
Responses of rainbow (Oncorhynchus mykiss) and brown trout (Salmo trutta) to creation of access into
a spawning tributary
by Scott Irven Snelson

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Biological Sciences
Montana State University
© Copyright by Scott Irven Snelson (1996)

Abstract:
The purpose of this study was to determine the use of Deep Creek as a spawning tributary by brown
trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) from the Missouri River and nearby
Canyon Ferry Reservoir, after removal of a barrier across the stream. Movements of adult trout into the
creek and outmigration of juveniles were monitored with traps at a concrete weir at the siphon site
during 1992, 1993 and 1994. Large numbers of adult rainbow trout were captured moving upstream
during spring, 719 in 1993 and 1,959 in 1994. Wild rainbow trout and two hatchery strains, DeSmet
and Eagle Lake (identified by marks and dorsal fin erosion) trout were represented. Wild and hatchery
strains differed in timing of spawning runs, with wild fish entering the stream and peaking in numbers
before hatchery fish in both years. Hatchery fish accounted for 48.2% of the adult rainbow trout
entering Deep Creek in 1993 and 76% in 1994. Of the adults tagged at the weir in 1993, 13% of the
wild trout and 18.3% of the hatchery trout returned in 1994. Ages of wild adults captured in 1993,
determined through scale samples, were ages 3 (6.0%), 4 (67.2%), 5 (22.4%), and 6 (3%). Growth
patterns on their scales suggested that <1.5% had left their natal streams at age 0, 42.4% at age 1, 53%
at age 2, and 4.5% at age 3. Few adult brown trout responded to the new access, with captures at the
weir during late summer-early fall of four in 1993 and six in 1994. Length-class distribution of
outmigrating juvenile rainbow trout (153 in 1993, 233 in 1994) was <23% age 0, about 62% age 1, and
about 16% age 2 or greater. Length-class distribution of outmigrating juvenile brown trout (215 in
1993, 67 in 1994) was about 44% age-0 and 56% age-1. Included among the outmigrant brown trout
were hatchery-origin, age-0 fish released into Deep Creek, virtually all of which moved downstream
their first year. Results suggest that young rainbow produced in Deep Creek tend to remain within the
stream during their first year before migrating downstream. 
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• ABSTRACT

The purpose of this study was to determine the use of Deep Creek as a spawning 
tributary by brown trout (Salmo trutta) and rainbow trout (Oncorhynchus mykiss) from 
the Missouri River and nearby Canyon Ferry Reservoir, after removal of a barrier across 
the stream. Movements of adult trout into the creek and outmigration of juveniles were 
monitored with traps at a concrete weir at the siphon site during 1992, 1993 and 1994. 
Large numbers of adult rainbow trout were captured moving upstream during spring, 719 
in 1993 and 1,959 in 1994. Wild rainbow trout and two hatchery strains, DeSmet and 
Eagle Lake (identified by marks and dorsal fin erosion) trout were represented. Wild and 
hatchery strains differed in timing of spawning runs, with wild fish entering the stream 
and peaking in numbers before hatchery fish in both years. Hatchery fish accounted for 
48.2% of the adult rainbow trout entering Deep Creek in 1993 and 76% in 1994. Of the 
adults tagged at the weir in 1993, 13% of the wild trout and 18.3% of the hatchery trout 
returned in 1994. Ages of wild adults captured in 1993, determined through scale 
samples, were ages 3 (6.0%), 4 (67.2%), 5 (22.4%), and 6 (3%). Growth patterns on their 
scales suggested that <1.5% had left their natal streams at age 0, 42.4% at age I, 53% at 
age 2, and 4.5% at age 3. Few adult brown trout responded to the new access, with 
captures at the weir during late summer-early fall of four in 1993 and six in 1994. 
Length-class distribution of outmigrating juvenile rainbow trout (153 in 1993, 233 in 
1994) was <23% age 0, about 62% age I, and about 16% age 2 or greater. Length-class 
distribution of outmigrating juvenile brown trout (215 in 1993, 67 in 1994) was about 
44% age-0 and 56% age-1. Included among the outmigrant brown trout were hatchery- 
origin, age-0 fish released into Deep Creek, virtually all of which moved downstream 
their first year. Results suggest that young rainbow produced in Deep Creek tend to 
remain within the stream during their first year before migrating downstream.



INTRODUCTION

Availability of suitable spawning habitats in tributaries is a critical factor affecting 

the success of wild trout populations in Montana. The important role of tributary 

spawning habitats in Montana has been described by Spoon (1985) for the Upper 

Missouri River, Sanborn (1990) for the Big Horn River, Sando (1981) for the Beaverhead 

River, and Byorth (1990) for the Yellowstone River. The availability of spawning habitat 

in tributaries to the Missouri River upstream from Canyon Ferry Reservoir is considered 

to be a major factor limiting the natural reproduction of brown trout, Salmo trutta, and 

rainbow trout, Oncorhynchus mykiss, from the reservoir and this part of the Missouri 

River (Montana Department of Fish, Wildlife and Parks [MFWP] 1991). Similarly, in a 

survey of reservoir fisheries in 11 states of the western U.S.A., Gebhards (1975) found 

that lack of spawning habitat was the factor most frequently mentioned as limiting to the 

establishment of wild trout populations.

Deep Creek is a third order stream which enters the Missouri River only about 8 

km above Canyon Ferry Reservoir and thus could be a major spawning tributary for trout 

from the reservoir (Figure I). However, prior to 1992, the creek had been separated from 

the Missouri River during a major portion of the spring and fall spawning seasons for 

rainbow and brown trout because it was intersected by an irrigation canal, the Montana 

Ditch. Deep Creek flows west from its headwaters in the Big Belt Mountains in 

southwestern Montana and enters the Missouri River near Townsend. The intersection of 

the Montana Ditch and Deep Creek is about I km upstream from the Missouri River.
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Canyon Ferry Reservoir

Townsend

US.
.Highway 287
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River
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Figure I . Location of the Deep Creek study site (Jeanes 1996).
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Previously, the ditch formed a diversion completely across the creek (Figure 2). A gate in 

the diversion was closed during the irrigation season, typically from about 

mid-April to late October (Ronald Spoon, MFWP, pers. comm.), diverting creek water 

into the ditch and its downstream outlets. An overflow structure allowed some creek 

water to drop over the barrier and to flow downstream, particularly during periods of high 

discharge.

In the fall of 1992, a large concrete "siphon", actually a large underground 

conduit, was constructed to divert the Montana Ditch beneath Deep Creek (Figure 2).

The siphon was constructed to allow Deep Creek to flow unimpeded to the Missouri 

River and thereby provide access into the creek for spawning trout. A low concrete weir 

was constructed about 25 m upstream from the siphon site, for monitoring fish 

movements. Deep Creek thus became accessible as a spawning tributary for brown and 

rainbow trout from Canyon Ferry Reservoir and the Missouri River. The connection 

with the Missouri River also provided a downstream migration corridor for young trout 

produced within the creek, and eliminated their diversion into the ditch.

The siphon project was undertaken as partial mitigation for the turbine retrofit of 

Toston Dam farther upstream on the Missouri River. It was predicted that brown trout 

would be the species most impacted by the Toston Dam retrofit (MFWP 1991). Brown 

trout are thus the intended primary beneficiaries of the Deep Creek siphon project. In 

addition to the siphon construction, approximately 27,000 brown trout fingerlings were 

stocked in Deep Creek each year by MFWP during Septembers of 1992, 1993, and 1994. 

These were released approximately 2 km upstream from the weir, in an effort to imprint
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Figure 2. Deep Creek at the confluence with the Montana Ditch before (upper figure) and 
after (lower figure) construction of the by-pass siphon (adapted from Inter-Fluve 1990).
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them to the stream and enhance the potential for their later return as spawning adults. An 

additional 54,000 brown trout fingerlings per year were planted during the same period in 

the Missouri River and Canyon Ferry Reservoir.

With the creek previously blocked by the ditch for much of the spring and fall 

spawning seasons of rainbow and brown trout, and with creek flow (and any downstream 

migrating young) diverted into the ditch for most of the ice-free period, it was assumed 

that there were very few, if any, rainbow trout in the Missouri River or Canyon Ferry 

Reservoir that had originated from and were imprinted to Deep Creek. Fidelity to natal 

streams for spawning has been described often (Lindsey et al. 1959, Altukov 1994, 

Mitsuo and Epinos 1994), but straying to non-natal streams also occurs and may be a 

mechanism by which new or depopulated streams can be colonized (Quinn et al. 1991).

It was not known if spawning fish would respond to the newly created access into the 

creek. To evaluate responses of brown and rainbow trout to the creation of continuous, 

relatively unimpeded access into and out of the creek, the study tested the following 

hypotheses:

I . Creation of access into Deep Creek, by elimination of the barrier previously formed by 

the Montana Ditch, would result in attraction of adult brown and rainbow trout into the 

creek during their respective spawning migrations.

null hypothesis: Creation of access into Deep Creek would not result in attraction of 

adult brown and rainbow trout during their respective spawning migrations.
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2. Creation of a downstream migration corridor, by elimination of the barrier and of the 

diversion of creek flow into the Montana Ditch, would result in downstream outmigration 

from Deep Creek of juvenile brown and rainbow trout produced within the creek.

null hypothesis: Creation of a downstream migration corridor would not result in the 

downstream outmigration of juvenile brown and rainbow trout produced in the creek.

