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EXECUTIVE SUMMARY

This study was initiated in July, 1983 to develop a water
management plan for the release of water purchased from Painted
Rocks Reservoir. Releases were designed to provide optimum
benefits to the Bitterroot River fishery. Fisheries, habitat, and
stream flow information was gathered to evaluate the effectiveness
of these supplemental releases in improving trout populations in
the Bitterroot River. The study was part of the Northwest Power
Planning Count i i's Fish and Wildlife Program and was funded by the
Bonneville Power Administration. This report presents data
collected from 1983 through 1986.

Approximately 15,000 AF of supplemental reservoir water was
realeased annually into the Sitterroot River during summer periods
from 1983 throught 1986. Supplemental releases significantly
enhanced summer flows upstream from Hamilton during all years, but
were insufficient to maintain minimumflew recommendations in the
dewatered section during yearswith low stream flow (1985 and
1986). Most water released failed to reach the dewatered section
irrigation withdrawals. Losses to irrigation
systems were greatest when river flows were lowest and large,
gravel dikes wereconstructed to divert water. Irrigators were
willing to cooperate in maintaining flows in the river, but
efforts to do so were limited by the complexity and inefficiency
of the canal network.

The relatively low trout numbers observed in the dewatered
section (Tucker) compared to the control section (Darby),
indicates that poor stream flows adversely effect trout
populations in the Bitterroot River. Dewatering appears to result
in reduced survival of young-of-the-year trout, which may
consequently limit the size of the adult population. The number
of yearling brown trout in the Tucker section increased following
years with adequate flows, and declined following the drought of
1985. In contrast, survival, growth rates, and condition factors
of adult trout in the Tucker section were not adversely effected
by dewatering. The deep pools, cooled by groundwater inflows, in
the dewatered section appeared to provide adequate habitat for
adult trout during relatively brief periods of critically low
flow.

Supplemental releases from Painted Rocks Reservoir have
enhanced the rainbow trout population in the control section
(Darby). Rainbow trout numbers increased by over 200 percent
during the period of releases. Although changes in fishing
regulations took effecta during this period, increases in numbers
most likely were a result of enhanced flows since the majority of
the population increase occurred in young age classes less
effected by regulation changes that were designed to protect
larger trout.
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Stream flow levels in the lower Bitterroot River are
replenished by irrigation returns and are typically naintained
above m ni mum recomended |evels. Consequently, the |ow trout
popul ation levels observed in this area (Poker Joe section) was
unexpect ed. Conparisons of age structure and YOY densities anpbng
different study sections indicate that inadequate recruitnent or
rearing habitat may linit the trout population in the |ower river.
Since spawning trout migrate fromthe lower river to the dewatered
section (and associated tributaries) in significant nunbers, the
dewat ered section nay be an inportant source of recruitnent.
Therefore, low stream flows in the Tucker section which reduce YOY
survi val may al so negatively influence trout populations in the
[ower river. In addition, losses of YOY emigrants to tributary
irrigation diversions was observed, but the extent of the problem
was not deternined.

M ni mum instream fl ow recomendati ons obtained from wetted
perlrreter-dl scharge relationships averaged 8. 63 m”/sec (304
£e3 /sec) in the Darby area, 11 41 m /sec (402 ft /sec) for the
dewatered section, and 8.50 m /sec (300 £t3 /sec) for the section
rewatered by irrigation returns. The mnimum reconmmended fl ow for
t he Iower segnent of the West Fork of the Bltterroot Ri ver was
511 m /sec (180 £t 3 /sec). A flowof 4.25 m 3 /sec (150 ft3/sec)
provided the mnimum depth and width criteria needed to float
drift boats or rafts over the shallow riffle areas in the
Bitterroot River.
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[ NTRODUCTI ON

The Bitterroot River, located in western Montana, is an
important and heavily used resource, providing water for
agriculture and many forms of recreation. Water shortages in the
river, however, have been a persistent problem for both irrigators
and recreational users. Five major diversions and numerous
smaller canals remove substantial quantities of water from the
river during the irrigation season. The river has historicaliy
suffered from reduced stream flows between the towns of Hamiiton
and Stevensviile as a result of these withdrawals, and critical
dewatering frequently occurs between Woodside crossing and Bell
crossing (Figure 1).

Demands for irrigation water from the Bitterroot River have

f onfiicted with the iInstream flow needs for trout.

a als 0f water decrease availability of suitable depth,

substrate and cover for trout Stalnaker and Arnette

1376, Wesche 1976). Habitat losses associated with dewatering

have been shown to diminish the carrying capac ities for trout

populations (Nelson 1980). Additionally, dewatering of the

Bitterroot River has forced irrigators to dike or channelize the

streambed t o obtain needed flows. These alterations reduce

habitat and degrade channel stability. Odell (pers.

comm.) found a substantial reduction in the total biomass of

aquatic insects within a section of the Bitterroot River that had
Seen bulldozed for irrigation purposes.

In 1983, the Montana Department of Fish, Wildlife and Parks
(MDFWP) submitted a proposal to the Northwest Power Planning
Council for the purchase of 10,000 acre-feet (AF) of stored water
in Painted Rocks Reservoir. The water would be managed by MDFWP

conjunction with the 5,000 AF presently contolled by MDFWP.
.e goal of the proposed purchase of water was to augment summer
stream flows in the Bitterroot River to benefit the trout fishery.

he present study was undertaken to: 1) develop an
implementable water management. plan for supplemental releases from
Painted Rocks Reservoir which would provide optimum benefits for
the river; 2) gather fisheries, habitat, and stream flow
information to evaluate effects of dewatering; 3) obtain baseline
information to determine effectiveness of supplemental water
releases in improving the river fishery. The study was initiated
in July, 1983, and data collection was completed in November,
1986.
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DESCRIPTION OF THE STUDY AREA

The Bitterroot River is located in Ravalli and M ssoul a
counties in west central Mntana (Figure 2). It originates at the
cenfluence of the East Fork and West Fork of the Bitterroot River
near the town of Conner and flovs northerly for approximtely 135
km ( 84m) to its confluence with the Cark Fork River near
Missoula. The elevation of the river ranges from1, 222 m (4, 010
ft) near Conner to 942 m (3,090 ft) at Mssoula. The gradient of
the river averages about 3.22 percent near Darby and about 0.57
percent near Mssoula. The basin drains approxi mately 725,212
hectares 2,800 m2).

From Conner to Sleeping Child Creek, the Bitterroot River
flows through a relatively narrow nountain valley. Downstream
from Sleeping Child Creek, the river bottom broadens into the
farm ands of the Bitterroot Valley. A mpjority of the valley
bottom consists of irrigated cropland or pastureland. Substanti al
acr eage in the valley has been divided into parcels of less than
40 acres. These parcels have been classified as "rural and
suburban tracts- by the U S. Department of Agriculture (1977). In
association vith these "suburban" tracts, the devel opment of sub-
divisions is common throughout the vall ey.

The streanbed of the Bitterroot River is typified by large
bars of deposited gravel and an extensive network of side
channels. The wide riparian zone is donminated by a cottonwood
Papul.as spp.)/Pondersos Pine (Rinus ponderosa) overstory.
Numerous devel oped and undevel oped recreational sites provide good
access to the river.

The river valley is bordered on the west by the Bitterroot
Mount ains and on the east by the Sapphire Muntains. The Bitter-
root Muntains receive up to 254 c¢cm (100 in) of annual precipita-
tion and the Sapphire Muntains receive up to 127 cm (50 in) of
precipitation (Senger 1973). The majority of mountain precipita-
tion is snowfall. Nurrerous tributaries drain the bordering
mountai ns and supply water for irrigation to the farmands of the
val | ey. The west-side streanms exhibit greater seasonal
fluctuations in flowthan do the east-side streams (MMirtrey et
al.  1972). Tributaries fromthe nountains add considerable flow
to the Bitterroot River during spring runoff but nmany are diverted
for irrigation and contribute little flow during the sumrer and
early fall.

Pai nt ed Rocks Reservoir is located on the West Fork of the
Bitterroot River approximtely 36 km (22 ni) upstreamfromits
confluence with the East Fork. The reservoir was conpleted in
1940 as a nulti-purpose project and is operated by the Departnent
of Natural Resources and Conservation (DNRC). The reservoir has a
storage capacity of 32,362 acre-feet (AF) and a surface area at
full pool of 265 hectares (Brown 1982). Elevation at the spillway
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Figure 2. Map of Bitterroot River showing locations of
study sections.



is 1,440 m(4,725 ft). As a matter of DNRC palicy, flow released
fromthe reservoir is maintained at 3. 45 mQ’/sec (125 ft3/sec)
during August through Novenber and 2.83 md/sec (100 ft3/sec)
during December through July (DNRC 1980). These flow rel eases do
not include spill from the reservoir during spring runoff.

Mean, mnimum and maxi mum di scharges of the Bitterroot R ver
measur ed near Darby over_a 46-year period ending in 1983 were
26.4, 2.0, and 325.7 md/sec (931, 71, and 11,500 ft3/sec),
respectively (U S.GS.  1983). Annual flov of the river at
M ssoul a averages approximately 64.8 md/ sec (2,290 ft3/sec).
Characteristics of flow nonitored at the U S.GS. stations
established on the Wst Fork near Painted Rocks Reservoir, the
East Fork near Conner and the nain stem near Darby have been
summarized by Brown (1982). Median values of average nonthly flow
recorded at these stations during July, August and Septenber are
given in Table 1. Flows in the Bitterroot River downstream from
the gauging station near Darby vary greatly fromreach to reach
due to losses fromirrigation wthdrawals and to gains from
tributary inflow and irrigation returns (Figure 2). Critical
dewat ering of the river comonly occurs in the reach | ocated
betveen Ham lton and Stevensville as a result of irrigation
wi t hdr awal s.

Three study sections were established on the Bitterroot River
for extensive investigation (Figure 2). The Darby section begins
near the bridge at Darby and extend 9.36 km (5.82 m) downstream
to the Cono bridge. This section remains well watered throughout
the year and serves as a control.

The Tucker section begins at Tucker crossing and extends
8.92 km (5.54 m) downstreamto approximately 1.6 km (1 m)
upstream from Bel|l crossing. This section is characterized by tvo
channel s that becone separated by as nuch as 1.6 km (1 m).
Because of differences in flow and habitat characteristics, each
channel was treated as a distinct reach. The Tucker section was
established within the reach of river that historically has becone
severely dewatered.

The Poker Joe section begins at the railroad trestle |ocated
upstream from the Poker Joe Fishing Access site and extends 8.41
km (5.23 m) downstreamto the Florence bridge. This section,
| ocat ed downstream of the dewatered reach, remains well watered
t hroughout the year due to a major irrigation return |ocated near
Stevensville.

During the fall of 1986, an additional population estimte
section (Conner section) was established in the |ower reach of the
West Fork of the Bitterroot River near Conner, Mntana. The
Conner section is 4.59 km (2.85 mles) |long, extending from about
1.6 km (1.0 m) below the mouth of the Trapper Creek to the Conner
bridge (approximately 3.2 km (2 m) above the confluence with the
East Fork of the Bitterroot River).



H storic nedian val ues of average nonthly flows recorded

Table 1.

at stations on the upper Bitterroot River for July,

August and Sept enber.

Viest  Fork East Fork Dar by

Mbnt h m/sec ftd/sec  mdsec ft3/sec  mdlsec ft3/sec
July 7.0 247 8.3 293 28.0 990
August 3.8 135 3.1 108 10. 4 367
Sept enber 3.8 133 2.6 91 8.9 313




METHODS

Par anet ers of Stream Fl ow

Bitterroot River Discharge

Stage of the Bitterroot River was nonitored using Belfort
continuous water |evel recorders (5-FWseries). Recorders were
instal |l ed near Hami|lton, Wodside crossing, Bell crossing and
Poker Joe Fishing Access. At Hamilton, the recorder was nounted
in an abandoned DNRC gauge house above a functional stilling well
The recorder at Wodside crossing was nounted on a 3-in (in
di ameter) standpipe that was fastened to a bridge abutnent. At
Bel | crossing, the recorder was mounted on an observation well
installed approximately 2.7 m (9.5 ft) fromwaters edge. This
wel | was constructed by pounding a 3-in (in dianeter) steel pipe
about 4.5-6.0 m (15-20 ft) into the ground. Changes in ground-
water levels at this site were known to be closely correlated with
changes in river stage (Lere 1984). The recorder installed near
the Poker Joe Fishing Access was mounted on a 3-in (in dianeter)
steel standpipe that had been pounded approximately 1.0 m (3.0 ft)
into the streanbed.

Ei ght-day time scale gears were used to drive the charts for
each recorder. The stage ratio gearing used in recorders at
Ham [ ton and Bel|l crossing was 12.7 cm (5 in) of chart to 30.5 cm
(12 in) of water. For recorders at \Wodsi de crossing and Poker
Joe, the stage ratio was 2.5 cm (1 in) of chart to 30.5 cm (12 in)
of vater

Di scharge of the river was neasured using a Price AA current
meter according to standard techniques of the US.GS. (Corbette
et al. 1943). Stage-discharge rating curves were devel oped for
each gauging station. Rating curves were used to predict
di scharge for hourly stage recordings. Averages of 24 hourly
recordings were conputed to obtain nean daily discharge

Irrigati on Wthdrawal s

Bel fort continuous water |evel recorders (5-FW series) were
used to nonitor flowin the Hedge, Corvallis, Supply and Wbf oot
diversions in 1985 (Figure 2). During 1986, an additional
di version (Republican Ditch) was nonitored using a water |evel
recorder. A staff gauge was used to nonitor flow in the
Republican diversion during 1985. This gauge, nounted on a steel
fence post, was |ocated about 1 km dovnstream from the headgate.
Stage readings were taken periodically and di scharge was conputed
froma derived rating curve



Recorders were nmounted on 3-in (in diameter) steel standpipes
that had been pounded approximately 1.0 m (3.0 ft) into the bed of
the ditch. Thirty-two day tinme scale gears were used to drive the
charts for each recorder. The stage ratio gearing used in the
recorders was 2.5 cm (1 in) of chart to 30.5 cm (12 in) of water.

Flow in each ditch was neasured using a Price AA current neter
according to standard U.S.GS. techniques. Stage-discharge rating
curves devel oped for each diversion were used to predict discharge
for stage recordings taken every six hours. Averages of four
recordings were conputed to obtain mean daily discharge.

Test Rel eases

The rel ease of water from Pai nted Rocks Reservoir was
moni tored using the U S.GS. station located on the West Fork of
the Bitterroot River. The volune of supplenental water passing
downstream gaugi ng stations was quantified by conputing the
di fference between hourly recorded di scharge and di scharge
projected to occur if water had not been released. Projected
flows were deternmined graphically fromthe hydrographs derived for
each station. Increnental discharge values were converted to
acre-feet and then summed to obtain the total volume of spill
reaching each station. A simlar approach was used to conpute
flow changes in the nonitored diversions as a result of the test
spill.

Reservoir FEl evations

The el evation of the water level in Painted Rocks Reservoir
was nonitored biweekly using standard survey techniques. Water
| evel elevations were established froma U S GS. benchnark
| ocated on the dam

Average nonthly inflow into the reservoir was deternined using
the fornmula (Brown 1982):

I = (V-V2)+R wher e:
| = Total nmonthly inflow (AF).

V1 = Month-end contents (AF).

Vo

Previ ous nonth-end contents (AF), and

R = Total nonthly outflow (AF).

Water Temperatures

Thirty-day continuous recording thernographs (Taylor nodels)
were used to nonitor water tenperatures in the main stemof the
Bitterroot River. Recorders were nounted in gauge houses at the



US GS station near Darby and at the abandoned DNRC station at
Hamilton (Figure 2). Two additional recorders were nounted in
steel boxes at Bell crossing and at MaCl ay bridge. The
thermocoupl e | ead for each thernograph was extended through
pl astic sewer pipe as far as possible into the river and anchored
with rock. A maxinunt mini num thernmoneter installed near the base
of Painted Rocks Reservoir was used to nonitor tenperatures in the
West Fork.  Thermoneter readings at this site were nmade biweekly.

Water Quality

Anal yses of pH total ammobnia and conductivity for water
sanmples collected during 1983 were conducted by the Water Quality
Bureau of the Montana State Health Departnent. Anal yses of pH
bi carbonate, total nitrogen, nitrate nitrogen, total phosphorus
and conductivity for water sanples collected during 1984 were
conducted by Dr. Juday at the University of Montana. Analyses of
total ammonia for water sanples collected during 1984 were
conducted by the Water Quality Bureau. Analyses of sanples by the
Water Quality Bureau were conducted one to three weeks follow ng
col l ection. Anal yses of sanples by Dr. Juday were conducted
within one week follow ng collection.

Measurerments of dissolved oxygen, pH and total alkalinity
were made i.n situ at the tinme water sanples were coll ected.
Concentrations of dissolved oxygen were deternined using the azide
nodi fication of the Wnkler method (APHA 1976). Anal yses of pH
were made colorinetrically using methods of the Hach Company.
Concentrations of total alkalinity were determined by titration
using nethods of the Hach Conpany. Field nmethods used for anal yses
of pH and total alkalinity did not nmeet APHA (1976) standards.

Physical Characteristics of Study Sections

Physi cal characteristics of the Darby, Tucker East, and
Tucker West study sections were neasured during August, 1984. Ten
equal |y spaced stations were established within each study
section. At each station, four transects were established
perpendicular to the stream channel at intervals of 61 m (200 ft)
in a downstream direction. The number of channels containing
water at each transect was counted. Strean width was neasured to
the nearest 0.3 m(1 ft) fromwater edge to water edge at each
transect. VWt er depth was neasured to the nearest 1.5 ¢cm (0.6 in)
at 10 equally spaced intervals along each cross section. The
deepest neasurenent along each transect was considered to be the
thal weg of the cross section.

The lengths of a single pool and single riffle within each
station were measured by tape. A pool was defined as a portion of
the river having reduced water velocities and substantial depths.
Pool -riffle periodicity (average distance between the heads of



successive riffles divided by the average stream w dth) and pool -
riffle ratio (total length of pools divided by total Iength of
riffles) were determned for each study section using 10 measure-
ments of pool-riffle length. Gadient and section length were
determ ned by neasurenents taken from U S.GS. topographic maps.

The total area of potential overhanging and instream cover was
measured within 1.5 m (5 ft) on either side of each transect.
Cover was classified as either brush, debris, undercut banks or
rock shelves. Only features which were within the water or <0.6
m(2 ft) above the surface were considered cover. Depth of the
wat er beneath these features had to be greater than 15 c¢cm (6 in).

Fi sh Popul ati ons

Popul ati on FEsti nates

A nobil e el ectrofishing systemwas used to sanple trout
popul ations in the Bitterroot River. A 4.0 o (13 ft) fiberglass
boat with negative el ectrodes suspended fromthe gunwal es vas used
to carry a portable 2,000-watt generator and a Coffelt (Mdel WWP-
2E) rectifying unit. The positive electrode was hand held and
attached with approximately 10 m (30 ft) of 14-gauge el ectrica
cord.

Captured sal nonids were classified by species, neasured to the
nearest 1.0 mm (total length) and weighed to the nearest 10 grans.
Mul tiple marking and recapture runs were necessary to obtain
adequate sanples for population estimates. Fish were marked with
a caudal fin punch. Sanples of scales were taken for anal yses of
age and grow h. All fish were released near their site of
capture. Recapture runs were made approxi mately two veeks
followng marking runs

Popul ation estimates were made using Chapman's nodification of
Peterson's mark and recapture formula (Ricker 1975):

N = (M) (CH) 4 wher e:
R+ '

N = Popul ation estimate,
M= Nunber of fish narked
C = Nunber of fish recaptured, and
R = Nunber of marked fish in recapture sanple.
A conputer program devel oped by MOFWP was used to cal cul ate
estimates of populations, condition factors for fish over 12.6 cm

(51in) in total length and corresponding 80 percent confidence
intervals. Estimates of nunbers and bi omass were conputed by
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length and age groups. Condition factors were cal cul at edusi ng
the fornula (Carlander 1969):

K = 103w wher e:
L3

K = condition factor,
W= total weight (gn and
L = total length (mm).

Age and Growth

Scal e sanples were mounted on acetate slides and inpressions
were magnified 63x by a mcrofiche reader for aging. Scales were
aged twice on different dates to verify precision. Repeatability
of aging (precision) ranged from78 to 93 percent. A majority of
the error was associated with ms-aging ol der fish by one year.

The Monastyrsky method (Tesch 1971) was used to back-cal cul ate
| engths at age of fish:

Predicted length = K x (scal e measurenent)", where:

K

intercept on the ordinate and

n = slope of the relationship

Trout Rearing and Recruitment Studies

El ectrofishing surveys along the river shoreline were used to
determ ne habitat types used by YOY rainbov trout and brown trout
during August and September, 1984. Min channel and side channel
shorelines were categorized into four habitat types. These
habitat types were identified as riffle areas with rock border,
riffle areas with a root/brush border, pool areas with a rock
border, and pool areas with a root/brush border. Numbers of YOY
brown trout and rainbow trout collected per 10 neters of river
border were determned for each habitat type in the Darby and
Tucker sections.

During August and Septenber, 1986, additional electrofishing
surveys were conducted to deternmine relative densities of YOY
brown and rainbow trout within, and to some extent between, the
established popul ation estimte sections (Conner, Darby, Tucker.
and Poker Joe). A single habitat type, riffle area with rock
border, was sanpled to allow conparisons of YOY densities between
sections. This habitat type was chosen because: 1) it provided
the nmost consistent selection of sanpling sites; 2) it was present
in all sections; and 3) it was known to be desirable rearing

11



habitat. R ffle areas with rock border, however, provide a better
conparison of rainbow trout YOY densities than brown trout YOY.
Brown trout YOY appear to prefer root/brush borders over rock
bor ders.

Emigration of young-of-the-year brown and rainbow trout from
tributaries into the dewatered reach of the Bitterroot River was
monitored using drift nets. Emigration fromsix tributaries
(Bl odgett Creek, MII| Creek, South Fork Bear Creek, North Fork
Bear Creek, Sweathouse Creek, and Big Creek) was nonitored from
May through mid July, 1986.

