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BACKGROUND

National and international energy related events require serious
energy conservation measures and a high degree of national energy self-
sufficiency. Suggested as part of the solution to the energy problem is
the utilization of the vast coal reserves of the western United States.

The Fort Union coal formation underiies much of eastern Montana.
This formation contains an estimated 43 biliion tons of economically re-
coverable coal in Montana (Matson 1974). The conversion of coal to more
usable forms of energy requires significant quantities of water. The
development of the coal resources at the mine sites for electric power
generation, synthetic gas, or liquid fuels will require diversion of
water from the Yellowstone River and/or its tributaries and conveyance
by aqueducts to the mine sites. Withdrawal of water from the Yellowstone
River and tributaries may reguire storage and diversion structures affect-
ing the present flow regimen and associated aquatic communities.

It is apparent that exploitation of eastern Montana coal can have
far-reaching effects upon the Yellowstone and its tributaries. Basic
data on the Tife history and distribution of important game, nongame and
forage species of fish in the lower Yellowstone sufficient for compiete
analysis of the environmental impacts of these diversions and structures
are lacking. This study was initiated in April of 1974 to provide such

data.
OBJECTIVES

The objectives of this project are to colliect basic inventory and
life history data to develop better understandings of existing fish popu-
lations and habitats needed to suystain the species present. This informa-
tion will be used for making decisions on water use and recommendations on
diversion points, and for accurate preparation of environmental impact
statements.

DESCRIPTION OF THE STUDY AREA

The study area encompasses the Yeliowstone River from the mouth of
the Bighorn River to its confluence with the Missouri River and is commonly
referred to as the lower Yeliowstone. The aquatic characteristics of the
entire river are briefly described, however, to place the lower river in
the perspective of the entire system.

The Yellowstone River is free fiowing over iis entire length,
making it unique among the large rivers of the continental United States.
The Yellowstone originates in the northeast corner of Wyoming, and flows
northeasterily through Montana before joining the Missouri River near
Cartwright, North Dakota. It has a total drainage area of approximately
70,400 square miles, 35,900 of which Tie in Montana. 1Its length, from
its headwaters in Wyoming to its confluence with the Missouri River in
North Dakota, is approximately 678 miles, 550 of which are in Montana.



Major tributaries entering the Yellowstone in Yellowstone Park inciude the
Gardner and Lamar Rivers. In Montana. the only major south-flowing tribu~
tary to the Yellowstone is the Shields River near Livingston. Major north-
flowing tributaries to the Yellowstone in Montana include the Boulder,
Stiliwater, Clarks Fork of the Yellowstone, Bighorn, Tongue and Powder
Rivers (Figure 1).

The Yellowstone is of great importance as a sport fishery and can be
divided into three general zones as related to fish distribution., From
its headwaters in Wyoming to its mouth in North Dzkota, the river changes
from an alpine, salmonid-type fishery to a diverse, warm-watler aguatic
ecosystem. A longitudinal profile of the Yellowsione is presented in
Figure 2.

The upper Yellowstone, from Gardiner to Big Timber (111 miles},
supports cold-water salmonid populations of national significance and has
been classified as a Blue Ribbon Trout Stream by the Montana Fish and Game
Commission. This area is characterized by large populations of a relatively
small number of fish species characteristic of ciear, cold water vivers.
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The primary trout species are cutthroat, rainbow and brown trout. Llarge
populations of mountain whitefish exist and longnose sucker are also
abundant. The principal forage fish species is the mottled sculpin.

Stream gradients were calculated for the upper river from the mouth
of Pine Creek to Big Timber. The average drop in elevation per river mile
for this reach is 12.9 feet; however, individual gradients for short sections
(2 t? 6 ?i}es tong) within this area varied from 10.0 to 18.2 feet per mile
(Table 1).

Table 1. Stream gradients of the Yellowstone River from the mouth of Pine
Creek to Big Timber.

Gradient
River Mile Elevation (Ft/Mile)
509.4 4680
507. 1 4640 }gg
505.0 4600 15'4
501.2 4540 ?6'7
498.9 4500 ]1'4
495.5 4480 ¥2‘5
492 .4 4420 13‘3
489.5 4380 12'9
486.5 4340 13‘8
483.2 4300 10'0
477.3 4240 14'3
474.6 4200 11']
471.1 4160 ]9’7
465.6 4100 30'3
460.0 4040 §?'4
456.6 4000 :

Flow regimens are monitored by U. S. Geoiogical Survey gage stations
at two locations on the main stem of the upper Yellowstone. These are
tocated at Corwin Springs and immediately upstream from Livingston at
Carter’'s Bridge. The average annual discharge at Corwin Springs for &
67-year period of record was 2.25 miliion acre-feet {MAF} or 3,100 cubic
feet per second {cfs). At Livingston, the average annual discharge {(48-
year period of record) was 2.70 MAF (3,700 cfs}. The highest flow re-
corded at Livingston was 30,600 cfs {June 20, 1943}, while the Towest
recorded flow was 590 cfs on January 22, 1940. During the water year
October 1972 through September 1973, the maximum recorded flow was 21,000
cfs (June 10, 1973) and the minimum flow was 1,250 cfs on December 8, 1972
(USGS Water Resource Data for Montana 1973).

The middle Yellowstone, from Big Timber to the mouth of the Bighorn
River (160 miles), contains the transition zone between the primarily coid
water environment of the upper river and the warm water environment of the



lower river. In this area, both cold and warm water fishes are present,
but their distribution and population dynamics are poorly understood.

The average river gradient for the middie Yellowstone is 8.1 feet
per mile. Gradients for individual sections within this area varied from
11.4 to 5.1 feet per mile (Table 2).

The average annual discharge at Billings for a 45-year period of record
was 4.97 MAF (6,862 cfs). The highest flow recorded was 66,100 cfs (June 16,
1967) while the lowest flow recorded was 430 cfs {December 12, 1632).
During the 1972-73 water year, the maximum flow of 37,700 cfs was recorded
on June 11, 1973, while the minimum flow of 1,100 cfs was on December 5, 1972
(USGS Water Resource Data for Montana 1973).

The lower Yellowstone extends from the mouth of the Bighorn River to
its confluence with the Missouri River and is approximately 295 miles long.
This area supports a diverse aquatic ecosystem containing a wide variety
of species commonly known as warm water fishes. Important sport species
found in the Tower Yellowstone include the paddlefish, shovelnose sturgeon,
sauger, walleye, channel catfish, northern pike and burbot. In addition,
large populations of nonsport species occur which represent a tightly
utilized but potentially vaiuable resource.

The average river gradient for the lower river is 2.8 feet per mile.
Gradients for individual sections within this area varied from 1.0 foot per
mile near Sidney to 5.7 feet per mile near Miles City (Table 3}.

Flow regimens are monitored by the U. S. Geological Survey at Miles
City and Sidney. The average annual discharge for a 46-year period of
record at Miles City and a 61-year period at Sidney was 8.216 MAF {11,340
cfs) and 9.44 MAF (13,030 cfs}, respectively (USGS Water Resource Data for
Montana 1973). The mean annual flow at Sidney adjusted to the 1970 Tevel
of water usage is 8.8 MAF {Northern Great Plains Resource Program 1974).

The highest flow recorded at Sidney was 159,000 cfs (June 2, 1921),
while the lowest recorded flow was 470 cfs on May 17, 1961. During the
water year October 1972 through September 1973, the maximum racorded flow
was 47,700 cfs {June 13, 1973) and the minimum flow was 3,200 cfs on
December 10, 1972 {USGS Water Resource Data for Montanz 1973).

A total of 49 species representing 13 families of fish has Deen re-
corded for the Yellowstone River in Montana (Table 4). Fishery investiga-
tions in areas of the river not previously sampled will Tikely add new
species to the 1ist. The probable distribution of 33 of the 49 species is
illustrated in Figure 3.

There is an increase in species diversity progressing downsiream on
the Yellowstone. In Yellowstone National Park above Tower Junction. the
cutthroat trout exists as the only trout species. Eleven species {five
families) of fish have been recorded for the upper Yellowstone River in
Montana; however, only six species {four families) are considered common
or abundant. The middle river contains approximately 20 fish species rep-
resenting eight families; however, sampling in this area has been very
limited. The lower Yellowstone is the most diverse, with 45 species rep-
resenting 12 families recorded.
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METHODS

To accomplish the objective, work is being directed toward (1)
equipment development and sampling technique adaptation, {2) field life
history studies of important fish species of the Tower Yellowstone, and
(3) predicting effects of proposed flow changes on important 1ife history
stages. Important fish species which are being studied include the
channel catfish, sauger and walleye, burbot, shoveinose sturgeon and pallid
sturgeon. Data were also collected on other species during general sampling
surveys. Forage fish species were sampled, but have not yet been jdentified.
A food habits study was initiated which will, when completed, identify
forage fish species important to the major sport fish populations.

The prediction of impacts arising from potential water development
projects on the Yellowstone requires a determination of the instream flow
needs of the species of fish inhabiting the river. This, in turn, requires
relatively complete knowledge of the life history of the species involved.
It is unrealistic to assume that complete 1ife histories of all species
inhabiting the lower river will or can be determined; however, certain
critical aspects {reproductive habits, habitat requirements, food habits
and movements) of the 1ife history of important sport species were studied.
Once the physical needs of these species have been identified, the Bureau
of Reclamation's Water Surface Profile Program wiil be used to relate the
needs of these species to the computed channel and flow characteristics
found at various flow levels.

Certain habitat types may be affected more severely than others by a
chronic reduction in stage height of the river. Backwater habitat types
fall in this category. Backwaters are areas that characteristically have
slack or very siowly moving water and are generally formed from side
channels when water levels decline after high water. Occasionally back-
waters occur at the mouths of some tributary streams when the tributaries
cease flowing in midsummer. Since the formation and maintenance of back-
water areas are dependent on the stage heights of the river, a severe or
Jong-term reduction in water Tevel will eliminate or greatly reduce many
of the present backwater areas.

A long-term backwater study plan was designed to determine the im-
portance to, and utilization of, backwater areas by the river fish popula-
tions. Principal areas of investigation include species utilization,
seasonal utilization, reproduction and rearing, and forage fish production
of backwater areas. To accomplish this, selected backwaters were sampled
on a monthly basis by first isolating the backwater with block nets and
then intensively electrofishing, seining and giil netting the area. Initial
results indicated that during periods of increased fish activity, the sampling
periodicity should be increased. Water quality and temperalures were moni-
tored in backwaters under study and in adjacent main channel areas. Since
this study is just beginning, initial data will not be presented at this time.