To test these hypotheses, the objectives of this study were: (I) To determine the 

upstream movement into Deep Creek of adult brown and rainbow trout during their 

respective spawning seasons, by monitoring an upstream trap at the weir; and (2) To 

determine the downstream movement of juveniles of both species by monitoring 

downstream traps at the weir. Hatchery-reared trout have been planted directly into 

Canyon Ferry Reservoir, and these fish would provide an additional evaluation of 

whether the siphon project would result in the attraction of spawning trout into Deep 

Creek. Because of their hatchery origin, trout would be entering a novel, non-natal 

stream to spawn. An additional intended objective, of determining numbers and 

locations of redds excavated in the creek above the weir, could not be pursued because 

high flows and water turbidities precluded visual determinations.

In conjunction with observations to fulfill these principal objectives, other 

observations would be made on relative numbers of wild and hatchery-origin trout 

entering Deep Creek to spawn, the age and size distribution among adults in the spawning 

run, the temporal pattern of movement and size distribution of young moving



downstream out of the creek, and distribution and abundance of trout in Deep Creek

7

within I km above the weir.
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METHODS

Trapping of Upstream Migrating Adults

Rainbow and brown trout migrating upstream into Deep Creek were captured with 

a box trap placed above one of four headboard slots at the concrete weir. The weir 

extended completely across the stream and, depending on flow volumes and numbers of 

headboards placed in each slot, produced a 50-80 cm drop to the stream surface below. 

Upstream migrants were prevented from jumping over the weir except at the trap entrance 

by a grate of 4-cm diameter PVC pipe which extended horizontally 125 cm from the weir. 

An opening in the grate at the trap entrance allowed trout to jump into a holding area 

from which they could pass through a funneled entrance into the main body of the trap.

Trout were removed from the trap daily, sedated with MS-222, then measured 

(total length) and weighed, and sex was determined. Scale samples were taken from fish 

(Jearld 1983) for age determination and the appearance of the dorsal fins was noted as a 

secondary indicator of hatchery origin. Trout were tagged with individually numbered 

floy tags to allow individual fish migration patterns to be determined and to identify fish 

that returned to spawn in Deep Creek in 1994. Fish were examined for fluorescent scale 

marks using an ultraviolet light box to determine wild or hatchery origin and hatchery 

strain. The fish were then placed in a screened holding pen until they regained 

equilibrium, then released upstream of the weir. Traps for upstream migrants were 

maintained at the weir from early September until mid November in 1992, March 31 to 

October 29 in 1993 and March 8 to November 5 in 1994. A chi-square test (p<0.05) was
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used to determine if hatchery or wild trout returned to spawn in 1994 in proportions 

significantly different than those tagged in 1993. The null hypothesis was that the 

proportion of previously tagged wild fish to previously tagged hatchery-origin fish, 

returning to spawn in Deep Creek, would be equal to the proportion of wild fish to 

hatchery fish tagged in 1993.

Large numbers of rainbow trout have been planted in Canyon Ferry Reservoir 

each year. Beginning in the 1980's these rainbow trout have been batch marked with 

fluorescent scale marks (Table I) according to strain, as part of a study by MFWP to 

evaluate the performance of different strains. Fin clips have been used to identify specific 

plants of these rainbow trout.

Table I. Rainbow trout stocked into Canyon Ferry Reservoir from 1986-1993, including 
total numbers stocked with strain-identifying fin clips and spray markings (MFWP, 
unpublished).___________________________________________________________

Year DeSmet 
Age- 0

DeSmet 
Age- I

Eagle Lake 
Age- 0

Eagle Lake 
Age-1

Arlee Age-O

1986 ' 62,000 1 1,035 ,6 3 9 2

1987 251,303 1 724 ,6 8 6 2

1988 135,513 rp 121,587 1 766,045 2

1989 130,000 1 852 , 1582

1990 223,665 rp 474,623 1

1991 442,237 2

1992 609 ,0 1 7 2 469,744 1 379,9461

1993 450,0002 950,000 1

1 Spray-marked with green fluorescent scale marking
2 Spray-marked with red fluorescent scale marking 
rp Right pelvic fins clipped prior to release



)

A student t-test was used to determine if there was a difference in mean lengths of 

fish marked with right-pelvic-fin clips between 1993 and 1994. Differences were 

considered significant at the p < 0.05 level.

Fish Aging

Wild rainbow trout were aged from their scales to determine age distribution 

among the adults entering Deep Creek. It was expected that many hatchery fish could be 

identified by their specific marks (Table I) and would thus be of known age (Jearld 

1983). Scale samples from wild trout were numbered and a random sample of 67 was 

selected from these using the EXCEL spreadsheet random number generator from 271 

possible samples. Cellulose acetate impressions of scale samples were examined at 48X 

and 72X magnification using a microfiche reader. The outer edge of each annulus was 

counted as a year. The outer edge of scales from fish captured during spring and early 

summer was counted as a year to account for the presumed beginning of the annual rapid 

growth period.

Estimates of years of stream residence, prior to emigration to the more productive 

reservoir, of migrating adult wild rainbow trout, were made by using the relative increase 

in spacing of circuli as the fish enter the reservoir or the Missouri River. Annuli 

associated with relatively densely spaced circuli nearest the scale focus were counted as 

years of stream residence (Figures 3, 4 and 5). Annuli associated with obviously wider
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Figure 3. Acetate scale impression from an age-2, Eagle 
Lake rainbow trout (hatchery strain) captured at the Deep 
Creek weir in 1993. The arrow indicates the first annulus. 
This fish was planted into Canyon Ferry Reservoir.
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Figure 4. Acetate scale impression from an age-3, wild rainbow trout captured at the 
Deep Creek weir in 1993. The arrow indicates the age-1 annulus. Circuli on the inside of 
the arrow represent tributary growth, while circuli on the outside of the arrow represent 
growth in Canyon Ferry Reservoir or the Missouri River.
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Figure 5. Acetate scale impression from an age-5, wild rainbow trout captured at the 
Deep Creek weir in 1993. Arrow A indicates the age-1 annulus. Arrow B represents the 
age-2 annulus. The ciruli outside arrow B represent growth in Canyon Ferry Reservoir or 
the Missouri River.



14

circuli spacing patterns were counted as years spent in the reservoir or Missouri River 

(Seelbach and Whelan 1988). Mean length differences between age groups were 

calculated using ANOVA performed with the EXCEL spreadsheet package. Differences 

were considered significant at the p < 0.05 level.

Comparisons of Migrations of Wild and Hatchery Trout into Deep Creek

Long term annual gill netting data (MFWP, unpublished) were used to compare 

percent composition of adult trout captured in Canyon Ferry Reservoir with those 

captured moving upstream into Deep Creek. Such comparisons would provide 

evaluation of whether wild trout originating from within the Canyon Ferry Reservoir 

drainage and hatchery trout planted into the reservoir would differ in their responses to 

creation of access into Deep Creek. A chi-square test was used to test the null hypothesis 

that the proportion of strains of rainbow trout captured at the Deep Creek weir was 

similar to the proportion of strains captured in the reservoir gill nets (p<0.05).

Comparisons were also made of relative numbers of wild and hatchery fish 

marked in 1993 and recaptured in 1994 at the weir as they migrated upstream. For 

statistical comparison (chi-square test), the null hypothesis being tested was that the 

proportions of wild and hatchery fish returning in 1994 would be similar to the 

proportions originally captured and marked in 1993.
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Temperature and Stream Flows

Stream temperature and discharge were monitored to determine the parameters 

associated with the entrance of trout into Deep Creek. Temperature was recorded 

approximately 15 m upstream from the weir in 1993 and approximately 5 m upstream 

from the weir in 1994 with a Taylor recording thermograph, which was calibrated with a 

hand-held thermometer. Mean daily temperatures were calculated by adding the daily 

minimum and maximum thermograph readings and dividing by 2. Weekly mean 

temperatures were calculated as the average of mean daily temperatures.

Stream discharge rates were estimated in m3/s (CMS) from water level 

measurements taken from a battery-powered recorder and from a staff gauge near the 

recorder. Both the staff gauge and water level recorder were located approximately 

150 m upstream from the weir. I estimated discharge by comparing the water-level 

measurements with stage-discharge relationships derived by MFWP (unpublished) for the 

staff gauge and water level recorder on Deep Creek in 1993 and 1994. MFWP calibrated 

stage-discharge relationships by estimating discharge at transect sites near the weir, 

following methods described by Orth (1983) and using electronic current meters to 

estimate current velocities across the transect sites (Ronald Spooni pers. comm.). Weekly 

mean discharge rate was estimated by summing the daily discharges and dividing by the 

number of days for which estimates were made during that week.
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Trapping of Downstream Migrating Juveniles

Drift nets of I mm nylon mesh (mouth opening of 58 X 63 cm) were hung below 

the weir, under the PVC grate. The PVC grate prevented both upstream passage of adult 

trout and entry into the nets by adults moving downstream. The nets sampled water that 

passed through 53-cm slots in the headboards and plunged 0.5 m to and through the PVC 

grate. The pyramid shaped, 2.4 m-long, nylon nets funneled into 10-cm diameter PVC 

pipes at their trailing ends. The PVC pipe extended approximately 20 cm into a 125 cm 

x 75 cm x 75 cm screened box covered on four sides with I mm mesh nylon netting. The 

top of the box was covered with a 13 mm plywood lid and the end of the screened box 

that accepted the PVC pipe was covered by 13 mm plywood. This plywood end 

effectively provided velocity refuge for fish captured in the nets. One to three drift nets 

were deployed across the weir depending on flows and debris movement. In 1994 a 3.5 

m long wooden flume was installed in one of the weir slots providing a stronger structure 

to achieve a better subsample of fish during higher than expected flows. The flume 

emptied into a 1.25 m 3 screened holding pen lined with I mm nylon mesh.

