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a. Abstract 
To date, populations of salmonids within the Columbia River Basin have been targeted for conservation based on neutral genetic measures of reproductive isolation as well as observed phenotypic differentiation.  It remains unclear if these guiding principles have adequately addressed underlying quantitative variation.  Further, it is unclear whether hatchery programs have adequately maintained quantitative variation.  We propose to undertake a “common garden” experiment using adults derived from three spring and three fall chinook propagation programs spanning the geographic range of propagation activities within the Columbia River Basin.  By employing a half-sib mating protocol, in conjunction with an analysis of variance and covariance performed on fish of known relation, we intend to search for significant genotype x environment interaction and stock effects.  The presence of such effects would presumably denote different distributions of quantitative variation among life history types and geographic regions spanning the range of chinook salmon within the Columbia River Basin.  In addition, this study will: 1) quantify the presence and degree of adaptive genetic differentiation expressed by the geographic and life history range of chinook salmon under propagation in the Columbia River Basin; 2) assess the degree to which heterozygosity at molecular (putatively neutral) loci can be used as a proxy for quantitative variation; and 3) examine the degree to which environmental stress affects genetic drift at putatively neutral molecular loci.  The results of this study will provide guidance in identifying and prioritizing populations for conservation activities.  Further, this proposal will test several proxies (e.g., heterozygosity and juvenile performance) that may be useful for rapidly measuring the adaptive capacity of stocks.

b. Technical and/or scientific background
Introduction

Within the Columbia River Basin, salmonids have been listed under the Endangered Species Act (ESA) as a number of Evolutionarily Significant Units (ESU).  ESUs are created under the hypothesis that there are a number of populations that maintain gene flow at some level with one another, but are substantially reproductively isolated from other such population groups (Waples 1991).  Further, it is assumed that these groups maintain the potential to diverge independently in evolutionarily meaningful ways, and that the loss of such groups would constitute an irreplaceable loss of an evolutionary legacy (Waples 1991).  

To date, ESUs have been identified using neutral genetic measures of differentiation and by observed differences in life-history characteristics (e.g., spring versus fall chinook salmon).  While significant genetic divergence at putatively neutral loci is typically a good measure of reproductive isolation (Coyne and Orr 1997), fluctuations in census and effective population size can obscure or spuriously inflate true genetic distance (Hedrick 1999).  In addition, the study of neutral genetic variation provides no information to assess the evolutionary significance of isolation (Hard 1995), or to determine whether or not observed divergence is biologically meaningful (Hedrick 1999).  Further, while differences in life-history characteristics presumably reflect local adaptation, it is difficult to infer from simple observation whether these phenotypes arise in part from quantitative genetic divergence, or simply because of the effects of a different environment on similar genetic variation and architecture (Caswell 1983).

While population structure as inferred by neutral genetic variants provides a valuable contribution to the identification of potentially discrete spawning aggregates, we propose that a more rigorous assessment of quantitative variation is the next step in assigning the biological units of conservation and assigning management priorities.  Simply stated, the identification and conservation of quantitative variation is necessary to ensure that ESUs or management units retain evolutionary potential.  The first step in assessing the presence of quantitative differentiation is determining the geographic and environmental scales typifying quantitative divergence.  To do so, we propose to collect adults from a number of hatchery programs within and between Columbia River ESUs.  Adults within each sampled population will be mated in a half-sib design and reared in a series of common environments.  Continuous physiological and meristic characters will be measured at emergence.  An analysis of variance and covariance will allow estimation of both quantitative differentiation and heritability of meristic characters based on differential expression of these characters among individuals of known relation in a series of common environments (Falconer and Mackay 1996).  

We submit that a crucial step in the conservation and recovery of anadromous salmonids is the identification and conservation of adaptive genetic variation.  The scale and magnitude of adaptive differentiation observed in this study will provide mangers a means to assess the geographic scale at which adaptive differentiation can be conserved, as well as a set of meristic measures with known inheritance rates with which to measure the potential for adaptive differentiation.  These tools will enhance our ability to meaningfully identify and prioritize stocks for conservation activities.