PRELIMINARY FINDINGS

Equipment Development and Sampling Technique Adaptation

The large size of the lower Yellowstone, combined with relatively high
current velocities, seasonally turbid water conditions, and a large, diverse

-17-



fish fauna present unigue and extremely difficult sam§%§ﬁg‘§?eﬁéema, There-
fore, equipment development and sampling tecﬁ§éaﬁe adaptation must ﬁ%CESS&?EEy
precede any intensive 1ife history investigations. Foilowing 15 a discussion
of the methods of capture employed during the past year, the comparative
effectiveness of the methods, and their Timitations.

Electrofishing

A 17 1. x 5 ft. flat-bottom aluminum boat powered by an 85 KEP Jet
outboard was chosen for the electrofishing operations on the Tower river.
The electrofishing unit invoives a variety of fixed positive and negative
electrode arrangements suspended from fiberglass booms fastened to the front
of the boat. The power source is a 4500 watt AC generater and is ample
for the electrofishing apparatus and supplemental Tighting eguipment Tor
night shocking. Voltage and amperage regulation Vrom the nower source 1o
the water is through a Coffelt Variable Voltage Pulsator model yye-10.  This
electrofishing unit offers output voltages of U to 300 volts with AL, DC,
or pulsed DC cuyrrent at 0 to 25 amps. The capacity of the unit is 10,000
watts. The proper curreni type, voliage, amperage and alectrode arrange-
ment for efficient capture of fish in the Tower river is still in the experi-
mental stage and depends on the fish species desired, water temperature, con-
ductivity, and turbidity conditions.

An AC boom electrofishing unit was used on shallow (less than 6 feet)
portions of the main channel, larger side channels and backwater areas of



the Jower Yellowstone. This unit was not effective in the deeper pool areas
unless fish were schooling near the surface. The AC electrode system was
composed of four 6-foot lead core copper grounding rods suspended vertically
from a fiberglass cross boom.

When using an AC system, the primary response is electrotetanus or
simple immobilization of fish. In ciear water and at depths of Tess than
5 feet, most fish stunned can be netted; however, during extremely turbid
water conditions, many stunned fish are not seen and conseguently not
netted. Therefore, the present AC system is vaiuable only during relatively
clear water conditions. Under ciear water conditions and using AC current
at 6 to 10 amps and 140 to 160 volts, this unit was effective in capturing
sauger, walleye, crappie, drum, shorthead redhorse, longnose, white and
blue suckers, carp, goldeye, river carpsucker and both bigmouth and smailmouth
buffalo. It was effective on channel catfish only in shallow, clear water.
It was not effective in capturing northern pike, burbot or shoveinose
sturgeon.

The AC electrode system was tested in an area of known paddlefish con-
centrations (below Intake). Paddlefish are easily seen when within the
electrical field; however, their strong swimming ability enables them to
escape the field when water depths exceed 4 to 5 feet. Paddiefish can be
stunned and netted in shallow areas, but the problem then becomes having
adequate 1ive tank storage capacity in the boat to hold these large fish.

A primary use of AC electrofishing for paddiefish may lie in determining
presence or absence of paddiefish in tributaries during the spawning season,
use of the side channel around the Intake diversion for migration, and
timing and extent of the spring paddiefish migration. These factors can be
determined simpiy by observing the paddiefish, not necessarily netting them.
Additional experimentation with AC systems will involve alternate polarity
?nd m?1tip]e pairs electrode array systems described by Novotony and Priegel

1974).

A DC boom electrode system was designed and used during the spring of
1975 in an attempt to overcome chronic turbidity probiems experienced during
the entire spring sampiing period. The DC electrode system consisted of
two spherical positive electrodes, 15 inches in diameter, suspended off the
end of the booms approximately 8 feet apart. The negative system was com-
posed of two 9-foot strands of 3/8 inch braided steel wire trailed off the
stern. Operating voltages ranged between 160 and 230 with amperage ranging
from 6 to 18.

In a DC or pulsed DC current system, fish in the field respond by swimming
toward the anode {electrotaxis). With the anode near the surface, the fish
swim toward the surface where they can be seen and netted. This is valuable
under turbid water conditions where visibility is Timited. A pulsed DC
current was used since this combines, to a degree, the desired forced
swimming response of DC with the larger electrical field of AC (Novotony and
Priegel 1974).

A1l of the fish species listed as susceptible to AC electrofishing ex-

hibited good response to pulsed DC current. In addition, burbot and shovel-
nose sturgeon exhibited much better response and were much easier to net with
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pulsed DC than with AC. Paddlefish, on the other hand, were less susceptible
to pulsed DC. Too few channel catfish were captured during the DC sampling
to make any qualitative judgment on either susceptibility or response.

Future research in DC electrofishing will involve electrode shape and
size and construction of dropper electrodes suspended from aluminum rings
as described by Novotony and Priegel (1974). In addition, the DC electro-
fishing unit has yet to be tested under clear water conditions in the
Yellowstone.

A third type of electrofishing unit was used on the Tower 20 miles of
the Tongue River and on small side channels and specific habitat types on
the Yellowstone. This unit consisted of a 14-foot fiberglass boat with a
hand-held mobile positive electrode unit as described by Vincent {1971).
Power was supplied from a 2,500 watt AC generator and converted to DC,
full-pulsed DC, or half-pulsed DC through a Fisher Shocker Model FS-103
(capacity 1200 watts). This unit allows greater maneuverability in re-
stricted channel areas and a more efficient probing of selected habitat
types (riprap, log jams, etc.) for small fish; however, the effective are:
around the electrode is quite small.
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The mobile electrode unit was effective in capturing sauger, walleye,
channel catfish, and a variety of nongame species in the Tower Tongue under
clear water conditions during early spring 1974. In late spring, when water
conditions became very turbid, this unit lost much of its effectiveness.

Sauger, walleye and channel catfish were most effectively captured in the

lTower Tongue using half-pulsed DC output of 5 to 6 amps and 150 to 200 volts.
This approaches the recommended maximum capacity of the Fisher Shocker model
FS-103 and Vimits the effectiveness of this unit under certain water conditions.

The mobile electrode unit was almost totally ineffective for any
sampling of main channel areas of the lower Yellowstone River. [Its chief
value on the mainstem of the Yeliowstone lies in its ability to probe rock
riprap, brush piles and other confined habitat areas in search of forage
fish and age O sport fish.

Gill Nets

Gill nets are a valuable fish sampling tool on the Tower river; how-
ever, they can be set stationary (dead set) only in backwater areas, off of
the downstream end of gravel bars in midstream, and in slack or siow current
areas of the main channei. Giil nets used for this purpose are standard
experimental sinking nets, 125 feet in length, 6 feet deep, with graduated
mesh size of 3/4 to 2-inch square measure. Dead set gill nets are effective
for capturing a wide variety of fish species, but their usefulness for
gathering complete distribution data is Timited, since they samplie a 1imited
number of habitat types.

Large mesh {2-1/2 to 4-inch square measure) sinking gill nets were
used on the lower Tongue and Yeliowstone Rivers. These nets were 8 feet
deep and varied in length from 75 to 150 feet. They were drifted perpendic-
ular to the current in main channel areas which were free from snags. The
length of the drifts varied from 100 to 500 yards, depending on channel con-
figuration, snags, etc.

Drifting large mesh gill nets proved to be an effective method for
capturing shovelnose sturgeon in the lower Tongue and Yellowstone Rivers.
This method is quite selective for shovelnose, which composed 50 to 100
percent of the catch in individuai drifts. The size of shovelnose captured
in the large mesh nets varied from 1.5 to 15.5 pounds. There is undoubtediy
selection for larger fish using this technique, but the sharp and angular
nature of the five rows of bony scutes found on the shoveinose do cause many
of the smaller individuals to also become entangled.

Several other species were also commonly captured using this technique.
Channel catfish and blue suckers were frequently taken from main channel
areas of the Yellowstone and Tower Tongue. A single pallid sturgeon was
taken below Intake. Eight paddiefish "hits" were recorded on two 15-minute
drifts on the Yellowstone below Intake; however, only one fish was captured.
It is felt that a 6-inch mesh (square measure) may be more effective on
paddlefish, and this technigue shows promise of obtaining paddiefish samples
in areas of the river other than where fishermen traditionally congregate.

Fish Tags

A variety of individualily numbered tags were experimentally used on a
number of fish species during the past year. The selection of a specific
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type of tag for each species invoives an analysis of the permanence of the
tag, the mortality caused by the tag or tagging procedure, and any behavioral
aberrations caused by the tag or its application. This study has not been

in progress long enough to adequately analyze these factors, but much
information was obtained from }literature and correspondence with other state
fishery departments involved in similar research.

Numbered fish tags are valuable in monitoring movement patterns of
individual fish and establishing home ranges. Fish marked during spawning
migrations or at spawning areas and recaptured later provide information on
distances traveled to reach the spawning site and the importance of specific
spawning areas to downstream reaches of the Yellowstone. This becomes im-
portant when evaluating possible diversion structures which might present
barriers to upstream migrations of fish. Tagged fish recaptured on spawning
sites in subsequent years will provide data on homing to specific sites and
periodicity of the spawning cycle of certain species. Recapture of individu-
ally marked fish alsc provides a check on certain aging techniques and an
indication of fisherman harvest rates.

Shovelinose sturgeon were tagged using individually numbered #3 monel
metal tags clipped to the pectoral fin near the body (Schmulbach 1974).
This tag showed good retention on the fish but it was slow to put on larger
fish and scar tissue grew over the tag, at times covering it completely.
Numbered Floy T-tags were also used on some sturgeon and placed directly
behind the dorsal fin; however, tag retention and mortality by this method
is questionable. The caudal peduncle area of the shovelnose is quite small
and the possibility exists of puncturing the notochord with the tagging
needle unless extreme care is exercised. Floy tags were also anchored through
the pectoral girdle dorsal to the fin, but tag loss by this method is also
a serious problem (Helm 1974).

Channel catfish were tagged using numbered Floy tags anchored near
the base of the dorsal fin. Recaptured fish indicated a significant tag
1oss using this method. Future tagging of channel catfish wiil follow the
method described by Pelgen and McCammon (1955). This method involves
fastening a round, numbered plastic tag tc the body posterior to the dorsal
fin with 0.032-1inch diameter stainless steel wire. Preliminary tagging
studies in Nebraska (Q. Bliss - pers. comm.) indicate 1ittie chance of tag
toss using this method.

