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ABSTRACT

An instream flow study was conducted on a 34 kilometer reach of the Marias
River below Tiber Dam from March through November 1983, Relationships between
the habitat conditions of selected fish life cycles and flow levels were deter-
mined., The aquatic macroinvertebrate communities were studied to correlate
their distribution and abundance with mountain whitefish food habits.

Although several species of warm water fish were sampled in low numbers,
water temperature monitering indicated this stretch of river is most suitable
for a cold water fishery.

Mountain whitefish was the most numerous fish species found in the river.

4 population estimate completed in the spring of 1982 indicated a standing crop
of 337 mountain whitefish {age 11 and older) weighing 90.5 kg per 300 m was

found in a typical study section in the Marias River below Tiber Dam. Age and
growth comparisons with other Montana river whitefish populations indicate white-
fish growth rates and sizes are exceptional in the Marias River.

Rainbow trout were the most prevalent species of trout, but were found in
low numbers throughout the study area, Age and growth analyses indicated ex-
cellent growth rates. Water releases from Tiber Dam during portions of the low
base flow pericd have probably been below the minimum level required to maiatain
adequate instream flow for development of a good trout fishery in the river be-
low the dam.

Seasconal spawning migrations of shovelnose sturgecon, bigmouth and small-
mouth buffalo and blue suckers fromthe Missouri River were monitored in the study
area. There was considerable use of the study area by these migratory fish,
and the initiation of their use was correlated with rising spring run-off flows.

Minimum instream f£low recommendations were based on maintenance of riffles
and pools, providing adequate flows for secure Canada Goose nesting, and providing
high flows for sustaining migratory fish spawning runs in the Marias and Missouri
rivers and maintenance of channel morphology.



INTRODUCTION

The Marias River is the largest tributary entering the Wild and Scenic
segment of the Missouri River. The Wild and Scenic segment is administered by
the Bureau of Land Management (BLM). Because it contributes a significant
amount of flow and bedload material, the Marias not only has an effect on the
physical features of the Missouri, but it also influences its fish fauna. Berg
(1981} reported large numbers of shovelnose sturgeon, sauger, bigmouth and small-
mouth buffalo and blue suckers migrate from the Missouri to spawn in the Marias
River,

In addition to infivencing physical and biological characteristics of the
mainstem Missouri, the Marias contains substantial resident fish, wildlife and
recreational values. Five years after the Marias River was impounded at Tiber
Jam for flood control, Posewitz (1962) reported that a substantial cold water
fishery was developing in the river below the dam. Gardner and Berg (1982) sur-
veyed the fishery in the 105 km reach of the river from Tiber Dam to the confluence
with the Missouri River and reported an excellent mountain whitefish population
existed in a 30 km reach below the dam along with a moderate rainbow Lrout popu-
lation. For the remaining 95 km reach, sauger was the predominant sport fish,
occurring in high numbers. These studies indicate the present and potential
fisheries values of the Marias River.

The BIM is the principal land cwner along the corridor of a 34 km reach
ol the Marias River below Tiber Dam. Within this corridor, the BLM controls
approximately 7 km of riverfront land. The remainder of the bottomland within
the corridor is privarely owned. The BLM was concerned with management of its
lands adjacent to the river and determining the instream flows necessary for
maintenance of a variety of resource values within this area. The Montana
Department of Fish, Wildlife and Parks (MDFWP) was also concerned with maintain-
ing fish and wildlife values of the area. Therefore, it was decided that the
BLM and MDFWP would cooperate to determine the instream flow requirements for
the fishery and waterfowl within this reach.

This study, funded by the BLM and conducted by MDFWP, was initiated on
March 1, 1982,

DESCRIPTION OF THE STUDY AREA

The study area consists of a 2% kn reach of the Marias River in northcentral
Montana from Tiber Dam near Chester to the Circle Bridge at Highway 223 (Figure
1}). The hydrogeology of the Marias Basin has been described thoroughly by Garvin
and Botz (1975). The drainage area's geology has been influenced by past gla-
cial activities from both alpine and continental glaciation. Therefore, much
of the ground strata is a mass of consolidated gravels, sand, silt and clayv,
There does not appear to be a great amount or types of geologic formations suit-—
able for an extensive groundwater supply; consequently, the water rumoff storage
tapacity within the ground stratra is probably limited.
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At the head of the study reach is Tiber Dam, which impounds a reservoir s
with a storage capacity of 1,555,898 acre ft (Figure 2). The reservoir was
Ccompleted in 1956 to provide flood contrel, irrigation, recreational uses and
municipal water supply. The possibility of hydroelectric power generaticn is
Ccurrently being considered. Its actual uses, however, have been principaliiy
iimited to flood control, 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 runoff in the Marias River helow
Tiber Dam has been reduced since the dam was constructed, while flows during the ;
fall and winter have been augmented {(Missouri River Basin Commission 19783,
Stober (1962) reported that the effects of cold water releases from Tiber Dam on
the temperature regime of the Marias River were manifested as thermal constancy
along with reduced summer water Lemperatures. He reported these effects were

evident at least 38 kilometers below the dam.

Water quality of the Marias River in this reach is similar to the Missouri
Riyer at Virgelle, Montana, Conductivity usually ranges from 500-600 micromhos/
e and bicarbonate alkalinity ranges from 150-200 mg/1 (Carvin and Bots 1975).
Suspended sediments carried by the river are greatly reduced because of Tiber
Reservoir {(Stober 1962). The river meanders through a floodplain ranging from
i-Z km wide, flanked on the sides by steep buttes up to 60 m high., River gradients
are gradual and the channel in many places is wide and shallow. The channel bot -
tom throughout the study area is generally comprised of small cobble in the swift
current areas. The reach of river below the confluence of Pondera Coulee, an
intermitfent tributary, has a greater amount of sedimentaticn within the gravel
substrate. Bank vegetation cover is limited because of severe bank erosion.
Presently, water use of the Marias River below Tiber Dam is confined to irriga-
tion of approximately 2,104 hectares of small grain and hay-meadow fields. This
iryigation requires diversion of approximately 9.25 cubic hectometers (7,500 acre-
feet) of water annually (personal communication, Soil Conservation Service),

The study area was divided into three study sections to enable the results
©o be analyzed along a longitudinal gradient according to physical differences
setween the sections. The locatrions and dimensions of each station are presented

The Tiber Dam sectio is located immediately below the dam and extends 7.9
kir downriver to the Pugsley Bridge. Effects of the dam are most obvious in this
section. Because water releases from the dam are normally taken from the hypo-
limnion of the reservoir, water temperatures are cooler and the water is probably
*d by nutrients from the hottom. Wright (1958) observed a similar situation
: Missouri River below Canyon Ferry Dam. The result of this nutrient en~
of the river is the exceptional aquatic vegetation growth found in the
agnnel. Immediately below the dam during the summer, large amounts of
cus green algal mats (mostly Cladophora) form in the river channel and
amounts of rooted Potamogeton {pondweed) develop in backwaters and pools,
down river, substantial amounts of Chara (Stonewort) grow throughout the
ver channel in large shallow pools in addition to the aquatic vegetation pre-
vicusly mentioned. Smith (1950) described Chara as thriving in clear, hard
waters wilch are characteristic of this study area.

prad

The Pondera Coulee section, located between the Pugsley and Moffar bridges,
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Table 1. Locations and stream gradients of Marias River from base of
Tiber Dam to Circle Bridge.

Study Section Approximate River Elevation wwadient  COradient
Location kin meters-msl m/ km fr/mi

Tiher Dam Base Tiber Dam Q 861.0
TI0N RS5E Sec. 33
Pugsley Bridge 7.9 856.5 0.70 3.7
T28N RSE Sec. 11

Pondera Coulee  Moffat Bridge i8.4 847.3 0.87 4.6
T29N R6E Sec. 17

bugout Coulee Circle Bridge 33.7 837.3 0.66 3.5

TZ2GN R6E Sec., 24

extends 10.5 km, Tilis section is similar to the Tiber Dam sectien except the amount
C aguatic vegetation is substantially reduced. Pondera Coulee, which enters in

the unper third of the section, usually flows heavily with turbid water in the

resulting from snow melt on the prairies. The effect on the Marias below
luence of Pondera Coulee is a decline in water clarity and increased

the river channel. This environment is noticeably less favor-

growth of aquatic vegetalion,

o3

lowest study section, Dugout Coulee, 15.3 km in length, has a reduced
especially in the lower third of the section where increasingly wide
are apparent.

METHODS

wWartery Temperature

Thirty-day continuous recording thermographs were used to menitor water tem-—
; The recorder box was positioned on the streambank. A thermocouple

in lengih from 8-Z3 m, was extended into the water through flexible
pipe.

Macroinvertebrates

hbyuvatic macroinvertebrate samples were taken using a rectangular framed
20245 cm oconical kick net sampler with fine mesh (300 micron} pores. The net was
itioned on the streambed so the current flowed into it. HMacroinvertebrates
wers washed into the net by a person standing in front of the net kicking into
substrate. All samples were collected in riffle areas comprised of similar
Samples were transferred to jars containing




an identifying label and preserved with 2 solution of 10 percent formaldehyde.
in the laboratory, the samples were washed on a US Series No. 30 screen.
Material retained by the screen was transferred to an enamel sorting pan where
the organisms were separaled from other debris. Macroinvertebrates were identi-
fied to the lowest taxon practical using taxcnomic keys by Edmondson (19393,
Merrivt and Cummios (1978), Baumann {(1977) and Pennak (1933).

Young-of~Year Fish and Minnows

Young-of~the-year (Y0Y) fish and minnows were sampled with a 15.2x1.2 m
beach seine with 3.2 mm square mesh. The seine was operated by two persons and
worked in as many different habitat types as the current and bottom characteris—
tics allowed. Gollected fish were identified, and associated habitat type was
recorded. All comparisons between study areas or habitat types for fish sampled
by seining were based on catch per unit effort. A mobile electrofishing system
was used Lo sample YOY northern pike and rainbow and brown trout along the chan-
nel borders, This system consisted of 2 hand-held mobile positive electrode, a
stationary negative electrode flecated beside a small jon-boat and a portable 3,000
watt, Z20-volt AC generator. A Coffelt VVP-10 rectifying unit was used to change
the alternating current to pulsed direct current. The electrofishing system was
carvied in a2 4.2 m aluminum beat,

Adult Tish

Adult fish were collected by boom electrofishing in & 4.2 m fiherglass beat
powered by a 35 hp outboard motor equipped with a jet propulsion lower unit (Fi-
gure 33. Fish captured were measured to the nearest mm in total length and
weighed to the nearest 10 g. Sex and spawning condition (gravid, ripe or spawned)
were vecorded for fish captured during their spawning season. Scales of sport
fish were Laken from the area between the dorsal fin and lateral line. Mountain
whiteiish were marked with a fin punch through the lobe of the caudal fin during
,rkirecapture population estimates.

1

Fish Population Estimates

Population estimates for mountain whitefish in the Pondera Coulee section
were made using the Pete sen mark/recapture formula as modified by Chapman {1951):

(M+l) (C+l)

Where: N= population estimate
M= pumber of marked fish
C= number of fish in the recapture sample
R= number of marked fish in the recapture sample

and recapture runs were needed to cellect an adeguate sample
two weeks was allowed before recapture runs were made.

Standing crops, age structures, mortality rates and confidence limits were

computed using methods summarized by Vincent (1971 and 1974).

[



L]

ing was done from a 4

trofish

iec

A




Age and Growth Analysis

Impressions of the scales were made on cellulose acetate slides and examined
on a scale projector at magnifications of 30X and 70X. Annuli measurements for
baclk calculations of age and growth were made from the center of the focus of
ecach scale along the central radius to rhe anterior edge of the scale. Calcula-
tions of length at previous annuli for fish 0-10 years old were made at the
Montana State University computer center using a modified version of FIRE 1, an

3 S

age and growth analysis program. This program employs the Dahl Lea, Rosa Lea
and corrected Rosa Lea linear back calculation equations and the Monastyrsky
logarithmic equation (Tesch 1971). FIRE 1 was also used to summarize empirical
data concerning length, weight, percent composition and condition factors of
assigned age groups. It also calculated length-weight and length-scale radii
relationships. Condition factors (KTL) were calculated by the formula:

Kpy = w;;;oS

L

Age and growth analyses were conducted on mountain whitefish, rainbow and brown
trout.