Experimental Context

In order to assess the presence and degree of quantitative genetic differentiation within and among chinook salmon populations within the Columbia River Basin, we propose to perform a “common garden” experiment with six Columbia River hatchery stocks spanning the range of geographic and life history characteristics.  Hatchery programs were selected based on the following criteria: 1) broodstock derived from within the ESU (e.g., representative of local quantitative variation); 2) samples are intended to span the gross range of life history types (e.g., sampling includes spring and fall chinook programs) across the geographic distribution of Columbia River chinook salmon; and 3) hatcheries must have a “proven” production history, such that collection of adults for this project does not unduly compromise recovery or production goals.  In order to maximize the probability of sampling the range of genetic variation encompassed by a stock, we intend to collect half of the sample at each location from the first half of the run, and the remainder from the second half of the run.  To avoid decreasing diversity within each program, 1,600 eggs will be collected from each sampled female, and approximately half of the available milt will be collected from each male, the remaining gametes will be left at the hatchery for incorporation into their production.  

The eggs of each female will be divided into 2 groups and each group will be fertilized with a separate male.   The eggs will then be further subdivided into 4 allotments of 200 eggs each (8 total allotments), creating 2 half-sib groups per female.  One allotment from every cross will remain at the original hatchery site, to be incubated at ambient hatchery temperatures.  The remaining 6 lots from each female will be transferred to the Collaborative Center for Applied Fish Science (CCAFS) in Hagerman, Idaho to be incubated under three treatments.  Total number of groups from each hatchery will equal 480 (Figure 1). Three experimental treatments will be performed at the CCAFS; 10˚C rearing water; 16˚C rearing water; and 10˚C rearing water at 3 ppm dissolved oxygen.  For each family, a number of continuous traits will be measured through emergence (see 1c.).

Since temperature and oxygen exert a strong influence on 0the life history of salmon and steelhead (Brannon et al. 2002), performance of embryos exposed to different temperature and oxygen regimes may be an indication of the general amount of quantitative variation present within and between sample groups.  We would suggest, therefore, that embryo condition and survival during incubation can be a surrogate for the presence of adaptive variation influencing other life history phases.  The Columbia Basin represents a microcosm of environments that have been most conducive to the elaboration of very different life history forms within and between species. These varying environmental conditions are the biological foundations that separate salmon stocks.  Life histories are defined by the adult return, spawning, incubation, rearing, and marine phases that are expressed by the species in the river system, and can be roughly divided into spawning/incubation and the rearing/emigration profiles.  The genetic diversity apparent within a population is considered an important component in their ability to adapt to new and changing environments within these profiles.  If there is a correlation between genetic diversity and incubation performance, knowing the genotypic diversity of a stock may provide insight to overall survival success and genotypic diversity for other quantitative characters.  We submit, therefore, that performance of embryos during the incubation phase of their life history can be used as an assessment of adaptive variation, and thus can be a predictive tool for the likelihood of success over the remainder of their life history. Likewise, heterozygosity can also be used as a corollary to fitness and to embryo performance in these experimental stocks.

This proposal will assess genetic diversity among chinook salmon hatchery populations that span the geographic and life history ranges among chinook within the Columbia River Basin.  Incubation performance will be examined based on challenges under stress from temperature and oxygen level, using a suite of assessment criteria.  Potential correlations between performance factors during incubation and genetic diversity will be examined.  Differential success among family lines to environmental challenges will also be assessed by examining changes in offspring genotype from that of the parents.  Equalized familial representation across treatments will allow for the removal of variance associated with familial lines and variance due to drift. These data will then be evaluated with respect to the hatchery stock success, based on the past history of smolt outmigrant and adult return performance, to determine if correlations exist between incubation performance (fitness) and survival to later life stages.