Individually numbered Floy tags were used on sauger, walleye, northemn
pike, blue sucker, bigmouth and smallmouth buffaloc and burbot. These tags
were anchored near the base of the dorsal fin. No tag ioss was noticed on
sauger, so this method will be used for future studies. Insufficient
recaptures were obtained for an analysis of tag retention on the other
species mentioned above.

Future Areas of Research

Much research remains to be done in the area of equipment development
and sampling technique adaptation on the lower Yellowstone. Several species
of fish remain difficult to capture in main channel areas of the river,
while others are captured only seasonally. Northern pike are readily captured
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in gill nets 1in backwater areas; however, they respond pooriy to electro-
fishing in main channel areas. Paliid sturgeon are rare in the ilower
Yellowstone and adequate sample sizes for Tife history studies are, at
present, impossible to obtain. In addition, all fish species are difficult
to sample in certain areas of the main channel, such as deep pools and runs.

Little information is available on winter sampling techniques for
large river systems, but the winter period is historically the period of
Towest fiows and the aguatic populations are probably under their greatest
period of stress and suffer the highest natural mortality. When considering
the effects of chronic, yearlong dewatering, it is imperative to obtain at
feast movement and habitat data through the mid-winter period.

Future research in equipment development and sampling technigue adapta-
tion includes refining techniques already in use for greater capture rates
and developing new techniques for sampling fish species and habitat areas not
presently being sampled. Work will be directed toward trap net modification
for backwater areas, fyke nets for channel catfish in main channel areas,
and adaptation of beach seine and trip line seine for main channel areas.

The Department of Fish and Game, in conjunction with Coffelt Electronics,
Inc., will field test a Rotating Field electrofishing unit on the Yellow-
stone with the hope of obtaining fish samples from deep pool areas of the
river. Work will continue on improving technigques for capturing age 0
sport species for determining growth rates and habitat preferences. Winter
sampling will be attempted in the coming year.

Field Life History Studies

Shovelnose Sturgeon

The shovelnose sturgeon descended from a primitive group of bony fishes
(subclass Palaeopteryii)} which was dominant during the Palaeozoic era. The
1iving descendants of this group found in the lower Yeilowstone include the
paddiefish, paliid sturgeon and shovelnose sturgeon.

The shovelnose sturgeon is common in portions of the Mississippi, Missouri,
Ohio and Yellowstone River drainages. The Yeliowstone, however, is the only
major river where shovelnose are found which has not been significantly
altered by dam construction and/or channelization and offers & rare opportunity
to study this species in a largely unreguiated river system. (The closely
related pallid sturgeon is found throughout the larger sireams and reservoirs
of the Mississippi~Missouri River system, but occurs only rarely {Brown 19713.
In the Yellowstone River, the pallid sturgeon has been taken at the mouth of
the Tongue River and below the Intake diversion structure at Intake. Seldom
are more than one to three paliid sturgeon reported from the Yeilowstone
annually.)

The shovelnose sturgeon is a popular sport species in the lower Yellow-
stone. It has been classified as a game fish by the 1975 Montana legisiature,
but seasons and bag 1imits have not been set. Thers is no commercial fishery
for the shoveinose on the Yellowstone. Shoveincse are commonly taken by
anglers below the low head irrigation diversions at Forsyth and Intake, in
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the Tongue and Powder Rivers and near their mouths in the Yeilowstone.
The Tongue and Powder River fishery exists seasonally during the spring
high water period.

Investigations into the distribution and 1ife history of the shovel-
nose sturgeon were initiated in April of 1974. Since only one year's data
are available, no firm conclusions can be drawn at this time; however, pre-
Timinary findings will be presented here.

Distribution in Yellowstone River

The shovelnose sturgeon is common in the Yellowstone River from the
Cartersville irrigation diversion at Forsyth (river mile 237.4) downstream
to its confluence with the Missouri River {river mile 0}. Intensive sampling
during April and May 1974 upstream from the Cartersville diversion failed
to produce any shovelnose. Sampling methods employed were seining, gill
netting and electrofishing. The same techniques used below the Cartersvilie
diversion during the same time period resulted in a catch of 38 shovelnose.
Also, many more were observed but not netted during the electrofishing
sampling. It appears that the Cartersville diversion represents the up-
stream 1imit of shovelnose distribution in the Yeliowstone River and may
represent a barrier to upstream shovelnose sturgeon migration.

Spawning

The shovelnose is reported to spawn from May to July (Brown 1971});
however, its actual spawning habits are largely unknown. During the spring
of 1974, a spawning run from the Yellowstone into the lower 20 miles of the
Tongue River was documented and monitored. During the period from April 24
to July 8, 1974, 427 shovelnose were captured in the lower Tongue. Four
hundred twenty of these were tagged and released for future studies to
determine migration patterns, spawning periodicity, and degree of homing.
Although the first sturgeon was captured on April 24, sizable numbers of
fish did not enter the Tongue until May 9. The period from May 13 through
May 23 was characterized by low catch rates and corresponded to a drop in
water temperature due to weather conditions (Figure 4. During the last
week in May, water temperatures and catch rate again increased. The last
sampling occurred on July 8, and resulted in a catch of 20 shovelnose.
Sturgeon were probably present in the Tongue for a longer period.

Exact spawning times and locations were not determined during this
sampling; however, ripe male shovelnose were captured from May 29 through
the end of the sampling period and one ripe, partially spent female was
captured on June 4. Future research will be aimed at determining exact
spawning times, locations, water conditions and capture of larval shovel-
nose. The relationship between the shovelnose spawning run and the fempera-
ture and flow regimens of the lower Tongue are presented in Figures 4 and

5, respectively.
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Figure 4. Relationship of shovelnose sturgeon {SNS) spawning run and
the average 5-day maximum-minimum temperature regimen of
the lower Tongue River during spring and summer 1974.

Limited sampling indicates that shoveingse sturgeon apparentiy migrate
from the Yellowstone into the Powder River during the spawning season. One
sturgeon tagged in the Yellowstone at Forsyth {April 1974} was recaptured
in the Powder River, approximately 2 miles above its mouth, during June
1975. Extreme turbidity conditions (4,000 JTU} severely hampered sampling
efforts in the Powder and prevented an adequate assessment of the run.

Length and Weight Comparisons

The average fork length of 427 shoveinose captured during this period
in the Tongue was 30.2 inches and ranged from 20.9 to 40.1 inches. The
average weight of these fish was 5.35 pounds and ranged from 2.10 to 15.5
pounds. Twenty-six percent of the total number of fish captured weighed 6
pounds of more, 11 percent weighed 8 pounds or more and 5 percent weighed
10 pounds of more (Figure 6). ?Verificatien of identification of larger
specimens by Dr. W. Gould, Assistant Leader, Cooperative Fisheries Unit,
Montana State University).
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Figure 6. Weight - frequency of 427 shoveinose sturgeon captured in
the lower Tongue River from April 24 to July 8, 1974.
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These Ffish are significantly larger than shoveinose reported elsewhere
in the Missouri-Mississippi River drainage. Out of 4,000 sturgeon examined
from the lower Missouri River, the average size was approximately 1 pound,
while fish over 4 pounds were rare (J. E. Schmulback pers. comm.}. On
the Mississippi River bordering lowa, Helms (1974} reported that 60 percent
of 5,204 commercially harvested shovelnose weighed between 1-2 pounds. The
record shovelnose for Iowa came from the Des Moines River and weighed 12
pounds (D. Helms pers. comm.}. The size difference between Mississippi and
Missouri River shovelnose is not directly comparabie, since the Tongue River
sample came from a suspected spawning run and & larger average size would be
expected from mature adult fish than from samples taken randomly from the
entire population. Nevertheless, the number of fish captured in the Tongue
which were larger than the maximum size reported for the two other areas is
significant.

Limited shovelnose sturgeon sampling was conducted during May 1974 1in
the Yellowstone below the Cartersville diversion at Forsyth (river mile
237.0) and below the Intake diversion structure at Intake (river mile 71.1).
The average fork length of 32 sturgeon captured at Forsyth was 32.1 inches
and varied from 27.6 to 36.1 inches. The average weight was 6.20 pounds
and ranged from 3.86 to 9.65 pounds. By contrast, a sample of 16 shovelnose
collected below Intake during the same time period averaged 25.2 inches in
length and 2.19 pounds in weight. Weights for individual fish ranged from
1.14 to 3.10 pounds. Samples from both locations were taken by drifting
graduated 2-1/2 to 3-1/2 inch mesh square measure gill nets.

Shovelnose sturgeon sampling during May and early June of 1975 below
Intake (3 mile section) was done by electrofishing with pulsed DC current.
It was felt that electrofishing would yield a more representative sample
of the sturgeon population, since the large mesh gill nets seldom captured
sturgeon Tess than 1.5 pounds. A total of 102 shovelnose was captured in
5 days of electrofishing. The average fork iength and weight of fish from
this sampling period was 20.0 inches and 1.42 pounds, respectively. Fork
length of individual fish ranged from 11.3 to 32.1 inches and weights from
0.21 to 6.00 pounds. Of this sampie, 28.4 percent of the shovelnose were
less than 0.50 pounds, while 56.9 percent were less than 1.0 pounds. Electro-
fishing with pulsed DC current apparently is a less selective method than
drifting large mesh gii1l nets for sampling the shovelnose population.

It is interesting to note that electrofishing with puised DC current at
Miles City and Forsyth failed to produce shoveinose iess than .35 pounds.
The same time period was involved and similar habitat types were sampled.
This is in contrast to the section below the Intake diversion where shovei-
nose less than 1.0 pounds are vreadily captured with pulsed DC current.
Future research will be aimed at providing a satisfactory explanation of
this phenomenon.

Sauger and Walleye

The sauger and walleye are two of the most important sportfish in the
lower Yellowstone River. These two similar species are usuaily Tumped
together by fishermen and are commonly referred to as sand pike and pike.
The most popular and productive areas for sauger and walleye angling are
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below the Tow head irrigation diversion structures in the lower river, such
as the Cartersyille diversion at Forsyih and the Intake diversion below
Glendive. Other popular sites are at the mouths and lower reaches of tribu-
taries such as the Bighorn and Tongue Rivers. A significant sauger fishery
occurs in the lower Tongue River. The best angling seems fo take place
during early spring before high water and iater in the summer after high
water when the river begins to clear.

The sauger is native to Montana and is found in both the Yellowstone
and Missouri River drainages. 1t was first reported in Montana by Lewis
and Ciark (1803-1806). It is common in the Missouri below Great Fails and
the Yellowstone below Billings (Brown 1971). The walleye is not native to
Montana, but has been widely introduced. It is much Tess common than the
sauger in the lower Yellowstone, but probably has a distribution similar to
that of the sauger.