Mountain Whitefish Food Habits

Food habits were determined for mountain whitefish. The entire stomach was
extracted and stored in a labeled plastic package containing a 10% solution of
formaldehyde. tomach contents were sorted, identified and tallied. To facili-
ate @ measure of comparison of general importance of a food item, percent of
urrence, percent of total number and average volumetric rank were calculated.

ranking scheme was an approximate visual assessment of the food items based
ar their volumetric appearance. A volumetric rank of 5 indicated a food item

ieh ranked first in the sample in terms of volume content. This statistic en-
124 the food habits analyses to incorporate volume, an essential measure of

Inastream Flow Assessment

To evaluate the mir mum instream flow necessary for maintenance of important
Fish habitab areas in the Marias River, the wetted perimeter {WETP) hydraulic
simulation computer program was employed. This program is described in detail

v Nelson (1980). Using standard surveying techniques, water surf. » elevations
hree discharges were measured with a level and stadia rod (Figure 4). Channel
‘tes were measured at low flows using a range finder and fathometer in con-

iie
unction wirh the level and stadia rod.

!

ssed to evaluate instream flow requirements for Canada goose nesting
h flow period are described in the results section of this report.
nethods are an integral part of the result for each of these parameters,
and results are described together rather than in separate sections
.




Using standard surveying technigues, the river channel water
elevations were measured at a low, mid and high instream flow.
This information was then used by the computer hydraulic
simulation model fo predict the channel conditions at various

flows.

10



RESULTS

Water Temperatures and Flow Patterns

Water temperatures of the Marius River were monitored during 1982 using con-
tinuous recording thermographs located in the Tiber Bam and Dugout Coulee sections.
The Tiber Dam thermograph, located 5 km below Tiber Dam, was operative from July
20 through November 20, while the Dugout Coulee thermograph, located 33.7 km be-
iow Tiber Dam, was operative from March 30 through November 10. Five day averages
of maximum temperatures for each station are shown in Figure 5.

The maximum temperature recorded during 1982 at both staticns was 19.4 C
{67 F3y. At the Tiber Dam station, this temperature was reached on September 25,
The maxinum Lemperature at the Dugout Coulee station was recorded on July 29 and
Bt The highest maximum temperature at the Tiber Dam station was 169.4 0 {67 1)

urred on Seprtember 25, 198Z. Peak water temperatures occurring this late
spason are related to the operatvion of Tiber bam. From September 24 to
were changed from the low level cocol hypoliumion o

ser O, water
ser level warmer epilimpion.

fh& relatively cool temperatures recorded during this study period were due
ease of cold water frow the hypolimnion of Tiber Reserveir., The tempera-
: f@inded at both stations were suitable for good growth and survival of
cold water fish species, such as trout and mountain whitefish.

The normal pattern for water releases frem Tiber Dam during late fall to
sarly spring is to discharge appropriate amounts of water to maintain a reservolr
pool elevation of 907.1 m (2,976 ft - bottom of active conservation pool) yet
generally ﬁaiﬁfainiﬂg water releases at a minimum of 250 cfs (7.08 m3/s). Since
the fgsefvozf s chief function to date has been for flood control use, active
2 gins during the major run off periocd and is gradually released through-

£ summer. Summer water releases are generally targeted to being three times
the winter flow in order to evacuate the stored water {Bureau of Reclamation
personat communication - Appendix Table 1}.

The pattern @f flow releases from Tiber Dam for water year 1982 was not nor-
ma {?;g we 63, For several years immediately prior to this study, the water
tevel of Tiber Reservoir was held below normal operating water elevations while
extensive repairs were made on the dam. Beginning the winter of 19%7 -82, the
Bureau of Reciamation began filling the reserveir which contributed to the de-

ed flow releases from Tiber. The flow releases from the dam were substantially

in the flow into the reservoir from February 15 to May 20, 1982. The average

Ting the rveserveir during the months of March, April and May were 400 cfs

£ ow
111.33 milﬁtcig QLG cfs {26,627 m3/sec} and 2,261 cfs {64.89 mg/seg}, respectively,

ompared to the averaoe monthly flow releases from the dam, during this same perled
of 716 cfs {6 12 m /;ec) 241 cfs (6.83 m3/sec) and 964 cfs (24.10 m3/sec), r
arti The peaﬂ flow of 3,300 cfs (93.68 m3/sec) released from Tiber was

'LSb than the peak influent flow of 5,140 cfs (145.58 m /sec) Flow releases
after August 1 were essentially similar to inflow into the reservoir.

flow releases from November 1, 1981 to May 20, 1982 and from October
1982 through the winter of 1982-83 ranged between a 70 and 100 percentile
ndicating these were well below normal base flows.
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Macroinvertebrates

fguatic macroinvertebrate sampling was conducted st four stations on the
Marias River from early November 1981 through mid-July 1982, THe stations were
iocated at the Tiber Dam area, Pugsley, Moffat and Circle bridges., All stations
were sampled four times, once each during fall, winter, spring and summer.

4 total of 8,848 macroinvertebrates, representing il orders and at least
9 cenera, was collected during the study. The number of macroinvertebrates
liccred per kick sample ranged from 61 to 1,455 (Appendix Tables 4-7).
hemeroptera, Trichoptera, Diptera and Plecoptera comprised an average ol 56,
10 and 9 Z of the macroinvertebrates collected, respectively (Table Z).

37
Ll s
The average number of subordinal taxa ranged from 9.4 at the uppermost station,
Tiber Dam, and then increased downstream to an average of 22.1 at the lowermost

atation, Circle Bride

Table 2. Percent compoesition (by order) and average number of taxa

(in parentheses) of the aquatic macroinvertebrate communities

in the Marias River, November through July 1881-8Z,

Stations

Order Tiber Pugsley Moffat Circle
Plecoptera 4.5 (0.8} 12,5 (1.5} 12,8 (2.2} 5.6 (2.8}
fEphemeroptera 74.8 (2.5} 61.0 {4.5) 51.6 {5} 36.4 {5.5)
Trichopters 7.0 {2.5) 22.6 {4.2) 30.8 (4.5) 29.0 (6.8)
Diptera 12,2 (1.8) 3.5 {1.23 2.9 (1.5} i9.5 (1.8)
{Others 1.5 (1.8} .6 (2.0} 1.9 (2.8) 5.9 (5.2)
Total average
No. of subordinal
taxs 9.4 13.4 i6.0 22.1

Table 3 describes the distribution and diversity of macroinvertebrates
lected at each sampling site.
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Table 3. longitudinal distribution of aquatic macroinvertebrates in the
Marias River, November through July 1981 ~ 1982,

Stations

Tiber Pugsley Moffat Circle
Taxa Dam Bridge Bridge Bridge

Plecoptera
Capniidae
Laronareys
Isoperia
Tsogenoides
Claassenia
Chloroperlidae

%
& H k%
ok % %

Ephemeroptera
Baetis
Heptagenia
Rhithrogena *
Stenonema
Ephemerella
Tricorythodes
Choroterpes
Leptophlebia
Ephemera
Ameletus
Traveralla

ok % % F b %
% % %
o I S R A

Trichoptera
Chawmatopsyche
Hydropsyche
Glossosoma
Agraylea
Brachycentrus
Lepidostoma
Helicopsyche
Leptocerus

Oegotis

* % @&

]
¥ % % %
#*

LI T

*
#
E3

&

Diptera
Tipula
Sty lium
Chironomidae
" .
Chrysops

EE S S
*
%

Odonata
Ophiogomphus

Heteroptera
Corixidas



fable 3 continued.

Stations

Tiber Pugsley Moffat Circie

Taxn Hlam Bridge Bridge Bridge
Coleoptera

Iimidae * *
Oligochaeta ® * * ®
Gastropoda

Physa * * *

Gyranius *

Ferrissia
Pelecypoda ®
Amphipoda

Hyalalla * * * *

1/ Collected from a mountain whitefish stomach sample.




Plecoptera {Stoneflies)

The numerical percentage of stoneflies, averaging all sampling dates,
ranged from 4,5% at Tiber Dam to 12.87 at Moffat SHridge. Average numbers
of subordinal taxa ranged from 0.8 at Tiber Dam to 2.8 at the lowest

station, Circle Bridge.

4 toral of six subordinal taxa was collected in the study area, with
the greatest diversity exhibited in the lower two stations {Table 3). lsovperla,
the most widely distributed genus, was common at all sites. Isogenoides was
common only at the lower three stations.

Ephemerontera (Mayflies)

Mavflies were the predominant macroinvertebrate taxa sampled in the study
area., HNumerically, they constituted the greatest average percentages of the
macreinvertebrates sampled, ranging from 36/ at the lowermost station to 75%
at Tiber Dam. Their diversity was high with 10 genera sampled in the study
area. The average number of genera collected per sampling date ranged from
a low of 2.5 at Tiber Dam to 5.5 at Circle Bridge.

Bastis, Rhithrogena, Ephemerella and Tricorythodes were collected at ail
stations. Burrowing and sediment tolerant mayflies were sampled only at the
] three stations. DBecause of their habits, burrowing and sediment tolerant
ies were difficult to sample, and their numerical importance in the study
area was probably underestimated.

Trichoptera {Caddisflies)

Caddisflies were slso an important macreinvertebrate order, particularly
the lower three stations. Overall, they were the second most common order
area, in terms of average numbers of organisms sampled and di-
he numerical percentage of this order, averaging all sampling
nged from 7% at Tiber Dam to 31% at Moffat Bridge. The average num—
ubordinal taxa ranged from 2.5 at Tiber Dam to 6.8 at Circle Bridge.
line genera were sampled in the study area. Cheumatopsyche, Hydropsyche,
Giossosoma and Uecetis were distributed throughout the study area while
Lepidostoma, %elacepu,cbe aﬁd Leptocerus were confined to the lower end of
e study area.

ra
5

Diptera {True fliesg)

The numerical percentage of dipterans, averaging all sampling dates, ranged
2.9% at Moffat Bridge to 19.5% at (ircle Bridge. Dipterans were generally low
in number and variety at all stations. Tipula, Simulium and Chironomidae were
rhe thraw most widely distri buteé taxa. However, Chironomidae was numericaliy,
by far, the predominant taxa in most of the samples (Appendix Tables 4-7).

Y

Discussion

the aguatic macroinvertebrate community at Tiber Dam was
apared to stations down river. Community diversity and
nrogressively in a down river direction. A similar situation

17



was observed in the Missouri River below Morony Dam (Berg 1981). ©5Since the
reservoir above a dam constitutes a barrier to recoleonization, diversity of
the macroinvertebrate community is usually reduced in the stream reach im-
mediately below the dam, Recolonization by drift is an important mechanisn
whereby a macroinvertebrate community maintains its diversity {(Hynes 19707,
In the study area, only the common macroinvertebrates sampled throughout the
river were found at the Tiber Dam station. Less common macroinvertebrates
were unable to recolonize at this station because of the barrier created by
Tiber Reservoir. A simplified table depicting the common members in the
macroinvertebrate communities at the four stations in the study area is given
in Table 4.

Posewitz (1962) also studied the aquatic macroinvertebrate communities
of the Marias within the present study area. His findings were almost identical
to those in the present study. The only significant difference reperted during
this study was the presence of plecopterans at the Tiber Dam station. Berg
(1981) studied the macroinvertebrate community near the mouth of the HMarias
Ziver. This community was somewhat different than the communities im this
study. The basic difference was the addition of more silt-tolerant forms.
Ephemeropterans such as Baetisca, Hexagenia, Ephron, Heptagenia and the large
plecopteran Acroneuria were not sampled in the present study area, but were
sampled 95 km down river by Berg. Posewitz (1962) also reported a community
shift toward more depositional habitat forms in the lower reaches of the
Marias.

