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Section 10: Narrative

Project ID: 199004400

Title:  Implement Fisheries Enhancement Opportunities (Coeur d’Alene Subbasin)

A. Abstract

This is an ongoing project designed to address the highest priority objective in the Coeur d’Alene Subbasin (2A2): to protect and restore remaining stocks of native resident westslope cutthroat trout (Oncorhynchus clarki lewisi) to ensure their continued existence in the basin and provide harvestable surpluses of naturally reproducing adfluvial adult fish from Lake, Benewah, Evans and Alder creeks.  The project objectives are tiered to the Intermountain Province Objectives 2A1-2A4 and to the Columbia River Basin Goal 2A that addresses resident fish substitution for anadromous fish losses (Intermountain Province Subbasin Plan 2004).  Project objectives are:  1) Implement habitat restoration and enhancement projects, 2) Evaluate habitat restoration effectiveness at treatment/control sites, 3) Detect changes in fish production, productivity, and distribution, 4) Measure changes in westslope cutthroat trout production in relation to brook trout removal, 5) Measure the productivity of the adfluvial life history form in target watersheds, and 6) Increase cooperation and coordination among stakeholders.  Project activities are focused on completing specific habitat enhancement projects in prioritized areas, non-native species control efforts, and statistically rigorous effectiveness monitoring to address limiting factors for native fish production in the target watersheds.  Habitat restoration and enhancement activities employ the seven highest ranked strategies for addressing this objective within the low elevation watersheds that have been ranked with the greatest deviation from the reference habitat conditions for westslope cutthroat trout within the Subbasin (Intermountain Province Subbasin Plan 2004).

Several planning documents have been written to guide and prioritize project implementation efforts, including a project management plan (Lillengreen et al. 1999), a research, monitoring and evaluation plan (Vitale et al. 2003), and a habitat protection plan (Vitale et al. 2002).  To date, fifty individual restoration/enhancement treatments have been implemented at 31 project sites between 1995 and 2005 effecting 210 hectares of upland, 15.3 km of riparian habitats (counting both banks) and 3.9 linear km of stream channel.  Future restoration work outlined in this proposal includes 6.46 km of channel realignment, 3.17 km of wood placements, and 8.04 km of tree planting along streams in target watersheds.  Biological monitoring has focused on long-term population, production and life history dynamics of three life history forms of westslope cutthroat trout in the four target watersheds.  Population, production and spatial distribution was estimated by sampling at 104 stratified, randomly selected index sites located along the longitudinal profile of the mainstems and tributaries of the four target watersheds from 1996-2005.  Beginning in August 2004, non-native brook trout (Salvelinus fontinalis) were removed from the upper mainstem and 2nd order tributaries of Benewah Creek.  A within lake survival study of the Lake Creek populations begain in 2005 to address knowledge gaps related to in-lake survival of lacustrine-adfluvial westslope cutthroat trout.  The monitoring work described above will continue for the years of this proposal.  The knowledge gained through monitoring and restoration activities will aid in the creation of a dataset that can be used throughout the intermountain province.

B. Technical and/or scientific background

Environmental Conditions in the Target Watersheds

The target watersheds in this proposal have a combined basin area of 34,853 hectares and include 529 kilometers of perennial and intermittent stream channels (Figure 1, Table 1).  The climate has the characteristics of a cold coastal type during the winter, and mild arid interior conditions during the summer.  Average precipitation is approximately 50.8 cm per year, and annual precipitation increases with elevation to approximately 115 cm at 1,220 meters above mean sea level.  The combination of winter weather and snow pack conditions is conducive to rapid melt and runoff in the target watersheds, where the majority of basin area ranges from 915 to 1,370 meters.

Project proponents have completed a hierarchical stratification of the target watersheds that incorporates both ultimate and proximate control characteristics consistent with the guidelines provided by Paulsen et al. (2002) and Hillman and Giorgi (2002).  The results of these groupings are consistent with small watersheds in close proximity to one another and many of the general characteristics of the classification are shared among the various watersheds.  The watersheds encompass 4 geologic districts, with mafic volcanic flows common in lower elevations and argillite and slate forming the parent material in middle and upper reaches of Alder, Benewah, and Evans creeks, respectively.  Moderate to deep loess deposits are a common feature in the middle reaches of Lake Creek with some deposition evident in both Benewah and Alder creeks as well.  Nine different valley segment types and 15 different channel types are found in the watersheds, however, 66% of identified reaches are low gradient, meandering, riffle/pool type channels occurring in gently sloping, broad alluvial valleys (See Appendix A, Table 1).

Natural disturbance and succession regimes in the target watersheds have been severely altered during the last 100 years and are consistent with commodity-induced patterns described for much of the Interior Columbia Basin (USDA Forest Service 1996).  Conversion of forestlands for homesteads, pasture, and agriculture, beginning as early as 1910, has enhanced the rain-on-snow phenomenon and accelerated the rate of snow pack depletion to varying extents.  Alteration of riparian/wetland cover types is widespread and has led to localized lowering of ground water tables, increases in water temperature, channel instability and loss of instream habitat diversity.  More than 80% of historic wetlands in the target watersheds demonstrate some loss of functional value (CDA Tribe 2000).  The proliferation of road construction also represents a significant disturbance.  The areas with the highest density of roads occur on lands managed primarily for timber production.  Portions of this road system have been constructed in some of the most sensitive locations (floodplains, and unstable land types) within the watersheds and the density of all road types ranges from 2.11-3.54 km/km2 in the affected watersheds (Table 1).
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Figure 1. Locations of focal watersheds on the Coeur d’Alene Reservation.

Table 1.  Basin characteristics of the Lake, Benewah, Alder and Evans creek watersheds (From: Lillengreen et al. 1998).

	Variable
	Lake Creek
	Benewah Creek
	Alder Creek
	Evans Creek

	Basin area (km2)
	93.5
	151.5
	68.9
	34.4

	Mean elevation (m)
	905
	965
	992
	1078

	Basin relief (m)
	938
	772
	820
	999

	Mean valley gradient
	0.057
	0.034
	0.040
	0.095

	Stream density (km/km2)
	1.63
	1.44
	1.59
	1.35

	Road density (km/km2)
	2.11
	3.35
	3.54
	3.29

	Riparian road density (km/km2)
	0.21
	0.35
	0.57
	0.39


*Includes intermittent tributaries
Focal Species Characterization and Status

Abundance/Distribution

The westslope cutthroat trout (Oncorhynchus clarki lewisi) is a native salmonid that reaches lengths of 500 mm, and a maximum age of 8 years in the Coeur d’Alene Basin.  Three life history strategies (following Northcote 1997) are expressed in the target watersheds: fluvial-resident, fluvial-adfluvial, and lacustrine-adfluvial (Table 2).  The fluvial-resident life history generally inhabits small tributaries completing all stages of the lifecycle in small tributaries.  The fluvial–adfluvial life history rears in small tributaries, but matures in larger river habitat of the Coeur d’Alene, St. Joe, and St Maries Rivers, then returns to natal tributaries to spawn.  The lacustrine-adfluvial life history rears in small tributaries, but matures in Coeur d’Alene Lake, then returns to natal tributaries to spawn.  Each life history strategy shares a cyclic sequence of migrations (trophic, refuge, and eventually reproductive) among respective habitats used for feeding, wintering, and spawning.

Table 2. Summary of life history strategies for westslope cutthroat trout in four target watersheds in the Coeur d’Alene Subbasin (after Northcote 1997).  T=Tributary, R=River, L=Lake.
	Life History
	Habitat Requirement

	Watersheds
	Life History Strategy
	Life Cycle Stage
	Early
	Juvenile
	Adult

	Benewah

Lake

Evans3
	Lacustrine - adfluvial
	Incubation
	T
	
	

	
	
	Rearing
	
	T
	

	
	
	Refuge migration1
	
	T, L
	

	
	
	Trophic migration2
	
	T, L
	

	
	
	Maturation
	
	
	L

	
	
	Spawning migration
	
	
	T

	Alder

Evans3
	Fluvial - adfluvial
	Incubation
	T
	
	

	
	
	Rearing
	
	T, R
	

	
	
	Refuge migration1
	
	T, R
	

	
	
	Trophic migration2
	
	T, R 
	

	
	
	Maturation
	
	
	R

	
	
	Spawning migration
	
	
	T

	Alder

Benewah

Evans

Lake
	Resident – fluvial
	Incubation
	T
	
	

	
	
	Rearing
	
	T
	

	
	
	Refuge migration1
	
	T
	

	
	
	Trophic migration
	
	T
	

	
	
	Maturation
	
	
	T

	
	
	Spawning migration
	
	
	T


1 Migration to lower mainstem tributary or river habitats in winter.; 2 Migration of juveniles to lake or river habitats from tributary or river habitats in the spring.; 3 Life history strategies historically present in Evans Creek but not currently present.

Historically westslope cutthroat were the dominant salmonid in streams of the Coeur d’ Alene Subbasin (Behnke and Wallace 1986).  Westslope cutthroat trout are still widely distributed in the Coeur d’Alene Basin, but the target watersheds show a pattern of habitat loss and population fragmentation with reduced distribution in portions of the historic range, particularly in Benewah and Alder creeks (Intermountain Province Subbasin Plan 2004).  Few data describe the historic abundance of westslope cutthroat trout in the Coeur d’ Alene Subbasin, but many historic accounts suggest that densities were high throughout the Subbasin and production was greatest for the lacustrine-adfluvial fishes that exploited optimal habitats for growth and survival in the lake, river and tributary environments (Northcote 1997).

Production

Current production is significantly lower than historical production.  Adfluvial populations have declined the most and have been extirpated from Evans Creek as well as other parts of the Subbasin.  Production of westslope cutthroat trout in all four target streams is in the lower range reported in the literature and much lower than the 100-300 (kg/hectare) proposed by Waters (1992) for salmonids in more productive stream systems.  However, past production studies have not included salmonids with potamodromous, lacustrine-adfluvial life histories, and most focused on production of resident life histories, in mostly headwater-type systems (Scarnecchia and Bergerson 1987; Waters 1992; Clarke and Scruton 1999).  Mean annual production in 2nd order tributaries is generally 2-7 times greater than in 3rd and 4th order mainstems of Lake, Benewah and Alder creeks, respectively, while production is more evenly distributed in Evans Creek (See Project History, Salmonid Production Results).  Habitat and water quality limiting factors currently depress mainstem production and reduce individual fitness particularly during the refuge and trophic migrations that occur between mainstem and tributary habitats.

We argue that production of lacustrine-adfluvial westslope cutthroat trout in Lake, Benewah and Evans Creeks should be 2-4 times higher than current, limited production, and production to biomass ratios (P:B ratios) should approach 2.0, similar to anadromous steelhead trout life histories.  Anadromous salmonids have high P:B ratios in streams, the product of higher densities (from highly fecund spawners) and rapid annual turnover rates of emigrating age 0-1 salmon and age 1-3 steelhead smolts (Chapman 1968; Alexander and MacCrimmon 1974).  Use of the anadromous life history as an analog to measure the production potential of lacustrine-adfluvial westslope cutthroat trout is realistic because they exhibit similar life history attributes to anadromous salmonids.

The lacustrine-adfluvial life history includes trophic and reproductive migrations between tributary and lake environments (Northcote 1997), and by nature should exhibit higher production and productivity (P:B ratios) compared to the resident life history.  The lacustrine-adfluvial life history is at least 50% larger at maturity and more fecund than the resident forms at the same age.  In addition, production of westslope cutthroat trout juveniles (age 0-3) in natal streams is likely higher than in systems where westslope cutthroat trout compete with sympatric anadromous juveniles (e.g. coastal cutthroat trout or upper Snake River Basin habitats).

Genetics

Shepard et al. (2003) estimated that only between 8 to 20 percent of all westslope cutthroat trout historic habitat is occupied by genetically unaltered populations.  Genetic analyses of target populations show that relatively pure stocks exist in Reservation waters (Spruell et al. 1999).  Only minimal amounts of hybridization with rainbow trout (Oncorhynchus mykiss) have occurred and some populations show no hybridization at all.  For these same populations, allelic distributions, estimators of pair-wise divergence, and significance measures indicate little correlation between geographic distance and genetic differentiation (Knudsen and Spruell 1999).  Based on an island model of migration, the estimated rate of gene flow among populations is approximately seven individuals per generation (Allendorf & Phelps 1981).  The current level of migration may be reduced since the number of migrants decreases in proportion to the reduction in population size.  Nevertheless, sufficient migration to prevent the loss of rare alleles has probably taken place in the recent past.

The level of genetic differentiation estimated in Coeur d’Alene cutthroat trout by microsatellites appears to be considerably less than estimates from other areas obtained using allozymes.  For example, across the range of the species, the estimated FST is 0.333 (R. F. Leary, pers. comm.).  Within the South Fork of the Flathead River, FST was estimated to be 0.150 (R. F. Leary, pers. comm.).  Both of these values were based on allozymes in which genetic distinction should arise more slowly.  Thus, the microsatellite-based FST estimates presented by Knudsen and Spruell (1999) appear to be quite low for westslope cutthroat trout.  However, levels of heterozygosity appear to be reasonably high, minimizing the possibility that inbreeding depression is currently a problem.

Limiting Factors

There are a number of limiting factors that have contributed to a decline in productivity for native resident/adfluvial fish stocks within the target watersheds, as reflected in the QHA analysis completed for the Subbasin Plan.  Habitat factors include alteration of stream flow patterns, increased sediment production and delivery to streams, localized instances of channel instability, reduction in overall habitat diversity/complexity, and elevated summer water temperatures in some mainstem reaches (Intermountain Province Subbasin Plan 2004).  In two of the target watersheds, competition with introduced, non-native brook trout (Salvelinus fontinalis) is an additional limiting factor.  The magnitude and severity of impacts varies greatly between the watersheds, which are ranked 1st, 3rd, 16th, and 21st (out of 36), with regard to their deviation from the reference habitat conditions for westslope cutthroat trout in the subbasin (Intermountain Province Subbasin Plan 2004).
Flow Alteration

Peak flows during floods are often exacerbated by the percent of the basin harvested and by disturbance to riparian wetland habitats (Chamberlin et al. 1991; Hauer and Cook 1996).  Forest canopy openings associated with recent timber harvest, or changes in cover types (e.g., forest conversion to commercial, residential or agricultural uses), have direct effects on 11%, 17%, 18% and 54% of total basin area in the Evans, Alder, Benewah and Lake creek watersheds, respectively (CDA Tribe GIS analysis).  Various land uses have also affected wetland functions associated with dynamic and long-term surface water storage, energy dissipation and sediment/nutrient retention/removal in approximately 76%, 82%, 83% and 97% of the historic wetlands in the Evans, Alder, Benewah and Lake creek watersheds, respectively (CDA Tribe 2000; Vitale et al. 2002).  In the Lake Creek watershed, where these impacts have been greatest, estimated peak flows have increased by 57% and 54% for the 50- and 100-year return intervals, respectively (CDA Tribe 2000).  Similar analyses have not been completed for the other target watersheds, however, measurable increases in peak discharges have likely occurred for those areas as well.

The flashy hydrology of systems within the rain-on-snow zone may have historically had lower egg to fry survival than eggs in streams within either the snow or rain zones (Hicks et al. 1991; Swanston 1991).  More recent increases in peak flows may have further reduced survival of eggs and embryos while they are in the gravel.  Researchers studying this phenomenon in a 2nd order tributary to Lake Creek observed equal mobility of the sediment bed and entrainment of the coarser grains at the highest flows sampled, i.e. severe flooding associated with rain-on-snow (Boll et al. 2000).  Although such stochastic events have the potential to periodically reduce recruitment in the target watersheds the overall effect on cohort production has not been fully quantified.  Proposed restoration opportunities to address this limiting factor include: reforestation of historic forest habitats converted to agricultural and/or other uses; increasing habitat complexity in 2nd and 3rd order tributaries and associated floodplains; restoration to enhance altered wetland functions; and application of more rigorous riparian buffer standards.

Sediment Production and Delivery

Lake, Benewah and Alder creeks are identified on the 1998 303(d) list of impaired water bodies.  Water quality limited reaches have been identified because increased sediment loadings to the respective streams reduce the quality of habitats necessary for fish spawning and overwinter survival.  Of these watersheds, only the Lake Creek watershed has an established Total Maximum Daily Load (TMDL) allocation for nonpoint source pollutants (USEPA 2005).  The sediment budget constructed for the watershed shows agricultural sheet and rill erosion to be the largest contributor to the stream system, accounting for 78% of the total delivery to streams (CDA Tribe 2000).  Using measured flow, turbidity, and TSS data, the Lake Creek sediment TMDL was calculated with an overall load allocation to nonpoint sources of 4,878.0 tons/year.  This load allocation corresponds to a 56 percent reduction in existing nonpoint source sediment loadings.  Numeric TSS limits have been established based on literature values to represent desired instream sediment conditions and to meet designated uses in the tribal and state water quality standards (Figure 2).  Development of sediment budgets and TMDL allocations for Benewah and Alder creeks are scheduled for 2006 and 2007, respectively. 

Lee et al. (1997) found that road density had the highest correlation of any anthropogenic action on the population status of cutthroat trout.  Increasing road density has a negative affect on the environmental baseline condition.  Within the target watersheds, road density (mean=3.07 km/km2) and riparian road density (mean=0.38 km/km2) exceed the mean values for managed watersheds analyzed by Kershner et al (2004).  Several subbasins within the target watersheds also have road densities that exceed the threshold (2.5% of basin area) where fine sediment in spawning gravels increased above natural levels (Cederholm et al., 1982).  In Lake Creek, where road densities are lower than in the other watersheds, forest roads were a minor contributor of sediment, accounting for 336 tons/yr (less than 3%) of the total sediment delivery to streams (CDA Tribe 2000).  While the contribution of sediment from forest roads has not been quantified in the other watersheds, higher road densities suggest sediment generation and delivery may also be higher.  An inventory and assessment of non-paved roads to predict sediment detachment and delivery is a critical step in prioritizing restoration opportunities for addressing the effects of sediment in streams.
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Figure 2. Comparison of observed TSS (mg/l) to TMDL targets for the Lake Creek watershed (USEPA 2005).

Channel Stability

The Channel Stability Index (Pfancuch 1975) and the Riffle Armor Stability Index (Kappesser 1992) were used to assess channel stability in the target watersheds (Lillengreen et al. 1996).  Ratings for Alder and Evans creeks were generally fair or good, indicating geomorphic stability, with only isolated occurrences of poor condition.  Most Lake Creek ratings were in the fair category, with poor ratings assigned to two reaches in upper Lake Creek and West Fork Lake Creek, where channel aggradation and incision has resulted from over gazing, riparian habitat manipulation, and channel straightening.  Approximately 2.4 km of channel are affected.  Benewah Creek ratings were good in the lowermost reaches, but fair or poor ratings were prevalent throughout the middle and upper reaches of the mainstem as a result of overgrazing, channel straightening, and legacy effects of historical logging practices.  Approximately 8.0 km of channel are geomorphically unstable.

A more detailed geomorphic assessment of channel function was completed for 4.8 km of the upper Benewah Creek mainstem in 2002 to evaluate existing channel and floodplain conditions with respect to channel stability, limitations to habitat, and migration of adfluvial and resident westslope cutthroat trout (Inter-Fluve, Inc 2002).  The results of this assessment indicate that channel incision is equivalent to the 5-10 year return interval flood at measured cross sections and the D95 substrate is mobilized at flows far less than the 5-year return interval event.  Sediment transport apparently exceeds the amount of sediment entering the reach and there is little evidence of tributary deposits or abundant in-channel sediment deposits.  The lack of available gravel is compounded by the relatively durable nature of the streambed itself and the observed lack of available gravel sources in the channel banks.  Active streambank erosion was measured in 26% of the surveyed area and erosion rates were estimated at 0.02-0.06 tons/yr/ft with an estimated sediment yield of between 81.7-245.1 tons/yr for the reach (CDA Tribe, unpublished data).

Geomorphic instability associated with channel incision has implications for a suite of ecological and biological processes that interact at multiple spatial and temporal scales.  The relative mobility of available gravel in incised reaches of Benewah Creek likely affect the ability of the channel to construct fish habitat and or recover complex channel form (Inter-Fluve, Inc. 2002).  Pronounced channel incision has resulted in lowered ground water tables and loss of wetland habitat and function.  There has been increased research on groundwater-stream water interactions and heightened awareness of the importance of hyporheic processes to the ecology of fishes and other organisms in stream and riparian ecosystems (Standford and Ward 1993; Brunke and Gonser 1997; Boulton et al. 1998).  Numerous studies have demonstrated the importance of groundwater influence as a critical habitat attribute for stream fishes; affecting habitat selection and utilization in both summer and winter (Cunjak and Power 1986; Curry and Noakes 1995; Baxter and Hauer 2000; Ebersole et al. 2001), incubation success (Sowden and Power 1985; Garrett et al. 1998), benthic community richness and diversity (Pepin and Hauer 2002), and nutrient retention and transport (Triska et al. 1989).  Addressing and modifying the hydrologic, geomorphic and vegetation regimes associated with incised channels, particularly incision induced groundwater-deficits, is a restoration priority for the historically productive mainstem reaches in the target watersheds.  Increasing connectivity between restored mainstem reaches and existing high-quality habitats in tributaries has the greatest potential for increasing productivity for target species.

Habitat Diversity/Complexity

Researchers have attributed wood volume and/or frequency as influential in processes operating at the channel reach, valley bottom, and landscape scales.  Buffington (1998) theorized that wood roughness can lead to the deposition of spawning gravels in steep drainages that otherwise would be inhospitable to salmonids because of high sheer stresses.  Many studies indicate that most pools in moderate-gradient, cobble- and gravel-bed forest streams are either formed by or strongly influenced by wood (Andrus et al. 1988; Robison and Beschta 1990; Abbe and Montgomery 1996).

Within our target watersheds lack of large woody debris, both within the stream channel and the adjacent floodplain, has been identified as a contributor to poor habitat quantity and quality in low-order streams (Vitale et al. 2004).  In our assessments, large woody debris (LWD) was considered wood that is at least 10 cm in diameter and 3 m long after Martin and Benda (2001).  Measured large woody debris volume in Reservation streams was one to three orders of magnitude lower than other forested streams reported by McGreer and Andrus (1992), Richmond and Fausch (1995) and Hauer et al. (1999).  The paucity of large stable wood and relative lack of habitat complexity may account for the low quantity of suitable spawning gravels in 2nd order tributaries.  We mapped usable spawning substrate and found suitable gravels were unevenly distributed and often associated with stable wood that increased channel bottom roughness (Vitale et al. 2003).  The quantity of suitable spawning gravel was generally low, averaging just 4.1% of measured stream area.  These results lie in contrast with those of Magee et al. (1996), who reported a wide variance in proportion of spawning gravel for a Montana stream basin, even among nearby reaches, and documented much higher proportions of suitable spawning substrate (up to 25%).  The extent of instream wood shortages and the short- and long-term recruitment potential for large wood is poorly understood in the target watersheds.  Also the relationship between wood volume/frequency and production potential needs to be examined as part of ongoing physical habitat and population monitoring.  A more detailed and thorough assessment of recruitment processes and refinement of performance standards for LWD volume and frequency is needed to prioritize future efforts to address this limiting factor.

Temperature

Elevated stream temperatures are an important physical effect resulting from land-use practices, with consequences for aquatic ecosystems.  Human alterations to the landscape of the target watersheds have indirectly harmed the aquatic environment through alteration of stream thermal regimes through several mechanisms.  Streamside riparian canopy closure has been reduced in each of the target watersheds and the older age riparian stands that have a moderating affect on stream temperature, provide large organic debris, and affect nutrient input and cycling (Beschta et al. 1987; Murphy and Meehan 1991) have been particularly affected.  The extent of riparian harvest ranges from less than 13% in Evans Creek, between 13%-33% for Alder and Lake creeks, and greater than 33% in Benewah Creek.  Channel incision affects approximately 2.4 km and 8 km of mainstem habitats in Lake and Benewah creeks, respectively.  Channel incision can effectively reduce the potential for groundwater connectivity and exchange with the stream channel (Brunke and Gonser 1997).  Researchers have identified cold-water patch frequency and area as explanatory variables associated with increased salmonid densities (Torgersen et al 1999; Ebersole et al 2001 and 2003) and reductions in total energy expenditures (Berman and Quinn 1991).

The target watersheds generally exhibit a longitudinal gradient of increasing temperature in a downstream direction.  Most of the 2nd and 3rd order tributaries have maximum summer water temperatures that fall in the range that supports the greatest scope of activity reported for cutthroat trout (Dwyer and Kramer 1975; Hickman and Raleigh 1982), while 3rd and 4th order mainstem reaches often exceed 18°C during the warmest part of summer (Figure 3).  Instantaneous maximum temperatures in excess of 20°C have been recorded in Alder, Benewah and Lake creeks during each of the last ten years.  In Benewah Creek, mainstem water temperatures increase as much as 3°C over a distance of approximately 5.6 km (unpublished 2005 data).  Project proponents propose a temperature performance standard that sets the 7-day average of the daily maximum temperature at 16°C for 2nd and 3rd order tributaries and 18°C for 3rd and 4th order mainstems.  Exceedances of these standards have occurred to varying degrees in most project reaches (Table 3).

The dendritic drainage patterns of Benewah, Alder and upper Lake creeks suggest that several mainstem reaches are particularly conducive to creating a spatial pattern of thermal patchiness associated with cooler tributary inputs and groundwater inputs from broad alluvial valleys.  Our preliminary examination of thermal heterogeneity in 2.4 km of incised channel in Benewah Creek, however, revealed relatively little cold, thermal refuge was present in the upper mainstem during the warmest part of the year.  Only 13.1% of 84 pools surveyed showed a cooler temperature differential of 1°C or greater when compared to the ambient temperature of associated riffles.  Of these pools, 76% had temperature differentials that placed pool temperatures within the range of optimal growth (12-16°C) for cutthroat trout.  We identified and measured temperature in several springbrooks that were located within the bankfull channel but disconnected from the active channel during base flow conditions, and therefore inaccessible to summer rearing fishes.  These springbrooks were 9-10°C when mainstem temperatures approached 18-20°C.  We believe reconnection of incised segments of the 3rd and 4th order mainstem reaches with the floodplain will increase hyporheic dynamics, reduce summer water temperature, and increase thermal heterogeneity in both summer and winter seasons.  Restoring these conditions at the reach scale will increase westslope cutthroat trout production through use of mainstem habitats for rearing.

Table 3. Exceedances of Tribal water quality standards and project performance standards expressed as # of days and percent time for selected subbasins in the target watersheds (2005 data).

