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INTRODUCTION

BACKGROUND

Historically, the Coeur d’Alene Indian Tribe depended on runs of anadromous salmon and
steelhead along the Spokane River and Hangman Creek, as well as resident and adfluvial forms
of trout and char in Coeur d’Alene Lake, for survival. Dams constructed in the early 1900s on
the Spokane River in the City of Spokane and at Little Falls (further downstream) were the first
dams that initially cut-off the anadromous fish runs from the Coeur d’Alene Tribe. These
fisheries were further removed following the construction of Chief Joseph and Grand Coulee
Dams on the Columbia River. Together, these actions forced the Tribe to rely solely on the
resident fish resources of Coeur d’Alene Lake for their subsistence needs.

The Coeur d’Alene Tribe is estimated to have historically harvested around 42,000 westslope
cutthroat trout (Oncorhynchus clarki) per year (Scholz et al. 1985). In 1967, Mallet (1969)
reported that 3,329 cutthroat trout were harvested from the St. Joe River, and a catch of 887 was
reported from Coeur d’Alene Lake. This catch is far less than the 42,000 fish per year the tribe
harvested historically. Today, only limited opportunities exist to harvest cutthroat trout in the
Coeur d’Alene Basin.

The declines in native salmonid fish populations, particularly cutthroat and bull trout (Salvelinus
confluentus), in the Coeur d'Alene basin have been the focus of study by the Coeur d'Alene
Tribe's Fisheries and Water Resources programs since 1990. It appears that there are a number
of factors contributing to the decline of resident salmonid stocks within Coeur d'Alene Lake and
its tributaries (Ellis 1932; Oien 1957; Mallet 1969; Scholz et. al. 1985, Lillengreen et. al. 1993).
These factors include: construction of Post Falls Dam in 1906; major changes in land cover
types, agricultural activities and introduction of exotic fish species.

In 1994, the Northwest Power Planning Council adopted the recommendations set forth by the
Coeur d'Alene Tribe to improve the Reservation fishery (NWPPC Program Measures 10.8B.20).
These recommended actions included: 1) Implement habitat restoration and enhancement
measures in Alder, Benewah, Evans, and Lake Creeks; 2) Purchase critical watershed areas for
protection of fisheries habitat; 3) Conduct an educational/outreach program for the general public
within the Coeur d’Alene Reservation to facilitate a “holistic” watershed protection process; 4)
Develop an interim fishery for tribal and non-tribal members of the reservation through
construction, operation and maintenance of five trout ponds; 5) Design, construct, operate and
maintain a trout production facility; and 6) Implement a five-year monitoring program to
evaluate the effectiveness of the hatchery and habitat improvement projects.

Since that time, much of the mitigation activities occurring within the Coeur d’Alene sub-basin
have had a connection to the project entitled “Implement of Fisheries Enhancement
Opportunities on the Coeur d’Alene Reservation”, which is sponsored and implemented by the
Coeur d’Alene Tribe Fisheries Program and is the subject of this report. These activities provide
partial mitigation for the extirpation of anadromous fish resources from usual and accustomed
harvest areas and Reservation lands.
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STUDY AREA

The study area addressed by this report consists of the southern portion of Coeur d’Alene Lake
and four 3" — 4™ order tributaries, which feed the lake (see Figure 1). These areas are part of the
larger Coeur d'Alene sub-basin, which lies in three northern Idaho counties Shoshone, Kootenai
and Benewah. The basin is approximately 9,946 square kilometers and extends from the Coeur
d'Alene Lake upstream to the Bitterroot Divide along the Idaho-Montana border. Elevations
range from 646 meters at the lake to over 2,130 meters along the divide. This area formed the
heart of the Coeur d’Alene Tribe’s aboriginal territory, and a portion of the sub-basin lies within
the current boundaries of the Coeur d’Alene Indian Reservation.

Coeur d'Alene Lake is the principle water body in the sub-basin. The lake is the second largest
in Idaho and is located in the northern panhandle section of the state. The lake lies in a naturally
dammed river valley with the outflow currently controlled by Post Falls Dam. The lake covers
129 square kilometers at full pool with a mean depth of 22 meters and a maximum depth of 63.7
meters.

The four tributaries currently targeted by the Tribe for restoration are located almost exclusively
on the Reservation (Figure 1) and have a combined basin area of 34,853 hectares and include
529 kilometers of intermittent and perennial stream channels. The climate and hydrology of the
target watersheds are similar in that they are influenced by the maritime air masses from the
pacific coast, which are modified by continental air masses from Canada. Summers are mild and
relatively dry, while fall, winter, and spring brings abundant moisture in the form of both rain
and snow. A seasonal snowpack generally covers the landscape at elevations above 1,372 meters
from late November to May. Snowpack between elevations of 915 and 1,372 meters falls within
the “rain-on-snow zone” and may accumulate and deplete several times during a given winter
due to mild storms (US Forest Service 1998). The precipitation that often accompanies these
mild storms is added directly to the runoff, since the soils are either saturated or frozen, causing
significant flooding.

OBJECTIVES

This 2004 Annual Report summarizes previously unreported data collected to fulfill the
contractual obligations for this project (BPA Project #1990-044-00) during the 2004 calendar
year. The report is formatted into four primary sections that respectively describe: 1) status,
trend and effectiveness monitoring of biological, chemical and physical habitat indicators; 2)
implementation of restoration and enhancement projects; and 3) a discussion of education and
outreach work performed during 2004. The study objectives and related tasks listed below are
excerpted from the document titled: 2005 Scope of Work and Budget Request, June 2004 - May
2005. Implement Fisheries Enhancement Opportunities on the Coeur d’Alene Indian
Reservation.

Section 1: Monitoring and Evaluation
Objective 1: Conduct status and trend monitoring to quantify changes in biological and
chemical attributes in target tributaries over time.

Task 1a: Measure abundance, distribution and other biological data related to cutthroat
trout and other salmonids at 104 index sites in mainstem and tributary reaches within the
four target watersheds.
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Figure 1. Locations of BPA Project 90-044-00 Focal Watersheds on the Coeur d'Alene Indian
Reservation.
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Task 1b: Monitor the movement of adfluvial fish within Benewah and Lake creeks.

