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Executive Summary

Garcia and Associates (GANDA) was contracted by Montana Fish, Wildlife, and Parks (FWP) to
conduct streamflow and biological monitoring related to Yellowstone cutthroat trout
(Oncorhynchus clarki bouvieri) fry outmigrations from four tributaries of the Yellowstone River
in Park County, Montana. Yellowstone cutthroat trout fry outmigration has been monitored on
Mill, Cedar, and Mol Heron creeks since 1996 to evaluate the effect of existing water leases on
fry recruitment to the Yellowstone River, Montana. Yearly variations in water availability and
demand have affected how well the leases have functioned to protect developing and
outmigrating fry. Both 1996 and 1997 were record spring runoff years, resulting in plentiful
water supplies and little contention over in-stream flows. However, the summers of 1998 and
1999 were warmer and drier than the two previous summers, inducing periods of low flows in
both Mill and Cedar creek, and sustained periods of no measurable flow Mill Creek in mid-
September 1998, Draft climatic data suggests that both 2000 and 2001 were drier than average
for all four project streams, especially when evaluated in terms of water year, which takes into
account the available moisture from the previous winter, rather than calendar year. The effect of
the lack of moisture is compounded by the fact that precipitation in the project area has been
below average for the past three years, and snow pack in the Yellowstone basin has been below
average in three out of the four previous years.

GANDA examined how the existing water leases influenced in-stream flows and Yellowstone
cutthroat trout fry outmigration from Mill, Big, Cedar, and Mol Heron creeks from July 15 to
September 14, 2001. Water levels remained above the minimum amount leased in Big and Mol
Heron creeks for the entire field season, but Cedar Creek declined below lease levels for 24
hours in mid-July, Mill Creek dropped below lease level on July 26, after which the water
commissioner was unable to maintain lease level flows except during the flushing flow. Miil
Creek had no measurable flow in late July and early August for at least 120 hours, and was only
intermittently connected with the mainstem of the Yellowstone for the remainder of the

monitoring period.

Total numbers of Yellowstone cutthroat trout fry captured were down in Mill, Big, and Mol
Heron creeks from surveys conducted in 2000, Cedar Creek was the only project stream to show
an increase, with a total of 18,032 Yellowstone cutthroat trout fry trapped, an increase of
approximately 39% from 2000, Mill Creek experienced a 54% decrease in the number of fry
trapped compared to 2000, and a 74% decrease compared to 1999. Big Creek outmigrants
trapped returned to lower levels in 2001, showing a decrease of 62% as compared to 2000.
However, trap catch had increased notably in 2000 in Big Creek, and the number of fry trapped
in 2001 was actually 24% higher than that captured in 1999, The number of fry trapped
decreased 36% in Mol Heron Creek as compared to 2000 counts, and 85% as compared to 1999.
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1.0 Introduction

In-stream flow water leases between FWP and participating water right holders were in effect in
2001 on Mill, Big, Mol Heron, and Cedar creeks (Table 1-1). This was the third year that Big
Creek has had a water lease in effect. Yellowstone cutthroat trout fry outmigration has been
measured for the past five years on Mill, Cedar, and Mol Heron creeks. Monitoring began first as
part of the water leasing effectiveness study which ran from 1996 to 1998 (Hennessey 1998,
Roulson 1998), and since then as part of this monitoring effort which began in 1999 (Roulson
1999, Roulson 2001). Byorth (1990) monitored Yellowstone cutthroat trout fry outmigration
from Big Creek in 1988 and 1989, but little study of the fishery has taken place since. The four
water leases involved in this project were established to provide in-stream flows for Yellowstone
cutthroat trout reproduction and to generally benefit the Yellowstone River fishery (Spence
1995). This project sought to examine how well the leases functioned in 2001, a second drought

year. The specific objectives of this project were:

1. Monitor fry outmigration from Mill, Big, Cedar, and Mol Heron creeks, and compare
results to available data from the previous years;

2. Monitor streamflows during the project and notify the water lease contact for each creek
and FWP if flows drop below water lease levels;

3. Measure streamflow at staff gauges on Mill, Big, and Cedar crecks and verify them
against existing United States Geological Survey (USGS) rating tables.

4. Measure streamflow at the staff gauge on Mol Heron Creek and verify results against the
rating table developed by GANDA in 1999,

5. Recommend the timing for the Mill Creek flushing flow and to monitor fry outmigration
to assess its effectiveness.

Water Leases and Yellowstone Cutthroat Trout Fry Ouimigration from Garcia and Aszociates
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Table 1-1. Summary of water lease information for the four water lease project streams (Spence
1995, EQC 1998, K. Williams, FWP, pers. comm. 1999).

Location Lessor Priority of right Total Period of use Date lease
quantity® originated
Mill Creck Mill Creek Water 95 rights with upto 65 48 hoursin August 1992
& Sewer District various cfs August
priorities
individual 1880 and 1903  6.13c¢fs Maylto October 1992
October 4
individual 1891 264cfs Maylto August 1995
October 19
Big Creck 3 individuals 1883 11.0-26  Apnl I5to Aprii 1999
cfs November 1
Cedar Creck USFS 1890,1893, 6.39- May 1 to December
1898, 1904, and 9.64 cfs October 15 1993
1972
Mol Heron Church Universal 1880 5 cfs May 1 to May 1998°
Creek and Triumphant Qctober 15

2 Actual flows leased may differ from the quantity protected at a downstream measuring device. The Mill Creek
lease protects up to 4.4 cfs as measured at the East River Road staff gauge. The Big Creek lease protects 11 cfs as
measured at the gauge above Highway 89. The Cedar Creck lease protects 2 minimum of 1.3 cfs as measured at the
staff gauge below the Highway 89 culvert.

b An initial verbal agrecment was reached 1996, but the water lease was not finalized until 1998,
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2.0 Project Area

GANDA conducted this project in Park County, Montana on four tributaries of the upper
Yellowstone River (Figure 1). Cedar and Mol Heron creeks are considered high quality
spawning areas for Yellowstone cutthroat trout as defined by Clancy (1988). Lower Mill Creek
and Big Creek were excluded from this distinction because of decades of dewatering during
critical times in the Yellowstone cutthroat trout reproductive cycle. A detailed description of
Mill, Cedar, and Mol Heron creeks, along with results from electrophoretic testing of fry from
1996 and 1997, is included in the study completed by Hennessey (1998).

Mill Creek, located near Emigrant, drains the largest contributing watershed of the Yellowstone
River in Park County (Figure 1). Mill Creek is a fourth order stream with an approximate length
of 21 miles (34 km), and a mean annual discharge of 160 cfs (4.5 m’/s) (Parrett 1985). Stream
order for all creeks is based on the occurrence of perennial streams on USGS 1:24,000 scale
topographic maps. Much of the upper reach of Mill Creek is within the Gallatin National Forest,
and its headwaters are contained within the Absaroka Beartooth Wilderness. The Mill Creek
Water and Sewer District aqueduct, downstream of the National Forest Boundary, is the largest
single diversion on the creek and serves over 95 water right holders. There are many additional
irrigation diversions in the lower 10 miles (6.2 km) of Mill Creek. A water commissioner is
appointed each year to administrate water rights and flow controls on Mill Creek, including the
water leases (EQC 1998). Although the total amount of water involved in the two water leases
that are in effect from May to October is 8.77 cfs (0.25 m?*/s), the lease is protected as a flow of
4.4 cfs (0.12 m*/s) measured at the East River Road Bridge (Table 3)(FWP 1999). The difference
in flow is due to water lost to natural seepage into the streambed between the upper headgate
where leased rights were originally diverted for irrigation and the East River Road Bridge, where

the flow is measured (Nelson 1980).

