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I.  Executive Summary

The Nez Perce Tribe proposes implementation of a summer chinook supplementation program in Johnson Creek for three reasons: (1) short-term demographic risks of extinction are high for the summer chinook stock within Johnson Creek, and remediation (such as dam removal) is unlikely to occur before extinction (2) further delays in implementing a supplementation program will decrease the potential for recovery, and (3) the abundance of summer chinook currently returning to Johnson Creek is insufficient to utilize available habitat. The goals of the Johnson Creek Artificial Propagation Enhancement Program  (JCAPE) are: (1) prevent extirpation of the spawning aggregate present in Johnson Creek (2) preserve genetic, ecological, and behavioral attributes of Johnson Creek summer chinook while minimizing the potential impacts to other stocks, and (3) build a naturally-sustaining summer chinook population once factors contributing to the initial decline are addressed.

The potential benefits offered by the JCAPE program are substantial given the status of the spawning aggregate in Johnson Creek.  The geometric mean recruit per spawner relationship for Johnson Creek from 1985-1990 was 0.64 (Mundy 1999). Therefore, the first priority of the JCAPE is to prevent further demographic decline of this spawning aggregate.  Recovery will require that adult to adult replacement of the naturally spawning population component is greater than or equal to one.  This recovery goal suggests that smolt to adult return rates (SAR’s) must be increased by 2%-6%.  Therefore, until the factors resulting in low survival are addressed, the primary goal of the JCAPE will be to forestall extinction and avoid further losses of genetic variation. 

The JCAPE is based on the principles of supplementation, whereby naturally and hatchery-reared fish are regarded as indistinguishable components of the same population.  Naturally spawned individuals will be deliberately spawned with hatchery returns (when collection of hatchery returns is necessary to meet broodstock goals).  There will be no attempt to limit or interfere with in-stream spawning of hatchery and naturally reared individuals.  Following these principles, the JCAPE seeks to avoid genetic and phenotypic divergence between hatchery-reared and wild components of the population.

Since supplementation is viewed as an experimental approach to restoration, prior to implementation of the JCAPE, the Nez Perce Tribe was required to assess the risks and benefits posed to both Johnson Creek (target) as well as other Snake and Columbia River (non-target) spring and summer chinook stocks.  To guide this analysis we followed the draft document "Towards a risk/benefit analysis for salmon supplementation" produced by Waples (1996).  Waples (1996) states that artificial propagation may be necessary when: (1) a “natural population faces a high short-term risk of extinction” and (2) “restoration of populations in historically productive but currently barren habitat …is to be accomplished within a short (in human generations) time frame.”  If these two criteria are met, the risk/benefit analysis “should focus on the choice of appropriate donor stock and on efforts to minimize adverse effects on nearby populations” (Waples 1996).  Many of the "risks" outlined by Waples (1996) are of a theoretical nature, and we lack the data to adequately assign a probability to their occurrence.  Therefore, to implement this analysis we examined experimental and theoretical studies in the context of current and past management actions.  Each of the risk topics was assigned a value of high, moderate, or low in relation to the population(s) of spring/summer chinook within the Snake River ESU, and all stocks within the Columbia Basin.  The following is a summary of our conclusions.

Population Structure in the Snake River Basin

A sound understanding of the genetic structure of the species of interest is a prerequisite to the assessment of the genetic impacts of human activities such as introductions, transfers, or stock enhancement on natural populations. However, it is difficult to measure the induced directional genetic changes in life history traits affecting fitness (such as growth, fecundity and maturity).  Therefore, it is critical to understand how genetic variation is distributed both within and among populations, as well as temporal vs. geographic components. Such a breakdown of variance components requires a rigorous and balanced study design.  For spring/summer chinook within the Snake River Basin, these data are available for a limited number of watersheds, for only two years.

Analysis of the existing allozyme data for Snake River spring/summer chinook suggests that limited population structure may exist, both geographically and temporally.  However, only 3% of the total genetic variance is explained by differences among spawning aggregates between watersheds, suggesting that the observed stock structure may not be biologically meaningful.  Within the South Fork of the Salmon River (SFSR), consistently significant differences are found between the Secesh River and Johnson Creek spawning aggregates.  However, neither of those populations consistently remains significantly different from the McCall Hatchery.  These results are consistent with the hypothesis that in years of low adult returns a founder effect creates spurious population structure within the SFSR.

Given the lack of stable stock structure within the SFSR, we find no compelling evidence to suggest that the spawning aggregates in the SFSR are demographically or genetically distinct entities.  Given the evidence suggesting metapopulation structure within the SFSR, we suggest that supplementation should seek to preserve not only individual spawning aggregates, but also gene flow among those aggregates.  

Impact of the JCAPE

Analysis of the existing demographic and genetic data for the Johnson Creek spawning aggregate suggest that demographic risks and the probability of genetic deterioration are unacceptably high.  In fact, in 19 of the past 25 years, the rate of rare allele loss within the Johnson Creek aggregate was higher than that recommended within the body of peer-reviewed, published literature.  These analyses suggest that management actions must be immediately implemented to maintain the genetic variability that may be required for adaptation in a changing environment.

Sources of Broodstock

The highest priority for JCAPE broodstock is naturally spawned adult chinook captured at the Johnson Creek weir.  However, to maintain natural rates of gene flow, and to avoid undermining the monitoring and evaluation program, we recommend that all or a subsample of all summer chinook captured at the Johnson Creek weir should be included in the broodstock.  Since the efficiency of the Johnson Creek weir is less than 100%, some adults returning to Johnson Creek will escape the weir and spawn naturally regardless of broodstock collection effort.   

In the event that adult returns to Johnson Creek are insufficient, several alternate sources for broodstock are discussed, in addition to a captive broodstock.  We suggest that surplus returns to the McCall Hatchery would be an ideal broodstock source.  The lack of consistently significant differences between allele frequencies of the McCall Hatchery and Johnson Creek aggregates does not provide conclusive evidence that they are identical.  However, we find no evidence to suggest that outplanting adults from the McCall Hatchery in Johnson Creek would be detrimental.  To the contrary, given the high probability of genetic deterioration within the Johnson Creek aggregate, an infusion of genetic variation from the McCall Hatchery would likely benefit the stock.  However, we recognize the potential that adults from the McCall Hatchery lack the genetic, behavioral, and life-history traits necessary to effectively reproduce in Johnson Creek.  Therefore, we suggest that outplanting adults from the McCall Hatchery in Johnson Creek would be preferable to their direct use as broodstock in the JCAPE program.  In this manner, if adults from the McCall Hatchery spawn successfully in Johnson Creek, and their progeny return as adults, compelling evidence would be provided that adults from the McCall Hatchery are useful for recovery in Johnson Creek.  Further, monitoring and evaluation of the success of these adult outplants would yield valuable information necessary to address the uncertainties that are often cited in regard to supplementation.

Allocation of Adult Returns

Using a simple binomial probability, we calculate minimum broodstock and escapement thresholds necessary to maintain a high probability (95%) of rare allele (p=0.01) retention for three generations.  We found that a broodstock of 232 adults and natural spawning escapement of 785 adults is required to maintain a high probability of rare allele retention.  Using computer simulations, we explored several levels of supplementation effort to fine-tune broodstock and escapement goals, and maximize the probable effectiveness of the supplementation program.

Supplementation Strategies

In addition to smolt outplants, we explored the probable effectiveness of eyed-egg and parr outplants.  Using the available data regarding egg to smolt and parr to smolt survival within the Snake River, we conclude that supplementation strategies based on either eyed-egg or parr outplants would likely be unsuccessful in Johnson Creek.  Given the high rates of mortality during all life-stages, we suggest that smolt outplants would be the most effective means of increasing adult abundance and maintaining genetic diversity.

Risk Analysis

Having identified the supplementation strategies yielding the highest probability of achieving the goals of the JCAPE, we performed an analysis of potential risks posed by the proposed JCAPE program with regard to the Johnson Creek aggregate and Columbia basin stocks for which we had data.  The risk analysis followed the guidelines presented in Waples (1996), including detailed definitions of the identified risk factors and their probable relationship to the JCAPE program.  Using guidance from published and grey literature, the potential for the realization of detrimental impacts was ranked as low, moderate, high, or unknown.

The potential for deviation in fitness of hatchery-reared from wild conspecifics was the only risk factor assigned an unknown rank with respect to the Johnson Creek aggregate and other Columbia basin stocks.  This ranking primarily arose as a result of our inability to forecast the possible effects of supplementation as it relates to fitness of the Johnson Creek aggregate.  In addition, we were unable to define adequate proxies for the measurement of fitness as typically defined in the field of biology.

Moderate ranks were assigned to the risks of loss of within population diversity, artificial selection, and disproportional survival with regard to the Johnson Creek aggregate.  These risk factors received moderate ranks due to inability to install the Johnson Creek weir before the commencement of adult returns.  In the only year of its operation, an estimated 40% of the adult return passed the weir site before installation was possible.  If weir installation is consistently hindered in this manner, the potential exists for artificial selection favoring later returning adults.  If this occurs, the genetic variation encompassed by later returning adults might be disproportionately represented at the expense of variation embodied by earlier returning adults.  However, given that only one year of data is available, it is difficult to project the magnitude of the impact presented by these risks.  Further, given the considerable benefits posed to the conservation of genetic variation as a result of the JCAPE, we suggest that the risk of inaction would be more detrimental than the impact of these risks if the JCAPE were implemented.  With regard to other Columbia basin stocks, these risk factors received a low rank.

The formation of a captive broodstock was assigned a moderate rank, with regard to the Johnson Creek aggregate, primarily due to the experimental nature of the technique, and the fact that facilities necessary for the formation of a captive broodstock are not currently available.  We concluded that the cost and time required to construct captive broodstock facilities presented a substantial risk to the Johnson Creek aggregate.  With regard to other Columbia basin stocks, captive broodstock was assigned a low rank.

Due to the proactive measures of risk aversion incorporated in the JCAPE, the risks of outbreeding depression, inbreeding depression, loss of between population diversity, straying, competition, and incorporating surplus adult returns to the McCall Hatchery received low ranks as they relate to the Johnson Creek aggregate.  With regard to other Columbia basin stocks, these risks received a low rank as well.

Potential Benefits of the JCAPE

We discuss the potential benefits of the JCAPE as related to achieving recovery goals, reduction in the short-term risk of extinction, addressing uncertainty, and restoration of functional ecosystems.  Simulations of the proposed JCAPE program suggest that NMFS de-listing goals (350 naturally spawned adult returns) will be exceeded in less than 15 years if the JCAPE is implemented.  However, the short-term JCAPE adult return goal (1,017 combined hatchery-reared and naturally spawned adult returns) will likely require a longer period.  In every case, results of the simulation suggest that genetic variability will be maintained at a greater rate than in the absence of the JCAPE.  In addition, adult abundance increased under every scenario, suggesting a decrease in the probability of short-term extinction.  

In addition to benefiting genetic conservation and minimizing the risk of extinction, the JCAPE program and associated monitoring and evaluation plan (Vogel and Hesse 2000 draft) have the potential to address several uncertainties.  Specifically studied will be the effectiveness of supplementation in regards to maintenance of neutral genetic variation and increasing the abundance of both hatchery and naturally reared adults.

Finally, the JCAPE may contribute to the restoration of a functional ecosystem within the SFSR by increasing the abundance of the native summer chinook.  Clearly, the link between the ocean and freshwater provided by salmon migration is necessary for proper functioning of the ecosystems to which they are native.  Salmon act as a conduit for the movement of marine nutrients and are a necessary food source for many native species.  Salmon also play an important role in regards to gravel recruitment, which effects stream morphology, and in turn other native species.  
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South Fork Salmon River Spring and Summer Chinook Supplementation Risk/Benefit Analysis

IV.  Objectives

Approach

The Biological Opinion of the National Marine Fisheries Service (NMFS) under the Endangered Species Act (NMFS 1997), suggests that all proposed hatchery programs undergo an analysis of the risks and benefits associated with implementation and operation.  This benefit/risk analysis was conducted following in large part the structure of Waples (1996). A detailed literature search, which included both gray and primary peer-reviewed documents, was the central element of this work. This information was used in the context of the Johnson Creek Artificial Propagation Enhancement Program (JCAPE). Documents and data pertaining to the Salmon River were gathered as the basis for the specific applied analyses. 

Objectively evaluating risks and benefits of management actions is difficult, because individual perceptions and experiences, as well as regional influences with various agendas can preload opinions.  In order to obtain and include the best available science, we emphasized peer reviewed and published experimental studies that tested relevant hypotheses. Nevertheless, risk analysis must necessarily include topics that have never been or cannot easily be addressed experimentally, and we review and discuss these topics comprehensively. 

V.  Introduction

The Artificial Propagation policy developed by the National Marine Fisheries Service (NMFS/USFWS 1993) is an implementation tool of the ESU policy (Waples 1991b), which defines what constitutes a Distinct Population Segment (DPS) under the Endangered Species Act (ESA).  It is largely based on genetic conservation principles, for which the goal is summarized in the following statement: 

“To develop a conservation strategy aiming to preserve the range of adaptiveness in a species in order to maintain its evolutionary options”

The evolutionary legacy of a species is defined as the genetic variability resulting from past evolutionary and selection processes, and represents the raw heritable genetic variance on which future selection and evolution can occur (Waples 1995).  The NMFS holds that population structure, as measured by genetic distance inferred from putatively neutral genetic loci, is an expression of evolutionary legacy.   The NMFS further support the notion that historical population structure (inferred by currently existing stock structure) is important to preserve. To determine the population structure of the Snake River spring/summer chinook, the NMFS used, in part, a genetic stock identification technique known as gel electrophoresis.  Using this technique as well as locations of redd index areas, spring/summer chinook within the Snake River basin were grouped into one ESU (Waples et al. 1993).  Populations were placed within the ESU by comparison of measured average genetic distance for a number of identifiable and variable enzymes (allozymes) traced using gel electrophoresis for each sampled fish from each population. Having identified differences in allele frequencies among different spring/summer chinook stocks within the Snake River basin (but not between spring and summer life-history types), the NMFS determined that the ESU is composed of 15 management areas.  Within these management areas, the NMFS have identified 37 primary and 46 secondary populations.  However, since genetic data for many of the spring/summer spawning aggregates were lacking at the time of listing, the NMFS used redd index areas to temporarily define the population substructure within the Snake River basin (NMFS 1997). 

Since there is no established level of significance by which to differentiate populations, it follows that the level of resolution in defining population identity is arbitrary and the grouping of populations is not based solely on statistical clustering, but involves subjective judgment. Other agencies have used similar techniques. For example, the Washington Department of Fish and Wildlife has developed MAL's (Major Ancestral Lineages) and the GDU (“Genetic Diversity Unit”) (Marshall et al. 1995), entirely analogous in methodology to the ESU.  However, while these groupings employ methodology analogous to the ESU, the resulting population groups often differ. 

The belief that specific population gene frequencies can be used to determine whether or not a population represents an important evolutionary legacy (of the species) has led the NMFS to manage with the intention of maintaining relative isolation among populations and ESU's, consequently limiting gene flow within and between them. The goal of this policy is to avoid the breakdown of coadapted gene complexes, outbreeding depression, loss of important and unique alleles, and the loss of genetic diversity between populations (NMFS/USFWS 1993). Given the emphasis on genetic purity of local populations, the NMFS suggests limiting the introgression of hatchery-reared salmon into naturally spawning populations.  

Clearly, trying to define an appropriate scale for a management unit is a problematic task. It has been difficult to determine the scale of the ESUs for conservation based on molecular genetics principles alone, and attempts have been made to incorporate life history and geographical data (distribution, similarities in run timing, etc.).  Further, the simple goal of conserving genetic variation must be balanced with a more complex, habitat-specific goal of maintaining potentially locally adapted genomes in sufficiently high abundance. 

Growing concern over salmonid declines, and a rapidly expanding scientific approach to recovery makes management challenging.  For example, implementation of the ESU policy raises a number of scientific issues, when applied to the initiatives suggested by the Nez Perce Tribe (NPT) JCAPE namely:

1. Which stocks of fish should be used for restoration?  

· Can we use or advocate use of stocks from adjacent rivers?  

· Can we use stocks from distant streams but with similar environmental conditions?  

· Do the stocks have to be genetically identical or similar?  How similar? 

2. What is the role of aquaculture technology and supportive breeding in salmon restoration?  

· What is most appropriate, supplementation or captive broodstock technology?  

· Should a hatchery design be used to maximize smolt output? If not, what methods can be used to mitigate recent demographic decreases of salmonids?

3.
What are the minimum population sizes necessary for maintaining genetic variance and minimizing demographic risk?  Are these estimates appropriate for both hatcheries and wild populations?

Evolutionary Legacy

There is considerable confusion about what amounts to evolutionary legacy in a species and its practical implications. To advance the discussion, we must first characterize what is meant by maintaining evolutionary legacy. Another way of stating this principle might be; preserving the genetic potential to express fitness-related traits, even if these are not expressed in a population. This implies that there is genetic variance (a set of alternate alleles) on which natural selection can operate. Maintenance of large populations and a large number of populations would help preserve the genetic potential through local adaptation in heterogeneous environments connected by gene flow at some level. 

It is also useful to define evolution and selection with respect to evolutionary legacy. Selection, within the timeframe of our management activities, can be defined as a reversible genetic change in the population because of differential reproductive success (whether under human control or not). Selection operates on phenotypes, the result in part of additive genetic variance that is passed from parent to progeny. Therefore, selection for earlier run timing in a hatchery population will gradually result in earlier runs, but this process may not go on indefinitely since there is an upper bound to the genetic variance
. Continued selection will maintain the early run time. Relaxation of selection will result in reverting to the run timing that is optimal for the natural system.  Artificial selection in itself typically does not give rise to permanent changes. Common carp have undergone artificial selection in Asian aquaculture systems for many thousands of years, but this has not generated new species or subspecies, although it unavoidably has changed gene frequencies (at least those that are related to phenotypic expression, see genetics section; Kirpichnikov 1981). The changes brought about by artificial selection and domestication are quickly lost (within a few generations), when the fish escape man-made ponds and raceways, and revert to a wild type. For selection to result in a hatchery race, hatchery rearing would have to result in the evolution of a new set of alleles that are specific to hatcheries, selection would have to favor them under hatchery-rearing conditions, and those changes would have to become fixed (irreversible) in the new race.  There is no evidence for the appearance of private alleles (alleles possessed solely by the hatchery-reared component) in hatchery populations, although there is evidence for changes in gene frequencies from ancestral wild populations. These changes are likely the result of poor broodstock collection, artificial selection, broodstock isolation, and genetic drift or bottlenecks.

Evolution, on the other hand, is a non-reversible genetic change in a population, which can lead to the creation of new species, sub-species or races (Dobzhansky et al. 1977). Evolution, too, is the result of selection, but over a much longer time scale and results from the elimination of some traits (and their genetic elements) through the generation of new genetic and phenotypic variants. Unfortunately, for the sake of present arguments, “evolutionary legacy” lies at the boundary of our present capacity to understand the microevolutionary process linking selection (natural or artificial) to permanent evolutionary changes.  Within Salmonidae, relatively rapid evolutionary changes may have occurred in spring and fall chinook life history forms as a result of directional selection over thousands of years in two very different ice age refugia (Taylor 1991, Clarke et al. 1994)
. Nevertheless, a great deal of uncertainty remains even at this level of differentiation. To what extent are these ecotypes evolutionarily fixed? Can fall chinook develop over time into a spring chinook life history form? We know that chinook salmon transplanted into New Zealand rivers came from a single hatchery stock in California (Quinn et al. 1996). Yet, it has already radiated into spring (stream-type) and fall (ocean-type) life history forms in a number of rivers (Unwin 1997a,b), despite the lack of appearance of new genetic variants (Quinn et al. 1996). This strongly supports the hypothesis that the hatchery gene pool in the original transfers contained the genetic variance necessary for radiation into the various ecotypes.

These arguments help to center the discussion.  At what level do we consider evolutionary options lost?  Is it true that habitat use can lead to the development of novel life history forms?  Many plant species have a different genetic strain depending on their habitat (e.g. lowland vs. alpine), even though they belong to the same species. These observations have led to the development of the concept of ecotypes. Ricklefs (1976) defines an ecotype as “a genetically differentiated subpopulation that is restricted to a specific habitat.”  Some ecotypes merit the status of subspecies or races, and the bird literature is full of examples, although many of these are the result of genetic drift rather than selection.  Some scientists would argue that spring, summer, and fall chinook life history forms are the result of evolutionary changes, because they are a product of irreversible differentiation, and use different habitats of the watershed (although there is some overlap).  In this respect, the spring/summer and fall ecotypes may be worthy of racial status, representing an alternative or additional management unit to the ESU.  Similar conclusions may be reached of fall chinook Tules and Upriver Brights ecotypes, the former having roots in the lower Columbia River prior to the breakup of the Bridge of the Gods in the early part of the last millennium (Lawrence and Lawrence 1958, Sanger 1967).  However, if there is some amount of crossbreeding, then it is plausible that the “evolutionary legacy” resides in the hybrids or remains unexpressed (as recessive alleles) in the other ecotypes.  

In contrast, we find that the ESU makes explicit statements of local adaptation on a finer scale than discussed above. Within an ecotype, differences, whether phenotypic or genetic, among basins and tributaries may or may not represent evolutionary legacy.  Differences in gene frequencies among tributaries of the Snake River basin would be reversible if they were the product of local selection acting on additive genetic variance, genetic drift, or founder effects, given the existence of some level of gene flow among populations.  If this is so, then subpopulations within the upper reaches of a basin do not represent evolutionary legacy in the strict sense.  Replacing the population extirpated in a tributary is possible because the tributary population has not evolved to another state, but has been selected in response to local conditions. From this discussion, we conclude that ecotypes are transferable into habitats in which they have evolved, and the fine-tuning to local conditions will be through natural selection. However, it is unknown how these differences would evolve over ecological time given reproductive isolation, therefore, the approach preferred by the NPT is comprehensive protection of the habitat and life-history characteristics of fish using those habitats. 

On the other hand, hatchery-reared fish do not constitute ecotypes, races or subspecies, because the undergone life history changes are the result of short-term selection.  Therefore, these changes are reversible, even when the objective is to develop a hatchery population.  In an attempt to do this, some hatcheries have exchanged broodstock from different populations, but have never attempted to produce hybrids of ecotypes, or if they have, the experiment probably failed since we have no historic record of any (but see Clarke 1992).  Furthermore, hatcheries aiming to supplement natural production seek to minimize genetic differences between hatchery-reared and wild-spawning groups. From this perspective, hatchery-reared fish will not alter the evolutionary legacy of an ecotype, nor are they an evolutionary offshoot in any way, but may contribute to the legacy of a population and species by maintaining genetic variation. 

Many of the remaining issues pertain to the mechanisms of population structure, local adaptation and genetic variability.  As will be demonstrated in the following sections, much of the debate in the use of hatchery-reared fish, and the transfer of stocks for supplementation, centers on whether these fish are genetically damaged or inferior, and limits to the potential for using hatcheries to recover natural populations. 

VI.  Snake River Spring/Summer Chinook

Meaningful discussion of the benefits and risks of the JCAPE requires a baseline understanding of the life-history and genetic characteristics of Snake River spring/summer chinook. In order to scale current production and population structure within the Snake River basin we present historical abundance estimates, current production estimates, and partitioning of genetic variance within and among stocks of spring/summer chinook in the Snake River basin. We then explore the effects that current management actions may have on production and population structure within this complex metapopulation(s).  

A.  Snake River Spring/Summer Chinook Life History Characteristics

Summer chinook are defined at the coarsest level as those chinook passing Bonneville Dam during the months of June and July.  They are segregated in this manner from spring chinook which pass Bonneville Dam from March to May, and fall chinook which pass from August to October (Burner 1951)
.  Apart from run timing, summer chinook differ from spring and fall forms by exhibiting an intermediate body size and decreased spawning habitat specificity
.  Summer chinook exhibit greater variability in juvenile life history than the spring or fall forms.  Within the Snake River basin, juvenile spring and summer chinook emergence occurs primarily during the first week of May (Chapman and Witty 1993) and juveniles exhibit a "stream type" life history, migrating to the ocean as "yearlings".  In other areas, summer chinook more closely resemble fall chinook which undergo an "ocean-type" juvenile life history (Matthews and Waples 1991), migrating to the ocean as "subyearlings".  Phenotypically, spring, summer and fall chinook are nearly indistinguishable.  For example, after comparing 29 phenotypic characters of spring, summer, and fall chinook Schreck et al. (1986) reported that characteristics of geographically proximal stocks tended to be similar, regardless of timing of freshwater entry.

Regardless of divergence in life-history characteristics of spring, summer, and fall chinook, summer chinook are often grouped with either spring or fall chinook for management purposes.  For example, in the Columbia River above the confluence of the Snake River, summer and fall chinook are grouped, while in the Snake River spring and summer chinook are grouped (Matthews and Waples 1991).  Within the Snake River basin ESU, spring and summer chinook are grouped based on genetic similarity (Utter et al. 1989, Winans 1989, and Waples et al.1991), shared life history characteristics (Chapman and Witty 1993), and similarity of 29 phenotypic characteristics (Schreck et al. 1986). 

Regardless of the decision to manage spring/summer chinook as one group within the Snake River basin, production by these life-history types is recognized to be somewhat geographically separated.  Summer chinook production generally occurs in the Imnaha River, Little Salmon River, South Fork Salmon River, Salmon River Mainstem, Middle Fork Salmon River, and the Pahsimeroi River.  Spring chinook production generally occurs in the Snake River mainstem, Grande Ronde River, Imnaha River, lower mainstem Salmon River, Little Salmon River, Middle Fork Salmon River, Lemhi River, upper East Fork Salmon River, and the upper Salmon River (NMFS 1997).  

Status of Snake River Spring/Summer Chinook

In 1991, the NMFS officially listed the spring/summer chinook within the Snake River basin as threatened under the Endangered Species Act (NMFS 1991).  Factors contributing to the decline of Snake River spring/summer chinook salmon include modification, destruction, or exclusion of/from historical habitat.  Destruction and exclusion from historical habitat arose from the construction of dams, mining, timber harvest, grazing, and diversions (NMFS 1991).  Hydropower development has substantial impacts on Snake River spring/summer chinook, which must pass eight mainstem dams on the seaward migration. The PATH (1996) analysis suggests that emigrating Snake River juvenile spring/summer chinook suffer 89% mortality due to the hydrosystem.  The contribution of Snake River spring/summer chinook to ocean fisheries is less than 1%, with in-river recreational and commercial fisheries accounting from 3.43-3.92%
 (Berkson 1991) to 3% to 8% (PATH 1998).  These harvest rates likely have a minimal effect on Snake River spring/summer chinook stocks, however historical overharvest may have played an important role in declines among these populations.  Between 1938 and 1944, harvest rates are estimated to have been as high as 88% for Snake River summer chinook (Raymond 1988).  Summer chinook have not been targeted for in-river commercial harvest since 1963, and recreational harvest targeting summer chinook was halted in 1974 (NMFS 1991). 

Mitigation

As a result of the multitude of impacts which truncate smolt and adult survival, spring/summer chinook returns to the Snake River basin have decreased precipitously. Using an expansion factor based on Ice Harbor Dam counts and redd counts in Snake River index areas, the estimated number of wild spring/summer chinook returning to the Snake River averaged 9,674 from 1980-1990, with a low of 3,343 in 1980 and a high of 21,870 in 1988 (Matthews and Waples 1991).  Attempts to mitigate for smolt and adult mortality resulting from hydropower development have relied on hatcheries, with nine total constructed since 1964 (Table 1).  Currently, 61% of the total adult return of Snake 

Table 1.  Hatcheries constructed for mitigation of Snake River salmon impacted by hydropower development (Matthews and Waples 1991).
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River spring/summer chinook is hatchery derived and approximately 7% of those releases involve non-indigenous fish (NOAA 1998). 

The South Fork Salmon River Summer Chinook

The South Fork of the Salmon River (SFSR) is a native summer-run chinook stream (Matthews and Waples 1991).  The NMFS propose that the SFSR constitutes one management area consisting of four primary populations (Johnson Creek, Secesh River, Mainstem (mouth to Blackmare Creek), Mainstem, (Blackmare Creek to Stolle Meadows)) and one secondary local population (East Fork of the South Fork; NMFS 1997).  The delisting abundance goal for the SFSR metapopulation is 9,200 naturally produced adult returns (NMFS 1997). Total adult escapement to the South Fork Salmon River has declined from approximately 6,830 adults in 1957 to 243 adults in 1995 and in Johnson Creek adult returns have declined from 1,215 in 1960 to 23 in 1995
 (Table 2).  Unfortunately, simple linear regression of the number of mainstem summer chinook salmon redds in the SFSR from 1957 to 1996 yields a significant negative relationship (p<0.01; Kucera 1998).  All available information suggests that this trend will continue, since natural production (within Johnson Creek) currently suffers from adult to adult return rates below replacement (Kucera 1998) with a geometric mean adult to adult relationship of 0.64 from 1985-90 (Mundy 1999).  Production below replacement (Table 3), low adult escapement, and the significant decline in redds suggest that year class failure and eventual extirpation is likely within Johnson Creek unless those factors responsible for low adult returns are mitigated.  

The rate of population decline in Johnson Creek suggests that the genetic integrity of the stock may be imperiled.  In order to determine whether escapement is sufficient to maintain genetic diversity we define the minimum number of individuals necessary to maintain rare alleles (p=0.01) at frequency of 95%
.  For the JCAPE, we refer to this number as the population critical level (PCL) or minimum effective population size. Within Johnson Creek, successful spawning by a minimum of 50 effective adults per year (assuming an equal male: female ratio) yields a 95% probability that rare alleles will be maintained for three generations (Kincaid 1997)
.  While adult returns to Johnson Creek have exceeded 50 individuals in most years prior to 1998 (Table 2), it is unlikely that every adult returning to Johnson Creek constituted an effective individual (due to deviations from ideal population assumptions). Waples et al. (1993) estimated the yearly 

Table 2.  Redd count and estimated number of adult returns to Johnson Creek, Secesh River, and the McCall Hatchery.
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*Redd counts from Elms-Cockrom (1998), adult estimates obtained by assuming 2.5 spawners/redd (Waples and Matthews 1991).