Composition in terms of numbers, balance and diversity, indicate healthy
macroinvertebrate communities are presently found in the study area.

18



Table 4. A simplified assemblage of the most common mavrolnvertebrates
sampled at four stations on the Marias River, November through
July 1981-82. L
Tiber Pugsiey Moffat Circle
Order Dam Bridge Bridge Bridge
Ephemeroptera Baetis Baetis Baetlis Baetis
Fhithrogena Ehithrogena Ruithrogena
Stenonama
Ephemerella Ephemerella Evhemerella Ephemerella
Plecoptera Tsogenoides Ieogenoides
Isoperlia Tsoperla Taoperla Isoverla
Trichoptera Chevmatopsyche  Cheumatopsyche Cheumatopsyehe
Hydropsyche Hydropsyche Hydropsyche Hydropsyche
Glosscgoma Glossosoma Brachycentrus
Oecetis
Dipterz Chironomidae  Chrironomidae Chironomidae Chironomidae
Others Oligochaeta Gligochaeta

1/ For this study a common macroinvertebrate must have occurred in samples ob

ner sampling date.

two of the four sampling dates and averaged bive

o RGTe EJ'!"gEi!ljf_Sl'iEl‘j

19



RESULYS - FISH POPULATIONS

Species Distribution

Sampling of the fish fauna was accomplished throughout all three sections
of the study area from March 25 through November 12, 1982. A total of 9,579
fish, representing 29 species, was sampled during the study {Teble 5). Of
the twenty-nine species, three were considered to be abundant, twelve species
were ciassified as commeon, and seven were rare. Four were found in the study
area only during their spawning seascn and were probably migrants from the
Missouri River. Three of the species listed have been known to occur in this
section, but were not sampled during this study. This species 1ist is similar
to that reported by Gardner and Berg (1982), who surveyed the fish faupa through-
out the entire length of the Marias River below Tiber Dam. The only species
not sampled in this study, which was reported for the 1982 survey study, was
the mountain sucker, However, this species was collected only in the lower
Marias near the confluence with the Teton River,

Resident Fish Populations

Mountain'Whitefish

Mountain whitefish were numerically the most abundant fish sampled through-
out the study area. The whitefish had an overall average length of 359 mm and
welght of 429 g (Figure 7). There was a decrease in average size of whitefish
in a down river direction from Tiber Dam, but numbers appeared to increase
(Tables 6, 7 and 8).

Population Estimates

The mountain whitefish population was estimated in a 4.5 km reach of the
Pondera Coulee section (Figure 1). This reach was chosen for the estimate be-
cause it was located in the middle of the study area and contained a good variety
of habitats. Four marking and four recapture electrofishing runs were required
Lo obtain an adequate sample size. An attempt was made to obtain spring and
late summer estimates but only the spring estimate was valid. The late summer
estimate indicated an unusually large number of fish in age classes IV and older
were present in the study section. This may have been due to a ma jor movement
of older fish into the ~tudy section to forage or spawn in the area. This
mevement would vielate basic assumptions essential for a legitimate population
estimate. Therefore, rthe late summer estimate was considered ‘nvalid. The
estimates of whitefish for age classes II and clder are presented Table G,

Age and Growth

In 1982, 490 mountain whitefish sampled on the * rius fiver were assignoed
dges ranging from 0-10 years {Table 10). Mean icngt werghts and condition
factors of each year class indicate conditions in ti+ Moesias River
are favorable for growth of mountain whitefish. Cal (aied Lengths of wouantain

whitefish at annuli 1 through 10 are given in Table .. The growth rate of
whitefish in the Marias River is generally superior to growth rates in gther
Montana rivers (Table 12y,
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Table 5. Fish species occurring in the Marias River between Tiber Dam

and 33.6 km down river.

Abundance Y
Shovelnese sturgeon 2/
Paddlefish
Goldeve

Mountain whitefish
Rainbow trout
Brown trout

Brook trout
Northern pike
Carp.

Flathead chub

Lake chub

Frmerald shiner
Western silvery minmow
Fathead minnow
Longnose dace
River carpsucker
Blue sucker
Smallmouth buffalo
Bigmouth buffalo
Shorthead redhorse
Longnose sucker
fhite sucker
Channel catfish
Burbot

Yellow perch
Sauger

Walleve

Freshwater drum
Mottled sculpin

W O O3y I 3 o o
f K PNpOEPIREO0aRAa > 0w

Pra

[#3]

o

ey

R=rare in number.; sampled <30 specimens,
C=common in numbers; sampled 30-30G0 specimens,
A=ghundant numbers; sampled >300 specimens,

Oeeurs in study area only as a migrant during spawning season,

Not sampled during this study but has been reported to be found
in the study area.




figure 7. Mountain whitefish were the most numercus species sampled in the
study area, and they exhibited excellent growth rates,
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Table G.

Hetimated mountaln whitefish populations and age structure in the Pondera
Coulee section of the Marias River during the early spring of 198%Z.

Fstimated Number

Fstimated Weight (kg)

Average Average
Age Length Weight For 4.5 km For 4.5 km
Class {mm) (2) Section For 300 m  Section For 300 n
1T 262 150 2,362 (ilZOG)l/ 157 3494 (*177.8)  23.3
Tit 315 259 1,100 (£ 284) 73 284.2 (+71.2) 18.9
TV 363 381 754 (£256) 50 288.7 (£56.6) 19.2
Vi 406 513 854 (x114) 57 437.3 (£60.8) 29.1

1/ Confidence intervals for estimated numbers and biomass expressed at the 80 %
ievel shown in parentheses.
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Tabie 0. Age-frequency of mountain whitefish sampled from the Marias
River during 1982 with mean length, weight and condition
factor (KTL) of each age class.

No., of Mean Mean Mean K
Age Fish Length (mm) Weight {g) TL
H 52 217 116 1.13
z 73 281 242 .97
3 114 344 383 0.953
4 58 389 564 0.96
5 57 421 766 1.02
) 6l 444 892 1.01
7 40 457 978 1.01
] 20 475 1077 1.01
g 10 487 1147 0.99
10 4 488 1142 0.97
Table 1l Calculated length at the end of each year of life and average
growth of mountain whitefish sampled from the Marias River in
1982 {Monastyrsky logarithmic method).*
Age No. Calculated total length (mm) at end of vear
Group Fish 1 2 3 4 5 6 7 3 9 10
1 53 125
2 73127 247
3 114 127 244 310
4 58 124 250 332 365
5 57 112 246  3%2 372 3596
5 61 117 223 302 362 397 44
7 40 117 2?76 288 348 387 416 440
g 20 115 ol 284 349 361 420 440 460
9 10 116 199 281 336 383 415 437 458 473
10 4 59 157 235 298 346 387 411 435 47~ 4731

i@ﬁgi% 122 236 3210 360 383 419 438 457 468 471

Grand Ave.
.
Lengtn

Increment 1272 114 74 50 33 26 19 19 il 3
Ho. Fish 4590 436 364 250 192 135 74 34 14 4

he regression of total length on anterior scale radius was curvilinear
r 183
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Table 2.

Calculated growth of mountain whitefish sampled from the Marias

River in 1982 compared to calculated growth in other major
Montana rTivers.¥

Average calculated total length (mm} at ond of year

No.
Hiver Fish H 2 3 4 5 G 7 8 S 10
Marias 490 122 236 310 360 393 419 4383 457 468 471
{19823
(Present study) B
Big
Hole 122 79 163 236 274 340 409
{1959}
Sriil-
water 193 104 201 264 310 376 419 411
{1948)
Madison 256 109 239 307 343 373 373

(1950}

*Peters 1964
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Yood habits analyses were completed for 82 mountain whitefish collected
cirofishing in the Pondera Coulee study section during spring, summer
1982, The sampled fish ranged in length between 145 and 500 um. The
an whitefish diet was comprised of s wide variety of aquatic macroinver-—

es (Table 13). A total of 3,513 organisms representing 24 subordinal
taxa were Ldbﬁilized from the stomach contents. For most of the stomach
S&m;iﬂsg vnidentifiable food items dominated the contents, averaging a volumelric
4,33 for aié Seasons.

i
o
e ey
-
o)

The order Ephemercptera was the most important insect group in the diet
of the mountain whitefish during the seasons sampled. Their average volumetric
rank, combining all seasons, was 3.41. Baetis, Ephemerella and Iricorythodes
were the most common ephemeropterans consistently found in the whitefish diets.

The orders Plecoptera and Trichoptera were also important items in the
f rhe mountain whitefish, constituting average volumetric ranks of 1.1Z2
d 1.48, respectively. Isoperla and Hydropsychidae were the common subordinal

[
od
]
e
o~
>

and 1.48,
taxa representing these two orders. Representing the order Diptera, the common
Suberdiial taxon was Chironomidae, a small organism. Although this dipteran

P

rised an average volumetric rank of 0.60, it was usually the most numer-
nism in the whitelish diet.

Table 14 describes the seasonal mountain whitefish diet. Food organisms
common in the whitefish diets were common in the benthic community as a whole,
indicating little apparent selectivity. Terrestrial insects and adult insects
of agquatic origin comprised a small portion of the identifiable contents in
Hiteatial JEE wnLieffsh Qtomach samples. The importance of adult insects in the

d;é bac@nes Lﬂléﬁﬂtlfiable. ﬁnldentlfzable stomach contents Con&{iLULLd
vrest amount of food in the whitefish dietf, with an average volumetric
);EBQ Adult insects of aguatic origin probably comprised a large portion

dentifisble contents. Mountain whitefish were observed feeding heavily
on adult aguatic insects on the water surface on numerous occasions from early

sumper to mid-fall.

items couprising the chief portion of the mountain whitefish diet
asects produced in rififle areas of the river channel. To maintain
fol wh% eilSﬁ and other Specles ddequdte wette. perimeter should

Trout

were not endemic to the lower Marias River. However, after construc-
>y Dam, resulting cold-water releases gltered the aguatic environ-
ing coiﬁ—water fish species.

Fainbow and brown troub were the most common trout sampled in the study
although in relatively low numbers. Catch rates for treuf were highest
: Pauheza Coulee section {Tables 6-8). A total of 191 age I and older
¢ trout sampled in the study area averaged 311 mm in 1eﬁath and 398 g
eight. Torty-nine age I and older brown trout averaged éZé mm in length
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Table 13, Percentages of occurrences (0), average total numbers (N) and
average volumetric rank values (V) of food items found in the
diets of mountain whitefish in the Marias River, 1982,

Spring Summer Fall
%0 NV %0 SN Vv %0 BNV
Ephemeroptera
Baetie 83 21 2.4 72 12 0.72 54 i8 0.82
Heptagenia 4 tr - 4 tr -
Fhithrogena 14 tr - 12 2 -
ranerella ' 7 2 -
Ephemerella 52 11 1.8 96 44 4.0
Iricorythodes 7 tr - 57 16 0,50
Ameletus 7 tr -
Adult mayfly 4 tr -
Plecoptera
Capniidae 4 tr -
Isoperia 62 10 1.14 64 13 1.68 18 tr -
Isogencides 14  tr 0.55
Trichoptera
Hydropsychidae 76 14 1,72 64 15 1,72 43 8 1.0
Glossosoma 10 2 -
Agraylen 8 tr -
Brachycentrus 10 tr - 8 tr - 11 tr -
Oecetis 37 3 -
Leptocerus 7 tr - 4 tr -
Lepidostoma ' 7 tr -
Diptera
Tipula 28 2 0.93
Simulium 43 18  0.46
Chironomidae 93 33 0.66 44 7 0.28 79 31 (.54
Others
Corixidae 32 2 - L 2 -
Physa it tr - i1 tr -
Hyalella 7 tr - 4 Iy -
Terrestrial Insects 4  iT - 4 tr -
Unidentifiablie Contents 4,17 4.40 4,43
Number of Fish Sampled 29 25 28
Total Number of Organisms 1,426 853 1,234




Table 14. Common food organisms found in mountain whitefish stomachs,

Pondera section, 198Z.