Traps were constructed of hardware cloth (6.35 nm nesh
tapering to 3.18 mm 0.25 in - 0.125 in). Trap dianeter was
508 mm (20 in).tapering to 76.2 mm (3 in) at the cod end. Traps
were secured to bridges or logs located near tributary nouths.
The number of each species of trout captured was recorded at each
trap visit (once or twice daily) and a subsanple of total |engths
were neasured

Trappi ng objectives were:

1) To deternine relative inportance of tributary vs. main stem
sources of recruitnent;

2) To determine the predom nant age at which tributary fish
mgrate to Bitterroot River;

3) To determ ne seasonal pattern of emigration;

4 To assess potential effects of tributary dewatering on
recruitment timng or success

55 To determne feasibility of developing a sanpling plan to
evaluate tributary recruitment annually with mniml cost and
effort.

| nst reamFl owRecomrendat i ons

The wetted perimeter/inflection point nethodol ogy was used to
quantify instream flow recommendations. In general, this tech-
nique derives wetted perineter-discharge relationships at selected
channel cross sections using a hydraulic simulation nodel. A
graphical plotting of these relationships typically delineates an
inflection point on the derived curve. At this point, the rate of
loss of wetted perineter greatly increases as discharge decreases
Nel son (1980) found standing crops of adult trout substantially
decreased in years when flows were |ess than derived inflection
points. A detailed description of the rationale and nethodol ogy
for this technique has been given by Nelson (1984).
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Wetted perineter data were obtained fromthree channel cross
sections established at each riffle. A flow recommendation for a
single riffle was conputed by averaging the wetted perineter data
predicted for associated flows of interest obtained at the three
Cross sections. Inflection point values derived for all riffles
within a section were typically averaged to obtain a final flow
recomrendat i on.

Eighteen riffles were surveyed to determine instream flow
needs during this study (Table 2). Four riffles were not used
because they had poor stage discharge relationships or |acked
wel | -defined inflection points. Two of the riffles were |ocated
in the West Fork of the Bitterroot River near Conner, three were
in the Darby (control) section, ten were in the dewatered section
between Hamilton and Bell crossing, and three were in the
rewatered section betveen Stevensville and Poker Joe (Table 2).

13



Table 2. Locations of riffles surveyed to deternmine vetted
perineter-discharge relationships in the Bitterroot
River.

Vetted Perineter
Rffle Location

West Fork Bitterroot River

West Fork #l TIN R21IW Sec 3 NW NE
West Fork #2 TIN R21IW Sec 3 NW SE
Darby (control) Section
Dar by #l T3N R21IW Sec 2 NW SE
Dar by #2 T3N R21IW Sec 2 SE, NW
Dar by #3 T3N R21W Sec 11 NE, NV
Devatered Section
Ham | ton #1 T6N R2ZIWSec 13 SE, NW
Ham | ton #2 T6N R2OW Sec  7NW, NW
Hari | t on #3¢/ T6N R20W Sec 6 NW SW
Tucker East # & TN R20W Sec 8 NE, NW
Tucker East #2 T8N R20W Sec 32 NE, NW
Tucker West #& T7N R20W Sec 18 NE, NW
Tucker West #2 T8N R20W Sec 32 NW NW
Bel | crossing #l T8N R20W Sec 20 SE, NwW
Bel | crossing 408/ T8N R20W Sec 17 NE, NW
Bel | crossing #3 T8N R20W Sec 17 NE, NE
Revatered Section
Stevensville #l TON R20W Sec 22 NV NW
Stevensville #2 TON R20W Sec 15 NW SE
Stevensville #3 TON R20W Sec 10 NE, SW

a Riffle not used in analysis.
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RESULTS AND DISCUSSION

Bitterroot River Discharge

Suppl enent al Rel eases

A suppl enental 15,000 AF of Painted Rocks Reservoir water was
available for release into the Bitterroot River by MDFWP from 1983
through 1986. The rel ease of water was based on a schedul e
described in a water managenment plan developed as a part of this
study (Lere 1984). The nodified water management plan is presented
in Appendi x B.

The rel ease schedul e reconmended by Lere (1984), was based on
historical flowrecords, and was designed to maximnmize the anount
of time a flowof 10.62 = md/sec (375 ft3/sec) woul d be met at Bel
crossing. Suppleqfntal rel eases of 1.42, 3.17, and 3.12 md/sec
(50, 112. 110 ft*“/sec) during July 16-31, August 1-31, and
Sept enmber 1-30, respectively, were recomended. Rel eases began
vhen discharge at Bell crossing fell below 10.62 m3/ sec (375
ft3/sec). Water not released during a specific nonth because of
adequate flows at Bell crossing was proportionately applied to the
fol | owi ng nonth.

During 1983 and 1984, streamflows at Bell crossing vere
relatively high, and July rel eases were not necessary (Table 3).
Due to adequate flows in 1983 and 1984, the quantity of rel eased
wat er reaching the target area (Bell crossing) was not a serious
i ssue

During 1985, supplenmental releases began on July 12, and ended
on Septenmber 22 (Table 3). Due to the severe drought conditions
during July, ten irrigation conpanies purchased a total of
4,600 AF of water from Painted Rocks Reservoir to suppl enent
releases into the river. \Water for irrigation was released at a
rate of 2.12 md/sec (75 ft3sec) for the periods of July 30
through August 7 and August 30 through Septenmber 20. The conbined
vol ume of supplemental water released from Painted Rocks Reservoir
by the MDFWP and irrigation conpanies totaled 18,046 AF (Table 3).
These rel eases were made in addition to the 3.54 md/sec (125
ft3/sec) base flow maintained by DNRC

Rel eases made by MDFWP during the |ow streamflows of 1985
were not reaching Bell crossing because of extensive diking on the
river and the subsequent withdrawals by irrigation systens. |n an
attenpt to protect supplenmental releases from being appropriated
during 1985, the MDFWP requested water users on the river to
petition the district court for the appointnent of a water
conmi ssi oner. An agreenent between MDFWP and t he owners of
decreed water rights on the river to file this petition vas
reached on July 29. As a result, a conmissioner was appointed on
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Tabl e 3. Conparisons of release rates of supplenental vater from
Pai nt ed Rocks Reservoir, 1983-1986.

Rel ease Rate (ft3sec)d/

Year Dat e MDFWP [rrigators Tot al
1983  8/9 -9/9 100 - 100
9/9 -9/13 0 --- 0
9/ 13-10/ 28 100 --- 100
14. 476 AF 14,476
1984  8/18-9/19 150 - 150
9/ 20-10/ 7 75 - 75

14.269 AF 14. 269 AF
1985  7/12-7/29 50 0 50
7/30-8/7 112 75 187
8/8 -8/29 112 0 112
8/ 30-9/20 112 75 187
9/12-9/ 22 112 0 112

13,446 AF 4,600 AF 18, 046 AF
1986  7/22-7/25 0 100 100
7/ 26-8/ 4 50 ) 100
8/5 -8/16 115 50 165
8/17-8/ 31 165 0 165
9/1 -9/15 110 0 110

12,016 AF 3,070 AF 15,086 AF

d 1.0 f3/sec = 0.02832 mdlsec
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August 2 with the understanding that MDFWP would pay the entire
cost and that a minimum of 75 percent of the MDFWP supplement
released from Painted Rocks Reservoir would reach Bell crossing.
This agreement remained relatively untested, however, because
flows in the river substantially increased during early August as
a result of above normal precipitation.

Prior to the summer of 1986, a tentative agreement was reached
between MDFWP and the main stem irrigators in an effort to resolve
the problems experienced in 1985. Under the agreement, MDFWP gave
3,000 AF of purchased water to the irrigators to use as needed.
In return, irrigators were to lower headgates during the last half
of September if flows fell below minimum recommendations. Under
the original release schedule, approximately 3,000 AF of water was
reserved for September 15-30. Thus, the agreement consisted of an
exchange of water that provides higher releases during the early
summer when irrigation needs are highest, combined with assurances
that irrigators will help maintain minimum flows during late
summer. Also, as part of the agreement, irrigators were not to
oppose the appointment of a wvater commissioner to ensure that a
substantial percentage of the purchased water released from the
reservoir remained instream. These modifications of the original
release schedule were in effect during the summer period of 1986.

During 1986, irrigators began releases on July 22 with the
intention to increase flows and avoid the need for_ diking at
diversions (Table 3). Discharge exceeded 10.62 m3/sec (375
ft3/sec) until July 26 when MDFWP assumed half of the 2.83 m~/sec
(100 £t~ /sec) release. Combined releases during most of August
vere 4.57 m~/sec (165 ft3/sec), which provided the highest rate of
release during the period of lowest flows.

Supplemental water was available through September 15.
Irrigator cutbacks during late September were not requested
tecause of extensive rainfall which adequately restored flow
levels throughout the river.

Discharge Comparisons (1983-1986)

Discharge patterns in the Bitterroot River were monitored at
two permanent (U.S.G.S.) and as many as four temporary gauging
stations from 1983 through 1986. The permanent stations were
located on the West Fork near Painted Rocks Reservoir, and on the
main stem near Darby. Temporary stations were located at
Hamilton, Woodside crossing, Bell crossing, and Poker Joe Fishing
Access (Figure 3). The Woodside station was not monitored in 1986
due to damages caused during spring runoff. Discharge at Poker Joe
was only monitored during 1985 and 1986.

O0f the four years that stream flow data was collected in the

Bitterroot River drainage, two years (1983 and 1984) experienced
relatively high stream flows through the summer period, and two
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years (1985 and 1986) were characterized by having |ow stream
flows during early summer and above average flows in | ate summer.
Bitterroot R ver discharge at Darby was higher than historic
medi an val ues t hroughout the sumrer periods of 1983 and 1984
(Figure 3). During the particularly high flows of 1984, discharge
at Darby was consistently above 20 percent exceedence values. In
contrast, July flows were typically below or near 80 percent
exceedence values in 1985 and 1986 at Darby.

The release of supplenental water from Painted Rocks
Reservoir, and wetter than nornal weather conditions contributed
to the occurrence of relatively high stream flows throughout 1983
and 1984, and during the late sumrer periods of 1985 and 1986.
Summer precipitation anpbunts in 1983 and 1984 were 9.2 cm (3.63
in) and 3.51 cm (1.38 in) above normal from June through
Septenber, respectively (Table 4).

Late spring snowpack |evels, hovever, were below historic
averages during 1983 and 1984 (Table 5). Apparently, above
average stream flow can occur in the upper river (Darby) during
years with bel ow average snowpack |evels because of suppl enental
rel eases and/ or above average summer rainfall.

The bel ow normal stream fl ows of 1985 were caused by unusual
veather patterns. Extrene drought conditions during June and July
contributed to the low level of flowin the river in 1985 (Table
4). Total precipitation for June and July at gauging stations in
the valley was alnost 5.1 cm (2 in) below normal (U. S. Departnent
of Commerce 1985). In addition, snowpack in the basin as of My
1, 1985 (U.S. Departnment of Agriculture 1985) was only 78 percent
of average (Table 5). During August and Septenber, however.
valley precipitation was 10.2 cm (4 in) greater than normal. This
increased precipitation, which began on August 11, contributed to
the greater than nornal August and Septenber flows during 1985.

In 1986, the weather pattern was simlar to that of 1985.
Rainfall during June and July was bel ow normal, but was consider-
ably above 1985 levels (Table 4). Bitterroot basin snowpack for
My 1 was only 72 percent of normal in 1986. Suppl ement al
rel eases nmintained near normal stream flows at Darby during
August despite dry conditions. Heavy rainfall beginning on August
28 resulted in high Septenber stream flows which were near 20
percent exceedence values at Darby (Figure 3).

Based on conparisons of Darby stream flow from 1983 through
1986, it appears that July flows can vary considerably depending
primarily on weather conditions (precipitation, snowpack, and
snowrelt timng). During the base flow period of August and
Septenber, Darby flows varied relatively little between years
despite the variability observed in weather patterns. In general,
suppl emental releases fromthe reservoir enhance stream flows at
Dar by enough to offset the effects of dry weather patterns.
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Table 4. Monthly summer precipitation (inches) averaged for 3 stationsal/ located in the
Bitterroot Valley from 1983 to 1986.

TOTAL
June , July August Sept enber June- Sept enber b/
Year Mean Departure? Nean DepartureD Wean Departure? WMean Depart ure?/  Vean Departure®
1983 1.37 -0. 36 2.23  +1.45 2.51 +1.62 1.98  +0.92 8.09 +3.63
1984 1.84 +0.11 0.60 -0.18 1.89 +1.00 1.51  +0.45 5.84  +1.38

1985 0.38 -1.35 0.16 -0.62 2.70 +1.81 3.25  +2.19 6.49  +2.03
1986 1.49 -0.24 0.77 -0.01 1.56  +0.67 1.89  +0.83 5.71  +1.25

d The three stations are located at Darby, Hamlton and Stevensville
(U.S. Departnent of Conmerce 1983, 1984, 1985, 1986).

b/ Departure from nornal



Table 5. Mean snowpack as of May 1 for ten stations in the
Bitterroot basin from 1983 to 1986.

Year Mean Per cent of
Snowpack@/ historic mean
1983 19. 05 76
1984 22.52 90
1985 19. 63 78
1986 18. 04 72

a/l Mean water content in inches from 10 survey stations
(U S. Departnment of Agriculture 1983, 1984, 1985, 1986).
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In contrast with the upper Bitterroot River, low stream flows
resulting fromdry weather conditions in the dewatered reach are
not as easily offset by supplenental releases. Mean August
di scharge during years of supplenental releases was bel ow t he
historic nedian at Hamlton (Table 6). Supplenental water flows
reach Hamlton, but not in large enough quantities to offset the
effects of extrenely dry weather conditions and subsequent
increases in irrigation wthdrawal

From 1983 to 1986, nean biweekly discharge varied
substantially between stations due to extensive irrigation
withdrawals and to inflow fromtributaries and irrigation returns
(Table 7). Streamflow at the West Fork and Darby stations were
mai nt ai ned above m ni num recomended flows (refer to section on
I nstream Fl ow Reconmendations) throughout the summer periods from
1983 through 1986 (Figures 4 and 5).

At the Ham|Iton station, |ocated at the beginning of the
dewat ered section, nean biweekly discharge was nore variable
between years (Figure 6). Discharge data during 1983 and 1984 was
inconplete, but flows generally exceeded the reconmended val ues
throughout the summer nonths. During 1985, the |ow flow period of
July resulted in flows |ess than the mninum recomrendation (11.38
md/'sec; 402 ft3/sec), but rainfall beginning in early August
increased flows to levels above the recomrendation.

Di scharge was bel ow 11.38 n®/sec (402 ft3/sec) throughout
August of 1986. A higher rate of supplenental release (4.67
m?/sec; 165 ft3/sec) during August, hovever, naintained flows near
the recommended values at Hamlton despite dry conditions and
significant irrigation withdrawals. Flows at Hamlton shoul d neet
or exceed m nimum reconmended |evels during nost years with
suppl ement al rel eases

The numerous irrigation diversions downstream from Ham | ton
significantly influence summer stream flows at Bell crossing
particularly during years with low flows. Above average precipi-
tation during the sunmer nonths of 1983 and 1984 reduced irriga-
tion demand and increased tributary inflow shich resulted in
stream flows at_or near the mninum recomrended flow |evels (11.38
m/sec; 402 ft3/sec) at Bell crossing. The relatively high flow
| evel s, acconpanied by decreased irrigation demand, al so
contributed in helping supplenental releases reach Bell crossing

Suppl enental water released during 1985, however, was not
sufficient to maintain the target flow at Bell crossing during
July and the first half of August (Figure 7).  Daily discharge at
Bel | crossing was | ess than 2.83 md/sec (100 ft3/sec for_a 20-day
period beginning July 14, and was |ess than 1.42 md/sec (50
ft3/sec) for a 13-day period beginning July 20 (Table 8). In
conparison, flows at Bell crossing were never |less than 8.50
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Tabl e 6. Conparisons of historic median values of average nonthly
discharge with nmean nmonthly discharge during suppl enental
rel eases (1983-1986).

Mean Monthly Discharge

Historic During Suppl ement al

Station Mont h Medi an Rel eases (1983-19861
West  Fork July 247 268

August 135 247

Sept enber 133 228
Dar by July 990 882

August 367 465

Sept enber 313 456
Hami | ton July 16-31 1139 4409

August 445 4212/

Sept enber 451 6982/

d  Includes 1985 and 1986 dat a.

b/ Includes 1984, 1985, and 1986 dat a.
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Table 7. Mean biweekly flows (ft3/sec)§/ recorded at the Darby,

Ham | ton, Wodside, Bell, and Poker Joe stations on the
Bitterroot River from July 1983 to Septenber 1986.

Vst Wodsi de Bel | Poker
Year Fork2/ DarbyQ/ Ham I ton Crossing Crossing Joe

July

e
—
(2]

July
16-31

August
1-15

August
16- 31

Sept.
| -15

Sept.
16- 30

1983 282 1349 --- -—- -
- 2805

1984 565 2126 --- -==
1985 144 441 432 460 301 601
1986 209 711 975 - 995 2429
1983 203 718 - -=- 945

1984 268 898 o - 919 e
1985 218 357 273 258 37 361
1986 259 529 607 - 443 938
1983 179 497 --- 554

1984 227 569 - 501 495 o
1985 265 436 461 433 331 703
1986 310 465 363 -=- 160 563
1983 218 a77 - h 497

1984 259 483 449 459 373 -
1985 242 384 420 436 376 697
1986 274 420 354 --- 220 607
1983 194 418 - 482 421

1984 269 533 714 711 683 s
1985 288 483 625 601 664 1314
1986 235 436 512 - 671 1004
1983 230 433 - 583 551

1984 219 476 877 877 878 -
1985 185 432 784 842 908 1514
1986 206 437 679 - 806 1205

a/ 1.0 ft3/sec = 0.02832 nd/sec

b/ USGS Discharge data
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Tabl e 8. Nunmber of days discharge at Bell crossing was |ess than
or equal to 402, 375, 300, 200 and 100 ft3/sec for the
period from July 1 through Septenber 30 during 1983.
1984, 1985, and 1986 (percentage in parentheses).

Nunber of days

flow (ft3/sec) was: 1983 1984 1985 1986

< 402 9( 10) 16(17)  53(58)  37(40)
< 375 1(1) I1(12)  52(57)  37(40)
< 300 0(0) 0 (0)  41(45)  36(39)
< 200 0(0) 0 (0) 21(23)  26(28)
< 100 0(0) 0 (0)  20(22) 0 (0)
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m/ sec (200 ft3/sec) during 1983 and 1984, and fell below the
target level for only nine days in 1983 and for 16 days in 1984.
The m ni mum f1 ow observed at Bell crossing was 0.68 md/sec (24
ft3/sec) during 1985.

In 1986, stream flows exceeded the target |evel during ngft of
July and Septenber, but were | ess than 11.38 npP/sec (402 ft9/sec)
t hroughout August (Figure 7). The lowest daily flow observed
during 1986 (3.96 md/sec; 140 ft3/sec) occurred on August 17.
Al though flows did not reach the critically low levels of 1985,
streamflow was | ess than 5.66 m¥/sec (200 ft3/sec) for a |onger
period i n 1986 (Table 8).

Daily discharge near Poker Joe Fishing Access was only
moni tored during 1985 and 1986. Mean biweekly discharge at this
site always exceeded the mini num recomended val ue (8.50 md/sec;
300 ft3/sec) during the summer periods of 1985 and 1986 (Figure
8). Irrigation return flows, which re-enter the Bitterroot River
near Stevensville, adequately maintain favorable stream flows in
this area even during relatively poor water years. The | owest
f1ows observed during 1985 and 1986 were 8.95 md/sec (316 ft3/sec)
and 14.50 m/sec (512 ft3/sec), respectively. The relatively |ow
instream flow requirenment of this reach of the river (conpared to
the dewatered reach) is discussed in the mnimmflow reconmenda-
tion section of this report.

[rrigation Wthdrawal s

Flows in Hedge, Republican, Corvallis, Supply, and Wbf oot
di versions were nonitored during 1985 and 1986 to assess the
effects of irrigation withdrawal on discharge in the Bitterroot
River. Wthdrawal conparisons were based on nean daily discharge
(data averaged on a six-hour basis) from March through Septenber
Maps of selected diversion |ocations throughout the Bitterroot
River drainage are presented in Appendix C For a listing of
water users on the main stemof the Bitterroot conpiled by Vernon
Wol sey, the Water Commi ssioner of 1985, refer to Appendix D

Diversion of water for irrigation typically began in late
April, and closures of the systems at the end of the irrigation
seasons occurred during md to late Septenber in 1985 and 1986
(Figure 9). The five nonitored diversions exhibited extrene
fluctuations in flow rates during the irrigation season. These
fluctuations were primarily due to headgate adjustnents and
channel alterations rather than changes in water availability
(river flow). For exanple, the marked increase in ditch
withdrawal on July 22, 1986, resulted from diking the west channel
of the Tucker section to provide water to irrigation diversions on
the east channel. This diking was also done during 1985.
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Wthdrawal s by ditch conpanies varied between years based on
wat er demand by agricultural crops. The agricultural experiment
station near Corvallis, Montana, nonitored daily precipitation and
Penman Evapotranspiration (a climatic index that considers
tenperature, solar radiation. humdity, and wind movenent), which
were used to recommend optimal water application rates. The
higher irrigation wthdrawals during early sumrer, 1985, coincided
wi th the higher Penman Evapotranspiration index, and the |ower
precipitation of that period (Figures 9 and 10). The relatively
high wthdrawals during August, 1986, also appeared to be related
to high water demand by crops.

During 1985 and 1986, the five nmajor ditches diverted 171,177
and 165,582 AF of water, respectively, from April 1 through
Septenber 30. Average nonthly discharge of ditches was higher in
1985 during every nonth except August (Table 9). Total ditch
withdrawal of the five major ditches remained bel ow the conbined
decreed water right of 20.0 m/sec (706 ft3/sec) throughout 1985
and 1986 (Table 9). Two ditches, however, periodically exceeded
their respective decrees during 1985 and 1986.