Prior to this study, no information was available on the sauger and
walleye fishery or the 1ife history aspects of the two species in the Yellow-
stone. There is also a scarcity of relevant literature pertaining to sauger
and walleye in lotic environments. Morris (1964) felt the lack of such
data may be due to the difficuities in sampling large fiowing waters, and
the relatively Tow population densities which may occur in such environments.
There is considerably more data availabie related to the sauger and walleye
in lentic environments. This is no doubt due to their dominance in such
waters and their importance to the sport and commercial fishery in many
areas.

Buring 1973 and 1974, studies were initiated to gather certain 1ife
history data on the sauger and walleye populations of the Yellowstone as
well as information on distribution and abundance. Other objectives were
to develop effective sampling methods for these species in a river environ-
ment and define the physical features of the river necessary to maintain
existing sauger and walleye populations.

GiT1l Net Survey

Gi1l nets were used primarily in the fall of 1S73 to inventory and
define the distribution of sauger and walleye. C[lectrofishing with AC
current was used to capture sauger and walleye in a 1-miie section of river
below the irrigation diversion structure at Forsyth during the spring and
fall of 1974. From September through November of 1973, five areas of the
lower Yellowstone were sampled using 125-foot experimental gill nets. The
five areas of the river sampled were in the vicinity of Myers {river mile
284.0), Forsyth {river mile 238.0), Miles City {river mile 185.0, Terry
(river mile 138.0) and Intake (river mile 71.1). Sauger were taken at all
these locations. Catch rates for 18-hour overnight gill nets set in the
?ive are?s ranged from a Tow of 1.13 at Myers to a high of 3.83 at Terry

Table 5).
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Table 5. Catch rate and size of sauger taken in gill nets from five areas
of the lower Yellowstone River during the fall (September-November)

1973.

Myers Forsyth Miles City Terry Intake

(15)1/ (24) (33) (6) (11)
Number of
sauger per
net 1.13 2.04 1.45 3.83 3.09
Weight ,
Average 1.0 1.3 0.7 0.7 0.8
Range 0.7-1.4 0.4-38 0.2-38 0.2-2.5 0.1-3.2
Length
Average 14.9 15.4 13.0 12.8 13.3
Range 13.2 -17.2 10.3 -21.4 8.1 -19.7 6.0 -19.4 7.9 -21.0

i/ Number in parenthesis equals number of net sets

A total of 171 sauger was taken in 89 overnight nets set for a combined
catch rate of 1.92 sauger per net set. Average size of these Yellowstone
River sauger are comparable to those reported by Posewitz (1963) for the
Missouri River and tributaries from Fort Peck reservoir to Morony dam.

A variety of habitat types was gill netted during this sampling period,
including quiet waters and those associated with various current velocities.
The tack of quiet water areas in the Terry area required all nets to be
fished in areas with moderate current.

Population Numbers

During April and May 1974, a 1-mile section of the Yellowstone River
below the Cartersville diversion at Forsyth was sampied by electrofishing
in an attempt to: (1) obtain a population estimate of sauger in this
section, (2) define spawning periods and locate Spawning areas, and {3) tag
fish to study possible movements. Although other species were observed,
only sport species and drum were collected during this sampling {Table 6).
A total of 430 fish, including 301 sauger and 13 walleye were captured in
this section (Table 6). Two hundred ninety-five sauger and 13 walleye were
tagged and released. Nineteen marked sauger (6.4 percent) were recaptured
by electrofishing (Table 7). No tagged walleye were recaptured during this
sampling period. _

The data in Table 7 were used with the Schnabel estimator to determine
sauger numbers in the area during the sampling period (Chapman and Overton 1966} .
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Other sport fish in the section were not caught in large enough numbers for
a population estimate. To aliow a random distribution of tagged fish in
the study section, no fish recaptured within 5 days after tagging were
counted as recaptures.

Spawning runs of sauger and walleye in rivers have been documented
by a number of workers including Morris {1964), Johnson and Johnson (1971),
Madsen (1971), Crowe (1962}, Schumacher (1965), and Olsen and Schidmore
(1962). The sauger estimate was made on what is thought to be a spawning
run and the possibility exists that new fish were continually entering the
area; therefore, several conditions which Chapman and Overton (1966) believed
necessary to make a valid estimate using the Schnabel estimator were not met.
Ricker (1958), however, felt the estimator could still be useful, even
though some conditions were not met.

Table 6. Species composition, number and size of electrofishing catch from
the Forsyth study section, April and May 1974.

, Percent Average Average
Species Number Total Length  Range Weight Range
Sauger 301 70 15.4 { 6.6-26.8) 1.2 { 0.1- 6.5)*
Walleye 13 3 19.8 (18.6-23.0) 2.8 { 2.0- 4.3)
Channel

Catfish 42 10 19.7 (13.6-29.0) 3.6 ( 0.72-11.8)
Burbot 53 13 13.7 { 6.7-20.7)} .64 ( 0.1- 2.86)
Drum 14 3 15.8 {14.5-18.9} 1.8 ( 1.3« 3.7)
Shovelnose

Sturgeon 6 1 32.4 (29.0-39.0) 4.9 ( 2.8~ 6.5)
Northern Pike 1 24.5 4.4

*Includes possible hybrid sauger x walleye

It was estimated that 2,024 sauger were present in this T-mile section
during the sampling period. Confidence intervals {Chapman and Overton 1966)
at the 80 percent ievel were 1,564 to 2,867. Since certain basic assumptions
in the use of the Schnabel estimator may not have been met, the numbers
presented should not be construed as actual numbers present, but rather as
an indicator of the magnitude of the sauger population. This will be used
to compare the magnitude of the sauger population in future years in this
location as well as comparing relative abundance between the Forsyth study
section and other areas of the Yellowstone.
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Tabie 7. Number of sauger marked per run, total marked at large, and
number recaptured in Forsyth study section, April and May 1974.

Number Marked Total Marked Number of
Date Per Run at Large Recaptures
4/ 5774 - _ - -
4/18/74 7 7 -
4723774 13 20 -
4/25/74 1 21 -
4/29/74 30 51 1
4/30/74 3 54 -
5/ 2/74 3 57 -
5/ 7/74 54 111 2
5/ 8/74 32 143 3
5/ 9/74 30 ' 173 2
5/13/74 44 - 217 4
5/14/74 16 233 4
5/16/74 29 262 1
5/20/74 33 295 2

Total 295

Spawning

Sauger and walleye were apparently both spawning in the study section
during the April and May sampling period. The first ripe male sauger and
ripe female walleye were taken during the last week of April. Ripe female
sauger were not taken until the second week of May. A spent female sauger
was taken on May 20 along with several spent female walleyes. Water temp-
eratures ranged from 42 F to 61 F during the sampling period. Based on
recaptured spent females (walleye and sauger), some spawning was known to
have occurred between May 16 and 20, when water temperatures were 45 F to
52 F (Figure 7). Morris (1964) reported that sauger had not spawned in the
Missouri River in Nebraska when water temperatures were 47 F. Johnson (1961)
reported temperatures during walleye spawning periods in Lake Winnibigoshish,
Minnesota, as between 41 F and 61 F with a daytime mean of 47 F during the
20-24 day incubation period. Nelson {1965) reported sauger spawning in
Lewis and Clark Lake, South Dakota, to occur between April 27 and May 11.

The peak of spawning occurred between April 29 and May 4, when water temp-
eratures were 42-43 F. Priegel (1969) reported spawning in Lake Winnebago,
Wisconsin to occur from May 2 to 9 when water temperatures ranged from 43-49 F.
Eschmeyer and Smith (1943) reported sauger spawning did not take place in
Norris Reservoir, Tennessee, when water temperatures were below 50 F.

Ripe sauger and walleye were commonly taken in water 1-4 feet deep

with a sand or gravel bottom and & moderate current (Figure 8). Scott
and Crossman (1973) reported similar spawning sites for the two species.
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Figure 8 Probable sauger spawning areas in the Yellowstone River below
the Cartersville diversion dam.
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Johnson (1961) reported walleye spawning areas in a tributary of Lake
Winnibigoshish as having gravel to sand bottom with water depths of 15-24
inches. He reported that they also preferred such areas in streams and
lakes. Areas meeting these requirements are numerous in the lower Yellow-
stone and further investigations may locate abundant suitable spawning areas.

Age and Growth

Scale samples from 79 sauger collected in the study section below the
Cartersville diversion during spring 1974 were used for age and growth
determinations. These fish were taken by electrofishing and ranged in
length from 9.7-20.7 inches. Age and growth data from those samples are
presented in Table 8. Average annual growth rates for ages I through VII
was 2.1 inches. Age and growth data for other sauger populations in
Montana are presented in Table 9. Carufel (1963} reported similar growth
rates for sauger from the Garrison reservoir tailrace, {2.26 inches), but
average annual growth rates for sauger from Garrison reservoir were somewhat
higher (3.07 inches}.

Table 8. Age and growth of Yellowstone River sauger collected from Forsyth
study area during April and May 1974.

Number Mean Length Average
Age Group of Fish Length Range {in inches) Annual Growth
I 1 6.6 6.6
11 9 9.7 - 11.1 10.4 3.8
ITI 14 11.2 - 13.8 12.1 1.7
IV 27 12.6 - 16.4 13.9 1.8
) 13 14.2 - 17.1 14.5 0.6
VI 7 16.9 - 20.7 18.3 3.8
VII 7 18.5 - 20.6 19.2 0.9

Table 9. Age and growth of sauger from several locations in Montana
(data from Peters 1964).

Year Age Class
Location Collected i 11 111 iV ] VI
Marias River 1961 4.4 8.0 11.1 13.2 15,1 18.3
Milk River 1960 5.1 9.7 2.7  14.4
Fort Peck Res. 1348 5.1 8.8 1.7  14.3 16.9 19.4
Fort Peck Res. 1949 4.8 9.6 12.8 15.3 i4.6 19.2
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Movements

Three hundred sauger over 10 inches total length captured by electro-
fishing at Forsyth (river mile 236-244) during April and May 1974 were
tagged with individually numbered Floy tags. Twenty of these fish were re-
turned over a 15-month period. Sixteen were returned by fishermen, providing
a 6 percent angler return of marked fish, while four were recaptured while
fishing at Forsyth and Miles City. Fishermen were advised of tagging opera-
tions by posters placed at all known fishing sites, sporting goods stores,
bars, etc. and by news releases on radio and television.