Big Creek flows out of the Gallatin Mountains from the west, and joins the Yellowstone River
approximately 6 mi (9.7 km) south of the town of Emigrant (Figure 1). Big Creek is a second
order stream with an approximate length of 18 mi (29 km) and a mean annual discharge of 61 cfs

(USGS 1986). There are several major diversions within the lower 6 mi (9.7 km) of Big Creek
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after it leaves National Forest land; however, not all are currently active. Historically, Big Creek
has supported significant Yellowstone cutthroat trout spawning runs, and it has been on the state

list of designated water lease study streams since March, 1990 (EQC 1998).

Cedar Creek, near Corwin Springs, is a smaller tributary of the Yellowstone with most of its
length under U.S. Forest Service jurisdiction and within the Absaroka Beartooth Wilderness
(Figure 1). Cedar Creek is a fourth order stream with an approximate length of 7.5 miles (12
km), and a mean annual discharge of 9.1 cfs (0.26 m’/s) (Parrett 1985). There are four irrigation
diversions within the lower 0.4 miles (0.7 km) of Cedar Creek where it flows through privately

held lands. A downstream water user assists in the administration of the Cedar Creek water lease.

Mol Heron Creek flows out of the Gallatin Range and enters the Yellowstone River near the
town of Corwin Springs. Mol Heron Creek is a fifth order stream with an approximate length of
11 mi. (18 km), and a mean annual discharge of 25.4 cfs (0.69 m’/s) (Parrett 1985). There are

two irrigation diversions within 0.6 mi (1 km) of the mouth of Mol Heron Creek, and both are

controlled by the lessor.
Water Leases and Yellowstone Cuithroat Trout Fry Outmigration from Garcia and Associates
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Figure 1. Map of the project area showing the four FWP leasing streams, associated trap sites, and
additional high quality spawning tributaries as defined by Clancy (1988).
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3.0 Methods

3.1 Stream Discharge and Temperature

Discharge was monitored during each field visit to project streams during spawning surveys,
gauge calibrations, and fry monitoring. After fry monitoring was concluded for the season,
gauges were checked at least once every two weeks until mid-September. Staff gauge readings
were recorded and converted to discharge using USGS rating tables for Mill, Big, and Cedar
creeks. The discharge rating table for Mol Heron Creek was based on bi-weekly measurements
that GANDA collected in 1999 and verified in 2000 and 2001. Creek discharges were measured
early in the season with a Gurley AA meter and checked against the existing rating tables to
calibrate each gauge for the 2001 field season. Mean, minimum, and maximum seasonal (July to
September) discharges were estimated for 2001 based on measurements taken, and compared to
the previous four years for Mill, Cedar, and Mol Heron creeks. The gauge on Big Creek was
installed during July of 1999; therefore, a complete comparison among 1999 and 2000 flows is
not possible, but all available data is presented. Appendix A includes copies of each creek’s

rating table used in 2001.

Onset Optic StowAway® thermographs were installed at each staff gauge location on May 18,
2001 and programmed to record at 30 minute intervals until their removal on September 14,
2001. These thermographs are capable of measuring temperatures ranging from -40 °F to 167
°F (-40°C to 75"C) with an accuracy of +/- 0.36 °F (+/- 0.2 "C) and +/- 0.33 minutes/day.
Temperature graphs for each project stream are included in Appendix B.

3.2 Spawning Activity

Spawning was monitored by walking sections of each creek once a week, beginning in mid-June,
until activity was detected. After spawning fish were observed, daily monitoring was continued
for up to 1 week. At each monitoring visit the number of fish observed, their approximate
location, whether they were actively spawning, and time and weather information was recorded.

Each monitoring visit lasted a minimum of 30 minutes, and observers walked upstream counting
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fish as they went. As this was a qualitative survey, only a 52 to 110 yard (50 to 100 meter)
subsection of each creek was walked at any given visit. Mill and Big creeks were the sites
farthest downstream, and they were monitored first and used to gauge approximate spawning

times for other project streams.

3.3 Yellowstone Cutthroat Trout Fry Recruitment

3.3.1 Trapping Protocol

Fry recruitment, defined as the number of fry outmigrating from a tributary and entering the
mainstem of the Yellowstone River, was estimated by setting fry traps within each study stream,
in the first suitable trap site upstream of the creek mouth. A suitable site is one in which the trap
pool to avoid undue stress on the fry once they have entered the trap. Yellowstone cutthroat trout
fry begin downstream outmigration after emergence from the gravel, and move into the
mainstem within a short time (Thurow, Corsi, and Moore 1988). The number of fry trapped was

used as an index of total fry recruitment (Byorth 1990, Shepard 1992, Hennessey 1998).

A consistent pattern in Yellowstone cutthroat trout fry outmigration from Locke, Mill, Cedar,
and Mol Heron creeks was documented in 1996 and 1997, and confirmed by work on the same
tributaries in 1998 (Hennessey 1998, Roulson 1998). A sampling protocol was developed based
on the number of fry caught in each tributary as the outmigration period progressed, with the
goal of concentrating sampling effort during the days when fry outmigration peaks (Hennessey
1998).

FWP decided to use Hennessey’s (1998) protocol during the 1999, 2000 and 2001 surveys to
monitor Yellowstone cutthroat trout fry numbers. This protocol allows a reduction in the overall
field effort without compromising the accuracy of the index of total fry outmigration (Hennessey
1998, Roulson 1998). In 1999 and 2000, the protocol was tested on Big Creek and found to
measure fry recruitment with accuracy levels consistent with the other three project streams
(Roulson 1999 and 2001). Therefore, Hennessey’s protocol was adopted for use in Big Creek in
2001.
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Hennessey’s (1998) protocol was used on all project creeks in 2001. The protocol prescribes
trapping each creek 2 days, then skipping 2 days until fry are caught. Once fry are caught a 3 day
running mean is calculated, but the trapping pattern is maintained. When trap catch exceeds 1.5
times the 3 day running mean or is greater than 50 fry, sampling increases to every day for the
next 10 days. If trap catch on the 11* sampling day is greater than 0.25 times the previous 3 day
running mean, then sampling continues for the next 5 days and then stops for the season. If trap
catch does not meet the criteria, trapping stops with the 11" day. Hennessey’s protocol was
shown to sample 83-98% of the total outmigration, as measured by trap catch, on Mill, Cedar,
and Mol Heron creeks from 1996-1998 (Hennessey 1998, Roulson 1998). Data analysis of the
1999 and 2000 survey results for Big Creek showed that Hennessey’s protocol would have
sampled 95.7% and 94.3% of the total fry caught, respectively. GANDA and FWP decided that
use of the sampling protocol on Big Creek was appropriate for monitoring fry outmigration

beginning in 2001, after this confirmation of the protocol’s effectiveness.

Traps were placed on each study stream approximately 25 to 30 days after spawning activity was
observed (Benson 1960). In Mill Creek, where no spawning was observed, temperature and
historical fry trapping data were used to estimate the spawning date (Shepard 1992, Hennessey
1998, Roulson 1998). Based on the best estimate of when fry outmigration was likely to begin
for each creek, fry traps were set overnight for two nights, then pulled for two nights, until
protocol criteria for increasing sampling was met. Thereafter, traps were set and checked daily
for the prescribed number of days. An effort was made to check traps early in the morning to
minimize fry stress (Hennessey 1998). Number and species of fry caught, individual total
lengths of a random subsample of 10 fry, water temperatures, and staff gauge readings were

recorded.