Table 3.  Recruit per spawner functions calculated for Johnson Creek, brood years 1957-92 (after PATH analysis).
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effective population size (Nb) of adult returns to Johnson Creek as 41 for 1989-1990.  The harmonic mean of adult returns to Johnson Creek from 1988-1989 (parental generation giving rise to the sampled progeny) was 161 (Waples et al. 1993).  Therefore, four adult returns were roughly equivalent to one effective adult.  This suggests that a minimum of 200 adult returns are necessary to avoid losing genetic diversity an unacceptable rate.  Unfortunately, adult returns have exceeded this threshold in only 5 of the last 23 years (Figure 1).  

In addition to genetic considerations, estimates of minimum escapement must include life-history attributes of the group of interest as well as environmental considerations. Therefore, maintenance of genetic variation within a population requires that the demographic population size must necessarily be larger than the minimum effective population size.  Mace and Lande (1991), suggest that maintaining an Ne of 500, which might require an adult escapement of greater than 2,500 (Foose et al. 1995).  Shaffer (1987) suggests that the actual number of adult returns necessary to maintain effective population sizes of several hundred, range from the upper hundreds to thousands.  For example, since escapement occurs over weeks or months, those adults migrating earlier or later than the mean date of escapement may have difficulty finding mates.  In addition, redds constructed by individuals who spawned successfully may be destroyed by stochastic environmental events such as floods or droughts. Unfortunately, estimates of the minimum demographic population size necessary vary widely, and are likely case specific (see effective population size).  The NMFS (1997) suggest that within a functional metapopulation, each stock may maintain genetic diversity with population sizes as low as 200-250 spawners per year.  However, this estimate assumes that migration connecting adjacent stocks aids in maintaining genetic variation and in counteracting possible losses to production which may result from inability to find proper mates or stochastic environmental events.  Within the Snake River, population sizes within all tributaries have decreased, likely limiting the potential for metapopulation structure and resultant straying to provide a buffer against these risks.  Therefore, to restore a functional metapopulation and avoid the loss of genetic variation as many as 1,100 to 1,375 spawners may be necessary in each subpopulation (NMFS 1997).  
All available information suggests that summer chinook within Johnson Creek are currently losing genetic variation because of low adult escapement.  Further, the significant decline in redd counts suggests that demographic risks are likely to increase.  Although the stock may continue to exist for several generations unaided, there is a high likelihood that future recovery will be hindered by loss of genetic variability.  Finally, adult returns are insufficient to utilize available habitat.  Therefore, the NPT propose to undertake the JCAPE program as a means to avoid further losses in genetic variation and to minimize the demographic risks currently faced by Johnson Creek summer chinook.  

B.  Population structure of Snake River Spring/Summer Chinook

The NPT recognizes that the implementation of a supplementation program in Johnson Creek may have some effect, either positive or negative, on population structure within 

Figure 1.  Adult return to Johnson Creek from 1955 to 1999.  The dashed line represents the minimum adult return necessary to maintain a 95% probability of rare allele retention.
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the Snake River basin spring/summer chinook ESU.  In order to determine the scale of potential risks to subpopulation structure we have attempted to construct a model of population structure as it currently exists within this ESU.  Using allelic frequencies as measured by allozyme electrophoresis, we have partitioned genetic variance within and among relevant stocks within the Snake River basin. Data used for these analyses were provided by the NMFS and include samples from 1989 and 1990 (published in Waples et al. 1993).  The resulting indices allow recognition of stocks forming cohesive self-recruiting populations as well as a measure of gene flow between stocks.  However, it should be noted that these measures merely provide indices of relatedness.  Since allozyme electrophoresis measures frequencies of alleles at presumably selectively neutral loci, these data cannot be used to determine differentiation in adaptive fitness related (typically polygenic) traits.  Therefore, differences in allelic frequencies, regardless of magnitude, are not a direct indication of local adaptations or coadaptations among stocks.  

Since measures of genetic divergence among salmonids are complicated by overlapping generations and a balance between homing and straying, it is imperative that the sample design includes geographic and temporal replicates.  Unfortunately, data for these comparisons are only available for the Imnaha River, Upper Salmon, and SFSR subbasins using only the samples from 1989 and 1990 (Table 4).  Using these data we attempt to answer two relevant questions with regard to stock structure in the Snake River basin: 1) does the SFSR constitute a separate genetic entity with regard to other Snake River subbasins and 2) do the primary populations within the SFSR constitute separate genetic entities from one another. To address the first question, we propose that genetic variation within SFSR primary populations should be scaled by genetic variation within other Snake River subbasins (a geographic comparison).  If the primary SFSR populations form a cohesive geographic cluster (i.e. group with one another before other Snake River populations), it could be argued that the SFSR is a separate genetic entity with regard to other Snake River populations.  Alternatively, if the primary populations of the SFSR do not form a cohesive cluster, it could be argued that genetic variation observed within the SFSR subbasin is not independent (does not constitute a separate genetic entity) with regard to the other sampled subbasins.  To address the second question, we grouped samples between years for each primary population (temporally).  If the temporal groups are stable (i.e. 1989 and 1990 Johnson Creek samples form a cohesive cluster), it could be argued that the spawning aggregate maintains a genetic identity independent of the other sampled populations.  If the yearly samples within a spawning aggregate do not form a cohesive cluster it could be argued that the aggregate does not constitute an independent genetic unit with respect to other spawning aggregates.  

Geographic Distribution of Genetic Variance

To determine if genetic variance is distributed geographically, we grouped samples by subbasin, including the Imnaha River (Imnaha River and Imnaha Hatchery), Upper Salmon (Sawtooth Hatchery and Valley Creek), and SFSR (Johnson Creek, Secesh River, and McCall Hatchery).  In 1989, 1.49% of the total genetic variance was explained by differences among the three sampling groups.  Differences among sampling units within 

Table 4.  Sampling units used for temporal and geographic analyses (Waples et al. 1993).

[image: image8.wmf]     

IH89            IR89            JC89            MH89            SH89            SR89

IR89 0.51515+-0.0390

JC89 0.00000+-0.0000 

0.00000+-0.0000

MH89 0.02635+-0.0210 0.32075+-0.0659 0.05075+-0.0384

SH89 0.00000+-0.0000 0.05135+-0.0235 0.00513+-0.0069 0.00000+-0.0000

SR89 0.05520+-0.0184 0.30485+-0.0511 0.00533+-0.0053 0.09775+-0.0292 0.05260+-0.0207

VC89 0.02150+-0.0105 0.05320+-0.0228 0.00000+-0.0000 0.00133+-0.0021 0.43025+-0.0589 0.02350+-0.0126



the groups accounted for 0.93% of the total genetic variance.   Finally, 97.57% of the total genetic variance was explained by variation within sampling units.  While these results could be interpreted as evidence for geographic structuring of genetic variance, the overwhelming similarity of sampling units (97.57%), regardless of location (1.49%), suggests that geographic structuring of genetic variance is not meaningful.  However, geographic structuring of genetic variance is supported by the clustering of populations by subbasin (Figure 2).

Using the same sampling units and experimental design, we tested for geographic structuring of genetic variance in 1990.  In 1990, 2.12% of the total genetic variance was explained by differences among subbasins.  Differences among sampling units within subbasin accounted for 1.63% of the total genetic variance.  Differences within sampling units accounted for 96.25% of the total genetic variance.  As in 1989, sampling units from the Upper Salmon River and the Imnaha clustered geographically, however sampling units within the SFSR did not form a cohesive group (Figure 3).  Interestingly, the sample representing McCall Hatchery clustered most closely with the Imnaha sampling units.  

The results of these trials, which were designed to test geographic partitioning of genetic variance by subbasin, suggest that sampling units within the SFSR (Johnson Creek, Secesh River, and McCall Hatchery) maintain genetic differentiation from one another.  However, the level of genetic differentiation (using theses data and methods) is very slight, explaining roughly 2% of the total genetic variation within the sampling units representing Snake River spring/summer chinook.  One surprising result is the clustering of the 1990 McCall Hatchery sampling unit with the Imnaha River and Hatchery group.  The origin of McCall Hatchery broodstock may explain this result.  Initially, broodstock for the McCall Hatchery were collected at Little Goose and Lower Granite Dams (Kucera 1998), and may have included fish destined for the Imnaha
.  Alternatively, clustering of Snake River spring/summer chinook may reflect the overall low level of genetic differentiation between the sampling units (around 2% of the total genetic variation).  Since the sampling units express only slight genetic differentiation, clustering of sampling units may result from random similarity within the strata of genetic variance differentiating the units.

Temporal Distribution of Genetic Variance

Figure 2.  Cavalli-Sforza and Edwards (1967) Chord Distance applied to 1989 sampling units within the Snake River basin.
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Figure 3.  Cavalli-Sforza and Edwards (1967) Chord Distance applied to 1990 sampling units within the Snake River basin.
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In order to determine if genetic variation is structured temporally, we used the same sampling units used to conduct the geographic tests.  However, rather than grouping samples geographically, we grouped sampling units across both study years.  For example, the 1989 Johnson Creek sampling unit was grouped with the 1990 Johnson Creek sampling group.  A total of seven sampling groups were constructed in this manner; Johnson Creek 1989-1990, Secesh River 1989-1990, McCall Hatchery 1989-1990, Imnaha River 1989-1990, Imnaha Hatchery 1989-1990, Valley Creek 1989-1990, and Sawtooth Hatchery 1989-1990.  Temporal distribution of genetic variance between groups accounted for 2.02% of the total genetic variance.  Temporal differences between years within groups accounted for 0.52% of the total genetic variance.  As with the geographic tests, the largest fraction of genetic variance (97.46%) was explained by variation within sample groups.  The dendrogram constructed from these data (Figure 4) indicates that the sampling units maintain separate genetic identities across both sample years
.  Sampling units from the Imnaha, Upper Salmon River, and the SFSR again formed cohesive geographic clusters.

Statistical Similarity of Snake River Aggregates

Results from the previous analyses are somewhat inconclusive, the patterns of clustering suggest that some stock structure may be present, while the AMOVA (Analysis of Molecular Variance) results suggest that those differences are inconsequential.  In order to test for statistically significant differences between the spawning aggregates, we followed the methods described in Raymond and Rousset (1995).  Following these methods, we tested the null hypothesis that samples from each spawning aggregate are a random distribution of k different genotypes among r populations.  In practice, this test is analogous to a Fisher's exact test applied to a rxk contingency table.  Using a Markov chain, all potential outcomes of the table are calculated, and the results used to form a distribution.  The observed samples are then compared to the constructed distribution to test the null hypothesis of effective panmixia.  An estimation of the error is calculated by partitioning the total number of steps in the Markov chain into a given number of batches.  

Figure 4.  Cavalli-Sforza and Edwards (1967) Chord Distance applied to 1989 and 1990 Snake River sampling units.
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Table 5.  P-value associated with pairwise comparison of allelic frequencies of spawning aggregates.  A significant result suggests that the samples were drawn from two different populations, while a non-significant result suggests that the samples were drawn from the same panmictic population*.
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Table 6.  Summary table of significant (+) and non-significant (-) results of pairwise spawning aggregate comparisons.
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Table 7.  P-value associated with pairwise comparison of allelic frequencies of spawning aggregates.  A significant result suggests that the samples were drawn from two different populations, while a non-significant result suggests that the samples were drawn from the same panmictic population*.
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Table 8.  Summary table of significant (+) and non-significant (-) results of pairwise spawning aggregate comparisons.
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*IR=Imnaha River Natural, IH=Imnaha River Hatchery, JC=Johnson Creek, MH=McCall Hatchery, SH=Sawtooth Hatchery, SR=Secesh River, VC=Valley Creek

The results of these analyses are tables of probabilities and associated errors, by year, expressing the probability that each group of samples were drawn from an effectively panmictic population.  For simplicity, each probability table is followed by a summary table displaying whether or not pairwise differences were indeed significant (Tables 5-8).  Within the SFSR, the 1989 samples yielded significant differences between Johnson Creek and the Secesh River, however neither was significantly different from the McCall Hatchery.  The 1990 samples from the SFSR were all significantly different from one another.  Initially, these results appear confounding, however further analysis suggests that the appearance of significant differences may be the result of fluctuating population size.  For example in 1988 (the brood year giving rise to the 1989 samples), 555 females (and 1,110 males assuming 2:1 spawning) were spawned at the McCall Hatchery, while 343 adults returned to Johnson Creek, and 388 adults returned to the Secesh River (Table 2).  In 1989, only 151 females (and presumably 302 males) were spawned at the McCall Hatchery, 105 adults returned to Johnson Creek, and 120 adults returned to the Secesh River.  Coupled with the results of the rxk contingency table, these data are consistent with the hypothesis that in years of relatively abundant adult returns, the Secesh River and Johnson Creek form panmictic populations with respect to the McCall Hatchery.  In years of relatively low adult returns the aggregates appear to be statistically distinguishable, probably as a result of a founder effect

Conclusions from Genetic Analyses

Available genetic data suggest that Snake River spring/summer chinook stocks maintain only slight genetic differentiation on both geographic and temporal scales.  Within the SFSR, the appearance of isolation may result from founder effects during years of low adult returns. Given these results, we suggest that the maintenance of private local adaptations or coadaptations among stocks within the SFSR is unlikely.  Therefore, we conclude that it is highly unlikely that supplementation of Johnson Creek will disrupt stock structure or local adaptations of spring/summer chinook within the South Fork of the Salmon River, or the Snake River in general.  Obviously, the effects of supplementation will depend upon the fidelity of JCAPE progeny, however, if JCAPE progeny express fidelity similar to progeny of the McCall Hatchery, impacts on surrounding stocks would be minimal (see straying). 

Regardless of the degree of differentiation retained by spawning aggregates of the SFSR and Snake River, the NPT maintain that all stocks are important for recovery. At the coarsest level, maintaining stocks in a variety of locations may increase the resilience of the metapopulation to stochastic environmental events.  In addition, each deme, though not entirely independent, will have its own probability of extinction.  Maintenance of peripheral populations may stimulate expression of novel genotype environment interactions, increasing phenotypic plasticity that may otherwise be masked in a common environment (Via and Lande 1985, Doyle et al. 1991).  In addition, since the rate of neutral evolution is independent of population size, a subdivided population may evolve more quickly than a continuous large population (Wade 1982, Wade and McCauley 1984, Orr and Orr 1996). Finally, we simply do not possess the information necessary to judge whether a spawning aggregate contributes to maintenance of demographic stability, or whether it may be useful for recovery. For example, if spawning aggregates within the SFSR comprise a metapopulation, loss of the Johnson Creek spawning aggregate may adversely affect adjacent spawning aggregates which currently receive Johnson Creek migrants (Cooper and Mangel 1999).  Therefore, it is our conclusion that the Johnson Creek spawning aggregate should remain a high priority for restoration.

VII.  Impact of the Johnson Creek Artificial Production Enhancement  Program (JCAPE)

Given the likelihood that increased adult abundance resulting from operation of the JCAPE will have an impact on some components of the Salmon River subbasin ecosystem, the risks and benefits posed by implementation of the JCAPE will be examined.  Overall, the magnitude of risk posed to the stocks currently returning to the SFSR will depend ultimately on the broodstock source(s) for the JCAPE, and the methods and magnitude of supplementation.

A.  Sources of Broodstock

The preferred broodstock source for the JCAPE program is naturally-spawned adult returns to Johnson Creek.  However, if naturally spawned adult returns to Johnson Creek are insufficient to maintain genetic diversity (see minimum effective population size), additional broodstock may be derived from hatchery-reared JCAPE adult returns, surplus adult returns to the McCall Hatchery, or returns to other Snake River tributaries.  The priority order of broodstocks is listed in table 9, and is subject to agreement by the co-managers.  

The need to collect broodstock sources from areas outside the SFSR is unlikely in the near future, so this discussion will focus primarily on the use of adult returns to Johnson Creek and the McCall Hatchery.  While the life-history similarity and geographic proximity of the Secesh River spawning aggregate suggest that it could provide donor stock, low adult escapement precludes this option.  
The similarity of life history traits, behavior, and genetic composition of the three SFSR spawning aggregates suggest that they may constitute a metapopulation. Historically gene flow may have been a mechanism through which genetic diversity was maintained (NMFS 1997).  Therefore, management must balance the goal of maintaining stock identity with the goal of maintaining gene flow between the aggregates.  We suggest that the goal of avoiding isogenesis, while maintaining a metapopulation structure could be achieved by using broodstock captured at the Johnson Creek weir (Alternative One).  Gene flow with surrounding aggregates could be maintained by using all adults captured at the weir regardless of origin.  We assume that adults captured at this location would proportionally represent the expected adult contribution from natural production of the other Snake River aggregates. This option does not include active collection from any Snake River aggregate other than Johnson Creek.  Representation of other aggregates will occur by natural migration to the Johnson Creek weir.  Unfortunately, since production from naturally-spawned Snake River production is unmarked, we will have no means of enumerating contribution from these sources to the JCAPE broodstock.  In contrast, marking of all McCall Hatchery progeny began in 1991.  Therefore, inclusion of adult 

Table 9. Priority order of broodstock sources.

*The decision to seek additional broodstock from areas outside the Snake Basin will be contingent upon the location of a stock with similar life-history characteristics.
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returns from the McCall Hatchery and other hatchery facilities could be effectively enumerated.  
An alternative is the formation of broodstock using only adult returns from the JCAPE program and unmarked adult returns to the Johnson Creek weir (Alternative Two).  However, this option would allow only the exclusion of marked adult immigrants from the McCall Hatchery and other hatcheries, since adult immigrants from naturally spawning aggregates would be unmarked.  The impacts of limiting gene flow by excluding hatchery-reared adults are impossible to predict.  However, if this alternative is pursued, monitoring and evaluation of the JCAPE program may become problematic.  For example, divergence in allelic frequencies between the hatchery-reared and naturally spawning components within Johnson Creek could arise from hatchery-reared adults from other programs escaping the weir to spawn.  If this occurred, divergence in allele frequencies between the two population components within Johnson Creek could not be used as measure for assessing the effects of the JCAPE program.

Of the listed alternatives, we conclude that the JCAPE program should deliberately include in the broodstock all, or a subsample of all adults captured at the Johnson Creek weir (Alternative One).  While this is a contentious recommendation, retaining only Johnson Creek adult returns is impossible due to the inability to distinguish naturally spawned adult returns from other aggregates.  Further, deliberate exclusion of hatchery-reared fish has the potential to undermine effective monitoring and evaluation and disrupt gene flow within the SFSR.

Unfortunately, given the currently low adult escapement to Johnson Creek, broodstock development may require that additional sources be used.  Additional broodstock may be actively collected from surplus adult returns to the McCall Hatchery.  Active collection of broodstock from alternate sources would occur in addition to those fish captured at the SFSR weir as discussed above.  Alternate broodstock sources are listed by priority in table 9, diagrammatically in Figure 5, and discussed below.  The ultimate sources and decision to include broodstock from alternate sources is subject to agreement by the comanagers. 

Priority 1

The highest priority (most preferred) broodstock source for the JCAPE will be unmarked adult returns to the Johnson Creek weir.  These adults could be strays from natural production from any spawning aggregate, however the most likely sources would be (in order) Johnson Creek, mainstem SFSR, and Secesh River.  

Priority 2

If broodstock cannot be composed solely of unmarked adult returns, the minimum necessary number of JCAPE adult returns will be used to augment the broodstock (priority two).  While the JCAPE considers hatchery-reared and naturally spawned adults within Johnson Creek to be indistinguishable components of one population, we recognize that the potential exists for unintentional indirect artificial selection within the 

Figure 5.  Diagrammatic representation of broodstock alternatives.  A Yes response suggests that there would be no need to explore further options.
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hatchery environment. Therefore, one of the JCAPE goals is to minimize the number of hatchery-reared adult returns contributing to the broodstock in order to avoid repeated artificial selection.

 Priorities 3 and 4

The third priority source of broodstock is unmarked adult returns to the SFSR.  This includes adult returns from mainstem and Secesh spawning as well as migrants from other Snake River aggregates.  The NPT recognizes that the spawning aggregate in the Secesh River is likely declining at the same rate as the Johnson Creek aggregate.  Therefore, the most likely alternate broodstock source would be natural spawners from the mainstem SFSR.  In order to avoid impacting the mainstem spawning aggregate and/or operation of the McCall Hatchery, broodstock collection in the mainstem would be performed in conjunction with broodstock collection for the McCall Hatchery.  The fourth priority broodstock source would be hatchery-reared adult returns to the mainstem SFSR.  These adults would likely be first generation McCall-Hatchery adult returns.  Collection of returning McCall adults would be performed in conjunction with staff of McCall Hatchery to minimize impacts to McCall operations.

Priority 5 (Captive Broodstock)

If alternate sources of broodstock are not available within the SFSR, the JCAPE will implement a captive broodstock program.  This is a less preferable option contrasted to priorities three and four due to both cost and uncertainty.  The captive broodstock will be formed from adult returns captured at the Johnson Creek weir.  Should this option become necessary, captive broodstock operations will conform to standards published by NMFS (1999).

B.  Broodstock Thresholds

As discussed, demographic and genetic risks must be minimized when determining broodstock sources and size.  Unfortunately, we were unable to find literature that adequately addressed both concerns as they relate to chinook. The following paragraphs discuss the adult return thresholds at which the JCAPE will implement the first two broodstock sources discussed above.  

Minimum Escapement Goal

Minimum escapement goals for the Johnson Creek spawning aggregate were derived under the assumption that the aggregate will consist of two population components (hatchery and naturally reared) that differ solely in productivity.  Since the proportion of the population that is captured and used as broodstock will presumably be more productive than that proportion that spawns naturally, it is imperative that the JCAPE broodstock be representative of the aggregate as a whole.  In addition, the long-term goal of the JCAPE is the restoration of a self-sustaining naturally spawning population.  Therefore, a minimum escapement estimate for a naturally spawning population component must be derived as well.  

In the following sections, escapement estimates based on the probability of rare allele retention will be derived using the binomial distribution for both components of the Johnson Creek spawning aggregate.  Unfortunately, inherent in this method is the assumption that allelic frequencies remain unchanged over the course of the prediction.  Since this assumption will likely be violated, results using this method must be treated as a conservative prediction.  Finally, the results of simulations of rare allele retention and population size of the Johnson Creek aggregate as a whole are presented.  

Hatchery-Reared Population Component

To avoid the potential for repeated indirect selection in the hatchery environment, the JCAPE program will minimize the use of hatchery-reared adult returns for broodstock. To ensure adequate genetic representation of the population as a whole within the hatchery, a minimum broodstock threshold must be formulated.  In order to minimize genetic drift and inbreeding, the JCAPE will attempt to maintain a broodstock of no fewer than 50 effective adults (when possible), assuming an equal sex ratio.  A broodstock with a minimum of 50 effective adults results in a 95% probability of maintaining rare alleles (p=0.01) for three generations, as recommended by Allendorf and Ryman (1987) and Kapuscinski and Miller (1993).  

Waples et al. (1993) estimated the effective number of breeders (Nb) within Johnson Creek as 41 for 1989-1990.  The harmonic mean of adult returns to Johnson Creek from 1988-1989 was 161 (Waples et al. 1993).  Therefore, four adult returns were roughly equivalent to one effective adult.  This suggests that with 15% pre-spawning mortality, and an equal sex ratio, approximately 232 yearly adult returns would be required to maintain the JCAPE minimum spawning goal of 50 effective adults per year.   

Naturally-Spawned Population Component

Environmental stochasticity may increase variance in reproductive success among naturally spawning fish relative to those reared in the hatchery.  Therefore, the direction that Nb/N will take among the naturally spawning component is difficult to predict.  Therefore, we advocate a more conservative minimum escapement for the naturally spawning population component in Johnson Creek.  Specifically we suggest using a Nb/N ratio of 0.10, as recommended by Foose et al. (1995).  Since egg to smolt survival and variance in reproductive success among the naturally spawning Johnson Creek stock are unknown, we derive minimum yearly escapement estimates for Johnson Creek using a cohort based approach.  We used the 1985-90 geometric mean recruit per spawner relationship from Johnson Creek of 0.64 (Mundy 1999) to project adult returns for the naturally spawning population component.  Under these assumptions, a minimum annual naturally spawning escapement of 785 adults must be maintained in order to ensure that adult returns from that cohort will have an Nb of 50. 

Simulations

Until the factors for the initial decline of the Johnson Creek spawning aggregate are addressed, productivity among the naturally spawning population component will likely be unsustainable regardless of its size.  Therefore, until adult to adult return rates among the naturally spawning component are greater than or equal to one, the JCAPE program will be necessary to avoid extirpation and the loss of genetic variation.  Since the JCAPE will likely be a long-term program, and the two population components will be regarded as indistinguishable, it is necessary to project rare allele retention and absolute size of the aggregate as a whole.  In order to do so, Mike Ford (NMFS NWFSC) and Chris Beasley (CRITFC) jointly developed a model that predicts; rare allele retention, the size of the naturally spawning component, and the size of the aggregate as a whole under a variety of supplementation scenarios.

The simulation program predicts the size of the adult return to Johnson Creek and the probability of losing a rare allele (p=0.01) after 15 years (roughly three generations) of supplementation.  Predictions are formulated using the 1981-1990 adult to adult return rates (r) for Johnson Creek (Beamesdurfer 1997 and preliminary CRI results) as well as 1981-1990 adult to adult return rates for the McCall Hatchery (Hassemer 1998).  The rate of rare allele retention is derived using the Johnson Creek specific Nb/N ratios derived earlier, and equation 8.8.3.4 from Crow and Kimura (1970).  Initial population size is set as the number of adult returns to Johnson Creek from 1994-1998, assuming the following age distribution; age 3=5%, age 4=31%, and age 5=64%.  

Using the last generation of adult returns to Johnson Creek, the model randomly applies an adult to adult return (r) value by brood year to each population component from the array of r-values.  Rare allele retention for the aggregate as a whole is then calculated based on the number of projected adult returns.  Three scenarios were explored, each with 1,000 simulations to achieve the results presented below.  Under scenario one, hatchery-reared and naturally spawned adults are collected for broodstock based on their proportions with respect to the total adult return.  In this scenario the hatchery reaches capacity only when the total adult return is greater than 434 (assuming that capacity within the hatchery is 232 adults).  For example if the total return is 100 adults, and 25 are naturally spawned, the broodstock would consist of 0.25*25 naturally spawned adults and 0.75*75 hatchery-reared adults (total = 62).  Under scenario two, broodstock is derived preferentially from naturally spawned adult returns, and capacity is reached by backfilling with hatchery-reared adult returns until hatchery capacity is reached (when possible).  Under scenario three, naturally-spawned adult returns are collected for broodstock by their proportionate abundance with respect to the entire adult return, and the hatchery is then filled to capacity, when possible, by using hatchery-reared adult returns.  Within each scenario, output was generated for supplementation effort at 25%, 50%, 75%, and 99% of the total returning population (up to a maximum of 232 total adults).  Results are displayed as the probability of rare allele (p=0.01) loss, size of the naturally spawning population component, and size of the aggregate as a whole (Table 10).  Population size is presented as the median, bracketed by 25th and 75th percentiles.

Table 10.  Fifteen year projection of the number of natural spawners (weir escapement), total population size, and probability of rare allele loss associated with no action and three supplementation scenarios.
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C.  Immediate JCAPE Goals

During implementation of the JCAPE, it is clear that adult returns to Johnson Creek will be insufficient to meet both broodstock (232 adults) and escapement (785 adults) goals as defined by the binomial probability of rare allele retention.  However, after authorization of the JCAPE project, approximately three years will be required to complete the necessary modifications to the McCall Hatchery and adult holding and juvenile acclimation facilities.  During the interim, we expect that the JCAPE program will operate at approximately 1/3 of the proposed final capacity.  During this interim period, naturally spawned adult returns to Johnson Creek will likely be sufficient to meet interim broodstock goals (approximately 50-78 adults), in addition to maintaining a naturally spawning component in Johnson Creek.

Currently, reproduction within the naturally spawning population component is not sustainable (geometric mean adult to adult return rate <1).  Therefore, the emphasis of the JCAPE program must be the formation of a healthy, genetically representative broodstock.  However, the NPT recognize the value of maintaining a naturally spawning population component.  Therefore, all captured adults will be retained to achieve broodstock quotas (50-232 total adults depending on space at the McCall facility), with release of the remainder of the return.  It should be noted that the efficiency of the Johnson Creek weir is not 100%.  Specifically, the weir cannot be installed before adults begin to enter Johnson Creek, due to high flow conditions.  Therefore, in any given year, approximately 40%
 of adult returns may escape the weir for natural spawning.  

Since the Johnson Creek weir has a capture efficiency of approximately 60%, the JCAPE program will most closely resemble the simulation outputs at 50% to 75% supplementation effort within each scenario.  Regardless of scenario, 50% and 75% supplementation effort yielded the lowest probabilities of rare allele loss.  In addition, rare allele retention is substantially better under all three scenarios than no supplementation.  Since the JCAPE will not be fully operational for approximately three years, scenario one (Table 10) will most closely model the short-term effects of the JCAPE program.  Over the long-term, the JCAPE will likely seek to minimize domestication by preferentially collecting naturally spawned adult returns, therefore the output from scenario two (Table 10) will most closely resemble the long-term effects of the JCAPE.  

