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Abstract:
Environmental limitations of Beaver Creek trout populations were studied from August 1981 to March
1983.

I attempted to identify primary limiting factors and to determine if timing and quantity of flow released
from an upstream storage reservoir (Bear Paw Lake) would improve habitat conditions.

Major limiting factors appeared to be streambed composition, quantity of streamflow, and water
temperature. Angling, channel alterations, livestock grazing, and beaver activity contributed to the low
rainbow trout abundance below Bear Paw Lake, but did not appear to be major limiting factors.

Throughout the study area, high percentages (>20%) of fine particles (<0.85 mm) were found in
streambed materials, reducing quality and quantity of suitable spawning habitat for rainbow trout.
Predicted rainbow trout embryo survival to emergence ranged from 0-30% in the study area. Geology
of the lower two-thirds of the study section prevents improvement of spawning substrate by
manipulating quantity of water released from Bear Paw Lake.

With water temperatures as high as 26 C during summer low flows, Beaver Creek is considered
thermally marginal for rainbow trout. Temperature model predictions indicated that releasing 4.4-13.9
C water from the bottom of Bear Paw Lake at a rate of 0.028-1.36 m”/s, would maintain an
average-maximum temperature of 16 C or less for 3.2 km downstream, providing near optimum water
temperature for the rainbow trout during most summer months. Releases exceeding the base flow of
Beaver Creek by 0.065 mr/s/day for 60 days, could reduce the recreational value of Bear Paw Lake by
exposing 22% (4 ha) of the lake bottom.

Physical habitat simulation model predicted flows of less than 0.34 m”3/s would greatly reduce
available adult and juvenile rainbow trout habitat. A discharge range of 0.34-0.86 m”3/s would produce
"preferred" velocities and depths for adult rainbow trout in 51-53% of the channel in the 3.2 km section
below Bear Paw Lake. In relation to rainbow trout habitat and optimum water temperature, a minimum
flow of 0.28 m"/s released from the bottom of Bear Paw Lake throughout the year, is recommendede
The 1.6 km of Beaver Creek immediately downs t ream from Bear Paw Lake was the most heavily
fished area on the stream. Rainbow trout of hatchery origin were dominant in this section, having
moved down from Bear Paw Lake. By stocking rainbow trout in this 1.6 km section, 99% of the
recreational fishing needs for Beaver Creek below Bear Paw Lake would be met.
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ABSTRACT

Environmental limitations of Beaver Creek trout
populations were studied from August 1981 to March 1983.
I attempted to identify primary limiting factors and to

"determine if timing and quantity of flow released from an
upstream storage reservoir (Bear Paw Lake) would improve
habitat conditions.

Major limiting factors appeared to be streambed
composition, quantity of streamflow, and water
temperature. Angling, channel alterations, livestock
grazing, and beaver activity contributed to the low
rainbow trout abundance below Bear Paw Lake, but did not
appear to be major limiting factors.

Throughout the study area, high percentages (>20%) of
fine particles (<0.85 mm) were found in streambed
materials, reducing quality and quantity of suitable
spawning habitat for rainbow trout. Predicted rainbow
trout embryo survival to emergence ranged from 0-30% in
the study area. Geology of the lower two-thirds of ‘the
study section prevents improvement of spawning substrate

by manipulating quantity of water released from Bear Paw
Lake.

With water temperatures as high as 26 C during summer

low flows, Beaver Creek is considered thermally margianal
for rainbow trout. Temperature model predictions
indicated that releasing 4.4-13.9 C water from the bottom
of Bear Paw Lake at a rate of 0.028-1.36 m3/s, would
maintain an average-maximum temperature of 16 C or less
for 3.2 km downstream, providing near optimum water
temperature for the rainbow trout during most summer
months. gleases exceeding the base flow of Beaver Creek
by 0.065 m?/s/day for 60 days, could reduce the
recreational value of Bear Paw Lake by exposing 22% (4 ha)
of the lake bottom. :

Physical habitat simulation model predicted flows of
less tham 0.34 m3/s would greatly reduce available adult
and Juvenile rainbow trout habitat. A discharge range of
0.34-0.86 m3/s would produce "preferred” velocities and
depths for adult rainbow trout in 51-537Z of the channel in
the 3.2 km section below Bear Paw Lake. 1In relation to
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rainbow trout habitat and optimum water temperature, a
minimum flow of 0.28 m3/s released from the bottom of Bear
Paw Lake throughout the year, is recommended.

