0.58 0.27-0.98
Mottled sculpin 15 8.2 5.6- 10.4 0.01 0.01-0.02

Total 1882
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Appendix Table 29,

Species composition, number,
by electrofishing in the Loma

1976 through 1979.

and size of fish sampled
Ferry study section,

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) {cm) {kg) (kg)
Shovelnose sturgeon 190 82.7 63.8-100.8 2.53 0.96- 4.67
Goldeye 170 31.0 27.9~ 35,3 0,25 0.17- 0.38
Mountain whitefish 39 26.4 9.1- 42.4 0.26 0.01- 1.23
Brown trout 2 34.9 9.4- 60.5 1.09 0.01- 2.16
Northern pike 5 64.2 33.3- 91.4 2.45 0.28- 5,22
Carp 39 47.2 25.1- 58.4 1.42 0.22- 3.04
Flathead chub 158 13.5 7.9~ 24.6 0.03 0.01- 0.15
Emerald shiner 32 7.3 5.1- 9.7 0.01 -
W. silvery minnow 3 13.0 12.7- 13.5 0.02 0.02- 0.03
Longnose dace 2 7.1 6.9- 7.4 0.01 -
River carpsucker 32 39.6 13.5- 50.8 (.85 0.01- 1.68
Blue sucker 86 66.8 55.1- 87.1 3.2] 1.88- 8.16
Smallmouth buffalo 94 57.8 40.4- 72.1 3.12 0.98- 6.49
Bigmouth buffalo 23 72.2 42.4- 93.5 6.39 5.22-12.25
Shorthead redhorse 189 40.6 14.7- 50.8 (.82 0.03- 1.49
Longnose sucker 230 38.1 12.7- 52.1 0.73 0.04- 1.42
White sucker 5 32.0 25.7- 41.1 0.42 0.22- 0.72
Mountain sucker 2 15.0 12.7- 17.3 0.05 0.02- 0.08
Burbot 10 46.0 32.0- 55.1 0.50 0.17- 0.75
Yellow perch 7 14.1 10.9- 22.1 0.04 0.02- 0.11
Sauger 481 33.2 156.7- 57.9 .33 0.02- 1.54
Walleye 17 51.7 26.2- 76.2 2.15 0.11- 5,99
Freshwater drum 55 32.4 26.4- 45.2 0.46 0.23- 1.27
Mottled sculpin 1 7.9 - 0.01 -
Total 1872

207



Appendix Table 30.

Species composition,

by electrofishing in

number, and size of fish sampled
the Coal Banks Landing study
section, 1976 through 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Pallid sturgeon 1 135.1 - 14.52 -
Shovelnose sturgeon 236 83.5 57.2-112.3  2.29 0.52- 5.58
Goldeye 276 31.1 26.2- 37.3 0.27 0.17- 0.43
Mountain whitefish 9 22.8 17.0- 31.5 0.13 0.05- 0.21
Northern pike 1 80.8 - 3.13 -
Carp 62 47.3 36.6- 61.7 1.40 0.60- 2.95
Flathead chub 64 16.8 9.4- 23.6 0.06 0.01- 0.13
Emerald shiner 3 7.5 6.6~ 8.6 0.01 -
W. silvery minnow 9 10.8 9.7- 11.7 0.02 0.01- 0.02
River carpsucker 21 41.8 37.3- 47.2 0.94 0.72- 1.39
Blue sucker 76 70.7 60.5- 87.9 3.27 1.84- 6.58
Smallmouth buffalo 69 57.0 43.4- 80.0 3.08 1.02- 7.48
Bigmouth buffalo 12 76.3 69.6- 85.1 7.59 4.94-10.80
Shorthead redhorse 202 38.4 7.6- 50.0 0.72 0.01- 1.62 -
Longnose sucker 67 35.6 17.8- 48.8 0.54 0.06- 1.24
White sucker 3 36.9 36.1- 37.8 0.58 0.54- 0.64
Mountain sucker 1 6.6 - 0.01 -
Channel catfish 1 50.3 - 1.10 -
Stonecat 2 12.3 8.9- 15.7 0.03 0.01- 0.05
Burbot 12 44.0 26.7- 71.1  0.53 0.11- 1.77
Sauger 358 34.3 13.2- 52.6 0.35 0.01- 1.36
Walleye 4 30.5 25.4- 40.1 0.26 0.12- 0.55
Freshwater drum 19 32.5 27.7- 42.9 0.46 0.26~- 0.88
Total 1508




Appendix Table 31.

