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PRE-FILED CBJECTOR'S TESTIMCHY
OF FREDERICK A. NELSOHN
on behalf of

MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS (MDFWPE)

FPlease state your name and business address.

Fred Nelson, MDFWP;-14GQ South 1%th Avenue, Bozeman, Mcntana
59715,

What is your present employment?

I am a fisheries biocleogist employed by the Montana Department
of Fish, Wildlife and Parks.

Flease state your educational backgrcund and experience.

This informaticon was already presented in previous testimony
I filed for this reservation proceeding on behalf of MDFWP.
That testimony included a description of my instream flow-
related training and a vita.

What is the purpose of this testimony?

The purpose is to provide the MDFWP's pre—~filed objector's
testimony to the anplications of the Conservation Districts
that impact the streamflows of the Madison, Boulder,
Jefferson, and Missouri (above Canyon Ferry Dam) rivers. My
testimony 1is organized under four headings titled Madison
River, Boulder River, Jefferson River and Missouri River above
Canvyvon Ferry Dam.

Madiscon River

Q.

A

o)

Which reservation application dces this objection testimony
pertain to?

This cbhjection testimony pertains toc project GA-201, submitted
by the Gallatin Conservation District. The proposal is to
pump up to 118.35 ofs of filiow from the lower Madison River at
the MDFWP's Greycliff Fishing Access Site. Water would be
pumped through 37.7 miles of pipeline to irrigate 7,830 acreas
of benchland overlcoking the Madison River.

Why is the MDFWP cbjecting to this application?

MDFWE is objecting because: 1) the proposed depletion will
aggravate an existing water temperature problem that already
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is harming the lower river's trout fishery, 2} the propeosal
would interfere with z prior water right of the MDFWP, 3) the
proposed project conflicts with MDFWP's instream flow
reservation application, and 4} the project will impact
recreation lands cowned by MDFWP.

MDFWP objects because the proposed depletion will aggravate an
existing water temperature problem. Explain this existing
water temperaturs procblem in the Madison River bkelow Ennis
Reservoir.

Madison River water that is stored in Ennis Reservoir - a
wide, shallow impoundment having an average depth of about
eight feet -~ is heated by sclar energy. Heated water is
released to the lower Madiscon River where it first passes
through the narrcow confines of the Bear Trap Canycn. Upon
leaving the canyon and entering the wide Madison Valley, solar
energy further heats the flow, creating summer water
temperatures that are unfavorable and sometimes lethal to
trout.

How do these elevated summer water temperatures affect the
Madison's trout fishery?

Elevated summer water temperatures adversely affect the
survivability, growth and catchakility of trout in the lower
Madison River.

How is survivability affected?

Summer water temperatures in the lower Madison River below the
Bear Trap Canyon reoutinely vreach B80°F and occasionally
approach 83°F, which 1is the lethal water temperature for
trout. In the summer of 1588, temperatures reached 83°F,
causing a series of major fish kills on the river below
Black!s Ford, located about four miles below the mouth of the
Bear Trap Lanyon. Temperatures do not have o be at lethal
lavels to harm trout. Fish subjected tec high, but sub-lethal,
temperatures are highly stressed, will fail to grow, and will
become vulnerable tc other sources o©of mortality, such as
disease and predatiocn.

How sericus is the summer temperaturs problem in terms of
trout survivability?

Summer temperatures in the lower Madison River are presently
at the threshold of survivability for trout. Summer
temperature increases as small as one or two degreses could be
fatal.

What is the current status of the trout populations in the
lower Madison River?

Nelson Oblector’s - 2
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Recent populaticon studies by the MDFWP show that the stretch
of river at the mouth of the Bear Trap Canyon presently
supports about 3,000 brown trout and 1,000 rainbow trout of
ten inches and longer per river mile. These trout numbers are
relatively high for the rivers of southwest Montana. This
section, along with the Bear Trap Canyon stretch, support much
of the fishing pressure on the lower Madison River bkelow Ennis
Dam. In 1989, the 4¢ miles of river kbelow Ennis Danm supported
an estimated 38,151 angler-days of pressure, which averages
about 947 angler-days per river mile. This is a high level of
use for the rivers of southwest Montana.

about six miles downstream at the Greycliff Fishing Access
Site, the leccation of the proposed project diversion, trout
numbers markedly decline to about 1,000 fish per mile. This
currently depressed population is believed to reflect the
series of heat-related fish kills that occurred in this
stretch in 1988.

How is trout growth affected by elevated water temperatures?

The elevated summer water temperatures of the lower Madison
River depress the growth rates of the larger trout (ten inches
and longer). These fish grow only during the spring and fall
when cooler water creates temperatures more faverable for
their growth. Larger fish commonly lose weight over summer in
response to the elevated temperatures. The larger trout of
the lower river show about a 25% ({two-three inch) growth
reduction when compared to the same age fish 1in the upper
Madison River where a summer temperature problem is absent.

How is catchability affected?

Warmer water causes angler catch rates to decline in the lower
river. At temperatures of 66°F and higher, catch rates
decline to levels considered unsatisfactory by anglers in this
section. Consequently, from about mid-June to early-September
of each year, elevated temperatures cause fishing success to
slump and anglers generally abandon the lower river for more
preoductive waters. Further warming would worsen an existing
problem.

Are water temperatures in the lower Madison River affected by
flows?

Yes. While air temperature is the major facteor that
influences water temperatures in the lower Madiscon River, the
flow rate also plays an important rcle. Water temperature is
inversely related to flow rate. Flow increases can
potentially lower water temperatures the cne to two degrees
that could alleviate fish kills during crisis periocds. The
MDFWP and the Montana Power Company (MPC), the operator of
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Hebgen and Ennis reservoirs on the Madison River, are
presently planning to use increased flow releases as a tool
for alleviating summer fish kills.

Has research been conducted to predict the impact of increased
flow releases on water temperatures in the lower Madison
River?

Yes. Recent temperature/flow modeling studies funded by the
MPC and conducted by rvesearchers at Montana State University
show that flow increases during crisis periocds would aid in
alleviating fish kills in the lower river's most heavily
fished sections. When water temperatures are approaching 80°F
and an extended heat spell is forecasted, upping the flow
below Ennis Dam to a minimum of abeout 1,600 cfs would prevent
lethal temperatures in that stretch of river to about the
Cobblestone Fishing Access Site, located about seven miles
downstream from Greycliff. This stretch bounds the most
heavily fished porticn of the river. Below Cobblestone
Fishing Access Site, lethal temperatures would still occur.
In essence, flow increases would simply move the point of
occurrence of lethal water temperature downstream; it would
not eliminate lethal temperatures nor would it eliminate the
sub-lethal temperatures that are so stressful to trout.

How would the proposed project (GA-201) affect flows and water
temperatures?

The project would substantially reduce summer flows and
aggravate an already near-critical temperature prcbklem.

Explain these adverse effects on streamflow and temperature.

It's unlikely 1little, if any, of the diverted water would
return to the Madison River. Any return flows from the high
benchlands being irrigated would pass intec the adjacent
Gallatin Drainage. Consequently, the total flow depleticn
would equal 118 cfs if this project was built.

Historic flow characteristics of the lower Madison River near
Three Forks were provided by the USGS (see pg. D=5 of the
draft EIS and Exhibit 4 of MDFWP's pre-filed direct testimony,
which will be referred to in later citations as the USGS flow
report). Summer flows are lowest in August, the month water
temperature problems are likely to be critical and when
irrigaticn demands are highest. August flows are:

Percentile Flows {cfs)

g0th s0th s0th 20th
August 1,000 1,200 1,500 1,760
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In a drought (a one-=in-ten-year event which is the 90th
percentile flow), the project would reduce the August flow by
12%. In a normal flow year {(the 5Cth percentile}, August flow
would be reduced by 8%. This is a substantial flow loss when
considering the already critical state of the river's summer
temperature regime. Cne hundred and eighteen cfs would be
removed from a section already heat stressed; a secticon where
recent heat-related fish kills are likely responsible for the
current depressed population of trout; a section where summer
temperature increases as little as one or twc degrees could
prove fatal. Added flow depletions will aggravate the present
thermal prcklem, already of near-crisis proportions, and
potentially push it over the brink and causs massive fish

kills.

Do the above percentile flows reflect the existing state of
the flows in the lower Madison River?

No. The above percentile flows reflect the historic record
during the 1937-86 base pericd. During the years from 1837
through 198€, more land was put under irrigation and reservoir
operations changed. Thus, the above percentiles do not
reflect tocday's level of irrigation develcpment and current
reservolr operations, but are an average for a period of time
when depletion was increasing.

What are the percentile flows for the lower Madison River
under present conditions?

Percentile flows under the 1986 levels of irrigation
development and current reservolr operations were compiled by
the DNRC {see pg. C-7 of Draft EIS). These percentile flows
were generated by DNRC's Misscuri River basin water
availakility model, which mathematically adjusted the histeoric
record to reflect current irrigation development and reservolir
operations. For the Madison River near Three Forks, August
percentile flows are:

Percentile Flows (cfs)

Soth 80th 50th 20th
August 602 724 1,227 1,647

What do these percentiles show?

Under present levels of irrigation and current reservoir
operaticns, current flows are far werse than previously
indicated by the historic record. The project's proposed
depletion of 118 cfs would reduce August flow during a normal
flow vear (the 50th percentile} by 10%, and during a drought
year (the %0th percentile) by 20%.

Helson Objectoris - 5



MDFWP alsc objects on the grounds that the propesed project
will adversely affect recreation lands owned by MDFWP.
Explain this.

The proposed project will use lands of the Greycliff Fishing
Access Site, owned by MDFWP. In addition to being a popular
angler access tc the lower Madison River, the site contains
two develcped campgrounds, picnic areas, and boat launches.
In spring and summer, Greycliff is a popular site for group
functions. In fall, hunting opportunities for deer, pheasants
and waterfowl are provided. Use of the site by recreatiocnists
and cother users is high, amounting to about 16,0060 visitor-
days in 1988.

Project developments at Greycliff will potentially include an
up te 60-inch diameter pipeline, an irrigation diversion,
transmissicon lines, service roads, and a massive (and noisy)
pump. Irrigation use will cccur in spring and summer when the
site is heavily used for recreation. MDFWP believes that
these proposed developments are incompatible with the
recreational purpose of the access site.

The proposed project will alsoc interfere with a prior water
right ¢f MDFWP. Explain this.

An act passed by the 196% Montana Legislature enabled MDFWP to
file for instream water rights for purposes of preserving fish
and wildlife habitat on 12 high quality trout streams. Under
SR 76, these instream rights were refiled in 1982. For ths
4C-mile secticn of the Madison River between its mouth and
Ennis Dam, the amcunt of the instream rights of MDFWP are
{claims #S41F-W-138560 through 138563):

Time Pericd Amocunt {(cfs}
Jan. 1 = May 31 1,200C
June 1 = June 30 1,500
July 1 = July 15 1,423
July 16 - Bec. 31 1,360

Historic flows in the Madison River near Three Forks, near the
site of the preoposed project diversion, were provided by the
USGS (see pg. D~5 of draft EIS and USGS flow report). During
the peak of the irrigation seascn in August, flows near Three
Forks are: .

Percentile Flows {cfs)

SOth 80th 50th 20th
August 1,000 1,260 1,860 1,704

For August, the instream right of the MDFWP 1s 1,300 cfs,
which falls between the 80th and 50th percentile flows., If we
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interpelate, 1,300 cfs would equal about the 70th percentile
flow, meaning that, in about 7 years-out-cf-10, average flow
of the Madison River in August exceeds 1,300 cfs at this site.
Conversely, in about 3 years-out-of-10, flows will be less
than 1,300 cfs.

To fully meet the project’s peak demand of 118 cfs and, at the
same time, satisfy the MDFWP's instream right of 1,300 cfs for
August, a minimum of approximately 1,418 cfs must be flowing
above the proposed diversion site. Again, by interpolation,
this 1,418 cfs approximately eguals the 60th percentile flow,
meaning that in only about &-cut-of-10 years will enough water
be available to fully meet the project’s peak demand of 118
cfs in Auqgust. In about 3-ocut-of~10 years, no water will be
available for project use with MDFWP's pricor instream right in
place. In about 1-cut-of-1C years, some water, but not the
full supply of 118 cfs, will be availakle for project use.
Thus, the project can conly count on receiving its full water
supply in about € years-out-of-10.

How will water availabkility for the project be affected when
the percentile flows that reflect present levels of irrigation
development and current reservoir coperations are used in the

analysis?

Under present levels of irrigation development and current
reservoir cperations, August flows of the Madison River near
Three Forks are far worse than previocusly indicated. These
flows, as summarized by the DNRC con pg. C-7 of the Draft EIS,
and based on their water availability model, are:

Percentile Flows {cfs}

50th 80th 50th 20th
August 602 724 1,227 1,647

To satisfy MDFWP's August instream flow right of 1,300 cfs
and, at the same time, supply 118 cfs for the project, a
minimum of 1,418 cfs must flow above the proposed diversion
site. This 1,418 cfs falls between the 50th and 20th
percentile flows. By interpolation, 1,418 cfs equals about
the 40th percentile flow, meaning that in akcut 4 years-cut-
0f=10, flows will exceed about 1,418 cfs. Thus, in only about
4 years—out-of-10 will sufficient flow be available to fully
satisfy the project's water demand.

How does this level of water availability affect project
feasikbility?

Ga-201 is a potential seed potato project. The project
application selected a rotation pattern ©of one year small
grain, one year potatces, one year small grain, and three
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Are there other ways to assess the severity of current low
flows?

Yes. The wetted perimeter inflection point method used by
MDFHWP to derive its instream flow request for the Jefferson
River yielded an upper inflection point flow of 1,10C cfs (see
pg. 2-348 of MDFWP's application). Eleven hundred cfs is
approximately equal to the river'’s base winter flow. MDFWP's
request equals 47% of the average annual flow (2,333 cfs) at
the near Three Forks gauge site of the USGS (see pg. -6 of
the Draft EIS). (It should be noted that the average annual
flow of 2,333 cfs reflects existing depletions and would be
substantially higher in the wvirgin or undepleted state.
According to a published report of the 5CS, the average annual
flow, without depletions, would be approximately 2,86% cfs.
MDFWP's 1,100 cfs instream reguest equals 38% of the
undepleted average annual flow).

Historic flows at the near Three Forks gauge site are
summarized by the USGS (pg. D~6& of the DRAFT EIS and the USGS
flow report). Annual flows are lowest in August during the
peak of the irrigation season. These August flows are:

Percentile Flows {cfs}

30th 20th 50th 290th
Augush 450 540 850 1,400

The 1,100 cfs request of MDFWP falls between the 50th and 20th
percentile flows, meaning that in at least 5-out-of-~10 years,
August flows are less than 1,100 cfs. In 2-out-ef-10 years,
August flows are no mere than 1/2 of 1,100 cfs.

Historic flows are alsc summarized for the Sappington gauge
site (see pg. D-6 of Draft EIS and the USGS flow report).
August flows are:

Percentile Flows [(cfs)

30th 80th 50th 28th
August 250 410G 690G 1,200

Here, the 1,100 cfs request is about equal to the 20th
percentile flow. Thus, in about 8 yesars-out-cf-10, August
flows are less than the 1,100 cfs reguest of MDFWP. In about
1 vear-cut-cf-10, August flows are less than 1/4 of the 1,100
cfs request.

Do the above analyses indicate that MDFWP's instream flow
regquest is excessive?

We. The analyses simply indicate the inadequacy of existing
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depleted summer flows. Existing irrigation diversions already
overburden the river, creating summer flows that threaten the
existence of a viable fishery resocurce.

How much ground is irrigated above the Sappington and near
Three Forks gauge sites?

according to published records of the USGS, about 364,700 and
390,000 acres, respectively, are irrigated upstream from the
above sites. This explains why summer flows are so depleted.

Are low summer flows a chronic problem on the Jefferson River?

Yes. Low flows caused by irrigation depletions have been a
long-standing problem on the Jefferson River. Evidence of
this chronic problem is provided by gauge records of the USGS.
For example, a USGS gauge was operated near Silver Star from
1910-1216 and 1920-19329 (see Attachment B). Silver Star is an
area of the river where present dewatering is particularly
severe in summer. Minimum flows at this site were:

Year Minimum (cfs) Year Minimum (cfs)
isic¢c - 1827 760
1911l 440 1s28 234
igliz - 1929 122
1513 630 1830 276
1914 460 ie31l 55
1315 = 1532 122
1918 465 1233 146
1920 - 1934 71
1921 571 1935 87
1922 - 1836 121
1923 T8O 1937 50
1924 129 1338 148
1925 £47 1939 182
1526 i87

Ten percent of the average annual flow for this site was about
171 cfs. HNine of the 22 annual lows were less than the ten
percent level that Tennant considers only suited for the
short-teyrm survival of aguatic life. Three of the annual lows
were slightly greater than the ten percent level. Dewatering
continues to be an ongoing problem at this site and other
pertions of the river as well.

Does the MDFWP possess photographs that visually depict the
severity of summer dewatering on the Jefferson River?

Yes. Some of these photos are shown in Exhibit 1. Included
is a set of photos taken at the Waterlco Eridge on July 306,
1988, when flow was 4.65 cfs, and BABugust 7, 1%9¢&1. Comparison

Nelson Objectorfs - 14



e —:

T—— — ——— e —

of the two photos shows that the dewatering in 1561 at this
site was as extreme as that in 1588, a recent drought year.

The MDFWP a2lsc objects on the grounds that the total amount of
the proposed depleticns 1s substantial and will severely
reduce the river's already depressed summer flows. Explain

this.

The ten proposed Jefferscon River projects have a combined peak
diversion rate of approximately 31C cfs (see below).

Peak Diversion

Proiect Rate {cfs)
BR-52 0.66
BRE-10G1 T7.40
JY=25 2.53
J¥=55 1.8¢6
JV=-95 14.43
JV=201 2B0.3C
JV=-202 BE.,390
JV=203 35.80
JV=204 7.42
GA-102 2.34
Total 309.64

Taking inteo account potential irrigation return flows, the ten
projects will reduce August flows in the Jefferson River by
about 18% cfs, according to the draft EA's for the
applications of the Broadwater, Jefferson Valley and Gallatin
Conservation Districts. In July, flows will be reduced by

about 228 cfs.

The effect of an added August flow reduction of 185 cfs on
current low flows can be assessed by examining the historic
flow record for the USGS gauge near Three Forks (pg. D-6 cof
Draft EIS and USGS flow report). Percentile flows for Rugust,
the lowest flow menth for the year, are:

Percentile Flows {cfs)

S0th 80th 5C0th 20th
August 450 540 BEO 1400

Assuming that this gauge reflects the flows near the river's
mouth, flows during a drought year (a cne—~in-ten year event
which is the 30Cth percentile flow) would decrease 41%. During
a normal flow year (the 50th percentile flow), August flow

would decrease 22%.
Long-term historic gauge information is also available for the
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Jefferson River at Sappingteon (pg. D6 of Draft EIS and USGS
flow report). August percentile flows at this site are:

Fercentile Flows {cfs)

S0th g80th 50th 20th
August 25G 410 &30 1200

Seven of the Jefferson River projects are upstream from this
gauge site. Their potential fleow reductions, taking into
account return flows, total 144 cfs for August (see Draft EA
for the applicaticn of the Jefferson Valley Conservation
District}. During a drought year, August flow at the
Sappington site will be reduced by 58%. 1In a normal water
year, a 21% reduction is expected.

These are substantial fleow reductions for a stream that
already suffers from chronic summer dewatering.

Do the above percentile flows reflect the gxisting state of
the flows in the Jefferson River?

No. The above percentile flows reflect the historic reccrd
during the 1537-86 base period. During the years from 1537
through 1986, more land was put under irrigation and reservoir
requlation came into play. Thus, the above percentiles dc not
reflect flows under today's level of irrigation development
and current reservoir operations.

What are the percentile flows for the Jefferson River under
present conditions?

Percentile flows under the 1986 levels of irrigation
development and current reservoir operations were computed by
the DNRC (see pg. C-§ of the Draft EIS} using their water
availability model. For the Jefferson River near Three Forks,
these percentiles for August are:

Percentile Flows {cfs)

Soth 8Cth 5¢th 20th
August G 172 727 1,180

What 2o these percentiles show?

They show that, under today’'s conditions, the proposed
Jefferson River depletions of the Conservation Districts are
devastating. The potential August depleticon of 185 cfs would
increase the cccurrence of zero flows in August to 2-cut-cf-10
vears. During a normal flow year ({the 50th percentile),
existing low flows would be reduced by 25% to a level that is
put 1/2 of the 1,100 cfs needed for fishery maintenance.
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How would these potential flow depletions affect the trout
populations in the Jefferson River?

As discussed earlier, the existing trout populations of the
Jefferson River are already depressed, a conseguence of
existing dewatering and other related environmental problems.
Flow depleticns of the mpagnitude being proposed would
substantially reduce the present low flows and undoubtedly
lead to further fish losses.

At what peoint will the river cease to support a viable sport
fishery?

According to angler use estimates of the MDFWP, the Jefferson
River, in 1989, sustained about 15,260 angler-days of fishing
pressure. This equals about 182 angler-days of use per river
mile. In comparison, the neighboring Madiscon River, a stream
without a serious dewatering prcblem, sustained an estimated
1,138 angler-days per mile, which is mecre than six times that
of the Jefferson. The stretch of the Big Heole River, which
includes the river's best fishing water and a chronically
dewatered segment of river, supported an estimated 437 angler~
days per mile, which is 2.4 times that of the Jefferson River.
Clearly, angler use of the Jefferson River is well below that
of neighboring rivers. This low use undcubtedly reflects the
poor fish populations and other conseguences of chronic
dewatering. The sport fishery is already on the verge of
collapse, as reflected by the low rate of use by the angling
public. Added flow depletions of the magnitude being proposed
will likely eliminate the sport fishery.

MDFWP claims that further depletions from the Jefferson River
will impact a pricor water right of the MDFWP. Explain this

prior right.

MDFWP presently holds instream water rights for the Missouri
River from Tostcn Dam to Canyon Ferry Reservoir. The instream
rights, which have a 1970 pricrity date, were authorized by an
act passed by the 1969 Mcntana Legislature. Under Senate Bill
76, these instream rights were refiled in 1982 (claims S41I-W-
190867 through 190872).

How could depletions from the Jefferscen River interfere with
MDFWE's instream richts for the Misscuri River?

Water to satisfy MDFWP's instream rights for the upper
Missouri River is primarily supplied by the Madison, Gallatin
and Jefferson rivers, the socurce waters for the Missouri
River. The potential August flow reduction of 185 cfs and
July reduction of 228 cfs in the Jefferson River, when
combined with other depleticons that could occur in the
Gallatin,  ©Boulder and Madison vrivers if consumptive
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levels. New depleticns as shown abkove would further
lowerstreamflows at the 20th percentile angd drop flows below
$0 cfs in July at the 80th percentile. ¢nly in an average
year (50th mercent11e} would flows be about $0 ofs or above.
Therefore, since DFWP considers 90 cfs the minimum reguired
flow for fishery purposes, the new projects would adversely
affect the fishery by depleting flows below this level.

The most popular fishery on the Smith River 1is between Camp
Baker and the Eden Bridge, a distance of about 66 miles.
Public access to this river reach is gained almost exclusively
by fleating. Flecating the Smith River is currently limited to
between about mid-april and the first week in July in an
average water year. The minimum flow considered necessary to
allow floaters to utilize this section of the river is more
than 100 cfs. When streamflow at the Camp Baker gauge is 100
cfs or less, floating becomes difficult and interest drops
off. The 100 cfs flow is an indicator of floating conditions,

since Sheep Creek contributes additional flow just below the
boat launch site. Sheep Creek flow 1is necessary for
successful floating conditions when the Smith River above
Sheep Creek reaches 1its minimum flow level.

As the above existing flow table shows, 100 cfs 1is not
currently available, on the average, during July at the 90th
percenti].ew Flows are actually lower than these average flows
in any given year. For example, during the drought of 1988,

daily streamflow actually measured at the USGS gauge at Camp
Baker dropped as low as 35 cfs during June, 3% cfs durlng
July, and 23 cfs during August. The actual floating season in
1988 was over for most persons by about mid June, about three
weeks earlier than normal. Exhibkit 2 1is a2 13588 pheotograph
taken by me of the Smith River at Camp Baker at a flow of 35
cfs which illustrates the low flows which occurred that year.
Continued water withdrawals on the upper Smith River will
increase the freguency that such low flows will occur.
Additional reductions in streamflows during drought years as
cccurred in 1988 would further shorten the time period that
floaters can utilize this reach of the Smith River and would
increase the vearly freguency of these low flows.

Reach #2 - Sheern Creek to Hound Creek

DFWF has requested an instream flow of 150 cfs in this river
reach. Baseline {existing) flows in Reach #2 as determined by
DNRC at Eden (above the mouth of Hound Creek are shown below.

SPENCE COBJECTOR'S ~ &



Baseline Flows - Reach #2

{CF8S)
June July August Sept.
S90% 364 &0 24 50
280% 434 129 © 56 62
50% 796 302 124 106

Source: DEIS, page C-8
Under the Consumptive Use Alternative described in the DEIS,

streamflows would be reduced to the following levels if all
five projects on the river above Hound Creek are implemented.

Depleted Flows - Consumptive Use Alternative, Reach #2

(CFS)
June July August September
90% 289 (5%) 36 (40%) 2 {392%) 43 (14%) .
20% 425 (2%) 110 (15%) 34 (39%) 55 (11%)
50% 786 {1%) 283 ( €%) 109 (12%) 101 ( 5%)

Sgurce: DEIS, page C-12
parcent reduction from baseline flows shown in parentheses.

Existing flows during July - September at the 90th and 80th
percentiles are already below the 150 cfs regquasted by DFWFE as
the amount necessary to provide a near-optimum fishery in this
reach of the Smith River. Even in an average water year (50th
percentile) flows are below 150 cfs in August and September.
Further depletions would reduce these flows by as much as 82%
in August of a drought year. In 1988, flows fell to 23 cis in

August.

Hound Creek

Wwhat conservation district projects on Hound Creek would
affect streamflcws?

Hound Creek is a tributary to the Smith River entering below
the Eden Bridge. The Cascade County Conservation District has
proposed three projects on Hound Creek (CS-62, 28-63, and CS-
€4), These three projects would have a total diversion rate
of 3.72 cofs (370 af/yr) (DEIS, page 14).
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Existing streamflows in Hound Creek are shown below.

Julvy August September
S50% 27 15 i5
80% 47 _ 22 17

Scurce: DEIS, page D-15
The depleticons for these projects would be as follows:

Depletions - Heound Creek

(CFS)
July 2ugust Szptember
1.48 : 1.21 0.49

Scurce: Cascade County CD draft EA, Table 5

DFWP has reguested 35 cfs in Hound Creek from the confluence
of the East Fork and Middle Creek to the mouth. Based on the
existing flows, these three projects would deplete streamflows
by a maximum of 6% in July of a 90th percentile flow year.
This depletion would have a minor impact on the existing.
cstreamflows and would probkably not noticeably affect the 35
cfs instream flow reguest of DFWP. However, they would add to
the cumulative effect of new depleticns in the Smith River and
lower Missouri basin.

Sun River Basin

What conservation district projects in the Sun River basin
would have effects on streanflows?

There are 25 conservation district projects proposed in the
sun River basin by Teton County, Lewis and Clark County and
Cascade County conservation districts. These requests are for
a total of 125.91 cfs (18,088 af/yr). The largest project
({C85~200) would divert 65% of this amount or 82.02 cfs up to
11,885 af/yr. Project CS5-200 is located in the lower reaches
of the Sun River a few miles upstream from Great Falls. This
project would pump water from the Sun River tc supply 43 new
center pivot sprinklers, 36 of which would irrigate an area of
12% acres each.

DFWE has reguested instream flows on the Sun River mainstem
from the Diversion Dam te the confluence with Elk Creek (Reach
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#13y and from Elk Creek to the mouth of the Sun River {Reach
#2). All but five of the proposed projects in the Sun River
hasin are located below the USGS gauge (number 858) at Simms.
The Simms gauge is located below Elk Creek. The five projects
located above the Simms gauge (TEI-10¢, TEI-30, TEI-20, LC-131
and LC-251) would divert 6.51 cfs (974 af/yr) (DEIS pages 15,
16 and 17). Four projects are above Elk Creek and cone is on
Elk Creek (LE-251}.

Sun River above Eik Creck

DFWP has requésted an instream flow of 100 cfs in the Sun
River akove Elk Creek. Existing streamflows at the Simms
gauge below Elk Creek are shown below.

Existing Flows at Simms

{CF3}
July Aug. Sept,
50% &6 55 49
BO% 96 87 58

Scurce: DLDREIS, page bB-16

Total depletions of the five projects proposed above the Simms
gauge are shown below:

Project Depletions

(CFS)
July Aug. Sept.
ILewis and Clark County CD 3.34 2.38 0.75
Teton County CD 1.89 0.81 g.18
Toctal .23 3.1% 3.93

Source: lewis and Clark County CD, draft EAR, Table 5 and
Teton County CD draft EA, Table 5.

Thus, flows in both a drought and a dry year above Elk Creek
are already below 100 cfs, on the average, without any new
diversions. The proposed depletiens would further reduce
flows as shown below.
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Depleted Flows at Simms

(CFS)

July Aug. Sept.

90% 61 (8%) 52 (6%) 48 (2%)
80% 91 (5%) 84 (3%) 67 (1%)

Percent reduction from existing flows shown in parentheses.

Although these reductions would have only a slight additional
impact on the already depleted streamflows in this reach of
the Sun River, they will aggravate an already poor flow
condition.

Sun River below Elk Creek

The remainder of the projects in the Sun River basin lie below
Elk Creek and the Simms gauge. Two of the projects are on Big
Coulee, twe projects are on Muddy Creek and the remainder are
along the Sun River in Cascade County. These projects would
divert an additional 119.40 cfs (17,185 af/yr}) above the
amounts already noted for. projects above the Simms gauge.

DFWP has requested an instream flow of 130 cfs in Reach #2 of
the Sun River. The lower Sun River experiences sevare
dewatering during the summer when irrigation demand is at its
peak. Poor flows and elevated water temperatures during this
periocd have limited the fishery te short river segments where
irrigation return flows and seepage provide only marginal flow
conditions for trout. With adeguate flow, there 1is an
excellent potential to improve the fishery (DFWP Appl. page 3-
195) .

Baseline flows in the lower Sun River were determined at the
USGS gauge near Vaughn, which is located below the mouth of
Muddy Creek. These flows are as fcecllows:

Baseline Flows - Sun River near Vaughn

{CFS)
July Aug, Sepnt.
S0% 42 224 239
20% 240 312 303
50% 430 433 426

Source: DEIS, page C-8
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In the driest one and twe years in 10 (%0th and 80th
percentiles respectively,) flows in the Sun River near Vaughn
would be reduced under the Consumptive Use Alternative to the
following guantities:

Depleted Flows -~ Sun River near Vaughn

(CFS)
July August Septenber
90% | o (100%) 158 (30%) 239 (0%)
30% 137 (43%) 265 (15%) 288 (5%)
50% 245 (20%) 447 (9%) 412 (3%)

Percentage Treductions from  baseline flows shown in
parentheses.

DFWP has requested 130 cfs in the lower reach of the Sun
River. The principal impact of the Consumptive Use
Alternative on streamflows would cccur in July at the 8Gth
percentile and in July and August at the 90th percentile.
Flows in July at the 20th percentile would be reduced toc zero.
only during average years (50th percentile} are flows
available to meet the instream flow request of 130 cfs. Thus,
new depletions will only make worse an already poor flow
condition in the lower Sun River where conly 2 marginal fishery
currently exists.

Project €85-200 is the largest proposed project on the Sun
River. The diversion point of this project is below the
Vaughn gauge. Assuming water is still available, this preject
would deplete flows in the Sun River belocw the peoint of
diversion by an additicnal 53.54 cfs in July; 30.48 cfs in
August and 6.53 cofs in September (Cascade County CD draft EA,
Table 5, page 12). Under the Consumptive Use Alternative,
this would result in the following flows below the point of
diversion:

Depleted flows below Project CS5-200

(CFS)

July August September
50% ot 128 232
B0% B3 235 281
50% 291 416 405

iplow is already zeroc at the Vaughn gauge upstream.
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Thus. flows in the Sun River below the diversion point would be
even less than those shown at the Vaughn gauge and, in July,
would be well below the 130 cfs recommended by DFWP to
maintain the lower Sun River fishery. There does not appear
tc be any water availakle for project C55-200 in July, con the
average, at the 90th percentile flow level.

Elk Creek

What conservation district projects are on Elk Creek that
would affect streamflows?

Elk Creek is a tributary to the Sun River that has only one
new irrigatiocn project proposed by the Lewis and Clark County
Conservation District. DFWP has requested 16 cfs for instream
flows on Elk Creek. Flows in July, August and September at
the S0th percentile range between 20 and 32 cfs. At the 80th
percentile, they range between 23 and 52 cfs (DEIS, page D-
16). The proposed depleticns on Elk Creek from the single
project weould be a2 maximum of 0.64 cfs in July. Thus, it is
not expected this preject will significantly affect
streamflows on Elk Creek but would contribute to the
cumulative depletions in the Sun River.

Belt Creek

What conservaticn district proiects in Belt Creek would have
an effect on streamflows?

There are seven proposed new irrigation projects in the Belt
Creek drainage (JB-81, JB-281, CS5-43, (85-42, C5-159, (C5-44,
and CHS-1). These projects would divert a total of 34.55 cfs
(4,659 af/yr) (DEIS, pages 14, 15 and 16). Project JB-281 is
on Bilig Otter Creek (Referred to as Ctter Creek 1in DEIS).
Prcject JB-61 is on Little Ctter Creek, a tributary to Big
Ctter Creek.

DFWP has requested 35 cfs for instream flows in Belt Creek
from the mouth of Big Otter Creek to the confluence with the
Missourli River. The proposed projects would affect flows only
below the mouth of Big Otter Creek. There are no projects in
Belt Creek above the mouth of Big Otter Creek.

Existing flows near the mouth of Belt Creek, measured at the
USGS gauge near Portage are shown below.
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Existing Flows - Belt Creek

{CFS)

July August Septemkber
903% 57 1& 14
80% 85 27 is

Scurce: (DEIS, page D-17}.

The anticipated depleticns of the propeosed projects on
streamflows in Belt Creek are shown in the following table:

Prcject Depletions - Belt Cresk

{CFS)
July August September
Cascade County CD 4.25 2.63 1.00 Draft Ea, Table 5
Chouteau County €0 15.07 5.71 3.92 Draft Ea, Table 5
Judith Basin Co. CD _1.51 0.%4 ¢.35 Draft E&, Table 5
Tetal 20.83 13.28 .27

The above depletions would reduce existing streamflows to
those shown below.

Depleted Flows - Belt Creek

(CFS)
July August September
90% 36 (37%) 3 (81%) 3 {36%)
20% &84 (25%) 14 {48%) 13 {28%)

Numbers in parentheses are the percent reduction from
existing flows.

The proposed projects would have severe effects on existing
streamflows, particularly during August and September at both
the 90th and 80th percentiles. Flows during these months are
well below the 35 cfs requested by DFWP. The reguested 35 cfs
is the wetted perimeter low inflection peint flow and has keen
requested because aquatic habkitat values in this reach of Belt
Creek are low, due partly tc low streamflows (DFWP applicaticn
page 3-217}). The additiocnal depletions will cause habitat
conditions to becoms even worse than they are at the present
time, adversely affecting the resident trout fishery and the
spring spawning migrations of sauger which enter from the
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Missouri River (DFWP application page 3-217).

Bic Qtter Creck

What conservation district projects would affect the
streamflows in the Big Otter Creek drainage?

There are two prejects proposed by Judith Basin County
Conservaticn District. Project JB-61 would divert 2.15 cfs
(275 af/yr) from Little Otter Creek which is a tributary to
Big Otter Creek. Project JB-281 would divert §.44 cfs (28
af/yr) from Big Otter Cresek. CFWF has an instream £low
request of 5 cfs on Big Otter Creek but has no regquest on

Little Otter Creesk. However, the proposed diversion from
Little Otter Creek would adversely affect streamflows in Big
Otter Creek. The combined diversion regquested on both

projects is 2.59 cfs {303 af/yr).

The existing flows in Big Otter Creek, as determined above
Never Sweat Creek near Ravnesford, are shown below:

Existing Flows - Big Ctter Creek

{CF&}
June July August Sepntember
SG% 14 5 2 1
BO% 17 7 4 2
50% 29 10 & 5

Source: DEIS, page D-17.

The combined depleticons of these two projects on Big Otter and
Little Otter creeks are shown below:

Depletions - Big and Little QOtter Creeks

(CFS)
Junes July August September
Ctter Creek 0.04 0.09 G.08 0.02
Little Otter Creek 0.74 1.42 0.88 0.33
Total 0.78 1.51 .94 J.35

Scurce: Judith Basin County CD drait EA, Table 5.
DFWP has reguested 5 cfs in Rig Otter Creek. Because of an
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artesian aguifer, Big Otter Creek is able to maintain a
consistent perennial flow even though these flows are of low
magnitude most of the year (DFWP application, page 3-235; DEIS
page D=-17}. Curing high flow pericds in a wet year,
streamflows are 50 cfs or less on the average. During the
drier times of the year, flows are ncrmally less than 15 cfs
even 1ln a wet year (DEIS page D-17).

If the projects on Big Otter Creek and Little Otter Creek are
implemented, streamflcws in Big Otter Creek would be reduced
to the levels shown below.

Depleted Flows - Big Otter Creek

{CFS}
June July August Septenber
90% 13 (8%} 4.5 {25%) 1.1 (47%) 0.6 {35%)
80% 16 (5%} 5.5 {(22%) 3.1 (23%) 1.8 (17%)
50% 28 {3%) 8.5 (15%) 5.1 (16%]} 4.6 {7%)

Percent reduction from existing flows is shown in parentheses.