The NPT is troubled by the need to retain a substantial fraction (up to 60%) of the total adult return as broodstock, due to the potential for catastrophic failure or disease outbreaks within the hatchery facility.  However, greater than an 82% loss within the hatchery would have to occur for hatchery-rearing to have a negative demographic effect on total adult returns from a given brood year.
  In addition, the McCall Hatchery has not suffered a catastrophic failure in the history of its operation.  Given the probability of substantial improvement in adult returns and maintenance of genetic variation, we suggest that the JCAPE program is less risky than foregoing supplementation.

D.  Supplementation Strategies

The proposed JCAPE program will operate as a traditional supplementation program.  That is, some fraction of the adult returns to the Johnson Creek weir will be randomly allocated for retention as broodstock and spawned.  The fertilized eggs derived from adults retained as broodstock will be reared at the McCall Hatchery where they will be raised using elements of the NATURES rearing program (Maynard et al. 1996).  Prior to release in Johnson Creek as yearling smolts, the progeny will be acclimated at Wapiti Meadows and/or Cox Ranch on Johnson Creek water.  This program is designed to minimize artificial selection while maximizing egg to smolt survival.  However, several potential supportive breeding strategies were considered before the decision was reached to propose this method of supplementation.  Alternate methods of supportive breeding considered by the NPT included; eyed-egg outplants, fry/fingerling outplants, and captive broodstock.  

The NPT recognizes that the first goal of the JCAPE program must be to increase the number of adults returning to Johnson Creek.  Unfortunately, with the exception of captive broodstock programs, supplementation can only address survival from egg to smolt development.  Therefore, the NPT propose to use the supportive breeding strategy that would maximize survival during these life-history stages.  Egg to smolt survival for the JCAPE, as proposed, is expected to be around 80% (FishPro 1999), which is a substantial increase over wild survival rates which are typically around 5 to 20% for chinook salmon (Groot and Margolis 1991).  Due to high mortality from the egg to smolt stage within the Salmon River (74.8%; Kiefer and Lockhart 1997), we conclude that outplanting of eyed-eggs is unlikely to substantially increase survival over naturally spawned egg to smolt survival rates.  Similarly, fry and fingerling outplants are unlikely to substantially increase survival within Johnson Creek.  In the upper Salmon River parr to smolt survival was only 24.9% between 1988 and 1994 (Kiefer and Lockhart 1997), suggesting that parr outplants are unlikely to stimulate a large enough increase in egg-smolt survival to be effective.  

Survival data for the various life history stages of spring/summer chinook in the Snake River basin are sparse.  However, available data indicate that mortality among naturally spawned fish is substantial through every life-history stage from egg to smolt.  This suggests that supportive breeding programs within the Snake River basin may be required to implement strategies to minimize mortality for all life history stages from green egg to smolt release.  Therefore, we conclude that the JCAPE program, as proposed, offers the highest likelihood of benefiting the Johnson Creek aggregate.  

Thus far, we have discussed only those supportive breeding options that increase survival from the green egg to smolt stage.  Another alternative is captive broodstock, which increases survival from the parr to adult life history stages.  The NPT recognizes that the benefits to survival of Johnson Creek summer chinook salmon from captive broodstock are substantial.  However, within the SFSR, facilities capable of maintaining a captive broodstock are unavailable, and construction of adequate facilities may not occur within the time frame necessary to prevent extirpation of the Johnson Creek stock. Due to the added cost and possible delays involved with captive broodstock technology, we conclude that the JCAPE program, as proposed, is more likely to benefit Johnson Creek summer chinook.  However, a further analysis of the risks and potential benefits of captive rearing within Johnson Creek may be warranted.

 VIII.  Discussion of benefit/risk (Waples 1996) and the Relation to JCAPE.

Due to recent ESA listings, and the incorporation of a strong genetic component to listing and restoration concerns, implementation of supplementation programs has become contentious.  Waples (1996) provides guidelines for a benefit/risk analysis for salmon supplementation.  His definition of supplementation includes captive broodstock and captive rearing, hatchery reserves, and hatcheries designed to produce fish for outplanting into natural habitats. The definition excludes production hatcheries solely for the purpose of fishery enhancement (e.g. the Lower Columbia River Mitchell Act mitigation hatcheries). Our definition is slightly different and only includes hatcheries designed to produce fish for outplanting into natural habitats.

One further difference with Waples (1996) regards the definition of success for supplementation programs. Waples (1996) defines a successful supplementation program as one where, using local broodstock, supplementation leads to increased abundance of the natural population that remains self-sustaining after the program is terminated. We believe that this definition is inconsistent with the goals of the JCAPE, and cannot be used as a basis for determination of success.  Simply stated, managing a hatchery for improvements in return rate is independent of natural spawning/rearing habitat conditions.  Therefore, the onus for determining if supplementation is a success cannot depend on the sustainability of the population once the program is terminated. The direction the naturally spawning population will take depends on a variety of factors; smolt to adult survival and egg to smolt survival (for example), each of which is affected by habitat quality and remediation. If the adult to adult return rate is below replacement before supplementation actions begin, and nothing is done to repair habitat damage during the period of supplementation, then the fish spawning in the wild will have the same survival rate as before, and the population will continue to decline. What should occur ideally is that the sources of mortality (such as passage mortality associated with mainstem dams, erosion and silting, excessive stream temperatures) are addressed with some restoration action while supplementation is occurring. In this context, it is not surprising that Waples (1996) found no example of successful supplementation. Therefore, we define successful supplementation as,

Supplementation is successful when the abundance or return rate of the targeted population(s) is increased above replacement rate, and is sustainable over the course of the supplementation program such that the combined hatchery-reared and naturally-spawned components of the population are maintained at or above some threshold or rebuilt. 

In the above definition, it is assumed that the hatchery-reared and naturally spawning components are indistinguishable genetically, and that they are managed as a single stock.

Finally, Waples (1996) consistently refers to fish reared in a hatchery as “hatchery fish”, in a way that misleads the reader to believe that the fish are altered genetically. For example, much is said about competition between hatchery and wild fish.  If supplementation is applied correctly there will not be any genetic divergence between hatchery-reared fish and naturally reared fish, and it is incorrect to refer to the hatchery and naturally reared fish as separate populations competing in some way. We consider the targeted population to be the unit, and the hatchery and naturally reared fish to be components of that population (Figure 6). The reason for treating the rearing technique as separate components is to aid in management, since production must be monitored or assessed separately (because productivity will differ) and as a unit (i.e. is the population rebuilding?).

Although the structure of the risk/benefit analysis of Waples (1996) is useful, we feel that many (but not all) of the concerns discussed below and in Waples (1996) are not risks per se
, but rather management-related factors that may influence the fitness of the hatchery reared fish, and consequently of the whole population, and their impact must be minimized (Anders 1998).  

A.  Risk Analysis

A sound understanding of the genetic structure of the species of interest is a prerequisite to the assessment of the genetic impacts of human activities such as introductions, stock transfers, or stock enhancement on natural populations. In fact, one of the easiest measures available to assess the impact of human activities on natural populations is the degree to which the population structure responds to applied management actions. However, it is difficult to measure the induced directional genetic changes in life history 

Figure 6. Supplementation fits in naturally with the “core satellite” metapopulation concept.  It is a source population with a constant emigration rate.  The JCAPE will function as a mainland population with juvenile production going to the tributaries (islands).  Immigration to the hatchery is controlled.  The thickness of the arrows represents the level of gene flow.

[image: image24.wmf]                     

IH89      IR89      JC89      MH89      SH89      SR89

IR89                 -

JC89                 +         +

MH89                 +         -         -

SH89                 +         -         +         +

SR89                 -         -         +         -         -

VC89                 +         -         +         +         -         +



traits such as growth, fecundity and maturity, because of the nature of microevolutionary processes (genetic drift, selection, mutation rates, and phenotypic plasticity).  These comparisons are easier when the species is highly structured (i.e. composed of a number of small, isolated populations), therefore it is thus critical to understand how genetic variation is distributed (within and among stocks, temporal vs. geographical components). Such a breakdown of variance components requires a rigorous and balanced study design. Within the Snake River basin, these data are available for only a few watersheds in only two years.

There is substantial uncertainty about the long-term effects of supplementation on naturally reproducing populations (Waples 1996).  Unfortunately, very little research has been directed toward methods of calculating the potential impacts of these risks.  Risk analyses that have been formulated rely on the ability to quantify or qualify phenomena often theoretical by nature. However, in practice, how does one objectively assign a probability of occurrence to a risk such as outbreeding depression when we lack any means of predicting the likelihood of its occurrence or the magnitude of its impact?  Even risks associated with well-documented and common phenomena are impossible to objectively calculate.  This problem arises largely from a lack of relevant data.  

Risk analysis is further obscured by management decisions and program implementation.  It is important to remember that the quality of management decisions is a factor that must be included to objectively evaluate the success of any hatchery program (Campton 1995).  It is accepted that risks commonly associated with hatchery operation can be decreased by proper program design and implementation (Campton 1995, Anders 1998). 

It should also be clear that analyzing risk inherent in a new program cannot occur independently of previous management actions.  Specifically, it is unrealistic to believe that we are managing an unimpacted system.  For example, spring/summer chinook returns to the Salmon River subbasin have declined dramatically from an estimated 975,000-1,350,000 from 1881-1895 to a low of 1,404 (wild adults) from 1980-1990 to a high of 9,185 (wild adults) in 1988
.  In addition, there is evidence that harvest has changed selective pressures experienced by exploited stocks on a large scale (Law 1991).  Finally, habitat fragmentation has altered the natural rate of genetic exchange between populations (Rohlf 1994).  It would therefore be unwise to assume that genomes or gene pools are stable among any population within the basin, or that allelic frequencies accurately reflect historic stock structure.  What is the risk of maintaining current stock structure or allelic frequencies if current values are merely transitory or the result of genetic drift and population truncation?    

Finally, risk analyses, without exception, are subject to substantial author bias.  For example, one researcher may assign a substantially higher value of risk to hatchery straying than another.  Even if data were available to objectively assign values to the risks discussed above, we are unable to determine the level of risk posed by inaction.  It is impossible to objectively state that the risks of hatchery implementation outweigh the danger of extinction.  In addition, most risk analyses assign a single value to the risk of extinction that is then weighed against the multitude of risks posed by hatchery programs.  It is clear, therefore, that any party wishing to halt a supplementation program could do so merely by increasing the number of potential risks posed by supplementation, or the numerical value assigned to those risks.  Risk analysis, therefore, quickly becomes subjective, with the potential for opinion to replace science.  In its application, risk assessment may become “a tool used by the scientific and technical elite to impose their values and priorities on the public under the guise of scientific objectivity”(Lackey 1994).  It is important when determining the value of a restoration program that we recognize the difference between “fact and speculation, between data and interpretation, and between science and values” (Campton 1995).  

Since it is clear that numerical risk analysis is not an unbiased tool, we approach this analysis by discussing the potential risks outlined by Waples (1996), providing views expressed in the literature, discussing the applicability of these risks in relation to the JCAPE, and finally discussing avenues to minimize these risks.  Where appropriate, following each risk topic we present a table that ranks the risk posed by the JCAPE. Ranks of high, moderate, or low are assigned to each risk based on several factors including past management actions, population sizes, gene flow, risk mitigation, and other applicable criteria.  It is our hope that we are objectively stating the risks associated with operation of the JCAPE, and that debate will focus on the process of implementing a better hatchery program.

B.  Types of Risk 

1.  Genetic

a. Outbreeding Depression

Outbreeding depression describes the phenomenon of decreased fitness manifested immediately or in subsequent generations, following hybridization of individuals with divergent genetic composition.  Outbreeding depression may occur due to dysgenic processes (i.e. the breakdown of coadapted gene complexes) or through genotype-environment interactions (i.e. loss of local adaptation).  

Intrinsic Coadaptation (Epistasis) 

Probably the most publicized explanation for outbreeding depression is intrinsic coadaptation of gene complexes (epistasis).  Intrinsic coadaptation occurs when fitness traits rely on interactions between genes/loci (Lynch 1991).  Scale pattern in common carp is a good example of epistasis.  The S gene controls scaliness, while the N gene controls the scale pattern.  Different combinations of S and N produce different phenotypes; leather (ssNn), mirror (ssnn) line (SsNn, SSnN), and scaled (Ssnn).  Note that none of these genotypes is homozygous for the N allele (ssNN for example), this is because homozygosity for the N allele is lethal. Therefore, if a leather pattern carp mates with another leather pattern carp, 25% of the progeny will inherit the lethal NN genotype.  If a leather pattern carp were to mate with a scale or mirror pattern carp, none of the progeny would be homozygous for the lethal dominant N allele, so none of the progeny would die directly as a result of parental mate selection.  If directional selection has resulted in the loss of the N allele in a population, immigration by an individual heterozygous for N (Nn), would have no immediate detrimental effect.  However, in subsequent generations, hybrid spawning by heterozygous progeny (Nn x Nn) will produce the lethal genotype. 

Traits Involving Multiple Chromosomes 

The carp illustration provides a simple example of epistasis, coadaptation may be much more complex, however, and the same principles follow.  For example, coadaptation may rely on an interaction between loci located on different chromosomes.  If an individual with a coadapted gene complex relying on an interaction between loci on different chromosomes mates with an individual lacking the same association, the progeny will be unaffected since they will inherit one compliment of chromosomes from each parent.  However, in subsequent matings of these progeny, the chromosomes comprising the coadapted gene complex may or may not be passed to the offspring leading to functional loss of the coadapted complex.  However, it should be noted that the probability of coadaptation arising as a result of an interaction between loci on two separate chromosomes decreases as the number of chromosomes increases (Berglund and Lagercrantz 1983).  This suggests private coadaptations relying on the interactions of loci on different chromosomes may be unlikely among salmon populations due to high variability in the number of chromosomes within a population and the potential for loss of the complex during crossover.  Gene flow between stocks possessing coadaptations of this nature, and those lacking the coadaptation would eventually disrupt its function.  Therefore, unless gene flow is limited, and/or selection strongly favors those individuals possessing the coadaptation, the trait would likely be lost (or fixed in both populations).  

Linkage

Even when a coadapted trait relies on the interaction of loci located on the same chromosome, maintenance of stock specific coadaptations remains problematic.  During meiosis, homologous chromosomes (one inherited maternally, the other paternally) are replicated, and the resulting chromatids undergo a reciprocal exchange of part of their genetic material (crossing-over).  During this process, chromatids may be cleaved such that loci necessary for proper functioning of the coadapted complex are separated.  If the parents of the individual in question possessed identical coadapted gene complexes, the function of the coadaptation likely would not be disturbed (it would be represented on all chromatids).  However, if only one parent of the individual in question possessed the coadaptation, two of the chromatids undergoing crossover may not possess the coadaptation.  Therefore, the function of the coadapted gene complex may be lost.  The probability of cleavage disrupting the function of a coadapted gene complex relying on interaction of genes on the same chromosome is related to the length of the complex as well as the distance between contributing loci.  If loci involved in a coadapted complex are positioned near one another, they are less likely to be separated during crossing-over (Hartl 1980).  This phenomenon is referred to as linkage.  Because of linkage, certain loci are frequently inherited non-randomly as a group.  A measure of non-randomly segregating loci (linkage) could therefore be used as a measure of the potential for local adaptations relying on linkage.  However, Van Doornik and Winans (1998) were unable to find evidence of linkage between any of nine loci of coho salmon, suggesting that conservation of coadaptation due to linkage is unlikely (at least for those samples).  In order for coadaptation relying on the interaction of loci on the same chromosome to be maintained, the coadapted complex would necessarily need to be shared among stocks for which gene flow is high.  If the coadaptation were not shared among stocks exchanging migrants, selection against individuals lacking the coadapted complex would have to be extreme in order to maintain the complex within the population.

Requirements for Development of Coadapted Gene Complexes 

There is little agreement as to the requirements for the development of coadapted gene complexes.  Templeton (1986a, 1986b) indicates that coadaptation occurs most readily in species with restricted recombination, which may result from population subdivision, small population size, and inbreeding.  Adkison (1995) states that local adaptation
 is most likely to occur when population sizes are large and stable, selection is consistent over a large geographic area, and rates of migration are neither too high nor too low.  Regardless of population size, there is general agreement that coadaptation probably occurs over many generations in environments that have stable selective pressures in populations that are substantially reproductively isolated. Given either suite of requirements, maintenance of population-specific coadaptations would be unlikely among within the Snake River basin, due to substantial fluctuation in population size.

The persistence of coadaptation is also problematic.  For example, does a coadapted trait continue to impart a fitness advantage over a wide-range of environmental conditions?  If allelic frequencies change in response to environmental perturbations, is the function of coadapted complexes maintained?  We know that allelic frequencies may change rapidly at loci subject to selection.  For example, Whitlock (1997) suggests that shifts to alternate adaptive peaks require only small changes in selection coefficients.  The result is that drastic phenotypic changes may result from small-scale environmental perturbations (phenotypic plasticity). Genotypic change, on the other hand, may be relatively resilient to large-scale environmental fluctuation.  However, when environmental perturbation is extreme, selection favoring an alternate allele at one locus instigates changes at other loci, such that previously inaccessible allelic frequencies may be produced.  This is an important result given the large-scale environmental fluctuations in the Columbia River over the past century.  If a change in selective pressure affecting one locus is sufficient to result in changes in the genotypic environment, a “cascade” of genotypic change at several loci may occur (Whitlock 1997).  Since coadaptation requires complex interactions between two or more loci, what is the probability that the function of coadapted loci remains unaffected by shifts in allelic frequencies
?  

Population size may play a direct role in the evolution and persistence of coadaptation.  For example, inbreeding is among Templeton’s (1986b) promoters for coadaptation.  However, even among small populations of salmon with low gene flow, inbreeding is decreased by residual tetraploid inheritance, overlapping generations (see inbreeding below), and gene flow among populations.  In contrast to Templeton, Adkison’s (1995) requirements for local adaptation include large stable population sizes and reasonable stray rates. However, neither of these is likely realized in many Columbia River Basin salmon stocks given the fluctuations in adult returns and high gene flow.  

Evolution of a genetic trait as complex as coadaptation undoubtedly requires many generations of selection.  For salmonids as a whole, it is unclear whether there has been sufficient time for coadaptation to occur.  For example, Gyllensten (1985) suggests that genetic structuring of Oncorhynchus species have been derived only since glaciation. This may not be sufficient time for the accumulation of biologically significant divergence between populations.  Further, the relationship of hierarchically organized populations in a metapopulation structure limits the number of mechanisms that could give rise to coadaptation on a local scale.

Finally, the geographic scale of coadaptation is problematic.  Since coadaptation, when it occurs, is more likely to occur on a regional, rather than local scale (Petit 1998), it follows that avoiding hybridization between geographically separated stocks reduces the risk of outbreeding depression (Templeton 1986a).  However, Leberg (1993) found that populations of mosquitofish hybridized from two stream populations separated by less than 100 km had fewer individuals than control (parental) populations.  Since the small size of hybrid populations was temporary and occurred in the second and third generations following the initial hybridization, the author attributed the difference to outbreeding depression.  However, the “outbreeding depression” was not substantial enough to result in a statistically significant difference between the sizes of the outbred population and the control population.  In addition, the mechanism responsible for decreased population size of the hybrids was not determined.  Therefore, evidence that outbreeding depression was the cause of decreased population size among the hybrids is circumstantial at best.  Further, the rate of genetic exchange between these populations before collection is unknown.  If the populations were reproductively isolated for hundreds of generations, outbreeding depression might be expected.  Clearly, the result would not be applicable to salmonid populations within a basin, for which straying and genetic exchange is expected. Finally, Zimmerman and Wooten (1981) found no indication of outbreeding depression as a result of the hybridization of two co-occurring species of sculpins, despite significant differences in allelic composition which allowed complete electrophoretic discrimination of the stocks.  As a rule, outbreeding depression is unlikely to occur except over vast distances in species with wide dispersal relative to the distances separating breeding groups (Templeton 1986b).

In addition to a paucity of data supporting coadaptation on a local scale, evidence of outbreeding depression on a wide geographic scale is also lacking.  For example, Cohan et al. (1989) found no evidence of epistasis when hybridizing Drosophila melanogaster from populations extending from British Columbia to California. Similarly, crosses of sub-species of European field mice yielded no evidence of outbreeding depression for fitness traits (Alibert et al. 1997).  Finally, Cheng et al. (1987) found no evidence of outbreeding depression when hybridizing chinook salmon from two separate river basins. 

Overall, evidence supporting coadaptation among fish is largely circumstantial and open to interpretation (Barker 1979, Taylor 1991).  The only significant data supporting outbreeding depression of wild fish is that presented by Gharrett and Smoker (1991), who hybridized even and odd-year pink salmon, two obviously distantly related, and reproductively isolated lines (Beacham et al. 1988, Busack and Currens 1995).  Unfortunately, the lack of proper controls and the small F2 sample size make it impossible to conclusively state whether or not lower F2 returns were due to a dysgenic mechanism. 

Extrinsic Coadaptation

In addition to the breakdown of coadapted gene complexes, outbreeding depression can result from hybridization between karyotypic races (extrinsic coadaptation).  Karyotype refers to the number of chromosomes possessed by an individual, while karyotypic race refers to a population that exhibits a certain distribution of karyotypes.  An example of this type of outbreeding depression is provided by hybridization of owl monkeys with unequal chromosome numbers (different karyotypic races).  Reproductive failure occurred due to abnormal meiosis associated with unequal chromosome length (Templeton 1986a).  

Different karyotypic races of salmon exist, but these races may co-occur, which suggests that mating between karyotypes occurs naturally.  Even in cases where salmon of different karyotypes hybridize, viable offspring may still be produced (Kusunoki et al. 1994).  Thorgaard (1983) found that coastal stocks of rainbow that were indistinguishable morphologically or by allelic frequency, varied in chromosome number from 58-64 within and between populations.  However, while hybridization of karyotypic races occurs, Garcia-Vazquez et al. (1995) suggest that wild fish undergo selection toward a standard karyotype.  Whatever the case, since individuals with differing karyotypes may occur within the same population, it is clear that outbreeding depression is unlikely to occur as a result of hybridization between fish with differing karyotypes.  Since hatchery broodstock is derived locally for supplementation programs, and consistently incorporates wild fish, this type of outbreeding depression is unlikely both within the hatchery and upon hybridization with the target stock providing that the stock sampled is at least locally panmictic.  Finally, the consequences of introgression with non-target stocks may not be detrimental, since karyotypic hybridization appears to be a naturally occurring phenomenon.

Outbreeding Depression due to Loss of Local Adaptation 

The mechanisms of outbreeding depression discussed previously are dysgenic (strictly genetic) in nature.  A third source of outbreeding depression in nature may occur via disruption of local adaptation.  Local adaptation, as discussed here, results from the complex interaction between genotypes and the environment.  An illustration of this type of outbreeding depression is provided by ibex introductions in the Czech Republic.  Ibex were successfully introduced from Austria, however further introductions from Sinai regions resulted in population extinction due to temporal differences in rutting.  The Sinai stock rutted in the coldest months of the year subjecting the offspring to increased mortality (Templeton 1986a).  

Overview and Relation to the JCAPE


Overall, most research indicates that outbreeding depression, as discussed here typically results from hybridization of animals separated by great geographic or genetic distances (Whitlock et al. 1995).  In addition, outbreeding depression is a short-lived phenomenon, usually not lasting more than a few generations (Templeton 1986a).  Unfortunately, if population sizes are small (as in the Salmon River), and outbreeding depression is severe, extinction could potentially occur before recovery from the outbreeding mechanism.  However, evidence indicates that after recovery from outbreeding depression, the resulting population is as strong or stronger than the original population in fitness-related traits (Templeton 1986a).  Whatever the cause, it is apparent that the risk of outbreeding depression in supplementation programs is minimized since broodstock is derived locally and incorporates wild fish, such that divergence in genetic and life history characters is minimized.

The potential for outbreeding depression within other SFSR and Snake River tributaries depends directly on the absolute number of strays resulting from the JCAPE program.  However, using the McCall Hatchery as a proxy for the JCAPE, we find that straying will likely be minimal, suggesting that the risk of outbreeding depression to other stocks as a result of JCAPE implementation is low.

	Type of Risk
	Risk to the Johnson Creek Population
	Risk to Snake and Columbia River Stocks

	Outbreeding Depression
	Low
	Low


 b.  Inbreeding Depression

Inbreeding refers to the mating of two individuals more closely related than any two individuals collected randomly from the population (non-random mating). Inbreeding results in progeny with reduced heterozygosity relative to the heterozygosity of the population as a whole (Tave 1993).  For example, progeny derived via sib-mating (spawning of a brother-sister pair) suffer a mean loss of 25% heterozygosity relative to heterozygosity expected from a randomly mating pair (Waldman and McKinnon 1993).  However, inbreeding is not inherently positive or negative, and is frequently used in aquaculture to increase productivity or optimize traits (Shields 1993; Tave 1993; Wangila and Dick 1996). Inbreeding depression occurs when decreased heterozygosity lowers fitness through loss of heterozygote advantage (heterosis), or by expression of alleles that are deleterious in the homozygous state (dominance) (Allendorf and Leary 1986; Mitton 1993; Lutz 1996 and 1997; Ballou 1997; and David 1997).  However, the effects of inbreeding are not straightforward, and may vary depending on the demographic history of a population.  For example, populations that have experienced serial bottlenecks may not be as susceptible to inbreeding, since deleterious alleles may have been purged during the bottleneck events (Tanaka 1997). Recent evidence suggests that inbreeding depression may be exacerbated by fluctuating or stressful environments (Miller 1994).  Therefore, it is conceivable that environmental perturbations and fluctuating population sizes within the Columbia River might promote inbreeding depression. 

Within the scientific community, there is little agreement as to the probability or extent of inbreeding depression among fishes.  For example, according to Waldman and McKinnon (1993), inbreeding depression has been detected in every fish species for which there are data.  However, most of their examples refer to intensive aquaculture programs for which inbreeding may be intentional, or the result of poor hatchery management. Therefore, this represents a test of the theory of inbreeding depression, not a test of the likelihood of occurrence in a natural population or a well managed supplementation program.  If inbreeding were to occur, Caro and Laurenson (1994) suggest that inbreeding has never been shown to cause a decline in a natural population.  Among salmonids, residual tetraploid inheritance limits could limit the potential for deleterious effects of inbreeding.  Because of residual tetraploidy, the expression of a deleterious recessive allele would require that an individual be homozygous at all four loci (if the second pair of chromosomes are active) (Waples 1990).  

Relation to the JCAPE

Since the JCAPE program proposes to use a large number of individuals as broodstock (232 adults), we expect the risk of inbreeding to be low.  In addition, the use of pairwise or factorial spawning is expected to increase the genetic variability of progeny.  This strategy has been effective at increasing the effective population size by up to 50%, if family size is equalized
 (Campton 1995, Arkush et al. 1997).  Finally, any indication of inbreeding detected by the genetic monitoring component of the JCAPE monitoring and evaluation plan (Vogel and Hesse 2000 draft) would trigger a management response directed at to increasing the effective population size of the broodstock.  If inbreeding were detected, the effects would likely be minimal, because the deleterious effects of short-term inbreeding can be largely mitigated in one generation by incorporation of genetic variation (Tave 1993).  Overall, the JCAPE is likely to positively effect genetic integrity of the Johnson Creek stock by reducing the demographic and genetic risks associated with small population size.   

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Inbreeding Depression
	Low
	Low


c. Distribution of Diversity

Genetic variability can be decomposed into geographic and temporal components. The concepts associated with geographic variability have been well described (e.g. Endler  1977, 1986; Real 1994) and are discussed in depth below.  However, evaluation of the temporal variance component, although often neglected, is critical. At the simplest level, if genetic differences among populations exist at a geographic scale, it must be demonstrated that these differences are stable (consistent) across generations to infer that the populations are self-recruiting, and have the potential to become locally adapted. If temporal variation is extreme, then the geographic differences among populations may be transient. In such a scenario, the populations are not genetically independent, but may be part of a dynamic metapopulation structure. Such temporal variability has been observed in a number of taxa (e.g. Li and Hedgecock 1998; Laikre et al. 1998) and is present within the Snake River spring/summer chinook ESU (see Population Structure in the Snake River basin). Temporal variability can be attributed to various sources. The most probable with small isolated populations is genetic drift. However, two other causes can be important: 1) selection can result in temporal variability if environmental conditions fluctuate from year to year or within the spawning season, causing differential recruitment among genitors; 2) waves of spawning activity within a season could result in large variance components if the number of females contributing to the recruitment is small in any of the waves. In this instance, one would expect to see random genetic differences in early and late spawning “cohorts” within the same population.

Genetic variation of Pacific salmon can be subdivided into two additional sources, variation within populations, and variation between populations.  Gyllensten (1985) found that among anadromous populations of salmonids, 3.7% of the total genetic diversity is due to differences between populations, while 96.3% of total diversity is found within populations.  Using allelic frequencies obtained from several subpopulations of spring/summer chinook salmon in the Salmon River subbasin we find that approximately 97% of the total genetic diversity is found within subpopulations of the Snake River basin (see Population Structure in the Snake River basin).  This suggests that only minor genetic differentiation would be expected between any two subpopulations within the Snake River basin (around 3% divergence over 30 surveyed loci). 