Species composition, number, and size of fish sampled by
electrofishing in the Hole-in-the-Wa1ll study section,
1976 through 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) {cm) (kg) (kg)
Shovelnose sturgeon 56 81.7 69.3-97.0 2.52 1.54- 4.35
Goldeye 49 32.0 27.9-37.6 0.27 0.18- 0.38
Carp 2 47.6 44.4-50.8 1.32 1.01- 1.64
Flathead chub 1 - 19.9 . 11.4-29.0 0.17 0.02- 0.29
River carpsucker 2 44.8 43.9-45.7 1.25 1.10- 1.41
Blue sucker 36 72.1 63.5-79.5  3.50 2.04- 4,63
Smallmouth buffalo 9 59.0 47.2-65.5 3.24 1.63- 4.58
Bigmouth buffalo 5 72.0 66.8-81.3 6.70 4.94-12.25
Shorthead redhorse 12 42.4 28.7-49.5 0.94 0.66- 1.43
Longnose sucker 3 37.3 35.1-39.4 0.53 0.45- 0.59
Burbot 3 39.0 33.5-42.7 0.37 0.20- 0.49
Sauger 23 36.6 20.3-49.8 0.50 0.08- 1.05
Freshwater drum 1 30.5 - 0.37 -

Total

212
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Appendix Table 32. Species composition, number, and size of fish sampled
by electrofishing in the Judith Landing study section,
1976 through 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm? (cm? (kgg (kg)
Shovelnose sturgeon 60 81.2 66.3-195.0 2.43 0.95-4.31
Goldeye 128 30.9 23.4- 34.5 0.28 0.14-0.45
Rainbow trout 1 42.7 - 0.67 -
Northern pike 1 88.6 - 5.31 -
Carp 29 47.3 40.4- 55.6 1.48 0.89-2.63
Flathead chub 4 16.2 8.9- 26.7 0.06 0.01-0.22
Emerald shiner 1 8.4 - 0.01 -
W. silvery minnow 12 11.4 8.9- 12.4 0.01 0.01-0.02
River carpsucker 28 43.4 18.5- 51.3 1.20 0.13-1.86
Blue sucker 52 68.9 61.5- 82.8 3.53 1.95-5.49
Smalimouth buffalo 15 59.6 49.8- 67.8 3.49 1.88-5.99
Bigmouth buffalo 11 72.6 66.3- 83.1 6.06 4,26-9.71
Shorthead redhorse 152 36.2 17.0- 51.8 0.59 0.07-1.51
Longnose sucker 40 32.8 11.2- 46.0 0.48 0.02-1.10
White sucker 6 26.9 16.5- 37.3 0.30 0.03-0.75
Channel catfish 10 59.9 47.2- 69.3 2.63 1.08-4.72
Stonecat 2 16.5 - 0.05 0.04-0.05
Burbot 12 41.0 24.6- 53.3 0.40 0.08-0.75
White crappie 2 19.3 17.8- 20.8 0.10 0.07-0.14
Sauger 189 30.2 11.7- 54.4 0.27 0.01-1.40
Walleye 1 42.9 - 0.76 -
Freshwater drum 9 31.6 27.9- 36.3 0.40 0.31-0.55
Mottled sculpin 1 5.8 - 0.01 -

Total 803
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Appendix Table 33.