Order Spring Summer Fall

Ephemevopters Bae£i5 Baetis Baetis
Ephemerellia Ephemerella Tricorythodes

Pilecoptera isoperia isoperla

??icheytera Hydropsychidae Hydropsychidae

Diptera Chircnomidae Chironomidae
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Age and Growth

in 1982, 176 rainbow trout sampled in the Marias River were assigned ages
ranging from 0-6 years (Table 15). Ages 0 and I comprised only 17.6 % of the
sample; however, these two age classes were probably under-represented because
of the sampling gear's selectivity toward larger fish., Ages Il through LV
constituted 78.4% of the sample. The mean lengths, weights and condition fac-
tors of each year class indicate conditions in the Marias are favorable for
rainbow trout growth. Calculated lengths of rainbow trout at asnuli 1 through
6 are given in Table 16. The length increment of 167 mm between ages I and
L1 represents an excellent growth rate during this period. The growth rate
of rainbow trout in the Marias is superior to most oLher Montana rivers {Table
17 and Figure 8).

Tablc 15, Age-frequency of rainbow trout sampled from the Marias River
during 1982 with mean length, weight and condition factor (KTL)
of each age class.

No. of % of Mean Mean KT

Age Fish Sample  Length (mm) Weight (g) L
g 2 1.1 - - -

1 29 16.5 146 39 1.04

2 70 39.8 298 259 (.95

3 32 18,2 378 505 G.93

4 36 20.4 438 765 (.90

5 6 3.4 486 ig12 0.95

& 1 0.6 - - -
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Table 16 Calculated length at end of each year of life and average growth
of rainbow trout sampled from the Marias River in 19582
(Monastyrsky logarithmic method).*

fge Calculated total length (mm) at end of Year

{roup Fish 1 2 3 4 5 6

1 28 122

2 74 1414 277

4 36 112 296 37 424

5 O uZ 273 347 416

5 1 135 265 334 396 450 483

Grand Ave.

Calculated

length i1z 279 364 423 459 483

Grand Ave.

Length

increment i1z 167 85 59 36 24

No.

Fish 165 136 67 36 5 1

“The regression of total length on anterior scale radius was curvilinear
g &
{(r = 0.964)
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Table 17. Caleculated growth of rainbow trout sampled from the Marias
River in 1982 compared to calculated growth in other major
Montana rivers.*

No. of Average calculated total length {mm) at end of Yr
River Fish 1 2 3 4 5 6
Marias
1982 165 112 279 364 423 459 483

{Present study)

West
Gallatin
1948-49 182 81 165 226 307 356

Marias

(below

Tiber D.)

1961 35 86 226 307 338

Stillwater
{Yell.
18483 184 84 185 262 343 411

Missouri

{helow

Holter D.)

1943 472 39 218 297 361 404 434

Madison
1450 436 109 239 321 378 470

*Poters 15964
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Forty-twe brown trout sampled in 1982 were assigned ages ranging {rom O-
5 veoars {(Table 183, Average annual growih of brown trout was less than rainbow
trour for yearling Uish but greater for YOY and two-year-old and older fish.

Table io. Calculated length at end of each year of life and average growth
of brown trout sampled from Marias River in 1982 {Monastyrsky
logarithmic method).*

Ao NG Calculated total length (mm) at cnd of Yeur
Group  Fish 1 Z 3 4 5 6 I 8
H 3 124

2 2 148 243

3 3 133 205 304

4 10 133 219 294 368

5 13 127 212 304 371 413

& 7 120 216 315 388 461 508

7 3 87 167 257 334 402 454 498

8 i 112 166 227 314 366 432 468 500
Grand Ave.

Calculated

length 125 211 297 368 424 487 491 500
Grand Ave,

Length

Increment 125 86 86 71 56 63 4 9
No. Fish 42 39 37 34 24 11 4 1

*The regression of total length on anterior scale radius was curvilinear
(v = 0.936)

Spawning

Spawning and incubation are probably the most vulnerable stages ia the
life cycle of trout. Spawning and incubation activities occur in shallow riffles
which are the most sensitive to -ingtream flow changes (Bovee 1974). Spawning
site selection is specific for water current velocities and depth and for clean
gravel of suitable size.

From late March through late may 1982, the study area was searched for
rainbow trout redds. Fourteen redds were located in the first 10 km of the
study arca. The lower 24 km of river contained many riffle areas, bubt it appeared
that siltation from the coulees which drain into the river within Lhis aren
affect the quality of spawning gravel. The physical dimensions of Lhe rodds
measured are given in Table 19. Based on redd counts and examination of rain-
bows for spawning condition, the major rainbow spawning period extended from
april 13 through April 21. Maximum water temperatures during this period ranged
from 5 te 7.2 C (Table 20). When water releases approximately doubled beginning
May 11, a resumption of redd conmstruction occurred, indicating the low flow
during April was below the minimum required for normal rainbow trout spawning.
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in 1982 was probably beiow the
redds which

LHE s redi edge

The overall

nolent 1o

Coist oot ed

SuLcesy

gravel was lacking,

was probably due largely to the abnormally low

Bam during theiv spawning season,
2

Physical dimensions of rainbow trout rodds measured in the
Marias River, April 13-21, 1982,

during the

channel where good

Velo&ityﬂ/

Velocity
1{cm/s)

Tiber Dam

Ponders Coules

53

55

54
(23-
77)

across widest point of redd

immediately above redd pit

above redd pit at bottom of channel

above redd pit at 0.6 of depth {average velocity)

EESR O I

Water temperatures during rainbow spawning period 1982 measured
1 km below Tiber Dam.

Minimun Temperature (C)

Maximum Temperature (C)
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From mid-October through November 1982, the study ares was searched for
brown trout redds., A total of 8 redds was lecated, all within a 20 m channel
segment in the upper reach of the Tiber Dam section, River flows were again
at a near record low, and it appeared that the site where the redds were located
was the only leocation in the entire study area suitable for brown trout spawning
at that low fiow,

Rearing

During the late summer, an attempt was made to locate preferred rainbow
trout rearing areas. The channel border was randomly sampled throughout the
study area with the electrofishing equipment. Most of the YOY rainbow trout
were found in the Tiber Dam and Pondera Coulee sections (Table 21). Within
the Pondera Coulee section, 80% of the YOY rainbows sampled were found in the
upper 2 km of the section, indicating that YOY rainbow trout rearing was limited
below river km 10. Therefore, only the upper third of the study area appears
to be used extensively for rearing. The longitudinal distribution of YOY rain-
bow trout corresponds closely with the distribution of rainbow trout redds
throughout the study ures {(Figure 97.

Table 1. Numbers and sizes of young-of-year rainhow trout sampled in
Marias River during Aug. 3l-Sept. 2, 18982

No. Fish
Section Sampled Ave., Length (mm) Length Range {mm)
Tiber Dam 89 60.0 {30-807
Pondera Coulee 40 66.1 (52-88)
Dugout Coulee 3 82.0 (78-84)
Total 1352

foung~of~the~year rainbow trout prefer interstitial spaces or .arge cobble
areas within a slight water current for rearing (pers. obs.). This type of
reaving habitat is scarce in the Marias River, and the rainbows here utilize
a more prevalent cover type. The majority of YOY rainbows were associated with
the large f[ilamentous algal mats anchored along the channel borders. THese
mats provided excellent cover areas because they existed along riffle and run
borders, were available atr the onset of rainbow rearing, cccurred in large num-
bers and vere fairly extensive in distribution. The algal mats were present :
¢uring the summer from the dam downriver approximately 10 km to the conflucnce
with Ponders Coulee. Below this point the mats were considerably smaller and
iess frequent. The scarcity of algal mats below Pondera Coulee may be related '

ients. The lack of suitable rearing habitat is probably a significant factor
iting the downriver distribution of YOY rainbow trout. As mentioned in the
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ainbow and brown trout reared only in the first

g . Young-of-the-year v
10 ke larias River and used the extensive growths of fila-

r
mentous algal mats as shelter areas.



previous section, poorer quality spawning habitat below Pondera Coulee relaled -
to siltation of gravels may also hinder trout reproduction in downstream areas.

Young-ckthe-year brown trout alsc preferred the upper 10 km of the study
area for rearing. Most of the YOY brown trout sampled were associated with
the filamentous algal mats (Table 22). Numbers of YOY brown trout sampled

woere approximately hall of the total numbers ol rainbows sampled.
1
Table 220 Numbers and sizes of young-of-year brown trout sampled in Marias

River during Aug. 31-Sept. 2, 1982.

No. Fish
Section Sampled Ave. Length {(mm) Length Range (mm)
Tiber Dam 38 83.6 (72-94)
Pondera Coulee 18 82.6 {65-90)
bBugout Coulee 4 82.8 {80-85)
Total 50

Other Sport Fish

Northern pike, burbot, sauger and walleye are the most common warmwater
sport fish found in the study area ({(Tables 5-8). Catch rates for these specios
ranged from less than 1 to 2.4 fish per hour, which wos considered Lo be indici-
tive of low population numbers. Northern pike were usually sampled in off-channel
areas, such as the dredge ponds immediately below the dzn or in coulee embayment s
in the Dugout Coulee section. In these areas, a {ali aumber of YOY pike were
also found, indicating their preference for this habitat for rearing. YOY burbot
anid walleye were also collected in the study area,

Although sauger av. a major sport fish in the lower Marias (Gardner and
Berg 1982), they were uncommen in the study area. During spring 1962, Posewitz
(1962} found high numbers of sauger in the Dugout Coulee section. The excep-
tionally low flows experienced during spring 1982 may have limited up river .
spawining movements of sauger into this section.

Migratory Fish )

The importance of the Marias River as a spawning stream for resident Missocuri
River fish has been reported by Berg (1981). Until the present study, the extent
[ migratory use in the upper reach of the Marias was unknown,

tigratory fish from the Missouri River found in the study area during the
high water period (June-early July) included shovelnose sturgeon, blue sucker
and bigmouth and smallmouth buffalo (Tables 23-25). Prior to, during and after
nigh water period, electrofishing runs were conducted throughout the study
to determine the seasonal distribution of migratory fish {Table 26}.
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Tiber Dam section of the Marias River during 1982,

Sizes of migratory fish species sampled by electrofishing in the

Average Length Average  Weight
Mumber  Length Range Weight ange
Species Sampled {mm] () {gm) {gm)
Shovelnese styrgeon
Blue sucker 11 685 630 - 765 2711 1950 - 34950
Bigmouth buffalo i2 758 656 - 830 1/ 4000+
Smallmouth buffalo 5 534 432 - 645 1/ 2270 - 4000+

'able 24. Sizes of migratory fish species sampled by electrofishing in the
Pondera Coulee section of the Marias River during 198Z.
Average Length Average Weight

Number Length Range Weight Range
Species Sampled  [mm) {mm) {om) {gm)
Shovelnose Sturgeon 2 8502 790 - 019 i/ 2000 - 4000+
Blue sucker 5 673 635 - 727 2675 2150 - 3260
Bigmouth buffalic 4 732 688 - 755 1/ 4000+

Smalimouth buffalc

None measured

Sizes of migratory fish species sampled by electrofishing in the

huegout Coulee section of the Marias River during 1982,

Average Length Average  Weight
Mumper  Length Range Weicht Range
Zpecies Sempled  (mm) {mm ) {gm) (gm)
Shovelnose sturgeon 32 887 774 - 1041 1/ 164y -~ 4000+
Blue sucker 5 675 600 - 789 1/ 1760 - 4000+
Bigmouth buftfalo g 752 737 - 826 1/ 4300+
Smalimouth buffalo 1 597 2760

1/ HNot all fish could be weighed.