	Watershed
	Subbasin
	Stream Order
	Hierarchy
	Instantaneous Max. Temp (°C)
	% Exceedance

	
	
	
	
	
	Tribal Standards1
	Project Performance Standards2

	Alder
	Upper Alder
	4th
	Mainstem
	22.4
	33 (15.4%)
	33 (15.4%)

	Benewah
	Upper Benewah
	4th
	Mainstem
	20.7
	40 (19.2%)
	40 (19.2%)

	Benewah
	School House
	3rd
	Tributary
	15.3
	0 (0%)
	0 (0%)

	Evans
	Lower Evans
	3rd
	Mainstem
	17.0
	0 (0%)
	0 (0%)

	Lake
	Bozard
	3rd
	Tributary
	19.3
	17 (7.9%)
	30 (14.0%)

	Lake
	Upper Lake
	2nd
	Tributary
	20.7
	26 (12.1%)
	39 (18.2%)

	Lake
	WF Lake
	3rd
	Tributary
	17.7
	0 (0%)
	22 (10.2%)


1 Tribal Water Quality Standard: 7-day average of daily maximum temperature <18°C from July 1-January 31 for all cutthroat trout streams.

2 Project Performance Standard: 7-day average of daily maximum temperature <16° (2nd order); <18°C (3rd order)

[image: image3.wmf]0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

2/28/2001

3/30/2001

4/29/2001

5/29/2001

6/28/2001

7/28/2001

8/27/2001

9/26/2001

10/26/2001

11/25/2001

Date

Temperature (°C)  

Actual data

7 day moving average

Performance Standards


Figure 3. Comparison of measured temperature data and project performance standards for a 4th order mainstem reach (Upper Benewah Creek) and a 3rd order tributary (SF Benewah Creek).

Predation/Competition

Non-native brook trout are present in Alder Creek and Benewah Creek.  Alder Creek provides an example of a system where the native cutthroat trout population is being affected by non-native brook trout.  The brook trout population in Alder Creek is much larger than the suppressed cutthroat trout population.  The large population and high density of brook trout throughout Alder Creek indicate that brook trout have become well established in Alder Creek.  The smaller population and lower density of brook trout in relation to cutthroat trout in the Benewah Creek system indicates that brook trout are still invading the Benewah Creek system and can likely be controlled through annual removal.  The brook trout population in Alder Creek is typical of a stunted population with only 3% of the brook trout being >200 mm in length compared to 12% being > 200 mm in Benewah Creek.  In either system, brook trout do not provide comparable harvest opportunities or production potential as the larger migratory cutthroat trout, which are typically >355 mm in length.

A growing body of literature has described non-native brook trout invasion dynamics in western watersheds (Adams et al. 2000; Dunham et al. 2002) and some potential factors that limit brook trout invasions (Adams et al. 2001, Dunham et al. 2002, Peterson and Fausch 2003 and Peterson et al. 2004).  Additionally, the literature has documented the competitive interactions between brook trout and native salmonids (Griffith 1972; Byorth and Magee 1998; Hilderbrand and Kershner 2004) and potential mechanisms that lead to the char’s ability to displace and in time replace native salmonids (Peterson and Fausch 2003; Peterson et al. 2004; Shepard 2004).  Realizing the threat from brook trout on native salmonids, most federal and state management agencies in the western United States are removing non-native brook trout from streams.  Although brook trout removal is happening across the west, little information exists in the literature on the efficacy of brook trout removal, or long-term changes in production of brook trout and subsequent benefits to native salmonid production.  We know of only one peer-reviewed study of demographic responses (Peterson et al. 2004), and although a quality study, it only covered four years.  We started a brook trout removal program in 2004 coupled with intensive production and life history monitoring to evaluate the efficiency of the removal method used.  Alder Creek sustains a large population of brook trout and serves as the non-exploited control to compare production and life history response to rigorous brook trout removal in Benewah Creek.

Management Uncertainties

Five critical management uncertainties have been identified regarding cutthroat trout use, limiting factors, and restoration in target watersheds within the Coeur d’Alene Subbasin (Table 4).
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Table 4. Critical uncertainties regarding cutthroat trout use, limiting factors, and restoration in target watersheds within the Coeur d’Alene Subbasin.

Tributary Habitat Constraints

There is uncertainty associated with the extent to which habitat capacity currently limits cutthroat trout production and the extent to which habitat improvements may be expected to increase numbers.  We propose to evaluate the effects of stream habitat restoration on native cutthroat trout populations based on long-term monitoring of habitat indicators and fish distribution, numbers, and productivity in treated and untreated sections (See Proposal Objectives, Work Elements and Methods).  The importance of this effort is based on a previously untested but likely assumption that juvenile rearing habitat is limiting productivity and size of native cutthroat populations in streams on the Coeur d’Alene Reservation.  Relevant null hypotheses to test include:

Ho: Incremental increases in habitat quality and quantity are not correlated with increases in juvenile rearing densities

Ho: Incremental increases in habitat quality and quantity are not correlated with increases in natural production

Ho: Incremental increases in habitat quality and quantity are not correlated with increases in population size.

Analysis of the relationships tested by these null hypotheses will evaluate the relative success of habitat improvements in terms of increased rearing densities, natural production, and population sizes. This evaluation is fundamental to efforts to increase abundance of native cutthroat populations, because such increases likely cannot be met by simply adding captive reared progeny of wild fish to streams if rearing habitat is limited and those limitations are not reduced.

Tributary Species Interactions

It is unclear whether brook trout significantly constrain cutthroat trout production or merely capitalize on a tolerance for more marginal habitat conditions.  Brook trout are prevalent in Alder Creek and Benewah Creek, which will serve as paired streams to test if reduced brook trout production increases cutthroat trout production (See Proposal Objectives, Work Elements and Methods).  Pre- and post-removal cutthroat densities will be compared.  Removal will occur by electrofishing at the same time cutthroat populations are being assessed.  This evaluation will help identify whether brook trout removal is a feasible alternative to improve cutthroat production.
Lake Fish Interactions

Multiple migrations by adfluvial westslope cutthroat trout into different habitats during a life cycle increases the potential for temporal and spatial overlap with non-native predators in Coeur d’Alene Lake, and the Coeur d’Alene, St. Joe, and St. Maries Rivers.  Northern pike eat westslope cutthroat trout in Coeur d’Alene Lake (Rich 1992; Anders et al. 2003) and have the greatest potential to limit cutthroat trout production in the Coeur d’Alene Lake ecosystem.  In Coeur d’Alene Lake, northern pike spawning movements directly overlap spatially and temporally with migrating adult and juvenile lacustrine-adfluvial cutthroat trout (Vitale et al. 2004).  Northern pike reach large sizes and can prey on the largest adult cutthroat trout in the Coeur d’Alene Lake ecosystem.  This ability, coupled with the spatial overlap during the spawning season, likely exerts a profound affect on lacustrine-adfluvial westslope cutthroat trout production because the largest, most fecund spawners are at risk to predation before they move into the tributaries to spawn.  This mechanism also likely reduces the percentage of repeat spawners in the system.  These uncertainties can be addressed in part by examining juvenile-to-adult survival, lake residence time, and growth and migration timing of lacustrine-adfluvial cutthroat trout in Benewah and Lake creeks to separate survival and production in the lake vs. stream environments as presented in this proposal (See Proposal Objectives, Work Elements and Methods).  Additional research will be needed to quantify predator production in the lake environment so that strategies for minimizing predation effects can be developed and tested as necessary (See Relationships to Other Projects: Avista Corporation).
C. Rationale and significance to subbasin plans and regional programs

Project proponents forward this proposal to continue Coeur d’Alene Tribal efforts as the primary mechanism for implementing BPA funded fisheries mitigation within the Coeur d’Alene Subbasin.  These efforts serve as off-site protection, mitigation, enhancement and compensation activities called for under Section 4(h) of the Pacific Northwest Electric Power Planning and Conservation Act and the Northwest Power and Conservation Council Fish and Wildlife Program.  The activities outlined in this proposal provide partial mitigation for the extirpation of anadromous fish resources from usual and accustomed harvest areas and Reservation lands.  This proposal identifies and describes specific habitat enhancement projects, non-native species control efforts, and statistically rigorous effectiveness monitoring to address the highest priority objective identified in the Coeur d’Alene Subbasin Plan (Objective 2A2): to protect and restore remaining stocks of native resident westslope cutthroat trout to ensure their continued existence in the basin and to provide harvestable surpluses of naturally reproducing adfluvial adult fish from Lake, Benewah, Evans and Alder creeks.  Proposed restoration activities employ the seven highest ranked strategies for addressing this objective within the low elevation watersheds that have been ranked with the greatest deviation from the reference habitat conditions for westslope cutthroat trout within the Subbasin (Intermountain Province Subbasin Plan 2004).

Although the focal species addressed by this proposal, westslope cutthroat trout, are still widespread across their historic range, Shepard et al. (2003) estimated that only between 8 to 20 percent of all westslope cutthroat trout historic habitat is occupied by genetically unaltered populations.  The genetic analyses completed for this project show that relatively pure stocks exist in the target watersheds; only minimal amounts of hybridization with rainbow trout have occurred and some populations show no hybridization at all (Spruell et al. 1999).  The migration of individuals within the targeted populations over time has prevented the loss of rare alleles in low elevation populations (Knudsen and Spruell 1999; Spruell et al. 1999).  Conversely, the relative risks of hybridization within the Subbasin may be greater for populations in the Coeur d’ Alene and St.Joe rivers, where stocking of rainbow trout has occurred (Intermountain Province Subbasin Plan 2004).  By focusing on the conservation and recovery of genetically pure populations, this proposal serves an important role in preserving the genetic integrity of native fishes in the Subbasin as a whole (Coeur d’Alene Subbasin Objective 2A) and shares the Northwest Power and Conservation Council Fish and Wildlife Program objectives of: maintaining biological diversity in the Upper Columbia River basin; maintaining genetic integrity by preserving wild fish stocks; providing needed habitat protection; and increasing run sizes and resident fish populations by implementing effective restoration projects (Intermountain Province Subbasin Plan 2004).

D. Relationships to other projects

This proposal shares key relationships with several other BPA-funded projects that are implemented by the Coeur d’Alene Tribe, as well as with several non-BPA funded projects, that are identified in the Coeur d’Alene Subbasin Inventory Section (See pgs. 7-4 through 7-11; and 9-5 through 9-6).

BPA 199004401 – Lake Creek Land Acquisition (Coeur d’Alene Tribe). BPA is providing funding to the Coeur d’Alene Tribe to acquire lands that will mitigate for a total of 760 HUs in the Lake Creek watershed.  Potential acquisitions will be pursued for properties identified as high priorities in the Coeur d’Alene Tribe’s Habitat Protection Plan (Vitale et al. 2002) based on a spatial analysis of factors limiting westslope cutthroat trout production. This project will secure critical habitat for protection of fish, water and wildlife, and allow for enhancement of degraded areas.  The project will substitute for anadromous fish losses by protecting priority cutthroat trout habitats as well as mitigate for wildlife losses attributed to Albeni Falls hydroelectric facilities.  On acquired properties, fisheries restoration projects will be designed and implemented under BPA project 199004400: Coeur d’Alene Reservation Habitat Enhancement (CDA Subbasin) to facilitate recovery of ecological processes and increases in production of westslope cutthroat trout.  The management plans written for each of the properties will demarcate restoration and crediting responsibilities between the resident fish substitution and wildlife mitigation efforts of the Coeur d’Alene Tribe.

BPA 200204500 – Coeur d’Alene Fish Habitat Acquisition (Coeur d’Alene Tribe). This Project was proposed by the Coeur d'Alene Tribe in the 2001 Mountain Columbia Provincial Review to secure habitats for native fish and wildlife species within the Coeur d'Alene Subbasin. The project was primarily intended to complement the ongoing Implement Fisheries Enhancement Opportunities on the Coeur d'Alene Reservation (Project #199004400) by providing habitat protection tools via land acquisitions and easements. While 200204500 was approved by the ISRP, CBFWA, NPCC and accepted by BPA, the lack of a crediting mechanism for resident fish substitution forestalled contracting of the project.  In this Rolling Provincial Review the Coeur d’Alene Tribe is proposing to make the acquisition of easements encompassing priority westslope cutthroat trout habitats as a primary tool of 200204500, thus circumventing the crediting issue.  Project 200204500 will thus provide the needed habitat protection component to ongoing efforts of project 199004400 by acquiring management rights, primarily easements, to key wetland/riparian habitats within the target watersheds. Project 199004400 will then implement fisheries restoration and enhancement work, as needed, on properties with secured management rights.

BPA 199206100 – Albeni Falls Wildlife Mitigation. The Coeur d’Alene Tribe is a member of the Albeni Fall Work Group, which serves to mitigate for wildlife habitat losses attributed to the construction and inundation of Albeni Falls Dam.  To date the Coeur d’Alene Tribe has credited 443.81 HUs against Albeni Falls Wildlife losses. One of the properties purchased by the Coeur d’Alene Tribe encompasses 411 acres in the Benewah Creek Watershed including nearly 3 miles of the upper mainstem of Benewah Creek and the lower portions of several spawning tributaries. The property represents critical rearing habitat for westslope cutthroat trout in the watershed, but is severely degraded under current conditions. Restoration and enhancement activities have been implemented on this property under BPA project 199004400 over the last 4 years to facilitate the recovery of ecological processes and improve the production potential for westslope cutthroat trout. Project proponents initiated work to begin restoring the stream channel to its historic location and elevation within the valley bottom in 2005 and continuation of these activities are described in this proposal.

Additional properties may also be purchased during the course of this proposal where Albeni Falls mitigation priorities overlap with high priority areas identified by BPA project 199004400. In these areas, Project proponents will assess the fisheries restoration and enhancement needs, then design and implement appropriate restoration measures to maximize the habitat potential for target species.

BPA 1990004402 – Coeur d’Alene Trout Production.  Due to the fragmented and restricted cutthroat populations, and delays in supplementation strategies, the CDAT is focusing their management of subsistence harvest entirely on the Tribal trout pond program. Doing so will aid in the protection of remaining weak native stocks of cutthroat trout while fishery restoration measures are being implemented.  Preservation and recovery of the genetically pure populations found in the tributaries on the Coeur d’Alene Reservation serves an important role in preserving the genetic integrity of native fishes in the subbasin as a whole.  The Coeur d’Alene trout pond project is intended to aid in the relief of harvest pressures on native trout populations on the reservation by providing a quality trout fishing experience within close proximity to historical fishing sites.  This is however, only intended to provide alternative fisheries resources on an interim basis until naturally reproducing fish stocks are recovered.  The intent is to provide up to 40,000 pounds of trout to the reservation community each year.

Bonneville Environmental Foundation (BEF) Model Watershed Project – Benewah Creek Effectiveness Monitoring. The BEF board of directors recently voted unanimously to establish a 10-year funding partnership with the Coeur d’Alene Tribe to support restoration and monitoring in Benewah Creek and to distinguish Tribal efforts with their Model Watershed Project status. BEF has committed more than $100,000 over the next ten years to fund the Coeur d’Alene Tribe Fisheries Program to strengthen watershed-scale monitoring in Benewah Creek by increasing the number of monitoring sites and establishing one remote sensing station for sampling water quality parameters. Measurement of discharge, temperature, turbidity and TSS at sites along the longitudinal profile of Benewah Creek and tributaries provide data to evaluate the effectiveness of restoration undertaken to satisfy the Tribe’s mission for native fish recovery and enhancement in the watershed. Data acquisition and analysis supports modeling of temperature effects on production of native westslope cutthroat trout, an important cultural and biological resource to the Coeur d’Alene Tribe.

Kootenai-Shoshone Soil and Water Conservation District (KSSWCD) Projects – Lake Creek. KSSWCD has received State Agricultural Water Quality Program (SAWQP) grants totaling $900,000 since 1990 to fund projects that reduce non-point source pollution from cropland erosion. The grants are used to implement best management practices in the upper Lake Creek watershed for reduction of non-point source non-irrigated cropland erosion. KSSWCD recently enrolled 55% of the Lake Creek agricultural acreage within Idaho into the SAWQP.  This commits watershed producers to a variety of agricultural BMP’s including conversion to bluegrass. As the contracts are implemented, the Lake Creek watershed should receive reduced sediment loads.

KSSWCD projects are coordinated with BPA Project 199004400 and District projects employ strategies to improve riparian conditions, increase habitat diversity, reduce fine sediment, and decrease pollutants that are consistent with the Tribal fisheries management plan for the watershed (Lillengreen et al. 1998). A considerable amount of momentum has been generated to promote restoration work through integration of SAWQP grants with BPA funding.  Cost sharing partnerships have led to Conservation Reserve Program (CRP) enrollments, and implementation of wetlands and riparian enhancement projects, off-channel sediment abatement work, and reforestation of formerly cropped lands on highly erodible soils.

Avista Corporation – Spokane River Hydroelectric Project.  Avista Corporation has filed an application with the Federal Energy Regulatory Commission (FERC) for a new license for the existing Spokane River Hydroelectric Project, which includes the Post Falls HED in the Coeur d’Alene Subbasin.  Under the provisions of the Federal Power Act, the hydroelectric license issued by FERC will include conditions based on recommendations from federal, tribal and state fish and wildlife agencies for the protection, mitigation, and enhancement of fish and wildlife resources affected by the Project.  License conditions for the Post Falls HED require the applicant to provide assistance and financial support for the development and implementation of bull trout and westslope cutthroat trout population and habitat protection and enhancement activities and for the development and implementation of appropriate aquatic habitat and fish population monitoring and assessment projects in the Coeur d’Alene Basin.  Mitigation measures will provide direct cost share opportunities in the range of $200K - $600K/year from during the course of the 40-year license beginning in 2007.

CDA Tribe – TMDL Development and Implementation.  The Coeur d’Alene Tribe Water Resource Program has received more than $361,000 in combined funding from EPA, the Bureau of Reclamation, and other sources since 2001 to collect water quality data, develop watershed assessments, and assist in the development of TMDL’s for the Lake, Benewah and Alder creek watersheds.  This data has been useful in identifying limiting factors and prioritizing restoration treatments.  Following the development of TMDL’s, the Water Resource Program will prepare implementation plans to achieve the sediment reduction goals for each of the respective watersheds.  These plans will be complementary to ongoing restoration activities provided by BPA Project 199004400 and will help provide cost shares for implementation in the future.

CDA Tribe – (NRDA) Superfund Implementation Oversight.  The Tribe initiated a Natural Resource Damage Assessment in 1991, with the objective of restoring injured trust natural resources (birds, fish, water and other biota) back to conditions that would exist, if not for the release of hazardous substances.  The Tribe has spent over a decade determining injury to natural resources (over 32 studies completed), which has now provided invaluable information to best understand restoration opportunities in the Coeur d’Alene Subbasin.  To date some of these opportunities include compensatory restoration of fisheries resources on Reservation streams to mitigate for losses to fish resources in the polluted Coeur d’Alene River system.  In addition, the Tribe has settled with several of the potential responsible parties and has used settlement money towards lake management and the clean up of riparian property.  These projects have helped reduce the release of mining pollution into the Lake and watershed and have helped other lake related problems.  Concurrent with the NRDA is the implementation of EPA’s superfund remedial activities in the Basin.  Currently the Coeur d’Alene Basin Environmental Improvement Project Commission (the Basin Commission) is the forum in which the clean up is being implemented.  As a voting member of this 7 member Board, the Tribe has steered numerous studies and Commission activity funding to address water quality issues and projects which reduce nutrient loading into the basin watershed.  These projects have direct impact on the lakes water quality, fisheries resources, and have provided a wealth of data in which to understand lake water quality dynamics.

E. Project history

This proposal describes an ongoing mitigation project that provides partial mitigation for the extirpation of anadromous fish resources from usual and accustomed harvest areas and Reservation lands consistent with the NPPC resident fish substitution policy.  The project has been underway since 1990.  Early project history (1990-1995) primarily involved evaluation and assessment of watershed processes to frame the development of restoration opportunities.  A synthesis of assessment data into planning level documents helped establish management priorities and refine implementation strategies (1999-2002) concurrent with implementation of early restoration projects (1995-present).  The earliest on the ground projects focused primarily on riparian planting, grazing management and upland non-point source sediment abatement, while more recent projects have increasingly focused on enhancing reach scale channel/floodplain interactions and hydraulic processes.

Early Project History

In 1987, the NPPC amended the Columbia River Basin Fish and Wildlife Program to include baseline stream surveys of tributaries located on the Coeur d'Alene Indian Reservation [section 903 (g)(1)(B)].  Initial work rated reservation streams according to their potential for habitat development for westslope cutthroat trout and bull trout.  Between 1992 and 1994 watershed assessment techniques were used in the target drainages to identify priority areas for restoration by examining sediment routing (Washington Forest Practice Board 1992; Kappesser 1992), channel function and stability (Pfancuch 1975; Rosgen 1994), instream habitat composition (Bisson et. al. 1981), riparian function (Platts et. al 1983), as well as the abundance and distribution of target species.  In 1994, the NPPC adopted the recommendations set forth by the Coeur d'Alene Tribe to improve the reservation fishery.  These actions included: 1) Implement habitat restoration and enhancement measures in Lake, Benewah, Evans, and Alder 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 Indian Reservation to facilitate a “holistic” watershed protection process; and 4) Implement a monitoring program to evaluate the effectiveness of habitat improvement projects.  These principles, priorities, and objectives were adopted into the 1995 FWP (10.8B.20).

Project Planning and Implementation

Several planning documents have been written to guide and prioritize project implementation efforts, including a project management plan (Lillengreen et al. 1999), a research, monitoring and evaluation plan (Vitale et al. 2003), and a habitat protection plan (Vitale et al. 2002).

Project Management Plan

A project management plan (Lillengreen et al. 1999) was written to document the development of a uniform approach to restoration of fluvial fish habitats on the Coeur d’Alene Reservation.  The document summarizes nine years of watershed assessment information and identifies functioning and degraded habitats and describes the physical processes effecting physical habitat characteristics, water quality and primary productivity.  The conceptual approach to restoration described in the document, based on the recommendations of Kaufmann et al. (1993) and others, remains consistent with the strategy for prioritizing restoration in Pacific Northwest watersheds outlined by Roni et al. (2002).  Recommendations for restoring damaged stream and riparian systems are outlined in the Plan and the key steps in identifying and prioritizing rehabilitation efforts are described.  The document includes a compilation of peer-reviewed restoration techniques and technical references.

Reasearch, Monitoring and Evaluation Plan

A Research, Monitoring and Evaluation Plan (Vitale et al. 2003) was drafted in 2002 to document a monitoring and evaluation strategy for measuring the effectiveness of restoration work on the Coeur d’Alene Reservation and to track trends in fish populations.  It was our intent, in part, to address ISRP recommendations to develop an experimental design to test the major hypotheses concerning habitat condition and resident trout production (ISRP 2002-11).  Significant components of the Plan include:

· Hierarchical stratification of target watersheds and sample reaches following guidelines provided by Paulsen et al. (2002) and Hillman and Giorgi (2002) (Table 5, Appendix A, Table 1);
· Selection of paired treatment/control sites for long-term monitoring of physical habitat indicators based on the recommendations of Hillman and Giorgi (2002) for meeting effectiveness research needs;
· Development of monitoring objectives and statistical analyses that allow for testing hypotheses related to physical and biological variability at the watershed and reach scales;
· A power analysis of the existing population data set following Gibbs (1995) to: determine the current power to detect changes in the westslope cutthroat trout population; evaluate sample size and precision needs for reference stream reaches; and estimate statistical power for alternative sampling scenarios.
Table 5. List of stratification variables applied to target watersheds on the Coeur d’Alene Reservation (from Hillman and Giorgi 2002).

	Spatial Scale
	General Characteristics
	Stratification Variable
	Recommended Protocol

	Regional Setting
	Ecoregion
	Bailey classification
	Bain and Stevenson (1999)

	
	
	Omernik classification
	Bain and Stevenson (1999)

	
	Physiography
	Province
	Bain and Stevenson (1999)

	
	Geology
	Geologic districts
	Overton et al. (1997)

	Drainage Basin
	Geomorphic features
	Basin area
	Bain and Stevenson (1999)

	
	
	Basin relief
	Bain and Stevenson (1999)

	
	
	Drainage density
	Bain and Stevenson (1999)

	Valley Segment
	Valley characteristics
	Valley bottom type
	Cupp (1989); Naiman et al. (1992)

	
	
	Valley bottom width
	Naiman et al. (1992)

	
	
	Valley bottom gradient
	Naiman et al. (1992)

	
	
	Valley containment
	Bisson and Montgomery (1996)

	Channel Segment
	Channel characteristics
	Elevation
	Overton et al. (1997)

	
	
	Channel type
	Rosgen (1996)

	
	
	Bed-form type
	Bisson and Montgomery (1996)

	
	
	Channel gradient
	Overton et al. (1997)


Habitat Protection Plan

A Habitat Protection Plan (Vitale et al. 2002) was written in 2002 to help coordinate fisheries and wildlife management activities at the watershed scale.  A GIS application was developed to link watershed analysis results, limiting factor data, and population data with ownership and other map layers to prioritize individual parcels for protection and/or restoration actions.  The application enables the user to create interactive queries of geographically linked data.  A preliminary list of high priority areas for restoration action, totaling 7,912 acres (5.3% of total watershed area), was developed for the target watersheds.  The mapped output from the analysis is currently being used to help prioritize the purchase of conservation easements and fee-title transactions (BPA Projects #199004401, 200204500, 199206100) as well as focus restoration/enhancement activities (See: Relationships to other projects).

Implementation Summary

Fifty individual restoration/enhancement treatments have been implemented at 31 project sites between 1995 and 2005 (Table 6).  At each site, long-term agreements have been signed with landowners to provide protection and enhancement for more than 210 hectares of upland, 15.3 km of riparian habitats (counting both banks) and 3.9 linear km of stream channel.  The overall goals of these activities were to modify existing land management practices through cooperative landowner agreements and increase production potential for westslope cutthroat trout by implementing active measures to facilitate the function of natural ecosystem processes and reestablish the linkages between the aquatic, riparian, and upland environments.

Table 6.  Summary of restoration/enhancement projects listed by project category and treatment type.