Species composition, number, and size of fish sampled
by electrofishing in the Stafford Ferry study section,
1976 through 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled jpm? jcmg jkg? {kg)
Shovelnose sturgeon 27 80.9 68.8-97.8 2.29 0.99-3.36
Goldeye 51 31.0 27.2-34.8 0.26 0.18-0.38
Carp 18 49.8 45.2-56.1 1.70 1.23-2.50
Flathead chub 9 19.0 - 12.2-24.4 0.08 0.02-0.15
River carpsucker 5 45.0 40.6-49.8 1.28 0.81-1.64
Blue sucker 59 71.3 63.0-83.3  3.49 1.63-5.35
Smallmouth buffalo 3 59.0 55.9-62.5 3.08 2.59-3.67
Bigmouth buffalo 5 78.5 68.6-82.6 9.09 5.81-11.20
Shorthead redhorse 32 40.8 17.3-50.3 0.74 0.05-1.37
Longnose sucker 6 36.3 22.4~44.4 (.57 0.14-0.82
Burbot 2 37.6 31.7-43.4  0.27 0.22-0.32
Sauger 23 37.7 29.2-52.1 0.46 0.10-1.35
Total 240
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Appendix Table 34.

Species composition, number,
by electrofishing in the Cow
1976 through 1979.

and size of fish sampled
Island study section,

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kqg)
Pallid sturgeon one observed, not captured
Shovelnose sturgeon 78 76.2 59.7-96.5 1.92 0.51-4.58
Goldeye 148 30.6 14.0-35.1 0.29 0.04-0.45
Mountain whitefish 1 15.5 - 0.04 -
Carp 81 47.8 38.4-62.7 1.42 0.77-3.81
Flathead chub 22 16.0 9.9-20.8 0.05 0.01-0.12
W. silvery minnow 1 11.2 - 0.01 -
River carpsucker 15 43.1 36.1-47.2 1.08 0.64-1.61
Blue sucker 55 73.4 61.0-83.3 3.72 1.81-5.72
Smallmouth buffalo 21 56.9 49.0-67.3 2.88 1.63-6.40
Bigmouth buffalo 2 76.7 75.9-77.5 9.64 7.26-12.02
Shorthead redhorse 44 36.3 20.8-48.0 0.58 0.10-1.13
Longnose sucker 1 36.8 - 0.53 -
Channel catfish 1 68.6 - 4.63 -
Burbot 2 24.1 21.6-26.7 0.23 0.15-0.32
Sauger 33 31.2 15.2-51.1 0.28 0.05-1.07
Freshwater drum 3 28.8 26.9-30.7 0.32 0.23-0.36
Total 508
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Appendix Table 35. Species composition, number, and size of fish sampled
by electrofishing in the Robinson Bridge study section,
1976 through 1979,

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm) (cm) (kq) (kg)
Pallid sturgeon two observed, not captured
Shovelnose sturgeon 62 . 74.4 62.2-92.5 1.73 0.70-3.76
Goldeye 326 29.2 11.2-36.8 0.25 0.02-0.50
Carp 44 46.7 . 32.3-58.9 1.29 0.37-2.59
Flathead chub 32 12.2 6.4-24.1 0.06 0.01-0.14
Emerald shiner 14 8.0 5.3- 9.7 0.01 -
W. silvery minnow 24 10.8 9.1-12.4 0.02 0.01-0.03
River carpsucker 40 40.0 22.1-48.8 0.99 0.16-1.85
Blue sucker 20 75.6 65.0-84.8 4.07 2.15-5.72
Smallmouth buffalo 2 56.6 °2.1-61.2 2.73 2.06-3.40
Bigmouth buffa]o 1 71.4 - 5.90 -
Shorthead redhorse 40 34.0 22.9-49.5 0.45 0.15-1.17
Longnose sucker 2 23.6 20.1-27.2 0.18 0.10-0.26
White sucker 1 21.6 - 0.10 -
Channel catfish 1 51.1 - 1.07 -
Burbot 3 60.8 40.1-78.2 1.37 0.32-2.54
White crappie 1 24.6 - 0.24 -
Sauger 86 29.8 13.0-50.0 0.25 0.01-1.06
Walleye 1 35.6 - 0.34 -
Freshwater drum 3 30.2 25.9-33.0 0.36 0.22-0.44

Total 703
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Appendix Table 36. Species composition, number,

and size of fish sampled

by electrofishing in the Turkey Joe study section,

1976 through 1979.