Genetic divergence of populations is thought to occur primarily as a result of three processes; local adaptation, random differentiation (genetic drift), and founder effects (populations arising from only a few individuals) (Adkison 1995).  The biological significance of genetic differentiation depends on the ultimate cause of the observed difference.  For example, if genetic divergence occurs as a result of genetic drift and/or founder effects, the differences are unlikely to be of adaptive relevance, and conserving these differences by limiting gene flow would likely be detrimental.  However, if genetic divergence results from centuries of selection acting to produce an optimal genotype (local adaptation) that infers a survival advantage, preservation of this genotype may be important for the future recovery of the population, provided that the environment in which it was derived remains relatively undisturbed (Avise 1995).  Within the Columbia Basin, environmental impacts from mainstem dams, increased water temperature, decreased discharge, and altered hydrographs likely decrease the value of local adaptations derived under historical conditions.  Alternatively, if genetic differentiation results from genetic drift or founder effects, the population may lack the necessary genetic diversity to form a sustainable population, or may be limited in response to selective pressures.  Unfortunately, we have no means to determine if current differentiation arose through chance or reflects local adaptation.  Regardless of the mechanism(s) giving rise to current population structure, a population that possesses local adaptations that evolved under pristine conditions may be no better suited for current conditions than a non-indigenous stock.  For example, changes in allelic frequencies cannot be expected to keep pace with the quickly changing environments resulting from anthropogenic disturbances (Wohlfarth 1993).  Therefore, we must approach genetic conservation with caution, because policies seeking to preserve current genetic stock structure may decrease the probability of successful restoration by limiting genetic response to current environmental conditions and constraining management activities.

1.  Loss of Within Population Diversity

Loss of within population genetic diversity refers to a reduction in quantity, variety, or combinations of alleles within a population (Busack and Currens 1995). The effects of the loss of within population diversity are not well understood in fishes (see previous section on inbreeding depression).  However, to date there is no evidence of a decline in productivity of wild salmon populations from inbreeding or random genetic drift (Caro and Laurenson 1994).  For example, the Marion Drain fall chinook stock has lower heterozygosity than the Yakima River stock, yet it has higher productivity (PRRG 1998a).  

Loss of diversity within a population can occur via many mechanisms.  Stochastic environmental events, disease, selective harvest, genetic drift, outbreeding, and inbreeding can all decrease genetic diversity within a population. Among hatchery stocks, the loss of within population diversity occurs primarily via; poor broodstock management, increased variance in reproductive success, or genetic swamping (poor outplanting practices). 

Broodstock Management

Poor broodstock management may result in the loss of within population diversity through sib-mating, overly efficient use of gametes, artificial selection, or non-representative broodstock collection.  Sib-mating (spawning of brother-sister pairs), or using one male to fertilize the eggs of several females (overly efficient use of gametes
) reduce the effective population size of hatchery broodstock and increase the probability of genetic drift.  Sib-mating and overly efficient use of gametes reduce both the variety and combinations of alleles in the resulting progeny, because each spawner can inherit only the alleles possessed by their parents, which represents a fraction of the allelic diversity in a genetically diverse population.  As such, progeny are more likely to share the same alleles than randomly selected spawners.  If these homozygous individuals constitute a proportionally large segment of the breeding population in subsequent generations, alternate alleles may be lost through genetic drift.  Loss of alleles is particularly detrimental, because alleles can only be regained through mutation or introduction from another stock.  It is widely accepted that the range of possible responses to selective pressures is related to genetic richness (the diversity of alleles) possessed by a population (Laikre and Ryman 1996; Petit 1998).  Therefore, loss of alleles reduces the possible responses of populations to environmental change.  Also lost is the phenotypic variance coded for by those alleles.  However, that the loss of an allele from one stock does not translate to a loss of an allele from the species.  All known alleles present in Pacific salmonids are typically present in more than one, and usually several stocks (CRITFC unpublished data).   

Artificial selection and non-representative broodstock collection may promote the loss of within population diversity by direct or indirect selection against heritable traits, or by magnifying a non-representative fragment of genetic variability with respect to the population as a whole.  For example, if a hatchery manager culls slow-growing individuals, he/she may unknowingly select against not only slow growth traits, but traits that may be linked with slow growth, such as early emergence.  Similarly, if the earliest adult returns are preferentially selected for broodstock, run timing may eventually advance to the point of maladaptation.  

It should be noted that broodstock management practices can be modified to minimize the loss of between population diversity.  For example, the maintenance of a numerically large broodstock minimizes the simple probability of sib-mating within the hatchery environment.  Overly efficient use of gametes can be avoided simply by maintaining a pairwise or factorial spawning strategy within the hatchery.  Artificial selection within the hatchery can be minimized by non-selective culling, and the use of the NATURES strategy to more closely mimic natural conditions.  Finally, non-selective broodstock collection can be minimized by random or stratified random sampling of adult returns across the entire run.

Variance in Reproductive Success

 Variance in reproductive success is another mechanism that may result in the loss of diversity within a population.  This may occur in a hatchery due to non-random culling practices or non-representative broodstock collection.  For example, if hatchery protocols include culling slow-growing individuals, heavy mortality may be unknowingly exerted on the offspring of certain families.  The result is the loss of not only the variability resulting in slow growth rates, but variability that may correspond with slow growth rates (i.e. later emergence).  However, even within wild populations evidence indicates that variance in reproductive success is extreme.  For example, temporal change in allelic frequencies among larvae of the Pacific Oyster in Dabob Bay, Washington, suggests that progeny were the result of reproduction by approximately 400 individuals, which is approximately 10,000 times less than the estimated number of reproductively active adults (Hedgecock 1994).  Researchers attribute this disparity to “sweepstakes-chance” spawning in synchrony with those oceanographic conditions that maximize reproductive success (fertilization, maturation, larval development, and recruitment) (Li and Hedgecock 1998).  Synchronization of spawning with environmental conditions promoting reproductive success is a complex interaction of genotype-environment interactions and unpredictable natural events.  For example, flood regimes in a given tributary may result in selection for juveniles emerging earlier in one year and later in the next.  The result is that in any given year, selection may result in a non-random sample of progeny from a given population.  If a population is large, differential reproductive success due to stochastic events may have little impact on population-wide genetic diversity.  However, as population size decreases, variance in reproductive success may increase random drift, resulting in a loss of within population genetic variation.  Therefore, while variance in reproductive success within the hatchery may not be an added variance component compared to natural spawning, hatcheries may seek to minimize practices that exacerbate reproductive variance (Li and Hedgecock 1998), thereby representing a benefit to conservation.

Variance in reproductive success may be exacerbated by non-representative broodstock collection.  For example, if the broodstock embodies only a fraction of the genetic variability present in the target population, increased survival among this component of the population may result in an overrepresentation of their genotypes in subsequent generations.  

Again, management practices can be shaped to minimize variance in reproductive success.  For example, random culling in the hatchery minimizes the risk of selection against family groups that may be prone to exhibiting traits such as slow growth.  Non-representative broodstock collection can be minimized by random or stratified random sampling across the entire adult return.  In any case, if artificial selection is minimized in all aspects of the hatchery program, variance in reproductive success would be unlikely to result in the loss of within population diversity.

Genetic Swamping

Genetic swamping refers to the practice of releasing proportionally large numbers of hatchery-reared fish from a limited number of parents in comparison to the number of fish produced by the naturally spawning component of a population.  If the hatchery-reared fry represent only a fraction of the total genetic variation
, and constitute a large percentage of the returning adult population, subsequent spawning with the wild population may decrease genetic diversity within the population by displacing alternate alleles. The result is decreased effective population size for the population as a whole, which increases susceptibility to genetic drift and limits the possible responses to selective pressure.  

Genetic swamping may be exacerbated by hatchery advantage.  Hatchery-reared fish may be larger at release or be released at times that coincide with optimal environmental conditions for survival (such as release at times when dams are spilling).  These advantages may result in greater survival of hatchery-reared fish compared to naturally spawned individuals.

Obviously, one of the goals of a hatchery program is to increase the survival of hatchery-reared individuals to a level above that experienced by the naturally spawning component of the population.  It is thought by some that this increases the risk of losing diversity within the local population.  However, with proper non-selective broodstock management and incorporation of wild fish in the broodstock, this risk is substantially lowered.  For example, a study of 10 hatchery programs in California found that the diversity present in hatchery broodstock was similar to the wild populations they were used to supplement (Bartley and Gall 1990). Unfortunately, until the rates of natural mortality within the Columbia River Basin are substantially decreased, hatchery programs will be forced to release a proportionately greater number of hatchery-reared fish with respect to wild fish.  This increases the risk of genetic swamping, however the risk is currently unavoidable.  

Relation to the JCAPE

When population sizes are low, conservation hatchery operations may provide the only immediate means for maintaining an effective population size adequate for preserving within population diversity (Anders 1998).  This is certainly the case for Johnson Creek, where adult returns are insufficient to maintain genetic variation at an acceptable rate (see Escapement Thresholds).  Without supplementation, the Johnson Creek spawning aggregate is subject to genetic drift, which in turn decreases plasticity in response to environmental change and increases the probability of extinction.  The JCAPE program, as proposed, offers a substantial benefit to the conservation of within population diversity by incorporation of genetically relevant broodstock and escapement thresholds (see Escapement Thresholds).  For these reasons, we suggest that the JCAPE will substantially benefit the maintenance of genetic diversity within the Johnson Creek aggregate.  

In our review, only one aspect of the JCAPE program could potentially result in the loss of within population diversity.  The weir on Johnson Creek cannot be installed during high flows.  Because of installation problems, up to 40% of the adults returning to Johnson Creek might pass the weir site before installation.  Unfortunately, the weir has only been installed once, and we are hesitant to use one year of data to assess the magnitude of this potential problem.  If monitoring suggests that a high proportion of the earliest adult returns pass the weir site, a more aggressive weir may be required to avoid selection against early returning adults.  Because of the potential for artificial selection against early returning adults, we rank the risk of losing within population diversity as moderate for the JCAPE program.  

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia River Stocks

	Loss of Within Population Diversity
	Moderate
	Low


2.  Loss of Between Population Diversity

 Loss of between population diversity refers to the loss of genetic identity of populations (Busack and Currens 1995).  Although the ESU concept heavily weights the importance of between population diversity, there is no consensus among researchers pertaining to the importance of preserving diversity between populations.  This results in part from a lack of understanding of population structure(s) of salmon, as well as inability to determine the ultimate mechanism resulting in diversity between populations (Howard 1993).  In addition, the population structure of salmon has been compromised by anthropogenic effects such as outplanting, habitat alteration, and barriers to migration, which have altered the distribution of diversity between populations (Policansky and Magnuson 1998).  It should be noted that loss of between population diversity refers to a loss of genetic difference between populations (typically measured as divergence in allelic frequencies), not necessarily a loss of genetic variation from either population.

Templeton (1986a) argues that if the majority of total variation within a species is found within populations, regardless of geographic or subspecific status, then all populations should be regarded as a single entity.  Templeton (1986a) argues that for species with wide dispersal relative to the distance between breeding populations, local adaptation is unlikely to occur except over large geographic distances.  This is likely to be the case with salmon, which undertake extensive coastwide migrations and return to a geographically small area by comparison in order to spawn.  However, even for species for which limited dispersal leads to reproductive isolation, the populations may be treated as a single entity if the causal factors leading to isolation are contrary to the life history of the organism.  For example, the collared lizard survives in the Ozarks as a series of genetically distinct isolated populations.  Historically, the lizards are believed to have been a continuous population that has been isolated by climate change and habitat destruction.  Since these isolated populations are recognized as remnants of a larger continuous population, reintroduction programs have deliberately sought to hybridize individuals from different populations in order to maximize the amount of variation within supplemented populations (Templeton 1986a).  The result is that between population diversity has been sacrificed in order to promote diversity within populations.  Of the populations established using between-population hybrids, all are currently healthy.  Moreover, after removal of barriers to migration (through burning), 25 new populations were founded naturally, and genetic subdivision of populations is being rapidly erased (Alan R. Templeton, Department of Biology Washington University, personal communication, 22 March, 1999). 

If a species lives in a continuous range, with peripheral isolates, local differentiation displayed by peripheral isolates arises in many cases through genetic drift (Templeton 1986b).  If genetic divergence of subpopulations arose through chance (genetic drift for example), then its short-term loss is more "an aesthetic loss than a practical loss" (Adkison 1995).  If Pacific salmon populations were historically metapopulations, or panmictic within subbasins, this has important implications for conservation, because management actions are currently limited by attempts to preserve differentiation among anthropogenically isolated populations.  Limiting management options in this case has serious impacts, since in the "short-term habitat degradation and the non-genetic effects of overfishing have caused greater loss in productivity and resilience than has genetic degradation" (Reisenbichler 1996).  In this sense, the loss of diversity between populations may not be detrimental, as long as overall genetic diversity is maintained.  Therefore, increasing diversity within populations by treating several stocks as a single population for the purposes of supplementation may be warranted.  

The preceding information would lead to the conclusion that supplementation should proceed even if genetic differentiation of peripheral populations is compromised by increased gene flow.  However, since we are uncertain about the role of diversity in peripheral populations, many researchers advocate a more conservative approach.  Petit et al. (1998) indicate that peripheral populations may be important sources of evolutionary genetic diversity if divergence is phylogenetic (divergence resulting from evolution) and not merely nuclear (divergence resulting from short-term selection or drift).  

Whatever the source or importance of genetic divergence between populations, a variety of mechanisms may result in its loss.  However, in terms of hatchery programs, loss of genetic variability between populations likely arises as a result of stock transfers or increased gene flow.  

Effects of Management on Between-Population Diversity

Stock transfers may decrease the fitness of an individual population by the disruption of heritable genetic traits that increase fitness in the local environment (Helle 1981; Busack and Currens 1995). If a target population has a high frequency of private alleles (alleles found infrequently in other populations) or allelic combinations (coadapted gene complexes) which increase fitness, the transfer and subsequent introgression of a non-indigenous stock may result in outbreeding depression.  This occurs because the introduced stock may lack the same private alleles as the local population, and/or has different allelic combinations, and/or different assembly of genes on the chromosomes.  If a hatchery utilizes an out-of-basin stock, outplants at a high rate (in proportion to the indigenous stock), and survival of hatchery-reared fish is high with respect to the native population, native allelic frequencies, combinations, or private alleles could be altered or displaced by introgression.  Similarly, if introgression leads to the breakdown of coadapted gene complexes and results in decreased fitness, natural reproduction could be truncated, exacerbating replacement with non-native alleles (Gharrett and Smoker 1991).  The result is a decrease in genetic differentiation between the target and source populations.  Nevertheless, diversity within the populations may be increased, if the alleles are retained by members and descendants of both components of the population. 

In addition to stock transfers, a reduction in between-population genetic variation may occur if supplementation increases the total number of migrating fish entering non-target streams.  If the number of migrating fish is high in proportion to the population size of the non-target stream, introgression may result in displacement of alleles as discussed in the previous section.  However, it should be noted that local adaptations may be conserved even with substantial immigration (Adkison 1995), and that straying may promote the conservation of rare alleles by reducing genetic drift (Slatkin 1985). 

Between Population Diversity Within the Columbia Basin

In the Columbia Basin, management has already taken the risk of losing between population diversity by reducing the amount and spatial distribution of habitat through dam construction.  Specifically, within the SFSR, between population diversity has been further compromised by the McCall Hatchery.  The McCall Hatchery initially derived broodstock from fish passing Little Goose and Lower Granite Dams (LSRCP 1998).  Therefore, the progeny of McCall broodstock may represent a genetic mixture of fish from all streams within the Snake River as well as migrants from out-of-basin stocks.

In order to determine the potential effects of the McCall HatcHatHatchery program and the proposed JCAPE program on between population diversity, it is necessary to have some measure of currently existing between population diversity.  Unfortunately, data for a detailed assessment of between population diversity within the Snake River is lacking.  The data that are available yield significant differences in allelic frequencies between the aggregates of the SFSR in one year, but not the next (see Population Structure within the Snake River).  However, it is interesting that differences in allelic frequencies were non-significant in a year with comparatively high adult returns, and that significance was achieved only in a year of comparatively low adult returns.  These results are consistent with the hypothesis that in years with a low adult return, aggregates may be subject to a founder effect, which would give the illusion of population structure within what would otherwise be considered a continuous population.  In the absence of additional data, the geographic proximity and habitat similarity of SFSR tributaries suggest that the existence of biologically relevant stock structure within the SFSR is unlikely.

Relation to the JCAPE  

The JCAPE program will outplant summer chinook in Johnson Creek at Wapiti Meadows and/or Cox Ranch.  The locations of the proposed outplanting sites were selected to maximize access to current and historical summer chinook spawning habitat within Johnson Creek. Since the majority (preferably the entirety) of the JCAPE broodstock will be derived from adult returns to Johnson Creek, and only one population of summer chinook is recognized in this tributary, there is no risk to the loss of between population diversity within Johnson Creek.  Potential impacts to surrounding Salmon River and Columbia Basin spring/summer chinook stocks is dependent on the degree to which JCAPE adults migrate to non-natal streams.  However, if summer chinook reared for JCAPE behave similarly to those produced at the McCall Hatchery, risks to non-target stocks will be minimal (see straying).  Further, given the paucity of evidence to suggest that stock structure exists within the SFSR, straying of JCAPE adults into other SFSR tributaries is unlikely to be detrimental.  In fact, straying may actually represent a benefit to smaller aggregates that may be at risk of losing genetic variability because of small population size.  
	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Basin Stocks

	Loss of Between Population Diversity
	Low
	Low


2.  Ecological

 a.  Artificial Selection

Several studies suggest that relaxation of natural selection in hatcheries, or selection for the hatchery environment (artificial selection), reduce the performance of hatchery-reared fish in the wild.  Changes in phenotypic (Fleming and Gross 1990), genetic (Bartley and Gall 1990), and behavioral characteristics (Doyle and Talbot 1986b, Berejikian 1995) within hatchery-reared stocks are well documented.

Changes in phenotypic characteristics among hatchery-reared salmonids may decrease performance under natural conditions.  For example, Gausen and Moen (1991) found that escapees from fish farms were less effective at passing migration barriers than wild salmon.  The authors suggest that the loss of migratory effectiveness resulted from relaxation of migratory challenge in the hatchery environment.  Fleming and Gross (1989) found that hatchery-reared coho exhibited smaller kype, body size, and decreased coloration in comparison to wild conspecifics.  The authors conclude that the relaxation of spawning competition in the hatchery-rearing environment may have led to a decrease in these characters, which are thought to increase spawning competitiveness and optimize mate selection.  However, hatchery fish had been the sole source of broodstock for up to 40 generations, suggesting that substantial domestication may have occurred.  In addition, females from the hatchery stock exhibited decreased body depth compared to wild conspecifics.  The authors associate this change to relaxation of predation, decreased migratory challenge, and decreased spawning competition, since body depth is associated with burst swimming capability and redd excavation.  Moran et al. (1997) found that selection against asymmetry of pectoral fin rays was greater in wild fish than hatchery-reared fish, but were unable to infer any fitness related consequence associated with this difference
.  

Changes in genetic constitution (allelic frequencies) and karyotype have also been noted among hatchery-reared stocks, although the effects of these changes on fitness are not documented.  Bartley and Gall (1990) detected slight divergence in allelic frequencies between several hatchery-reared stocks in relation to their target populations.  Garcia-Vazquez et al. (1995) found that wild salmonids underwent greater selection against non-standard karyotypes than hatchery-reared conspecifics, but were unable to infer any relationship between fitness and variation in karyotype.  

Behavioral characteristics may also be altered by artificial selection.  Doyle and Talbot (1986b) indicate that selection for rapid growth in an aquaculture setting results in stabilizing selection with regard to submissive and aggressive behavior.  Berejikian (1995) found that hatchery-reared steelhead fry exhibited predator-susceptible behavior more frequently than wild conspecifics.  However, the fact that hatchery-reared steelhead fry from wild adults performed better than hatchery-reared steelhead from hatchery-reared adults, indicates that supplementation programs using only wild adults may minimize behavioral change among the hatchery-reared progeny.

Overall, there are many examples of divergence in phenotypic, genetic, and behavioral traits between hatchery stocks and wild stocks. However, we lack conclusive evidence to suggest that these differences are manifest in the progeny of hatchery-reared adults that reproduce in the wild, or that the observed differences resulted solely from hatchery stock development.  In addition, the relationship between many of these phenotypic, genetic, and behavioral divergences and fitness has yet to be demonstrated.  

Hatchery Management

The rate and extent to which phenotypic, genetic, and behavioral divergence may occur within the hatchery environment is largely dependent on how well the broodstock represents the target population, selective pressure within the hatchery, and the number of generations the hatchery-reared stock has been isolated from the donor stock.  Typically, divergence requires many generations.  However, under directed selection within the hatchery, or because of poor hatchery practices, the rate of divergence can increase.  For example, Ruzzante and Doyle (1991) found evidence of artificial selection in an aquaculture stock after only two generations of intentional artificial selection. 

Artificial selection may result from broodstock collection practices.  For example, run timing of hatchery-reared progeny may be advanced by collection of broodstock from the earliest part of the wild run (Allendorf and Waples 1996), and since this is a heritable trait, it may be passed to progeny of hatchery-reared fish (Smoker et al. 1998).  Early return and spawning by hatchery-reared coho in Oregon is thought to have decreased their ability to rebuild natural populations (Nickelson et al.  1986).  However, in New Zealand, even after deliberate selection for early-returning fall chinook, median dates of entry were found to be unaffected (Unwin and Glova 1997).  Some sources of artificial selection, such as changes in run timing, can be avoided.  However, Waples (1991b) suggests that by reducing mortality during early life history stages, hatcheries necessarily change the mortality profile of the population.  However, the author does not speculate on the probable impacts of those changes.  In addition, the risks of artificial selection are increased to an unknown degree because of possible changes in traits correlated to the trait under selection (Busack and Currens 1995).  Finally, the heritability and hence susceptibility of stocks to selection for characteristics such as smolt weight may be stock specific (Withler et al. 1987).

Relation to the JCAPE

While not all sources of artificial selection can be avoided, artificial selection can be minimized by proper collection and rearing protocols.  In addition, experimental evidence suggests that domestication can be minimized by deriving broodstock from naturally spawned adult returns (Berejikian 1995).  The JCAPE program limits artificial selection through incorporation of randomized broodstock collection procedures maximizing the contribution of naturally spawned adults as well as incorporation of the NATURES rearing technique.  This technique mimics natural conditions within the hatchery by incorporation of natural substrate, natural coloration, overhead cover, and decreased density during rearing and acclimation

Unfortunately, broodstock collection at the JCAPE weir may be hindered by high flow conditions.  Therefore, in some years adult returns may commence before the weir can be installed.  Consequently, broodstock collection may unintentionally select against earlier returning adults.  Due to the potential for indirect artificial selection against early returning adults, we assign a value of moderate to the risk of artificial selection.

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Basin Stocks

	Artificial Selection
	Moderate
	Low


b.  Straying of Hatchery-Reared Fish

Within the scientific community, it is widely agreed that a balance between homing and straying exists as a life history characteristic of salmonids.  Straying increases the effective population size for small, fragmented populations (Waples 1996).  It also ensures that founder effects and genetic drift are not deleterious to the local population, and at the demographic level, all available habitats are used as a balance against local extinction (Waples 1996).  However, hatchery stocks have been criticized for too much straying, and some authors use this as proof that hatchery-reared fish are genetically inferior (Ryman and Laikre 1991).  Allendorf and Waples (1995) state that high levels of straying will harm the delicate balance of local adaptation and gene flow of natural populations. However, Quinn et al. (1985) indicate that data needed to calculate stray rates for natural populations are lacking.  In addition, evidence suggests that hatchery-reared individuals may not stray at a greater rate than naturally spawned fish.  For example, Clifford et al. (1998) found that farm raised female Atlantic salmon had a high rate of fidelity to hatchery streams.  Unfortunately, the contribution of precocious males (yearlings) confounded male returns.  If hatchery-reared fish have an increased probability of straying, it is feared that introgression of hatchery-reared and wild fish may disrupt local adaptations and possibly reduce the homing efficiency of non-target wild populations.  In addition, as stray rates increase, the effects of supplementation on non-target populations are expected to increase. 

Unfortunately, we lack the data necessary to determine the genetic effects of straying on non-target stocks.  Obviously, if introgression by hatchery-reared strays resulted in outbreeding depression, the result would be deleterious for the non-target population.  However, since coadaptation and local adaptation typically occur over broad geographic areas, if the source stock for the hatchery and target/non-target stock(s) is proximate, the probability of outbreeding depression is minimal (see Outbreeding Depression above).  This is crucial, because even if hatchery-reared fish have a high stray rate in comparison to wild conspecifics (an unresolved issue), the distance strayed by hatchery-reared individuals may not be large. For example, Gausen and Moen (1991), while studying the distribution of escaped farm raised Atlantic salmon in Norway, never found escaped fish more than 20 km from farms.  This suggests that straying does not typically occur over great geographic distances and since proximate stocks may have historically had high rates of gene flow, outbreeding depression would be unexpected.    

Alternatively, if outbreeding depression did not occur, limited introgression could be beneficial.  For example, if non-target population sizes are small, limited straying can prevent the loss of alternate alleles through genetic drift (Slatkin 1985) and promote genetic richness, which would aid in population recovery.  In addition, differentiation among populations in allele frequencies can be retained despite many strays per generation (one stray per generation is not sufficient to inhibit genetic differentiation-see between population diversity) (Slatkin 1985, Adkison 1995).  Therefore, straying does not necessarily result in genetic homogenization.  Finally, a central supplementation facility can operate as a core population, providing a constant level of recruitment to peripheral populations in a metapopulation context (Figure 6). In such circumstances, straying is actually beneficial to non-target stocks.  In fact, straying of hatchery-reared fish has likely decreased the deleterious effects of genetic drift in Columbia River fall chinook, which are at risk due to fluctuating and low population sizes (Hershberger et al. 1988).

Finally, limitation of straying by hatchery-reared fish is not a conservative management option.  We know from the present distribution of genetic diversity that fall chinook from all rivers within the Columbia Basin historically exchanged migrants at some level.  Unfortunately, we lack the ability to determine the magnitude of historical gene flow.  What we do know, is that for Salmon River spring/summer chinook, approximately 97% of the total genetic diversity is represented within all stocks.  The difference between any two populations is likely less than 3%.  In studies of other fish taxa, this would be seen as compelling evidence of historical (if not current) panmixia.  For example, of 27 taxa of Gambusia spp. surveyed, 50% or more of the total species wide genetic diversity was represented within each subpopulation, "an indicator perhaps, of substantial gene flow in their recent past" (Vrijenhoek 1996).  In any case, "one goal of species preservation plans should be to restore pre-fragmented levels of dispersal and gene flow in anthropogenically fragmented populations" (Vrijenhoek 1996).  Unfortunately, since we lack information regarding historical rates of gene flow, we must base management decisions on current measures of allelic frequencies, which may or may not resemble the historical state.  

In the absence of information regarding historical rates of gene flow, the NMFS enacted the artificial propagation policy (Hard et al.1992), and later sub-divided spring/summer chinook within the Snake River ESU into 37 primary populations based on current measures of allozyme allelic frequencies and redd index locations (NMFS 1997).  The NMFS has further recommended limiting gene flow between these putative populations in order to preserve stock structure in its current state.  This policy is defended as being a conservative management action.  However, what are the risks involved in subdividing already small stocks?  Obviously, as population size decreases, genetic risks (such as genetic drift) and ecological risks (for example, demographic risks) increase.  Therefore, limiting straying is not a conservative management decision.  If a metapopulation structure existed within the Salmon River subbasin, small isolated salmon stocks, which would be subject to demographic risks and genetic drift, may have been sustained by constant gene flow from surrounding populations.  Therefore, limiting gene flow by excluding hatchery-reared fish from natural populations may be counterproductive to salmon restoration.  

If we assume that historical stray rates were between 5-10% for a natural population, and that these rates are currently sustained, the absolute number of stray wild fish would be quite low given reductions in the size of wild populations. If straying is a mechanism which historically balanced genetic drift in small populations, a decrease in the total number of strays received by non-target populations could increase genetic drift and genetic divergence, and potentially decrease fitness among populations.  Further, in the absence of straying, rare alleles lost through genetic drift could be replaced only through mutation.  In this sense, straying by hatchery-reared fish may be a mechanism to limit further losses of diversity in small populations.  Therefore, rather than attempting to limit straying by decreasing hatchery production, an alternate management strategy would be to increase the genetic diversity of hatchery-reared fish thereby maximizing the benefit of straying into non-natal populations.

Mitigation for Straying

There is evidence that straying by hatchery-reared individuals can be decreased through better hatchery practices.  Transportation, release in salt water, early release (before imprinting is complete, or changes in endocrine physiology), and the use of a transplanted stock have been cited as possible causes for increased straying by hatchery reared individuals (NMFS 1997).  In addition, evidence indicates that straying is exacerbated as distance transported from the rearing site increases (see Solazzi et al. 1991).  Timing of release may also play a role in homing.  For example, Pascual et al. (1995) found that early or late releases of hatchery-reared chinook salmon increased stray rates.  Finally, use of a non-indigenous stock may decrease homing.  Bams (1976) found that hybridization with the local stock and imprinting increased home-stream fidelity among transplanted pink salmon stocks by an order of magnitude, suggesting a potential genetic component to homing ability. This information suggests that if broodstock is derived locally and proper imprinting techniques are employed, stray rates among hatchery-reared individuals may be no higher than the wild stock from which they were derived.

Relation to the JCAPE    

Using the McCall Hatchery as a proxy, we have modeled the potential destination and magnitude of stray fish expected to be produced as a result of implementation of the JCAPE.  Table 11 lists the location, percent, and total number of McCall Hatchery migrants intercepted outside the Snake River basin as estimated using coded wire tag returns from 1979-1997.  Using the rate of out-of-basin migration exhibited by McCall Hatchery adults, and assuming full implementation of the JCAPE, as proposed, the estimated contribution of JCAPE to spawning in non-SFSR locations would likely be inconsequential (Table 12).  The most highly impacted stock would be Deschutes River spring/summer chinook which would receive an estimated 15 JCAPE migrants yearly. Migration of McCall Hatchery adults has had no reported impact on the spring/summer chinook stock in the Deschutes River.  Therefore, we expect that JCAPE adults will not negatively impact the Deschutes population.  Given the available data, within the Snake River basin the most highly impacted stock would be the Sawtooth Hatchery, which would receive a JCAPE migrant approximately every two years.  Overall, we expect that the impact of increased migration resulting from implementation of the JCAPE will be minimal.