To put such assessment in a more practical timeframe, it is necessary to facilitate earlier predictive ability of hatchery fish performance.  We propose that monitoring and assessment of salmon embryo performance through the incubation period can provide such a mechanism.  Liskauskas and Ferguson (1991) demonstrated that genotypic heterozygosity of protein alleles was a measure of fitness in brook trout (Salvelinus fontinalis).  In their work, survival and growth were shown superior in heterozygous individuals.  Hutchings (1991) looked at other parameters of fitness in brook trout and made similar conclusions about fitness and size.  Danzmann et al. (1988) also demonstrated that multilocus heterozygosity in rainbow trout (Oncorhynchus mykiss) resulted in increased metabolic efficiency.  Moreover, other empirical evidence has also shown that heterozygosity of protein coding loci in other species correlates with increased fitness.  Quattro and Vrijenhoek (1989) showed fitness differences in remnant populations of topminnows were based on heterozygosity.  Zouros and Foltz (1987) correlated heterosis with allelic isozyme variation, and Allendorf and Leary (1986) showed relationships between heterozygosity and fitness in natural populations of animals.  Beacham (1987) suggested that genotype – temperature interactions could underlie phenotypic variations in pink and chum embryo development, while Hebert et al. (1998) demonstrated quantitative genetic variation in development rate of pink salmon, and suggested interaction between genotypes and environmental variation were pertinent to hatchery programs.

In short, this proposal will measure will accomplish three goals:

1. Quantifying the presence and degree of adaptive genetic differentiation expressed by the geographic and life history range of chinook salmon in the Columbia River Basin.

2. Assessing  the degree to which heterozygosity at molecular (putatively neutral) loci can be used as a proxy for quantitative variation.

3. Examine the degree to which environmental stress affects genetic drift at 

putatively neutral molecular loci.

c. Rationale and significance to Regional Programs
Anadromous salmonids throughout the Columbia River Basin have been propagated at a large scale over and extended period of time.  In many drainages, hatchery chinook return to spawn naturally, and conversely natural origin fish are included in the broodstock by design or occasionally by accident.  In this proposal we are implicitly assuming that the effects of domestication and relaxed natural selection in the hatchery environment have not greatly decreased quantitative variation specific to geographic stock identity, and that hatchery stocks retain quantitative trait variation present among their naturally spawning conspecifics.  However, we are not minimizing the potential for the loss of adaptive variation within hatcheries, rather we propose that a lack of quantitative differentiation between geographically distant groups, or between life history types would suggest that selection within the hatchery environment decreases adaptive diversity, or that stocks do not differ greatly in adaptive potential (a hypothesis that would be tested by Phase Two).  The results of this study will therefore be valuable for measuring, quantifying, and evaluating the genetic and ecological consequences of outplanting hatchery origin fish in wild populations. Although the ultimate criterion in determining the response of a population to supplementation activities is adult return survival and reproductive viability under natural conditions, waiting 4 to 5 years to complete each phase of such work can take many years, and even then without any certainty of success.

The results of this study will address several of the priority research needs identified below by The Federal Columbia River Basinwide Fish Recovery Strategy (FCRPS).

Future Needs: Priorities for the Mainstem/System-wide Fish Wildlife Program Solicitation

	Artificial Production Program
	Future need identified

	RPA 169, 182
	Estimate the rate of domestication in a hatchery setting

Provide information on traits that are under selection in different environments

	RPA 175, 184
	Evaluate the effects of timing of freshwater transfer and rearing temperature on seasonal timing of spawning spring chinook to aid in understanding impacts of temperature on reproductive performance of either captively-reared fish or migration adults

	RPA 184
	Determine the rate of naturalization- i.e. the rate at which fitness increases when domesticated population spawns and rears naturally


Why are Genotype-Environment Interactions Important?

