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Section 9 of 10. Project description

a. Abstract 
The Project would census 9 native stream resident westslope cutthroat (Onchorynchus clarki lewisi) populations and selected stream channel habitat conditions for a minimum of 2 years to provide baseline data on population life-history parameters and reach-scale stream habitat conditions. The 9 populations are located in second and third order streams in the Lower Pend Oreille Basin and are typical of most remaining indigenous westslope populations in the Province with regard to length of stream inhabited, mean gradient, elevation range, drainage basin area, past land use and current condition. They include the majority of known westslope cutthroat-bearing streams in the Lower Pend Oreille subbasin that remain free from competition with brook trout (Salvelinus fontinalis) and introgression by rainbow (O. mykiss). All streams are located on Colville National Forest lands.

The study would provide baseline data necessary for developing a more comprehensive understanding of the influence of physical conditions in the stream channel on population productivity and structure and of the risks to long-term persistence faced by native westslope populations in spatially-reduced headwater habitats. Population life-history data would be used to develop a set of stochastic discrete-time age-structured population models that can be used to assess population response to changes in stream habitat conditions across a range of time scales relevant to land managers.

During the first year of the project the entire fish-bearing lengths of each study stream would be walked and mapped. Based upon these on-the-ground surveys, each study stream would be divided into 3 or 4 study segments (sites). Each study segment would consist of 3 to 5 contiguous reaches of 20 to 30 channel-widths in length (~100 meters). Total fish-bearing stream length encompassed by study segments would comprise a minimum of 20% of the total fish-bearing length of each stream. 

Populations in each study segment would be estimated annually during the summer prior to base flow conditions using a combination of multiple-pass removal electroshocking and Hankin-Reeves visual estimation (snorkeling). Individual fish lengths and weights would be recorded, age-length frequency distributions  developed and condition factors calculated. 

During the first project year, samples of mature female westslope cutthroat would be collected from non-study streams in the same subbasins from which study streams are selected to provide initial estimates of age-at-length and fecundity. In the final project year (Year 3) small, statistically robust-sized lethal samples would be taken from a subset of study streams for refining estimates of fecundity and age, and for whole-body lipids analysis to obtain a biochemical index of fish condition. 

The feasibility of conducting spawning surveys during May and June would be investigated and, if feasible, undertaken. At a minimum, range of spawning time and period of peak spawning would be estimated for populations in each stream. Age-at-first-spawning would be estimated and relationships for fecundity-at-length and fecundity-at-age developed. Age-specific growth rates would be estimated for each population. Life-tables (vertical, static) would be developed for each study population.

Measurements of select in-channel physical parameters would be made at each study site and placed upon catchment land use/condition maps. Comparisons between populations within and across years would be undertaken to evaluate the effects of varying catchment/channel condition on cutthroat population conditions as reflected by the life tables. The impact of logging road densities and conditions on stream channel habitats would be the primary management action that would be evaluated.

Results would be incorporated into baseline population viability analyses for Mountain Columbia Province cutthroat in small-order streams employing age/stage-structured stochastic matrix population models. Establishing a baseline of population age-related parameters and in-channel habitat conditions will provide a basis for evaluating the relationship between stream habitat conditions and population viability by considering hypotheses about causal relationships between stream-channel conditions as cause and age-related parameters, particularly age/stage-specific survival and mortality rates, as effect.

b. Technical and/or scientific background
Populations of westslope cutthroat (Onchorynchus clarki lewisi) in sub-basins of the Mountain Columbia Province and elsewhere in the Columbia Basin have suffered  reductions in both historic range and numbers in recent decades. These reductions have been caused in significant part by introduction of non-native trouts (coastal rainbow, O.m. irideus and brook trout, Salvelinus  fontinalis), and loss and impairment of habitat (Behnke 1992; Lee, et al. 1997; Downs, et al. 1997; several articles in the Special Section of NAJFM  v.17, #4; esp. Shepard et al.1997; Pend Oreille Subbasin Summary pp. 74-85). 

Most remaining indigenous resident westslope cutthroat populations in the Mountain Columbia Province are found in lower-order tributary subbasins, particularly headwater streams of first through third orders, most of which are located on National Forest lands (Tom Shuhda, Colville National Forest, personal communication; Draft Pend Oreille Subbasin Summary). Their stream habitats are generally reduced and often disconnected in comparison to the presumably normative conditions which existed prior to significant disturbance by euro-americans. Many of these streams have been particularly impaired within the past 20 years by increased sediment resulting from loss of riparian vegetation and road building and maintenance problems related to logging practices on federal lands. (cf. also, discussion of  Factors and Threats Affecting  Westslope Cutthroat Trout; Pend Oreille Drainage, Washington.USFWS Status Review, 1999, pp. 108-9.) These populations are thus particularly vulnerable to demographic and environmental stochasticities, and to deleterious competitive interactions with introduced non-natives (cf. in particular, Hilderbrand and Kershner, 2000).