Trout were removed from the out-migrant nets at least daily, measured, examined 

for fin clips and released downstream of the weir. The 27,000 brown trout fingerlings 

stocked into Deep Creek each September of 1992, 1993, and 1994 were marked before 

release with fin clips. Due to high stream flows during the 1993 and 1994 seasons, traps 

regularly were damaged or became dislodged, making estimates of total outmigration and 

relative timing of outmigration of <300 mm trout unreliable. Fry traps were operated
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from Early April to the end of October in 1993 and from the end of March to August 30 

in 1994.

In addition to juveniles, a few downstream-migrating adults were also sampled. A 

subsample of adults was allowed to enter drift nets set to capture juvenile out-migrating 

trout by removing the PVC grate material above the juvenile traps. A subsample of 

outmigrating adults was also made when they entered a wooden flume that was placed in 

one of the four weir slots. Otherwise, adult fish were prevented by the PVC grate from 

entering downstream drift nets. They passed over the weir via flow over the headboards.

Distribution and Abundance of Trout in Deep Creek

To determine if age-0 trout reared within Deep Creek were moving downstream 

out of the creek, as was indicated by fish captured at the weir, electrofishing mark- 

recapture surveys were conducted between the weir and the Highway 87 bridge 

approximately I km upstream. A Coffelt backpack unit powered by a gasoline engine 

was used for the surveys. In 1993, the marking run was conducted on September 19 and 

the recapture run, 2 d later on October 18. In 1994, the marking run was on October 12 

and the recapture run, 6 d later on October 18. Fish captured on the first run were 

marked with an upper caudal fin clip, and total length was recorded for all trout captured. 

Although the surveys during the 2 d of each year were intended to be replicate mark- 

recapture population estimates, intermittent equipment malfunctions in 1994 allowed only 

one-third of the 1993 section to be re-sampled. Population estimates and confidence

/
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limits for 1994 were multiplied by 3 for comparisons between years. The modified 

Peterson method was used to derive population estimates (Everhart and Youngs 1981). 

Data obtained from these samples were also used to determine length-frequency 

distributions and percent composition of juvenile trout present in the stream.

Comparisons of length-distributions of trout <300 mm, between fish captured at the weir, 

and fish captured during electrofishing population estimates above the weir, were 

performed using ANOVA. Differences were considered significant at the p < 0.05,

confidence level.



19

RESULTS

Upstream Movement of Adult Rainbow Trout

In 1993, the first spring of access into Deep Creek, 719 adult rainbow trout 

migrating upstream were captured at the weir. This was an underestimate of the total run 

because trap efficiency dropped dramatically in the third week in May due to high water 

(Figures 6 and I). The high water allowed fish to swim over and around the trap and to 

jump over the PVC grate. Rainbow trout were observed jumping over the weir grates 

during this high water period.

Apparent peak upstream migration for all strains occurred in the 4th week of April 

in 1993 when the mean weekly temperatures reached approximately 8 C and flow in the 

creek was about 0.9 CMS. This assumes that peak migration did not occur after trap 

efficiencies dropped in the third week of May (Figure I).

In 1993, 372 wild rainbow trout (with no evidence of dorsal fin erosion and no 

detectable fluorescent scale marks) were captured migrating into Deep Creek. These 

wild rainbow trout constituted 51.2% of the total 1993 sample. Approximately 21% 

(N=85) of these wild adults were male.

The other 48.8% of adult rainbow trout captured moving upstream in 1993 were, 

or appeared to be, of hatchery origin. Green fluorescent marks were observed on 81 

rainbow trout, indicating they were Eagle Lake (EL) strain hatchery rainbow trout. These 

accounted for 11.1% of the total rainbow trout captured and 23% of the total hatchery
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Figure 6. Weekly totals for adult rainbow trout captured at the Deep Creek upstream migrant trap in 1993 (N=727) .
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origin rainbow trout. Red fluorescent marks were observed on 193, indicating they were 

DeSmet (DS) strain hatchery rainbow trout. These fish accounted for 26.5% of the total 

rainbow trout captured in 1993 and 54% of the total hatchery origin fish. An additional 

81 fish had no detectable fluorescent markings but showed evidence of hatchery-caused 

dorsal fin erosion. These fish accounted for 11.1% of the total fish paptured and 23% of 

the total hatchery fish captured.

We captured 1,959 individual adult rainbow trout during spring 1994. Although 

some trout were still able to avoid the trap during high water in 1994, modifications in 

trap design substantially increased efficiency. The trap’s holding area was increased, and 

adjustable supports were added to the trap to allow it to be raised and lowered with 

changing flow conditions. Downstream migrating adults were captured in downstream 

fry traps or in the downstream flume. This sample revealed that at least 56 of 85 

outmigrants captured either were tagged or had a scar behind their dorsal fin, giving 

evidence that a floy tag had been inserted earlier, indicating that roughly 66% of the 

upstream migrants were captured and tagged. Data from this sample show that time spent 

in the creek, above the weir, by individual fish varies widely from O to 51 d. The mean 

stay in the creek, above the weir, was 16 d (SD 14.97, N=37).

Peak upstream migration of all strains of rainbow trout occurred in the fourth 

week of April in 1994 (Figure 8) when the weekly mean of daily mean thermograph 

readings reached 9 C and flow was about 2.0 CMS (Figure 9). In 1994, daily 

thermograph readings varied from hand held thermometer readings at the weir by as much
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Figure 8. Weekly total number of adult rainbow trout captured at the Deep Creek upstream migrant trap in 1994 
(N=2026).
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I  as 2 C This appeared related to frequent burial of the thermograph probe in sediments.

This problem was not encountered in 1993.

Among the adult rainbow trout captured moving upstream in 1994, 404 (24%) 

appeared to be wild fish, 384 (22.8%) had fluorescent marks of the EL strain, 506 (30%) 

had fluorescent marks of the DS strain, and 392 (23.3%) appeared to have dorsal fin 

erosion of hatchery-origin fish but had no detectable fluorescent marks.

Therefore, in both 1993 and 1994, large percentages of the adult rainbow trout 

captured moving upstream into Deep Creek during the spawning season originated from 

hatchery plants and were entering a stream novel to their origin (the hatchery). These 

included at least 48.2% of the 719 captured in 1993, and over 76% of the more than 1,950 

adult rainbow trout moving upstream in 1994.

Timing of Migrations Among Rainbow Trout Strains

Temporal patterns of adult rainbow trout migrations into Deep Creek differed 

between strains in both 1993 and 1994. In 1993, wild rainbow trout began arriving in 

weekly totals exceeding 25 by the first week in April. Peak upstream migration for wild 

adults occurred during the fourth week in April with a median date of April 18,2 weeks 

prior to the peak of hatchery strain adults (Figure 10). Hatchery strain rainbow trout 

appeared to be peaking during the second week in May when high water severely reduced 

the efficiency of the migrant trap. During the same week, the total of wild migrants had 

dropped to less than 30 trout. Eagle Lake rainbow trout appeared to peak a week earlier,



Nu
mb

er
 o

f T
ro

ut

Weeks

IEagle Lake IHDeSmet OWild

Figure 10. Weekly total number of adult wild, Eagle Lake (EL), and DeSmet (DS) rainbow trout 
captured at the Deep Creek weir in 1993 (N=646). Arrows indicate median upstream capture date.
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with a median capture date of April 26, than DeSmet rainbow trout, having a median 

capture date of April 29.

There was a similar pattern in 1994 (Figure 11). Wild adult rainbow trout began 

arriving in weekly totals exceeding 25 during the third week in March and had a median 

capture date of April 11. A weekly total greater than 25 was not reached by hatchery 

origin rainbow trout until the second week in April. Peak upstream migration for wild 

rainbow trout occurred in the third week in April and numbers began declining when 

' migration of hatchery origin trout peaked in the fourth week in April. Weekly totals of 

wild adults were about 10% that of hatchery origin fish in the first week in May. Timing 

of migration appeared similar between the two hatchery strains, with numbers of both 

strains fluctuating in parallel. However, as in 1993, declines in numbers of Eagle Lake 

rainbow trout started about a week earlier in May (median capture date of April 20) than 

DeSmet rainbow trout (median capture date of May I).
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Figure 11. Weekly total number of adult wild, Eagle Lake and DeSmet rainbow trout captured at the Deep 
Creek upstream migration trap in 1994 (N= 1294). Arrows indicate median upstream capture dates for wild, 
Eagle Lake (EL) and DeSmet (DS) strain rainbow trout.



29

Repeat Upstream Migrating Adult Rainbow Trout

In 1994, 113 of the 1,959 adult rainbow trout captured moving upstream into 

Deep Creek had been captured and Roy tagged at the weir in 1993. Approximately 42 % 

of returning tagged trout were wild. The male:female ratio for wild fish returning to Deep 

Creek was approximately 1:4, which was similar to the sex ratio observed in the initial 

migration in 1993. The timing among strains of the returning trout showed a similar 

pattern to that of the 1994 adults overall, with wild adults entering the channel earlier and 

peaking a week prior to the hatchery fish (Figure 12). Of the adult rainbow trout captured 

and tagged in Deep Creek in 1993, nearly 13% of the wild adults and approximately 

18.3% of the hatchery adults were recaptured in 1994.

Proportions of return spawners were not found to be significantly different than 

the proportions tagged in 1993. Using a chi-square test, I could not reject the null 

hypothesis that return spawners tagged in 1993 were recaptured at the weir in 1994 in the 

same proportions as they were tagged in 1993 (p<0.05).