Irrigation withdrawal s during July and August were frequently
greater than the nean nonthly river flows recorded at the US.GS
station near Darby (Figure 9). Differences between stream flow
and wi thdrawal were even greater when all diversions on the river
were used for conparison. There were at |east an additional 15
unmonitored ditches diverting water. Wthdrawal s by these ditches
during the peak of irrigation were estimated to average 0.42

/sec (15 ft3/set) each. As a result, conbined withdrawals by
all diversion systens on the Bitterroot River during peak
irrigation were roughly estimated to total 24.1 n®/sec (850
ft3/sec). Wthout substantial returns by groundwater seepage,
ditch losses, and unconsumed water fromflood irrigation, flows
in the Bitterroot River vould not be able to sustain the heavy
irrigation demands during July and August.

Water distribution, rather than availability, appears to be
the major problemfor water users in the Bitterroot River. Users
recogni ze that water is a valuable resource, yet diversion and
distribution of irrigation water remains inefficient because
adequate investments in the canal systemare lacking. On the main
stem of the Bitterroot River, there are no adequate water
measuring devices. The two neasuring devices that exist on the
entire river are submerged and not functional according to Vernon
Wool sey (Water Commi ssioner of 1985).

In addition, there are a large nunber of diversions
(particularly betveen Hamlton and Bell crossing) which irrigate
relatively small parcels of cropland. The lack of coordination
between canal systens contributes to the large anounts of waste-
water that flow parallel to the river largely unused for irriga-
tion and unavailable to the river fishery. Coordination of water
use between irrigation systems, along with ditch consolidation
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Table 9. Mean nonthly flow and decreed vater rights for Hedge,
Republ i can, Corvallis, Supply, and Wbfoot diversions on
the Bitterroot River during 1985 and 1986.
Mean Mont hly Flow (ft3/sec DECREE?/
DI TCH YEAR MAY JUNE JULY AUGUST SEPT. (ft3/sec)
Hedge 1985 84 84 126 128 65 140
1986 74 89 113 117 50
Republican 1985 159 165 140 125 74 150
1986 --- 126 117 160 25
Corvallis 1985 128 73 59 29 34 125
1986 106 79 87 47 21
Supply 1985 123 166 174 78 51 175
1986 193 156 124 155 46
Webf oot ¢ 1985 172 170 126 118 57 116
1986 147 109 146 136 62
TOTAL 1985 --- 658 625 478 281 706
1986 --- 559 587 615 204

a
b

c/

Case no.

1287 (State Engineer's Ofice 1958)

Decreed rights for Supply and Wod- Par khur st

(comon headgat e)

(comon headgat e)
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(where feasible) woul d enhance instream fl ows reduce streanbed
di sturbance due to diking, and lower the potential for fish |oss
to irrigation ditches.

Incentives to inprove efficiency of water use do not exist
because irrigation costs are not based on anounts of water used.
In addition, adequate quantities of irrigation water is delivered
to users during nost years. \ter shortages prinarily effect the
amount of water left instream not the anount of water delivered
to irrigators except during extreme drought conditions.

Drafting of Reservoir

The el evation of water level in Painted Rocks Reservoir was
monitored from 1984 through 1986 to evaluate the effects of
accelerated drafting due to the release of purchased water.  The
water level, folloving spring runoff, remained at or above full
pool through mid August in 1984. The 1984 reservoir volunme was
less than historic median values throughout the sumer, but was
greater than 90 percent exceedence val ues despite suppl enental
rel eases totaling about 15,000 AF (Table 10).

Due to early season runoff, bel ow average snowpack | evels, and
bel ow normal precipitation during both 1985 and 1986, reservoir
vol umes were bel ow 90 percent exceedence values fromthe end of
July through Cctober (Table 10). The reservoir renained at ful
pool until early July, and was rapidly drawn dovn through Cctober.
By Decenber 1, the reservoir level was drained to the el evation
level of the outlet in both 1985 and 1986.

Al t hough suppl enental releases contributed to accel erated
drafting of the reservoir in 1985 and 1986, sumrer inflows were
consi derabl y bel ow nean nonthly val ues which resulted in the rapid
decrease of reservoir levels (Table 10). Inflows were 14,650 and
10,782 AF lower than historic averages during July and August
(conbined) of 1985 and 1986. In contrast, July and August inflows
during 1984 were 8,130 AF above the historic average.

The effects of reservoir drawdown on boat |aunching was
monitored at three public sites during 1984. At the canpground on
Little Boul der Creek, the boat ranp becane unusable due to
drawdown by nmid Septenber when reservoir volume was approxi mately
20,000 AF.  On Cctober 29, the distance fromthe top of the ranp
to waters edge was approximately 84 m (276 ft). Launching of
boats fromthe Slate Creek canpground becane difficult during md
Sept ember (at approximately 20,000 AF vol une), due to the exposure
of a nud flat. Boats are launched froma gravel beach at this
canpground. On Cctober 29, the distance fromthe gravel beach to
wat ers edge was about 350 m (1,148 ft). The boat ranp at the
state recreation area became unusable by early Septenber when
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Table 10. Conparisons of nonthly inflows to Painted Rocks
Reservoir and nonth-end reservoir contents from 1984 to
1986
Mont h-end Contents (AF)
Nbnt h Median®  90% Exceedence 1984 19852/ 19862/
June 32,070 31, 765 --- 31, 707 31, 708
July 31, 960 29, 840 --- 26,922 25,778
August 30,, 625 21,711 25, 000 16, 652 12,926
Sept enber 27, 215 12, 850 18, 800 5,439 4,726
Cct ober 21, 275 6, 000 15, 200 3, 848 603
Mont hly | nflows (AR)E
Mont h Mean (1961-1985) 1984 1985 1986
July 16, 700 23,930 4,910 8,720
August 7,900 8, 800 5, 040 5, 098
Sept enber 6, 500 6, 220 5,470 4,888
a/

From Brovn (1982).

b values obtained vithin seven days of the end of the month.

1

1.0

for 24 hours = 1.98347 AF.
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reservoi r volune was about 25,000 AF. An extensive nud flat was
exposed at this site due to drafting of the reservoir. The
di stance fromthe bottom of the boat ranp to waters edge on
Cct ober 29 vas approximately 692 m (2.271 ft).

Recreational use of Painted Rocks Reservoir appeared to
decline during Septenber. This decline vas probably due to the
| oss of boat launching facilities and to cool er veather
conditions. An extension of the boat ranp at the canpground on
Little Boul der Creek could delay the loss of launching facilities
due to accelerated dravdovn of the reservoir.

In general, boating opportunities appear to be significantly
reduced vhen reservoir volune is less than 20,000 Ar. Based on
nmedi an val ues of reservoir storage and expected rates of
suppl emental rel eases, boat |aunching should not be adversely
effected in July and the mgjority of August during typical years.
Boat launching will be difficult in Septenmber during average vater
years. During periods vhen instream flov requirements are net at
Bel | crossing, releases should be ceased to prolong boat access at
Pai nted Rocks Reservoir.

Test Rel eases from Pai nted Rocks Reservoir

Suppl enental vater released into the Bitterroot River nmay be
depleted by natural |osses (infiltration and evaporation), or by
| osses to main stemirrigation vithdravals. Four test releases of
reservoir vater vere conducted to determne the relative
i nportance of these sources of depletion.

The amount of supplemental water reaching dovnstream stations
vas significantly dimnished during each of the four test spills.
The amount of water reaching the target area (Bell crossing) vas
negatively correlated vith existing stream flov levels; i.e., vhen
flows were | owest and additional vater vas needed nost at the
target area, supplenmental water vas least likely to arrive there.
This vas due to high irrigation demands during periods of dry
veather and |ow stream flov vhen extensive diking at diversion
points controlled streamflovs. Wen large dikes vere present
additional stream flov increased ditch discharge vhile river
di scharge dovnstream from dikes remained relatively steady.

During the tvo tests of 1984, stream flovs vere relatively
high and there was mnimal diking at diversion points. Results of
these tvo test spills vere simlar vith 82 and 88 percent of the
rel eases reaching Darby in April and August, respectively (Figure
11). Little vater vas lost betveen Darby and Hamlton (Hamlton
data not available in April), and equal percentages (37 percent)
reached Bell crossing. The majority of depletion occurred betveen
Ham | ton and Bell crossing vhere nunerous irrigation diversions
are located. Discharge in diversions, hovever. vere not nonitored
in 1984.
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During July 1985. a test release was conducted during a period
of critically low flows at Bell crossing (discharge was |ess than
1. 42 m3/sec; 50 ft3/sec). Supplenental flows were dininished to a
greater extent during the 1985 test rel ease conpared to test
rel eases of 1984. Approxinmately 14 percent of the original re-
| ease was |ost before reaching the Darby station and about 52
percent of the original release was |ost before passing the Ham| -
ton station (Figure 11). Nearly all of the remaining supplementa
water was diverted or lost fromthe river before reaching Bel
crossing. Gavel dikes constructed upstream from Bell crossing
were effectively blocking all flowin the river. Since a greater
percentage of the original release reached the Poker Joe station
than the Bell station, flows apparently were being diverted around
the reach of river at Bell crossing and were being returned to the
river via irrigation drains upstream from Poker Joe

Approxi mately 35 percent (255 AF) of the original 1985 rel ease
was diverted fromthe river by four nonitored ditches. An unknown
addi tional amount was diverted by unnonitored ditches and
Republican ditch which was nonitored upstream from Skal kaho Creek
where a portion of excess water is spilled into the creek and
returns to the river above Hamlton. Republican ditch diverted
158.7 AF, but an unknown amount was returned via Skal kaho Creek.

Hedge, Corvallis, Supply, and Webfoot ditches gained 13.9,
36.7, 77.4 and 127.4 AF, respectively, as the test spill passed
through the system (Figures 12 and 13). The anount of water
diverted by ditches was positively correlated vith the size of the
dam at the point of diversion.

The results of the 1985 test clearly indicated that supplenen-
tal releases would not reach the target area during critically low
flov conditions, when water is nost needed, w thout the cooper-
ation of irrigators. During 1986, the test release was repeated
during another period of |low flow conditions at Bell crossing
(discharge prior to the test was 4.33 md/sec; 153 ft3/sec) and
extensive diking by irrigators. Prior to the test spill, the five
maj or ditch conpanies were notified and asked to adjust headgates
in an attenpt to successfully transport water downstream

A degree of cooperation fromirrigators during 1986 resulted
in 76 percent (427 AF) of the test spill reaching Hamlton; a
| arger amount than the 1985 test and a simlar percentage observed
in 1984. The mpjority of the difference at Hamlton between 1985
and 1986 was gained at Corvallis ditch which decreased withdrawal s
during the test spill, effectively adding 66 AF of water during
the 48-hour release. In 1985, Corvallis ditch diverted 36.7 AF of
water during the test (Figures 12 and 13). Hedge ditch diverted a
simlar anount (9.9 AF, 1.8 percent) of the test spill that was
diverted in 1985 (13.9 AF, 1.9 percent). No diking occurs at this
diversion, and supplenental releases pass the canal with only
m nor | osses.
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The two nonitored ditches between Hamilton and Bell crossing
(Supply and Vebfoot) nade headgate adjustnents in response to the
test as evidenced by the |ower |evel of ditch flow after the test
wat er passed. The additional head created by test spillwater,
however, still resulted in test spill water entering the ditches.
Based on water anounts reaching Hamlton, a snaller percentage of
test spill water was diverted at Supply and Webfoot ditches in
1986, conpared to 1985. At Supply ditch, 77.4 AF (22.4 percent)
and 54.0 AF (12.6 percent) of the test spill volumes vere diverted
in 1985 and 1986, respectively (Figures 12 and 13). \Wbfoot ditch
withdrew 127.4 AF (36.8 percent) and 117.9 AF (27.6 percent) of
the test release water in 1985 and 1986, respectively.

Despite the efforts of the mpjor ditches to avoid diverting
test water, only 16 percent of the test spill reached Bell
crossing. It was apparent that the relatively small ditches,
whi ch al so constructed dikes, were diverting a large portion of
the water gained from cutbacks by major ditches. In addition,
some of the smaller ditches have no headgate, and no neans of
regul ating ditch flow short of breaching the dike (one irrigator
did this). Suppl emental water will not enhance flows during
critically low water years if these diversions are not nodified to
allow regul ation of withdrawals.

The Poker Joe station passed simlar percentages of test
rel eases in 1985 (16 percent) and 1986 (20 percent) (Figure 11).

This station is approximately 128 km (80 miles) dovnstream from
Pai nted Rocks Reservoir.

WAt er Tenperature

West Fork of Bitterroot River

Mont hl'y maxi num mi ni num wat er tenperatures in the West Fork of
the Bitterroot River near the base of Painted Rocks Reservoir were
monitored from 1983 to 1986. Tenperature data for a conplete
summer period, hovever, are only available for 1984 and 1985.

In 1984, water tenperature ranged from2.2 to 15.0 C (36 to
59 F) from April 1 to Novenber 30 (Table 11). The maxi mum
tenperature occurred during the first half of July when water was
flow ng over the spillvay. August tenperatures were slightly
cool er because of the hypolimetic draw of Painted Rocks Dam
Rel eases of supplenental water did not significantly effect water
tenperatures in the West Fork of the Bitterroot River.

In 1985, rmaximum water tenperature was slightly higher than
1984 during June, August, and September. \Mter spilled over the
crest of the dam ceased during early July, which resulted in a
cooling trend in water tenperature (Table 11). \ater tenperature
ranged from 0.3 to 17.8 C (32.5 to 64 F), with the nmaxi num
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Table 11. Monthly maxi num and mni num vater tenperatures (°F)§/
in the Wst Fork of the Bitterroot River at the base of
Pai nted Rocks Reservoir during 1984 and 1985.

1984 1985

Maxi mum M ni num Maxi mum M ni mum
Mont h Tenperature Tenperature Tenperature Tenperature
Apri | 44 36 44 33
Miy o o 54 40
June 55 45 58 44
Jul'y 59 52 56 46
August 57 48 60 48
Sept enber 58 49 64 48
Cct ober 54 39 48 42
Novenber 45 38 - -
Decenber .- - 43 32.5

al °C = (°F-32)5/9
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tenperature occurring during the last half of September. As in
1984, suppl enental releases did not significantly change water
tenperature in the Wst Fork.

Main Stem of the Bitterroot River

Water tenperature in the Bitterroot River was nonitored during
March through |ate Novenber from 1984 through 1986. Moni t ori ng
stations were established near Darby. Hamilton, Bell crossing, and
MaCl ay bridge to evaluate the relationship betveen stream flow and
wat er tenperature in various reaches of the Bitterroot River.
Maxi mum sunmer water tenperatures in the dewatered reach of the
river were of particular interest.

Water tenperatures greater than 17-20 C (63-68 F) have been
shown to exceed the physiological optimmfor salnmnid growh
(Brett et al. 1969. Brockson and Bugge 1974). Si nce water
tenperatures frequently exceed these optimal values during the
sunmer nonths in sone reaches of the river, mean nmaxinmm
tenperatures were conpared between sections and years to deternine
whet her summer tenperatures posed significant problems for the
fishery. Conparisons were also nade to evaluate the effects of
suppl emrental rel eases on nmaxi num water tenperatures in the
Bitterroot River. The highest water tenperatures occurred during
July or August, and data during these nonths were used for
conpari sons.

Mean maxi mum tenperature at the Darby and Hanmilton stations
depended on the two related factors of stream flow and weat her
conditions. The low stream fl ows and associ ated hot weather of
July 1985 resulted in higher water tenperatures at Darby and
Ham I ton, conpared to other years (Figure 14). During the four
years of data collection, August stream flows at Hamilton were
lowest in 1986. Consequently, the highest August water tenpera-
tures were observed in 1986. August water tenperatures at Darby
appeared to be nore influenced by hot weather than stream fl ow
since the highest tenperatures occurred in 1986 despite the
slightly lower flows observed in 1985.

In general, maximm water tenperatures at Hamilton were higher
than those at Bell crossing (Figures 14 and 15). This was not
expected because of the extrenely low fl ows observed at Bell
crossing, which were assunmed to cause high tenperatures.
Apparently, groundwater inflows in the dewatered section
effectively mpbderate tenperatures.

The extrenmely low flows of July 1985 did create the highest
tenperatures observed at Bell crossing, but during the last half
of July and the first half of August, 1984, tenperatures were
greater than those of 1985, despite the occurrence of higher
stream fl ows.
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Bel | crossing water tenperature data during 1986 were not
conparable to previous years because the thernograph |ead was
buried by approximately 10 cm (4 in) of gravel during spring
runof f. As a result, this thernograph was nonitoring the
tenperature of groundwater inflow just below the substrate |evel
The significantly |ower tenperatures just below the |evel of the
substrate indicate that groundwater inflow rates are relatively
high. In addition, there are nunerous pools within the dewatered
section exceeding three neters (10 ft) in depth. Based on casua
observation, water tenperatures at the depths of these pools were
cooler than surface tenperatures.

G oundwat er seepage may al so i nfluence water tenperatures at
MaCl ay bridge. July water tenperatures were highest during the
year with the lowest stream flow (1985), and August tenperatures
were highest during 1984 (Figure 15).

Water tenperature at the Darby station rarely exceeded the
thermal optimumrange 19 C (67 F) for salnonids (Figure 16). At
all stations except MaC ay bridge, tenperatures exceeded the
optinumrange for the |argest nunber of days during the year with
the | owest streamflow (1985).

Based on water tenperature and stream flow data, it appears
that the nunber of days critical tenperatures are exceeded in the
Bitterroot River is not strictly a function of flow |evel.
G oundwater inflows, and air tenperatures also influence maxinum
water tenperatures. At Hamilton, summer flows were positively
correlated with the nunber of days tenperature exceeded 19 C (67
F), and during low water years, tenperatures at Hamlton were
hi gher than those at Bell crossing and MaCl ay bridge. Wien stream
flows were at or near mninmum recommended val ues, critica
tenper?tures were exceeded nore often in the lower river (Md ay
station).

Suppl enental rel eases that enhance flows throughout the river
could be expected to noderate tenperatures in the upper river
(Darby and Hanmilton), but will have little influence on tenpera-
tures in the dewatered reach of the river. Extremely hot and dry
veather influence water tenperatures regardl ess of stream fl ow
| evel s.

Physical Characteristics of Study Sections

Physi cal characteristics of the Darby, Tucker East, and Tucker
Vst sections were nmeasured during 1984 in an attenpt to quantify
differences in available habitat between sections. Available
habi tat varied considerably betveen the Darby section and the
Tucker section
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Differences in widths and depths among the study sections were
partially due to the presence of side channels and to the
characteristic channel split of the Tucker section (Table 12).
The mean nunber of channel s containing water was significantly
greater in the Darby and Tucker East sections than the Tucker West
section. Few side channels were present in the Tucker West
section. Mean total widths (side channels included) were
significantly different anmong the three study sections. Tota
wi dth was greatest in the Darby section, internediate in the
Tucker East section, and least in the Tucker Vest section. Wdth
of the domi nant channel was significantly greater in the Darby
section than in the two Tucker sections. Mean depths and thal weg
depths in the Darby and Tucker West sections were not significant-
ly different, but were significantly greater than in the Tucker
East section. These data indicate the dom nant channel of the
Darby section was relatively wi de and deep in conparison to the
narrow, shallow channel of the Tucker East section and the narrow,
deep channel of the Tucker West section.

Pool nunbers as neasured by pool-riffle periodicity were not
significantly different anmong study sections (Table 12). In
contrast, the pool-riffle ratio was less in the Darby section than
in the Tucker East and Tucker West sections. Average pool |ength
was simlar anmong study sections. Mean riffle | ength, however
was significantly greater in the Darby section than the two Tucker
sections. These data indicate the Darby section contained a
greater quantity of riffle habitat than the Tucker East and Tucker
Vst secti ons.

The total anount of potential cover present was less in the
Darby and Tucker East sections that the Tucker West section (Table
13).  The Tucker West section contained approximately 200 percent
more cover than did the other two sections. Shoreline debris was
the dom nant cover type in the Darby section, conprising 36.7
percent of the total amount of cover present. Instream debris was
the dom nant cover type in the Tucker East and Tucker West
sections, conprising 44.1 and 49.1 percent of the available cover,
respectively. A mpjority of the debris in all three sections was
conposed of snags fromfallen cottonvood and conifer trees.

Several studies have denonstrated the inportance of pool area
and cover to trout popul ations (Boussu 1954, Levis 1969. Enk
1977). Based on pool and cover characteristics measured in the
Bitterroot River, the amount of potential habitat for trout
appears to be greater in the Darby and Tucker Wst sections than
in the Tucker East section. Pool and cover features, hovever.
represent only a general nmeasure of habitat quality.

D fferences in physical characteristics betveen the Darby
section and the Tucker Sections are |arge enough to create
differences in trout popul ations, regardless of flow conditions in
the tvo areas. During years of high stream flow, the Tucker
sections contain nore available fish habitat than the Darby
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Table 12.  Selected physical characteristics of study sections in
the Bitterroot River neasured during August, 1984.

Standard deviations in parentheses.

Section

Tucker Tucker

Par anet er Dar by East Vst
Mean nunmber of channel s 1.55 1.68 1.05
(0. 68) (0. 66) (0.22)

Mean total width (& 45. 4 37.9 27.7

(10.3) (13.1) (8.2)

Mean domi nant channel width (m 42.2 25.9 27.2

(9.4) (8.1) (8.1)

Mean depth (cm 54.0 44.0 52.0

(37.0) (33.0) (36.0)

Mean thal weg depth (cm 96.0 75.0 93.0
(34.0) (31.0) (34.0)

Pool -riffle periodicity 8.11 7.29 10. 98
(3.62) (2.56) (4.78)

Mean pool length (n 187.9 143.6 228.9

(91.7) (70.5) (111.2)

Mean riffle length (m 155.5 45. 1 69.5
(135.6) (19.0) (42.2)

Pool riffle ratio 1.21 3.19 3.29
G adient % 3.21 2.44 2.44
Di schar ge (md/ sec) b/ 12.0-16. 3 6.0-6.3 5.2-6.0
Section length (km 9.36 8. 88 8.95
Surface area (knP) 0.425 0.337 0.248

ad Sum of nmain channel and side channel widths.

b/ Discharge when characteristics were measured.
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Table 13. Area (mZ/400 m of potential cover in the study
sections of the Bitterroot River neasured during
August, 1984.