3.3.2 Trapping Equipment and Locations

Fry outmigration was estimated using fry traps with openings 2.3 ft (80 cm) by 1.5 f& (47 cm),
framed with % inch (5 mm) diameter metal rods (McMullin and Graham 1981). A4.5ft (1.4 m),

1/16 inch (1.6 mm) mesh, net was sewn around the frame. The tapered net ended in a 4 inch (10
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cm) threaded PVC and metal collar connected to the tail of the trap by screwing into a matching
PVC pipe. The tails were approximately 3 fi (1m) in length, made of the same netting as the

trap, and had a drawstring closure (Hennessey 1998).

Traps were placed by pounding a 3 ft (1m) length of rebar into the streambed on either side of
the trap mouth. The frame rested against the rebar and was secured with wire. Current flowing
through the trap kept it open and straight. The bottom of the trap frame was covered with rocks
to prevent fry from swimming under the trap. Captured fry were retained in the tail of the trap

where the PVC collar presented a velocity barrier to escapement.

Traps were placed near the first suitable pool upstream from the mouth, so that the tails sat in the
deepest portion of the pool just below a riffle. Care was taken not to place the trap over an active
redd. Whenever possible, traps were placed in the same location as in previous surveys to
maintain comparable trap efficiencies (Hennessey 1998, Roulson 1998). Photos of the 2001 fry

trap sites for each of the four water lease project streams are included in Appendix C.

The main channel of Mill Creek was blocked by a rock berm constructed by a landowner in
1998, and all of the flow was diverted to the North channel. A pool at the end of a low velocity
run section in the newly widened North channel of Mill Creek was chosen as the1998 trap site,
and was used again in 1999, 2000, and in 2001. A second trap was set on the opposite side of the
North channel in 2000 and 2001, in an attempt to catch a larger percentage of fry. The two traps
used in Mill Creek spanned approximately 20% of the active channel width (Appendix C). A
map showing the Mill Creek trap sites, North and South channels, and the East River Road

Bridge is provided in Appendix D.

Spring flows in 2000 altered the stream channel in Big Creek and reshaped the pool that had
formed the 1999 trap site. This prompted GANDA to move the trap approximately 218 yards
(200 m) downstream in 2000, to a small eddy behind a snag on the outside of a bend, near the
south bank of the creek, approximately 55 yards (50 m) upstream from the mouth (Appendix C).
The same trap site was used in 2001. The Big Creek trap sampled approximately 30% of the

channel width.
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The single trap in Cedar Creek was placed in the same location as the past five years, and
sampled approximately 50% of the width at higher flows; however, during lower flow periods in

2001 the trap sampled the majority (approximately 65 to75%) of the actual flow (Appendix C).

In Mol Heron Creek, a single trap was placed in the thalweg near the south bank in
approximately the same site as 1999 and 2000. The thalweg site was chosen to increase trap
efficiency, and a plywood box was constructed around the trap tail to reduce stream velocity and

stress on the fry. The Mol Heron trap sampled approximately 25% of the creek width.

3.3 Mill Creek Flushing Flow

An annual 48-hour flushing flow is included in the Mill Creek lease, and is intended to help
move recently emerged fry out to the Yellowstone River before flows drop to critically low
levels during late summer irrigation. The flushing flow occurred from August 11 to 13 in 2001.
Ideally, the flushing flow should coincide with expected end of peak fry emergence based on
outmigration patterns in other study area streams. During the flushing flow, the pipeline

diversion maintained by the Park County Water and Sewer District is closed.

The success of 2001 flushing flow was evaluated with two traps at the previously described Mill
Creek trap sites. The staff gauge was read and the traps were checked at 6-hour intervals for the
first 12 hours, and every 24 hours throughout the remainder of the flush. Catch records before

and after the flush were used to evaluate its timing and effectiveness.

3.4 Climatic Data

Climate data from the two National Climatic Data Center (NCDC) weather stations in the upper
Yellowstone River region, Livingston 128 (NCDC station number 245080), and Gardiner
(NCDC station number 243378), were obtained for 2001 and compared to the average readings
over the period of record for the climate stations. The Gardiner station has been gathering data

for 52 years, while the Livingston 128 station has records dating back 19 years for temperatures
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and 50 years for precipitation (WRCC 2001). Data examined included average maximum and
minimum daily temperature, monthly precipitation, and annual precipitation. This report
examines data for trends from January to August for Livingston 128 station, and from January to
October for the Gardiner station (WRCC 2001).
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4.0 Results

4.1 Stream Discharge and Temperature
4.1.1 Discharge

Two previous low water years, and below average snowpack resulted in shorter duration runoff
flows in Mill Creek in July, with the 2001 seasonal peak on July 17 at 31.6 cf5 (0.89 m’/s)
considerably lower than seasonal peaks in previous years (Table 4-1). Flows declined rapidly
from this seasonal peak, falling to below the lease quantification level of 4.4 cfs (0.12 m’/s) by
July 26 (Figure 2). Mill Creek had no measurable flow for the first time this trapping season on
July 29, 2001, earlier than in any of the previous survey years. Minimal flows were restored the
following day, but Mill Creek did not meet or exceed the lease level again until the flush that
began on August 11. The rate of decline in discharge was similar to that seen in 1999 and 2000,
but occurred approximately twelve days earlier, leaving much of the main channel width dry by
the middle of July (Figure 3). Mill Creek was completely dry from above the East River Road
Bridge to the mouth with little interstitial flow from August 7 to 10, and there was only a
minimal amount of intermittent surface flow to the Yellowstone from July 28 to August 6.
GANDA telephoned the water lease enforcement contact for Mill Creek daily to request
additional flows from July 25 until August 10 and from August 13 to August 17, 2001.
Additional contacts were made after the trapping season concluded until September 14 when the

monitoring season was over.

Despite these communications and the lease contact’s subsequent numerous attempts to restore
flows consistent with the lease, after the first occurrence of no measurable flow on July 29, the
high permeability of the substrate and extended dry period prevented the creek from reaching its
confluence with the Yellowstone for most of the remainder of the trapping season, except during
the flushing flow (Figure 2). Mill Creek’s highly permeable substrate causes it to be a “losing
stream” when flows are low (Nelson 1991). In essence, this means that water percolates through
the substrate and into the groundwater zone, leaving the creek’s surface dry. FWP estimates that
Mill Creek loses approximately 44% of its surface flow between the Allen-Sexton Ditch, located
just upstream from the East River Road Bridge, and the mouth (Nelson 1991). GANDA
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measured the loss in flow downstream from the East River Road Bridge to the mouth on July 6,
2001, and found that the creek loses another 13% over that distance. There were several
occasions when there was flow at the East River Road Bridge gauge, but no flow at the mouth.
For the purposes of this report, Mill Creek was designated as having a flow of 0 cfs when there
was no measurable flow at the East River Road Bridge gauge. Discharge readings from the
beginning of the field season in June through final observations made in September 2001 ranged

from O cfs to 31.6 cfs (0.0 m/s to 0.89 m’/s)(Appendix B, Table 4-1).

Flows in Big Creek remained above lease level throughout the entire summer (Figure 4). Early
season peak flows declined rapidly until mid-August when flows stabilized just above the lease
level of 11.0 cfs (0.31 m*/s). Based on Byorth’s (1990) work, it is unlikely that any redds were

dewatered during the 2001 season under these flow conditions.

Flows on Cedar Creek were documented as below the lease quantification level of 1.33 cfs (0.04
m’/s) only once this season, on July 20, 2001 (Figure 5). Flows were restored to lease
quantification level within 24 hours of notifying the water lease liaison, which probably
minimized adverse effects to redds and newly emerged fry. Based on previous years’ redd
marking data, short-term dewatering of redds can be assumed (Byorth 1990, Hennessey 1998).
Discharge was much more consistent during the 2001 field season than the past two seasons, and
flows exceeded the water lease quantification level for almost the entire field season (Figure 5).
In 2001, flows from mid-July through September ranged from 0.97 cfs (0.027 m’/s) to 1.89 cfs
(0.05 m*/s), compared with the 2000 range of 0.97 cfs (0.027 m*/s) to 2.08 cfs (0.06 m’/s)
(Figure 6) (Table 2).