Table 2. Proportions of tagged wild and hatchery strains of rainbow trout captured at 
the Deep Creek weir in 1994 (N= 113) compared to the proportion of rainbow trout 
tagged in 1993 (expected proportion, chi-square test)._________________________

Tagged in 1993
Captured (observed) 
returning in 1994 Expected X2 P

Wild 3 7 2 (51 .2 % ) 48  (42% ) 57.8 1.68 ~0.2

Hatchery 3 5 5 (48 .8% ) 6 5 (58% ) 55.1 1.77 -0.18
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Figure 12. Length-frequency distribution of adult rainbow trout captured at the Deep Creek upstream migrant 
trap in 1993 by sex(N=733). The modal group centered at 35 cm was likely from a 1992 plant of age-1 DeSmet or 
Eagle Lake rainbow trout into Canyon Ferry Reservoir.
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Lengths, Ages and Sex Ratios of Adult Rainbow Trout

1993 Adults

The 733 adult rainbow trout captured moving upstream at the weir in 1993 had a 

bimodal length-frequency distribution centered at 36 cm and 51 cm (Figure 12). The 

36 cm modal group consisted mainly of male DeSmet and Eagle Lake rainbow trout. In 

1992, 609,000 age-1 DeSmet rainbow trout and 379,946 Eagle Lake rainbow trout, reared 

in the hatchery over the preceding winter, were planted into Canyon Ferry Reservoir 

(Table I). These fish were recognizable by red (DeSmet) and green (Eagle Lake) 

fluorescent markings, and age-2 males from this plant made up most of the size class 

centered at 36 cm in 1993 (Figure 13).

The 51 cm modal group of rainbow trout captured at the weir in 1993 was made 

up of wild and hatchery fish of different ages and contained a predominance of females 

(Figures 12 and 13). Among the total of 479 adults ranging from 45 to 55 cm in length, 

344 (72%) were females and 135 (28%) were males; 315 (66%) were wild fish and 158 

(33%) were of hatchery origin. Aging via scales from 67 wild fish indicated the presence 

of four age classes of wild rainbow trout (Figure 14). Among these 67 wild fish, selected 

randomly for aging (out of 271 possible samples), four (6.0%) were age 3, 45 (67.2%) 

were age 4, 15 (22.4%) were age 5, and 2 (3%) were age 6. Mean lengths of 40 cm at 

annulus III, 49 cm at annulus IV, 51 cm at annulus V and 55 cm at annulus VI were 

significantly different between age groups (ANOVA, p< 0.05) except between ages V and

V I.
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Figure 13. Length-frequency distribution of spawning rainbow trout captured at the Deep Creek
upstream migrant trap in 1993 (N=617) by sexand origin.
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Figure 14. Mean lengths at annuli (horizontal lines) and length ranges (vertical lines) at annuli of adult
wild rainbow trout captured at the Deep Creek upstream migrant trap in 1993 (N=67).
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Included among the hatchery fish captured at the weir in 1993 were 34 larger 

DeSmet rainbow trout with right pelvic fin clips. The fin clips identified DeSmet 

rainbow trout that had been among 136,000 age-0 fish planted in the reservoir in 1988 

(age 5 in 1993), or 223,665 age-1 fish planted in 1990 (age 4 in 1993). These fin-clipped, 

age-4 and age-5 DeSmet rainbow trout had a length-frequency distribution strongly 

centered around 51 cm (Figure 15).

Among the 67 wild rainbow trout aged via scales, obvious increases in spacing of 

circuli (Figures 3, 4, and 5) suggested the time when they left a smaller tributary and 

began inhabiting Canyon Ferry Reservoir or the Missouri River. The scale growth pattern 

indicates that three fish (4.5%) left their natal creek as age 3; 35 (52.2%) at age 2; 28 

(41.8%) at age I and I (1.5%) at age 0.

1994 Adults

The length-frequency distribution for the 1,975 adult rainbow trout captured 

moving upstream at the weir in 1994 had a unimodal pattern (peak of about 46 cm) 

compared to the bimodal pattern observed in 1993 adults (Figure 16). The unimodal 

pattern results from the absence of the smaller modal group that was present in 1993.

The smaller modal group may have been absent because, unlike in 1993, there had not 

been a planting of age-1 hatchery fish in the reservoir the preceding year. Sex ratios for 

the 1994 adults were 55% female and 45% male for all rainbow trout, 66% female and 

34% male for wild trout, and 50% female and 50% male for hatchery rainbow trout. Of 

the 1,975 rainbow trout captured at the weir, 404 (23.9%) were wild, 506 (30.0%) were
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Figure 15. Length-frequency distribution of DeSmet rainbow trout, identified by right pelvic fin clips,
at the Deep Creek upstream migrant trap in 1993 (N=34).
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Figure 16. Length-frequency distribution for adult rainbow trout captured at the Deep Creek upstream migrant
trap in 1994 by sex (N=1952).
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; DeSmet, 384 (23.2%) were Eagle Lake and 392 (23.8%) had eroded dorsal fins indicating

likely hatchery origin, but had no detectable fluorescent markings.

In 1994, 40 larger DeSmet rainbow trout with right pelvic fin clips were caught 

moving upstream at the weir. The length distribution of these DeSmet rainbow trout in 

1994 (Figure 17) was similar to those fish captured in 1993, with the mean length of 49.2 

cm in 1994 not significantly different from the mean length of 49.5 cm in 1993 

(t-test, p=0.54). These fish were planted either in 1988 as age-0 or in 1990 as age-1 fish. 

This would make them age-6 or age-5 fish respectively in 1994.

Upstream Movement of Adult Brown Trout 

To determine the use of Deep Creek as a spawning tributary by brown trout, the 

upstream migration trap was operated from early September through mid-November in 

1992 and 1994, and to the end of October in 1993. Total numbers of brown trout adults 

caught in these years during this period were only 5, 4, and 7, respectively. In each of 

these years, the trap was removed when ice started to form on the creek and it is possible 

that spawning migrations may have continued after trap removal. Additionally, 10 to 20 

redds had been constructed between the weir and the Missouri River each year, during the 

same period the trap was operating. Assuming a major upstream spawning migration did 

not occur after trap removal in mid-November, it appears that the response of brown trout 

during the spawning season to the newly created access to Deep Creek was far more 

modest than that of rainbow trout. This may be due to the relatively low numbers of 

brown trout present in the river-reservoir system. A total of 36 adult brown trout were
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Figure 17. Length-frequency distribution of DeSmet rainbow trout, identified by right pelvic clips, captured at
the Deep Creek upstream migrant trap in 1994 (N=38).
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captured at the weir in 1994. Most of these entered the stream from June through August, 

before the expected spawning season (Figure 18) when the trap was still being operated to 

determine the upstream movement of rainbow trout. These fish may have been in the 

channel seeking thermal refuge, feeding, or staging for spawning.

Comparison of Adult Trout Captured in Deep Creek and the Reservoir

In both 1993 and 1994, wild rainbow trout entered Deep Creek in far greater 

proportion to their relative abundance in the reservoir than did hatchery fish (Figures 19 

and 20, Table 3). Relative abundance in the reservoir was estimated from unpublished 

gill-netting data from MFWP (Table 4). In 1993, wild rainbow trout accounted for 51.2% 

of the adult rainbow trout captured in upstream migrant traps at the Deep Creek weir, but 

less than 1.3 % of the trout captured in gill nets set in the fall of 1993 in Canyon Ferry 

Reservoir. Similarly, in 1994, wild rainbow trout made up 24% of the fish captured 

migrating upstream into Deep Creek while accounting for 4.3% of the rainbow trout 

captured in gill nets in the reservoir.

39
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Figure 18. Weekly total number of adult brown trout captured at the Deep Creek upstream migrant trap 
1994 (N=36).
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Figure 19. Relative proportions of rainbow trout strains captured in gill nets set in the fall 1993 in Canyon 
Ferry Reservoir and captured at the Deep Creek upstream migrant trap in 1993. Qll netting data are from 
unpublished data from Montana Fish, Wildlife and Parks.
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Figure 20. Relative proportions of rainbow trout strains captured in gill nets set in fall 1994 in Canyon 
Ferry Reservoir (MFWP, unpublished) and rainbow trout strains captured at the Deep Creek upstream 
migrant trap in 1994.
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Table 3. Comparisons of strains of rainbow trout captured in gill nets set (MFWP) in 
the fall of 1993 and 1994 in Canyon Ferry Reservoir (expected proportion) with those 
captured at the Deep Creek weir in the springs of 1993 and 1994 (chi-square test).

Strain Expected Observed X2 P
1993

Wild 8 372 16,562 <0.0001

Hatchery 718 355 183 <0.0001

DeSmet 224 193 4.29 =0.03

Eagle Lake 414 81 267.85 <0.0001

1994

Wild 56 404 2162.57 <0.0001

Hatchery 1611 1282 67.19 <0.001

DeSmet 710 506 58.61 <0.001

Eagle Lake 529 384 39.74 <0.001

Brown trout made up approximately 1.5% of adult trout captured at the' weir in 

1994. In the same year they made up 21.6% of the trout captured by sinking gill nets set 

in August (MFWP 1995 [unpublished]), 1.46% of the trout captured in floating gill nets 

set in the spring, and 1.49% of trout captured in floating gill nets set during the fall 

(Table 2). The capture of brown trout is consistently much higher in sinking gill nets in 

Canyon Ferry Reservoir, than in floating gill nets (Dave Yerk, pers. com.). Prior to 1994, 

sinking gill nets had not been set in Canyon Ferry Reservoir since 1984, so long term 

trends cannot be determined. The average percentage of brown trout among total trout 

captured by floating gill nets in Canyon Ferry Reservoir, from 1991 through 1995, is 

3.08% in spring samples and 1.74% in fall samples (Table 4).