Average Length
Number Length Range

Average Weight
Weight Range

Fish Species Sampled (cm (cm (kg) (kg)
Shovelnose sturgeon 1 68.6 - 1.39 -
Goldeye 40 27.2 17.3-35.6 0.23 0.05-0.49
Northern pike 1 59.9 - 1.36 -
Carp 16 36.8 22.4-50.0 0.76 0.19-1.47
W. silvery minnow 1 10.7 - 0.01 -
River carpsucker 3 38.6 25.1-45.7 0.93 0.22-1.31
Burbot 4 52.4 48.3-56.6 0.83 0.49-1.04
Sauger 30 31.9 20.8-42.7 0.27 0.06-0.69
Total 96

Appendix Table 37. Species composition, number,
by experimental gill netting
section, 1976 and 1977.

and size of fish sampled
in the Carter Ferry study

Average Length
Number Length Range

Average Weight
Weight Range

Fish Species Sampled (cm) (cm) (kg) (kg)
Goldeye 1 33.5 - 0.36 -
Northern pike 2 71.9 70.1-73.7 2.52 2.20-2.85
Shorthead redhorse 2 45.7 45.5-46.0 1.14 1.12-1.15
Longnose sucker 3 42.2 41.9-42.4 0.89 0.83-0.96
White sucker 2 43.3 41.4-45.2 1.07 0.93-1.21
Sauger 9 34.2 31.5-37.8 0.33 0.24-0.43
Total 19

214



Appendix Table 38. Species composition, number, and size of fish sampled
by experimental gill netting in the Fort Benton study
section, 1976 and 1977.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled jcm? jpm? (kg? jgg§
Shovelnose sturgeon 3 91.7 86.6-96.5 3.28 2.81-3.90
Goldeye 96 31.7 28.2-38.4 0.28 0.18-0.48
Brown trout 1 47.2 - 1.92 -
Carp 17 50.8 | 44.2-57.4 1.76 1.18-2.40
Flathead chub 5 15.7 8.4-19.8 0.06 0.01-0.11
River carpsucker 6 41.3 37.6-45.2  0.90 0.57-1.27
Blue sucker 5 68.4 65.5-70.1 2.72 2.27-3.08
Smallmouth buffalo 2 60.2 58.4-62.0 3.40 3.36-3.45
Bigmouth buffalo 4 61.2 47.0-72.1  4.16 1.81-6.26
Shorthead redhorse 24 41.5 28.4-49.5 0.86 0.27-1.68
Longnose sucker 42 32.9 19.3-46.5 0.47 0.08-1.31
White sucker 10 33.5 18.5-43.7 0.53 0.08-0.93
Mountain sucker 3 10.2 8.4-13.7 0.02 0.02-0.03
Stonecat 2 14.2 13.7-14.7  0.04 0.04-0.05
Burbot 2 48.3 38.1-58.4 0.71 0.47-0.94
Sauger 23 31.3 24.6-42.9 0.25 0.10-0.54
Walleye 1 62.0 - 2.81 -
Freshwater drum 13 - 31.2 26.4-36.6 0.44 0.25-0.73
Total 259
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Appendix Table 39. Species composition, number, and sizes of fish sampled
by experimental gill netting in the Loma Ferry study
section, 1976 and 1977.