The strength of the GxE interaction is key in the development of a diversified aquaculture conservation program. In a typical program, fish managers create conditions that are consistent and maximize fish survival and productivity. Once such a program is established, it is perpetuated everywhere hatcheries are created. From an evolutionary perspective, environmental differences among hatcheries are minimal, and the same genotypes may prevail. A good fish breeder will be very successful at optimizing fish production. Not only that, but good fish breeders will obtain seed from each other based on their proven productivity in the hatchery environment. The result of this is that hatcheries are potentially reducing the stock variability in any system. This is a problem in a conservation framework. Conservation hatcheries should be attempting to rear local broodstock, a different goal than what is typically assigned to the hatchery manager.  For example, at high food input (such as typical of hatcheries), a particular genotype may be always superior (Figure 1). Such systems are not likely good replicates of natural systems. From Figure 1, it is clear that different genotypes may have superior performance under varying environmental conditions. The strength of this argument depends on the scale of the variance components. Under a local adaptation model widely acknowledged as critical of salmonid survival in a highly heterogeneous environment, it is argued that the GxE interaction is much stronger than the performance of a genotype across all environments (i.e. there are no genotypes that are superior in any salmonid environment). If GxE interaction is weak, then genotypes that perform better in all environments are possible. Knowledge of the strength of GxE interactions is critical in setting the geographic scale to local adaptation and the role of hatcheries in metapopulation health and recovery.

As described by Frankham et al. (2002), genotype-environment interactions are a major significance to the management of endangered species. The reproductive success of transplanted populations cannot be predicted if there is significant and strong genotype-environment interaction. Success of hatchery programs may be compromised by genetic adaptations to artificial environments since superior genotypes in hatcheries may not perform well once released into the wild. Mixing of genotypes from different fragmented populations may result in genotypes that do not perform well under the local conditions. Knowledge of the importance of genotype-environment interactions can assist in determining the choice of populations or population assemblages for restoration.
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Figure 1 : Differences in yield as a function of input (in this proposal temperature) varies among genotypes. Knowledge of the importance of this interaction components is a building block of local adaptation, and is required to optimize hatchery designs. From Doyle et al. 1991.

EXPECTED BENEFITS TO F&W PROGRAM

Genotype-environment interactions may play an important role in determining the performance of fish transplanted into the wild from supplementation programs. This may be particularly the case where the stock has been reared in hatcheries for several generations. If GxE interactions are of a small magnitude, we predict that the superior genotypes would perform better in all geographic areas. If, on the other hand, GxE interactions are important in determining reproductive value, then hatchery programs may have a small, local role in population enhancement. The source populations selected for this study were made in order to maximize opportunity for a GxE interaction variance component. If a significant interaction term is estimated, we propose a second phase where we would employ O. mykiss for hatchery/ wild comparisons. The resident form of this species is particularly interesting to test the hypothesis that survival and other physiological traits differ between closed hatchery populations and their wild counterparts such that reproductive value is maximized in their respective environments. Further, the differences are expected to increase with increasing time in captivity. Since rainbow trout populations are often completely closed when hatchery programs are established, and in other cases, rainbow trout genotypes are actively selected for maximum performance in aquaculture, a wide range of programs should be available for testing.

To validate the model, we will compile survival information from hatchery programs where hatchery and wild fish were used for broodstock. Comparison of hatchery and wild lines within hatcheries will permit evaluation of some of the assumptions of this study on a practical application level.

Conservation would be better served if the appropriate scale of local adaptation were determined for use in hatchery supplementation programs.

d. Relationships to other projects 

The results from this study will support the 3 projects identified below

Table 1.  Current projects addressing Artificial Production Program research needs that are complemented by this proposal.(Mainstem/systemwide province artificial program summary – table 1)

	Project Id.
	Title
	Sponsor

	198909600
	Monitor and evaluate genetic characteristics of supplemented salmon and steelhead
	National Marine Fisheries Service, Conservation Biology Division

	199005200
	Performance/stock productivity impacts of hatchery supplementation
	Biological Resources Division, U. S. Geological Survey

	199009300
	Genetic analysis of Oncorhynchus nerka (modified to include chinook salmon)
	University of Idaho


Monitor and evaluate genetic characteristics of supplemented salmon and steelhead- The genetic diversity apparent within a population is considered an important component in their ability to adapt to new and changing environments.  If our work shows that there is a correlation between genetic diversity and incubation performance, knowing the genotypic diversity of a stock may provide insight to overall survival success.  Genetic diversity among hatchery stocks is within the level of control of the breeding protocols. 