Table 4. Total trout catches in floating gill nets for fall and spring sets in Canyon Ferry 
Reservoir for 1991-1995 (MFWP 1995 [unpublished])._____________________

Spring Fall

Year Rainbow
Trout

Brown
Trout

Relative 
composition of 
brown trout to 
total trout

Rainbow
Trout

Brown
Trout

Relative 
composition 
of brown 
trout to total 
trout

1991 45' I .0217 121 5 .0397

1992 81 8 .0899 328 3 .0091

1993 247 5 .0198 404 6 .0146

1994 203 3 .0146 415 9 .0211

1995 179 7 .0376 198 3 .0149

Total 755 24 .0308 1466 26 .0174

Out-Migration and Residence of Juvenile Trout (<300 mm) from Deep Creek 

Rainbow Trout

A total of 386 juvenile rainbow trout <300 mm were captured in 1993 and 1994 in 

fry traps as they moved downstream through the weir in Deep Creek; 153 in 1993 and 

233 in 1994. Movement past the weir of juvenile rainbow trout occurred in every 

trapping month of both years (Figures 21 and 22). Length-frequency distributions of the 

rainbow trout indicate that several age classes are likely represented in the out-migrant 

samples (Figure 23). Length-frequency distributions indicate that juvenile rainbow trout 

up to about 90 mm were age-0; age-1 fish ranged from about 95 to 170 mm; and age-2 

fish from about 175 to 225 mm.



Nu
m

be
r o

f t
ro

ut

July I  August September !October
Weeks

^RainbowTrout SWiId Brown Trout

Figure 21. Weekly total number of juvenile (<300 mm) wild trout captured moving downstream at 
the Deep Creekweir in 1993.
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Figure 22. Weekly total number of juvenile (<300 mm) wild trout captured moving downstream at 
the Deep Creek weir in 1994.
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Figure 23. Length-frequency distribution of juvenile rainbow trout (<300 mm) captured in downstream traps at the
Deep Creek weir from March to November 1993, and March through August 1994 (N=388).
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Of the rainbow trout <300 mm in total length captured moving downstream at the 

weir, more than 60% from both years combined appeared to be age-1 fish >90 mm in 

length. Only 10.1% of the rainbow trout migrated at <48 mm, indicating that the 

juveniles tend to remain within the creek for at least a portion of their first summer. 

Rainbow trout fry are about 20 mm or slightly larger when they first start swimming 

(Northcote 1962), and in Montana average about 76 mm at age I (Brown 1971). In Dry 

Creek, a tributary to the Missouri .River located about 6 km from Deep Creek, age-0 

rainbow trout known to have originated from within the creek averaged about 90 mm in 

length in September (personal observation). Only about 22% of the juvenile rainbow trout 

captured moving downstream at the weir in Deep Creek were age-0 fish <90 mm in 

length. I am assuming that juvenile rainbow trout <300 mm in length that were captured 

moving downstream at the weir originated as wild fish from within the creek, rather than 

as fish that had previously migrated upstream. This is supported strongly by the virtual 

absence of rainbow trout <300 mm among fish captured moving upstream.
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Table 5. Length-frequency distribution, by length grouping, of rainbow trout captured 
in downstream traps at the Deep Creek weir in 1993 and 1994.___________________

Length 1993 1994 Combined
mm No. % No. % No. %

0-90 37 24.2 49 21 86 22.2

91-170 81 52.9 160 68.7 241 62.1

171-275 35 22.9 24 10.3 61 15.7

The percent composition of the age-1 length class rainbow trout captured 

migrating downstream increased from 52.9 % in 1993 to 68.7% in 1994 (Table 5). This 

increase, however, appears disproportionately small considering the large increase in 

number of adult rainbow trout migrating into Deep Creek in 1993 (733) compared to 

1994 (1,975). Juvenile rainbow trout captured in Deep Creek above the weir showed a 

different length-frequency distribution from those captured moving downstream. The 

greatest number of individuals sampled upstream from the weir were in the age-0 length 

class (Table 6), again indicating their continued residence in the stream.

Table 6. Length-frequency distribution, by length grouping of rainbow trout captured 
by electrofishing from the weir in Deep Creek to about I km upstream in 1993 and 
1994.

Length 1993 1994 Combined
mm No. % No. % No. %

0-90 51 48.6 25 49,0 76 48.4

91-170 19 18.1 22 43.1 41 26.1

171-275 35 33.3 4 7.8 40 25.5
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In contrast to the predominance of age-1 fish captured moving downstream at the 

weir, age-0 was the most common size-class among fish sampled by electrofishing above 

the weir (Table 6, Figure 24) September 19-21 1993 and October 12-19 1994. Age-O 

rainbow trout made up nearly half of the fish above the weir, with the remaining half 

represented by similar numbers of age-1 fish and age-2 and older fish. Length-frequency 

distributions of age-0 rainbow trout peaked at about 85 mm. This continued presence of 

age-0 fish in early fall, at sizes considerably greater than that of newly swimming fry, 

indicates these fish are continuing to reside in the creek for at least a portion of their first 

year. Fall electrofishing surveys above the weir in both sampling years did not show a 

large increase in numbers or percent composition of age-0 rainbow trout between years, 

even though there was a large increase in the number of adult rainbow trout migrating 

into Deep Creek in 1994 (Table 6 and I).

Table 7. Mark-recapture population estimates per kilometer for juvenile rainbow trout, 
from the Deep Creek weir to I km upstream in 1993 and from the weir to 1/3 km 
upstream in 1994, by length class (95% confidence) and the number of fish captured 
for each pass.__________________________________________________________

Length
mm

1993
(I km stream length sampled) 
M C R  Est./km

1994
(1/3 km stream length sampled) 

M C R  Est/km

0-275 69 63 18 235 + 76 21 25 7 213 + 108

0-90 27 24 6 99 ±52 10 13 3 114 + 78

91-170 11 8 4 22 + 18 7 8 I 105 + 96

171-275 24 11 7 38 2 4 3 9+12
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Figure 24. Length-frequency distribution of juvenile rainbow trout (<300 mm) captured during mark-recapture
population estimates in Deep Creek above the weir in September and October of 1993 and 1994 (N=157).
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Brown Trout

A total of 283 juvenile wild brown trout (identified by the absence of fin clips) 

were captured in fry traps as they moved downstream past the weir; 215 in 1993 and 67 in 

1994. The length-frequency distribution of these emigrating juveniles is distinctly 

bimodal, centered at 85 cm and 175 cm (Figure 25). This suggests that the majority of 

wild brown trout are migrating from the creek as age-0 (0-120 mm) and age I fish (121- 

220 mm). The age-0 length-class made up 44.2% of the total wild brown trout 

fingerlings caught in fry traps in 1993 and 1994 in Deep Creek. Age-1 wild brown trout 

made up 55.8% of the total number of <300 mm wild brown trout captured moving 

downstream at the weir.

The length-frequency distributions of wild brown trout captured in mark-recapture 

efforts above the weir in 1993 and 1994 indicate a similar bimodal distribution pattern 

centered in approximately the same ranges as those trapped at the weir, but with 

relatively fewer fish in the larger size class (Figure 26).

Fall mark-recapture estimates appear to indicate an increase in juvenile, wild 

brown trout between 1993 and 1994 (Table 8).

Table 8. Estimated number of wild, juvenile brown trout (<300 mm) per kilometer in 
Deep Creek from the Deep Creek weir to I km upstream in 1993 and 1994.________

Estimated number/km (standard deviation) M C R

1993 207 (34) 59 58 16

1994 1134' (303) 53 42 5
Approximately 1/3 of the 1993 mark-recapture sample section was sampled in 1994. 

This figure is an estimate for the section completed in 1994 multiplied by 3.
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Figure 25. Length-frequency distribution of juvenile wild brown trout (<300 mm) captured in downstream traps
at the Deep Creek weir in 1993 and 1994 (N=283).
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Figure 26. Length-frequency distribution of wild brown trout captured in mark-recapture electro fishing
population estimates in Deep Creek above the Deep Creek weir in September and October of 1993 and 1994
(N=230).
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We captured 701 hatchery brown trout moving downstream in 1993 and 1994. 

The length-frequency distribution of hatchery brown trout was quite different than that of 

the wild fish. In contrast to wild fish, there were very few age-1 hatchery brown trout 

captured at the weir (Figure 27). The hatchery fish showed a strong tendency to move 

from the creek as age-0 fish, within a few weeks of being released into the creek. 

However, this downstream movement did not appear to be strictly a result of passive 

downstream drift of released hatchery fish because, after their release in September 1993, 

we continued to capture hatchery fish well into October.

The early downstream movement of juvenile hatchery brown trout was also 

suggested by the size of fish captured by electrofishing upstream from the weir. Virtually 

all juvenile hatchery brown trout captured by electrofishing above the weir in 1993 and 

1994 were of the age-0 length class, even though large plants of fingerling brown trout 

had been made in the preceding years of 1992 and 1993 (Figure 28). Thus, the hatchery 

brown trout either moved out of the stream or died before reaching age-1.