Task 1c: Monitor stream flow, water temperature, nitrate and Hydrolab parameters at 21
sites in the restoration target drainages as described in the RM& E Plan.

Objective 2: Evaluate population responses to brook trout removal.

Task 2a: Calculate population estimates for brook trout at 35 index sites located
throughout the Benewah watershed and track changes in abundance and distribution at
the reach and watershed scales following annual removals.

Task 2b: Measure structural indices and indices of fecundity for brook trout removed
from the Benewah Creek watershed.

Objective 3: Conduct effectiveness and statistical monitoring to provide inferences on
fisheries/habitat relationships to larger areas and longer time periods.

Task 3a: Evaluate selection of control sites for each of the existing
restoration/enhancement treatment sites.

Task 3b: Measure physical habitat indicators at paired treatment/control sites that are
representative of each restoration/enhancement strategy to test the assumptions of habitat
restoration and enhancement.

Section 2: Restoration and Enhancement Activities
Objective 1: Complete advanced project planning.

Task la: Complete NEPA requirements and obtain necessary permits and authorization to
ensure compliance with federal laws and guidelines.

Task 1b: Complete detailed design work for channel filling and valley bottom wetland
re-development in the Benewah Creek watershed.

Objective 2: Implement projects to improve instream habitat quality and quantity and restore
watershed processes.

Task 2a: Restore native riparian forest plant communities within the 100-year floodplain
of Benewah Creek.

Task 2b: Complete construction of 2.7 acres of side channel habitats to maximize
wetland area and over winter rearing habitats for westslope cutthroat trout

Task 2c: Replace existing culvert at Windfall Creek to improve fish passage for
westslope cutthroat trout consistent with NOAA fisheries standards and guidelines.

Task 2d: Increase floodplain roughness in areas with identified risk for channel avulsion
adjacent to the upper mainstem of Benewah Creek.
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Objective 3: Monitor the completion of tasks described in the construction and
implementation phase for this project.

Task 3a: Conduct implementation monitoring for all new projects described in the
construction and implementation phase of the project.

Section 3: Education and Outreach
Objective 1: Improve awareness of Program activities within the Reservation community.

Task la: Publish a quarterly newsletter that highlights Program activities, recognizes
cooperative efforts and serves as a forum for discussing land management issues.

Task 1b: Continue meeting with watershed work groups comprised of private
landowners, agency representatives and other interested parties to discuss restoration and
cooperative opportunities.

Objective 2: Provide cultural and educational opportunities to improve student/teacher
involvement in Program activities.

Task 2a: Continue to participate in and develop an educational forum for the local
community regarding stream restoration opportunities on the Reservation and the need to
provide for wild fish in the areas being restored.

Task 2b: Provide summer internships for high school students to assist with
implementation of project activities.

Task 2c: Recruit four to seven school students to participate in the annual Natural
Resources Camp sponsored by the US Forest service.

Task 2d: Work with the University of Idaho Extension Agent to develop and implement
educational programs focusing on fish, water and wildlife resources and protection of
Reservation watersheds.
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SECTION 1: MONITORING AND EVALUATION

METHODS
Biological Monitoring
Trout Population Estimation

The channel types delineated during previous surveys (Lillengreen et al. 1996) served as the
basic geomorphic units for selecting sample sites for conducting fish population surveys. In
these early channel type surveys, stream reaches were stratified into relatively homogeneous
types according to broad geomorphologic characteristics of stream morphology, such as channel
slope and shape, channel patterns and channel materials, as defined by Rosgen (1994). Stream
reaches were further stratified by basin area to ensure that both mainstem and tributary habitats
were represented in the stratification scheme. Sample locations within each stratum were
randomly selected in proportion to the total reach length. The length of each sample unit was
defined 60 meters.

Sites were electrofished in the summer to quantify the abundance and distribution of fishes
during base flow conditions occurring between July and September. Trout populations were
estimated using the removal-depletion method (Seber and LeCren 1967, Zippen 1958). Block
nets were placed at the upstream and downstream boundaries to prevent immigration and
emigration during sampling. Each sample site was electrofished using the standard guidelines
and procedures described by Reynolds (1983). Fish were collected using a Smith-Root Type VII
pulsed-DC backpack electrofisher. Two electrofishing passes were made for each sample site as
the standard procedure. If the capture probability during the initial passes was less than or equal
to 50 percent, then a third and/or fourth pass were generally made to increase the precision of the
population estimate. Salmonid species, including cutthroat trout, brook trout (Salvelinus
fontinalis) and bull trout (Salvelinus confluentus) were the target species for this study. Captured
fish were identified, enumerated, measured (TL to nearest mm), and weighed (g). Cutthroat trout
greater than 200 mm in length were tagged with a Floy FD-6B numbered anchor tag. Other
species such as longnose dace, redside shiner, longnose sucker, and sculpin (spp.) were
considered incidental catch and were only counted.

Population estimates were calculated using the following equation for two pass removals
(Armour et al. 1983):

U,

N=_— -t
1-(U,/U))

where:

N = estimated population size;

U,=  number of fish collected in the first pass; and

Uy=" number of fish collected in the second pass.
The standard error of the estimate was calculated as:

M(1-M/N)
se(N) =
. \/A—[(zp)z(uz/uo]

where:
se(N) = standard error of the population estimate;
M= U1 + Uz;
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A= (M/N)% and
U
= 1-=2
p U,
Population estimates when more than two passes were necessary were calculated using the
following equation (Armour et al. 1983):

M

N=_—_
1-(1-p)'
where: N = estimated population size
M = sum of all removals (U; + U, + ....U)
t = the number of removal occasions
U; = the number of fish in the i removal pass
C=U;+(2)U,+ (3)U; +.....()U;
R =(C-M)/M
p= (a0l + (a)R + ()R’ + (a3)R* + (ay)R*
a; = Polynomial coefficient from Table 8 (Armour et al. 1983).