Thirteen fish were recaptured within 1 mile of where they were tagged.
Four fish exhibited extensive upstream movements which averaged 53.3 miles
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and ranged from 44 to 68 miles. Three Tish exhibited extensive downstream
movements which averaged 53.0 miles {Figure 9}.

Thirteen walleye were also tagged in the Forsyth area during the same
period. The only tag returned came from the same location, 14 months later.

Movement patterns of sauger have not been well documented. Posewitz
(1963) investigated movements of sauger in the Missouri River and tributaries
between Fort Peck reservoir and Morony dam, and reported maximum upstream
movements of 58 miles. Morris (1969} reported downstream movements of up to
77 miles below the stilling basin of Gavins Point dam on the Missouri River,
Nebraska.

Movements of the walleye have been rather extensively studied, partic-
ularly those associated with spawning. Rawson (1956}, and Smith et al. {1951)
reported spawning runs of walleye from lakes to tributary streams, and Crowe
(1962) documented walleye spawning movements of up to 39 miles up the
Muskegon River in Michigan.

Burbot

The burbot is native to Montana and is found throughout the Missouri,
Saskatchewan and Kootenai River drainages {(Brown 1971)}. 1t is common in
the Yellowstone River from near Big Timber to its conafluence with the Missouri,
and is found in the lower reaches of some of the Yellowstone's major tribu-
taries, including the Bighorn and Tongue Rivers.

Angling for burbot is a popular late winter and early spring form of
recreation on the Yellowstone River. Popuiar angiing sites are located below
irrigation diversion structures and at the mouths of tributary streams.

Most angling is done during late evening, corresponding to the burbot's
feeding habits, and only an occasional burbot is caught during daylight.
Good catches are made by anglers from late February through early April.

In spite of its popularity, the burbot was only recently {1975 legis-
lative session) classified as a game fish, and basic information on ail
aspects of its 1ife history and harvest data are lacking for the Yellow-
stone. Burbot investigations were initiated in the spring of 1974 and
designed to: (1) develop adequate sampling techniques for burbot in the
lTower Yellowstone and (2? investigate certain 1ife history aspects of the
burbot in the lower river. Investigations initially were concentrated in
a 2-mile section of the Yellowstone below the Cartersvilie diversion structure
at Forsyth where a popular burbot fishery was known o exist.

Four methods were used to capture burbot below the Cartersvilie diver-
sion structure during tate winter and early spring of 1974, These included:
(1) angling with rod and reel and set Tines, {2} hoopnets, (3} a boom
electrofishing unit utilizing AC current, and (4] a mobile electrode unit
utilizing BC current.

Angling at night with Tive minnows proved to be the most successful
means of collecting burbot during March and Aprii, Jjust after ice out.
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Set Tines and hoop nets could not be fished in suitable areas, due 1o high
current velocities and debris.

The DC mobile electrode unit was ineffective in main channel areas, due
to the small electrical field produced and the low current output inherent
in the system. Although the AC boom electrofishing unit produced a much
larger field and had a greater current capacity, this system was still
largely ineffective, since the response of the burbot to AC current was
very poor. Response was further diminished by the cold water temperatures
in late winter and early spring.

A spherical elecirode array system using pulsed DC current was designed
and tested during June of 1975 {Methods section). Under warm water con-
ditions {greater than 5C F}, burbot exhibited much better response to puised
DC than to AC, and were easily seen and netted. This system will be tested
next spring below the Cartersvilie diversion under cold water conditions.

Burbot Catch Statistics

Burbot were collected by department personnel during late winter and
spring of 1974 by angling. set lines and electrofishing below the Carters-
ville diversion dam at the East Rosebud fishing access site. In 1975,
angling was the only method employed. Average lengths, weights and ranges
are presented in Table 10.

Table 10. Number and size of burbot collected by department personnel at
the East Rosebud fishing access site at Forsyth, Montana during
spring 1974 and 1975.

Number  Average Average
Fish Length Range Weight Range
Hook and line,
1974 75 16.7 8.5 - 24.17 0.79 §.1 - 2.52
Flectrofishing
AC, 1974 53 13.7 6.7 - 20.7 G.80 0.1 - 2.60
Hook and line,
1975 52 16.5 9.6 - 27.0 0.8 .2 - 2.90

Creel Census

During the spring of 1974 and 1975, fishermen were interviewed at the
Rosebud fishing access site at Forsyth toc obtain information on fishing
pressure and harvest. Anglers were interviewed randomly and Tength of trip
and number of fish caught were recorded. In addition, in 1975 all fish



creeled by anglers were weighed, measured, sexed and heads were removed to
obtain otoliths. A1l fish were retumed o the anglers cleaned, which was
sufficient incentive to provide the creel clerk with all the fish caught.

A summary of the partial creel census conducted at the tast Rosebud
fishing access site during February and March 1975 is presented in Table 11.
The catch of burbot per angier hour for the entire period was 1.77. Catch
rates for individual days ranged from 0.68 burbot per hour on February 19
to 5.60 burbot per hour on March 4, 1975. The data presented in Tabie 11
are not meant to represent total harvest or total fishing pressure for the
time]period invoived, nor can this information be determined from the data
available.

Age and Growth

Otoliths were taken from 91 burbot collected during February and
March 1975, and preserved in a 50 percent glycerine solution (Clemens 1950).
Ages were determined by the method described by Martin (1940). A1l otoliths
were read within 2 weeks of collection.

Ages were determined for 86 of the 91 fish collected (Table 12}. No
fish aged was less than 4 years old. The average annual growth between
age groups IV and XI was 1.40 inches. The average annual growth rate for
107 burbot (ages IV to XI) from Ring Lake, Wyoming was 2.56 inches (Miller
1970b). Clemens {1950} reported an average growth for ages IV to XI from
Lake Erie of 0.98 inches. Other reported growth rates vary greatly
{Cariander 1969).

Tabie 12. Age and growth data for 86 Yellowstone River burbot, collected at
Forsyth during February and March 1975.

Age Number of Length Range Mean Length Average Annual
Group Fish {in inahes? {in inches) Growth

IV 10 10.3 - i5.8 12.0%

¥y 10 11.0 - 15.5 13,19 .18

VI 6 15.7 - 18.9 17.01 3.82
VII 30 15.3 - 19.8 17.36 0.35
VIII 9 14.0 - 20.9 18,34 (.98

iX g 17.4 - 21.7 15.58 1.25

X 6 18.5 - 21.5 20,13 0.54

X1 7 18.5 - 26.7 21.84 1.77

Food Habits

A detailed food habits study was not made during this report period;
however, a number of stomachs were examined. The majority of the stomachs
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coliected during the February througn March 1975 sampling were empty. The
remainder of the stomachs contained primarily three fish species: longneose
dace (Rhinichthys cataractae), flathead chub (Hybopsis gracilis) and young
burbot (Lota lota).

The adult burbot is highly piscivorous. Hewson {1955}, Bonde and
Maloney (1960} and Miller {(1970a) all report fish as the major food item for
adult burbot. Ven Oosten and Deason {1938}, in a study on Lake Michigan,
found that 74 percent by volume of burbolt stomach contenis consisted of
fish and 26 percent were invertebrates.

Young burbot apparently rely heavily on aquatic insects. Miller
(1970a) found that 1.3-2.5 inch burbot from Torrey CUreek, Wyoming utilized
mayfly nymphs as a major food item. Burbol are primarily nocturnal feeders.
They were found to be ipactive under bright light, but foraged actively in
aquaria in dimmed Tight (McPhail and Lindsey 1970). The burbot apparently
does not vreadily feed during the spawning pericd, but spawned-out fish
feed very heavily. McCrimmon {1959) felt that late winter runs of burbot
were primarily feeding movements rather than spawning movements.

Spawning

Spawning of the burbot takes place in the winter and probably occurs
during January and February (Brown 1971). Gonads of 93 burbot taken from
the Yellowstone during late February and March 1975 were examined. No ripe
matles or females were found, and all fish examined had already spawned.
McCrimmon and Devitt {1954} found burbot spawning near the end of January
in Lake Simcoe, Ontario, and reported that spawning was compieted within
a week. Peak spawning activity occurred about February 10 in Burntside
Lake, Minnesota, between 1931 and 1936 {Cahn 1938). These times approxi-
mate spawning periods reported for other populations {Verg 1949, Hewson
1955, Miller 1970a).

Burbct are reported ic spawn both in lakes and streams. McCrimmon
(1959) found that the majority of fish in Lake Simcoe, Ontario, spawned
in the open lake, although some pessibly spawned in rivers. In Lake Simcoe,
fish congregated on a shoal 3-15 feet deep, having a substrate of sand,
gravel, smooth rubble and stones. A gentie current passing over the
shoal was the only apparent feature which differed from other shoals where
burbot did not congregate to spawn. Cahn {1936) cbserved burbot spawning
at night over gravel and sand bottom at depths of 1-4 feet in the outlet
of Burntside Lake, Minnesota. Bjorn (1940} noted that burbot from Ring
Lake, Wyoming, migrated to a tributary spawning area, which was a deep hole
in the creek bed about 1/2 mile above the lake. The location of specific
burbot spawning sites in the Tower Yeilowsione will be difficult, since
severe ice conditions and fluctuating water levels occur during the probable
spawning period of January and February.

Movements

A total of 60 fish was tagged during the spring of 1974 using indi-
vidually numbered Floy tags. Floy tags were inserted behind the second
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dorsal fin on fish larger than 12 inches, and through the fieshy portion
of the tail just anterior to the caudal Tin on fish smaller than 12 inches.
Fish caught by anglers were tagged and held overnight in live cars prior
to being released to evaluate mortalities.

No tagged burbot were recaptured during the report period, which
undoubtedly reflects the small number of fish marked. A comprehensive
movement evaluation must necessarily await the development of effective
sampling techniques for burbot where large numbers of fish can be easily
captured and tagged.

Channel Catfish

Channel catfish are native to the lTower Missouri and Yellowstone River
drainages in Montana. They are common in the Yellowstone below the Huntley
diversion and are found in the lower reaches of the Bighorn, Tongue and
Powder Rivers. Channel catfish are one of the most important sport species
of the Tower Yellowstone, and, based on warden creel checks, make up about
25 percent of the fishermen's catch in the lower river. It was classified
as a game Tish by the 1975 Montana Legisliature.