The mean length of wild brown trout captured in the creek above the weir was 

significantly greater (120 mm) than the mean length of hatchery fish captured (103 mm) 

(PcO.OOOl). The difference between mean lengths was even greater for fish migrating 

down past the weir, with wild fish having a mean length of 135 mm and hatchery fish a 

mean length of 94 mm (PcO.OOOl). These differences were mostly attributable to the 

presence of much greater proportions of age-1 wild fish compared to hatchery fish 

trapped at the weir (Figure 27) and captured in the stream by electrofishing (Figures 26

and 28).
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Figure 27. Length-frequency distribution ofjuvenile (<300 mm) wild and hatchery brown trout captured in 
downstream traps at the Deep Creek weir in 1993 and 1994 (N= 1003).
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Figure 28. Length-frequency distribution ofjuvenile hatchery brown trout (<300 mm) captured during
electro fishing surveys above the Deep Creek weir in September and October 1993 and 1994 (N=522).
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DISCUSSION

Adult Rainbow Trout

Results of this study clearly indicate that it was not necessary to imprint fish to 

Deep Creek to produce a substantial spawning run of rainbow trout into the creek. Large 

numbers of both wild and hatchery trout were attracted to the stream during the first two 

spawning seasons (in 1993 and 1994) after access was created. Those individuals from 

hatchery strains, Eagle Lake and DeSmet rainbow trout, were certainly entering a stream 

that was novel to their origins and to their earlier rearing environment in a hatchery .

Such responses by the hatchery trout suggest that, at least in this system, creation of new 

spawning streams or access into streams can elicit rapid responses by adult rainbow trout 

and enhance their spawning opportunities.

There are various explanations for the attraction of large numbers of spawning 

rainbow trout into Deep Creek. For those apparently wild fish, as indicated by the 

absence of fluorescent pigment marks and by the lack of hatchery-associated fin erosion, 

it is possible that some are returning to their natal stream. Return of spawning rainbow 

trout to natal streams is well documented and, as with Pacific salmon, appears to be based 

on homing via recognition of imprinted odor (Taft and Shapovalov 1938, Wagner 1969, 

Scholtz et al. 1978). Young rainbow trout could have been produced in the past by wild 

fish residing within the creek, or by spawners that entered the creek in early spring prior
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to seasonal initiation of complete diversion of the creek into the irrigation canal. If young 

from such fish moved downstream during their first summer, then they would have been 

lost into the Montana Ditch. However, results of my fry-trapping at the weir did not 

indicate a massive movement of age-0 rainbow trout during their first summer. The traps 

could not be operated during the winter, because of ice, and it is possible that some age-0 

fish migrate downstream sometime during late fall, winter or early spring. Age-O fish 

migrating during this non-irrigation period could have reached the Missouri River when 

water did flow past the diversion even before construction of the siphon. Also, I captured 

many young rainbow trout migrating downstream as age-1 or even older fish. Such fish 

also could have moved down in the past before or after the irrigation season, when Deep 

Creek water did flow past the diversion to the river. It is possible that past diversion of 

Deep Creek into the Montana Ditch during the irrigation season may have selected for 

behavioral patterns of downstream migration during the non-irrigation season, either by 

age-0 or older fish.

Another possibility is that either wild or hatchery-reared rainbow trout were 

attracted into Deep Creek by the odor of other rainbow trout, especially the odor of 

spawning fish. There is evidence for such attraction of conspecifics (Kara et al. 1984, 

Northcote 1984). Such attraction could have contributed to the large number of 

hatchery-originated rainbow trout that entered Deep Creek, which was entirely novel to 

their early life history. Although the Missouri River also contains both resident rainbow 

trout and migrants from Canyon Ferry Reservoir, perhaps the smaller water volume of 

Deep Creek produces a stronger concentration of odors from the fish present.
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For hatchery-reared rainbow trout, all of which were released directly into Canyon 

Ferry Reservoir, and perhaps for wild fish, attraction into Deep Creek could have resulted 

from straying. For the hatchery-reared rainbow trout, there would be an absence of 

“home stream” water to provide orientation cues to natal waters, and they could simply 

have been orienting to any of the various streams or stream odors that they encountered. 

Any stream they thus entered would represent straying, since that stream would not 

represent water to which they had become imprinted as young fish. With wild rainbow 

trout, some straying could also have been occurring. Straying into Deep Creek may have 

been increased by relatively high volumes of stream water which flowed into the 

Missouri River during spring and early summer in both years. This flow, or unknown 

factors associated with it, could have provided an attraction which diverted fish moving 

up the Missouri River past the confluence.

Straying of spawning fish is known to occur with all salmonids studied, at least at 

low frequencies, and it has been proposed that such behavior may be advantageous to a 

species (Quinn et al. 1991). Straying could serve to repopulate streams which have 

suffered local extirpation of a species, or to colonize new streams, or to prevent the return 

of an entire population of fish to natal streams with high annual variations in flow and 

juvenile survival, or which had experienced severe habitat degradation. Quinn et al. 

(1991) concluded that high straying rates in 1980 of Cowlitz River (Washington) chinook 

salmon was probably related to avoidance of ash from the Mount St. Helens eruption 

which occurred that year. Leider (1989, cited by Quinn et al. 1991) similarly concluded 

that anadromous rainbow trout from Cowlitz and Tootle Rivers, both of which were
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heavily impacted from ash flows from the eruption, experienced increased rates of 

straying. Milner and Baily (1989) found that streams recently uncovered by melting 

glaciers in Glacier Bay, Alaska offered favorable habitat to Pacific salmon and Dolly 

Varden char (Salvelinus malma). One of these, Nunatak Creek, became occupied by 

Dolly Varden char and used for spawning by Sockeye salmon (Oncorhychus nerka), pink 

salmon (0. gorbuscha), and chum salmon (0. keta) within 15 years of being deglaciated. 

Such rapid colonizations of newly deglaciated streams by species of anadromous Pacific 

salmon were apparently pioneered by straying adults. This appears to be an analogous 

situation to the straying of adfluvial spawning trout into Deep Creek after access was 

created.

Although the creation of access into Deep Creek clearly resulted in the attraction 

of large numbers of hatchery-origin rainbow trout into novel waters for spawning, the 

effects on wild rainbow trout are more difficult to assess. Because Deep Creek did 

annually flow through a gate in the former, pre-siphon diversion, until approximately late 

April, it is possible that the adult wild rainbow trout captured moving upstream at the 

weir were fish that had originated within Deep Creek. The larger fish may have even 

spawned in the creek, during April of prior years. If any spawning by adfluvial rainbow 

trout was occurring before construction of the siphon, and if resulting young were 

migrating out of the creek soon after becoming free swimming, then they would have 

been diverted into the Montana Ditch and lost into irrigated fields. However, the results 

of this study indicate that many young rainbow trout remain in the creek through their 

first year, and such stream-resident juveniles could have migrated to the Missouri River
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and the reservoir in past years, before or after the irrigation season. Such fish could then 

return as adults homing to their natal stream in subsequent years. Thus, without data 

from earlier, pre-siphon years on the numbers of adult rainbow trout migrating into Deep 

Creek or the numbers of young fish migrating out of or remaining in the creek, it is not 

possible to make conclusions about the effects of the siphon on wild rainbow trout 

residing in the Missouri River or Canyon Ferry Reservoir.

Continued monitoring of the spawning runs into Deep Creek are needed to assess 

the extent to which wild rainbow trout are benefiting from the project. It is possible and 

indeed likely that the easier and longer period of access for adults into the stream, the 

free access downstream for the young, and the cessation of their diversion into the 

Montana Ditch, will benefit rainbow trout and increase both the numbers and the 

proportion of adult wild fish migrating into the creek in future spawning runs.

Although adult trout entering Deep Creek could represent residents of both the 

Missouri River and Canyon Ferry Reservoir, we are assuming that most of these fish 

ascended from the reservoir and are thus referring to them as reservoir fish. The large 

sizes and apparent high condition factor of the upstream migrants were characteristic of 

fish from a large, biologically productive reservoir. The mouth of the creek is only a 

short distance, 8 km from the reservoir.

Comparison of proportions of wild, Eagle Lake, and DeSmet rainbow trout 

captured in Deep Creek vs. those caught by gill nets in Canyon Ferry Reservoir indicates 

that the wild fish moved into Deep Creek in numbers disproportionately higher than their 

relative abundance in the reservoir. There are various possible reasons. Since Eagle Lake
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and DeSmet fish were planted into waters unrelated to their origins or rearing 

environment, they may have difficulties trying to locate suitable spawning areas and may 

disperse among streams that they happen to encounter. Large numbers of adult rainbow 

trout are observed ascending many tributaries of Canyon Ferry Reservoir during the 

spawning season, even though few of these tributaries provide quality spawning habitats 

or remain watered through the incubation period (personal observation, 1994). Such 

dispersal among different tributaries would reduce the numbers of adult hatchery-origin 

fish that would ascend the Missouri River and become attracted into Deep Creek. Also, it 

may be that the Missouri River or its other tributaries above the reservoir provide the 

major spawning areas for the wild rainbow trout, and some fish returning to spawn in 

these natal areas are distracted into Deep Creek. A related possibility is that wild rainbow 

trout with a greater tendency to enter non-natal streams may have been attracted into 

Deep.Creek. Banks (1969) describes the possibility of a race of trout evolving with more 

flexible homing tendencies, in habitats with high year-to-year variations in water flow 

and conditions. High discharge variability exists in the Deep Creek-Missouri River 

system.