	Project Category/Treatment Type
	Project ID
(Date)a
	Implementation

Metric
	Performance

Indicators
	Biological Response Timeb
	Longevityb

	Instream
	
	
	
	
	

	Streambank Stabilization
	B_8.5  (1995)

B_8.1  (1996)

E_1.3  (1996)

E_1.6  (1996)
	670 m of channel

560 m of channel

225 m pf channel

100 m of channel
	· Bank stability

· Substrate composition

· Width/depth ratio

· Riparian cover
	Not Available
	Not Available

	Instream Structure
	B_8.5  (1995)

L_8.2  (1999)

B_11.5  (2004)

E_1.3  (2005)
	670 m of channel

550 m of channel

200 m of channel

152 m of channel
	· Habitat composition

· LWD volume

· Substrate composition

· Residual pool depth
	1-5 years
	5-20 years

	Channel Construction/ Modification
	B_8.2  (1997)

B_6.5  (2000)

B_10.2  (2003)

B_10.4  (2003)

B_10.7  (2003)

B_11.6  (2003)

B_11.5  (2004)

B_8.9  (2005)
	50 m of channel

695 m of channel

300 m of channel

190 m of channel

122 m of channel
148 m of channel

200 m of channel

518 m of channel
	· Sinuosity

· Channel slope

· Floodprone width

· Width/depth ratio

· Habitat composition

· Substrate composition

· Residual pool depth

· Riparian cover
	1-5 years (off-channel)

1-5 years (LWD placement)
	10-50+ (off-channel)

5-20 years (LWD placement)

	Fish Passage
	B_11.5  (2004)
	4,344 m of new available habitat
	· Habitat type upstream

· Channel slope

· Width/depth ratio

· Discharge/velocity at inlet and outlet
	1-5 years 
	10-50+ years

	Riparian
	
	
	
	
	

	Planting

(metric includes both banks)
	B_8.1  (1996)

B_8.5  (1996)

L_6.0  (1996)

L_8.5  (1998)

L_8.8  (1998)

E_0.1  (1999)

L_8.2  (1999)

B_6.5  (2000)

L_7.3  (2000)

B_8.9  (2002)

B_10.2  (2003)

B_10.4  (2003)

B_10.7  (2003)

B_11.6  (2003)

B_11.5 (2004) 

B_11.5/0.1 (2004)

B_9.4/0.0 (2005)
	1120 m of bank

1340 m of bank

1120 m of bank

960 m of bank

870 m of bank

1120 m of bank

2350 m of bank

1390 m of bank

1736 m of bank

1220 m of bank

600 m of bank

380 m of bank

244 m of bank

296 m of bank

400 m of bank

1880 m of bank

1880 m of bank
	· Riparian cover

· Riparian vegetation composition

· Riparian corridor continuity and width
	5-20 years (riparian replanting)

10-100 years (conifers)
	10-50+ years (riparian replanting)

Centuries (conifers)

	Floodplain Stabilization
	B_11.0  (2003)

B_11.3  (2003)
	9.3 ha
	· Erosion rate

· Turbidity

· Vegetation cover

· LWD Volume

· Riparian cover

· Bank stability

· Width/depth ratio
	Not Available
	Not Available

	Grazing Management
	B_8.5  (1995)

B_8.1  (1996)

B_6.5  (2001)
	670 m fenced

560 m fenced

695 m fenced
	· Riparian cover

· Riparian corridor continuity and width

· Bank stability

· Width/depth ratio

· Substrate composition
	5-20 years (fencing)

10-100 years (conifer conversion)
	10-50+ years (fencing)

centuries (conifer conversion)

	Water Storage
	L_5.2/0.2  (1997)

L_5.4/0.1  (1997)

L_6.7/0.2 (1998)

L_8.7/0.1  (2000)

L_6.5/0.1  (2001)
	39 ha

7.3 ha

51 ha

19.8 ha

16 ha
	· Water temperature

· Streamflow above/below
	Not Available
	Not Available

	Upland
	
	
	
	
	

	Slope Stabilization
	B_8.1/0.0 (1998) 

B_8.5/0.0  (1998)

L_7.3/0.2  (1998)
L_8.2/0.0  (1999)

B_8.5/0.2  (2000)

L_5.9/0.4/0.0 (2001)
	1.8 ha

45 ha

8 ha

4 ha

4.9 ha

8 ha
	· Slope stability

· Erosion rate

· Turbidity from site

· Vegetation cover

· Watershed sediment yield
	Not Available
	Not Available

	Gully Repair
	L_5.9/0.4  (2001)
	115 ha
	· Channel slope

· Width/depth ratio

· Sediment yield

· Erosion rate

· Vegetation cover
	Not Available
	Not Available


a Date indicates first year of project implementation.  Some projects were completed over multiple years.  Projects with bold font are being monitored for persistent habitat change.
b Values taken from Roni et al. (2002)
Riparian Treatments

Approximately 67,218 trees and shrubs were planted in 15.3 km of riparian habitats (counting both banks) at 18 project sites between 1996 and 2005.  The common objectives for these riparian planting projects were to increase stream canopy density to meet performance standards for shade (75% canopy density at 918 meters MSL; See: Proposal objectives, work elements and methods), increase the amount of vegetative cover usable by fish and increase the long-term recruitment potential for large woody debris.  None of these sites met the canopy targets for their respective elevation zones and all sites were considered well below hydraulic and ecologically significant thresholds for woody debris volumes.  At monitored sites in Lake, Benewah and Evans creeks, mean post-treatment survival was 70% (n=7sites).  The mean values for canopy density, vegetative overhang and instream wood volumes all increased slightly 2-3 years following the initial treatments but increases were not significant.  The increasing trends for canopy density and vegetative overhang are thought to be attributable to project treatments because land management activities were changed as a result of landowner agreements that removed or rested riparian areas from cattle grazing.  Roni et al. (2002) suggests that typical response time for the type of riparian treatments we have implemented ranges from 5-20 years.  Platts and Nelson (1989) described a positive correlation between stream canopy and salmonid biomass in the Intermountain West, citing beneficial effects from thermal regulation and input of allochthonous plant material and terrestrial invertebrates.  Input of woody debris from project plantings will provide cover for fish (Boussa 1954; Hartman 1965), serve as shelter from current (Bustard and Narver 1975; Fausch 1984; Bisson et al. 1987), and provide sites from which foraging can be staged while predation risk is reduced (Crowder and Cooper 1982; Huntingford et al. 1988).  These benefits are being realized incrementally as plantings begin to mature.  Continued monitoring and evaluation will help to further quantify the benefits of these riparian treatments.

To date, ten acres of off-channel palustrine wetlands have been constructed in the Lake Creek watershed (1997-2001), to reduce sediment transport and delivery from source areas and increase water retention time.  Map layers depicting Highly Erodible Lands (HEL), estimates of sheet, rill and gully erosion, and favorable hydrogeologic conditions were used to prioritize the placement of these treatments.  The constructed wetlands function as sediment sinks to reduce the overall transport of sediment to streams from a total of 646 acres of farmland.  Several researchers have examined the trapping efficiency of similar structures and suggest that removal efficiencies as high as 75% for TSS can be achieved (Schueler 1992; Tatalovich and Harbor 1998; Yu et al. 1998; unpublished data NRCS).  Assuming a trapping efficiency of 75%, total delivery of sediment to Lake Creek from these source areas has decreased from 1801.8 tons of sediment/year to 450 tons/year.  Other projects implemented by the NRCS have reduced delivery by comparable amounts from more than 600 additional acres of HEL in the Lake Creek watershed.  The effectiveness of similar structures in treating non-point source runoff is well established (Yu et .al. 1998; Athenas 1988; Liao 1996).  At a minimum, these projects help to replace wetlands that were lost during conversion of primarily forested and forested wetland habitats to agricultural uses in the Lake Creek watershed.  Restoring lost wetland functions (e.g., sediment and water storage, nutrient cycling, increasing ground water infiltration, invertebrate production, etc.) is an important enhancement tool that has a high probability of benefiting stream habitats and biological communities.

More recent riparian treatments completed from 2003-2004 consisting of addition of large wood elements to the floodplain have occurred at several sites in the upper mainstem of Benewah Creek at river mile 11.0 and 11.3, respectively.  At these sites the stream channel has incised within its pre-disturbance channel alignment as a result of legacy effects from logging and grazing.  Vegetation growth and debris accumulations within the incised channel has increased roughness and also increased the risk of channel avulsion during out of bank flooding.  Within the treatment reaches, several avulsion channels have begun to develop on the floodplain during past out-of-bank floods.  The avulsions are in the process of headward migration, which will ultimately short-circuit portions of the existing low-flow channel.  The treatments use large wood material to increase floodplain roughness near and within avulsion channels, reduce local scour, and retard the headward migration of these features.  Approximately 130 m3 (55,000 BF) of large wood was place in channel avulsions and high-risk areas over an area of 9.3 hectares.  Key pieces were anchored with Duckbill #88DB1 earth anchors.  Then all associated floodplain habitats were planted to native mixed conifer plant communities consistent with local reference site conditions.  The longevity of natural wood placements are estimated at 5-20 years, which should provide short-term protection of floodplain surfaces while riparian plant communities can become established.

Instream Treatments

Several projects constructed in Benewah and Evans creeks between 1995-1997 were implemented to improve instream habitat structure and stabilize eroding streambanks.  Several rock barbs were installed (E_1.3; E_1.6) to redirect flow away from unstable banks; a brush revetment was built (B_8.5) to reduce near-bank sheer stress; a rock weir was installed to increase pool volume and residual depth (B_8.5); and bank cover structures were installed to increase overhead cover at pools (B_8.5).  For the most part, these projects failed to reconnect isolated habitats or restore disrupted habitat-forming processes.  The treatments were applied at microhabitat scales that have a low probability of eliciting population responses.  Furthermore, early monitoring efforts were not applied consistently and do not allow for pre- and post- implementation comparisons.  Fortunately, these treatments were completed in conjunction with larger scale riparian planting efforts and implementation of rest-rotation grazing strategies that have high probability of success and address process deficiencies as described in the preceding section.  These early instream treatment efforts remain instructive in that they emphasize the need for understanding channel forming processes, stream condition and departure from habitat potential, as well as the use of natural materials.

Larger scale channel construction/modification to increase the connectivity of incised channels with floodplains has occurred at river mile 6.5 in the Benewah Creek watershed and is planned for RM 8.9-12.1.  The downstream treatment (B_6.5) was implemented in 2000 and 2001 to correct geomorphic instability associated with historic straightening of the stream channel and development of riparian pasture.  Implementation of the final restoration design converted the existing degraded channel from an F4 to C4 stream type by increasing the sinuosity (from 1.06 to 1.3), meander width ratio (from <2 to 5.2) and floodprone width (from 80.2ft. to 152ft.), reducing the bankfull width/depth ratio (from 23.2 to 19), and increasing the channel entrenchment ratio (floodprone width/bankfull width) from 1.92 to 2.8.  A little over 695m of channel were treated.  Much of the existing unstable channel and floodplain was filled and regraded.  During construction, ten riffles, 4 j-hook structures, and approximately 18m3 of large wood were placed to enhance streambank stability and instream habitat diversity.  Post-treatment measures of mean residual pool depth (0.74±0.15) and % riffle fines <4mm (1±0.9) meet or exceed performance standards, while large wood volume (0.028m3/m) and %canopy cover (0.5) do not.  Large wood volumes are likely to remain well below performance standards and insufficient use of wood was likely a design oversight.  Survival and growth of riparian plantings have been good but have not had sufficient time to show a response.  Temperature heterogeneity has not yet been measured on the site but this proposal includes work elements (WE 22 and 23) to address the monitoring need.

The lower 518 m of channel construction was initiated in 2005 at RM 8.9 in Benewah Creek as the first stage of a more extensive design to restore the historical channel pattern and profile to approximately 5.1 km of upper mainstem habitats.  The greater portion of this site was purchased by the Tribe through the Albeni Falls Mitigation Project (BPA #199206100) and is protected by a conservation easement.  A 30% design appropriate for fit in the field construction was developed following completion of an earlier geomorphic assessment of channel function (Inter-Fluve, Inc. 2002; 2005).  The design takes the approach of filling the stream channel to historical elevations and utilizing historical alignments where possible.  In areas that have laterally expanded following entrenchment, new banks and floodplain will be created.  Excavation to enhance planform is generally not proposed, except in areas where deposited sediments have occluded abandoned channel segments that will be reactivated.  The designed planform creates channel grade and profiles within the range of what is believed to be historical conditions, based on topographic and field analysis.  To reduce overall project costs, the channel will be lifted by filling the channel at intervals along its length that correspond to areas that would naturally be riffles.  The pools between these riffles will not be filled and will remain unnaturally deep until existing basin sediment loads slowly fill them.  Imported riffle materials are sized to withstand vertical movement during the 10-year return interval discharge but not over sized to the point that it is completely immobile.  Large wood material will be used throughout the project to increase lateral roughness where needed, create banks, and maintain planform until hydric plant communities become fully established.  Implementation during the first season of construction increased channel length by 126 m, increased sinuosity by 35%, and increased belt width and floodprone width by 214%, respectively within the treatment area.  Data collected for other core habitat indicators has not yet been compiled as of this writing.
Off-channel habitats have recently (2003-2004) been constructed at four sites in the upper Benewah Creek watershed (RM 10.2, RM 10.4, RM 10.7, RM 11.6) to provide seasonally flooded rearing habitat and increase connectivity between incised channel reaches and the historic floodplain.  The original prescription was to utilize several avulsion channels and remnant historical channels by lowering and enlarging them to increase wetland and floodplain areas and provide off-channel habitat as stage increased in Benewah Creek.  The plans to implement large-scale channel construction, as described in the preceding paragraph, warranted changes in this design.  Off-channel habitats were subsequently constructed in upland and drier wetland sites and configured with a cross-valley shape rather than down-valley orientation to reduce avulsion opportunities once the channel is raised from its current incised condition.  A total of 760 meters of off-channel habitat along with 2.9 hectares of associated emergent wetlands were excavated and revegetated.  When the channel invert is eventually raised, these sites will become ponded, emulate beaver activity, and present no conflicts with designs intended to restore historical channel pattern and profile in the valley.  These relatively low-velocity areas have been shown to provide important winter refuge and habitat capacity for salmonids and are used extensively by coastal cutthroat trout (Bustard and Narver 1975; Peterson 1982; Cederholm and Scarlett 1991).

In 2004, a culvert was replaced at the confluence of Windfall Creek and Benewah Creek (RM 11.5) to restore fish passage for adfluvial westslope cutthroat trout to 4,344 meters of high quality spawning and rearing habitat.  Hydraulic analysis indicated the old 122 cm diameter pipe was a barrier for all flowrates during the migration period due to excessive leap height and velocity.  The old pipe was replaced with a 221cm x 160cm pipe-arch placed below grade and lined with natural stream substrate.  Tailwater control at the outlet of the culvert was created by constructing a series of riffles in a 200 m reach of Benewah Creek downstream of the outlet.  This had the effect of reducing channel entrenchment and increasing rearing habitat capacity.  Approximately 28 m3 of large wood was placed in the treatment reach to increase roughness in overbank areas and provide instream habitat complexity.  Figure 4 shows the difference in longitudinal profile and wood frequency before and after restoration activities were completed.  The LWD volume was increased from 0.057m3/100 m to 5.59m3/100 m.  Mean residual pool depth increased from 0.41 m to 0.78 m.  Bank height ratio (a measure of channel entrenchment) was reduced by 54% and estimated stream bank erosion rates and sediment yield were reduced by 47% and 69%, respectively.  Treated reaches, like this one, are expected to exhibit an initial high rate of variability and then stabilize over time.

The most recent instream and channel enhancement projects are more effectively facilitating the function of natural ecosystem processes and reestablishing the linkages between the aquatic, riparian, and upland environments.  They have also been much more thoroughly monitored pre- and post-implementation than earlier projects.  Recent actions are addressing limiting factors at both the reach and microhabitat scales and are based on a large body of peer reviewed scientific literature.  As such they serve as good models for designing, implementing, and monitoring future restoration and enhancement projects.
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Figure 4.  Comparison of channel bed form and large wood frequency before and after restoration for a site in Benewah Creek.

We recognize that habitat-forming processes operate on time scales of decades or longer (Roni et al 2002).  Several years may be required for physical conditions at restoration sites to develop that are reflective of channels in equilibrium with sediment and stream discharges.  We propose pursuing a long-term monitoring approach that focuses on a core set of habitat indicators and allows for estimation and differentiation of the important components of spatial and temporal variation at treatment and control sites as discussed by Larsen et al. (2004).  Additionally, in their review of restoration project effectiveness, Roni et al. (2002) found that most monitoring efforts do not adequately address the response of fish to restoration activities.  We have observed high levels of natural variability in population densities within treatment reaches and have therefore refrained from describing demographic responses to implementation activities in the previous discussions.  Our long-term evaluation of restoration project effectiveness attempts to integrate measures of persistent habitat change with reach and watershed scale population responses.  This monitoring approach is described in more detail in the following section and in the section entitled Project objectives, work elements and methods.

Monitoring and Evaluation

Physical Habitat Surveys

Spawning gravel surveys have been conducted in the target watersheds to evaluate the quantity and quality of available substrate near the time of emergence (Vitale et al. 2003).  The mapped distribution of potentially suitable spawning substrate was patchy and did not vary considerably within reaches or between watersheds.  Also, the quantity of suitable spawning gravel was low, averaging just 4.1% of measured stream area.  These results lie in contrast with those of Magee et al. (1996), who reported a wide variance in proportion of spawning gravel for a Montana stream basin, even among nearby reaches, and documented much higher proportions of suitable spawning substrate (up to 25%).  Spawning gravels in target tributaries of the Reservation contained proportions of fine sediments comparable to those in egg pockets of salmonid redds in the Rocky Mountain region (Thurow and King unpublished data; Weaver and Fraley 1993; Magee et al. 1996).  At 23 of 29 sample sites, low levels of fine sediment led to predictions of high overall embryo survival (mean = 28.4%).  Only in the upper mainstem of Lake Creek were the proportions of both small and coarse fines considered above the levels for these particle sizes (10% and 30%, respectively) shown to adversely affect salmonid emergence success (McNeil and Ahnell 1964; Shepard et al. 1984; Cederhom and Reid 1987; Reiser and White 1988).

Although emergence success appears to not be limiting target populations, the quantity of usable spawning gravels may have implications for production potentials in the target watersheds.  Our estimates of fry production potential at sample sites ranged widely (0.0 to 31.2 fry/100 square meters) due, primarily, to the quantity of suitable gravels present (Vitale et al. 2003).  Of the 6 sites where high levels of small or coarse fines were recorded, only the sites located in the mainstem of Lake Creek showed supporting evidence for low recruitment.  The other sites had juvenile and adults densities (range = 12.4 – 33.8/100 square meters) that were higher than the average density (9.2/100 square meters) reported for seven other westslope cutthroat trout populations in Idaho and Montana (Shepard et al. 1984, Ireland 1993), but were significantly lower than the mean density (41.6/100 square meters) reported for 2nd order streams in the Flathead system (Raymond and Fraley 1987).  The habitat areas that supported the highest trout densities comprise relatively small fractions of the available habitat in the respective watersheds.  These data suggest that efforts to increase overall production will require restoration/enhancement treatments directed at multiple lifestages; including efforts to increase spawning gravel abundance and habitat complexity in 2nd and 3rd order tributaries, as well as efforts to increase rearing capacity in 3rd and 4th order mainstem habitats.

Additional physical habitat surveys have been completed at 26 different sites from 2002-2005.  We measured several core habitat indicators (i) commonly agreed upon as important to salmonids and other aquatic species, (ii) frequently targeted in restoration activities, and (iii) expected to respond to improved management practices (MacDonald et al. 1991; Committee on Environment and Natural Resources 2000; Bauer and Ralph 2001).  These indicators include residual pool depth, substrate size, large wood volume, and canopy cover.  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).  We identified pool macrohabitats using a method developed by O’Neill and Abrahams (1984) known as the bed form differencing technique.  In this method, the cumulative difference between elevation measurements along a profile is used to determine pool and riffle locations.  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).

Eight sites have at least 3 years of repeated measures for all habitat indicators.  A summary of habitat indicators for potential treatment and control pairings in mainstem and tributary habitats is shown in Table 7.  These control sites do not represent true undisturbed reference conditions; rather they are representative of “typical” untreated stream reaches present in the target watersheds.  One objective of these early habitat surveys is to validate the selection of appropriate treatment versus control reaches.  We hope that by comparing the habitat data collected from paired treatment/control sites that the selections can be further refined.  Another objective is to determine the four components of variation (site, year, interaction, and residual) that have been identified as important for evaluating regional trend detection power and will help us detect persistent habitat change over time (Urquhart et al 1998; Larsen et al. 2004).  Complete summaries of habitat survey data can be found in Appendix A, Table 2.

Table 7.  Comparison of habitat indicators from treatment and control sites for tributary and mainstem habitats from the four target watersheds.  (values are means multiple sites)

	Habitat Indicators
	Tributaries
	Mainstem

	
	Treatment (N=2)
	Control (N=5)
	Treatment (N=8)
	Control (N=8)

	Mean bankfull width (m) 
	5.29
	3.93
	9.45
	6.73

	Mean bankfull depth (m)
	0.38
	0.51
	0.59
	0.61

	Cross-sectional area (m2)
	2.02
	2.02
	5.38
	4.15

	Residual pool depth (m)
	0.35
	0.33
	0.44
	0.40

	Residual pools (#/100 m)
	4.05
	9.28
	2.56
	6.86

	Large wood (m3/100 m)
	3.08
	0.70
	1.50
	0.76

	Large wood (# pieces/100 m)
	12.3
	9.12
	8.93
	8.41

	Canopy cover (%)
	30.0
	57.90
	31.88
	42.49

	% fines <2mm
	27.5
	40.3
	13.4
	30.3

	D50 (mm)
	3.9
	7.0
	35.7
	19.8


Salmonid Production Results

Biological monitoring has focused on long-term population, production and life history dynamics of three life history forms of westslope cutthroat trout in four target watersheds.  In addition the project has monitored population, production and life history dynamics of the fluvial-resident form of non-native brook trout in Alder and Benewah Creeks.  The project has used both trapping and mid-summer multipass removal methods to sample westslope cutthroat trout and brook trout in order to estimate population, production and life history attributes in the target watersheds.  To date, production estimates for mainstem and tributaries exists, and are the baseline to evaluate the effects of project habitat restoration efforts and removal of non-native brook trout on in-stream production and productivity of westslope cutthroat trout in the target watersheds.  Population, production and spatial distribution was estimated by sampling at 104 stratified, randomly selected index sites located along the longitudinal profile of the mainstems and tributaries of the four target watersheds from 1996-2005 (Table 8).  Annual, multi-pass electroshocking, accompanied by measurements of total length (nearest mm) and weight (0.1 gram), and scale analysis supported a cohort age-structure and production analysis.

Table 8. Number of Index sites sampled annually from 1996-2005 for salmonid population density and production estimates from 3rd and 4th order mainstems and 2nd and 3rd order tributaries of target watersheds.

	
	
	Mainstem
	
	Tributaries
	
	

	Catchment
	
	3rd order
	4th order
	
	2nd order
	3rd order
	
	Total 

	Alder Creek
	
	2
	14
	
	6
	4
	
	26

	Benewah Creek
	
	
	17
	
	4
	12
	
	33

	Lake Creek
	
	3
	10
	
	5
	7
	
	25

	Evans Creek
	
	14
	
	
	5
	1
	
	20

	
	
	
	
	
	
	
	
	104


Mean annual westslope cutthroat trout production in 2nd and 3rd order tributaries was 6.8, 4.1 and 1.8 times greater, (Table 9) than in 3rd and 4th order mainstems of Lake, Benewah and Alder creeks respectively (Table 10).  Annual production of westslope cutthroat trout in tributaries and mainstems of the four target watersheds is much lower when compared to results from other studies (Table 11).  Waters (1992) proposed a range of 100-300 (kg/hectare) for salmonids in more productive stream systems, and none of the four target streams attained production of 100 (kg/hectare) from 1996-2005.  Non-native brook trout production in 2nd 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.

Table 9. Annual production (kg∙ha-1∙yr-1), biomass (kg∙ha-1∙yr-1), and production to biomass ratio for westslope cutthroat trout and non-native brook trout from 2nd and 3rd order tributaries of four target watersheds in the Coeur d’Alene Basin from 1996-2005. (r) = resident, (ad) = lacustrine- adfluvial

	Stream
	Species (life history)
	# of

age classes
	Years
	
	Production (SE)
	
	Biomass (SE)
	
	P:B (SE)

	Lake
	westslope

cutthroat (ad, r)
	3-5
	10
	
	56.3 (5.4)
	
	73.4 (9.3)
	
	0.81 (0.06)

	
	
	
	
	
	
	
	
	
	

	Benewah
	westslope

cutthroat (ad, r)
	3-5
	10
	
	36.3 (3.6)
	
	43.8 (5.4)
	
	0.86 (0.04)

	
	
	
	
	
	
	
	
	
	

	Evans
	westslope

cutthroat (r)
	3-5
	10
	
	34.2 (5.7)
	
	40.9 (5.8)
	
	0.82 (0.03)

	
	
	
	
	
	
	
	
	
	

	Alder
	brook trout (r)
	3-5
	10
	
	31.2 (3.3)
	
	45.3 (4.7)
	
	0.69 (0.02)

	
	
	
	
	
	
	
	
	
	

	Benewah
	brook trout (r)
	3-5
	10
	
	20.5 (1.9)
	
	27.8 (1.9)
	
	0.74 (0.05)

	
	
	
	
	
	
	
	
	
	


The production/biomass (P:B) ratio of westslope cutthroat trout among the four streams from 1996-2005 was highest in Benewah Creek from both 2nd order tributaries and 3rd 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 10.  Annual production (kg∙ha-1∙yr-1), biomass (kg∙ha-1∙yr-1), and production to biomass ratio for westslope cutthroat trout from 3rd and 4th order, mainstems in four target watersheds in the Coeur d’Alene Basin from 1996-2005. (r) = resident, (ad) =lacustrine- adfluvial.

	Stream
	Species (life history)
	# of

age classes
	Years
	
	Production (SE)
	
	Biomass (SE)
	
	P:B (SE)

	Lake
	westslope

cutthroat (ad, r)
	4-6
	10
	
	8.3 (1.5)
	
	12.1 (1.9)
	
	0.71 (0.07)

	
	
	
	
	
	
	
	
	
	

	Benewah
	westslope

cutthroat (ad, r)
	4-6
	10
	
	8.9 (1.0)
	
	11.4 (1.6)
	
	0.89 (0.11)

	
	
	
	
	
	
	
	
	
	

	Evans
	westslope

cutthroat (r)
	4-6
	10
	
	18.5 (2.0)
	
	25.5 (2.5)
	
	0.72 (0.02)

	
	
	
	
	
	
	
	
	
	

	Alder
	westslope

cutthroat (r)
	4-6
	10
	
	6.7 (1.1)
	
	9.2 (1.4)
	
	0.73 (0.02)

	
	
	
	
	
	
	
	
	
	


Table 11.  Examples of annual production (kg∙ha-1∙yr-1), biomass (kg∙ha-1∙yr-1), and production to biomass ratio (P:B) for stream-dwelling salmonids with resident and anadromous life histories.  (r) = resident, (a) = anadromous

	
	
	
	
	
	
	
	
	
	
	

	Literature
	Species (life history)
	# of

age classes
	
	Years
	
	Production
	
	Biomass
	
	P:B

	Waters (1999)
	brook trout (r)
	4
	
	9
	
	44.0-171.0 a
	
	a33.0-134.0
	
	1.0-2.0

	
	
	
	
	
	
	
	
	
	
	

	Clarke & Scruton (1999)
	brook trout (r)
	4-5
	
	3
	
	9.9– 65.1 b
	
	10.5-94.0
	
	0.9-1.5

	
	
	
	
	
	
	
	
	
	
	

	Lowry (1966)
	coastal

cutthroat (r)
	5
	
	1
	
	35.0-49.0 c
	
	
	
	0.9-1.0

	
	
	
	
	
	
	
	
	
	
	

	Chapman (1965)
	coho salmon (a)
	1-2
	
	
	
	
	
	
	
	2.4

	
	
	
	
	
	
	
	
	
	
	

	Alexander & MacCrimmon

(1974)
	rainbow trout

(steelhead) (a)
	2-3
	
	
	
	
	
	
	
	2.4

	
	
	
	
	
	
	
	
	
	
	

	Waters (1992)
	salmonids from high

productivity systems
	
	
	
	
	100-300
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


a
Data from (Waters 1999), ( Table 1)  from 1965-1973 when brook trout comprised >75% of all trout present.

b Data from (Clarke and Scruton 1999), ( Table 3), converted from (g∙100m-2∙yr-1) to (kg∙ha-1∙yr-1).  

c Data from (Lowry 1966), ( Table 3), converted from (g∙m-2∙yr-1) to (kg∙ha-1∙yr-1).  