72/ JRepresents total length.




Table 26. Seascnal distribution of migratory fish in the study areca as
determined by seven electrofishing runs taken during 1982.

Study Section May 11 May 24 June 1 June 24 June 30 July 7 Aug 2

Number of Shovelnose Sturgeon Observed

Tiber Dam

Pondera Coulee 4 1

Dugout Coulee 24 i1 33

Number of Blue Suckers Observed

Tiker Dam 20 2

Pondera Coulee 4 1 1

fugout Coulee 1 2 4 1
Number of Bigmouth Buffalo Observed

Tiber Dam 3 56 4 23

Pondera (oulee 3 6 Z

fragout Coulee i 5 19 22 12

Number of Smallmouth Buffalo Observed

Tiher Dam 18 1 1
Pondera Coulee 1
Dugout Coulee 6 3
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Shes se sturgeon were sampled from June 24 through July 7 in the lower
two study sections. Sturgeon increased in abundance in a downriver direction.
Most of the sturgeon were in spawning condition, ripe males or gravid females,
For spawning migratory £ish such as the shovelnose, water temperature and
rising flow are probably the most important environmental factors necessary
to induce the run (Purkett 1961, Berg 1981 and Peters 1682). These factors
to stimulate the shovelnose sturgeon migrating up the Marias., The
observation of sturgeon in the study area occurred when the flow increased
substontially and water temperatures warmed up to about 15 C (60F). Berg (1981)
reported a depressed sturgeon run in response to low flows in the Marias River
during Lheir spawning season. During years with good spring flows, he reported
peak spawning occurred at temperatures of 16.1-20.6 C.

Blue suckers were sampled from May 24 through July 7 throughout the study
area. Blue suckers were the first migratory fish te move into the study area,
arriving before the high flows occurred.

Bigmouth and smallmouth buffalo were also sampled during the migration
seriod throughout the study area. Bigmouth buffalo were more numerous and
arvived on May Z4. Obmallmouth buffalo were first sampled on June 24,

During the peak flow period from June 20 through June 30, electrofishing
survey runs were continued downstream from the study area to the confluence
with the Teton Biver. Withia this 90 km reach, 118 shoveinose sturgeon, 3 blue
ckers, 19 bigmouth and 14 smallmouth buffalo were found, indicating these
migratory fish were distributed throughout the lower Marias, During this survey
un, two tagged shovelnose sturgeon were captured. One sturgeon tagged in the
Mizeouri River in 1978, 11 km upstream from the MarlaS/mebOUfl confluence, was
tured June 21, 1982, in the lower end of the study area at Marias River
This fish vaLd a @1%iaﬁce of 103 km. The other shovelinose tagged in
km below Marias/Missuarit confluence was
in the Marias Fiver 82 km downstream of Tiber Dam.
128 ki since IL was tagped.

had moved ot

hese findings indicate the Marias River within the study area is used by
the Missouri 21vez° Migrants move into the Marias during

Nonsport Fish

L

predominant nongame fish sampled were longnose sucker and .uru. ‘the
catch rates for all sections combined were 6.8 and 4.8, respectively,
teo the cateh retes for shorthead redhorse and whitesuckers of 3.4 and

G H
respectively (Tables 6-8). River carpsuckers were uncommon. Goldeye
gecurved in the study area mostly during the summer.

Forage Fish
fish community of the Marias River provides a food base for
species such as northern pike, sauger, walleye and brown trout.
this study, a forage fish was broadly defined as any fish utiliz-
her fish as 2 food source. This would include most age O fish and
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Off-channel habitat areas (side channels and backwaters) in the study area
are scarce; consequently the forage fish communities were sparse in numbers
and diversity. The most common forage species found throughout the study area
were YUY suckers (mostly longnose and white suckers and shorthead redhorse),
longnose dace, flathead chubs and yellow perch (in backwater habitat-Tables
27-29). The lowest section, Dugout Coulee, had the greatest number of forage
fish groups, probably because of the greater guality and quantity of off-chanael
habitat.

Pesticide Analyses

In Montana, pesticide contamination of fish is becoming an item of increasing
concern, It is important to determine the current status of pesticide contamina-
tion in the fishery resources for the protection of the public and as a general
baseline for future comparative purposes. For this study, the mountain whitefish
was selected for evaluation because it is the predominant sport fish and, there-
fore, commonly harvested and consumed. The muscle tissue from each of 10 specinens
was filleted, frozen and later sent to Hazelton Raltech Laboratories for pesti-
cide analysis,

None of the chemicals were present in concentrations to warrant concern at
this time (Table 30). It was noted that the presence of DDE (a degradation
product of DDT) and PCB's (polychlorinated biphenyls) were present at detectable
levels in fish sample numbers 3, 5 and 8. It is apparent these chemical are
present in the drainage. The chemicals were detected only in the whitefish
samples with the highest percent 1lipid content.

From past studies, it has been reported that endrin does not persist at
figh levels in fish tissues, while DDT and PCR's are long-lasting in the aquatic

environment (Henderson et al. 1969 and Veither 1875).

Canada Goose Nesting

{ivers are important to Canada goose populations because they fulfill
essential habitat requirements necessary throughout their life cycle. Canada
geese were comnon in the study area and used the river for staging, loafing,
fiesting and rearing. This area has a high potential for Canada goose production
because the river is fairly isolated from human activities and there are several
islands and gravel bars which could be used as goose nesting sitos,

the life cycle stage most affected by river flow is nesting. Most Canada
goose nesting occurs on islands because of the protection the side channel pro-
vides against mammalian predators (Hook 1981). When flows are high enough,
water depths, width and velocities in side channels form a barrier against a
predator's attempt fo cross onto the island. However, at lower flows the barrier
imposed by the side channel becomes ineffective, exposing the goose nests to
predation, .

e b

During spring 1982, the nesting activities of Canada geese in the study
arca were monitored (Figure 10). Eleven nests were located during the initial :
ground survey on Anril 19, The subsequent survey on May 17 revealed only two
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Table 27 h rates {nuaber of fish per seine haul) ol forage fish
snecies in Tiber Dam study section, Marias River, 1982,
Habitat Type
Main Main Side
Channel Channel Channel
Species Border * Pool Pool Backwaters
1.5
3
uckers2/ 7.5 136 0.3
Longnose dace 10
Fmerald shiner 1
Northern pike3/ 0.5 2
Yellow perch 8.5 1 24
Number hauls 2 2 2 3

- Ng differentiation between bigmouth and smallmouth buffalo
- Includes shorthead redhorse, longnose and white suckers
- Includes YOY and/or yearling fish

Ll D) et

Tabie 28. fatch rates {number of fish per seine haul) of forage fish
species in Pondera Coulee study section, Marias River, 1982.

Habitat Type

Main Channel Side Channel
Speci Pool Pool
Suaia?sif 22 80
Longnose dace 22
Flathead chub Z35 0.5
Lake chub i8
erald shinex 0.5
Northern pike™ 2
Yeilow perch 2.5
Walleyee/ G.5
hauls Z 2

I
rowd asau

noludes shorthead redhorse, longnose and white suckers
nieiudes YOY and/or vearling fish

iaN
LIt



Table 29. Catch rates (number of fish per seine haul) of forage fish
species in Dugout Coulee study section, Marias River, 1982,

Main Channel Main Channel Side Channel

Species Border Pool Pool Backwaters
Mountain whitefish 1
Suckersl/ 10 104 62 20.2
Longnose dace 8 85.6 69.2
Fathead minnow 3.8 3
Flathead chub 4 4.8 7.5
Lake chub 0.5
Emerald shiner 1.2 1.2
Western

silvery minnow i
Northern pike2/ 0.8 0.8
Yellow perch .3 25 52.8
Number hauls 2 5 4 4

1 - Includes shorthead redhorse, longnose and white suckers

2 - Includes YOY and/or yearling fish
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10, Canada geese prefer to nest on river islands protected by side
channels with good deep flows.
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=re successful, yielding a nest success of only 18% (Table 31 and Figure
wared to other Canada goose nesting surveys, the Marias experienced
mliy low nest success during 1982. The most obvious reason for the
fow number of geese nesting and poor nest success in the study arca was low
flow during the nesting season from mid-March to mid-May. Water releases [rom
Piber Dam during 90% of this period ranged from 215 to 265 cfs (6.09 to

51 mi3/sec). The effects of these low flows on the Canada goose population
I nest initiation and reduced nest security.

an abnor

Table 31. Canada goose nest survey results from Marias River, 1982 with
comparisons to other river surveys,

No. Goose Average No.

Tslands/ Nests/ Eggs/ Percent Nest
River km km Nest Success

. i/
Marias (.89~ 0.33 6.0 i8.2
s L2/ _
Misgsouri— 0.58 0.50 5.94 81.7
7/

Yellowstone™ - 0,37 5.45 57.5

s figure includes larger gravel and sand bars which were not included
in the other studies.

Hook (1681)
To- dinz {1977)

1]
¥

Flows necessary for providing side channel water barriers for goose nes-
ing islands were evaluated during this study (Figure 12). Five of these ten
side channels of the nesting islands were monitored at medium and low flow to

»stigate changes iu side channel features as flow receded. Ur~ s-sections
were established at the shallowest channel crossing because this is probably
access point to the isiand.

i +

ivsical characteristics of the gide channcels predicied by WETY computer

lation are presented in Table 32. G5ide channel flow, average current

and maximum depth were most affected by reduced flows., Channel width
15t affected, averaging a 39% change between a medium and a low flow.

oide channel numbers 23 and 26 were associated with the only two islands which

successfully hatched a brood. These two side channels had the greatest predic-

maximue depths the lower dnstream flow. The nrojected low Tlow was simi il
beodow Diow scvually experienced durding the nestd soason. Hased on Lhig

mirinum depih between U.16 m {the grealesl amaximum depth which



igure

gure 1l,

A destroved zoose nest. Because of the abnormally low flow on
rhe Marias River during the spring of 198Z, there was a low
hatching success of only 17 percent.
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Table Phyvsical characteristics of side channels of goose nesting
islands in the study area compared to flow of the Marias River in 1982,
Marias Side Average
River Channel Maximum . Current
Flow Flow Width Depth Velooity
Number m3/s) . (m3/s) (m) o femfs)
5.82 0.46 23.7 0.24 1.4
23 15.12 3.91 31.3% 0.43 4.5
5.982 0.21 18.29 0.12 1.9
24 15.12 1.95 27,71 0.27 4.1
5.92 0.08 2.71 .01 0
25 15.12 1.70 22,40 0.27 5.9
5.92 6.50 14.02 0.31 2.1
26 15.12 2.32 15.85 0.45 4.8
5.92 .29 19.32 0.16 2.4
27 15,17 2.65 30.21 0.33 4.7
Average
Change
{(Percent) 60.8 87.8 38.8 55.7 65.6

L
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allowed access to the pest on the isgland) and 0.24 m (the least maximum depth
which apparently thwarted predator access to islands) is required to mainlain
the water barrier. Assuming that 0.24 m is the least max1mgm depth which
provides a side channel barrier, a flow of 534 cfs (15,12 m~/sec) is the ap-
proximate minimum flow reguired to maintain effective barriers in the [ive
measured side channels. Based on a general examination of the river, 1t is
helieved about the same minimum flow is fequzrea L0 secure barriers in un~-
measured side channels profecting islands from predator access to goeose nests.