Because there are three established gauges on Cedar Creek, it is possible to track the water
available upstream of the diversions and compare it to the water that reaches the fry trapping site.
In 2001, the amount of water available declined gradually through out the season, and
withdrawals peaked in mid-July when 90% of the available water was diverted and/or lost to
channel permeability (Appendix E). However, the difference in flows from the OTO gauge, near
the headwaters, and the gauge nearest the mouth averaged 71% throughout the season, and had
declined to 57% by the end of August.
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Table 4-1. Summary of discharge readings for the four project streams from mid-July to September
1996-2001. These statistics do not include flow measurements gathered during spawning surveys; for pre-
trapping season flows, please see Appendix B.

Project Seasonal mean Maximum Minimum
stream  Year cfs m’/s cfs mfs Date cfs  mfs Date
Big 1999 18.7 0.53 233 0.66 July 29° 15.6 0.44 August 27
2000 18.9 0.54 61.7 1.75 July 1 i1.24 032 August 24
2001 14.2 0.40 18.2 0.51 July 17 11.24 032 August 31
Mill 1996 222 0.63 388 1.10 August 22 16.2 0.29 August 31
1997 385 1.09 953 2.70 September 177 0.50 August 31
12
1998 279 0.79 78.7 223 July 31 0 0 September
17& 18
1999 2164 0.61 56.95 1.61 July 23 2.75 0.08 August 3
2000 12.94 0.37 40.7 1.15 July 15 0 0 August 16 &
17
2001 10.24 0.29 31.6 0.89 July 17 0 0 July 28°
Cedar 1996 1.06 0.03 32 0.09 August 2 021 0.006 August 15
1997 26 0.075 38 0.108  August8 1.56 0.06 September
15
1998 1.9 0.053 2.8 0.08 August 24 04 0.01 August 23
1999 1.1 0.03 1.54 0.04 August 13 0.4 0.01 August 16
2000 1.58 0.04 2.1 0.06 July 16 0,97 0.03 July 15
2001 1.65 0.4 1.8 0.05 August 2 0.97 0.03 July 15
Mol 1996 207 0.586 244 0.69 September8 162 0.46 August 28
Heron
1997 520 1.474 54.7 1.55 August 16 49.2 1.39 September
&19 15
1998 31.3 0.386 38.7 1.10 August 19 252 0.71 September
17
1999 323 0.92 60.1 1.70 August 28 21.9 0.62 August 8
Mol 2000 14.1 0.40 24.6 0.70 July 21 7.9 022 Augustlé &
Heron 20
2001 14.4 0.4 25.6 0.72 July 22 7.2 0.20 August6 &
9

® July 29, 1999 was the day that the staff gauge was installed on Big Creek.
"Mill Creek also had no flow at the mouth of the creek on August 7, 8, 9, 10, 14, 17, 24, and 31; and September 7,

14, and 26, 2001.
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Discharge in Mol Heron Creek in 2001 was similar to that seen in 2000, but lower than in 1999.
The seasonal mean stream discharge was less than half of that seen in 1999 (Figure 7, Table 2).
Discharge varied from 7.2 cfs (0.20 m%/s) to 25.6 cfs (0.72 m%/s) in 2001 (Table 2). Flows
declined sharply during the third week in July, and remained low, but above the 5.0 cfs (0.14
m’/s) protected by the lease (Figure 9).

4.1.2 Stream Temperatures

Mean daily water temperatures in all creeks climbed as flows declined and air temperatures
warmed in late June (Appendix F). All creeks warmed faster and reached higher temperatures in
the first weeks in July than in 2000 or 1999. Although early season temperatures averaged as
much as 3° to 4° F (1.7° to 2.2 °C) warmer than in 2000, the remainder of the 2001 season’s
temperatures were only slightly warmer than those seen in 2000 (Appendix B). The highest mean
temperatures recorded in each creek (peaks) are reported each year to give the reader an idea of
the relative stress level for trout fry. The Upper Incipient Lethal Temperature (UILT) for most
trout species is in the range of 68° to 79°F (20° to 26°C) (Allan 1995). All creeks showed a
decline in mean daily water temperature on or around September 6, 2001, but stream
temperatures increased again around September 10, and were similar to the warm levels seen in

2000 (NOAA 1999, NOAA 2000) (Appendix B).

Mean daily stream temperatures in Mill Creek were consistent with those seen in 1999 and 2000
during the early part of the season. Mean temperatures peaked near 61°F (16°C) several times in
late July when flows began to recede. However, much of the season the creek had no measurable
flow and no water temperatures could be recorded. The average daily water temperature in Mill
Creek fluctuated 11.2° F (5.9° C) in 2001 compared to 13.7° F (7.6° C) in 2000; however, the
2001 data covers through the end of July only because chronic dewatering precluded collecting
temperature data for most of the rest of the season (Roulson 2001)(Appendix F).

Mean daily water temperatures in Big Creek varied little throughout the field season and only
exceeded 60.0° F (16 °C) twice in early August despite prolonged lower flows early in the
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season (Figure 4). Daily water temperature fluctuation averaged 10.6°F (5.8°C) in 2001,
compared to 11.3°F (6.3°C) in 2000 (Roulson 1999).

Mean daily water temperatures in Cedar Creek peaked near 57.0° F (14 °C) briefly in late
July2001. Daily water temperature fluctuation averaged 8.6°F (4.7 °C) in 2001, compared to 7.9°
F (4.4° C) in 2000 (Appendix B)(Roulson 2001).

Mean daily water temperatures in Mol Heron Creek were slightly higher throughout the season
than in 2000. However, mean water temperatures still remained below 60.8° F (16 °C) in 2001.
Daily water temperature fluctuation averaged 11.3° F (6.2 ° C) compared to 10.6°F (5.9° C)in
2000 (Roulson 2001)(Appendix B).

4.2 Spawning Activity

GANDA sighted spawning Yellowstone cutthroat trout in Big, Cedar, and Mol Heron creeks at
least four days earlier than in the 2000 surveys. GANDA monitored Mill Creek from June 16 to
July 2, but flows were too high and turbulent for locating spawning fish. Mean discharge during
spawning surveys on Mill Creek was 267 cfs (7.56 m’/s) (Appendix B). Big Creek was
monitored from June 18 to June 25 with a total of 227 fish observed and 48 actively spawning
(Table 4-2). GANDA saw spawning fish in Big Creek nine days earlier than in 2000 and ten days
earlier than in 1999. The number of fish observed actually excavating or otherwise actively
spawning was more than twice that observed in 2000. Mean water temperature during spawning
observations on Big Creek was 49.7°F (9.7°C). Mean discharge during spawning surveys on Big
Creek was 67.2 cfs (1.91 m%/s). Spawning activity was concentrated near the Highway 89
Bridge, and only a few spawners were observed above the Bar X diversion, located a few miles
upstream. The distribution of spawners was consistent with what was observed in 1999 and 2000
and with Byorth’s (1990) report; however, the timing of spawning was approximately two weeks

earlier than in Byorth’s 1988 surveys.
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Cedar Creek was monitored daily from June 18 to June 26. Spawning fish were observed on the
second survey date, and a total of 409 fish were observed during the later surveys with 49
observed actively spawning. GANDA first observed actively spawning fish five days earlier in
2001 than in 2000, but because active spawners were observed during the second survey, it is
likely that some spawning actually occurred even earlier (Table 4-2). Mean water temperature
during spawning observations on Cedar Creek was 48.4° F (9.1 °C), and mean discharge was
6.31 cfs (0.17 m*/s). Discharge in 2001 was approximately half the average discharge during the
2000 spawning survey, and only one-fourth of that seen during the 1999 survey. Field crews
observed actively spawning fish above and below the Highway 89 culverts, but the majority of
fish were observed below the culvert. The culverts have degraded significantly as the stream has
downcut its channel over the past four years, and the installed fish ladder is no longer functional;
however, it appears that some fish are still able to negotiate it and move upstream successfully
(Appendix C). No spawners were observed at the upper gauge sites near the OTO Ranch or

above the main ditch upstream of the Highway 89 culverts.

