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Section 9 of 10. Project description

a. Abstract 
This project was designed to investigate potential benefits and risks of supplementation with small-scale experiments and to develop protocols for biologically sound steelhead supplementation.  We used the Regional Assessment of Supplementation Project (RASP 1992) guidelines to formulate the research design.  We minimized the risk to ESA listed wild populations of steelhead and chinook salmon by choosing study streams that are vacant of steelhead or are no longer managed as viable wild populations.

Prior to developing a supplementation program basic biological data must be available to assess population abundance, population trends, and to understand stock specific life-history and genetic attributes.  This study has focused on gathering this information from wild steelhead populations.  We are monitoring wild juvenile and adult abundance with weirs, snorkel surveys, and screw traps in key production streams that can serve as indicators of the steelhead status within Idaho.  We are determining smolt age, smolt length, juvenile growth rates, juvenile and smolt migration patterns in key wild production streams.  We have developed a steelhead genetic database of 72 wild populations and the five hatchery stocks reared in Idaho,

b. Technical and/or scientific background
The goal of supplementation is to increase natural fish production using artificial propagation without a negative impact on the productivity or abundance of existing  natural fish populations.  Providing a sustainable benefit from supplementation without an improvement in the migration corridor of the Snake River and Columbia River is highly unlikely (Byrne, et al. 1992).    Hatchery production and supplementation have existed in the Columbia Basin for over 100 years but rigorous scientific evaluation of supplementation on natural production is sparse and results discouraging (Smith et al. 1985; Miller et al. 1990; Stewart and Bjornn 1990; Hindar et al. 1991, Reisenbichler and Rubin 1999).  The few studies that evaluated the effect of supplementation on naturally produced salmonids found that hatchery fish did not perform as well as natural fish (Chilcote et al. 1986; Nickelson et al. 1986; Leider et al. 1990).  

McElhany et al. (2000) outlines techniques to define viable salmonid populations (VSP) and identifies four parameters that are needed to evaluate population status.  The four parameters are: population abundance, population growth rate, population spatial structure, and population diversity.   The NMFS 2000 Biological Opinion and other recent NMFS Technical Memorandum’s (Flagg and Nash 1999;  Flagg, et al. 2000) discuss the use of supplementation and conservation hatcheries as a method to recover ESA listed stocks.  These documents stress that an evaluation of the wild population abundance, population trajectory, genetics, and life history characteristics is needed before intervening with artificial production.  Idaho Department of Fish and Game (IDFG) proposes this research to assess supplementation risks and to collect the biological, life history, and genetic data that is needed to evaluate the viability of wild steelhead populations prior to implementing a supplementation project or placing a population in a conservation hatchery.

c. Rationale and significance to Regional Programs
The Steelhead Supplementation Study investigates: (1) strategies and develops protocols that may be used in a supplementation program to increase the abundance of naturally produced steelhead and (2) monitors wild steelhead populations, genetics, and life-history characteristics.  The research is supportive of many goals outlined in the 1994 Fish and Wildlife Program (FWP), Clearwater and Salmon Subbasin Summaries (CSSS), the 2000 NMFS Biological Opinion (BO), and the IDFG 2000 fisheries management plan.

Objective 1:  This objective investigates supplementation methods and helps achieve the FWP goals in Section 4.2A of reducing scientific uncertainty and increasing knowledge to increase fish runs and Section 4.3 to develop rebuilding targets and plans.

The BO RPA 182 calls for research investigating reproductive success of hatchery fish.

Objective 2:  This objective investigates supplementation methods and helps achieve the FWP goals in Section 4.2A of reducing scientific uncertainty and increasing knowledge to increase fish runs and Section 4.3 to develop rebuilding targets and plans.  Information gathered by this project can be used by IDFG fish managers in an adaptative management framework (FWP, Section 3.2). 

 The CSSS identifies supplementation research in the SF Clearwater River drainage as a basin need. 

The BO RPA 182 and 184 call for research investigating reproductive success of hatchery fish.

Objective 3 and Objective 6:  The population abundance and life history data collected from wild steelhead populations helps met the goals of the FWP as follows: (1) 7.0 - determining the population status of adults and juveniles (2) 7.1C and 7.1D - data collected allows us to maintain long term databases and to develop a profile on the population status, life-history, and morphological characteristics and to protect and manage wild populations.  (3) 10.5A - this project monitors bull trout population status in Lochsa River tributaries.

The CSSS identified stream temperature monitoring and information to assess wild steelhead population status, life history characteristics, juvenile and adult migration data, and survival estimates as important needs in the basin.

Information gathered from wild steelhead populations is needed to achieve goals of the BO RPA’s 175 (investigate feasibility of safety-net projects for steelhead populations), 180 (basinwide monitoring program), 182 (reproductive success of wild and hatchery fish), and 185 (juvenile migrant survival for transported and non-transported fish and adult returns for both).  

Objective 4:  The genetic analysis of this objective furthers the FWP goals 7.1B, 8.4A, and 8.4B and basin needs in the CSSS to identify and conserve genetic diversity and to describe the steelhead stock structure within Idaho.  

The BO RPA 184 describes the need to assess genetic variability of populations and metapopulations.

Objective 5:  The BO RPA 167 describes the need to develop improved methods to estimate incidental mortality in fisheries.  IDFG has been concerned about the incidental harvest of Idaho origin wild steelhead in the Zone 6 fall chinook fishery.  In the past it was difficult to sample this fishery to determine the origin of the steelhead by-catch.  With the development of a baseline genetic database based on microsatellites describing Idaho’s steelhead stock structure it is now possible to assign individual fish to stream (or drainage) of origin.