The 1.6 km of Beaver Creek immediately downstream
from Bear .Paw Lake was the most heavily fished area on the
stream. Rainbow trout of hatchery origin were dominant in
this section, having moved down from Bear Paw Lake. By
stocking  rainbow trout in this 1.6 km section, 99% of the

recreational fishing needs for Beaver Creek below Bear Paw
Lake would be met.
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INTRODUCTION

In north-central Montana, few streams support
recreational trout fisheries. Although most streams in
this area do not héve large trout populations, streams
such as Beaver Crgek are an important source of
recreafion.

A stﬁdy by personnel of Montaﬁa Department of Fish,

Wildlife and Parks (Needham and Gilge 1980) found large

annual variations in rainbow trout (Salmo gairdneri) age
class structure in Beaver Creek, suggesting the existence
of less than optimum conditions. By monitoring trout
abundance and various physical parameters of the stream, I
attempted to identify factors that are limiting the trout
population.

Numerous limiting factors to trout populations have
been identified (Burton and Odum 1945, Call 1970, Raleigh
et al. 1984). Those which I hypothesized were the most
important in Beaver Creek were streaﬁbed compositioq,
reduced stream discharge during 1éte summer, fall, and
winter, and high summer water températdres.

Bear Paw Lake, an impoundment on Beaver Creek, is
owned and.operated by Montana Depaftmenf of Fish, Wildlife

and Parks and provides a major source of recreation in

I T Y A N
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Hill County Park. A épillway and penstock provide a means
for controlling discharge from the dam and provide
opportunity to modify flow and water temperature in Beaver
Creek.

Several researchers have demonstrated a good
relationship between flow and standing crop of trout
(Wesche 1974, Binns and Eiserman 1979, and Schlosser
1982). I sought to identif§ limiting factors for rainbow
trout in Beaver Creek and £o determine the exte&t to which
these 1imitations'cou1d be controlled through timing and
quantity of flow released from Bear Paw Lake.

The obiectives of the study were to:

l. Determine species composition, distribution,
and abundance of fish in Beaver Creek between Beayer Creek
Rgservoir and Bear Paw Lake.

2. Evaluate poténtial factors limiting the réianw
trout population. | V

3. Determine recreational use and angler attitudes.
on Beaver Creek.and Bear Paw Lake. |

4. Develop a water release plan for Bear Paw
Lake, for the purpose of enhancing rainbow trout habitat
in Beaver Creek, within the constraints of doqutream

water rights and recreational demands of Bear Paw Lake.
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DESCRIPTION OF STUDY AREA

Beaver Creek is located im north-central Montana,
approximately 16 km south of the city of Hgvre. Mean
annual precipitatiom is 31.95 cﬁ, half of which o;curé
between May and August (NOAA 1981). Average nﬁmber'of
frost-free days is 138, occurring betweén May and‘mid_
September. Winters are cold Qiéh.sub—zero températures
common. .Summer air temperatureé are warm but seldom hot
(less than 35 C). Warmest months are July and Auéusﬁ,
with mean aif temperatures of 20.1 and i9.7 C{
respecfively. The mean annual aif temperature is 5.9 C
(NOAA 1981).

Beaver Creek is the main drainage éf the Bgar's Paw
Mountains, which range in elevation from 762 to 1,829 m.
The stream drains 127 ha, channe}ing the water 43 km to
its intersection with the Milk River. Beaver Creek runs

through the 4,047 ha Hill County Pérk, reportedly the

largest county park in the continental United States. The

)
parkland was placed under stewardship of the county for
the purpose of providing a recreation area for visitors

and residents of the region. . Haying,vgrazing,*gnd fur

trapping in the park help to provide an economic base for

the park.
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Two reservoirs exist inm Hill County Park.(Figure 1).
Completed in 1973, Beaver Creek Reservoir, located at the
northern (downstream) end of the park, is the largest
impoundment with a surface area at full pool of 48 ha.
The reéervoir functions mainly as an irrigation and flood
control structure, with a growing potential for
recreation. Beaver Creek Reservoir does not influence
conditions in the study area, except to block immigration
from downstréam. The second reservéir; Beaf Paw Lake (18
ha), is located 10.0 km upstream. it was constructed in
1952 and serves as one of the area's major recreation
sites. Bear Pgw Lake has algood trout fishery, supported
by stocking of hatchery fish by the Montana Department of
Fish, Wildlifé, and Parks.