Mol Heron Creek was monitored from June 18 to June 26, 2001. GANDA first observed
actively spawning fish four days earlier in 2001 than in 2000(Table 4-2). No actively spawning
fish were observed on June 18, and a total of 138 fish were observed during the later surveys
with 14 observed actively spawning. Fish were seen spawning up to approximately 100 yards
upstream of the trap site. New “no trespassing” signage near Mol Heron Creek indicated that we
should limit our surveys to the area near the trap site. This did require the field crew to reduce
the normal extent of our spawning surveys. Mean water temperature during spawning
observations on Mol Heron Creek was 52.9° F (11.6 °C), and mean discharge was 37.2 cfs (1.05

m’/s).
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Table 4-2. Summary of spawning survey data from 1999 to 2001 for the four water leasing project
streams in Park County, Montana. It should be noted that spawning surveys for this project were
qualitative and spanned a period of only 7 days. Therefore, these numbers and dates are not all inclusive
of the individual spawning runs. This data is presented to give the reader an indication of the level of
spawning activity observed each year.

Proiect First survey  Date fish  Date firstactive Lastdate  Total fish  Total observed
Stream Year date first spawning surveyed  observed actively
observed observed spawmning
Mill* 1999 June 25 NA NA July 8 0 0
2060 June 19 NA NA July 3 0 0
2001 June 16 NA NA July 2 0 0
Big 1999 June 25 June 25 June 28 July 8 61 18
2000 June 19 June 23 June 26 July 3 168 18
2001 June 18 June 13 June 18 June 25 227 48
Cedar 1999 June 25 July 1 Taly 3 July 8 52 17
2000 June 19 June 23 June 23 July 3 317 43
2001 June 18 June 18 June 19 June 26 409 49
Mol Heron 1999 June 25 July 1 July 1 July 8 74 20
2000 June 19 June 23 June 23 hly 3 119 19
2601 Junc 18 June 18 June 20 June 26 138 14

* Mill Creek experienced high, turbid flows in all project years that precluded sighting any fish.

4.3 Yellowstone Cutthroat Trout Fry Recruitment

Fewer fry were trapped per day of trapping in Mill, Big, and Mol Heron creeks in 2001 than in
2000 (Table 4-3). Outmigration peaked at least five days, and as much as 11 days earlier in all
creeks in 2001. Incidental trapping mortalities decreased in all creeks except Mill Creek (3%)
from 2000 levels. The other three project creeks all had less than 1% percent mortality rate.

4.3.1 Mill Creek

Fry trap catch continued to decline in 2001, with a total trap catch of 54% less than the number
captured in Mill Creek in 2000. Catch per unit of effort (CPUE) averaged 1.4 fry per day in
2001, compared to 2.4 fry per day in 2000 and 5 fry per day in 1999. Peak outmigration occurred
in during the flush, much later than in 2000 (Figure 8). However, since there was no measurable

flow early in the season, it is highly likely that fry outmigration would have been preciuded for
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much of the monitoring period (Figure 8). Fry outmigration was first detected on July 18, only
three days later than in 2000, but still a full month earlier than in 1999, and peaked on August 13,
with 24 fry captured. Outmigration was much more erratic than in previous years. Over 73% of
the fry captured were caught on the peak day in August, during the flushing flow. The lack of
measurable flow, or on some occasions, flows too low to allow the traps to function properly,
precluded trapping from July 28 until August 11, when the flush began. August 13 was the last
successful trapping day in 2001 (Figure 8). A total of 33 fry were caught over 24 trapping days
(Table 4-3). Incidental mortality due to trapping was 3% this season, compared to 0% in 2000
(Table 4-3).

4.3.2 Big Creek

This was the third year of monitoring on Big Creek, and CPUE remained high, with 236 fry
captured per day compared to 254 in 2000. Fry were first captured in Big Creek on July 18,
approximately the same timing as in 2000, at a mean water temperature of 53.8°F (12.1 "C), and
trap catch peaked on July 28 with 611 fry. This was the first year that Hennessey’s protocol was
employed on Big Creek; therefore fewer days were trapped, and trapping was concluded on
August 4 (Figure 9). However, the protocol is based on Hennessey’s (1998) finding that after the
initial peak in outmigration, fry numbers decline significantly, and that sampling the latter
portion of outmigration does not add to the quality of the total outmigration estimate. This
finding was tested during the first two years of this project on Big Creek, and found to hold true;
therefore, the truncated sampling season does not translate into a lack of quality data (Hennessey
1998, Roulson 2001). A total of 4,249 fry were trapped in Big Creek in 2001 compared to 11,202
in 2000 (Table 4-3). Incidental mortality declined to 0.3% in 2001 from 1.0% in 2000.

4.3.3 Cedar Creek

Total fry captured in Cedar Creek in 2001 was 39% greater than that captured in 2000 (Table 4-
3). CPUE was 820 fry per day in 2001, and 479 fry per day in 2000. The first fry was captured
July 23, at a mean water temperature of 53.4°F (11.9 " C). The 2001 outmigration began
approximately six days later than in 2000, but the 2001 trap catch peak was ten days earlier than
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the 2000 peak (Figure 10); (Byorth 1990, Hennessey 1998, Roulson 1998, Roulson 2001). When
the past three years are plotted on the same graph, the peak regions do not even overlap. In fact,
the 2001 trapping period ended only two calendar days before the 2000 peak. Outmigration
peaked on August 1 with 2,501 fry captured, and trapping was suspended on August 9 when trap
catch dropped to 516 fry, and the requirements for the sampling protocol had been met (Figure
10). A total of 18,032 fry were caught over 22 trapping occasions (Table 3). Incidental mortality
decreased from 0.6% in 2000 to 0.3% (Table 3).
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Figure 8. Comparison of total fry captured each day in Mill Creck, Montana, from July to
September 1999 to 2001.
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September 1999 to 2001,
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Figure 10. Comparison of total fry captured each day in Cedar Creek, Montana, from July to
September 1999 to 2001,

Water Leases and Yellowstone Cutthroat Trout Fry Outmigration from Garcia and Associates
Four Tributaries of the Upper YeHowstone River March 2002

Montana Department of Fish, Wildlife & Parks 31




4.3.4 Mol Heron Creek

Total fry catch in 2001 was consistent with surveys over the past five years, with the exception
of 1999 when Mol Heron Creek had a large increase in fry captured (Table 4-3). CPUE
decreased to 44 fry per day as compared to 61 fry per day in 2000 (Table 4-3). The first fry was
trapped on July 23, at a mean water temperature of 56.1 °F (13.4 " C). Outmigration increased
slowly over the next two weeks, and peaked on August 3 with 137 fry captured, and then
dropped quickly, with trap catches in the teens by August 7 (Figure 11). A total of 1,026 fry
were caught over 22 trapping occasions (Table 4-3). Incidental mortalities declined to less than
1% (0.4%) from the high levels of 26.2% in 1999 and 16% in 2000. Since trap placement and
management were virtually identical to past years, the drop in mortalities was most likely due to

lower water levels and velocities,
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Figure 11, Comparison of total fry captured each day in Mol Heron Creek, Montana, from July to
September 1999 to 2001.
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4.3.5 Fry Length and Residence Time

Mean fry length and the range of lengths were consistent throughout the field season in 2001, a
pattern similar to what was seen in 1999 and 2000 (Roulson 1999, 2001). Newly emerged fry (<
25 mm TL) were captured during the last weeks of trapping in each creek, and increases in fry
length were much less linear than in the studies conducted before 1999 (Kelly 1993, Hennessey
1998, Roulson 1998). Trapping began as much as three weeks earlier in 2001 than in the 1999 or
earlier field seasons, and some of the initial fry trapped in Mill, Big, and Cedar creeks were
longer than the standard for newly emerged fry. One possible explanation is that the
Yellowstone cutthroat trout fry outmigration may have begun before all of the rainbow trout

{Oncorhynchus mykiss) fry had emigrated to the mainstem.