The standard error was calculated as:

e(N) = N(N —M)M
> N(N-M)tp)’
M _
(1-p)

where: se(N) = standard error of population estimate. The approximate 95% confidence interval
on the unknown population size was calculated as follows (Armour et al. 1983):

95%Cl = N £2* [var(N)

The population estimates were converted into density values (# fish/100 m?) for each sample site
then extrapolated to the reach in which the samples were collected to estimate the total number
of fish in the reach. The confidence intervals were converted in the same manner (Johnson and
Bhattacharyya 2001). Total reach areas were obtained from the digital data layer maintained by
the Tribal GIS Program.

Brook Trout Removal from Benewah Creek

Beginning in August 2004, non-native brook trout were removed from the upper mainstem and
two 2" and 3" order tributaries of Benewah Creek. Population estimate results from 1996-2003
revealed the highest brook trout densities were in the West and South Forks, Schoolhouse Creek
and the upper mainstem above the confluence of Windfall Creek. The initial strategy in 2004
was to use a single-pass removal of brook trout with the goal to sample the entire longitudinal
profile of the upper mainstem and tributaries mentioned above. The single pass method was
used in lieu of multiple passes to reduce the stress on sympatric juvenile westslope cutthroat
trout. All index sites associated with the population estimate sampling were sampled prior to
brook trout removal. A sample of approximately 150-200 brook trout were euthanized and
dissected to ascertain gender, reproductive maturity, and number of eggs, egg skein weight and
testes weight. Scale samples were taken form each sacrificed fish. The brook trout population in
Alder Creek is the control and a similar number of fish will be sacrificed to compare changes in
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density, production and potential changes in reproductive life history traits of brook trout
following removal in Benewah Creek.

Trout Age and Size

Age composition was estimated by applying length-at-age proportion keys (Gulland and
Rosenberg 1992) developed from scale analyses of fishes of known length from 1996-2004. The
length-at-age proportion keys are stream and species-specific. Raw scales were used for age
determination. Salmonid scales were taken from the side of the body just behind the dorsal fin
and above the lateral line (Jearld 1983). Scale samples were sorted by watershed to allow for
independent determination of age and growth rate. In the laboratory, several dried scales were
mounted between two glass microscope slides and viewed using a Realist, Inc., Vantage 5
microfiche reader. Age was determined by counting the number of annuli (Lux 1971, Jearld
1983).

Trout Production

Annual production (kg/hectare/yr) and production to biomass (P:B) ratio and variances were
estimated following methods of Newman and Martin 1983). Production and P:B ratios were
estimated separately for 2" and 3" order tributaries, and 3™ and 4™ order mainstems.

Trout Migration

Migration traps were installed in Lake and Benewah creeks in 2004 to assess migratory life
history patterns, length and age frequency distribution, relative abundance and condition factors
of adfluvial cutthroat trout. In the past, both the feasibility of installing and maintaining traps
and the ultimate efficiency of trapping efforts have largely been determined by the runoff
patterns of the respective watersheds. Traps consisted of a weir, runway and a holding box. The
design was a modification of the juvenile downstream trap found in Conlin and Tuty (1979).
Two traps were installed at each location to capture both fish moving upstream from the lake and
fish moving downstream from the upper watershed. Paired traps were placed approximately 10
meters apart. Traps were checked and cleaned at least once daily during peak spawning periods
from April through the early-June. Fish captured in the traps were identified, counted, measured,
and weighed. A scale sample was taken to assess the age, growth, and condition of the fish.

Power Analysis

The program MONITOR (Gibbs 1995) was used to estimate the power to detect a positive or
negative change of Westslope cutthroat and brook trout densities from annual population
estimates in Alder, Benewah, Evans and Lake Creeks over a nine-year period from 1996-2004.
The MONITOR program uses Monte Carlo simulations to model variation in count surveys over
time. The program then generates detection rates produced from route-regression analysis.

The density (mean + 1 sd, n = 9 years) of westslope cutthroat and brook trout from each
population estimate site was used as input for the power analysis. The results of the power
analysis apply to detecting percentage of change at the stream scale. An alpha level of 0.10 and
1000 iterations were used for all Monte Carlo simulations. For results interpretation and
discussion, detection ranges were broken into fine-scale (-4% to 4%) and coarse-scale (-10% to -
4%, and 4% to 10%). Results were interpreted relative to past power analyses reported in (Vitale
et al. 2002A).
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Water Quality Monitoring
Stream Studies

Water quality monitoring was conducted at 17 stream sites during 2004. Table 1 lists these sites
in order from mouth to headwaters for each of the four project watersheds. Nine of these sites
had RL 100 continuous temperature monitoring devices placed during the March through
October period (Table 1). The planned monitoring schedule was to visit all sites bi-weekly from
March-October to perform discharge and field (Hydrolab) sampling. Samples for laboratory
analyses were to be collected monthly from March-October and during rain-on-snow events
during November-March. Due to staff changes and other conflicts, actual monitoring took place
only during January, July, August and September.

Table 1. Stream water quality sites and monitoring variables.

Total Total Total
Watershed Stream Discharge Temperature” Suspended Solids Turbidity Phosphorus Kjeldahl Nitrogen
Alder Alder X X X X X X
Alder N Fk Alder X X X X X X
Benewah Benewah 3 Mile X X X X X X
Benewah Benewah 9 Mile X X X X X X
Benewah Bull X X X X
Benewah Gore Creek X X X X
Benewah School House Creek X X X X X X
Benewah  Upper Benewah X X X X X X
Benewah W Fk Benewah X X X X X
Benewah  Whitetail Creek X X X X X
Benewah  Windfall Creek X X X X X
Evans Evans X X X X X
Evans N Fk Evans X X X X X
Evans Upper Evans X X X X X
Lake Lower Lake X X X X X
Lake Upper Lake X X X X
Lake Bozard X X X X X

Monitored Parameters

Each stream site was monitored for discharge, temperature, dissolved oxygen (DO), pH, specific
conductance, total suspended solids (TSS), turbidity and nutrients. Nutrients included nitrogen
forms (nitrate, nitrite and total Kjeldahl nitrogen (TKN)), phosphorus forms (dissolved "ortho"
and total phosphorus), sulfate, chloride and fluoride. The discharge, temperature, DO, pH and
specific conductance were measured in-situ, while TSS, turbidity and nutrients were determined
in samples collected and sent to a contract laboratory.