Section
Tucker Tucker
Cover Type Dar by East Vst
Shorel i ne overhang
Brushﬁl 14.94 3.81 51. 82
(% of total cover) (18.5) (4.8) (19.8)
Debr i sD/ 29,57 15. 24 19.21
(% of total cover) (36.7) (19.3) (7.3)
Under cut ¢/ 7.32 8.23 24.38
(% of total cover) (9.1) (10.5) (9.3)
Rock shel fd/ 22.10 16. 76 38. 10
(% of total cover (27.4) (21.3) (14.5)
| nstream
Debr i sP/ 6. 71 34.75 128. 93
(% of total cover) (83 (44.1) (39.1)
Total Cover 80. 62 78.79 262. 43

a Overhangi ng rooted woody vegetation

[=X

Snags, driftwood, and | ogs

1Q

Under cut st r eanbanks

d  Shelves of rock within or overhanging the water
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section, but during years with poor streamflow, available habitat
in the Tucker sections is greatly reduced conpared to the Darby
section. Physical characteristics neasured in 1984 represent
avai l abl e habitat during a period of relatively high streamflows.

Water Quality Paraneters

Water quality was nonitored during 1983 and 1984 at three
stations established on the Bitterroot Rver, and at two stations
on irrigation returns to determne the effects of irrigation on
water quality in various reaches of the Bitterroot River. The
three river stations were located at the Darby US GS gauge
(station 1), inmediately upstream from the Stevensville irrigation
return (station 2), and below the irrigation return at the
Stevensville bridge (station 3). Irrigation returns were |ocated
1.5 km (0.9 m) above Victor bridge (station 4). and 4.8 km (3.0
m) above Stevensville bridge (station 5).

Mean val ues of pH bicarbonate, total phosphorus, conductivi-
ty, and total alkalinity increased in a dovnstream direction at
successive stations on the Bitterroot River (Table 14). These
i ncreases were probably due to inputs of chemcal constituents
fromtributary inflow and fromirrigation returns. Mean val ues of
all nmeasured paraneters, except pH and total ammonia, were greater
in the irrigation returns than in the Bitterroot River. A
conparison of ionic concentrations anong the five stations, as
measured by specific conductance, is shown in Figure 17.

Based on the chemcal parameters that were nonitored, water
quality in the Bitterroot R ver was considered favorable. Tota
ni trogen and phosphorus |evels neasured in the river were |ess
than problemcriteria for running waters given by the Environnent-
al Protection Agency (MIls et al. 1982). The Environnent al
Protection Agency (EPA) criteria are presented in Table 15.
Al though |l ess than the problemcriteria given by EPA nutrient
levels in the irrigation returns were substantially greater than
levels in the river. The source of these nutrients was apparently
fromthe application of fertilizers on surrounding farnlands and
from livestock wastes. The presence of dense growths of aquatic
vegetation within the irrigation returns was probably a result of
these higher nutrient levels. The un-ionized formof anmonia is
toxic to freshwater aquatic life. The presence of this un-ionized
formis dependent upon total ammonia concentration, pH
tenperature and ionic strength. Total ammonia concentrations
nmonitored in the river and irrigation returns were well bel ow
concentrations needed to reach toxic levels of the un-ionized form
within the ranges of pH and tenperature nmeasured at the five
stations. The EPA criterion for amonia in un-ionized formis
0.02 mg/I (Environmental Protection Agency 1976). Amonia concen-
trations nonitored at the five stations were relatively |ow
despite the common use of anhydrous ammonia as fertilizer on
surroundi ng farniands.
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Table 14.
irrigation

returns during 1983 and 1984.

Mean and range (in parentheses) of values for chemical parameters measured at

stations on the Bitterroot River and

Bitterroot niver!i

Irrigation Returns®/

Station 1 Station 2 Station 3 Station 4 Station S5
Perameter 1983 1984 1983 1984 1983 1984 1983 1984 1983 1984
Lab Determinarion
pi 7.82 7.55 7.95 7.7% 8,10 7.96 - 8.48 8.35 8.10
(7.7-8.0) (7.5-7.6) (7.9-8.0) (7.7-7.9) (8.1) (7.8-8.2) - (8.0-9.3) (B.3-8.4) (7.9-8.4)
HCO, ™ (mg/1) - 40.7 56.1 - 72.9 - 118.2 - 160.5
- (26.9-50.8) {26.9-71.0) {37.8-93.6) - (78.5-147.4) (148.6-174.8)
Total nitrogen
(mg/1) - Q.49 - 0.23 - ¢.26 - 0,60 - 0.75
- (0.37-0.68) - (0.12-0.37) - (0.16-0.42) - (0.14-1.83} - {0.38-1,55)
- p.012 - 0.012 - 0.029 - 0.060 0.25

N0, -R(mg/1)

Total ammonia
(mg/1)

Total phosphorus
(ag/1)

Conductivity
{unhos fen)

Fleld Determinations

(0.003-0.026) -

pH
{
Disﬁolved oxygen
(mg/1)

Totsl &lkalinity
(mg/l a8 Cacoy)
. ‘ _ (

<0.015 <0.01 <0.01
{<0.01- {«<0,01}) {<D.01)

0.02)

- 0.018 -

- (0.010-

| . 0.02%)

76.5 74.1 95.5
(75-78) . (67-93) = (91-100)

7.62 6.56 8.0%
7.4-7.8) (6.4-6.9) (8.0-8.1)
10.315 9.62 11.15
{(9.30- (8.25- (10.80-
11.35) 11.20) 11.50)
48 35 53
44-50) (20-50) (50-55)

(0.003-0,020)

<0.01 <0.015

{<0.01-  {<0.01-
0.01) 0.02)
0.017 -
(0.009- -
0.033)

98.1 114,90

(37-124) {110-118)

6.70 8.42

(6.5-7.8}) (8.3-8.6)

2.18 11.07
{7.55+ (10.50-

11.€0) 11.50)

&4 63
{24-53) (57-77)

{0.012-0.051)

<0.020
{<0.01-
0.05)

0.023
(0.014-
0. 044)

123.9
(54-158)

6.74
(6.6-7.0)

9.78
(8.60-
11.70)

54
{30-78)

- (<0.001-0.173)

o

(0.114-0.475)

- <0.01 0.015 0.06

- {<0.01- {<0.0k- {<0.01-

- 0.02) 0.02) 0.16)

- 0.041 - 0.049

- (0.011- - (0.030-
0.112) 0.095)

- 199.9 27 270.8

- (133-282) (264-278)  (242-295)
7.12 8.40 6.81

(6.8-8.4) (8.2-8.8) (5.6-7.8)

- 12.38 12.38- 11.48

- (9.90-  (11.95- (10.10-

- 14.20) 12.80) 12.60)

- 94 128 106

- {67-1A0) (117-138)  (50-137)

&/ Station
Station

1 = Bitte
2
Staticn 3
4
L}

Station
Station

rroot River near Darby

Bitterront River 4.8 km above bridge at Stevensville
Bitterrcot River at bridge at Stevensville

Irrigation return 1.5 km sbove Victor crossing

- Irrigation return 4.8 km above bridge at Stevensville
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Table 15. EPA criteria for total phosphorus and nitrogen in
runni ng wat ers.

Total Phosphor us Total N trogen Signi ficance
(my/1) (ny/1)
0.013 0.092 Probl em threshol d
0.13 0.92 Problem likely
1.3 9.2 Severe problem
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The values for pH bicarbonate, nitrate, and alkalinity
nmeasured at the five stations were within the range of val ues
expected to occur in relation to the geologic characteristics of
the valley. The values for dissolved oxygen nmonitored at the five
stations were comonly above saturation |evels. These data
indicate favorable water quality in the Bitterroot River.

Fi sh Popul ati ons

Speci es Conposition

Ei ght een species representing seven famlies of fish are
present in the Bitterroot River (Table 16). O these, 15 species
have been captured since the inception of the study. Pr edom nant
game fish, in order of abundance, were nountain whitefish, rainbow
trout and brown trout. Predonm nant non gane species included
| argescal e and | ongnose suckers, |ongnose dace, redside shiner,
northern squawfish and sliny scul pin.

Popul ati on Esti mates

Popul ation estinmates were conducted during the spring (March,
April, and May) and fall (Septenmber, October, and Novenber)
through the study to determine the relationship betveen sumer
stream flow | evel s and trout popul ations. Estimates of trout
nunbers were obtained fromthe upper river (Conner and Darby
sections) where summer stream flows are adequate, the middle river
(Tucker section which consists of two distinct channels) where
stream flows are typically |lowest due to irrigation depletions,
and the |l ower river (Poker Joe section) where streamflows are
repl enished fromirrigation returns.

Fal | population estinmates provided nore reliable trend
information than spring estimtes because electrofishing
efficiencies were higher, allowing the capture of all age cl asses
except age 0. Rainbow trout and yearling brovn trout estinates
were nost reliable during the fall, although adult brown trout
estimates were biased in the fall because of extensive spawning
novenents.  Conparisons of adult brown trout (fish greater than
356 mm 14 in) nunbers were based on spring estimates.

In general, spring population estimates were of limted value
despite the large effort required to obtain them approxinmately
five marking and five recapture runs per section were needed to
estimate numbers. Rai nbow trout estinates were biased by spring
spawni ng nmoverents, and should be used only as an index of change.
In addition, spring brown trout estimates were influenced by flow
conditions which resulted in widely variable capture efficiencies
on fish snaller than about 256 mm (14 in). For exanple, the early
spring runoff of 1985 and 1986 increased flows during the
estimates which reduced capture efficiencies, especially for
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Tabl e 16. Fish species present in the Bitterroot Rver (Relative
abundance i n parent heses). a/

SALMONI DAE
Sal o gai rdneri *Rai nbow trout (A)
Salnmp trutta *Brown trout (A)
Sal no__cl arKki *Cutthroat trout_ (C)2/
Salvelinus fontinalis *Brook trout (C)=
Sal vel i nus confl uent us *Bull trout (R
Prosopi umwi | | i amsoni *Mountain whitefish (A
ESOCI DAE
Esox Luci us *Northern pike (R
CYPRI NI DAE
Rhi ni chthys cataract ae *Longnose dace (A
M/l ochei | us _caurinus Peamouth (R
Ri chardsoni us _bal t eat us *Redsi de shiner (A
Ptychochei | us _oreponensis *Northern squawfish (A)
CATOSTOM DAE
Cat ost omus _cat ost onus *| ongnose sucker (A)
Cat ost onus__nacr ochei | us *Largescal e sucker (A)
CENTRARCHI DAE
Hi cropterus sal noi des *Largenmouth bass (R)
Leponi s gi bbosus * Punpki nseed ( R)
PERCI DAE
Perca flavescens Yel | ow perch (R
COTTI DAE
Cot t us cognat us *Sliny sculpin (A
Cot t us conf usus Shorthead scul pin (U

2/ Rel ative abundance -- A - abundant, C = common, R = rare,
u= status unknown.

b/ Abundant in tributaries.

*

Species captured since inception of study.
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smal l er size groups. Consequently, spring estimates for brown and
rai nbow trout vere higher in 1984, conpared to 1985 or 1986, in
all sections (Appendix Figures El through ES).

Caution should also be used in interpreting age class
estimates (Appendi x Tables El through E5). Rel ativel y poor
el ectrofishing efficiencies and snall sanple sizes in sections
with [ow popul ation numbers resulted in |ower than optimal nunbers
of recaptures per age group. This was particularly true during
spring estimates, and age class estinmates were discarded during
selected years. Fall age class estimates, although nore reliable,
shoul d not be used for detail ed anal yses such as estimation of
annual nortality rates. Use should be confined to general conpar-
isons of age structures between years or between river sections.

During future popul ation assessments, it is recomrended that
fall estinmates be used. However, it should be recognized that
estimates of adult brown trout will be inflated during fal
periods. Adult brown trout (fish larger than 356 nm 14 in)
nunbers were typically higher during fall periods (conmpared to
spring) at the Darby and Tucker sections (Appendix Figures El
t hrough E6).

Conpari sons Between Sections

The upper reaches of the Bitterroot River, represented by the
Conner (West Fork) and Darby sections, are predoninantly rai nbow
trout fisheries (Figure 18). Rai nbow trout nunbers sharply
decline between the Darby and Tucker sections. Brown trout are
the nost abundant trout species in the two channels of the Tucker
section, but are relatively scarce in the |ower river (Poker Joe
section) and the West Fork of the Bitterroot River (Conner
section). Brown trout nunmbers were not significantly different
(80 percent confidence intervals overlap) in the Tucker and Darby
sections (Figure 19).

Esti mated nunmbers of rainbow trout vere higher in the Darby
section than in the Tucker section (Figure 19) or the Poker Joe
section (Figure 18). These differences were statistically
signi ficant (p<0.20).

The relatively low trout nunmbers observed at the Tucker
section indicate that poor stream flows in this section have
adverse effects on trout populations. The dewatered reach of the
river, if not severely depleted by irrigation wthdrawals, would
have greater summer flows than the Darby section. In addition,
when flows were adequate during 1984, available trout habitat in
the Tucker section (both channels conbined) was nore abundant than
in the Darby section. Low sumer stream flow, which reduces
avail abl e trout habitat, is probably the limting factor for trout
popul ations in the Tucker section.
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The low trout population |evels observed in the Poker Joe
section were unexpected since this reach of the river did not have
problems with |ow stream flow, poor habitat characteristics
(unnmeasured), or poor water quality. Inadequate recruitment of
juveniles into the population is one possible explanation for the
relatively low densities of brown and rai nbow trout observed in
the Poker Joe section. Conparisons of trout age structure, and
young- of -t he-year (YOY) densities betveen river sections support
this explanation, and are discussed in subsequent sections of this
report.

Age Structure of Trout Popul ati ons

Age structures of trout populations in the Bitterroot River
vary dependi ng on recruitment and/or successful rearing of
juvenile trout. Yearling trout nunbers vere highest in the upper
river (Conner and Darby sections) where favorable flow conditions
exist. In addition, yearling abundance increased follow ng years
with higher stream flows, indicating that supplenental releases
enhance trout recruitment and/or rearing conditions.

Densities of YOY (age 0) vere assunmed to be the primary factor
determning yearling nunbers of the following year. Conparisons
of YOY densities were not feasible because this age class was not
effectively sanpled during estimates. Ceneral trends in YOY
abundance was al so determned from surveys presented later in this
report.

In the upper river (Darby and Conner sections), yearlings (age
| fish) conprised over 50 percent of the rainbow trout population
(Figure 20). Age Il fish conprised the largest percentage of the
popul ation at the Tucker and Poker Joe sections, and only about 30
percent of these populations were conprised of yearlings (Figure
20).

Estimates of yearling rainbow trout were not obtained every
year in the Tucker section due to |ow popul ation |evels:
therefore, trends in abundance were not clear. In the Darby
section, the nunmber of yearlings increased from121/km(194/m) in
1982, to 461/ km (742/m) in 1985 (Appendix Table El). This
significant increase in yearling abundance was probably a result
of supplenental releases fromthe reservoir and the relatively
good water years of 1983 and 1984, which resulted in increased
sumrer streamflows in the Darby section. Apparently, the
enhanced stream flows have inproved survival of juveniles and/or
increased recruitment of juveniles into the section

Brown trout age structure in the Darby and Tucker sections

demonstrated a simlar pattern. Yearlings conprised the |argest
proportion of the population in the Darby section, and the
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percentage of fish in an age class declined steadily in subsequent
age groups (Figure 20). In the Tucker section, each age class
contained a simlar percentage of the popul ation.

As with rainbow trout, yearling brown trout nunbers changed in
response to sumrer stream flows of the previous year. The summer
flows of the Bitterroot River were relatively |ow inl982. The
nunber of yearlings in the two channels of the Tucker section and
the Darby section were relatively lowin 1983. Yearling nunbers
increased and |eveled off betveen 1983 and 1985 in response to the
relatively high stream flows of 1983 and 1984 (Figure 21). The
decrease in nunbers observed during fall, 1986, in the Tucker
channel s was probably a result of the low flows of early sumrer,
1985

Low stream flows along with |arge gravel dikes constructed on
the west channel to supply water to irrigation diversions on the
east channel resulted in severe dewatering of both Tucker channels
in 1985 and 1986. Despite dewatering of both channels, fish
popul ations appeared to respond differently in the two channels.
Based on yearling nunbers observed in 1986 (Figure 21), juvenile
brown trout abundance was significantly reduced in the east
channel, but only slightly reduced in the west channel as a result
of the |ow stream fl ows.

The reason(s) for the different results in the two channels is
not known, but two possible explanations exist. There are five
irrigation diversions on the east channel, but only one in the
| ower end of the west channel. It is possible that significant
nunbers of YOY and/or yearling brown trout are |ost to diversions
when streamflows are critically reduced. The larger nunber of
diversions on the east channel would result in higher |osses if,
in fact, these |losses are occurring

Anot her difference between the two channels is that four
tributaries enter the west channel, but none enter the east
channel. The tributaries are typically dewatered during dry
sunmer periods and do not enhance west channel stream flows.
Based on results of fish trapping presented in a |ater section,
hovever, the tributaries do provide recruitment to the west
channel.  The najority of trout observed emgrating fromtribu-
taries were rainbow trout YOY which entered the river during late
June and early July. These fish would be exposed to west channe
dewatering during the summer. Since traps were ineffective during
spring runoff, it is not knovn whether brown trout YOY and/ or
yearlings enter the west channel in significant nunbers. It is
possible that yearling brown trout (or rainbow trout) are better
able to cope with dewatering than YOY because of differing habitat
requirements. If significant nunbers of trout migrate from tribu-
taries as yearlings, poor survival of YOY in the west channel
woul d be of fset.
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Changes in Adult Trout Popul ations

Suppl ement al rel eases of water from Pai nted Rocks Reservoir
acconpani ed by good water years in 1983 and 1984 appeared to
result in larger numbers of juvenile trout. In addition, poor
stream flows in 1985 reduced juvenile trout numbers in the Tucker
sections. Adult popul ations, however, were |ess influenced by
stream flows in the Darby and Tucker sections.

The nunmbers of rainbow trout in the Darby section have
i ncreased approxi mately 246 percent since popul ation estinates
were first obtained inl1982 (Figure 18). This increase may have
been due to a change to restrictive fishing regulations begun in
1982 and/or to the release of supplenmental water (15,000 AF) from
Pai nt ed Rocks Reservoir begun in 1983. Al though the data were
inconclusive, the increase in rainbow trout numbers in the Darby
section appeared to be attributable nmore to supplenental water
rel eases than to regulation changes, since the most significant
increases occurred in the younger age classes.

The changes in fishing regulations were designed to increase
the nunber of larger fish. Possession linits in the Darby section
were changed froma limt of 10 fish or 4.5 kg (10 Ibs) plus one
fish to five fish under 356 mm (14 in) or four fishunder 356 mm
(14 in) and one fish over 457 nm (18 in). Regul ations also were
restricted to the use of artificial lures. Estimated nunbers of
these larger brown and rainbow trout, hovever, have not substan-
tially changed since 1982 (Appendix Figures El and E2).

A simlar pattern was observed in the Tucker section. Based
on fall estimates, rainbow trout nunbers increased by 237 percent
bet ween 1983 and 1985 (Appendix Table E4). but this increase
primarily represents changes in juvenile fish nunbers. The nunber
of rainbow trout larger than 356 mm (14 in) did not significantly
change during fall estimtes (Appendix Figures E3 and E4). Spring
estimates of adult brown trout were also simlar between years in
the Tucker section (Appendix Figures E5 and ES6).

Surprisingly, the severe dewatering in the Tucker section
during 1985 and 1986 did not result in reduced nunbers of adult
trout. Unlike juvenile trout, it appeared that reduced flows
whi ch concentrated fish in the pools of the Tucker section had
little effect on survival of adults. Since supplenental releases
did not reach the dewatered reach in significant quantities, they
were not believed to be responsible for changes, or |ack of
changes, in adult trout nunbers.

Possession limts in the Tucker section were changed in 1982
froma limt of ten fish or 4.5 km (10 Ib) plus one fish to five
fish with only one of which could exceed 356 nm (14 in) in |length.
As in the Darby section, the number of larger trout did not
significantly change as a result of regulation changes.
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Mountai n Wi tefish Popul ations

Mountain whitefish are the nost abundant gane fish species in
the Bitterroot River. They provide an inportant and popul ar sport
fishery for local fishernen throughout the year, but especially
during the winter.

Wi tefish nunmbers were estinmated in the Darby and Tucker
sections during spring, 1984. \itefish were considerably nore
abundant than brown or rainbow trout in both sections. Al though
differences were not statistically significant because of w de
confidence intervals, whitefish nunbers in the Darby section
(7,676/km 12,352/m) were greater than those in the Tucker
section (4,253/km 6,849/ m) (Appendi x Tabl e E6).

It was not feasible to periodically nonitor whitefish popul a-
tions during this study. On the basis of a single population
estimate, it was not possible to evaluate potential effects of
suppl emental releases on nountain whitefish popul ations.

Condi tion Factors

Mean condition factors (k) for rainbow trout and brown trout
| arger than 127 mm (5 in) were calculated for all sections
throughout the study (Table 17). Mean condition factors for this
wi de range of fish length were influenced by changes in popul ation
structure and should only be used for general conparisons.
Conparisons of condition factors using fish from305 to 381 mm
(12.0 to 14.9in) in total length were considered nore reliable.
Fall, rather than spring condition factors were used because they
nore accurately reflect the relationship between sumer stream
flow and fish condition.

Al though there were no statistical differences (p>0 (b)
between years or sections, trends in fall condition factors were
apparent (Figure 22). Contrary to what would be expected, the
hi ghest condition factors for both brown trout and rai nbow trout
occurred during the poor water year of 1985. Brown trout
condition factors were highest in the Darby section during al
years, but rainbow trout condition factors were simlar between
sections each year (Figure 22).

Since condition factors were highest during years with the
| owest sunmer stream flows (1985 and 1986), rel ease of water from
the reservoir is not likely to significantly inprove fitness of
adult trout in the Bitterroot River. Simlarities between the
condition of adult trout in the Tucker section and the Darby
section indicates that growing conditions are not adversely
affected by poor stream flows in the Tucker section. Apparently,
the large, deep pools wthin the Tucker section which are cool ed
by extensive groundwater seepage, provide suitable habitat for
| arger trout
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Table 17.