Cutthroat trout appear to ripen for spawning in response to a combination of increasing water
temperature, declining (post-peak) tributary flow levels, and light or day-length (Thurow and
King 1994, Brown and Mackay 1995) Unfortunately, it is virtually impossible to distinguish
between rainbow trout fry and Yellowstone cutthroat trout fry (10- 44 mm), or their hybrids in
the field (Martinez 1984). GANDA biologists propose that some of these early fry probably were
rainbow trout based on the life history information from previous work and the fact that rainbow
trout generally spawn, and consequently outmigrate, as much as six weeks earlier than

Yellowstone cutthroat trout in Yellowstone River tributaries (Behnke 1992, Shepard 1992).

Fry length gradually increased throughout the trapping season in all creeks in 2001. There were a
few fry measuring > 30 mm in Mill Creek in the first days of trapping, suggesting that these may
have been rainbow trout (Figures 12-13). Mean fry length remained below 25 mm in all but Mill
and Mo! Heron creeks, and very few individual fry longer than 30 mm were captured from any

of the project streams (Figures 12-13).
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Figure 12. Average total length of a random subsample of Yellowstone cutthroat trout fry by date
collected from the four project streams in Park County, Montana, 2001,
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Figure 13. Average total length of a random subsample of Yellowstone cutthroat trout fry by day of
sampling period for the four project streams in Park County, Montana, 2001.
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4.3.6 Flushing Flows

The Water and Sewer District irrigation diversion on Mill Creek was closed at approximately
0700 hours on August 11 and reopened by 0700 hours on August 13, 2001. There had been no
measurable flow at the East River Road Bridge for four days prior to the flush, and it took
several hours longer for the flushing flow to reach the bridge in 2001 than in previous years.
Discharge at the East River Road Bridge increased to 21.3 ¢fs (0.60 m’/s) by 1430 hours on
August 11, and peaked at 30.2 cfs (0.85 m’/s) by 1730 hours on the same day (Figure 2).
Discharge declined rapidly after the flush and had dropped to 4.31 cfs (0.12 m’/s) by 1245 hours
on August 13. The creek again had no measurable flow by the following morning, and remained
dry until September 14, the last day of data collection. No fry had been captured during the 17
days before the flush. However, there was no measurable flow to the mouth of Mill Creek for 11

of those days which precluded actually running the traps. No additional fry were trapped after
August 13 (Figure 8).

4.4 Climatic Data

The Livingston 128 station recorded lower precipitation than historical means for most months
in 2001. However, the station received 5.08 inches (13 cm) of precipitation in June, accounting
for almost half of the annual mean (Figure 14) (WRCC 2000). At the end of August 2001, annual
precipitation accumulation was 90% of normal for Livingston 12§, compared with 95% in 2000

(WRCC 2000, Roulson 1999).

Precipitation recorded at the Gardiner station fluctuated near average levels throughout the year
with no month experiencing extremely high or low precipitation. Total precipitation accumulated
at Gardiner by October 2001 was approximately 85% of average, compared with 49% by the
same month in 2000 (WRCC 2001). The level of moisture for 2001 is well within one standard
deviation from the mean for the period of record (WRCC 2001).

Snowpack provides an additional measure of how much water was available to the upper

Yellowstone basin in each project year. Based on NRCS and SNOTEL data, snowpack generally
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peaks on or around April 1 each year. NRCS generates graphs and tables of snowpack,
precipitation, and snowwater equivalent accumulation to date relative to the percent of the April
1 average accumulation for their representative 30 year period (1961 to 1990) based on SNOTEL
data stations throughout each river basin (NRCS 2002). An examination of this data for the years
© 1998-2001 reveals that snowpack in three of the past four years has been below average (Table
4-4). The deficit in snowpack has only been extreme in 2001; however, the duration of these
deficits has probably intensified the effects seen throughout the watershed (Table 4-4).

Table 4-4. Summary of snowpack data for the upper Yellowstone basin based on SNOTEL data (USDA,
NRCS 2002).

Percent of April 1 average (1961-1990)

Year Average snow water equivalent” Average precipitation accumulation”
1998 34 86
1999 112 106
2000 90 85
2001 59 63
Maximum® — ~155
Minimum - ~60

The snow water equivalent percent of average represents the snow water equivalent found at selected SNOTEL sites in or near
the basin compared to the average value for those sites.

The total precipitation percent of average represents the total precipitation (beginning October 1st) found at selected SNOTEL

sites in or near the basin compared to the average value for those sites.
“The Maximum and Minimum sre for the 30 years of record (1961-1990).

Another variable that may have contributed to the low water availability throughout the
watershed is air temperatures. February’s average daily maximum temperature was more than 2°
F colder than the historical mean, but temperatures from March through September 2001
averaged 4° F higher than the historic pattern at Gardiner (WRCC 2001). Average maximum
daily temperatures recorded at the Livingston 12 S station were also much colder than historical
average in February, but were only slightly higher than historical average from March through
August of 2001. The exception was May, which was 5.8 °F warmer than the average for the
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period of record (WRCC 2001)(Figures 14 and 15). All of these factors, low precipitation, below
average snowpack, and slightly warmer temperatures culminate in a drying climate that would

only serve to reduce water availability and increase water demand.
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Figure 14. Comparison of the average daily maximum temperature (19 years of record) and monthly
precipitation (49 years of record) for the Livingston 128, Montana climate station with the data collected
through August 2001 (WRCC 2001}.
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Figure 15. Comparison of the average daily maximum temperature and monthly precipitation for the
Gardiner, Montana climate station with the data collected through October 2001 (WRCC 2001).
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5.0 Discussion of Findings

In contrast with the previous summer, 2001 was much closer to normal in terms of precipitation
and temperatures in the upper Yellowstone River basin. However, early symmer season
temperatures continued to be slightly warmer, and precipitation was still slightly lower than the
historical average, and the available snowpack was much lower than average (Table 5-1). Ttisa
credit to the water leasing program that lease levels on the upper Yellowstone basin project
streams; Big, Cedar, and Mol Heron creeks, were maintained for the majority of the season
despite the continued reduced availability of water in this portion of the watershed.

Accumulated precipitation in Park County was 85% of normal at the Gardiner station by October
2001, and average temperatures were significantly higher than the historic averages from March
through September (WRCC 2001). These conditions were much less extreme than those in 2000,
when accumulated precipitation was only 49% of normal by October (WRCC 2001). Again, the
snowpack data may provide the explanation as to why, despite the moderate precipitation deficit,
water availability was apparently much more compromised in 2001 throughout the upper
Yellowstone basin (Table 4-4).