By combining the information from both of these studies, genetic diversity can be maintained and even promoted for maximum fitness under natural stream conditions. 

In our study we will be evaluating the performance of embryos during the incubation phase of their life history The results of this study can be used as an assessment of population fitness, and thus can be a predictive tool for the likelihood of success over the remainder of their life history.  Likewise, heterozygosity can also be used as a corollary to fitness and to embryo performance in these experimental stocks.  

This proposal is to assess genetic diversity among chinook salmon hatchery populations that have had differing degrees of exposure to artificial propagation.  Incubation performance will be examined based on challenges under stress from temperature and oxygen level, using a suite of assessment criteria.  Potential correlations between performance factors during incubation and genetic diversity will be examined.  Differential success among family lines to environmental challenges will also be assessed by examining for changes in offspring genotype from that of the parents.

Performance/stock productivity impacts of hatchery supplementation 

This study has focused on the productivity of hatchery and wild fish in the wild.   Our study will provide additional information on the effect of domestication of hatchery chinook salmon over a range environmental stressors.  If incubation success can be related to stock fitness, managers will be able to use hatchery fish for supplementation and rehabilitation of endangered salmon runs   

Genetic analysis of chinook salmon- The information gathered in this study will expand our knowledge of hatchery chinook salmon genetics.  This proposal will assess genetic diversity among chinook salmon hatchery populations that have had differing degrees of exposure to artificial propagation.   Potential correlations between performance factors during incubation and genetic diversity will be examined.  Differential success among family lines to environmental challenges will also be assessed by examining for changes in offspring genotype from that of the parents.  Equalized familial representation across treatments will allow for the removal of variance associated with familial lines and variance due to drift.    

e. Project history (for ongoing projects) 

N/A

f. Proposal objectives, tasks and methods
Objectives
 

1. Evaluate performance factors of chinook salmon embryos challenged with temperature and oxygen stress during incubation.

The Ho is that no relationships exist between incubation performance and stress from high temperature and low dissolved oxygen. The H1 corollary is that such relationships do exist, and that such factors can be used to evaluate ability of embryos to tolerate physical stressors associated with natural environmental variation.

2. Determine the relationship between incubation performance and individual multilocus heterozygosity.

The Ho is that no relationships exist between incubation performance and genetic heterozygosity.  The H1 corollary is that such relationships do exist, and that performance is a function of diversity. 

3. Assess the impact of incubation challenges on genetic drift between parents and progeny.

The Ho is that performance under incubation challenges result in non-significant genotypic differences between parents and progeny.  The H1 corollary is that such response to stress is selective, and selection may be detectable as increased genetic drift observed between parents and their progeny surviving challenge exposure.

4. Determine the relationship between incubation performance and survival to the smolt and adult life stages.

The Ho is that no relationships between incubation performance and survival to smolt and adult life stages.  The H1 corollary is that general life history performance is related to performance demonstrated by embryos during the incubation phase.  Application of such relationships would be to use incubation success as a predictor of expected performance through the adult stage, and thus satisfy the goal to having a mechanism to estimate survival success of hatchery stocks used for supplementation and rehabilitation. 

Task 1a.  Test Hatcheries
Collect 60 prespawn chinook salmon from each of 6 chinook salmon hatchery facilities including; Lyons Ferry Hatchery (fall chinook), Rapid River Hatchery (spring chinook), Priest Rapids (fall chinook), Cle Elum (spring chinook), Spring Creek Hatchery (fall chinook), and Cowlitz River (spring chinook). Half the prespawn adults (15 males and 15 females) will be collected  during the first half of the run and 15 each during the last half of the run.  Hatchery runs identified are intended to represent the geographic and life history  range of chinook salmon under propagation within the Columbia River Basin.  