Sampling and Analysis Techniques

The devices used for the in-situ water analyses were the Price Model 625 velocity meter with a
Teledyne Gurley Model 1100 digital flow velocity indicator Information on calibration and use
of the velocity meter and flow velocity indicator is presented in Rantz 1983.

Stream discharge measurements were made following a "Velocity-Area Procedure" adapted from
USEPA 2001.
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Water samples submitted for laboratory analysis were collected using a DH-48 water sampler to
obtain a depth-integrated sample, in most cases. Certain shallow stream sites (i.e. lass than six
inches) were sampled by dipping the sample bottle into the flow to collect a simple grab sample.
All samples were handled according to Standard Methods for the Examination of Water and
Wastewater, 18" Ed. (APHA 1992), procedure 1060: Collection and preservation of samples.
Strict chain of custody procedures was followed, as outlined in section 1060.B.1: Chain of
custody procedures (APHA 1992). The contract laboratory prepared all containers used.

Total suspended solids (TSS) were analyzed using EPA method 160.2: Gravimetric
determination of Total Suspended Solids (USEPA 1979).

A qualified contract laboratory completed turbidity analysis in accordance with EPA method
180.1 (USEPA 1993). Turbidity is an expression of the optical property that causes light to be
scattered and absorbed rather than transmitted in straight lines (APHA, 1992).

The contract laboratory analyzed certain nutrient samples with an ion chromatograph (IC) using
EPA method 300.0 (USEPA 1993). The following nutrient compounds were tested for using this
method: nitrate, nitrite chloride, fluoride and sulfate. Total and "ortho" phosphorus and TKN
were analyzed using semi-automated colorimetry (EPA method 365.1 for phosphorus and EPA
method 350.1 for nitrogen) (USEPA 1993).

Physical Habitat Evaluation

Following the Rolling Provincial Review in 2001, the project was tasked with producing a
research, monitoring and evaluation plan that described the methods and evaluations to assess the
effectiveness of habitat restoration on Tribal projects. In response project staff developed an
RM&E plan, volume 1 (Vitale et al. 2003), that described a hierarchical stratification process to
select control reaches for statistical comparison with restored (treatment reaches. Site selection
for control reaches followed a hierarchical stratification of the target watersheds that incorporates
both ultimate and proximate control, consistent with the guidelines provided by Paulsen et al.
(2002) and Hillman and Giorgi (2002). Thirteen control sites were selected using the above-
mentioned process and habitat indicators were measured according to the RM&E plan beginning
in 2002. Our RM&E plan was being implemented at the same time the Collaborative,
Systemwide Monitoring and Evaluation Project (CSMEP) was being developed. We have
followed the evolving CSMEP and Pacific Northwest Aquatic Monitoring Partnership (PNAMP)
and the habitat indicators and methods we use to collect them are consistent with those discussed
in both forums.

Sites and Variables Monitored

An important aspect of the proposed monitoring and evaluation program is the study of certain
physical, chemical and biological characteristics of select treated (i.e. restored or enhanced) sites
and similar but untreated "control" sites. The comparison of treated and control site
characteristics can provide an important measure of changes (improvements or lack thereof)
brought about by the treatments. Table 2 provides a listing of the restoration / enhancement
projects completed through 2002 that were selected to be monitored, along with the respective
project category (treatment type) and the associated treatment and control monitoring sites.
Restoration / enhancement project monitoring site locations are shown in Figures 2 - 5.
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Table 2. Coeur d'Alene Tribe, BPA-funded restoration / enhancement project sites with
associated preliminary treatment and control pairings.

Restoration / enhancement Project Category / Treatment Control
Project ID Treatment Type Monitoring Site # | Monitoring Site #
B 6.5 Channel reconstruction Benewah 12 Benewah 13
B 8.1 Streambank stabilization & Benewah 141 Benewah 9
riparian planting
B 8.5 Streambank stabilization & Benewah 14U Benewah 17
riparian planting
E 0.1/0.0 Riparian planting Evans 1 * Evans 2 *
E 1.3 Streambank stabilization Evans 3 Alder 12
E 1.6 Streambank stabilization Evans 5 * Evans 4 *
L 6.0 Riparian planting Lake 8 Lake 7
L 73 Riparian planting Lake 9U Lake 10
L 82 Instream structures & Lake 11 EF Bozard 1 *
riparian planting
L 8.2/0.0 Riparian planting WF Lake 2 Bozard 3
L 85 Riparian planting Lake 12 Bozard 2
L 88 Riparian planting Lake 13 * Bozard 1
*Site not monitored in 2004
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Map data from Coew d'Alene Tribe GIS Program 2/04.

Figure 2. Map of Alder Creek watershed showing fish population and stream habitat monitoring

sites.
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Map data from Coew d'Alene Tribe GIS Program 2/04.

Figure 3. Map of Benewah Creek watershed showing fish population and stream habitat
monitoring sites.
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Map data from Coew d'Alene Tribe GIS Program 2/04.

Figure 4. Map of Evans Creek watershed showing fish population and stream habitat

monitoring sites.
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Windy Bay,
Coeur dAlene
Lake

o' Monitoring Site )

Map data from Coew d'Alene Tribe GIS Program 2/04.

Figure 5. Map of Lake creek watershed showing fish population and stream habitat monitoring
sites.
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There were several basic physical characteristics measured at each of the paired treatment-
control sites during 2004. These included: longitudinal (thalweg) profile of the site, six cross
section profiles at each site, substrate materials ("pebble counts"), canopy cover, and amount of
large woody debris (LWD) present. These parameters were measured and the data from each
site was input into a single Reference Reach Spreadsheet (River4m, Ltd. 1999).

Habitat Typing

The first effort to be undertaken upon arrival at a monitoring site was to determine the location
of the downstream end of the previously surveyed reach. Once this was found, the location was
flagged with surveyor’s ribbon. . A 500-foot tape (zero end) was then attached near the water
surface and spooled out along the thalweg. Care was taken to keep the tape over the thalweg,
especially around bends in the channel. This was accomplished by running the tape over or
around existing woody debris or rocks. If no in-stream stationary items are found where needed,
the tape was tied the appropriate distance from shoreline rocks or vegetation using surveyors
ribbon. When the 500-foot mark was reached this was the end of the reach. This location was
marked as was the start with flagging. For some sites, the starting or ending locations were
different than the previous survey. This is further discussed later in this report.