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Straying
	Low
	Low 


c.  Competitive Interaction between Hatchery-Reared and Wild Stocks

There is some question as to whether hatchery-reared fish will suffer from competitive exclusion, or outcompete wild fish. Available data, however, indicate that competition between hatchery-reared and wild salmonids does not consistently favor either group.  For example, Fleming and Gross (1993) found that compared to wild conspecifics, hatchery-reared coho salmon were less aggressive, and hence suffered a reproductive disadvantage due to sub-optimal redd location and position in mating hierarchies. In terms of supplementation, this may be a desirable result since the goal of supplementation is to utilize available habitat, not replace local fish. In contrast, Einum and Fleming (1997) found that farmed Atlantic salmon grew faster than wild or hybrid fish, used the same habitat and food resources, were more aggressive, had similar return rates, and were 

Table 11. Stray rates of McCall Hatchery summer chinook calculated from coded wire tag returns.
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Scenario Three

Number of Natural Spawners

Number of Natural Spawners

Number of Natural Spawners

Total Population Size

Probability of Rare 

Allele Loss

Status Quo (no supplementation)

Supplementation 

Effort

Supplementation 

Effort

Supplementation 

Effort

Supplementation 

Effort

Scenario One

Scenario Two

Total Population Size

Probability of Rare 

Allele Loss

Total Population Size

Probability of Rare 

Allele Loss

Number of Natural Spawners

Total Population Size

Probability of Rare 

Allele Loss


Notes:

1.  These data were obtained from the RMIS system; http://www.psmfc.org/rmpc/.

2.  Expansion factor is based on proportion of individuals tagged (e.g. if 33% were tagged within a brood year, each observed recapture from that brood year would be multiplied by three).  This factor does not take into consideration sampling efficiency at the recapture location.   

3.  These samples include only marks from BY 1979-1990, and recaptures from 1974-1997.  Recaptures after 1994 may be incomplete.

4.  These calculations assume that tagged and untagged fish return at the same rate.

Table 12. Estimated number and destination of migrants expected to result from implementation of the JCAPE as projected using computer simulations (mean of all supplementation scenarios assuming 75% effort).
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Notes:

1.  These rates are estimated from CWT recoveries of McCall Hatchery returns, and are subject to the assumptions listed in Table 10.

2.  These estimates are valid only if JCAPE adults behave similarly to those originating from McCall Hatchery.

likely to outcompete the wild stock.  In addition, Wohlfarth (1993) found that in most instances hybrid (hatchery-reared x wild) salmonids were superior in weight and return rate to either wild or hatchery-reared conspecifics.  These data indicate that the behavior and competitive performance of hatchery-reared and hybrid salmonids are unpredictable.  Unfortunately, the behavior and competitive performance of naturally spawned progeny of hatchery-reared individuals is unknown.  Nevertheless, in order to maximize natural reproduction, the JCAPE goal is to treat all Johnson Creek fish as one population regardless of natural or hatchery origin.  This is consistent with the goals and methods of supplementation, in which differences in behavioral and physical characteristics between the hatchery-reared and wild-spawned segments of a population are minimized both by inclusion of wild fish in the hatchery broodstock, and the use of rearing techniques which mimic natural conditions.

In some instances, the proportion of returning hatchery-reared fish remains constant while the proportion of wild spawners continues to decrease.  Some researchers indicate that continued declines of wild populations are due directly or indirectly to introgression of the hatchery-reared stock (Fleming 1994).  For example, Byrne et al. (1992) presented a model indicating that stocking steelhead smolts at any level would be detrimental to natural populations.  However, the authors’ prediction relies on the existence of a “hatchery allele” which they theorize is the result of hatchery selection.  The authors theorize that introgression results in an increase in the proportion of the “hatchery allele” in the wild stock at the expense of the  “native allele,” hence reducing the fitness of the population as a whole.  Obviously, salmonids have not been isolated for ample in time hatchery environments for the development of a novel “hatchery allele”. However, it is possible that the hatchery environment would create a selective gradient favoring an existing allele (artificial selection).  Further, in the absence of better data to explain the continued decline of wild stocks, many explanations that are more parsimonious exist.  For example, progeny of naturally spawning individuals may be subject to high mortality from poor rearing conditions such as siltation or suboptimal water temperature, while their hatchery-reared conspecifics remain protected in the hatchery.  In addition, evidence indicates that reproduction of the wild stock may be unaffected by the presence of hatchery-reared spawners.  For example, Skaala et al. (1996) found that the presence of a high number of hatchery-reared spawners (4 hatchery-reared spawners: 1 wild spawner) had little influence on the reproductive success of wild anadromous brown trout, as the numbers of 0+ parr originating from wild parents actually increased in the presence of the non-native spawners.  

We found only one instance in the published literature in which hatchery-reared fish had a direct measurable impact on a wild stock.  Sholes and Hallock (1979) found that 532,000 yearling chinook released from the Feather River Hatchery, consumed an estimated 7,500,000 naturally produced subyearling chinook.  With this exception, we encountered no evidence which indicated that hatchery-reared fish were indirectly or directly responsible for the decline in numbers of any wild population of salmonids.  

Relation to the JCAPE

A basic paradigm of ecology is that for competition to occur, a limiting resource or limited access to a resource must exist (Ricklefs 1976).  The goal of the JCAPE is to restore a summer chinook run in Johnson Creek that is commensurate with historical abundance, such that competition within the restored system is no greater than that experienced historically by the Johnson Creek population (Cuenco et al. 1993).  Using smolt carrying capacity estimates (NPPC Presence Absence Database), smolt carrying capacity for Johnson Creek is around 510,048, which would require adult returns in excess of 2,600 per year.  The SRSRT (1994) suggested provisional adult escapement goals of 1,681 for Johnson Creek.  Whatever the case, the short-term escapement goals for the JCAPE is 1,017 adults, substantially fewer adult returns than the estimated carrying capacity of Johnson Creek.  Further, if the JCAPE is successful at minimizing genetic divergence between hatchery-reared and wild fish, then the question becomes irrelevant since these components form a continuous population rather than two separate elements.    

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Competition
	Low
	Low


d.  Long-Term Viability

There are concerns over the long-term viability of reintroduced or hatchery supplemented stocks (Meffe 1992).  As noted in the previous section, the interaction of wild-spawned and hatchery-reared individuals is unpredictable.  However, experimental evidence suggests that post-release survival of hatchery-reared fish may be low.  For example, Reisenbichler and McIntyre (1977) suggest that survival of juvenile steelhead to emigration was higher among wild-spawned fish than their hatchery-reared conspecifics.  In addition, Skaala et al. (1996) found that hybrid (hatchery-reared x wild) brown trout smolts had significantly lower survival than wild smolts.  The authors, however, employed a visual marker that confounds the results, as it may have increased predation of the hybrids.  However, despite a 4:1 hatchery-reared to wild ratio, the genetic contribution of spawning hatchery-reared individuals was only 19.2 and 16.3% in two streams (Skaala et al. 1996).  It should be noted however, that parents of the hatchery-reared individuals were collected in a mountain lake and may therefore have lacked some adaptation to the riverine environment.  Lane et al. (1990) found that emigration survival of hatchery-reared pink salmon smolts was only 0.4% compared to 1.4% for smolts of wild origin.  Currens et al. (1997) and Williams et al. (1997) found that rainbow trout introduced to the Deschutes and Metolius Rivers were derived from a coastal stock that lacked resistance to infection by Ceratomyxa shasta in contrast to the native stock.  The authors indicate that the lack of resistance resulted in exclusion of introduced fish from areas occupied by the parasite.  However, this is a contentious study, as there is some question as to the actual degree of resistance exhibited by the native and introduced stocks.  Leider et al. (1990) found that introduced steelhead suffered lower survival probabilities at all life stages than did the wild stock. Finally, Bachman (1984) found that the behavior of hatchery-reared brown trout was less efficient than wild conspecifics.  

Examples of successful introductions or supplementation programs suggest that hatchery-reared fish may be successful under natural conditions.  For example, Quinn et al. (1998) and Kinnison et al. (1998) reported on the results of a single introduction of chinook salmon to New Zealand.  The transplanted stock has successfully radiated into resident and migratory life histories, with possible divergence in run timing among the anadromous stock.  In addition, Clifford et al. (1998) found that farm raised Atlantic salmon were successful in completing their life cycle and breeding with wild conspecifics.  

Unfortunately, many of studies assessing the performance of hatchery-reared fish lack the data necessary to determine the factors resulting in success or failure of supplementation or reintroduction.  In fact, most available data are from studies of traditional rather than supplementation hatchery programs.  In addition, data are lacking to determine if wild-spawned progeny of hatchery-reared parents suffer a competitive disadvantage.  These data are crucial for objective assessment of the long-term viability of supplemented populations.

Obviously, when possible, supplementation programs should seek to obtain broodstock locally in order to avoid outbreeding depression and to take advantage of regional adaptations that may exist.  In addition, it should be clear that supplementation programs cannot succeed in creating naturally sustaining populations unless the factor(s) responsible for the initial population decline are addressed.  Unfortunately, we were not able to find any documented examples of supplementation programs that addressed both of these principles. 

Relation to the JCAPE

The JCAPE program will derive broodstock from wild and hatchery-reared adult returns to Johnson Creek.  Additional broodstock may be collected from adjacent streams or from surplus adult returns to the McCall Fish Hatchery if mangers deem these sources acceptable.  Overall, we conclude that implementation of the JCAPE will have a positive influence on long-term viability of the Johnson Creek stock.  Currently, natural reproduction within Johnson Creek is insufficient to meet or exceed replacement (Mavros and Gebhards 1999).  Unless substantial changes in the sources of mortality are immediately mitigated, this stock will likely continue to decline.  Therefore, the expected benefit of increased egg-smolt survival due to implementation of the JCAPE will substantially increase the probability that this stock will not be extirpated. 

e.  Disproportional Survival

Numerous papers have suggested that increased survival of hatchery-reared fish results in a disproportional representation of the genomes of hatchery-reared parents (Leary et al. 1993).  It is further theorized that disproportional representation decreases the effective population size of the hatchery-reared and target population (Leary et al. 1993). It is likely true that parental genomes incorporated in hatchery programs are represented disproportionately in the target stocks since the goal of supplementation programs is to increase egg to smolt survival.  However, if the gene pool of the hatchery-reared component is indistinguishable from the naturally reared component, disproportional representation will have no detrimental effect.  Whatever the case, decreases in effective population size due to disproportional survival of hatchery-reared fish may occur in two ways: unrepresentative broodstock collection, or disproportionate family contribution.

Since hatchery-reared fish enjoy a survival advantage from egg to smolt transformation, in comparison to wild-spawned conspecifics, the progeny of hatchery-reared fish will likely contribute more adult returns in subsequent generations than progeny of a wild stock of similar size (assuming that the smolt to adult return is equivalent between groups).  Therefore, if the hatchery-reared component of a supplemented population is not genetically and behaviorally representative of the target population (unrepresentative broodstock collection), allelic frequencies may shift, or changes in life-history traits may occur.  Therefore, it is crucial that broodstock collection is conducted such that the genetic, physical, and behavioral characteristics of the wild population are represented among the broodstock.  This is a difficult task, however there are examples of success.  For example, the captive broodstock of winter-run chinook salmon at Bodega Bay is representative of the wild stock, and supplementation has had positive effects on the effective population size of the wild population component (Arkush et al. 1997).  If a population is large, random selection of broodstock across the adult return may be sufficient to ensure a representative broodstock.  However, as population sizes decrease, the probability of selecting related individuals increases, and methods to determine descent (such as pedigree analysis) may become necessary.  

A second factor contributing to decreased effective population size among hatchery-reared and naturally spawned components is variance in family size.  Variance in family size can occur through several mechanisms.  For example, it is well established that egg fertility varies among individual females.  It follows that females with higher fertility may contribute more adults in subsequent generations if smolt to adult return is constant among progeny of all females.  However, recent research indicates that even in naturally reproducing populations, variability in reproductive success is inherently extreme and only partially genetically based.  For example, stochastic environmental events may favor individuals spawning at certain times in one year and at different times in subsequent years.  The result is that in natural systems a few individuals may give rise to a disproportionate number of offspring to represent the next generation (Laikre et al. 1998; Li and Hedgecock 1998).  If hatcheries derive a representative broodstock yearly from the target population, the resulting increase in fitness of the hatchery-reared individuals may not be an added variance component beyond what would be observed by natural spawning.  Further, if a hatchery broodstock is representative of the wild population it will be used to supplement, the effects of variable reproductive success can be partially mitigated by equalizing the number of progeny released from each family (Allendorf 1993).  Particularly in small populations, this practice would only reduce the effective population size if all naturally spawning individuals experienced similar levels of reproductive success.  Overall, with proper management increased survival among the hatchery component of a supplemented population should not be deleterious.

Relation to the JCAPE

Broodstock for the JCAPE will be collected from adults captured at the Johnson Creek weir. Unfortunately, installation of the collection weir cannot be achieved until shortly after the adult return begins.  Therefore, it is conceivable that genetic and life history characteristics possessed by adults returning before the installation of the weir will be under-represented in the JCAPE broodstock.  To mitigate for this risk, the JCAPE may seek to install a more aggressive weir or capture fry from redds constructed by individuals not intercepted at the JCAPE weir.  Fry will be reared to the smolt stage in at the McCall facility if this option is deemed acceptable by the comanagers.  Until the number of fish escaping the weir is better enumerated, the potential effects of missing the earliest returning adults will be unknown.  However, since the potential exists for later returning adults to be over-represented in the JCAPE broodstock, we assign a moderate ranking to the risk of disproportional survival.

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Disproportional Survival
	Moderate
	Low


3.  Optimizing the Broodstock

Genetic Diversity

There are many differing opinions concerning the optimal genetic composition of a broodstock to be used for supplementation.  Should the broodstock be genetically representative of the population it will be used to supplement, or should it maximize genetic variation (in relation to the species as a whole)?  Unfortunately, there is no consensus as to what type of genetic diversity is important.  Most authors agree only that this dilemma must be evaluated in a case-specific manner.  Templeton (1986b) advocated including as much species-wide genetic diversity (allelic richness) as possible for reintroduction of Ozark lizards.  Templeton (1986b) reasoned that if a stock becomes locally extirpated, or suffers a decrease in genetic diversity, inclusion of all possible genetic variation would provide the best substrate for the action of natural selection.  Petit (1998) argues that, in general, measures of allelic richness may be more important for conservation than measures of allelic frequency.  Since allelic frequencies change over time, these data only provide information on the immediate response to selection (heterozygote versus homozygote superiority) at certain loci.  Alternatively, allelic richness measures the number of alternate alleles at a given locus within a population.  It is argued that a population incorporating every possible allele at every locus will exhibit greater plasticity in the face of environmental change. The opposing strategy is that by preserving the alleles, and allelic frequencies of a population, it is possible to take advantage of past selection and local adaptation, giving an evolutionary “headstart” to the resulting stock. However, Moritz (1994b) suggests that using current stock structure to guide conservation may be hazardous.  Maintaining locally adapted variants may negate evolutionary processes by artificially selecting genotypes suited for historical conditions, thereby reducing the ability of a stock to adapt to current conditions.  This is because gene frequencies currently exhibited by a local population may not be the optimal frequencies for current environmental conditions (Templeton 1986a, Petit 1998).  Therefore, we must be cautious when assuming that genetic divergence between small populations is the result of local adaptation that would increase fitness given current environmental conditions (Adkison 1995).  Overall, data are insufficient at this time to indicate whether preservation of existing stock structure or the incorporation of greater allelic richness is of higher importance.  

Relation to the JCAPE

The JCAPE program will only use fish originating from areas outside the SFSR when local returns are nonexistent or less than the population critical level.  Broodstock for the JCAPE program will be derived from adult returns to Johnson Creek and potentially surplus adult returns to the McCall Fish Hatchery, if this source is deemed acceptable by the co-managers.  Although McCall Hatchery broodstock was initially derived from returning adult summer chinook captured at Little Goose and Lower Granite Dam (1978-1980), only adult returns to the SFSR were used as broodstock after 1981.  Therefore, while the McCall program may have initially incorporated summer chinook from all populations within the Snake subbasin, and out-of-basin strays, progeny of the program in recent years are descendants of adults which returned to the SFSR collection facility, and presumably possess the genetic and life history characteristics necessary for successful reproduction in the SFSR. The priority incorporation of wild Johnson Creek summer chinook proposed for the JCAPE program emphasizes maintenance of local metapopulation structure, alleles, and allelic frequencies. 

Effective Population Size

In order to decrease complexity and maximize applicability, many genetic models and equations were constructed with the assumption that they would be applied to ideal populations
.  However, among Pacific salmonids, many of the assumptions of the ideal population are violated (Hedgecock et al. 1992; Ryman et al. 1993).  For example, overlapping generations, skewed sex ratios, non-random mating, and oscillations in population size may result in unexpected changes in genetic composition between spawners and their progeny.  Therefore, in order to apply the vast amount of genetic analyses, it is necessary to relate the census size of a natural population to an ideal population of a size that would exhibit comparable genetic dynamics.  This relationship is termed the effective population size (Ne).  Estimates of Ne are often calculated using measures of genetic drift exhibited between generations within a natural population.  The size of an ideal population that would be expected to exhibit a similar rate of genetic drift is then calculated.  Since Pacific salmonids typically do not conform to ideal population assumptions, the estimate of Ne is typically some fraction of the census size.  

Estimates of Ne within a spawning aggregate are useful in calculating expected rates of genetic drift or inbreeding (among other quantities).  In addition, relating the census size of a natural population to an ideal population, allows calculation of the number of spawners necessary to maintain genetic diversity.  For example, if Ne within a spawning aggregate were one half of the census size, approximately twice as many spawners would be necessary to maintain genetic diversity at the same rate as an ideal population.  

Theoretically, when population sizes are large, the mechanisms of genetic change (genetic drift and mutation) are balanced such that alleles lost through genetic drift are replaced by new alleles arising through mutation, thereby maintaining overall genetic diversity.  Minimum effective population size refers to the number of spawners required to balance genetic drift with mutation such that diversity is maintained at the same rate as an infinite population, or at some acceptable level.  Unfortunately, due to limitations of hatchery capacity and broodstock collection, population sizes of hatcheries are limited.  The goal of a supplementation program is to decrease the risk of extinction for a stock and avoid the loss of genetic variability, or increase genetic variability within the population.  In order to do so, supplementation programs derive all or part of the broodstock from wild adult returns, and progeny of both wild and hatchery spawning are treated as components of the same population.  Unfortunately, supplementation programs are often initiated after the population size of a target stock is small.  Collection of broodstock further decreases the number of individuals that spawn naturally, and may increase the demographic and genetic risks of extinction by increasing the rates of genetic drift or inbreeding in this component (Caughley 1994).  Therefore, to minimize the impact on the source population, supplementation programs must have an estimate of the minimum number of spawners necessary to produce progeny that are genetically representative of the target population, and adequate to maintain genetic variation at the same rate as an infinite population, or some acceptable level.  Calculation of the minimum population size necessary to reach this goal requires an estimate of an acceptable rate of loss of genetic variability.  Once an acceptable rate of loss has been determined, the minimum number of broodstock (minimum effective population size) necessary can be calculated.  By collecting only the minimum number of spawners necessary to achieve the minimum effective population, impacts of broodstock collection can be minimized. 

Several estimates of minimum effective population size have been suggested.  For example 50 effective spawners (yearly) are required to ensure that a population loses no more than one percent heterozygosity at selectively neutral loci per generation (Ryman et al. 1993).  However, it is recognized that this number does not include non-genetic (demographic) effects of small population size (such as unequal sex ratios). Using genetic approaches alone to calculate minimum effective population size is not appropriate, since demographic factors may be of greater concern for small populations (Newman and Pilson 1997; Lande 1988).  Therefore, estimates of effective population size vary with the degree to which demographic and sampling effects are considered.  For example, Krueger et al. (1981) advocate using at least 50 spawners each year for hatchery programs, while Caughley (1994) indicates that at least 500 reproductive individuals are required to maintain diversity in a natural population (both assume an equal sex ratio).  The most recent research indicates that effective population sizes of around 1,000-5,000 reproductive individuals are required to maintain adaptive variation and prevent accumulation of deleterious mutations (Lande 1995; Vucetich and Waite 1998). 

The effective population size of a supplemented population may be more complex.  For example, the broodstock is only one component of the total population; therefore, the total Ne is the sum of the effective population size for both components.  Complexity is also added by the fact that the contribution of families to the next generation may differ between the hatchery-reared and naturally spawned components.  For example, the contribution of progeny from hatchery-reared families may be comparatively uniform due to protection from the stochastic environmental events faced by naturally spawned conspecifics.  Further, within the hatchery environment, the effects of individual differences in reproductive success can be minimized by using equal numbers of each sex in pairwise spawnings and fertilizing approximately the same number of eggs from each female.  In fact, using fewer eggs from each female and increasing the total number of females increases the effective population size (Waples and Teel 1989). 

Relation to the JCAPE

Within Johnson Creek the effective population size per year (Nb) for 1989 to 1990, as calculated using allozyme allelic frequencies, was estimated at 41 (Waples et al. 1993).  This number is below the lowest Ne recommended for maintaining genetic diversity.  This suggests that the spawning aggregate in Johnson Creek is currently losing genetic diversity at an unacceptable rate.  

Since the spawning aggregate in Johnson Creek appears to suffer from a low Ne, it is imperative that any supplementation program initiated incorporates an ample number of wild returns to avoid further losses in genetic diversity.  However, the supplementation program must also minimize impacts to the already small naturally spawning population.  In order to avoid the loss of genetic diversity that may arise within small populations, while minimizing the impacts of broodstock collection, the JCAPE program has determined minimum population sizes (Population Critical Levels-PCL) based on rare allele retention rates.  One of the goals of the JCAPE is to maintain a minimum of a 95% probability of rare allele
 retention for three generations.  In order to achieve this level of retention, a minimum of 50 effective spawners is required yearly for broodstock (assuming an equal sex ratio), for a minimum of 232 spawners per generation (Kincaid 1997)
.  

It is likely that adult returns to Johnson Creek will be below the PCL in 2000.  Therefore, it is imperative that the JCAPE be implemented immediately to minimize further reductions in genetic variability within the Johnson Creek spawning aggregate.  Since facilities at the McCall Hatchery, necessary for implementation of the JCAPE will not be complete for approximately three years after the authorization, JCAPE production will proceed at approximately 1/3 of the proposed capacity.  Given the reduced capacity of the JCAPE, adult returns in 2000 should be sufficient to meet the interim broodstock needs of the JCAPE (50-78 adults, assuming an equal sex ratio), while also maintaining a naturally spawning population.  Since weir efficiency on Johnson Creek is approximately 60%, at least 40% of the adults returning to Johnson Creek will escape the weir for natural spawning.  

Given the fact that the Johnson Creek spawning aggregate will likely be below the PCL in 2000, and has been below the PCL for 19 of the last 25 years (Figure 1), the potential exists that the Johnson Creek stock has already lost a great deal of genetic variation.  In order to ensure the potential for adaptation in a changing environment, infusion of genetic variation from an alternate source might benefit the stock.  If this option were pursued, an ideal source for additional adults would be surplus returns to the McCall Hatchery.  The geographic proximity and similarity of habitat used by the Johnson Creek and McCall Hatchery aggregates suggests that fish from the McCall Hatchery would likely prosper in Johnson Creek.  Unfortunately, data are insufficient to ensure complete compatibility between Johnson Creek and McCall Hatchery fish.  Therefore, we suggest that if surplus fish from the McCall Hatchery are used in Johnson Creek, that outplanting should be accompanied by a well-reasoned monitoring program.  For example, if McCall fish were outplanted as adults above an exclusion device within Johnson Creek, productivity of McCall Hatchery outplants and Johnson Creek adults could be monitored separately and compared.  If productivity by both groups were comparable, it would suggest that hatchery-reared fish from the McCall Hatchery are indeed capable of spawning naturally within Johnson Creek.  Further, a subsample of individuals from each group could be marked with coded wire tags to compare smolt to adult return rates.  If spawning and smolt to adult return rates are comparable between the outplanted McCall Hatchery fish and the natural spawners within Johnson Creek, it would suggest that McCall Hatchery outplants are useful for recovery in Johnson Creek.  

While there is no evidence to suggest that outplanting adult fish from the McCall Hatchery would present a risk to the Johnson Creek aggregate, the potential still exists that stock structure not elucidated using current measures may be disrupted.  However, there are no data consistent with the hypothesis that fitness of the Johnson Creek aggregate would suffer as a result of outplanting adults from the McCall Hatchery.  Therefore, we rank the risk of using McCall adults within Johnson Creek as low, if it is accompanied by an adequate monitoring program.

Finally, given the consistently low adult returns to Johnson Creek over the last 25 years, it may be necessary to consider forming a captive broodstock within Johnson Creek.  If a captive broodstock is deemed necessary, all returning adults will be retained for broodstock.  While retaining the entire population of adult returns is extreme, when population sizes are small, subdividing the population will increase the risk of genetic drift and inbreeding for both components of the population (Ryman and Laikre 1991).  In addition, programs utilizing captive broodstock must maintain a substantially larger broodstock than programs utilizing a high proportion of the wild run.  This results from the fact that the effective population size required to maintain genetic diversity is an order of magnitude greater than that required to avoid inbreeding and genetic drift (Coelho and Zalewski 1995).  However, facilities necessary to maintain a captive broodstock are unavailable.  Construction of adequate captive broodstock facilities would likely require several years.  The delay necessary to implement a captive broodstock program would therefore subject the Johnson Creek stock to demographic and genetic risks that may be unnecessary.  For these reasons, the risk posed to Snake River spring/summer chinook by captive rearing is deemed moderate by comparison to the proposed supplementation program.

	Type of Risk
	Risk to Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Incorporating Surplus Adults from McCall Hatchery
	Low
	Low

	Captive Broodstock
	Moderate
	Low


4.  Deviation of Hatchery-Reared from Wild Conspecifics

In the previous sections, we discussed mechanisms that may result in genetic and/or phenotypic divergence of wild and hatchery-reared salmonids.  Since some changes resulting from hatchery-rearing are not completely avoidable (Waples 1999), and these changes may positively or negatively effect fitness, a point of compensation must exist at which decreases in fitness resulting from hatchery-rearing are outweighed by the benefit of increased egg to smolt survival.  Unfortunately, this relationship is obscured by the many definitions and methods of determining fitness. Lawrence (1989) defines the fitness of an individual as "the relative contribution of its genotype to the next generation relative to the contributions of other genotypes, ie. it is determined by the number of offspring it manages to produce and rear successfully."  Using this definition, the fitness of individuals is increased by hatchery rearing, due to increased egg to smolt survival.  Even if smolt to adult return among hatchery-reared individuals is drastically lower than wild individuals, hatchery spawners will give rise to greater numbers of smolts, potentially increasing adult returns.  However, the more appropriate concern regards the fitness of hatchery-origin adults that spawn in the wild.  Unfortunately, measuring the success of hatchery-reared adults spawning in the wild, and more importantly the success of their progeny is inherently difficult.  Further, we are more interested in fitness at the population level than at the individual level.  Therefore, the relevant question is, do supplemented populations suffer a decrease in overall fitness in comparison to wild populations?  

We have presented evidence suggesting that adults of hatchery origin may suffer a loss of fitness compared to wild conspecifics.  This loss of fitness may occur as a result of outbreeding depression (Waples1996), inbreeding depression (Waldman and McKinnon 1993), loss of within population diversity (Busack and Currens 1995), loss of between population diversity (Reisenbichler 1996), artificial selection (Gausen and Moen 1991), straying (Waples 1995), competition (Fleming and Gross 1993), disproportional survival (Leary et al. 1993), and genetic divergence (Dizon et al. 1992).  Unfortunately, we lack the experimental evidence to determine the effects of these mechanisms on fitness of populations as a whole (including the wild and hatchery-reared components).  More importantly, the long-term effects of supplementation on population fitness are unknown (Waples 1999).  For example, 40-50% of selection for female body size may result from competition for optimal spawning sites (Van Den Berghe and Gross 1989).  One mechanism resulting in increased fitness of larger females is their ability to excavate deeper redds, which may improve egg to smolt survival (Van Den Berghe and Gross 1989).  Therefore, if supplementation decreases the mean size of returning females, inability to excavate deep redds may decrease fitness of hatchery-reared spawners compared to their larger wild conspecifics. In this case, more than one hatchery-reared female would be required to equal the fitness of one wild female.  If introgression between wild and hatchery-reared spawners decreases mean adult body size among both components, the wild component may suffer a decrease in fitness.  However, if supplementation increases the total number of spawners, the fitness of the population may still be increased.

  Relation to the JCAPE

The short-term goal of the JCAPE is to stimulate an annual return of 1,017 adults (785 for natural spawning, 232 for hatchery spawning).  This is a substantial increase over the 1978-1998 average return of 150 adults
.  Even if hatchery-reared females suffer a 99.8% loss of fitness compared to wild conspecifics, the reproductive success of the population, in terms of egg deposition, will be increased.  Further, since decreases in the size of returning adults (in the previous example) resulted from phenotypic expression, or because of rearing in the hatchery environment, there is no evidence to suggest that decreased adult size is permanent
.  Therefore, after supplementation is ceased, natural selection may restore adult body size, and hence individual fitness, to pre-supplementation levels.