The above information shows that the two projects would not
significantly affect streamflows in June of any year and would
have varying effects during July, August and September of
average, dry and drought years. In a drought year (S0th
percentile); flows would be nearly cut in half in August and
would be below the DFWP flow reguest in July, August and
September. In a dry yvear (80th percentile), flows would be
less affected but would still be below the 5 cfs flow reguest
in August and September. The same would be true in an average
vear (50th percentile) for August and September. The overall
impact of new depletions, therefore, would be to reduce flows
in Big oOtter Creek in dry and average years to levels that
fall belcw the mninimum instream f£flows needed and, thus,
adversely impact the stream’s fishery.

Teton River Basin

Please describe how proposed conservation district projects in
the Teton River basin will affect streamflows.

DFWP has an instream flow reguest for 35 cfs in the Teton
River in the reach from the headwaters to the discharge from
Priest Butte Lake near Choteau. Instream flow reguests have
alsc been submitted on several of its tributaries. No
instream flow reguests have been submitted for the Teton River
below the Choteau area. No conservation district projects are
proposed for the tributary streams where DFWP has flow
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reguests, but only for the Teton River itself. In the reach
where DFWP has a flow regquest, there are four projects
proposed by Teton County Conservation District (TEI-70, TEI-
60, TEI-50, and TE-321). These four projects would divert a
total of 25.33 cfs from the Teton River (DEIS, page 17)}. The
largest of these projects (TEI-60) would divert 10.99 cfs.

Depletions by these four projects are shown in the following
table: ‘

(CFS) Project Depletions - Teton County CD
Y

July August September
TEI-50 T1.43 0.46 0.15%
TEI-€0 4 .57 1.43 0.48
TEI~-70 1.82 .58 g.1%
TE“BZl’ 2.81 0.90 0.29
Total 10.83 3.37 1.11

Scurce: Teten County CD draft EA, page 10, Tablie 5.

The most significant effect of these depletions will ke in
July. July flows in a drought vyear (90th percentile) are
currently 32 cfs, on the average. In a dry vear (80th
percentile) flows are 64 cfs, on the average, at the USGS
gauge near Duttcen, which is downstream from the lowermost
reach of the DFWP instream flow request (DEIS, Table D-1, page
D-18).

Upper Tetcn River flows before and after depletions by these
four proposed projects are shown below.

Teton River near Dutton

Baseline Flow!l Depleted Flow?
July Aug. Sep. - July Aug. Sept.,
30% 32 16 26 21 (34%) 13 (19%) 25 (4%)
80% 64 45 39 53 (17%) 42 (7%) 38 (3%)

IDEIS, page D-18
Baseline flows minus project depletions
Percent reduction from baseline flows shown in parentheses.

DFWE has reguested 35 cfs in the upper reach of the Teton
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River. An additional depletion of approximately 11 cfs would
reduce existing July flows at the S0th percentile level by 34%
and at the 20th percentile level by 17%. It would produce a
flow that is 30% below the flow requested by DFWP to maintain
the fishery rescurces of this reach of the river. About 43%
of the overall depleticon would cccur from project TEI-&0.

Aocording to the DEIS (page 165), existing flows in the Teton
River are insufficient to support all water uses included in
any of the three alternatives. Bococording toe DNRC's water
availability model, July flows at the mouth of the Teton River
near Loma already cease during the driest twe years ocut of 10
{80th percentile) during all months sexcept March and June.
Flows already cease in August and September of average years
{50th percentile). Under the Consumptive Use Alternative,
June flows would cease during dry years, July flows would
cease in average years, and August flows would drop to three
cfs during wet years. Therefore, even under baseline
conditions (without any new diversions) flows are not
available for new prcjects during meost months in a dry year
{DEIS pages 166 through 169). DFWP has not reguested instrean
flows in the lower Teton River. However, it is apparent that
additional upstream depleticons will only further aggravate an
already poor streamflow condition in the lower Teton River and
contribute to lower flows in the Missouri River.

Marias River Basin

Please describe the conservation district projects in the
Marias River basin which will affect streamflows.

The first part of my testimony will be for that portion of the

Marias River basin lying akove Tiber Reserveoir followed by the
Marias River below Tiber Reservoir.

Marias River above Tiber Reservoir

Three conservation districts have proposed preojects in the
basin above Tiber Reservoir. These projects are GL-11, GL~-
221, GL-201, POI-10, PO-421, PO-251, PO-91, PO-171, PO-211,
PO-411, PO-271 and T0-221. The eight projects proposed by
Pondera County CD would reguire a total of 16.05 cis (2,082
af/yr} to irrigate 1,058.3 acres of land using wheel lines,
hand lines and center pivot sprinkler systems. Tocle County
CD preoposes one project which would divert 1.26 cfs (153
af/vr). The three projects proposed by Glacier County CD
would divert a total of 11.44 cfs (1,271 af/yr} (DEIS Takle 3-
1, page 143},

The conservation district projects would deplete flows in the
basin by the following amcunts.
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Project Depletions (ofs)

July August Septenber
Glacier County CD 11.92 6.52 2.786
Pondera County CD 8.15 4.35 1.83
Toole County CD 0.47 0.24 .10
Total : 20.54 11.11 4,69

Source: Glacier Ccounty CD draft EA, Table 4:; Pondera County
CD draft EA, Table 5; and Toole County CD draft EAZ, Takle 5.

Existing streamflows on the Marias River above Tiber Reserveir
near Shelby are as fcllows:

Existing Streamflows {cfs)

Percentile Flow Julvy august September
S0% 370 1846 150
BO% 570 220 220

Source: DEIS, page D-17

DFWF has reguested 200 cfs in the Marias River above Tiber
Reservolr. Flows in the Marias River above Tiber Reservoir
are already below 200 cfs in August and September in a drought
vear (90th percentile). Reductions in streamflow of the above
amounts from these existing flows would reduce streamflows an
additional 11 cfs in August and 5 cfs in September. In a dry
year {80th percentile), August flows would be reduced to about
20% cfs. Cn the average, project depletions would reducse
streamflows in August and September in a drought year (90th
percentile) even further below the 200 cfs instream flow DFWP
considers necessary in this stream reach during those months.

|
|
|
|
|

Marias River below Tiber Reservoir

In the Marias River basin below Tiber Reservoir and including
Tiber Reservoir, five conservation districts have submitted
project applicaticons. These projects are TO-211, TO-341, TO-
342, TC-421, LI-161, LI~162, LI-261, LI~%1, LI~-262, LI-283,
HI-269, BSS-2, BS-32, BS-31, CHI-52, CH-53, CH-51.

The four largest projects and their diversion rates are BSS-2,
289.61 ©fs (44,608 af/vr;; HI-26%, 18.8B2 cfs (2,708 af/vyr};
LI=261, 24.31 cfs {3,241 af/vr}; and LI-262, 10.51 cfs (1,401
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af/vr}. All four projects divert water from the Marias River.
BSS=-2 would supply water to 135 new center pivot sprinklers.

Project BSS5-2 would have a major impact on streamflows. In
the driest two years in ten (80th percentile) measured at the
USGS gauge on the Marias River near Loma (gauge number
1820.5), this project alone would reduce July baseline
streamflows by 33%, August streamflows by 25% and September
streamflows by 12%. In a drought year [driest one year in 1C
{(o¢th percentile) ], July flows would be reduced by 86%, August
flows by 36% and September flows by 20%. This information is
summarized below:

Baseline Flows

{(CFS)

July August September
0% 228 366 287
80% 59¢ 472 426

Scurce: DEIS, Table C-1, pages C-9, C-13.'

Flow Depletions by BSS-2

{CFS)
July August September
196.23 132.8¢9 55.66

Scurce: Blg Sandy CD draft EA, Tabkle 4

Flows Remaining after BSS-2 Depletions

{CFS}
July August September
S0% 32 (86%) 233 {38%) 231 {(20%)
20% 400 (33%) 33% (28%) 370 (12%)

Percent reduction from baseline flows shown in parentheses.

DFWP has requested 560 cfs in the lowermost reach of the
Marias River {Reach #3}. With the exception of the month of
July at the 80th percentile level, streamflows are already
below the reguested amount in August and September and at the

SPENCE OBJECTOR'S -~ 19



g¢th percentile level are belcow that amocunt in all thres
menths.  Thus, project BSS-2 alcone would reduce streamflows
well below those necessary for the fishery of the lowar reach
of the Marias River. If projects HI-269, LI-261 and LI-262
are included, streamflows would be even further reduced than
shown above since, tegether, they would deplete an additional
36 cfs in July, 2d cfs in August and 10 cfs in September (Hill
and leerty county CD draft EA's, Table 4).

What are the cumulative sffects of the proposed conservation
district projects on streanflows at the mouth of the Marias
River.

The table below shows baseline flow conditicns in the Marias
River at the USGS gauge near Loma {near the mouth} and flows
which would cccur under the Consumptive Use Alternative at the
same site,
' Consumptive Use Alternative

Baseline Flow! Depleted Flow?
July Aug Sept July Aug Sept
90% 228 366 287 0 (100%) 169 (54%) 186 (35%)
80% 596 472 426 310 (48%) 254 (38%) 351 (18%)
50% 107¢% 14612 782 785 {27%) 785 (22%) €98 (11%}

iDEIS Takle C-2, page C-8
DEIS Takble C~2, page C-13

Percent reductiocn from baseline flows shown in parentheses.

DFWF has requested 560 c¢fs 1in the lower Marias River.

Baseline flows in the lower Marias River are already below
this flow during low flow periocds during drought years (90th
percentile} and dry years (80th percentile). Even without
proposed new depletions, existing flows are poor.

As can be seen from the above tables, the lowermost reach of
the Marias River (Reach #3) would be severely affected by the
Consumptive Use Alternative depleticns at the 80th and 90th
percentile flow levels. HNo flow would cccur in July one vear
in 1¢. July and August flows would be only 30% ~ 33% of the
reguired flow level of 560 cfs. Only during an average year
{50th percentile) or better would the reguested flow be met.

Other than on the Marias River itself, DFWP has ne instream
flow reguests for any other streams in the basin where
conservation district projects are proposed except on Birch
Creek, where Pondera Ccunty CD has three projects. However,
compared tc the existing flows in Birch Creek, these proiects
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would have only minor effects on streamflows due to their
small depletion levels.

Judith River Basin

What conservation district projects in the Judith River basin
would affect streamflows in the basin?

There are a total of 21 projects proposed by Judith Basin CD
and Fergus County ¢CD in the Judith River basin. These
projects would divert a total of 103.62 cfs (12,060 af/yr).
{DEIS pages 15 and 16).

DFWP has reguested instream flows on 10 streams in the basin.
Conservation districts have reguested water reservaticons on
three of those streams (Judith River, Big Spring Creek, Warm
Spring Creek). I will evaluate the effects of these projects
separately on these streams as follows: Judith River above
the mouth of Big Spring Creek; Big Spring Creek; Warm Spring
Creek: and Judith River below the mouth of Bilg Spring Creek.

Judith River above the Mouth of Big Spring Creek

There are seven projects which would affect streamflows in the
Judith River above its confluence with Big Spring Creek (JBI-
2, JB-231, JB~30%, FE~673, FE~-672, FE~€71, and FEI-50. These
projects would divert 85.11 cfs (10,456 af/yr) (DEIS, pages 15
and 16}.

DNRC has determined the depletions these projects would have
on streamflows of the Judith River above its confluence with
Big Spring Creek. The total depleticns for projects proposed
by the two conservation districts are shown by month in the
following table.

Project Depletions -~ Judith River above Big Spring Creek

{CFS)
July dugust September
Fergus County CO 46,81 38.75 7.83
Judith Basin County CD 9.08 T.52 1.52
Total 55.89 46,27 9.35

Scurce: Fergus County CD draft EA, Table 5 and Judith Basin
CD draft EBEA, Table 5.

There are no flow estimates or gauging station data availabkle
to determine the existing streamflows in the Judith River just
ahove the meouth of Big Spring Cresk. DFWF has requested 25
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cfs in the Judith Riwver from the confluence of the Scuth and
Middle forks to Big Spring Creek. The depletions for
irrigaticn in July and August are about twice as much as the
reguested instream flow and the resulting flow reduction will
adversely affect the fishery.

Water used by project FEI-50 alone would comprise 71% of the
total depletions in each of the months July through September.
This project would pump water from the Judith River to service
33 new center pivot sprinklers to irrigate lands just above
the mouth of Big Spring Creek.

Bilig Spring Creek

There are four projects proposed in the Big Spring Creek basin
(FE-141, FE-431, FE-111 and FE-4¢1). These projects range in
size from 0.21 cfs to 3.23 cfs. The total regquest for all
four of these streams is 5.05 cfs {(DEIS page 15). The total

" depletions of these four projects on Big Spring Creesk are

shown below:

Project Depleticons - Big Spring Creek Basin

{CFS)
Julvy August September
3.11 2.62 0.56

Source: Fergus County CD draft EBA, Tabkle 5.

DFWP has regquested an instream flow of 110 cfs from the state
fish hatchery to the confiuence with Cottonwoocd Creek. DFWE
also has a Murphy Right in the amcunt of 110 cfs in this same
reach. The priocrity date of the Murphy Right is December 21,
19706. Existing streamflows in Big Spring Creek above the
mouth of Cottonwood Creek (near Hanover) are shown below:

July August September
90% 140 12¢ 120
80% 180 130 120

Source: DEIS, Table D~1, page [L~18.

Big Spring Creek has relatively stable flows throughocut the
yvear. Slight increases in flow occur in May and June and
portions of July. Durling the rest of the year flows remain
bhatween 110 and 130 cfs. Becausa of the stable flows and the
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small depletions expected to occur from the four Fergus County
CD projscts, little impact tc the fishery at Big Spring Creek
is expected to occur although the depletions will contribute
to the cumulative depletion in the Judith River. Also, any
reservations granted for these projects will be Junior to
DFWP's instream Murphy Right.

Warm Spring Creek

There are three proposed proiects on Warm Spring Creek {(FE~
161, FE-561 and FEI-40). These projects range in size from
2.18 cfs to 13.65% cfs. The total regusst for all three
projects is 19.15 c<fs (DEIS, pages 15 and 16). The largest
individual preoject (FEI-40) would pump 13.69 cfs from Warm
Spring Creek to service six new center pivot sprinklers
{Fergus County CD draft EA, Table 2Z). DNRC has estimated the
depletions which would occur in Warm Spring Creek from these
projects as shown below.

July August September
12.7¢ 1¢.73 2.36

Scurce: Fergus County €0 draft EA, Table 5.

Estimates of streamflow have been made for the lower reach of
Warm Spring Creek. The estimated flows are as feollows:

Existing Flows -~ Warm Springs Creek

{(CFS)
July August September
03 ag 100 100
80% 100 1400 110

Source: DEIS, Table D-1, Page D-19.

DFWFP has regquested 110 cfs on Warm Spring Creek from its
origin to its confluence with the Judith River. Streamflows
are already below 110 cfs in all months except September at
the 80th percentile, The preojects would further reduce
streamflows below that regquested by DFWP in July through
September of kboth dry and drought years.
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Judith River below Big Spring Creck

As mentioned earlier, there are 21 proposed new irrigation
projects in the Judith River basin. These projects will
deplete existing streamflows as they exist at the mouth of the
Judith River. The total amcunt of water requested for all 21
projects is 128.37 cfs (14,6%1 affyr); 103.62 cfs (12,060
af/yr}) in Fergus County Conservation District and 24.75 cfs
(2,631 af/yr) in Judith Basin Conservation District. The
three largest projects are FEI~40 on Warm Spring Creek, FEI-50
on the Judith River and JBI-2 con the Judith River. These
three projects would divert 90¢.28 cfs (10,588 af/yr) which is
70% of the total diversions for the 21 projects.

Baseliné (existing} streamflows were determined for the Judith
River near its mouth as follows:

Baseline Flows - Judith River near mouth

{CFS3)

Julvy August September
0% 266 2246 236
B0% 308 238 238

Source: DEIS, page C-9.

Under the Ccnsumptive Use Alternative described in the DEIS,
flows on the lower Judith River would be reduced by upstream
depleticons to the following amounts.

Depleted Flows - Judith River near mouth

(CFS)
July August Sept.
30% 182 (32%) 151 (33%) 213 (10%)
BO% 226 (27%) 168 (29%) 218 (8%}

Source: DEIE, pages C-~14
Percent reduction from baseline flows shown in parentheses,

DFWP has reguested 160 cfs in the Judith River from the
confluence with Big Spring Creek to the confluence with the

Missouri River. This flow guantity is the wetted perimeter
low inflecgtion point flow. This reach of the Judith River has
a low level of aguatic habitat potential. Present fish
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populations are not exceptionally high. Reducing the flows in
the Judith River by as much as 33% in July of a drought year
and 29% in August in a dry year could cause habitat conditions
to further detericrate for fish populations. The flows shown
above are the average flows at each of the percentile flow
levels. It is expected that daily flows lower than those
shown abkove may cccur in any given year in this reach of the
Judith River. Except for August in a drought year, flows, on
the average, do not drop below the instream flow reguest of
DFWP. However, 1t ls expected that daily flows could drop to
160 cfs or below in any given dry or drought year.

Bureau of Reclamation

Will the Bureau of Reclamation's reservation application on
the Misscuri River have any effect upon streamflows?

Yes. The Bureau of Reclamation has applied for up to 280 cfs
(89,000 af/yr} from April 1 to Octcher 3¢ to provide
supplemental and new full service irrigation in ths Milk River
drainage, including two Indian ressrvations, the Lake Bowdeoin
Naticonal Wildlife Refuge and the Tcwn of Chinock. Water would
be diverted from the Missouri River about two miles above the
town of Virgelle and transported through a canal to a peint on
the Milk River about four miles upstream from the City of
Havre (USER draft EA, pages 1 and 2}.

Depletions from this project would reduce fish habitat in side
channels of the Missouri River. These side channels are
important rearing areas for sauger, goldeye, smallmouth
buffale and bkigmouth buffalo. DFWP has reguested 5,400 cfs
for instream flows in the Missouri River from the mouth of the
Marias River to the mouth of the Judith River to maintain
adequate flow in the side channels during the period July 6 -~
August 31. (See Exhibit 3 and objector's testimony of Bill
Gardner (DFWP) for a further explanation of the flow needs of
side channels.} The USGS gauge on the Misscuri River at
Virgelle records streamfliows in this reach and is just
downstream from the proposed Bureau of Reclamation diversion.
Since the propcsed diversicn would be used to transport
Missouri River water to the Milk River basin, the 280 cfs is
completely removed from this portion of the Missourl River
basin. Thus, there are no return flows to consider in
determining the water depletion from this project in this
reach of the Missouri River.

The following table shows the baseline (existing) streamflow
conditions for average, dry and drought water years.
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Raseline Flows - Missouri River at Virgelle

(CFS)
April May June July Aug. Sept.
90% 4890 T340 £192 3986 3683 4127
80% 6521 883C 214% 44314 38739 4358
50% 89658 12,577 13,252 T323 5399 5162

Source: DEIS, page -9

Basaline flows are already below 5400 cfs in July and August
at the 90th and 80th percentile. In July of an average water
year (50th percentile}, flows are above 5400 cfs and in
August, about 5400 cfs.

The next table shows what flows weuld occur at Virgelle if 280
cfs is diverted during the months shown.

Depleted Flows -~ Missouri River at Virgelle

{(CFS)
April May June July Aug. Sept.
S0% 4610 F060 5512 3706 3403 3847
80% 8241 28650 T8ES 4134 3599 4076
50% 8688 12,297 12,3872 T043 511¢ 4882

At the 50th and 80th percentiles, already inadeguate flows are
further reduced below 5400 cfs in July and August. In an
average year (50th percentile) flows fall below 5400 cfs in
Bugust.

DFWP has reguested 4300 c¢fs te maintain the main channel
riffle areas between September 1 and March 14. The above
table shows that this flow is not currently present in
September at the 90th percentile and would not be present in
September at either the 50th or 80th percentile with .an
additional 280 cfs withdrawal.

Musselshell River Basin

What conservaticn district requests on the Musselshell River
would affect streamflows?

The Lower Musselshell Conservaticn District has propeosed one
project (LM-20) on the Musselshell River near Roundup. This
is the only conservaticon district reguest in the Musselshell
River basin.
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Froject LM-20 would involve pumping water from abandonad
underground coal mines to supplement late summer flows in the
Musselshell River. The reguested amcunt is 950 cfs (8,150
af/yr). Water would be pumped from the abandoned cecal mines
into the Musselshell River during the irrigation seascn as
needed to supplement water supplies. The project may also
divert water from the Musselshell back intc the coal mines
throughout the year 1if water is available. Punping the
Jeffrey Mine, which is connected to the Musselshell River
alluvial agquifer, could lower aquifer water levels and induce
infiltration of river water into the mine. Thus, augmenting
river flows in summer could be somewhat offset by losses in
river flow (DEIS, page 175).

No specific projects for the use of this supplemertal water
are lidentified in the <€D application or 1in DHNRC's
environmental assessment on this project. This lack of
information makes predictions of the effects of this project
on streamflow in the Musselshell River difficult te make.
DEIS, page 1735} .

Cumulative Effects of all proiects on Missouri River

Eighteen conservation districts and 18 municipalities and the
Bureau of Reclamation have submitted applicaticns for new
consumptive uses. Can the cumulative effects of these new
uses on Missouri River streamflow be determined?

Yes, by using the information from the DNRC's Missouri basin
water availability medel, the results of which are included in
the DEIS.

Please describe these seffects.

The effects can be shown by comparing the baseline flows on
the Missouril River at the USGS gauge near Landusky to the
flows which would occur at +this same site under the
Consumptive Use, Combination and Instream alternatives. The
Landusky gauge is the lowermost flow measuring peint on the
Missouri River above Fort Peck Reservoir. The Musselshell
River is not included since 1t directly enters Fort Peck
Reservoir at ancther location. ’

The baseline flows and flows which would cccur under each of
the three alternatives are shown in the following table for
the 90th, &80th and 50th percentiles.
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Consumptive Use Alternative Flows

Combination Alternative Flows

Instream Alternative Flows

June July
S0% 6781 4323
80% 2989 4972
50% 15,554 828313
Scurce: DEIS page C-3
June July
S0% 5373 3288
BO% 8448 3784
50% 14,850 €944
Scurce: DREIS, page C-14
June July
S0% 65453 31924
80% 8768 4428
50% 15,279 7800
Source: DEIS, page C-18
June July
20% &705 4211
§0% 8522 4829
50% 15,477 8171
Scurce: DEIS, page C-23

Baseline Flows

August

3807
4100
5875

August
3097

3456
5137

August
3584

3829
5556

August

3828
4031
5806

Sept.

4368
4795
B538

Sept.
3865

4368
B3e7

Sept.
4055

4617
5502

Sept.

4279
4746
5604

1z2-Month
Cct. Average
4525 5043
5411 5021
4118 85351

1z2-Month
Ccct. Averade
4530 4727
5204 5681
6901 8291

1z2-Month
oct. Average
4529 492¢6
5681 5888
5864 82475

12-Month

oct, Average
4527 5014
5736 5983
7032 8580

Under all three alternatives the greatest reduction in flow

will occur in July followed by August and September.

takble below summarizes those reductions.

The
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Flow Reductions at Landusky Under Three Alternatives

(CFS)

Consumptive Use Alternative

July August September
50% 1,035 (24%) 810 (21%) 503 (12%)
B0% 1,188 (24%) 644 {16%) 431 (9%)
50% 1,369 {(16%) 738 {13%) 272 {5%)

Combination Alternative

July bugust Septenber
0% 399 (9%) 323 (8%) 273 (6%)
80% 544 (11%) 271 (7%) 182 (4%}
50% 513 (6%) 319 (5%) 137 (2%)

Instream Alternative

July August September
90% 112 (3%) 79 (2%) 89 (2%)
80% 143 {3%) 69 (2%) 53 {1%)
50% 142 {2%) 69 {1%) 35 (1%)

The greatest flow reductions would cccur under the Consumptive
Use Alternative 1in July under bkoth the 20th and 80th
percentile flow levels. A 24% reducticn (1,035 cfs} would
occur in July at the Scth percentile and a 24% reduction
(1,188 cfs) would occur in July at the 80th percentile. The
next highest reductions would coccur in August at the SCth
percentile where a 21% reducticn (810¢ cfs) would cccur and at
the 80th percentile where a 16% reduction (644 cfs) weould
occur. Even in an average water vear {(50th percentile}, July
flow reductions would bhe 1,369 cfs (16% reduction}) with a
lesser reduction in August and September.

Under the Combination Alternative, flows in July would be
reducead 2% (399 cfs) and 11% (544 cfs), respectively, for the
30th and 80th percentile flows. ’

Flow reductions are least for the Instream Alternative, the
greatest reduction being 3% (112 cfs) at the 90th percentile
and 3% (143 cfs) at the 80th percentile in July.

DFWP has requested 5,800 cfs as an instream flow in Reach #é6
of the Misscuri River from July é to August 31 to maintain
proper flow 1in side channels. At the 90th and 8&0th
percentile, flows are already below that amount by about 800
to 1500 ofs. Only in an average water year (50th percentile;
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are flows above this amcunt, on the average. During August,
flows are wall below 5400 cfs at both the %0th and 8¢th
percentile by about 1700 to 1800 cfs. Even in an average
water vear, baseline flows are already approaching 5800 cfs.
Further reduction in the flow levels can only cause more
freguent periods when flow levels in side channels will be
inadequate to maintain these important fish habitats.

Liter E. Spence, being first duly sworn, states that the foregoing
testimony is true.

DATED this 2% day of December, 13%91.

Liter E. Spence

Subscribed and sworn to before me this égﬂﬁ day of December,
1991.

Lptrn, £ 7S

Notary Pubklic for the State of Montana
Residing at Helena, Montana

My commission expires ?Z%%a’/?ﬁ el
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PRE-FILED OBJECTOR'S TESTIMONY
OF WILLIAM M. GAKDNER
ON BEHALF OF THE MONTANA DEPARTMENT OF
FISH, WILDLIFE AND PARKS

Please state your name and business address?

William M. Gardner

Montana Department of Fish, Wildlife and Parks
F.0. Box 1088

Fort Benton, MT 55442

What is your present employment?

I am a fisheries biclcgist employed by the Montana Department
of Fish, Wildlife and Parks (MDFWP).

Have you provided previcus testimony in this proceeding?

Yes, I provided pre-filed direct testimony on kehalf of DFWP
which was filed on November 1, 1951. That testimony contained
a statement of my education and work experience and a
biocgraphy.

What is the purpose of your objector's testimony?

The purpose of my testimony is to describe the effects that
proposed new water withdrawals under the Consumptive Use and
Combination alternatives described in the Draft Envircnmental
Impact Statement will have on streamflows and the fisheries
resources in Reaches 4, 5 and € of the Missocuri River below
Great Falls {(see DFWP application pages 3-22 through 3-38 for
a description of these reaches). These reaches are downstream
from most of the proposed projects in the Missouri River
basin.

Please explain what these effects will be on the fisheries in
these reaches.

Under the Consumptive Use and Combination alternatives, there
is the potentizl to severely reduce summer flows. The reduced
flows will cause dewatering of important fish habitat in side
channels and, during low water years, alsoc dewater riffle
habitat of the main channel.

What is the ecclogical importance of these two habitats to the
fisheries in the Missouri River?
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A side channel is defined as a channsal diverging from the main
channel and containing less than 20 percent of the river's
flow. In Reaches 4, 5 and 6 of the Missouri River there are
about 70 s=side channels, ranging in length from .2 to 1.4
miles. The side channels provide important rearing habitat
for fish such as sauger, buffalc and goldeye. Side channels
provide spawning area for buffalo. Side channels are also
important for production of forage fish., Riffle habitat is
essential for forage food producticon. Forage food organisms
include aguatic insects and small riffle fish such as sculpin,
dace and stonecat.

What is the source of your informaticn on the ecclogical value
of side channel and riffle habitats?

During the period between April, 157% and March, 1921, DFWP
biolegist, Red Berg, and I conducted a study of the Wild and
Scenic portion of the Missouri River to determine instream
flow reguirements for this river reach. The study was done in
cooperation with the U.S. Bureau of Land Management.

re the results of the study published?

Yes. The study is published as: Gardner, W.M. and R.K. Barg.
1982. "An analysis of the instream flow requirements for
selected fishes in the wild and scenic porticn of the Missouri
River. MT DFWP, Great Falls, MT. 111 pp. This pubklicatiocn
is Exhibit 3 of DFWP's objector's testimony.

What are the conditions which occur in side channels that
cause them to be considered dawatered?

Side chznnels are dewatersd when water levels become toc
shallow to support fish (see page 39 of above report for
criteria usad in this determinaticn) or contain only pools
which are disconnected from the main channel due to declining
river flow. Pocls of standing water often remain but can
eventually dry up or become unsuitable for fish life due to
high water temperatures and low dissclved oxygen levels., The
loss of side channel habitat would mean less food production
for fish, and fewer numbers of species that depend on the side
channels for rearing of fish, notakly the sauger.

Please explain how the Consumptive Use and Combination
alternatives conflict with the MDFWP's instream flow reguests
for maintaining side channel and riffle habitats?

These alternatives will increase the freguency of low flows in
the Missocuri River, thereby affecting the uss and value of
side channel and riffle habitats. Since these two habitats
are essential for the fisheries, I believe overall fish
populations in the Missouri River would decline.
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The current kaseline flow conditions are just barely enough to
maintain the side channel habkitat during the late summer in
average water years. This 1is shown by comparing DFWP's
instream flow request for side channels with the 50 pesrcentile
baseline flow conditions (Table 1}.

Bugust is the month when the river can barely meet its flow
reguirements. Table 1 alsc shows that, under the Consumptive
Use Alternative at the 50 percentile flow level during August,
the river will be short by an average of 640 cfs (Range: 487
te 722 c¢fs) of meeting the instream flow needs for side
channels in the three reaches. At an 80 percentile flow, the
flow shortage would be far greater, with an average reduction
of 1855 cfs for the three reaches combined (Range: 1123 to

2344 cfs).

For the Combination Alternative, the dewatering impacts on
side channels is alsc significant. During August in a 50
percentile water year, the average monthly flow shortage for
the three reaches combinaed is 2397 cfs (Range: 244 to 388 cfs).
In an 80 percentile year, the average shortage is 1606 cfs
{Range: 10%3 to 1571 cfs).

What happens to these side channels under the Consumptive Use
and Combinaticn alternatives?

In our 1982 study, we studied a total of 12 different side
channels which we considered representative of those found in
Reaches 4, 5 and 6. According to the informaticn in the draft
EIS, the following effects of flow depletions would cocur
under the two alternatives.

Consumptive Use Alternative
50 percentile - 9 of 12 side channels dewatered
80 percentile = 11 of 12 side channels dewatered

Combination Alternative
50 percentile - 7 of 12 side channels dewatered
80 percentile - 11 of 12 side channels dewatered

Even under present conditions and under the Instream
Altermnative, which preovides for some project development, 5
out of 12 side channels were dewatered at the 50th percentile
and 10 ocut of 12 would be dewatered at the 80th percentile
flow level. This indicates there 1is not wmuch room £for
additional upstream water development in August if these river
features are to ke maintained.

Flows reserved for riffle maintenance are less than those
reguired for side channels. Flows in riffles are the higher
inflection peoint flows Jdetermined by the wetted perimeter
inflection point method. During the study, riffles were alsc
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shown to produce the small forage fish selected by sauger, the
principal sport fish in this part of the Misscuri River.

The instream flows reguested for riffles are affected by the
two alternatives only during an 80 percentile or lower flows.,
During these years, riffle habitats are reduced throughout the
summer to a level which do not allow food producticn to reach
near optimum levels.
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Table 1. Monthly streamflow percentile distributiens (in
cfs). Flows below DFWP instream flow regquests are underlined.

Missouri River - Reach #4 (Great Falls tc Marias River)

Jul Aug Sep Oct
Instrean flow reguest for side 4500 4500 e -

channels and riffles

Instream flow reguest for - - 3700 3700
riffles

Scurce: DFWP application page 3-26

50% baseline ceonditicns 6104 4318 4629 5685
80% baseline conditions 3814 3543 3S05 4610
50% Consumptive alt. 5343 4013 4356 5649
850% Consumptive alt. 3508 3367 3758 4316
50% Combination alt. 56986 43132 4399 5859
80% Combination alt. 3558 3407 3812 4633

Socurce: DEIS, Table C-2, Missouri River at Fort Benton

l Missouri River - Reach #5 (Marias River to Judith River)

I Jul Aug Sep oct
Instream flow request for side 5400 5400 - -
channels and riffles
Instream flow reagquest for - - 4300 4300
riffles
Source: DFWP application, page 3-32
50% baseline conditions 7323 5399 5162 6509
80% baseline conditions 4414 3879 4356 5383
50% Consumptive alt. 5626 4628 4B75 €478
80% Consumptive alt. 3353 2312 3988 4715
50% Combination alt. 6768 5120 5017 6578

3g46e 43187 5331

Source: DEIS, Tabkle ©-2, Missouri River at Virgelle
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Missouri River -~ FReach #6 (Judith River to Fort Peck
Reservoir)

Jul Aug Sep Oct
Instream flow request for side 5800 Bg20O - -
channels and riffles
Instream flow regquest for - - 4700 4700
riffles "
Source: DFWP application, page 3-37
50% baselirie conditions 8313 5g75 5639 7045
80% baseline conditions 4972 410G 479S 5757
50% Consumptive alt: 6344 5137 5367 &3541
80% Consumptive alt. 3784 3456 4368 5204
50% Combination alt. 7800 5556 5502 6954
80% Combination alt. 4428 382G 4617 5681
Source: DEIS, Table C-2, Misscourl River at Landusky
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William M. Gardrsr, being duly sworn, statss that the foregaing
testimony is trua.

Dated Thisz MJélﬁﬁw"m day of December, 15%1.
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William M. Gardhner
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PRE-FILED COBJECTCE®'S TESTIMONY
OF FREDERICK A. HELSCON
on behalf of

MONTANZ DEPARTMENT OF FISH, WILDLIFE AND PARKS (MDFWE)

Please state vour name and business address.

Frad Nelson, MDFWE, 1400 South 13th Avenus, Bozeman, Montana
5971s.

What is your present employment?

I am a fisheries bioclogist employed by the Montana Department
of Fish, ¥Wildlife and Parks.

Please state vour educaticnal background and experience.
This information was already presented in previocus testimony
I filed for the reservaticn proceeding on behalf of MDFWP.
That testimceny included a description of my instream flow-
related training and a vita.

What is the purpcse of this testimony?

The purpose 1is to provide the MDFWP's pre~filed cbjector's

testimony to the City of Bozeman's application for a municipal
storage reservoir on Sourdough Creek, also known as Bozeman

Creek.
What is the purpose of this proposed reservolr?

The purpose is to meet the city's projected water shortfall in
the vear 2025.

Briefly describe this proposed reservoir.

“The proposed 152-foot-high dam will be located upstream of

Bozeman in the Gallatin National Forest at about stream mile
13 of Scurdough <Cresk. The reserveir's total storage
potential is about 6,000 acre-feet (af). About 188 acres will
be inundated by the project.

How much water will the reservoir supply to the city?

Bozeman proposes to construct this 6,900 af impoundment to
meet a projected annual deficit of 4,030 af by the year 2025.
An additional 1,970 af capacity will be available to provide
water in dry vears, giving a total potential withdrawal of up
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to 6,000 af/vyr.
Why is MDFWP objecting to the city's application?

MDFWP is cobjecting because: 1} Bozeman'®s application
conflicts with the instream flow applicaticn of MDFWP for
Scurdough Creek, 2) the proposed project could damage the
fishery of Scurdough Creek, 3} MDFWP believes that the city's
projected water needs are inflated, and 4) other sources of
supply are available to help meet the city's future needs.

How does Bozeman's application conflict with the instream flow
application of MDFWP?

MDFWP requested that all remaining unappropriated water in
Sourdough Creek be reserved instream to dilute the variocus
urban pollutants that enter the creek as it passes through
Bozeman. These pollutants are passed ontc the East Gallatin
River = a river with a history of pclluticn prcbklems. Recent
upgrades of Bozeman'’s sewage treatment plant have lmproved
water quality, allowing the trout fishery of the East Gallatin
River to blossom once again. However, perlodlc pollution
preblems persist. An example cccurred in 1983 when the
river's trout population crashed (see pg. 2-570 through 2-575
of MDFWP's application). Wnile the cause has not been
identified, a fire in an industrial storage area containing
hazardous chemicals is suspected of causing a toxic spill that
entered the river. The key tc stemming ongoing pellution is
diluticn. Adverse effects will be minimized if sufficient
flow can be maintained to dilute the hazardous materials and
everyday pollutants, such as salt, grease and cil from rcadway
runoff and fertilizers and insecticides from streamside
gardens, that eventually end up in the city's waterways. City
storm drains that feed Sourdough creek are another scurce cf
polliution.

How serious is the water polluticon preblem at Bozeman?

We are not aware of any comprehensive monitoring programs to
measure water guality impacts to streams in the Bozeman area.
However, given that pollutants have been detected at
measurable concentrations in Bozeman streams (e.g. seepage of
contaminants from the Idaho Pole "superfund® site at Bozeman
and nutrients, sediments, and other non-point source
pollutants), it leogically follows that further depletien of
streamflow will cause concentrations cf'poilutants to increase
in the remaining streamflows. Such depletions increase the
likelihood of deleterious effects on fishes and other aquatic

life.

How would the city's propesed storage reservoir affect
dilutien flows in Sourdough Cresk?