Task 1c.  Test Treatments

Setup 3 incubation systems at HFCES to accommodate incubators exposed to three treatments:

1. Incubation at 10˚C as control lots.

2. Incubation at 16oC as temperature stress lots.

3. Incubation at 10o C at 3ppm dissolved oxygen as oxygen stress lots. 

Use the ambient spring water to provide 16˚C water for treatment 2.  Operate HFCES water cooling system to provide constant 10˚C water for treatment 1 and 3.  Build a nitrogen gas stripping column system to provide deoxygenated water for treatment 3. Arrange for thermographs at each hatchery and 3 units at HFCES for monitoring temperature.

Task 1b.  Experimental Lots

At each hatchery collect 1600 eggs from each of 30 chinook females and milt from 30 males in the first half of the return run and 30 each form the second half of the run.  The eggs of each female will be divided into 2 groups and fertilized each with separate single males.   The eggs will then be further subdivided into 4 allotments of 200 eggs each (8 total allotments), creating 2 half-sib groups per female.  One allotment from every cross will remain on site, to be incubated at ambient hatchery temperatures.  The remaining 6 lots from each female will be transferred to Hagerman to be incubated under the 3 treatments.  Total number of groups from each hatchery will equal 480 (Figure 1).

Task 1c.  Data recorded. 

The data recorded over the incubation period will include:

1. Daily mortality

2. Percent unfertilized

3. Egg diameter (0.1 mm) of 30 eggs/lot at eyeing 

4.  Total volume of each separate allotment  (0.1 ml) at eyeing

5.  Dates when the 25%, 50%, 75% of embryos have hatched

6.  Date when 50% of the alevins reach yolk absorption

  7.  Length and weight at yolk absorption

 8.  Condition index at yolk absorption

  

9.  Incidence of disease

10.  Number of deformities

11.  Lateral line scale count.

12.  Vertebrae count.

During the incubation period, each lot will be checked daily to remove and record mortality.  The number of unfertilized eggs will be assessed by the absence of embryo development in mortalities cleared for observation prior to eyeing, and by blanks after eyeing takes place.  Length of 30 alevins (0.1 mm) at yolk absorption will be taken as total length.  Yolk absorption will be determined by visually inspecting embryos to determine if chromatophores cover yolk sac i.e. “buttoned up” (Beachman 1988).  One hundred alevins will be will be preserved for genetic analysis. 

Task 1.d.  Incubation Data Summarization

The data from each egg allotment (HFCES and each hatchery) will be summarized.  The means in egg diameter and volume at eyeing; alevin weight, length and condition factor at yolk absorption; standard deviations; range of temperature units to hatching and yolk absorption; percent hatch; percent mortality, and the incidence of disease and deformity will be analyzed as performance or performance related factors.  

Task 2a – Genetic Analyses

Partitioning Variance 

We know from first principles that the total phenotypic variance can be decomposed as follows: 

Vp = Vg + Ve + 2 Covg,e

In this proposal, several variance components have been identified: population, early/late timing within population, sire, treatment (temperature/oxygen), and random error. Variance components can be tabulated as follows:

	Analysis of variance for hierarchical classification of variance components.



	Source
	d. f.
	Variance Component

	Total
	n-1
	(p2

	Among populations
	p-1
	(e2+r(s2+rs(t2+rst(p2

	Among treatment within populations
	P(t-1)
	(e2+r(s2+rs(t2

	Among sires within treatment
	Pt(s-1)
	(e2+r(s2

	Among individuals (dams) within sires
	Pts(r-1)
	(e2


This design will allow us to detect main effects as well as interaction terms. The sampling of early and late components of the run within populations is treated as a systematic sampling component to ensure that the entire run is properly sampled, rather than a non-random source of variance, and thus does not appear separate component in the table above but is imbedded within populations. Depending on the scale of the variance components within the above table, not all variance components would be included in detecting a genotype by environment (GxE) interaction term. When there is an interaction between the genotype of an individual and the environment (as would be hypothesized in local adaptation), the phenotype of an individual in not the simple sum of the genetic and environmental components of variance (P=G+E) but includes an interaction term (P=G+E+IGE).