Objective 7:  This objective meets the needs identified in BO RPA 182 and the CSSS by estimating the reproductive success of returning chinook salmon (Brood Year 2001) that were the progeny of hatchery fish that spawned in 1997.

d. Relationships to other projects 
This project was integrated into many existing BPA funded projects (198909800, 198909801, 198909802, 198909803) and relies on regional and hatchery personnel to assist with the tasks outlined in the study design.  Examples include cooperation with snorkel surveys, redd counts, and operating screw traps.  Hatchery fish for this study are provided by the Clearwater and Sawtooth hatcheries.  Sawtooth Hatchery personnel and Salmon Regional personnel assist us in outplanting adults in tributaries of the Salmon River upstream of Sawtooth Hatchery.  Personnel from this project have assisted Rapid River Hatchery personnel handle, sort, and spawn chinook salmon.  This project provides data on resident fish, steelhead and chinook salmon to IDFG managers in the Lewiston, McCall, and Salmon regions and the Headquarters Fisheries Bureau.  This project provided data used in the PATH process and for NMFS assessment of wild steelhead status in Idaho.  There few other BPA funded projects in the Clearwater and Salmon basins with objectives that collect data to assess wild steelhead population status, life history attributes, and genetic relationships.

e. Project history  

The steelhead supplementation study experimental design was written in 1992 and submitted to BPA in December, 1992.  The field work began in 1993.  This project has outplanted hatchery adult steelhead in Beaver and Frenchman creeks from 1993 – 2000 and has estimated parr and smolt production for each brood year.  We stocked hatchery fingerlings in the South Fork Red River each fall from 1993 - 1996 and estimated summer parr abundance from 1993 - 2000.  We stocked hatchery smolts in Red River and estimated smolt survival and travel time to Lower Granite Dam from 1996 - 1999.  We operate the Red River weir to count returning adults from these stockings.  This project has developed several databases for wild steelhead in Idaho.  We have done yearly snorkel surveys of key indicator steelhead streams and have assembled the information into a database.  We have monitored wild adult escapement, sex ratios, and age at hatchery weirs sites and Fish Creek.  Juvenile steelhead age, length, condition factor, growth rates, migration patterns, and number of migrants has been documented yearly at 6-12 streams using screw traps.  We have PIT-tagged over 49,500 wild steelhead parr and smolts since 1993 and created databases with number tagged, length, weight, and other relevant information.  We have detected over 12,000 wild steelhead smolts at the mainstem dams and have developed a database with tag site, release date, release length and weight, detection site and date, and travel time into a database.  We have a wild steelhead age/length database based on scale analysis, for adults and juveniles collected from indicator streams in the Salmon and Clearwater drainages.   We began a long-term stream temperature database in 1993 and are monitoring temperatures in 40 indicator streams in the Salmon and Clearwater drainages.   

In 2000, we collected nearly 5,000 fin samples from 72 wild steelhead populations and the five hatchery stocks reared in Idaho.  Dr. Jennifer Nielsen (Alaska Biological Science Center, Anchorage) is analyzing the fin samples this year using microsatellite markers.  A statewide baseline genetic database of Idaho steelhead will be created upon completion of her analysis.  The genetics work we propose in Objective 4 is dependent upon this baseline database.

In addition to gathering and providing information on wild steelhead status, this project has provided managers with bull trout escapement at Rapid River, resident trout abundances in tributaries of the Clearwater and Salmon drainages, migration timing of resident trout, and has PIT-tagged chinook parr, juvenile bull trout and cutthroat trout at Rapid River and Fish Creek.

f. Proposal objectives, tasks and methods
Objective 1:  Assess the performance of hatchery brood sources to reestablish steelhead in streams where extirpated.
Ideally, supplementation utilizing various brood sources (including wild) would be assessed at the population level by releasing different broods of fish into separate drainages and tracking fish abundance, survival, and life history attributes (sex ratio, fecundity, size, etc.) over several generations for each population.  Because of the large number of streams and fish that would be required, the listing of wild steelhead under ESA, and the desire to expedite feedback, we are assessing the Sawtooth Hatchery stock as a case study in Beaver and Frenchman creeks. 

Methods:  

Task a: Hatchery adults are randomly sorted from fish returning to Sawtooth Hatchery and stocked in Beaver and Frenchman creeks.  Prior to stocking we install weirs to confine the adults to an approximate 1 km section of each stream.  We stock 10 – 15 pair of steelhead in each stream.  

Task b: We randomly choose 50 females that are spawned at the hatchery, measure fork length, incubate their eggs in individual egg trays, and enumerate them with an egg counter.  Regression analysis is used to develop the relation between female fork length and fecundity.  The regression is used to predict the potential egg deposition of the females stocked in the streams.  

Task c:  Each summer we do a snorkel survey to estimate parr density.  We using procedures similar to those of Hankin and Reeves (1988).  Steelhead parr were classified as age-1, length 3 in to 5 in (76 mm to 127 mm); and age-2+, length >5 in (127 mm).  Mean densities (fish/100 m2) by habitat type in each stream strata were calculated for the two age classes of steelhead.

I calculated a weighted mean density (wt) for each class of fish in each stream strata as:
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where
pit = proportion of habitat i in stream strata t,


dit = mean density of fish in habitat i in stream strata t,


i = pool, riffle, run, pocket water, and


t = stream strata.

Task d:  I estimated the age-1 and age-2+ steelhead population and confidence intervals in Beaver and Frenchman creeks using the stratified sampling estimates of Scheaffer et al. (1986):


[image: image2.wmf]N

A

d

s

i

i

i

=

=

å

1

4


(2)

where
Ns = population total for strata s,


Ait = total surface area, in strata t, of habitat type i,


dit = mean steelhead density, in strata t, of habitat i, and


i = pool, riffle, run, pocket water.