The study area was designdted as the 10.0 km of
stream betweeﬁ the two reservoirs, aé well ;s 1.6 km
upstrean from.Bear Paw Lake and a similar distance below
Beaver Creek keservoir. Five sections were selected for
comparative pﬁrposés (Figure 1). All study sections are
higﬁly affected by the geology of the region,(Figupe 2).

| Study section 1 is 1.6 km long and is located
immediately déwnsfream from Beaver Creek Reservoir (Figure
1; Table 1). ‘In tﬁis section, the stream cuts through a
thick bed (60 m deep) of ground moraine. Tﬁié fine-
grained glacial deposit makes up much of the substrate in

depositional areas of this stream segment. More recent
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Figure 1. Location of electrofishing, temperature,

hydraulic modeling, and thermograph sites
in the Beaver Creek study area.
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Figure 2. Geology of the Beaver Creek study area
identifying alluvium (Qal), ground moraine
(Qgm), and mafic volcanic (Tmv) rock formations
(Kerr 1957).
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deposits of stream alluvium are larger in graiﬁ size and
are exposed along a marrow margia (50 --100 m) on either
side of Beéver Creek. Section 1 has a lower gradientv(7.6
m/km) than the other four sections which adds to the

potential for deposition.

Table 1. Parameters of the Beaver Creek study area.

Distance from
Bear Paw Lake -

(upper end of Section Streambed Mean

section) , length gradient width
Section (km) , (km) (m/km) _(m)
1 10 km downstream 1.6 7.6 6.2

(immediately below
Beaver Creek :
Reservoir)

2A 7 km downstream 3.0 7.6 4.4
(immediately above '
Beaver Creek
Reservoir)

2B 3.2 km downstream 3.0 15.2 4.6

2C immediately 3.2 20.8 5.2
downstream :

3 immediately 1.6 14.4 4.6
upstream :

The study area between the resefvoirs was divided
into three sections, 2A, 2B, and 2C (Figure 1); Section
2A is 3 km in length, beginning 7 km downstpeam from-BegF
Paw Lake and terminating at fhe junction of Beaver Creek

and Beaver Creek Reservoir (Table 1). This section is

L
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similar in physiography and gradignt (7.6 m/km) to section
1, and has cut thfough the deposited ground‘moraipe,
leaving a series of high, unstable silt walls. |

-Section 2B begins 3.2 km downst;eam from Bear Paw
Lake (Figure 1) and is 3 km long (Tabie 1). Streém
gradienf is 15.2 m/km and streambed ?omposit;on-;ends
toward the larger rubbleland cdbsle (Table 2), wﬁich is
more typical of stréam alluvium. |

Section 2C starts at the penstock outlet of Bear Paw
Lake (Figure 1), énd extends 3.2 kmhdownstream (Table 1).
Volcanic benches and slabs make up a large proportion of
the streambed. Their presence have produced a series of
i—Z,m waferfalls in one reach. ‘Even thouéh section ZClhas
a substantial gradient (20.3 m/km).that would teund to |
c;rry silt away, depositional afeas are still very
éVident.

Section 3, above Bear Paw .Lake (Figure 1), is 1.6 km
in length (Table 1). The section haé a moderaée gradient
(l4.4 m/km) wiﬁh more alluvium than ground moraine,
producing a substrate dominated by cqbble and gravel
(Table 25, and coﬁtaining less silt than the other

sections.
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Table 2. Classification of substrate based on a modified
version of the Wentworth particle size scale
(Spoon 1985). ‘ C

Substrate Type - * Particle Size (mm)
Fines g ' ' 2.0

Gravel . 2.0 - 64.0
Cobble . 64.0 - 250.0
Boulder >250.0

Average‘discharge is similar in all sectiong for all
months of the year. Low flows occur between August and
February, while the largest discha;ge is from late April
through mid-July. Between 1981 and 1983, flows ranged
from 0.056 to 14.0 m3/s, with average annual discharge
between 0.28 and 0.42 m3/s. The largest flow recorded
during the study period occurred in May 1982 and was
associated with a spring storm (7.0 m3/s or approximately
300% of normal). Sucker Creek is the‘only tributary
influencing flow in.the Beaver Creek study area (Figure
1). The tributary carries a discharge of less than 0.28
m3/s, is intermittent,‘and interseéts‘Beaver erek at the
inlet of Bear Paw Lake.