Conditions in the northern portion of the valley were less extreme than those seen in the upper
basin, following the pattern observed in 1999 and 2000 (Roulson 1999, 2001). The Livingston
128 weather station recorded 90% of the normal precipitation by August in 2001. By the same
time in calendar year 2000 the Livingston 128 station had accumulated almost 95% of normal
precipitation (WRCC 2001). However, this level of precipitation proved insufficient to meet the
needs of the multiple water users in the Mill Creek watershed, and still maintain the water lease
level on that creek. This was the third consecutive year that precipitation was below normal for
the Livingston 128 station, and the third consecutive year that water lease levels could not be
maintained on Mill Creek for a significant portion of the Yellowstone cutthroat trout incubation

and outmigration period.

Drought is a cumulative phenomenon. The longer a watershed experiences lower than normal
precipitation, the greater the water deficit becomes in the form of reduced soil moisture and

vegetative stress. Therefore, although conditions in the Mill Creek watershed were improved
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from 2000 in terms of precipitation, the improvement may not have been enough to overcome
the watershed’s snowpack and stored water deficit and keep up with irrigation needs in the Mill
Creek valley for 2001. Flows in Mill Creek declined rapidly in early July, slightly earlier than the
decline seen as in 2000. However, instead of stabilizing at a moderate level for the rest of July,

as had been the pattern in 2000, flows dropped much faster and to much lower levels. By the
third week in July flows in Mill Creek were less than one-third that seen during the same week in
2000 (Figure 3). Big Creek saw a similar early decline in flows, but stabilized at a slightly higher
level than in 2000 (Figure 4). Cedar Creek also maintained higher and more consistent flows in
2001 (Figure 6). Mol Heron began the 2001 season with flows similar to those seen in 2000, but
dropped much closer to lease level in early August than in 2000, and remained low the rest of the

monitoring season (Figure 7).

An examination of the preceding winter’s precipitation data may shed some light on why the
drought conditions persist in the northern portion of the Yellowstone watershed, while the upper
reaches did not experience as much water-related stress in 2001. In the winter of 2000, both the
Gardiner and Livingston 12S had lower than average precipitation from October to March, when
watersheds begin storing water for the following summer, creating dry soil conditions and a
potential water deficit coming into spring. By looking at the data in the context of the water year,
which begins in October and ends in September of the following year, instead of the calendar
year, it becomes apparent that the watersheds near Mill Creek probably held much less water
relative to “normal conditions” at the beginning of the summer 2001, than those near Cedar and
Mol Heron creeks (Table 5-1). As noted previously, the water normally stored in snowpack was
much lower than average as well with accumulated snowpack water equivalent at approximately
60% of normal for the Yellowstone basin by April 1, 2001 (NRCS 2002). In addition, the
Livingston 128 station received over half of the April to September precipitation in June, when

spring runoff is also usually at its peak (Figure 14).
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Table 5-1. Summary of precipitation in inches by water year (October to September) for the
Gardiner and Livingston 128 climate data stations for 1999 through 2001 (WRCC 2001).
Standard deviation (s.d.) is provided for the historical averages.

Gardiner Livingston 12 8§
Water year October to April to Total | October to April to Total
March September March September

1999 4,63 6.39 11.02 476 9.46 14.22

2000 2.22° 2.82 5.04 2.58 8.75 11.33

2001 3.22 5.70 8.92 3.24 9.93° 13.17

Historical 3.19 6.82 10.01 4.95 11.65 16.60
average’ (s.d. 1.96) (s.d. 3.09)

* No data were available from WRCC for February 2000

®No data were available from WRCC for September 2001 at the time of this report.

“Historical average as computed for the 2001 water year (historical monthly averages for October to December 2000
and January to September 2001).

Despite our efforts to begin spawning surveys earlier in the season, the fish began spawning even
earlier. On the first day of monitoring, GANDA biologists observed 10 to 19 fish in the three
project streams where observing conditions were favorable, despite beginning surveys one to
three days earlier than in 2000 (Table 4-2). However, the only creek where actively spawning
fish were observed on these first monitoring days was Big Creek, setting the spawning season at
least 9 days earlier than in 2000. Spawning fish were observed 5 and 4 days earlier on Cedar and
Mol Heron creeks, respectively in 2001(Table 4-2). As in 2000, the subsequent Yellowstone
cutthroat trout fry outmigrations were documented in Big, Cedar, and Mol Heron creeks even
earlier than would be expected given the 2001 spawning dates. Again, higher air temperatures
and lower flows probably resulted in a faster accumulation of thermal degree days, which would
account for the earlier emergence of Yellowstone cutthroat trout fry from the gravels (Benson
1960, Kelly 1993). Low flows prevented proper functioning of the Mill Creek traps in late July,
when fry would probably have begun their outmigrations.

Irrigation withdrawals created severe and abrupt reductions in flow which left much of the
spawning gravels in Mill Creek exposed and dry during the first two weeks of July, coinciding

with the beginning of the probable Yellowstone cutthroat trout egg incubation and emergence
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period for 2001. Similar flow reductions have exposed this gravel area in both previous project
years, but never as early as in 2001 (Roulson 1999, 2001). Recent natural restructuring of the
Mill Creek channel after the 1997 floods has created a high gravel bar near the mouth that is
submerged during spring runoff, but is quickly dried out as flows recede. Even with flows above
the lease quantification level of 4.4 cfs (0.11 m%/s), much of these spawning-quality gravels in
the section nearest the creek mouth are exposed when flows drop early in the irrigation season.
Since salmonid eggs and newly emerged fry require 2 moist environment and flowing water to
maintain their development, it is highly likely that redds in the portions of Mill Creek with no
measurable flow did not produce fry in any of the three project years (1999-2001)(Benson 1960,
Clancy 1988, Kelly 1993).

Recruitment from Mill Creek has been falling since a high point in 1997, and in the past three o
years, there have been fewer than 130 fry trapped in any field season (Table 3). Mill Creek

dropped to a point of no measurable flow at the East River Road Bridge 17 days earlier this

season than in 2000, and flows remained much lower throughout the 2001 field season than in

previous years. The lower channe! of Mill Creek near the mouth had no flow and no standing

water pools for at least four consecutive days, and did not have enough water to cover the base of

the fry traps for the majority of the season despite repeated efforts to maintain lease level flows

at the East River Road Bridge. Given the warm daytime temperatures, the extended duration of

these no-flow periods and the dwindling interstitial flow near the mouth it can be assumed that

any stranded fish would have died before the flush on August 11 briefly reconnected Mill Creek

with the mainstem.

Fry trapping results of 1999, 2000, and 2001 demonstrate that, at a minimum, the lease
administration in these years was not adequate to prevent large Yellowstone cutthroat trout fry
losses in low to average water years in Mill Creek (Roulson 1998, Roulson 1999). The water
lease was designed to protect Yellowstone cutthroat trout eggs and fry in “8 out of 10 years”, by
augmenting the flows that should normally exist in the creek despite withdrawals (Spence 1995,
K. Williams pers. comm. 2001). It is also important to note that public expenditures on the Mill
Creek pipeline project, at least in part, were justified by the projected generation of salvage water

to benefit the downstream fishery (Hunter 1993, EQC 1998). These facts coupled with the
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seniority of the FWP-leased water right for maintaining in-stream flow from May to October
support the maintenance of 4.4 cfs (0.11 m’/s) of water in Mill Creek during the lease period
(Hunter 1993, Spence 1995).