Longitudinal "Thalweg" Profile

The slope of the water surface is a major determinant of river channel morphology, and of the
related sediment, hydraulic, and biological functions (Leopold 1994). A longitudinal profile
surveyed along a selected channel reach is recommended for slope and channel typing
determinations (Rosgen 1996).

This effort (modified from Peck et al. 2001) involved the determination of the water surface and
channel bottom elevations along the "thalweg" of each 500-foot study reach. "Thalweg" refers to
the flow path of the deepest water in a stream channel. The longitudinal thalweg profile,
therefore, is a survey of the lowest stream bottom elevations (and associated water depths) along
the reach. Measurements require the use of a surveyor's level and rod, and the 500-foot
measuring tape described above. Operating and note taking procedures for this equipment are
described in the RM&E Plan. Since most reaches are longer than could be seen from a single
level setup, it was necessary to use "turning points" to move the level through the reach.

Profile surveying was begun once a backsite shot to a previously established benchmark was
completed. This permanent reference point (top of a section of one-inch rebar driven firmly into
the ground) was given the assumed elevation of 100.00 feet. From the benchmark, the level was
set up and shots taken along the thalweg. A sufficient number of shots were taken to capture all
changes in channel bottom slope and habitat types along the reach, generally every 4 feet or so.
Collected survey data was input into a "Reference Reach Spreadsheet" (Ohio Department of
Natural Resources 1999) for each site, which automatically graphed the profiles and also
calculated pertinent descriptive criteria such as water surface slope.

Bed Form Differencing

Identifying pool and riffle habitats is important in monitoring changes in bedform and fish
habitat. A macrohabitat identification technique called the Bed Form Differencing was applied
to each of the longitudinal profiles collected. This method was developed by O’Neill and
Abrahams (1984) as a way to objectively identify bedforms in a survey reach. Four types of
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bedforms are identified: absolute maximums (riffles), absolute minimums (pools), local
maximums, and local minimums. The tolerance value is determined by taking the standard
deviation of all of the “differences” and multiplying it times a coefficient. If habitat units exceed
this value they are classified as either a minimum or a maximum. If they do not exceed this
value they are identified as not being a bedform. If a maximum is followed by a minimum then
it is a absolute maximum (riffle). If a maximum is followed by another maximum, it is identified
as a local maximum. If a minimum is followed by a maximum, it is defined as an absolute
minimum (pool). A bed differencing program was developed in Microsoft Excel using Visual
Basic following the relationships and terminology in Figure 6. Residual pool depths were
calculated by running a program that sorts the bedforms that are either absolute maximums or
absolute minimums, then identifies the first “riffle” and starts calculating residual pools by
subtracting the elevation of the absolute minimum from the adjacent downstream absolute
maximum. The sample spacing is assumed to be equal to channel width though shorter spacing
can be used. The resolution of our data is at a much tighter interval. As a result, we have
modified our data in order to achieve spacing closer to bankfull width.

R Absolute Maximum (Riffle)

- Absolute
Maximum (Riffle)

ZEi

Absolute Minimum (Pool)

Figure 6. Hypothetical bed profile diagramming the terminology and method to calculate
differences in streambed morphology (from O’Neill and Abrahams 1987).

Residual pool depth (RPD) is a particularly important habitat indicator because it can be
accurately measured independent of discharge (Kershner et al 2004) and increasing RPD is
generally associated with increased salmonid biomass (Hogel 1993; Binns 1994). This
technique was chosen to minimize the error in identifying pools and riffles due to acknowledged
inconsistencies associated with field identification (Kershner et al 2004) and to facilitate
comparisons across datasets (Arend 1999).

Cross Section Profiles

The cross section profiles were measured using a surveyor's level and rod at six locations along
each studied reach. These cross-sections had been previously established and surveyed either in
2002 or 2003. All cross sections were monumented with permanent pins (rebar), stakes, lathe
and flagging to allow for repeat surveying of the profiles in the future. In some cases, survey pins
had to be reset because they had been moved or “lost”. The Bench Mark established for the
thalweg profile surveying was also used as the reference point for each of the six cross sections.
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The cross section profiles were used to verify the bankfull depth and to calculate the bankfull
cross sectional area, wetted perimeter, average and maximum depth and width-to-depth ratio.
The flood-prone width, which is defined as the valley width at twice the maximum depth at
bankfull, and entrenchment ratio, defined as the flood-prone width divided by the bankfull width,
were not determined as part of this effort. The flood-prone width will be determined in the
future to allow a verification of the channel type (see below). Collected cross section survey
data, which included water depths where appropriate, was input into the "Reference Reach
Spreadsheet" (Ohio Department of Natural Resources 1999), along with the longitudinal profile
data, which automatically graphed the profiles and also calculated pertinent descriptive criteria
such as bankfull elevation, cross sectional area, wetted perimeter and flood prone elevation.

Channel Substrate

Channel bed and bank materials influence the cross-sectional form, plan-view, and longitudinal
profile of rivers; they also determine the extent of sediment transport and provide the means of
resistance to hydraulic stress (Ritter 1967). Channel substrate was measured using a modified
version of Wolman’s (1954) pebble count method as described by Rosgen (1993). The modified
method adjusts the material sampling locations so that streambed materials are sampled on a
proportional basis along a given stream reach. This requires that the six cross sections be located
as described above. The pebble count substrate analysis was performed along each of the six
cross sections within the monitored reach. Following the original method, particle size was
determined as the length of the "intermediate axis" of the particle; that is the middle dimension
of its length, width and height. At each of these points a measuring stick or finger was placed on
the substrate and the one particle the tip touched was picked up and the size measured. Substrate
size classes that were recorded are shown in Table 4.

Collected pebble count data was input into the Reference Reach Spreadsheets (Ohio Department
of Natural Resources 1999) which automatically graphed the distribution of particle sizes and
calculated pertinent descriptive criteria such as percent by substrate class (size) and a particle
size index (D value) for each habitat type for which data is indicated.