All study sections have thick riparian vegetation
which.greatly limits accessibility for humans to the

stream, particularly in section ! and the lower reaches of

section 2. Riparian vegetation consists mostly of willow
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(Ssalix spp.), water birch (Betula fontinmalis), and red

dogwood (Cornus stoldniferd), wildrose (Rosa sp.), and

horizontal juniper (Juniperus ép.); various grasses were

present in areas with less stable stream-morphology. -In

sections 2C and 3, yellow pine (Pinus jeffreyi) and aspen
(Populus sp.) were also present. -

Beaver ponds are found in all sections. Ponds in
section 3 are generally ahtiie, intac; and considered in
.good condition. Most beaver ponds in sections 1 and ? are

inactive and in poor condition.
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: METHODS

Fish Population Sampling

Fish population estimatés on Beaver Creek were made
using the mark-recapture technique described by Vincent
(1971). Mark-recapture was chosen to maintain continuity
with the MDFWP methods, making a cooperative effo;t
possible through sharéd equipment, personnel aqd dgta.

One electrofishing éection was established in each of ﬁbe
five study sections (Figure 1); subsampling was necessary
because of limited accessibility an& manpower. 'anh
electrdfishing section was selected to represent
longitu&inallhgbitag characteristics of that study
section. Electrofishing seétions'ranged in length from
210 to 375 m and were bounded'by natural barriers that
would discourage movement of fish into or out of the
sémpling area (Table 3).

Samples were cqllecéed using a direct current bank
electrofishing system consisting of a homemade rgctifying
unit, a 1500—wa£t generator, a hagdfheld anode ané a
stationary cathode. All detectable trout and suckers were
captured with dip-nets. Fish were held in live cars until
processed. The fish wére gnesthetised with MS222 .

(tricaine methano—sulfapate), measured for total length .to
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the nearest 0.25 cm, and weighed to the nearest 0.05 kg
usiﬁg a platform spring scale. Scale samples from rainbow
trout were taken from the left side, posteriof to the
dorsal fin, half-way between the lateral line and the
median line of the dorsal surface. Pectoral and amal fin
clips were used to provide unique marks for each
electrofishing section. After marking, the fish were
returned to the 1live car, allowed to recover, and were
returned to theilr approx;mate area of collection.

Table 3. Length of pophlation estimate sections on
Beaver .Creek in 1981 and 1982.

Section
Section Date length (km)

1 , 9/81 0.248
: 9/82 : 0.375
- 2A 9/81 0.375

~ 9/82 0.365 |
2B 9/81 ' 0.312
9/82 0.300
2¢ 9/81 0.234
9/82 0.210
3 ‘ 9/81 . 0.143
: ©9/82 0.280

Marking runs were made during the last week of August
in 1981 and 1982, and consisted of one upstream and one

downstream pass through each section.. In 1981, 2 - 5 d
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were allowed between marking and racapture. In 1982 this
period was increased to a minimum of 10 d. Reéaptured
fish were measured for length thle unmarked fish were
measured for 1enéth and weight,-aﬁd‘scale sgmples were
taken fromvrainbow trout. |

'Species abundance was estimated using Chapman's
modification of the Petersen formula deécribed by Ricker
(1975). | |

N* = (M+1)(C+1)
‘(R+1)

Where N* is the abundance estimate, M is the total number
of markgd fish, C is the total number'of fish captured on
the.recapture run, and R is the number of ma?kedAfish
collected on the recapture run. Confidence inte;vals were
constructed using the variange approximatiop (Ricker,

1975):

V(N*) = (N%)2 (C-R)/(C+1) (R+2)
SD = SQRT(V(N*))

95% CI = t(SD)

Where V(N*) represents the variance approximation, SD is
the standard deviation, §5% CI is the 95% coqfidénce
interval, t represents the t-value for‘the 0.975
percentile of the trdistribution-(single tailed), aqq SQRf

identifies the squaré root operation.
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Where it was necessary to combine estimates,
confidence intervals were summed using the following

formula (Snedecor and Cochran 1980):
€I = t[ SQRT(SUM(SD)2 ) ]

Age was determined as described in Bagenal (1978).
Heat impressi&ns of réinbow trout scales were madeqon |
clear polyvimnyl using a h&drauiic press and were thgn
viewed under,magnificgtion té determine the number of
annuli present. ‘Scale radius meésurements were'made from
the scale focus to each annulds and the edge of the scale.
These data were hséd to back-calculate growth of rginbow
trout by using the Lea corrected direct proportion method
(Bagenal 1978). Tﬁis method was chosen because it had a
higher predictive value (r=0.74_or g;eater) thgn other
‘linear and non-linear models attempted in this evaluation.
Back-calculated lengths of rainbow trout were analyzed
using the FIRE 1 computer program,(ﬁesse, 1977).
Calculations were made to dete?mine mean total length at
each annulué for each.age group of the rainbow trout age I
and older. Mean condition factor and standard error were
also determined. The analysis was completed for each.of
the. five elqctrofighing sections and was baégd on a total

sample of 334 rainbow trout.
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Spawning Habitat