Population Genetic analyses

As stated in Task 1, thirty females and males randomly sampled from early and late segments of each hatchery program will be randomly assigned to 2x2 spawning matrix (i.e. each female is crossed with two males and vise versa). All parents will be fin clipped for later genotyping.  

Fin clips taken from all adults will be digested and DNA extracted using standard manufacture’s protocols from Qiagen( DNeasy( in conjunction with a Qiagen( 3000 robot.  Genomic DNA will be quantified and arrayed into 96 well plates for high throughput analysis. PCR will be used to amplify seven microsatellite loci designed from O. tshawytscha (Ots1, Ots2, Ots3, Ots9, Ots10; Banks et al. 1999) and O. mykiss (OMM1020; GenBank Accession AF346679 and Omy77; Morris et al. 1996) from genomic DNA.  PCR amplifications will be performed using the AmpliTaq Reagent System (Applied Biosystems() in an MJ( PTC-100 thermal cycler following manufacturer’s protocols, with approximately 50 ng template genomic DNA in 15 (l total volume.  Typical cycling conditions included an initial denaturation of 5 min at 96(C, followed by 30 cycles of 30 sec at 94(C, 30 sec at 50o-62ºC, and 30 sec at 72(C.  Final extension is carried out for 10 min at 72(C.  Annealing temperature is adjusted to optimize PCR conditions (Ots1 = 58(C, Ots2 = 58(C, Ots3 = 50(C, Ots9 = 58(C, Ots10 = 58(C, OMM1020 = 62(C, Omy77 = 58(C).  Forward primers are fluorescently labeled (Applied Biosystems(), and PCR products will be genotyped using manufacture’s protocols with an Applied Biosystems( model 3100 genetic analyzer.

To estimate the level of within-population genetic diversity, expected heterozygosity (HE; eq 8.4 Nei 1987) will be calculated for all microsatellite loci.  Private alleles are defined as alleles existing in two or less of the five sample populations and calculated for each sample population over all loci.  Significant differences in heterozygosity are evaluated between sample populations using the Wilcoxin signed ranks test, implemented in SyStat (SPSS Inc.). 

Exact-significance testing methods are used to evaluate conformance to Hardy-Weinberg and linkage equilibria, and homogeneity of spatial distributions of genetic variance.  Unbiased estimators of exact significance probabilities will be obtained using the Markov-chain algorithm described in Guo and Thompson (1993), as implemented in GENEPOP, using 500,000 steps.  To test for allele frequency homogeneity, the null hypothesis that alleles were randomly distributed among samples will be evaluated (Raymond & Rousset 1995b).  Corrections will be made against Type I error using the Bonferroni method (Rice 1989).  Probabilities over loci will be combined using Fisher’s method (Sokal and Rohlf 1995).

The Weir and Cockerham (1984) method for generating unbiased F-statistics has been chosen to analyze patterns of genetic diversity within and among samples. FIS refers to the local inbreeding coefficient, and will be calculated for each of the five sample populations.  Because co-dominance is occasionally compromised as an artifact of PCR amplification (Hare et al. 1996), when considering a single, randomly mating population, this test may serve as a quality control to assure markers are co-dominant.  If, however, individual collections are in equilibrium, but combined collections are out of equilibrium, a heterozygote deficiency may indicate there is non-random mating among individuals in the combined collection (Wahlund effect).  FST estimates will be obtained using GENEPOP v. 3.3 (Raymond & Rousset 1995a).  We will measure pairwise genetic divergence within and between populations with corrections made against Type I error using the Bonferroni method (Rice 1989).