Lindsey et. al. (1959) reported that nearly 99% of rainbow trout recaptured after 

having previously spawned in inlet or outlet streams of Loon Lake, B.C., had returned to 

the same stream to spawn. Unlike in Deep Creek, the Loon Lake rainbow trout were 

wild fish that, even without prior spawning experience, were already returning to natal 

streams with high fidelity (93.8%). It is notable that 18.6% Of the hatchery rainbow trout 

tagged in 1993 were recaptured moving into Deep Creek the following year. This was in
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spite of heavy trout harvest in Canyon Ferry Reservoir, potential tag loss and tag-related 

mortality over the year, and the likelihood that other returning fish were not captured 

during periods of reduced trapping efficiency due to high flow. This tends to support 

Lindsey’s observation of high fidelity to a stream once it is used for spawning by an 

individual.

A lower percentage of wild adult rainbow trout, tagged in Deep Creek in 1993, 

returned the second year (12.6%), compared to returning hatchery fish (18.6%). While 

this difference was not found to be significant, differences may exist between wild and 

hatchery strains of rainbow trout in regards to an additional age-related mortality of the 

wild fish, which were older than the hatchery fish. Wild fish are also likely descendants 

of the shorter-lived Arlee strain rainbow trout which had been stocked in Canyon Ferry 

Reservoir for over a decade prior to 1990. The percentage of both wild and hatchery 

rainbow trout that returned to Deep Creek in 1994 was higher than Sakai (1994) reported 

for rainbow trout returning to spawn in inlet and outlet streams to Lake Huechulafguen, 

Argentina. He reported recapturing 8.6% and 10% of rainbow trout that had previously 

spawned in inlet and outlet streams, respectively.

The timing of the beginning of the rainbow spawning run in Deep Creek appeared 

to be consistent between the two years. Water temperature appeared to mediate daily and 

weekly total numbers of upstream migrating adults. In both years spawning runs began at 

stream temperatures of about 6 to 7 degrees C. This is consistent with the findings of 

Hartman et. al. (1962) and Takashima (1982, cited in Sakai [1994]).

The earlier timing of migrating wild rainbow trout may be related to
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the limited access that was available into Deep Creek during early spring, before 

construction of the siphon. In most years, Deep Creek flowed to the Missouri River until 

that time of the year when the Montana Ditch was put into operation and the stream’s 

water was diverted. The irrigation ditch had historically been opened near the end of 

April (Ronald Spoon, MFWP, pers. comm.). In 1993 and 1994, after siphon 

construction, the numbers of rainbow trout migrating upstream into Deep Creek 

decreased after late April or early May. Thus, the early movement by wild rainbow trout 

into Deep Creek may have been influenced by past selection pressure from the timing of 

ditch operations.

A similar difference between timing of spawning runs of wild and hatchery-reared ' 

rainbow trout has been observed in Harrison Reservoir, Montana. DeSmet rainbow trout 

released at age I into the reservoir subsequently spawn later and at warmer temperatures 

than wild fish (Richard Vincent, MFWP, pers. comm.). Vincent hypothesizes that this 

difference may result from some physiological modification induced by incubation or 

rearing under hatchery conditions. Regardless of the causal factors involved, managers 

seeking to foster propagation of the wild strain rainbow trout would have the opportunity 

to operate the weir to allow only wild adults access to the channel, or to collect strain- 

specific spawn from the site for artificial rearing.

The proximity of a productive reservoir, heavily stocked with rainbow trout, 

appears to have a profound effect on the use of this newly created access to the spawning 

stream. Because Canyon Ferry Reservoir is heavily stocked with hatchery fish, there are 

many spawning-sized rainbow trout that either must seek a non-natal stream in which to
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spawn, spawn in reservoir gravels or reabsorb their eggs. All behaviors are observed in 

the Canyon Ferry Reservoir-Missouri River system (personal observation 1994).

Banks (1969) suggests that a “reservoir” of fish from a larger water can be 

important in determining the size of spawning populations in smaller waters. Hatchery 

stocking of the reservoir also appears to have had an important effect on the age structure 

of adults. Successful stocking of DeSmet rainbow trout that had been over-wintered in 

the hatchery prior to release in 1992, contributed greatly to the adult males in the 30-43 

cm length class that entered Deep Creek in 1993. A similar size-class was not present in 

1994, apparently because age-1, over-wintered rainbow trout were not planted in Canyon 

Ferry Reservoir in 1993. Many more rainbow trout were captured moving upstream at 

the weir in 1994 (1,959) compared to 1993 (719), but an unknown portion of this increase 

may have been related to the modifications in the trap and grate. Numbers of wild adult 

rainbow trout did not markedly increase from 1993 to 1994. Thus, any increase in 

numbers of rainbow trout captured ascending Deep Creek in 1994 was attributable to 

increased numbers of hatchery-origin fish.

Adult Brown Trout

The response of brown trout to the creation of access appeared much more limited 

than that of rainbow trout. The extent to which brown trout did respond is not clear. 

Unlike with rainbow trout, there does not appear to be a large population of brown trout 

in Canyon Ferry Reservoir, from which to pioneer the newly accessible channel. If brown
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trout are disproportionately under- represented, compared to rainbow trout, among adults 

entering Deep Creek, this might suggest that brown trout have a higher fidelity to their 

natal streams and were not attracted by this access to a novel stream. However, available 

data does not allow a good evaluation of proportional representation of brown trout. The 

proportion of brown trout to rainbow trout among fish migrating into Deep Creek (0.015 

in 1994) was only slightly lower than proportions reported by MFWP in floating gill nets 

from 1991-1995 (0.038 for spring samples, 0.017 for fall samples), and much lower than 

the proportion among fish captured with sinking gill nets in 1994 (0.216). However, 

bottom-set gill nets selectively favor capture of brown trout over rainbow trout, and 

floating-set gill nets conversely favor rainbow trout (DaveYerk, MFWP, pers. comm.).

With this disparity between results from floating and sinking gill nets in the 

reservoir, it is not possible to evaluate whether brown trout are disproportionately under

represented among adult trout ascending Deep Creek. Continued monitoring of brown 

trout in spawning runs into Deep Creek will be required to resolve the question of 

response to access into Deep Creek. If imprinting to a stream is important then this 

should become evident as brown trout released as fin-clipped fingerlings in 1992 and 

1993 begin re-entering Deep Creek to spawn as adults. The fingerlings released into 

Deep Creek in 1992 and 1993 should presently be attaining sexual maturity.

There are preliminary indications that past releases of fingerling brown trout into 

Deep Creek may be increasing the number of adults entering the creek to spawn. In 1995, 

a year after completion of this study, 78 brown trout were trapped moving upstream at the 

weir (Ronald Spoon, MFWP, pers. comm.). This number was much greater than the



68

numbers of brown trout captured at the weir during the two preceding study years. Five 

of the 78 had distinctly eroded dorsal fins or fin clips, indicating they were stocked 

brown trout. There were probably other adults of hatchery, origin, which could not be 

clearly identified. Dorsal fin erosion was not observed in certain known individual 

hatchery fish and pelvic fin clips were difficult to identify on some individuals (Ronald 

Spoon, pers. comm.). Although additional years of observation will be required to make 

firm conclusions, Spoon tentatively suggests three possible reasons for the increased 

number of brown trout observed in 1995:

1) Brown trout planted in 1992 in Deep Creek as age-0 fingerlings became imprinted to 

the creek and are beginning to return to their “natal” stream as age-3 fish (adipose 

clipped), and/or brown trout released in 1992 as fingerlings in the Missouri River or in 

Canyon Ferry Reservoir are beginning to use Deep Creek as adults.

2) The siphon project has allowed naturally occurring brown trout progeny from the 

upper reaches of Deep Creek to reach the Missouri River and Canyon Ferry Reservoir. 

They are therefore returning to their natal stream as age-3 adults.

3) The 1995 numbers are an anomaly, a temporary “spike” in numbers of brown trout 

ascending the creek.
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Out-Migrating and Residence Time of Trout less than 300 mm 

Juvenile Rainbow Trout.

Beyond the attraction of Deep Creek to spawning adults, my data strongly 

indicates that the creek plays an important role in allowing trout to reach larger length 

classes before they migrate to the Missouri River and Canyon Ferry Reservoir. Rainbow 

trout showed a strong tendency to remain in the creek through their first winter. More 

than 80% of the rainbow trout captured at the weir were in the age-1 length class or 

greater. Huston et, al. (1984) found that a similar 80% of westslope cutthroat trout 

migrated out of Young Creek after their first or second winter in that tributary to Libby 

Reservoir in Montana. Even those trout migrating from Deep Creek in their first year 

show a tendency to remain in the creek for much of their first summer, with less than 

11 % migrating at 48 mm or less. Length-frequency distributions of those rainbow trout 

captured above the weir are consistent with this tendency in that almost 50% of the 

rainbow trout remaining in the creek in the fall were in the age-0 length class. Growth 

patterns indicated by the scales of wild rainbow trout ascending Deep Creek showed that 

a large proportion (98.5%) of these adults had spent at least one year in a creek before 

migrating to the much more productive reservoir.

Brown Trout.

Wild Brown Trout. A higher percentage of brown trout migrated from Deep Creek in 

their first year (44.2%) than rainbow trout. The length-frequency distribution for fish
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captured at the weir was markedly bi-modal for wild brown trout. Over 50% of the wild 

brown trout appear to spend their first year in the creek before emigrating to the Missouri 

River and Canyon Ferry Reservoir. Evidence of the tendency for a large proportion of the 

wild brown trout to remain in the creek for their first year is observed in the relatively 

strong age-0 length class captured upstream of the weir in September and October of

1993 and 1994 (Figure 25). Even though a smaller proportion of brown trout use Deep
'I

Creek to rear over the winter, the connection the post-siphon channel provides to the 

Missouri River remains important as a migration corridor for much of the summer and 

fall.