The previous example is obviously simplistic, and deals with only one fitness-related trait, however it illustrates two important points: 1) Even if a reduction in individual fitness results from supplementation (which is speculative), population fitness may still be increased and 2) We lack the necessary data for a meaningful prediction of the long-term effects of supplementation on natural production.  

Unfortunately, we encountered few studies that assessed the performance of progeny resulting from natural spawning by hatchery-reared adults.  In addition, the studies that we encountered used non-indigenous stocks for which run-timing had been altered by hatchery-rearing (Solazzi et al. 1983; Nickelson et al. 1985; Bottom et al. 1986; Chilcote et al. 1986; Nickelson 1986; Leider et al. 1990; Solazzi et al. 1990).  Chilcote et al. (1986) and Leider et al. (1990) assessed the reproductive potential of steelhead progeny derived from naturally spawning, hatchery-reared parents.  The results of both studies suggested that progeny of hatchery-reared parents suffered higher mortality at every life stage, and therefore, exhibited decreased fitness in comparison to conspecifics with parents of wild origin.  Unfortunately, the hatchery-reared parents were derived from a non-local stock, and selection of early-arriving adults resulted in earlier run-timing among this strictly hatchery stock.  Therefore, progeny produced by natural spawning of these individuals suffered from early emergence in comparison to wild conspecifics.  In addition, these studies employed a genetic marker for discrimination between the progeny of hatchery-reared and wild-spawned adults.  The effects of the marker on survival in freshwater was quantified, however the effects of the marker during the saltwater phase remains unknown (Leider et al. 1990).  Since the genetic marker effected only hatchery-reared adults and their progeny, differential ocean mortality may have decreased the saltwater performance among progeny of hatchery-reared adults.  

Solazzi et al. (1983), Nickelson et al. (1985), Bottom et al. (1986), Nickelson (1986), and Solazzi et al. (1990) investigated the contribution to smolt abundance of hatchery-reared, naturally spawning coho salmon in coastal Oregon streams.  The results of these studies indicate that the contribution of progeny derived from wild-spawning, hatchery-reared adults is unpredictable.  After spawning by hatchery-reared adults, smolt abundance in stocked streams increased in some cases, while remaining constant or decreasing in others, when compared to control (unstocked) streams.  However, the authors indicate that these results are confounded by various management actions, such as; overstocking (Solazzi et al. 1983), using fish from only a few stocks and/or exclusion of wild fish in the hatchery broodstock (Bottom et al. 1986), and artificial selection resulting in early run-timing among hatchery-reared adults (Nickelson et al. 1985; Solazzi et al. 1990).  

Overall, the results of these experiments are of questionable applicability to the JCAPE which proposes to derive broodstock locally from wild fish and minimize divergence in genetic and behavioral traits.  In any case, the long-term effects of supplementation, as described in this paper, on the fitness of both components of a supplemented population, remain unknown.  Until this question is addressed experimentally, using proper supplementation practices, debates over the long-term effects of supplementation on population fitness will be speculative at best.

	Type of Risk
	Risk to the Johnson Creek Stock
	Risk to Snake and Columbia Stocks

	Deviation of Hatchery-Reared from Wild Conspecifics
	Unknown
	Unknown


IX.  Benefits

Thus far the benefit/risk assessment has focussed primarily on risk topics and risk aversion.  Waples (1996) also cites several potential benefits from supplementation programs including: reduction in the short-term risk of extinction, population maintenance, increase in the rate of recovery, establishment of a "reserve" population, seeding vacant habitat, addressing uncertainty, increasing harvest opportunities, satisfaction of legal mandates, restoration of functional ecosystems, and public education.  For the purposes of this discussion, we have grouped these benefits into four groups; achieving recovery goals formulated by NMFS, reduction in the short-term risk of extinction, addressing uncertainty, and restoration of functional ecosystems.  Since the JCAPE program focuses primarily on conservation, some of the listed benefits will not likely be accrued.  For example, the goals of the JCAPE do not include establishment of a "reserve" population, satisfaction of legal mandates, or increased harvest.  Educational benefits, other than addressing uncertainty and forwarding the science of supplementation, are likewise unlikely due to the remote location of JCAPE satellite facilities.

A.  Achieving Recovery Goals

NMFS (1995) sets numerical delisting criteria for summer chinook as a minimum of 60% of the pre-1971 average redd count.  For Johnson Creek this number is approximately 140 redds, which corresponds to roughly 350 naturally spawned adult returns, assuming 2.5 spawners per redd (Waples et al. 1993).  The short-term goal of the JCAPE is the return of 1,017 adults.  Results from simulation for the JCAPE program (Tables 5-8), suggest that the short-term goals of the JCAPE may take longer than 15 years to be achieved.  However, in 2/3 of the simulations, supplementation effort of 75% is predicted to exceed delisting criteria in less than 15 years.  In addition, the simulations suggest that maintenance of genetic variation, and the abundance of adult returns are substantially improved when compared to the base case of no supplementation.

B.  Reduction in the Short-Term Risk of Extinction

All available data suggest that the Johnson Creek spawning aggregate is at risk from demographic stochasticity and the loss of genetic variation.  While extinction may not occur for several generations, there is every reason to believe that extinction is eminent.  Further, if the Johnson Creek aggregate survives unaided until the factors contributing to their decline are mitigated, recovery would likely be hindered by the loss of genetic variation.  

Ultimately, the factors contributing to the decline of Snake River spring/summer chinook must be resolved.  However, it is unlikely that mitigation could occur before demographic and genetic risks limit recovery options.  As proposed, the JCAPE program offers a risk averse opportunity to forestall extinction and maintain genetic variation until the factors contributing to the decline of Snake River spring/summer chinook can be addressed.

C.  Addressing Uncertainty

The potential for genetic or phenotypic deviation of hatchery-reared from naturally reared conspecifics was the only major uncertainty identified by the benefit/risk analysis.  While this concern is obviously theoretical, the JCAPE program has proactively formulated a protocol for quantifying the effects of this phenomenon should it occur.  The JCAPE monitoring and evaluation program will measure genetic and life history traits of Johnson Creek spring/summer chinook pre, during, and post supplementation (Vogel and Hesse 2000 draft).  Comparison of traits between these sample groups may yield valuable insights into the probability or source of deviation between hatchery-reared and naturally spawned conspecifics.  

D.  Restoration of Functional Ecosystems

It is beyond the scope of a benefit/risk analysis to discuss the multitude of benefits and potential benefits to an ecosystem that may be accrued by restoring salmon populations.  Therefore, we will discuss two classes of benefits to the ecosystem; benefits to habitat and benefits to biota.

Construction of redds promotes gravel recruitment, and may change the dimensions and stability of a streambed or channel (NRC 1996).  For example, redd construction along the banks of a stream may widen the channel.  It follows that a wider streambed may be less prone to erosion and scouring during flood events, providing a stable environment for aquatic biota (NRC 1996).

Restoring salmonid populations may be directly beneficial to other species by providing a pathway for recruitment of marine nutrients, or as a source of prey.  Recruitment of marine nutrients is expected to play an important role in estuarine food webs (Fujiwara and Highsmith 1997), freshwater and riparian vegetative growth, and the growth of periphyton (NRC 1999).  Avian predators, marine and terrestrial mammals, and insects among other biota may benefit from live and dead salmonids (Hewson 1995, NRC 1996).  

X.  Synthesis

Hard (1995) reminds us that supplementation differs from production or mitigation by preserving demographic, genetic, and ecological characteristics of natural populations.  Unfortunately, most literature dealing with salmon focuses on the effects of production or mitigation hatcheries on natural populations.  It is obvious that the effects of supplementation oriented enhancement programs would be quite different.  In this respect, the operation of a true supplementation hatchery would be beneficial merely to address these uncertainties.  It is clear from the literature produced in the Columbia Basin that there is a strong anti-hatchery sentiment among researchers.  However, this is not unexpected given the record of many hatchery systems that are currently in operation.  It is imperative, however, that we do not allow the failure of these programs to prevent the implementation of programs based on the best possible science.  

Clearly, this analysis lacks the numerical data necessary to conclude that Snake and Columbia River spring/summer chinook stocks are not vulnerable to adverse effects that may result from the implementation of the JCAPE.  However, as previously stated, there is little information available that is applicable to a supplementation program as defined in this document.  Overall, a properly maintained and managed supplementation program, such as the proposed JCAPE, offers the opportunity to address many of the uncertainties surrounding the role of hatcheries in conservation. Obviously, given the precipitous decline in salmonid stocks, conservation actions must proceed even in the face of scientific uncertainty.  Riggs (1990) indicates that “management effects in the Columbia Basin are so pervasive that inaction poses as much genetic risk as new activities”.   Finally, when the size of a natural population is small, “the risks posed by artificial propagation may be outweighed by its potential to rapidly increase abundance and avoid extinction” (Hard et al. 1992).  The results of simulations suggest that the JCAPE will be invaluable as a means to avoid further genetic degradation of the Johnson Creek aggregate in addition to providing a buffer against demographic risks of low adult returns.

Our conclusions regarding the risks outlined by Waples (1996) are summarized in Table 9.

Table 13.  Summary of risk topics presented by Waples (1996).

	Type of Risk
	Risk Posed to the Johnson Creek Stock
	Risk Posed to Snake and Columbia River Stocks

	Outbreeding Depression
	Low
	Low

	Inbreeding Depression
	Low
	Low

	Loss of Within Population Diversity
	Moderate
	Low

	Loss of Between Population Diversity
	Low
	Low

	Artificial Selection
	Moderate
	Low

	Straying
	Low
	Low

	Competition
	Low
	Low

	Disproportional Survival
	Moderate
	Low

	Incorporating Surplus Adults from McCall Hatchery
	Low
	Low

	Captive Broodstock
	Moderate
	Low

	Deviation of Hatchery-Reared from Wild Conspecifics
	Unknown
	Unknown


XI.  Glossary of Terms

	Term
	Definition

	Adaptive radiation
	Evolutionary diversification of species derived from a common ancestor into a variety of ecological roles. See also ecotype and morphotype.



	Additive genetic variance
	The part of total phenotypic variance that depends on the additive effect of the genes.  The genetic variance that is directly proportional to allelic substitution.  This component of variance allows prediction of the rate of response for selection of quantitative traits.



	Allele
	An alternative form of a gene.  One of a pair of characters that are alternative to each other in inheritance, being governed by genes situated at the same locus in homologous chromosomes.



	Allozyme
	An enzyme that is the product of a particular allelic form of a gene, as expressed through some chemical extraction process. 



	Artificial selection
	Selection resulting from a deliberate or accidental variation in the reproductive success of phenotypes. Artificial selection on early returning hatchery steelhead has resulted in the gradual development of an early hatchery run. The phenotypic response of the progeny as a fraction of the selection intensity is the heritability.



	Bottleneck
	A severe restriction in a population’s effective breeding number.

 

	Captive Rearing
	The hatchery production of juvenile fish (eyed eggs, fry, parr, or smolts) through a process in which the parents have themselves been reared from juveniles to adults in a hatchery (i.e. from eggs, fry, parr, or pre-smolt to reproductive adult). These juveniles are released into the wild for the maintenance or enhancement of natural production.



	Chromosome
	The structures on which genes are located.



	Coadaptation; coadapted gene complexes
	Used in the narrow sense to indicate an increase in the F1 mean and F2 variance for a particular phenotype (see also genetic disequilibrium).  Often used to suggest the positive synergistic effect of alleles at different loci on fitness or a phenotype.



	Crossbreeding
	A breeding program in which fish from two different breeds are mated to produce hybrids.  Although the term refers specifically to the mating of two breeds, it is also used to designate all forms of hybridization.



	Deme
	Interbreeding group in a population; also known as local population

	Diploid
	A cell or organism in which chromosomes occur in pairs.



	DNA
	Deoxyribonucleic acid. The molecule that contains the genetic code.



	Domestication selection
	Selection usually associated with animal husbandry (aquaculture in fish), with the gradual appearance of heritable traits that are most beneficial to the survival under the artificial environment.



	Ecosystem
	All the interacting parts of the physical and biological worlds.



	Ecotype
	A genetically differentiated subpopulation that is restricted to a specific area.



	Effective population size (Ne)
	The estimated size of an ideal population which maintains or loses genetic diversity at the same rate as a real population of interest.



	Electrophoresis
	A biochemical technique that deciphers protein phenotypes.  A method of identifying allozyme variants identified because they migrate a given amount on an electrophoretic gel. The information extracted is a phenotypic class and may be genetically heterogeneous.



	Enzyme
	Any of various organic substances that are produced in cells and cause changes in other substances by catalytic actions.



	Epistasis; epistatic gene interaction
	The interaction (nonindependence) of fitnesses or phenotypic values from two or more loci. Loci may be independent either on an additive or multiplicative scale.



	F statistic
	A statistical method used to describe the extent of genetic variation in a total population, among populations, and among individuals.



	Fecundity
	Potential capacity of an organism to produce reproductive units such as eggs, sperm, or asexual structures.



	Fitness
	The relative ability to pass on gametes to the next and future generations. 



	Founder effects
	The changes in allelic frequency resulting from the initiation of a population by a small number of individuals.



	Gene
	A functional unit of heredity, made of 2 alleles, that undergoes separation in sexual organisms and is recombined in the progeny.



	Gene pool
	The total variety and amount of alleles within a population.



	Genecology
	Study of population genetics in relation to the habitat conditions, the study of species and other taxa by the combined methods, and concepts of ecology and genetics.



	Genetic disequilibrium
	In the broad sense, the whole of the problems generated by nonrandom outbreeding of isolated populations, such as loss of epistasis, dominance, pleiotropy, and other dominance effects.  In the general literature, often equated to linkage disequilibrium.



	Genetic drift
	The chance changes in allelic frequency that results from the sampling of gametes from generation to generation.  Popularly, also defined as random changes in gene frequency that occur as a result of sampling error. 



	Genetic integrity
	In the present context, the preservation of the genetic constitution of within and between populations under natural conditions.



	Genome
	A set of chromosomes in one individual.



	Genotype
	Entire genetic constitution of an organism; contrast with phenotype.



	Genotype-environment interaction
	The effect on a phenotypic value resulting from a specific genotype and a specific environment that is not predictable from either separately.



	Hatchery-reared fish
	Fish that pass a more or less important part of their juvenile life stage in a hatchery, but are derived from wild stocks.



	Heritability
	The proportion of phenotypic variance that is genetic (heritability in the broad sense) or the additive genetic component (heritability in the narrow sense).



	Heterosis; heterozygote advantage
	A case in which the heterozygote has a higher fitness than either homozygote.  The superiority of hybrids over the parents. A synonym for hybrid vigor.



	Hybridization
	The intercrossing of animals belonging to two different races, varieties, sub-species or species.



	Inbreeding
	The mating of relatives.  Non-random mating in which the mating individuals are more closely related than individuals drawn by chance from the population.



	Inbreeding depression
	The decline of population fitness due to inbreeding.



	Linkage disequilibrium; gametic phase disequilibrium
	The nonrandom association of alleles at different loci into gametes. When there is gametic equilibrium, the frequency of the gametes is equal to the product of the frequencies of constituent alleles in the population.



	Locus/loci
	The site of a gene on a chromosome; or, sometimes, the gene and its alleles. Colloquially, the terms locus and gene are used interchangeably.



	Mendelian genetics
	The genetics that is normally seen for qualitative phenotypes (e.g. color).



	Metapopulation
	The set of local breeding populations connected by exchange of individuals (NRC 1996).



	Molecular genetics
	A branch of genetics that detects and uses variation in the form of organic substances in animals to reconstruct phylogenetic trees, differentiate stocks and trace parentage.



	Morphotype
	Alternate well-defined phenotypes having traits in common, such as coloration, run-timing and size.



	Mutation
	A mistake that occurs during the replication of a gene. Very rarely, the mutation can be beneficial to the animal. 



	Natural selection
	The survival of the fittest animals resulting from differential mortality of phenotypes.



	Nucleotide
	Phosphate ester of a nucleoside, a purine (with a base of adenine or guanine) or a pyrimidine (with a base of cytosine, thymine, or uracil) base, linked to ribose or deoxyribose phosphates.  Adenine, thymine, guanine, cytosine, and uracil are the basic repeating units of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA).



	Oligonucleotide
	A short chain of nucleotiudes.



	Outbreeding
	Breeding of animals belonging to two more or less separate groups.



	Phenotype
	Expression of the characteristics of an organism as determined by the interaction of its genic constitution and the environment; contrast with genotype.



	Phylogenetic tree
	A diagram that organizes the relationship between species or populations, putatively indicating ancestral relationships.



	Population
	Group of individuals of a single species.



	Private allele
	Alleles appearing only in one population, or in a subset of a number of populations, generally at very low frequencies.



	Protein
	Any of a large class of organic substances in cells of animal, essential to normal function of the cell.



	Random-mating populations
	A group of individuals in which the probability of mating with individuals of particular types is equal to their frequency in the population.



	Species
	A group of actually or potentially interbreeding populations that are reproductively isolated from all other kinds of organisms.



	Supplementation
	The hatchery production of juvenile fish, (eyed eggs, fry, parr, or smolts) through a process involving the capture and spawning of hatchery and naturally produced adults.  These juveniles are released into the wild for the maintenance or enhancement of natural production.

	Supportive Breeding
	For the purposes of this paper, supportive breeding refers to the full range of hatchery practices in which juveniles are released into the wild for the maintenance or enhancement of natural populations.  Supportive therefore refers both to supplementation and captive rearing.
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� The individuals that participated directly in the present project are marked with an asterisk.


� The boundary of genetic variance is not known with certainty. Artificial selection in plants and animals has often taken the population way beyond its original variation. Take for example selection for milk production in cows, whose mammary glands are several times larger than the largest wild types, or the ears of domesticated corn in comparison to its wild relative.


� Although there are several hypotheses to explain the geographic distribution of fall (ocean-type) and spring (stream-type) chinook, one of these reflects the pattern of postglacial dispersal.  Chinook salmon are thought to have survived the Wisconsin glaciation period primarily in two areas.  Springs would have taken refuge in the northern Bering (arctic), and falls south of the glaciers on the Pacific North American coasts (present day Oregon and California).


� Dates used to separate spring, summer, and fall chinook are generally misleading.  For example, within the SFSR, summer chinook begin spawning around August 15th (Chapman and Witty 1993).


� Spring chinook typically spawn at high elevations, fall chinook spawn at lower (mainstem) elevations, and summer chinook may spawn throughout this range of habitat (Matthews and Waples 1991).  


� In-river harvest estimated for McCall Hatchery summer chinook brood years 1976 to 1986.


� Estimates based on redd counts from 1957-1997 (Elms-Cockrum 1998), multiplied by 2.5 spawners/redd (Matthews and Waples 1991).  These estimates may be biased due to adult returns from the McCall Hatchery which began in 1980 (LSRCP 1998).  Note also, that these stocks were heavily impacted by overfishing, therefore redd counts after approximately 1938 will underestimate productivity.


�Ryman and Laikre (1987) suggest that maintenance of a 95% probability of rare allele retention is a reasonable strategy.  


� See the sections entitled minimum effective population size and population critical levels for a discussion of these derivations.


� McCall broodstock collection occurred at Little Goose Dam in 1978, Lower Granite Dam in 1979, 50% at Lower Granite Dam and 50% at the SFSR weir in 1980, and beginning in 1981 solely at the SFSR weir (Kucera 1998). 


� Note that more variation was explained by the grouping of samples temporally than in either year of geographic grouping.


� Weir installation on Johnson Creek, during the only year that it has been operated, was delayed by high flow and permitting procedures, resulting in 60% efficiency.  It is difficult to project what efficiency might be achieved in a "normal" year. 


� This calculation assumes equal sex ratios (Mavros and Gebhards 1999), 100 adult returns, 0.64 adult to adult return rate for naturally spawning adults (Mundy 1999), and 4,767 smolts per female in the hatchery with a 0.21% smolt to adult return rate (McCall Fish Hatchery Annual Reports 1981-1998).  Under these assumptions natural spawning would result in an adult return of 64 individuals, while supplementation would return 347 individuals.


� At least not in the same sense as an environmental or engineering risk, to which a cause of death, for instance, can be directly attributed to a hazard. For example, a population-specific mortality component can be attributed to harvest, hydro and habitat, but not to hatcheries or supplementation. Many of the issues are more appropriately described as a set of mechanisms that can be maneged to minimize the potential for deleterious effects.


� Historical estimates are calculated using estimated historical returns (Chapman 1986) multiplied by the percentage of adults estimated to return to the Salmon River subbasin (39-45%; CBFWA 1990).  Estimated returns from 1980-1990 and 1988 are modified from total returns to include only wild adults (Mattews and Waples 1991).


� Local adaptation includes, but is not limited to, coadaptation.  


� Recall that the change in allelic frequencies had severe consequences for carp in the preceding example.


� Family size will be equalized in the JCAPE only for a captive broodstock, should this option become 	 necessary.  However, this is the least palatable option, and will be implemented only after all other possibilities are exhausted.


� Overly efficient use of gametes should not be confused with pairwise or diallel spawning.  Pairwise spawning allows fertilization of one females eggs with the milt of one or two males, while diallel spawning fertilizes each equally sized aliquot of eggs from one female using milt from a different male. In contrast, overly efficient use of gametes decreases effective population size, since the genetic variability encompassed by one male (for example) may give rise to multiple families.


� Non-random broodstock collection, for example, may result in a broodstock with genetic characteristics that are unrepresentative of the source stock.


� However, Clarke (1995) suggested that asymmetry may occur as a consequence of stress.  Moran et al. (1997) found a negative relationship between asymmetry and heterozygosity.


� Populations exhibiting equal sex ratios, Poisson distribution of family size, discrete generations, random mating, and stable population size (Caughley 1994)


� Rare alleles refer to alleles that occur with a frequency of 1% or less within a population.


� This method is conservative, and assumes that alleleic frequencies remain stable within the population.  Therefore, these projectioons are useful only as a crude estimate.


� Estimated using mean redd counts from Johnson Creek from 1978-1998 (Elms-Cockrom 1998) multiplied by 2.5 spawners perr redd (Waples et al. 1993). 


� The difference in age distribution of adults returning to Lyons Ferry Hatchery from yearling and subyearling release groups provides an example phenotypic plasticity resulting in a change in population characteristics caused by hatchery practices (see page 59).  
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						Sample Name		Sample Size		Brood Year		Collection Year

						Johnson Creek		97		1988		1989

						Johnson Creek		80		1989		1990

						Secesh River		92		1988		1989

						Secesh River		80		1989		1990

						McCall Hatchery		100		1988		1989

						McCall Hatchery		100		1989		1990

						Imnaha Natural		100		1988		1989

						Imnaha Natural		80		1989		1990

						Imnaha Hatchery		100		1988		1989

						Imnaha Hatchery		100		1989		1990

						Valley Creek		99		1988		1989

						Valley Creek		99		1989		1990

						Sawtooth Hatchery		100		1988		1989

						Sawtooth Hatchery		100		1989		1990





Sampling Units

		

		Snake River Spring/Summer Chinook Sampling Units

		Sample Name		Sample Size		Brood Year		Collection Year

		Marsh Creek		100		1988		1989

		Johnson Creek		97		1988		1989

		Upper Salmon River		99		1988		1989

		Valley Creek		99		1988		1989

		Secesh River		92		1988		1989

		Lostine River		100		1988		1989

		Imnaha River		100		1988		1989

		McCall Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1988		1989

		Rapid River Hatchery		100		1988		1989

		Imnaha Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1989		1990

		Valley Creek		99		1989		1990

		Lostine River		99		1989		1990

		Imnaha Wild		80		1989		1990

		Catherine Creek		100		1989		1990

		Minam River		100		1989		1990

		Lookingglass Hatchery		100		1989		1990

		Imnaha Hatchery		100		1989		1990

		McCall Hatchery		100		1989		1990

		Johnson Creek		80		1989		1990

		Secesh River		80		1989		1990

		Marsh Creek		80		1989		1990

		Johnson Creek		91		1990		1991

		Johnson Creek		60		1993		1994

		Upper Johnson Creek		59		1993		1994

		Secesh River		80		1990		1991

		McCall Hatchery		100		1990		1991

		McCall Hatchery		80		1991		1992

		McCall Hatchery		60		1993		1994

		Stolle Meadows		59		1991		1992

		Stolle Meadows		58		1992		1993

		Stolle Meadows		60		1993		1994

		Poverty Flat		27		1991		1992

		Poverty Flat		60		1992		1993

		Poverty Flat		60		1993		1994

		South Fork Trap		60		1991		1992





Hatchery Releases

		

		McCall Hatchery Brood Year		Release Date		Number Released		Size at Release

		1984		February 8, 1985		50,000		Fry

		1985		September 5, 1986		177,606		Fry

		1986		May 5, 1987		91,000		Fry

		1986		December 6, 1987		28,400		Fry

		1987		September 5, 1988		194,600		Fry

		1987		May 31, 88		259,200		Fry

		1988		August 5, 1989		200,500		Fry

		1988		August 8-10, 1989		290,000		Fingerling

		Total				1,290,306





Redd Counts JC and SFSR

		Year		Johnson Creek Redds		Estimated Adult Return		South Fork Salmon Redds		Estimated Adult Return		Total Redds		Five Year Average

		1957		319		798		2,732		6,830		3,051

		1958		82		205		1,206		3,015		1,288

		1959		278		695		1,305		3,263		1,583

		1960		486		1,215		2,290		5,725		2,776

		1961		201		503		1,058		2,645		1,259		1,991

		1962		295		738		1,589		3,973		1,884

		1963		266		665		1,057		2,643		1,323

		1964		310		775		1,124		2,810		1,434

		1965		116		290		656		1,640		772

		1966		110		275		980		2,450		1,090		1,301

		1967		286		715		902		2,255		1,188

		1968		127		318		515		1,288		642

		1969		273		683		636		1,590		909

		1970		130		325		527		1,318		657

		1971		183		458		421		1,053		604		800

		1972		220		550		567		1,418		787

		1973		271		678		586		1,465		857

		1974		107		268		218		545		325

		1975		69		173		238		595		307

		1976		68		170		241		603		309		517

		1977		81		203		226		565		307

		1978		113		283		251		628		364

		1979		36		90		115		288		151

		1980		24		60		116		290		140

		1981		45		113		126		315		171		227

		1982		37		93		111		278		148

		1983		63		158		185		463		248

		1984		17		43		165		413		182

		1985		75		188		323		808		398

		1986		53		133		289		723		342		264

		1987		72		180		752		1,880		824

		1988		137		343		718		1,795		855

		1989		42		105		217		543		259

		1990		56		140		386		965		442

		1991		64		160		393		983		457		567

		1992		76		190		685		1,713		761

		1993		142		355		939		2,348		1,081

		1994		20		50		239		598		259

		1995		9		23		97		243		106

		1996		23		58		159		398		182		478

		1997		94		235		544		1,360		638



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1980 are confounded by hatchery operations (Elms-Cockrum 1998).



Age Composition JC

		Year		Sample Size		Age 3		Age 4		Age 5

		1987		32		0		23		9

		1988		112		4		12		96

		1989		27		0		10		17

		1990		36		0		28		8

		1991		49		6		10		33

		1992		79		4		69		6

		1993		149		0		30		119

		1994		6		0		2		4

		1995		2		0		1		1

		Total		492		14		185		293

						2.8%		37.6%		59.6%



Age composition based on length/age relationship for carcass surveys in Johnson Creek (NPT unpublished data).  All age 3 individuals were jack males.



SAR

		Parameter		Hatchery		Wild

		Smolts/Female		3,290                                   1990-1995 Brood Year Average		199                                  1990-1995 Brood Year Average

		Smolt to Adult Return		0.157%                                   1983-1992 Brood Year Average		0.269%                               1988-1994 Brood Year Average

		Adults/Female		5.15		0.535

		Average Fecundity		4,741		N/A

		Green Egg to Smolt		82.7%		N/A





% SFSR Returns to JC

		

		Year		Johnson Creek Redds		Estimated Adult Return		Secesh Redds		Estimated Adult Return		Mainstem Redds		Estimated Adult Return

		1957		319		798		328		820		2,732		6,830

		1958		82		205		355		888		1,206		3,015

		1959		278		695		240		600		1,305		3,263

		1960		486		1,215		510		1,275		2,290		5,725

		1961		201		503		191		478		1,058		2,645

		1962		295		738		281		703		1,589		3,973

		1963		266		665		163		408		1,057		2,643

		1964		310		775		181		453		1,124		2,810

		1965		116		290		134		335		656		1,640

		1966		110		275		140		350		980		2,450

		1967		286		715		140		350		902		2,255

		1968		127		318		58		145		515		1,288

		1969		273		683		104		260		636		1,590

		1970		130		325		63		158		527		1,318

		1971		183		458		80		200		421		1,053

		1972		220		550		87		218		567		1,418

		1973		271		678		62		155		586		1,465

		1974		107		268		21		53		218		545

		1975		69		173		10		25		238		595

		1976		68		170		17		43		241		603

		1977		81		203		27		68		226		565

		1978		113		283		91		228		251		628

		1979		36		90		20		50		115		288

		1980		24		60		20		50		116		290

		1981		45		113		53		133		126		315

		1982		37		93		65		163		111		278

		1983		63		158		98		245		185		463

		1984		17		43		N/A		N/A		165		413

		1985		75		188		105		263		323		808

		1986		53		133		115		288		289		723

		1987		72		180		121		303		752		1880

		1988		137		343		155		388		718		1795

		1989		42		105		48		120		217		543

		1990		56		140		55		138		386		965

		1991		64		160		112		280		393		983

		1992		76		190		125		313		685		1713

		1993		142		355		130		325		939		2348

		1994		20		50		38		95		239		598

		1995		9		23		28		70		97		243

		1996		23		58		67		168		159		398

		1997		94		235		131		328		544		1360



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1967 may be confounded by hatchery operations (Matthews and Waples 1991).  Estimated % adult returns are calculated through 1980, the first year of returns to the McCall Hatchery Elms-Cockrum 1998).  These calculations are applicable only if the distribution of current adult returns are similar to historical distributions.