To determine suitability Qf(streambgd graveis for
tFout spawning, 16 substrate samples from five sections
(Figure 3) were taken using a médified MENeil sampler
(McNeil and Ahnell 1964). Sites which appearéd best
suited for trout spawning were selectgd.'Préferred-
sémpling sites were fhdse that hadllbose gravel of 7 to 77
ﬁm diameter. The taii of a pool, thé head of a rum or any
othér morpholoéical feature of the streambed that woﬁld
eﬁhance intergravel flow, were sought in ch;osing sémpling‘
sites. |

Gravel samples were oven—-dried, sieved and weighed.
Eleven sieve sizes‘ranging from 0.419 to 50.8 mm were
uséd. The content of each sieve tray was weighed to the
nearest 5 g. " Percent composition‘by p;rticle size was

then calculated. Cumulative percentage of substrate

_composition was plotted against particle size to produce a

unique curve for.each sample. Peréentage of substpate
smaller than 9.50 mm and 0.85 mm was used to predicfl
rainbow trout embryo survival follow%ng the equation
described by Irving and Bjornm (1984) relatiang raiﬁbow

trout embryo survival to gravel size compositon.

percent survival =

113.58 - 10.77(S;_g5) - 0.007(Sg )2 + 0.301(S, g5)>




aver Creek
Reservoir

Bear Paw
Lake 3

C-chemistry sample c
sites

O~-~substrate sample
sites

X-staff gauges \\\\b

Figure 3. Locations of water chemistry sampling,

substrate sampling, and staff gauge sites in
the Beaver Creek study area,
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where 89.5 représents percent composition of the substrate
sample witp particle size of 9.5 mm or less, and S5p.85 1s
the percent composition of the.substrate‘éample with
particle size of 0.85 mm or-}ess.:

The equation was developed by Irving and Bjormn
(1984) using stepwise‘regressioh to relate embryo surviyal
to substrate size composition (r2'=‘0.92). The rate of
fry emergence from two or three replicates for each of 15
gravel mixtures, using 100 trout embryos in each ﬁixture,
was determined fnom_experimentaivtrqughs. The cﬁoice of
gravel mixtures was based on a range of gravel size
cqmpositioné fouund in salmonidAspawqing areas of three

Idaho streams (Tappel and Bjornn 1983).

Habitat and Hydraulic Modeling

The U.S. Fish and Wildlife Service (USFWS) Instrean
Flow Group (IFG) model (PHABSIM) was used to predict
rainbow trout habitat availability at three discﬁarges.
According to Bovee (1982) "The uﬁdgrlying principles pf
PHABSIM are that each species of fish showsApreference'for
a range of habitat conditions? that these ranges can be
determined, and that the area of the stream providing
these conditions can be qugntif;ed as a fumction of
discharge and éhannel structure”. ﬁpvee,and Coéhnauer

(1977) used habitat—use data reported in the literature to

| W A
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develop preference curves for each Fainbow trout life
history stage. The functions of these curveé are termed
the joint ﬁreference functions. Parameters used in
computation of the joint preferénce function were depth,
velocity, and substrate. Optimum trout habitat is defined
as the peak of the preference_curve, while either t;il
‘represents habitat which is'considered less suitable fpf
the trout (Bovee 1978). |

To estiméte amount of optimum habitat available to
rainbow trout at three discﬁarges'in Beaver Créek, five
transects representative of available habitat were chosen
in section 2B of the study area (Figure 1). Depths ana
velocities were collected at 0.3 m intervals along each
transect at high (0.878 m3/s), medium (0.312 m3/s), and
low (0.065 m3/s) discharges. Substrate types aqd'percent
composition were noted for each transect. Sectioq lengths
were measured aloﬁg the thalwég, and both banks. Water
surface and streambed elevations were measured for each
transect following thg procedures described by Bovee aﬁd
Milhous (1978). | |

Staff gauges were placed in four locations along
Beaver Creek (Figure 3). A stage-discharge relationship
was developed for each site. A Price "AA" current meter
attached to a top-setting rod Qas ﬁsed to me;sure

discharge (Bovee and Milhous 1978).
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Data were entered into the computer in the form
compatible with the IFG IV and PHABSIM programs (Main
1978). The info;mation was processed at University of
Idaho using IFG IV, PHABSIM, and preference cur?es for
three 1ife stages pf rainbow trput (juvenile, adult,
spawning). The preference cupve; used were those
developed through the USFWS Instream Flow Group by Bovee

(1978)(Appendix A Figures 17-19).