Nelson's Cbjector'’s = 2
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Bozeman's water will ke diverted vear-round from Scurdosugh
Creek at about stream mile 11 downstream from the proposed
reservoir. Peak use will cccur primarily in summer during the
lawn irrigation seascn when streamflows through the city are
already diminished, sometimes severely, by existing
consumptive users. Return water will enter the East Gallatin
River downstream from Bozeman at the city's sewage treatment
plant. Thus, diverted water will bypass about 11 miles of
Sourdough Creek and 5.1 miles of the East Gallatin River,
causing current streamflows to diminish even further.

Could the city's withdrawals drastically reduce the existing
streanflows of Sourdcugh Creek?

Yes., The estimated flows of Sourdough Creek in the vicinity
of the proposed diversion site are shown on page D=4 of the
Draft EIS. These flows were derived by the USGS using
simulation procedures that incorporated existing USGS gauge
data for Sourdough Creesk. Sourdough Cresk has an average
annual flow of about 26 cfs (18,823 af/yr). During drought (a
one-in-ten year event), flow annually averages about 15 cfs
(10,853 af/yr).

The city could potentially remove up to 6,000 af/yr from
Sourdough Creek. This eguals 32% of the annual streamflow in
a normal water year and 55% during a drought year. This is a
substantial block of water that would no leonger be available
for dilution purposes in 11 miles of Scurdough Creek and the
5.1 miles of the East Gallatin River upstream from the city’'s
sewage treatment plant.

Is instream flow needed in Sourdough Creek for purpcses cther
than the diluticn of urban pellutants?

Yes. Scurdough Creek also supports a nctewcrthy small stream
fishery for rainbow, brook, and a few brown trout that reside
yearlong in the creek. Eased cn my perscnal observa’tlsnsF
kids are the primary users of the fishery. The wvaricus
stretches of the creek support from 28 te 194 pounds of trout
per 1,000 feet of stream. Trout populations within the urkan
stretches are characterized by fewer fish as compared to the
non-urbkan sections and by an age structure in which older fish
predominate. This is indicative of peoor reproduction, a
probable consequence of poorer water guality and other related
problems.

Does Scurdough Cresk currently suffer from dewatering?

Yes. Sourdough Creek presently supplies the City of Eozeman
with about 3,724 af of water annually, acccrdlng to the city's
application. Flow in Sourdough Creek is also diminished by
summer irrigation depletions. hAccording to the Hater
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Resources Survev for Gallatin Countyv., Montana, water diverted
from the Scourdough Creek drainage irrigates up to 2,287.5
acres. During years of below normal snowpack, the public
commenly contacts MDFWP's Bozeman office to report low summer
flows in Sourdough Creek. HMDFWP includes Sourdough Creek on
its list of streams having periocdic dewvatering problems.

Could the releases at the proposed dar be regulated to provide
acceptable fishery maintenance flows in Scurdough Creek?

The potential exists to guarantee flow releases that will

maintain the fishery of Sourdough Creek. Because a reservoir
operations plan is not a part of the city’s application,
assessing how the creek's fishery would fare if the reservoir
is built is not possible. The fact that the city's
application makes no mention of the fishery or of the need to
pass instream flows tc ensure its survival appears to
demonstrate that these impacts have not yvet bheen considered.

Are there other aspects of the proposed storage project that
could harm cother interests of MDFWP?

Yes. If a significant willow community was inundated by the

reservoir, impacts would be detrimental to wintering moose and
beaver. Inpacts on wildlife have not been assessed in the
cityis application.

MDFWP alsc objects on the grounds that the city’s projsected
future water demand is inflated. How is it inflated?

The city’s reservation regquest predicts a city population of
37,0060 in the year 2025. The DNRC in its draft Environmental
Assessment (EA) for the city'is application considers this
population forecast to be higher than the current trend
justifies. Continuation of this current trend vyields a
population of 31,800 in 2025, according to the draft EaA.

The city’s request alsc assumes an average daily water use of
310 gallons per capita per day (gpcd), which the draft Ea
considers high when ccmpared to other Montana communities in
the Missouri River basin (200-250 gpcd)}. A variety of reasons
were given in the city's application to explain the high
average use. These include:

1. Water mains are cld and pressures are very high in parts
of the city, causing considerable leakage.

2. Diversicns have been constant but hourly and daily
demands of the city are variable, necessitating overflow
from reservoirs. This overflow is essentially wasted,
but is reflected in use figures.

Helson's Objectoris ~ 4



3. Cold weather does not allow wanipulation of the diversion
gates on Bozeman and Hyalite creeks. The gates are set
in late fall so that adequate water can ke provided
throughout the winter. This results in a diversion rate
that exceeds the use rate or cannct be stored and is
therefore wasted.

4. Relezases from storage in Hyalite Reservoir are relatively
constant. Because of the remocte location, releases
cannct be responsive to rapidly changing demands for
water.

Improvements in the existing delivery and diversion systems
could save considerable water, thus lowering the future gpcd
+to a more reascnable level. According to the draft EA, the
city already plans to construct a surge pond that could reduce
the amount of additional water needed in the future by
limiting losses caused by the lack of control of the stream
diversion gates and the overflows resulting from the lack of
adequate storage. The draft EA also states that a previcus
study by the ¢ity recommended splitting the present
distribution system into two pressure dirstricts to reduce
leakage caused by high pressures in the north porticn of the
city. Other system improvements that could conserve water and
lower future needs are also possible, such as the replacement
of leaking water mains. These system improvements ars not
considered in the city's application.

MDFWP alsc objects on the grounds that other scurces cf supply
are available to help meet the city's future needs. Explain
these sgources.

The city’s application mentioned the enlargement of Hyalite
Reservolr as a means to partially meet future municipal needs,
This project has been funded and construction is under way.
When ccmpleted in two years, 2,334 af/yr will be available for
use by the city, according to the draft EA. Other sources of
supply include the conservation of existing supplies. Some of
these conservation measures, such as the construction of a
surge pocl, were previcusly discussed.

How does MDFWE believe the city's reservation reguest should
be considered?

MDFWP is not advocating that the City of RBozeman be denied
water for future municipal use. Rather, MDFWP believes that
the facts de not justify the amount being reqguested by the
city. MDFWP believes that the city's water needs should be
recalculated u51ng a more reasonable population forecast and
a gped that is more in-line with other communities of the
Missouri basin, Improvements in Bozeman's water delivery and
diversion systems will undoubtedly lower the future gpeod.
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Granting a reservation reguest that's based on the
continuation of current wasteful practices intc the future is
unreasonable, particularly when ancther user group Iis
competing for Sourdough's limited water resource.

The new water being supplied by an enlarged Hyalite Reservoir
should also be incorporated into the calculations.

How much water is needed by the City of Bozeman?

If the future water need of Bozeman is recalculated using a
forecasted population of 31,800 in 2025 (the application used
37,000) and a2 gped of 250, which is in-line with other
Missouri basin communities (the applicaticon used 310), the
future need 1is 8,907 af/yr. According to the city's
application, the annual reliable yield from the present water
supply system is:

Lyman Creek 1,283 af
Bozeman Creaek 3,724 af
Hyalite Reservoir 2,324 af
Middle Creek 1,487 af

Total £,818 af

An enlarged Hyalite Reservoir will supply an additional 2,334
af, yielding a total supply of 11,152 af. The gxisting supply
exceeds the fubture need by 2,245 af, according to our
calculations.

1f we assume that the current waste continues intc the future
by assigning a gped of 310, as used in the city's
calculations, a population of 31,80C in 2025, as forecasted by
the DNRC in the draft EA for the city's application, will
require 11,044 af/yr. The existing supply still exceeds this
future need by 108 af.

Does the city need a new storage reservolr to supply future
punicipal needs?

The above calculations by MDFWP using information provided in
the city's applicatiocn and the draft EA raise doubts regarding
the need for a municipal storage reserveir on Scurdough Creek.

How should the city’s reservation request be reconciled with
the competing instream flow application of the MDFWP?

If the City of Bozeman is granted a2 reservation, the city'’s
request should be pared to a more reasonable amcunt that
reflects the facts previcusly discussed, including
conservation measures. Once a reascnable amcunt has been
established, =211 rewmaining unappropriated flow should be
reseyved for the needs of the fishery: the most important
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consideration being the dilution of the urban pollutants that
enter Sourdough Creek at Bozeman and are passed onto the East
Gallatin River. Further, the operation of the dam should be
conditioned to mitigate impacts on the fishery and streamflows
of Scurdough Creek.

Frederick A. Helson, being duly sworn, states that the
oing testimony is true.

Dated this za?fvéay of November 1%%1.

A dlboidh Pl

Frederick A. NelScn

Subscribed and sworn to befiore me this ELE day of Rovember

Dwilin 4. Zu

Notary Public for the State ofiMontana
Reslding at Helena, Mon
My commission expires IA W é ‘ﬁéi%)
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Exhibits
Exhibit Ne,.
1. Pgotographs of Jefferson River, Boulder River, and Missouri
River.
2. Photograph of Smith River at Camp Baker.
3. W. Gardner and R. Berg, An 2Analysis of the Instream Flow

Requirements for Selected Fishes in the Wild and Scenic
Portion of the Missocuri River (MDFWP 1882).



t EXHIEIT 1

Boulder River at Highway €% Bridge at Boulder. Photo
taken by Bok Martinka, DFWP, on August 9, 13588.

Boulder River at OQuaintance Lane Bridge 15 miles
downstream from Boulder. Photo taken by Bob Martinka,
DFWP, on August 9, 1988,



EXHIBIT 1

Jefferson River below the Waterloo Bridge. FPhoto taken
by Joe Halterman (deceased}, USFWS, Billings, on August
7, 1861,




EXHIBIT 1

Jefferson River below the Waterloco Bridge. Photo taken
by Liter Spence, DFWP, on July 30, 1988. Flow shown is
4.65 cfs.




EXHIBIT 1

Jefferson River below the Parrott Diversion. Fhoto taken
by Jos Halterman (deceased) USFWS, Billings, on August
10, 159¢1.

v

Jefferscn River below the Silver Star Bridge. Photo
taken by Joe Halterman (decreased), USFWS, Billings, on
dugust 10, 1961.




EXHIBIT 1

Jefferson River between Silver Star and Iron Rod Bridge,
locking downstream. Photo taken by Brad Shepard, DFWP,
in August, 1988.

Jefferson River between Silver Star and Iron Rod Bridgs
looking upstream. Photo taken by Brad Shepard, DFWP, in
August, 19B88.




EXHIBIT 1

Missouri River near Toston. Phote taken by Fred Nelson,
DFWP, con August 11, 1988. Flow shown is 835 cfs.

Missouri River near Toston. Photo taken by Fred Nelson,
DFWP, on August 11, 19%88. Flow shown is 835 cfs.







EXHIBIT 2

smith River below bridge at Camp Baker. This is site of
USGS gauge “near Fort Logan®. Photo taken by Liter
Spence, DFWP on June 25, 1988. Flow shown is 35 cfs.
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ABSTRACT

This study was initiated on the Wild and Scenic portion of the Missouri
Siver to determine instream flow requirements of selected fish species. The
study will form a basis for the Bureau of Land Management in quantifying in-
stream flows necessary to maintaim the values associated with the Wild and
Scenic reach of river.

Rearing areas and habitat preference studies conducted from July through
September indicated that voung-of-the-year sauger selected protected habitat
in peripheral areas of the stream. Although young-of-the-year sauger were
found throughout most of the study area, 70 percent of the total numbers sam-
pied in 1979 were taken in a 77-km reach of the river below Cow Island. The
preference for this particular area wWas attributed to the greater development
nf side channel pool habitat which was the most desirable rearing habitat.
Peripheral habitat areas were alsc heavily utilized by forage fish. An average
of 125,104 and 81 forage fish per seine haul was taken in the backwater, main
channel pool and side channel pool habitat types, respectively. During 1980,
12 representative side channels were monitored to determine the amount of in-
stream flow required to maintain sauger rearing and forage fish habitats. Bas-
ed on the utilization by the fish and the chanmnels’ water level and connection
to the main channel, minimum instream flows were determined,

Food habits studies of adult shovelnose sturgeon and sauger revealed that
food organisms in the riffle arcas comprised major portions of their diet.
Using the WHTP program, the amount of instream flow required to maintain riffle

SEL L E

areas wias determined.

Resident fish populations were inventoried in the lower reaches of three
mojor tributaries of the middle Missouri River. A& total of 24, 21 and 15 spe-
vies was sampled in the Marias, Teton and Judith Rivers, respectively. Sauger
wis the most common game fish found im all three tributaries.

Movements of radio tagged paddiefish during the spring and early summer of
{080 wore correlated with high flows. When the river was at lower flows, move-
nts were confined to their stapging area immediately above the Ft. Peck Rescrvelr
ol. Significant upstream movement did not begin until higher flows occurred
the spring runoff period.

minimum instream flows required to maintain the middle Missourl River
wore based ont

{1 Side channel threshold flows during July 6-August 31
(2} wWetted perimeter/inflection peint flows of riffles during September 1-

1
Channel morphology maintenance flows (Z4 hours} staged during May 18-
5



apl MDEWP should cooperate to develop a2 suitable methodology to determine iastream
fiow reguivements for the wild and Scenic Missouri River. This study, funded hy
the BLM and conducted by the MDFWP, was initiated om April 1, 1979.

DESCRIPTION OF STUDY AREA AND HABITAT TYPES

The study area consists of a 333 kr reach of the mainstem of the middle
Misspuri River im northcentral Montana fypm Morony Dam near Great Falls to ths
headwaters of Fort Peck Reservoir near Lendusky. The general basin characteristics,
hydrogeclogy and physical/chemical characteristics of the river have been adeguately
described by Berg (1981) and Kaiser and Botz (1975). The two major tributaries
entering the Missouri River in this reach are the Marias River from the north and
the Judith River from the south. The present day flow Tegimen of the Missouri

River in this study area 1is not entirely natural because of regulation and storage
4t several dams in the drainage upstream from the study arvez.

¥ifty-three specles, representing 14 families of fish, are known to occur
in the middle Missouri River drainage between Moromy and Fort Peck dams {Berg 1581}.
Rasically, two fishery zomes osccur on the mainstem Missouri. In the upper reach,
From Morony Dam to the confluence of the Mariss River, a ccld water/warm water
fisheries transitional zome exists. Sauger is by far the predominant game fish
species found in this reach, but significant mumbers of trout, mountain whitefish,
scuipins, longnose dace and suckers also occur. A warm waleT fisheries zong ex-
rends from the confluence of the MaTias River downsiream to the headwaters of Fort
Peck Rescrvoir. Sauger, shovelnose sturgeon, paddiefish, channel catfish and a
variety of chubs, minnows, suckers and shiners are the predominant species in this
zone.

leven sampling sections were ostablished on the mainstem Missouri in the study
area (Fig. 1}. The Morony Dam and Carter PFerry study sections contain rocky sub-
strate and have very few islands and side channels, Stream gradients are relatively
high, ranging from 0.76 o 3.4 m/km. The Fort Benton, Loma Ferry, Coal Banks
Landing and Judith Landing study sections have considerably more islands and side
channels. Stream gradients in those study sections range from 0.38 to 0,76 m/km.
The Hole-in-the-Wall and Stafford Ferry study sections have similar gradients,
but the river in these study sections is confined by steep, Narrow Canyons, and
consequently, very few jslands and side chanmnels occur. The lowest three study
coctions, Cow Isiand, Robinson Bridge and Turkey Joe, arte in a reach of river
characterized by a wide, meandering channel which contains numerscus shifting
sandbars and large developed islands.

Nine study sections wers established on three tributaries of the middle
Missouri River in the study area {Fip.1}.

tn facilitate interpretaticn of rearing area and forage fish data, the river
chanmel was catcgorized into five major habitat types which could be effectively
seined. The habitat types were main shannel border, main channel poci, side chan-
nel chute, side channel pool and backwaters {Fig.23}.

The main channel border habitat type was defined as a zone adjacent to the
main channel bank which had an average current velocity of 15 to 45 om/sec and &

[¥2]
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Vlectrofishing collections were made from 3 5.7 m aluminum boatl.
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pure 4. A soreenvd SooOp was urilized to sample incubating cggs of
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ﬁe colored with

a 4.5, series No.
he soreon wWas t?@ﬁS?@r?ed te a; enamel sorting
rad, Larvae were identified to the lowoest
by ﬁogﬁ@ et al. (???%E and May and Gasaway
tnrval fish were defined as those fish
rd dorsal fin rays; essentially as suggested

Aftor the 0.5 m net
width tows, 1ts contenis
samples were pres served
phioxine-B dye. in the
10 screen. Material ret
pan where the tarval 5
taxon practical asing taxono
(1967). For purposes of th
cxhiblting underdeveloped
by May and Casawoy (19673,

the s

Young-of-the-year i o4 and minnows were sampled with a 15.2 x 1.2 m
pesch seine with 3.7 romesi [P 0. The seine was operated by two men
different habitat types as the current and bottom charac-

and worked in as many 3

teristics allowed. Fish collected were identified, and associated habitat Type
was rvecorded. All comparisons belween study areas or habitat types for fish

A unit effort was accomp-

£

)

sampled by seining were based on catch per unit sffort,
iished by dragging the seine (0-20 m through an aryea.

Figure &. e doviee used to sample for young-of-the-




RESHULTS

cam flow requivements for the mazintenance of a fish

speeies, each life cycle stage and 1Ts requirements should be evaluated. The

1ife cycle stages incl de:  spawning, incubation, larval development, rearing snd

Jevelopment to a mature adult. fach of these i1ife cycle stages may require dif-

ferent habitat conditions which in some Cases ate velated to the flow regime of

ctance of the early life stages, the main effort
g

T detormine inst

I
T
1
i

u

the river. Because of the impori

of this study was directed in thig area.

Spawning

Attempts were made in the study area to locate spawning sites of shovelnose
sturgeon and sauger. It is geperally accepted that spawning for these species
docs not occur randomly, but at specific sites ox spawning grounds. Electrofishing
was utilized during the spawning period in an effort to locate possible concen-
trations of Fish and identify spawning cites. Because of sampling limitations,
this offort was made only on shovelnose sLurgeoh znd sauger.

of adult shovelnose Sturgeon OY SAUZST WETO
1 reported spawning 56450ns in 1979 and 1980.
cse fish species is probably related

it 1s

No unusually large comcentrations
ohserved in the study area during thei
The inability to locate concentrations of th
in part to cfficiency of the electrofishing sampling equipment. lHowever,

La
E also possible that large concentrations of the spawning fish do not exist, and
that spawning occurs in smaller concentrations over & wide area in the mainstem o7

in tributaries.

I The runge of the spawning period for chovelnose sturgecn and sauger in the
ining a sample of sexually mature fish captured

study ares was determined by exam
these observations are presented in

in the electrofishing surveys. Besults of
E tables 1 and Z.

turgeon, the spawning period was difficult to define. Moos
11978) reported that female chovelnose may take up to 3 years following spawning
hefore thelr ovaries are again mature. Consequently, there aTe probably several
Jdifferent stages of ovarian development among adult female shovelnose Sturgech
Thus, it is difficult to determine sex

For shovelnose =

prosent in the Missouri River population.
and spawning condition of the fish. For the purposes of this study, sturgeon with
distended and turgid abdomens were classified as gravid females, fish with very
fiaccid abdomens and of a large size were considered spent females, fish with &
tight, flat abdomen were teft unclassified, and if milt could be stripped the
sturgeon was considered a ripe male. No ripe females, as evident by stripping eggs.
wore observed during the spawning period in this study ares. The scarcity of ripo
femnles with strippable eggs has also been reported by Moos {1978} and Elser et ai.

(1977).

G
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Figure 7. Shovelnose sturgeon were 1In spawning condition fyom eariy June 10
early July.

femnie shovelnosc
internal examination
itive confirmation

To verify our judgment of sex and spawning condition of
hused on external characteristics, a technique 107

STUTRECGE
sF the Fish was developed. Intermal examination provides posi
of sex and spawning condition. The technigue consisted of a 50 mm surgical in-
cision of the ahdomen to examime the gomads. After examination, the surgery was
complvted by closing the incision with five sutures. A number of shovelnose
sturgeon were examined in this mauner, and 211 appeared te be fully recovered
within 24 hours. There appeared to be several stages of ovarian development among
the female shovelnose examined during the spawning period. The stages included 13
ed into small size eggs, bavely distinguishable, white to pink in
size eggs approximately 1 mm in diameter,
levelopment consisting

avarices develop
color, 77 ovaries developed into small
white with an occasional black egg, and 3} mature ovarian o
of a1t black eggs approximately 5 ma in diameter.

in 1979 the first oocu 1e shovelnose sturgeon in the study
avea was during the First we the last ripe male was collected in
mid July {Fig. 7). BSampling sturgeon was terminated on July 16.
Spent female shovelnose stur during the third week in June and the

stomach sample collected on June 5,

socond woek in Jul A shov

1974, for food habits analyses three unfertiiized shovelnose STUrgeon
cpgs. These observations indicate rhat spawning of shovelnese sturgeon in the
Missourl Hiver im 1979 occurre imari juring a period from early Junc through

7
)

carty July.



Te insure successful sauger spawning instream £lows should remain steady with
minimal Fluctuations early in May, then flow should gradually rise until the peak
of the runcff in June. 1f flow is significantly reduced after sauger spawn in
eariy and mid-May, embryo ipncubation and hatching success will probably be impair-

cd. Nelson (1968) investigated the effects of water fluctuations on the Misscuri
River sauger population below Fort fandall Dam. He reported that sharp water level
changes oveT Sauger spawning bars during the incubation period were the major
reason for a poor reproductive success. Furthermore, the loss of recruitment was

ei

refiected as weak adult sauger vear-class strength during the following years.

Incubation

An attempt was made to locate fertilized eggs of shoveinose sStUrgecn, paddie-
fish and sauger at anticipated or known spawning sites for these species in the
study area. Types of areas sampled were similar to those described by Purkett
{19e1) for paddiefish, Nelson (1568} and Graham and Penkal (1878) for sauger. In
general, these arcas wers usually shallow bars consisting of small gravel. Table
7 indicates the effort and number of eggs sempled in four study sections on the
middle Missouri River during 1979. Although most of the incubating eggs collected
were identified as goldeye, sucker or cyprinid eggs, one jncubating paddlefish egg
was coliected near Stafford Ferry on June 12, 1979. This was approximately a
55-hour embryo as described by pailard and Needham (1964). The embryo was sent 10
the TVA fish repository in Norris, Tennesses, and identification was verified by
Roh Walius., Berg [15817, previously'reported that the Stafford Ferry artea, with
its mumerous submerged gravel bars, was Cne of the most important spawning sites
utilized by migrating paddlefish in the Missouri River upstream from Cow Island.

Some fish species are known to spawn on sites which are inundated omnly during
the high flow period. Purkett (1661) indicated paddlefish in the Osage River,
Missouri, spawned at least in part on gravel bars which were inundated only during
high spring flows. HNelson (1980) found bigmouth buffalo embryos attached to in-
undated terrestrial vegetation and debris in Lewis and Clark Reservoir, South Dakota.

paddlefish, bigmouth and smallmouth wuffalo and river carpsucker in this study
area also spawn, iR part, in nabitat inundated only during the high flow period.
A substantial reduction in the magnitude of runoff during the normal high water
period would obviocusly result in 2 significant loss of spawning and egg incubation
habitat for paddiefish, buffalo, river carpsuckers and possibly other species.

Table 3. Number of egg samples taken and number of eggs collected {in parentheses)
in four study sectioms on the middle Missouri River during 1979.

Loma Coal Stafford Cow

Ferry Banks Ferry Island
May 2Z2-Jun 8 16{6} {0} 7{03 17(13
Jun 12-Jun 20 4473 8{173 1812 24{17}
Jun 27-Jul 3 15{44; 14{6} 17{0} 15(2)
Jul 10-Jul 17 7(0) 5(0) 14(0) -
Tetal No. 42{57} 31{177} 56{123 56{20}

* (ne paddlefish egg collected June iZ




table 4. Taxonomic composition of fish larvae sampled by both stationary and
inteprated width tows in the middle Missouri River during late May -
! tate July 1879,

s rotal number of larvae sampled
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Pigure 9. fish larvas of eight suybordinal taxa were collected in the middle
Missouri River and its major tributaries.
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Young-of-the-year sauger ranging in length from 40 to 183 millimeters
were collected in various peripheral habitat types on the middie
Missouri River.

Pigure 1.

7o

he llole-in-the-Wall study section also contained a significant amount of
sauger rearing habitat. Cighteen percent of the YOY sauger sampled daring July,

i 533 -
August and September were Found in this study section, and catch rates averaged

.74 YOY sauger per seine haul.

Resulis of sauger rearing habltat preference studies conducted in 1879
indicated YOY sauger selected protected habitats in peripheral areas of the river.
uring July, August and September, most YOY sauger were found in the side chammel
pool habitat types. Figure 12 illustrates the average catch rates of YJY sauger

t itat types. In the seven study sections where YOY saugev

1 &

sauger catch rate. The remaining habitat types, main

orders, backwaters and side channel chutes were loss
Z and 1 percent of the YOY

in cach of the five hab
were found, the side ot
g

]

wnnel pool! habitat type sccounted for a weighted average
of 74 percent of the YOY
channel pool, main channel b
important, and they accounted for averages of 27, 6,

~
ol
o
i

sanger catoh rates.

liabitat preferences probably had a large influence on the longitudinal dis-
tribution of YOY sauger during 1979, The Robinson Bridge study section contained
hannel poels which are the most preferrod sauger

an extoasive amount of side ¢
rearing habitat type (Figure 13). The Hole-in-the-Wall study section contained a



inten-
{upstream

considerable number of main channcl “pocket pools? which provided impertant sauger
rearing habitat. he Tpocket pools™ are formed by small peninsu

pendicular to the chaanel margin. The g

from and behind the peninsulsa

T lag extending per-
iztely downstream

oot

honnel margis
e marein formed
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about the spawning habil

;f“d

Very little has been report
0? the peldeye.
wture goldeye were sampled
%cmxlcs wore cellected in
for incuboting fish cggs in
aumerous [ish cggs collected. s
this period, substantially g?b&bwr mumbers of geldeys eggs were coliected.  This
may indicate that many of the semi-~ ?ﬁﬁf“ﬁt goiiﬂy eggs spawned in the main
channel were carried into the side channels where they incubate

y 1ife history
£ sexually
charmels; howsvy numercus vipe males and
anmel pools during iate May. While sampling
5 during 187 j* goldeye werce the most

‘iﬁg and % ining some side channels during

i T i
During this siud"j no exceptionally large numbers of
. = =
k 27

The forage fish community of £he Missouri River plays a very impertant role in pro-
ood base for ?L&ul#ﬁf“?g fish species such as sauger, northern
nannel catfish. Therefore, 1t is important that habitat
1o ﬁ&lﬁaa in ?ufgﬂm fish for the welfarve of the sport fishery
sity of the river. This phase of the
ngitudinal distribution of forage fish
1ff their preferred habitat types and

viding an JJCQGJEL
”1ke bu:bci wséi

iv
anustigatzﬁa wWas penéaateé *Q dﬁte*ﬁiﬁe H
species in the middle Missouri River, ide

monitor the forage fish communities of 5.3 tod side channel pools during declining
instream flows. For purpeses of this stuéy, a forage fish was broadly defined as
any fish atilized by another fish as & food source. This would include most age O

Fish and nearly all adull Binnows {Figure 17]}.

istyiln and signific
ood source of sport 5swh were investigated during 1979-31.
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Table 6. Longitudinal distribution of Forage f%ﬁh species seined in the middle
Missouri River during 1879 and 1980, =
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Soldcyc - * & * * £l *
sMountain Whitefish * *
{.'ir"! * & % * & * ®" * & * ® #*
fury
Fiathead chub ® * % * ® * * # * * * #*
Sturgeon chub *
Sicklefin chub * *
Lake chub # ® * *
tmernld shiner * # #* * * * # * W % * *
Brussy minnow *
Plalng minnow * # ® # w #
Western sitvery minnow ® * * * * i * * *
fathend minuow * * # * * #
Longnose dace * * * * * * * * * *
River carpsucker * * * * * * * * *
Smalimouth buffalo * * * #
fipmouth buffulo # * *
Shorthend redhorse " * * & * * * * * * *
longnosce sucker * ® # ® * *® *
White suckor * * i i
Uhannel catilish * *
Stoneeat * # * * # * "
Smallmouth bass ®
Pumpkinseod *
Yellow perch * * * *
Suuger ® * * * * *
Winllove #
Fowa darter # *
Vroshwater doum #
Mottlod sculpin * * * * *
iﬁ - Fish lavger than 140 mm were not uded,
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Longitudinal distribution and relative abundance {ave. catch rate) of six common forage fish

Figure 18,

(10 mm on the vertical equals an

d in the middle Missouri River during 1979.

species seine

average catch rate of eight fish per seine haul.)



cuitable habitat conditions ia the <ide channel. The flow requirements vary from
one side channsl to another; SOme side chanmels require more flew than others te
saintain suitable habitat. The flow required to maintain each side chennel is
indicated by a threshold polint. Above the thresheid point, reductions in flow of
she main channel caused only very smail losses of habitat in the side channels.
Below the threshold point, habitat conditions in the side channel deteriorated,
moking it inadequate for vearing or sheiter. Threshold points determined for
individuat side channels were grouped together to formulate flow recommendatieons

[t Y

for o reach of stream.

A varicty of physical characteristics were monitored in 12 typical side
channels of the Missouri River in 1980, as fiow receded from the seasonal high point
to the low point. The locations and physical aspects of the side channals are shown
in Figure 1 and Table 8. Cross-sectional transecis wWere established in the side
channel pool habitat Type, which, as shown previcusly, was the most important habitat
for rearing and forage fish. Measurements of width and depth were made zt a variety
of flow levels for each of the side channel pool transects. Side channel inliet
£1ow and tength of the channel were also measured and descriptive notes were recorded
on the physical characteristics of the cutlet of the side channel. The 12 side
channcls were surveyed by seining to menitor their utilization for rearing and

forage fish.

Physical Characteristics of the Side Channels

Tables 9 through 11 summarize various physical parameters measurad in each
oide channcl during declining flows. To facilitate interpretation of instream flow
dats, the river was separated into three reaches. The reaches extended from Merony
Bam to the confluence of the Marias River, from the confluence of the Marias to the
confiuence of the Judith River and from the confiuence of the Judith River to Fort
Beck Reservoir. Stream flow in these reaches was monitored by the Fort Bemton,
virgelle and Robinson Bridge gage stations, respectively.

Influent surface flow ceased in 7 of the 12 side channels at an intermediate
point of the declining surface runoff period (July 18-19, 1980} . Even though there
was no influent surface flow to the side channels, they did not entirely dewater,
but were then supplied by subsurface Secpage and a backwater flow from the main
channel. Consequently, the waler level in the side channels continued to decline
in respensce to the decreasing instream flows even after influent surface flow had

ceasoed.

The influent surface flow of a side channel was a major factor contrelliing
otk the channel length and depth {Figure 20)}. For example, sverage chennel length
km, or by 58 percent, in side channels 2, 4, 7, 9 and 11
channels had an influenmt flow and when the flow recently

Jecreasad from 1.2 to G
Letween the time the sid
nad ceased,

[

water donth is the physical dimension of habitat most important for the fish
communities in these side channels. In soveral of the side channels the depths
throughout the channel were not uniform, but exhibited shallow, wide segments
(Figure 21) as well as deep segments. For tramsects located in these shallower
sortions of the side channels, mean dJdepth Geclined from 9.59 to 0.18 meters, OT 2
74 percent ¢ between the time the side channels had an influent fiow and when

ot
Pt o
th

oL z
the flow rccently had ceased. For the same <ide channels and period, the deeper
portions of

|23
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this iliustrates that the shallower portions of the channel were more Sus-
ceptible to dewatering and this dewatering cccurred to a greater degree between
the period when there was an inlet flow and when the inlet flow recently had
consed. In some cases where segments of shallow pocl areas were completely de-
witered, the loss of channel length was large. Dewatering of these shallower
pool ureas cccurred in side chanmnels 4, 9, 11 and 12 during low instream flows.
[t wos notod at this time that many of the disconnected large pools (isclated from
river) with moderate depths were waImer than the ambient river temperature. With
the increase in water temperature of the pools, the dissolved oxygen probably
declined to low levels. It is evident that a side chamnel must at least be con-
seeted at the outlet to allow for adequate circulation of the side channel water.

The channel width did not appear to change at the same rate as average depth.
This was because most of the transects in the side channels had steep channel banks.

the 12 side channels were assessed in terms of suitability of the habitat for
the fish fauna at declining instream flows. The criteria used were average depth,
length of channel loss and depth of channel at outlet. An average depth of at least
0.2 m with maximun depths of 0.4-0.5 m was considered the minimum criteria required
for sdequate cover in the side channels. This criteria was based on fish sampling
in these arcas during 1979 and 1980. Table 12 is an evaluation of the side channcls’
suitability at the instream flow levels when they were surveyed. It was evident
that st instream flows of 123.5 m 3/s (4380 cfs) in the Fort Benton gaged reach,
serious losses of habitat had occurred and habitat conditions in two of the four side
channcls were inadequate. At 117.0m 3/s (4130 cfs), habitat in three of the four
side channcls was considered inadequate. In the Virgelle gaged reach, only one of
the three side channels was severely affected by the lower base flows. This side
channel was disconnected from the river. Consequently, habitat conditions were
inadequate when flow had reached 141.0 m 3/s. The other two side channels in this
rench were in satisfactory condition at the low flow of 127.7 m 3/s gaged on

Sepromber 25, 1980.

Four of the Five side channels surveyed in the Robinson Bridge gaged reach were
cinssificd as inadeguate at the lowsr instream fiows of 159.7 m 3/s (5640 cfs) recorded
September 7, 1880,

in summary, habitat conditions in 8 of the 12 menitored side channels were
inadequate at the lower instream flows experienced in 1580,

‘he 10 side channels which were selected for monitoring in 1980 represented

the various types found throughout the study area. Therefore, the effects of flow
reductions on these 12 side channels exemplified the effects on the unmonitored side
chapnels nnd backwaters. From this it was concluded that during the lowsr flow
peried when many of the monitored side channels wers inadequate for rearing and

1or so were most of the unmonitored side channels and backwaters. At this
Jow. the river's capabilities for rearing of important sport and commercial fish
i.c., sauger, buffalo, goldeye)} and forage fish had heen sericusly reduced.

Tish Communities of the Side Channels

the monitored side chamnels were sampled to determine the utilization by
forage fish and their capabilities for rearing fish. The 11 side channels could be



separated into two different community types (Table 13) based on fish species
associations. The major differences in fish communities were the abundance of
suckers, fathead minnows and the occurrence of both YOY smallmouth and bigmeuth
buffualo in the upper side channels. In contrast, YOY sauger and geldeve were
mostly feund in the lower three side chanmels and the catch rates for the widely
distributed common fish were reduced {Appendix Tables B and C). These differences
in the fish communities were probably related to the physical chavacteristics of
the side channels. Such a feature as an influent flow in the side channels during
the pericd when YOY sauger sre emerging from gravel bars and drifting down river
13 probably important for entry into the side channsl. 1In contrast, lack of an
influent flow when YOY buffalo emerge and move away from submerged vegetation
would enable them to maintain themselves in the side channel.

Table 13, A simplified schematic assemblage of the common fish seined in the
monitored side channels of the Missouri River during 1575%-80. Species
are listed according to numericsl abundances,

Common tish sampled Common fish sampled

in side channels 1-8 in side chamnels 9-12
SHCKQFSEK Flathead chub

Flathead chub Western silvery minnow
Western silvery minnow Emerald shiner

Futhead minnow Suckers

Longnose dace Longnose dace

tmerald shiner Sauger

Smallmonth buffalo Goldeye

Bigmouth buffalo

l

/- Compriscd of shorthead redhorse, longnose and white suckers.

Seasonal utilization of these side channels was determined. Highwater con-
ditions prevented ssining of the side channels during June and early July.
Circumstantial cvidence (known hatching periocds) would depict the anset for rearing
of YOY {ish to be about mid-June. For forage fish, utilization of side channels
probably is initiated when adequate water levels in the side channels are reestab-
[ished. Most of the YOY fish did not continue te rear in these side channels, nor
Jdid most fovage fish utilize the side channels during the autumn and presumably
winter periods,  Table 14 depicts species diversity and catch rates in the side
channels as being the highest from mid-July through late August. By early September,
substantial reductions of the fish communities were noted, both in diversity and
catch rates. It was believed that a general emigration cccurred by the forage and
YOY fish to the morve open waters of the main channel. This change in utilization
happened before flows in the river, and consequently the side channels, were at
their lower levels. Four of the 12 side channels with adequate water levels during
fate September exhiblited little utilizatien by forage and YOY fish, indicating that

o
it



4 reason other than water level decreases in the side channels was responsible for

this decline. Schmulbach (1574), evaluating the off-channel areas of the Missouri

2iver below Gavin's Point Dam, 2150 noticed a decline of utilization by forage fish
in these areas during early autumi. In summary, it can be concluded that utiliza-

sion of side channels by forage and YOY fish occurs from mid-June through August.

During 1980, the summer Flows in the Missouri River were near normal, and there
wore suitable water levels in the side channels for rearing capabilities and forage
figh producticn throughout the summer. However, a few conditions existed where
segments of side channels were nearly isolated or severely dewatered. In those
situgtjons, fish species were sampled. The reaction of the fish communities to de-
watering of some side channel segments was a retreat to doeper watsrs of the con-
nectod side channel. Therefore, in these cases it was apparent that the fish
communities responded to the decreases of water levels in the side channels.