Successful preservation and recovery of such populations requires both a thorough assessment of the conditions of their catchment habitats and a better understanding of the structure and dynamics of such small and generally fragmented populations. Little is known about the numbers, much less the dynamics and community interactions of these much-reduced native populations. Knowledge of parameters such as age-structure, and recruitment dynamics is lacking; and little is known about the interactions of stream channel conditions and variables of the hydrologic regime at the reach scale with these population dynamics. (cf. Lee et. al., op. cit. pp.1377-78).

Specifically, in regard to most remaining small stream native westslope cutthroat populations in the mid- and upper-Columbia Basin, we don’t know whether or not they are at equilibrium population sizes and age-structures, what the natural variances in populations size and age-structure are, and what temporary variations or changes in age-structure or population size threaten local extinction. These concerns have heightened importance in consideration of the generally small total sizes of headwater populations due to short stream length (cf., Hilderbrand and Kershner, 2000 and Shepard et al. 1997, p.1167, Figure 5). 

In addition, westslope populations appear to be unique in having relatively high levels of within-population diversity, both at the molecular genetic level (cf., USFWS Status Review, and Shaklee and Young 2000.) and with regard to such critical age-related parameters as the relationship between length and fecundity and between age and length-at-maturity relationships (cf., Downs et al. 1997, pp. 89-90). This latter variability in age-related parameters makes it especially problematic to extrapolate from characteristics of known populations to those of unstudied populations in similar habitats.

We also lack information and understanding of the extent of within-stream movement of resident trout populations and of immigration and of their role in the dynamics and persistence of local populations (cf. Fausch and Young. 1995; Grossman et al. 1995; and Schlosser and Angermeier. 1995). We know little about seasonal variation in habitat use at the channel unit, stream reach and stream segment scales and how this variation is related to hydrologic variation and to annual population size. 

Such understanding is hampered in large part by a dearth of long-term empirical data sets from well-designed studies (See, e.g., Bayley and Li, 1994, Botkin et. al. 2000, Schlosser and Angermeier 1995, Naiman et al. 1995, and Elliot 1994 chapter 3). Ecological data in general, and species level population data in particular, are notoriously “noisy”, reflecting a significant amount of variance due to environmental variation quite apart from issues of variability due to measurement/sampling procedures (Bayley and Li, 1994; Botkin et. al. 2000; Elliot, 1994 Chapter 3; Lee et al. 1997, pp.1377-78, and). This is no less true of these small headwater trout populations than it is of large mainstem anadromous populations. 

In addition, evaluation of actions intended to facilitate or accelerate recovery of stream habitat from past management practices -- such as placement of instream structures, riparian revegetation and forest road retirement -- is hampered both by lack of clearly demonstrated relationships between in-stream habitat conditions and fish population structure and by lack of baseline data on population structure against which population response to such management actions could be judged. This impairs genuine efforts to monitor management actions and prohibits the effective allocation of limited funds to management actions and locations where they would provide the greatest benefit.

Corollary to the need to acquire long-term data is the need to acquire baseline information against which data obtained over the course of long-term studies can be compared. Baseline data resulting from  a sound study design has value in its own right by providing a snapshot of resource condition in addition to providing a basis against which long-term changes can be compared and evaluated.

c. Rationale and significance to Regional Programs
Washington State Wild Salmonid Policy (WSP). The proposed project would provide baseline monitoring data relevant to the principal management aim of the WSP to secure the long-term viability of native resident and anadromous salmonids.

Colville National Forest Land and Resource Management Plan and US Forest Service INFISH. The proposed project would provide baseline monitoring data for evaluating the effectiveness of management actions specifically intended to reduce sediment input into headwater streams due to road erosion.

Subbasin Plan Goals, Objectives, Strategies, and Recommended Actions: Fisheries. (Draft Subbasin Plan, pp. 92-93.) The project would provide baseline monitoring data relevant to achieving Goal 1, Objective 1, and Strategy 1. (Draft Subbasin Plan p.92.)

d. Relationships to other projects 
 The proposed project will provide specific population and physical habitat information complementary to the Kalispell Resident Fish Project (Cf. Draft Pend Oreille Subbasin Summary, page 80). In addition, it will provide additional site specific information and monitoring data relevant to the 1997 LeClerc Watershed Assessment, and to the Sullivan Creek watershed analysis conducted by the Colville National Forest (cf. Ibid.).

e. Project history (for ongoing projects) 

NA

f. Proposal objectives, tasks and methods
I. A. Brief description of the project
The Project would census 9 native stream resident westslope cutthroat (Onchorynchus clarki lewisi) populations for a minimum of 2 years, beginning in Project Year 2. The 9 populations are located in second and third order streams in the Lower Pend Oreille Basin and are typical of most remaining indigenous westslope populations in the Province with regard to inhabited stream length, mean gradient, elevation range, past land use and current condition. The 9 streams comprise the majority of known westslope cutthroat streams in the Subbasin that remain free from introgression by brook trout (S. fontinalis) and from hybridization with rainbow trout (O.mykiss). All streams are located on Colville National Forest lands 