Salmonid Trapping Results

The adult trapping program has trapped enough adults to obtain life history information, but until 2005 had difficulty with a trap design that could effectively fish in higher flows. The past trap design (and several modifications) did not allow the trap to be fished during normal, higher flows (100-300 CFS). The inability to consistently operate the trap reduced our ability to quantify total adults in the migration.  We suspected that spawners were migrating at times of higher flows when the traps could not be effectively fished.  The capture of many more post-spawn fish in downstream traps later in the season from 1996-2004, revealed the ineffectiveness of the original trap style to capture upstream migrants (Table 12).  Beginning in the spring of 2005, the program solved the past adult trap limitations by using a new trap design.  The program started using a resistance board weir (RBW) trap (Tobin 1994, Stewart 2002) modified to capture adult westslope cutthroat trout (Appendix B Figure 2).  The RBW trap is designed to handle high flows and debris loading (Tobin 1994).  In the first year of operation (2005) the RBW captured twelve times as many upstream migrant adults than in any previous year (Table 12).  We believe that adults begin migrating in some years as early as mid-February but have never been able to operate the old-style trap that early.  By using the RBW trap, we can begin trapping earlier and our target date for RBW trap operation in Lake and Benewah Creeks is February 1st.  In some years enough adults have been captured to measure life history attributes.  Scale analysis from the 2003 Lake Creek run revealed age composition of age 5+ (39%), age 6+ (57%) and age 7+ (4%). The range of mean length (340-364 mm) of spawners captured in traps in Lake Creek is slightly higher compared to Benewah Creek (Table 13).

The program has been more successful in quantifying emigrating juveniles (to simplify results and discussion, emigrating, lacustrine-adfluvial juveniles will be referred to as “juveniles” hereafter).  Operation time of the juvenile trap in Lake Creek has ranged from 79%-100% during the trapping period (Table 14).  April 1st was the target date for deploying the juvenile trap.  However, discharge was too high in some years to properly operate the old-style trap and deployment was delayed.  In 2005, modifications were made to the juvenile trap design including panels that are now pinned and swivel allowing for panel rotation and easy screen cleaning during high flows (Appendix B, Figure 2). The live box is now located approximately ten feet below the trap apex connected with 6” PVC pipe, with an upturned elbow into the live box.  This fixed a problem witnessed during low flow periods where adults and juveniles could swim out of the trap.  The juvenile trap extends over 100% of the channel and has a mesh sill plate that is sandbagged flush with the channel bottom, forming a tight fit.  We are confident that trap efficiency is high.  However, trap efficiencies have not been estimated across a range of flow conditions.  Beginning in 2006, trap efficiencies will be estimated weekly from PIT tagged release groups. In addition, if PIT tagged juveniles were to escape the trap, the PIT tag antenna array will detect them also.  The three largest run years in Lake Creek were 1998, 2003 and 2005 (Table 14, Figure 5).  Run timing among those years was consistent with 50% of the run being captured from May 2-May 12 (Figure 4).  Age composition of emigrating juveniles in Lake Creek in 2005 was age 0+ (20.1%), age 1+ (55.8%), age 2+ (23.0%) and age 3+ (1.1%). Age was estimated using an age-at-length proportion key (Gulland and Rosenberg 1992) from scale analysis of 506 juveniles trapped in Lake Creek from 1996-2003.

Table 12.  Total number of adult lacustrine-adfluvial westslope cutthroat trout captured in immigration and emigration traps in Lake Creek.

	
	
	Lake Creek
	
	Benewah Creek

	Year
	
	Immigration
	Emigration
	
	Immigration
	Emigration

	1996
	
	9
	
	
	0
	20

	1997
	
	5
	2
	
	5
	1

	1998
	
	9
	48
	
	22
	56

	1999
	
	5
	3
	
	0
	4

	2000
	
	0
	47
	
	15
	11

	2001
	
	0
	76
	
	4
	6

	2002
	
	7
	80
	
	0
	0

	2003
	
	1
	109
	
	6
	27

	2004
	
	1
	65
	
	0
	0

	2005
	
	124
	163
	
	15
	24

	
	
	
	
	
	
	


Table 13. Length, weight and condition factor of adult lacustrine-adfluvial westslope cutthroat trout captured in migration traps from Lake and Benewah Creeks from 1996-2005.   Only years with >5 fish were included.
	
	
	
	
	
	Total Length (mm)
	
	Weight (g)
	
	Condition Factor

	Stream
	
	Trap
	
	n (years)
	mean (s.e.)
	
	mean (s.e.)
	
	mean (s.e.)

	Lake
	
	Immigration
	
	3
	340 (8)
	
	377.5 (22.2)
	
	0.95 (0.05)

	Lake
	
	Emigration
	
	7
	364 (4)
	
	392.2 (13.2)
	
	0.79 (0.01

	
	
	
	
	
	
	
	
	
	

	Benewah
	
	Immigration
	
	3
	  325 (10)
	
	325.6 (33.9)
	
	0.89 (0.02)

	Benewah
	
	Emigration
	
	5
	341 (4)
	
	331.8 (14.6)
	
	0.80 (0.01)

	
	
	
	
	
	
	
	
	
	


Table 14. Trap operation dates and total emigrating juvenile lacustrine-adfluvial westslope cutthroat trout captured from Lake Creek

	Year
	Date

Installed
	Date

Removed
	Days Fishing

(% of total)
	Days Not Fishing

(% of total)
	Total #

Trapped

	1997
	5/5/97
	5/19/97
	14 (79%)
	3 (21%)
	11

	1998
	3/20/98
	6/14/98
	86 (97%)
	3 (3%)
	759

	1999
	4/30/99
	6/5/99
	36 (100%)
	0 (0%)
	42

	2000
	4/27/00
	6/8/00
	42 (100%)
	0 (0%)
	554

	2001
	4/19/01
	6/4/01
	46 (91%)
	4 (9%)
	374

	2002
	4/19/02
	5/21/02
	32 (94%)
	2 (6%)
	9

	2003
	4/10/03
	6/15/03
	64 (100%)
	0 (0%)
	2,756

	2004
	3/25/04
	6/17/04
	84 (100%)
	7 (8%)
	55

	2005
	3/24/05
	6/3/05
	71 (70%)
	22 (30%)
	1,707
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Figure 5. Emigration timing of combined age classes of juvenile lacustrine-adfluvial westslope cutthroat trout for the three largest migration years from 1997-2005 in Lake Creek

Salmonid PIT Tagging Results

The in-lake survival of lacustrine-adfluvial westslope cutthroat trout is a critical knowledge gap that affects management decisions for recovery of this life history form in the Coeur d’Alene system.  Predators in Coeur d’Alene Lake may have a large impact on the lacustrine-adfluvial life history and may be limiting population size.  To fill this critical knowledge gap, a within lake survival study of the Lake Creek population began in 2005.  This is analogous to a smolt-to-adult survival study and uses the new SGL-type PIT tags and a new PIT tag antenna array located in lower Lake Creek (Appendix B Figure 3).  The combination of a PIT tag detection system and resistance board weir trap will dramatically increase our knowledge of the in-lake survival, growth and productivity of the lacustrine-adfluvial life history.  The project is proposing to expand the juvenile-to-adult survival study to Benewah Creek.  In 2005, a total of 688 juveniles were PIT tagged with the new SGL tags.  This represents 40.3% of the total run trapped in Lake Creek.  Juveniles were PIT tagged throughout the run (Figure 5).  Age composition of PIT tagged juveniles was not significantly different from that of the total run (Chi-square test, p-value 0.71).  In addition, all PIT tagged juveniles had adipose fins clipped to estimate long-term tag retention from returning adults.  Three groups of 24 PIT tagged juveniles were held in a false-bottom net pen located in Lake Creek to measure 24-hour, post-PIT tag survival and tag retention.  Survival and PIT tag retention were 100% from all three groups.  Three groups is a small sample size and in 2006, we will “piggyback” the survival and tag retention trials with weekly trap efficiency release groups.  This will triple the survival and tag retention trial size for 2006.
[image: image10.jpg]



Figure 6.  Comparison of number and timing of PIT tagged and total juvenile lacustrine-adfluvial westslope cutthroat trout trapped in juvenile trap in Lake Creek.

Brook Trout Removal

Beginning in August 2004, non-native brook trout (Salvelinus fontinalis) were removed from the upper mainstem and 2nd order tributaries of Benewah Creek.  Results from ten-year population estimate efforts 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 and 2005 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.  In 2004 attention was focused on the West and South Forks and only a small distance of the upper mainstem below the confluence of the West and South Forks was sampled.  Both tributaries were entirely shocked for a combined distance of 3,687 meters.  A total of 563 brook trout were removed with an additional 56 removed from the upper mainstem (Table 15).  Six age classes of ages 0-6 were removed (Table 15).  In 2005, the strategy was to sample the West and South Forks again, and sample the entire mainstem from the confluence of Windfall Creek.  In 2005, 1,834 meters of mainstem was sampled and 1,153 brook trout were removed (Table 15) In addition, 243 brook trout were removed from the West and South Forks.  Six age classes were removed in 2005, exhibiting similar age class composition as previously collected data (Table 15).  Table 16 presents estimates of the number of mature brook trout removed, number of eggs removed and potential production removed (refer to methods in Work Element #12 for complete methodology).  Estimated production removed was greater in 2004 because brook trout densities were 2-3 times higher in the tributaries compared to densities in tributaries and mainstem sampled in 2005 (Table 14).
The brook trout population in Alder Creek is the control to compare changes in density, production and potential changes in reproductive life history traits of brook trout following removal in Benewah Creek.  A subsample of 151 and 138 brook trout from Benewah Creek, and 102 and 126 brook trout from Alder Creek were dissected in 2004 and 2005 respectively to analyze reproductive life history traits (refer to work Element #12 for complete methodology).  Preliminary data suggests a significant difference in reproductive life history traits exists between female brook trout in Alder Creek and Benewah Creek.  The relationship between number of eggs and total length does not differ between Alder Creek and Benewah Creek females (Figure 7).  However, the relationship between egg skein weight and total length is significantly different (Figure 8) with females from Alder Creek producing larger eggs.

Table 15.  Removal of brook trout (Salvelinus fontinalis) from Benewah Creek in 2004 and 2005.

	
	
	
	
	
	
	
	% Age Compositiona

	
	Length of Stream

Shocked (m)
	
	Number of Brook

Trout Removed
	
	Age

	Year
	Tribut-

aries
	Main-

stem
	Total
	
	Tribut-

aries
	Main-

stem
	Total
	
	0
	1
	2
	3
	4
	5
	6

	2004
	3,687
	213
	3,900
	
	563
	56
	619
	
	30.9
	12.4
	42.8
	10.2
	3.4
	0.3
	<0.1

	2005
	3,687
	1,834
	5,521
	
	243
	1,153
	1,396
	
	34.4
	8.7
	33.5
	16.9
	6.1
	0.4
	<0.1




a
Age was estimated using an age-at-length proportion key (Gulland and Rosenberg 1992) from scale analysis of 130 brook trout from Benewah Creek, from 1996-2003.

Table 16.  Reduction of brook trout (Salvelinus fontinalis) production associated with the removal of brook trout from Benewah Creek in 2004 and 2005. 

	Year
	Mature

Females Removeda
	Mature

Females

Removeda
	Male to Female Ratio
	Number of Eggs

Removedb
	Total Biomass Removed (kg)c
	Potential Production

Removed

(kg∙ha-1∙yr-1) ± 95% CId

	2004
	95
	81
	1.17
	14,392
	13.7
	217.8 ± 5.7

	2005
	319
	207
	1.54
	38,367
	32.9
	91.1 ± 2.4




a
Estimated from logistic regression of maturity at length relationship from  n=175 females and n=159 males dissected in 2004 and 2005. 

b
Estimated from the number of eggs to total length relationship( #of eggs= 3.53*Total Length-372.18) multiplied by the number of mature females in each 5 mm length interval.

c
Includes all brook trout removed from tributaries and mainstem.

d
Based the mean density of age 0 fish removed, and the densities of the subsequent five age classes estimated from the mean annual mortality rates from six cohorts from 1996-2001.  Methods are further described in methods for Objective 4.
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Figure 7.  Comparison of number of eggs and total length relationship between Alder Creek  (control) and Benewah Creek (treatment).  Data from 2004 and 2005 was combined.  Neither elevations or slopes were significantly different between Alder and Benewah Creek females P<0.50. 
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Figure 8.  Comparison of egg skein weight and total length relationship between Alder Creek  (control) and Benewah Creek (treatment).  Data from 2004 and 2005 was combined.  Elevations were significantly different, P 0.02<P<0.05, slopes were not significantly different 0.05<P<0.10.

F. Proposal biological objectives, work elements, and methods

Project Objectives and Relationships to Subbasin Plan

The project objectives and associated work elements identified and described in this proposal address the highest priority objective in the Coeur d’Alene Subbasin (2A2): to protect and restore remaining stocks of native resident westslope cutthroat trout to ensure their continued existence in the basin…and harvestable surpluses of naturally producing adfluvial adult fish from Lake, Benewah, Evans and Alder creeks.  This objective is tiered to the Intermountain Province Objectives 2A1-2A4 and to the Columbia River Basin Goal 2A that addresses resident fish substitution for anadromous fish losses (Intermountain Province Subbasin Plan 2004).

In the following section, work elements and methods are listed and described in relation to project level objectives.  Table 17 provides a summary of project level objectives, the strategies used to address these objectives, and the indicators and performance standards that will be used to evaluate all project activities.

PROJECT MATRIX

(Relevant Goals and Objectives listed from Intermountain Province Subbasin Plan 2004)

Columbia River Basin Level Goal 2A: Restore resident fish species (subspecies, stocks and populations) to near historic abundance throughout their historic ranges where suitable habitat conditions exist and/or where habitats can be feasibly restored.

Target Species: westslope cutthroat trout

Subbasin Objective 2A2: By 2015, protect and restore remaining stocks of native westslope cutthroat trout to ensure their continued existence in the Coeur d’Alene subbasin, and to provide catch rates of over 1.0 fish per hour in the St. Joe, Coeur d’Alene and St. Maries rivers, an annual catch of over 1,000 fish in Coeur d’Alene Lake, and harvestable surpluses of naturally reproducing adfluvial fish from Lake, Benewah, Evans and Alder creeks, and other populations well distributed throughout tributaries to the basin.

Table 17. Restoration and monitoring matrix for BPA Project 199004400.  (Only null hypotheses are stated, and numbered for reference in methods section).

	Project Objectives
	Hypotheses (null only)
	milestones
	Indicators
	Performance standards
	limiting factors /Uncertainties
	strategies
	Potential

Partners

	1. Improve stream channel stability, habitat complexity and stream/ groundwater interaction through habitat restoration and enhancement.
	
	2005-2009: Complete restoration of 5.2 km of incised stream channel in the upper Benewah Creek watershed.

2006-2009: Implement additional restoration/ enhancement opportunities as they become available.
	· Linear distance of steam channel before and after treatment.

· Area of riparian habitat treated.

· Volume of LWD added.
	· Restore 1.6 km per year in Benewah Creek in 2007 –2009.

· Restore a yet-to-be determined km per year in Lake, Alder and Evans creeks based upon additional opportunities.

· Treat 2.6 km of riparian habitats per year in target tributaries in 2007-2009.
	1) Ability to acquire/ negotiate management rights to key properties.

2) Private landowner participation.

3) Appropriate restoration techniques used to address the habitat problem.
	A) Acquire/ negotiate management rights to key properties.

B) Improve riparian condition

C) Increase stream channel stability

D) Increase habitat diversity/ complexity

E) Reduce fine sediment

F) Remove passage obstructions

H) Reduce summer stream temperatures
	CDA Tribe, BPA, Avista Utilities, USFWS, KSSWCD, private landowners

(Other potential partnerships TBD)

	2. Evaluate habitat restoration effectiveness at treatment sites.
	H1: After 15 years post-restoration, large woody debris volume, residual pool depth and substrate size and temperature is equal between treatment and control reaches.

H2:  Ambient water temperature and thermal heterogeneity is equal between mainstem treatment and control reaches of Benewah Creek.
	2007-2021: Complete annual habitat measures to support statistical evaluations of effectiveness.

2005-2021: Deploy temperature sensors, download, QC and archive data bi-monthly starting October.

2008: Conduct power analysis to finalize statistical considerations of variability, effect size, sample size.
2008 through 2014: Conduct statistical tests to detect change in key habitat indicators (variables).
	· Substrate composition, % fines < 4mm, d50

· Riparian canopy (% cover)

· LWD (# of pieces and volume/km)

· Residual pools (#/km, depth) 

· Maximum summer water temperature

· Temperature differential between pool/riffle sequences

· Return flood interval
	· Riparian canopy density: 75% at 918 m elevation;

· LWD density: 0.133-0.514 m3/m;
· Residual pool depth: TBD based on site specific channel type;

· Pool frequency: 52% (tribs); 33% (mainstem);

· Fines (<4mm): <10% in spawning gravel; <15% in riffle/run;

Max water temperature: ≤16°C (tribs); <18°C (mainstem); and 10 pools/km with -3°C differential (summer).


	1) Historical and ongoing habitat simplification, degradation, loss.

2) Fine sediment loading from anthropogenic sources

3) Selection of reference reaches with stable channel characteristics.

4) Accuracy of site stratification procedure.

5) Successful stabilization of treatment sites following restoration.

6) Trajectory for recovery of key habitat components.

7) Potential hyporheic groundwater volume
	Make repeated measures of physical habitat indicators at treatment and control reaches.

Acquire continuous temperature data at sites distributed along the longitudinal profile of mainstem and tributaries.

Define the temporal and spatial variation for physical habitat indicators at treatment and control sites by 2008.

Statistically test for changes in habitat indicators at all treatment and control sites 5, 10 and 15 yearspost-restoration.

Statistically test for changes in mean maximum water temperature at treatment and control sites
	CDA Tribe, BPA, BEF

	3. Detect changes in salmonid population and production, and statistically test for correlation between changes in habitat and changes in fish populations and production at mainstem and tributary scales.
	H3: Post-restoration westslope cutthroat trout production, productivity and distribution will not change from pre-restoration levels.
	2009 and 2014: Conduct Power Analysis to detect population and production changes of (4% at power of .80 at (=0.10
	· WCT and EBT density, and production (kg/hectare/year)
	· Attain production of 75, 100 and 125 kg/hectare/yr in tributaries and mainstem by 2011, 2016 and 2021 respectively.

· Attain Production:Biomass (P:B) ratio of 2.0.

· Detect a ±4% change in cutthroat trout density at power of .80 at (=0.10 by 2014.
	1) Habitat and rearing density limitations on cutthroat trout production.

2) Constraints in tributaries associated with non-native species.

3) Life stage specific survival rates that regulate cutthroat trout population sizes.

4) Interactions in lake between cutthroat and potential predators.


	Conduct annual removal/depletion estimates at 104 sites in the target waterheds.

Maintain 50% of historic index sites and add probabilistic (EMAP) sites in the target watersheds.
	CDA Tribe, BPA, USFWS

	4. Measure changes in westslope cutthroat trout production in relation to brook trout removal from Benewah Creek
	H4: Brook trout production does not change following five consecutive years of removal.

H5: Westslope cutthroat trout production does not change following five consecutive years of removal.

H6: Reproductive life history attributes will not change over time in Benewah Creek and Alder Creek.

	2007-2009: Conduct annual removals of brook trout in upper mainstem and tributaries of Benewah Creek.

2010: Evaluate removal effectiveness and adjust removal schedule.
	· Number  (density) of brook trout removed from Benewah Creek 

· Potential production (kg/hectare/year) removed from mainstem and tributaries
· Production of WCT
	· Reduce brook trout to <0.25/100m2 in tributaries and mainstem

· Reduce brook trout production to < 1.0 kg/hectare/yr

· Reduce brook trout P:B ratio to < 0.25.

*(refer to objective 5 for WCT production performance standards)
	1) Water quality and habitat degradation.

2) Removal efficiency.

3) Illegal introductions.
	Remove brook trout from upper mainstem Benewah Creek and tributaries.

Statistically test for change in production of brook trout in Benewah Creek in relation to Alder Creek (control).

ANCOVA of:

1) production to year relationship,

2) # of eggs to length relationship,

3) Egg skein weight to length relationship,

 ( = 0.05
	CDA Tribe, BPA, USFWS

	5. Measure the productivity of the lacustrine-adfluvial life history form in target watersheds.
	
	2007-2014: Collect annual migration data for adult and juvenile cutthroat trout.

2007-2014: Trap and PIT tag 1,000, juvenile fish from Lake and Benewah Creeks.

2007-2014: Estimate juvenile-to-adult survival from returning PIT-tagged spawners.

2007-2014: Develop annual juveniles per spawner ratio.
	· Migration timing of juveniles and adults.

· Trap efficiencies under all trapping conditions

· Mean (± S.D.) of weight and length by age class for adults and juveniles

· In-lake residence 

· Age at migration.
· Within-lake growth of adults

· Repeat spawners

· Spawning mortality
	· PIT tag 1,000 juveniles in proportion to run timing and age composition (non-significant Chi-square test at (=0.05 is performance standard)

· < 0.5% mortality of PIT tagged juveniles within 24 hours.

· 100% tag retention within 24 hours.

· 100% long-term tag retention for adults

· 30% juvenile-to-adult survival.

· Annual within-lake growth rate > 75mm/year.

· >50% post-spawn survival 

· 20% repeat spawners
	1) Life stage specific survival rates that regulate cutthroat trout population sizes.

2) Interactions in lake between cutthroat and potential predators.

3) Trap efficiency.

4) Long-term PIT tag retention
	Perform one trap efficiency test per week throughout the juvenile migration period with a PIT-tagged release group. The release group also serves as the 24 hour mortality and tag retention test. 

Use returning PIT tagged adults to estimate resistance board weir trap efficiency 

Estimate total juveniles in run using trap efficiency factors.

Develop juveniles per spawner relationship.
	CDA Tribe, BPA, Avista Utilities

	6. Increase coordination and participation among stakeholders.
	
	2007-2009: Coordinate annual Water Awareness Week events;

Update web site annually;

Publish quarterly newsletter;

Conduct regular meetings with Inter-Agency Workgroup and Landowners.
	· Number of student/teacher participants in educational programs

· Number of landowner participants in watershed work group meetings

· Extent of circulation of program literature.
	· Involve ≥ 500 students/teachers annually in education programs.

· Reach ≥ 2000 stakeholders each quarter through combined outreach strategies.
	1) Willingness of private landowner to sign agreements.

2) Funding certainty to support education/ outreach staff and activities.
	A) Negotiate agreements with private landowners;

B) Publish newsletter and maintain website;

C) Coordinate Inter-Agency and Watershed Working Group Meetings;

D) Provide educational programs and youth Internships
	CDA Tribe, BPA, University of Idaho Extension Office


Work Elements and Methods

Planning and Implementation

This project proposes to improve stream channel stability, habitat complexity and stream/ groundwater interaction through habitat restoration and enhancement (Project objective 1: Table 17).  In addition, the project proposes to evaluate restoration effectiveness in reaching and maintaining performance standards.  Strategies focus on addressing the factors limiting fish production that have been identified in watershed assessments and the Subbasin Plan, including: riparian function, stream channel stability, instream habitat complexity, fine sediment and summer water temperature.  We hypothesize that improving trends for key habitat indicators will increase production potential for spawning and early rearing life stages of the target species.  Watershed specific performance standards have been developed which reflect desired future conditions that are functionally equivalent to the potential natural community (Table 17).  This proposal includes 10 work elements related to planning and implementation that are listed by work element title and described below.

Objective 1: Improve stream channel stability, habitat complexity and stream/ groundwater interaction through habitat restoration and enhancement.

WE 1: NEPA Analysis and Documentation

All required documents will be submitted to BPA to ensure NEPA/ESA/NHPA compliance for all planned projects. Development of this documentation will be coordinated with BPA Environmental Compliance personnel. All applicable local, Tribal, and federal permits will be obtained and kept in project files and a completed NEPA checklist will be submitted to obtain signoff from the BPA Environmental Compliance group prior to project implementation.

WE 2: Assess Large Woody Debris Recruitment Potential in Target Watersheds

Evaluate the large woody debris (LWD) recruitment potential in 2nd order tributaries within the target watersheds. An assessment of the short- and long-term recruitment potential for LWD will be conducted for stream reaches that have been identified as important for spawning and rearing of westslope cutthroat trout.  Recruitment potential, as defined by Robison and Beschta (1990) is largely a function of tree height and distance from the stream.  Natural recruitment is currently limited in riparian areas that have been cleared of trees.  In these areas natural LWD recruitment may not occur for 25-75 years depending on the species (Beechie et al. 2000).  In addition, the transport of existing LWD and natural decay will further limit the available LWD that can function to create habitat.

Existing Tribal GIS data layers (e.g., ownership, orthophotos, lidar, forest stand inventory) will be used in combination with the predictive recruitment equations described by Robison and Beschta (1990) to identify riparian areas along 2nd order tributaries that are lacking in LWD recruitment potential.  Field surveys will be conducted at randomly selected sites to quantify the volume and frequency of LWD in target stream reaches following modified methods based on Platts et al. (1987) and Overton et al. (1997) and described in the Coeur d’Alene Tribe Research, Monitoring and Evaluation Plan (Vitale et al. 2002).  Measured data will be compared to data collected from reference sites on the reservation and with literature values to develop and refine performance standards for LWD density and frequency.  A rating system for the quantity of LWD will then be developed based on these performance standards to rate each site as Poor, Fair, or Good with regard to volume and frequency per unit length of stream channel.  The sites rated as Poor will be given priority for artificial wood placements, which will serve to meet short-term LWD recruitment needs.

In addition to instream LWD surveys, information about riparian tree stands will be collected including type of species, height, and diameter at breast height.  Species-specific data on tree growth has been collected for the reservation and will be used to predict the future potential for LWD recruitment throughout the target watersheds (CDA Tribe 2002).  Computer models that simulate riparian forest growth, like the Forest Service’s Forest Vegetation Simulator (FVS), will be combined with simulators that predict riparian LWD recruitment in order to predict the long term recruitment of LWD into these tributaries as a result of different land management decisions (Wykoff et al., 1982; Robison and Beschta 1990; Beechie et al. 2000; Bragg and Kershner 2002; Pess et al., 2003).  The results of long-term predictors will be used to prioritize stream reaches for additional possible restoration/enhancement treatments, including riparian plantings, modified buffer strip requirements and conservation easements.