Tnstream Fiow Recommendations for Side Channels

Side channels are important as rearing areas for YOY goldeye, buffale, sauger
and various forage fish species from early July through August. Goldeye and buffalc
are most important commevcial fish in Fort Peck Reservoir (J. Liebelt, MDFWP, pers.
com.). Sauger are the most abundant sport fish found in the study area, and comprise
a iarge portion of the sport fishery (Berg 1581). Forage fish (chiefly the flathead
chub and western silvery minnow} are one of the principal food items consumed by the
sauger. Instream flows are recommended to maintain suitable conditions in side
channels for maintaining rearing capabilities and forage fish production.

the relationship between the monitored side channels' habitat condition and
painstem Tlows indicated that flows of 127.4 (4500), 152.9 (5400) and 164.2 m /s
(5800 c¢fs) at Fort Benton, Virgelle and Robinson Bridge gaged sectionms, respectively,
are the minimum flows required to maintain suitable conditions in these side
channels for rearing and forage fish production (Table 15). The mainstem flow, and
consequently channel dimensions, increases substantially between reaches; therefore,
one recomaended minimum flow for the entire study section would not be adequate. The
recommended increases in flow correspond to the normal water accretion as reported
by USGS surface water runcEf monitoring (Misscuri River Basin Commission 1978).
Sinee the side channel habitat is used for rearing and forage fish production from
carly June through August, the recommended flows should be maintained during this

period.

Qggd Habits

Shovelnose Sturgeon

ood habits analyses were completed for 68 adult shovelnose sturgeon collected
hv clectrofishing in the loma Ferry snd Coal Banks Landing study sections. The
sturgcon were collected during the autumn of 1978 and spring, summer and autumn of
1979, ‘They ranged in weight from 1200 to AGE0 grams.

nosults of the shovelnose sturgeon food habits analyses are presented in Table
6. The diet was basically comprised of a wide variety of aquatic insects. Twenty-
chree subordinal taxa of aquatic insects were observed in the diet.

Lo
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the relative importance {RL) of mayflies was high during 21l seasons. Mayfiies
were the most important order in the diet during the spring and summer, with an
average RI of 44 percent. Eight subordinal taxa of mayflies were observed.

The stonefly order, represented by at least four subordinal taxa, exhibited an
average scasonal RI of 12 percent, which was considered a moderate representation in
the dicts. The caddisfly order was also heavily utilized as food by shovelnose
sturgeon. Represented by six subordinal taxa, caddisflies had an average RI of
29 percent for all seasons combined. Caddisflies were the most important order
in the diet in the autumn, with an average RI of 42 percent. The volumetric per-
centages of caddisflies in the diet were always high, averaging 63 percent for all
seasons combined. Mayflies, by comparison, averaged 29 percent of the volume in the
diet for all seasons combined.

The trueflies, represented by at least four subordinal taxa, were the third
most important food group in the diet of shovelnose sturgeon. Their average
seasonal RI was 19 percent. Miscellaneous iaxa wWere of little significance in the
diets of shovelnose sturgeon, but it was interesting that fish tissue, as evident
by skeletal features, was consumned.

Seasonal comparisens of the relative importance (R1Y of six major food groups
urilized by adult shovelnose sturgecn are shown in Figure 22. It is particularly
intcresting to compare the relative seasonal importance of the mayfly and caddisfly
orders. During spring, mayflies were only slightly more important than caddisflies
in the shovelnose diet. However, during the summer months, shovelnese fed much
more hoovily on mayflies than caddisflies. The RI of mayflies in the summer diet
was 54 percent. Two mayfly taxa, Rhithrogena and Trquerella, alone had an RI of
26 percent. In the autumn, the RI of the mayfly taxa was substantially reduced.
tydropsychidae, a caddisfly taxa, clearly dominated in the autumn diet of shovelnoese
sturgeon with an RI of 32 percent,

the scasonal diets of shovelnose sturgeon have been reported by other investi-
gators. Walburg et al. {1971} and Modde and Schmulbach (1977) found the shovelnose
opportunistic fecders, and in the Yellowstone River, Elser st al. {1977} reported
nonsclective foraging for Trauerelia during the summer followed by 2 resumption of
feeding on hydropsychids in the autumn. No selectivity analysis was conducted for
this investigation; however, based on the distribution and composition of the
aquatic inscct fauna as described by Berg {1381}, it appears adult shovelnose
sturgeon forage nonselectively on insects in swift current habitats in this study
area.  Furthermore, the seasonal diets of shovelnose sturgeon in the middle Misspuri
tiver correspond closely to the emergence of several majer food taxa. For cxample,
Wiithrogena and Traverella emerge mainly during the summer, and they are prominent
‘u the summer diet of shovelnese sturgeon. Ephemerella and most of the species of
itydropsychidae had previously emerged during the spring and were unavailable as a
food item during the summer.

Newell (1876) reported that the mayflies Ehithrogena and Traverclla are insects
which inhabit swift current areas. The four remaining taxa shown in Figure 19 fre-
quent a wide arrvay of habitats, alsc including the swift current areas. Berg {1981}
indicated Heptagenia was a common insect in the study area, However, this insect
wiis rot an important feod item in the diet of shoveinose sturgeon. Newell {1976}
reportud the velocity requirement for Heptagenia is substantially less than that of
Widthrogenia and Pravereila. This observation provides further evidence to support
the idea that shovelnose sturgeon feed nonselectively in swift current areas in the
middic Missouri River.



tish growth rates follow a seascnal pattern in response to temperature changes
and food availability. For 2 warm water species like the shovelnose, the summer

period is probably the season when maximum

utilization of food organisms occurs.

Helms (1974} described the shovelnose sturgeon of the Mississippi River as having
4 low body condition value from February to mid-June, increasing to a peak value in
cariy September, shereafter declining to the low winter levels. Brett et al. (1969}
reparted a relationship between growth of sockeye salmon with that of varying tem-

peratures and ratiom size. They concluded

there was not only an optimal temperature

for meximum utilization of food organisms by 2 fish, but alsc, at higher temperatures
{which could be optimal temperatures for that species’ growth} the requirements for

& given quantity of food were jincreased.

With these reported findings in mind,

it is believed the summer diet is the

most critical dist for the maintenance of the high guzlity shovelnose sturgeon
fishery which exists in the middle Missouri River. Since the two mayflies Rhiihrogend
and Traversila together comprised 26 and 58 percent of the total RI and volume,
respectively, in the summer diets, it is apparent that these two taxa are very
important food sources for shovelnose sturgeon in this area. It should also be noted
that these two taxa exhibit relatively little tolerance to alterations of physical

and chemical characteristics of a river. It is essential that adequate flow be
maintzined in riffle areas so that Ralthrogend and Traverella can continue to pro-
vide the significant food base for shovelnose sturgeon as well as other species.

Sauger

food habit analyses were completed foT sauger sampled during the months of
August to November 1980. The sauger ranged in length from 160-678 mm and were
representative of the size structure normally found in the river (Appendix Table E}.
0f the 638 fish pumped for stomach contents, 185 vielded identifiable contsnts which
consisted entirely of fish matter. A minimum of 12 fish species was found in the
sauger diet, although 91 percent of the individual sauger stomachs centained single

item contents (Table 17}.

The principal food items for sauger were stonecats, "shoal’! minnows {(flathead
chub, western silvery minnows, emerald shiner and fathead minnows), longnose dace

and sculpins, having an overall average rel

ative importance value of 26.8, 24.0,

23,72 and 11.0, respectively. When examined for each particular reach of river,

Jifforences in the diet were evident. For
of Tiver consisting of the Morony Dam and C
mottled sculpins and minnows comprised the
1 ovalues of 28.3, 26.0 and 22.3 percent, T
reach of the river from the Coal Banks Land
constituted the major porticn of the diet w
by sicklefin/sturgeon chubs, channel catfis
13.0 and 11.7, respectively.

The diet of the piscivorous Saufer was
by avaiiability of food items. For example
were abundant, but rare in downstream areas

the relatively swift, cool water reach
arter Feryy sections, longness dace,

mejor portion of the sauger's diet with
espectively. In the warmer, lower

ing section downstream, the stonecat

ith an RI value of 29.4 percent, followed
h and longnose dace with RI values of 18.7,

apparently influenced to a great degree
. in the upper veach, mottled sculpins
. This distribution of sculpins was

Jdistinctly reflected in the diet of the sauger. Similarly, availability limited

the importance of YOY channel catfish, sick

iefin and sturgeon chubs and stonecats

to the lower reach of river. Even though fishes associated with swift current areas



comprised much of the sauger's diet, a substantial portion of the ration was com-
prised of minnows which prefer the slower, more protected areas {shocals) of the

river.

When comparing the size of sauger 0 the type of food constituting their diet,
it was noteworthy that sauger less than 250 mm selected the small-sized longnose
dace, sicklefin and sturgeon chubs and YOY channel catfish which all prefer swift
current. This was also the area where most of the juvenile sauger were sampled
ip the autumn. The other size groups did not appear ©0O exhibit such selection.
Flathead chub, longnose dace and YOY chaonel catfish comprised the major portiom
of the sauger’s diet im the Yeilcwstone River {Elser et al. 1977y. Alsp, the
stonecat comprised a substantial portion of the diet in terms of volume, but they
were not consumed as frequently as other food items. Rasically, the sauger diet
described by Elser et al. for the Yellowstome River resembles the middle Misscuri
River sauger’s diet, with the exception of the stonecat being more prominent and
young channel catfish being less impertant in the Missouri. It is evident that
sauger feed extsnsively in the riffle areas where many forage fish are found. The
importance of “shoal minnow' types in their diets also verifies the significance
of side channels and other peripheral habitat areas as essential food producing
areas for sauger.

Young-of-the-Year Fish

Limited studies were made during 1979 on the food habits of young-of-the-year
(YOY) sauger, goldeye and freshwater drum. Results of diet analyses for these
species are shown in Table 18.

Findings indicated that the diet of ¥YOY sauger in the middle Missourl River
was chiefly piscivorous. Priegel {1969} reported that YOY sauger less than 50 mm
in size Ped chiefly on cladocerans, and those larger than 50 mm preferred YOY
troutperch, freshwater drum and white bass. However, when the YOY forage fish
woere not abundant or available, the YOY sauger larger than 5G mm continued with

the plankton diet.

In the earlier discussion concerning larval fish, it was indicated that the
peak of abundance of iarval fish in the upper study sections ocourred in late May
and early June. A later peak in early July was chserved in the lower river. It
was also tound that there was a selection by YOY sauger for Tearing sites in the
lower Tiver. Urowth rates for YOY sauger sampled during 1979 were highest during
July. An adequate food supply is necessary during this period. This requirement
is probably best fulfilled at the lower sites where larval fish are still avallable.
walburg (1976) reported the greatest growth increases occurred during July, and
further comparisons between yeaTls indicated the greatest growth was realized in
vears when forage fish were availsble by mid-July and then utilized by YOY sauger.

The diets of YOY goldeye were the mast diversified of the three fish species
invostigated. Bagetis, corixids, and cladocerans comprised 69 percent of the diet
during late July. In mid-October, Hymenoptera, corixids and cladocerans accounted
for 71 percent of the diet. Food habits of the YOY goldeye appear to be correlated
with the backwater and side channel pool habitats which they prefer as rearing
areas. Since the rearing habitat preferences of YOY goldeye and sauger overlap to
come extent., the invertcbrate food items available to goldeye are also availablie
to sauger. in spite of this abundant invertebrate food supply, the YOY sauger
selected a diet compriscd primarily of YOY forage fish.



Little is known about the resident fish populations in these tributaries.
This phase of the study was conducted to determine species composition, longi-
tudinal distribution, velative abundance and size compesition of the resident

fish populations in the tributaries.

cotal of 24, 21 and 15 fish species was ohserved in the Marias, Teton and
rivers, respeciively, during electrofishing and seining surveys conducted
i Table 19). Most of these species are a2lso found on the mainstem between
Morony bam and Fort Pack Reservoir (Berg 19813.

Tabie 19. A 1ist of fish species sampled by electrofishing and seining
in the three major tributaries of the middle Missouri River
during Bugus t-October 1975,

Marias Teton Judith
| Goldeye * * #*
? Mountain whitefish * * *

Rainbow trout *
Brown trout *
Carp * #* *
Sturgeon chub *
Flathead chub * * *
Lake chub * *
Emerald shiner * *
Brassy minnow *
Plains minnow * *
western silvery minnow * * *
Fathead minnow *
Longnose dace * * *
River carpsucker * *
Blue sucker *
Smallmouth buffalo *
shorthead redhorse sucker * * *
Longnose sucker * * *
White sucker * * *
Mountain sucker * * *
Channel catfish * # *
Stonecat # * *
Burbot * * *
Saugeyr * * *
Walleye i
Freshwater drum *

-3

Mottled sculpin
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Table 20. Catch statistics of Tish sampled by alectrofishing in the Tiber
fam section of the Marias River during August and Dctober

1979,
Average Length Average Weight  Catch
Nuntber Length Range Weight Range per unit

Species Sampled {mm? {mm% {gm% {om effort
Goldeye 13 330 320-350 375 300- 430 3.7
Mountain whitefish 236 360 110-500 695  20-1840 25.7
Rainbow trout 13 338 80-530 8gg  10-2470 1.5
Brown trout 2 407 350-440 9g4 830-1160 0.2
Carp 36 585 420-650 1540 930-413C 1€.3
Longnose dace 4 &1 £0-100 14 5- 20 2.%
River carpsucker 9 485  420-510 1076 $30-1570C 2.6
Blue sucker i &80 - 2860 - 0.1
Smallmouth buffale 3 605  570-660 3314 2630-3360 2.3
Shorthead redhorse & aa%  380-490 1088 5&0-1520 5.7
Longnose sucker 34 371 130-49C 785  30-148C 8.7
White sucker 5 395 310-470 763 280-1140 4.0
Burbot 12 427 170-770 554  40-2510 1.4
Sauger 35 377  280-51G 427 150-1070 4.1

rable 21, Catch statistics of fish sampled by electrofishing in the High
rRock Canyon section of the Marias River during October 1979.

Average Length Average Weight Catch
Humber Length kange Weight Range per unit

Species Sampled  (mm) { mim ) {om) {gm) effort
Mountain whitefish 27 266 100-420 268 20- 770G 9.8

I Carp 12 472 420-530 1466 9601930 5.9
River carpsucker 1 350 - &70 - 0.6
Shorthead redhorse 16 452 350-480 1058 £40-1400 9.1
Longnase sucker 12 AY7 140-480 876 30-113C 7.4
White sucker 2 . 318 250-380 418 190~ 640 1.1
Sauger 17 354 310-560 440 230~ 840 6.2

55




table 24. Catch statistics of fish sampled by electrofishing in the Coilins

cection of the Marias River during October 1976,

Average Length Average Weight Catch
fumber  Length Range  Weight Range per unit

Species Sampled {mm} {mm) {am} {gm effort
Goldeve & 25 310-350 291 240- 340 3.0
Mountain whitefish 24 27% 180360 250 20- 540 5.7
Brown trout e 357 I00-400 508 250~ 720 0.5
Carp . 3 471 A460-480 1402 1210-1660 1.5
Shorthead redhorse 3 216 120-400 277 10-81C 1.5
Longnose sucker 20 288 200-42¢ 286 270-780 10.0
White sucker 2 304 240-36G 347 160-520 1.0
Mountain sucker 1 140 - 30 - 6.5
Stonecat 1 140 - 20 - 0.5
Burhot ] 324 - 170 - 0.2
Sauger 137 326 150-530 286 20-1230 32.2
Walieye 1 43¢ - 700 - 0.2

cffort for this species was substantially reduced downstream from the Tiber
bam study section. Rainbow trout wers very ephemeral in their lengitudinail
Jdistribution, being confined exclusively to the Tiber Dam section. A few
YOY rainbow trout and many YOY mountain whitefish were found in the surveys,
indicating that successful natural reproduction of these species occurs in
the Marias River below Tiber Dam.

The abundance of sauger in the Marias River increased gradually from
Tiber Dam to the mouth of the Teton River. Sauger catch increased from 4.1
fish per electrofishing hour in the Tiber Dam section to 32.2 fish per hour
in the Collins section. A number of YOY sauger were collected in the Badlands
and Onllins study sections, indicating that spawning and rearing of this species
cccurs in the lower Marias., Sauger are the most common game fish below Tiber
Dam, and comprise the bulk of the sport fishery.

Other common game fish found in the Marias River hetween Tiber Dam and
the mouth of the Teton River inciude burbot, walleye, northern pike and channel
catfish. These fish are known to permanently reside in this reach. The
scarcity of northern pike, channel catfish and burbot in the electrofishing
sample is partly due tc the poor response of these species to electrefishing.
Poscwitz (1962}, utilizing frame traps as & sampling technique, found substantial
populations of sauger, burbot and channel catfish throughout the Marias River
helow Tiber Dam. Berg (1981} reported significant annual spawning migraticns
of several fish species from the Missouri River into the lower Marias. The
most important migrant species inciuded sauger, shovelnose sturgeon, blue
suchers and smallmouth and bigmouth buffalo.



vahie 25. Catch statisties of the fish sempled by electrofishing in the
Bostliegger section of the Teton River during September and
October 13879,

Average Length Average Weight Catch

Number Lengih  Range Weight Range per unit

Species Sampled (mm { o ; {am) fgm} affort
Goldeye 35 327 n0-370 272 196~ 380 4.9
farp & 485 450-520 1430 1130-1870 1.1
Flathead chub 165 99 70-140 20 10- 20 -
iake chub 1 BG - 10 - -
Brassy minnow 2 - - - - -
Plains minnow 1 - - - - -
Western silvary minnow 75 138 130-15C 20 20- 33 -
Longnose dace 18 w - - - -
River carpsucker 1 460 - 1050 - 0.1
Shorthead redhorse 31 266 &80-360 200 10- 360 4.4
Longnose sucker 25 236 70-340 160 10- 38G 3.7
White sucker 53 240 130-370 3180 10- 540 7.5
Mountain sucker 39 113 70-220 20 10- 40 5.5
Channel catfish 1 50 - 10 - G.1
Stonecat 4 119 Fo-150 20 10- 40 0.6
Burbot i 530 - BGG - 0.1
Sauger 25 406 340-510 850 270-1080 3.5

tuble 26. Catch statistics of fish sampled by electrofishing in the Wead
section of the Teton River during September 1979.

Average Length Average Weight Catch

Number  Length  Range Weight  Hange per unit

Species Sampled {mm} {mm) {om)} am} effort
Goldeye 5 340 320-370 341 260~ 480 0.5
Mountain whitefish i 160 - 20 - .1
Carp 24 483 100-640 1350 20-2210 2.6
Flathead chub 27€ 56 40250 20 10- 140 -~
Western silvery minnow A 106 90-130 20 10- 20 -
Longnose dace 55 57 40- 80 10 1g- 20 -
River carpsucker 7 437 390-510 917 7i0-1280 0.8
Shorthead redhorse 1 350 56-470 540 16-3020 1.4
Longnose sucker 47 in £0-240 27 T0- 160 5.0
White sucker 4 214 120-300 150 10- 300 G.4
Mountain sucker 18 96 50-140 14 10- 20 1.9
Channel catfish 3 686 G40-710 3677 3000-4540 0.3
Stonecat 19 144 40270 45 1¢- 130 2.0C
Burbot 3 357 250-460 268 R0- 480 0.3
Sauger 28 394 320-530 520 230-1230 2.5
freshwater drum 1 380 - &10 - G.1




Bridge section of the Judith River during September 1979.

Tabile 27,  Latch statistics of fish sampled by electrefishing in the Anderson

Average Length Average Weight Catch
c Number Length Range Wejaht Range pey uynit

Species Sampled  {mm) {mm {om} {am effort
gaﬁdeye 3 33% 320-360 {36 380~ 4306 0.7
ary 3 5 450-510 1744 1540-2¢C

Flathead chub 3 122 50-160 23 o o
Longnose dage 21 73 50~ 90 16 i -
Longnose sucker 24 310 160-420 350 40- 740 5.7
White sucker 1 300 - 300 - 8.2
Mountain sucker i8 154 120-220 36 20- 100 %:3
Stonecat 15 158 130-190 23 16- 90 3.8
Burbot 3 346 2E0-510 404 20~ 780 0.7
Sauger 7 234 240-376 236 13- 420 1.7
Mottled sculpin 1 70 o 15 - 0.2

Table 28. Catch statistics of the fish sampled by gelectrofishing in the PN
nanch section of the Judith River during September 1974,
Average Length  Average Weight Cateh
Mumber Length Range Wedight Range per unit

Species Sampled mm? {mm) (am) {om} effort
Goldeye 1 320 - 230 - 0.3
Mountain whitefish 1 120 - 20 - 6.3
Carp 3 492 460-500 1575 1370-185¢ 0.8
Fiathead chub 160 130 510-730 32 10- 120 -
Longnose dace 3 &7 &0~ 80 1¢ 10 -
Shorthead redhorse 3 214 £0-380 245 10- 820 0.8
Longnose sucker 30 274 80-360 232 10- 410 8.1
White sucker 1 220 - 130 - 6.3
Mountain sucker g 134 8O-200 36 10« 110 2.4
Channel catfish 1 580 - 3810 - 0.3
Stonecat 4 139 120-160C 23 10- 3¢ 1.1
Burbot 3 415 380-430 300 300 0.8
Saugeyr 19 233 120-510 200 20-1080 5.1




The middie Missouri River is 2 1arge river with deep pools, and contalns
water of a relatively high jonic conductivity. It is difficult to develop an
aquatic radiotelemetyy system which functions adeguately in this situation.
Only iimited success has heen attained by researchers attempting to utiiize
radioteiemetry in streams similar to the middle Missouri River. Therefore,
211 of our effort in 1979 was spent in developing = radic-telemetry system
which would be suitable for our requirements. In 1980 the actual tracking
of paddlefish took place.

Eguiﬁm&nt

A Smith-Root SR-40, 10 channel search receiver with a freguency range
between 40.000 and 41.000 My was used to simultaneously menitor the radio-
instrumented fish. An cmnidirecticnal whip antenna was matched with the re-
ceiving unit and mounted to the wing strut of a Supercub airplane.

nadic transmitters from three different commercial suppliers were used
to increase the probability of success. In 1879, the Smith-Koot P-40-1000L,
4 radio transmitter powered by 2 lithium battery, was superiocr in performance
to its mercury battery powered counterpart. Because of this, the Smith-Root
p_40-1000L transmitters were used im 1980, In additicn, transmltters manu-
factured by Dav Tron and Wyoming Bictelemstry were used in 1580. These
transmitters were also powered by lithium batteries. The Dav Tron LF-815
franemitter was very similar in design to the Smith-Root, but the Wyoming
Biotelemetry transmitter consisted of an enclosed antenna on a circuit beard
and its basic component was all micro-cirveultry.

The Smith-Root transmitter was approximately 85 grams, cyilindrical in
shape, measuring 190x19 mm with a 150 mm external antenna. Dav Tren radio
transmitters were approximately the weight and size of a "p.pell battery,

100 gms and 70x35 mm Jimensions with z 250 mm external antenna. Wyoming
Biotelemetyy T[ransmitters were not entirely symmetrical; however, their overall
jength was 155 mm with a maximum diameter of 20 mm and weight of 50 grams
(Figure 23). The three companies adjusted the current drain of the transmitters
to meet the environmental conditicms, yet transmit a siTong signal for 90 days.
Bach radic transmitter was individually identified by the channel freguency

and a specified pulse rate. During feasibility tests conducted in 1979, it

was determined the Smith-Root P-40-1000L transmitter’s signal could be relecated
at an sccuracy of + 50 m and receivaed at a maximum distance of approximately

1.5 km from the airplans.

1molaptation and Attachment of Transmitters

nadic transmitters were attached to paddlefish using both internal and
external plants. Internal plants were surgically implanted in the peritcneal
cavity of paddlefish {Figure 24). Using standard surgical procedures, a 70 mm
incision was made with a scalpel along the upper right ventrum immediately
posterior to the pectorsa fin (Figure 25}, The incislon was made at this site
to avoid severing mejor vessels present along the ventral axis. After the
incision was completed, a transmitter dipped in parafin was inserted inte the
peritoneal cavity with the external antenna {(plastic coated copper wire 1 mm
diameter) exiending outside the bedy. The imcision was then ciosed with

e
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Table 20. Performances of radio tags used in the 1580 middle Missouri River

paddlefish radictelemetTy study.

Companies/Placement
Smith-Root Dav Tron Wyoming
Internal REostrum Internal Internal Rostrum

Total number

radios attached g 3 & 2 5
Percent of radics

which worked 78 &7 22 0 0
Average number

relocations for

each working

radic 7.0 2.0 1.5 - -
Hange :number

relocations 2«11 1-3 1-2
Average radic life

{days) 56.3 41 29
Radio life range

{days) 14-87 7-76 25

Some problems were 21s0 encountered with internally planted tags. Apparently,
because of the large amount of tension on the sutures, the skin could not hold
the strain; conseguently, some of the sutures tore through. This problem was
observed on two of the paddlefish with internal radio transmitter placements.

The problem could be easily alleviated by placing wider sutures in addition to
the primary, medium width ones. Another problem encountersd with the surgically
implanted radic transmitters was associated with the external antenna. The
connection between the base of the antenna to the component was sound; however,

3 length of antenna was cheared off on two of the recovered radio transmitters.
The shearing could have been related te abrasion caused by the fish rubbing the
bottom, or corresion caused by a chemical reaction with the fishes' mucous
covering. Stzinless steel antenna or other noncorrosive materials would probably

remedy this problem,

There is little doubt that successful radio tracking of a large fish under
these conditions can be achieved. Dennis Unkenholtz (South Dakota Dept. of Game,
Fish § Parks pers. com.}, using a similar radic telemetlry system for studying
movements of paddlefish in the Missouri River below Ft. Randall Dam, has achieved
very encouraging results. During the present study, one paddlefish instrumented
with an internally implanted radic transmitter in 1975 was recovered 1 year later
and exhibited no apparent abnormalities. This fish gained 2.3 kg in weight
during an 1l-month period after the radic was implanted.
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distance upstream from the paddlefish staging area in the vicinity of kunown
spawning sites. The presence of paddlefish in spawning areas through the Tun-
off pericd has been extensively documented by other researchers {(Elser 1976,
purkett 1961, Berg 1981}, Purkett (1961) indicated paddlefish prefer spawning
areas on shallow gravel bars which are inundated to the proper depth and
velocity during the runoff poriod.

Recause of the repid increase in flow late in May, no evaluation could
he made concerning possible migratory barriers. It is possible that the
inception of the paddiefish migration to upstream spawning sites is related
more to behavioral motivation than the presence of physical barriers. In other
words, when the flow which motivates paddlefish to migrate upstream is attained
there may be no physical barriers to navigate.

Radictelemetry provided little information on possible paddlefish spawning
sites beczuse only one paddlefish could be menitored during the entire spawning
period, Paddiefish spawning sites on the middle Missocuri River have been
previously identified by Berg {1581},

Along with the tracking of radic-equipped fish, electrofishing was used
25 a method to moniter and census the paddlefish migratory run in 18980. Electro-
fishing provided a significantly better appraisal of the relative abundance and
distribution of migratery paddlefish than radiotelsmetry. An electrofishing
t census run was made from June 2 through 8, 1980, to monitor paddlefish distribu-
tion after the high flows were attained. The wesult of this slectrofishing run
is presented in Table 31. The chserved distribution and relative abundance of
paddlefish were similar fo previous ysars {Rerg 1981). Results of censusing
the upper river from Fort Benton to Coal Banks Landing on four occasions from
June 3 to July 1 (Table 32) indicate substantial numbers of paddlefish were
distributed up to 251 km above Fort Peck Reservoir, peaking in numbers slightly
after the crest of the runoff, but persisting until at least July 1.

instream Fiow Assessment for Faddlefish

gerg (1981) found that paddlefish require a flow of 3%6.5 msfsec
{14,000 cfs) in the Virgelle gaged reach of the Missouri River to complete
their annual spring migration to spawning sites. ,To maintain the paddiefish
migration, flow should remzin at or above 396.5 m/sec for 48 consecutive
days from May 1§ through July 5 in the Virgelle gaged reach. This time
period was selected because it satisfies the biclogical requirements of
paddiefish. It also conforms to the time period when median flow historically
reaches or exceeds 396.5 m /sec at the Virgelle gage.

Results of paddlefish radictelemstyy studies conducted in 1383 firmly
support these conclusions. vovement of radio-tagged paddlefish to spawning
sites occurred during the high flow period from late May through early June
{Figure 26]}.
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Tahle 32. Seasonal distribution of paddlefish in the upper section of the
middle Missouri River as determined by four electrofishing "census”
runs taken during the peak runoff period June 3-July 1, 1980.

Location of Reach River No. of Paddiefish Observed

Eiectrofished km 6/3 & 4 6/10 § 11 6/25 7/1
vt Benton Community-Evans Bend — 281-27Z g ki i t
Evans Bend-Brule Bottoms 272-251 & G 0 H

Brule Bottoms-Marias R

confiuence 251246 it G 7 1.
Marias R confluence-Crow Id 246-228 Z 7 19 21ij
Crow Id-Boggs Id 228-220 3 16 i1 9
Boggs 1d-Coal Banks Landing 220-212 3 6 3 2

Taotal & 23 AQ 32

1/ 8ix of these 21 paddlefish were censused in the mouth of the Marias River.

Based on these considerations, a flow of 39&.5 mesec is recommended for the
Virgelle gaged reach of the Missouri River. This reach extends from the confluence
of the Marias to the confluence of the Judith River. The Missouri River upstream
fyom the confluence of the Marias River is the source of most of the water down-
stream from the Marias. The reach of the Missouri River from the confluence of
Relt Creek to the confluence of the Marias River is gaged by the Fort Benton USGS
station. Bassd on calculations made from USG5 data gathered at the Virgelle and
Fort DBenton gage stations, it was determined that the Missouri River at Fort Benton
contributes 80.6 percent of the median flow of the Misscuri River at Virgelle
during the paddiefish spawning pericd from May 19 through July 5. Therefore, to
maintain the annual spring paddiefish migration in the Missouri River, z flow of
315.6 mo/sec (11,284 cfs) is recommended for the reach of the Missouri River from
the confluence of Belt Creek to the confluence of the Marias River. This flow
must be maintained from May 1% through July 5.

The reach of the Missouri River from the confluence of the Judith River to
Fgrt Peck Reservoir is gaged by the Robinson Bridge (Landusky) USGS station. Tlow
aceretion in this reach of the river during the paddlefish spawning peried 1s
mostly attributable te the contribution of the Judith River. Based on calculations
made from USGS data gathered at the Virgelle and Robinson Bridge gage statioms, it
was determined that median flow of the Missouri River at Robkinson Bridge amounts
to 109.3 percent of the median flow of the Missouri River at Virgelle during the
paddlefish spawning period from May 19 through July 5. Therefore, to maintain the
annual spring paddlefish migration in the Missouri River, 2z flow of 433.4 m3/sec



US6S Gage Station Dominant Discharge

Fort Benton 6ld.6 mB;sec {21,700 <fs}
Virgelle 606.1 m3ﬁsec {21,400 cfs)
Anbinson Bridge 564.6 m fsec {23,466 cfs)

Therefors, dominant discharge flow recommendations are:

Missouri River Reach Flow Recommendation

ronfluence of Belt Creek to confluence of Marias R 614.6 mS!sec {21,700 cfs)
Confluence of Marias River to confluence of Judith R 606.1 my/sec (21,400 cis)
Confluence of Judith River te Fort Peck Reservolr 664.6 m fsec (23,466 cfs)

It is not presently known how long the bankful flow must be maintained to accomplish

the necessary channel formation processes. Until further studies clarify the neces-
sary duration of the bankful discharge, a duration period of 24 hours was chosen.

Tnstream Flow Assessment for Riffles

Wetted Perimeter/Inflection Point Method

Flow recommendations from September 1 through March 23 wers based on the wetted
perimeter/inflection point method. Wetted perimeter is the distance along the
bottom and sides of 2 channel cross-section in contact with water. As the flow in
the stream channel decreases, the wetted perimeter also decreases, but the rate of
ioss of wetted perimeter is not constant throughout the entire range of flows. There
is a point, called an inflection peint, on the curve of wetted perimeter versus
fiow at which the rate of loss of wetted perimeter is significantly changed. Above
the inflectien point, large changes in flow cause only very small changes in
wetted perimeter. Below the inflection point, the river begins to pull away from
the riffle bottom, exposing the bottom at an accelerated rate. The flow recommenda-
tion is sclected at or beyond this inflection point,

The maintenance of suitable flows in riffles is essential for the Missouri
River fish populations. Four apparent reasoms are:

1. Riffles contain substantial standing crops of aquatic invertebrates and
forage fish, the principal food organisms of important fish species in
the Missouri River.
Production of aguatic invertebrates CCCurs primarily in riffle areas
(iynes 1970}.
3. Adequate flow must be maintained in viffle areas to allow for passage
of migratory fish species.
4. Riffle areas provide critical habitat for the rare sicklefin and sturgeon
chub populations of the Missouri River.

£

1 flows in the Missouri River were reduced below the inflection point, the
riffle bottom would be exposed at an accelerated rate, causing a decrease in riffle
srez and channel depth.

2iffles are also the area of a stream most affected by flow reductions ({Boves
1974, Nelson 1977). Conseguently, the maintenance of suitable riffle conditions
in pocls @nd runs, areas normally inhabited by adult fish.
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the median fiow of the Missouri River at Robinson Bridge during the base flow
period from September 1 through late March. Therefore, a flow of 121.9 m /sec
{4305 cfs} is recommended for this reach.

flow recommendations for riffls maintenance arve:

Missouri River Reach Flow Recommendation

cenfluence of Belt Creek to confluence of Marias River 104.8 mo/sec (3700 cfs)
ronfluence of Marias River to confluence of Judith R 121.9 m%fsec (4305 cfs)
ronfiuence of Judith River to Fort Peck Reservoir 133.1 m”/sec {4700 cfs)

The wetted perimeter riffle maintenance flows may not be adequate during the
early portion of the runoff periocd from late March through May 18. Sauger, walleye,
northern pike and other early SPring spawners probably require a higher flow for
spawning, but their flow requirement was not assessed during this study. Since
this assessment was not made, the riffle maintenance flow is recommended until the

paddliefish migration flow recommendation commences on May 19.

Summary of Minimum Instream Flow Reguirements

Assessed minimum instream flows for the middle Misscuri River ave given
sccording to the seasenzl schedule in Table 33. These are the flows necessary
for the species with the highest requirements for that particular season. Using
+he Robinson Bridge gaging station as an example, it is evident the instream flows
requested are less than the median flows (Figure 25}. The median flow provides
2 measure of water availability during a normal or typical water year. The
median is the flow that is exceeded in 5 of 10 years or, in cther terms, in 5
years out of 10 there is more water than the median flowing in the river.

Table 3%, The scheduls of the assessed minimue instrean flows Ffor the middie
Missouri River.

Assessed
Minimum Instream Flow
Period Gage St. m7/s cfs Concept Based on
Sept. 1-May 18 Ft Benton 104.8 3700 Wetted perimeter/inflecticn
Virgelle 121.5 4305 point of riffles
Rohinson Br 133.1 4700
May 19-Juiy S ¥t Benton 319.6 11,284 Paddiefish migration fiows
virgelle 136.5 14,000
nobinson Br 433.4 15,302

24& hours botwesh Ft Benton 614.6 21,700 Maintenance of channel
May 19-July 5 Vvirgeile 606.1 21,400  morphology
Robinson Br a64.56 23,468

4500 Maintenance of side channel

July 6-August 31 Fr Benton 127.5
virgelle 152.9 5400  water levels above threshold
Robinson Br 164.3 5800 wvalus.
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Appendix 7Table A. An example of relative importance (RI) calculation for
food habits analyses.

Example:

To calculate the relative importance (RI} for a food item in a dist,
first find the absclute importance (AL},

1., Al = % opccurrence + % numbers + % volume
(found in diet)

The percent of occurrence of each food item is simply the percentage of
fish which consumed that particular food item. The average percent compesition
by number and volume is the average number or volume of that food item in the
sample divided by the average total number or volume of all the food items in

that sample, expressed as a percentage.

if,

#

Al item a
AL item b =
Al dtem c

i
el v

il

The RI for a particular food item is obtained by summing the numerical
percentage, volumetric percentage and percentage of occurrence of the food item
in the diet, then dividing by the summation of 21l the food items in the diet.

Then, o
RI_ = 100 Ala
a jé:i AIE

{Where 2 = food item a )
{n = number of different food types)

J#(246+1)
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Appendix Table C-1. Catch rates (number of fish per seine haul} of forage fish
species in side channel 1 (Fort Benton section) of the
middle Missouri River, 1980,

Eariv August

Carp

Flathead chub

Lake chub

Emerzid shiner

Western silvery minnow
Fathead minnow
Longnose dace
Suckersd/

i o

e

bt
B U G b ) G
b L € e

®

Number seine hauls 3
Range of catech 22-148

a/ This group was not separated intc shorthead redhorse, white and longnose
suckers.,

Appendix Table C-2. Catch rates (number of fish per seine haul) of forage fish
species in side chanmel 2 (Fort Benton section) of the
middie Misscuri River, 1580,

Late Early Late Late Late
- July August August Sept. October
Carp G.75
Lake chub 0.2 1.9
flathead chub 4.0 0.3 3.3
Emerald shiner 1.0 1.5 g.7
Fathead minnow 49,3 0.7 2.3 2.5
Longnose dace 2.2 i7.0 16.3 4.3 £.0
Smallmouth buffale 5.8
Suckersa/ 34.2 25.3 5.3 2.0 1.0
Yeliow perch 0.3
Larvae 0.8
Number seine hauls 4 4 3 3 4
Range of catch 51-21G6  22-108 2-33 1-312 i-20

a/ This group was not separated into shorthead redhorse, white and longnose
suckers.
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Appendix Table C-5. Catch rate (number of fish per seine haul) of forage fish
species in side chamnel 5 (Loma Ferry sectiomn] of the
middle Misspuri River, 1980.