The study would provide baseline data for evaluating relationships between stream channel conditions and resident westslope cutthroat population condition by initiating a series of basic annual measurements of features of the stream channel and of fish population condition and structure. The following measurements and/or estimates would be made at/for each stream/population:

· Air and water temperature (continuous)

· Bankful width and thalweg depth ( at several cross-sections)

· Segment slope (each segment/study site)

· Bed particle size distribution (Wolman pebble counts)

·  Cobble embeddedness (riffles) and %fines (pools)

· Number of pools and riffles

· Number of pieces and volume of large woody debris

· Fish population size

· Fish length

· Fish weight

· Relative Weight Condition Factor

· Age distribution

· Age-specific annual survival rates

· Ages/lengths at first reproduction

· Age/length-specific female fecundity (#eggs/female, #age-1/female spawner)

During Project Year One, the entire length of each study stream would be walked and modified Hankin-Reeves habitat surveys conducted. The Hankin-Reeves surveys  (Dolloff, Hankin, and Reeves. 1993) would be modified to incorporate selected elements used in the EPA Rapid Bioassessment Habitat Assessments (Barbour, Gerritsen, Snyder, and Stribling 1999). Reaches would also be classified according to Montgomery-Buffington channel reach classification (Montgomery and Buffington 1997). Wolman pebble counts would be conducted at three sites and stream and air temperature loggers placed equidistant from one another along the total length of stream. Probable spawning sites on each stream would be identified. All sites would be located using GPS and USGS 1:24000 Quad maps.

Based upon the surveys conducted during Year One, each study stream would be divided into 3 or 4 study segments. These segments would be identified based upon characteristics of gradient, channel confinement and relative frequencies of pools and riffles. Each study segment would consist of 3 to 5 contiguous reaches of 20 to 30 channel-widths in length (~100 meters each reach). Total fish-bearing stream length encompassed by study segments would comprise a minimum of 20% of the total fish-bearing length of each stream. 

Beginning in Year Two, populations in each study segment of each study stream would be estimated during the summer prior to base flow conditions using a combination of multiple-pass removal electroshocking and visual estimation (snorkeling). Counts would be made by snorkeling or electroshocking consecutive 100 meter-long lengths of stream within study sites (3 to 5 100 meter-long reaches within each site, 3 to 4 sites per stream/population). In the case of one of the streams, Pocahontas Creek (fish-bearing length 2.1 km.), it will likely be possible to sample the entire fish-bearing length of the stream. At least one 100 meter-long reach in each study segment (site) would be sampled via multi-pass electroshocking to calibrate the visual estimations made within each site.(Hence a minimum of 20% of study site lengths would be thus calibrated.)

In May and early June of Year One, immediately prior to the onset of spawning female cutthroat would be collected from nearby streams not among the study streams to provide initial estimates of fecundity. Following Downs, White, and Shepard 1997, we would aim to collect 10 females in each of four length categories -- 125-149 mm, 150-174 mm, 175-199 mm, and 200 mm and larger -- from 6 non-study streams (West Branch Le Clerc, East Branch LeClerc, mainstem Harvey Creek, Middle Creek, Cedar, Creek, and Slate Creek) with relatively high estimated abundances (Scott 1999 and Kalispell Tribe, unpublished data, cited in Shaklee and Young 2000, Table 1; Bill McMillan and Pat Trotter, personal observation Harvey Creek) . The 6 streams are in sub-basins from which the study streams were chosen, but were excluded from the study due to the presence of brook trout or, in the case of Harvey Creek, size and order. In addition to determining fecundities, the otoliths from the collected females would be used to age the collected fish, and whole-body lipids analysis would be conducted.

In the spring of Year 3 additional samples of mature females would be collected from a subset of study streams if Year 2 population estimates indicate that a subset of populations capable of suffering such removals exists. These samples would also be used to analyze fecundity, age from otoliths, and whole-body lipids.

Measurements of select in-channel physical parameters would be made at each study site beginning in Year Two. Measurements would include air and water temperature, bankfull width and thalweg depth, segment surface slope, bed particle size distribution, pool and riffle number and areas, cobble embeddedness and % fines, and number and volume of large woody debris. Water ( and air) temperature would be measured at each study site (3 to 4 per stream, each 300 to 500 meters in length) using permanent data loggers (one each per site). Surface slope would be measured over the total length of each site (300 to 500 meters). Bankful channel width and thalweg depth would be measured at each of 3 cross-sections per site, bed particle size would be measured along one representative riffle/bar within each site (Wolman pebble count). Pool and riffle number and surface areas, cobble embeddedness (riffles), % fines (pools) and large woody debris number and volume would be measured by using the Hankin-Reeves visual estimation method (Dolloff, Hankin, and Reeves. 1993).