WE 3: Inventory and Assess Forest Roads and Culverts in Target Watersheds
Inventory and assess non-paved road segments and culverts in proximity to critical areas for spawning and rearing within the target watersheds to predict sediment detachment and delivery and evaluate fish passage. Produce a prioritized list of problems areas for treatment and propose a range of treatment alternatives by site.

There are approximately 902km of non-paved roads located within the target watersheds that are managed by Tribal, state, and private landowners.  Additionally, approximately 125km of gravel and non-paved roads intersect delineated riparian areas (mean riparian road density = 0.38km/km2). A road inventory will be completed to evaluate the subset of road segments potentially supplying sediment to westslope cutthroat trout spawning habitat.  According to Dube et al. (2004), these include road segments that drain to an active stream channel, drain to a gully that drains to an active stream channel, or road segments that drain to areas that are located less than 200 feet from a stream.  Existing GIS data layers will be used to create a list of road segments to survey based on these criteria.  A field survey of identified road segments will be conducted using a hand held global positioning (GPS) unit to acquire specific road, fill and buffer characteristics after Dube et al. (2004) and Boll et al. (2002).  The detachment, transport, and deposition of sediment from roadways will be simulated using either the Water Erosion Prediction Project (WEPP) model (Flanagan and Nearing 1995; Elliot et al. 1999) or the Washington Road Surface Erosion Model (WARSEM) described by Dube et al. (2004).  Both of these are physically based soil erosion models that provide estimates of annual soil erosion and sediment delivery by considering specific soil, climate, ground cover, and topographic conditions. Maps will be created that identify soil detachment and delivery in metric tons predicted by the respective models for each delivery point along the road network.  Management recommendations and implementation strategies will be developed for high sediment delivery areas in cooperation with local land managers.

An evaluation of fish passage will be completed in target watersheds to identify any complete or partial barriers that may affect the ability of westslope cutthroat trout to access key spawning and rearing habitats.  GIS will be used to identify the survey area by overlaying stream crossings with known fish distribution data.  Physical stream data and culvert information will be collected at each site using the methods described by Clarkin et al. (2003) to assess fish passage.  Low flow discharge will be measured upstream of the culvert and at the culvert inlet/outlet and high flow discharge will be estimated using USGS regional regression equations developed for Idaho (Berenbrock 2002).  The computer software FishXing (1999) will be used to determine passage characteristics for adult and juvenile cutthroat trout under a range of flow conditions.  Barriers will be ranked for treatment based on the extent and type of habitat blocked, fish populations present downstream and upstream of the site, and road condition.  A cost/benefit analysis will examine the range of mitigation scenarios described by Bates et al. (1999), which include retrofitting existing culverts, replacement, or removal.  Management recommendations and implementation strategies will be developed for addressing fish passage needs in cooperation with local land managers.

WE 4: Identify and Select New Restoration Projects

Engage in advanced scoping of restoration projects with private landowners in four target watersheds. Make contacts with landowners in the high priority areas identified in the Habitat Protection Plan (Vitale et al. 2002) and in other inventories/assessments (See WE 2 and WE 3). Negotiate agreements with willing landowners and conduct field evaluations to characterize baseline conditions on properties where projects are likely to occur.

Uncertainties are associated with the willingness of landowners in critical habitat areas to sign contracts that may limit the uses of their property. Even if landowners are willing to negotiate leases and/or contracts these agreements may not protect habitats into perpetuity. Management rights acquisition in the form of legislative enactment by the Tribal Council, fee-title purchase, or conservation easements, is the most effective and cost efficient tool available to ensure the long-term availability of habitats for native fish and wildlife species and for providing stable, healthy and natural watershed functions. Long-term management rights (i.e., fee-title acquisitions or conservation easements) will be pursued in target watersheds through BPA projects 200204500, 199206106, and 199004401. High priority properties where management rights have been secured will be given preference for implementation.
WE 5: Produce Design for Phase II Channel Construction in Benewah Creek

Produce a 30% level of design needed for fit in the field construction to restore stable channel plan, profile and dimension to approximately 1.5 miles of channel in Benewah Creek. Design will specify hydraulic geometries, riffle elevations and appropriate channel/floodplain roughness for a new channel that raises water surface elevations and increases valley bottom/flood interaction. Design will also determine the size requirements for imported channel substrate.

Bankfull discharge for the ungaged site will be determined through an analysis of stream gauge data taken at existing stream gages located within the same hydro-physiographic province as the restoration site (Leopold et al. 1964; Berenbrock 2002). Stable hydraulic geometries for the design channel will be determined using the regional regression equations developed by Castro and Jackson (2001) which relate variables such as bankfull cross-sectional area, width, depth and velocity to bankfull discharge and drainage area. These methods will be validated by correlating predicted bankfull geometries for width and cross-sectional area with bankfull analogs measured at an undisturbed reference site in the watershed (Rosgen 1998). A hydraulic model (HEC-RAS version 3.12) will be developed for the site to predict water surface elevations, flow regimes, velocities, and shear stresses for the existing and design channels to refine the restoration treatment.

The greatest challenge (uncertainty) will be developing and construction of an aggraded solution that allows water to come out of bank equally along the channel. The channel design must also maintain existing sediment conveyance through the reach after it is filled with imported gravel. Hydraulic analysis will match sediment transport needs with over bank flow thresholds to minimize risks and manage these uncertainties.

WE 6: Produce Restoration Design for WF Lake Creek
Produce a 30% level of design needed for fit in the field construction to restore stable channel plan, profile and dimension to approximately 1.0 miles of channel in WF Lake Creek. Design will specify hydraulic geometries, riffle elevations and appropriate channel/floodplain roughness for a new channel that raises water surface elevations and increases valley bottom/flood interaction. Design will also determine the size requirements for imported channel substrate.

Bankfull discharge for the ungaged site will be determined through an analysis of stream gauge data taken at existing stream gages located within the same hydro-physiographic province as the restoration site (Leopold et al. 1964; Berenbrock 2002) and through comparison with the 5-year dataset recorded at the upper Lake Creek gauge (Bauer 1998). Stable hydraulic geometries for the design channel will be determined using the regional regression equations developed by Castro and Jackson (2001) which relate variables such as bankfull cross-sectional area, width, depth and velocity to bankfull discharge and drainage area. These methods will be validated by correlating predicted bankfull geometries for width and cross-sectional area with bankfull analogs measured at an undisturbed reference site in the watershed (Rosgen 1998). A hydraulic model (HEC-RAS version 3.12) will be developed for the site to predict water surface elevations, flow regimes, velocities, and shear stresses for the existing and design channels to refine the restoration treatment.

Uncertainties are associated with developing and construction of an aggraded solution that allows water to come out of bank equally along the channel and creating a smooth transition from the elevated channel down to its existing elevation downstream of the site. This is possible by obtaining a valley bottom topographic survey using aerial photogrammetry (0.5 foot contours) supplemented with channel bed profile survey work. The channel design must also maintain existing sediment conveyance through the reach after it is filled with imported gravel. Hydraulic analysis will match sediment transport needs with over bank flow thresholds to minimize risks and manage these uncertainties.

WE 7: Benewah Creek Channel Construction (Johnson Site)
Implement channel restoration design to recover abandoned channel alignment and raise the invert of existing channel segments to near historical elevations per design specifications. The design will take the approach of filling the stream channel to historical elevations and utilizing historical alignments where possible. In areas that have laterally expanded following entrenchment, new banks and floodplain will be created. To reduce project cost, the channel will be lifted by filling the channel at intervals along its length. These fill locations will occur at areas that would naturally be riffles. The pools between these riffles will remain unnaturally deep until existing basin sediment loads slowly fill them. Large wood material will be used throughout the project to increase lateral roughness where needed, create banks and maintain planform until hydric plant communities become fully established.
WE 8: Implement Channel Restoration Design WF Lake Creek
Implement channel restoration design to recover stable channel pattern, planform and hydraulic geometry for approximately 1.0 mile of stream channel and associated floodplain. Until the design is completed, methods and uncertainties associated with implementation will remain unknown.
WE 9: Enhance Floodplain Plant Communities

Restore native riparian plant communities within the 100-year floodplain of streams within the target watersheds. Plant native herbaceous and deciduous plant materials on all disturbed areas associated with channel construction (WE 7 and 8) and on other riparian sites where management rights have been secured and enhancement needs have been identified. Degraded riparian areas will be restored as needed by planting native shrubs and trees, seeding with grasses and sedges, and controlling noxious weeds consistent with planting specifications developed for each site. Streambank stability will be improved on a site-specific basis using bioengineering techniques. Information on planting techniques and considerations for riparian rehabilitation will be based on a body of peer-reviewed literature appropriate to this region and climate (Schultze and Wilcox 1985; York 1985; Van Haveren and Jackson 1986; Hoag et al. 1991; Hoag 1993; Lambert and Boswell 1994; Scott et al. 1996; Kranjcec and Mahoney 1998; Nilsson and Svedmark 2002; Shafroth et al. 2002; Rood et al. 2003).
WE 10: Place Instream LWD to Increase Habitat Complexity in Target Tributaries

Increase large woody debris volumes in 2nd order tributaries identified as critical spawning/rearing habitat within the target watersheds in a manner consistent with the priorities and recommendations developed during the inventory and assessment process (WE 2). Placement of structures and debris volumes will simulate natural woody debris loading at surveyed reference reaches and address deficiencies associated with ecological processes including, stream channel stability, habitat complexity, and energy processing.

Impacts from logging and other land uses has decreased the recruitment potential for LWD in critical stream reaches within the target watersheds.  The goal of this work element is to enhance fish habitat complexity in the areas prioritized during the assessment and inventory process (WE 2).  It is known that large woody debris creates habitat, helps store sediment and organic matter, provides cover, and influences geomorphology (Hilderbrand et al. 1998; Saldi-Caromile et al. 2004).  Though the addition of large wood to these 2nd order tributaries is a short-term measure, it will help create habitat complexity while riparian forest stands recover.

Logs will be put in place to resemble natural wood distributions.  Bisson et al. (2003) found that placing wood in areas where channel geomorphology and stream hydraulics “favor stability” increases the success of wood placements.  Studies have shown that stream size along with the size of peak flows impacts the mobility of wood in a channel and how it collects into debris jams (Gurnell 2003).  Recent habitat assessments in 2nd order tributaries in the target watersheds indicate bankfull widths range from 2.84 m to 7.74 m.  Hilderbrand et al. (1998) found that logs 1.5-2 times longer than bankfull width were less likely to move than logs shorter than the average channel width.  Wood placements will follow techniques like those described in Saldi-Caromile et al. (2004), Castro and Sampson (2001), and Shields et al. (2001).  Native conifers will be used and wood will be partially buried or anchored using duckbill anchors.  An excavator will be used to place the wood, where site conditions allow.  Larger logs will be used to collect smaller, mobile logs and create debris complexes (Bisson et al. 2003).

Long term monitoring will be used to measure success and determine the effectiveness of the wood additions (See WE 21).  Habitat parameters that will be measured include pool frequency, residual pool depth, substrate particle size, and the quantity (i.e., frequency and volume) of large wood present.

Monitoring and 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 subsequent months, The Bonneville Power Administration further defined the role of the RM&E plan to statistically test restoration implementation effectiveness at the restoration reach level.  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), http://www.cdatribe-nsn.gov/docs/fish/ResearchMonEvaluationPlanVol1.pdf.  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.  We realize that we can learn, and add data and technical input by participating in both forums.  Our data has relevance to non-anadromous salmonids, especially potamodromous life histories, and can be used throughout the range of Westslope cutthroat trout. We propose to move forward with our habitat RM&E design and integrate a rotating panel design and analyses consistent with CSMEP protocols.  Refer to work elements #21-25 in this narrative for the specifics of our proposed habitat RM&E.

This section includes 15 work elements related to monitoring and evaluation that are listed by work element title and described below.  Even though this is a new proposal, we have carried forward the titles, names and descriptions of relevant work elements that are compatible with the Bonneville Power Administration’s PISCES database.  Thus, RM&E work element numbers will not follow a numerical sequence, but will be presented in the order needed to maintain consistency of describing the methods. Text for work elements 14-16, 22 –23 and 18 and 24 is combined to reduce redundancy.  Methods described in this section will support RM&E of the proposal Objectives (Table 17).  Throughout the methods section, work elements will be related to the RM&E Tier levels 1-3 as described by the ISAB (2003).

Objective 2. Evaluate habitat restoration effectiveness at treatment/control sites.

This is an ongoing objective started in 2002.  Two major assumptions associated with this project’s habitat restoration will be evaluated.  First, techniques used to restore the habitat indicators in a treatment reach will restore them to an acceptable performance standard.  Second, habitat in the restored (treatment) reach will change at both spatial and temporal scales, but will maintain a level of quality that meets the performance standards in relation to a non-restored (control) reach. The following hypothesis will be tested as it relates to the two assumptions:

· H1: After 15-years post-restoration, large woody debris volume, residual pool depth, substrate size and canopy cover are equal between treatment and control reaches.
WE 21: Measure Physical Habitat in Reference and Treatment Reaches in Target Watersheds

We propose to apply a rotating panel design of cyclical revisits (repeat measures) over time at our existing treatment and reference reaches (26 total) where habitat indicators have been measured at least twice since 2002.  The repeat measure interval will be three years.  The number of repeat measures will depend on the number of samples required to detect a 5% change with 80% power at (=0.10.  The habitat indicators and methods of measurement (Table 17) are consistent with those being measured by the larger-scale programs of PNAMP and CSMEP in the Columbia River Basin and reported by; (Bryant et al. 2004, Kershner et al. 2004 and Larsen et al. 2004).  This work element meets Tier 2 level criteria (ISAB 2003).

At each 150-meter treatment and control reach, the following measurements of habitat indicators will be taken:

1. Wolman pebble counts of 100 pieces at three riffle cross-sections per reach, cent fines<2mm, and d50 size (mm) the indicator variables.

2. Number of pools/100m and residual depth, from a Longitudinal profile of streambed depth using a surveying total station (purchased in 2005).

3. Canopy cover will be measured at six cross-sections using a hand-held spherical densiometer, taking readings at mid-channel looking up and downstream and at the wetted age on both sides of channel.

4. Large wood (>10 cm diameter in channel and/or attached to banks) will be measured for number of pieces/100m and volume per/100m.

· H2:  Ambient water temperature and thermal heterogeneity is equal between mainstem treatment and control reaches of Benewah Creek.

WE 22: Measure Water and Air Temperature in Target Watersheds

WE 23: Measure Summer and Winter Thermal Heterogeneity in Benewah Creek

We propose to continue monitoring water temperature at segment, reach and pool/riffle scales. This work element meets Tier 1 level criteria (ISAB 2003).  At the segment scale, water temperature will be measured along the longitudinal profile of the mainstem and in major tributaries in the four target watersheds.  We will use the Hobo Temp Pro (Onset Computer Corp.) digital temperature datalogger accurate to ((0.2 °C).  Deployment and quality control will follow procedures outlined by Dunham et al. (2005).  We propose to measure thermal heterogeneity in treatment and control reaches associated with the large-scale, channel/floodplain reconnection restoration in Benewah Creek.  Stream temperature will be measured at fine-scale, riffle/pool sequences in summer and winter seasons. Temperature of riffle/pool sequences will be measured with a digital thermistor (Cooper Instruments model TM99A-E) and a model 2007 Cooper Instruments probe with a response time of 6 seconds at (0.1 °C.  The digital thermistor and probe is attached to a survey rod, allowing for simultaneous measurement of depth and temperature.  While wading upstream, water temperature and depth (.01 meter) will be recorded once in a riffle, associated pool tailout and in the deepest part of the pool.  In addition to water temperature, we propose to continue air temperature measurements at two sites in relation to the thermal heterogeneity study in Benewah Creek watershed.

We 25: Analyze Data from Physical Habitat Sampling and Temperature Monitoring in Target Watersheds
The ability to detect changes in habitat indicators depends on the magnitude of spatial and temporal variation and the design of the monitoring network (Larsen et al. 2004).  We propose to follow the analytical method of Larsen et al (2004) to estimate the components of variation and statistical power to detect trends in habitat indicators. We realize our sample size of 26 reaches is lower than the 30-50 reaches suggested by Larsen et al (2004).  However, the power analysis of Larsen et al (2004) was for a detection of 1-2% change with 80% power at (=0.05.  We must ask if a 1-2% change is biologically significant as it pertains to salmonid production.  Our preliminary results for residual pool depth from nine treatment and eight mainstem control sites is 0.43 and 0.40 meters respectively.  A two percent increase of 0.40 meters is 0.008 meters, which is below our limit of detection.  We propose that a 5% change in a habitat indicator is likely more biologically relevant and will use the power analysis (Larsen et al. 2004) to estimate the number of annual measurements needed to detect a 5% change with 80% power at (=0.10. These criteria will require fewer repeated measures to obtain the above power.  In addition to estimating the components of variation from the repeated measures, we will explore the power to detect changes in habitat indicators in relation to effect size following the methods of Bryant et al. (2004).
Water temperature from digital temperature dataloggers will be analyzed and results compared to the performance standards of maximum temperatures ≤ 16°C in 2nd and 3rd order tributaries, and  <18°C in 3rd and 4th order mainstem of target streams. Thermal heterogeneity will be analyzed with respect to the performance standard of 10 pools/km with -3°C differential in the treated reach of Benewah Creek in the summer (Table 17).

Objective 3.  Detect changes of in-stream fish production, productivity and distribution.

This is an ongoing objective.  We predict increases in westslope cutthroat trout production, productivity and distribution in watersheds with habitat restoration.  Production and productivity gains for lacustrine-adfluvial westslope cutthroat trout will be realized as juvenile rearing distribution expands into more suitable mainstem habitats and density increases in tributary habitats.  Productivity increases will be estimated as juveniles per spawner ratio, and in-stream production/biomass (P:B) ratio. The following hypothesis will be tested:

· H3: Post-restoration westslope cutthroat trout production, productivity and distribution will not change from pre-restoration levels.

WE 17: Sample Salmonids in Target Watersheds for Population Estimation 

Sampling for instream westslope cutthroat trout and brook trout density and distribution will be accomplished by electrofishing 100 meter reaches using multiple-pass removal depletion methods (Zippin, 1956, Otis et al. 1978).  Electrofishing protocol will follow the standard guidelines and procedures described by Reynolds (1983). All westslope cutthroat trout captured will be kept in flow-through buckets and released throughout the sample reach when sampling is completed.  From 1996-2005 the project sampled a total of 104 index sites across the longitudinal profiles of four target watersheds (Alder, Benewah, Lake and Evans Creeks).  We realize the statistical merits of probabilistic sampling and propose to incorporate spatially balanced sampling sites selected using the EPA-EMAP generalized random tessellation stratified design (GRTS).  We propose to sample the same total number of sites per stream as past years, but maintain a 1:1 ratio of index sites in mainstem and tributaries and EMAP (GRTS) sites. The sampling of index sites meets Tier 1 level criteria and sampling of EMAP (GRTS) selected sites meets Tier 2 level criteria (ISAB 2003).  Captured salmonids will be visually identified to species, will be measured for fork length and total length (nearest mm) and weighed (nearest 0.1g).  A subsample of 50 westslope cutthroat trout and 50 brook trout per target stream will have scale samples taken in a manner that samples the entire range of lengths sampled.  Scale samples will be pressed between glass slides projected by a microfiche reader and photographed at high resolution with a 5.0 mega-pixel digital camera. Three scales from each fish will be photographed for later scale analysis using ImageJ software, freeware image analysis software produce by the National Institutes of Health (http://rsb.info.nih.gov/ij/).  This use of this software for identifying circuli and annuli, and measuring scales increases our precision compared to measuring from a microfiche reader screen.  

WE 20: Analyze Data Generated from Salmonid Sampling in Target Watersheds

Total westslope cutthroat and brook trout density (#/100m2) will be estimated for each sample reach in each target stream.  The program MONITOR (Gibbs 1995), http://www.mbr-pwrc.usgs.gov/software/monitor.html, will be used estimate the power to detect a positive or negative change of Westslope cutthroat and brook trout densities from annual population estimates in the target streams.  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.  Results of the power analysis will be interpreted in relation to the performance standard of detecting a density change of (4% at a power of 80% at alpha level of 0.10.

From 1996-2005, age composition was estimated by applying length-at-age proportion keys (Gulland and Rosenberg 1992) developed from scale analyses of fishes of known length.  Beginning in 2006, age composition will be estimated using dynamic age-length keys following the method of Salthaug (2003).  The dynamic age-length key is an improved method to estimate age composition because it integrates the effects of annual variation in age-specific growth rates.  We will apply the dynamic age-length key to the data from 1996 through 2005. The length-at-age proportion keys are stream and species-specific. Annual scale analysis of 50 scales will add to the length-at-age keys.  Total density will be separated into density of specific ages and enable tracking of cohort strength.

Annual production (kg/hectare/yr) and production to biomass (P:B)  ratio and variances will be estimated following methods of Newman and Martin 1983).  Production and P:B ratios will be estimated separately for 2nd and 3rd order tributaries, and 3rd and 4th order mainstems.  This separation will allow for detection of trends in production and productivity (P:B) in tributaries and mainstems.  The combination of index sites for trend detection and the balanced EMAP(GRTS) sample sites for status monitoring will allow for detection of density and distribution changes over time.  Results will be interpreted in relation to the production performance standards of 75, 100 and 125 kg/hectare/yr in 2011, 2016 and 2021 respectively (Table 17).

Objective 4. Measure changes in westslope cutthroat trout production in relation to brook trout removal

This is an ongoing objective and all methods have been followed since 2004. We predict that brook trout production will decrease and westslope cutthroat trout production will increase as a result of brook trout removal from Benewah Creek.  In addition work elements and methods support a RM&E Tier 3 level design to statistically test for changes in reproductive life history attributes in relation to a large magnitude decrease in brook trout densities in Benewah Creek (treatment) versus Alder Creek (control).  The following hypothesis will be tested:

· H4: Brook trout production does not change following five consecutive years of removal.

· H5: Westslope cutthroat trout production does not change following five consecutive years of brook trout removal.

· H6: Reproductive life history attributes will not change over time in Benewah Creek and Alder Creek.
WE 11: Remove Brook Trout from Benewah Creek

Non-native brook trout will be removed from Benewah Creek annually beginning in early August following completion of three-pass removal sampling for salmonid population and distribution at the index and probabilistic sites (work element 17).  Brook trout removal will begin in the mainstem at the confluence of Windfall Creek, and proceed 1.9 km to the confluence of the South and West Forks.  Removal will continue 1.0, 2.7 and 2.0 km up the West Fork, South Fork and Schoolhouse Creeks respectively, for a total of 6.6 km of stream sampled.  All removed fish will be measured for total length (nearest mm) and weighed (0.1 g).  Scale samples will be taken from every fifth fish.  Scale samples will be processed as described in work element 17.  All brook trout removed are either euthanized for dissection (see below) or are transported to isolated catchout ponds located on the Reservation.  The catchout ponds are terminal, spring-fed and fished heavily.  

An annual subsample of 100-150 fish from Benewah Creek (treatment) and Alder Creek (control) will be dissected to determine gender, maturation status and testes or egg skein weight (nearest 0.01g).  Egg skeins will be cold-water hardened and a subsample of 20 eggs will be digitally photographed for analysis of egg diameter (nearest 0.1 mm).  ImageJ software will be used to measure egg diameter.  All eggs will be counted from mature females.  Immature females with primary oocytes will be documented, but eggs will not be counted. 

WE 12: Analyze Data from Brook Trout Removal from Benewah Creek

Age composition of removed brook trout will be estimated following methods described in work element 20.  Changes in density, production and productivity of brook trout and westslope cutthroat trout will be monitored from the results of data analyses described in work element 20.  Results will be interpreted in relation to the brook trout production performance standards of maintaining brook trout at <1.0 kg/hectare/yr and a P:B ratio of <.25 (Table 17).   

Binomial logistic regression will be used to estimate age-at-maturity and length-at-maturity for removed fish.  Gender ratio from the dissected brook trout will be applied to the number of estimated mature fish removed.  Total eggs removed will be estimated by first stratifying the total number of mature females into 5mm increments.  Then, applying the number of eggs to total length (mm) relationship (# of eggs= 3.53*Total Length-372.18), multiplied by the number of mature females in each 5 mm length interval.  We will use ANCOVA to test for differences in the relationship between the independent variables, total length and weight, and dependent variables, number of eggs, skein weight and egg diameter with between Benewah (treatment) and Alder (control) creeks.
Objective 5. Measure the productivity of the adfluvial life history form in target watersheds

We predict that habitat restoration will increase within-stream habitat capacity, increase the number of emigrating juveniles and increase the number of adults that return to spawn.  The following work elements will provide the data evaluate if performance standards are being met.  The text for work elements 14,15 and 16 were grouped to reduce redundancy.

WE 13: Install and Maintain Migration Traps Lake and Benewah Creeks 

February 1st is the target date for annual installation of the resistance board weir traps (adult trap) in Lake and Benewah Creeks and the PIT tag detection antennas and readers.  Juvenile traps in Lake and Benewah Creeks will be installed March 1st.   Traps will be checked daily in the morning during low discharge and twice daily during higher discharges.  The RBW traps will be operated from February 1st to May 1st.  The juvenile traps will be operated from March 1st to June 1st.  The PIT tag detection systems will be installed in Lake and Benewah Creeks February 1st and will operate through June 1st.  The PIT tag detection systems antennas will be checked daily as they are located near the RBW traps.  The PIT tag readers will be checked daily and digital memory card will be downloaded once per week or more often as needed.

WE 14: Trap Juvenile and Adult Adfluvial Westslope Cutthroat Trout in Lake and Benewah Creeks 
WE 15: Purchase Pit Tags for Adfluvial Westslope Cutthroat Trout Survival Study

WE 16: PIT Tag Juvenile Adfluvial Westslope Cutthroat Trout from Lake Creek and Benewah Creek

Migrating, pre-spawn adults captured in the RBW trap will have gender determined, and be checked for an adipose fin clip which will designate the fish contains a PIT tag.  All returning adults trapped will be checked for PIT tags with a hand-held reader and antenna.  This will provide an estimate of the PIT tag interrogation system’s efficiency, since the traps are located upstream of the Pit tag antennas.  Adults will be measured for fork length and total length (nearest mm) and weighed (nearest 0.1g).  All pre-spawn adults will be sampled for scales.  Post-spawn adults captured in the juvenile trap will have gender determined and be checked for PIT tags with a hand-held antenna and reader. Post-spawn adults will be measured for length and weighed.