Temperature

Taylor thermographs were used to continuously monitor
temperature at two locations (2. km and 8 km downstream
from Bear Paw Lake) during June, July, August ;nd
September of 1981 and 1982 (Figure 1).

Discharge déta were collected throughout the study
period at. the lower'fhermograph site and were related to
temperature. Water level was rgad from a staff gauge
attached to the inside wall of a pa;shali flume. This
value was then translated to dischafge using a stage-
discharge.curve:developed during the study. Accuracy of
the staff gauge and the stage—discharge curve was verified
at different flows using’a Price "AA" cufrent meter
attacﬁed to a top-setting rod.

TQ measure hate;'temperatﬁre variation within the
study area, 11 sampling sites'We£e selected (Figure 1).

Sample sites were separated by an average of 1.0 km. One




| 5) Ll (N W 4 L1

20

site was below Beaver C;eek Reservoir and one was located
above Bear Paﬁ Lake. The remaiﬁing nine sites were
located between the two reservoirs.

Water and air temperatures were measured between 1300
and 1700 h, on 7 randomly selected days between 1
August and 15 September 1981, and 7 d during the same
Fime period in 1982. Sampling times were selected to
provide a rgpresentétive sampie'of maximum daily water
temperafures:in the Beaver Creék study area. The average-
maximum Feﬁperature for each site was calculated and

plotted as a function of ‘distance from Bear Paw Lake.

Temperature Model

A temperature model, described by Goodman (1983), was
used to predict the influence of various water release
strategies from Bear Paw Lake on temperatures in Beaver

Creek. Model components are as follows:

)

e

T =T, = EXP(—kt).(TefTo

where T is the temperature after an elapsed time t, and Ty

is the equilibrium constant,

is the intial temperature, Tq

and k is the rate coefficient. 'A detailed explanation of
the_model is presented in Appendix B. |

To détérmine a range ofldischarges that would provide
a given temperature at a specific site on'the stream, the

equation was solved twice, once to calculate a suitable
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rate coefficient (k), énd a second time to .determine the
travel time (t) and discharge (Q).

To calculate the rate coeffiéient (k), 14 sets of data
collected in July—Augusf 1982 were ﬁsed (Appendix C Table.
17). Each data set cénsisted‘éf fopr yalueé. Two
average—daily tempeqagufes were uéedvto represent_Te (from
the lower thermograph) and T (frém‘the upper thérmégraph).
The initial temberatureﬂ(To) Was coilected'from the bottom
of the lake using a Kemmerer éample£ aqd thermometer; the
tra§e1 time (t) was determined folléwing the methoddlogy
déscribed by Boning (19745(AppendiX'B). Rate coefficients
wére calculated for each of the 14 data sets. A mean rate
coefficient (km) and 957% confidence values (ku and'kl)
were then determined for the data set.

To calculate'discharges'(Q), the equation was
rearranged to solve for the travel time (t) and tﬁe mean
rate coefficientA(km) was held constant. The equilibriuﬁ
temperature (Te) was considered to be the average of the
temperatures collected at-the‘lower thermograph site froq
1 July to 15 September 1982. Hypolimﬁetic temperature was
used to represent:the initigl temperature (Td) of water
released from the lake. The initial température values
are rather robust estimates célculated frdm_déta collected
biweekly in the summer of 1982. Thé resulting travel
rates (t) were translated inté diséharge valués (Q) using

discharge-travel rate curves. This information was used

FEN
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to determine what discharges from Bear Paw Lake would

produce a given temperature at a specific distance

downstreanm.

Water Storage

Montana State Water Quality Bupeau peréonnel mapped
Bear Paw Lake (Figure 4) to aetermine surface-area gnd
volume, and to develop‘a discharge ra;ing curve to be ﬁsed
in relating water withdrawal t6 éhange in lake surface
area. Amounts of water available and area of exposed lake
bottom resulting from a 2.5 m drawdown were computéd.