Population counts at each of the study sites would be used to estimate minimum annual total population sizes in each stream. In addition to population counts within the study sites, measurements of fish populations would include individual fish length and weight measurements of all fish sampled by electroshocking. Visual counts would include estimates of length categories of individuals. During Years Two and Three the length-weight data would be used to calculate westslope cutthroat-specific Relative Weight condition factors calculated (Kruse and Hubert 1997).

A subsample of  age-one and older fish collected at each study site via electroshocking would be fin-clipped in order to evaluate inter-annual within-stream movement and emigration of individuals from study sites.

Length measurements from electroshocking samples and length estimates from visual surveys would be used to develop age estimates based upon length frequency distributions, supplemented by the age information obtained from otoliths collected during Year One. Length-based age estimates would be used to construct vertical life-tables of each population. Life tables in turn would enable estimates of population structure to be made that would include estimates of age-specific survival rates. 

Ages-at-first reproduction, fecundity-at-age, and age-specific frequency of repeat-spawning (all needed to fill out the life table for each population) would need to be estimated initially from auxiliary information on other westslope populations in similar habitats, in particular from data in Downs et al. 1997 in conjunction with the length data and the age and fecundity data from Year One collections. The feasibility of conducting spawning surveys during May and June would be investigated and, if feasible, undertaken. At a minimum, range of spawning time and period of peak spawning would be estimated for populations in each stream by conducting selected electroshocking surveys of probable spawning areas within study sites at several points of time within the estimated range of spawn timing. Age-specific growth rates would also be estimated for each population from the length, weight and life table data. 

By the end of Year Three, baseline population data obtained during the project, in conjunction with selected auxiliary data on other westslope cutthroat populations, would result in the creation of a small set of provisional age-structured population models for each of the study populations  These model sets would be derived from estimates of age, age-specific survival rates, ages/lengths-at-first reproduction, fecundity-at-age/length, and age/length-specific frequency of repeat-spawning that would be incorporated into the life tables by employing techniques of Bayesian inference.

Auxiliary information on age structure, vital rates, and reproduction in other headwater westslope cutthroat populations would be used to construct informative prior distributions for all age-related parameters. Estimates of these life-history parameters based upon the population-specific life-table data for each study population would provide the likelihoods.  The prior distributions and the likelihoods are combined in the Bayesian inference process to generate a posterior distribution of probable values for the parameters of interest. Such inference will make optimal use of the information provided by the project-specific data under the time constraints of the duration of the project, given our current state of knowledge of headwater westslope cutthroat populations. 

Stochastic discrete-time age-structured models for each population would then be constructed using a range of parameter values from the posterior distributions. These models, in turn, would provide viability analyses that would encompass the range of uncertainty surrounding parameter estimates for westslope cutthroat populations of interest. 

The models would also enable the impact of landscape and in-stream habitat conditions on stream population viability to be better estimated by hypothesizing their effects on specific population vital rates and age classes at varying time scales. Such hypotheses, in turn, would better focus monitoring efforts aimed at evaluating the efficacy of specific management actions.


B. Hypotheses to be evaluated under the project.

Study streams encompass a range of total (open and closed) logging road densities from unroaded to high road density (0 to 3.7 miles open road per square mile basin area; see Table 1 below), all of which are recently retired or repaired/upgraded (Tom Shuhda, personal communication). The full range of road densities occurs across similar ranges of elevation, map-estimated mean channel gradients, and basin lithologies (Subbasin Summary page 64). 

Road density impacts on fine sediment delivery to stream channels and on riparian vegetation maturity and condition are thus expected to differ among study streams primarily in proportion to total and open road density and secondarily in relation to relative road conditions. We expect cobble embeddedness in riffles and percent fines in pools to be lower and average pool depths to be greater in streams with lower total basin road densities. 

We expect that westslope cutthroat populations in unroaded drainages or in drainages with very low road densities (< 0.5 mi. total road miles per square mile drainage basin area) will display an inherent tendency toward older age structure, with reproduction at older ages (4 and older), relatively high incidence of repeat spawning among older age females, and a consequent older mean generation time. This is expected to be a within-population age structure that optimizes population fitness in relatively cold  and variable environments. In such environments (typical of the majority of remaining pure westslope cutthroat trout in headwater drainage basins) repeat spawning among older aged females is expected to maximize potential egg deposition, and multiple mature ages is expected to lower the variance in the population growth rate which acts to achieve a stable positive population growth rate in the face of environmentally-induced variation in age-specific mortality rates. 