Captured juveniles will be measured for fork length and total length (nearest mm) and weighed (nearest 0.1g).  Our goal is to PIT tag 1,000 juveniles from Lake and Benewah Creeks.  This will require the purchase of 2,000 SGL-type PIT tags.  The goal of 1,000 PIT tagged juveniles is based on our estimation of a 10% juvenile-to-adult survival for the lacustrine-adfluvial life history.  If 1,000 juveniles were PIT tagged, the 10% survival rate would return 100 PIT-tagged adults.  To accomplish the goal of 1,000 PIT tagged juveniles, a subsample of up to 25 juveniles per day will be adipose fin clipped and have a PIT tag inserted in the peritoneal cavity following PTAGIS methods. The adipose fin clip will mark all PIT tagged fish and will serve as the mark for the long-term tag retention estimation.  All PIT-tagged fish will be sampled for scales.    The goal is to PIT tag a representative age composition throughout the duration of the emigration period.  On days when fewer than 25 fish are trapped, all fish will be PIT tagged.  In 2005, Dr. Dale Chess did all PIT tagging and will continue to do all PIT tagging until he has trained the supervisory technicians. Once per week a PIT-tagged group of 25 fish will be placed in a false-bottomed, PVC-framed net pen located in the stream channel at least 100 meters above the juvenile trap.  This group will serve as the weekly 24-hour, post-PIT tagged survival and tag retention group.  This same group will serve as the weekly release group for trap efficiency determination following the methods of Carlson et al. (1998).  The juvenile emigration period lasts approximately nine weeks.  This will provide nine separate 24-hour post-PIT tag survival and tag retention trials and trap efficiency estimates.   

WE 19: Analyze Data Generated from Salmonid trapping and PIT Tagging in Lake and Benewah Creeks 

Data from trapping and PIT tag detections will be analyzed to estimate the following survival and productivity indicators: juvenile-adult survival, juvenile/spawner ratio, within-lake growth rate, and percent repeat spawners.  Juvenile-to-adult survival will be estimated using Cormack-Jolly-Seber models used to estimate the capture probabilities from mark-recapture of multiple release groups of PIT tagged juvenile westslope cutthroat trout.  Multiple cohorts of ages from 0+ to 3+ juveniles will comprise the tagged groups.  In addition, lake residence time likely varies, creating potential age and time-since marking variation in survival.  We will address the potential for age and time-since marking specific variation in survival, using the software program “MARK” http://www.warnercnr.colostate.edu/~gwhite/mark/mark.htm, which tests criteria for appropriate model selection.  Results will be interpreted in relation to the 30% juvenile-to-adult survival performance standard (Table 17), and the comparison between model-extrapolated total adult return and actual trapped adults.  Total juveniles in the run will be will be estimated from trap efficiencies and number of trapped fish following the methods of Carlson et al. (1998).  The estimation of a juveniles/spawner ratio by broodyear will require an age composition analysis of juveniles to separate the multiple cohorts emigrating per year.  The age structure composition will then be applied to the estimated total juveniles in the run.  The total number of juveniles in each cohort divided by the total females that produced the cohort is the juvenile/spawner ratio.  A performance standard for this indicator will be chosen following the development of the juvenile/female spawner ratio in relation to total female spawners relationship.  This relationship will support inferences regarding habitat capacity. Once the relationship is developed and is statistically significant, a performance standard can then be adopted.  Within-lake growth rate will be measured as the difference in length of each returning PIT-tagged adult from the length when the fish was tagged as a juvenile.  Results will be interpreted in relation to the 75mm annual within-lake growth rate performance standard (Table 17).  The percent repeat spawners will be measured from PIT tagged adults that survive and spawn a second time.  Results will be interpreted in relation to the 20% repeat spawner performance standard (Table 17).

WE 18: Biological Data Management

WE 24: Physical Data Management 

All data generated from habitat and water temperatures measures is quality controlled and managed by Dr. Dale Chess.  Currently, all data is maintained in Microsoft EXCEL spreadsheets with the intent to begin development of relational databases using Microsoft ACCESS software.  Duplicate copies of all data, analyses and text are backed-up on high-end servers maintained by the Coeur d’Alene Tribe Information Technology Department.

Project Administration

This proposal uses outreach to the general public and development of educational opportunities as a means to increase stakeholder coordination and participation in project activities and to facilitate a holistic watershed protection process on the Reservation (Project Objective 6: Table 17).  A variety of activities are coordinated and facilitated to support the hypothesis that increasing support for project activities is a function of community awareness and education.  Furthermore, responsible management should create a reasonable balance between resource needs and the needs of the larger community that collectively affect fish and their habitats.  By adopting Tribal recommendations, the Northwest Power Planning Council (NPPC) concurred with this concept and recognized public education and outreach to be a necessary and integral component of fisheries enhancement efforts on the Coeur d’Alene Reservation (NWPPC 1995).  Strategies focus on publishing a quarterly newsletter and maintaining a fisheries web page, as well as, coordinating public meetings and facilitating educational programs for local students and teachers.  Performance is measured by the number of participants in the variety of activities that are sponsored.

Objective 6. Increase coordination and participation among stakeholders.

WE 26: Coordinate Restoration Efforts with Stakeholders

Coordinate and participate in a variety of forums with local stakeholders and managers to disseminate information about restoration efforts and allow for participation by interested parties. Activities will include conducting meetings with an Inter-Agency Workgroup, meeting with watershed work groups and landowners, and participating in Tribal inter-disciplinary processes.

WE 27: Provide Education and Outreach Opportunities

Participate in and develop an educational forum for the local community and surrounding areas regarding stream restoration opportunities on the Reservation.  Activities will include: 1) Publish and distribute a Fisheries Program newsletter every quarter; 2) Maintain and update a Fisheries Program web page; 3) Provide educational programs to schools, colleges, and local non-governmental associations; 4) Hire and supervise summer youth interns; and 5) Provide consultation and assistance to university extension agents for community programs related to fisheries management and restoration.
WE 28: Manage and Administer Project
Provide oversight of the project as needed. Respond to BPA as requested, providing financial, contractual, and administrative documents. Prepare FY07-09 statements of work and budgets.
WE 29: Produce Quarterly Status Reports via Pisces
Prepare quarterly status reports against each milestone, indicating whether the milestone is green, yellow or red. Reports will be filled in on-line via Pisces.
WE 30: Produce Annual Report
Produce annual reports that summarize work accomplished in the previous 12 months.
G. Facilities and equipment

The 9.26 FTE associated with this project are housed in the Tribe’s Fish, Water, Wildlife and Lake Management offices in Plummer, ID.  The facility is newly constructed as of 2004, and each office is connected to the high-speed local area network (LAN) maintained by the Coeur d’Alene Tribe Information Technology Department.  The Tribe’s geographical information system (GIS) lab has high-end GIS computer systems and will support the EMAP (GRTS) spatially balanced, sample site selection methods.  A secure shop facility houses all capital and non-expendable field equipment.  The Coeur d’Alene Tribe owns most of the heavy equipment needed for recent stream restoration treatments.
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EDUCATION:

BA, Biology/Botany, University of Idaho, Moscow, 1991

SPECIAL TRAINING:

Designing and Negotiating Studies Using IFIM; Ft. Collins, CO; 1993

Watershed Analysis Methodology; Olympia, WA; 1995

Wildlife Habitat Evaluation Procedures; Ft. Collins, CO.; 1997

Applied Fluvial Geomorphology; Dave Rosgen, Instructor; San Jose, CA; 2000

River Morphology and Applications; Dave Rosgen, Instructor; Pagosa Springs, CO; 2002

River Assessment and Monitoring, Dave Rosgen, Instructor, Lubrecht Forest, MT; 2004

EMPLOYMENT HISTORY:

Stream Restoration Project Manager, Coeur d'Alene Tribe, Plummer, ID.  1995–present

Project Scientist, Integrated Resource Management, Corvallis, OR.  1995.

Fisheries Scientist, EA Engineering, Redmond, WA.  1991 - 1995

Research Assistant, University of Idaho, Moscow, ID.  1990-1991.

Research Assistant, Idaho State University, Pocatello, ID.  1988-1989.

REPRESENTATIVE EXPERIENCE:

Stream Habitat Restoration Project, Coeur d’Alene Reservation, ID.  1995 - Ongoing.  Leads a project team in the design and implementation of complex restoration projects to reconstruct natural stream channel patterns and geometry for imparied streams.  Has implemented more than thirty-six individual restoration/enhancement treatments on the Coeur d’Alene Reservation.

Aquatic Ecology Evaluations, Coeur d’Alene Basin, ID.  1995 - Ongoing.  Developed monitoring strategies for macroinvertebrates, resident fishes and lacustrine-adfluvial westslope cutthroat trout populations on the Coeur d’Alene Reservation.  Conducts annual inventories of fishes in small streams, rivers and lacustrine habitats and calculates population and structural indices for both resident and migratory fish stocks.  Maintains an extensive database tracking fish population trends at 104 index sites in four Reservation watersheds where restoration projects are being implemented.  Studied migratory patterns and habitat use of westslope cutthroat trout in lake and riverine environments using sonic and radio transmitters.

Baseline Aquatic Community Investigations, Illinois River Watershed, IL.  1994 -1995.  Compared the structural attributes and functional characteristics of aquatic communities at study and control sites using adaptations of the Index of Well-Being (IwB), Index of Biotic Integrity (IBI), and Invertebrate Community Index (ICI) developed by the Ohio EPA.  Examined fish and macroinvertebrate communities within the context of three broad categorical groupings including species richness and composition, trophic composition, and abundance and condition.

Natural Resource Damage Assessment, Clark Fork River, MT.  1992 – 1995.  Developed site-specific habitat suitability curves and equations to predict water quality dependent mortality in brown trout.  Used an ecological model developed for brown trout to predict standing crop and biomass for historical conditions and future mitigation scenarios.

Shamrock Timber Sale EIS, Kupreanof Island, Alaska.  1992 – 1995.  Served as Contractor's Representative in preparation of an EIS evaluating the impacts of proposed timber sales in southeast Alaska.  Performed site-specific fisheries habitat analyses and stream classification surveys to describe the affected environment and evaluate the effects of proposed harvest alternatives.

Determination of Flushing Flow Needs, Madison and Missouri Rivers, MT.  1992.  Evaluated the condition of spawning gravels used by fluvial/resident salmonids in the Madison and Missouri Rivers and measured instream hydraulics to model flushing flow needs for maintaining acceptable substrate conditions below hydroelectric facilities.

Instream Flow Needs Determination, Snake River Basin, ID, 1990 – 1991.  Conducted Stream Reach Inventory/Channel Stability Index surveys and measured physical habitat, hydraulics and sediment data in more than 100 watersheds within the Snake River Basin using Instream Flow Incremental Methodology (IFIM) protocols.  Input data into PHABSIM models for determination of instream flow needs for multiple life stages of native salmonids.
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Ronald L. Peters, Fisheries Program Manager

850 A Street, PO Box 408

Plummer, ID  83851

Telephone 208-686-6307

E-mail: rpeters@cdatribe-nsn.gov

EDUCATION:

B.S.; Eastern Washington University; Zoology/Fisheries Management; 1987

M.S.: Eastern Washington University; Fish Pathology/Fisheries Management;1995

SPECIAL TRAINING:

PADI Scuba Rescue Diver, other dive training certifications (Night Diver, Deep Diver, Equipment Specialist, Advanced Open Water, and Medic First Aid) 2000

EPA Water Quality Standards 1999

Primary Productivity Modeling and Analysis 1993 NALMS

Hydroacoustic Technology (Theory, Analysis, Operations, and System Diagnostics) 1992 Biosonics Corporation

EMPLOYMENT HISTORY:

Current Employer and Responsibilities:

Coeur d’Alene Tribe; Fisheries Program Manager; 2/2000 to Present (5/2005): Responsible for oversight, coordination and implementation of all fisheries projects undertaken by the Coeur d’Alene Tribe. Principle responsibilities include supervision of professional and technical staff, preparation of policy recommendation for Council Action, preparation and approval of implementation and monitoring plans, annual reports, and budgets. 

Previous Employment:

Coeur d’Alene Tribe; Fisheries Biologist; 5/1996 to 2/2000

Quinault Indian Nation; Fisheries Biologist; 1992 to 1996

Upper Columbia United Tribes; Research Associate; 1991 to 1992

Eastern Washington University; Research Assistant; 1989 to 1991

REPRESENTATIVE EXPERIENCE:

Mr. Peters has over seventeen years professional experience in the evaluation and management of aquatic ecosystems.  In other positions, he: 

· Coordinated the Coeur d’Alene Tribes fisheries portion of the FERC Project 2545 relicensing on Lake Coeur d’Alene and the Spokane River.

· Coordinated and implemented BPA funded harvest enhancement projects. 

· Was responsible for all aspects of Coeur d'Alene Tribe water quality monitoring and analysis.  

· Supervised professional and technical staff ( up to 20 individuals), prepared and implemented monitoring and evaluation plans.  

· Prepared quarterly and annual reports, and budgets ( $ 0.5m to $2.0 million) for Tribal Business Council.  

· He was also the lead investigator in charge of management of the Quinault River sockeye salmon run.  His duties included collecting, recording, and interpreting information related to the enhancement and preservation of the Quinault River sockeye salmon run.  

· He was also lead investigator in charge of the Quinault Indian Nation Water Quality Laboratory where primary duties included oversight of all activities, development of experimental design, quality control, and data analysis.
PUBLICATIONS AND PRESENTATIONS:

Vitale, Angelo, Dale Chess, Dave Lamb, Ronald L. Peters 2005. “ Impacts Assessment of Post Falls Dam on Aquatic and Terrestrial Resources of Coeur d’Alene Lake” 112 pages Technical Report CDA Tribe Natural Resources Department

Vitale, Angelo, Dale Chess, Dave Lamb, Ronald L. Peters, Mark Stanger 2003. Annual progress report: Implementation of fisheries enhancement opportunities on the Coeur d’Alene Indian Reservation 1999-2002.  U.S. Department of Energy,  Bonneville Power Administration.  Project Number 90-044.

Vitale, Angelo, Ronald L. Peters, Dale Chess, Dave Lamb 2003.  Research Monitoring and Evaluation Plan: Implementation of fisheries enhancement opportunities on the Coeur d’Alene Indian Reservation 2003.  U.S. Department of Energy,  Bonneville Power Administration.  Project Number 90-044.

Scott, Jason, Angelo Vitale, Ronald L. Peters, Frank Roberts, 2002.  Habitat protection Plan: Implementation of fisheries enhancement opportunities on the Coeur d’Alene Indian Reservation 2002.  U.S. Department of Energy,  Bonneville Power Administration.  Project Number 90-044. 

Anders, Paul, Ron Peters, John Cussigh, David Smith, Jason Scott, Dale Ralston, Douglas Ensor, William Towey, Ernest Brannon, Raymond Beamesderfer, Jeffery Jordan, 2002 ''Coeur d'Alene Tribal Production Facility, Volume I of III'', Project No. 1990-04402, 424 electronic pages, (BPA Report DOE/BP-00006340-2)
Anders, Paul, Ron Peters, John Cussigh, David Smith, Jason Scott, Dale Ralston, Douglas Ensor, William Towey, Ernest Brannon, Raymond Beamesderfer, Jeffery Jordan, 2002 ''Coeur d'Alene Tribal Production Facility, Volume II of III'', Project No. 1990-04402, 424 electronic pages, (BPA Report DOE/BP-00006340-3)
Anders, Paul, Ron Peters, John Cussigh, David Smith, Jason Scott, Dale Ralston, Douglas Ensor, William Towey, Ernest Brannon, Raymond Beamesderfer, Jeffery Jordan, 2002 ''Coeur d'Alene Tribal Production Facility, Volume III of III'', Project No. 1990-04402, 424 electronic pages, (BPA Report DOE/BP-00006340-4)
Peters, R.L., K.L. Lillengreen and A.J. Vitale.  2000.  Coeur d’Alene Tribe Trout Production Master Plan. U.S. Department of Energy, Bonneville Power Administration, Portland, Oregon.  Project Number 90-044.

Peters, R.L., A.J. Vitale, and K.L. Lillengreen.  1999.  Supplementation Feasibility Report on the Coeur d'Alene Indian Reservation.  U.S. Department of Energy, Bonneville Power Administration.  Project Number 90-044.

Vitale, A.J., D.A. Bailey, and R.L Peters and K.L. Lillengreen.  1999.  Implementation of fisheries enhancement opportunities on the Coeur d’Alene Indian Reservation.  1998 Annual Report to the Bonneville Power Administration.  U.S. Department of Energy, Bonneville Power Administration, Portland, Oregon.  Project Number 90-044.

Peters, R.L. and A.J. Vitale. 1999.  Stock Assessment of Westslope cutthroat trout on the Coeur d’Alene Reservation.  Technical Report.  Coeur d’Alene Tribe, Fisheries Program, Plummer, Idaho.

Lillengreen, K., A.J. Vitale, R.L., Peters.  1999.  Coeur d’Alene Tribe project management plan - enhancement of resident fish resources within the Coeur d’Alene Indian Reservation.  U.S. Department of Energy, Bonneville Power Administration.  Project Number 90-044.

Lillengreen, K.L, A.J. Vitale, R.L. Peters.  1996.  Fisheries habitat evaluation on tributaries of the Coeur d’ Alene Indian Reservation: 1993, 1994 Annual Report.  U.S. Department of Energy, Bonneville Power Administration, Portland, Oregon.  Project Number 90-044.

Peters, R.L. 1995.  Ecological investigations into the life history of the nematode Eustrongylides sp. (Nematoda: Dioctophymatoidea) found in Franklin D. Roosevelt Lake, WA.  M.S. Thesis.   Eastern Washington University.  Cheney, WA.  Pp. 83.

Peters, R.L. 1995.  Ecological investigations into the life history of Quinault River Sockeye Salmon (Oncorhynchus nerka). Annual Report 1994  Quinault Indian Nation Pp. 66 

Peters, R.L. 1995.  Investigations into using a mark-recapture method for determination of trapping efficiencies of juvenile salmon with a rotary screw trap in the Quinault River, WA.  Progress Report 1995 Quinault Indian Nation Pp. 19 

Peters, R.L. 1995.  Lake Quinault Zooplankton: Type and Abundance.  Progress Report 1995 Quinault Indian Nation Pp. 24 

Peters, R.L.  1994.  Hydroacoustic estimate of escapement of Quinault River sockeye salmon.  Presented to North Pacific International Chapter American Fisheries Society.  March.

Dale William Chess, Ph.D.

Fisheries Research Scientist

850 A Street, PO Box 408

Plummer, ID  83851

Telephone 208-686-7037

E-mail: dchess@cdatribe-nsn.gov

________________________________________________________________________
EDUCATION:

Ph.D., Organismal Biology and Ecology, University of Montana, Missoula, MT, May 1998. Dissertation: Comparative Energetics and Life Cycle of the Oppossum Shrimp (Mysis relicta) in Native and Non-native Environments.

M.S., Biology, Eastern Washington University, Cheney, WA, December 1990.

Thesis: The Introduction of Lahontan Cutthroat Trout (Oncorhynchus clarki henshawi Richardson) into Granite Lake, Washington: Effects Upon Zooplankton and Neotenic Salamander (Ambystoma tigrinum) Communities.

B.S., Biology, Eastern Washington University, Cheney, WA, June 1987
RESEARCH INTERESTS

Salmonid ecology, lake ecology, zooplankton ecology, life history and energetics, non-native/native species ecology.

EMPLOYMENT HISTORY:

Fisheries Research Scientist, Coeur d’Alene Tribe, Plummer, Idaho. 2003-present.

Project Leader, Umatilla Fish Hatchery Monitoring and Evaluation, Northeast Region Fish Research Division, Oregon Department of Fish and Wildlife. Hermiston, Oregon. 2000-2003.

Consultant for Coeur d’Alene Tribe Fisheries Program. Plummer Idaho. 2002-2003.

Environmental Scientist III, Non-point Source and Bioassessment Program, Utah Department of Environmental Quality.  Division of Water Quality.  Salt Lake City, Utah. 1999-2000.

Research Assistant Ecologist, Flathead Lake Biological Station, The University of Montana. Polson, Montana. 1990-1996.

Fisheries Biologist, Timber Fish and Wildlife Coordinator, Upper Columbia United Tribes Fishery Center, Eastern Washington University. Cheney, Washington. 1988-1990.

PEER-REVIEWED PUBLICATIONS

Ellis, B.K., J.A. Stanford, J.A. Craft, D.W. Chess, F.R. Hauer & D.C. Whited.  2002.  Phytoplankton and zooplankton communities of alpine and subalpine lakes in Glacier National Park, Montana, 1984-1990.  Verh. Internat. Verein. Limnol. 28:1542-1550.

Chess, D.W. & J.A. Stanford.  1999.  Experimental effects of temperature and prey assemblage on growth and lipid accumulation by Mysis relicta Lovén.  Hydrobiologia.  412:155-164.
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APPENDIX A

Appendix Table 1.  Hierarchical listing of sample sites by watershed using both ultimate and proximal control characteristics (after Hillman and Giorgi 2002).

	 
	 
	Omernik
	 
	 
	Basin Area
	Basin 
	Density
	Valley
	Valley 
	Valley
	 
	 
	Channel
	Riparian

	Watershed
	Site
	Ecoregion
	Province
	Geologic District
	Acres
	Sq km
	Relief
	(km/km2)
	Segment
	Width (ft.)
	Gradient
	Containment
	Elevation
	Type
	Cover Group

	Alder
	1
	15
	N. Rock Mtns.
	mafic volcanic flow
	17525
	70.9
	2640
	1.54
	E1
	109
	4.00
	Confined
	2280
	B3
	Forested

	Alder
	2
	15
	N. Rock Mtns.
	argillite & slate
	17436
	70.6
	2600
	1.54
	E1
	80
	4.00
	Confined
	2320
	B2
	Forested

	Alder
	3
	15
	N. Rock Mtns.
	mafic volcanic flow
	17158
	69.4
	2480
	1.55
	E2
	78
	7.00
	Confined
	2440
	A2
	Forested

	Alder
	4
	15
	N. Rock Mtns.
	argillite & slate
	16388
	66.3
	2360
	1.56
	E3
	90
	1.00
	Confined
	2560
	B2
	Forested

	Alder
	5
	15
	N. Rock Mtns.
	argillite & slate
	16260
	65.8
	2360
	1.56
	E1
	99
	1.00
	Confined
	2560
	B2
	Forested

	Alder
	6
	15
	N. Rock Mtns.
	argillite & slate
	15514
	62.8
	2240
	1.58
	E3
	183
	2.00
	Unconfined
	2680
	C1
	Forested

	Alder
	7
	15
	N. Rock Mtns.
	argillite & slate
	15082
	61.0
	2240
	1.58
	E1
	102
	2.00
	Moderate
	2680
	C1
	Forested

	Alder
	8
	15
	N. Rock Mtns.
	argillite & slate
	15038
	60.9
	2240
	1.58
	E1
	119
	2.00
	Moderate
	2680
	C1
	Forested

	Alder
	9
	15
	N. Rock Mtns.
	argillite & slate
	13529
	54.8
	2160
	1.65
	E1
	84
	0.50
	Confined
	2760
	C4
	Forested

	Alder
	10
	15
	N. Rock Mtns.
	argillite & slate
	12005
	48.6
	2160
	1.67
	E3
	125
	0.50
	Moderate
	2760
	C4
	Forested

	Alder
	11
	15
	N. Rock Mtns.
	argillite & slate
	10088
	40.8
	2120
	1.73
	E3
	161
	2.00
	Moderate
	2800
	C4
	Forested

	Alder
	12
	15
	N. Rock Mtns.
	argillite & slate
	8026
	32.5
	2040
	1.73
	E3
	111
	1.00
	Moderate
	2880
	C1
	Forested

	Alder
	13
	15
	N. Rock Mtns.
	argillite & slate
	7512
	30.4
	2000
	1.71
	C4
	328
	1.00
	Unconfined
	2920
	C1
	Meadow

	Alder
	14
	15
	N. Rock Mtns.
	argillite & slate
	5797
	23.5
	2000
	1.64
	C4
	91
	2.00
	Moderate
	2920
	C6
	Meadow

	Alder
	15
	15
	N. Rock Mtns.
	argillite & slate
	1790
	7.2
	1920
	1.63
	C4
	210
	3.00
	Unconfined
	3000
	E4
	Forested

	Alder
	16
	15
	N. Rock Mtns.
	argillite & slate
	1581
	6.4
	1840
	1.61
	G1
	128
	3.00
	Confined
	3080
	E6
	Forested

	Alder
	17
	15
	N. Rock Mtns.
	argillite & slate
	1406
	5.7
	1800
	1.48
	G1
	91
	3.00
	Confined
	3120
	E6
	Forested

	N. Fork Alder
	1
	15
	N. Rock Mtns.
	argillite & slate
	2657
	10.8
	1880
	1.48
	C4
	183
	2.00
	Unconfined
	2960
	E4
	Meadow

	N. Fork Alder
	2
	15
	N. Rock Mtns.
	argillite & slate
	2229
	9.0
	1840
	1.41
	C4
	145
	2.00
	Unconfined
	3000
	E4
	Meadow

	N. Fork Alder
	3
	15
	N. Rock Mtns.
	argillite & slate
	2077
	8.4
	1760
	1.41
	E3
	121
	3.00
	Moderate
	3080
	B5
	Forested

	N. Fork Alder
	4
	15
	N. Rock Mtns.
	argillite & slate
	2017
	8.2
	1720
	1.41
	E3
	105
	1.00
	Moderate
	3120
	B6
	Forested

	N. Fork Alder
	5
	15
	N. Rock Mtns.
	argillite & slate
	1456
	5.9
	1720
	1.27
	G1
	144
	3.00
	Confined
	3120
	B6
	Forested

	N. Fork Alder
	6
	15
	N. Rock Mtns.
	argillite & slate
	1173
	4.7
	1600
	1.33
	G1
	185
	6.00
	Confined
	3240
	B6
	Forested

	N. Fork Alder
	7
	15
	N. Rock Mtns.
	argillite & slate
	931
	3.8
	1520
	1.29
	G1
	107
	5.00
	Confined
	3320
	B4
	Forested

	N. Fork Alder
	8
	15
	N. Rock Mtns.
	argillite & slate
	361
	1.5
	1320
	1.14
	G1
	129
	6.00
	Confined
	3520
	B4
	Forested

	Benewah
	1
	15
	N. Rock Mtns.
	mafic volcanic flow
	35017
	141.7
	2600
	1.48
	C4
	145
	1.00
	Unconfined
	2160
	C3
	Forested

	Benewah
	2
	15
	N. Rock Mtns.
	mafic volcanic flow
	34767
	140.7
	2600
	1.46
	B2
	101
	1.00
	Unconfined
	2160
	C4
	Forested

	Benewah
	3
	15
	N. Rock Mtns.
	mafic volcanic flow
	34377
	139.1
	2520
	1.47
	E1
	109
	6.00
	Moderate
	2240
	B2
	Forested

	Benewah
	4
	15
	N. Rock Mtns.
	mafic volcanic flow
	34155
	138.2
	2480
	1.47
	E1
	106
	2.00
	Moderate
	2280
	B3
	Forested

	Benewah
	5
	15
	N. Rock Mtns.
	mafic volcanic flow
	32151
	130.1
	2400
	1.44
	E3
	100
	1.00
	Moderate
	2360
	B3
	Meadow