Late Barly Late Late
July Aug. Aug. Sept.
Flathead chub 4.8 38,7 14.4
Emerald shiner 14.%9 5.0 G.4 G.8
Western silvery minnow 0.3 8.2 20.5
Fathead minnow 1.1 0.3
Longnose dace 6.1 20.0 6.8 0.8
Smalimouth buffale 0.4
Suckersi/ 6.7 i2.0 15.4 1.2
Yeliow perch 0.8
Larvae 2.3
Number seine hauls 7 3 5 4
Range of catch 304 £6-101 16-104 2-80

a/ This group was not separated into shorthead redhorse, white and longnose
suckers.

Appendix Table C-6. Catch rate {(number of fish per seine haul) of forage fish
species in side channel & (Loma Ferry sectign) of the
middle Missouri River, 1980.

Late Early Late Late
July Aug. Aug Sept
Carp 0.4
Flathead chub 1.7 35.2 38.5 7.B
Emerald shiner 14.7 1.0 8.5 2.5
Western silvery minnow 4.3 24.4 i2.90 21.2
Fathcad minnow .3 6.4 1.2
Longnose dace 17.2 30.7 14.2
Smallmouth Buffalo 0.8 1.2
Suckersd/ 12.3 2¢.2 87.5 6.2
Number seine hauls 3 5 & 4
Hange of catch 18-35 16-354  24-386 4190

a/ This group was not separated imto shorthead redhorse, whits and longnose
suckers.
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Appendix Table C-9. Catch rate {number of fish per seine haul) of forage fish
species in side channel 8 (Cow Island Section) of the
middie Missouri River, 1980,

Early Late Early
July Jul September
Goldeye 0.2 i8.0
Flathead chub 2.8 61.8 2.9
Emerald shiner 1.8 3.8
#estern silvery minnow 1.8 g.6 2.5
Longnese dace G,2 7.5
Suckersa/ 0.8 6.0 0.5
Yellow perch 0.2 0.5
. Larvae 1.2
|
I
Number seine hauls 5 4 2
fange of catch 2-15 28-200 1-9

a/ This group was not separated into shorthead redhorse, white and ilongnose
suckers.

Appendix Table C-1G. Catch rate (mumber of fish per seine haul} of forage fish
species in side chanmel 11 (Robinson Bridge section} of the
middle Missouri River, 1980.

Early Late Early
July July September
Goldeye 0.2 0.5
Carp G.2
Filathead chub G6.4Q 4.5 24.8
Emerald shiner 5.2 1.8
i Western silvery minnow £1.8 0.3 10.5
Fathead minnow 1.8
Longnose dace G.4 ¢.5 0.2
Suckersd/ 0.5 12.0
E Larvae 5.2
Mumber seline hauls 3 Z 4
! fjange of catch 8-316 1-11 14-89
E 4/ This group was not separated into shorthead redhorse, white and longnose
suckers.




Appendix Table D-1. Catch rates [number of fish per seine haul} of forage fish
species in the Movony Dam section, middie Missourl Hiver
during late July-garly September 1979,

Main Main

Channel Channel
- Border Pool Backwater
Carp 1.0
Flathead chub i.5
Lake chub i.3
Emerald shiner 1.5 34.2 1.9
Plains minnow 0.5
Western silvery minnow 76.7 4.5
Fathead minnow 1.2
Longnose dace 40.5 19.0 44.0
Shorthead redhorse 9.5 34.5 5.7
Longnose sucker 1.0 4.7 3.8
White sucker 4.5 14.7 57.8
ave. court/ 57.0 187.1 129.9
Range 51-63 23-380 18-380
Number of seine hauls 2 & &

1/ Catch rate - catch per unit effort

Appendix Table D-2. Catch rates {(number of fish per seine haul) of forage fish
species in the Carter Ferry section, middle Misspuri River
during late July-early September 1579.

Main Main

Channel Channel

Border Pool Backwater
Mountaln whitefish 0.2
Carp 2.2
Flathead chub 0.2 G.5
Lake chub 0.2
tmerald shiner 3.8 3.8
Plains minnow 0.2
Western silvery minnow 9.2 2.0
Fathead minnow 21.5 95.5
iengnose dace 17.5 32.2 3.8
Shorthead redhorse g.0 35.7 26.8
Longnose sucker 4.2 6.2 6.2
white sucker 4.8 2.1 2.5
Yellow perch 0.2
lown darter 0.2

1/

Ave. CPUE 60.0 86.3 149.4
Runge 11-110 9-302 24-308
Number of <oine hauls 4 & 4

I/ Catch rate, catch per unit effort
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ix Table D-5. Catch rates {number of fish per seine hauil) of forage fish
species in the Coal Banks section, middie Missouri River
during late July-early September 1979.

s
et

o

s

4

3P e

Main Main Side Side

Channel Channel Channel Channel

Border Foold Chute Pool Backwaters
Mounitain whitefish 0.2
Carp a.1 5
Filathead chub 56.5 20.3 5.0 8.5 45
Lake chub 0.4 0.5
Lmerald shiner 9.7 7.4 7.0 45
Western silvery minnow 1.0 4.6 1.0 135
Fathead minnow 15
Longnose dace 11.0 23.7 12.0 5
tiver carpsucker .3 0.4 3
Shorthead redhorse 5.4 22.0 8.0 i.5 28
Longnose sucker 35.¢6 30.7 6.0 2
Sauger 1
Mottled sculpin 0.1
ave. cpuit/ 120.0 118.4 20.0 27.5  284.0
Rapge G- 3060 &-300 7-33 8-47
Number of seine hauls 10 7 2 y i

1/ Catch rate, catch per unit effort.

Appendix Table D-6. Catch rates (number of fish per seine haul) of forage fish
species in the Hele-in-the-Wall section, middle Missouri
River during late July-early September 1579,

Main Main Side Side

Channel Channel Channel Channel

Border Pool Chute Pool Backwaters
Goldeyve 6.2
Carn 0.2 Gg.1 0.4 7.0
Flathead chub 6.2 38.6 54.5 32.4 17.0
Lake chub 2.G 0.3
merald shiner 3.5 2.5 1.3 4.6 27.0
Western silvery minnow .2 8.0 G.8 20.2 2.3
Fathead minnow 6.0
Longnose dace 14.1 25.6 4.5 5.0 17.7
River carpsucker 1.4 4.8 2.0 3.3
Shorthesd redhorse 4.0 156.1 4.0 25.2 55.7
Longnose sucker 1.0 4.5 3.4 61,7
White sucke G.4
Stonecat .1 .2 0,2
Sauger 3.2 1.0 i.8 1.3
Ave. CPUB™ 25.5 i04.6 66.1 101.4 264.3
Range 3-85 15-231 &-183 11-283 36-504
Number of scine hauls il 8 4 5 3

17/ Cateh rate, catch per unit effore,




Appendix Table D-9. (ateh rates {(number of fish per seine haul) of forage fish
species in the Cow Island section, middie Missouri River
during late July-early September 1979,

Main Main Side Side

Channel Channel Channel Channel

Border Pool Chute Pool Backwaters
Goldeyve 5.6
Larp 0.2
Flathead chub 3.0 1G.6 3.3 2.5 10.5
Sicklefin chub 0.4 0.9 0.3
fmerald shiner 22.2 32.0 2.3 a.7 24.2
Western silvery minnow 2.9 58.9 3.2 7.3 42.4
Longnose dace 0.1 0.1 0.2
Hiver carpsucker 9.1 0.2 §.6
Shorthead redhorse 0.4 .2 1.0
Longnose sucker 0.7 2.3 0.2 .4 2.6
Channel catfish g.1
Stonecat 0.1
Yeliow perch 0.8
Sauger 0.4 0.8 0.1 1.3 0.1
ave. cruE 30.9  106.0 9.6 13.2 51.0
Range 2-202 14-300 1-24 2-32 23-237
Number of seine hauls 14 3 9 2 4

1/ Catch rate; catch per unit effort.

Appendix Toble D-10. Catch rates {number of fish per seine haul) of forage fish
P P
species in the Robinson Bridge section, middle Missouril
River during late July-early September 1979,

Main Main Side Side

Channsl Channel Channel Channel

Border Pool Chute Fool Backwaters
Goldeye 0.2 0.8 40.5 1.4
Carp 1.0
Flathead chub 11.3 12.2 2.7 7.5 1.4
Sickiefin chub 1.6 0.7
Pmoeratd shiner 4.2 10.8 33.7 5.9 36,4
Pilains minnow 0.2 G.5
Western silvery minnow 4.9 5.4 3.7 iz.8 11.5
Longnose dace G.2 0.1 2.7 0.2
River carpsucker 0.2
Shorthond redhorse J.1 1.4
Longnose sucker 0.3 .4 6.7 5.5 G.5
Channel cxtfish 0.1
sauger G.3 2.2 3.2
Mottied sculpin 0.1

31/

Ave. CPUL- 19.3 34.2 46.5 82.2 51.9
fange 1-109 2-85 7-107 12-178 3-103
Number of seine hauls 18 £ 3 4 g

T/ Tatch rate; catcn per unit etfort.
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Appoendix Figure B-1 . Movement pattern of individual radio-tagged paddie-
fish in the lower reach of the middle Misscuri River
E during 198%0; included are dates of movements, size
and sex of fish.
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fish in the lower reach of the middle Missouri River
during 1980; included are dates of movements, s51ize
and sex of fish.
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ABSTRACT

This study was initiated on the Wild and Scemic portion of the Missouri
River to determine instream flow requirements of selected fish specles, The
study wil!l form a basis for the Bureau of iand Mapagement in quantifying in-
stream flows necessary o maintain the values associated with the Wild and
Scenic reach of river.

Rearing areus and habitat preference studies conducted from July through
September indicated that young-of-the-year sauger sclected protected habitat
in peripheral areas of the stream. Although young-cf-the-year sauger werse
Found throughout most of the study area, 70 percent of the total numbers sam-
pled in 1979 were takenm im a 77-km reach of the river belcw Cow Island. The
preference for this particular area was attributed to the greater development
of side channel pool habitat which was the most desirable rearing habitat.
Peripheral habitat areas were alsc heavily utilized by forage fish. An average
of 125,104 and 81 forage fish per seine haul was taken in the backwater, main
channel peol and side chanmel peol habitat types, raspectively. During 1980,
12 reprosentative side channels were monitored to determine the amount of in-
stream Tlow required to maintain sauger rearing and forage fish habitats. Bas-
ed on the utilization by the fish and the channels’ water level and connection
to the main channel, minimum instream flows were determined.

Foed habits studies of adult shovelnose sturgeon and sauger revealed that
food organisms in the riffle areas comprised major portions of their diet.
tHising the WETP program, the amount of instream flow requited to maintain riffle
GYOTR OWHEES aaf'termi%’led.

Resident fish populations were inventoried in the lower reaches of three
major tributaries of the middle Missouri River. A total of 24, 21 and 15 spe-
cies wos sampled in the Marias, Teton and Judith Rivers, respectively. Sauger
wits the most common game Fish found in all three tributaries.

Movements of radio tagged paddiefish during the spring and early summer of
(986 were correlated with high flows. When the river was at lower flows, move-
wents were confined to their staging area immediately above the Ft. Peck Reservoir
nool.  Significant upstream movement did not begin until higher flows occurred
during the spring runoffi period.

The minimum instream flows reguired to maintain the middle Missourl River

Fisherywore based on:

i Side channel thresheld flows during July 6-August 31
(>} Wetted perimeter/inflection point flows of riffles during September 1-
1

31 Paddlefish migration flows during May 15-July 5
i 1 morphology maintenance flows (24 hours) staged during May 19-




INTRODUCTION

The middle Missouri River in northcentral Montana abounds with historical,
scenic, recreational and natural values. The river is freeflowing in a 333 km
reach from Morony Dam near Great Falls, Montana, Lo the headwaters of Fort Peck
Reservoir. In addition, the land contiguous to the river in this area has retained
most of its primitive characteristics. These gualities are rarely found in a
river of this magnitude. Because of these considerations a 240 km section of the
river from Fort Benton to Robinson Bridge was recently designated as part of the
National Wild and Scenic Rivers System {(US Congress 197523, This inciusion,
signed inte law on October 13, 1578, affords considerable protection for the last
major free-flowing portion of the Missouri River., Under provisions of this legis-
jation, no dams may be built om any of the protected waters, and specific protec-
tive regulations would be imposed on any new commercial development in designated ;
areas surrounding the protected waters (US Congress 1975k}, The law dees alliow
minor diversions and pumping of water from the protected area for agricultural
uses. Private landowners in the area can continue with traditional grazing, farm-

ing, recreatienal and residential uses.

The enacting legislation alsc assigned the Bureau of Land Management {BLM} the
responsibility to manage the river. Im 1978, the BILM drafted a management plan i
which included an ocbjective of determining instream flows required to maintain the
river, commensurate with the purposes of the act (BLM 1978Y. Specifically, the
determination was to be based on instream flow needs required to maintain fish i
and wildlife, vegetative, recreatiomal and water quality benefits.

There is little need to review the circumstances which make the instream fiow
determination study particularly important at this time, It is sufficient to note
that because of the increasing demand for Montana's limited water supplies for in-
dustrial, agricultural and domestic uses, water resource development proposals on
the Missouri River are imminent. On October 1, 1579, the US Bureau of Reclamation
(USBR} began an appraisal study for potential damsites on or adjacent to the Missouri
River boetween Fort Benton and Morony Dam. Montanz FPower Company (MPC} has applied
to the TFederal Energy Regulatory Commission for a preliminary permit to study
feasibility of building a hydropowsr dam in the Carter Ferry area 22 km upstream
of Fort Benton. Also, MPC plans to construct a 250 megawatt coal-fired power
generating plant near Morony Dam.

The proposed projects have the potential to impact the aquatic faunz. Unless
streamflow levels necessary to maintain the aquatic resources of the middle Missouri
River are determined, little can be done to evaluate conflicting resource demands '
and minimize adverse impacts on the aguatic resources. i

Since October 1, 1975, the Montana Department of Fish, Wildiife znd Parks
(MDFWP) has been conducting a Ffisheries inventory and planning study in the
Wild and Scenic Missouri River. The MDFWP has expended considerable time and ef-
fort in becoming familiar with proven sampling methods on large rivers and in de-
veleping equipment and technigues adaptable to the Missouri River. The MDFWP _
study efforts parallel to some extent the effort to be made by the BLM on instream i
fiow quantification. Based on these consideratioms, it was decided that the BLM

B




sl MDFWP should cogperate o develop 2 sultable methodology to determine instrean
flow requirements for the Wild and Scenic Missouri River. This study, funded by
the BLM and conducted by the MDEWP, was initiated on April 1, 1975,

OESCRIPTION OF STUDY AREA AND HABITAT TYPES

the study area consists of a 333 ¥m reach of the mainstem of the middle
Missouri River in morthcentral Montana from Morony Dam nmear Great Falls to the
headwaters of Fort Peck Reservoir near tandusky. The general basin characteristics,
nydrogeology and physical/chemical characteristics of the river have been adequately
deseribed by Berg {1981) and Kaiser and Botz (1975). The two major tributaries
entering the Missouri River in this reach are the Marias River from the north and
the Judith River from the south. The present day flow regimen of the Missouri
niver in this study aTea is not entirely natural because of rvegulation and storage
2t several dams in the drzinage upsiream from the study area.

¥iftv-three species, representing 14 families of fish, are known te occur
in the middle Missouri River drainage between Morony and Port Peck dams (Berg 15817,
Rasically, two fishery zcnmes SCCUT IR +he mainstem Missouri. In the upper reach,
from Morony Dam to the confluence of the Marias River, a cold water/warm water
fisheries transitional zome exists. Sauger js by far the predominant pgame tish
species found in this Teach, but significant mmbers of trout, mountain whitefish,
sculpins, iongnose dace and suckers also cccur. A warm wateTr fisheries zone ex-
tends from the confluence of the Marias River downstream to the headwaters of Fort
Peck Rescervoir. Sanger, shovelnose sturgeon, paddiefish, chamnel catfish and a
variety of chubs, minnows, suckers and shiners are the predominant species in this

Zonge.

Fieven sampling sections weTe established on the mainstem Missouri in the study
area {Fig. 1). The Morony Dam and Carter Ferry study sections contain rocky sub-
strate and have very Tew islands and side chanmels. Stream gradients are relatively
high, ranging from 0,76 to 3.4 m/km, The Fort Benton, Loma Ferry, Coal Banks
Landing and Judith Landing study secticns have considerably more isliands and side
channels. Stream gradients in those study sections range from (.38 to 0,76 mikm.
The Hole-in-the-Wall and Stafford Ferry study sections have similar gradients,

Lut the river in these study sections is confined by steep, marrow canyons, and
comsequently, very few islands and side channels occur. The lowest three study
scotions, Cow Island, Robinson Bridge and Turkey Joe, are in a reach of river
characterized by a wide, meandering channel which contains numercus shifting
sandbars and large developed islands.

Nine study sections wers established on three tributaries of the middie
Missouri River im the study area {Fig.1}.

to facilitate interpretation of rearing area and forage fish data, the Tiver
channel was categorized imto five major habitat types which could be effectively
seined. The habitat types were main channel border, main chamnel pool, side chan-
nel chute, side channel pocl and backwaters {(Fig.2}.

The main channel border habitat type was defined as a zone adizcent to the
main channel bank which had am average current velecity of 15 to 45 cm/sec and @
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Flgure 2.

Diagrammatic representation of peripheral

' ‘habitats in the middle Mitsouri River.
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depth of 1 m or less. This hahitat type included slow Tumns, gravel bars and

sandbars.

The main channel pool habitat type was defined as an area in the main channel
along side the bank which had little current. Depth ranged from 0.4 to 1.0 m.
This hahitat type included large wide poels and pocket pools.” "Pocket pools?
are described in greater detail in the Results section.

Side channels, islands and backwaters are prominent features of Tiver sec-
tions where peripheral channel development occurs. A side channel was defined as
1 channel diverging from the main chamnel znd containing less than 20 percent af
the river's flow. A developed island was common with this type of channel diverg- :
ence. The side channel chute habitat type was defined as a side chanmel without
development of pools. This habitat type was equivalent to the main channel bor-
der type in current velocity and depth, The side channel pool habitat type was
defined as a side channel with well defined pools and few riffles. Some side
channels did not maintain an influent and efflusnt flow through the entire year
but continued to be submerged in part. These were still comsidered side channels
if they contained influent and effluent flow during the high flow peried.

The backwater habitat type exhibited no perceptible current velocity and
only a single comnection to the main or side channel of the river, Because of
the narrow floodplain, the backwater habitat type was limited.

METHODS

Adult fish were collected by boom electrofishing in a 5.2 m flat-bottomed
aluminum hoat powered by an 85 hp cutboard motor eguipped with a jet propulsion
lower unit (Fig. 3). The electrode system and operaticn was similar to that des-
cribed by Berg (1981) . The boom electrofishing unit was utilized on the mainstem
of the Missouri River during all fleows and on the lower Marias River during the
spring flows. During SummeT flows, the Teton and Judith Rivers were sampled with
4 mohile clectrofishing unit as described by Berg {1581), and the Marias RiveT was
sampled with a boom electrofishing unit mounted on a 4.2 m fiberglass boat. All
comparisons between study areas oT habitat types for fish sampled by glaectrofish-
ing were hased on catch per unit affort. A unit of effort was accomplished by

electrofishing for one hour.

Fish Lggs

Sampling for incubating fish eggs was accomplished with a screened 50 cm
syuate, 13 om desp handled scoop, similar to that described by Priegel {1965) (Fig.
AY. With the scoop positioned in the current, a person kicked downward into the I
substrate, moving toward the scoop from a distance of approximately 3 m. Gravel
t::irs where known concentrations of sport fish were observed were sampled randomly
at various depths up te 1 m. The samples were sorted at the site, and the eggs
were preserved in a 5 percent solution of formaldehyde. Eggs which could not be : ;
identified were sent to Mr. Bob Wallus, an early life stage fish taxonomist, at
the TVA fish repository in Norris, Tennessee. i




Fipure 5. Hlectrofishing collections were made from a 5.2 m aluminum boat.

Tivure 4. A soroened so00h wis U
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iorval fish were sampled with a 0.5 m diameter by 1.6 m long Nitex plankton
net [0.75 mm mesh) fitted with 2 threaded ring sewn at the distal end to accommodate
4 widemouth pint mason jar as the collecting bucket (Fig. 53. Two methods of col-
iecting larval fish sampies with the 0.5 m net were employed, stationary sets
and integrated widtn tows.

L LA}

rigure 5. A 0.5 m diameter iarval FTish met was used to collect drifting fish
{arvae in the middie Missourl River and its major tributaries.

The stationary sets involved fishing the §.5 m net immediately below the
surface of the water in main channel border areas of the river. The net was held
iength of rope tied to an anchored post. The

in position in the current by a 4 m
volume of water filtered was measured with a Price type AA curreni meter positicned

4t the ceonter of the net orifice. The net was fished for a measured period of
time, usually 30 miautes. Un some occasions the net was fished for less than 30
minutes because of excessive amounts of debris collecting in the nets, Stationary
sot samples were taken at 2.week intervals at five established study stations.

The samples were usually collected during the dusk to dawn hours of the day. I

The second technigue for collecting iarval fish samples was the integrated
width tows. This technigue involved towing the 0.5 m larvail fish net under 8
iic traversing the width of the river. The net was towed in this manner

i{

hoat wh
for 20 minutes. This methed allowed a larger cross-sectional ares of the river to
be sampled.  The integrated width samples were taken immediately downstream from

several sites on the river whers spawning of sauger, shovelnose sturgeen oF paddie- i

fish was considered to be likely. Again, the samples were usually collected during

the dusk or dawn hours of the day.




from the stationary set 6F integrated

R ughly washed into +he coilection jar. All
rved I 19 *GE?“H* solution of formaldehyde colored with

¥ samples were washed on a U.S. series No.
the screen was transforred To om enamel sorting
tracted. Larvas were identified 1o the lowest
keys by Hogue et al. (1976} and May and Gasaway
£ish were defined as those fish

fin rays; essentially as suggestod

Aftey
width tows, o
samples werse pres
phloxine-B dve.

3 sCTOOCR. Md?ﬁl&&é

pun whors the larval f

taxon practical using
(19671, For purposes
exhibiting underdevelio
N
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the

by May and Gasaway é’f
ung-of-the-Year Year ';%h_@gﬁ

inNRoWs a@rﬂ sampled with a 15,2 x 1.2 m

gk ).  The seine was operated by Two men
types as the current and bottom charac-
ceristics aliowed. Fish ¢ were identified, and associated habitat type
was recorded. All ﬁsmparigoﬁ%'% ween study areas or habital types for fish
sampled by seining were based on catch per unit effort. A unit effort was accomp-
1ished by dragging the spine 10-20 m through an arca.

ung-of-the-year (YOY)
beach seine with 3.2 mm
and worked in as many dif

Figure .




An attempt was also made to sample young-of-the-year fish and minnows with
5 7.4 m wide semi-balloon fry trawl fitted with 3.7 mm square mesh Ace webbing in
the cod end. The trawl was used in deeper aress of the river which could not he
cffectively sampled by seining. Results of sampling with the trawl in 1880 were
poor. Very few Iish were collectsd unless the trawl was dragged close to the bank
of 1 =ide channel. The trawl was usually towed downstream to increase mobility
and speed. Since data gathered by trawling were not sufficient enough to warrant
interpretation, findings are not included in this report. It is recommended that
4 larger trawl should probably be used in the MissouriRiver since most investi-
gitors in the Missour:i River impoundments used 4.9 to 8.7 m beam trawls (Walburg 1976}

the

instream Flow Assessment

Side channel pools were surveyed to monitor their physical characteristics
.s flow in the Missouri River receded. Cross-sectional transects WeXe established
in side channel pocls and measurements of width and mean depth were made at 2
variety of flow levels. Side channel influent flows and length of submerged chan-
nel were also measured and descriptive notes were recorded on the physical char-

acteristics of the ocutlet of the side channel.

te the main chznnel riffle areas the Wetted Perimeter (WETP) computer

This program is described in detail by Nelson (198¢}. Using

surface elevations at several discharges were
The channel profile was measured at 1ow flow.

messured with a2 level and stadia rod.
A Lietz, model SD-5F range finder was used to determine distances and keep the boat
+3 and +5 percent at a distance

an the transect line. Range finder accuracy was +1,
from 0-90, 90-150 and +150 m, respectively. To measure depths along the transect
a portable, constant recording fathometer (Raytheon, model DE-719 B) was used. The
depth sounder print-oul was calibrated in increments of 0.3 m and could be inter-
polated to 0.03 m. Graham and Penkal (1578) used similar procedures tc measure

channe!l profiles of the lower Yellowstone River, Montana.

To cvalua
program was used.
standard surveying techniques, watel

Food Habits
food habits were determined for adult shovelnose sturgeon, one-year-old and
older sauger and YOY fish of several species. To study the food habits of shovel-
nose sturgeon and YOY fish the entiTe stomach was collected and stored in a 10
percent solution of formaldehvde., For sauger, the stomach contents were collected
by pumping the stomachs with water, causing them to regurgitate the contents. The
captents were then transferred to a labeled plastic package containing = 10 percent
soiution of formaldehvde. In the laboratory, stomach contents were sorted and
volumetrically measured. Insecis found in sturgeon stomachs were identified to
the lowest taxon practical using Edmondson’s (1959) key. Fish found in sauger
stomachs were identified using Brown (19713, Some partly digested fish had to be
identified using parts of the skeletal features, such as pharyngeal teeth and fin

TAYS.

To facilitate interpretation of the shovelnose sturgeon food habits, a relative
importance index (RI) as described by George and Hadley (1979}, was utilized, Refer
to Appondix Table A for an example of this calculation.

[
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RESULTS

Life Uycle Stages

Te determine instream flow requirements for the maintenance of a fish
specios, cach life cycle stage and its requirements should be evaluated. Ths
life cycle stages include! spawning, incubation, lavval development, rearing aid
Jdevelopment to & mature sdult. Fach of these life cycle stages may require dif-
ferent habitat conditions which in some cases are velated to the flow regime of
the river. Because of the bwpertance of the early life stages, the main effort
of this study was directed in this area.

-~

ey

Spawning

Attempts were made in the study area 1o lgcate spawning sites of shovelnose
sturgeon and sauger. It is generally accepted that spawning for these species

docs mot oveur randomiy, but at specific sites or spawning grounds. Electrofishing
was utilized during the spawning period in an effort to locate possible concen-
rrations of fish and identify spawning sites. Because of sampling limitations,
this offort was made only on shovelnose sturgecn and sauger.

No unusually large concentrations of adult shovelnose sturgson 07 Saugey wero
observed in the study area during thelw reported spawning seasons in 1975 and 1984.
the inability to locate concentrations of these fish species 1is probably related
in part to efficiency of the electrofishing sampling eguipment. However, it is
le that large concentrations of the spawning fish do net exist, and

alse possib
that spawning cccurs in smaller concentrations over a wide area in the mainstem or

in tributaries.

The runge of the spawning period for shovelnose sturgeon and sauger in the
study area was determined by examining a sample of sexually mature tish captured
in the electrofishing surveys. Results of these ohservations are presented in
Tables 1 and 2.

the spawning perioed was difficult to define. Moos
ears following spawning
probably several

For shovelnose sturgeon,
(1974} reported that female shovelnose may tzke up to 3y
hefore their ovaries are again mature. Consequently, there arve
different stages of ovarian developmeni among adiult female shovelnose SIUrgson
population. Thus, it is Jifficult tc determine sex
and spawning condition of the fish. For the purposes of this study, sturgecn with
distended and turgid abdomens werve ciassified as gravid females, fish with very
flaceid abdomens and of & large size weve considered spent females, fish with &
tight, flat abdomen were left uanclassified, and if milt could be stripped the
sturgeon was considered o ripe male. No ripe females, as evident by stripping eggs,
wore observed during the spawning period in this study area. The scarcity of ripe
females with strippable eggs has also been reported by Moos (1978) and Elser et al.

(19773.

present in the Missouri River



Tahie 1. Spawning concditions of
and Coal Banks Landing
during late spring and

shovelnose sturgecn sampled in the iloma Ferry
study sections of the middle Missouri River
summer 197%.

Date

Spawning Condition

May 19 - May 24

June 4 - June &

June 5

June 16 - June 19

June 28

July 9 - July 16

57 observed; 17 examined
2 gravid females and 15 not ripe

46 ohserved; 10 examined
3 gravid females; 5 ripe males; 2 not ripe

unfertilized shovelnose eggs taken from a
collected shovelnose stomach

77 ohserved; 18 examined

5 gravid females; 1 spent female; & ripe males;

& not Tipe

35 ahserved:; 10 examined
2 spent females; 4 Tipe males; ¢ not ripe

65 observed; 22 examined
4 gravid females; 3 spent females; 9 vipe
males; 6 not ripe

conditions of sauger sampled in the Morony Dam through Coal

Tahle 2. GSpawning
panks Landing study sections of the middle Missouri River during
spring 1980.

Date Spawning Condition

April & - April 10

April 29 - April 30

May 10 - May 13

May 24 - June 9

10 gravid females; 1 spent female;
7 ripe males; 4 unclassified fish

11 gravid females; 4 spent females;:
32 upnclassified fish

12 gravid females; © ripe females; B spent
females; 2 vipe males; 220 unclassified fish

2 spent females; 81 ripe maies;
79 unclassified fish

iz




Figure 7. Shovelnose sTurgeon ware in spawning condition from early June to
early July.

‘Yo verify our judsment of sex and spawning condition of female shovelnose
sturgeon based on external characteristics, a rochnique for internal examination
0f the Fish was developed.  Internal examination provides positive confirmation
of sex and spawning condition. The technique consisted of a 50 mm surgical in-
cision of the abdomen to “Xﬁﬁlﬁﬁ the gonads. After examinstion, the surgery was
completed by closing the incision with five sutures. A mumper of shovelnose
sturgeon were examined in this manner, and all anpeared to be fully recovered
within 24 hours. There srpeérﬂi to be severa! stages of ovariarn development among
the femsle shoveinose exiﬁlned during the spawning period. The stages included 1)
avuarics developed into all size eggs, barely distinguishable, white te pink in
color, 2% ovaries deveisﬂﬁz into small si cggs approximotely 1 mm in diameter,
white with an wccﬁ%ﬁo ai black egzg, 3 mature ovarian development consisting
of ali black eggs approximately 3 mm in diameter.

n 1979 the first occurrence of ripe male shovelnose sturgeon in the study
area was during the first wesk of June, and the last ripe maic was cellected in
mid July {Fig. 7). Sampling for shovelnose sturgecn was terminated on July 16.
Spent female shovelnose grgeom were noted se third week in June and the
spcond week in July. A shovelpose sturgeon sample collected on June 5,
18749, for food habits analvses conifained three gnfertilized shovelnose sturgeon

indicate that spawning of shovelnose sturgeon in the

cpps.  these observatlons
ﬂiescu“i River in 1979 occurred p?%&&f%;; durinz a period from carly June through

carly Jul



sigure 8. The sauger's spawning peak occurTed in early May.

o

Internal examinations were made on several shovelnose sturgeon sampled dur-
ing late August 1979, A pumber of females contained large biack eggs which were

Others had smaller, more firm klack eggs. It was be-

gquite flaccid in mature.
while the latter were

1ieved that the former sturgeon Were resorbing thelr eggs,
at the end of the second year of development.

Ohservations of sex and spawning condition of shovelnose sturgeon examined
during the spawning period in 1979 on the Missouri River largely coincide with
those reported by Moos {1978}, for the Missouri River below Gavins Peint Pam, and
vizer et ol. {1977} for the Tongue River in Montana.

Shovelnose sturgeon spawn during the high flows and rising water temperatureas
of June and early July. To sustain a healthy sturgeon population, such as the
one found in the middle Missouri River. the natural flow and temperature Tegimens

should be maintained.

The spawning period for sauger during 1980 commenced with the occurremce of
a few spent femaies sampled at the end of April { Table Z). By May 13 several
spent females were found as were a pumber of ripe males and females. buring the
electrofishing run complieted May 24 no gravid females were sampled and only mzle
sauger Temained in a ripe spawning condition. These ohservations indicate that the
peak of sauger spawning during 1980 accurred from the beginning to middle of May.
The obscrvations of spawning conditions of sauger in the Misscuri are similar to
those reported by Haddix and Estes {19761 for the Yellowstone River, Elser et al.
(1977} for the Tongue River and Berg (1981)for the Marias HRiver.




To insure successful sauger spawning instroan fiows should remain steady with
minimal filuctuations early im May, then flow should gradually rise until the peak
of the runoff in June. If flow is significantly reduced after sauger spawn in
early and mid-May, embryo incubation and hatching success will probably be impair-
ed. Nelson {1968} investigated the effects of water fluctuations on the Missouri
River sauger population below Fort Randall Dam. He reported that sharp water level
changes over sauger spawning bars during the incubation period were the major
reason for a poor reproductive success. Furthermore, the loss of recruitment wus
reflected as weak aduli sauger year-class strength during the following years.

Incubation

An attempt was made to locate fertilized eggs of shovelnose sturgeon, paddie-
fish and sauger at anticipated or known spawning sites for these species in the
study area. Types of areas sampled were similar to those described by Purkett
(1961} for paddlefish, Nelson (1968) and Graham and Penkal {19787 for sauger. In
general, these areas were usuzlly shallow bars consisting of smzll gravel. Table
7 ipdicates the effort and number of eggs sampled in four study sections on the
middie Missouri River during 1979. Although most of the incubating eggs collected
were identified as goldeye, sucker or cyprinid eggs, cne incubating paddlefish egg
was collected near Stafford Ferry on June 12, 197%. This was approximately a
55-hour embryo as described by Ballard and Needham (1964). The embryc was sent 10
the TVA fish repasitory in Nerris, Tennessee, and identification was verified by
Bob Wallus. Berg {1981), previocusly reported that the Stafford Ferry ares, with
its numerous submerged gravel bars, was one of the most important spawning sites
wtilized by migrating paddlefish in the Missouri River upstream from Cow Island.

Some fish speciss are known 1o Spawn on sites which are inundated only during
the high flow peried. Purkett (1961} indicated paddlefish in the Osage River,
Missouri, spawned at least in part on gravel bars which wers inundated only duTing
high spring flows. Nelson {1980} found bigmouth buffalo embryos attached to in-
ndated torrestrial vegetation and debris in Lewls and Clark Reserveir, South Dakota.

Puddiefish, bigmouth and smallmouth buffale and river carpsucker in this study
srea alse spawn, in part, in habitat inundated only during the high flow period.
A substantial reduction in the magnitude of runoff during the normal high water
period would obviously result in a significant loss of spawning and egg incubation
habitat for paddlefish, buffale, river carpsuckers and possibly other species.

Table 3. Number of egg samples taken and number of eggs collected (in parcntheses}
in four study sections on the middle Missouri River during 1975.

Loma Coal Stafford Cow

Ferry Banks Ferry Island
Muy 22-Jun 6 i6{G3 3{0) F{0y 17{1}
Jun 1Z2-Jun 20 4{7 g{177 18123~ 24(173
Jun 27-Jul 3 15{44% i4{03 17{3} 15(2})
Jul 10-dul 17 703 &{0) 14003 -
Total Nu. 42{57] 31{17} 556(12; L6{ 2]

* One paddlefish egg collected June 12




Larval Fish

Larval fish {Fig. 2] were sampled in eight study sections from late May through
early July 1979. Results of the sampling are shown in Table 4. The larval fish
sampling was conducted to determine timing and tocation of successful hatching and

emergence of important fish species.

Mipe sauger and one salmonid were the only game #ish eollected in the larval
fish samples takem in 1979, Of the nine sauger sampled, all were collected between
May 28 and Jume 5. Assuming an incubation period of 13 to 21 days as described
by Nelson (1968), sauger spawning oceurred on May 7 at the sarliest and May 23 at

the latest.

Figure 10 indicates that at jeast two different seasonal distributions of
iarval fish existed im the study area during 1979. The curves for the Loma Ferry
and Stafford Ferry study sections indicate a peak in the abundance of larval fish
occurring between late May and mid-June. In comtrast, the abundance of larval
fish in the Cow Island study section gradually increases to a peak in early July.
The relatively early peaks at Loma Ferry and Stafford Ferry are related to the dom-
ipnance of Catostominae in the larval fish samples taken in these study sections.
The predominance of cyprinid larvae explains the later peak in the Cow Island study
section. Berg (1581} observed similar seascnal distributions af larval fish in the
middle Missouri River in 1978. Brown (1571) indicates that suckers spawn eariier
and prefer swifter waters for spawning than cyprinids. The cyprinids show a prefer-
cnce for slower protected waters, and this type of habitat is prevalent in the Low

Tstand study section.

in a study of larval fish distribution and sbundance for the Misscuri River
helow Govins Point Dam, Kajlemeyn and Novotenmy {(1977) observed noticeshle increases
of larval cyprinid catches during July and August. Disregarding the obvicus effects
of the dam, they cbserved a seasonal curve of larval fish abundance similar to that
of the Loma Ferry or Stafford Ferry sites in this study area.

The larval fish stage represents the transition pericd from the inactive om-
brye to the mobile juvenile fish. Therefore, a specific habitat is alse transient.
for the paddlefish it is high water which carries the larvae from gravel bars and
transperts them to lavge backwaters or oxhows in the Missouri River or the head-
waters of Fort Peck Reservoir. Im these calmer waters the larvae grow to a size
enabling them to ansgotlate a swift current. For the larval sazuger it is similarly
the high water which enables the larvae to drift into side chamnels of the Missouri
River or the headwaters of Fort Peck Reservoir. Without a2 sustained high flow per-
jod, drift of larval fish would be diminished, and recruitment of young sauger and
paddlefish intoc the popuisticn would be reduced.

Capval fish were sampled near the mouths of the Merias, Teton and Judith
Rivers from late May through early August 1978, ‘The sampling was conducted to
evaluate success of spawning in the tributaries and to determine importance of the
tributaries in providing recruitment of larval fish to the mainstem of the middle
Missouri River. Results of the sampling are shown in Table 5.