Departures from this structure (toward younger and/or fewer reproductive age classes) are expected to be evidence of stress on the population requiring an alteration in basic life history that cannot be sustained on a long-term basis, since a shift toward younger and/or fewer reproductive age classes and overall population renders the population more vulnerable to environmentally-induced variation in mortality rates, more likely to experience large swings in annual growth rates and hence more likely to experience negative growth.

We expect westslope cutthroat populations to display a tendency toward younger age structure in streams with higher embeddedness , higher  %fines and lower average pool depths compared to populations inhabiting streams with lower cobble embeddedness and % fines, and higher average pool depths. We further expect that these impacts of road density and condition on fine sediment input to streams will be mediated by large woody debris abundance and density, particularly in stream segments where channel gradients are in the range of 0.02 to 0.065 (cf. Montgomery and Buffington 1997, p 603-604.).

Continued study of these populations beyond Year 3 of the proposed project -- or re-study of them after a period of 5 to 10 years -- would be expected to reveal a shift toward an older-aged population structure in those streams with moderate to high present road densities that experience reductions in fine-sediment related channel conditions due to road closure and/or road bed recapture by forest vegetation.

Study Streams.

Table 1. List of Study Streams

Stream Name
Stream Order
Sub-Basin
Elevation Range
Drainage 

Area 
Miles 
Road Density




(feet above msl)
(Acres)
Occupied


(miles  of [closed], open, 







 Total road per sq. mi.)



Gypsy
2nd
Sullivan Creek
3400 - 4400
3400
4
[2.1** ] 2.1** 4.2***

Fourth of July
2nd
E.Br. LeClerc
2360 - 3240
2700
2.7
[1.4** ] 0.1* 1.5*

NF Harvey
2nd
Harvey Creek
3800 - 4600
1600
2.1
[2.6** ] 0* 2.6**

MF Harvey
3rd
Harvey Creek
4100 - 4600
2000
2
[1.3* ] 0* 1.3*

EF Smalle Creek
2nd
Calispell Creek
2200 - 4400
6500
5.4
[1.5* ] 1.7* 3.2***

Leola
2nd
Sullivan Creek
4200 - 5400
2300
2.8
[0.8* ] 0* 0.8*

Pass
3rd
Sullivan Creek
2800 - 4000
5900
2.5
[6.5*** ] 2.4** 8.9***

Pocahontas
2nd
Pocahontas
2000 - 3400
1800
1.3
[3.0*** ] 2.1** 5.1***

Stony
2nd
Sullivan Creek
3000 - 4700
2500
2.2
[6.6*** ] 2.8** 9.4***









* considered low open road density (0-1.9 mi./sq.mi.)





** considered moderate road density (2.0-3.0 mi./sq.mi.)





*** considered high road density (>3.0mi./sq.mi.)





______________________________________________________

II. Objectives, Tasks, and Methods.

 Objective 1: Collect mature female trout prior to spawning for fecundity and age determination. Years One and Three.

Tasks and Methods:

Using electroshockers collect 10 sexually mature female westslope cutthroat trout in each of the following length intervals -- 125-149 mm, 150-174 mm, 175-199 mm, and 200 mm and larger from each of the following non-study streams -- West Br. Le Clerc, East Br. LeClerc, Middle Creek, mainstem Harvey Creek, Cedar Creek, and Slate Creek. Remove egg skeins from body cavity and preserve egg skeins in Davidson's solution (Kent 1992, cited in Downs, White, and Shepard 1997) for later enumeration of eggs by sub-contractor (Flathead Lake Biological Station). After removing egg skeins, preserve fish carcasses in formalin for otolith and lipids analyses by sub-contractor (Flathead Lake Biological Station). Year One.

Make similar collections from those study streams, if any, determined to be capable of suffering lethal removal of 30 to 40 females based upon population surveys conducted in Year Two. Year Three.

_______________________________

Objective 2: Conduct visual estimation of stream channel habitats of entire estimated occupied length of each study stream. Year One

Tasks and Methods:

The entire estimated occupied length of each of the 9 study streams will be walked by  three person crews and stream habitat units estimated following the guidelines described in Dolloff, Hankin, and Reeves 1993. Measurements of riffle and pool surface area of 10% of the units in each stream will be made to calibrate the visual estimations. Reach gradients will be measured (over 100 meter stream lengths where possible) every 500 meters using Abney level and stadia rod and marked with GPS and on USGS 1:24000 quad maps. Waypoints will be marked with GPS and on USGS 1:24000 quad maps every 200 meters. Probable high quality spawning sites will be identified and located on maps and with GPS.

_______________________________

Objective 3: Census westslope cutthroat populations annually. Years Two and Three
Tasks and methods:

Populations in each of the 9 study sites (3 to 4 sites per stream) would be censused annually in July and early August following run-off and prior to late summer baseflow.