Canopy Cover

Vegetative canopy cover (or shade) was determined using a conical spherical densiometer, as
described by Platts et al. (1987). The densiometer determines relative canopy "closure" or
canopy density, depending on how the readings are taken. This monitoring was only for canopy
density, which is the amount of the sky that is blocked within the closure by vegetation, and this
is measured in percent. Canopy density can change drastically through the year if the canopy
vegetation is deciduous.

Canopy cover over the stream was determined at each of the six cross sections established
following the habitat typing survey. At each cross section, densiometer readings were taken one
foot above the water surface at the following locations: once facing the left bank, once facing
upstream at the middle of the channel, once facing downstream at the middle of the channel and
once facing the right bank. Percent density was calculated by multiplying the sum of the four
readings by 1.5. If the result was between 30 and 65%, 1.0 % was subtracted; if the result is
greater than 65, 2% was subtracted. The adjusted density readings were then averaged for the
entire reach.
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Instream Organic Materials

Organic materials play an important role in the character and productivity of stream habitats.
This survey of monitored stream reaches was an inventory of the number and size of individual
pieces of woody material observed along a longitudinal transect through the reach. For the Large
Woody Debris (LWD) these data were converted into volumes of material so it was necessary to
collect data on the lengths and diameters of the material to allow this calculation. Tree root wads
were tallied separately as these typically provide additional habitat benefits because of their size
and complexity. For this protocol the definition of a root wad was that it was dead, that it was
detached from its original position, that it has a diameter where the tree trunk meets the roots of
at least eight inches and that it was less than six feet long from the base of the root ball to the
farthest extent of the trunk (Schuett-Hames, 1999).

The organic materials survey transect was walked along the thalweg starting at the downstream
end of the reach. All LWD (organic material that is greater than 4 inches in diameter at the
small end) was tallied and measured whether or not it crossed the line of the transect. This
included material that was suspended above the water surface and extended outside of the wetted
stream width; it is not intended to include living trees or shrubs that hung over the water.

For all observed LWD, orientation was noted by taking a compass heading (degrees) looking
from the large end of the piece towards the small end. Other measurements taken of all LWD
were the diameter at the large end, diameter at the small end and the length between these two
ends. The large end diameter shall be measured immediately above the roots, if there are roots
attached.Data handling included the tallying of all course material seen crossing the thalweg and
calculation of the total volume and density of LWD found within the bankfull width of each
studied reach. These calculations were performed in a spreadsheet worksheet added to the
Reference Reach Spreadsheet.

Sinuosity

The sinuosity of a stream reach is estimated as the ratio of the stream channel length to the direct
basin (valley) length. Rosgen (1996) describes the procedure for determining sinuosity of the
entire stream basin but this also applies to a monitored stream reach. For a large scale
determination of sinuosity, a 1:24,000 map or orthophoto and a ruler, or GIS map in measure
option or GPS is used to measure the length of the basin as the straight line distance from the
where the stream enters the study reach to where it leaves the reach. For the RM&E monitored
stream segments, the "total stream length" in the study reach is that measured for the longitudinal
thalweg profile (ie. 500 feet) and the valley length is measured (estimated) by pulling a hip chain
as straight as possible between the upstream and downstream ends of the 500-foot (152.4 meters)
reach. Sinuosity is calculated by dividing the stream length (500 feet) by the valley length.

Stream Typing

The classification of stream channel types followed guidelines presented by Rosgen (1996) and
used data collected during the thalweg profile, cross section profile and sinuosity surveying
efforts. The objective of classifying streams on the basis of channel morphology was to use
discrete categories of stream types to develop consistent, reproducible descriptions of the stream
reaches. These descriptions must provide a consistent frame of reference to document changes in
the stream channels over time and to allow comparison between different streams. The different
Rosgen classifications are described in Appendix Table 4. In addition to the parameters shown
in Appendix Table 4, the dominant substrate type (ie. slit/clay, sand, gravel, cobble) was
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included as a modifier to the channel type. The numbering for this (from Rosgen 1996) is 1 for
bedrock, 2 for boulder, 3 for cobble, 4 for gravel, 5 for sand and 6 for silt and clay.

The delineative criteria described by Rosgen (1996) are entrenchment ratio, width-to-depth
(W/D) ratio, sinuosity and slope. Entrenchment ratio is estimated as the typical flood-prone
width divided by the bankfull channel width. Bankfull width, or the stream width and depth at
bankfull stage, is determined by the elevation of the top of the "highest depositional feature"; this
could be a change in size distribution of substrate or bank particles, a stain on rocks in the bank,
or, most frequently, a break in the slope of the bank. When the bankfull elevation was not
evident in the field, this could usually be determined by looking at the plotted cross section
profiles. Flood-prone width is frequently not evident, especially where floodplain features have
been obscured by agriculture or other human activities. However, flood-prone width has been
defined by Rosgen as the width at the elevation that is twice the bankfull max depth. That is,
twice the distance between the thalweg and the bankfull height. The flood-prone widths were
not determined in 2004 because the cross sections did not extend far enough from the stream to
intersect the valley floor so the Entrenchment Ratio could not be calculated. This resulted in
some uncertainty in the stream types identified; this uncertainty will be removed and channel
types verified when cross section profiles are extended.

Width-to-depth ratio is the bankfull width divided by the bankfull mean depth in a riffle section.
Other dimensionless ratios include pool area ratio, pool width ratio, pool max depth ratio,pool
area ratio is the ratio of the cross-sectional area of a pool divided by the bankfull cross-sectional
area in a riffle section. Pool width ratio is the ratio of the width of a pool divided by the riffle
bankfull mean width. Pool max depth is the ratio of the max depth of a pool divided by the riffle
bankfull mean depth. These relationships are also determined for run and glide habitat types..
Sinuosity is the length of reach divided by the straight-line distance between the upstream and
downstream ends of the reach. Slope is the drop in elevation of the water surface divided by the
length of the reach and was determined from the upstream end of one habitat type (preferably a
riffle) near the upstream end of the study reach, to the upstream end of a like habitat type near
the downstream end of the study reach.