Ninety-one percent of the 1,026 fish iarvee collected from the Marias River
in 1979 were Catostominae. The remainder were primarily from the Icticbinae/
Cyprinidac group. Substantial spawning runs of sauger and shovelnose sturgeom
were observed in the lower Marias River in 197¢ (Berg 1981}, but only cne sauger

i6
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Table 5. Taxonomic composition and season
river filtered} of fish larvae samp
of the middle Missouri River during 1579.

5 A 3
al densities (number per 100 m
led in the three major tributaries

of

Total Nunber of

Larvae Sompled Morias Teton Judith
Goldeye 1 1
Catostominae 538 446 5
ictiebinac/Cyprinidae 87 218 18
Channel Catfish 33
Stenecat i
Sauger 1 o o

Total 1028 313153 7
Bensity of Larvae
Sampled {No./100 m j Marias Teton Judith
Late May 114 165G i
Carly June 38 il 3
Mid-Junc
Late June &8 137 1
Barly July 52 185
Mid-July 3
Late July 285 57

14 3 18

Early August
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larva and no sturgeon were collected. The scarcity of sauger and sturgeom larvas
in the collections was probably related more to sampling efficiency than to lack
of spawning success., BDerg {1981) collected a large variety of fish larvae near
rhe mouth of the Marias River in 1578. Im addition to the species listed in
Table 4, he collected channel catfish, stonscat, goldeye and shovelnose sturgeon
tarvac, Peak densities of larval fish in the lower Marias River in 1979 occurred
From iate June through July. Very few larvas were collected before late May.

Sixty-seven percent of the 666 fish larvae collected from the Tetom River in
1979 were Latostominae, and 33 percent were Ictiobinas/Cyprinidac. The percentage
of Ictiobinae/Cyprinidae in the larval fish samples was substantially greater for
the Teton River than for the Mariazs River. GColdeve and stonecat larvae were sampled
in the Teton River im 1875, but they were sampled only once each. Peak densities
of larval fish in the Tetom River in 1879 were similar to the Marias River. A sub-
stantizl spawning run of channel catfish was ohserved in the lower Teton River im
1979 (Berg 1981), but no catfish alevins were ccllected in the larval fish samples.
The scarcity of catfish alevins 1s probably related more o insufficient sampling

frequency than to lack of spawning success.

Fifty-cight percent of 57 fish larvae collected from the Judith River im 1579
wera catfish alevins, 32 percent werse Ictiobinae fCyprinidae and 9 percent were
suckers. Goldeye larvae were sampled on one cccasion. The 33 catfish zlevins
collected on August 2 indicate that the Judith River is probably an important tribu-
tary for spawning of channel catfish. The catfish alevins were collected when
water temperature of the Judith niver was near its annual maximum. A water tem-
perature of 25C was recorded at 2200 hours on August 2.

The predominance of Icticbinze/Cyprinidae over Catostominze in the Judith
River is in contrast to findings on the Marias and Teton rivers. Alsc, total
numbers and densities of larval fish collected in the Judith River were less than
in the Marias and Teton rivers. However, the large amount of suspended crganic
materizl carried by the Judith River probably reduced sampling efficiency. The
relatively low larval fish densities could be z reflection of this problem.

Rearing Areas

Ten study sections were sampled during 1979 in an effort to determine rearing
habitat preferences of important fish species. Samples were collected in peri-
pheral habitat areas such as side channels and backwaters, as well as in nonperi-
pheral habitat areas such as mein channel pools. FPeripheral habitat areas are
affected by reductions of stream flow levels much sooner than nonperipheral arcas.
if peripheral habitat areas are important in the life cycle of important fish
species, minimum flows required to maintain these habitats should be determined.
1f adequate flows are secured to maintain peripheral habitat areas, flow in non-
peripheral habitat areas should be more than adequate.

Results of survey sampling during 1979 indicated that most young-of-the-year
[YGY) sauger reared in a 47 km reach of the Missouri River from Sturgeon Island
to Robinson Bridge (Figure 11}. Seventy percent of the YOY sauger sampled during
July, August and September were found in the Cow Island and Robinson Bridge study
sections. Catch rates were highest in the Robinscn Bridge study section,
averaging 1.530 YOY sauger per seine hanl (Figure 12 and Appendix Table By. This
indicates that the Cow Island and Robinson Dridge study sections provide a sub-
stantial amount of sauger rearing habitat.
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Young-of-the-year sauger ranging in length from 40 to 183 miliimeters
were collected im various peripherzl habitat types on the middlc
Missouri River.

Pigure 1i.

The Hole-in-the-Wall study section also comtained 2 significant amount of
habitat. GDighteen percent of the YOY sauger sam pled during July,

sauger rearing
feund in this study section, and catch rates averaged

August and beptemb%r woere

74 YOY sauger per seine haul.

esults of sauger rearing habitat preference studies conducted in 1873

indicuted YOY sauger selected protected habitats in peripheral areas of the river.
Buring July, Augusz and Se most YOY sauger were found in the side channel
pool habitat types Figur ustrates the average catch rates of YUY sauger
in each of the five habita In the seven study sections where YOV sauger
wore found, the side channg i po habitat type accounted for a weighted average
of 74 percent of the YOY sauger catch rate. The remaining habitat fypes, main
channel pool, main channel borders, backwaters and side channel chutes were less
important, and they accounted for averages aof 27, and 1 percent of the YOY
sauger catch rates
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Figure 150 This typleal side channel pool, 2 kilometers in length, was inten-
sively util 1 T 54 i
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In the fall of 1979, there was a change in sauger rearing habitat preferences
in the study area. Catch rates in rearing areas which could be effectively seined
decreased noticeszbly during October when compared to catch rates in the same arveas
during July, August and September. The preferred rearing areas apparently shifted
to main channel areas during October, and most of these areas could not be effec-
tively scined, During this time, electrcfishing in main channel riffle arsas
produced a number of YOY sauger, verifying a shift of habitat preference from side
channels to the main chanmnel.

During 1980, efforts were made to cellect YOY sauger in habitat areas where
they were commonly sampled the preceding year; however, very few YOY sauger were
found. Since YOY sauger were not found in anticipated rearing areas, the "delta-
like" porticn of the Missouri River in the Turkey Joe section near the headwaters
of Fort Peck Reservoir was also seined in 1980. An average of 2.5 YOY sauger per
seine haul was sampled in this area, indicating that it provided significant
rearing habitat., Since Fort Peck Reservoir is located immediately belew the Turkey
Joe section, it is also likely that a significant number of YOY sauger reared in
the headwaters of Fort Peck Reservoir itself in 19%0. However, since the vaservoir
could not be effectively sampled with our equipment, this hypothesis could not be

verified.

In late July 1981, attempts again were made to collect YOY sauger in areas
where they were commonly sampled in 1872, but again very few YCY sauger were
found. In 1980 and 1981, peak flows in the Missouri River were well above normal,
whereas in 1979 peak flows were about normal {Appendix Figure A). Based on these
ohbservations, it can be concluded when flows in the Missouri River are significantly
above normal, larval or YOY sauger are apparently carried through or past side
channel rearing habitat aveas downriver intc the headwaters of Fort Peck Reserveir
where they rear. In years when flow of the Missouri River during the runoff
period is about normal, side channels provide a very substantial amount of rearing
habitat, and substantially fewer sauger larvae drift into the reserveir. Since
sur flow recommendations must be based on flow available during 2 normal water
vear, it is essential to maintain adequate flow in side channels for sauger
rearing. Without side channel rearing habitat areas, recruitment of YOY sauger
into the population would be severely impaired in normal water years.

Of the major sport fish found in the middle Missocuri River, sauger appears
to be the only species which rears in shallow water habitat. Kallemeyn and Novotny
{19773 and Kozel (1974) reported that of the few YOV sauger coliected, most were
found 0ff shallow sandbars or in the backwater habitats. Walburg (1976) reported
that most of the YOY sauger which he collected were found in the shallow floodplain
{shoals) of Lewis and Clark Reservoir.

The seasonal occurrence of YOY fish in side channels of the Missouri River is
illustrated in Figure 15. Young-of-the-year goldeye and sauger were most sbundant
in the Cow lsland and downstream sections, while the YOY smallmouth and bigmouth
buffalo were most common in the Fort Benton and Loms Ferry sections (Appendix
Tubie €). The other species listed were generally found throughout the study area,
From early July through sarly September, side channels were heavily utilized by
¥0Y and foruage fish.

Explanations for the occurrence of YOY and larval fishes in side channels ave
well understood for some speciss and poorly understood for others. Cyprinidae,
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Figure 15, Scasonal occurrence of Y0Y fishes in the side channels of the middle
Missouri River 1979-20
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fetiobinae und vellow perch undoubtedly ave found in side chamnels at least in

part, because adults spawn there. The Eiathead chub and emerald shiner Spawn

neae the head of side channels in protected aveas on firm substrate {(Pflieger 1975}.
Western silvery minnows spawn in the lower end of side chanmels in c¢alm waler on
soft substrate. Substantial concentrations of ripe bigmouth and smallmouth buffalo
have heen observed in backwaters amd side channels of the Missouri River during tho
spawning peried (Figure 10). Similarly, Nelson (1880} and Johnson (1963} found
larpe concentrations of bigmouth buffalo during the spawning pericd in vegetated
choal and backwatfer areas of Lewis & (lark Reservoir, South Dakots. Yellow perch
usually spawn in vegetated, calm habliat found in side channels or backwaters
(Pflicger 1075). Suckers, longnose dacs, goldeye and sauger alsc may spawn, in : i
part, in side channels. However, the majority of spawning and incubation for

these species probably cccurs in riffle aveas of the main channel. Emergent
Larvac from the main channel spparently enter side channels by drifting through
the inlets, then establishing themselves in the calmer waters of the side channels.

Figure i6.  Blgmouth buffale spawned in side channels and backwaters of the
Missouri River.

Nelson (1968} reported that sauger spawned along rubbie shorelines of the
Missourl River bolow Fort Randall Dem, South Dakota, amd after incubation the
larvae drifted downstresm inte Lewis § Clark Lake.
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The forage fish community of the Missouri River plays a very important role in pre-
viding an adequate food base for piscivorous fish 5@0;333 such as sauger, northern
pike, burbot, walleye and channel catfish. Therefore, it 1s z;p@r;ant that habitat

150
veguarnmcht; are met to maintain forage fish for the weiiafh of the sport fishery
as woell as for the present fish fauna divers sity of the river. This phase of the
investigation was conducted to derermine longitudinal distribution of forage fish
specics in the middie Mi csouri River, identify their preferred habitat types and

:
monitor the €erage fish communities of selected side channel pools during declining
instream fiows Tor purposes of this study, a forage fish was broadly defined as

any fish utilized by anot bsr fish

i
a5 o food source. This would include most age O
fish and nearly all adult minnows {Fi 3

Figure 17. Forage fish distribution and abundance and their sigaificance as a
food source of sport fish were investigated during 1579-81.



The longitudinal distribution of forage fish sampled during 1579 is shown in
Table 6. Twenty-nine species were collected. Considering the minnow family only,
211 of the species reported by Brown [1971) were collected. Notable additions
were the collection of several sicklefin (Hybopsis meeki) and sturgeen (Hybopsis
gelidg) chubs. The sicklefin chub had previously been reported to be in the
Missouri River only as far upstream as the confluence of the Little Misscuri River
in North Dakota {R. Bailey, pers. com.) and the sturgecn chub had been found in
Montana only in the lower Yellowstone and Powder rivers (Brown 1971}, Both of
these chubs were collected in fair numbers in the 70 km reach from Cow Islamd to
the headwaters of Fort Peck Reserveir. This reach contains many sand and gravel
bar areas which Pfiieger (1975) describes as being their preferred habitat.

Another notablc extension of a forage fish distribution was the collection of lowa
darters in the Carter Ferry and Fort Benton study sections. Previous to this
coilection, the known rvange of Iowz darters in Montana was limited to tributaries
of the Little Misscuri River and Missouri River and its tributaries below Fort Peck
Dam {Brown 1971). Most of the darters were found in the sheltered peripheral areas
of the channel, which was simiiar to Brown’s description of their basic habitat

preference,

Peripheral areas of the stream channel appear to play an important role in
the relative abundance and diversification of forage fish populations in the study
arca. The average number of forage fish captured was greatest in the backwaters,
main channel pools and side channel pools (Table 7). An average of 125, 104 and
81 fish per seine haul was captured in each of these habitat types, respectively.
Main chanmel border and side channel chute habitat types averaged 45 and 31 forage
fish per scine haul, respectively. The backwaters habitat type had the greatest
variety of forage fish species, sveraging 5.8 different species per seine haul.
Side channel pools, main channel peels, main channel borders and side channel chutes
averaged 5.5, 4.8, 3.6 and 3.5 species per seine haul, respectively. Considering
both relative abundance and diversity, the backwaters were the most preferrved forage
fish habitat type, and side chammel chutes were the least preferred. It was ap-
parent that forage fish in the middle Missouri River prefer protectsd slow water
habitat types.

The lengitudinal distribution and relative abundance of six of the most
widely distributed forage fish in the study area are presented in Figure 18 and
Appendixz Table D. The suckers {shorthead redhorse and longrose sucker), collectively,
were the most abundant forage fish, with an average catch rate of 24 fish per seine
haul. Catch yates for flathead chubs, emerald shiners, western Bilvery minnouws
and longnosce dace averaged 16, 14, 14 and 13 fish per seine haul, respectively.
Suckers and longnose dace were most abundant in the relatively swift upstream study
scctions, while the flathead chub and emerald shiner were more prevalent in the
fower gradient downstream study sections. The western silvery minnow did not appear
to show any longitudinal preference. Catch rates for western silvery minnow wers
highest in the Morony Dam, Ceal Banks Laznding and Cow Island study sections.

Spocific habitat preferences of the six common forage fish species are shown
in Figure 10, Basically, all six forage species were found in high numbers in the
main channel pool, side channel pool and backwater habitats. The emerald shiner
preferred the backwaters, whereas the flathead chub was common in ail habitat
types.




Table 6. Longitudinal distribution of forage fig% species
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Plains minnou * * ® * *
Wostern silvery minnow * # % * ® * * * * *
Fathead minnow * * * * # ¥ *
Longnosce dace * * * * * * * * *
River carpsucker * * * ® *
Smaltimouth buffalo # * *
Bipmouth buffalo * * ¥
Shorthead redhorse * * * * * # *
Longnose sucker ? # * * #
White suckor * ® *
Uhannel catflsh
stonecat = * * * ®
Smallmouth bass #
Pumpkinseod *
Yellow perch * * *
Sauger * * * * *
vl boye *
iowa darter * *
Froshwoater doum
Mottled sculpin * # * *
L/~ Hish larger than 140 mm wore not included.




Table 7. Relative abundance and diversity of forage Tish seined in five
nabitat types cf the middle Missouri River during 1979.
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HMain

Channel Border 45,7 14 3.6 3 4
Main

Channet Pool 104.2 56 4.8 4 68
Side

Channel Chute 35.6 14 3.3 3 18
Side

Channel Pool B81.3 33 5.5 5 26

Backwaters 125.7 g5 5.8 7 46

Instream Flow Assessment for Sids Channels

Methodelogy

nesults of rearing and forage fish studies conducted on the Missouri River from
1979 through 1981 indicated side channels provided critical habitat for rearing of
several dmportant fish species as well as habitat vital for producing forage fish.
Other investigators have found similar results: Ellis et al. 1979, Funk and
nobinson 1074, and Kallemeyn and Novotny 1577.

Jslands and associated side channels are 2 major feature of the Missouri River
in this study area. Much of the diversity of fishes found here is related to habitat
varictics in side channels. GSide channels enable fish which require calmer, more pro-
tected water during some or all of their 1ife cycle to extend their distribution
inte reaches of the river which would provide very little habitzt if only the main
channel of the river were available. Since side channels are essential for main-
taining the integrity of fish populations, extensive studies were made in 1980 to
determine the amount of flow reguired o maintain suitable habitat conditions in
side channels for rearing capabilities and forage fish production.

As fiow in the river recedes from high to tow flows, the amount of suitable

in side channels for vearing and forage fish generally declines, but the
igss is not constant throughout the entire range of flews. For

‘h oside chennel there is g certaln instream flow which is required to maintain
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cuitnble habitat conditions in the side channel. The flow regquirements vary from
one side channel to another; some side channels require more flow than others to
maintain suitable habitat. The flow required to maintain each side channel is
indicated by a threshold point. Above the threshoid point, reductions in flow of
the main channel caused only very smali losses of habitat in the side channels,
sclow the threshold point, habltat conditions in the side channel deteriorated,

making it inadeqguate for rearing or shelter. Threshold points determined for
iadividual side channels were grouped together to formulate fiow recommendations

i
K
[
I
&

for o repch of stream.

4 varioty of physical characteristics were monitoved im 12 typical side
channels of the Missouri River in 1080, as flow receded from the seasonal high point
to the low point. The locations and physical aspects of the side channels are shown
in Figure 1 and Table 8. Cross-sectional transecls were established in the side
channel pool habitat type. which, as shown previously, was the most important habitat
for rearing and forage fish. Measurements of width and depth were made at a variety
of flow leveis for esch of the side channel pool transects. Side channel inlet
flow and length of the channel were also measured and descriptive notes were recorded
on the physical characteristics of the outlet of the side channel. The 12 side
channels were surveyed by seining to momitor their utilization for Tearing and

forage fish.

Physical Characteristics of the Side Channels

Tables 9 through 11 summarize various physical parameters measured in each
cide channe!l during declining flows. 7o facilitate interpretation of instream flow
dota, the river was separated into three reaches. The reaches extended from Morony
Ham to the confluence of tae Marias River, from the confluence of the Marias to the
confluence of the Judith River and from +he confluence of the Judith River to Fort
peck Reservoir. Stream flow in these reaches was monitored by the Fort Benten,
virgelie and Robinson Bridge gage stationms, respectively.

influent surface flow ceased in 7 of the 12 side channels at an intermediate
point of the declining surface runoff period (July 18-29, 1980). Even though there
was no influent surface flow to the cide chamnels, they did not entirely dewater,
vut wore thon supplied by subsurface seepage and 2 backwater fiow from the main
channel. Conseguently, the water level in the side chammels continued to decline
in responsc to the decreasing instream flows even after influent surface flow had

ceasod.

he influent surface flow of a side channel was a2 major factor comtrolling
Loth the channel length and depth {Figure 203, For example, average chanpel length
decrensed from 1.2 to 0.5 km, or by 5% percent, in side channels 2, 4, 7, 9 and 11
botween the time the side chanmels had an infiuent flow and when the flow recently

LB

o

.
had ceasad.

communities in these side channels. 1In several of the side channels the depths
throughout the channel were not aniform, but exhibited shallow, wide segments

{Figure 21} as well as decp segments, For transects located in these shallower

water depth is the physical dimension of habitat most important for the fish

portions of the side channels, mean depth declined from 0.59 to 3.18 meters, or 2
76 percont loss between the time the side channels had an influent flow and when
the fiow recently had ceased. For the same side channels and period, the deeper

portions of the <ide channels exhibited only a2 32 percent average decline.
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channels (left} was an important factor

The infiuent flow of side
channel features and the fish communities

maintaining both physical
utilizing this habitat.

Figure 20.

h a nearly dewatered mid-section.
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this illustrates that the shallower portions of the channel were moTe Sus-
ceptible to dewatering and this dewatering occurred to a greater degree between
the period when there was an inlet flow and when the inlet flow recently had
censod. In some cases where segments of shallow rool areas were completely de-
watcred, the loss of channel length was large. Dewatering of these shallower
pool areas occurred in side channels 4, 9, 11 and 12 during low instrcam flows.
it was notcd at this time that many of the disconnected large pools (isclated from
river) with moderate depths were warmer than the ambicnt river temperature. With
the incroase in water temperature of the pools, the dissolved oxygen probably
declined to low levels. It is evident that a side channel must at ieast be con-
nected at the outlet to allow for adeguate civculation of the side channel water.

The channel width did not appear to change 2t the same rate as average depth.
his was because most of the transects in the side channels had steep channel banks.

‘he 12 side channels were assessed in terms of suitability of the habitat for
e fish Fauna at declining instream flows. The criteria used were average depth,
ength of channel loss and depth of channel at ocutlet. An average depth of at least
0.7 m with maximum depths of 0.4-0.5 m was considered the minimuwm criteria required
for adeguate cover in the side channels. This criteria was based on fish sampling
in these arcas during 1979 and 1980. Table 1Z is an gevaluation of the side channcls’
suitability at the instream flow levels when they were surveyed. It was evident
that at instream flows of 123.5 m 3/s (4360 cfs) in the Fort Fenton gaged reach,
serious losses of habitat had occurred and habitat conditions in two of the four side
channels were inadeguate. At 117.0m 3/5 (4130 cfs), habitat in three of the four
side channcls was considered inadequate. In the Virgelle gaged reach, only one of
the threo side channels was severely affected by the lower base flows. This side
channel was disconnected from the river. Consequently, habitat conditions were
inadequate when flow had reached 141.9 m 3/s. The other two side chzpnels in this
rench were in satisfactory condition at the low flow of 127.7 m 3/5 gaged on
Septeomber 25, 1880,

e

Pour of the five side channels surveyed in the Robinson Bridge geged reach wecre
clissified us inadequate 2t the lower instream fiows of 159.7 m 3/s5 {5640 cfs) recorded
September 7, 1980,

in summary, habitat conditions im 8 of the 12 monitored side channels were
inadequate at the lower instream flows experienced in 1980.

Yhe 17 side channels which were selected for monitoring in 1980 represented
the yaricus types found throughout the study area. Therefore, the effects of flow
coductions on these 12 side channels exemplified the effects om the unmonitored side
channels and backwaters. From this it was concluded that during the lower flow
period when many of the monitored side channels were inadequate for rearing and
shelter, so were most of the unmonitored side channels and backwaters. At this
flow, the river's capabilities for rearing of important sport and commercial fish
{i.e,, sauger, buffale, goldeye} and forage fish had been seriocusly reduced.

Fish Communities of the Side Channels

“he monitored side channels were sampled to determine the utilization by
Forage fish and their capabilities for rearing fish. The 11 side channels could be



Table 12, A summary of habitat conditions in monitored side channels at declining
instream Flows, 1930,

Side Hissouri River
Channel Reuch of gaged flow 1/
No. River Date {m 3/s) {cfs) Condition of side channel habitat™
i Fort Benton 7717 277.40 9780 Suitablie
8720 172.2 6080 Saitable
9/10 117.0 4130 Inadequats
2 Fort Benton 7712 257.7 Q100 Suitzble
£/25 130.6 4610 Suitable
9/24 118.5 4220 Suitable
3 Fort Benton 7718 218.1 7700 Suitable
8/26 123.5 4360 Inadequate
8/25 109,35 3860 Inadequate
4 Fort Benton 7719 218.1 7700 Suitable
4/26 123.5 4360 Inadeguate
8/25 109.3 3860 Inadequate i
5 Virgelle 7720 256.96 5060 Suitakbie
/27 154.7 5440 Suitable
g/ 127.7 4510 Suitabie I
& Virgelle 7720 256.6 Q060 Suitable
8/27 154.7 5440 Suitable I
9/26 135.1 4770 Suitable
7 Virgelle 7i8 379.5 134G0 Suitable
7725 254.0 8570 Suitablie .
G/25 141.0 4980 Inadequate
b Zobinson 779 4348.1 15400 Suitable !
Bridyge TiET 268 8 450 Suitable
975 153.6 5600 Inadequate
G fobinson 7710 413.5 14600 Suitable
Bridge T/28 262.5 8270 Suitable
8/6 142.8 52586 Inadequate
53] Bobinson At 413.5 14600 Suitable
Bridge 7728 262.5 9270 Suitable
3/6 149.8 5250 Suitable
HE Robinscon 7712 439.0 155G Suitable
Bridge 7729 Z58.8 5140 Suitable
5/7 159.7 5640 Inadequate
12 Robinson 7713 385.2 13600 Suitable
Bridgoe 7730 248.6 B720 Suitable
o 977 159.7 5640 Ingdeguate

{/ Suitable rating = at or above the threshoid point;
Inudeqgunie rating = helow the threshold point

=y




separated into two different community types (Table 13) based on fish species
associatiens. The major differences in fish commupnities were the abundance of
suckers, fathead minnows and the occurrence of both YOY smallmouth and bigmouth
buffalo in the upper side channels. In contrast, YOY sauger and goldeye were
mostly found in the lower three side channels and the catch rates for the widely
distributed common fish were reduced {Appendix Tables B and C). These differences
in the fish communities were probably related to the physical characteristics of
the side channels. Such a feature as an influent flow in the side channels during
the period when YOY sauger are emerging from gravel bars and drifting down river
i¢ probably important for entry into the side channel. In contrast, lack of an
influent flow when YOY buffale emerge and move away from submerged vegetation
would enable them to maintain themselves in the side channel.

Table 13. A simplified schematic assemblage of the common fish seined in the
monitored side channels of the Missouri River during 1979-80. Species
are listed according to numerical sbundances.

Commen fish sampled Common fish sampled

in side channels 1-8 in side channels §9-12
Suckerséﬁ Flathead chub

Flathead chub Western silvery minnow
Wostern silvery minnow Emerzld shiner

Fathead minnow Suckers

fongnose dace Longnose dace

Bmerald shiner Sauger

Smalimouth buffale Goldeye

Bigmouth bhuffalo

i/~ Compriscd of shorthead redhorse, longnose and white suckers.

i

Sceusonal utilization of these side channels was determined. Highwater con-
ons prevented seining of the side chamnels during June ané early July.
cumstantial evidence (known hatching pericds) would depict the onset for rearing

© YOY fish to be about mid-June. For forage fish, utilization of side channels
probably is inltiated when adequate water levels in the side channels are reestab-
tished. HMost of the YOY fish did not continue to rear in these side chanmels, nor
did most Porage fish utilize the side channels during the autumn and presumably
winter periods. Table 14 depicts species diversity and catch rates in the side
channels as being the highest from mid-July through late August. By sarly September,
substanting reductions of the fish communities were noted, both in diversity and
catch rates. It was believed that a general emigration occurred by the forage and
YOY {ish to the more open waters of the main channel. This change in utilization
happened before flows in the river, and consequently the side channels, were at

their lower levels. Four of the 12 side channels with adequate water levels during
late September exhibited little utilization by forage and YOY Fish, indicating that
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table 14. The variety and abundance of YOY and forage fish seined in the i1
monitored side channels, Misscuri River, 1880.
Side Total Average
Channol Mo, of Catch Number of
NO. Late Species Hate Range llauls
2 7/18 7 86 {39-210; 4
8/8 7 54 (22-1G8) 4
8/25 & i7 { 2- 33) 3
5/20 & 10 { 1- 16) 3
3 7/18 7 107 {37-248) 4
/8 8 54 {36~ 71} 3
#2725 il 148 (165-197) 3
G724 7 25 {23~ 26) 2
4 7/18 & 35 { 8- 94) 5
8/9 S 102 (62-154) 3
8/26 f 76 - 1
G724 4 22 {11~ 33j 3
5 7/18 7 28 { 3- &4) 7
8/9 5 75 {66-101) 3
8726 8 46 {16-184} 5
G724 4 23 { 2- 80} 4
G T/E9 5 29 {ig -35) 3
8/10 8 166 {16-354) 5
8727 8 1835 [24-396]) &
4/26 5 52 [ 4-1803 4
9 710 3] g { 2- 15} 5
7/28 7 kg {29-200) 4
g4/6 3 5 { 1- 93 2z
11 7712 6 80 { 8-316) 5
7729 & 50 {14~ BS) 4
a/8 4 & { 1~ 11} 2
i2 T/L3 7 41 { 7-1243 6
7/30 & 26 { 5~ 45} 5
4/8 4 & { 1- 13) 3

Note: Only 8 of the 12 side chanmels were routinely sampled for fish.




4 reason other than water level decreases in the side channsls was responsible for

this decline. Schmulbach {15743, evaluzting the off-channel areas of the Missouri

2iver below Cavin's Peint Dam, alsc noticed a decline of utilization by forage fish
in these arcas during early sutumn. IR summary, it can be concluded that utiliza-

rion of side channels by forage and YOY fish occurs from mid-June through August.

During 1980, the summer flows in the Missouri River were near normal, and there
were suitable water levels in the side chammels for rearing capabilities and forage
fish production throughout the summer. However, a few conditions existed where
segments of side channels were nearly isclated or severely dewatered. In those
situations, fish species were sampled. The reaction of the fish communities to de-
watering of some side channel segments was a retreat to deeper waters of the con-
nected side channel. Therefore, in these cases it was apparent that the fish
communities responded to the decreases of water levels in the side channels.

instream Fiow Recommendations for Side Channels

Side channels are important as rearing areas for YOY goldeye, buffalc, sauger
and various forage fish species from early July through August. Goldeye and buffalo
are most important commercizl fish in Fort Peck Reservoir {J. Licbelt, MOFWP, pers.
com.}. Sauger are the most abundant sport fish found in the study ares, and comprise
a large portion of the sport fishery (Berg 1581). Forage fish (chiefly the flathead
chub and western silvery minnow) are one of the principal food items consumad by the
sauger. Instream flows are recommended to maintain suitable conditicns in side
channels for maintaining rearing capabilities and forage fish production.

The relationship between the menitored side channels' habitat cendition and
mainstem flows indicated that flows of 127.4 (4560), 152.9 {5460) and 164.2 m 3/s
{5800 ofs)y at Fovt Benton, Virgelle and Robinson Bridge gaged sections, respectively,
are the minimum flows required to maintain suitable conditions in these side
channels For rearing and forage fish preduction {Takle 15)}. The mainstem flow, and
conscquently channel dimensions, increases substantialiy between reaches; therefore,
one recommended minimum flow for the entire study section would not be adequate. The
recommended increases in flow correspond to the normal water accretion as reportec
by USGS surface water runoff monitoring (Missouri River Basin Commission 1978},

Sinece the side channel habitat is used for rearing and forage fish production from
carly June through August, the recommended flows should be maintained during this

period.

§99d Hablits

Shovelncse Sturgecn

tood habits analyses were completed for 68 adult shovelnose sturgeon collected
by clectrofishing in the Loma Ferry and Coal Banks Landing study sections. The

goon were collected during the autumn of 1978 and spring, summer and antumn of
They ranged in weight from 1200 to AGRD grams.

2
Y

e

i
7

o

Besults of the shovelnose sturgeon food habits analyses are presented in Table
.. The dict was basically comprised of a wide variety of aguatic insects. Twenty-
threc subordinal taxa of aguatic insecis were chserved in the diet.



The condition of the monitorad side channels habitat at the recommended

Table 15,
minimun flow and their threshold points.
Side
Chunnel Condition of side channel habitat at
Nusbor Threshold Flow recommended minimum flow
Fort Benton Gaged Reach
e rommended minimun flow = 127.5 m3/s (4500 cfs)
(m 3/s) {cfs)
1 118.9 <« Approx. —~+ 4200 Suitable
2 118.9 + Less than» 4200 Suitable
3 127.4 < Approx, —~ 4300 Suitable
4 141.6 « Approx. — 5000 Inadequate
Virgelle Gaged Reach
focommendad minimum flow = 152.5 m3/s (5400 cfs)
(m 3/s5) {cfs)
5 127.7 + Less than» 4510 Suitable
O 107.6 <« Approx. - 3800 Suitable
7 {141.0-254.0j«Between +{4880-8370j Inadeguate
Fred Robinson Bridge Reach
focommended minimum fiow - 164.3 m3/s (5800 cfs)
{m 3/s) {ctfs)
ol {155%.6-208.8)+Between {5600 ~-9450) Suitable
3 {149.8-262.5)+Between +(5290-9270) Suitable
10 i107.6 « Approx. + 3800 Suitable
il (159.7-258.8)+Between +{5640-9140) Suitable
12 164.3 « Approx. + 5800 Suitable
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The relative importance {RI) of mayflies was high during 21l seasens. Mayflies
were the mest important order in the diet during the spring and summer, with an
average RI of 44 percent. Eight subordinal taxe of mayflies were observed.

The stonefly order, represented by at least four subordinal taxa, exhibited an
average scasonal RI of 12 percent, which was considered a moderate representation in
the dicts. The caddisfly order was also heavily utilized as food by shovelnosc
sturgeon. Represented by six subordinal taxa, caddisflies had an average RI of
29 percent for all seasons combined. Caddisflies were the most important order
‘n the diet in the autumn, with an average RI of 47 percent. The volumetric per-
contapes of caddisflies in the diet were always high, averaging 63 percent for all
scasons combined. Mayflies, by comparison, averaged 25 percent of the volume in the
diet for all seasons combined.

The trueflies, represented by at least four subordinal taxa, were the third
most important food group in the diet of shovelnose sturgsosn. Their average
seasonal BRI was 19 percent. HMiscellaneous taxa were of little significance in the

diets of shovelpose sturgeen, but it was interesting that fish tissue, as evident
by skeletal features, was consumed .

Seasonal comparisons of the relative importance (RI) of six major food groups
utilized by adult shovelnose sturgecn are shown in Figure 22. It is particularly
intcresting to compare the relative seascnal importance of the mayfly and caddisfly
orders. During spring, mayflies were only slightly more important than caddisflies
in the shovelnocse diet. However, during the summer months, shovelnose fed much
more heavily on mayflies than caddisflies. The RI of mayflies in the summer diet
wis 54 percent. Two mayfly taxa, Fhithrogena and Traverella, alone had an RI of
26 percent. ln the autumn, the RI of the mayfly taxa was substantially reduced.
liydropsychidae, a caddisfly taxa, clearly dominated in the autumn diet of shovelnose
sturgeon with an RI of 32 percent.

The seusonal diets of shovelnose sturgeon have been reported by other investi-
pators. Waiburg et al. (1971} and Modde and Schmulbach (1977% found the shovelnose
epportunistic feeders, and in the Yellowstone River, Elser et al. {1877} reported
nonsclective foraging for Traverella during the summer followed by a resumption of
feeding on hydropsychids in the autumn. No selectivity analysis was conducted for
this investigation; however, based on the distribution and composition of the
aquatic insect fauna as described by Berg {1981}, it appears adult shovelnose
sturgeon forage nonselectively on insects in swift current habitats in this study
arca.  Purthermore, the seasonal diets of shovelnose sturgecn in the middle Missouri
fiver cevrespond closely to the emergence of several major food taxa. For example,
Yhilhrogena and Traverella emerge mainly during the summer, and they are prominent
i1 the sumner dietr of shovelnose sturgeon. Bphemerella and most of the species of
Hydropsychidae had previously emerged during the spring and were unavalilable as a
food item during the summer.

Nowell (1976} reported that the mayflies Rhithrogena and Traverclia are insects
which inhubit swift current areas. The four vemaining taxa shown in Figure 19 fre-
gquent o wide array of habitats, also including the swift curremnt areas. Berg (1981}
indicated ﬁapéaggnia was 2 commen insect in the study area. However, this insect
wis not an important food item in the diet of shovelnose sturgeon. Newell (1876]
reported the veleocity reguirement for Heptagenia is substantially less than that of
ihilhrogenia and Traverella. This observation provides further evidence to support
+he iden that shovelnose sturgeon feed nonselectively in swift current areas in the
middie Missouri River.
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Figure 22. Scasonal comparisons of telative importance values (RI} of the six
major food groups utilized by adult shovelnose sturgeon in the Loma
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Fish growth rates fellow a segsonal pattern in responss Lo temperature changes
and food availability., For a warm water species 1like the shovelnose, the summer
pericd is probably the season when maximum utilization of food organisms oCCUTS.
Helms (1974} described the shovelnose sturgeon of the Mississippi River as having
2 low body condition value from February to mid-June, increasing to a peak value in
carly September, thereafter declining to the low winter levels. Brett et al. (1968)
reported a relationship between growth of sockeye salmon with that of varying tem-
peratures and ration size. They concluded there was ncot only an optimal temperature
for maximum utilization of food organisms by a fish, but also, at higher temperatures
{which could be cptimal temperatures for that species' growth} the requirements for
a given quantity of food were increased,

With these reported findings in mind, it is helieved the summer diet is the
most critical diet for the maintenance of the high guality shovelnose STUrgeon
fishery which exists in the middle Missouri River. Since the two mayflies Rhithrogena
and Traverellc together comprised 26 and 58 percent of the total RI and volume,
respectively, in the summer diets, it is apparent that these Iwg taxa are very
important food sources for shovelnose sturgeom in this area. It should z2lse be noted
that these two taxa exhibit relatively little tclerance Lo zlterations of physical
and chemical characteristics of a river. It is essential that adequate flow be
maintained in riffle areas so that Rhithrogena and Traverella can continue to pro-
vide the significant food base for shovelnose sturgecn as weil as other species.

Sauger

Food habit analyses were completed for sauger sampled during the months of
August to November 1580. The ssuger ranged in length from 160-678 mm and were
representative of the size structure normally found in the river (Appendix Table EJ.
Of the 638 fish pumped for stomach contents, 185 yielded identifiable contents which
consisted entirely of fish matter. A minimum of 12 fish species was found in the
sauger diet, although 91 percent of the individual sauger stomachs contained single
item contents {Table 17).

The principal food items for sauger were stonecats, "shoal’ minnows {flathead
chub, western silvery RInnows, emerald shiner and fathead minnows), longnose dace
and sculpins, having an cverall average relative impeortance value of 26.8, 24.0,
337 and 11.0, respectively. When examined for each particular reach of river,
Jifforences in the diet were evident. Tor the relatively swift, cocl water reach
of river consisting of the Morcny Dam and Carter Ferry sections, longnose dace,
mottied sculpins and BINNOWS comprised the major portion of the sauger’s diet with
R1 values of 28.3, 26.0 and Z2.3 percent, respectively. in the warmer, lower
rouch of the river from the Coal Banks Landing section downstream, the stonecat
constituted the major portion of the diet with an RI value of 29.4 percent, followed
by sicklefin/sturgeon chubs, channel catfish and longnose dace with RI values of 18.7,

1%3.0 and 11.7, respsctively.