There are curvenily little data relating to channel catfish populations
in the Targer rivers of the northermn Tatitudes. Investigations into the
distribution and 1ife history aspects of the channel catfish in the lower
Yellowstone were initiated in August of 1573,

Standard 125-foot experimental gill nets were the primary tool for
capturing channel catfish during the report peried. The gill nets were
dead set in backwater areas, off the downstream end of isTands and gravel
bars, and in slow current areas of the main channel. Since large areas
of the main channel were not sampled, gill net data are of Timited value
in determining habitat preferences. Baited hoop nets set in main channel
areas were largely unsuccessful, The lack of success was probably related
to the type and location of set rather than to the efficiency of the hoop
nets, since other workers report good success with baited hoop nets in
large rivers (VanEeckhout 1974, C. Wallace pers. comm.)

Catch Statistics

A number of channel® catfish were taken while sampling for other soecies
during electrofishing operations. The use of electrofishing is apparently
very selective for large fish. A total of 42 channel catfish was taken by
etectrofishing below the Cartersville diversion dam at Forsyth during April
and May 1974. These fish averaged 19.7 inches in length and 3.6 pounds in
weight, which was larger than those taken by gill nets (Table 13).

Eighty-nine gill net sets were made in the Yellowstone at five loca-

tions: Hysham, Forsyth, Miles City, Terry and Intake, batween August and
November of 1973. A total of 383 channel catfish was taken (Table 13).
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Table 13, HNuwber and size of channel catfish taken in gill nets from the
Yellowstone River during fall 1973,

Number Numher Ave. No.

Net Fish Fish Ave, Ave.
Location Sets Taken  per Het Length  Range Weight Range
Hysham i5 167 7.13 17.3 {12.2-23.5; 1.7 (0.5-4.5)
Forsyth 24 120 5.00 17.4 {11.0-25.0} 1.9 {0.3-6.5)
Mijes City 33 122 3.69 16.3 { 9.9-28.0) 1.5 (0.2-6.5)
Terry 6 g 1.33 16.7 [ B.8-19.3) 1.5 (0.2-2.7)
Intake i1 26 2.36 17.4 { 9.1-24.2) 1.9 (0.2-4.4)

Average catch rates for channel catfish from these gill net sets
decreased downstream to the Terry sampling area, and then increased in the
Intake sampling section (see Table 13}. Differences in average catch rates
for these sampling locations may be related to the number of backwater
areas within each section of river. A preference for backwater areas over
slow current main channel areas during late summer and fall can be illus-
trated by separating the main channel and backwater sets. The average
nunber of channel catfish per net for 29 nets fished in backwater areas
was 9.2, while 50 nets fished in main channel areas averaged 2.3 fish per
net {Table 14).

Table 14. Total and average number of channel catfish per net set taken
from gill nets set in backwaters and moving water areas at four
sampling locations on the Yellowstone River.

Backwaters Moving HWaters
Numbar Ave. NO. Tota: No. Number  Ave. no.  lotai No.
Net Fish Fisn et Fish Fish
Location Sets per Net Taken Sets ner Net Taken
Hysham i1 1.8 128 14 1.2 12
Forsyth g 7.7 70 14 3.6 51
Miles City 7 9.3 65 Eg 2.0 35
Intake Z 2.5 5 5 3.8 1H
Total 24 9.2 268 50 2.3 116

The number of backwater areas decreases from Hysham (river mile 280.0)
to Miles City {river mile 185.0). In the vicinity of Terry, the Yellowstcone
flows in a single channel and few, if any, backwater areas are presenti.

A1l nets set in the Terry section were in moving water areas. The Tow
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Spawning

The increased utiiization of backwater areas during late summer may
be related fo physical conditions required for spawning. Temperature data
for the Yellowstone at %arsyiﬁ3 Miles City and Glendive, show main channel
temperatures seldom excesd 80 F, and reach and meintain 75 to 80 F only
for short periods during late July and ﬁugas* It is possible that during
late summer, backwater areas are the only places in the Yellowstone which
reach and maintain temperatures syitable for Lhmﬁﬁ@? catfish spawning.
VanFeckhout (1874} veported ;pﬁwr%ﬁg in the Littie Missouri River in North
Dakota from mid-June to iate July at temperalures aﬂtweep 70 F and 80 F.
Milier (1966} reported optimum spawning temperatures at 80 F, with spawning
occurring between 75 to 85 F.

Other physical features found in backwater areas which may be related
to channel catfish spawning ave $u?tabéé nest sites, such as cut banks,
rocks, log jams, beaver caches and dens. Vanfecknout {1974) found that
channal catfish of the Little Missouri River spawned over rocky areas
which provided stabie substrates for nest sites and protection of devetop-
ing embryos. Miller {1966} reporied that channel catfish would not spawn
in transparent ponds, uniess they have some type of cover.

Nine gill nets were set overnight in two backwater areas near Hysham
and Miles City during late August 1974, Eighty-two calfish were taken
from these net sets and examined o determine their state of maturity.
No females were near a ripe condition and the eggs were not fully developed.
Females examined during September 1874 were still full of eggs and had not
spawned. Extremely cool 1974 summer water temperatures in the Yellowstone
may have resulted in very limited channel catfisn reproduction in the
mainstem.

Movements

Movement patterns of channel catfish have been studied by others.
McCammon and LaFounce (1961} reported localized movemenis of channel cat-
fish in the Sacramento River drainage in California, but also pointed cul
that the environment suitable for this species was aiso restricted. Hubley

(1963) found that movement of tagged chamnel catfish from the upper Miss-
issippi River were random, but some esn moved at least as far as 171

miles downstream in 14 to 16 months and 214 miles upstream in 33 months.
Upstream migrations of channel catfish from downstream reservoirs have been
documented by several workers {Madsen 1971, Messman 1973). Vanbeckhout
{1974) reported movements of channel catfish from Garrison Reservoir up

the Littie Missouri River, Norin Dakota.



One hundred and eighty-two channeil catfish had been tagged in the
Yellowstone as of October 1974. Only one tag has been returned from those
fish. This fish was tagged on April 18, 1974 immediately below the
Caritersvilie diversion dam at Forsyth and was caucht by an angler at the
mouth of the Bighorn River on September 14, 1974. This represents an up-
stream movement of 60 miles in 144 days.

During April and May 1974, 35 channel catfish were tagged in the
Tongue River below the T and ¥ diversion dam, an impassible structure 20.4
miles upstream from the mouth. These fish were taken by electrefishing
with a mobile electrode unit, and by drifting large mesh gill nets coinci-
dental to sauger and shovelnose sturgeon sampling. The average length
was 22.0 inches {range 11.7-30.6 inches) and average weight was 5.52 pounds
(range 0.38-17.0 pounds). One fish tagged at river mile 20.0 (Tongue
River) on April 30, 1974 was caught by an angler on July 7, 1974 at river
mile 1.0 {Tongue River}.

Three channel catfish tagged in the Little Missouri arm of Garrison
reservoir, North Dakota, were caught in the Yellowstone River in Montana.
One fish tagged in 1969 was caught in 1371 near Savage, Montana (river mile
60.0). Two fish tagged in 1971 were caught in the Yeilowstone - one at
the mouth {river miie 0) in 1972 and one near Glendive (river mile 92.0)
in 1973 (VanFeckhout 1974).

Gill Net Survey, Fall 1973

During the period from late August to November of 1973, five areas
of the lower Yellowstone were sampled using 125-foot experimental gill nets.
The areas sampled were near Intake (river mile 71.0), Terry (river mile
138.0), Miles City {river mile 185.0), Forsyth {river mile 239.0) and
Myers {river mile 284.0), with 11, 6, 33, 24 and 15 net sets fished in
each area, respectively. The information obtained from these nets aided
in defining the distribution of many of the fish species found in the lower
Yellowstone.

Thirty-six hundred and seventy-eight fish of 23 species were taken 1in
the 89 sets, for an average catch rate ¢f 41.33 fish per net set. Goldeye
were the predominant species and accounted for 69.5 percent of the total
catch, with channel catfish, river carpsucker and sauger making up 10.4
percent, 6.7 percent and 4.7 percent of the total catch, respectively. A
summary of the total catch for 89 sets is presented in Table 15. A summary
of the gill net catch statistics for each sampling Tocation is presented
in Tabies 1-5 in the Appendix.

Forage Fish

The maintenance of the piscivorous sport and nonsport fish populations
of the lower Yellowstone depends on an adequate forage fish base. A forage
fish is any fish that is utilized as a source of food by other fish.

Most members of the Cyprinidae {minnow) family found in the lower
Yellowstone are probably used, to some extent, as forage. Other species,
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Table 15. Summary of gi1l net survey on the lower Yellowstone River in the
fall of 1973, expressed as number of fish per net set.

Hysham Forsyth Miles City Terry Intake

Species Section Section Section Section Section
Shoveinose sturgeon - - - 8.17 0.82
Goldeye 41.86 19.17 28.12 49.67 19.18
Rainbow trout - - - .17 -
Northern pike - 0.04 0.06 - 0. 36
Carp 0.87 1.21 0.52 0.33 0.45
Goldfish - - 0.03 - -
Flathead chub 0.07 0.62 0.24 0.17 0.09
River carpsucker 3.53 3.25 2.03 3.83 2.18
Smallmouth buffalo 0.33 0.38 0.06 - -
Shorthead redhorse 1.867 2.08 0.48 0.50 -
Longnose sucker 0.53 0.50 0.33 0.17 0.09
White sucker 0.40 0.38 0.18 0.67 0.09
Biack bullhead - 0.04 - - -
Channel catfish 7.13 5.00 3.70 1.33 2.36
Stonecat 0.20 0.17 0.06 - .18
Burbot - 0.04 - - 0.09
Smallimouth bass - - 0.G3 - -
White crappie 0.13 = 0.09 0.33 -
Black crappie - 0.25 - 0.17 -
Yellow perch - 0.21 - - -
Sauger 1.13 2.04 1.45 3.83 3.08
Waileye 0.13 - - ' 017 0.09
Freshwater drum - - 0.09 - -
Total 57.98 35,38 38.47 61.5% 29.07
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such as the stonecat, are commoniy Tound in Tish stomachs. In addition,
age 0 fish of both sport and nonsport species may aiso be used as forage
by adult fish.

Forage fish samples were taken in the vicinities of Forsyth, Miles
City, and Glendive during the fall of 1974. The initial objectives of
this sampling were to obtain a reference coliection of forage fish species
and their distribution and to develop effective sampling techniques for
forage species. Any attempt to determine relative abundance of forage
fish species between areas depends on development of a standard method
for determining capture per unit of effort. If a standard method can be
developed, then forage fish sampling sites will be established and sampled
on a regular basis.

Backwater areas were effectively sampled for forage fish by seining
with a 100-foot 1/4-inch mesh seine. In the coming vear main channel areas
will be sampied for forage fish by electrofishing with AC and DC current
using both the boom and mobile electrode units in an effort to obtain a
more compliete forage fish listing and to identify habitat preferences.