Hatchery Brown Trout. Approximately 82,000 fingerling brown trout were released into 

Deep Creek from 1992 to 1994 (Ronald Spoon, pers. comm. 1996). Virtually all the 

hatchery fish captured emigrating at the weir in 1993 and 1994 were of the age-0 length 

class. This was also the case for the fish captured upstream of the weir during mark- 

recapture estimates in 1993 and 1994 (Figures 26 and 27). This emigration was not 

entirely attributable to immediate downstream drift after release because we continued to 

capture hatchery fish at the weir well into October from an early September release.

Reproductive Success of Rainbow and Brown Trout

Although large numbers of adult rainbow trout entered Deep Creek during the 

first two spawning seasons after creation of access into the creek, results of this study do 

not permit conclusions on their reproductive success. Intended observations on number
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and distributions of redds could not be carried out because of high flows and turbidity. 

Because the lower portions of Deep Creek are affected by fine sediments and partial 

dewatering, both the numbers and geographic distribution of redds constructed by 

spawning trout would be important to their reproductive success. The numbers of 

juveniles trapped moving downstream, 153 total in 1993 and 235 in 1994, seemed small 

in comparison to the large numbers of adults that entered the creek to spawn. However, 

trapping of young migrating downstream was also limited by high flows, which limited 

sampling to only a small part of the water volume and which caused damage and 

displacement of the downstream traps during both years. Downstream trapping was not 

conducted during late fall and winter months when the creek was covered by ice and it is 

possible that young rainbow trout emigrate from the stream during this period. A more 

effective sampling methodology would be required to better estimate the numbers of 

young migrating out of the creek. The numbers of juvenile trout estimated to be present 

in the creek above the weir in early fall also seems small relative to the number of adults 

which entered the creek the previous spring. However, this survey involved only I km of 

Deep Creek, and the locations of principal rearing areas within the creek or its tributaries 

are not known. Only a few adult brown trout responded by entering the creek during the 

fall spawning season, and their reproductive success is not known. The response by-large 

numbers of both wild and hatchery rainbow trout during the first two spawning seasons, 

after access was created into Deep Creek does suggest that providing new spawning areas 

can contribute to wild trout populations in a reservoir. However, for Deep Creek, 

assessment of its actual contribution to wild trout production will also require studies



which specifically address factors associated with spawning success, and estimates of 

numbers of young produced.

72



73

CONCLUSIONS

1. Imprinting of rainbow trout to Deep Creek was not necessary to elicit their use of 

this potential spawning tributary, after a barrier was eliminated by diverting the 

previously intersecting Montana Ditch into an underground siphon. In the first two 

spawning seasons following creation of access into the creek, a total of 1,902 adults that 

had been stocked as age-0 and age-1 juveniles into Canyon Ferry Reservoir were captured 

migrating upstream in the creek, together with 776 wild fish. At least for the hatchery 

fish, the creek was novel to their rearing waters and stocking locations.

2. Although brown trout were the intended beneficiaries of the siphon construction, 

rainbow trout have thus far shown a much greater response. A total of only 45 adult 

brown trout were captured moving upstream during late summer and fall of 1992, 1993, 

and 1994.

3. The proximity of Canyon Ferry Reservoir and the heavy stocking of rainbow trout 

into the reservoir appeared to have an important influence on responses by rainbow trout 

to creation of access into Deep Creek. Numbers of hatchery-origin rainbow trout 

captured ascending the creek during the spawning season increased from 347 in 1993 to 

1,555 in 1994, while numbers of wild rainbow trout remained similar, with 372 captured

in 1993 and 404 in 1994.
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4. Compared to their relative abundance in the reservoir, in both 1993 and 1994 wild 

rainbow trout entered Deep Creek to spawn in far greater proportion than hatchery 

rainbow trout.

5. Spawning migrations into Deep Creek of wild rainbow trout began and peaked 

earlier than migrations of DeSmet and Eagle Lake rainbow trout, incubated and reared in 

a hatchery before being released as juveniles into the reservoir, in both 1993 and 1994.

6. More than 77% of juvenile (<300 mm total length) rainbow trout captured at the 

weir while migrating downstream during 1993 and 1994 were within the age-1 or greater 

length-classes. This indication of extended initial stream residence was supported by 

scale growth patterns of wild rainbow trout captured migrating into Deep Creek, which 

suggested that more than 98% spent at least their first winter in a tributary before 

migrating to the reservoir.

7. Among juvenile wild brown trout captured moving downstream at the weir in 

1993 and 1994, 44.2% were in the age-0 and 55.8% in the age-1 length-class. In contrast, 

after age-0 brown trout were stocked into Deep Creek about 2 km above the weir in 

September of 1992, 1993, and 1994, virtually all hatchery-origin brown trout captured 

moving downstream at the weir were in the age-0 length-class.
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8. Although large numbers of adult rainbow trout entered Deep Creek during the 

first two spawning seasons after construction of the siphon, results of this study do not 

permit conclusions on their spawning success or numbers of young produced. High flows 

and turbidity prevented intended observations on numbers and distribution of redds. 

Relatively small numbers of juveniles were trapped moving downstream, 153 in 1993 

and 235 in 1994. However, high flows during spring and early summer limited sampling 

of downstream migrants to only a small part of the water volume and also damaged and 

displaced the downstream traps during both years. Also, downstream traps were not 

operated from November 1993 to late March 1994.



RECOMMENDATIONS FOR FURTHER STUDIES

As discussed previously, continued monitoring of adult trout entering Deep Creek 

during the respective spring and fall spawning periods of rainbow and brown trout is 

needed to evaluate the effects of enhanced access into Deep Creek resulting from the 

construction of the siphon. Brown trout planted into Deep Creek in 1992, 1993 and 1994 

to acclimate them to these waters are now attaining sexual maturity. If these plants and 

acclimation efforts are successful, numbers of brown trout entering Deep Creek should 

improve substantially over the very low numbers observed during 1992, 1993, and 1994. 

Planting of hatchery-reared brown trout, released as fingerlings, into Deep Creek may 

have limited success as a mechanism for creating or improving a self-sustaining fall 

spawning run in Deep Creek. It appears that though virtually all brown trout planted into 

Deep Creek emigrated or died within the creek as age-0 fish, over half of their wild 

counterparts emigrated at age I or greater. If satisfactory increases in numbers of adult 

brown trout ascending Deep Creek are not achieved, remote site incubators (Wampler and 

Manuel 1992, Bartlett et. al. 1995, Dimmit and Fuss 1994) Which incubate eggs using on

site water sources might be tested to better accomplish creek-specific imprinting while 

reducing the potential for hatchery selected behaviors that may reduce the survival of 

planted brown trout.

Also, although hatchery-originated Eagle Lake and DeSmet rainbow trout clearly 

respond to new access by being attracted into the stream, it is not clear whether wild
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rainbow trout were responding similarly or had been present as spawning runs before the 

siphon was constructed. If either the numbers of wild rainbow trout using the creek for 

spawning, or the numbers of young surviving the creek and reaching the Missouri River 

and the reservoir are being enhanced, then the numbers of wild rainbow trout ascending 

the creek to spawn should increase in the future.

Continued monitoring would serve an additional important function not related to 

the original intentions of the siphon construction, as a mechanism for assessing effects of 

both the anticipated eventual arrival of whirling disease (Myxobolus cerebralis) in this 

part of the Missouri River drainage, and the recently established walleye (Stizostedion 

vitreum) population, which appears to be rapidly expanding (Dave Yerk, MFWP, pers. 

comm.). As has been widely publicized, whirling disease has devastated the wild 

rainbow trout population of the Madison River above Ennis Reservoir. The disease is 

also present in the Madison River below Ennis Reservoir and will likely eventually 

progress downstream into the Missouri River and into Canyon Ferry Reservoir. This 

study has provided the background data on relative abundance of rainbow (and brown) 

trout in the spawning runs into Deep Creek, which could be used to assess the progression 

and impacts of the arrival of whirling disease into these waters. In particular, the effects 

of whirling disease on lacustrine-adfluvial populations are not well known (Knapp and 

Johnson 1995), and monitoring the annual numbers of spawning rainbow trout from the 

reservoir into Deep Creek could provide a convenient way to obtain valuable information 

on the impact of the disease on such a population. Similarly, monitoring at the weir could
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help to assess effects on resident trout of the growing presence of walleye, recently 

established in Canyon Ferry Reservoir through illegal plants.

Although an original objective of this study was to determine the locations of 

spawning and the numbers of redds constructed, this objective had to be abandoned 

because high water turbidity prevented such visual observations during both spring and 

fall spawning seasons for rainbow and brown trout. Efforts should be made to determine 

the principal spawning locations of the trout that migrate into Deep Creek. The lower 

reaches of the creek are heavily influenced by siltation of fine particles and by suspended 

particles (turbidity), and identification of spawning areas would be valuable in assessing 

whether stream enhancement should be initiated to improve substrate quality and to 

assure sufficient water flow to sustain incubating embryos and larvae. Identification of 

spawning areas could be accomplished by implanting trout with radio transmitters as they 

are captured passing the weir and using telemetry to track their movements upstream.

Telemetry, using low frequency, long lived radio transmitters (49-50 MHz, 50 

month battery life) could be used to follow seasonal movements, straying activity, 

pioneering activity and use of habitat enhancement projects of both wild and hatchery 

rainbow and brown trout.

Because of high flows in both years of this study it was not possible to quantify 

the total production and recruitment of progeny of spawning rainbow and brown trout that 

ascended Deep Creek. A screw type migrant trap specifically designed to sample in very 

high flows might be employed to better estimate recruitment of trout due to the 

construction of the siphon.
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