Average Length Average Weight

Number Length Range ‘Weight  Range
Fish Species Sampled (cm) (cm) (kg? (kgg
Shovelnose sturgeon 47 78.6 58.9-89.9 2.06 0.83-3.04
Goldeye 331 30.7 19.3-35.8 0.27 0.05-0.44
Northern pike 1 56.6 - 1.24 -
Carp 7 _42.9 38.9-57.2 1.24 0.78-3.33
Flathead chub 3 18.7 16.5-20.6 0.07 0.05-0.09
River carpsucker 19 39.1 31.2-45.2 0.83 0.48-1.31
Smallmouth buffalo 2 57.8 53.8-61.7 2.65 2.36-3.04
Shorthead redhorse 42 42.2 20.8-50.3 0.97 0.41-1.58
Longnose sucker 23 40.9 22.6-49.5 0.87 0.13-1.32
Black bullhead 2 19.9 19.1-20.8 0.07 0.06-0.09
Stonecat 1 20.1 - 0.10 -
Burbot 1 73.2 - 2.05 -
Yellow perch 1 20.1 - 0.11 -
Sauger 17 30.2 18.0-41.1 0.23 0.05-0.67
Walleye 1 64.5 - - 2.90 -
Freshwater drum 2 33.0 30.5-35.6 0.45 0.35-0.54

Total 500

Appendix Table 40. Species composition, number, and size of fish sampled
by experimental gill netting in the Coal Banks Landing
study section, 1976 and 1977. \

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm? (cmg (kg? (kg?
Shovelnose sturgeon 5 76.4 65.0-77.5 1.75 1.18-2.45
Goldeye 88 30.8 21.3-34.5 0.28 0.10-0.40
Carp 1 40.9 - 0.94 -
River carpsucker 1 40.1 - 0.77 -
Shorthead redhorse 20 38.1 25.1-48.3 0.65 0.19-1.29
Longnose sucker 6 38.2 26.9-41.9 0.67 0.21-0.85
White sucker 5 35.6 32.3-42.2 0.57 0.40-0.85
Channel catfish 2 73.7 - 5.24 4.94-5.53
Stonecat 1 16.5 - 0.05 -
White crappie 1 15.5 - 0.06 -
Yellow perch 1 19.6 - 0.13 -
Sauger 65 31.2 22.6-49.8 0.28 0.08-1.36
Walleye 2 31.7 27.4-36.1 0.33 0.18-0.47

Total 198
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Appendix Table 41. Species composition, number, and size of fish sampled
by experimental gill netting in the Hole-in-the-Wall
study section, 1976 and 1977.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm? (cm) (kg) (kq)
Goldeye 15 31.7 30.7-34.3  0.31 0.26-0.38
River carpsucker ] 41.1 - 1.04 -
Shorthead redhorse 4 43.6 40.6-49.5 1.11 0.82-1.43
Burbot 1 29.7 - 0.18 -
Sauger 4 34.7 28.7-45.0 0.38 0.16-0.83
Walleye ] 65.3 - 3.02 -
Total 26 -

Appendix Table 42. Species composition, number, and size of fish sampled

by experimental gill netting in the Judith Landing
study section, 1976 and 1977.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled (cm? (pm? 159? (kq)
Shovelnose sturgeon 2 74.7 73.2-76.2 1.79 1.72-1.86
Goldeye 26 29.2 25.9-32.5 0.23 0.16-0.32
Carp 5 47.2 41.4-51.6 1.39 0.92-1.91
Flathead chub 2 16.8 15.7-17.8 0.05 0.04-0.06
Shorthead redhorse 5 36.4 16.5-47.2 0.76 0.05-1.26
Longnose sucker 11 29.4 21.8-32.0 0.28 0.10-0.36
White sucker 1 26.2 - 0.19 -
Channel catfish 1 67.3 - 4.04 -
Burbot 1 37.6 - 0.28 -
Yellow perch 1 17.8 - 0.09 -
White crappie 4 18.7 18.0-19.1 0.09 0.08-0.11
Sauger 25 29.3 19.8-42.2 0.20 0.06-0.59
Total 84
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Appendix Table 43. Species composition, number, and size of fish sampled
by experimental gill netting in the Stafford Ferry
study section, 1976 and 1977.

Average Length Average Weight
Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg) :
Shorthead redhorse 2 33.9 16.5-51.3 0.84 0.05-1.63
Stonecat 1 7.6 - 0.01 -
Sauger 2 37.8 34.5-41.1 0.46 0.32-0.60

Total 5

Appendix Table 44. Species composition, number, and size of fish sampled
by experimental gill netting in the Cow Island study
section, 1976 and 1977.