Water Temperatures

Water temperatures are being monitored on a continuous basis during
the ice-free months at four Jocations in the lower Yellowstone. These
monitoring sites are Forsyth, Miles City, Glendive and Sidney. The Miles
City thermograph is maintained and operated by the U. S. Geological Survey
and the others are maintained by the Department of Fish and Game.

A summary of temperature data collected at these four sites during
April through September 1974 is presented in Figures 1-4 in the Appendix.

Temperatures are alsp monitored at Livingston in the upper river and
at Billings in the middle river. Additional thermographs will be installed
from Gardiner downstream to the confluence with the Missouri River at 50-80
mile intervals to obtain a longitudinal temperature profile of the entire
river.

Water Quality

A great deal of water quality monitoring is currently being done on
the Yellowstone River. The variation in location of the monitoring sites
is such that a comprehensive Tongitudinal water quality proTile of the
entire river cannot be constructed from the data.

The Montana Department of Health and Environmental Sciences and the
Department of Fish and Game have initiated a series of water quality "runs”
from Gardiner, Montana {river mile 557.7) to Cartwright, North Dakota
(river mile 9.0). A water guality “run" consists of following a block or
unit of water and monitoring water quality changes from the uppermost
station downstream. Nineteen water gquality stations were established on
the Yellowstone and correspond to biological sampling sites for aguatic
insects, periphyton and phytoplankton and, in some cases, fish.

s



The water quality runs are not set on a rigid time schedule, but are
designed to gather data during critical fiow periods (peak flow, Tow summer
flow and low winter flow) and critical biological periods (spawning,
incubation, etc.). Eight water quality runs are planned per year. Data
will be presented when sufficient samples have been analyzed to provide a

meaningful interpretation.

-43-



LITERATURE CITeD

Berg, L. S. 1949. Freshwater fishes of the U.5.5.R. and adjacent countries.
4th ed. Zool. Inst. Alcod Nauk. USSR 27, 28 and 39.: {In Russian:
English transl. by Israel Program for Sci. Transi., Jerusalem, 1969.)

Bjorn, E. £. 1940. Preliminary observations and experimental study of the
1ing, Lota maculosa {LeSuer) in Wyoming. Trans. Am. Fish. Soc.,
69:192-196.

Bliss, Q. 1975. Personal communication. WNebraska Game and Parks Comm.,
Lincoln, Nebraska.

Bonde, T. and J. E. Maloney. 1960. Food habits of burbot. Trans. Amer.
Fish. Soc. 89:374-376.

Brown, C. J. D. 1971. Fishes of Montana. Big Sky Book, Bozeman. 207 pp.

Cahn, A. R. 1936. Observations on breeding of the lawyer, Lota maculosa.
Copeia, 3:163-165.

Carlander, K. 1969. Handbook of freshwater fishery biology. Iowa 5t.
Univ. Press, Amer. 752 pp.

Carufel, L. H. 1963. Life history of saugers in Garrison Reservoir. J.
Wildl. Manage. 27{(3):450-456.

Chapman, D. G. and W. S. Overton. 1966. Estimating and testing differences
between population levels by the Schnabel Estimation Method. J. Wildl.
Manage. 30(1):176-180.

Clemens, H. P. 1950. The growth of the burbot, Iota lota maculosa (LeSuer)
in Lake Erie. Trans. Amer. Fish. Soc. 80:163-173.

Crowe, W. R. 1962. Homing behavior in walleyes. Trans. Am. Fish. Soc.
91:350-354.

Eschemeyer, C. H. and C. G. Smith. 1943. Fish spawning below Norris Dam.
Tenn. Acad. Sci. 18(1):4-5.

Helms, D. 1974. Shovelnose sturgeon, Scaphirhynchus platorynchus
(Rafinesque), in the navigational impoundments of the Upper Mississippi
River. Iowa Fisheries Research, Tech. Series No. 74-3, 68 pp.

1975. Personal communication. Iowa Cons. Comm., Fish. Res.
Sta., Believue.

Hewson, L. G. 1955, Age, maturity, spawning and food of burbot Lota lota,
in Lake Winnipeg. Jour. Fish. Res. Bd. Canada 12:930-540.

Hubley, R. C. Jr. 1963. Movement of tagged channel catfish in Upper
Mississippi River. Trans. Amer. Fish., Soc. 92:165-168.

e



Johnson, F. H. 1961. Walleye egg survival during incubation on several
types of bottom in Lake Winnibigoshish, Minnesota and connecting
waters. Trans. Am. Fish. Soc. 90:312-322.

and M. W. Johnson. 1971. Characteristics of the 1957-1958
and 1939 sport fishery of Lake Winnibigoshish and connecting waters
with special emphasis on the walleye populations and catch. Investi-
gational Report No. 312, Minn. Dept. of Nat. Res. 31 pp.

Madsen, M. L. 1971. An experimental electric barrier and trap for removing
nongame fish from a reservoir tributary. Nebr. Game and Parks Comm.
33 pp-

Matson, R. E. 1974. Montana Bureau of Mines. Unpubl. Open File Report.
Butte.

Martin, W. R. 1940. Rate of growth of the ling, Lota lota maculosa
(LeSuer). Trans. Amer. Fish. Soc. 70:77-79.

McCammon, G. W. and D. A. LaFounce. 1961. Mortality rates and movement
in the channel catfish population of the Sacramento Valley. Calif.
Fish and Game. 47:5-23.

McCrimmon, H. R. 1959. Observations on spawning of burbot in Lake Simcoe,
Ontarioc. J. Wildl. Manage. 23:447-449.

and 0. E. Devitt. 1954. Winter studies on the burbot, Lota
lota lacustris (Walbaum), of Lake Simcce, Ontario. Can. Fish. Cult.
16:34-41,

McPhail, J. D. and C. C. Lindsey. 1970. Freshwater fishes of northwestern
Canada and Alaska. Bull. No. 173. Fish. Res. Bd. Canada. Queen's
Printer, Ottawa. 381 pp.

Messman, L. D. 1973. Movements, age and growth of channel catfish
(ITetalurus punctatus) in the Republican River, Nebraska. Unpubl.
M. Sc. thesis, Univ. of Nebr. 93 pp.

Miller, E. E. 1966. Channel catfish. Pages 440-463 in Inland Fisheries
Management. Calif. Dept. of Fish and Game.

Miller, D. D. 1970a. Life history study of the burbot. Coop. Res. Proj.
5, Part I, Game and Fish Comm. and Univ. of Wyo. 90 pp.

1970b. Life history study of the burbot in Boyser Reservoir,
Ring Lake. Coop. Res. Proj. 5, Part II, Wyc. Game and Fish Comm. and
Univ. of Wyo. 56 pp.

Morris, L. A. 1964. Sauger and walleye investigations in the Missouri
River. Nebr. Game and Parks Comm. Job Compl. Rept., Proj. F-4-R-10.

. 1969. Sauger and walleye investigations in the Missouri River.
Nebr. Game and Parks Comm. Job Compl. Rept., Proj. F-4-R-15.

—45-



Nelson, W. R. 1965. Reproduction and early life history of sauger
Stizcstedion canadense, in Lewis and Clark Lake. Trans. Am. Fish.

Soc. 97{(2):159-166,

Northern Great Plains Resource Program. 1974, Water Work Group Report.
Draft. Denver, Colorado.

Novotony, D. W. and G. R. Priegel. 1974. Electrofishing boats - improved
designs and operational guidelines to increase the effectiveness of
boom shockers. Wisc. Dept. of Natl. Res. Tech. Bull. No. 73. 48 pp.

Olson, D. E. and W. J. Scidmore. 1962. Homing behavior of spawning
walleyes. Trans. Am. Fish. Soc. 91:355-361.

Pelgen, D. E. and G. W. McCammon. 1955. Second progress report on the
tagging of white catfish (Ietalwrus catus/ in the Sacramento-San
Joaguin Delta. Calif. Fish and Game. 41(4):261-269.

Peters, J. C. 1964. Age and growth studies and analysis of bottom sampies
in connection with pellution studies. Job Prog. Rept. for Mont. Proj.
F-23-R-6, Jdob No. I & II, 76 pp.

Posewitz, J. A. 1963. Missouri River Tish population study. Job Comp.
Rept. for Mont. Proj. F-11-R-10, Job No. III, 9 pp.

Priegel, 6. R. 1969. The Lake Winnebago sauger. Wisc. Dept. of Natl.
Res. Tech, Bull. No. 43. 63 pp.

Rawson, D. S. 1956, The 1ife history and ecology of the yellow walleye,
Stizostedion vitriwn, in Lac La Ronge, Saskatchewan. Trans. Am. Fish.

Soc. 86:15-37.

Ricker, W. E. 1958. Handbook of computations Tor bioiogical statistics
of fish populations. Bull. 119 Fish. Res. Bd. of (anada. 300 pp.

Schmulbach, J. €. 1974. An ecological study of the Missouri River prior
to channelization. Comp. Rept., Proj. B-024-S. Dak. Univ. of S5.D.,
Vermiilion. 34 pp.

1974, Personal communication. Univ. of Scuth Dakota, Vermiilion.

Schoumacher, R. 1965. Movement of walieye and sauger in the upper Miss-
issippi River. Trans. Am. Fish. Soc. 94:270-271.

Scott, W. B. and E. J. Crossman. 1973, Freshwater fishes of (lanada. Fish.
Res. Bd. of Canada. Bull, 184. 966 pp.

Smith, L. L. Jr., L. W. Krefting and R, L. Butler. 1851. Movements of
marked walleyes, Stizostedion vitreum vitrewn {(Mitchill) in the fishery
of the Red Lakes, Minnesota. Trans. Am. Fish. 5oc. 81:179-196.

U. S. Geological Survey. 1973. Water resources data for Montana, Part I,
surface water records. U. 5. Dept. of Interior. 278 pp.

T



VanFeckhout, 6. 1974. Movement, reproduction and ecological relationships
of channel catfish in the Little Missouri River, North Dakota 1972-1973.

Unpubl. M. Sc. thesis. Univ. of N.O. 65 pp.

VanOosten, J. and H. J. Deason. 1938. The food of the lake trout
(Christivomer namaycush namaycush) and the lawyer (Lota maculosal of
Lake Michigan. Trans., Amer. Fish. Soc. 67:155-157.

Vincent, R. 1971. River electrofishing and fish population estimates.
Prog. Fish Cult. 36(3):182. 163-169.