The total surface area (Ait) of each habitat type in stream strata t was calculated as:
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where Lt = length of stream strata t,


pit = proportion of habitat i in stream strata t, and


wit = mean width of habitat i in strata t.

An approximate 95% confidence interval (CIs) on the population estimates in the stream strata was calculated as:


[image: image4.wmf]÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

-

=

å

=

i

i

i

i

i

h

i

i

s

n

s

A

a

A

A

CI

2

1

2

2


(4)

where
Ai = total surface area of habitat i,


s2i = the sample variance of mean steelhead density in habitat i,


ai = total surface area of habitat i snorkeled in the strata,


ni = number of habitat i sites snorkeled in the strata, and


i = pool, run, pocket water, or riffle habitat.

I treated Ai and ai as constants when calculating the CI and assumed that the variance was due to differences of densities in each snorkel site, not area measurements.  The estimated total abundance of each age class for the entire stream was found by summing the estimates of all strata.

I estimated the age-1 population in each stream and then estimated the number of smolts that could be produced from the age-1 population assuming a 50% over-winter mortality rate.  I made two smolt estimates; first assuming all age‑1 parr become smolts after one additional summer in freshwater (age-2+), and secondly assuming all age-1 parr become smolts after two additional summers in freshwater (age-3+).  I estimated the mean number of smolts per female produced in Beaver and Frenchman creeks from the  adult outplant and then projected what smolt-to-adult survival (SAR) is needed to return two adult spawners.

Objective 2:
Evaluate the ability of returning adults from hatchery smolt and fingerling releases to produce progeny in natural streams.

Hypothesis:
There is no difference between fingerling or smolt stockings in establishing natural steelhead production as measured by F1 age 1 juvenile abundance.

Our research will focus on life stage of release using an established hatchery stock.  We will compare the abundance of age 1 steelhead parr produced by naturally spawning adults that were released as hatchery fingerlings or smolts.  Because of limited research opportunities we will use only an established hatchery brood stock(s) to test this hypothesis.  Fingerlings (rather than fry) were chosen since the fish can be marked and PIT tagged prior to release into the study streams.  The primary evaluation point will be age 1 parr abundance.  This objective is being investigated in the Red River drainage, a tributary of the South Fork Clearwater using Dworshak hatchery stock reared at Clearwater Hatchery.  Hatchery fingerlings were stocked yearly in the SF Red River from 1993 to 1996.  Hatchery smolts were stocked in Red River yearly from 1996 to 1999.  The lag between fingerling and smolt stockings was planned so most smolts would migrate to the ocean the same year(s).  Hatchery smolts and fingerlings were differentially marked (smolts with PIT-tags and fingerlings with CWT) so we could identify adults at the Red river weir.  Adults are expected to return until 2003 from this experiment.  

Methods 

Task a:  All fish have been stocked for this experiment.

Task b:  Operate the Red River weir each spring, scan for PIT-tags and CWT, and assign adults to the fingerling or smolt release group.  

Task c:  We have snorkeled the SF Red River and Red River yearly since 1993 and will continue to survey both streams until 2004 using the methodology of Object 1, Task c.

Task d:  The null hypothesis of no differences between age 1 parr abundance produced by adults returning from smolt or fingerling release can be tested with ANOVA using a split-plot in time repeated measures design.  

Objective 3:
Assess the abundance, habitat, and life history characteristics of wild steelhead populations in the Salmon and Clearwater river drainages.

Data collected for this objective address the data and information needed prior to implementation of a supplementation program (RASP 1992): (1) what were the historical stream and stock characteristics, (2) what is the current status, trend, and performance attributes of steelhead stocks (3) are habitat and survival adequate for supplementation to be successful, and (4) how do we best match donor to recipient stocks and habitat requirements for supplementation.

We are intensively monitoring wild/natural steelhead populations in Fish Creek (Lochsa River tributary), Rapid River (Salmon River tributary), Clear Creek (Middle Fork Clearwater River), Pahsimeroi River and the Salmon River upstream of Sawtooth Hatchery by enumerating adult escapement with weirs, yearly snorkel surveys for juvenile densities, and trapping out-migrants with screw traps and PIT-tagging them to estimate smolt yield, travel time, life-history attributes, and migration patterns  to Lower Granite Dam.  In Gedney Creek (Selway River tributary) we intensively monitor the population status with yearly snorkel surveys and PIT-tag 600 - 1,200 juveniles collected during the summer. We intensively snorkel 4-8 additional tributaries of the Lochsa and Selway drainages yearly to monitor population status.  We are recording temperatures in streams throughout the state.

Methods

Task a:  We count the daily number of wild adult steelhead trapped in weirs at Fish Creek, Clear Creek, Rapid River, Pahsimeroi River, and the Salmon River at Sawtooth Hatchery.  We determine the sex, measured fork length to the nearest cm, collect scales, snip a small portion of the anal fin for future DNA analysis, inspect the fish for evidence of hooking, and used a paper punch to mark the right opercule before release upstream of the weir.    Kelts were collected and checked for a right opercule punch, sexed, and measured for length.  

Task b:  We monitor wild juvenile steelhead densities using the methodology outlined in Objective 1, Task c.  Streams surveyed each year include Fish Creek, Gedney Creek, O’hara Creek, Canyon Creek, Deadman Creek, Boulder Creek, Bald Mountain Creek, Post Office Creek, and Weir Creek. (Figure 1).  If time permits additional streams are surveyed.