Average Length Average Weight
Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Goldeye 7 31.8 31.0-34.0 0.31 0.24-0.34
Sauger 15 35.9 27.9-47.2 0.38 0.16-0.83

Total 22
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Appendix Table 45.

Species composition, number,
by experimental gill netting

study section, 1976 and 1977.

and size of fish sampled
in the Robinson Bridge

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled j;m? jgm? (kg) (kg)
Goldeye 294 28.6 16.5-36.8 0.23 0.03-0.40
Rainbow trout 1 47.2 - 1.30 -
Northern pike 3 65.6 65.3-66.0 1.82 1.63-2.04
Flathead chub 2 21.7 19.6-23.9 0.11 0.08-0.14
River carpsucker 27 38.2 22.1-46.5 0.9] 0.16-1.61
Shorthead redhorse 1 27.7 - 0.26 -
White sucker 1 34.0 - 0.40 -
Channel catfish 1 67.3 - 4.10 -
White crappie 1 18.3 - 0.10 -
Yellow perch 1 19.3 - 0.09 -
Sauger 80 32.6 20.6-43.7 0.29 0.07-0.71
Walleye 3 39.4 34.8-46.0 0.63 0.39-0.71
Total 415

Appendix Table 46.

Species composition, number,
by experimental

gill netting

and size of fish sampled
in the Turkey Joe study

section, 1976 and 1977.
Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kqg)
Goldeye 275 30.8 19.3-35.1  0.28 0.10-0.44
Northern pike 1 80.8 - 3.13 -
Carp 10 41.1 28.4-50.3 0.97 0.39-1.48
River carpsucker 40 42.7 24.4-46.2 1.08 0.20-1.60
Smallmouth buffalo 1 61.7 - 3.90 -
Shorthead redhorse 10 39.8 23.9-46.2 0.64 0.15-0.97
Channel catfish 3 39.5 31.0-43.9 0.60 0.27-0.78
White crappie 6 23.8 19.6-28.7 0.26 0.14-0.42
Sauger 181 35.5 22.1-54.6  0.37 0.09-1.17
Freshwater drum 4 28.6 25.7-32.7 0.30 0.22-0.45
Total 531
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Appendix Table 47. Speciés composition, number,
with baited hoop nets at the

1977 through 1979.

and size of fish sampled
Turkey Joe study site,

Average Weight

Average Length

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Channel catfish 1958 38.5 17.5-91.2 0.63 0.05-10.52
Sauger 15 41.8 34.3-51.8 0.57 0.31- 1.15
Burbot 2 47.0 44.2-49.8 0.54 0.43- 0.66
Freshwater drum 8 35.6 24.9-46.7 0.89 0.12- 1.86
Goldeye 2 29.5 28.4-30.2 0.25 0.21- 0.29
Shorthead redhorse 9 40.1 39.6-40.9 0.66 0.64- 0.67 .
Smalimouth buffalo 4 57.0 54.1-59.7 2.64 2.40- 2.90.
River carpsucker 1 44.2 - 1.15 -
Carp 5 41.4 41.1-41.7 0.99 0.96- 1.02
Total 2004

Appendix Table 48. Species composition, number,
with baited hoop nets at the

and size of fish sampled
Two Calf Island study

site, 1979.
Average Length Average Weight
Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Channel catfish 6 56.2 38.1-77.0 2.53 0.40-6.30
Total 6
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Appendix Table 49. Species composition, number, and size of fish sampled
with baited hoop nets at the Judith Landing study site,

1977
Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) {cm) (kg) (kg)
Channel catfish 30 51.4 30.0-82.3 2.13 0.28-7.17
Shovelnose sturgeon 1 81.8 - 2.31 -
Sauger 3 47.8 35.6-53.4 1.07 0.43-1.56
Goldeye 1 30.5 - 0.27 -
Shorthead redhorse 1 35.6 - 0.58 -
Total 36

Appendix Table 50. Species composition, number, and size of fish sampled
with baited hoop nets at the Loma Ferry study site,

1978.
Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Channel catfish 8 56.7 41.9-74.2 2.22 0.58-4.76
Sauger 3 39.8 36.8-43.9 0.46 0.36-0.55
Shorthead redhorse 5 not measured
Longnose sucker 4 not measured
Carp ] not measured
Total 21
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Appendix Table 51.