Within each site (~300 to 500 meters total length) cutthroat populations and individual fish length-categories would be visually estimated by snorkeling upstream. Following the recommendations in Dolloff, Hankin, and Reeves 1993, visual counts/estimates would be calibrated by conducting multi-pass electroshock removals of randomly selected riffle and pool habitat units from a minimum of 10% of the pool and riffle units within the entire site. Each cutthroat sampled by electroshocking would be measured (nearest mm) and weighed (nearest gm) before being returned to the stream. 

_______________________________

Objective 4. Collect in-channel habitat data annually. Years 2 and 3.

Tasks and methods:

One temperature logger would be placed in the stream channel and one  in the adjacent riparian zone at each site for continuous recording of stream and air temperature. Data loggers would be downloaded annually during population inventories.

 Three permanent cross sections would be located along each study site. At each cross-section the bankfull and wetted width of the channel would be measured and thalweg depth-at-bankfull measured. Water surface slope would be measured over the entire study segment over intervals between the downstream segment boundary and the upstream segment terminus whose length will be determined by local conditions affecting the line-of-site. Wolman pebble counts (100 ct.) would be made along the bar/riffle at or nearest to each cross section. 

Channel habitat units (riffle, pool) within each segment will be enumerated and pool and riffle area estimated and calibrated using the Hankin and Reeves method as described in Dolloff, Hankin, and Reeves 1993. Number of pieces of in-channel large woody debris will be enumerated and volume estimated. Cobble embeddedness within riffles and % fines within pools will be visually estimated and calibrated together with pool and riffle area.

_______________________________

Objective 5: Develop age and length data for each population. Years 2 and 3.

Tasks and methods:

Length data for populations in each study stream (3 to 4 sites (segments) combined) would be obtained annually as described under Objective 3. This will allow length frequencies to be determined and fit to statistical distribution using likelihood techniques. In conjunction with age-length data for similar populations in the Intermountain west (Downs, White, and Shepard 1997, and others) combined with otolith-based age information on other populations within subbasins in which the study streams are located, distributions fit to the length data can be used to estimate age frequencies for the populations by developing length-age estimators. Uncertainties in these estimates will be reduced to the maximum extent possible using Bayesian Techniques as described in section I above for life-table estimates. 

_______________________________

Objective 6: Measure fish condition and growth and develop related indices. Years 2 and 3.

Tasks and Methods:

Length and weight data will be used initially to construct static, annual snap-shot indices of fish condition for each population. Relative Weight will be calculated for each populations using the Relative Weight Index derived for westslope cutthroat trout by Kruse and Hubert (Kruse and Hubert. 1997). Length-at-age estimates will be used across years within populations and in conjunction with length/weight condition factors to estimate age-specific growth rates.

Objective measures of growth will be obtained through the combination of otolith and lipids analysis of population sub-samples to be conducted in Year Three as described above under Objective 1. Whole-body lipid content affords a reasonable and cost-effective measure of whole-body energy and, hence, fish condition (Brett, 1995 and Higgs et al., 1995; chapters 1 and 4, respectively, in Groot, Margolis, and Clarke, 1995). Lipid content will provide a quantitative measure against which to compare condition factors and interannual growth of age-classes. 

_______________________________

Objective 7. Collect spawning population data on study populations in Years 2 and 3.

Tasks and Methods:

The feasibility of conducting visual spawning surveys (redd counts) of each study population is questionable due to the normally high discharge and/or turbidity of streams in the Lower Pend Oreille Subbasin during May and June when  cutthroat spawning is expected to occur (Tom Shuhda, personal communication). Nonetheless, it is important to try to obtain information that will enable annual potential egg deposition, timing of spawning and age-distribution of spawning effort of each population to be estimated. Such data are critical to building age-structured models of each population.

If visual surveying of study population spawning proves possible it will be undertaken in Years 2 and 3. Whether this proves possible or not, study populations will be selectively electro-shocked beginning in project Year Two to estimate onset of spawning and termination of spawning. 

Objective 8. Develop Age-structured models of each study population using data acquired under objectives 1,3, and 5.

Discrete-time age-structured models for each population will be used to 

· evaluate the extent of density-dependent population regulation, 

· evaluate population response to landscape actions affecting in-channel habitat conditions,

· perform viability analyses for all study populations. 

Initial model parameters (means, variances, and distributions) will be estimated  at the end of project Year 2 and revised in Year 3. 

Modeling of the data using age-structured models helps to make clear the key life-history stages of individual populations that are most critical to long-term population persistence (reproductive success). This in turn makes it more likely that habitat features and dynamics that are particularly important to the success of the population's life-history structure will be identified. Together, such information facilitates a clearer understanding of possible life-history trade-offs made by each population in the course of its existence in its specific stream environment. Such information also makes possible an understanding of the potential limits to adjusting to environmental stress imposed on a population by its life-history. Understanding these limits is fundamental to providing credible assessments of population viability.