Inflow and outflow of Bear Paw Lake were measured
using the stage-discharge relationship established at
staff gauges located immediately upstream and downstream
from the lake (Figure 3). The continuoué discharge record
of Beaver Creek as éecofded by tﬁe USDA-Sbil Conservation

Service was used as the main data-base for monitoring Bear

Paw Lake outflow.

Bear Paw Lake Temperature and Dissolved Oxygen Profiles

To determine effects of'hypolimnetic discharge on
Bear Paw Lake, changes in temperature and oxygen profiles

were monitored in the lake during 1981 and 1982. Seasonal




Bear Paw Lake

Figure 4.

/N ...lIOOl Ilatervale 1.8 =

Depth contours of Bear Paw Lake. Shaded area
represents exposed lake bottom resultiang
from a 2.5 m drawdown.
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samples were collected, with the mos; intense sampling
during spring and summer, 1982, Summer samples were taken
about every 14 d (July-September). Water samples were
collected from surface to’bottom at 1.3 m iﬁtervals using
a Kemmerer water sampler. Temperatures were téken from
each sample immédiatglyvfollowing its remoyal froﬁ the
sampler. Dissolved oxygen was then determined in the field
following procedures oﬁtlinedlin Standard Methods (1971).
Dissolved oxygen and temperature curves weré.constpucged
and degree of stratification and effects of discharge
strategy (surface, bottoﬁ or some combination of both)

upon stratification, were determined.

Specific Conductance and Hydrogen Ion Concentration

Specific conductance and ﬁydrogen ion coﬁcentration
were evaluated seasonally at five sites in thg Beaver
Creek study area (Figure 3). Measurements of pH were made
using an Orion model 407 Specific qu Meter. Specific
conductance was measured with a Beckman RB3-Solu Bridge.
Fall 1981 samples were fixed with 0.025 N nitric acid‘and
transported to Montana State University, Bozepan, for
analysis. All other samples were analyzed on site.

Water samples were collected néap the qhalweg. Water
and weather conditions were noted as weil as-factérs thét
might influence waﬁer quality (mglting snow or cattle in

the stream).

L
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Means.and ranges were determined for pH and épecific
conductance. Means for pH were calcﬁlated by conyé;ting
pH to hydrogen ion concentration and then célculating the

mean.

Recreation Survey

A recreation survey was coﬁducted from 25 June
through 15 September 1982 to defermine rec%eationai use
and angler attitudes on the s;udy area.’ fwo stratified
sampling schedules were used. Seven; 2-week sampling'sets
were chésen. Eight wéekdays (Mond;y fhrough Thursday).and
six weekend-days (Friday through Sunday) in each sét were
randomly selected for sampling. Eight-hour surveys were
carried out for the first four sets (25 June - 9 August)?
while 4 h surveys were completed for the remaininé séts.
During a given survey, two rbund trips were made through
the study area. People along the stream énd Bear Paw L;ke
were asked to respond to'19 questions (Appéndix D).
Numbers of fish creeled from ?he stream and Bear.Paw Lake

were recorded. Responses to survey questions were

reported as percentages.
Erosion

Annual surveys were conducted along Beaver Creek to
document locations of sediment sources. The surveys were

conducted on 18 August and 26 July in 1981 and 1982,
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respectively. Major erosion sources were considered to be
those sites which, even ct low flows (1css than 0.283
m3/s) contributed silt to the stream system. Most of
these sites were large vertical walls (20 - 50 ﬁ) of
ground moraine. Mincr erosion sources were those sites
which were potential silt producers. Channelized sections
of the stream and 5anks.with minimal cover were the major
constituents of this-categopy.' Generally, these sites
were considered producers of silt at flows grcater than
0.283 m3/s. Soil Conservation Service personncl evaluated
the off-stream sources of erosion and condition of the

range.

Beaver Ponds

During the 1981 and 1982 stream surveys, beaver ponds
in the study area were enumerated and categorized as
active or inactive. 1In 1932, physical characteristics of
14 ponds 1in section 2‘of the study area were documented.
Measuremeunts of maxiﬁum water depth, length, wid#h, and
surface area of the pon&s were made.