The diet of the piscivorous saugelr wWas apparently influenced teo 2 great degree
by availability of food items. For example, in the upper reach, mottliad sculpins
werc abundant, but rare in downstream areas. This distribution of sculpins was
Jistinetly reflected in the diet of the sauger. Similarly, availability limited
the importance of YOY channel catfish, sicklefin and sturgeon chubs and stonecals
to the lower reach of river. Even though fishes sssociated with swift current areas
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4 much of the sauger's diet, a substantial portion of the ration was com-
minnows which prefer the slower, more protected areas {shoals) of the

oo
iy

When comparing the size of sauger to the type of food constituting their diet,
it was noteworthy that sauger less than Z50 mm selected the smali-sized longnose
dace, sickiefin and sturgeon chubs and YUY channel catfish which all prefer swift
current. This was alsc the area where most of the juvenile sauger were sampled
in the autumn. The other size groups did not appsar 1o exhibit such selection.
Flathead chub, longnose dace and YOY channel catfish comprised the major portion
of the saugert!s dist in the Yellowstone River (Elser et al. 1977). Also, the
stonecat comprised a substantial portion of the diet in terms of vclume, but they
were not consumed as freguemtly as other food items. Basically, the sauger dict
described by Elser et al. for the Yellowstone River resembles the middle Missouri
River sauger's diet, with the exception of the stonecat being more prominent and
young channel catfish being less important in the Missouri. It is evident that
sauger feed extensively in the riffie areas where many forage fish are found. The
importance of ''shoal minnow" types in their diets also verifies the significance
of side channels and other peripheral habitat areas as essential food producing

areas for sauger.

Young-of-the-Year Fish

Limited studies were made during 1979 om the food habits of yvoung-of-the-year
(YOY} sauger, goldeye and freshwater drum. Results of diet analyses for these
species are shown in Table i8.

Findings indicated that the diet of YOY sauger in the middle Missocuri River
was chiefly piscivorous. Priegel {1969) reported that YOY sauger less than 50 mm
in size fed chiefly on cladocerans, and those larger than 50 mm preferred YOY
troutperch, freshwater drum and white hass, However, when the YOY forage fish
were not abundant or available, the YOY sauger larger than 50 mm continued with

the plankton diet.

In the earlier discussion concerning iazrval fish, it was indicated that the
peak of abundance of larval fish in the upper study sections oecurred in late May
and carly June. A later peak in early July was chserved in the lower river. It
was also found that there was a selection by YOY sauger for rearing sites in the
lower river. OUrowth rates for YOY sauger sampled during 1979 were highest during
July. An adequate food supply is necessary during this peried. This requirement
is probably best fulfilied at the lower sites where larval fish are still avallable.
Walburg (1976) reported the greatest grewth increases occurred during July, and
further comparisons belween years indicated the greatest growth was realized in
years when forage fish were available by mid-July and then utilized by YOY sauger.

diets of YOY goldeye were the most diversified of the three fish speciss
investigated, Baetis, corixids, and cladecerans comprised 69 percent of the diet
during late July. In mid-October, Hymenoptera, corixids and cladocerans accounted
for 71 percent of the diet. Food hablts of the YOY goldeye appear toc be correlated
with the backwater and side channel pool habitats which they prefer as rearing
areas. Since the rearing habitat preferences of YOY goldeye and sauger overlap to
some oxtent, the invertebrate food items available to goldeye are also available

to sauger. In spite of this abuadant invertebrate food supply, the YOY sauger
sclected a diet comprised primarily of YOY forage fish.

e



Diets, expressed as percent composition by numbers, of young«of-the-

Table 18. - - ,
table 1o year fish seined in the middle Misscuri River during the summer and
autumn 1975,
Sauger Goldeye Freshwater Crum

Food Items Jul 26 Gct 15 o Jul 28 et 15 -~ Rug 10
Ametropus |
Baetis 20 11 1
Hydropsychidae 1 14
Culicidae i
Chironomi dae & 5 95
Corixidae 22 17
Terrestrial 1

Mayfiy

Antfiy 40

Midge &
Cladocera 17 4
Fish tlarvae 100 g
Minnows 100
Unidentified i 5
No. Sampled N=17 N=G N=25 H=14 H=10
length range {mm) 35-97 128-170 30-67  75-120 37-70

Analysis of the diets of a number of YOY freshwater drum sampled near the
headwaters of Fort Peck Reservoir in mid-August 1979 revealed a strong preference
for chironomids, which comprised 95 percent of the diet. A few cladocerans were
alsc consumed.

Tributary Resident Fish Populations

The two major tributaries of the middie Missouri River, the Marias/Teton and
dudith rivers, have an influence upon the physical, chemical and biclogical
charncteristics of the mainstem. The tributaries each augment the flow, increase
channel depth and width and, during spring, add sediment to the Missouri. Berg
(1981} reported significant changes in the fish communities below these major

tributsries, especially below the Marias. Berg alsc documented substantial spawning

migrations of several impertant fish species from the Misscuri into these tribu-
taries. The importance of major tributary streams io the mainstem of a larger
river has also been reported by Penkal (1581}, Elser et al. £1977) and Rehwinkel
et al. (1876).

(95
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Lirtie is known about the resid
This phase of the study was conducte
tudinal distribution, relative abundance and S

fish populations in the tributaries.

ent fish populations in these tributaries.
d to determine species composition, longi-
ize composition of the resident

A total of 24, 21 and 15 fish species was observed in the Marias, Teton and
T during electrcfishing and seining surveys conducted

Judith rivers, respectively,
in 1979 {Table 19}. Most of these s
Morony bam and Fort Peck Ressrvoir {Berg 1581).

Table 19. A list of fish species
in the three major tri

during August-October 1879.

samplied by electrofi
hutaries of the middl

pecies are alsoc found on the mainstem between

shing and seining
e Wissouri River

Goldeye
Mountain whitefish
RBainbow trout
Brown trout
Carp

turgeon chub
Flathead chub

pake chub
Fmerald shiner
Rrassy minnow
Plains minnow
Western silvery minnow
Fathead minnow
Longnose dace
River carpsucker
flue sucker
Smalimouth buffaio

Shorthead redhorse sucker

Longnose sucker
White sucker
Mountain sucker
Channel catfish
Stonecat

Burbot

Sauger

Walleye
Freshwater drum
Mottied sculpin

Marias Teton Judith
-1 #* *
k-4 k1 *
Fd
*

& -+ &
k-4
& * k-3
+ &
F1 #
k3
k-4 k-3
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Marias Hiver

The Marias River is the largest tributary in the study area. Resident fish
populations were surveyed in a 125-km reach between Tiber Dam and the confluence
with the Teton River near Loma, Montana. The Marias River in this reach has a
narrow floodplain confined by steep badlands, and very little off-channel develop-
ment is evident. Stream gradient averages 0.6 m/km. Sand, gravel and smail
cobble are the predeminant substrate materials.

At the head of the study reach is Tiber Dam, which impounds a reservoir with
2 storage capacity of 13,979 cubic hectometers (11,337,000 acre-ft}. The reservoir
was completed in 1956 to provide flood control, irrigaticn, recreaticnal uses,
municipal water supply and, possibly, hydroelectric power generation. Its actual
uses, however, have been principally limited to flood comtrel, recreation and

municipal water supply.

The Marias River's flow and temperature regime are completely controlled by
the operation of the dam. In general, spring runcff in the Mariss River below
Tiber Dam has been reduced since the dam was constructed, while flows during the
fall and winter have been augmented (Missouri River Basin Commission 1378). Stober
(19623 reported that the effect of cold water releases from Tiber Dam on the tem-
perature regime of the Marias River were manifssted as thermal constancy along with
reduced summer water temperatures. He reported these effects were svident at least
3% kilometers below the dam.

Water quality of the Marias River in this reach is typical of large prairie
rivers. Conductivity usually ranges from 500-600 micromhos/cm? and bicarbonate
alkalinity ranges from 150-200 mg/l (Garvin and Botz 1975]. Suspended sediments
carried by the river are greatly reduced because of Tiber Reservoir {Stober 1862).

Five study sections were established between Tiber Dam and the mouth of the
Teton River (Figure 1} The Tiber Dam study section, approximately 30 km in length,
had a wide floodplain through which the river meandered. This secticon containsd
large mats of aguatic vegetation, primarily Potamogeton and Charg. The High Rock
Canyon study section was 21 km long, and it had a parrower floodplain confined by
precipitous cliffs. The Brinkman study section was also 21 km long. In this sec-
tion the canyen opensed, and the river was not as confined. The Radlands study
section was 18 km long and began at the only major rapids of the entire reach.
This section was surrounded by rugged badlands and breaks. Topography generally
leveled off again through the Collins study section, which was 32 km in length and
extended to the mouth of the Teten River.

Total catch, average size, size range and catch per unit effort for individual
fish species sampled by electrofishing in each of the five study sections are shown
in Tables 20 through 24. The Marias River, in a 30-km section immediately below
tiber bam, supports a significant salmonid fishery. Mountain whitefish are the
predominant game fish in this section, and a number of trophy-size specimens larger
than 1.8 kg (4 1bs) were sampled. The average size of mountain whitefish sampled
in this section was significantly larger than in most other Montana streams. Rain-
bow and brown rrout also attained large sizes in the Marias River below Tiber Dam.
A ¥ew mountain whitefish were found throughout the entire length of the Marias
Siver hetween Tiber Dam and the mouth of the Teton River. However, catch-per-unit
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Tahie 20, Latch statistics of fish sampled by slectrofishing in the Tiber
bam section of the Marias River during August and October

1979,
Average Length Average Weight  Catch
Number Length  Range  Weight Ran%e per unit

Species Sampled f’mm? imm? {gm? {om effort
Goldeye 13 330 320-360 375 300~ 430 3.7
Mountain whitefish 236 a0 110506 695 20-184G 26.7
Rainbow trout 13 338 B0-530 895 10-2470 1.5
Brown trout 2 401 360-440 394 8/30-1160 0.2
Carp 36 sgn  420-650 1540 930-4130 10.3
Longnose ¢ace g 81 £0-100 14 - 2B 2.9
River carpsucker g 445  420-510 1076 930-157C 2.6
Blue sucker 1 660 - 2880 - 0.1
Smallimouth buffalo 3 &05  570-650 3314 2630-336C 0.3
Shorthead redhorse 6 A48 380-480 1058 550-1520 5.7
Longnose sucker 34 371 130-490 785  30-1450 9.7
White sucker 5 365 310-470 763 280-1140 4.0
Burbot 12 427 170-770 654  40-2910 1.4
Sauger 36 377 280-510 227 150-1070 4.1

tahle 21. Catch statistics of fish sampled by electrofishing in the High
Rock Canyon section of the Marias River during October 1979,

Average Length Average Weight Catch
Number Length Range Weight Range per unit

Species Sampled  {mm} {mm) {gm} {gm} effort
Mountain whitefish 27 266 1060-420 268 20- 770 5.8
Carp 12 £77 420-530 1466 960-1550 5.9
river carpsucker 1 330 - &70 - 8.6
Shorthead redhorse 16 457 360-480 1058 £40-1400 9.1
Longnose sucker 13 417 140-480 BTG 301130 7.4
white sucker p - 318 250-380 418 190~ 640 1.1
Sauger 17 384 0-560 440 230~ 840 6.2

L9453
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Table 72, Catch statistics of fish sampled by electrofishing in the
Brinkman ssction of the Marias River during October 1579,

Average length Average Weight Catch
Humber Length Hange Weight Ran§e per unit

effort '

Species Samplied ) {mm ) {om) {am

Go'ldeye *P

Mountain whitefish 15 315 140-420 359 40- 830 7.5
Brown trout e 335 280-390 499 3G~ 6RO 1.0
Carp e 457 440-460 1235 1200-1260 4.0
River carpsucker *p

Sherthead redhorse 3 448 420-480 5948 B40-1060 5.0
Longnose sucker 5 447 410-500  990¢ 710-1580  10.0
Burbot *p ‘

Sauger 11 363 320-43G 363 260~ 800 5.5

*P . Denotes this species was ohserved but not sampled.

Table 73. Catch statistics of fish sampled by electrofishing in the Badiands
section of the Marias River during Octeber 1979,

Averace Length Average Meight Catch
Humber Length Range  Weight Range per unit

Species Sampled mm) {imm) {om) {gm} effort
Goldeye 1 380 - 420 - 1.0
Mountain whitefish 19 276 1606-330 232 20~ 420 £.3
Carp 18 472 420-510 1326 §10-1680 18.0
Biver carpsucker Z 425 420-430 1000 360-1040 2.0
Shorthead redhorse i3 434 250-490 908 130-1230 13.0 i
Longnose sucker 31 413 360-470 740 500-108B0 31.C
White sucker 3 361 270-420 590 220~ BEQ 3.0
Channel catfish ] 690 - 527G - 0.3
Burbot i 4560 - 530 - .3
Sauger 63 370 140-530 368 20-10560 21.0
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Cateh statistics of fish sampled by electrofishing in the Callins

Table 24
section of the Marias River during October 1979,
Average length Average Weight Catch
Humber  Length Range HWeight Range per unit

Specias Sampied {(mm {mm) {gm} {om) affort
Goldeye 5] 325 310-350 291 240- 340 3.0
Mountain whitefish 24 275 156-360 250 20~ 540 5.7
Brown trout 2 351 I60-490 508 290~ 726 0.5
Carp 3 471 460-480 1402 1216-1660 1.5
Shorthead radhGrse 3 216 120-400 277 10-816 1.5
Longnose sucker 20 298 200-420 286 270-780 10.G
White sucker 2 304 240-360 341 160-520 1.0
Mountain sucker 1 140 - 30 - 0.5
Stonecat 1 180 - 25 - .5
Burbot 1 320 - 170 - 0.2
Sauger 137 326 150-530 286 20-1230  32.2
Watieye 1 430 - 700 - 0.2

effort for this species was substantially reduced downsiream from the Tiber
bam study section. Rainbow trout were very ephemeral in their longitudinal
distribution, being confined exclusively to the Tiber Dam segction. A few
VOY rainbow trout and many YOY mountain whitefish were found in the surveys,
indicating that successful natural repreduction of these species occurs in
the Marias River below Tiber Dam.

The abundance of sauger in the Marias River increased gradually from
Tiber Dam to the mouth of the Teton River. Sauger catch increased from 4.1
fish per electrofishing hour in the Tiber Dam section to 32.7 fish per hour
in the Collins section. A number of YOY sauger were collected in the Badlands
and Collins study sections, indicating that spawning and rearing of this species
gcreurs in the lower Marias. Sauger are the most common game fish below Tiber
bam, and comprise the bulk of the sport fishery.

Other common game fish found in the Marias River between Tiber Dam and
the mouth of the Teton River inciude burbot, walleye, northern pike and channel
catfish. These fish are known to permanently reside in this reach. The
scarcity of northern pike, channel catfish and burbot inm the electrofishing
sample is partly due to the poor response of these species to electrofishing.
Poscwitz (1962}, utilizing frame traps as a sampling tschnigue, found substantial
populations of sauger, burbot and channel catfish throughout the Marias River
helow Tiber Dam. Berg {1981) reported significent annual spawning migrations
of several fish species from the Missouri River into the lower Marias. The
most important migrant species included sauger, shovelnose sturgeon, blue
suckers and smallmouth and bigmouth buffalo.



Teton River

The Teton River is the largest tributary of the Marias River. It enters
the Marias just 1.5 km above its confluence with the Missouri near Loma,
Moptana. Resident fish populations were surveyed in 2 123-km reach of the
iower Teton River from the Shannon bridge to ihe confluence with the Marias
River. The Teton River in this reach has a fairly well developed flocdplain
which is confined to some extent by steep hills. The predominant stream sub-
strate is small cobble heavily laden with silt and sand.

Five irrigation reservoirs with a combined storage capacity of 134.684
cubic hectometers (106,800 acre ft} influence the natural flow regime of the
Teton River. During the irrigation seasom, it is not uncommon for several
sections of the lower Teton River tc be dewatered to the extent that only

larger pocls remain.

Water quality data indicate that total dissclved solids in the Teton
River are greater than in the Marias River (Garvin and Botz 1975). This 1is
due primarily to increased amounts of magnesium, sodium and, especially, sulfate
ions. Conductivity of the lower Teton River usually ranges from 70G-800
micromhos/emZ, and bicarbonate alkalinmity ramnges from 200-3G0 mgil.

Two study sections were established on the Teton River (Figure 1). The
Boot lepger study section was 10 km in length, and it had a well developed
flowudplain., Most of the river chamnel through this reach was deep and meander-
ing, with few riffles. Vegetative bank cover was extensive. The Wood study
section was 39 km long. This section exhibited more vouthful strsam features.
Channel depth and meandering were reduced, and riffles were more common than

in the Bootlegger section.

Total catch, average size, size range and catch per unit efiort for
individual fish species sampled in each of the two study sections on the Teten
iver are shown in Tables 25 and 26. Sauger wWas the most common game fish
found in both study sections. The sauger were large, averaging 400 mm and
535 g (15.7 in and 1.17 1b) in length and weight, respectively. No YOY sauger
wore found in either study section, indicating that the large sauger are prob-
ably seascnal migrants. The desirability of the lower Teton River for sauger
is undoubtedly related in part to the ahundant forage fish food base found in
the river. Minimum flows in the lower Teton River which would enable the
to reside as year-round residents would be desirable.

sauger

Gther game fish sampled in the Teton River study sections included
mountain whitefish, channel catfish and burbot. The low catches per unit
offort for channel catfish and burbot are related in part to these species’
poor tesponse to electrofishing. A YOY channel catfish was collected in the
Bootlegger study section, indicating that some reproduction and rearing of
channel catfish occurs in the Teton River.

Commpn nongame fish sampled in the Teton River inciuded carp, goldeye
and several varieties of suckers. Flathead chubs, western silvery minnows,
longnose dace and stonecats were the most COmmMOR forage fish. Berg (1981}
observed migrant use of the lowsr Teton River by sauger, channel catfish and

blue suckers.




Catch statistics of the fish sampled by electrofishing in the

Tahie 25
Bootlegger section of the Teton River during Sepiember and
{ctober 1979.
Average Length  Average Height Catch
Numhber Lepgth  Range Weight  Kange per unit
Species Sampled (mm} 7T {am) {agm effort
Goldeye 35 327 300-370 272 190~ 380 4.9
Carp g 485 450-520 1430 1130-187¢ 1.1
Fiathead chub 195 99 70-140 Z0 10- 20 -
take chub 1 80 - 10 - -
Brassy minnow Z - - - - -
Plains minrnow 1 - - - - -
Western silvery minnow 75 138 132-150 24 20- 3% -
Longnose dace 19 - - - - -
River carpsucker 1 465 - 1050 - 8.1
Shorthead redhorse 3t 266 E0=-360 200 10~ 360 4.4
Longnose sucker 26 236 70-34G 160 10- 380 3.7
White sucker 53 240 130-370 150 10- 540 7.5
Mountain sucker 39 113 70-220 20 10~ 40 5.5
Chanrel catfish 1 50 - 16 - 0.1
Stonecat g 119 70-150 20 10~ 40 0.6
Buyrbot 1 530 - 800 - 0.1
Sauger 25 &gt 346-510 550 270-1080 3.5

rabic 26. Catch statistics of fish sampled by electrofishing in the Heod

section of the Teton River during September i975.

Average Length  Average Weight Catch
Number Llength  Range Weight Range ner unit

Species Sampled (mm) o } {om) {am} effort
Goldeye g 340 320-370 347 280- 480 0.5
Mountain whitefish 1 160 - 20 - 0.1
Carp 24 483 100-640 1350 20-2210 2.6
Fiathead chub 276 96 40-250 20 10- 140 -
Western silvery minnow ) 106 50-73C 20 1G6- 20 -
Longnose dace 55 57 40~ 80 10 109~ 20 -
River carpsucker 7 432 390-51¢ 917 716-1250 0.8
Shorthead redhorse 13 350 BO-470  B4C 10-3020 1.4
Longnose sucker 47 11 60-Z240 27 70- 180 5.0
white sucker 4 214 120-300 150 10- 30¢ 6.4
Mountain sucker 18 96 50-140 14 0- 20 1.9
Channel catfish 3 686 €40-710 3677 3000-4540 6.3
Stonecat 15 144 403-220 45 10- 130 2.C
Burbot 3 357 250-460 268 80- 480 0.3
Sauger 28 354 320-530 520 230-1210 2.5
Freshwater drum 1 380 - 610 - G.1
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A timited amount of seining was done on the Teton River in 1979 in con-
junction with the electrofishing surveys. An uncemmon species collected by
seining, but not found in the electrofishing surveys, was the sturgeon chub.
This species was also found in the Judith Landing and Robinson bridge sections
of the Missouri River.

Judith River

the Judith River is the second largest tributary of the middle Missouri

Wiver. Resident fish populations were surveyed in a 32-km reach of the lower
Judith between Anderson bridge near Winifred, Montana, and the confliuence with

he Missouri River. The Judith River in this reach has a fairly well develcped
fioodplain, which is confined to some extent by steep hills. GSmall cobble and
gravel are the predominant stream substrate materials. A significant feature
of the flow regime of the Judith River drainage is the presence of several
spring creecks which augment the flow at a constant rate throughout the year.
Big Spring and Warm Springs creeks, the two largest spring creeks inm the
drainage, have constant flows of approximately 3.5 m3/s (125 cfs).

The largest user of water in the Judith River drainage is irrigated
agriculture. Stream dewatering znd irvigation return flows undoubtedly have
some influence on the water quality characteristics of the lower Judith. The
only major water storage facillity in the Judith River dralnage 1s Ackley
Rescrvoir with a storage capacity of 0.008 cubic hectomeiers (5,140 acre-ft).

Water gquality of the lower Judith is described by Kaiser and Botz (1975)
as hasically a calcium bicarbonate water of good quality. The chemical charac-
teristics of the Judith are similar to the Teton River. Conductivity of the
tower Judith River usually ranges from 8060-1000 micromhos/cmZ, and bicarbonate

alkalinity ranges from 200-300 mg/ .

Two study sections were established on the lower Judith River between
Anderson bridge and the confluence with the Missouri River (Figure 1). The
Anderson study section was 5 km in length. The river channel in this section
was shallow, with little pool development or meanders. Water velocity was
relatively high, and the stream substrate was comprised primarily of large
cobhles. The PN Ranch study sectiocn was 6.5 km im length. Pools and riffles

werc weil developed in this section, and the river meandered through a wide
floodplain. Loose gravel and sand were the most common stream substrate

matcerials.

Toral catch, average size, size range and catch per unit effort for
individual fish species sampled in each of the two study sections are shown
in Tables 27 and 28. The results of electrofishing in both study sections
were unsatisfactory because conductivity of the water was oo high., In addi-
tion, the PN Ranch study section contained very deep pools which were difficult
to ctectrofish,

Saugey was the most common gamefish sampled by electrofishing in the
Judith River. Catch rate of sauger averaged 3.4 fish per electrofishing hour
for both stuldy sections combined, in addition, a number of YOY szuger were
coliected in the PN Ranch section, indicating that reproduction and rearing
of this speciss occurs in the lower Judith River. Gther game fish sampled
included mountain whitefish, channel catfish and burbot. Goldeye, carp and
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Table 27. Caich stat%gtics of fish sampled by electrofishing in the Anderson
Bridge section of the Judith River during September 1979,

Average Length  Average HWeight Catch
9 Number Length Range Weight Hange per unit

Species Sampied  (mm) e am) {am affort
Goideye 3 338 320-360 436 380- 490 0.7
Carp ) 3 503 490-510 1748 1540-2010  G.7
Fiathead chub 3 12¢ 56-160 23 16- B -
Longnose dace 21 73 50— 80 He Hi; -
Longnose sucker 24 310 Teo-420 350 80~ 740 5.7
White sucker 1 300 - 300 - Gg.2
Mountain sucker 18 154 120-220 35 20- 160 4.3
Stonecat 16 158 130-150 23 10- 93 3.8
Burbot 3 395 260-510 404 80~ 78¢ 0.7
Sauger 7 254 260-370 236 130~ 420 1.7
Mottled sculpin 1 70 - 10 - 0.2

Table 28. Catch statistics of the fish sampled by electrofishing in the PN
Ranch saction of the Judith River during September 1979,

Average Length Average Weight Catch
Number Length Range Height Range per unit

Species Sampled  (mm} {mm} om {gm} effort
Goldeye 1 320 - 230 - 0.3
Mountain whitefish 1 120 - 20 - 0.3
Carp 3 452 460-500 1575 1370-1850 0.8
Flathead chub 100 130 510-730 32 10- 120 -
Longnose dace 3 67 60- 86 10 10 -
Shorthead redhorse 3 214 £0-380 245 - 620 0.8
Longnose sucker 30 274 a80-3e0 232 10- 410 8.1
White sucker 1 220 - 136 e 0.3
Mountain sucker g 134 83200 36 10- 1106 2.4
Channel catfish 1 &80 - 3810 - 0.3
Stonecat i 138 120-160 23 10- 30 1.1
Burbot 3 415 390-430 300 e 0.8
Sauger 15 233 120-510 200 20-1080 5.1
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a4 variety of suckers were the most COMBON NORZARE fish. Flathead chubs were
she most abundant forage fish. Other common forage fish included longnose
dace, mountain suckers and stonecats. The variety of minnews in the lower
Judith River was probably undevestimated because of ineffective sampling.

Based on the surveys conducted in 1979, 1t appears that the lower Judith
Wiver contains a moderate population of rvesident sauger. Although no effort
was made to investigate actual utilization of the lower Judith by spawning
chanrei catfish, circumstantial evidence indicates that this river is an
important tributary for this species. Numercus cottonwood logs and other
instream cover features necessary for catfish nests are found in the lower
Judith, Numercus channel catfish alevins were collected at the mouth of the
Judith River in 1979. Channel catfish require very warm water temperatures
for spawning, and swomer water temperatures on the lower Judith River apparently
meet their requirements. Based on these considerations, it appears that the
lower Judith River is probably one of the most desirable spawning tributaries
for channel catfish in the study area.

Paddlefish Radiotelemetry Study

paddlefish are one of the most important fish species found in the
middie Missouri River. Because of their limited distribution and habitat
requirements, the Montana Department of Fish, Wildlife & Parks recently classi-
fied the paddlefish as a species of special concern - Class A. The paddiefish
population in the middle Missouri fiver is considered to be one of the last i
known "stable” populations. Successful spawning of paddlefish in the study
area has been docunented by collecting several larvae and one incubating
SMDT Y.

The periodicity and peak of paddlefish spawning runs in the middle Missouri
River and the extent of the upstream migration in normal water years have been
determined by electrofishing surveys (Berg 1981}, Berg monitored the spawning !
migration of paddlefish in 1977, 1978 and 1579. He found that no significant
spawning run occurred in 1977, a year when streamflow levels in the Missouri
Piver were considerably below normal. In 1978 and 1979, streamflow levels
in the Missouri River were near normal, and considerable numbers of paadlefish
migrated as far upstream as the mouth of the Marias River, 245 km above Fort
Pock Heservolr.

Radictelemetry studies were conducted during 1979 and 1980 to further
detine instream flow requirements of paddlefish in the middle Missouri River.
Objectives of the radiotelemetry study were:

{. To monitor the movement patterns of individual paddlefish prior to
and during the spring runoff period.

To determine the amount of flow reguired by paddiefish for passage

through shallow water areas which may act as hindrances or barriers

to movement during the spawning period.

To aid in determining leocations of spawning areas, pericdicity of

the spawning run and extent of upstream migrations of paddiefish.

T
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The middle Missouri River is g iarge river with deep pools, and contains
water of a relatively high ionic conductivity. It is difficult to develop an
aquatic radictelemetry system which functions adequately in this situation.
Only limited success has been attained by researchers attempting to utilize
radiotelemetry in streams similar to the middie Missouri River. Therefure,
211 of cur effort in 1579 was spent in developing a radio-telemetry system
which would be suitable for our requiréments. in 1880 the actual tracking
of paddiefish took place.

Equipment

A Smith-Root SR-40, 10 channel search recsiver with a fregquency vange
between 40.000 and 41.000 MHy was used to simultaneously monitor the radio-
instrumented fish. An cmnidirectional whip antenna was matched with the re-
ceiving unit and mounted to the wing strut of a Supercub airplane.

Radio transmitters from three different commercial suppliers were used
to increase the probability of success. In 1979, the Smith-Root P-40-1000L,
4 radio transmitter powered by a lithium battery, was superior in performance
to its mercury battery powered counterpart. Because of this, the Smith-Root
P-40-1000L transmitters were geed in 1980. In addition, transmitiers manu-
factured by Dav Tron and Wyoming Biotelemetry were used in 1980. These
transmitters were also powered by 1lithium batteries. The Dav Tron LF-315
sransmitter was very similar in design to the Smith-Root, but the Wyoming
Biotelemetry transmitter consisted of an enclosed antenna on & circuit board
and its basic component was all micro-circuitry.

The Smith-Root transmitter was approximately 85 grams, cylindrical in
shape, measuring 190x19 mm with a 150 mm external antenna. Dav Tron radic
sransmitters were approximately the weight and size of a "D'-cell battery,

100 gms and 70x35 mm dimensions with a 250 mm external antemna. Wyoming
Biotelemetry transmitters were not entirely symmetrical; however, their overall
length was 155 mm with a maximum diameter of 20 mm and weight of 50 grams
(Figure 23}. The three companies adjusted the current drain of the transmitters
to meet the environmental conditioms, yet transmit & strong signal for 90 days.
fach radio transmitter was individually identified by the channel frequency

and a specified pulse rate. During feasibility tests conducted in 1579, it

was determined the Smith-Root P-40-1000L rransmitter's signal could be relocated
at an accuracy of + 50 m and received at a maximum distance of approximately

1.3 km from the airplans.

Implantation and Attachment of Transmitters

Radio transmitters were attached to paddlefish using both internal and
external plants. Internal plants were surgically implanted in the peritoneal
cavity of paddiefish (Figure 24}. Using standard surgical procedures, 2 70 mm
incision was made with a scalpel along the upper right ventrum immediately
posterior to the pectoral fin (Figure 25). The incision was made at this site
to avoid severing major vessels present along +he ventral axis. After the
incision was completed, 2 transmitter dipped in parafin was inserted into the
seriteneal cavity with the external antenna (plastic coated copper wire 1 mm
diameter} extending outside the body. The incision was then clesed with
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Figure 23. Radio transmitters from three different commercial suppliers
weTe used to increase the chances of success., Radio-A - Smith-
Root; B - Wyoming Biotelemetry; and Z ~ Dav Trom.
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Vipepe 24, Arrachment and implant sites for the paddiefish radic trunsmitters.



Surgical procedures were used to implant the radioc transmitters

Figure 25,
in the peritoneal cavity of the paddlefish.

individual sutures spaced 5 mm apart. The antenna was protected by stitching
it along the skin. Finally, the fish was injected with an antibiotic at a
dosage of 1 cc antibiotic per 4.5 kg of paddlefish body weight.

The external plants were made by attaching the radio transmitters to the
paddiefish rostrum (Figurs 24). This was facilitated by cemsnting the trans-
mitters to a length of plexiglass similar to that described by Haynes (1878].
iloles were drilled in the plate through the rostrum to a buttress plate where
the wires were secured. The transmitter anienna was stitched to the skin of
the Tostrum for protection. Dave Combs (Oklahoma Dept. of Wildlife Conservation
pers, com.) first experimented with this method, and he reported good success
because the technique did mot circumscribe the rostrum and cause irritation
as reported by Elser (1976}

Evaluation of Radio Transmitters® Placement

0f the 28 radic transmitters imstrumented on paddlefish in iG80, only
7 worked successefully (Table 29). The Smith-Root fransmitter, internal place-
ment, was the only combination which worked reasonably well. ther combinations
probably failed because of weak signal strength and antenna problems. Perfor-
mance of surgically implanted radio transmitters was far superior to that of
the external placements (Table 2%). The failure of the rostrum attachments

4k 5

was probably related to the unit being torn off, since two of the externally
pianted radio transmitters weve consistently relocated in the same area where

the fTish was tagged.




Performences of radic tags used in the 1580 middle Missouri River

Table 25.
paddlefish radiotelemetry study.

Companies/Placement

Smith-Reot Dav Tron Wyoming
Internal Rostrum internal Internal Rostrum

Total number

radios attached 9 3 g 2 5
Percent of radics

which worked 78 67 22 0 G
Average number

velocations for

cach working

radio 7.0 2.0 1.5 - -
Range:nunber

relocations 2-11 i-3 1-2
Average radic life

{davs} 56.3 41 29
Radio life range

{days} 14-87 7-76 28

Scme problems were 3150 encountered with internally planted tags. Apparently,
because of the large amount of tension on the sutures, the skin could not hold
the strain; comsequently, some of the sutures tore through. This problsm was
observed on two of the paddlefish with internal radic transmitier placements.

The problem could be easily alleviated by placing wider sutures In addition to
the primary, medium width ones. Ancther problem encountered with the surgically
implanted radic transmitters was associated with the external antemna. The
connection between the base of the antenna to the component was sound; however,

a length of antenna was sheared off on two of the recovered radioc transmitters.
The shearing could have been related to abrasion caused by the fish rubbing the
hottom, or corresion caused by a chemical reaction with the fishes' mucous
covering. Stainless steel antenna oOF other noncerrosive materials would probably

remedy this problem.

There is little doubt that successful radio tracking of 2 large fish under
these conditions can be achieved. Denmis Unkenboltz (Scuth Dakota Dept. of Game,
Fish § Parks pers. com.), uUsing a similar radic telemetry system for studying

efish in the Missocuri River below Ft. Randall Dam, has achieved

movements of paddl

very encouraging results, During the present study, one paddlefish instrumented
with an internally implanted radio transmitter in 1979 was recovered 1 vear later
and exhibited no apparent abnormalities. This fish gained 2.3 kg in weight

during an 1l-month period after the radic was implanted.
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individusl Paddlefish Movemsnts

Twenty-eight paddiefish were equipped with radic transmitters in 1980,
of which 11 initially were relocated from fixed-wing aircraft., Of these 11,
4 were males and 7 were pravid female fish. Radio tracking of the fish com-
menced April 22 and terminated July 16, 1980, During this period, 15 flights
of the river were made at an average of 6 day intervals; during the highwater
period, these flights were takem at shorter intervals. A total of 48 reloca-
tions was made on the radio-tagged paddlefish.

Individual paddiefish movement patterns are presented in Appendix Figure B,
Relocations of each radio-tagged fish for all flights are given in Table 30.
from these data, it was evident that paddiefish movements were correlated with
the high spring flows. Figure 26 relates the average radio-tagged paddlefish
movement in response to 1980 spring runcff flows. Frem April 22 through May
25, the paddlefish exhibited minor movements in the staging area. Individual
movements averaged .5 km per relocation extending from river km -17 to +17.
Flow during this period averaged 250 m3/sec (8850 c¢fs} at the Robinson Bridge
gage station. Water temperatures during this time had surpassed 10 C (Appen-
dix Table F)}. Purkett (1961) indicated water temperature reaching about 10 C
w2s one of the factors initisting the paddlefish migratory run in the Osage
River, Missouri.

On May 26, discharge of the Missourl River increased sharply to 455 md/sec
{16,100 cfs) at the Robinson Bridge gage. However, most paddlefish still
remained in the staging arez; the average relocation of the radio-tagged fish
being river km 4.

By May 29, the paddiefish movements increased substantially with the
average fish relocated at river km 41, well above the staging arsz. Individual
movements were extensive from May 29 through June 30, averaging 40 km/fix and
extending from river km -30 to +78. Between May 26 and 28 the river discharge
increased to 802 m3/s (28,316 cfs). The initial run cobserved on May 25 was
followed by a major retreat observed during the flight made on June 2. Four of
the five paddlefish relocated on June 2 moved downstream = considerable distance
and the average reiccation was made at river km -5 (i.e., 5 km downstream in
Fort Peck Reservoir). During this period, a large amount of suspended debris
{logs, twigs, bark, etc.) was carried in the river, washed in from heavy Tain
storms. In 1978, during a similar cccurrence, a substantial number of paddle-
fish also retreated downstream intc Ft. Peck Reserveir (Berg 1981). A few of
the paddiefish were captured and a considerable amount of debris was found in
their mouths and gill cavities (Bob Watts, Mont. Dept. Fish, Wildlife § Parks
pers. com.). Considering these past occurrences, it wWas likely that the major
retreat of radio-tagged paddlefish in 1980 was related to the abnormally large
amounts of instream debris. Between June 5 and 30, most of the paddlefish
were relocated back upstream between river km 44 and 75 (Robinson Bridge to
Cow island). The lower end of this reach (Lower Two Calf Island area) is the
lowest downstream site with suitable gravel bars for paddlefish spawning (Berg
1981). Paddlefish were alsoc relocated in the Cow Island area where paddlefish
spawning activity was observed during previous years. After the paddlefish
initiated the major porticn of their spawning run, only one of the radio-tagged
fish could be comsistently relocated. This paddlefish remained in the river
well above the staging area for approximately the duration of the major Tunoff
pericd. Thres other radic-tagged paddlefish were relocated a considerable
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distance upstream from the paddiefish staging area in the vicinity of known
spawning sites. The presence of paddiefish in spawning areas through the run-
off periocd has been extensively decumented by other researchers {Elssr 1876,
Purkett 1961, Berg 1981). Purkett (1961) indicated paddlefish prefer spawning
areas on shallow gravel bars which ars inundated to the proper depth and
velocity during the runoff period.