To further investigate the distinctiveness of each individual, and the success of crosses, Parentage assignments (maximum likelihood tests, Sancristobal and Chevalet 1997) will be performed as outlined in Weir (1996) and Bernatchez and Duchesne (2000).  Exclusion tests calculate the probability that an individual's multi-locus genotype is derived from a single cross via the exclusion of other possible allele combinations from potential parents. These methods have been used successfully with several aquatic species of both hatchery and wild origin including most recently turbot and rainbow trout (Estoup et al. 1998) and Atlantic salmon (Letcher and King 2001).  

Task 2b – Covariance of Treatment and Heterozygosity 

Progeny from each treatment will be assigned back to parental crosses. The relative success of each cross, on each treatment from each group (hatchery) can then be assessed. Variance associated with poor crosses, poor females or poor males can be examined and removed from the results leaving treatment effects and levels of heterozygosity as remaining variables.  Covariate analysis will thus permit association of performance with genetic diversity This technique is commonly employed in animal breeding and has been demonstrated in aquatic species (Anang et al. 2001; Dodenhoff et al. 1999; Kinghorn 1983)

Task 2c -  Independence.

To examine for correlation between incubation success and diversity as measured by performance factors, it will be necessary to first test for independence of the variables. Individual assignments will be tested for independence from treatments using Haber’s Chi Square corrected for continuity (Zar 1996). 

Task 2d - Correlations.

With performance not independent of the indicators, correlations will be measured. The level of correlation between non-independent variables will be assessed using a two-tailed correlation (2 and rn) analyses.  The data will be summarized in double dichotomous tables (a 2x2 contingency table with no set rows or columns), testing performance against the indicator.  

Two measures will be used because they offer advantages over usual one-tailed tests. First, they are two-tailed so that negative correlations can be evaluated and second, they are amenable to hypothesis testing for significance (as done above using Chi square analysis).  A table will be set up with all the variables (a priori) to also evaluate the probability of the correlation.  An executable Excel spreadsheet will be used to calculate the various measures of significance and correlation. If the values are extrapolated a range of probability, as covered in: Zar(1996). 

Based on the evaluation of the suite of performance factors under the different treatments, genetic diversity will thus be evaluated as a potential mechanism for use in assessing stock fitness.  The presence of a correlation between genetic diversity and incubation survival will be considered evidence that genetic diversity can be used as a fitness factor for application in supplementation and rehabilitation programs.

After button-up tissue samples of progeny will be taken from each treatment.  Half of the surviving progeny will be analyzed as a composite sample to compare with parental genotypes.  Genetic samples will be treated as outlined in Task 2a, and analysis for significant genetic differences made between progeny and parents. Covariance associated with familial origin will be removed.

Thus, the the loss of heterozygosity among progeny will be compared to incubation success to determine if heterozygosity is a reasonable proxy for a selective loss of alleles and therefore a lower fitness of the egg lot compared to lots showing no difference between parents and progeny.  

Task 4a – Hatchery Production Success

Hatchery production and return success will be evaluated based on the history of hatchery contribution (harvest and escapement) in the fishery where sufficient data (most likely tag returns) is available.  The years with sufficient data for evaluation will vary among the hatcheries, but these data will be used to establish the general performance of the different hatchery populations, based on enumeration data for smolts and adults.  Evaluation will include the length of time that culture has been employed, and the location of the hatchery in the Basin to correct for losses incurred from exposure to the hydro system, 

Task 4b - Incubation Performance and Survival of Later Life Stages.

The data generated from incubation performance (2d and 3) will be compared with performance of smolts and adults of the respective hatchery population (2c and 4a).  These analyses will provide the basis of any conclusions made about using embryo incubation success as an indicator of hatchery population fitness for application in supplementation and rehabilitation programs.  Data from year one will be used to make any experimental design changes in year 2 studies on additional populations of chinook salmon, and in year 3 on studies directed at performance of O. mykiss in the system.

g. Facilities and equipment
The research will be conducted at the Collaborative Center for Applied Fish Science, located at the Hagerman Fish Culture experimental Station, Hagerman, Idaho. 
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