In spite of these facts, in 2001, arguably another drought year, the water lease enforcement
contact was unable to maintain flows at the lease quantification point in Mill Creek despite
almost daily efforts. Mill Creek is a wide, flat, cobble and gravel-bottomed creek, and the
amount of water necessary to ensure a specific level of streambed coverage or redd success has
not been quantified. If the lease is to meet its prescribed intent to “maintain and enhance
streamflows for the benefit of fisheries” (Spence 1995, EQC 1998), an evaluation of the
minimum amount of water required to cover a prescribed wetted perimeter should be undertaken
to determine what amount of water is truly needed to meet this goal. It is critical that the water
commissioner be more diligent and forceful in maintaining lease levels. Given the trapping data
from 1997, there is no doubt that Mill Creek is capable of recruiting substantial numbers of
Yellowstone cutthroat trout fry when flows are adequate throughout the incubation and
emergence period (Hennessey 1998), However, continuing the lease may not be cost-effective
unless reliable and sufficient flows can be maintained (Hennessey 1998). Given the average life
cycle of a Yellowstone cutthroat trout, 2001 should have been the second year that the large
recruitment from 1997 would have shown up in the spawning runs (Behnke 1992). However,
most successfully spawned eggs would probably have been desiccated early on in the season

given the timing of sudden and abrupt reductions in flow due to irrigation withdrawals in 2001.

Cedar Creek maintained consistent lease level flows all season, with the exception of one 24-
hour period in early July (Figure 5). Most stages of fry incubation can withstand short-term (<48
hours) dewatering since gravels hold some water in the interstitial spaces (Becker et al. 1983).
The rapid response time of the water lease contact to the single low flow situation at Cedar Creek
this year probably prevented any significant fry losses (Figure 5). Recruitment as measured by
trap results in Cedar Creek was up approximately 40% as compared to 2000, but was within the

range from the previous four years (Table 3).
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Water levels on Big Creek met the water lease agreement in 2001, but Big Creek was not
immune to the valley-wide water shortage, and discharge dropped earlier and stabilized at a
much lower level in 2001 than in 1999, but was actually a little higher than in 2000. Although fry
recruitment increased substantially in 2000, total trap catch in 2001 decreased from the previous
year’s high to a level near that seen in 1999 (Table 4-3). It is difficult to assess whether the large
increase in 2000 was due solely to the water lease, or if it represents the natural variation in
spawning and recruitment for Big Creek. However, anecdotal evidence from 1996 through 1998
suggests that the lease has substantially increased the water available in Big Creek during the
summer months which can only facilitate Yellowstone cutthroat trout recruitment (L. Roulson,
pers. field notes 1996-1998). Hopefully maintenance of in-stream flows in Big Creek will

support continued higher recruitment in the future.

The discharge situation on Mol Heron Creek was very similar to that on Big Creek in 2001, and
the creek did not fall below lease level.

GANDA used Hennessey’s protocol on Mill, Cedar, and Mol Heron creeks for the third year in
2001 and for the first time in Big Creek. Despite much earlier spawning and onset of
outmigration, the protocol was able to detect the ascending limb in Big, Cedar, and Mol Heron
creeks. Mill Creek was again sampled more frequently because of a lack of a distinct ascending
limb, but sampling was suspended when flows became insufficient to connect the mouth of the

creek with the Yellowstone mainstem.

The 2001 sampling season was considerably shorter than in 1999 and 2000 because of the use of
Hennessey’s protocol on all four project streams. Because the descending limbs of fry
outmigrations were not monitored, data on fry lengths may have been truncated. If FWP wants
to collect information on the life history of Yellowstone cutthroat trout fry concerning their
residence time in natal tributaries, then this late-season data may be valuable. Should further
research on fry residence time become a priority, it would be important to sample the latter end
of outmigration and perhaps sample well into late September or October to ensure that late

moving fry are documented.
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Based on the results from this survey and a review of results from 1996-2000, GANDA
recommends the following management actions to secure continued protection of Yellowstone

cutthroat trout populations in the four project streams:

1. Maintain the water leases on all four project streams and pursue renewal of leases shown
to be effective for the maximum time allowed when available;

2. FWP staff should continue to resolve issues that may be allowing junior water users to
receive water out of priority to FWP’s leases;

3. Re-evaluate the current level of leases on Mill Creek and determine the flows necessary
to effectively, and consistently increase the wetted streambed perimeter in the section up
to ¥ mile from the mouth of the creek. If sufficient flows cannot be maintained either by
more stringent enforcement/ administration of the current leases or by obtaining
additional flows in an economical manner, FWP should seriously consider discontinuing
the Mill Creek lease;

4. Continue annual monitoring of fry outmigration using Hennessey’s protocol on all four
project streams; and

5. Pursue additional water leases on other Yellowstone cutthroat trout spawning streams to

further protect the species.
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Appendix A:
Staff Gauge Rating Tables Used to Quantify Flows in 2001

The following are reproductions of staff gauge rating tables that were verified by GANDA at the
beginning of the 2001 field season. It should be noted that each gauge may require a correction
factor or “shift” when converting the gauge reading as seen in the field to a flow measurement on
the rating table. For example, the Cedar Creek gauge required a +0.02 shift to make the 1998
rating curve read 2001 flows accurately. This requires that a gauge reading of 1.00 be translated
to 1.02 as read off the 1998 rating table to quantify the flow on the creek.

Water Leases and Y eliowstone Cutthroat Trout Fry Outmigration from Garcia and Associates
Four Tributaries of the Upper Yellowstone River March 2002
Montana Department of Fish, Wildlife & Parks
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Appendix B:
Daily Mean, Minimum, and Maximum Stream Temperatures for
the Four Project Streams in Park County, Montana from May to
September 2001.
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Appendix C:
Photos of the Fry Trap Locations on each of the Four Yellowstone
Water Leasing Project Streams for the 2001 Trapping Season.

Waler Leases and Yellowstone Cutthroat Trout Fry Outmigration from Garoia and Associates
Four Tributaries of the Upper Yellowstone River March 2002
Montana Department of Fish, Wildlife & Parks



Figure C1.  Photo of the 2001 trap sites on Mill Creek, Montana. The Yeliowstone River is
visible in the background. Photo was taken on July 31, 2001 at a gauge level of 0.46 (1.85 cfs).
These trap sites have been used since 1997.

Figure C2.  Photo of the 2001 trap site on Big Creek, Montana. The Yellowstone River is
visible in the background. Photo was taken on July 26, 2001 at a gauge level of 0.80 (12.91 cfs).
This is the same site that was used in 2000.
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Four Tributaries of the Upper Yellowstone River March 2002
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Figure C4.  Photo of the 2001 trap site on Mol Heron Creek, Montana. The Yellowstone
River is approximately 110 yards (100 m) downstream from the trap site. Photo was taken on
August 4, 2001 at a gauge level of 0.96 (9.16 cfs). This is the same site used in 1999 and 2000.
The tock berm and plywood baffling used to reduce flow velocities near the trap tail are visible.
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Figure C5.  Photo of the double culvert on Cedar Creek, Montana at the Highway 89 crossing.
The culvert on the left in the photo has a fish ladder that was installed in the late 1980°s. Photo

was taken on August 4, 2001 at a gauge level of 0.50 (1.71 cfs).

Garela & Associates

Water [eases and Yellowstone Cutthroat Trout Fry Outmigration from
March 2002

Four Tributaries of the Upper Yellowstone River
Montana Department of Fish, Wildlife & Parks



Appendix D:
Map of the Mill Creek Monitoring Area
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Map of the Mill Creek Monitoring Area.

Scale = 1:19,200

Base Map: USGS 7.5 Minute-series
Pray, Montana, quadrangle (1865, revised 1994}
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Appendix E:
Stream Discharge Readings for the Three Gauges on Cedar Creek,
Montana from June to September 2001.
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Appendix F:
Graphs of Daily Discharge and Temperature Readings for the Four
Yellowstone Water Leasing Project Streams in Park County,
Montana from June to September 2001.

Water Leases and Yellowstone Cutthroat Trout Fry Outmigration from Carcia and Associstes
Four Tritattaries of the Upper Yellowstone River : March 2002
Montana Department of Fish, Wildlife & Parks
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