Instream Flow Assegsment for Channel Meorphology

Dominant Discharge/Channel Morphology Concept

It is generally accepted that the maijor force inm the establishment and
maintenance of a particular channel form in view of its bed and bank material
is the aanual high flow characteristics of the river. Tt is the high spring
flows 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 bedload &O¥€ﬂ@ﬁt aad sediment traasport, It 1s the movement of the
bed and subsequent deposition which form the mid-channel bars
' :rda,  High flows are capable of covering already

i finer material which leads successively to vegetated
sed discharge associated with spring runoff also results in
which removes deposited sediments and maintains suitable
for aguatic insect production, fish spawning and egg incuba-

= high spring flows bevond the point where the major amount
i are btransported would interrupt the ongoing channel
existing channel form and bottom substrates. A

ael would affect both the abundance and species compo-

&al”ﬁi'{lﬁd? I
tic populations by altering the existing habitat types.

sition of

ere to the concept that the form and configuration of

by and designed to accommodate a dominant discharge
Bureau of E-clamation 1973, Fmmetrt 19753). The dis~
commonly referred to as a dominant dischar~~ is the bankful
al. 1964, Bmmett 1975). Baokful discharge 7. Tefined
just begins to overflow onto the active floodplain.

tends fo have a constant frequency of uccurrence among

The recurrence interval for bankful discharge was deter-
The recurrence intervel for bankful discharge was

975) to be 1.3 vears and is in close agreement with

1 discharge reported by other studies (Leopold et al.

Marias River was estimated by using 1-1/2
from the USGS gage staa;on located 2 km below
was 2,240 cfs {63 L4 /sec . It is not
cful flow must be malftazﬂeé to accomplish the

L
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necessary channel reformation processes. Until further studies clarify the
necessary duration of the bankful discharge, a duration period of 24 hours
wag chosen.,

Hieh PYlow Period Assessment

Hiph fiows during the normal spring runoff period are essential lor main-
tenance of migratory fish rums up the Marias River. Under suitable flow con-
ns migratory fish such as shovelnese sturgeon, sauger, buffalo and blue
suckers utilize the Marias for spawning (Berg 1981}

The Marias River also provides substantial accretion of flow to the Missouri
River. A reduction in the Marias during the high water period decreases the
magnitude of the high flow period in the Missouri River. Berg (1981) found
migratory paddlefish required a high flow of 14,000 cfs (396.52 m 3se ¢ ) gaged

t Virgelle to initiate their run up the Missouri to spawn. Other migratory
fish slso reguire the high spring flows to induce spawning movements.

i

~y

il

The flows required during the high flow period were based on the amount
of flow normally contributed by the Marias to raise the flow of the Missocuri
River to 14,000 cfs. The period extends from May 19 through July 5 when most
of the paddlefish spawning and incubation occurs. During this period, other
'ﬂ“q;; fish also spawn., This flow not only contributes to the paddiefish
irements in the Missouri River, but is also important for maintaining the
‘ia: Fiver migratory fish runs. As mentioned previously, there is a substan-
! migratory fish run up the Marias, originating from the Missouri River.
The Marias h%ve migration coincides largely with the paddlefish run. A flow

: s {32.40 m3/boc} from the Marias River is reguired tc augment the
Missouri River to 14,000 cfs in 2 normal water runoff year

g

instrean Plow Assessment for Riffles and Pools

Spring and summer base flow recommendations were determined using the
welted peTimuter’iwflectioq point methed. Wetted perimeter is the distance
viong the bottom and sides of a channel cross section in contact with water.

flow in the stream channel decreases, the wetted perimeter also decreases,
ate oé loss of wetted perimeter 1s not coastant throughout the entire
va £ flows. There is a point, called an inflection point, on the curve
of wetted perimeter versus flow, at which the rate of loss of wett ' perimeter
i oniticantly changed. Above the inflection point, large changes in flow
& @rix very smalil changes in wetted perimeter. Below the inflection point,
: eging Lo recede from the riffie bottom, exposing the bottom at an
aed rate. The low recommendation was selected at this inflection

e
5

Es
T

of suitable flows in riffles and runs during this period
Marias River fish populations. Three reasons are:

I. WNiffles and runs contain substantisl standing crops of aguatic macro-
invertebrates and forage fish, the principal food organisms ¢f impor-—
tant fish species in the Marias River,

v

A
"
[

The borders of riffles and runs were the major habitat areas used for
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Liow accretion of a segment of the Missouri River system.  Based
flow duration hydrograph for a 19 vear period between water
960 and 1978,

; P , -3/
rmal Percent of Flow Required to Maintain Paddlelish™
: . I q 7 - 4o f
Localion Virgelle Flow at Virgelle

2/ CFsS

0\1 J(_,E i
Benton= 9. 16 357.49 12,622

Marias Kiver
near Chester 8,17 32.40 I, 144
Tevon Biver
near Dutton

.
[Nl
[ay

5.38 190

1/ station below confluence of Marias River with Missouri River.

2/ %LdLlOH above confluence of Marias River with Missouri River,

3/ was determined by Berg (1981) to equal 396.52 m3/ /a3
maintained from May 19 Lmumu SJuly 5,

Iy Lo exactly 396,52 w/s due (o aeeurgcy of cagin




reaving by YOY rainbow and brown Irout.

3., Riffle aand run areas arve essential for trout spawning and incubation.
Tf flows in the Marias River were reduced below the inflection point, the
and run bottom would be exposed at an accelerated rate, causing a decrease

viffl
o

in

@
iffle and run area and channel depth.

Riffles sre algo the area of a2 stream most affected by flow reductions
{Bovee 1974, Nelson 1977). Consequently, the maintenance of riffles should en-
sure the maintenance of the pool areas,

The wetted perimeter/inflection point methed was applied to 11 typical
riffle/run sites located in the three study sections. Two, four and five riffie/
run cross-sections were established in the Tiber Dam, Pondera Coulee and Dugout
Coulee sections, respectively Water level elevations of the Mgrias River were
measured at flows of 1,183 cfs (33.51 m fsec), 534 cfs (15.12 m”/sec) and

209 G oof ' Z . .

209.9 cfs (5.94 m fSEC)» The R™ values {(correlation coefficients} for the cross-
sections vanged between 0.985 and 1.000. The high R® values imply there were
excellent linear correlations between water elevations and flows for all cross-

seciions.

g N

cross—-sections in the Tiber Dam §65110n is depicted in Figure 13.

cction point is at 450 cfs (12.75 m”/sec). For the composite of four

n cross-sections in the Porndera Coulee section the inflection point

- at 550 cfs (15.58 m7/sec, Figure 14). In the lowest section, Dugout

les, éase& on a composite gf five riffie/run cross-sections, the inflection
; /sec, Figure 15). A flow of 300 cfs, an average

three composite curves, is the flow necessary for the mesintenance cf the

le and run habitat areas during the spring and summer peried,

relationship between wetted perimeter and flow for acomposite of two

4 desirable target instream flow for the fall and winter pericds would also
be 500 cfs, and is based on the flow necessary for the maintenance of the riffle
and run habitat areas,

Ap analysis of hi coric flow records, however, revealed median flow during
fall and winter was usually below the minimum regquired to maintain adeguate wetted
¥ g

P

meter of riffle areas. This deficiency may be related to .he ~bnormally wide
sicns of the viver channel which necessitates a substantial riifle maintenance
tehough maintenance of riffles during the fall and winter are important

squatic fauna existing im this habitat, most production and critical life
stages occur in the riffles during the spring and summer pericds {(Hynes

Bacause of possible water availlagbility constraints during the fall and
months, an alternate methodology was used to determine a base or minimum
During the relatively inactive fall and winter periad it is important
pools be maiﬁtaiﬁed for cover and protection of fish populations from severe
condition The baze flow level for fall and winter is based on maintepance
suitable E& itat conditicns in pools.

LA
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Figure 13. Wetted perimeter-discharge relationship for
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Figure 14. Wetted perimeter-discharge relationship for a
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Figure 15,

Wetted perimeter-discharge relationship for a

composite of five riffle/run transects 1oqated
on the Marias River in Dugout Coulee section,

1982,




ttat. The major fish habitat concerns for pools are depth and size dimensions.

“all and winter base flow recommendations were based on maintenance of pooi

1F computer program predicted average depth, maximum depth and area of the

cross-sections measured in the pool areas of the river. A flow recommendatbion
was selected at the inflection point., If fall and winter flows in the Marias

B s
Kivos

would

- were reduced below the inflection peint, the depth and size of the pools
i decrease at an accelerated rate, causing a decrease of space available in

the pool habitat areas,

Analysis of pool habitat maintenance was evaluated for five typical pool

sites focated in the three study sections. Water level elevations of the Marias

i3
River

inkle

were measdred at the same flows described previously for the wetlted perimeter/

wrion point method. The RZ values for the pool oross-seclions ranged from
. vpre ) R . .
to 0,985, The RS values imply there was= an cxce  lont | inear correlat jon

hetyeen water elevatiens and flows for all transects,

depld

retationship between the measured pool parameters (average depth, maximum
v and area) and flow for a composite of five pool cross-sections in the

study area are depicted in Figure 16. The _inflection points are at 300 cis
{8,59 mjfsec}, 300 cfs and 350 cfs {9.91 m /SEC) for the average éegthg maxi -

mum depth and area curves, respectively. A flow of 317 cfs {(8.98 m
average of the three composite curves, is the minimum flow necessary for the

1int

/sec), an

enance of the pool habitat areas during the fall and winter period, while

a desirable target instream flow for fall and winter is 500 cfs.

Summary of Targel Insiream Flow Recommendations

Target flow recommendations for the Marias River are given according to

the seasonal schedule in Table 34, The base flow required for pool habitat
maintenance 1s designated from October 16 through March 15. This period
was chosen because mid-October is the onset of the brown trout and mountain
whitefish spawning season. It is important that the base winter flow of
the river is set before the salmonids begin to spawn., This provides stable
egg 1ncubation flows throughout the winter. The low flow period should

end March 15 because rainbow trout spawning and Canads goose nesting season
comnences and higher flows are necessary. May 19 through July 5 is the
recommended high flow period with the dominant discharge occurring during

time. Several im_ortant fish species migrate and spawn in the Marias

and Missouri.rivers during this period. Normal high flows are necessary

itiate these migratory movements, From July 6 through Oc-tober 15 sal-

menid rearing cccurs in the riffle/run areas and food production 1 at a
maximum, Suitable flow in riffle areas is necessary during this time period.

Bridy

brown

o7

St

Table 34 indicates the flows requested are generally less than the

flows. The median flow (50 percentile rank) provides a measure of
availability during a normal or typical water vear. The median is
that is equalled or exceeded in 5 of 10 years (Figure 17).

CONCLUSIONS AND RECOMMENDATIONS

This study found that the Marias River from Tiber Dam to the Circle

¢ supports a cold water fishery consisting primarily of rainbow and
trout and mountain whitefish. Although rainbow and brown trout popu-

n numbers currently appear Lo be suppressed, mountain whitefish

539



180
I50-
204
30-
60-
30 10
s % 9 A 20 25 30
cfs 200 400 500 800 1000 1200
DISCHARGE

: ;
TEEUIE 1.