Mean condition factors (K for rainbow trout and brown trout greater
than 127 mm (5 in) in total length from study sections of the
Bitterroot River from 1982 through 1986 (Standard deviations in
par ent heses) .

Condition Factors (K)
Fal | Fall Spring Fall Spring Fall Spring Fal

SECTI ON SPECI ES 1982 1983 1984 1984 1985 1985 1986 1986
Dar by Rai nbow trout 1.00 1.06 1.01 1.06 1.03 1.10
(0.11) (0.14) (0.09) (0.16) (0.10) &0.15)
Brown trout --- 1.09 0.99 1.06 1.01 .10
--- (0.14) (0.10) (0.16) (0.09) (0.14)
Tucker Rai nbow trout --- 1.04 1.04 1.07 107 1.16 1.11 1.12
East === (0.09) (0.11) (0.13) (0.10) (0.16) (0.15) (0.13)
Brown trout --- 1.02 1.00 1.04 1.01 1.11 1.05 1.07
=== (0.09) (0.09) (0.12) (0.11) (0.13) (0.18) (0.12)
Tucker Rai nbow trout --- 1.04 1.02 1.06 1.02 1.13 1.07 111
st - (0.12) (0.10) (0.14) (0.12) (0.16) (0.12) (0.15)
Brown trout --- 1.01 0.98 1.01 0.98 1.08 0.99 1.07
---(0.10) (0.09) (0.11) (0.09) (0.12) (0.19) (0.12)
Poker Joe

Rai nbow trout --- - --- --- - 1. 05 1.04
- --- - . —en (0.12) (0.17)
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Gowh Rates

Gowh rates of brown and rainbow trout were determned for
the Darby and Tucker sections during 1983 and 1984, and for the
Poker Joe section (rainbow trout only) during 1985 (Appendi x
Tables FI through F3). Increnents of trout growh were simlar
bet ween sections, although grovth rates appeared to be slightly
hi gher in the east and vest channels of the Tucker section
(Figure 23).

The grovth increments of back-cal culated |ength for rainbov
trout averaged 81.2 nm (3.20 in) in the Darby section, and 84.8 mm
(3.34 in) in the Tucker section. For brovn trout, the increments
of back-cal cul ated length averaged 91.6 mm (3.61 in) in the Darby
section, and 96.3 nm (3.79 in) in the Tucker section. Rainbov
trout grovth increments at Poker Joe averaged 79.0 mm (3.11 in).

Tag Distributions and Estimates of Harvest

Sel ected sanmples of trout captured vhile electrofishing vere
marked vith individually nunbered floy tags to eval uate novements
and to obtain an index of angler harvest. A total of 3,129 floy
tags vere distributed in trout in the Bitterroot River since the
inception of the study. The species tagged included 1.598 rainbov
trout. 1,399 brovntrout, 94 cutthroat trout, 3 brook trout, and
35 bull trout (Table 18). A mgjority of these tags vere
distributed in the Darby, Tucker, and Poker Joe el ectrofishing
sections.

Due to poor conpliance by anglers in returning tag informa-
tion, harvest rates based on tag returns undoubtedly greatly
underestimated actual harvest rates for trout in the Bitterroot
River. Returns indicated only 2.9 percent of all tagged rainbov
trout and 3.6 percent of all tagged brovn trout vere harvested by
anglers (Table 19). Harvest rates for rainbov trout vere greatest
in the reach of river |ocated betveen Bell crossing and Stevens-
ville (100 percent of the rainbov trout tagged belov Florence vere
harvested, but only three tags vere distributed). For brovn
trout, harvest rates vere greatest betveen Cono bridge and
Ham lton. Information returned by anglers indicated 22 percent of
the tagged rainbov trout and 13.5 percent of the tagged brovn
trout captured vhile fishing vere released back into the river.

Eval uation of trout movenent vas based on electrofishing and
angler (vhen judged reliable) relocations of 493 rainbov trout and
789 brovn trout tagged in various sections of the Bitterroot
River. The nunber of relocations vithin a river section vas
largely a function of electrofishing effort in that section. For
exanple, the largest nunber of relocations for brovn and rainbov
trout vere obtained fromthe tvo channels of the Tucker section
whi ch vere el ectrofished regularly from1983 to 1986 (Table 20).

70



ANNUAL GROWTH RATES
RAINBOW TROUT

G

i

lhluL7nluL1nIULWnIUlunwhlutwnwnIULu

R Y

D o G e
AL7nlutunwnlunwnIHIU£ULZHIULUﬂ:

i A 3
lﬂt?hlULlnIULwnIU£unIULV

ERRREHR TN

L

(W) HIONTT TVIOL NY3IH

AGE CLASS

ANNUAL GROWTH RATES
BROWN TROUT

g

:

:

g

(w

N M M
— ¥ r—

n

W) HLONIT TVLOL NYIN

g § 8§ ¢

v

AGE CLASS

Comparisons of brown and rainbow trout annual growth
rates in study sections of the Bitterroot River,

Figure 23.

71



Table 18. Distribution of

tags for

trout

captured in the

Bitterroot River from Septenber 1983 to Novermber 1986

Nunber of Tags Distributed

Locati on Rai nbow Brown Cutt hroat Bul |

(km from mout h) Trout Trout Trout Trout

West  Fork 146 48 36 21

(>129)

Darby to Cono bridge 234 235 13 9

(126.0 - 115.0)

Cono bridge to Hanilton 59 24 2 1

(115.0 - 92.0)

Hamilton to Tucker 96 124 1 0

(92.0 - 76.0)

Tucker to Bell 526 840 22 4

(76.0 - 65.0)

Bell to Stevensville 125 58 10 0

(65.0 - 53.0)

Stevensville to Florence 409 66 10 0

(53.0 - 37.0)

Florence to dark Fork R 3 4 0 0

(37.0 - 0.0) - _
1,598 1,399 94 35

12
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Table 19. HNumber and percentage of tagged trout reported harvested or caught and released by anglers in the
Bitterroot River from September 1983 to Jaruary 1987.

Number Percent Number Percent
Number  Number Percent Caught & Caught &  Number  Number Percent  Caught & Caught &

Location Tagged Harvested Harvested Released Released Tagged Harvested Harvested Released Released
West Fork 146 1 (0.7) 1] (0.0) 48 0 (0.0) 0 (0.0
Darby to Como 234 6 (2.6) 0 (0.0) 235 3 (1.3) 2 (0.9}
Como to Hamilton 59 3 (5.1} 1 (1.7} 24 2 8.3 g (0.0)
Hamilton to Tucker 96 6 (6.3) 1 (1.0} 124 9 (7.3} 1 (0.3)
Tucker East 292 9 (3.1) 4 (1.4) 412 12 (2.9) 1 {0.2)
Tucker West 234 6 (2.6) 2 (0.9) 428 17 (4.0) 3 {0.7)
Bell to

Stevensville 125 11 (8.8) 2 (1.6) 58 17 (4.0} 3 (0.7)
Stevensville to

Florence 409 1 (0.2) 1 (0.2) 66 1 (l.5) 0 {0.0)
Florence to

Clark Fork R. 3 3 (100.0) 2 (66.7) 4 1 {(25.0) 0 ¢0.0)
Total 1,598 46 (2.9) 13 (0.8) 1,399 51 (3.6) 8 (0.6)
other?/ 18 1 (5.6) 0 (0.0) 31 6 (19.9) 0 (0.0)

2/ Includes tags distributed in Siebel Spring Creek and Corvallis ditch.



Table 20. Mvenent of tagged trout in the Bitterroot River during
the period September 1983 to January 1987.

Upstream Downstream

Taggi ng Nunber of Movenent Movenent

Species  Location Rel ocati ons >5km(9%9 >km (9%

Rai nbow

Trout Vst Fork 6 0 (0.0 0 (0.0
Dar by- Cono 117 3 (2.6) 3 (2.6)
Como- Hami | t on 6 3(50.0) | (16.7)
Hami | t on- Tucker 14 0 (0.0) 2(14.3)
Tucker East 141 8 (5.7) 4 (2.8)
Tucker West 102 5 (4.9 6 (5.9)
Bel | - Stevensville 21 | 0(47.6) 1 (4.8)
Stevensville-Florence 84 16(19.0) 7 (8.3)
Florence-Cark Fork R 2 0 (0.0) 0 (0.0
Tot al 493 45 (9.1) 24 (4.9)

Br own

Trout Viést  Fork 1 0 (0.0) 0 (0.0)
Dar by- Cono 95 4 (4.2) 1(1.1)
Como- Hami | t on 3 1(33.3) 0 (0.0
Ham | t on- Tucker 30 2 (6.7) 4(13.3)
Tucker East 331 6 (1.8) 6 (1.8)
Tucker West 296 7 (2.4) 9 (3.0)
Bel | - Stevensville 17 [1(64.7) 0 (0.0
Stevensville-Florence 13 0 0.0 0 (0.0)
Florence-Cark Fork R 3 1 (33.3) | (33.3)
Tot al 789 32 (4.1) 21 (2.7)
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Most (86 percent) relocations of tagged rainbow trout occurred
within 5 km (3.1 m) of the original tagging |ocation. Tagged
brown trout were also nost frequently (93 percent) recovered
within 5 km (3.1 m) of the tagging location (Table 20). The nost
significant pattern in rainbow trout nmovement was that of fish
tagged in the lower river during the fall being recovered during
the spawning period (spring) in the Tucker section. This trend
was evidenced by the relatively high percentages of upstream
novenent of fish tagged in the Bell to Stevensville and Stevens-
ville to Florence sections (Figure 20).

Rel atively few brown trout were tagged or relocated in the
| oner river (below Stevensville) because of |ow popul ation
nunbers. Five tagged brown trout denmonstrated novenents between
the lower river and the Tucker section that were probably related
to spawning mgrations. These fish, which were tagged in the
Tucker section during the spawning period, were relocated in the
|l ower Bitterroot R ver or the Cark Fork River during a non-
spawni ng period. It was not known, however, whether these fish
resided in the lower river prior to being tagged in the Tucker
section. In addition to this pattern, two brown trout fin-clipped
in the Tucker section during early spring were observed in the
Poker Joe section later in the spring. It is suspected that sone
brown trout over-winter in the Tucker section after spawning, and
return to their resident habitat later in the spring when flows
i ncrease.

Spawni ng novenents by both brown and rai nbow trout fromthe
| ower river to the Tucker section and associated tributaries
appear to be significant, although difficult to docunent based
solely on tag recoveries. Substantial increases in brown and
rai nbow trout numbers in the west channel of the Tucker section
during respective spawni ng periods supports the trend observed
fromtag recoveries (Appendix Figures E4 and ES). Significant
movement trends vere not observed in the upper river.

Trout Bearing and Recruitment

Potential inpacts of reduced stream flows on brown and rainbow
trout YOY may be significant. Rearing areas of YOY are typically
| ocated al ong shoreline areas (CGosse and Hel m 1979, Sando 1981).
and these areas are anong the first types of habitat to be
effected during flow reductions (Sando 1981). At normal stream
flows, YOY rearing habitat is not typically used by larger,
pi scivorous fish. This isolation is believed to be inportant
(Gosse and Hel m 1979). During poor stream flow conditions, YOY
are forced out of shoreline areas, and are nore likely to
encounter predatory fish. Another possibility is that YOY nmigrate
during flow reductions to avoid contact with predators. Fish
mgrating during periods of stream flow reduction (acconpanied by
increased irrigation withdrawal) creates the potential problem of
significant fish loss to irrigation canals. The decline of
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yearling nunbers in the east channel of the Tucker section (which
contains at least five irrigation diversions with gravel dikes)
may be an indication that this occurs.

Based on nunerous tag recoveries, and observed increases in
nunbers of brown and rainbow trout during the spawning seasons, it
appears that the Tucker section (especially the west channel which
has four tributary inflows) is an inportant source of recruitnent
for the lower Bitterroot River. If lowstreamflows within this
reach significantly effect the survival of rearing or mgrating
YOY, reduced trout nunbers may occur throughout the |ower river;
not nerely within the dewatered section.

Trout Rearing

The border of the river in the Darby and Tucker sections was
extensively el ectrofished during August and Septenber, 1984, to
identify habitat types used as rearing areas by YOY rai nbow trout
and brown trout. Min channel and side channel borders were
categorized into four habitat types. These habitat types were
identified as riffle areas with a rock border, riffle areas with a
root/brush border, pool areas with a rock border and pool areas
with a root/brush border.

Based on catch per unit effort, YOY were nmore abundant in the
Darby section than the Tucker section (Table 21). Rainbow trout
YOY were nore abundant than brown trout YOY in the Darby section.
In contrast, rainbow trout were | ess abundant than brown trout in
the Tucker section. These relationships are simlar to
compari sons made between the popul ation estimtes obtained from
the two sections.

Habi tat use varied between species and among sections. Wth
the exception of rainbow trout in the Darby section, YOY appeared
to prefer the borders of riffle areas for rearing. Juvenile
rai nbow trout and brown trout captured in the Darby section
averaged 53 and 70 nm (2.1 and 2.8 in), respectively, in total
| engt h. In the Tucker section, rainbow and brown trout YOY
averaged 60 and 89 mm (2.4 and 3.5 in), respectively.

During August and Septenber 1986, additional YOY electrofish-
ing surveys were conducted in the Bitterroot River to determne
[ongitudinal trends in YOY densities fromthe West Fork of the
Bitterroot River (river km 132) to the Chief Looking dass Fishing
Access (river km35). Densities per ten neters of shoreline were
calculated for nine river segments coinciding wth existing
popul ation estimate sections (Conner, Darby. East Tucker, West
Tucker, and Poker Joe) and other areas of interest. For exanple,
the major irrigation return which enters the river 4.8 km (3.1 m)
above Stevensville Dbridge resulted in changes in YOY abundance and
a section break was established there.
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Table 21.

Numbers of young-of-the-year (YOY) rainbow trout and brown trout

collected per

ten meters

Darby and Tucker sections of the Bitterroot River during August and September, 1984.
Derby Tucker (East) Tucker _(West)
No. of YOY per No. of YOY per No. of YOY per
10m_electrofished 10m electrofished 10m electrofished
Meters Rainbow Brown Meters Rainbow Brown Meters Rainbow Brown

Habitat Type Electrofished Trout Trout Electrofished Trout Trout Electrofished Trout  Trout

Side Channel
Riffle rock border 96 3.33 3.12 261 0.36 0.88 76 3.15 3.4
Riffle root/brush

border 128 0.76 2.03 160 0.26 2.17 38 1.57 2.89
Pool Rock border 0 -- s 112 0.00 1.16 0 == --
Pool root/brush

border 62
Subtotal 266 1.66 2.06 587 0.26 1.29 194 1.75 2.06

Main Channel
Riffle rock border 256 1.75 0.93 156 0.00 0.63 353 1.79 0.37
Riffle, root/brush

border 75 7.04 0:53 279 0.14 1.33 107 0.56 3.56
Pool rock border 73 3.69 1.23 125 0.24 1.85 332 0.09 0.39
Pool root/brush

border 62 3.74 3.09 0 -- -- 158 0.25 2.15
Subtotal 468 3.16 1.20 562 0.12 1.24 950 0.80 1.03
Grand Total 752 2.60 1.52 1149 0.19 1.27 1144 0.96 1.21

of river border in the



Densities of YOY rainbow trout in the Bitterroot R ver
progressively decreased proceeding downstream wth the exception
of the segnent of river near Stevensville (Figure 24). The
hi ghest density of YOY rainbow trout was observed i nmedi ately
below the major irrigation return near Stevensville (river km 60).
One possible explanation for this is that YOY may be entering
irrigation diversions upstream and an unknown portion of these
fish may be re-entering the river wia the return canal. It is
al so possible that the enhanced streamflows below the return
canal (the canal carries significant anounts of water) may also be
contributing to the higher densities observed in this area.
I medi ately upstream from the canal, YOY densities were substan-
tially lower and were in accordance with the general trend of
decreasing nunbers of progressing downstream The relatively high
densities observed between Stevensville and Bass Creek may also be
rel ated to Kootenai Creek, which enters the river in this area and
is a potential source of recruitnent.

The | ow densities of YOY in the Poker Joe (river km 40) and
Chief Looking G ass (river km35) areas are probably related to
the lack of spawning tributaries in the lower river. Suitability
of rearing habitat in this area may have al so influenced YOY
abundance.

The trend in brown trout YOY densities was |ess easily
i nterpreted. The highest density was observed in the Darby
section (river km 120), and the | owest density was in the Chief
Looking G ass area (river km35) (Figure 4). The relatively | ow
densities observed in the Tucker section (particularly the west
channel) were likely a result of the extrenely | ow streamfl ows
during August, 1986, when virtually all shoreline cover was
dewat er ed.

In contrast to rainbow trout, brown trout YOY densities did
not significantly increase below the irrigation return. The
effects of reduced streamflow, and associated fish loss to
irrigation diversions, on trout rearing is a very conplex issue
whi ch requires additional investigation.

Fish losses to ditches in the Bitterroot R ver was studied
during 1984 at Hedge ditch (Good and Kronberg 1986). During their
trapping effort, 179 rainbow cutthroat, 238 brown, and 8 bul |
trout along with 2,363 nountain whitefish were captured from June
16 to Septenber 27. Mst trout were age |+ or older, but 97
percent of the whitefish were age 0+ It did not appear that
trout losses to this ditch were associated with a significant
amount of YOY mgration. This irrigation ditch, however, has the
| east promi nent diversion structure of all the najor ditches on
the Bitterroot River.
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M grating YOY, which tend to travel in the thalweg of the
stream would less likely be redirected into this irrigation
canal, conpared to those that construct |arge dikes. Additional
trapping at diversions in the dewatered reach, where |arge dikes
are constructed, and fish novenent may be stinulated by flow
reductions, would help determne the extent of this potential
probl em

Recruitnment from Tributaries

Emgration of YOY trout fromsix tributaries within or near
the dewatered reach was nonitored by trapping during 1986 to
suppl enent information on YOY rearing and recruitnent in the
Bitterroot River. Al trout captured in traps near the nouths of
Bl odgett Creek, MII| Creek, South Fork Bear Creek, North Fork Bear
Creek, Sweathouse Creek, and Big Creek were assuned to be
mgrating to the Bitterroot River. The traps were not 100 percent
effective in capturing magrating fish; therefore, only rough
estimates of the total nunber of downstream m grants were
possible. During the period of peak mgration, the percentages of
flow sanpled by traps ranged from5.6 percent (Big Creek) to 29.0
percent (North Fork Bear Creek) (Table 22). The traps success-
fully captured nost fish (87.7 percent) that approached the
opening, based on experinments where YOY trout were rel eased
i mediately upstream from the trap opening.

From May 9 to July 24, 3,971 trout were captured in six
tributaries (and one irrigation ditch) during 195 trap-nights
(Table 22). The largest nunber of trout were captured in the
North Fork of Bear Creek, although trapping efficiency (percentage
of flov sanples) was highest in this tributary. Cat ches of
emgrating trout were also high in Big Creek, particularly
considering the smal|l percentage of stream flow sanpled. Catches
were lowest in MII Creek.

O 3.971 trout captured, 3,767 (94.8 percent) were rai nbow
trout YOY, and 144 (3.6 percent) were brown trout YOY. The
remai nder of the catch was conprised of yearling trout (Table 22).

The peak period of YOY rainbow trout mgration occurred during
early July (Figure 25). Due to the uniform size of YOY captured
(24-27 mm), it appeared that fish mgrated alnost inmediately upon
emergence from the gravel. Emgration patterns from Big Creek and
North Bear Creek indicated sone response to changes in stream
flow, but response was inconsistent (Figure 26). Catches declined
sharply after July 15 due to rapidly declining stream flows and/or
the end of rainbow trout energence fromredds. By July 22, nost
of the tributaries reached critically low streamflow | evels or
were conpletely dewatered,and all traps were renoved by July 24.
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Table 22. Number of emigrating brown and rainbow trout captured at six tributaries of the

Bitterroot River during 1986.

Nunber Capt ured

Per cent

Trappi ng Nunber of Rai nbow Trout Brown Trout D'schargeél of F ow
Vater Nane Peri od Trap Nights YOV Yearling YOY Yearling (ft3/sec) Sanpl ed
Bl odgett Creek 5/9 - 7/24 43 53 13 9 5 5.7 15.0
Bl odgett Qeekt 772 - 7/24 13 264 13 0 0 18.0 20.0
lrrig. ditch
MIl Creek 5/20- 6/30 23 1 1 30 1 -- --
South Fork 7/1 - 7/18 13 54 1 40 0 11.3 21.8
Bear Creek
North Fork 5/21- 7/18 39 2622 14 21 9 8.0 29.0
Bear Creek
Sweat house Creek  5/16- 7/18 31 46 1 33 1 27.6 14.3
Big Creek 6/2- 7/18 33 727 1 11 0 88.1 5.6
195 3767 44 144 16

a/ Calculated during peak mgration period (July 4).

b/ Irrigation wthdrawal 100 meters above nouth of Bl odgett Creek.
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No trend in brown trout YOY emigration was observed due to | ow
catch rates (Figure 25). Trapping efforts were sporadic during
the high flows of spring runoff because traps filled with debris.
[f brown trout production is significant in these streams, it is
possi bl e that considerable emgration occurred during high stream
flows and was undetected. This is also true for yearling rai nbow
trout. Larger nunbers of rainbow trout may be recruited to the
Bitterroot River as yearlings than trapping data indicated because
traps were ineffective during spring runoff.

Addi tional trapping with a construction that is effective
during relatively high flows woul d be beneficial. Additiona
tributaries providing significant recruitnent of both rai nbow
trout and brown trout should be identified. I n addition,
effective trapping of yearling emgrants (if they do indeed exi st
in significant nunbers) would aid in the understanding of recruit-
ment patterns to the Bitterroot River. As a result of the poor
stream flows encountered when emgrating trout reach the river, it
is possible that yearlings woul d nore successfully provide recrui-
tment than would YOY. Yearlings are assuned to be nore tolerant
to stream flow reductions

In addition to potential fish |osses to main stem diversions,
fish losses to irrigation diversions during emgration from
tributaries may be a significant problem One trap was placed in
an irrigation diversion near the mouth of Bl odgett Creek to
estimate the loss of emgrating trout to irrigation wthdrawal.
During 13 trap nights, 264 YOY rainbow trout were captured in the
irrigation ditch, while only 43 were captured downstream fromthe
withdrawal (Table22). This was the only ditch sanpled, and the
extent of the problemin other tributaries of the Bitterroot River
is unknown. Further investigation is needed.