Tasks and methods: 
Using data obtained pursuant to objectives 1,3, and 5 estimate parameters to be used in a (discrete time)  age-structured population model. Parameters to be estimated include age-specific values for 

· #age-1 progeny/adult female

· survival values (survival to age x from age x-minus-1)

· breeding propensities (proportion of age-x adults that spawn at age-x)

· age-composition of annual spawning population

· repeat spawners (proportion of age x spawners that spawn at age x-plus-1).

· mean generation time

Estimated values for these and other parameters will include means, variances, and distributions. Values will be estimated and re-estimated from the data collected using Bayesian techniques and incorporating prior information from other regional studies/information, general knowledge of basic salmonid life history, general life-history theory, and data from prior project years.

Objective 9. Evaluate relationships between land-use/habitat conditions and the structure and dynamics of each population and develop viability analyses/risk assessments for each study population.

Initial, tentative, viability analyses for each study population will be produced at the end of project Year 3 and will be based upon initial parameterizations  of age-structured  models of each population, with parameter means, variances, and distributions estimated from data obtained during project Years 2 and 3.. Parameter values for each population will be input into RAMAS Stage (Ferson. 1994) and stochastic simulations run to estimate population performance across a range of time periods and across a range of uncertainties in environmental and demographic variables.

The relationship of in-stream habitat conditions to population dynamics will be evaluated as hypotheses about the effect of changes in stream habitat variables on the values (means, variances, distribution, autocorrelation) of population model parameters. This will provide a bridge between the population model and habitat measurements and provide one method by which hypotheses about the influence of habitat conditions and environmental variability on population dynamics can be both formulated and evaluated.

III. Continuation of the Project Beyond Year 3.

At the end of Project Year 3, we expect the project to provide useful baseline data on a likely range of structures of the study populations, their in-stream habitat conditions, and potential key interactions between them. The baseline of in-stream habitat conditions will provide data relevant to the evaluation of the impact of forest road densities and management practices on stream westslope cutthroat populations.

We would hope to secure funding to continue the project for and additional 3 or more years in order to add to the baseline data and encompass a range of natural variation that can only be experienced at longer time scales. Continuation of the project could fruitfully take several possible forms: extension at the same spatial scales, extension of the study

on a subset of the initial study streams, or annual sampling of an alternating subset of the study streams (e.g., 3 streams per year). 

Even if a continuation is not funded immediately at the end of year 3, the information acquired during the project will provide a sound baseline against which to compare results of future monitoring of channel and fish population conditions in the study streams.  

g. Facilities and equipment
Washington Trout and its collaborator, USFS, Colville National Forest possess backpack electroshockers necessary for the populations surveys. Provision and use of the Colville National Forest's electroshockers is part of the cost share provided by the Colville National Forest for the project. Washington Trout and the Colville National Forest possess all vehicles necessary for transportation to and from all sites. All basic field equipment for stream surveys are in the possession of both parties.

Lodging for Washington Trout field crews will be provided for by the Colville National Forest as part of the cost share provided by the Colville National Forest for this invited project.
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Section 10 of 10. Key personnel


The Project Director, Nick Gayeski, would engage in all aspects of the field work, as well as provide general project coordination and oversight. He would be involved in consultation on all aspects of project design with Dr. Trotter (fish population assessment and data analysis) and Colville National Forest Fisheries Biologist, Tom Shuhda. Mr. Gayeski has a Masters Degree in Philosophy from the University of Washington where his primary area of interest was the philosophy of science. He has had a longstanding avocational interest in aquatic biology, including macroinvertebrate ecology, salmonid life history, and population biology. He is well-acquainted with the professional peer-reviewed literature in these fields and in related fields of aquatic biology and fisheries management, and maintains currency with this literature. He has extensive experience in the collection of freshwater macroinvertebrates and is the Project Director,  in association with Dr. James Karr, and Principal Investigator of a 4-year BPA-funded project (#200004800) to develop and evaluate a Benthic Index of Biotic Integrity for the Yakima/Naches subbasin. 

For the past four years he has been employed fulltime by Washington Trout, where his primary duties have been grant writing and public fisheries and landscape management policy evaluation. He is the Director for BPA Project #9802600, which has proposed to photo-document native resident trout populations throughout the mid- and upper-Columbia Basins in Washington State and to collect tissue samples from these populations for nuclear DNA analysis. Field work under this project in 1999 took place in the Colville National Forest in collaboration with Tom Shuhda.


Recent additional experience and training includes the following: 

Organizing and hosting a day-long public/scientific forum on “Addressing Risk and Uncertainty in Salmonid Harvest Management” held in Olympia, Washington in January of 1998; 

Participation in the “Aquatic Oligochaete Workshop” held in Logan, Utah in September of 1997 and conducted by Drs. Deedee Kathman and Ralph Brinkhurst of Aquatic Resources Center in Franklin, Tennessee. The Workshop was co-sponsored by the Whirling Disease Initiative for the National Partnership on Management of wild and Native Cold Water Fisheries, and included field training in the collection of aquatic oligochaete worms and laboratory training in slide preparation of oligochaetes and the use of microscope and key to identify them to genus and species. 