Average depth, maximum depth and cross secltion area vs. river
discharge curves for a composite of five pool cross sections
located in the Marias River, 1982,

(m*}

AREA



TA9RI-0A0R TRI0] JO SWISY Ul juRd 8TTluediod §L shueseadar suanBry styp /%
TRINETY STyl ut nmﬁmaucﬂ WWE/CW 9vTLY 50 moTy pingueg /¢
.mmmﬁ gutanp anooo PTOOYs sinoy wy 1oj Aw%u oqmwv gun\ms Ares mo _czc~qem:wx:$m\m

TRLAT0GAT sJaval 1o TYARG DOT Ao HouorIBanp Quon modg /7

/E9LS0LE

aez 91°'g S0OE ©9°'g 109°/1 vy L1E 868 a8y
117 86°C 11¢ 18°8 L8% 61 G 6h 1€ 26°g uep
ST 0L 06€ G011 18%°61 1°19 L1€ 86°9 29(
A oY’ 6 LES 12°G1 28891 VAR L1E 868 AOR
2199 166 76 0% 97 8600 0°0L LTE 86°¢ T€-97 120
£0¢ 96 8 166 L0°8T 7L0%T 1°1. G0S 917 SI-1 330
€LY €L L 0001 €76°82 SHL'6T §°¢8 0% 91" %7 1dag
%3 LA 156 11742 9eLf0¢ 118 00¢ 9T %1 any
(ee Vo aneT i8¢ 614°G7 7 R/ 006 Q11 T6-9 Afnp
7661 06°Ch wIET 7688 EHetTT 619 1T 0% ze G-1 Apop
0787 LS T1L 0691 L8 LY TEET 0L \mm 0L 1T J70%2E sunp
1067 10°¢8 0041 GO 6E revtor £°0/ ETT SANAY Te-61 Aey
LETT £6°00 €CET GLoLE Logtn 699 00% 6T %1 G171 Al
0401 1€°0¢ 0.8 VAR T ST 660 00G 91" %71 Trady
A SRl 79¢ 801 HORGT Cgy (08 Q1T TE-07 yaaey
608 WA 867 7% Q 67296 0 in L1€ 26°8 SI-T Unaep
S0 m\ma sI0 W\ME >34 |aoy AUy 8ID m\mﬁ

Aloadasay 1841 wanqy W] XS] moTag \Maﬂﬂwgouﬂﬂw TRAY BOT POPUSTLEOSD Y pOTISS

ROTD eiTiusdiag Aaytg AOTT 2yTivadIed A3ITg

CHRT iaqr ROTSG I2ATY
] ks gt

PTABL BU X0 9INPSYDE UoTIRAIS




FLOW im%’w&

18§ MAXIMUM (784 67 m¥sac

160 — Figure 17. Flow duration hydrograph Qf the
Marias River below Tiber Dem
for a 19-year period of record
150 - hetween water years 1960 and
1978 (USGS 19803.

0%

20%

50%
/ 70%

| 100%

i i 1

i j ¥ % 1 s
Oct. Nov. Dec. Jan. Feb. Mar. Apr.

MONTH
62

¥ i §
May June July Aug. Sept



population estimates and age and growth studies for both whitefish and rain-
bﬁw trout demonstrate that the basic conditions for salmonid growth are
cellent, 'The cold-water releases from the hypolimnion of the reservoir
avorable for brown trout, rainbow trout and mountain whitefish growth.
In addition, extensive riffile habitat in the river below the dam is well
sulted for aqaatic insect production, the principal food items for rainbow
and mountain whitelish. There is little off-channel development,
er, and numbers of forage fish are limited,

G
< o

.
hows

At present, it appears that poor recruitment of young fish into the
population is probably responsible for the low rainbow trout numbers. The
primary limiting factor may be related to water release patterns from Tiber
Dam which limit recruitment and suppress the fishery. Low flows probably
contributed to poor spawning success of rainbow trout in 1982, Additionally,
this study found that rearing of young-of-year (YOY) trout was associated
with the large mats of filamentcus algae anchored aleng the channel borders.
If fiows are too low during the summer, water depth and velocity conditions
among the algal mats are reduced to the extent that they provide very little
rearing habitat for YOY trout. Conversely, when flows are too great, the
algal mats may be scoured or poorly developed. .

Riverbank erosion appears to be a problem influencing the current fish
populations. Stream bank erosion and lack of bank stability inhibit the
establishment of good bank cover and limit the variety and abundance of
“ish populations. In addition, erosion widens the stream channel and neces-
sitates a greater flow to maintain adequate wetted perimeter and depth.

In spite of the factors believed to be limiting the fish populations

Tiber Dam, excellent opportunities exist for the enhancement of the

ishery in that area, Incorporation of the target instream flows

ed from this study into the reservoir operation plan should improve

w situation and result in increased trout production. It is recom-—
that this be accomplished. The instream flows identified for the
period are particularly critical. Maintenance of existing temperature
regimes and nutrient content of water released from the dam is necessary

for this improvement to take place. If target instream flow releases result
in reservolr water levels detrimental to northern pike and forage fish re-
production, alternate weans of assuring such reproduction should be explored.

Possibilities may include shoreline seeding of suitable vegetation as

servoir water levels recede or alternate operating plans cousid~ring peri-

ic reservolir needs.

The viverbank erosion problem should be studied to determine the causative
ts responsible for the erosion and to identify fiew levels below which
erogicn does not occur. Means to improve the physical habitat in the

ias River below Tiber Dam should alsc be explored.

River and reservoir fish populations should be monitored to determine
population response to target instream flows and any other enhancement
measures that are undertaken. After sufficient information is gathered,
target dnstream flows schedule should be evaluated.
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Appendix Table I, Water storage levels in Tiber Dam 1983.

Storage in

Purpose Elevations Acre—feet
Urest 3026.0 389,605
Surcharge 3012.5 to 3020.2 389,695
Filood control 2993.0 to 3012.5 187,740
Conservation 2966.4 to 2993.0 400,838
Inactive 2870.0 to 2966.4 556,043
Dead 2823.5 to 2870.0 21,582
Toral Storage Capacity 2823.5 to 3020.2 1,555,808

Elevation of:

Auxiliary outlet = 2967 ft
River (hypolimnion) outlet = 2870 ft.

68



Appendix Table 2. Daily minimum and maximum water temperatures (degrees
¥} for the Marias River 5 km below Tiber Dam recorded

during 1982,

July August September October November
Day  Min Max - Min Max = Min Max Min Max Min Max
1 45 60.5 50 a1 50 54 43,5 48,5
2 49 61 51 63 49 58.5 43.5 51
i 50 59 51 64 50 58 42 43
4 50 61 52 62.5 48.5 54 40 46
5 50 62 50 61.5 No data 42,5  50.5
6 50.5  &1.5 50 64 No data 42.5 47
7 50.5- &2 50 63 48 53.5 40 48
8 50 61.5 51 64 47.5 57.5 40 45
9 52 57 50 63 46.5 58 42 44
1g 50.5 62 52 61 46.5 59 41 48
i1 51.5 6% 48.5 60 48 61.5 38 43
i2 51 60 49 57 50 60.5 36 41.5
13 50 2 48 53.5 49 61.5 38 43
14 51 61 48,5 55 50.5 63 36 43
i5 51 61 48.5 62 50 62.5 38 42.5
16 51 62 50 60 51 58 38.5 42
17 51.5 62 48 62.> 47.5 55 39 44.5
18 52 62 48 62,5 53.5 47 40 43
19 52 61,5 49 62 45 54 36 41
20 A8.5 57 50.5 60 48 63 45 55.5 36
21 48.5 58 51 61.5 50 62 44 55
22 48.5 '58.5 51 61 49 62.5 47 56
23 48.5 58.5 51 56.5 30 62.5 48.5 58
24 48 58 50.5 62 50 63 47 57
25 48,5 57.5 50 61.5 53 67 46 57
26 49 &0 50.5 56 54 60 48,5 54
27 48.5 60 50 62 51.5 56 45 51
28 48 61 . 50.5 61 50 55 43.5 51
2¢ 45 61 50.5 60 49 53 45 52.5
30 49 61 51 - 58 50 62 43 53
31 4G 60 50 60.5 _ 43 50.5



Appendix Table 2 continued,

Daily minimum and maximum water temperatures
(degrees C) for the Marias River 5 km below

Tiber Dam recorded during 1982.

July August September October November
Da Min Max Min Max Min Max Min Max Min Max
i 9.5 15.8 10.0 16,1 0.0 12,2 6.4 9.2
z 9.5 16.1 10.5 17.2 9.5  14.7 6.4 10.53
3 10,0  15.0 10.5 17.8 10.0 1i4.5 5.6 8.9
4 16.0 16,1 11.1 17,0 9.2 12.2 4.4 7.8
3 10,0  16.7 10.0  156.4 5.6 10.3
) 10.3  16.4 10.0 17.8 5.6 8.3
7 10,3  16.7 10.¢0 17,2 8.9 12.0 4.4 8.9
8 i0.0 16.4 10,5 17.8 8.6 14,2 4.4 7.2
q 11.1 14.0 10,0 17.2 8.1 14.5 5.6 6.7
10 10.3  16.7 1l1.1 16,1 8.1 15.0 5.0 8.9
11 10.8  16.7 9.2 15.6 8.9 16.4 3.3 6.1
12 6.5 15.6 9.5 14.0 10.0 15,9 2.2 5.3
13 i0.¢ 16,7 8.9 12.0 9.5 16.4 3.3 6.1
i4 10,5 16,1 9,2 12.8 10,3  17.2 2.2 6.1
i5 1.5 16.1 9.2 16.7 16,0 17,0 3.3 5.8
i5 i0.5 16,7 10.0 15,6 10.5 14,5 3.6 5.6
17 1.8 16.7 8.9 17.0 8.6 12.8 3.9 6.7
18 il.1 16.7 8.9 17.0 6.4 8.3 4.4 6.1
i 11.1 16.4 9,5 16,7 7.2 1z2.2 2.2 5.0
20 9.2 4.0 10.3 15.6 8.9 17.2 7.2 13.1 2.2
21 9.2 4.5  10.5 16.4 10.0 16,7 6.7 12.8
22 9.2 14,7 16,5 16,1 9.5 17.0 8.3 13.3
23 9.2 14,7 10,5  13.6 10,0 17.0 9.2 14,5
24 8.5 4.5 10.3 16.7 10.0 17.2 8.3 14.0
25 9.9 14,2 16.¢ 16,4 11.7 19.5 7.8 14,0
26 9.5 i5.6 10,3 13,3 12,2 15.6 5.2 12,2
27 G.Z i5.6 0.0 16.7 10.8 13.3 7.2 10.5
28 5.9 16,1 16,3  16.1 1i0.0 12.8 6.4 10,5
29 9.3 16.1 10,3 i5.6 9,5 11,7 7.2 11.4
30 9.5 16.1 16,5 15,0 10.0 16,7 6.1 11.7
31 8.5 i5.6 10.0 i5.9 6.1 10.3
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Appendix Table 3. Daily minimum and maximum water temperatures (degrees F)
for the Marias River 33.7 km below Tiber Dam {Dugout
Coulee section) recorded during 1982.

March April May June July

Bay  Min Max Min Max  Min Max Min Max Min Max
1 40 42 46 53 50 52.5

2 37 40 50,5 52

3 35 37 50 52

4 34.5 35 51 52.5

5 34,5  39.5 51 53

& 38 39 51.5 54

7 35 38 51.5 53

8 34,5 37 51 52 56 60.5
9 37 42.5 51 54 53.5 60
10 40 44 52 54 53 58.5
i1 41.5 45 52 56 53 58.5
12 43,5 43 52 55.5 53 58,5
i3 44 49.5 52 55.5 53 60
14 46 49 51 55 52.5 54 54,5 &0
15 43 46 52.5 55.5 53 56 54.5 59,5
1 49 45 53 55.5 54 57.5 55 58
17 42 46,5 53 56 35.5  57.5 52.5 58
iB 43 45,5 54 57 56 57 55.5 58

1 40 44 52 56 56 61
20 40.5  46.5 50 53 57 61
21 43 1 50.5 55.5 58 62
22 46.5 54 51 54 60 63
23 48.5 55 5.5 54.5 60 63
24 49.5 53.5 50 52.5 50 62
25 47 51 51 54 60 63
28 46 52 50 55 60 63
27 - 48 55 49 50 61 64
28 49 54 49 49.5 61 65.5
29 44 46.5 48 49 62.5 67
30 41 44 44.5 49,5 48 48.5 63 67
31 40 43.5 48 51.5 63.5 66,5



Appendix Table

‘%

continued

“

Bay

o GO 0 O L B 0 D b

August September October November
Min Max Min Max Min Max Min Max
62.5 66, 57 60 50 51 41.5 42
61 H6 48 61 49.5 52 41 42

1 64 59 63 51 52.5 39.5 41
58.5 63 60 63 50 51 39 40
680.5 64, 57.5 61 50 51 39 41
62 65 57 61 49 52 40 41
62 65 57.5 61 48.5 50 38.5 40
61.5 64 58 62 47 49 37 38.5
80 63. 58.5 62 46 48.5 37 37
58.5 64 No data 46 49 37 38.5
62.5 66 55 57 47 50.5
61 64 52 56 49,5 52
59 63, 49 52 50 53
61 64 49 50 51.5 54.5
59.5 63 49 54 52 54.5
61 64 53.5 56 53 54
62 85 52.5 56 49 53
62.5 05, 53 57 43 49
62 85 54 57 42 43
62 65 53 56 41.5 44
61 64, 54 57 43 45
61 64 54 57 44 47.5
59.5 62 55.5° 58 47 50
56 81 55 57.5 47.5 49,5
55 52 56 59.5 47.5 49
57.5 62 57 59 48 49
55 60 53 57 46,5 49
58.5 61 50.5 53 44 46.5
58 &1 49 50.5 43 44
57.5 60 48.5 51 42 43.5
56 59 41.5 42.5
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Appendix Table 3 continued. Daily minimum and maximum water temperatures
(degrees C) for the Marias River 33.7 km
below Tiber Dam (Dugout Coulee Section)
recorded during 1982.