Task c:  We fish the Fish Creek screw trap continuously from early March until ice-up in November, river conditions permitting.  We fish the Boulder Creek trap from late June (installed after spring runoff) until ice-up in early November.  The traps are checked daily and the number of steelhead, chinook parr, and resident trout captured and PIT-tagged is recorded.  Each fish was scanned before tagging to verify that it had not been tagged previously.  We measure fork length to the nearest mm and weight to the nearest 0.1 g of all fish that we PIT-tag.  Scales were collected from a subsample of juvenile steelhead trapped each spring (March 10 to May 31) and fall (September 1 to October 31).

We released PIT-tagged steelhead and chinook parr about 600 m upstream of the screw trap and recorded the number of recaptures at the trap daily to estimate trap efficiency and the number of migrants.  All recaptures were released downstream of the trap.   I split the trapping season into periods based on flow and time of year.  For each period I determined the number of steelhead trapped, fish released upstream (marks), and recaptured fish.  I used a maximum likelihood estimator (Wu and Steinhorst 2000) to estimate the number of migrants and a 95% CI that left the stream during each period and throughout the entire trapping season.

Task d:  Coordinate with other projects to insure that steelhead data is collected as outlined in Objective 3, Task a at all other screw traps.

Task e:  The growth rate of individual juvenile steelhead was calculated from fish we PIT tagged in streams and recaptured.  I put the recaptured fish into two groups: (1) fish that were tagged and recaptured the same year, and (2) fish that were recaptured after spending one winter in the stream.   I omitted the fish from the analysis if it was recaptured <30 days after tagging.  I calculated the growth rate (G) of a fish as:
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where
L1 = length at first capture,


L2 = length at second capture and,


D = number of days between the two captures.

I calculated the mean growth rate and 95% CI in each stream for each group that data was available.  I use ANOVA to test for differences in growth rate among the streams.  I did a regression analysis on each recapture group to determine the relation between growth rate and length at first capture. 

Task f:  Scales were taken from both sides of the fish from the preferred area (MacLellan 1987).   The scales were mounted in acetate and aged.  The juvenile fish scales in each stream were aged and the mean length of each age class was determined.  I developed length at age distribution curves for juvenile steelhead each stream using the mean length and standard deviation of each age and assuming a normal distribution. 

Using the adult scales determined the saltwater age and when possible the freshwater age.  

Task f:  Stream temperatures are recorded throughout the year in tributaries of the Salmon and Clearwater drainages.  We maintain a database of the daily mean, maximum, and minimum stream temperature at the Nampa Research office.

Objective 4:   Genetic monitoring of wild and hatchery steelhead stocks.

In 2000, IDFG crews collected fin samples from 72 wild steelhead populations and the five hatchery stocks that are reared in Idaho (Figure 2).  Dr. Jennifer Nielsen (Alaska Biological Science Center, Anchorage) is analyzing the fin samples this year using microsatellite markers.  A statewide baseline genetic database of Idaho steelhead will be created upon completion of her analysis.  

The genetics work we propose in Objective 4 is partitioned into 5 components (Objectives 4a through 4e).  The proposed work is dependent upon and expands our baseline database.  

Methods (general)

We will collect steelhead fin tissue samples in 2002-2003 from wild/natural populations and from the five hatchery stocks reared in Idaho.  We will collect fin samples from wild/natural steelhead between 90mm to 200mm fork length over a 2 – 4 kilometer length of each stream.  We will randomly sample all raceways to collect fins from the hatchery stocks.  All fins will be stored in pure 95% ethanol and shipped to the Alaska Biological Science Center for genetic analysis.   Many of the streams and fin samples obtained from them will be used to address more than one hypothesis.

The samples will be genetically analyzed and partitioned for genetic diversity using molecular (microsatellite) markers and compared to the baseline database created for Idaho steelhead in 2000-2001.  Fish will be assigned to specific strains or populations  (i.e., state of origin) using a likelihood-based assignment test (Paetkau et al. 1995) based on genetic baseline data collected 2001.  Sampling location will be selected based on areas where maximum genetic differentiation among different strains and populations is possible and reliable year-to-year sampling can be accomplished.  Estimates of the rates of straying will be based on genetic samples from adults during their upstream migration 2002-2003.  Straying is defined as the migration up a river that is not the natal origin of a fish.  Non-spawned downstream steelhead will be genotyped as individuals and excluded from straying estimates.  Genetic analysis of fish identified as hatchery stock will be assigned to a hatchery of origin using a likelihood-based assignment test based on the Snake River hatchery steelhead baseline. 

The advantage of using genetic analyses for this project is that fish do not need to have been previously marked to identify hatchery or stream of origin.  DNA extracted from fin clips or scale samples will be analyzed using multiple markers already used extensively for studies of coastal steelhead in Dr. Nielsen’s lab.  The baseline genetic data for different hatchery strains and natural populations has been collected. Varying degrees of allelic frequency differences found among different hatchery and wild populations will allow new, admixture collections to be classified to strain of origin with some degree of rigor for each of the hypotheses listed below.   

DNA extraction and amplifications methods will follow standard protocols in place in the Molecular Ecology Laboratory under Dr. Nielsen.  Tissue samples were shipped to the laboratory for DNA analyses.  Total genomic DNA was extracted using Chelex-100 resin (BioRad) or Purgene (Gentra Systems, Inc) following methods given in Nielsen et al. (1994) and from the manufacturer.  Ten microsatellites will be amplified for population level analyses in Snake River steelhead - Omy2, Omy27, Omy77, Omy207, Omy325, One(8, One(11, Ots1, Sfo8, Ssa85 and Ssa289 (see Nielsen et al. 1997 & 1998; Nielsen 1999). Amplification will follow methods given in Nielsen et al. (1999) and Nielsen & Fountain (1999), with the exception that at the USGS-BRD Molecular Ecology Laboratory we use a LI-COR Long Reader 4200 automatic sequencer and V3.00 Gene ImagIR software to visualize and size microsatellite alleles.  