Minimum Flow Recommendations

| nst ream Fl ow Needs for Trout

Recommendations for instream flows needed to maintain trout
popul ations in the Bitterroot River were determned using the
wetted perimeter/inflection point nethodology. This nethod was
applied to 16 riffles of the main stem Bitterroot River, and two
riffles of the West Fork to determne wetted perineter-discharge
rel ati onships within various reaches of the river. Four riffles
were discarded due to inconclusive results.

The nost desirable mninum flow for the West Fork of the
Bitterroot R ver betveen Piquette Creek and Trapper Creek was
chosen fromthe primary inflection point of riffle #, which
occurred at 5.10 nB/sec (180 ft3/sec) (Table 23). Aver age
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Table 23. Summary of instream flow recommendations for the
Bitterroot River based on wetted perineter inflection

poi nts.
Di scharge at
Inflection Point Most Desirabl e

Riffle Location (ft3/sec)§/ M ni mum Fl ow
West Fork #l 180
Vést Fork #2 110

Average = 145 180
Dar by #l 225
Dar by #2 275
Darby #3 412

Average = 304 304
Hami |t on # 450
Hami | t on #2 450
Hami | t on #3 -- o
Tucker East # + Tucker West #2 .- b
Tucker East #2 + Tucker West # 360 (175 + 185)
Bel | crossing #1 325
Bell crossing #2 -
Bel | crossing #3 425

Average = 402 402
Stevensville #1 300
Stevensville #2 275
Stevensville #3 325

Average = 300 300

a 1.0 ft3/sec = 0.0283 md/sec

b Rffles not used because of poor stage discharge-relationship
or lack of well-defined inflection point.

85



discharge at the inflection points of riffle #1 and #2 was 4.11
md/_sec (145 ft3/sec). The recomendation of 5.10 md/sec (180
ft 3/sec), based on the inflection point of riffle # rather than
averaging the two riffles, was justifiable because of the
excel lent availability of water during supplenmental releases from
Pai nted Rocks Reservoir. The high potential of the Wst Fork
trout fishery also justified a relatively high mninum flow
recomrendation in this area.

From 1983 through 1986 (the period of supplenental releases),
streamflovs at the U S.GS. gauge were consistently above the
reconmended mininum flow (Figure 4). In addition, flows in the
| ower West Fork were always higher than those at the U S GS.
station because of significant tributary inflow

Di scharge at the inflection point of riffle #2 vas 3.12 n¥/sec
(110 ft3/sec) (Table 23). This flow should be considered the
absol ute mninum flow recommended for only short periods of tine
during dam maintenance, or sone other unforeseen reason.

Summer streamflows in the West Fork appear to be adequate to
maintain fish populations, but the [owest flows occur during the
winter. Wen MDFWP water is not released fromthe reservoir
during the sumrer because of adequate flow conditions, the
remai ning water should be held for release until winter. The
| owest flows occur in January, February, and March when historic
median flows at the U.S.GS. gauge were 2.86 nd/sec (101 ft3/sec),
2.67 m3sec (94 ft3/sec), and 3.00 nmd/sec (106 ft3/sec). respect-
ively (Brown 1982). Remaining water should be prorated over these
three nonths.

The mininum fl ow reconmendation for the Bitterroot River near
Darby was based on the average of the |ower inflection points of
three riffles (Table 23). The lower inflection points were chosen
because discharge values associated w th upper inflection points
were substantially higher than historic nedian nonthly flows at
the U.S.GS. gauge near Darby. The 8.61 md/sec (304 ft3/sec)
m ni mum fl ow recomendation for the Darby section is less than the
historic median nmonthly flows for April through October at the
Darby U S GS station. During the period of supplenental
rel eases, sumer flows were always above the m nimum recomend-
ation (Figure 5).

Wetted perineter-discharge relationships fromsix riffles were
used to reconmend a mnimum flow value for the dewatered reach
(between Hamilton and Stevensville) of the river (Table 23).
Di scharge at inflection points_ranged form 9.20 md/sec (325
ft3/sec) to 12.74 md/sec (450 ft3/sec) with the average of all
riffles used being 11.38 m/sec (402 ft3/set).

In addition to wetted perineter results, a mnimm flow

recommendati on of approxi mately 11.33 m3/sec (400 ft3/sec) is
suggest ed based on maintaining adequate flows in side channels of
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the dewatered reach. Tvo side channels were nmonitored in the
dewat ered reach to devel op regression nodels correlating side
channel flowto main river flow R ver flows of 11.81 md/sec (417
ft3/sec) and 11.70 md/sec (413 ft3/sec) were needed to maintain
adequate flows in side channels, which are inportant for trout
spawning (fall and spring) and rearing during the summer.

I nstream fl ow needs derived fromwetted perineter-discharge
rel ati onshi ps and side channel observations indicate that 11.38
/sec (402 ft3/sec) is the nost desirable mininumflow for the
dewat ered reach of the river. At the upstream boundary of the
dewat ered section near Hamlton, this recomrendation is |ower than
historic median values and should be net nost years. The historic
data at Hanmilton, hovever, are limted to a relatively short
period of record (1968-1979).

A Bell crossing, the mninmumrecommendation will seldom be
met due to extensive irrigation wthdrawal between Hamlton and
Bel | crossing. During 1983 and 1984, flows were above or slightly
bel ow the recomrended m ni mum throughout the summer period, but in
1985 and 1986, flows were considerably bel ow 11.38 md/sec (402
ft3/sec) for extended periods of tine. ~Although this recomenda-
tion wll not be met on frequent occasions, the release schedul e
from Painted Rocks Reservoir (refer to Water Mnagenent Plan in
Appendi x B) is based on naintaining this flow for the |argest
amount of time possible.

During periods of extremely low stream flows, as observed in
July 1985, an absolute mnimmflow which is recognized by
irrigators would be desirable at Bell crossing. An absolute
m nimum flow | evel should be negotiated with nmain stemirrigators,
with a provision that assures that streamflows wll not fall
bel ow the m nimum value. The provision should require mandatory
decreases in withdrawal, or the appointnent of a water
commi ssi oner.

To ask for such provisions, the absolute mninmumflow nust be
based on a legitinate right to the water. Therefore, it is
recomrended that this mninumflow value is based on the rate of
rel ease of MDFWP water from Painted Rocks Reservoir. A request
for the total amount released to reach Bell crossing represents a
conpronise that takes into account natural |osses (which appear to
be mnimal) and a base flow at Bell crossing that would virtually
al ways occur because of groundwater inflows.

During July 1985, for exanple, when virtually all flow ng
water in the dewatered reach was diverted, streamflow did not
equal zero at Bell crossing. Goundwater inflows between the |ast
irrigation diversion and Bell crossing resulted in a flow rate of
0.68 nb/sec (24 ft3/sec). Consequently, when 2.83 md/sec (100
ft3/sec) is released fromthe reservoir during extremely |ow
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stream floms requesting an absolute minimum flow of 2.83 nd/sec
(100 ft3 /sec) Is not a request for 100 percent of the release to
reach Bell crossing because of the base flow that exists from
groundwat er inflows.

Natural |osses (losses not due to irrigation wthdrawal) of
water released fromthe reservoir were difficult to quantify, but
were not considered to be significant. FEvaporation |osses,
calculated fromclimatic data of the Bitterroot Valley during the
| ongest days of summer and based on naximum estimates of channel
surface area betveen Painted Rocks Dam and Bell crossing,
represented a nmaxi mum stream flow | oss of 0.37 md/sec (13
fto/sec). Since the Bitterroot R ver between Painted Rocks Dam
and Bell crossing is, in general, a groundwater gaining stream
maj or |osses due to infiltration are not expected

The mininumflow recormendation for the Bitterroot R ver be-
tween Stevensville and Florence (the reach rewatered by irrigation
returns) was based on wetted perimeter results on three riffles
(Table 23). A flow of 8.50 n¥/set (300 ft3/sec), the average of
the three conposite inflection points, appears to be necessary for
the maintenance of riffle habitat in this reach of the river.

This recommendation is less than the 11.38 md/sec (402
ft3/sec) recomendation derived for the dewatered reach. This
contrast may be due to differences in channel norphol ogy between
reaches. The channel in the dewatered section of river is un-
stable, relatively wide, with poorly defined stream banks. In
conparison, the channel in the rewatered reach is relatively
stable. Because of this greater stability, the rewatered reach
apparently requires lower flows to maintain riffle habitat than
the dewatered reach.

A m ni mum f| ow recomrendati on of 8.5 md/sec (300 ft3/sec) for
the rewatered reach is substantially less than the nedian nonthly
flows (April through Cctober) derived from 12 years of record at
the DNRC station near Stevensville. The nedian values for the | ow
fl ow mont hs of August, Septenber, and Cct ober are 19.7, 20.7, and
23.7 m/sec (697, 730, and 836 ft3/sec) respectlvely August
floms at the DNRC station averaged less than the 8.5 m / sec (300
ft3/sec) recomendation in only two of the 12 years on record.
Consequently, reservoir water would sel dom be needed to maintain
mnimum flows within the rewatered reach of the river

Recreational Floating Requirenents

The minimumdepth and width of water required to allow passage
of drift boats and rafts, crafts conmonly used on the Bitterroot
River, is 0.3 m(1.0 ft) and 1.8 m (6.0 ft), respectively (Hyro
1978).  Anal yses of wetted perimeter transects established ip the
dewat ered section of river indicated that a flow of 4.25 md/sec
(150 ft3/sec) would be needed to provide the criteria to float
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drift boats and rafts over the shallow riffle areas. This |evel of
flow woul d al | ow boats to pass over 17 of the 18 cross sections
that were evaluated. In the reach of river |ocated dovnstream from
Stevensville, this same flow level would provide the mnininum

floating criteria for all three of the riffles that were
eval uat ed.
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CORCLUSIONS AND RECOMMERDATIONS

Suppl enental releases of Painted Rocks Reservoir water
significantly enhanced summer stream flows of the upper Bitterroot
River fromthe dam to approximtely Hamlton, and substantia
increases in juvenile trout nunbers resulted fromthe enhanced
stream flows. H gher sumer flows have apparently increased
recruitment and/or 1nproved juvenile rearing habitat in the upper
river. Adult trout popul ations, however, appeared to be limted
by factors other than streamflow, and did not respond to supple-
mental rel eases.

The dewat ered reach (Hamlton to Stevensville) of the Bitter-
root River has not significantly benefited from suppl enental
rel eases because of irrigation withdrawals. Supplenental water is
nost needed, and least likely delivered, during periods of |ow
stream flow when irrigators are forced to construct gravel dikes
to divert water. Consequently, supplenmental releases during 1985
and 1986 failed to offset the adverse effects of bel ow nornal
snowpack | evel s and bel ow average rainfall during early sumer.

Poor survival of young-of-the-year (YOY) trout may limt trout
popul ations in the dewatered reach. The number of yearling trout
(the first age class effectively sanpled) was influenced by stream
flow levels of the previous summer, increasing after the good
water years of 1983 and 1984 and decreasing after the drought of
1985. Low stream fl ows reduce rearing habitat, and possibly
increase fish loss to irrigation canals. In contrast, adult
popul ations were not significantly influenced by streamflow in
the dewatered reach. During periods of extrenely |low flows, deep
pgﬂls fed by groundwater appeared to provide adequate habitat for
adul ts.

Trout numbers in the [ower Bitterroot River were relatively
| ow despite adequate flow | evels. Juvenile trout abundance was
lowin this area, indicating that the fishery may be limted by
recruitment. The dewatered reach and associated tributaries,
however, appeared to be an inportant spawning area and source of
recruitment for the lower river fishery. Consequently, enhanced
flows in the dewatered reach, which inmprove YOY survival, nay
benefit the fishery in the dewatered reach as will as the fishery
in the [ower river.

Suppl emental water will not inprove streamflows in the
dewatered reach without the cooperation of main stemirrigators.
The MDFWP shoul d continue to negotiate with the irrigators to
arrive at a mutually acceptable mnimum flow at which irrigators
woul d voluntarily adjust headgates or, as in 1985, agree to the
appoi ntment of a water commissioner. As an absolute mninum the
flow at Bell crossing should not fall below the flow rate of MCFWP
water released from Painted Rocks Reservoir.
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In an attenpt to provide optinmm benefits to the river, a
cooperative agreenent has been tentatively reached in which MDFWP
woul d give 3,000 AF of purchased water annually to the main stem
irrigators to use as necessary. Inreturn, irrigators would |ower
headgates during the last half of Septenber if flows fell bel ow
m ni mum reconmendat i ons and woul d agree not to oppose the appoint-
ment of a water commi ssioner to insure that a substantial percent-
age of the purchased water released fromthe reservoir renained
i nstream

This agreenent, which was tested during 1986, provided
benefits for the fishery as well as the irrigators because it
allows increased flexibility in the release of Painted Rocks
water. The water nmanagement plan devel oped during this study was
designed to rel ease purchased water fromthe reservoir in a
conservative manner to insure that supplemental water would be
available for the entire sunmmer. Hstorical flow records indicate
dewatering in the Bitterroot River may occur as early as July or
as late as Septenber. A conservative approach is necessary
because the timng and duration of dewatering in the river cannot
be predicted. Wth the 3,000-AF exchange, however, nore water
will be available for release during early sunmer when irrigation
needs tend to be highest, while reducing the concern of depleting
storage during a dry Septenber. It is recommended that MCFWP
continue with this agreement. However, before a final agreement is
made, it should be determ ned whether voluntary irrigation
cutbacks in September will be successful in maintaining adequate
flov levels during dry years. Al though not experienced during
this study, dry September periods with low stream flows are not
unconmon.

Stream flows in the dewatered reach of the Bitterroot R ver
will not be inproved significantly unless there is universa
cooperation fromirrigators. Agreenents betveen the major ditches
and MDFWP have been beneficial, but the nunmerous snaller
diversions also have a significant influence on the river. On
occasion, cooperation by major ditches is offset by the with-
drawal s of smaller ditches. For future agreenents to be
effective, the irrigators must have representation that has
authority over the entire body.

Irrigator cooperation is also limted by the poor efficiency
of the irrigation system \ater distribution, rather than water
quantity, 1s the major problemin the Bitterroot drainage
Al'though willing to cooperate, sone irrigators cannot be expected
to conply with agreements when they have difficulties regulating
wi thdrawal s due to poor headgates or an absence of headgates. In
addition, water measuring devices at withdrawals are very rare
t hroughout the drainage. It is reconmended that MDFWP provide
techni cal assistance to the irrigators for inproving headgate
| ocation and design.  Methods for stabilizing the stream channe
associated with diversions should also be evaluated with the
assi stance of NMDFWP.
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The present netvork of irrigation canals is very conplex. The
system has a |arge nunber of diversions, and nmany of the
diversions require gravel dikes that disturb river bottom
materials. The large nunber of diversions, acconpanied by a |ack
of coordination betveen canal systens, appears to result in |arge
amounts of wastewater. NDFWP should help initiate studies to
determne the feasibility of coordinating or consolidating ditch
systems. The potential for reusing wastewater should also be
investigated. The greatest potential for inproving the Bitterroot
River fishery exists with encouraging nore efficient managenent
and distribution of irrigation water

Tributary spawning provides a significant source of trout
recruitment to the Bitterroot River. The loss of emgrating trout
to irrigation canals is a potential problem that needs further
i nvestigation. Since emgration occurs for a confined period of
timg, it is possible to identify and nmonitor inportant tributaries
vith mninal cost.

Periodic trout popul ation surveys should be continued in the
Bitterroot River. Additional estimates in the lower river nay
hel p determ ne the reason(s) for the relatively |ow population
| evel s observed there. Cccasional population estimtes at Conner,
Darby, and Tucker will help evaluate effectiveness of water
rel eases for enhancing the trout fishery, and provide a basis for
future adjustments in the managenent of the water and the fishery.
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APPENDI X A

Land Use Maps for the Bitterroot R ver Basin
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Appendix Figure Al. Key to the features of the land use maps for the Bitterroot River.



Appendix Figure A2. Land use patterns of the central Bitterroot basin.
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Appendi x Figure A3.

Land use patterns of the upper
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Bitterroot basin.



APPENDIX B

Water Managenent Plan for Suppl enental Rel eases

From Pai nted Rocks Reservoir, Bitterroot River, Montana
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Wat er Managenent Pl an

I ntroduction

In 198, a draft water managerment plan was devel oped for the
15,000 AF of Painted Rocks Reservoir water controlled by MOFWP
(Lere 1984). The primary objective of the plan was to deternine a
rel ease schedule, based on historic stream flow data, that would
maxi mi ze the anmount of tinme which nininum fl ow reconmendati ons
would be nmet in the Bitterroot River at Bell crossing (the
[ ocation where the nmobst severe dewatering occurs).

To determine the frequency and quantity of need for supple-
mental water the folloving information was needed:

1). The level of instream flow required at the Bell crossing;

2). Long-term summer flow characteristics of the Bitterroot
River at Bell crossing:

3). The relationship between suppl enental releases of water
fromthe reservoir and subsequent changes in stream flow

at Bell crossing.

The recommended mi ni muminstreamflow |l evel for the Bitterroot
River at Bell crossing is 11.38 md/see (402 ft3/sec) (refer to
instream flow section of this report). Water releases in the
draft water managenment plan (Lere 1984) were based on a mininmum
flow |l evel of 10.60 md/sec (375 ft3/sec), but additional data
indicated that a higher mnimmflow was appropriate.

To determi ne suppl enental water needs at Bell crossing, long-
termstream flow data in the devatered reach of the river would be
nost desirable. These data are not available. Consequently,
vater needs at Bell crossing were predicted fromlong-term data at

ot her stations.

Long-term flow data have been collected in the upper Bitter-
root River at U S GS. stations established on the Wst Fork near
Pai nted Rocks Reservoir (No. 124325), the East Fork near Conner
(Nos. 123434 and 123435). and the main stem near Darby (No.
123440) . Characteristics of flow at the three stations have been
sunmari zed by Brown (1982). In addition, data collected from
Department of Natural Resources and Conservation (DNRC) gauging
stations at Hamilton (imediately upstream from critically
dewat ered section) and Stevensville (downstream from dewat er ed
section) provide the longest term of record for Bitterroot River
discharge in the vicinity of the dewatered section. These gauges
monitored flow for a 12-year period from 1968 through 1979 (Tables

Bl and B2).
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Appendi x Table B. Mean biweekly flows and m ninmumdaily dis-
charge recorded for the sunmmer period at
Ham | t on.

Mean Di scharge (ft9/sec) at Hamilton

July Aug. Aug. Sept. Sept . Cct . July 16
Year 16- 31 1-15 16- 31 1-15 16- 30 1-15 -Cct 15
1968 750 382 512 449 1,217 805 684
1969 470 188 85 74 252 555 271
1970 1,163 495 391 460 554 542 605
1971 1,116 515 390 374 370 363 526
1972 1,234 546 404 410 431 433 582
1973 259 191 187 361 496 289 295
1974 1,613 814 693 482 603 620 812
1975 1. 891 839 1,160 726 642 888 1,035
1976 1,593 861 784 707 754 697 906
1977 406 153 280 233 342 608 337
1978 1.353 429 417 493 455 354 590
1979 282 183 399 276 115 386 275
Nurmber of years nean flow was:
< 500 4 7 8 10 7 5 4
< 400 2 5 6 5 4 4 4
< 375 2 4 3 5 4 3 4
< 300 2 4 3 3 2 1 3
< 200 0 4 2 1 1 0 0
< 100 0 0 1 1 0 0 0

M ni num Dai |y Discharge (ft3/sec) at Hanilton

July Aug. Aug. Sept . Sept . Cct . July 16
Year 16- 31 1-15 16-31 1-15 16- 30 |-15 -Cct 15
1968 325 325 425 375 825 712 325
1969 278 130 62 62 100 485 62
1970 875 370 390 390 390 460 370
1971 600 390 390 370 370 350 350
1972 805 410 390 410 410 430 390
1973 190 145 115 290 430 250 115
1974 910 735 430 330 540 570 330
1975 1,150 625 575 625 600 650 575
1976 875 725 700 675 625 650 625
1977 325 113 125 113 125 575 113
1978 663 350 375 350 313 313 313
1979 175 150 238 175 75 200 75
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Appendi x Table B2.  Mean biveekly flovs and mninmum daily dis-
charge recorded for the sumer period at
Stevensville.

Mean Di scharge (ftS/sec) at Stevensville

July Aug. Aug. Sept. Sept. Cet. July 16
Year 16- 31 |-15 16-31 l-15 16- 30 1-15 -Oct 15
1968 1.176 484 1,121 798 2,227 1,429 1, 205
1969 572 212 173 168 390 815 388
1970 1,643 689 285 495 891 785 802
1971 1,583 413 245 317 288 312 535
1972 2,531 991 691 583 900 880 1,107
1973 319 290 263 570 1,023 617 509
1974 2,195 887 993 610 827 793 1,063
1975 2,557 1,016 1,951 1,142 833 1, 263 1,478
1976 2.113 1,303 1,219 933 1,084 977 1,280
1977 523 340 361 515 630 932 548
i978 2,095 805 800 907 1,021 835 1,077
1979 809 490 687 665 575 680 653
Nunber of years nean flow vas:
< 500 1 6 5 3 2 1 1
< 400 1 3 5 2 2 1 1
< 375 1 3 5 2 1 1 0
< 300 0 2 4 1 1 0 0
< 200 0 0 1 1 0 0 0
< 100 0 0 0 0 0 0 0

M ni num Dai | y Discharge (ft3/sec) at Stevensville

July Aug. Aug. Sept. Sept. Cet. July 16
Year 16- 31 |-15 16-31 1-15 16- 30 1-15 -Cct 15
1968 525 400 925 525 1,200 1,260 525
1969 212 212 100 138 212 625 100
1970 1,140 325 175 250 625 675 175
1971 625 250 213 250 250 287 213
1972 1,590 600 550 500 700 800 500
1973 150 100 150 350 900 500 100
1974 1,000 800 650 350 750 750 350
1975 1, 340 700 650 600 550 750 550
1976 1, 300 1, 050 1, 050 863 938 938 863
1977 413 300 300 338 450 900 300
1978 1, 250 600 638 638 825 788 600
1979 675 375 450 563 488 638 375




Due to the large nunber of unneasured inflows (tributaries and
irrigation returns) and outflows (irrigation withdrawals) in the
Bitterroot River, determning flow relationships between gauging
stations is difficult. Parrett (1984) attenpted to simulate
Bitterroot River stream flows using a routing nodel, but nodel
results were not sufficient to accurately predict flows. |t was
concluded that installation of a gauging station at Bell crossing
was the nost practical neans for obtaining the required data for
the dewatered reach of the river.