March April May June July

Dav Min Max Min Max Min Max Min Max Min Max
1 4.4 5.6 10.0 11.4

Z 2.8 44 10.3 11.1

3 1,7 2.8 10.0 ii.1

A 1.4 1.7 i0.5 11.4

5 1.4 4,2 10.5 11.7

& 3.3 3.9 10.8 12.2

7 1.7 3.3 10.8 11.7

5 1.4 2.8 10.5 11.1 13.3 15.9
9 2.8 5.8 10.5 12.2 12.0 15.6
10 4.4 6.7 11.1 12.2 i1.7 14,7
i1 5.3 7.2 11,1 i3.3 i1.7 14.7
12 6.4 8,9 11.1 13.1 11.7 14,7
13 6.7 9.7 11.1 i3.1 11.7 i5.6
14 7.8 5.5 10.5 12.8 11.4 12.2 12.5 15,6
15 6.1 7.8 11.4 13.1 11.7 13.3 12,5 15.3
i6 4,4 7.2 11.7 13.1 12.2 14,2 12.8 14.5
17 5.6 g,1 11.7 i3.3 13.1 14,2 i1.4 14,5
18 6.1 7.5 12,2 14.0 13.3 14,0 13.1 14.5
19 &4 6.7 11.1 13.3 i3.3 16.1
20 4,7 8,1 10.0 11.7 i4.0 16.1
21 6.1 10.5 10.3 13.1 14,5 16,7
22 8.1 1z.2 10,5 12.2 15.6 17.2
23 g.,2 12,8 10.3 12.5 15,86 i7.2
24 9.7 12.0 10,0 11.4 15.0 16.7
25 8.3 iG.5 10.5 12.2 15.6 17.2
28 7.8 ii.1 10,0 12.8 i5.6 17.2
27 8.9 i2.8 9.5 ig.0 16,1 17.8
28 9.5 12.2 8.5 9.7 16.1 18,6
Z 6.7 9.7 8.9 9.5 17.0 16.5
30 5.0 6.7 7.0 9.7 8.9 9.2 "2 19.5
31 L 6.4 8.9 10.8 1r.5 16,2
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Appendix Table 3 continued. Daily minimum and maximum water temperatures
(degrees C) for the Marias River 33.7 km
below Tiber Dam (Dugout Coulee Section)
recorded during 1982,

August September October November
Day  Min Max Min Max  Min Max Min Max
1 17.0 19,2 13,9 15.6 10.0 10.6 5.3 5.6
2 6.1 i8.9 14,5 16.1 9.8 11.1 5.0 5.6
3 16,1 7.8 15,0 17,2 10.6 11.4 4.2 5.0
4 4.7 17.2 15,6 17.2 10.0 10.6 3.9 4.4
5 i5.9 i8.1 14,2 16.1 10,0 10.6 3.9 5.0
& 16,7 18.3 13,9 16.1 9.5 11.1 b4.h 5.0
7 16,7 18,32 14,2 16,1 9.2 10.0 3.6 4.4
8 16.4 17.8  14.5 16,7 8.3 9.5 2.7 3.6
9 15,6 i7.5 4.7 16.7 7.8 9.2 2.7 2.7
i0 14,7 17.8 7.8 9.5 2.7 3.6
i1 17.0 i8.9 12,8 13.3 8.3 10.3
iz 16,1 17.86  11.1 13.3 9.8 11.1
13 i5.0 17.5 8.5 1l.1 10.0  1L.7
14 16,1 17.8 9.5 10,0 10.6 12.5
15 15.3 17.2 g.5 12,2 11.1 12.2
16 16.1 7.8 12,0 13,3 11,7 12,2
17 16.7 8.3 1i.4 13,3 9.5 11.7
18 17.0 8.6 11,7 13.9 6.1 9.5
i9 i6.7 8.3 12.2 13.9 5.6 6.1
20 16.7 ig.3  11.7 13.3 5.3 6.7
1 16,1 18.1 12,2 13,9 6.1 7.2
22 16.1 i7.8  12.2  13.9 6.7 8.6
23 15.3 16,7 13,1 14,5 8.3 10.0
24 i3.3 16.1 12,8 14.2 8.6 9.8
25 15.G 16.7 13.3 15.3 8.6 9.5
26 14.2 i, 7 13,9 15,0 8.9 9.5
27 12.8 15.6 11.7 13.9 8.1 9.5
28 14,7 16,1 10,3 11.7 6.7 8.1
25 14,5 16,1 8.5 10.3 6.1 6.7
30 14,2 15.6 8.2 10,6 5.6 6.4
31 13.3 15.0 5.0 5.8
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Appendix Table 4. Numbers of aquatic macroinvertebrates collected (per
sample period) below Tiber Dam November 10, 1981,
through July 20, 1982Z.

Organism Fall Winter Spring Summer

Mayfly
Bastis i3 197 145 56
Heptagenia
Fhithrogeno 1
Stenonema
Ephemerella 153 209 310 147
Tricorythodes 2
Choroterpes
Leptophlebia
Ephemera

Total 168 407 455 203

Stonefly
Pleronaroys
Capniidae
Ulagesenia
Isogencides
Isoperla 3 56 33
Chloroperlidac

Total 3 56 33 0
Caddisfly

Chewmatopsyche 1

Aydropsyche 1 20 7

Glogsosoma 60 43

Agrayleq 4 1

Brachycentrus

Lepidostoma

Helicopsyche

Leptocerus

Deceti 3 1

Total 9 840 50 2
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Appendix Table 4 continued. Numbers of aquatic macroinvertebrates
collected (per sample period) below
Tiber Dam November 10, 1981, through
July 20, 1982,
Organism Fall Winter Spring Summer
Diptera
Tipula 2
Simulien 2
Chironomidae 8 12 4 131
Chrysops 4
Total 15 i2 4 133
Others
Ophicgomphus
Corixidae
Elmidae
Fyallella 2
Oligochaeta 2 2 9
Physa 3 1
Gyraulus 1
Ferrigsia
Pelecypoda
Total 5 3 2 19
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Appendix Table 5.

Numbers of aquatic macroinvertebrates collected
{(per sample period) near Pugsley Bridge November

77

10, 1981, through July 20, 1982.
Organisnm Fall Winter Spring Summer
?\é&}’f} b
Baetis 39 716 107 45
Heptagenia 3
Rhithrogena 19 18 1 2
Stenonemg 6
Ephemerella 24 177 98 278
Tricorythodes 4 3
Choroterpes 3
Leptophlebia 1
Ephemera
Total 85 914 206 325
Stonefly
FPraronareys
iapniidae
Clanssenia
Teogenoides 3
soperia 53 315 14 32
Chloreperlidae 20
Total 76 315 14 32
Caddisfly
Cheymatopayche 67 52 2
Hydropsyche 269 120 3 16
Glossosoma 13 7
Agr aJ,Pa 4 3 3
Brac ﬂgaéw*ﬂﬁs 1 1
Fapa&0aroma
Felicopayche
Lepto Cerus
Cecetis 18 8 17
Total 359 194 6 45



Appendix Table 5 continued. Numbers of aquatic macroinvertebrates
collected (per sample period) near Pugsly
Bridge November 10, 1981, through
July 20, 1982,

Organism Fall Winter Spring Summer

Biptera
Pipula 1
Simulium
Chironomidae 14 28 9 23
Chrysops

Total is 28 9 23

Others
Ophiogomphus
Corixidae
Eimidae
fyallella
Qligochaeta
Physa
Gyraulue
Ferrissia
Felecypoda

LS I LT SV SN
[ 93]
95

Total 8 4 1 3
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Appendix Table b . Numbers of aquatic macroinvertebrates collected (per
sample period) near Moffat Bridge, November 10, 1981,
through July 20, 1982,

79

Organism . Fall . Winter Spring Summer
Mayfiy

Bogtis & 138 147 203

Heptagenia 2 1

Rhithrogena 249 184 47 19

Stenoneia 1

Ephemarello o1 17 173 156

Mpicorythodes 1 1 1

Choroterpas

Leptophlebia

Ephemera 3

Ameletus 1

Total 259 340 372 380
stonefly

Pteronarcys i

Carmiidae

Claassenia 4 7

Tsogenotdes 32 23 2 78

Isoperla 36 136

Chioroperliidae 7

Total 43 67 138 78
Caddisfly

Chewmatopsyche 64 131 8

Hydropsyche 256 391 21 57

Tlosaosoma 2 7

Agraylea

Srachyeentris 2 3

Leptdostoma

felicopsyche 1 1

Leptocerus

Oecatis 1 2 1 10

Total 326 532 30 70



Appendix Table 6 continued. Numbers of aquatic macroinvertebrates
collected (per sample period) near Moffat
Bridge, November 10, 1981, through July
20, 1982,

Organism Fail Winter Spring Summer

Diptera
Tipula 2 12
Simulium il
Chironomidae 4 i6 28
Chrysops

Total 4 18 12 39

Others
Ophiogomphus 2
Corixidae 1
Elmidae 4 1
Byalella 1
{ligocharta 7 21
Physa 3
Guraulus 4
Ferrissia
Pelecypoda

Total 16 0 27 2
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Appendix Taeblie 7 . Numbers of aquatic macroinvertebrates collected
‘per sample period) near Circle Bridge November
1, 1981 through July 20, 1982.

Organism Fall Winter Spring Summer
Mayfly
Boetis 20 37 3 108
Feptagenia i6
Rhithrogena 9 ’ 44 6 13
Stanonema 139 67 7 6
Hohomerella 4 2 15 31
Tricorythodes 2 10
Choroterpes 2
Leptophlebia 1
Ephamere 4
Total 197 150 31 168
Stonsfly
Preronarceys
Capniidae ' 1
Claassenia 1 11
Tsogencides 7 14 3
Isoperia _ 13 71 1
- Chioroperliidae 1
Total 20 87 2 14
Caddisfl
Chaumatopsyche 46 31 2
Tropsyche 176 122 4 16
sa080ma 1 1
2 o
yeentrus 11 5 1 76
dostoma 2
4 2 2
Lepiocerus 2z 1 2 i
Ogcetis 12 4 1 1
Total 254 165 10 134



Appendix Table 7 continued. Numbers of aquatic macroinvertebrates
collected (per sample period) near Circle
Bridge November 10, 1981, through July

20, 1982,

Organism Fall Winter Spring Summer
Diptera

Tipula

Stmulium 7 _ 12

Chironomidae 43 263 3 105

Chrysops '

Total 50 263 3 117
Others

Ophiogomphus ' 2 2

Corixidae

Elmidae 4 2

Hyalellg 4 2

Oligochaeta 21 4 11 2

Physa 6 i 4 1

Gyraulug 5 i3 1

Ferpigata 2 6

Pelecypoda 5 5

Total 47 35 15 6
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