Objective 4a.   Determine the relative contributions of wild and hatchery steelhead stocks in year-to-year admixtures in streams.

We propose to monitor 16 streams (Figure 3) in 2002 and 2003.  Twelve streams are located in drainages that receive yearly hatchery smolt stockings to support recreational fishing.  We also chose one tributary in each of the four major drainages (Lochsa, Selway, MF Salmon, and SF Salmon) that are managed as wild steelhead production areas and are not stocked with hatchery steelhead.  IDFG crews are collecting samples from these streams in the summer 2001 for use in this analysis.

Data analysis:  Maximum likelihood methods (Pella and Milner 1987; Smouse et al. 1990) will be used to estimate the relative contribution of each identifiable strain to stream collections by comparing the distribution of genotypic frequencies of each strain with frequencies observed in the admixture collections.  Admixture derivations and simulations of stream collections will be performed using Statistical Package for Analyzing Mixtures (SPAM, v. 3.2; Debevec et al. 2000).  SPAM uses two numerical methods for estimation of mixture composition: expectation maximization (EM), and iteratively re-weighted least squares (IRLS; Xu et al. 1994).  The EM approach finds the strain composition of a mixture for which the observed allelic frequencies would be most probable.  IRLS method minimizes the sum of squared distances between observed and expected genotypic frequencies for both the baseline populations and the mixed collection.  Confidence intervals for estimates of relative contributions will be calculated using Monte Carlo bootstrapping.

Objective 4b.   Measure the year-to-year genetic variation within selected wild juvenile steelhead populations.

We propose to collect fin samples in 2002 and 2003 from 31 of the 72 wild steelhead populations that are included in our baseline genetic database.  The 16 streams that are sampled for Objective 4a are included in this analysis.  We will collect samples from 15 additional streams that are thought to be uninfluenced by hatchery fish (Figure 3).  IDFG crews are collecting samples from these streams in the summer 2001 for use in this analysis.

Data analysis:  Analyses of heterozygosity, genetic disequilibrium, and Fisher’s exact tests for Hardy-Weinberg equilibrium (HWE) will be performed using GENEPOP version 3.1a (Raymond and Russet 1997).  HWE tests will be performed for all steelhead populations independently and combined.  Measures of inter-population and inter-year variation in allelic frequencies will be summarized as pair-wise estimates of population Fst.  Larger inter-population values of Fst implicitly lead to greater accuracy and precision of estimates of mixture composition (Pella and Milner 1987).  GENEPOP (Fisher’s Exact Tests) and ARLEQUIN version 1.1 (FSTAT pairwise comparisons; Schneider et al. 1997) will be used to test for differences in allelic frequencies between all possible population pairs. Statistical significance levels for allelic frequency comparisons and HWE will be set using sequential Bonferroni tests (Rice 1989).  Mean relatedness (rxy) among Idaho steelhead and trout populations based on Queller & Goodnight (1989) will be calculated using ARLEQUIN.  Queller’s measure of relatedness due to inbreeding will be corrected by ARLEQUIN according to Pamilo (1989).  Partitioning of microsatellite allelic variation based on analysis of molecular variance (AMOVA) will be performed using ARLEQUIN.

Objective 4c.  Estimate the rate of straying in wild adult steelhead populations.

This objective will provide insight into the rate of straying that occurs in wild steelhead populations.  We will collect fin samples from all wild adult steelhead trapped at the Clear Creek, Fish Creek, and Rapid River weirs.  In addition to the fins collected 2002 – 2004, we will include adult fin samples that were collected yearly at Fish Creek and Rapid River from 1998 to 2001.
Data analysis:  The assignment tests used to determine the probability of an individual being from hatchery or wild origin from a different natal stream is a conceptual maximum likelihood decision rule process constructed using discrete multiple character state samples, i.e. the product of expected genotype probabilities over all loci scored for an individual (Paetkau et al. 1995).  The likelihood for each individual is computed for each putative source populations based on our population baseline data, and the most likely population of origin is determined.  Posterior probabilities associated with the maximum likely population of origin have been shown to provide accurate measures of confidence in individual assignments based on multilocus genotypes and accurate baseline sample data for population allelic frequencies (Pritchard et al. 2000).

Objective 4d.  Compare Fish Creek wild juvenile steelhead captured during their out-migration and collected at different locations within the drainage to determine if there is temporal and spatial genetic variation in the basin.  Compare the juvenile groups with adults that were sampled at the weir.
We plan to make seven juvenile collections in the Fish Creek drainage.  We will compare the genetic composition among the seven juvenile groups and with the adults that were trapped at the weir.  The seven juvenile groups are: (1) smolts trapped in the screw trap during the spring (March, April, and May); (2) migrants collected in the screw trap during the summer (June – August); (3) migrants collected in the screw trap in the fall (September – November); (4) a collection of non-migrating juveniles captured during the summer months (July and August) from the weir site upstream to Pagoda Creek; (5) a collection of non-migrating juveniles captured during the summer months (July and August) from the lower 2-3 km of Hungery Creek; (6) a collection of non-migrating juveniles captured during the summer months (July and August) in Fish Creek upstream of Hungery Creek and; (7) a collection of non-migrating juveniles captured during the summer months (July and August) in Willow Creek.  We will PIT-tag all juveniles that we sample to prevent re-sampling the same fish at a later date or a different location.