Becsuse of the rapid increase in flow late in May, no gvaluation could
he made concerning possible migratory barriers. It is possible that the
inception of the paddiefish migration to upstrezm spawning sites is related
more to behavioral motivation than the presence of physical barriers. In other
words, when the flow which motivates paddlefish to migrate upstream is attained
there may be no physical barriers to navigate.

Radiotelemetry provided little information on possible paddlefish spawning
sites because only one paddlefish could be monitored during the entire spawning
pericd. Vaddlefish spawning sites on the middle Missouri River have been
previously identified by Berg (1g81].

Aleng with the tracking of radic-equipped fish, electrofishing was used
as 3 method to monitor and census the paddlefish migratory run in 1S80. Electro-
fishing provided a significantly better appraisal of the relative abundance and
distribution of migratory paddlefish than radiotelemetry. An electrofishing
census run was made from June 3 through 8, 1980, to monitor paddlefish distribu-
ticn after the high flows were attained. The result of this electrofishing run
is presented in Table 31. The chserved distribution and telative abundance of
paddlefish were similar to previous years (Berg 1981). Results of censusing
the upper viver from Fort Benton 1o Ccal Banks Landing on four occasions from
June 3 to July 1 (Table 32} indicate substantial numbers of paddlefish were
distributed up te 251 km above Fort Peck Reserveir, peaking in numbers slightly
after the crest of the runoff, but persisting until at least July 1.

Tnatream Flow Assessment for Paddlefish

Berg {1981) found that paddiefish require a flow of 39&.5 msfsec
{14,000 cfs) in the Virgelle gaged reach of the Missouri River to compliete
their annual spring migration to spawning sites. .To maintain the paddiefish
migration, flow shcould remain at of above 396.5 m°/sec for 48 consecutive
days from May 1§ through July 5 in the Virgeile gaged reach. This time
period was selected because it satisfies the biological requirements of
paddiefish. It alsc conforms to the time period when median flow histerically
reaches or excesds 396.5 m /sec at the Virgelle gage.

Results of paddlefish radictelemetry studies conducted in 1980 firmly
support these conclusions. Movement of radio-tagged paddlefish to spawning
sites occurred during the high flow period from late May through early Junz
{Figure 26j.
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Tahle 31.

The longitudinal distribution of paddlefish in the middle Missouri

River as determined by one electrofishing census run taken during
the peak runcff periocd of June 3-8, 1380,

River Mo. Fish Total Mo, Fish
Study Section Area m® Observed Observed inm Sec.
Fort Benton - - G
Loma Ferry Three Ids 234 83 c
-}

fCoal Banks Yirgelle Ferry 218 k3] 14

Little Sandy 205 i
Hole-in-Wall - - 5
Judith Landing Deadmans Rpds 140 %} 17

Holmes Rpds 131 S}
Stafford Ferry Dauphine Rpds 114 143 2g

ird Rpds 92 253

Cow Isiand Landing  Bullwacker 79 38} 64

Power Plant Ferry 65 28)
Robinson Bridge Grand Id 51 Not sampled} 25

Twe Calf 1ds 45 25 }

*Upstream from Ft. Peck




Tabie 37. Seascnal distribution of paddlefish in the upper section of the
middle Misscuri River as determined by four slectrofishing "census”
runs taken during the peak runoff pericd June 3-July I, 1880,

Location of Reach River No. of Paddiefish Observed

Electrofished km &/3 & 4 £/10 § 11 £/25 771
T+ penton Community-Evans Bend — 281-272 0 0 G G
Evans Bend-Brule Bettoms 277251 #] §] ] £

Arule Bottoms-Marias B

confiuence 251246 g O 7 g
Marias R confluence-Crow Id 246-228 2 7 i9 Zléf
Crow 1d-Boggs Id 228-220 3 10 i1 g
Soggs Id-Coal Banks Landing 220-212 3 & 3 2

Total 8 23 40 3z

1/ S8ix of these 21 paddlefish were censused in the mouth of the Marias River.

Based on these considerations, 2 flow of 356.5 mg/sec is recommended for the
Virgelle gaged reach of the Missouri River. This reach extends from the confluence
of the Marias to the confluence of the Judith River. The Missouri River upstream
from the confluence of the Marias River is the source of most of the water down-
stream from the Marias. The reach of the Missouri River from the confluence of
Belt Creek to the confluence of the Marias River is gaged by the Fort Benton USGS
station. Based on calculations made from USGS data gathered at the Virgelle and
Fort Benton gage stations, it was determined that the Missouri River at Fort Benton
contributes 80.6 percent of the median flow of the Missouri River at Virgells
during the paddlefish spawning period from May 19 through July 5. Therefore, to
maintain the annual spring paddlefish migratiocn in the Missouri River, a flow of
315.6 m3¥/sec (11,284 cfs) is recommended for the reach of the Missouri River from
the confluence of Belt Creek to the confluence of the Marizs River. This flow
must be maintained from May 1§ through July 5.

The reach of the Missouri River from the confluence of the Judith River to
Fort Peck Reservoir is gaged by the Robinson Bridge {Landusky) 1J8GS station. Flow
accretion in this reach of the viver during the paddlefish spawning pericd is
mostly attributable to the contribution of the Judith River. Based on calculations
made from USGS dats gathered at the Virgells and Robinson Bridge gage stations, it
was determined that median flow of the Misscuri River at Robinson Bridge amounts
to 109.3 percent of the median flow of the Missouri River at Virgelle during the
paddlefish spawning period from May 19 through July 5. Therefore, to maintain the
annual spring paddlefish migration in the Missouri River, a flow of 433.4 m3/sec
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{15,302 cfs) is recommended £or the reach of the Missouri River from the confluence

I

of the Judith River to Fort Peck Reservoir. This flow must be maintained from
May 19 through July 5.

The paddlefish is officilally listed as a "Species of Special Concern - Class A"
in Montana (Holtom 198C), and oniy six major seif-sustaining populations remain
in the United States. Adegquate flows are essential to maintain the Fort Peck Res-
ervoir/Misscuri River paddlefish population.

Instream Flow Assessment for Channel Morphology

pominant Discharge/Channel Morphelogy Concept

I+ is generally accepted that the major force in the estzblishment and main-
tenance of a particular channel form in view of its bed and bank material is the
annual high flow characteristics of the river. It is the high spring flews that
determine the shape of the channel rather than the average or low flows.

The major functions of the high spring flows in the maintenance of channel
form are hedload movement and sediment transport. It is the movement of the bed
and bank material and subsequent deposition which form the mid-chamnel bars and,
subsequently, the islands. High flows are capable of covering already established
hars with finer material which leads successively to vegetated islands. Increased
discharge associated with spring runoff alse results in a flushing actiom which
removes deposited sediments and maintains suitable gravel conditions for aquatic
insect production, fish spawning and egg incubation.

Reducing the high spring flows hevond the peint where the major amount of
hedload and sediment are transported would interrupt the ongeing channel processes
and change the existing channel form and bottom substrates. A significantly altered
channel would affect both the abundance and species composition of the present
aquatic populaticns by altering the existing habitat types.

Several workers adhere to the concept that the form and configuration of river
channels are shaped by and designed to accommodate a dominant discharge (Leopold
et al. 1964, US Bureau of Reclamaticn 1973, Emmett 1575). The discharge which is
most commonly referred to as a dominant discharge is the bankful discharge
(Leopold et al. 1964, Emmett 1575). Bankful discharge is defined as that flow when
water just begins to overflow onto the active floodplain.

Bankful discharge tends to have a constant frequency of cccurrence among
rivers (Emmett 1975). The recurrentce interval for bankful discharge was determined
by Emmett {1975} to be 1.5 years and is in close agreement with the frequency of
bankful discharge reported by other studies (Leopold et al. 1964, Emmett 1872).

Dominant Discharge Flow Recommendations

The bankful discharges for the Missouri River were estimated by using 1% year
frequency peak flows derived for USGS gage stations located at Fort Bentom, Yirgelle
and Robinson Bridge. Dominant discharges were:




HSGS Gage Station Dominant Discharge

Fort Benion 5l4.0 mi/sec (21,700 cfs)
Virgelie 606.1 m3!sec (21,400 cfs)
Robinson Bridge &64.6 m /sec {23,460 cfs)

Therefors, dominant discharge flow recommendations are:

Missouri River Reach Filow Recommendaticn
Confluence of Belt Creek to confluence of Marias R 6£l4.6 mjfsec (21,700 cfs)
Confluence of Marias River to confluence of Judith R 606.1 m;/sec (21,400 cfs}
Confluence of Judith River to Fort Peck Reservolir 664.6 m fsac {23,466 cfs]

1t is not presently known how long the bankful flow must be maintained to accomplish
the necessary chznnel formaticn processes. Until further studies clarify the neces-
sary duration of the bankful discharge, a duration period of 24 hours was chosen.

Instream Flow Assessment for Riffles

Wetted Perimeter/Inflection Point Method

Filow recommendations from September 1 through March 23 were based on the wetted
perimeter/inflsction point method. Wetted perimeter is the distance =long the
hottom and sides of a channel cross-secticn im comtact with water. As the flow in
the stream channel decreases, the wetted perimeter aiso decreasses, but the rate of
ioss of wetted perimeter is not comstant throughout the entire range of flows. There
is a point, called zn inflection peint, en the curve of wetted perimeter versus
flow at which the rate of loss of wetted perimeter is significantly changed. Above
the inflection point, large changes in flow cause only very small changes in
wetted perimeter. Below the inflection point, the river begins to pull awzy from
the Tiffle bottom, exposing the bottom at an accelerated rate. The flow recommenda-

rion is sclected at or beyond this inflection point.

The maintenance of suitable flows in riffles is essential for the Missouri
River fish populations. Four apparent reasdns are:

1. Riffles contain substantial standing Crops of aguatic invertebrates and
forage fish, the principal food orgenisms of important fish species in
the Missouri River.

2. Production of aquatic invertebrates occurs primarily in riffle areas

{Hynes 1976}.

Adeguate flow must be maintained in riffle areas to allow for passage

of migratory fish species.

Riffle areas provide critical habitat for the rare sicklefin and sturgecn

chub populations of the Missourl River.

3

o

1f flows in the Missouri River were reduced below the inflection point, the
riffle bottom would be exposed a2t an accelerated rate, causing a decrease in riffle
area and channel depth.

Riffles are also the zrea of a stream most affected by flow reductions {Bovee
1974, Nelson 1977}, Consequently, the maintenance of suitable riffle conditions
in pools and runs, areas normaily inhabited by adult fish.



The wetted perimeter/inflection point method was applied to six riffle
transects located in four typical riffles of the Missouri River in the Fort
Benton gaged reach during 1580.

In addition, three riffle transects were located in the shallow Cow Island
riffic of the Rebinson Bridge gaged reach. Many times this rviffle marked the
uppermost point which steamboats of the 1200 era could ascend the Missouri River.
Because of its shallow depth, it also was the most preferred ford crossing within
hundreds of miles for buffalo, Indian tribes and voyagers of the upper Missouri
River country. The Cow Island riffle area has been identified as a potential
parrier to up or downstream fish migration during low flows {Berg 1981). Bsecause
of the extensive riffles in the Cow Island area, a great diversity of riffle fish
is found here. The sicklefin chub, a "Species of Special Concern” {Helton 1380},
depends largely upon riffles located in the Cow Island area. The loss of this
species due to inadequate flows would be significant, as the sicklefin chub is
sparsely distributed throughout the entire length of the Missouri River {Pflieger

1975).

Also, the sturgeon chub, another “Species of Special Concern” {Holton 1988},
is substantially more abundant in the Cow Island riffle area than in any other
part of the Missouri River from Morony Dam to Fort Peck Reserveir. For these
reasong, the Cow Island riffie area was identified as & critical riffle area.
Adequate flow over this riffle must be maintained so that it can continue to
provide its unique values.

Wetted Perimeter Flow Recommendations

For the Fort Benton riffle transects, the WETP program was calculated to
field datz cellected at flows of 308.7 {10,900), 212.4 (7500}, 181.2 (64003
and 127.4 m>/sec (4506 cfs). The inflection point on the wetted perimeter-discharge
relationship occurs at 104.8 m3/s (3700 cfs) for the composite of seven riffle
tpansccts located in the Fort Benton study area (Figure 27). Therefore, 104.8 md/s
(3700 cfs) is the flow Tecommended to maintain wetted perimeter of the riffles at
the inflection point. This flow is recommended for the Fort Benton gaged reach
of the Missouri River from the confluence of Highwood Creek to the confluence of

the Marias River.

Eor the Cow Isiand rviffie transects, the WETP program was calibrated to
field data coliccted at flows of 382.3 (13,500), 250.1 (8830}, 232.2 (8200) and
160.3 m3/sec (5660 cfs). The inflection point on the wetted perimeter discharge
relationship occurs at 133.1 cms (4700 cfs) for the composite of three transects
located in the Cow Island riffle (Figure 28). Therefore, 133.1 cms (4700 cfs} is I

the flow recommended to maintain wetted perimeter at the inflection point.

This fiow is recommended for the Robinscn Bridge gaged reach of the Missouri
River from the confluence of the Judith River to Fort Peck Ressrvoir.

The Missouri River upstream from the confluence of the Judith River is the
source of most of the water downsiream from the Judith., Adequate flows in this
reach arc necessary to maintain riffles in the Robinson Bridge gaged reach. The i
reach of the Missouri from the confluence of the Mariss River to the confluence of
the Judith River is gaged by the Virgelle USGS station, DBased on calculations
made from USGS data gathersd at the Virgelle and Robinson Bridge gage statlonms,
it was determined that the Missouri River at Virgelle contributes 91.6 psrcent of
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the mediap flow of the Missouri piver at Robinson Bridge during the base flow
period from September 1 through late March. Therefore, a flow of 121.9m [sec
{4305 cfs} is recomnended for this reach.

Flow recommendations for riffle maintenance are:

Missouri River Reach Flow Recommendation

confivence of Belt Creek to confluence of Marias River 104.8 mifsec (3700 cfs)
Confluence of Marias River to confivence of Judith R 121.5 m?/sec {4305 cfs)
‘wnfiuence of Judith River to Fort Pack Reservoir 133,1 n”/sec (4700 cfs}

The wetted perimeter viffle maintenance flows may not be adequate during the
carly portion of the runcff period from late March through May 18. Sauger, walleye,
northern pike and other early spring spawners probably require 2 higher flow for
spawning, but their flow requirement was not assessed during this study. Since
this assessment was not made, the tiffle maintenance flow is recommended umtil the
paddiefish migration flow recommendation commences on May i9.

Summary of Minimum Instream Flow Reguirements

Assessed minimum instream flows for the middle Missouri River arve given
according to the seasonal schedule in Table 33. These are the flows necessary
for the species with the highest requirements for that particular season. Using
the Robinson Bridge gaging station as an example, it is evident the instream flows
requested are less than the median flows (Figure 29). The median flow provides
2 measure of water availability during 2 normal or typical water year. The
medizn is the flow that is exceeded in 5 of 10 years or, in other terms, in 5
years out of 10 there is more water than the median flowing in the river.

Table 33. The schedule of the assessed minimum instream flows for the middle
Missouri River.

Assessed
Minimum Instream Flow
Pericd Gage S5t. n-/s cfs Concept Based on
Sept. 1-May 138 Ff Benton 104.8 1700 Wetted perimeter/inflection
Virgelle 121.8 4305 point of riffies
Lobinson Br  133.1 4760
May 19-July 5 Ft Benton 315.6 11,284 Paddlefish migration flows
Virgelle 396.5 14,000
robinson Br  433.4 15,302
Z4 hours between Fi Benton £14.6 21,700 Maintenancs gf channel
May 19-July 5 Virgelle 606.1 21,400 morphology
pobinson Br  664.6 23,466
July 6-August 31 ¥t Benton 127.5% A500 Mazintenance of side channel
Virgelle 152.9 5400  water levels above threshold

Robinscon Br 164.5 5800 value.
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Appendix Table A. An example of relative importance {RI) calculation for
food habits analyses.

Exampie:

Te ecaleulate the relative imporitance (RI) for a food item inm a diet,
first find the sbsolute impertance [AI}.

i. AT = % occurrence + % numbers + % volume
{found in dist)

The percent of occurrence of each food item is simply the percentage of
fish which consumed that particular food item. The average percent composition
by number and velume is the average mumber or volume of that food item in the
sample divided hy the average total number or volume of all the food items in

that sample, expressed as a2 percentage,

1f,
Al item a = 2
Al item b = 6
ATl itemc = 1

The RI for a particular food item is obtained by summing the numerical
percentage, volumetric percentage and percentage of cccurrence of the food item
in the diet, then dividing by the summation of all the food items in the diet.

Then, "
RI = 100 Ala/
2 g::i_ Ala

{Where a = foud item 2 3
fnn = pumber of different food types]

= 100(2)#{2+6+13
= 20045
RI_ = 22.2
a
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Appendix Table C-1. Catch rates {number of fish per seine haul) of forage fish
species in side channsl 1 (Fort Benton sectiom) of the
middle Missouri River, 1880,

Early August

)

Carp

Flathead chub

Lake chub

Emerald shiner

Hestern silvery minnow
Fathead minnow
Longnose dace
Suckersd/

i ot

®

"

e TR A IR B S B P W
It L0 R BRI B R IS

bt e

Number seine hsuls 2
Range of catch 22-148

2/ This group was not separated inte shorthead redhorse, white and longnose
suckers.

Appendix Table C-2. Catch rates (number of fish per seine haul} of forage fish
species in sids channel 2 (Fort Benton section) of the
middle Missouri River, 19RO,

Late Early Late Late Late
o July August August  Sept. Qctoher
Carp G.75
Lake chub 8.2 1.0
Flathead chub 4.6 0.3 0.3
Emerald shiner 1.0 1.5 0.7
Fathead minnow 45.3 0.7 2.3 2.5
Longnese dace 4.2 17.¢ 10.3 4.3 4.0
smallmouth buffalc 5.8
Suckersa/ 34,2 25.3 5.3 2.0 1.0
Yellow perch 0.3
Larvae 3.8
Number scine hauls 4 4 3 3 4
Range of catch 51-210 22-10% 2-33 1-12 1-20

a/ This group was not separated into shorthead redhorse, white and longnose
suckers,

87



Appendix Table C-3. <Catch rates (number of fish per seine haul) of forage fish
species in side channel 3 (Loma Ferry section) of the middle i
Missouri Hiver, 1580.
Late Early Late Late Late l
July Aug. Aug. Sept. Oct.
Carp 0.7 .7 i
Flathead chub a.7 31.0
Emeraid shiner 1.2 6.0 3.0 2.5
Western silvery minnow 32.7 i1.5 2.0 i
Fathead minnow 53.0 12.6 31.0¢ .5 G.5
Longnose dace 5.7 4.0 3.5 0.5
fiver carpsucker i.0
Smailmouth buffalo 10.8 7.0 2.7 0.5 !
Bigmouth buffalo 1.2 g.7
Suckersa/ 16.3 13.3 8.7 5.0
Pumpkinseed G.4
Yellow perch 4.2 G.7 4.7 i.4¢
Larvae 22.5
Number seine hauls 4 3 3 2 2
Hange of catch 37-252 50-71 105-197  23-25 i-5
a/ This group was not separated into shorthead redhorse, white and lopngnose I
suckers.

Appendix Table C-4, Catch rate (number of fish per seine haul) of forage fish
species in side channel 4 (Loma Ferry section) of the .
middie Missouri River, 1980,

iate Early Late Late Late
July Aug. Aug. Sept. Oct,
Goideyo 0.3
Flathead chub 1.4 V.7
Emerald shiner 4.8 16.0 3 G.3
Western silvery minnow 1.0 2.3 58 5.7
Fathead minnow iZ2.8 8.7 0.3
Longnose dace 0.4 il.g 5 15.0
Suckersd/ 11.0 28.0 7 6.7
Yellow perei 16.6 2 3.2
Walleye 1.3 1
Larvae 3.6
Mumber seine hauls 5 3 1 3 4
Range of catch B-94 62-154 - 11-33 a-1

a/ This group was not separated into shorthead redhorse, white and longnose suckers.

BE




appendix Table C-5. Catch vate {number of fish per seine haul) of forage fish
species in side channel 5 (lLoma Ferry section} of the
middie Missouri River, 198O,

Late Early Late Late
July Bug. Aug. Sept.
Flathead chub 4.9 38.7 14.4
Pmerald shiner 14.9 5.0 0.4 0.8
Western silvery minnow 0.3 8.2 20.5
Fathead minnow 1.1 6.3
Longnose dace g.1 20.0 6.8 G.8
Smallmouth buffalo 0.4
Suckersz/ 6.7 12.¢ 15.4 1.2
Yellow perch 0.8
Larvae 2.3
Number seine hauls 7 3 5 4
fange of catch 3-64 66-101 16-104 2-B0

a/ This group was not separated into shorthead redhorse, white and longnose
suckers.

Appendix Table C-6. Catch rate (number of fish per seine haul) of forage fish
species in side channel & (Loma Ferry section) of the
middie Missouri River, 1980,

Late Early Late Late
July Aug. Aug. Sept.
Larp 0.4
Flathead chub 1.7 35.2 38.5 7.8
Emerald shiner 14.7 1.0 0.5 2.5
Hestern silvery minnow 4.3 B4.4 12.0 21.2
Fathcad minnow .3 6.4 1.2
Longnose dace 17.2 30.7 4.2
Smallmouth Buffalo 0.8 1.2
Suckersd/ 12.3 20.2 $7.5 6.2
Number seine hauls 3 5 & 4
Ranpge of catch i8-35 16354 24-386 4-1%0

a/ This group was not separated into shorthead redhorse, white and longnose
suckers.




Cateh rvate (number of fish per seine hzul) of forage fish
species in side channel 7 {(Judith Landing section) of the middle

Missouri River, 1580.

Early late

Jul July
Geldeye 0.3
Flathead chub 21.3 8.8
Lake chub 8.7
tmerald shiner 9.3 0.5
Western silvery RINDOW i1.5 0.7
Fathead minnow 1.8
Longnose dace 0.8
Suckers?/ 2.8 2.5
Yellow perch 0.2 G.2
Larvae 8.2
Number seine hauls 5 &

11-107 827

Range of catch

a/ This group was not separated

inte shorthead redhorse, white and longnose suckers.

‘Appendix Table C-8.

Catch rate (number of fish per seine haul) of forage fish
species im side channel & {Judith Landing section) of the
middie Missouri River, 1980.

Early Late Early

July July September
Joldeve 2.3
Carp 3G.0 15
Fiathead chub 3.0 27.5 42
Emarald shiner 3.5 3.5 44
Western silvery minnow G.5 0.5 25
Fathead winnow 45.5
Longnose Jdace 7.5 14
Smallimouth buffalo i
Bigmouth buffaie 1.5 1
Suckersd/ 56.5 1.5 30
Number seine hauls 2 2 1

12-210 33-11G -

flange of catch
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Appendix Table C-8. C(atch rate (number of fish per seine haul) of forage fish
species in side channel 9 (Cow Island Section) of the
middle Missouri River, 1980.

Barly Late Early
July July September
Goldeye 0.2 12.0
Flathead chub 2.8 61.8 2.0
Emerald shiner 1.8 3.8
Hestern silvery minnow 1.8 0.6 2.5
Longnose dace 6.2 7.5
Suckersa/ 0.8 6.0 6.5
Yellow perch 0.2 0.5
Larvae 1.2
Number seinc hauls 5 4 2
2-15 25-200 i-9

Range of catc

a/ This group was not separated into shorthead redhorse, white and longnose
suckers.

Appendix Table C-1G., Catch rate (number of fish per seine haul) of forage fish
species in side channel 11 (Robinson Bridge section) of the
middle Missouri River, 1920.

Early Late Early
July July September
Goldeve 2.2 dJ.5
Carp 0.2
Flatheod chub G.0 4.5 248
Emerald shiner 5.2 1.8
Western silvery minnow 1.8 0.5 15.5
Fathead minnow 1.0
Longnose dace 0.4 0.5 0.2
Suckersﬁf 0.5 12.0
Larvac 5.2
Mumber seine hauls 5 2 4
Range of catch §-316 1-11 14-839

a3/ This group was not separated into shorthead redhorse, white and longnose
suckors.,
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Appendix Table C-11. Catch rate (number of fish per seine haul) of forage fish
species in side chamnnel 12 (Robinson Bridge section) of
the middle Missouri River, 1580,

Early Late Early
N July Jul September
Goldeye 6.5 0.8
Filathead chub 0.8 15.6 2.7
Emerald shiner 2.5 0.6 1.6
Western silvery minnow 28,8 7.8
Fathead minnow 2.5
Longnese dace 2.5 c.6 2.0
Suckersd/ 0.6 3.0
¥Yellow perch 6.2
Larvac 8.5
Number seine hauls & 3 3
Range of catch T-137 5-439 1-13

a/ This group was not separated into shorthead redhorse, white znd longnose
suckers.
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Appendix Table D-1. Catch rates (number of fish per seineg haul} of forage fish
species in the Morony Dam section, middle Missouri River
during late July-early September 1979,

Main Main

Channel Channel

Border Pool Backwater
Carp 1.0
Flathead chub 1.5
Lake chub 1.3
Emerald shiner 1.5 34.2 11.0
Plains minnow 0.5
Western silvery minncw 76.7 4.5
Fathead minnow 1.2
Longnose dace 40,5 15.0 44.0
Shorthead redhorse 9.5 34.5 5.7
Longnose sucker 1.4 4.7 3.8
White sucker 4,5 14.7 57.8
Ave. CPUBES 57.0 187.1 129.0
Range 51-63 23-3G0 18-360
Number of seine hauls 2 6 5

i/ Catch rate - catch per unit effort

Appendix Table b-2. Catch rates (number of fish per seins haul)} of forage fish
species in the Carter Ferry section, middle Missouri River
during late July-early September 1579.

Main Main

Channel Channel

Border Pool Backwater
Mountain whitefish 0.2
Carp 2.2
Flathead chub 0.2 0.5
Lake chub 0.2
Emerald shiner z.8 3.8
Plains minnow 0.2
Western siivery minnow 3.2 2.0
Fathead minnow 21.5 85.5
Longnose dace i7.5 32.2 3.8
Shorthead redhorse 2.0 35.7 26.8
Longnose sucker 4.2 6.2 6.2
White sucker 4.8 2.1 2.5
Yellow perch 2.2
fown dartor 9.2

P V)

Ave. DPUES 60.0 86.3 149.4
Runge 11-11G g.352 24-300
Number of scine hauls 4 & 4

i/ Cotch rate, catch per unit effort
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Appendix Table D-3. Catch rates (number of fish per seine haul) of forage fish
species in the Fort Benton sectiom, middle Missourl River

during late July-early September 1979.

Main Main Side

Channel Channel Channel

Border Pool Pool Backwater
{arp 3.8 1.4
Filathead chub 3.4 2.4 5.3
Lake chub 1.1
Emerald shiner 3.2 5.6 4.2 15.8
Western silvery minnow 9.6 2.8 34.0
Fathead minnow 3.2 15.0 15.6
Longnose dace 1.8 B9.8 13.8 7.1
Shorthead redhorse i.B 50.2 32.8 42.2
Longnose sucker 5.0 25.8 14.5 17.0
White sucker 0.5 5.0 0.2 5.0
Yellow perch 0.4 1.8
ave. cruit 12.3 154.0 89.1 150.3
Range 5-25 47-428 13-300 19-300
Number of seine hauls 4 5 4 9

1/ Catch rate, catch per unit effort

Appendix Table D-4. Catch rates (number of fish per seine haul) of forage fish
species in the Loma Ferry sectionm, middle Missouri River

during late July-early September 1575.

Main Main S5ide

Channel Channel Channel

Border Pool Poecl Backwater
Carp 3.3 2.0 5.2
Flathead chub 21.95 43.4 6.6 1.0
Lake chub 0.2
pmeraid shiner 1.6 25.4 13.8 6.4
Plains minnow 6.2
Western silvery minNNow 18.% 1.6 9.2
Fatheood minnow Gg.8 4.6 g.6 1.6
Longnose dace 25.3 11.7 5.5 46.8
River carpsucker G.1 1.2
Shorthead redhorse 6.4 36.9 31.0 24.9
Longnose sucker 7.5 5%.0 0.6 1.2
White sucker 0.4 0.2 8.2
Stonecat G.1
Sauger 0.4
ave. crust? 80.9 195.7 68.8 96.8
Range 9-300 12-300 27134 34-200
Mumbey of seins hauls S 7 5 5

17 Catch rate, catch per unit effort.

94




Appendix Table D=5, Catch rates {number of fish per seine haul) of forage fish
species in the Ceal Banks section, middie Missouri River
during late July-early September 1873,

Main Main Side Side

Channel Channel Channel Channel

Border Pool Chute Pool Backwaters
Mountain whitefish 0.2
Carp 0.1 5
Filathead chub 56.5 20.3 5.0 8.5 45
Lake chub G.4 0.5
Emerald shiner 9.7 7.4 7.0 45
Western silvery minnow 1.0 4.6 1.G 135
Fathead minnow i5
Longnose dace 1.0 23.7 10,0 5
#iver carpsucker 0.3 2.4 3
Shorthead redhorse 5.4 22.0 8.0 1.5 28
Longnose sucker 35,6 40,7 6.0 2
Sauger i
Mottled sculpin 0.1
wve. crupt/ 126.0 118.4 20.0 27.5  284.0
Range 9-300 &-360 7-33 8-47
Number of seine hauls 10 7 2 2 1

1/ Catch rate, catch per unit effort.

Appendix Table D-6, Catch rates (number of fish per seine haul) of forage fish
species in the Hole-in-the-Wall secticn, middie Missouri
River during late July-early September 1979.

Main Main 3ide Side

Channel Channel Channel Channel

Border Pool Chuts Fool Backwaters
Goldeve 0.2
Carp 0.2 0.1 0.4 72.0
Flathcad chub 6,2 38.58 54.5 38,4 17.0
Lake chub 2.0 g.3
tmerald shiner 3.5 2.5 1.3 4.6 27.0
Western silvery minnow 0.2 8.0 G.8 20.2 2.3
Fathead minnow 6.0
Longnose dace 14.1 25.6 £.5 5.0 17.7
River carpsucker i.4 0.8 2.0 3.3
Shorthead redhorse 4,0 i6. 4.0 25.2 55.7
Longnose sucker 1.0 4,9 3.4 al.7
#hite sucker 0.4
Stonecat g.1 0.2 0.2
Sauger 0.2 1. 1.8 1.3
ave. crunt/ 29.5 104.6 66,1 101.4 264.3
Ranpe 3-85 15-231 6-193 11-293 36-504
Number of soine hauls il 5 4 5 3

i/ Catch rate, catch per unit effort.




Appendix Table D-7. Catch rates (number of fish per seine haul) of forage fish
species in the Judith Landing section, middle Misscuri
River during late July-early September 1975.

Main Main Side

Channel {hannel Channel
- Border Pooi Pool Backwaters
Goldeye G.5
Carp 1.0 40.5
Fiathead chub 5.8 9.5 85.0 78.5
Lake chub 1.0 1.0
Emerald shiner 2.5 2.5 18.¢ 70.5
Western silvery minnow 0.2 5.0 50.5 23,5
Longnose dace 4.8 0.5 5.0 4.5
River carpsucker 5.5 22.5
Shorthead redhorse 0.2 3.5 20.0 16.0
Longnose sucker 2.2 43.5 52.5
Stonecat 4.2
Sauger 3.0

F

Ave. CPuE 16.0 21.0 233.5 311.0
Range 6-38 1G-32 201-266  302-313
Number of seine hauls 5 2z 2 2

1/ Catch rate; catch per unit effort.

Appendix Table D-8. Catch rates {(pumber of fish per seine haul) of forage fish
species in the Stafford Ferry section, middle Missouri River
during late July-early September 1579.

Main Main

Channel Channel

Border Focl Backwaters
Carp G.1 G.5
Flathead chub 2.4 21.0 2.0
tmerald shiner 2.3 5.9 54.5
Western silvery minnow 7.2 10.0
Longnosce dace 0.6 1.4
River carpsucker g.1 4.5
Shorthead redhorse 2.7 3.9 5.5
Stonecat 0.3
Sauger 0.2
ave. cruc! 8.3 35.8 163.0
Range 2-17 4-73 80-136
Xumber of seine hauls 7 9 2 i

1/ Catch rate, catch per umit effort.
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Appendix Table D-9. Catch rates {(number of f{ish per seine haul] of forage fish
species in the Cow Island section, middle Misscuri River
during late July-early September 1579.

Main Main Side S5ide

Channel Channel Channel  Channel

Border Fool Chutse Pocl Backwaters
Goldeye 5.6
Larp 8.2
Flathead chub 3.9 1G.86 3.% 2.5 ig.5
Sickliefin chub (.4 0.% G.3
Pmerald shiner 22.2 32.0 2.3 6.7 24.2
Western silvery minnow 2.8 58.9 3.2 7.3 42.4
Longnese dace 2.1 .1 0.2
River carpsucker g.1 0.2 3.6
Sherthead redhorse 0.4 3.2 1.6
Longnose sucker 0.7 2.3 0.2 0.4 2.5
Channel catfish Gg.1
Stonecsat 0.1
Yellow perch 0.8
Sauger G.4 0.8 .1 1.3 0.1
Ave, C?EEE; 30.9 106.0 5.5 13.2 S1.4
Range 2-202 14300 1-24 2-32 23-237
Mumber of seine hauls 14 5 g 21 4

1/ Catch rate; catch per unit effort.

Appendix Table D-10. Catch vates (number of fish per seine haul) of forage fish
species in the Robinsen Bridge section, middle MissouTi
River during late July-early September 1879.

Main Main Side Side

Channel Channel Channel Channel

Border Pocl Chute Pacl Backwaters
Goldeyo 0.2 0.8 440.5 1.4
Carp 1.0
Fiathend chub 11.3 12.2 5.7 7.5 1.4
Sickiefin chub 1.6 0.7
tmoratd shiner 4.2 1.8 33.7 5.0 36.9
Bioins minnow 0.2 2.5
Western silvery minnow 0.6 5.4 .7 12.8 1i.5
Longnose duce Gg.2 0.1 2.7 0.2
River carpsucker 0.2
Shorthesd redhorse .1 1.4
Longnose sucker 0.3 G.4 8.7 5.5 0.5
Channel catfish g.1
Sauger 0.3 2.2 3.2
Mottlied sculpin G.1
Ave. CPUL~ 19.3 34.2 46.5 82.2 51.9
Range 1-108 2-85 7-107 12-178 3-103
Number of seine hauls i3 9 3 4 g
1/ Catch rate; catch per unit effort.




Appendix Table E,

Distribution of sauger stomach samples collected for
different length groups and study reaches in the
middle Missouri River from August 19 through
November 7, 1984,

forony Bam
Carigr & Farry

Fort Banion
Loms Ferry

Loma Farry
Coat Banks

Sections beiow

Seciions Sactions Sections Cogi Banks
<249 T Lt | (111
250-299 {ﬁ:j ﬁ E [ISCNEE P
300-329 Lt L i 11
330-359 Ak L1 LHA L | Lt i
360-399 O b ATa ey X1
Tt it L Lt
Z 400 ‘?i: 1;";’; i [ITTEY 5
Mumber of 88 47 31 19

Saugar sampied
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Appendix Figure A, Hydrographs of the Misscuri River for 1979 and 1980 at the
USGS gaging station located zt the Fred Robinson Bridge
(Robinson Bridge section). (USG5 1979 and 1980).
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Appendix Figure B-1 . Movement pattern of individual radic-tagged paddle-

fish in the lower reach of the middie Missouri River
during 1980; included are dates of movements, size
and sex of fish.
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Appendix Figure 8.2 . Movement pattern of individual radio-tagged paddle-

£ish in the lower reach of the middle Missouri River
during 1980: included are dates of movements, size
and sax of fish.
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Appendix Figure §-3 . Movement pattern of individual radio-tagged paddie-

fish in the lower reach of the middle Missocuri River
during 1980; included are dates of movements, sSize
and sex of fish,
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Appendix Figure B-4 . Movement pattern of individual radio-tagged paddle- i

fish in the lower reach of the middle Missouri River
during 1980: included are dates of movements, size
and sex of fish.

104




it LT %)
E % o z >
< 2 52220888 2208 8 3 =o0
B
- o
= =
%
[+]
Wi
-
‘s?,
o
”%e L
b 9
3,
%
% "
C’O
3
=3
£
@
-
g o
(E =5
A
7
[:]
o
o
¥4 - .
or
(A2
==
122
: 3
- 2
%
T
e
-
Ll
L [
& m
Ll
=
-1
o
b g
% H
dé%

Movement pattern of individual radic-tagged paddle-
fish in the lower reach of the middle Missouri River
during 1980; included are dates of movements, size
and sex of fish.

Appendix Figure B-5 .
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Appendix Figure B-6 . Movement pattern of individual radio-tagged paddle-

£ish in the lower reach of the middle Missourl River
during 1980; inciuded are dates of movements, size
and sex of fish.
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Appendix Figure B-7. Movement patiern of individual radio-tagged paddie-
fish in the lower reach of the middle Missouri River
during 1980; included are dates of movements, size
and sex of fish.
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Movement pattern of individual radio-tagged pgdd;em
£ish in the lower reach of the middle Missour: River
during 1980; included are cates af movemenits, size
and sax of fish.
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Appendix Figure B-9. Movement pattern of individual radio-tagged paddle-
fich in the lower reach of the middle Misscuri HRiver
during 1280; included are dates of movements, size
and sex of fish.
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Appendix Figure B-10 . Movement pattern of individual radic-tagged paddie-

fish in the lower reach of the middle Misscuri River
during 1980, included are dates of movements, size
and sex of fish.
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Appendix Figure B.11. HMovement patlern of individual radio-tagged paddle-
fish in the lower reach of the middle Missouri River
during i980; included are dates of movements, size
and sex of fish,
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