RESULTS
Biological Monitoring
Trout Population Estimation

Westslope cutthroat trout were widely distributed in the Benewah, Evans, and Lake Creek
watersheds during base flow conditions in the summer, with maximum densities in 2™ and 3"
order tributaries (Appendix Tables 1 and 2). In contrast, westslope cutthroat trout distribution in
Alder Creek was limited to the mainstem (Appendix Table 1). In Alder Creek, only
approximately 50% of the available habitat was occupied by cutthroat trout and much of the
upper mainstem and North Fork contained no cutthroat in the sample. The highest mean
densities at the watershed scale were 12.4/100m” and 8.8/100m” from Lake and Benewah creeks
(Table 3). Maximum densities at the reach scale in each watershed were; 65.9/ 100m? in Bull
Creek a tributary of Benewah Creek, 35.9/ 100m” in Bozard Creek a tributary of Lake Creek,
(10.2/100m” in mainstem Evans Creek and 3.4/100m” in mainstem Alder Creek.

Non-native brook trout were found only in the Alder and Benewah creek watersheds (Appendix
Table 3), but were dominant in Alder Creek. The mean density of brook trout at the watershed

Coeur d’Alene Tribe Fisheries Program — BPA Annual Report, 2004
20



scale in Alder Creek was 10.9/ 100m” (Table 3). The highest density of brook trout at the reach
scale was 30.4/100m” in North Fork Alder Creek. In Alder Creek brook trout were distributed
throughout the North Fork and upper mainstem reaches with relatively little spatial overlap
between brook trout and cutthroat trout. However, brook trout were found in higher densities
where overlap did occur. In Benewah Creek, brook trout were distributed in the upper mainstem
and associated tributaries with highest densities of 10.3/100m” and 29.7/100m’ in the South and
West forks respectively (Appendix Table 3).

The estimated total number of westslope cutthroat and brook trout at the watershed scale for the
9-year time series of data from 1996-2004 are presented in Figures 7 and 8. The westslope
cutthroat trout population in Lake Creek increased from 2003 with a population of 8,238+1,831
(95%C1), the highest population of the four target watersheds in 2004 (Figure 7). The westslope
cutthroat trout population in Benewah Creek has increased in the past two years with a
population of 5,666+1,367 and 6,907+1,420 in 2003 and 2004 respectively (Figure 7). The
westslope cutthroat trout population in Alder Creek was much lower than the other target
watersheds and exhibits relatively low annual fluctuation (Figure 7). The population of brook
trout in Alder Creek was 6,848+749 in 2004, an increase following two years of decreasing
numbers (Figure 8). The population of brook trout in Benewah Creek increased in 2004 at
2,091+£1,039, but also exhibited higher variance compared to past years (Figure 8). Generally,
the brook trout population in Alder and Benewah creeks has increased since sampling began in
1996 (Figure 8).

A power analysis was done to evaluate the power to detect annual changes of cutthroat and brook
trout populations at the watershed scale. The nine-year (1996-2004) population estimate data set
was used for the power analysis. The power to detect changes in cutthroat trout populations is
highest in Benewah and Evans creeks (Figure 9). However, the higher power is associated with
only a coarse-scale detection range of (-10% to -4%, and 4% to 10%) and does not meet the
criteria of detecting fine-scale changes (—3% to +3%) with 0.80 power at o 0.10 (Vitale et al.
2002A). The power to detect changes in the brook trout population of Alder Creek is nearly
twice that of Benewah Creek (Figure 10).

Table 3. Density of westslope cutthroat trout and non-native brook trout, meanzstandard error,
at the watershed scale from the four target watersheds in 2004. Values in parentheses are the
number of segments used for the estimate.

Stream
Species Alder Creek Benewah Creek Evans Creek Lake Creek
westslope cutthroat trout 0.84+0.3 (13) 8.8+4.3 (15) 6.60.9 (10) 12.4+3.6 (8)
brook trout 10.9+3.3 (13) 3.2+£2.0 (15)
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Figure 7. Total estimated cutthroat trout population by watershed, 1996-2004. Error bars
indicate +95% CI.
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Figure 8. Total estimated brook trout population by watershed, 1996-2004. Error bars indicate
+95% ClI.
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Figure 9. Power to detect annual changes in westslope cutthroat trout populations in four
streams on the Coeurd’ Alene Tribe Reservation (n=9 yrs, « level = 0.10).
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Figure 10. Power to detect annual changes in brook trout populations in two streams on the
Coeurd’ Alene Tribe Reservation (n=9 yrs, « level = 0.10).
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Trout Production

Annual westslope cutthroat trout production in 2™ and 3" order tributaries was 4.0 and 6.1 times
greater than in 3" and 4™ order mainstems of Benewah and Lake creeks (Table 3). Westslope
cutthroat trout production in Evans Creek was similar in 2™ and 3" order tributaries compared to
3 and 4™ order mainstem reaches. Non-native brook trout production in 2™ order tributaries
of Alder Creek was comparable to westslope cutthroat trout production in Benewah and Evans
Creeks, and 1.5 times greater than brook trout production in Benewah Creek (Table 9). All
density data by age class used for the following production results is presented in Appendix A,
Tables 3-6.

The production/biomass (P:B) ratio of westslope cutthroat trout among the four streams from
1996-2005 was highest in Benewah Creek from both 2" order tributaries and 3™ order mainstem
of Benewah Creek (Tables 9 and 10). Lake Creek had the highest P:B ratio of 1.2+0.4 (95%CI)
during the ten-year period in year 2001. The production/biomass (P:B) ratio of westslope
cutthroat trout in the four target watersheds was similar to values from the literature for
salmonids with a resident life history (Table 11). Production/biomass ratios of non-native brook
trout in Alder and Benewah Creeks is in the lower range of P:B ratios from the literature (Table
11).

Table 4. Annual production (kg-ha™-yr™), biomass (kg-ha™*-yr™), and production to biomass
ratio(+ 95% CI) for westslope cutthroat and brook trout from 2" and 3™ order tributaries, and
3" and 4" order mainstems of four target watersheds in the Coeur d’Alene Basin for 2004.