Data analysis:  Analyses of heterozygosity, genetic disequilibrium, and Fisher’s exact tests for Hardy-Weinberg equilibrium (HWE) will be performed using GENEPOP version 3.1a (Raymond and Russet 1997).  HWE tests will be performed for all steelhead groups independently and combined.  Measures of inter-population and inter-year variation in allelic frequencies will be summarized as pair-wise estimates of population Fst.  Larger inter-population values of Fst implicitly lead to greater accuracy and precision of estimates of mixture composition (Pella and Milner 1987).  GENEPOP (Fisher’s Exact Tests) and ARLEQUIN version 1.1 (FSTAT pairwise comparisons; Schneider et al. 1997) will be used to test for differences in allelic frequencies between all possible population pairs. Statistical significance levels for allelic frequency comparisons and HWE will be set using sequential Bonferroni tests (Rice 1989).  Mean relatedness (rxy) among the Fish Creek groups based on Queller & Goodnight (1989) will be calculated using ARLEQUIN.  Queller’s measure of relatedness due to inbreeding will be corrected by ARLEQUIN according to Pamilo (1989).  Partitioning of microsatellite allelic variation based on analysis of molecular variance (AMOVA) will be performed using ARLEQUIN. 

Genetic distance values or the proportion of shared alleles between individuals and groups of individuals can be used to graphically depict genetic relationships.  Pairwise genetic distance values based on Cavalli-Sforza and Edwards chord distance (1967) generated using BIOSYS version 1.1(Swofford & Selander 1981) will be plotted as a neighbor-joining (NJ) tree using the NEIGHBOR and CONSENSE applications from PHYLIP version 3.57c (Felsenstein 1993).  Genetic relationships depicted in our consensus NJ tree were tested using random bootstrap replications (2000) to assess the reproducibility of branching patterns (Felsenstein 1985).

Objective 4e.  Compare suspected redband/resident rainbow trout with wild steelhead.  Investigate methods to estimate the rate of gene flow between the two populations within a drainage.
We propose to investigate the relation between resident/redband rainbow trout and anadromous steelhead in Lick Creek, Gedney Creek, Rapid River, and Bargamin Creek.  Lick Creek and Gedney Creek have redband/resident rainbows upstream of a barrier to anadromous fish.  In Rapid River and Bargamin Creek the two populations are believed to occur sympatrically.

To successfully investigate gene flow we must first test if there is enough statistical rigor from the microsatellelite markers we are using for the comparisons between redband/resident rainbow and anadromous steelhead to test for gene flow.  Founder effects in some areas may enable us to estimate gene flow but not in others.  After our initial analysis of these populations we will know if the assignment test, proposed in part 2 of the data analysis section below, can be used to estimate gene flow within the same drainage.

Collection method:  We will collect fin samples in Lick and Gedney creeks upstream and downstream of the barriers.    In Rapid River and Bargamin Creek we will classify redband/resident rainbow from anadromous steelhead on visual observation while collecting fish.

Data analysis

(1) compare redband/resident rainbow and anadromous steelhead: Analyses of heterozygosity, genetic disequilibrium, and Fisher’s exact tests for Hardy-Weinberg equilibrium (HWE) using GENEPOP version 3.1a (Raymond and Russet 1997).  HWE tests will be performed for all steelhead groups independently and combined.  Measures of inter-population and inter-year variation in allelic frequencies will be summarized as pair-wise estimates of population Fst.  Larger inter-population values of Fst implicitly lead to greater accuracy and precision of estimates of mixture composition (Pella and Milner 1987).  GENEPOP (Fisher’s Exact Tests) and ARLEQUIN version 1.1 (FSTAT pairwise comparisons; Schneider et al. 1997) will be used to test for differences in allelic frequencies between all possible population pairs. Statistical significance levels for allelic frequency comparisons and HWE will be set using sequential Bonferroni tests (Rice 1989).  Mean relatedness (rxy) among the Fish Creek groups based on Queller & Goodnight (1989) will be calculated using ARLEQUIN.  Queller’s measure of relatedness due to inbreeding will be corrected by ARLEQUIN according to Pamilo (1989).  Partitioning of microsatellite allelic variation based on analysis of molecular variance (AMOVA) will be performed using ARLEQUIN. 

(2) Estimate gene flow:  Maximum likelihood methods (Pella and Milner 1987; Smouse et al. 1990) will be used to estimate the relative contribution of each identifiable strain in the collections by comparing the distribution of genotypic frequencies of each strain with frequencies observed in the admixture collections.  Admixture derivations and simulations of fish collections will be performed using Statistical Package for Analyzing Mixtures (SPAM, v. 3.2; Debevec et al. 2000).  SPAM uses two numerical methods for estimation of mixture composition: expectation maximization (EM), and iteratively re-weighted least squares (IRLS; Xu et al. 1994).  The EM approach finds the strain composition of a mixture for which the observed allelic frequencies would be most probable.  IRLS method minimizes the sum of squared distances between observed and expected genotypic frequencies for both the baseline populations and the mixed collection.  Confidence intervals for estimates of relative contributions will be calculated using Monte Carlo bootstrapping.

Objective 5.  Estimate the amount of wild and hatchery steelhead from Idaho streams in the steelhead by-catch of the Zone 6 fall chinook fishery.
Adult steelhead are caught incidentally in the zone 6 fall chinook fishery in the Columbia River.  We propose to sample the steelhead caught in this fishery in cooperation with tribal biologists and other agencies.  We will use the Idaho steelhead DNA database to estimate the impacts on Idaho’s wild and hatchery stocks.