The MDFWP has contracted U S.GS. to operate a stream fl ow
gauge at Bell crossing beginning in 1987. In the future, stream
flow characteristics at this station will provide the nost
reliable basis for determ ning supplenental water needs in the
dewatered section. In the meantine, regression nodels derived
during this study provide the best available infornmation to
determne water needs at Bell crossing.

Sinul ated Discharge at Bell Crossing

Due to the absence of historic flow data at Bell crossing, two
regression nodels were used to simulate streamflows within the
dewatered section of the river. The first nodel described flow
rel ationships between the Darby (U S.GS.) and Hamlton (DNRQ
stations during the period of natching records (1968-1979). The
second nodel was used to relate streamflows at Wodside and Bel |
crossing during 1983. Discharge at the tenporary station at
Wodside is representative of the discharge at Hamlton. The
Ham [ton station was not operated in 1983.

The Darby-Ham | ton nodel was devel oped to provide a statisti-
cal base for analyses, using the long termrecord (1937-1981) of
the Darby station to estimate exceedence frequencies at Ham|ton.
Li near regression equations relating mean binmonthly discharge at
Darby and Ham | ton were devel oped for the period of July 16 to
Cct ober 15 (Figures Bl and B).

The Wodside-Bel|l crossing model was developed to relate daily
di scharge at Wodside (which is simlar to Hamlton) to daily
discharge at Bell crossing. The equation derived during 1983 vas:

Qg = 1,089 Qy- 92.0

r2 =0.98
where Qg = daily discharge at Bell crossing
and Qu = daily discharge at \Wodside crossing
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Considering the |arge nunmber of irrigation w thdrawal s and
tributary inflows between Wodside and Bell crossing, this nodel
predicted discharge at Bell crossing with an acceptable degree of
error in 1983. Differences between actual and predicted val ues
ranged from +33.3 percent to -44.7 percent. The average daily
difference was +9.3 percent, and absolute differences averaged
12.7 percent.

The 1983 Wodsi de-Bel |l nodel predicted di scharge at Bel
crossing vith a simlar degree of error in 1984 (Table B3). Flow
characteristics between the two stations were sinmilar during 1983
and 1984, as evidenced by the simlar regression equations derived
during the two years (Table B3). These two years were character-
ized by above-average summer discharges and noderate irrigation
wi t hdrawal s (unnmeasured; between Hanmilton and Bell crossing. Dike
construction by irrigators, which greatly influence streamfl ow
characteristics, was mniml during these two years.

Lim tations of the 1983 Wodsi de-Bel | crossing nodel were nost
evident during 1985 and 1586 when Bitterroot River stream flows
were bel ow normal and di king by irrigators was extensive. The
1983 nodel predicted discharge at Bell crossing with poor accuracy
during 1985 and 1986, and regression equations devel oped during
these years were substantially different fromthe 1983 nodel
(Tabl e B3). Conparisons betveen actual discharge and predicted
(from 1983 nodel) differed by as nuch as -846 and -224 percent in
1985 and 1986, respectively.

Wthout extensive efforts to nonitor tributary inflows and
ifrigation outflows betveen Wodside and Bell crossing. the
Woodsi de-Bel | model will not adequately predict discharge at Bel
crossing during years vith low stream flows. Conbining data from
1983 to 1986 to develop a nodel relating streamflows at \Wodsi de
(or Hamilton) to Bell Crossing during a range of streamflow
levels vould only result in a nodel vith an unacceptabl e degree of
error. For the purpose of deternmining the frequency of water
needs at Bell crossing, the Wodside-Bell crossing nodel devel oped
from 1983 stream flow data vas selected because it vas reasonably
accurate during 1983 and 1984 vhen stream flovs vere relatively
high and the effects of irrigation on flow characteristics vere
moder at e

Anot her reason for selecting the 1983 nodel is that discharge
at Hamlton and Bell crossing are simlar using the 1983 nodel.
Since mninum flov recomendati ons at these tvo stations are
identical (11.38 nB/sec; 402 ft3/sec). the frequency of
suppl emental water needs will be simlar. Gven the difficulty in
predicting vater needs in the critically devatered reach (Bel
crossing) it may be nore appropriate to base vater needs on flovs
at the upstream portion of the devatered reach (Hamlton). A
conbi nation of delivering vater to Hamilton during periods of
greatest need and vorking with irrigators to maxim ze the anount
of suppl enental vater reaching Bell crossing, will provide the
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Appendi x Table B3. Comparisons of regression equations for
di scharge at Hamlton and Bell crossing, 1983
t hrough 1986.

Actual mnus Pre-
dicted:/ discharge

Regressi on Equati on at Bell Crossing
Year Hanmilton” vs. Bell Orossing R Average  (Range)
1983 y = 1.098(x) - 92.0 0.98 +9.3x (+33 to -45%
1984  y = 1.10(x) - 93.11 0.92 -4.32 (+45 to -81%
1985 y = 1.405(x) - 260.98 0.95 -112.02 (t29 to -8462)
1986  y - 1.539(x) - 315.82 0.65  -31.02 (+40 to -224%

ad Bell crossing discharge (1983-1986) predicted from 1983
regression equation.

b Ham | ton and Wodside data were interchangabl e.
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greatest benefit to the river. Enpirical data from the Hanilton
station (1968-1979) vas used to determ ne vhether vater needs
based on nodeling efforts reasonably predicted periods of greatest
need at Hamilton.

Frequency of Need for Suppl enental Water

The frequency that stream flovs at Bell crossing do not neet

the mnimum recommended flovs vas estimated for July 16-31. August
[-31, and Septenber |-30. Flovs at Bell crossing vould be
expected to exceed the nininumreconmended |evel (11.38 nB/see;
402 ft3/sec) about 91, 21, and 24 percent of the tineg,
respectively, in late July, August, and Septenber (Figures B3, B4,
and B5). A 5.66-nB/sec (200-ft3/sec) mininmm vould be net or
exceeded about 95, 64, and 71 percent of the tinme for the
respective periods.

O her researchers have derived sonevhat | over exceedence
values for a 5.66-nB/sec (200 ft3/sec) flow at Bell. Brovn (1982)
estimated that flovs of 200 ft3/sec at Bell crossing vould be net
or exceeded about 95, 30, and 25 percent of the time in late July,
August and Septenber, respectively. Odell (1981). using 21 years
of historic flow data recorded at Darby. estimated flovs at Bell
crossing vould exceed 200 ft3/sec about 60 percent of the tine
during the irrigation season. Exceedence val ues derived from
Brovn and (Odell vere based on the assunption that 400 ft3/sec at
Dar by represented 200 ft3/sec at Bell crossing. A discharge of
11. 32 nB/see (400 ft3/sec) at Darby. hovever. can be acconpanied
by Bell crossing flovs as lov as 0.7 nB/sec (25 ft3/sec) (July
1985) or as high as 12.1 nB/sec (427 ft3/sec) (August 1985).

Suppl enental Flovs Needed to Maintain M ni mum Reconmendati ons

The percentage of vater released from Painted Rocks Reservoir
that reaches target areas mnmust be determined to estimte the
amount of time that mininmumflovs can be net vith suppl enental
rel eases. Four test spills of reservoir vater vere conducted to
deternmine the percentage of released vater that could be expected
to reach various stations (refer to Test Release section of this

report). Results of test spills varied depending on stream fl ow
levels, irrigation demands. and degree of cooperation by
irrigators to avoid vithdraving test spill vater. Since the

primary purpose of this vater managenent plan is to determne a
rel ease schedule that delivers vater during periods of greatest
need, it vas assuned that rel eases reach target areas in equal
amounts, regardless of vater losses to irrigation vithdravals or
ot her reasons. It vas assumed that 100 percent of the rel eases
reach all stations. As a result of this assunption, estinated
flovs during releases will be overestinated, although estinates of
guantity of additional vater needs wll be accurate. The |ong-
termgoal of this plan should be to mnimze the amunt of supple-
mental vater lost to irrigation diversions.
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Quantities of additional water needed to maintain mninmm
flows at Bell crossing were calculated using the exceedence val ues
derived by t he Darby-Ham | t on/ Whodsi de- Bel | regressi on nodel s.
Water needs estimated for July were calculated only for the |ast
16 days of the nonth. In addition, the negative flows derived for
Bel | crossing were treated as 0 ft3/sec for conput ation purposes.
Amounts of additional water, based on percent exceedence, needed
to maintain flows of 402, 375, 325, 200, and 100 ft3/sec at Bell
crossing during July, August, and Septenber are presented in Table
B4, These estimates indicate flows during August and Septenber
requi re suppl enental water nost of the time to neet the 11.38-
m/ sec (402-ft3/sec) nmini mumrecomendation. July flows require
additional water only about ten percent of the time to neet this
m ni mum r ecomrendat i on.

For the summer period (July 16 - Septenber 30), suppl enment al
rel eases of 15,000 AF of water would raise streamflow exceedence
val ues by about 25 percent, assum ng 100 percent of releases
reached Bell crossing. The mninum flow reconmendation of 11.38

| sec (402 ft3/sec) woul d be maintained 49 percent of the time
(Figure Bs). A floe of 5.66 nd/sec (200 ft3/sec) coul d be main-
tai ned about 90 percent of the tinme.

In addition to frequency analyses based on Darby-Hamlton and
Wbodsi de-Bel | crossing nodels, historic floe data was used to
assess supplenental water needs at Hamlton. Quantities of water
needed to maintain mninmum flows during July, August, and
September were determned for four flow levels (Table B5). \ter
quantities were conputed fromdaily discharge records for a 12-
year period.

Based on data from 1968 to 1979, supplenental water woul d be
needed all but tw years to naintain a mninmmfloe of 11.38
m 3/ sec (402 ft /sec) at Ham I ton. During 8 of 12 years, the
15,000 AF suppl enent eoul d be adequate to maintain the m nimm
floe level, even considering a 20 to 50 percent |oss of supple-
nmental eater betveen Painted Rocks Reservoir and Hamlton. In
addition, supplenental eater eould virtually assure a discharge of
5.66 nB/see (200 ft3/sec) at Ham |ton (TableB5).

Enpirical data from Ham lton supports nodeling data
indicating that the need for supplenental eater is greatest in
August.  An average of 997, 4,271, and 3,275 AF of additiona
wat er voul d be needed during |late July, August, and Septenber
respectively (Table B5). The release schedule recommended by this
wat er managenent plan, hovever, was based on nodeling results
because of the relatively short period of record at the Ham|ton
station.
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Appeniix Table B4, Estimates of the quantity of additional water needed to maintain mimlmum flow levels in the Bitterroot River at Bell crossing
during July, August, and September.

Percent _ _ Predicted Elgqf{____ . ~_ _Additiona)] Water Needed to Maintain Respective Minimum Flews = __ _
Exceed- Bell 402 ft3/sec 375 £t3/sec 325 ft7/sec _ | _ 200 fei/sec 100 ft3/ses

Month  ence Darby Hamilton Crossing fts/sec (AF/month) f{r-st (AF/month) ?;37se( (AF,month) TS /sec (AF/month) ?E’ysec (AF/mu thy
July® 25 1344 1984 2062 0 -- 0 -- 0 -- 0 -- 0 -

50 990 1389 1421 0 -- 0 -- 0 -- 0 .- 0 -

73 711 920 910 0 -- 0 -- 0 -- 0 -- 0 --

80 640 801 780 0 -- 0 -- 0 -- 0 -- 0 --

90 4.8 478 429 o] -- 0 -- 0 -- 0 -- 0 .-

93 397 393 336 66 (2094) 39 (1233) 0 -- 0 .- 0 --

97 210 78 -7 402 (12758) 375 (11898) 325 10,312 200 (6,346) 100 (3,173)
August 25 416 421 365 27 (2,275) 10 (613) 0 -- 0 -- 0 -

50 367 340 278 124 (7,624) 97 (5,963) 47 (2,889) 0 .- 0 --

75 294 219 146 256 (15,741) 229 (14,077) 179 (11,004) 54 (33,20) 0 --

80 285 205 131 2N (16,663) 244 (14,999) 194 (11,926) 69 (4,242) 0 --

90 244 137 57 345 (21,213) 318 (19,548) 268 (16,475) 143 (8,791) 41 (2,641)

93 176 25 -65 402 (24,718) 375 (23,052) 325 (19,979) 200 (12,295) 100 (6,147)

97 141 -32 -127 402 (24,718) 375 (23,052) 325  (19,979) 200 (12,295) 100 (6,147)
Septenber 25 393 445 393 9 (333) 0 -- 0 -- 0 -- 0 --

50 313 330 267 135 (8,033) 108 (6,425) 58 (3,450) 0 - 0 .-

75 263 259 190 212 (12,614) 189 (11,006) 135 (8,031) 10 (595) 0 --

80 236 220 148 254 (15,114) 227 (13,504) 177 (10,530) 52 (3,093) 0 -

90 209 182 106 296 (17,613) 269 (16,003) 219 (13,028) 94 (5,592) 0 --

95 184 146 67 335 (19,933) o8 (18,323) 258 (15,348) 133 (7,912) 33 (1,963)

97 170 126 45 357 (21,243) 330 (19,632) 280 (16,657) 155 (9221) 55 (3,272)
Totals for July 16 - September 30 (AF/month)

25 2,810 615 0 0 0

50 15,657 12,388 6,339 0 0

75 28,355 25,083 19,035 3,915 0

80 31,777 28,503 22,456 7,335 ()}

90 38,826 35,551 29,503 14,383 2,641

95 46,745 42,610 33,327 20,207 8,110

97 58,719 54,582 46,948 27,862 12,592

8/ Negative values considered O for AF calculation

b/ July 16-31
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Appendix Table B5. Quantities of additional water (AF) needed to
maintain minimum flows at Hamilton from July
16 to September 30 for the period of record
1968-1979.

Minimum Flow of 402 ft’/seéglninimum Flow of 375 ft"/sec57
Year July August Sept. Total July August Sept. Total

1968 305 791 161 1,257 198 297 0 495
1969 1,289 16,437 14,229 31,955 914 14,777 12,622 28,313
1970 0 491 167 658 0 0 0 0
1971 0 452 1,785 2,237 0 0 268 268
1972 0 167 0 167 0 0 0 0
1973 5,092 13,102 1,451 19,645 4,075 11,442 952 16,469
1974 0 0 483 183 0 0 198 198
1975 0 0 0 0 0 0 0 0
1976 0 0 0 0 0 0 0 0
1977 891 11,734 7,737 20,362 397 10,181 6,542 17,120
1978 0 472 938 1,410 0 50 444 494

1979 4,387 7,607 12,350 24,344 3,690 6,369 10,851 20,910

Avg. 997 4,271 3,275 8,543 773 3,593 2,656 7,022

Minimum Flow of 325ft"/sec5/ Minimum Flow of 200 ft"/secy

Year July August Sept. Total July August Sept. Total
1968 0 0 0 0 0 0 0 0
1969 408 11,704 9,746 21,858 0 4,440 4,144 8,584
1970 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0
1973 2,290 8,368 248 10,906 59 1,616 0o 1,675
1974 0 0 0 0 0 0 0 0
1975 0 0 0 0 0 0 0 0
1976 o 0 0 0 0 0 0 0
1977 0 7,405 4,807 12,212 0o 2,100 1,535 3,635
1978 0 0 24 24 0 0 0 0
1970 2,501 4,535 8,174 15,210 198 942 2,677 3,817
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a/ 1.0 ft3/sec = 0.0283 m3/sec
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Rel ease Schedul e

Recommendations for the quantity and timng of the rel ease of
addi tional water were devel oped using results derived by nodeling.
This rel ease schedul e was based on a 15,000 AF suppl ement and was
fornulated to provide a 402 ft3/sec flow at Bell crossing for the
greatest possible amount of tine.

The percent of time flows at Bell crossing would neet or
exceed m ni mum recomrendations resulting fromthe rel ease of
differing quantities of water during July, August, and Septenber
are presented in Table B6. Values in this table were derived from
Figure B6, which displays the predicted amount of additiona
wat er, based on percent exceedence needed to naintain flows of
402, 375, 200, and 100 ft3/sec at Bell crossing for each nonth.
An additional 50 ft3/sec during July, August, and Septenber woul d
add about 34, 8, and 9 percent, respectively, to the tine_that
flows meet or exceed 402 ft3/sec. An additional 100 ft3/sec
during the respective nonths would add about 4, 22, and 19 percent
to the tine that flows meet or exceed 402 ft3/sec.

Recommendations for the release of additional water during
July 16-31, August, and Septenber are given in Table B7l. A
rel ease of 50, 112, and 110 ft3/sec during July 16-31 August, and
Sept enber, respectively, approximtely the maxi jum anount of tine
a 15,000 AF suppl enent could nmaintain a 402 ft3/sec flow at Bel
crossing. The quantity of water available for July, August, and
Septenber would total 1,586, 6,885, and 6,544 acre ft.
respectively. Releases of additional water should not exceed the
vol une available for each nonth. Wter not utilized during a
specific nonth would be proportionally applied to the follow ng
nont h(s)

During years of high streamflow, the release of additiona
water to maintain mninmmflows may not be necessary. Unless
irrigators request water to prevent dike construction
suppl emental water should be withheld to maintain reservoir |evels
for recreation on Painted Rocks Reservoir. Since the |owest
winter flow |l evels occur during January, February, and March, the
renauring suppl enental water shoul d be rel eased evenly over this
peri od.

During extremely dry years, a 11.38 md/sec (402 ft3/sec)
mnimumflow will not be net at Bell crossing. An agreenent
shoul d be negotiated with the irrigators to assure that Bel
crossing flows, at the mninum neet or exceed the rate of release
of MDFWP water fromthe reservoir (refer to mninmumflowrecom
mendations section of this report).

Due to the tentative agreenent betveen MDFWP and irrigators,
the 3,000 AF of water reserved for release during | ate Septenber
will be given to the irrigators for release earlier in the sumer
Inreturn, irrigators are to help maintain mnimumflows in late
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Appendi x Table B6. The estimated percent of tinme flows at Bell
crossing woul d neet or exceed mininum flow
recommendations resulting fromdiffering
suppl ement al rel eases.

Percent of tine flow (cfs)

4 Bel | woul d be net orb/

Addi ti onal Rel ease® exceeded with rel ease~

Mont h ftdolsec Acre ft 402 375 200 100
July 0 0 91 92 95 96
(16-31) 50 1, 586 94 96 97 97
75 2,380 95 96 97 97

100 3,173 95 96 97 100

August 0 0 21 24 64 80
50 3,074 29 42 75 90

75 4,610 36 47 81 92

100 6, 147 43 51 84 100

125 7,684 51 56 88 100

150 9,221 55 61 90 100

175 10, 758 60 66 92 100

200 12,295 64 70 100 100

Sept enber 0 0 24 26 71 90
50 2,975 33 42 79 97

75 4,462 38 44 85 100

100 5, 949 43 48 89 100

125 7,436 48 55 94 100

150 8,924 55 60 96 100

175 10, 411 63 68 100 100

200 11, 898 71 75 100 100

a Assume all of release would reach Bell crossing.

b/ Based on exceedence val ues from Darby USGS gauge (Appendi x
Tabl e B4).
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Appendi x Tabl e B7. Rel ease schedule for the optiml management of

a 15, 000- AF suppl emrent from Pai nted Rocks

Reservoir.
Percent of tinme flow (ft°/sec)
at Bell would be met o[j
Maxi mum Rel ease/ exceeded with rel ease™
Mont h ftol sec Acre ft 402 375 200 100
July 50 1,586 94 96 97 97
(16-31)
August 112 6, 885 47 53 86 100
Sept enber 113 6, 544 45 51 91 100
Tot al 15, 015
al Not to exceed 402 ft3/sec at Bell crossing.

b/ Assume all of release would reach Bell crossing.
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Septenber by reducing withdrawals. A dry September, which is not
uncomon, was not experienced during this study. Before
finalizing the agreement, it should be determ ned whether
irrigation cutbacks will be successful in maintaining adequate
flov levels for late Septenber

Anal yses of end of month contents in Painted Rocks Reservoir
conducted by Brown (1982) indicated stored volunmes are usually
sufficient to provide the quantities of supplenmental water
scheduled for release. July volunes have always exceeded 29,550
AF.  The 1,586- AF suppl emrent planned for rel ease in July woul d
have little affect on storage. Supplenental releases schedul ed
during August and Septenber would inpact levels in the reservoir
to a greater extent. However, volunes in the reservoir during
these months are typically sufficient to neet these needed
quantities. Volunes in the reservoir during August have al ways
exceeded 19,850 AF. During Septenber, reservoir volumes have
exceeded 12,850 AF 90 percent of the tinme.
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AFPENDIX C

Maps of Selected Irrigation Diversion Locations



Appendix Figure CI. Map of the Wilson, Sopher, and Gettrup ditches.
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SEC 5

Appendix Figure C2. Map of the Dorgan ditch.
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Appendix Figure C3. Map of the Orr, Linderman, Shook-Wilson, and
McKinney ditches.
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Hedge, and Rennaker

Appendix Figure C5. Map of the Logan, Ward,

ditches.



Appendix Figure C6. Map of the Gilmore, Vance, and Republican
ditches.
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Appendix Figure C7. Map of C and C ditch.

C~-3



Appendix Figure C8. Map of Corvallis and Woodside ditches.



Appendix Figure C9. Map of Supply and Webfoot ditches.
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Appendix Figure ClI. Map of McPherson, Luby, Mills, and Wagner
ditches.
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Appendix Figure Cl2.

Map of Big Flat ditch.
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Listing of Irrigation Withdrawals
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Appendi x Table D .