% ReddsAdults in SFSR

		Year		Loon Cr.		Lower Salmon R.		Lower Valley Cr.		Lower East Fork		Secesh/Lake Cr.		Johnson Cr.		South Fork (Mainstem)		Salmon Total		SFSR Total		% Total in Secesh		% Total in SFSR		% Total in JC

		1957		425		2,533		331		656		328		319		2,732		7,324		3,379		4%		46%		4%

		1958		193		460		47		345		355		82		1,206		2,688		1,643		13%		61%		3%

		1959		123		352		70		240		240		278		1,305		2,608		1,823		9%		70%		11%

		1960		334		811		137		403		510		486		2,290		4,971		3,286		10%		66%		10%

		1961		131		356		158		559		191		201		1,058		2,654		1,450		7%		55%		8%

		1962		157		467		115		195		281		295		1,589		3,099		2,165		9%		70%		10%

		1963		261		195		50		265		163		266		1,057		2,257		1,486		7%		66%		12%

		1964		361		415		71		306		181		310		1,124		2,768		1,615		7%		58%		11%

		1965		166		201		57		131		134		116		656		1,461		906		9%		62%		8%

		1966		49		390		184		216		140		110		980		2,069		1,230		7%		59%		5%

		1967		164		365		79		234		140		286		902		2,170		1,328		6%		61%		13%

		Average		215		595		118		323		242		250		1,354		3,097		1,846		8%		61%		9%



Years 1957-1967 used to avoid confounding hatchery returns (Matthews and Waples 1991).



summer returns 1990-1997

		Year		Designation		Columbia Mouth		Lower Granite Dam		Expected Return to SFSR		Expected Return to Secesh		Expected Return to JC

		1990		Hatchery		25,029		1,715		1046

		1990		Wild		5,630		3,378		2061		270		304

		1991		Hatchery		18,926		995		607

		1991		Wild		4,703		2,814		1717		225		253

		1992		Hatchery		15,141		1,866		1138

		1992		Wild		3,993		1,148		700		92		103

		1993		Hatchery		22,218		3,930		2397

		1993		Wild		7,214		3,959		2415		317		356

		1994		Hatchery		17,695		490		299

		1994		Wild		958		305		186		24		27

		1995		Hatchery		15,044		323		197

		1995		Wild		865		371		226		30		33

		1996		Hatchery		16,107		479		292

		1996		Wild		3,277		2,129		1299		170		192

		1997		Hatchery		N/A		9,086		5542

		1997		Wild		N/A		2,714		1656		217		244

		Average				11,200		2,231		1,361		168		189

								Total		21778

								% Hatchery		53%





AA Hatchery

		

		Adult to Adult Return (1975-1990) Geometric Mean=0.85--this is probably optimistic, given low returns recently

		Assume 100 adult returns, equal ratios=85 adult returns

		In the Hatchery:

		Parameter		McCall Hatchery		Wild

		Smolts/Female		3,290 (1990-1995 Brood Year Average)		199 (1990-1995 Brood Year Average)

		Smolt to Adult Return		0.157% (1983-1992 Brood Year Average)		0.269% (1988-1994 Brood Year Average)

		Adults/Female		5.15		0.535

		Average Fecundity		4741		N/A

		Green Egg to Smolt		0.827		N/A

		Per 100 (50 Females)		164500

		Smolt:Adult		258.265

		Mortality Equivalent		68%

								0.3294573643

								85.0873062016



Question: if all adult returns are retained, what magnitude of hatchery failure would be required to negatively impact adult returns above that which would occur through natural mortality should the fish be allowed to spawn in the wild?



Broodstock Priority

		

		Priority		Parent Type		Broodstock Source

		1		Unmarked Adult Return		Johnson Creek

		2		Hatchery Adult Return		Johnson Creek

		3		Unmarked Adult Return		SFSR

		4		Hatchery Adult Return		SFSR

		5		Captive Broodstock		Johnson Creek

		6		Unmarked Adult Return		Snake Basin

		7		Hatchery Adult Return		Snake Basin

		8		Captive Broodstock		Snake Basin

		9		Unmarked Adult Return		Columbia Basin

		10		Hatchery Adult Return		Columbia Basin

		11		Captive Broodstock		Columbia Basin
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PRC

		p (frequency)		Ne		PL (Prob of allele loss, gen 1)		PR (Prob of retention, gen 1)		G (number of Generations)		PRC (Probability of Retention after G generations)

		0.01		200		0.0179505533		0.9820494467		3		0.9471092232

		Nb		PRC (4)		PRC (5)

		2		0.003		0.006

		4		0.021		0.0363

		6		0.056		0.0923

		8		0.106		0.167

		10		0.169		0.253

		12		0.237		0.344

		14		0.308		0.431

		16		0.38		0.511										0.9820494467

		18		0.48		0.585										0.9471092232

		20		0.51		0.65

		22		0.57		0.71

		24		0.62		0.754

		26		0.67		0.8

		28		0.72		0.83

		30		0.75		0.86

		32		0.79		0.88

		34		0.82		0.9

		36		0.84		0.92

		38		0.87		0.94

		40		0.88		0.95

		42		0.9		0.96

		44		0.92		0.96

		46		0.93		0.97

		48		0.94		0.98

		50		0.95		0.98

		52		0.95		0.98

		54		0.96		0.98

		56		0.97		0.99

		58		0.97		0.99

		60		0.98		0.99



This assumes constant Ne and p.



PRC Graph
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Simulation Results

		Status Quo (no supplementation)

		Supplementation Effort		Number of Natural Spawners						Total Population Size						Probability of Rare Allele Loss

						Median						Median

		0%		46		78		135		83		165		312		58%

		Scenario One

		Supplementation Effort		Number of Natural Spawners						Total Population Size						Probability of Rare Allele Loss

						Median						Median

		25%		90		157		274		120		209		365		9%

		50%		102		191		462		204		382		690		6%

		75%		68		325		714		272		542		939		9%

		99%		121		440		909		344		663		1108		13%

		Scenario Two

		Supplementation Effort		Number of Natural Spawners						Total Population Size						Probability of Rare Allele Loss

						Median						Median

		25%		30		131		462		176		358		687		11%

		50%		36		299		738		233		530		960		8%

		75%		64		413		870		291		629		1079		11%

		95%		98		480		940		324		695		1145		16%

		Scenario Three

		Supplementation Effort		Number of Natural Spawners						Total Population Size						Probability of Rare Allele Loss

						Median						Median

		25%		33		139		448		177		362		680		12%

		50%		37		268		671		230		496		899		7%

		75%		43		372		851		268		600		1065		8%

		95%		83		481		997		308		704		1208		12%





Redd Counts

		Year		Estimated Adult Return		Year		Nb

		1957		798		1957		199

		1958		205		1958		51

		1959		695		1959		174

		1960		1,215		1960		304

		1961		503		1961		126

		1962		738		1962		184

		1963		665		1963		166

		1964		775		1964		194

		1965		290		1965		73

		1966		275		1966		69

		1967		715		1967		179

		1968		318		1968		79

		1969		683		1969		171

		1970		325		1970		81

		1971		458		1971		114

		1972		550		1972		138

		1973		678		1973		169

		1974		268		1974		67

		1975		173		1975		43

		1976		170		1976		43

		1977		203		1977		51

		1978		283		1978		71

		1979		90		1979		23

		1980		60		1980		15

		1981		113		1981		28

		1982		93		1982		23

		1983		158		1983		39

		1984		43		1984		11

		1985		188		1985		47

		1986		133		1986		33

		1987		180		1987		45

		1988		343		1988		86

		1989		105		1989		26

		1990		140		1990		35

		1991		160		1991		40

		1992		190		1992		48

		1993		355		1993		89

		1994		50		1994		13

		1995		23		1995		6				31

		1996		58		1996		14

		1997		235		1997		59

		1998		240		1998		60

		1999		58		1999		15
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Sheet1

		Location		Number of Strays		% of Total Strays

		Deschutes		14.9		84.4%

		Cowlitz Hatchery		0.1		0.4%

		Dworshak Hatchery		0.1		0.8%

		Lewis River		0.3		1.9%

		Lewis River Hatchery		0.1		0.4%

		Lookinglass Hatchery		0.1		0.4%

		Little White Salmon Hatchery		0.3		1.9%

		Rapid River Hatchery		0.4		2.1%

		Round Butte Hatchery		0.1		0.7%

		Sawtooth Hatchery		0.4		2.5%

		Wells Dam Spawning Channel		0.4		2.1%

		White River		0.2		1.2%

		Wind River		0.2		1.1%

		Total		17.7		100%

				Expanded		Expanded %

		Home Successfully		572		97%

		Out-Of -Basin Migrants		18		3%

		Total (Expanded)		590		100%
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IW90 0.00000+-0.0000
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MH90 0.00000+-0.0000 0.00687+-0.0093 0.02900+-0.0168


SH90 0.00000+-0.0000 0.38530+-0.0300 0.00000+-0.0000 0.06340+-0.0170


SR90 0.00000+-0.0000 0.00000+-0.0000 0.01300+-0.0097 0.02630+-0.0133 0.00000+-0.0000


VC90 0.00000+-0.0000 0.00000+-0.0000 0.00000+-0.0000 0.00433+-0.0069 0.23835+-0.0426 0.00000+-0.0000
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IR89 0.51515+-0.0390


JC89 0.00000+-0.0000 0.00000+-0.0000


MH89 0.02635+-0.0210 0.32075+-0.0659 0.05075+-0.0384


SH89 0.00000+-0.0000 0.05135+-0.0235 0.00513+-0.0069 0.00000+-0.0000


SR89 0.05520+-0.0184 0.30485+-0.0511 0.00533+-0.0053 0.09775+-0.0292 0.05260+-0.0207


VC89 0.02150+-0.0105 0.05320+-0.0228 0.00000+-0.0000 0.00133+-0.0021 0.43025+-0.0589 0.02350+-0.0126
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PRC

		p (frequency)		Ne		PL (Prob of allele loss, gen 1)		PR (Prob of retention, gen 1)		G (number of Generations)		PRC (Probability of Retention after G generations)

		0.01		200		0.0179505533		0.9820494467		3		0.9471092232

		Nb		PRC (4)		PRC (5)

		2		0.003		0.006

		4		0.021		0.0363

		6		0.056		0.0923

		8		0.106		0.167

		10		0.169		0.253

		12		0.237		0.344

		14		0.308		0.431

		16		0.38		0.511										0.9820494467

		18		0.48		0.585										0.9471092232

		20		0.51		0.65

		22		0.57		0.71

		24		0.62		0.754

		26		0.67		0.8

		28		0.72		0.83

		30		0.75		0.86

		32		0.79		0.88

		34		0.82		0.9

		36		0.84		0.92

		38		0.87		0.94

		40		0.88		0.95

		42		0.9		0.96

		44		0.92		0.96

		46		0.93		0.97

		48		0.94		0.98

		50		0.95		0.98

		52		0.95		0.98

		54		0.96		0.98

		56		0.97		0.99

		58		0.97		0.99

		60		0.98		0.99



This assumes constant Ne and p.
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Redd Counts

		Year		Estimated Adult Return		Year		Nb

		1957		798		1957		199

		1958		205		1958		51

		1959		695		1959		174

		1960		1,215		1960		304

		1961		503		1961		126

		1962		738		1962		184

		1963		665		1963		166

		1964		775		1964		194

		1965		290		1965		73

		1966		275		1966		69

		1967		715		1967		179

		1968		318		1968		79

		1969		683		1969		171

		1970		325		1970		81

		1971		458		1971		114

		1972		550		1972		138

		1973		678		1973		169

		1974		268		1974		67

		1975		173		1975		43

		1976		170		1976		43

		1977		203		1977		51

		1978		283		1978		71

		1979		90		1979		23

		1980		60		1980		15

		1981		113		1981		28

		1982		93		1982		23

		1983		158		1983		39

		1984		43		1984		11

		1985		188		1985		47

		1986		133		1986		33

		1987		180		1987		45

		1988		343		1988		86

		1989		105		1989		26

		1990		140		1990		35

		1991		160		1991		40

		1992		190		1992		48

		1993		355		1993		89

		1994		50		1994		13

		1995		23		1995		6				31

		1996		58		1996		14

		1997		235		1997		59

		1998		240		1998		60

		1999		58		1999		15
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McCall Releases All

		Note:  RMIS Tag Returns good through 1996…

		Note:  Two year time lag.  Eg.  BY 88 fish released in 90.

		Tag Code....		Tag		Run. Spec		Bd		Rel.		Rel.		Hatchery.......		..... Release-Site Name...		First.		Last..		# Tagged		Ad...		Unmarked.		%

				Typ				Yr		Yr		Agy						Release		Release				Only		Fish		Tagged

		100101		0		Summ Chin		74		76		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		760406		760407		78,725		956		293,699		0.2680465374

		100205		0		Summ Chin		75		77		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		770407		770407		79,000		2,450		165,995		0.4759179493

		100323		0		Summ Chin		76		78		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		780406		780410		72,200		4,366		2,734		26.4081931236

		100325		0		Summ Chin		77		79		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		790412		790418		116,200		6,800		113,670		1.0222574118

		102028		0		Summ Chin		94		96		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		960412		960415		63,325		1,958				0

		102117		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		40,450		1,122		116,506		0.3471924193

		102118		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		40,850		1,134				0

		102128		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		47,625		1,322				0

		102412		0		Summ Chin		80		82		IDFG		MCCALL HATCHERY		STOLEE MEADOW:S.FK.S		820408		820410		40,775		1,479				0

		102413		0		Summ Chin		80		82		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		820408		820410		40,500		1,469				0

		102458		0		Summ Chin		81		83		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		830404		830407		60,600		1,565		121,731		0.4978189615

		102518		0		Summ Chin		83		85		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		850401		850404		38,100		2,346		234,538		0.1624470235

		102633		0		Summ Chin		83		85		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		850401		850404		40,100		2,471		246,850		0.1624468301

		102738		0		Summ Chin		82		84		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		840409		840411		50,000		1,539		218,341		0.2289995924

		102804		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		8,800		281				0

		102812		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		39,800		1,274				0

		103010		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		105,375		644		218,203		0.4829218663

		103011		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		104,675		637		216,754		0.4829207304

		103012		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		105,325		636		218,099		0.4829228928

		103019		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		103,850		1,113		214,189		0.4848521633

		103020		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		104,525		1,120		215,581		0.4848525612

		103021		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		103,450		1,108		213,364		0.4848521775

		103032		0		Summ Chin		86		88		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		880321		880324		247,825		3,372		597,591		0.4147067141

		103033		0		Summ Chin		86		88		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		880323		880324		61,900				149,352		0.4144571214

		103034		0		Summ Chin		88		90		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		900316		900323		251,158		5,125		570,801		0.4400097407

		103038		0		Summ Chin		88		90		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		900320		900323		62,378		1,273		141,765		0.4400098755

		103039		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		60,860		1,882				0

		103040		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		62,937		1,946				0

		103041		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,122		1,983				0

		103042		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,207		1,924				0

		103043		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,297		1,989				0

		103141		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,400		2,187		120,130		0.3862482311

		103142		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,250		2,179		119,742		0.3862470979

		103143		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,400		2,187		120,130		0.3862482311

		103144		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		44,350		2,581		114,823		0.3862466579

		103145		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		43,025		2,504		111,392		0.3862485636

		103146		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		41,325		2,405		106,990		0.3862510515

		103225		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		52,368		1,620				0

		103226		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		52,976		1,638				0

		103227		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		54,464		1,684				0

		103431		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,502		283		25,819		0.8327975522

		103432		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,810		287		26,189		0.8327923938

		103433		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		20,700		273		24,856		0.8327969102

		103434		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		20,807		274		24,985		0.8327796678

		103435		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,463				25,772		0.8328030421

		103436		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		22,608				27,147		0.8327992043

		103437		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,620		285		25,961		0.832787643

		103438		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,331		281		25,614		0.8327867572

		103439		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,253		280		25,520		0.8327978056

		103440		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,443		282		25,748		0.8328025478

		103441		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,501		283		25,818		0.832791076

		103442		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,406		282		25,704		0.832788671

		103443		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,527		284		25,849		0.832798174

		103444		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,442		282		25,747		0.8327960539

		103445		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		19,387		1,415		23,280		0.8327749141

		103446		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,427		238		38,368		0.5584601751

		103447		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,353		238		38,236		0.558452767

		103448		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		20,807				37,258		0.5584572441

		103449		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,229				38,014		0.5584521492

		103450		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,397				38,315		0.5584496933

		103451		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		20,520				36,744		0.5584585238

		103452		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,253		236		38,057		0.558451796

		103453		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,558		240		38,603		0.5584540062

		103454		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		22,003		245		39,400		0.5584517766

		103455		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,997		245		39,389		0.5584554063

		103456		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,973		244		39,346		0.5584557515

		103457		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,430		238		38,374		0.5584510346

		103458		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,302		237		38,145		0.5584480273

		103459		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,694		241		38,847		0.5584472417

		103460		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		22,150		246		39,663		0.5584549832

		103602		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930403		930505		306,082		3,718				0

		104902		0		Summ Chin		92		94		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		940410		940413		317,775		9,828				0

		104918		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		55,413		1,714				0

		104919		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		53,620		1,658				0

		105144		0		Summ Chin		95		97		IDFG		MCCALL HATCHERY		KNOX BR.:S.FK. SAL R		970319		970321		62,235		1,925				0





McCall Returns All

		TAGCODE		YEAR		AGCY		FC		SITE NAME		SITE CODE		OBS'D		EST'D		MEAS'D		AVG MM		Expansion Factor		Total

		100323		1981		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		1		1		890

		102117		1984		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		1036

		102412		1985		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		871

		102458		1984		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		5		1		545

		102518		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		786

		102633		1986		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		504

		102633		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		2		8		2		813

		102633		1988		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		3		8		3		934

		102738		1985		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		551

		102812		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		568

		103010		1988		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		785

		103011		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		541

		103012		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		663

		103040		1997		ADFG		10		AK M 1 NW 113-41		1M1NW11341		1		5		1		787

		103039		1997		ADFG		10		AK M 1 NW 113-91		1M1NW11391		1		1		1		825

		102413		1984		ODFW		10		ASTORIA TROLL AREA 2		5M2220202O0202  10		1		2		1		792

		103019		1990		ODFW		55		BONNEVILLE POOL CERE		5F33499  R61    16		1		2		1		870

		103438		1993		ODFW		55		BONNEVILLE POOL CERE		5F33499  R61    16		1		2		1		760

		103034		1993		ODFW		21		BONNEVILLE POOL NET		5F33461  R61    13		1		2		1		897

		103040		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		805

		103042		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		858

		103043		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		745

		100323		1980		WDFW		50		COWLITZ SALMON HATCH		3F42001  260002 H02		1		1		1		780

		100323		1980		IDFG		50		DWORSHAK NAT. HATCH		4F-1706030800100.10		2		2		2		768

		102518		1988		ODFW		10		GARIBALDI TROLL 3		5M2221003O1003  10		1		3		1		930

		103032		1990		ODFW		55		JOHN DAY POOL CERE		5F33499  R63    16		1		2		1		780

		103034		1992		ODFW		55		JOHN DAY POOL CERE		5F33499  R63    16		1		2		1		745

		103034		1993		ODFW		21		JOHN DAY POOL NET		5F33463  R63    13		1		2		1		934

		102738		1987		WDFW		46		LEWIS R      27.0168		3F42001  270168 R		1		7

		103039		1995		WDFW		50		LEWIS RIVER HATCHERY		3F42001  270168 H		1		1

		103039		1996		ODFW		50		LOOKINGGLASS HATCH		5F33539  H39    21		1		1		1		574

		103039		1995		WDFW		52		LOWER GRANITE DAM TR		3F42001  350002 R03		2		2

		103040		1997		WDFW		52		LOWER GRANITE DAM TR		3F42001  350002 R03		2		2

		102738		1987		FWS		50		LTL WHITE SALMON NFH		3F42001  290131 H02		1		1		1		870

		103021		1989		WDFW		15		MARINE AREA 2		3M32202		1		1		1		770

		103032		1990		WDFW		10		MARINE AREA 2		3M32202		1		2		1		800

		103032		1991		WDFW		10		MARINE AREA 2		3M32202		1		2		1		930

		103040		1997		WDFW		10		MARINE AREA 3		3M32303		1		1

		100205		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		864

		100323		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		55		55		54		753

		100323		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		17		17		17		943

		100325		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		61		61		61		531

		100325		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		39		39		39		814

		100325		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		899

		102117		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		563

		102117		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		820

		102117		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		10		10		10		846

		102118		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		3		3		3		557

		102118		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		807

		102118		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		21		21		21		923

		102128		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		5		5		5		536

		102128		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		800

		102128		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		15		15		15		952

		102412		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		182		182		182		552

		102412		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		218		218		215		777

		102412		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		874

		102413		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		172		172		172		547

		102413		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		190		190		188		780

		102413		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		33		893

		102458		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		187		187		131		580

		102458		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		281		281		280		788

		102458		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		914

		102518		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		571

		102518		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		79		79		79		790

		102518		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		77		77		77		906

		102633		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		583

		102633		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		81		81		81		784

		102633		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		70		70		70		906

		102738		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		117		117		115		563

		102738		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		90		90		90		793

		102738		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		13		13		13		890

		102804		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		495

		102804		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		9		9		9		797

		102812		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		8		8		8		554

		102812		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		25		25		25		814

		102812		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		870

		103010		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		588

		103010		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		65		65		65		777

		103010		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		940

		103011		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		565

		103011		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		44		44		44		781

		103011		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		921

		103012		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		22		22		22		539

		103012		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		66		66		66		768

		103012		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		942

		103019		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		765

		103019		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		800

		103020		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		780

		103021		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		546

		103021		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		767

		103021		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		960

		103032		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		106		106		103		541

		103032		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		138		138		136		763

		103032		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		892

		103033		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		16		16		16		558

		103033		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		36		36		36		773

		103033		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		4		4		4		900

		103034		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		161		161		160		544

		103038		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		42		42		42		571

		103141		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		860

		103142		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		730

		103143		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		600

		103145		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		670

		103146		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		520

		103146		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		745

		102518		1988		ODFW		10		NEWPORT TROLL AREA 4		5M2222404O2404  10		1		3		1		860

		102633		1987		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		2		1		762

		102633		1988		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		3		1		940

		103012		1988		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		3		1		680

		100323		1980		CDFO		10		NWTR         027-112		2MS01027        112		1		3		1		751

		102412		1983		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		580

		102412		1984		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		780

		102738		1985		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		560

		103034		1992		WDFW		10		OCEAN SPORT AREA 74		3M32404  860074		1		7		1		690

		102413		1983		WDFW		42		OCEAN SPORT AREA 84		3M32404  860084		1		2		1		600

		102458		1983		ODFW		72		OFF CAPE FALCON - CA		5M22203  O3     19		1		1		1		146

		102413		1982		ODFW		72		OFF CLATSOP SPIT		5M22202  O2     19		1		1		1		139

		102413		1984		ODFW		72		OFF CLATSOP SPIT		5M22202  O2     19		1		1		1		856

		102738		1985		ODFW		44		OR SEC  6		5F33203  R206   12		2		16		2		565

		100323		1981		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		915

		102117		1983		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		810

		102118		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		942

		102458		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		540

		102518		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		8		8		8		810

		102518		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900

		102633		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		823

		102633		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		920

		102738		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		915

		102804		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24				1		1		1    570

		103010		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		525

		103010		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1

		103010		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		905

		103032		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		585

		103032		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		868

		103033		1990		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		755

		103034		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		580

		103034		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		692

		103034		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		910

		103038		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		510

		103038		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		794

		103038		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		890

		103039		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		790

		103040		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		835

		103041		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		780

		103042		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		810

		103043		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		775

		103440		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		520

		103443		1994		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900

		103010		1988		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		737

		103038		1990		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		680

		103040		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		860

		103042		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		790

		102458		1985		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2		2		2		800

		102518		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3				2		779

		102518		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		4

		102633		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		11				7		777

		102633		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		6

		102738		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		1				1		838

		103010		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2				1		584

		103010		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3

		103011		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		7

		103012		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		5

		102633		1987		IDFG		50		SAWTOOTH HATCHERY		4F-1706020106901.25		1		1		1		940

		100323		1980		CDFO		10		SCTR         094-000		2MN57094        000		1		2		1		871

		100323		1979		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		660

		100323		1981		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		970

		102118		1984		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		920

		102518		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		2		5		2		808

		102633		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		3		1		795

		103012		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		2		1		570

		103040		1996		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		645

		102458		1984		ODFW		56		SHERARS FALLS SUBIS		5F33402  R27    20		1		5		1		560

		102412		1984		CDFO		10		SWTR         023-178		2MS02023        178		1		4		1		795

		100323		1980		CDFO		10		SWTR         114-000		2MS02114        000		1		3		1		729

		103038		1992		ODFW		21		THE DALLES POOL NET		5F33462  R62    13		1		2		1		865

		102518		1985		ODFW		72		WA CAPE DISAPT-TRANS		5M*2232  O32    19		3		3		3		145

		102633		1985		ODFW		72		WA CAPE DISAPT-TRANS		5M*2232  O32    19		2		2		2		138

		102412		1982		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		168

		102413		1982		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		140

		102738		1984		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		148

		102738		1984		ODFW		72		WA OFF GRAYS HARBOR		5M*2214  O14    19		1		1		1		164

		102738		1984		ODFW		72		WA OFF SEA LION ROCK		5M*2211  O11    19		1		1		1		236

		102738		1984		ODFW		72		WA OFF WAATCH POINT		5M*2210  O10    19		1		1		1		267

		103010		1987		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		650

		103034		1991		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		540

		103034		1992		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		790

		103038		1993		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		920

		103039		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		830

		103041		1996		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		510

		103042		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		700

		100323		1980		ODFW		55		WARM SPRNGS CEREMON		5F33499  R2     16		5		5		5		791

		102518		1987		ODFW		55		WARM SPRNGS COL CERE		5F33499  R21    16		1		2		1		780

		100323		1979		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		645

		103043		1997		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		850

		100323		1981		ODFW		56		WARM SPRNGS SUBSIST		5F33402  R2     20		1		1		1		910

		100325		1979		WDFW		50		WELLS DAM SP CHANNEL		3F42001  470001 H		3		4		3		243

		103034		1992		WDFW		54		WHITE R      45.1116		3F42001  451116 R		1				1		630

		102458		1985		WDFW		54		WIND R       29.0023		3F42001  290023 R		1				1		820

		102633		1986		ODFW		44		WN SEC  5		5F33203  R105   12		1		4		1		570

		103021		1988		ODFW		44		WN SEC  5		5F33203  R105   12		1

		103010		1987		ODFW		44		WN SEC  6		5F33203  R106   12		1		6		1		600

		100325		1979		ODFW		44		WN SEC  8		5F33203  R108   12		1		10		1		281

		102413		1983		ODFW		44		WN SEC  8		5F33203  R108   12		1		12

		102412		1983		ODFW		44		WN SEC  9		5F33203  R109   12		1		5		1		610

		102518		1986		ODFW		44		WN SEC  9		5F33203  R109   12		1				1		590

		102118		1984		ODFW		21		ZONE 2		5F33209  R12    13		2		5		2		887

		102128		1984		ODFW		61		ZONE 4		5F33204  R4     15		1		1		1		960
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		Note:  RMIS Tag Returns good through 1996…																				3,493,385						9,500,831						Note:  RMIS Tag Returns good through 1996…
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		100101		0		Summ Chin		74		76		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		760406		760407		78,725		956		293,699		373,380		0.2108441802		4.7428389965		100101

		100205		0		Summ Chin		75		77		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		770407		770407		79,000		2,450		165,995		247,445		0.3192628665		3.1322151899		100205

		100323		0		Summ Chin		76		78		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		780406		780410		72,200		4,366		2,734		79,300		0.9104665826		1.0983379501		100323

		100325		0		Summ Chin		77		79		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		790412		790418		116,200		6,800		113,670		236,670		0.4909790003		2.036746988		100325

		102028		0		Summ Chin		94		96		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		960412		960415		63,325		1,958				65,283		0.9700075058		1.0309198579		102028

		102117		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		40,450		1,122		116,506		158,078		0.2558863346		3.9079851669		102117

		102118		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		40,850		1,134				41,984		0.9729897104		1.0277600979		102118

		102128		0		Summ Chin		79		81		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		810406		810407		47,625		1,322				48,947		0.9729911946		1.0277585302		102128

		102412		0		Summ Chin		80		82		IDFG		MCCALL HATCHERY		STOLEE MEADOW:S.FK.S		820408		820410		40,775		1,479				42,254		0.9649973967		1.0362722256		102412

		102413		0		Summ Chin		80		82		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		820408		820410		40,500		1,469				41,969		0.9649979747		1.0362716049		102413

		102458		0		Summ Chin		81		83		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		830404		830407		60,600		1,565		121,731		183,896		0.3295340845		3.0345874587		102458

		102518		0		Summ Chin		83		85		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		850401		850404		38,100		2,346		234,538		274,984		0.1385535158		7.2174278215		102518

		102633		0		Summ Chin		83		85		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		850401		850404		40,100		2,471		246,850		289,421		0.1385524893		7.2174812968		102633

		102738		0		Summ Chin		82		84		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		840409		840411		50,000		1,539		218,341		269,880		0.1852675263		5.3976		102738

		102804		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		8,800		281				9,081		0.9690562713		1.0319318182		102804

		102812		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		39,800		1,274				41,074		0.9689828115		1.0320100503		102812