Methods

A sampling design must be developed and agreed upon by all Tribes and agencies with a stake in the Zone 6 fall chinook fishery that will allow an accurate estimation of steelhead by-catch and allow fin samples to be taken from the catch.  The first year (2002) will be used to develop a sampling design.  Upon agreement of the sampling plan, fin tissue samples will be collected from the steelhead by-catch.

Data analysis:  The assignment tests used to determine the probability of an individual being of  Idaho origin is a conceptual maximum likelihood decision rule process constructed using discrete multiple character state samples, i.e. the product of expected genotype probabilities over all loci scored for an individual (Paetkau et al. 1995).  The likelihood for each individual is computed for each putative source populations based on our population baseline data, and the most likely population of origin is determined.  Posterior probabilities associated with the maximum likely population of origin have been shown to provide accurate measures of confidence in individual assignments based on multilocus genotypes and accurate baseline sample data for population allelic frequencies (Pritchard et al. 2000).

Objective 6.  Assess the abundance and life history characteristics of wild A-run steelhead populations in the Potlatch River drainage.

To date, this project has focused its efforts collecting abundance and life history data from on wild B-run populations.  We propose to expand our efforts to gather similar data from wild A-run populations in the Potlatch River drainage.  The tasks and data analysis of this objective are similar to those outlined in Objective 3.

We plan to intensively monitor the East Fork Potlatch River steelhead with an adult weir to enumerate escapement as we do at other adult weirs (Objective 3, task a).  We will monitor juvenile parr densities in the EF Potlatch River and other tributaries of the Potlatch River (Little Bear Creek, Corral Creek, Cedar Creek, Big Bear Creek, and Purdue Creek).  Juvenile steelhead from these drainages will be collected electrofishing or fly-fishing and PIT-tagged.  We plan to operate a screw trap in the Potlatch River near Kendrick, Idaho using protocols outlined in Objective 3, task c, to estimate the number of steelhead migrants, obtain migration timing, collect scales for aging, PIT-tag additional fish, and to recapture steelhead that were tagged in the tributary streams.  Based on the number of recaptured fish, we can determine the contribution of specific tributaries to the out migration of steelhead from the entire drainage. 

Objective 7.  Estimate parr production, smolt production, and smolt-to-adult survival of BY2001 natural chinook that spawn in Fish Creek.
Prior to 1998 we did not observe chinook parr in Fish Creek during our snorkel surveys nor did we trap any in the screw trap.  In 1997 we observed hatchery chinook spawning in Fish Creek.  These fish were likely strays from an outplant of  Rapid River Hatchery adults in the lower Selway River on August 27 and 28, 1997.  Parr and smolts were produced and adults from BY97 returned to Fish Creek in 2001.  We propose to monitor the parr production, smolt production, and smolt-to-adult survival of the BY2001 (F2 generation) chinook salmon that spawn in Fish Creek..

Methods

The Fish Creek steelhead population is monitored by this project hence there is little additional cost involved to monitor the BY01 chinook production.  We kept the temporary steelhead weir in the stream to count the natural chinook adults returning in 2001.  We collect chinook parr densities during our summer snorkel surveys and operate a screw trap from March until November to estimate steelhead out-migration.  We will use the snorkel methodology outlined in Objective 1, Task c to assess parr production.  We will use the mark-recapture methodology to estimate chinook out-migration as outlined in Objective 3, Task c.  We will PIT-tag chinook captured at the screw trap to make a survival estimate from (1) fall (2002) pre-smolts to adult, (2) spring (2003) smolts to adult.  The additional cost to do this objective is purchasing PIT-tags to tag chinook parr and smolts.
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Figure 1.  Streams that have been snorkeled to assess steelhead population abundance in the Lochsa and Selway drainages.

[image: image7.png]DNA Collection

—

Collection Sites

Major Rivers & Streams

Idaho's
Anadromous Area

20

40 Kilometers





Figure 2.  Steelhead populations that were sampled for Idaho’s baseline genetic database in 2000.

Key to streams listed in Figure 2.