Listing of irrigation withdrawals on the West Fork and

main stemBitterroot River (FromV. Wolsey 1985).

Name of wi t hdrawal Location Comment s Di tch Manager
1. Wlson ditch NWAE Sec 4, 4S, 22W
2. Sopher ditch NWSE Sec 4, 3S, 22W
3. Sopher ditch SWBW Sec 34, 2S, 22W
4. Settreys ditch SESE Sec 22, 2S, 22W
5. Dorgan ditch SENW Sec 17, 1IN, 21W not used Tom Dunbar
6. Or ditch SESE Sec 23, 2N, 21W Perry Hannon
7. GF Shook, SESE Sec 23, 2N, 21W
Wlson ditch
8. Li nder man, SESE Sec 23, 2N, 21W
Hart ditch
9. Dee Shook, NENE Sec 24, 2N, 21W presently not used Dee Shook
Wlson ditch
10. Bill Rovley punp NWANW Sec 34, 2N, 21W 3/4 hp punp
11. Hannon Cooper ditch NENE Sec 1, 2N, 21W not in use
12. McKinney ditch NESE Sec 36, 3N, 21W not used
(al so cal I ed Spurl ock)
13. Conner ditch NWNE Sec 36, 3N, 21W used part tinme Steve Conner
14. Printz ditch NENE Sec 26, 3N, 21W 25 hp punp D.L. Gaves
15. Wl tus punp SWSE Sec 14, 3N, 21W 25 hp punp G QGten
16.  Jim Duus punp NESWBE Sec 11, 3N, 21W 7-I/f hp punp
17. Jim Duus punp W/2NE Sec 2, 3N, 21W
18. Abbey punp NVWAWSE Sec 2, 3N, 21W 5 hp punp
19. Overturf ditch NENW Sec 14, 3N, 21W Ken Roy
20. Lij_edthl\bchol son NENW Sec 14, 3N, 21W Darwin Titeca
Itc
21. Logan ditch NENW Sec 23, 4N, 21W not used Rennaker
22. Abbey punps SESE Sec 15, 4N, 21W 5hp punp
23. Vard ditch NENW Sec 14, 4N, 21W Ral ph  Spri nger
24, Hedge ditch SENE Sec 11, 4N, 21W Dean Hyat't
25. Rennaker ditch SESE Sec 11, 4N, 21W Rennaker
26. Glnmore ditch NAE Sec 2, 4N, 21W not in use
27. Vance ditch NENE Sec 36, 5N, 21W not in use F.J. Bell
28. Republican ditch SENE Sec 25, 5N, 21W Tom Hol |'i ng
29. C& Cditch SWNE Sec 1, 5N, 21W Mel vin Johnson
30. Corvallis ditch NVWAW Sec 25, 6N, 21W Lee Erickson
31. Wodside ditch SENE Sec 13, 6N, 21W Jack | nman
32. Supply ditch NWEW Sec 20, 7N, 20W John Joost
33. Wods Parkhur st NWSW Sec 20, 7N, 20W Jack Morris
ditch
34. Union ditch S/AW Sec 4, 7N, 20W Bill Strange
35. Doubl e Fork-Wod N1/ 2SW Sec4, 7N, 20W 3 ditches Don Wite
36. Etna ditch NESNSec 4, 7N, 20W Jack Pfau
37. Spooner ditch NENE Sec 32, 8N, 20W Ral ph Si nonsen
38. CGoff punp SWBW Sec 28, 8N, 20W 20 hp punp John Levis
39. Uebfoot ditch NESE Sec 28, 8N, 20W John Wi gand
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Appendi x Table D (continued)

Narre of wi t hdraval Locati on Comment s Di tch Manager
40. Mendal, Rehorts. SENW Sec 21, 8N, 20W

Johnson ditch
41. Wi gand punp SENE Sec 21, 8N, 20W 10 hp punp John Wi gand
42. River ditch SWAW Sec 20, 8N, 20W Kyl e Brinkerhof f
43. Ms. John Monroe NENENW Sec 36, 3N, 21IW  2hp punp Loui se Stephens

u

44, KuPtFE b Joyce Fruit NENE Sec 26, 3N, 21W 10 hp punp

u
45. é)udnp& Shirly Larkin SWNENE Sec 23,3N,21W  7-1/2 hp punp

u

46. Ra?m%%d & Mar gur et SWRENE Sec 23,3N,21W  2hp punp

Fi ske punp
47. Dick Neville punp El/2 Sec 6, 7N, 20W 30 hp punp
48. Bill Anmos NAWNENE Sec 28, 8N, 20W
49. Don Wark punp SWAWSE Sec 28, 8N, 20W 5 hp punp
50. Cerlinger ditch NESESE Sec 29, 8N, 20W Lyn Gerlinger
51. Richard & Dai sy NWSESE Sec 29, 8N, 20W 25 hp punp

Myers punp
52. Si ebel NWAESE Sec 9, 8N, 20W 15 hp punp
53. Siebel NENENE Sec 9, 8N,20W 15 hp and 25 hp punps
54. Si ebel SESESE Sec 4, 8N, 20W 25 hp punp
55. Si ebel NENESE Sec 4, 8N, 20W 15 hp punp
56. Si ebel NAWNRN Sec 16, 8N, 20W 30 hp punp
57. Si ebel NENESE Sec 4, 8N, 20W 25 hp punp
58. Si ebel SWAW Sec 3, 8N, 20W 25 hp punp
59. Siebel SVWAW Sec 3, 8N, 20W 10 hp punp
60. Mke Doyle SWBE Sec 21, 8N, 20W 10 hp punp
61. MPherson ditch SWNE Sec 10, 9N, 20W
62. Luby ditch NWE Sec 3, 9N, 20W
63. Luby ditch SWBW Sec 35, 10N, 20W
64. MIls ditch SESWSec 24, 10N, 20W
65. \Wagner ditch SWNE Sec 12, 10N, 20W
66. Wemple-Qglivie ditch NWNE Sec 12, 10N, 20W
67. Slack ditch NWNE Sec 12, 10N, 20W
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APPENDIX E

Trout and Whitefish Population Estimates



Appendi x Table El. Estimates of population number and biomass for
rai nbow trout and brown trout in the Darby
section of the Bitterroot River from 1982 to
1985 (80 percent confidence intervals in
par ent heses) .

Esti nat ed Nunber Per M| e@

Bi onass
Age G oup (1bs)
Season Year [ [11 [ V+ Tot al Per Mle
Rainbow Trout
Spring 1984 - 18 94 149 261 207
(219-303) (176-238)
1985 --- 3 33 83 119 110
(71-167)  (69-151)
Fal | 1982 194 178 103 35 510 226
(370-650) (168-284)
1983 279 239 190 85 793 389
(585-1001) (313-465)
1984 378 183 214 79 854 340
(599-1109) (248-432)
1985 742 278 155 81 1256 378
(831-1681) (284-472)
Brown Trout
Spring 1984 22 39 31 92 73
(67-117) (61-85)
1985 --- --- 12 42 54 74
(37-71) (48-100)
Fal | 1983 86 67 38 34 225 159
(184-266) (133-185)
1984 167 65 35 29 296 138
(236-356) (108-168)
1985 120 87 44 39 290 170

(233-347)  (133-207)

@/ Section Length = 5.816 ni (9.36 km
b/ 1.0 I'b = 0.45 kg
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Appendi x Table E2. Estimates of population nunber and biomass for
rai nbow trout and brown trout in the West
Tucker section of the Bitterroot River from
1983 to 1986 (80 percent confidence intervals
in parentheses).

Esti mated Nunmber Per Mled

Bi omass
Age  Group (Ibs)
Season Year [ 11 | V+ Tot al Per Mle
Rainbow Trout
Spring 1984 --- 13 37 71 121 140
(87-155) (108-172)
1985 --- 8 33 135 176 206
(98-254) (114-298)
1986 - --- --- - 152 219
(113-191) (154-284)
Fal | 1983 7 25 21 25 78 61
(60-96)  (47-75)
1984 61 72 21 20 174 68
(120-228)  (50-86)
1985 34 62 40 59 195 131
(136-254)  (97-165)
1986 52 93 55 47 247 148

(174-319) (110- 186)

Brown Trout

Spring 1984 --- 21 40 39 100 100
(81-119)  (87-113)
1985 - 4 25 51 80 102
(60-100)  (78-126)
1986 --- 5 19 37 61 83
(51-71) (71-95)
Fal | 1983 20 32 25 42 119 136
(101-137) (120-152)
1984 66 62 48 53 229 207
(181-277) (151-263)
1985 59 47 38 48 192 172
(163-221) (141-203)
1986 53 51 54 71 229 263

(176-282) (186-340)

ad Section Length = 5.562 m (8.95 km

=

1.0 Ib = 0.45 kg
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Appendi x Tabl e E3.

Estimates of popul ation nunber and bionass for

rai nbow trout and brown trout

in the East

Tucker section of the Bitterroot River from
1983 to 1986 (80 percent confidence intervals

in parentheses).

Esti mat ed Nunber Per MI|es?

Bi omasg,
Age Group (I'bs)*=
Season Year [ [ [11 [ V+ Tot al Per Mile
Rainbow Trout
Spring 1984 6 38 84 128 150
(89-167) (104-196)
1985 8 36 35 79 71
(54-104) (50-92)
1986 --- --- 95 107
(66-124) (77-137)
Fal | 1983 24 38 42 104 102
(85-123)  (86-118)
1984 69 82 26 28 205 107
(140-270) (84-130)
1985 --- --- 237 234
(157-317)  (155-313)
1986 37 52 37 31 156 113
(120-192) (92-134)
Brown Trout
Spring 1984 16 30 44 90 114
(74-106)  (99-129)
1985 14 24 27 65 82
(50- 80) (67-97)
1986 13 34 35 82 109
(64-100)  (88-130)
Fal | 1983 19 20 22 43 104 136
(93-115) (119-153)
1984 34 37 27 30 128 111
(108-148)  (93-129)
1985 37 44 45 43 169 177
(142-196) (147-207)
1986 12 15 21 49 97 153
(81-113)  (135-171)
ad Section length = 5.518 m (8.88 km
b 1.0 Ib = 0.43 kg
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Appendi x Table E4. Estimates of population nunber and bionass for
rai nbow trout and brown trout in the Tucker
section (east and west channels conbi ned) of
the Bitterroot River from 1983 to 1986 (80
percent confidence intervals in parentheses).

Season Year Number Per M| ed/ Bi omass Per M1le (Ibs)b /
Rainbow Trout
Spring 1984 249 (197-301) 290 (233-346)
1985 255 (173-337) 277 (183-372)
1986 247 (200- 294) 326 (270-382)
Fal | 1983 182 (156-208) 164 (142-185)
1984 379 (295-463) 174 (145-203)
1985 432 (333-531) 364 (279-449)
1986 402 (321-483) 262 (219-305)
Brown Trout
Spring 1984 190 (165-215) 214 (194-235)
1985 145 (120-170) 185 (156-213)
1986 143 (122-164) 192 (165-219)
Fal | 1983 223 (202-244) 272 (248-296)
1984 357 (304-410) 319 (260-378)
1985 361 (321-401) 349 (303-392)
1986 326 (270-382) 419 (334-504)

a/ Section Length =5.540 m (8.91 km

b 1.0 Ib = 0.45 kg
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Appendi x Table E5. Estimates of popul ation nunber and bi omass for

rai nbow trout and brown trout in the Poker Joe
and Conner sections of the Bitterroot R ver
(80 percent confidence intervals in
par ent heses) .

Rai nbow Tr out Brown Trout
Bi omass Bi omass
Age Number (1bs)a/ Age  Number (1bs)&

Year G oup Per Mle Per Mle Goup Per Mle Per Mle

Poker Joe b/

Fal | I 90 -
1985 I 124 -
11 45 - NO ESTI MATE
| V+ 64 ---
323 230
(228-418) (177-283)
Spring | - --- 1 - ---
1986 N 70 --- 11 --- ---
11 64 --= 111 - -
| V+ 74 --- v+ -—- ---
208 165 12 16
(161- 255) (132-198) (9-15) (12-20)
Conner”
Fal | I 602 --- 1 --- -
1986 I 376 --- 1I -—- -
11 61 --- 111 - ---
I V+ 64 --- v+ -— --=
1103 224 44 38
(718-1488) (177-271) (32-56) (28-48)
d 1.0 Ib = 0.45 kg

Poker Joe Section Length = 5.226 m (8.41 km
Conner Section Length = 2.85 m (4.59 km
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Appendi x Tabl e E6.

Estimates of population nunber and bionass for

mountain whitefish in the Darby and Tucker
sections of the Bitterroot River during spring

1984 (80 percent

par ent heses).

confidence intervals in

Esti mated Number Per Mle
Bi omas
Age Group (1bs)
Section [y |V V VI + Tot al Per Mle
Dar by 145 2,148 7,978 2,081 12, 352 5, 829
(6,991-17,713) (3, 43S- 8, 222)
Tucker 382 1,640 1,771 434 4,227 2,116
(East Channel) (2,792-5,662) (3,455-2,777)
Tucker 504 599 976 543 2,622 1,432
(West Channel ) (2,008-3,236) (1,090-1,774)
Tucker 886 2,239 2,747 977 6, 849 3, 548
( Conbi ned) (5,288-8,410) (2,804-4,292)

d 1.0 Ib = 2.205 kg.
bl Partial
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APPENDIX F

Growth Rates



Appendi x Table F1. Mean total length (IL) at time of capture and back-cal cul ated nmean total |ength
at age for rainbow trout in study sections of the Bitterroot River during the
fall of 1983. Standard deviations in parentheses.

Mean TL
Age at Calculated Length (nm) at Age
Section G oup N  Capture (m | Il I (Y \ \Y/
Der by 0+ 8 72
|+ 92 172 74
I+ 89 257 74 159
I+ 01 325 78 163 259
| v+ 42 376 77 161 260 329
V+ 10 406 77 159 255 325 378
Mean back-cal culated length (mm 76(+13)  161(+31) 259(+32) 320(+27) 378(+29)
Mean i ncrement of back-cal cul ated
length (mMm 76 85 90 69 50
Tucker 0+ 9 03
(E. Channel) I+ 10 100 75
I+ 33 241 80 160
111+ 54 316 79 167 241
| V+ 30 395 09 164 252 330
V+ 31 429 05 152 243 309 373
VI + 6 435 80 135 210 290 343 393
Mean back-calculated |ength (mm 82(+14)  162(+32)  242(+35)  317(+43)  368(+34)  393(:41)
Mean i ncrenent of back-cal cul ated
length (mMm 02 80 80 75 51 25
Tucker 0+ 3 89
(W Channel) I+ 12 157 02
I+ 45 223 76 147
I+ 30 325 03 169 243
| v+ 33 390 01 150 245 320
V+ 10 427 90 145 225 305 373
VI + 2 434 69 143 100 276 357 410
Mean back-cal culated length (mm) 81(+15) 154(+33) 239(+34) 318(+35) 371(+24) 410( +44)
Mean increment of beck-cal cul ated
length (nm 81 73 85 79 53 39
Pool ed Total 0+ 20 80
| + 114 164 75
I+ 167 245 76 158
I+ 173 322 79 166 250
| V+ 105 305 02 150 253 329
V+ 59 424 05 151 240 310 374
VI + 8 435 77 137 205 287 347 397
Mean back-cal culated length (m 78(+14) 159(+32) 248(+35) 320( +36) 370(+30) 397(+40)
Mean increment of back-cal cul ated
I ength (mm 78 01 89 72 50 27
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Appendix Table F2. Mean total length (TL) at time of capture and beck-calculated mean total length
at age for brown trout in study sections of the Bitterroot River during the fell
of 1903. Standard deviations in parentheses.

Mean TL
Age at Calculated Length (mm) at Age
Section Group N Capture(mm) 1 1 11 v v VI
Darby 0+ 21 89
1+ 73 187 88
1+ 71 275 00 185
i+ 44 350 95 202 300
IV+ 38 412 102 213 313 372
G 9 465 100 204 324 387 430
VI+ 1 500 96 141 257 309 431 477
Mean back-calculated length (mm) 92(+17) 197(+39) 307(+41) 375(+33) 430(+24) 477
Mean increment of back-calculated
length (mm) 92 105 110 68 55 47
Tucker 0+ 30 110
(E. Channel) 1+ 42 206 96
1+ 39 282 94 176
1+ 37 359 101 105 278
1V+ 27 421 112 194 288 360
V+ 16 468 104 192 304 369 431
VI+ 5 531 119 213 313 373 440 488
Mean back-calculated length (mm) 101(+18) 106(+35) 209(+33) 369(+34) 433 (+34)  488(+22)
Mean increment of back-calculated
length (mm) 101 05 102 01 64 55
Tucker 0o+ 20 111
(W. Channel) I+ 36 193 03
1+ 56 261 87 167
1+ 56 348 97 182 267
IV+ 28 425 100 174 276 359
V+ 23 477 97 193 289 374 431
VI+ 6 542 116 221 307 392 444 500
Mean back-calculated length (mm) 93(+18) 179(+39) 276(+39) 360(+40) 433(+46) 500(+94)
Mean increment of back-calculated
length fm) 93 0.6 97 92 65 67
Pooled Total 0+ 71 104
1+ 151 194 09
1+ 166 273 09 177
I+ 137 354 97 109 201
IV+ 93 420 104 196 295 367
V+ 48 472 100 195 301 375 431
VI+ 12 534 116 211 305 304 441
Mean back-calculated length (mm) 95 (+18) 187(+39) 289(+40) 371(+36) 433 (+38) 493(+65)
Mean increment of back-calculated
length (mm) 95 92 102 02 62 60
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Appendix Table F3. Mean total length (TL) at time of capture and back-cal cul ated mean total |ength
at age for rainbow trout in study sections of the Bitterroot River during the

Fall. 1984,
Hean TL
. Age at Cal cul ated Length (mm at Age
Section G oup N Capture (mm | Il I v \% \l
Dar by 0+ 7 75
| + 121 162 79
I+ 66 242 85 164
I+ 68 312 78 156 255
| V+ 43 369 82 161 258 327
V+ 12 602 76 159 255 325 370
VI + 1 392 75 112 243 290 331 372
Mean back-calculated length (nm 80 160 256 326 367 372
Mean increnent of back-calcul ated
I ength (m) 80 80 96 70 41 5
Tucker 0+ 4 91
(E. Channel) |+ 43 200 82
I+ 59 236 88 172
I+ 39 336 91 193 278
| V+ 30 391 91 188 271 339
V+ 21 429 92 178 258 332 388
VI + 1 475 105 212 272 356 420 458
Mean back-cal culated length (nm 88 182 271 337 389 458
Mean increment of back-calcul ated
I ength (nm 88 94 89 66 52 69
Tucker 0+ 10 85
(W Channel) |+ 55 177 77
I+ 62 220 79 154
I+ 25 320 83 191 274
| V+ 30 380 87 185 274 337
V+ 7 425 91 208 279 344 393
VI + 1 437 81 133 277 322 390 410
Mean back-cal culated length (m) 81 171 275 338 393 410
Mean increnent of back-cal cul ated
I ength (mmj 81 90 104 63 55 17
Pool ed Total 0+ 21 83
| + 219 173 79
I+ 187 233 84 163
11+ 132 321 82 174 265
| V+ 103 379 86 176 266 333
V+ 40 420 87 177 261 332 383
VI + 3 435 82 162 264 323 380 413
Mean back-calculated length (m) 82 170 265 333 383 413
Mean increnment of back-cal cul ated
length (M) 82 88 95 68 50 30
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Appendix Table F4. Mean total lemgth (TL) at time of capture snd back-calculated mesn total length at age for

brown trout in study sections of the Bitterroot River during the Fall, 1984.

Mean TL
Age at Calculated Length {mm) at Age
Section Group N  Capture {mm) 1 II I11 v v VI Vil
Darby 0+ i9 89
I+ 98 171 90
11+ 74 249 86 177
III+ 46 340 9 196 290
IV+ 19 403 | 97 209 292 359
v+ 17 453 106 204 299 368 417
VI+ 3 453 835 162 265 328 394 424
Mear back-calculated length (mm) 82 189 292 351 413 424
Mean increment of back-calculated
length (mm) 92 97 103 69 52 13
Tucker 0+ k1] 109
(E. Channel) I+ 55 206 102
11+ 55 ° 261 %9 193
IIL+ 46 345 105 196 285
v+ 23 419 121 210 305 370
v+ 12 460 114 188 288 362 415
Vi+ 4 498 117 210 300 k1.1 425 465
Vii+ 1 529 121 258 326 389 425 457 506
Mean back-calculated length (mm} 105 197 292 368 418 465 306
Mean increment of back-calculated
length (mm} 105 92 95 76 50 47 41
Tucker 0+ 15 106
(W. Channel) I+ 66 203 94
11+ 685 265 o4 184
I1I+ 55 k)1 10 213 302
Iv+ 30 W21 107 213 06 375
v+ 12 481 118 232 328 394 W&
Vit 2 516 111 215 2598 347 421 477
Hean back-calculated length (mm) 99 203 - 306 379 437 477
Hean increment of back-calculated
length (mm) 99 104 103 73 58 40
Pooled Total 0+ 72 103
I+ 219 18% 94
1T+ 195 258 91 184
ITI+ 147 348 101 202 293
IVe 72 415 109 211 302 369 ’
v+ 41 463 112 207 aos 374 423
VI+ 9 487 105 195 288 )1 414 454
VIi+ 1 529 121 ‘ 258 aze 389 425 467 - 506
Hean back-calculated length (mm) [:]:3 196 297 aro 421 455 506
Hean increment of back-calculated .
length (mm) ) 98 98 101 73 51 3% 51




Appendi x Table F5. Mean total length (TL) at time of capture, and
back-cal cul ated nmean total length at age for
rainbov trout in the Poker Joe section during

fall, 1985.
Cal cul ated Length at Age
Goup N Capture (mj I 11 |V v
0 3 75 0 0 0 0 0
1 54 227 78 0 0 0 0
2 68 274 75 177 0 0 0
3 34 346 77 182 275 0 0
4 28 378 76 159 257 326 0
5 24 408 78 143 235 304 366
Mean back-cal cul at ed 77 170 258 316 365
l ength (mm
Mean i ncrement of back- 77 93 88 58 49

cal cul ated length (mm
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