Species composition, number, and size of fish sampled

with baited hoop nets in the lower Marias River study
section, 1978 and 1979.

Average Length Average Weight

Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Channel catfish 28 42.2 29.2-78.7 1.39 0.22-6.71
Shovelnose sturgeon 14 79.8 71.4-91.4 1.94 1.27-2.90
Sauger 6 41.1 37.6-47.2 0.54 0.41-0.87
Northern pike 1 52.8 - 1.12 -
Burbot 2 44.6 40.9-48.3 0.44 0.36-0.52
Goldeye 2 not measured
White sucker 7 not measured
Shorthead redhorse 5 not measured
Longnose sucker 2 not measured
River carpsucker 4 not measured
Total 71

Appendix Table 52.

Species composition, number, and size of fish sampled

with baited hoop nets in the lower Teton River study
section, 1978 and 1979.

Average Length Average Weight
Number Length Range Weight Range
Fish Species Sampled  (cm) (cm) (kg) (kg)
Channel catfish 19 53.7 31.5-80.3 2.65 0.27-6.94
Sauger 6 41.5 37.3-51.6 0.54 0.39-0.91
River carpsucker 5 not measured
Flathead chub 2 not measured
Goldeye 1 not measured
Shorthead redhorse 1 not measured
Total 34
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MONTANA DEPARTMENT OF FISH AND GAME
MISSOUR! RIVER FISHERMAN SURVEY - ONE PARTY,ONE TRIP

Please answer the following questions 8s a combined total for all persons in your party who fished during your tnip.
Return the card even if you caught no fish.

Number of anglers inparty ________ Angler’s residence(s)
Date(s) fished Section of river fished
Total hours spent fishing {combined total for party)
Fishing from: ( )Bank, ( )Boat, { ) Combination

Method(s): { ) Setline, { ) Angling {hand-held line with lure), { ) Snagging
Lure(s): { ) Live bait, | ) Prepared bait, { ) Artificial lure, other (specify)

CATCH
Fish Species Number Kept Number Released

Sauger

Walleye
Sturgeon
Catfish
Northern Pike
Burbot (ling)
Paddiefish
Other kinds

Please meil your completed card. It is postpaid. Your contribution will help to provide s better fisheries
resource fer Montana sportsmen. :

MONTANA DEPARTMENT OF FISH AND GAME
MISSOURI RIVER FISHERMAN SURVEY — ONE ANGLER, ONE TRIP

Angler’s residence (city, state) . Interview No.
Datals) fished Section of river fished
Total hours spent fishing: Fishing Trip: { )} Complete, ( ) Not Complete
Fishing from: { ) Bank, { ) Boat, { ) Combination

Method(s): { )Setline, { ) Angling (hand-held line with fure), ( ) Snagging

Lurels): ( ) Livebait, ( ) Prepared bait, { ) Artificial lure, ather (specify)

Catch When Interviewed Additional Catch After Interview
Fish Species [Number Kept Number Released Number Kept Number Releasad

e

Sauger

Walleye
Sturgeon
Catfish
Northern Pike
Burbot (Ling)
Paddlefish
Other kinds

if your fishing trip was not complete when you were contactad, plesse record any additional fish caught after
the interview in the last columns (sbove). Answer for yourself only, do not include fish caught by others in your
party. Additional numbar of hours spent fishing after interview . Additional date(s) fished sfter
interview:. . Pleass mail your compieted card. It is postpeid. Your contribution
will help to provide a better fisheries resource for Montana sportsmen. '

Appendix Figure 2. "yoluntary" (top) and "interview"
(bottom) fisherman survey forms
used in Missouri River fisherman
survey.
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