Rainbow trout populations in beaver ponds were
sampled uéing electrofishing gear. Fish were weighed and
measured, and scale samples were taken. A 1enéth—weight
relationship‘was calculated for rainbow trout campled in

ponds (N=67) and in the stream (N=87) in section 2 of the
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study area using the regression program from Statistical

Package of the Social Sciences (Nie 1975). Comparison of

the two regression lines was made using methods outlined

in Neter and Wasserman (1974).
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RESULTS AND DISCUSSION

Species Composition, Distribution and Relative Abundance

Fifteen species of fish were collected from Beaver

Creek (Table 4). The most common species was the white

sucker (Catostomus commersoni) which had an estimated
abundance of 1882 fish/km and bipméss of 131.26 kg/km
kTable 5). Rainbow tfout, with an estimated abundance of
451 fish/km and biomass of 25.40 kg/km, was the most
abundant game fish (Table 5). A |

Table 4. Fish species collected on Beaver Creek in 1981
and 1982, in order of relative abundance.

White sucker (Catostomus commersoni)
Longnose dace (Rhinichthys cataractae)
Mottled sculpin (Cottus bairdi)

Longnose sucker (Catostomus catostomus)
Rainbow trout : (Salmo gairdneri)
Mountain sucker (Catostomus platyrhynchus)
Brook trout (Salvelinus fontinalis)
Brassy minnow (Hybognathus hankinsoni)
Silvery minnow (Hybognathus nuchalis)
Northern redbelly dace (Phoxinus eos)

Brook stickleback . (Culaea inconstans)

Lake chub (Couesius plumbeus)
Northern pike (Esox lucius)

Brown trout (Salmo trutta)

Largemouth bass (Micropterus saloides)-
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Table 5. Average number (fish/km) and biomass (kg/km)
. ' of trout and suckers estimated for combined
study sections of Beaver Creek where each
species was presént in 1981 and 1982. The
95% confidence intervals are in parentheses.

Occurrence ’Combined
) (number of section Number Biomass
Species sections) leagth (km) (fish/km) (kg/%km)
Rainbow 9 - 2.608 451 25.40
trout (307-606) (19.83-30.98)
Brown L4 0.623 68 '8.48
trout (32-106) (3.44~13.52)
Brook 4 0.633 562 49,42
trout (352-994) (41.14~57.71)
White - 10 2.842 1882 131.26
sucker (1372-2390) (95.84-166.69)
Longnose 6 1.975 : 810 98.96
sucker . (562-1059) (68.05-129.82)
Mountain 8 2.419 427 ' 10.56

sucker (203-583) (6.28-15.60)

Three species of catostomids were present in Beaver
Creek (Figure 5). White suckers were found in all

sections; mountain suckers (Catostomus platyrhynchus) were

restricted to sections below Bear Paw Lake, while longnose

suckers (Catostomus catostomus) were found onlf in
secfions 1, 24, énd 2B. |

Gradient and substrate - appeared to be the major
factors affecting‘distributioq of catostomidé in Beaver

Creek. White suckers and longnose‘suckers were dominant
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aver Creek
Reservoir

s TN,
bass & \ J
pike collecteV
1 o 1
km

2C

white, longnose &
L2222 mountain suckers

white & mountain
suckers

white suckers
only

Figure 5. Distribution of white, longnose, and mountain

suckers in Beaver Creek. Largemouth bass and

northern pike collection sites are also
included.
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in areas with a gradient of 0 - 8 m/km where substrate was

composed of more than 20% fine particles (<0.85 mm).-

Mountain suckers were found only in steep gradient (8 - 15
m/km) stream sections having cobble (5 - 10 cecm) to rubble
(10 - 50 cm) size substrate. Brown (1971) and Smith

(1978) noted similar trends in habitat selection for these

species. Of the three catostomids, tHe white sucker 1is

considered the least discriminant in habitat prefgrgnce'

and has an optimum temperature range of 19 to 21 C-(demey
et al. 1984). This helps explain the broad distribution

and large number of white sucker in Beaver Creek.

Rainbow trout were preseunt in all sections of the study

area. Brown trout (Salmo trutta) were found below Beaver

Creek Reservoir (sectiom 1), while brook trout (Salvelinus

fontinalis) were restricted to areas above Bear Paw Lake

(section 3) (Figure 6). 1In 1982, six northern pike (Esox

lucius) and two largemouth bass (Micropterus salmoides)

were collected in section 2A (Figure 5)7-

Catostomids were more numerous than salmonids imn all
study sections excepg section 3, located immediately
upstream from Bear Paw Lake, and above the influence of
artifical impoundments (Figure 7 and 8). 1In sections 1
and 2, rainbow tfouﬁ and white suckers existed in a ratio
of 0.08 to 1 (combined 1981 and 1982 estimates); in

section 3 the ratio was 2.61 to 1. The numbers and sizes



















































































































































































































































































