Participation in a training course on “Ground Water-Surface Water Interaction” held in September of 1998 at the University of Montana’s Flathead Lake Biological Station and conducted by Dr. Jack Stanford, Director of the Biological Station.



Participation with Dr. Jack Stanford during late September 1999 and 2000 in  wilderness float trips on the 6th-order Krutogorova and Oblukovina Rivers in west-central Kamchatka, Russia. to provide a rapid assessment of the relationship between geomorphological complexity of the river and salmonid species abundance and diversity. Both trips were in association with the Wild Salmon Center's effort to secure United Nations Development Project designation of several whole watershed Aquatic Diversity Reserves in western Kamchatka.


Dr. Pat Trotter is a self-employed fisheries science consultant. He has a PhD. in Chemistry from Lawrence University in Appleton, Wisconsin. He has written extensively about cutthroat trout and is the author of a major monograph on them, “Cutthroat: Native Trout of the West”. (Trotter. 1987) Dr. Trotter has extensive professional experience in conducting fish habitat and population assessments, and will engage in and oversee the fish population census field work and provide consultation in the overall design of the project and interpretation and reporting of its results.


The principal member of the field crew, assisting Mr. Gayeski, Mr. Shuhda, and Dr. Trotter will be Mr. Bill McMillan. Mr. McMillan is a gifted naturalist and fisheries field worker, and an experienced and outstanding nature photographer. Among his relevant experience is the initiation of systematic and still ongoing wild summer steelhead snorkel surveys on the Wind and Washougal Rivers in the late 1970s. Recently, in 1995 and 1996 he was the leader of a remote camp on the Kamchatka peninsula of Russia for the Wild Salmon Center’s Kamchatka Steelhead Project, a scientific joint venture between the Wild Salmon Center and Moscow State University (Russia) which also involves Dr. Robert Behnke of Colorado State University.


In 1996/97 Mr. McMillan led a two-person field crew in a systematic survey of tributaries of the Tolt and Snoqualmie Rivers in order to assess fish presence and stream type classification, and culvert problems. This work involved a minimum of four 10-hour days per week from late October through June and requires excellent woodsmanship and map-reading skills. It also involves accurately transcribing field data onto Washington State Forest Practice Base Maps which must be submitted to the Department of Natural Resources to document change of stream type.


In 1998 and 1999 he was a principal field researcher together with Dr. Trotter in  Washington Trout’s  project to document native resident trout populations in the mid- and upper-Columbia basin in Washington State, BPA Project #98002600, which was conducted throughout the upper Yakima and Naches River basins in 1998 and in the Colville National Forest in 1999.


Jamie Glasgow, M.S. Fisheries, University of Washington. Mr. Glasgow is Washington Trout's Science Director. He has extensive experience inventorying resident fishes using both snorkeling and backpack electroshocking. His Master's Thesis concerned population structure and feeding ecology of resident coastal cutthroat in a western Cascades stream , the Tolt River in the Snoqualmie river Basin, that required extensive snorkeling and mark-recapture techniques. In summer and fall 2000 Mr. Glasgow was in charge of developing and initiating a project to determine the upper-most extent of resident fish use in undisturbed forested headwaters of the western Cascade Mountains. The study involved conducting snorkeling and electroshocking surveys of remote, high elevation streams tributary to the Elwah River in Olympic National Park and the Suiattle River, in the Sauk/Skagit river basins. The ongoing study was(is) funded by the Cooperative Monitoring Evaluation and Research (CMER) group of Washington State's Timber, Fish, and Wildlife through a contract from the US Fish and Wildlife Service. Mr. Glasgow would assist in the proposed project in the field for one to two weeks per year.  


Tom Shuhda is principal fisheries biologist for the Colville National Forest.


Lorraine Read. M.S. Fisheries, University of Washington. Specialization in statistics and fisheries stock assessment. Consulting Biostatistician, TerraStat Consulting Group, Lake Stevens, Washington.

Ms. Read is an environmental statistician with 13 years of professional experience in the assessment and interpretation of environmental and biological data.  Ms. Read has been trained in various forms of ecological modeling, including deterministic, stochastic, and statistical approaches.  She has used Bayesian statistical models – incorporating information from related populations and expert opinion – to describe such ecological phenomena as the population dynamics of a fish stock, evaluating the impact of alternative management actions on the survivability of the stock.  She has used Bayesian Decision Analysis to  make recommendations for fisheries management strategies which support multiple uses and the long-term viability of the resource.  Ms. Read is also working on incorporating Bayesian and Monte Carlo techniques into the exposure and food web models that are used to assess ecological risks from physical and chemical stressors.

Ms. Read would be involved in the sampling designs, data analyses, population model development and evaluation, and population risk assessments.
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