	Benewah
	6
	15
	N. Rock Mtns.
	mafic volcanic flow
	31965
	129.4
	2360
	1.44
	E3
	97
	1.00
	Moderate
	2400
	B2
	Forested

	Benewah
	7
	15
	N. Rock Mtns.
	mafic volcanic flow
	28437
	115.1
	2240
	1.41
	E3
	90
	3.00
	Moderate
	2520
	C2
	Meadow

	Benewah
	8
	15
	N. Rock Mtns.
	mafic volcanic flow
	28375
	114.8
	2200
	1.41
	D1
	115
	2.00
	Moderate
	2560
	B1
	Forested

	Benewah
	9
	15
	N. Rock Mtns.
	mafic volcanic flow
	25073
	101.5
	2120
	1.43
	B2
	98
	1.00
	Unconfined
	2640
	C3
	Meadow

	Benewah
	10
	15
	N. Rock Mtns.
	mafic volcanic flow
	23331
	94.4
	2120
	1.41
	E3
	133
	1.00
	Unconfined
	2640
	C4
	Meadow

	Benewah
	11
	15
	N. Rock Mtns.
	argillite & slate
	23024
	93.2
	2120
	1.41
	B2
	93
	1.00
	Unconfined
	2640
	C3
	Meadow

	Benewah
	12
	15
	N. Rock Mtns.
	argillite & slate
	21800
	88.2
	2080
	1.38
	B2
	163
	<.5
	Unconfined
	2680
	C4
	Meadow


Appendix Table 1.  cont.
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	Gradient
	Containment
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	Type
	Cover Group

	Benewah
	13
	15
	N. Rock Mtns.
	mafic volcanic flow
	20069
	81.2
	2080
	1.47
	B2
	232
	<.5
	Unconfined
	2680
	C3
	Meadow

	Benewah
	14
	15
	N. Rock Mtns.
	argillite & slate
	15539
	62.9
	2080
	1.33
	B2
	589
	<.5
	Unconfined
	2680
	C4
	Meadow

	Benewah
	15
	15
	N. Rock Mtns.
	argillite & slate
	11640
	47.1
	2040
	1.48
	C4
	211
	0.70
	Unconfined
	2720
	C5
	Meadow

	Benewah
	16
	15
	N. Rock Mtns.
	argillite & slate
	9969
	40.3
	2000
	1.47
	B2
	440
	0.80
	Unconfined
	2760
	C5
	Meadow

	Benewah
	17
	15
	N. Rock Mtns.
	argillite & slate
	7004
	28.3
	2000
	1.47
	B2
	418
	2.00
	Unconfined
	2760
	C4
	Meadow

	Bull
	1
	15
	N. Rock Mtns.
	mafic volcanic flow
	1651
	6.7
	2000
	1.47
	C4
	213
	4.00
	Moderate
	2680
	F4
	Meadow

	Bull
	2
	15
	N. Rock Mtns.
	argillite & slate
	1480
	6.0
	1920
	1.38
	C4
	162
	4.00
	Moderate
	2760
	C4
	Meadow

	Coon
	1
	15
	N. Rock Mtns.
	mafic volcanic flow
	2287
	9.3
	880
	1.40
	E1
	129
	3.00
	Confined
	2720
	B2
	Meadow

	Coon
	2
	15
	N. Rock Mtns.
	argillite & slate
	1341
	5.4
	840
	1.55
	C4
	211
	1.00
	Unconfined
	2760
	C4
	Meadow

	Coon
	3
	15
	N. Rock Mtns.
	mafic volcanic flow
	831
	3.4
	640
	1.15
	C4
	153
	2.00
	Unconfined
	2760
	C4
	Meadow

	S. Fork Benewah
	1
	15
	Columbia Plateau
	argillite & slate
	2131
	8.6
	1880
	1.44
	C4
	472
	2.00
	Unconfined
	2880
	E4
	Forested

	S. Fork Benewah
	2
	15
	Columbia Plateau
	argillite & slate
	1959
	7.9
	1840
	1.46
	E3
	90
	3.00
	Unconfined
	2920
	E3
	Meadow

	S. Fork Benewah
	3
	15
	Columbia Plateau
	argillite & slate
	1806
	7.3
	1720
	1.45
	G1
	105
	4.00
	Confined
	3040
	E4
	Forested

	School House
	1
	15
	N. Rock Mtns.
	argillite & slate
	1944
	7.9
	1200
	1.24
	B2
	910
	2.00
	Unconfined
	2800
	C5
	Meadow

	School House
	2
	15
	N. Rock Mtns.
	argillite & slate
	1612
	6.5
	1160
	1.36
	C4
	242
	2.00
	Unconfined
	2840
	E5
	Forested

	W. Fork Benewah
	1
	15
	Columbia Plateau
	argillite & slate
	904
	3.7
	1360
	1.58
	C4
	322
	5.00
	Unconfined
	2960
	C4
	Forested

	W. Fork Benewah
	2
	15
	Columbia Plateau
	argillite & slate
	765
	3.1
	1280
	1.39
	E3
	125
	5.00
	Unconfined
	3040
	C4
	Forested

	Whitetail
	1
	15
	N. Rock Mtns.
	argillite & slate
	1824
	7.4
	1240
	1.39
	B2
	238
	2.00
	Unconfined
	2720
	C4
	Meadow

	Whitetail
	2
	15
	N. Rock Mtns.
	argillite & slate
	1221
	4.9
	1080
	1.40
	C4
	213
	3.00
	Unconfined
	2880
	C4
	Meadow

	Windfall
	1
	15
	N. Rock Mtns.
	argillite & slate
	2817
	11.4
	1360
	1.49
	B2
	234
	1.00
	Unconfined
	2760
	C4
	Meadow

	Windfall
	2
	15
	Columbia Plateau
	argillite & slate
	2407
	9.7
	1280
	1.59
	C4
	247
	3.00
	Unconfined
	2840
	C4
	Forested

	Evans
	1
	15
	N. Rock Mtns.
	argillite & slate
	8484
	34.3
	3240
	1.23
	B2
	1184
	1.00
	Unconfined
	2160
	C6
	Meadow

	Evans
	2
	15
	N. Rock Mtns.
	argillite & slate
	7989
	32.3
	3240
	1.23
	E3
	106
	3.00
	Unconfined
	2160
	C3
	Meadow

	Evans
	3
	15
	N. Rock Mtns.
	argillite & slate
	7923
	32.1
	3200
	1.18
	E3
	133
	3.00
	Unconfined
	2200
	C3
	Meadow

	Evans
	4
	15
	N. Rock Mtns.
	argillite & slate
	7581
	30.7
	3120
	1.19
	D1
	119
	3.00
	Moderate
	2280
	E3
	Forested

	Evans
	5
	15
	N. Rock Mtns.
	argillite & slate
	7268
	29.4
	3120
	1.17
	E3
	94
	3.00
	Moderate
	2280
	E3
	Forested

	Evans
	6
	15
	N. Rock Mtns.
	argillite & slate
	7209
	29.2
	3080
	1.17
	E3
	136
	3.00
	Moderate
	2320
	E3
	Forested

	Evans
	7
	15
	N. Rock Mtns.
	argillite & slate
	6447
	26.1
	3040
	1.15
	E3
	119
	3.00
	Moderate
	2360
	E3
	Forested

	Evans
	8
	15
	N. Rock Mtns.
	argillite & slate
	5869
	23.8
	2920
	1.14
	E1
	110
	5.00
	Moderate
	2480
	B3
	Forested

	Evans
	9
	15
	N. Rock Mtns.
	argillite & slate
	5344
	21.6
	2800
	0.80
	D2
	120
	7.00
	Moderate
	2600
	B3
	Forested

	Evans
	10
	15
	N. Rock Mtns.
	argillite & slate
	3017
	12.2
	2760
	1.25
	E2
	78
	12.00
	Confined
	2640
	B2
	Forested

	Evans
	11
	15
	N. Rock Mtns.
	argillite & slate
	2913
	11.8
	2600
	1.22
	E1
	136
	5.00
	Confined
	2800
	B2
	Forested

	Evans
	12
	15
	N. Rock Mtns.
	argillite & slate
	2022
	8.2
	2320
	1.25
	E1
	161
	5.00
	Confined
	3080
	B3
	Forested

	Evans
	13
	15
	N. Rock Mtns.
	argillite & slate
	1430
	5.8
	2160
	1.21
	G2
	94
	10.00
	Confined
	3240
	A4
	Forested

	Evans
	14
	15
	N. Rock Mtns.
	argillite & slate
	1037
	4.2
	2000
	1.12
	G2
	94
	10.00
	Confined
	3400
	A4
	Forested

	Evans
	15
	15
	N. Rock Mtns.
	argillite & slate
	489
	2.0
	1920
	1.04
	G2
	84
	10.00
	Confined
	3480
	A4
	Forested

	Evans
	16
	15
	N. Rock Mtns.
	argillite & slate
	462
	1.9
	1880
	1.00
	G2
	84
	10.00
	Confined
	3520
	A4
	Forested
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	E. Fork Evans
	1
	15
	N. Rock Mtns.
	argillite & slate
	1209
	4.9
	2480
	1.10
	G2
	137
	10.00
	Confined
	2680
	B3
	Forested

	Rainbow Fork
	1
	15
	N. Rock Mtns.
	argillite & slate
	339
	1.4
	1880
	1.32
	G2
	133
	13.00
	Confined
	3200
	A3
	Forested

	S. Fork Evans
	1
	15
	N. Rock Mtns.
	argillite & slate
	993
	4.0
	1880
	1.15
	G2
	101
	11.00
	Confined
	2800
	A4
	Forested

	S. Fork Evans
	2
	15
	N. Rock Mtns.
	argillite & slate
	804
	3.3
	1680
	1.25
	G2
	80
	13.00
	Confined
	3000
	A4
	Forested

	Lake
	1
	10
	Columbia Plateau
	mafic volcanic flow
	23074
	93.4
	2960
	1.51
	B2
	141
	2.00
	Unconfined
	2240
	C4
	Meadow

	Lake
	2
	10
	Columbia Plateau
	mafic volcanic flow
	21307
	86.2
	2760
	1.50
	E3
	176
	1.00
	Moderate
	2440
	B3
	Meadow

	Lake
	3
	10
	Columbia Plateau
	mafic volcanic flow
	21275
	86.1
	2760
	1.50
	E3
	70
	1.00
	Moderate
	2440
	B3
	Meadow

	Lake
	4
	10
	Columbia Plateau
	mafic volcanic flow
	19863
	80.4
	2720
	1.59
	E3
	210
	<.5
	Moderate
	2480
	C3
	Meadow

	Lake
	5
	10
	Columbia Plateau
	mafic volcanic flow
	19751
	79.9
	2720
	1.51
	E3
	457
	<.5
	Moderate
	2480
	C3
	Meadow

	Lake
	6
	10
	Columbia Plateau
	mafic volcanic flow
	17500
	70.8
	2720
	1.53
	C4
	350
	<.5
	Unconfined
	2480
	C3
	Meadow

	Lake
	7
	10
	Columbia Plateau
	mafic volcanic flow
	17405
	70.4
	2720
	1.53
	C4
	245
	<.5
	Unconfined
	2480
	E4
	Meadow

	Lake
	8
	10
	Columbia Plateau
	mafic volcanic flow
	14765
	59.8
	2680
	1.48
	C4
	348
	1.00
	Unconfined
	2520
	E4
	Meadow

	Lake
	9
	10
	Columbia Plateau
	loess
	11910
	48.2
	2640
	1.49
	C4
	328
	<.5
	Unconfined
	2560
	E4
	Meadow

	Lake
	10
	10
	Columbia Plateau
	loess
	11674
	47.2
	2640
	1.44
	C4
	291
	<.5
	Unconfined
	2560
	E4
	Meadow

	Lake
	11
	10
	Columbia Plateau
	loess
	3228
	13.1
	2160
	1.42
	C4
	229
	<.5
	Moderate
	2560
	C5
	Meadow

	Lake
	12
	10
	Columbia Plateau
	loess
	3092
	12.5
	2160
	1.44
	C4
	137
	<.5
	Moderate
	2560
	E5
	Meadow

	Lake
	13
	10
	N. Rock Mtns.
	loess
	2993
	12.1
	2160
	1.35
	C4
	97
	<.5
	Moderate
	2560
	D5
	Meadow

	Bozard
	1
	10
	Columbia Plateau
	loess
	4628
	18.7
	2360
	1.24
	C4
	229
	<.5
	Unconfined
	2560
	E5
	Forested

	Bozard
	2
	10
	Columbia Plateau
	loess
	4464
	18.1
	2360
	1.23
	C4
	452
	<.5
	Unconfined
	2560
	E5
	Meadow

	Bozard
	3
	10
	N. Rock Mtns.
	loess
	3334
	13.5
	2280
	1.09
	C4
	306
	5.00
	Unconfined
	2640
	E4
	Meadow

	Bozard
	4
	10
	N. Rock Mtns.
	loess
	1204
	4.9
	2200
	1.40
	G1
	99
	7.00
	Confined
	2720
	B4
	Forested

	E.F. Bozard
	1
	10
	N. Rock Mtns.
	loess
	1967
	8.0
	1960
	0.88
	E3
	201
	4.00
	Moderate
	2720
	C4
	Meadow

	W. Fork Lake
	1
	10
	Columbia Plateau
	loess
	3705
	15.0
	2640
	1.72
	C4
	236
	0.60
	Unconfined
	2560
	C5
	Meadow

	W. Fork Lake
	2
	10
	Columbia Plateau
	metasedimentary phyllite & schist
	3545
	14.3
	2600
	1.76
	C4
	418
	0.60
	Unconfined
	2600
	C5
	Meadow

	W. Fork Lake
	3
	10
	Columbia Plateau
	metasedimentary phyllite & schist
	2775
	11.2
	2600
	1.85
	C4
	114
	0.60
	Unconfined
	2600
	C5
	Meadow

	W. Fork Lake
	4
	10
	Columbia Plateau
	metasedimentary phyllite & schist
	1486
	6.0
	2520
	1.95
	E3
	254
	3.00
	Moderate
	2680
	E5
	Meadow

	W. Fork Lake
	5
	10
	Columbia Plateau
	metasedimentary phyllite & schist
	1382
	5.6
	2400
	1.97
	G2
	168
	10.00
	Confined
	2800
	B4
	Forested


Appendix Table 2 Physical habitat idicators collected for each habitat site surveyed from 2002-2005.  The standard deviation for sites with three years of data is shown in parenthesis.  All other data is the 2 year mean.  

	
	
	
	
	
	
	Site
	
	Comparison 
	
	Stream
	
	
	
	Bankfull
	
	Bankfull
	
	Cross-

	Catchment
	
	Subcatchment
	
	Site
	
	Status
	
	Sites
	
	Order
	
	Slope (%)
	
	 Width

 (m)
	
	Mean Depth (m)
	
	Sectional Area (m2)

	Alder Cr.
	
	
	
	12
	
	C
	
	
	
	3
	
	1.27 (0.11)
	
	7.85 (0.42)
	
	0.36 (0.04)
	
	2.80 (0.46)

	Benewah Cr.
	
	
	
	13
	
	C
	
	Benewah Cr. 12
	
	3
	
	0.30
	
	9.53
	
	0.64
	
	6.05

	Benewah Cr.
	
	
	
	17
	
	C
	
	Benewah Cr. 16, 14U, 14L, 12
	
	3
	
	0.76 (0.10)
	
	6.58 (0.73)
	
	0.56 (0.10)
	
	3.83 (0.90)

	Lake Cr.
	
	Bozard Cr.
	
	1
	
	C
	
	
	
	2
	
	0.28
	
	4.60
	
	0.73
	
	3.43

	Lake Cr.
	
	Bozard Cr.
	
	2
	
	C
	
	Upper Lake Cr. 12
	
	2
	
	0.31
	
	3.11
	
	0.71
	
	2.16

	Lake Cr.
	
	Bozard Cr.
	
	3
	
	C
	
	W. Fk. Lake Cr. 2
	
	2
	
	2.91
	
	3.73
	
	0.31
	
	1.11

	Evans Cr.
	
	
	
	1
	
	C
	
	
	
	3
	
	0.02
	
	6.57
	
	0.80
	
	5.68

	Evans Cr.
	
	
	
	4
	
	C
	
	Evans Cr. 3
	
	3
	
	1.37
	
	7.07
	
	0.41
	
	3.06

	Lake Cr.
	
	
	
	7
	
	C
	
	
	
	3
	
	0.60
	
	4.97
	
	0.36
	
	1.86

	Lake Cr.
	
	
	
	10
	
	C
	
	Lake Cr. 8, 9
	
	3
	
	0.22
	
	6.02
	
	1.07
	
	6.56

	Lake Cr.
	
	
	
	12
	
	C
	
	Upper Lake Cr.
	
	3
	
	0.62
	
	5.25
	
	0.68
	
	3.39

	Lake Cr.
	
	W. Fk. Lake Cr.
	
	3
	
	C
	
	W. Fk. Lake Cr. 2
	
	2
	
	0.54
	
	3.13
	
	0.38
	
	1.24

	Benewah Cr.
	
	Windfall Cr.
	
	1
	
	C
	
	?
	
	2
	
	0.26 (0.04)
	
	5.10 (1.38)
	
	0.40 (0.01)
	
	2.16 (0.65)

	Benewah Cr.
	
	
	
	12
	
	T
	
	Benewah Cr. 13
	
	3
	
	0.45 (0.08)
	
	18.47 (4.08)
	
	0.61 (0.06)
	
	11.84 (3.63)

	Benewah Cr.
	
	
	
	14L
	
	T
	
	
	
	3
	
	0.43 (0.13)
	
	4.94 (0.48)
	
	0.51 (0.03)
	
	2.64 (0.27)

	Benewah Cr.
	
	
	
	14U
	
	T
	
	
	
	3
	
	0.62 (0.08)
	
	9.74 (0.91)
	
	0.74 (0.07)
	
	6.94 (1.35)

	Benewah Cr.
	
	
	
	16
	
	T
	
	
	
	3
	
	0.56 (0.16)
	
	8.47 (2.04)
	
	0.62 (0.09)
	
	5.25 (0.70)

	Evans Cr.
	
	
	
	3
	
	T
	
	Evans Cr. 4
	
	3
	
	1.18 (0.22)
	
	14.79 (1.08)
	
	0.35 (0.04)
	
	5.03 (0.54)

	Evans Cr.
	
	
	
	5
	
	T
	
	
	
	3
	
	1.95
	
	7.71
	
	0.27
	
	2.09

	Lake Cr.
	
	
	
	8
	
	T
	
	
	
	3
	
	0.37
	
	6.16
	
	0.70
	
	4.47

	Lake Cr.
	
	
	
	9
	
	T
	
	
	
	3
	
	0.16
	
	5.33
	
	0.92
	
	4.76

	Lake Cr.
	
	Upper Lake Cr.
	
	11
	
	T
	
	
	
	2
	
	0.24
	
	7.74
	
	0.37
	
	2.88

	Lake Cr.
	
	W. Fk. Lake Cr.
	
	2
	
	T
	
	W. Fk. Lake Cr. 3
	
	2
	
	0.48
	
	2.84
	
	0.39
	
	1.15
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	Site
	
	Residual Pools
	
	Mean
	
	Large Wood
	
	Volume
	
	Canopy Cover
	
	Riffle Substrate

	Catchment
	
	Subcatchment
	
	Site
	
	Status
	
	#/100m
	
	Depth (m)
	
	# pieces/100m
	
	 (m3)/100m
	
	% cover
	
	% fines <2mm
	
	D50
	

	Alder Cr.
	
	
	
	12
	
	C
	
	6.8 (1.4)
	
	0.17 (0.02)
	
	4.6 (1.1)
	
	0.48 (0.14)
	
	54.7 (3.9)
	
	11.3 (9.5)
	
	41.7 (13.0)
	

	Benewah Cr.
	
	
	
	13
	
	C
	
	4.6
	
	0.62
	
	1.3
	
	0.14
	
	25.0
	
	0
	
	25.1
	

	Benewah Cr.
	
	
	
	17
	
	C
	
	6.1 (1.9)
	
	0.50 (0.10)
	
	18.4
	
	0.59
	
	43.5 (11.1)
	
	34.7 (9.3)
	
	11.0 (6.7)
	

	Lake Cr.
	
	Bozard Cr.
	
	1
	
	C
	
	8.6
	
	0.41
	
	17.7
	
	2.35
	
	44.9
	
	0.0
	
	9.6
	

	Lake Cr.
	
	Bozard Cr.
	
	2
	
	C
	
	8.9
	
	0.41
	
	7.5
	
	0.34
	
	67.0
	
	46.7
	
	2.2
	

	Lake Cr.
	
	Bozard Cr.
	
	3
	
	C
	
	8.9
	
	0.16
	
	7.3
	
	0.18
	
	65.8
	
	7.4
	
	20.4
	

	Evans Cr.
	
	
	
	1
	
	C
	
	4.9
	
	0.32
	
	9.2
	
	0.66
	
	42.3
	
	7.9
	
	21.1
	

	Evans Cr.
	
	
	
	4
	
	C
	
	4.6
	
	0.15
	
	13.5
	
	1.74
	
	47.2
	
	8.7
	
	24.3
	

	Lake Cr.
	
	
	
	7
	
	C
	
	5.3
	
	0.29
	
	2.0
	
	0.04
	
	42.1
	
	9.0
	
	15.9
	

	Lake Cr.
	
	
	
	10
	
	C
	
	7.1
	
	0.65
	
	13.1
	
	1.82
	
	47.4
	
	70.7
	
	1.3
	

	Lake Cr.
	
	
	
	12
	
	C
	
	15.5
	
	0.48
	
	5.2
	
	0.63
	
	37.7
	
	100.0
	
	0.2
	

	Lake Cr.
	
	W. Fk. Lake Cr.
	
	3
	
	C
	
	11.8
	
	0.28
	
	5.9
	
	0.48
	
	47.0
	
	79.4
	
	0.5
	

	Benewah Cr.
	
	Windfall Cr.
	
	1
	
	C
	
	8.2 (0.8)
	
	0.40 (0.02)
	
	7.2
	
	0.13
	
	64.8
	
	68.1 (26.7)
	
	30.0 (17.3)
	

	Benewah Cr.
	
	
	
	12
	
	T
	
	2.5 (0.6)
	
	0.74 (0.15)
	
	6.4
	
	2.62
	
	0.5
	
	7.9 (7.9)
	
	76.3 (3.1)
	

	Benewah Cr.
	
	
	
	14L
	
	T
	
	4.6 (3.4)
	
	0.28 (0.03)
	
	1.7 (0.8)
	
	0.11 (0.06)
	
	39.2 (8.1)
	
	6.0
	
	16.2 (8.5)
	

	Benewah Cr.
	
	
	
	14U
	
	T
	
	2.6 (1.9)
	
	0.50 (0.04)
	
	7.2 (6.8)
	
	0.37 (0.41)
	
	31.8 (9.3)
	
	13.8 (8.2)
	
	30.8 (11.6)
	

	Benewah Cr.
	
	
	
	16
	
	T
	
	3.5 (1.0)
	
	0.54 (0.21)
	
	16.1
	
	2.83
	
	25.1
	
	28.4 (21.5)
	
	33.8 (13.8)
	

	Evans Cr.
	
	
	
	3
	
	T
	
	2.9 (2.0)
	
	0.32 (0.08)
	
	5.2 (1.3)
	
	2.86 (1.68)
	
	22.0 (6.2)
	
	0.8 (0.8)
	
	39.9 (5.0)
	

	Evans Cr.
	
	
	
	5
	
	T
	
	1.3
	
	0.25 (0.04)
	
	10.5
	
	1.20
	
	57.8
	
	0.8
	
	51.7
	

	Lake Cr.
	
	
	
	8
	
	T
	
	1.3
	
	0.37 (0.03)
	
	11.2
	
	1.50
	
	33.4
	
	30.4
	
	4.1
	

	Lake Cr.
	
	
	
	9
	
	T
	
	1.8
	
	0.51 (0.06)
	
	13.1
	
	0.49
	
	45.2
	
	42.4
	
	1.4
	

	Lake Cr.
	
	Upper Lake Cr.
	
	11
	
	T
	
	3.7
	
	0.33 (0.00)
	
	13.1
	
	5.90
	
	11.9
	
	55
	
	1.0
	

	Lake Cr.
	
	W. Fk. Lake Cr.
	
	2
	
	T
	
	4.4
	
	0.37 (0.02)
	
	11.5
	
	0.25
	
	48.1
	
	0
	
	6.8
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Appendix Table 3. Mean density and SE for Westslope Cutthroat trout in mainstem reaches of Alder and Lake Creeks from 1996-2005.