Stream

No.
Stream
Drainage

1
Boulder Creek
Lochsa

2
Brushy Fork Creek
Lochsa

3
Canyon Creek
Lochsa

4
Colt Creek
Lochsa

5
Crooked Fork Creek
Lochsa

6
Deadman Creek
Lochsa

7
Fish Creek (summer)
Lochsa

8
Fish Creek (fall migrants)
Lochsa

9
Hungery Creek
Lochsa

10
Lake Creek
Lochsa

11
Papoose Creek
Lochsa

12
Storm Creek
Lochsa

13
Warm Springs Creek
Lochsa

14
Weir Creek
Lochsa

15
Big Canyon Creek
Clearwater

16
EF Potlatch River
Clearwater

17
Jacks Creek
Clearwater

18
Little Bear Creek
Clearwater

19
Mission Creek
Clearwater

20
Clear Creek
MF Clearwater

21
Collins Creek
NF Clearwater

22
Johns Creek
SF Clearwater

23
Ten Mile Creek
SF Clearwater

24
Red River
SF Clearwater

25
Bear Creek
Selway

26
EF Moose Creek
Selway

27
Gedney Creek
Selway

28
Meadow Creek
Selway

29
Mink Creek
Selway

30
NF Moose Creek
Selway

31
O'hara Creek
Selway

32
Pettibone Creek
Selway

33
Three Links Creek
Selway

34
Captain John Creek
Snake

35
Granite Creek
Snake

36
Sheep Creek
Snake 

37
Bargamin Creek 
Salmon

38
Basin Creek
Salmon

39
Chamberlain Creek 
Salmon

40
Horse Creek
Salmon


Stream

No.
Stream
Drainage

41
Lemhi River
Salmon

42
Morgan Creek
Salmon

43
Owl Creek
Salmon

44
Sheep Creek
Salmon

45
Slate Creek
Salmon

46
Valley Creek
Salmon

47
Warm Springs Creek
Salmon

48
Whitebird Creek
Salmon

49
Pahsimeroi River 
Salmon 

50
WF Yankee Fork 
Salmon 

51
EF SF Salmon River
SF Salmon

52
Johnson Creek
SF Salmon

53
Lick Creek (lower)
SF Salmon

54
Lick Creek (upst of barrier)
SF Salmon

55
Poverty Flat area
SF Salmon

56
Secesh River
SF Salmon

57
Stolle Meadow
SF Salmon

58
Bear Valley Creek
MF Salmon

59
Big Creek (lower)
MF Salmon

60
Big Creek (upper)
MF Salmon

61
Camas Creek 
MF Salmon

62
Loon Creek 
MF Salmon

63
Marsh Creek
MF Salmon

64
Pistol Creek
MF Salmon

65
Rapid River
MF Salmon

66
Sulphur Creek
MF Salmon

67
Boulder Creek
Little Salmon

68
Hazard Creek
Little Salmon

69
Little Salmon (upst of falls)
Little Salmon

70
Little Salmon, Pinehurst area
Little Salmon

71
Rapid River
Little Salmon

72
Dworshak
Hatchery

73
EF Salmon “B-run”
Hatchery

74
Oxbow
Hatchery

75
Pahsimeroi
Hatchery

76
Sawtooth
Hatchery

77
MF Payette River
Payette

78
Big Smoky Creek
Boise

79
Little Weiser River
Weiser
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Figure 3.  Proposed streams for genetic monitoring to determine hatchery introgression (Objective 4a) and year-to-year variation (Objective 4b).

Key to streams listed in Figure 3




Monitor for

Stream


Hatchery

No.
Stream
Drainage
Introgression

1
Deadman Creek
Lochsa
yes

2
Big Canyon Creek
Clearwater
yes

3
EF Potlatch River
Clearwater
yes

4
Johns Creek
SF Clearwater
yes

5
Ten Mile Creek
SF Clearwater
yes

6
Red River
SF Clearwater
yes

7
O'hara Creek
Selway
yes

8
Morgan Creek
Salmon
yes

9
Slate Creek
Salmon
yes

10
Whitebird Creek
Salmon
yes

11
WF Yankee Fork
Salmon
yes

12
Lick Creek
SF Salmon
yes

13
Big Creek
MF Salmon
yes

14
Boulder Creek
Little Salmon
yes

15
Hazard Creek
Little Salmon
yes

16
Little Salmon, Pinehurst area
Little Salmon
yes

17
Boulder Creek
Lochsa
no

18
Crooked Fork Creek
Lochsa
no

19
Fish Creek
Lochsa
no

20
Weir Creek
Lochsa
no

21
Clear Creek
MF Clearwater
no

22
Gedney Creek
Selway
no

23
NF Moose Creek
Selway
no

24
Chamberlain Creek
Salmon
no

25
Horse Creek
Salmon
no

26
Johnson Creek
SF Salmon
no

27
Stolle Meadow
SF Salmon
no

28
Marsh Creek
MF Salmon
no

29
Sulphur Creek
MF Salmon
no

30
Rapid River
Little Salmon
no

g. Facilities and equipment
The personnel, equipment, and infrastructure of IDFG is used to do this research.  Project field personnel live in existing IDFG structures, trailers, or camping equipment.  All field equipment needed for this research such as vehicles, screw traps, PIT-tagging gear, snorkeling gear, nets, waders, etc have been purchased.  Items that need to be replaced due to wear or use (wet suits, waders, etc) are included in the yearly Operations & Maintenance budget.  IDFG has enough existing office for personnel of this project.  Office and field computers and software need to be upgraded occasionally to utilize new technologies.  The genetic analysis is done at the U. S. Geological Survey’s Alaska Biological Science Center, Anchorage.
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Alan Byrne is the IDFG project leader and Dr. Jennifer Nielsen does the genetic analysis as a subcontractor to IDFG.  Their resumes are included.
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Project leader of the steelhead supplementation research.  

1988 - 1992:  Research fishery biologist, U.S. Fish & Wildlife Service, Seattle, WA.

I conducted juvenile chinook salmon life-history research in the Skagit River estuary and the effect of fine sediment in salmonid spawning gravel on the Olympic Peninsula.  I did statistical analysis of biological data and provided technical assistance for statistics, experimental design, computers, and software to other scientists at the research center.

1986 - 1988  Graduate assistant (fisheries), University of Idaho, Moscow, ID.

I collected fish densities from Clearwater River tributaries, set up and collected stream flow data from IFIM transects, and did statistical analysis of fisheries data.

1985:  Fisheries technician, Pacific Northwest Research Center, Corvallis, OR.

I collected fish density and stream habitat data for research projects on Oregon coastal streams and the Mt. St. Helens volcanic blast area.

1978 - 1983:  Forestry contractor, self-employed business, Kooskia, ID.

I ran a small forestry contracting business doing pre-commercial thinning, reforestation, timber stand exams, and forest habitat surveys for federal and state agencies in Idaho and Montana.

1976 - 1977:  Forestry technician, Clearwater National Forest, Orofino, ID.
I worked on tree thinning , tree planting, fire, and watershed management crews.
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Dr. Jennifer Lee Nielsen
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1011 East Tudor Road

Anchorage, Alaska 99503

Phone (907) 786-3670  FAX (907) 786-3636
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1990 MSc. University of California, Berkeley
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1987 BS The Evergreen State College, Olympia, WA
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1994-1999 Stanford University - Hopkins Marine Station
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