Wallace, C. 1975. Personal communication. Nebraska Game and Parks Comm.,
LincoIn.

L7~



08 {B30])
g =81 L°é g6l 0711 78l a’ b CTCTRR
P L - L0 0"t AN & R A | &%) 0°¢ it 4afineg
P00~ €0 £°0 68 -6 6°L 2" Z atddead a1yp
L B 60 1'g - £°% 69 £ £ jelsuely
§°% - 60 L1 §'€e~ 9Lt £l €71 £01 Ystgien |auupy)
8°0 - 170 70 Sl 574 g0l L’ 9 ADNOAS BILYW
6§81 - 2°0 670 0741 1°g G a1 6° g JBHONS B50UDUOT
e~ £°0 07t L R L7721 62 G¢ eRi0UDaL DEIYLIOYS
0'e - ¢ 1°g 268~ 6 81 6702 g° G OlELING u3now | ewg
8°L - 80 171 G°G1- 1721 66l 1°g £g SONONSAARD ABALY
(uayey {uayey
[ ALuo) L'0 L Apuo) G/ i l ghyo peayjepy
2 - 670 L1 FAR VAN ANA] g4l G i £f duaes
6°0 - 2°0 90 E°hl- 6 2l YA A ahapon
{spunod) {(spunod) (seyout) {sayduy) [e10] 10O ABqQUINY s9109dg
1ubLam b LapM yabua yabua afiejusdday
40 8buey abedany 10 abugy abrasay

€461 LIRS “uOLIDES weysAy
CdBALY SUOISMOL[BA YL UL 19S5 SI8U [ |16 G| WO} USLy JO §OIBD |10} 40 2uddLad pue PzLS | 9igel

~48~



FIBAY » AT S|

&v8 1eiol
g€ - ¥°0 £l ¥ le- £°01 Gl 84 ol 4a3bnes
20~ 170 20 £'8 - 9°¢ L4 9- 5 youad Mo|1aA
£0-20 ¢°0 L°L - 8% L9 L0 9 srddeds yoeyq
(uses (uaxey

L ALuo) L0 | ALuo) 561 43 ] 10G4ng
€0 -2¢°0 €0 8°G - L"% 8§ g° i Jed8U01S
§'9 ~¢°0 671 0°G2- 0711 /AFA L'pl 0¢l S L41RD  [auuRy)
{(use} (uanel

L Atuo) 20 L ALuo) 2’8 43 | peayling yoelg
1'¢ = %70 01 g8°9l- 6701 AR L'l & A2HONS L UM
6°0 - L°0 9°0 gel- 0° L'LL 721 rA | Aayons asoubuot
8¢ - L0 6°0 9°0¢- 079 31t 6°§ 0% 2540Upad praylIOYS
0L - L'E 874 0°ee- 28l §°1¢ L°L & Cleling yinouyjews
1’2 -¢0 £°L 8°8L~ 6°L L'yl 6 8L daonsdaed a8A Ly
€0 - L0 ¢°0 L'6 - 2% 6°L 8°1 g1 gnys peayield
£°96-4L0 L°e L°€e- L7 9761 1A 6¢ due)
{usyel (uayel

L ALuo)} §°G L KLuo) L°42 /143 L frd udayjUoN
€'L-10 9°0 g'vi- L8 1A ¢ V4 09% akep| 09

{ spunod) {spunod) {(seydut) (s8youi) {e30] 40 ABQUNYN saloadg
1ybLam 1ubLap y16ua1 y1bud] abelusd4ad
40 abuey abeuaaAy 40 sbuey abeJany

‘£/61 Lled “uoL309S5 y3Asuol
SABALY SUOISMOL DA SUI UL 33s s3au [ LB 2 wouy ysty JO yo3ed RO} JO quaddad pue 8zl 2 3|qRL

-49-



BORSY -~ AT /]

0441 LEl0]
E-3
5°0 ~ 870 B0 P 2l- g1l A 43 ¢ WNAR A3 EMYSBU
¢ - 270 L0 L°6i~ 18 0'el 8'¢ gb dabneg
1'g - i'n 1°0 L'g =~ £°§ 6°G A3 £ arddedn a1iup
Ag@xmu {uavey
L Apuo) 2°1 | Ajuo) 821 A3 I sSeg YInouw| {ews
20~ LG 20 8'g - 14 0°g A3 A 12o8U0Lg
5°9 - 270 571 0'82~ 6°6 £ral 878 P USLIARD [auueyn
o't -g°0 90 S N e O 1L 50 g ADAHINE DL LUM
£°L - 80 Lo Lvb- $7701 a'el 0t (1 ABYONS Bsoubuo
FARERR Y Lol L7901~ 8°8 DElL el 91 2840Upad prayl.acyg
¢t~ 0°¢ 0°2 £ Lg~ 0742 A A% e Clej4ng ynowm| g
L~ 2°0 80 091~ 2°¢ g 1t £°5 L9 ABHONSAARD UDALY
£°0 - 10 20 £°6 -~ 177 64 L0 g GnRyc pesylelq
{uayes) {uanel
[ Aluo) 9°0 { ALuo) 5°6 A L Ystipiog
T A A § "2 G712~ 0°LL 291 £l A duen
0°'9 - £'¢ P 882~ 4792 G642 T3 A f1d WisyIJop
B0 =~ 270 G°0 Yl L4 ARR1 LG4 196 adap o9
{spunod) {spunod) {sayour) {sayouL) 1e1¢] jo ABQUINYN EETRENIN
1ubLapm 1yb BN yrbua y1bua abejuanday
40 abuey abedany 40 abuey sbeaaay

fABALY BUOISMOL{SA BUT Ul 385 S38U [| LB £F WOUS Ysi} 40 Y

CL61 LL®Y fuoirves A1) saliw

2323 {0307 JO Judd4ad pue 9zi§ ¢ aiqe)

~50-



649¢ [e10L
{uayey {uaxey
[ ALuo) §'1 L ALuo) 891 £ L aksiiep
' - 2°0 £°0 p'el- 0°6 8721 A &2 Aafineg
{uayey {uayel
1 ALuo) L'0 | Aluo) 2'9 £ { aLddess yoepg
L0 - 170 10 £'8 -2°% L5 G° 2 grddesd a1Lum
L7 = 2°0 G4 £'al- 89 L9l 12 g YSi4i1en [suuriy)
gL~ 80 L1 2'Gl- §°21 [ L'l 4 ABUING BTLUN
{usyey ) {usyez
| Apuo) 90 { Auo) g%l ¢ L Aa%ans ssoubuo
gL - 10 £°0 £'al~ 0°9 £l g’ £ BEAOYPSBL DeallAous
£ - 1°0 670 il L9 6°11 P £Z ABoNSdURD ABALY
{uanel {uayes
| Ajuo) 20 [ Afuo) L'6 ¢ L Gnud peayRE L4
L'y~ 8§70 92 07ée~ 1701 a9t g- < ey
{uaye1) {uaney
L ALuo) £9°1 i Ayuo) 281 £ L N0AT MoquEey
0L - L0 5°0 6°Cl- '8 5701 808 g6 shap|oy
Agwxww (uaxe}
[ ALuo) b0 I ALuo) el £ ] uoabanys ASOULBAOYS
{Spunod) (spunod) {sayduL) (sayout) 1e10] 40 AT 59 L02dg
3UDLBM 1ybLop urbus y16us” abeiusdusd
40 sbupy abeaaAy 40 abuey abedaay

g6l Lied fuoilnag Aias)

CADALY DUOISMOLLHA BYI UL 28$ SI8U [11B g wody ysiy 4O yo3ED |RI01 4O Juedadd pue azL§ b 3|qel

)

~51-



0t [230]
{uaxes (Ueye]

L ALuo) 6°0 L ALuo) 3¢l £°0 L oAs| fen
¢t - L0 8'0C 0'le ~-6°L £'el 9°0L 123 Aafneg
{uayel (uaxey

L ALuo) 9°0 L Atuo) 811 £°0 L 304g4ng
AN ¢’ 8- L4 L4 9° Z 1B09U01S
't - 20 671 ¢ve- 176 PLL 1’8 9¢ YSidieo |duueyy

(uaye) (uayey
L ALuo) L't I ALuo) GEL £'0 | ABAINS 21 LUM
{uaxyel) {uaiel

L Afuo) 0°1 L ALuo) 9°€L £°0 | ABHONS 2S0UBUOT

e - ¥°0 €1 2'8l- L8 g¢el A ¥e AWonsdaed JaALy
(usyey) (usyel

L ALuo) 2°0 L ALuo) L'8 £°0 ] qnyd pesyjetd
0°t - 9°0 L1 v8Ll- 0711 0°6l 9°1 g dae)
§°L - 272 A L'1€- 0°02 862 £l 14 2Ld uBylJoN

¢’ - 20 §°0 ¢'hi- 0°9 8°0L 6'59 11 akap |09
6L - 2°0 11 0°LZ- §°¢L v'ée 8¢ 6 uosbunis asoujanoys
(spunod) {spunod) (seyour) (sayouL) [e10] 0O NET T 59 L09dg
jybLap 1ybLem y31buan yabusq abejusouay
40 abuey o abeudaay 30 abuey abedaay

‘ABALY BUOISMO| DA BYI UL 385 S3BU |[1B [[ Wodi YSi4 JO yO3Ed [B301 4O 1udd4ad pue 9ZLS

"€L61 |1e4 “UDLIDAS ayelul

G 9fqe]

-52-



"pl6] ARqusydes - | [rady pordad Byl 40 y3ASA04
12 ABALY BUOLSMOL[BA DY) 404 SBUNIEADAWD] JBTReM WRHLULE pue wnmiixew abeasaw Aep-artd | sunbig

1gsg Bny Ay aunp Apy iy

wy
<
4 duwa;

-
-53-

59

54




“(e3ep paystigndun $9SN) vZ6L “GL 4240100 - G2 AeW A1) SB{lW
IV JURALY SUOISMO| 1B BYY 40} 94NIBADGWSY JBJRM WNWLULW pue wnuixew 36eddre Aep-aAat 4

ideg Bny Atnp aunp Aewy Hidy

€9

N i

oXlste J RN TH _ ~ gz

0L

pi0%8) Ou - 08

4 Cuwej

0

"2 a4nbiy

~54



L6 f0E Jaqueldas - | [iddy ‘aAipusi(y
J0 ADALY BUOISMO| [BA BUL 404 SBANgRUada] Jaejem whiwiuiw pue wowixkew abedsae Aep-saty ¢ 2Junbiy

1deg By Alngp aunp AN iy

dlugy

09

E

-55.