	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Alder
	1996
	0
	0.0
	0.0
	
	Lake
	2000
	0
	0.0
	0.0

	Alder
	1996
	1
	0.5
	0.0
	
	Lake
	2000
	1
	1.8
	0.0

	Alder
	1996
	2
	1.2
	1.1
	
	Lake
	2000
	2
	1.8
	0.0

	Alder
	1996
	3
	0.7
	0.4
	
	Lake
	1997
	0
	1.8
	0.8

	Alder
	1996
	4
	0.4
	0.1
	
	Lake
	1997
	1
	0.7
	0.0

	Alder
	1997
	0
	3.4
	0.0
	
	Lake
	1997
	2
	0.7
	0.4

	Alder
	1997
	1
	0.0
	0.0
	
	Lake
	1997
	3
	1.0
	0.5

	Alder
	1997
	2
	0.9
	0.8
	
	Lake
	1997
	4
	0.5
	0.0

	Alder
	1997
	3
	0.8
	0.5
	
	Lake
	1997
	5
	0.6
	0.2

	Alder
	1997
	4
	0.6
	0.2
	
	Lake
	1998
	0
	1.2
	0.5

	Alder
	1998
	0
	0.0
	0.0
	
	Lake
	1998
	1
	0.8
	0.0

	Alder
	1998
	1
	0.5
	0.0
	
	Lake
	1998
	2
	1.3
	1.4

	Alder
	1998
	2
	1.5
	1.1
	
	Lake
	1998
	3
	2.7
	3.2

	Alder
	1998
	3
	0.8
	0.4
	
	Lake
	1998
	4
	0.4
	0.0

	Alder
	1998
	4
	1.4
	1.0
	
	Lake
	1998
	5
	0.5
	0.0

	Alder
	1999
	0
	0.4
	0.1
	
	Lake
	2002
	0
	11.2
	15.8

	Alder
	1999
	1
	0.9
	0.7
	
	Lake
	2002
	1
	1.3
	0.7

	Alder
	1999
	2
	0.5
	0.2
	
	Lake
	2002
	2
	1.2
	1.4

	Alder
	1999
	3
	0.7
	0.5
	
	Lake
	2002
	3
	1.3
	0.9

	Alder
	1999
	4
	0.6
	0.3
	
	Lake
	2002
	4
	0.0
	0.0

	Alder
	2001
	0
	0.6
	0.0
	
	Lake
	2002
	5
	0.3
	0.0

	Alder
	2001
	1
	0.6
	0.1
	
	Lake
	2004
	0
	3.7
	3.1

	Alder
	2001
	2
	1.4
	0.5
	
	Lake
	2004
	1
	2.1
	1.6

	Alder
	2001
	3
	0.7
	0.2
	
	Lake
	2004
	2
	1.0
	0.5

	Alder
	2001
	4
	0.5
	0.0
	
	Lake
	2004
	3
	0.5
	0.2

	Alder
	2002
	0
	3.1
	1.7
	
	Lake
	2004
	4
	0.0
	0.0

	Alder
	2002
	1
	1.1
	0.7
	
	Lake
	2004
	5
	0.4
	0.0

	Alder
	2002
	2
	0.8
	0.5
	
	Lake
	2001
	0
	1.6
	0.0

	Alder
	2002
	3
	1.1
	0.9
	
	Lake
	2001
	1
	0.9
	0.7

	Alder
	2002
	4
	0.8
	0.4
	
	Lake
	2001
	2
	1.0
	0.2

	Alder
	2004
	0
	1.3
	0.0
	
	Lake
	2001
	3
	1.6
	0.0

	Alder
	2004
	1
	0.5
	0.3
	
	Lake
	2001
	4
	0.5
	0.0

	Alder
	2004
	2
	0.6
	0.4
	
	Lake
	2003
	0
	1.3
	1.2

	Alder
	2004
	3
	0.9
	0.4
	
	Lake
	2003
	1
	0.6
	0.3

	Alder
	2004
	4
	0.4
	0.2
	
	Lake
	2003
	2
	2.4
	1.9

	Alder
	2005
	0
	0.4
	0.0
	
	Lake
	2003
	3
	0.8
	0.7

	Alder
	2005
	1
	0.3
	0.1
	
	Lake
	2003
	4
	0.4
	0.0

	Alder
	2005
	2
	0.6
	0.5
	
	Lake
	2005
	0
	4.7
	4.0

	Alder
	2005
	3
	0.5
	0.3
	
	Lake
	2005
	1
	1.4
	1.3

	Alder
	2005
	4
	0.4
	0.1
	
	Lake
	2005
	2
	2.5
	1.5

	Alder
	2000
	0
	0.0
	0.0
	
	Lake
	2005
	3
	1.3
	0.8

	Alder
	2000
	1
	0.0
	0.0
	
	Lake
	2005
	4
	0.4
	0.0

	Alder
	2000
	2
	1.3
	0.4
	
	Lake
	1996
	0
	1.7
	1.6

	Alder
	2000
	3
	0.7
	0.0
	
	Lake
	1996
	1
	0.0
	0.0

	Alder
	2003
	0
	0.0
	0.0
	
	Lake
	1996
	2
	1.6
	0.5

	Alder
	2003
	1
	0.8
	0.4
	
	Lake
	1996
	3
	1.1
	0.5


Appendix Table 3. cont
	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Alder
	2003
	2
	1.0
	0.8
	
	Lake
	1999
	0
	2.4
	1.3

	Alder
	2003
	3
	1.1
	0.4
	
	Lake
	1999
	1
	0.9
	0.0

	Alder
	2003
	4
	0.7
	0.4
	
	Lake
	1999
	2
	1.2
	0.5

	Alder
	2003
	5
	0.5
	0.0
	
	Lake
	1999
	3
	0.7
	0.4


Appendix Table 4. Mean density and SE for Westslope Cutthroat trout in mainstem reaches of Evans and Benewah Creeks from 1996-2005.

	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Evans
	1996
	0
	0.0
	0.0
	
	Benewah
	2004
	0
	3.2
	5.2

	Evans
	1996
	1
	1.2
	0.5
	
	Benewah
	2004
	1
	1.0
	1.2

	Evans
	1996
	2
	2.1
	1.2
	
	Benewah
	2004
	2
	0.8
	0.8

	Evans
	1996
	3
	1.9
	1.4
	
	Benewah
	2004
	3
	0.6
	0.3

	Evans
	1996
	4
	0.7
	0.6
	
	Benewah
	2004
	4
	0.3
	0.0

	Evans
	2001
	0
	0.0
	0.0
	
	Benewah
	2004
	5
	0.3
	0.0

	Evans
	2001
	1
	2.0
	1.4
	
	Benewah
	1996
	0
	0.9
	0.6

	Evans
	2001
	2
	1.8
	1.7
	
	Benewah
	1996
	1
	0.4
	0.0

	Evans
	2001
	3
	1.0
	0.8
	
	Benewah
	1996
	2
	2.4
	1.6

	Evans
	2001
	4
	1.0
	0.8
	
	Benewah
	1996
	3
	0.8
	0.5

	Evans
	1997
	0
	0.8
	0.7
	
	Benewah
	1996
	4
	0.9
	0.0

	Evans
	1997
	1
	0.4
	0.0
	
	Benewah
	1997
	0
	0.0
	0.0

	Evans
	1997
	2
	3.6
	2.6
	
	Benewah
	1997
	1
	0.0
	0.0

	Evans
	1997
	3
	1.8
	1.3
	
	Benewah
	1997
	2
	1.4
	1.0

	Evans
	1997
	4
	1.0
	0.7
	
	Benewah
	1997
	3
	0.6
	0.2

	Evans
	1997
	5
	0.3
	0.0
	
	Benewah
	1997
	4
	0.6
	0.2

	Evans
	1998
	0
	0.0
	0.0
	
	Benewah
	2005
	0
	2.8
	3.1

	Evans
	1998
	1
	1.5
	0.0
	
	Benewah
	2005
	1
	1.2
	1.5

	Evans
	1998
	2
	1.6
	0.5
	
	Benewah
	2005
	2
	1.2
	0.7

	Evans
	1998
	3
	1.0
	0.5
	
	Benewah
	2005
	3
	0.6
	0.4

	Evans
	1998
	4
	0.9
	0.5
	
	Benewah
	2005
	4
	0.3
	0.0

	Evans
	1998
	5
	0.3
	0.0
	
	Benewah
	1998
	0
	0.0
	0.0

	Evans
	1999
	0
	1.0
	0.2
	
	Benewah
	1998
	1
	0.4
	0.1

	Evans
	1999
	1
	2.5
	2.7
	
	Benewah
	1998
	2
	1.3
	1.3

	Evans
	1999
	2
	1.3
	1.2
	
	Benewah
	1998
	3
	1.1
	0.5

	Evans
	1999
	3
	1.8
	0.8
	
	Benewah
	1998
	4
	0.5
	0.3

	Evans
	1999
	4
	1.4
	1.4
	
	Benewah
	1998
	5
	0.3
	0.0

	Evans
	1999
	5
	0.5
	0.0
	
	Benewah
	1999
	0
	0.7
	0.0

	Evans
	2000
	0
	0.7
	0.0
	
	Benewah
	1999
	1
	0.6
	0.4

	Evans
	2000
	1
	1.2
	0.8
	
	Benewah
	1999
	2
	1.8
	1.6

	Evans
	2000
	2
	2.2
	1.6
	
	Benewah
	1999
	3
	0.8
	0.5

	Evans
	2000
	3
	3.1
	2.2
	
	Benewah
	1999
	4
	0.4
	0.3

	Evans
	2000
	4
	1.4
	0.5
	
	Benewah
	2000
	0
	0.0
	0.0
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	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Evans
	2000
	5
	0.9
	0.4
	
	Benewah
	2000
	1
	0.0
	0.0

	Evans
	2002
	0
	3.9
	0.0
	
	Benewah
	2000
	2
	0.6
	0.3

	Evans
	2002
	1
	1.7
	0.0
	
	Benewah
	2000
	3
	0.3
	0.0

	Evans
	2002
	2
	2.5
	4.1
	
	Benewah
	2000
	4
	0.4
	0.0

	Evans
	2002
	3
	1.1
	0.9
	
	Benewah
	2000
	5
	0.4
	0.0

	Evans
	2002
	4
	0.7
	0.2
	
	Benewah
	2001
	0
	0.0
	0.0

	Evans
	2002
	5
	1.0
	1.0
	
	Benewah
	2001
	1
	0.0
	0.0

	Evans
	2004
	0
	1.3
	0.7
	
	Benewah
	2001
	2
	0.9
	0.8

	Evans
	2004
	1
	2.3
	0.9
	
	Benewah
	2001
	3
	0.8
	0.4

	Evans
	2004
	2
	2.0
	1.4
	
	Benewah
	2001
	4
	0.0
	0.0

	Evans
	2004
	3
	1.3
	0.9
	
	Benewah
	2001
	5
	0.6
	0.2

	Evans
	2004
	4
	0.8
	0.4
	
	Benewah
	2002
	0
	0.4
	0.0

	Evans
	2004
	5
	0.4
	0.1
	
	Benewah
	2002
	1
	0.0
	0.0

	Evans
	2005
	0
	0.0
	0.0
	
	Benewah
	2002
	2
	0.8
	0.4

	Evans
	2005
	1
	0.6
	0.3
	
	Benewah
	2002
	3
	0.0
	0.0

	Evans
	2005
	2
	1.3
	0.3
	
	Benewah
	2002
	4
	0.0
	0.0

	Evans
	2005
	3
	1.1
	0.5
	
	Benewah
	2002
	5
	0.0
	0.0

	Evans
	2005
	4
	0.9
	0.5
	
	Benewah
	2003
	0
	0.8
	0.5

	Evans
	2005
	5
	0.5
	0.0
	
	Benewah
	2003
	1
	0.7
	0.5

	Evans
	2003
	0
	5.0
	3.9
	
	Benewah
	2003
	2
	1.0
	0.8

	Evans
	2003
	1
	3.6
	2.4
	
	Benewah
	2003
	3
	0.5
	0.3

	Evans
	2003
	2
	4.0
	1.7
	
	Benewah
	2003
	4
	0.9
	0.0

	Evans
	2003
	3
	1.9
	1.0
	
	Benewah
	2003
	5
	0.0
	0.0

	Evans
	2003
	4
	1.0
	1.1
	
	
	
	
	
	

	Evans
	2003
	5
	0.5
	0.1
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Appendix Table 5. Mean density and SE for Westslope Cutthroat trout in tributary reaches of Benewah, Lake and Evans Creeks from 1996-2005.

	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Benewah
	1996
	0
	7.2
	9.8
	
	Lake
	1997
	0
	30.7
	24.6

	Benewah
	1996
	1
	6.6
	5.5
	
	Lake
	1997
	1
	6.8
	2.6

	Benewah
	1996
	2
	11.6
	6.4
	
	Lake
	1997
	2
	6.8
	6.9

	Benewah
	1996
	3
	3.4
	1.6
	
	Lake
	1997
	3
	4.1
	1.7

	Benewah
	1997
	0
	33.1
	29.1
	
	Lake
	1997
	4
	4.2
	14.3

	Benewah
	1997
	1
	4.7
	2.9
	
	Lake
	1997
	5
	4.9
	5.6

	Benewah
	1997
	2
	6.5
	3.9
	
	Lake
	1998
	0
	2.0
	0.9

	Benewah
	1997
	3
	3.9
	1.9
	
	Lake
	1998
	1
	23.0
	12.9

	Benewah
	1997
	4
	0.7
	0.0
	
	Lake
	1998
	2
	7.9
	6.4

	Benewah
	1998
	0
	3.7
	0.0
	
	Lake
	1998
	3
	5.1
	4.8

	Benewah
	1998
	1
	17.7
	5.7
	
	Lake
	1998
	4
	3.4
	3.5

	Benewah
	1998
	2
	10.9
	4.7
	
	Lake
	1998
	5
	3.9
	0.5

	Benewah
	1998
	3
	3.2
	1.6
	
	Lake
	1999
	0
	1.6
	0.9

	Benewah
	1998
	4
	1.1
	0.3
	
	Lake
	1999
	1
	6.7
	12.9

	Benewah
	1998
	5
	1.4
	0.0
	
	Lake
	1999
	2
	4.4
	6.4
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	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE
	

	Benewah
	1999
	0
	28.8
	5.3
	
	Lake
	1999
	3
	3.5
	4.8

	Benewah
	1999
	1
	3.9
	2.3
	
	Lake
	1999
	4
	4.0
	3.5

	Benewah
	1999
	2
	7.6
	4.1
	
	Lake
	1999
	5
	1.3
	0.5

	Benewah
	1999
	3
	4.8
	4.6
	
	Lake
	2000
	0
	1.6
	0.9

	Benewah
	1999
	4
	1.6
	0.4
	
	Lake
	2000
	1
	6.7
	12.9

	Benewah
	2000
	0
	26.0
	25.0
	
	Lake
	2000
	2
	4.4
	6.4

	Benewah
	2000
	1
	4.2
	2.4
	
	Lake
	2000
	3
	3.5
	4.8

	Benewah
	2000
	2
	5.0
	2.5
	
	Lake
	2000
	4
	4.0
	3.5

	Benewah
	2000
	3
	3.2
	4.4
	
	Lake
	2000
	5
	1.3
	0.5

	Benewah
	2000
	4
	5.0
	6.2
	
	Lake
	2001
	0
	69.7
	66.4

	Benewah
	2000
	5
	0.4
	0.0
	
	Lake
	2001
	1
	6.4
	4.1

	Benewah
	2001
	0
	2.5
	0.4
	
	Lake
	2001
	2
	5.6
	3.6

	Benewah
	2001
	1
	5.8
	7.0
	
	Lake
	2001
	3
	4.4
	2.2

	Benewah
	2001
	2
	14.7
	5.6
	
	Lake
	2001
	4
	1.3
	0.0

	Benewah
	2001
	3
	4.3
	3.9
	
	Lake
	2002
	0
	21.5
	18.6

	Benewah
	2002
	0
	12.2
	12.7
	
	Lake
	2002
	1
	20.9
	19.9

	Benewah
	2002
	1
	4.9
	3.8
	
	Lake
	2002
	2
	11.4
	4.9

	Benewah
	2002
	2
	4.4
	3.6
	
	Lake
	2002
	3
	5.8
	1.0

	Benewah
	2002
	3
	3.2
	2.9
	
	Lake
	2002
	4
	1.6
	0.8

	Benewah
	2003
	0
	16.7
	20.2
	
	Lake
	2003
	0
	7.7
	7.7

	Benewah
	2003
	1
	8.8
	7.3
	
	Lake
	2003
	1
	8.4
	9.2

	Benewah
	2003
	2
	6.3
	3.9
	
	Lake
	2003
	2
	6.0
	3.3

	Benewah
	2003
	3
	3.2
	2.1
	
	Lake
	2003
	3
	3.6
	1.6

	Benewah
	2004
	0
	5.8
	5.7
	
	Lake
	2003
	4
	1.3
	0.0

	Benewah
	2004
	1
	5.6
	6.5
	
	Lake
	2004
	0
	7.0
	10.1

	Benewah
	2004
	2
	7.4
	9.0
	
	Lake
	2004
	1
	16.7
	19.5

	Benewah
	2004
	3
	3.9
	2.0
	
	Lake
	2004
	2
	9.6
	3.8

	Benewah
	2004
	4
	1.2
	0.0
	
	Lake
	2004
	3
	3.4
	2.2

	Benewah
	2005
	0
	8.3
	10.5
	
	Lake
	2004
	4
	1.1
	0.4

	Benewah
	2005
	1
	5.2
	4.3
	
	Lake
	2005
	0
	7.0
	10.1

	Benewah
	2005
	2
	6.5
	6.6
	
	Lake
	2005
	1
	16.7
	19.5

	Benewah
	2005
	3
	2.5
	1.8
	
	Lake
	2005
	2
	9.6
	3.8

	Benewah
	2005
	4
	1.9
	0.0
	
	Lake
	2005
	3
	3.4
	2.2

	
	
	
	
	
	
	Lake
	2005
	4
	1.1
	0.4

	Stream
	Year
	Age
	#/100m2
	SE
	
	
	
	
	
	

	Evans
	1996
	0
	5.5
	0.0
	
	
	
	
	
	

	Evans
	1996
	1
	6.5
	2.6
	
	
	
	
	
	

	Evans
	1996
	2
	3.4
	1.6
	
	
	
	
	
	

	Evans
	1996
	3
	3.2
	3.2
	
	
	
	
	
	

	Evans
	1996
	4
	1.1
	0.5
	
	
	
	
	
	

	Evans
	1997
	0
	10.6
	11.6
	
	
	
	
	
	

	Evans
	1997
	1
	4.7
	3.8
	
	
	
	
	
	

	Evans
	1997
	2
	5.7
	3.2
	
	
	
	
	
	

	Evans
	1997
	3
	3.9
	2.7
	
	
	
	
	
	

	Evans
	1997
	4
	1.3
	0.7
	
	
	
	
	
	

	Evans
	1998
	0
	9.1
	8.1
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	Stream
	Year
	Age
	#/100m2
	SE
	
	
	
	
	
	

	Evans
	1998
	1
	5.2
	5.0
	
	
	
	
	
	

	Evans
	1998
	2
	4.2
	1.8
	
	
	
	
	
	

	Evans
	1998
	3
	3.5
	1.8
	
	
	
	
	
	

	Evans
	1998
	4
	1.4
	0.7
	
	
	
	
	
	

	Evans
	1999
	0
	17.2
	0.0
	
	
	
	
	
	

	Evans
	1999
	1
	5.9
	2.4
	
	
	
	
	
	

	Evans
	1999
	2
	6.8
	5.7
	
	
	
	
	
	

	Evans
	1999
	3
	4.6
	5.6
	
	
	
	
	
	

	Evans
	1999
	4
	1.4
	0.7
	
	
	
	
	
	

	Evans
	2000
	0
	4.7
	5.2
	
	
	
	
	
	

	Evans
	2000
	1
	3.3
	1.5
	
	
	
	
	
	

	Evans
	2000
	2
	4.1
	2.6
	
	
	
	
	
	

	Evans
	2000
	3
	3.5
	3.0
	
	
	
	
	
	

	Evans
	2000
	4
	2.7
	0.7
	
	
	
	
	
	

	Evans
	2000
	5
	1.1
	0.0
	
	
	
	
	
	

	Evans
	2001
	0
	26.0
	29.7
	
	
	
	
	
	

	Evans
	2001
	1
	6.4
	5.4
	
	
	
	
	
	

	Evans
	2001
	2
	6.9
	5.7
	
	
	
	
	
	

	Evans
	2001
	3
	5.3
	5.9
	
	
	
	
	
	

	Evans
	2001
	4
	2.4
	1.5
	
	
	
	
	
	

	Evans
	2001
	5
	0.4
	0.0
	
	
	
	
	
	

	Evans
	2002
	0
	5.9
	6.7
	
	
	
	
	
	

	Evans
	2002
	1
	4.7
	3.2
	
	
	
	
	
	

	Evans
	2002
	2
	4.1
	2.2
	
	
	
	
	
	

	Evans
	2002
	3
	3.0
	0.7
	
	
	
	
	
	

	Evans
	2002
	4
	1.4
	0.9
	
	
	
	
	
	

	Evans
	2002
	5
	0.6
	0.0
	
	
	
	
	
	

	Evans
	2003
	0
	8.1
	7.9
	
	
	
	
	
	

	Evans
	2003
	1
	8.7
	8.2
	
	
	
	
	
	

	Evans
	2003
	2
	4.8
	4.1
	
	
	
	
	
	

	Evans
	2003
	3
	2.2
	2.6
	
	
	
	
	
	

	Evans
	2003
	4
	1.1
	0.4
	
	
	
	
	
	

	Evans
	2004
	0
	3.4
	2.0
	
	
	
	
	
	

	Evans
	2004
	1
	4.1
	3.1
	
	
	
	
	
	

	Evans
	2004
	2
	2.6
	2.3
	
	
	
	
	
	

	Evans
	2004
	3
	1.7
	1.1
	
	
	
	
	
	

	Evans
	2004
	4
	0.9
	0.2
	
	
	
	
	
	

	Evans
	2005
	0
	1.8
	2.0
	
	
	
	
	
	

	Evans
	2005
	1
	3.3
	3.2
	
	
	
	
	
	

	Evans
	2005
	2
	1.3
	1.3
	
	
	
	
	
	

	Evans
	2005
	3
	0.5
	0.7
	
	
	
	
	
	

	Evans
	2005
	4
	0.6
	0.1
	
	
	
	
	
	


Appendix Table 6. Mean density and SE for brook trout in tributary reaches of Alder and Benewah Creeks from 1996-2005.

	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Alder
	1996
	0
	4.7
	5.4
	
	Benewah
	1996
	0
	1.7
	1.8

	Alder
	1996
	1
	2.3
	1.5
	
	Benewah
	1996
	1
	1.3
	0.0

	Alder
	1996
	2
	2.6
	3.0
	
	Benewah
	1996
	2
	1.3
	0.0

	Alder
	1996
	3
	3.5
	2.7
	
	Benewah
	1996
	3
	2.0
	1.8

	Alder
	1996
	4
	1.3
	0.5
	
	Benewah
	1996
	4
	1.2
	0.6

	Alder
	1996
	5
	2.7
	0.0
	
	Benewah
	1997
	0
	1.3
	0.0

	Alder
	1997
	0
	8.0
	6.5
	
	Benewah
	1997
	1
	2.2
	0.0

	Alder
	1997
	1
	3.4
	1.5
	
	Benewah
	1997
	2
	1.4
	1.1

	Alder
	1997
	2
	3.8
	3.6
	
	Benewah
	1997
	3
	2.6
	1.4

	Alder
	1997
	3
	2.4
	2.0
	
	Benewah
	1997
	4
	1.3
	0.5

	Alder
	1997
	4
	1.2
	0.5
	
	Benewah
	1998
	0
	1.3
	1.0

	Alder
	1997
	5
	1.3
	0.0
	
	Benewah
	1998
	1
	1.3
	0.0

	Alder
	1998
	0
	7.3
	3.6
	
	Benewah
	1998
	2
	8.0
	7.1

	Alder
	1998
	1
	3.5
	2.3
	
	Benewah
	1998
	3
	1.7
	1.3

	Alder
	1998
	2
	3.9
	2.9
	
	Benewah
	1998
	4
	2.9
	3.4

	Alder
	1998
	3
	3.2
	2.2
	
	Benewah
	1998
	5
	0.0
	0.0

	Alder
	1998
	4
	1.5
	0.8
	
	Benewah
	1999
	0
	1.5
	1.3

	Alder
	1999
	0
	6.3
	6.2
	
	Benewah
	1999
	1
	0.5
	0.0

	Alder
	1999
	1
	7.8
	9.8
	
	Benewah
	1999
	2
	3.6
	4.0

	Alder
	1999
	2
	5.5
	5.1
	
	Benewah
	1999
	3
	2.7
	2.5

	Alder
	1999
	3
	6.1
	5.3
	
	Benewah
	1999
	4
	1.4
	0.8

	Alder
	1999
	4
	2.9
	1.0
	
	Benewah
	2000
	0
	2.0
	0.2

	Alder
	2000
	0
	2.1
	1.1
	
	Benewah
	2000
	1
	1.4
	0.6

	Alder
	2000
	1
	2.4
	1.4
	
	Benewah
	2000
	2
	3.1
	3.1

	Alder
	2000
	2
	5.4
	1.3
	
	Benewah
	2000
	3
	2.9
	1.0

	Alder
	2000
	3
	4.0
	2.0
	
	Benewah
	2000
	4
	0.0
	0.0

	Alder
	2000
	4
	1.2
	0.5
	
	Benewah
	2000
	5
	0.4
	0.0

	Alder
	2001
	0
	13.2
	14.1
	
	Benewah
	2000
	6
	0.1
	0.1

	Alder
	2001
	1
	4.5
	3.3
	
	Benewah
	2001
	0
	3.4
	0.2

	Alder
	2001
	2
	9.7
	7.5
	
	Benewah
	2001
	1
	1.1
	0.0

	Alder
	2001
	3
	8.2
	5.9
	
	Benewah
	2001
	2
	9.4
	2.4

	Alder
	2002
	0
	6.3
	5.6
	
	Benewah
	2001
	3
	2.8
	2.3

	Alder
	2002
	1
	8.8
	6.0
	
	Benewah
	2002
	0
	3.2
	1.6

	Alder
	2002
	2
	6.2
	3.5
	
	Benewah
	2002
	1
	1.3
	0.0

	Alder
	2002
	3
	3.5
	2.3
	
	Benewah
	2002
	2
	5.3
	5.6

	Alder
	2002
	4
	1.0
	0.2
	
	Benewah
	2002
	3
	4.9
	4.9

	Alder
	2002
	5
	0.9
	0.0
	
	Benewah
	2003
	0
	2.2
	1.2

	Alder
	2003
	0
	3.9
	2.6
	
	Benewah
	2003
	1
	2.4
	0.0

	Alder
	2003
	1
	4.8
	3.4
	
	Benewah
	2003
	2
	2.6
	1.2

	Alder
	2003
	2
	3.4
	1.4
	
	Benewah
	2003
	3
	2.7
	2.4

	Alder
	2003
	3
	2.5
	1.8
	
	Benewah
	2003
	4
	1.3
	0.0

	Alder
	2003
	4
	0.9
	0.2
	
	Benewah
	2003
	5
	0.3
	0.0

	Alder
	2004
	0
	11.2
	6.4
	
	Benewah
	2004
	0
	2.4
	1.3

	Alder
	2004
	1
	4.3
	2.8
	
	Benewah
	2004
	1
	1.6
	1.8

	Alder
	2004
	2
	4.2
	2.5
	
	Benewah
	2004
	2
	11.5
	11.0

	Alder
	2004
	3
	4.2
	1.7
	
	Benewah
	2004
	3
	3.6
	3.6
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	Stream
	Year
	Age
	#/100m2
	SE
	
	Stream
	Year
	Age
	#/100m2
	SE

	Alder
	2004
	4
	2.2
	1.1
	
	Benewah
	2005
	0
	2.7
	1.4

	Alder
	2004
	5
	1.0
	0.0
	
	Benewah
	2005
	1
	1.2
	0.6

	Alder
	2005
	0
	10.5
	10.1
	
	Benewah
	2005
	2
	3.3
	4.0

	Alder
	2005
	1
	12.4
	6.4
	
	Benewah
	2005
	3
	2.8
	2.2

	Alder
	2005
	2
	10.1
	5.6
	
	Benewah
	2005
	4
	1.2
	0.4

	Alder
	2005
	3
	6.0
	3.8
	
	Benewah
	2005
	5
	0.4
	0.0

	Alder
	2005
	4
	1.9
	0.6
	
	
	
	
	
	

	Alder
	2005
	5
	0.9
	0.2
	
	
	
	
	
	


APPENDIX B
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Appendix Figure 1.  Resistance board weir trap located at Highway 95 Bridge, Lake Creek, April 2005. PIT tag detection antennas were installed in bridge downstream of trap in late May 2005. (see Appendix Figure B3.)
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Appendix Figure 2.  Juvenile emigrant weir trap located near Highway 95 Bridge, Lake Creek, April 2005.
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Appendix Figure 3.  PIT tag detection antenna array located at Highway 95 Bridge, Lake Creek, June 2005.  Resistance board weir trap is deployed in bridge upstream of the antennas.
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