Tributary Mainstem
Stream  Species  Production Biomass P:B Production Biomass P:B
Alder® WCT - - - 6.6 (0.7) 7.7(1.1) 0.9 (0.3)
Benewah WCT 31.7 (2.5) 40.4 (1.9) 0.8 (0.1) 7.9 (0.4) 10.1 (0.6) 0.8 (0.1)
Evans WCT 17.7 (0.8) 22.0 (0.7) 0.8 (0.1) 18.3 (0.6) 23.9(0.5) 0.8 (0.1)
Lake WCT 472 (3.1) 51.0 (3.3) 0.9 (0.2) 7.8 (0.4) 9.4 (0.4) 0.8 (0.1)

Alde®  EBT  344(20) 54.0(13)  0.6(0.1) . . -

Benewah® EBT  27.0(2.8)  313(1.9)  0.9(0.2) - - -

& Low numbers of westslope cutthroat trout precluded production estimates.
® Low numbers of brook trout precluded production estimates.

Trout Age and Size

The length, weight and condition factor separated by age for westslope cutthroat and brook trout
sampled during population estimates is presented in Tables 5 and 6. Length, weight and
condition factor data was tested for normality prior to applying statistical tests. Most data sets
were non-normal and the non-parametric Kruskall-Wallis test was selected to compare age
classes between the four streams. A significant Kruskall-Wallis test was followed by a
nonparametric multiple comparisons test (Zar 1984). A Mann-Whitney test was done for the
comparison of brook trout in Alder and Benewah Creeks. For westslope cutthroat trout

Sample size was low for age 5 fish and were excluded from the statistical analyses. Sample size
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was also low for Alder Creek westslope cutthroat trout and ages 0+, 1+ and 4+ fish were
excluded from the analysis. Length and weight of age 1+ westslope cutthroat trout from Lake
Creek were significantly lower than in the other streams (p=0.001), (Table 5). The length,
weight and condition factor of age 2+ brook trout in Benewah Creek were significantly lower
than in Alder Creek, with P values of 0.003, <0.001 and 0.020 respectively (Table 6).

Table 5. Total lengths, weights and Fulton type condition factors (Kr.) for age classes of
westslope cutthroat trout from Alder, Benewah, Evans and Lake creeks sampled by electrofishing
summer 2004. Bold type denotes the variable statistically different from the other streams
(nonparametric multiple comparisons), alpha = 0.05.

Length (mm) Weight (g) Ko
Stream Age n mean+1SD  Range mean+1SD Range mean+1SD  Range
Alder 0 3 8042 (77-81) 4.5+0.3 (4.3-4.9) 0.90+0.06 (0.83-0.94)
1 4 94+20  (78-121) 8.5+6.1 (4.2-17.4) 0.92+0.04 (0.89-0.98)
2 16 13529 (115-158) 22.8+5.8  (16.1-40.3) 0.91+0.09 (0.80-1.07)
3 11 164+13  (147-186) 41.3+11 (30.7-62) 0.92+0.08 (0.71-0.99)
4 4 228+3  (223-231) 119.2+13.2 (100.2-130.3) 1.01+0.13 (0.81-1.10)
Benewah 0 77 64+10  (44-82) 2.8+1.2 (0.8-5.2) 0.97+0.15 (0.66-1.34)
1 53 9614  (76-120) 8.6+3.5 (3.0-15.2) 0.94+0.14 (0.61-1.30)
2 82 12512 (97-155) 18.4+5.7  (8.4-38.9) 0.91+0.09 (0.74-1.15)
3 30 16615  (138-197) 43.7£13.9  (24.7-74.4) 0.93+0.07 (0.77-1.09)
4 3 202+8  (194-210) 80.8£11.8  (72.2-94.2) 0.98+0.05 (0.92-1.02)
5 1 256 - 143.0 - 0.85 -
Evans 0 54 6110  (40-80) 2.5+1.3 (0.5-5.1) 1.1240.26 (0.63-1.57)
1 66 98+13  (77-124) 9.843.5 (3.9-19.3) 0.95+0.12 (0.70-1.24)
2 56 131+10  (106-151) 21.2459  (10.9-39.3) 0.91+0.09 (0.71-1.14)
3 29 17116  (140-195) 4924154  (44-79.2) 0.94+0.10 (0.72-1.12)
4 19 220+15  (202-250) 105.1£22.1 (80.3-154.8) 0.98+0.08 (0.84-1.11)
5 5 27113 (249-285) 195.3£33.4 (160.6-240.4) 0.99+0.15 (0.84-1.17)
Lake 0 158 62+11 (32-85) 2.6+1.3 (0.4-6.2) 1.0+£0.19  (0.66-1.5)
1 130 91+11  (70-120) 7.442.6 (3.2-15.1) 0.95+0.11 (0.64-1.18)
2 75 12715 (97-155) 19.6+6.8  (8.7-34.9) 0.91+0.09 (0.67-1.13)
3 38 16714  (140-195) 458+12.2  (22.4-74.2) 0.97+0.08 (0.77-1.14)
4 2 21244 (209-215) 86+8.5 (80.0-92.0) 0.90+0.03 (0.88-0.93)
5 1 259 - 152.8 - 0.88 -

Trout Migration

Migrant traps were installed in Lake and Benewah creeks beginning with upstream, adult traps
being deployed March 18" and 20™ in Lake and Benewah creeks respectively (Table 7).
Downstream, juvenile migrant traps were deployed March 25™ and 29" in Lake and Benewah
creeks respectively (Table 7). Although the traps were fishing 88%-90% of the trapping period,
2004 was an extremely challenging year for trapping adult and juvenile westslope cutthroat trout.
The extremely low snowpack and lack of early spring precipitation produced a hydrograph with
very little fluctuation, until early May when a large rain event increased discharge dramatically
(Figure 13). The traps could not be fished during the May rain and high flow event from May
12-May 19. During the low flow period from late March through April only 55 and 4 juveniles
were captured in Lake and Benewah Creeks respectively. Trap avoidance by juveniles was
observed with many more fish seen than captured. The upstream adult migrant traps were
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fishing one week earlier than the juvenile traps (Table 7). As with past years more post-spawn
adults were captured in the downstream traps than in the upstream traps (Table 7). Post-spawn
adults and were observed avoiding the downstream traps. Mean length and weight of post-
spawners in Lake Creek was higher compared to post-spawners in Benewah Creek (Table 8).

Table 6. Total lengths, weights and Fulton type condition factors (Kr.) for age classes of non-
native brook trout 