		103010		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		105,375		644		218,203		324,222		0.3250087903		3.0768398577		103010

		103011		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		104,675		637		216,754		322,066		0.3250110226		3.0768187246		103011

		103012		0		Summ Chin		84		86		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		860324		860331		105,325		636		218,099		324,060		0.3250169722		3.0767624021		103012

		103019		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		103,850		1,113		214,189		319,152		0.3253935429		3.0732017333		103019

		103020		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		104,525		1,120		215,581		321,226		0.3253939594		3.0731977996		103020

		103021		0		Summ Chin		85		87		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		870301		870402		103,450		1,108		213,364		317,922		0.3253942791		3.0731947801		103021

		103032		0		Summ Chin		86		88		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		880321		880324		247,825		3,372		597,591		848,788		0.2919751457		3.4249490568		103032

		103033		0		Summ Chin		86		88		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		880323		880324		61,900				149,352		211,252		0.2930149774		3.4127948304		103033

		103034		0		Summ Chin		88		90		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		900316		900323		251,158		5,125		570,801		827,084		0.3036668585		3.2930824421		103034

		103038		0		Summ Chin		88		90		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		900320		900323		62,378		1,273		141,765		205,416		0.3036667056		3.2930841002		103038

		103039		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		60,860		1,882				62,742		0.970004144		1.0309234308		103039

		103040		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		62,937		1,946				64,883		0.9700075521		1.0309198087		103040

		103041		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,122		1,983				66,105		0.9700022691		1.0309254234		103041

		103042		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,207		1,924				66,131		0.9709062316		1.0299655801		103042

		103043		0		Summ Chin		93		95		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		950407		950408		64,297		1,989				66,286		0.9699936638		1.0309345693		103043

		103141		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,400		2,187		120,130		168,717		0.275016744		3.6361422414		103141

		103142		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,250		2,179		119,742		168,171		0.2750176903		3.6361297297		103142

		103143		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890321		890323		46,400		2,187		120,130		168,717		0.275016744		3.6361422414		103143

		103144		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		44,350		2,581		114,823		161,754		0.2741817822		3.6472153326		103144

		103145		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		43,025		2,504		111,392		156,921		0.2741825505		3.6472051133		103145

		103146		0		Summ Chin		87		89		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		890320		890323		41,325		2,405		106,990		150,720		0.2741839172		3.6471869328		103146

		103225		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		52,368		1,620				53,988		0.9699933319		1.0309349221		103225

		103226		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		52,976		1,638				54,614		0.9700076903		1.0309196617		103226

		103227		0		Summ Chin		91		93		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		930421		930422		54,464		1,684				56,148		0.9700078364		1.0309195065		103227

		103431		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,502		283		25,819		47,604		0.4516847324		2.2139335876		103431

		103432		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,810		287		26,189		48,286		0.4516837178		2.2139385603		103432

		103433		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		20,700		273		24,856		45,829		0.4516790678		2.2139613527		103433

		103434		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		20,807		274		24,985		46,066		0.4516780272		2.2139664536		103434

		103435		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,463				25,772		47,235		0.4543876363		2.2007641057		103435

		103436		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		22,608				27,147		49,755		0.4543864938		2.2007696391		103436

		103437		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,620		285		25,961		47,866		0.4516776		2.2139685476		103437

		103438		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,331		281		25,614		47,226		0.4516791598		2.213960902		103438

		103439		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,253		280		25,520		47,053		0.4516821457		2.2139462664		103439

		103440		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,443		282		25,748		47,473		0.4516883281		2.2139159633		103440

		103441		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,501		283		25,818		47,602		0.4516827024		2.2139435375		103441

		103442		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,406		282		25,704		47,392		0.4516796084		2.2139587032		103442

		103443		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,527		284		25,849		47,660		0.4516785564		2.2139638593		103443

		103444		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		21,442		282		25,747		47,471		0.4516862927		2.2139259397		103444

		103445		0		Summ Chin		89		91		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		910318		910321		19,387		1,415		23,280		44,082		0.4397940202		2.2737917161		103445

		103446		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,427		238		38,368		60,033		0.3569203605		2.8017454613		103446

		103447		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,353		238		38,236		59,827		0.3569124308		2.8018077085		103447

		103448		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		20,807				37,258		58,065		0.3583397916		2.7906473783		103448

		103449		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,229				38,014		59,243		0.3583376939		2.7906637147		103449

		103450		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,397				38,315		59,712		0.3583366827		2.7906715895		103450

		103451		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		20,520				36,744		57,264		0.3583403185		2.7906432749		103451

		103452		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,253		236		38,057		59,546		0.3569173412		2.801769162		103452

		103453		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,558		240		38,603		60,401		0.3569146206		2.8017905186		103453

		103454		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		22,003		245		39,400		61,648		0.3569134441		2.8017997546		103454

		103455		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,997		245		39,389		61,631		0.3569145398		2.8017911533		103455

		103456		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,973		244		39,346		61,563		0.3569189286		2.8017567014		103456

		103457		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,430		238		38,374		60,042		0.3569168249		2.8017732151		103457

		103458		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,302		237		38,145		59,684		0.3569130755		2.8018026476		103458

		103459		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		21,694		241		38,847		60,782		0.3569148761		2.801788513		103459

		103460		0		Summ Chin		90		92		IDFG		MCCALL HATCHERY		KNOX BR.: S.FK. SALM		920323		920327		22,150		246		39,663		62,059		0.3569184163		2.8017607223		103460





BY 74-90 Recaptures

		TAGCODE		YEAR		AGCY		FC		SITE NAME		SITE CODE		OBS'D		EST'D		MEAS'D		AVG MM		Expansion Factor		Total

		100323		1981		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		1		1		890

		102117		1984		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		1036

		102458		1984		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		5		1		545

		102412		1985		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		871

		102738		1985		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		551

		102633		1986		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		504

		102518		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		786

		102633		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		2		8		2		813

		102812		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		568

		103011		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		6		1		541

		103012		1987		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		2		1		663

		102633		1988		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		3		8		3		934

		103010		1988		ODFW		21		ABOVE BONNEV NET		5F33406  R6     13		1		3		1		785

		103040		1997		ADFG		10		AK M 1 NW 113-41		1M1NW11341		1		5		1		787

		103039		1997		ADFG		10		AK M 1 NW 113-91		1M1NW11391		1		1		1		825

		102413		1984		ODFW		10		ASTORIA TROLL AREA 2		5M2220202O0202  10		1		2		1		792

		103019		1990		ODFW		55		BONNEVILLE POOL CERE		5F33499  R61    16		1		2		1		870

		103438		1993		ODFW		55		BONNEVILLE POOL CERE		5F33499  R61    16		1		2		1		760

		103034		1993		ODFW		21		BONNEVILLE POOL NET		5F33461  R61    13		1		2		1		897

		103040		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		805

		103042		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		858

		103043		1997		ODFW		61		CLIFTON CH.		5F22375  R75    15		1		1		1		745

		100323		1980		WDFW		50		COWLITZ SALMON HATCH		3F42001  260002 H02		1		1		1		780

		100323		1980		IDFG		50		DWORSHAK NAT. HATCH		4F-1706030800100.10		2		2		2		768

		102518		1988		ODFW		10		GARIBALDI TROLL 3		5M2221003O1003  10		1		3		1		930

		103032		1990		ODFW		55		JOHN DAY POOL CERE		5F33499  R63    16		1		2		1		780

		103034		1992		ODFW		55		JOHN DAY POOL CERE		5F33499  R63    16		1		2		1		745

		103034		1993		ODFW		21		JOHN DAY POOL NET		5F33463  R63    13		1		2		1		934

		102738		1987		WDFW		46		LEWIS R      27.0168		3F42001  270168 R		1		7

		103039		1995		WDFW		50		LEWIS RIVER HATCHERY		3F42001  270168 H		1		1

		103039		1996		ODFW		50		LOOKINGGLASS HATCH		5F33539  H39    21		1		1		1		574

		103039		1995		WDFW		52		LOWER GRANITE DAM TR		3F42001  350002 R03		2		2

		103040		1997		WDFW		52		LOWER GRANITE DAM TR		3F42001  350002 R03		2		2

		102738		1987		FWS		50		LTL WHITE SALMON NFH		3F42001  290131 H02		1		1		1		870

		103021		1989		WDFW		15		MARINE AREA 2		3M32202		1		1		1		770

		103032		1990		WDFW		10		MARINE AREA 2		3M32202		1		2		1		800

		103032		1991		WDFW		10		MARINE AREA 2		3M32202		1		2		1		930

		103040		1997		WDFW		10		MARINE AREA 3		3M32303		1		1

		100205		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		864

		100323		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		55		55		54		753

		100325		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		61		61		61		531

		100323		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		17		17		17		943

		100325		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		39		39		39		814

		100325		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		899

		102117		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		563

		102118		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		3		3		3		557

		102128		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		5		5		5		536

		102117		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		820

		102118		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		807

		102128		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		800

		102412		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		182		182		182		552

		102413		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		172		172		172		547

		102117		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		10		10		10		846

		102118		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		21		21		21		923

		102128		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		15		15		15		952

		102412		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		218		218		215		777

		102413		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		190		190		188		780

		102458		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		187		187		131		580

		102412		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		874

		102413		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		33		893

		102458		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		281		281		280		788

		102738		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		117		117		115		563

		102458		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		914

		102518		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		571

		102633		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		583

		102738		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		90		90		90		793

		102518		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		79		79		79		790

		102633		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		81		81		81		784

		102738		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		13		13		13		890

		102804		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		495

		102812		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		8		8		8		554

		103010		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		588

		103011		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		565

		103012		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		22		22		22		539

		102518		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		77		77		77		906

		102633		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		70		70		70		906

		102804		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		9		9		9		797

		102812		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		25		25		25		814

		103010		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		65		65		65		777

		103011		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		44		44		44		781

		103012		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		66		66		66		768

		103021		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		546

		102812		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		870

		103010		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		940

		103011		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		921

		103012		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		942

		103019		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		765

		103020		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		780

		103021		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		767

		103032		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		106		106		103		541

		103033		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		16		16		16		558

		103019		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		800

		103021		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		960

		103032		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		138		138		136		763

		103033		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		36		36		36		773

		103143		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		600

		103146		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		520

		103032		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		892

		103033		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		4		4		4		900

		103034		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		161		161		160		544

		103038		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		42		42		42		571

		103141		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		860

		103142		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		730

		103145		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		670

		103146		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		745

		102518		1988		ODFW		10		NEWPORT TROLL AREA 4		5M2222404O2404  10		1		3		1		860

		102633		1987		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		2		1		762

		102633		1988		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		3		1		940

		103012		1988		ODFW		55		NEZ PERCE CEREMONIAL		5F33499  R4     16		1		3		1		680

		100323		1980		CDFO		10		NWTR         027-112		2MS01027        112		1		3		1		751

		102412		1983		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		580

		102412		1984		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		780

		102738		1985		WDFW		41		OCEAN SPORT AREA 72		3M32202  860072		1		2		1		560

		103034		1992		WDFW		10		OCEAN SPORT AREA 74		3M32404  860074		1		7		1		690

		102413		1983		WDFW		42		OCEAN SPORT AREA 84		3M32404  860084		1		2		1		600

		102458		1983		ODFW		72		OFF CAPE FALCON - CA		5M22203  O3     19		1		1		1		146

		102413		1982		ODFW		72		OFF CLATSOP SPIT		5M22202  O2     19		1		1		1		139

		102413		1984		ODFW		72		OFF CLATSOP SPIT		5M22202  O2     19		1		1		1		856

		102738		1985		ODFW		44		OR SEC  6		5F33203  R206   12		2		16		2		565

		100323		1981		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		915

		102117		1983		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		810

		102118		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		942

		102458		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		540

		102518		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		8		8		8		810

		102633		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		823

		102738		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		915

		102804		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24				1		1		1    570

		103010		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		525

		102518		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900

		102633		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		920

		103010		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1

		103010		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		905

		103032		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		585

		103033		1990		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		755

		103032		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		868

		103034		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		580

		103038		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		510

		103034		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		692

		103038		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		794

		103440		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		520

		103034		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		910

		103038		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		890

		103443		1994		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900

		103039		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		790

		103040		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		835

		103041		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		780

		103042		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		810

		103043		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		775

		103010		1988		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		737

		103038		1990		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		680

		103040		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		860

		103042		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		790

		102458		1985		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2		2		2		800

		102518		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3				2		779

		102633		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		11				7		777

		102738		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		1				1		838

		103010		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2				1		584

		102518		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		4

		102633		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		6

		103010		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3

		103011		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		7

		103012		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		5

		102633		1987		IDFG		50		SAWTOOTH HATCHERY		4F-1706020106901.25		1		1		1		940

		100323		1980		CDFO		10		SCTR         094-000		2MN57094        000		1		2		1		871

		100323		1979		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		660

		100323		1981		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		970

		102118		1984		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		920

		102518		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		2		5		2		808

		102633		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		3		1		795

		103012		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		2		1		570

		103040		1996		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		645

		102458		1984		ODFW		56		SHERARS FALLS SUBIS		5F33402  R27    20		1		5		1		560

		102412		1984		CDFO		10		SWTR         023-178		2MS02023        178		1		4		1		795

		100323		1980		CDFO		10		SWTR         114-000		2MS02114        000		1		3		1		729

		103038		1992		ODFW		21		THE DALLES POOL NET		5F33462  R62    13		1		2		1		865

		102518		1985		ODFW		72		WA CAPE DISAPT-TRANS		5M*2232  O32    19		3		3		3		145

		102633		1985		ODFW		72		WA CAPE DISAPT-TRANS		5M*2232  O32    19		2		2		2		138

		102412		1982		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		168

		102413		1982		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		140

		102738		1984		ODFW		72		WA CAPE DISAPT-WILLA		5M*2201  O1     19		1		1		1		148

		102738		1984		ODFW		72		WA OFF GRAYS HARBOR		5M*2214  O14    19		1		1		1		164

		102738		1984		ODFW		72		WA OFF SEA LION ROCK		5M*2211  O11    19		1		1		1		236

		102738		1984		ODFW		72		WA OFF WAATCH POINT		5M*2210  O10    19		1		1		1		267

		103010		1987		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		650

		103034		1991		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		540

		103034		1992		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		790

		103038		1993		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		920

		103041		1996		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		510

		103039		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		830

		103042		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		700

		100323		1980		ODFW		55		WARM SPRNGS CEREMON		5F33499  R2     16		5		5		5		791

		102518		1987		ODFW		55		WARM SPRNGS COL CERE		5F33499  R21    16		1		2		1		780

		100323		1979		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		645

		103043		1997		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		850

		100323		1981		ODFW		56		WARM SPRNGS SUBSIST		5F33402  R2     20		1		1		1		910

		100325		1979		WDFW		50		WELLS DAM SP CHANNEL		3F42001  470001 H		3		4		3		243

		103034		1992		WDFW		54		WHITE R      45.1116		3F42001  451116 R		1				1		630

		102458		1985		WDFW		54		WIND R       29.0023		3F42001  290023 R		1				1		820

		102633		1986		ODFW		44		WN SEC  5		5F33203  R105   12		1		4		1		570

		103021		1988		ODFW		44		WN SEC  5		5F33203  R105   12		1

		103010		1987		ODFW		44		WN SEC  6		5F33203  R106   12		1		6		1		600

		100325		1979		ODFW		44		WN SEC  8		5F33203  R108   12		1		10		1		281

		102413		1983		ODFW		44		WN SEC  8		5F33203  R108   12		1		12

		102412		1983		ODFW		44		WN SEC  9		5F33203  R109   12		1		5		1		610

		102518		1986		ODFW		44		WN SEC  9		5F33203  R109   12		1				1		590

		102118		1984		ODFW		21		ZONE 2		5F33209  R12    13		2		5		2		887

		102128		1984		ODFW		61		ZONE 4		5F33204  R4     15		1		1		1		960





Stray Recaptures

		TAGCODE		YEAR		AGCY		FC		SITE NAME		SITE CODE		OBS'D		EST'D		MEAS'D		AVG MM		Expansion		Total		Designation		Stray Location

		100323		1981		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		915		1.0983379501		3		S		D										Observed

		102117		1983		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		810		3.9079851669		4		S		D								Strayed		93

		102118		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		942		1.0277600979		1		S		D								Homed		3137

		102458		1984		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		540		3.0345874587		3		S		D

		102518		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		8		8		8		810		7.2174278215		58		S		D

		102518		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900		7.2174278215		7		S		D

		102633		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		823		7.2174812968		14		S		D

		102633		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		920		7.2174812968		7		S		D		Location		Number of Strays		% of Total Strays

		102738		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		915		5.3976		5		S		D		Deschutes		240		84.4%

		102804		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		570		1.0319318182		1		S		D		Cowlitz Hatchery		1		0.4%

		103010		1987		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		525		3.0768398577		6		S		D		Dworshak Hatchery		2		0.8%

		103010		1988		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1						3.0768398577		3		S		D		Lewis River		5		1.9%

		103010		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		905		3.0768398577		3		S		D		Lewis River Hatchery		1		0.4%

		103032		1989		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		585		3.4249490568		7		S		D		Lookinglass Hatchery		1		0.4%

		103032		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		868		3.4249490568		7		S		D		Little White Salmon Hatchery		5		1.9%

		103033		1990		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		755		3.4127948304		3		S		D		Rapid River Hatchery		6		2.1%

		103034		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		580		3.2930824421		3		S		D		Round Butte Hatchery		2		0.7%

		103034		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		3		3		3		692		3.2930824421		10		S		D		Sawtooth Hatchery		7		2.5%

		103034		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		910		3.2930824421		3		S		D		Wells Dam Spawning Channel		6		2.1%

		103038		1991		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		510		3.2930841002		3		S		D		White River		3		1.2%

		103038		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		794		3.2930841002		13		S		D		Wind River		3		1.1%

		103038		1993		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		890		3.2930841002		3		S		D

		103039		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		790		1.0309234308		1		S		D		Homed to SFSR		9758		97%

		103040		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		835		1.0309198087		2		S		D		Strayed		286		3%

		103041		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		4		4		4		780		1.0309254234		4		S		D		Total		10042

		103042		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		2		2		2		810		1.0299655801		2		S		D		Number Released		9,500,831

		103043		1997		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		775		1.0309345693		1		S		D		Number Tagged		3,493,385

		103440		1992		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		520		2.2139159633		2		S		D		Recapture Probability		0.2875%

		103443		1994		ODFW		52		PELTON DAM, DESCHUTE		5F33401  H1     24		1		1		1		900		2.2139638593		2		S		D

		100323		1979		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		660		1.0983379501		1		S		D

		100323		1981		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		970		1.0983379501		1		S		D

		102118		1984		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		920		1.0277600979		1		S		D

		102518		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		2		5		2		808		7.2174278215		14		S		D

		102633		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		3		1		795		7.2174812968		7		S		D

		103012		1987		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		2		1		570		3.0767624021		3		S		D

		103040		1996		ODFW		46		SHERARS FALLS SPORT		5F334    R4     26		1		1		1		645		1.0309198087		1		S		D

		102458		1984		ODFW		56		SHERARS FALLS SUBIS		5F33402  R27    20		1		5		1		560		3.0345874587		3		S		D

		103010		1987		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		650		3.0768398577		3		S		D

		103034		1991		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		540		3.2930824421		3		S		D

		103034		1992		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		790		3.2930824421		3		S		D

		103038		1993		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		920		3.2930841002		3		S		D

		103039		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		830		1.0309234308		1		S		D

		103041		1996		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		510		1.0309254234		1		S		D

		103042		1997		FWS		50		WARM SPRINGS NFH		5F33407  H7     22		1		1		1		700		1.0299655801		1		S		D

		100323		1980		ODFW		55		WARM SPRNGS CEREMON		5F33499  R2     16		5		5		5		791		1.0983379501		5		S		D

		100323		1979		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		645		1.0983379501		1		S		D

		103043		1997		ODFW		56		WARM SPRNGS DES SUBS		5F33402  R22    20		1		1		1		850		1.0309345693		1		S		D

		100323		1981		ODFW		56		WARM SPRNGS SUBSIST		5F33402  R2     20		1		1		1		910		1.0983379501		1		S		D

		100323		1980		WDFW		50		COWLITZ SALMON HATCH		3F42001  260002 H02		1		1		1		780		1.0983379501		1		S		O

		100323		1980		IDFG		50		DWORSHAK NAT. HATCH		4F-1706030800100.10		2		2		2		768		1.0983379501		2		S		O

		102738		1987		WDFW		46		LEWIS R      27.0168		3F42001  270168 R		1		7						5.3976		5		S		O

		103039		1995		WDFW		50		LEWIS RIVER HATCHERY		3F42001  270168 H		1		1						1.0309234308		1		S		O

		103039		1996		ODFW		50		LOOKINGGLASS HATCH		5F33539  H39    21		1		1		1		574		1.0309234308		1		S		O

		102738		1987		FWS		50		LTL WHITE SALMON NFH		3F42001  290131 H02		1		1		1		870		5.3976		5		S		O

		103010		1988		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		737		3.0768398577		3		S		O

		103038		1990		IDFG		50		RAPID RIVER HATCHERY		4F-1706021000203.70		1		1		1		680		3.2930841002		3		S		O

		103040		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		860		1.0309198087		1		S		O

		103042		1997		ODFW		50		ROUND BUTTE TRAP		5F33424  H24    21		1		1		1		790		1.0299655801		1		S		O

		102633		1987		IDFG		50		SAWTOOTH HATCHERY		4F-1706020106901.25		1		1		1		940		7.2174812968		7		S		O

		100325		1979		WDFW		50		WELLS DAM SP CHANNEL		3F42001  470001 H		3		4		3		243		2.036746988		6		S		O

		103034		1992		WDFW		54		WHITE R      45.1116		3F42001  451116 R		1				1		630		3.2930824421		3		S		O

		102458		1985		WDFW		54		WIND R       29.0023		3F42001  290023 R		1				1		820		3.0345874587		3		S		O

		100205		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		864		3.1322151899		3		H

		100323		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		55		55		54		753		1.0983379501		60		H

		100323		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		17		17		17		943		1.0983379501		19		H

		100325		1980		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		61		61		61		531		2.036746988		124		H

		100325		1981		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		39		39		39		814		2.036746988		79		H

		100325		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		899		2.036746988		22		H

		102117		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		563		3.9079851669		23		H

		102117		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		820		3.9079851669		109		H

		102117		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		10		10		10		846		3.9079851669		39		H

		102118		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		3		3		3		557		1.0277600979		3		H

		102118		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		807		1.0277600979		18		H

		102118		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		21		21		21		923		1.0277600979		22		H

		102128		1982		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		5		5		5		536		1.0277585302		5		H

		102128		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		800		1.0277585302		21		H

		102128		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		15		15		15		952		1.0277585302		15		H

		102412		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		182		182		182		552		1.0362722256		189		H

		102412		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		218		218		215		777		1.0362722256		226		H

		102412		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		874		1.0362722256		35		H

		102413		1983		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		172		172		172		547		1.0362716049		178		H

		102413		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		190		190		188		780		1.0362716049		197		H

		102413		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		33		893		1.0362716049		35		H

		102458		1984		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		187		187		131		580		3.0345874587		567		H

		102458		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		281		281		280		788		3.0345874587		853		H

		102458		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		914		3.0345874587		55		H

		102518		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		28		28		28		571		7.2174278215		202		H

		102518		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		79		79		79		790		7.2174278215		570		H

		102518		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		77		77		77		906		7.2174278215		556		H

		102633		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		34		34		34		583		7.2174812968		245		H

		102633		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		81		81		81		784		7.2174812968		585		H

		102633		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		70		70		70		906		7.2174812968		505		H

		102738		1985		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		117		117		115		563		5.3976		632		H

		102738		1986		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		90		90		90		793		5.3976		486		H

		102738		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		13		13		13		890		5.3976		70		H

		102804		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		495		1.0319318182		1		H

		102804		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		9		9		9		797		1.0319318182		9		H

		102812		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		8		8		8		554		1.0320100503		8		H

		102812		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		25		25		25		814		1.0320100503		26		H

		102812		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		870		1.0320100503		1		H

		103010		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		588		3.0768398577		58		H

		103010		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		65		65		65		777		3.0768398577		200		H

		103010		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		940		3.0768398577		62		H

		103011		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		20		20		20		565		3.0768187246		62		H

		103011		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		44		44		44		781		3.0768187246		135		H

		103011		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		19		19		19		921		3.0768187246		58		H

		103012		1987		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		22		22		22		539		3.0767624021		68		H

		103012		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		66		66		66		768		3.0767624021		203		H

		103012		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		11		11		11		942		3.0767624021		34		H

		103019		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		765		3.0732017333		6		H

		103019		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		800		3.0732017333		3		H

		103020		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		780		3.0731977996		18		H

		103021		1988		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		546		3.0731947801		6		H

		103021		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		6		6		6		767		3.0731947801		18		H

		103021		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		960		3.0731947801		3		H

		103032		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		106		106		103		541		3.4249490568		363		H

		103032		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		138		138		136		763		3.4249490568		473		H

		103032		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		18		18		18		892		3.4249490568		62		H

		103033		1989		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		16		16		16		558		3.4127948304		55		H

		103033		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		36		36		36		773		3.4127948304		123		H

		103033		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		4		4		4		900		3.4127948304		14		H

		103034		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		161		161		160		544		3.2930824421		530		H

		103038		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		42		42		42		571		3.2930841002		138		H

		103141		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		860		3.6361422414		7		H

		103142		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		730		3.6361297297		7		H

		103143		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		600		3.6361422414		4		H

		103145		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		670		3.6472051133		4		H

		103146		1990		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		1		1		1		520		3.6471869328		4		H

		103146		1991		IDFG		50		MCCALL WEIR:S.FK.SAL		4F-1706020803300.00		2		2		2		745		3.6471869328		7		H

		102458		1985		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2		2		2		800		3.0345874587		6		H

		102518		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3				2		779		7.2174278215		22		H

		102518		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		4								7.2174278215		29		H

		102633		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		11				7		777		7.2174812968		79		H

		102633		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		6								7.2174812968		43		H

		102738		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		1				1		838		5.3976		5		H

		103010		1987		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		2				1		584		3.0768398577		6		H

		103010		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		3								3.0768398577		9		H

		103011		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		7								3.0768187246		22		H

		103012		1988		IDFG		54		S FK SALMON:IDFG #21		4F-17060208-8210.00		5								3.0767624021		15		H



Notes:
1.  These data were obtained from the RMIS.

2.  Expansion factor is based on proportion of individuals tagged (e.g. if 33% were tagged, each observed recapture would be multiplied by three).  This factor DOES NOT take into consideration sampling efficiency at the recapture location.   

3.  These samples include only marks from BY 1974-1990, and recaptures from 1974-1997.

4.  Ocean and mainstem Columbia fishing recaptures are not included.

5.  These numbers may overestimate stray rates because recreational/subsistence/ceremonial harvest may result in capture of individuals who would have homed had they not been captured.

6.  Overall low recapture probability suggests that these estimates are likely a poor approximation of actual stray rates.



Stray Table

		

		Location		Number of Strays		% of Total Strays

		Deschutes		240		84.4%

		Cowlitz Hatchery		1		0.4%

		Dworshak Hatchery		2		0.8%

		Lewis River		5		1.9%

		Lewis River Hatchery		1		0.4%

		Lookinglass Hatchery		1		0.4%

		Little White Salmon Hatchery		5		1.9%

		Rapid River Hatchery		6		2.1%

		Round Butte Hatchery		2		0.7%

		Sawtooth Hatchery		7		2.5%

		Wells Dam Spawning Channel		6		2.1%

		White River		3		1.2%

		Wind River		3		1.1%

				Expanded		Expanded %

		Homed to SFSR (Expanded)		9758		97%

		Strayed (Expanded)		286		3%

		Total (Expanded)		10042

		Number Released		9,500,831

		Number Tagged		3,493,385

		Recapture Probability		0.2875%



Notes:
1.  These data were obtained from the RMIS system; http://www.psmfc.org/rmpc/

2.  Expansion factor is based on proportion of individuals tagged (e.g. if 33% were tagged within a brood year, each observed recapture from that brood year would be multiplied by three).  This factor DOES NOT take into consideration sampling efficiency at the recapture location.   

3.  These samples include only marks from BY 1974-1990, and recaptures from 1974-1997.  Recaptures after 1994 may be incomplete.

4.  Ocean and mainstem Columbia fishing recaptures are not included (it is unknown whether or not these individuals would have homed).

5.  These numbers may overestimate stray rates because recreational/subsistence/ceremonial harvest may result in capture of individuals who would have homed had they not been captured.

6.  Low overall recapture probability suggests that these estimates are likely a poor approximation of actual stray rates.
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						Sample Name		Sample Size		Brood Year		Collection Year

						Johnson Creek		97		1988		1989

						Johnson Creek		80		1989		1990

						Secesh River		92		1988		1989

						Secesh River		80		1989		1990

						McCall Hatchery		100		1988		1989

						McCall Hatchery		100		1989		1990

						Imnaha Natural		100		1988		1989

						Imnaha Natural		80		1989		1990

						Imnaha Hatchery		100		1988		1989

						Imnaha Hatchery		100		1989		1990

						Valley Creek		99		1988		1989

						Valley Creek		99		1989		1990

						Sawtooth Hatchery		100		1988		1989

						Sawtooth Hatchery		100		1989		1990





Sampling Units

		

		Snake River Spring/Summer Chinook Sampling Units

		Sample Name		Sample Size		Brood Year		Collection Year

		Marsh Creek		100		1988		1989

		Johnson Creek		97		1988		1989

		Upper Salmon River		99		1988		1989

		Valley Creek		99		1988		1989

		Secesh River		92		1988		1989

		Lostine River		100		1988		1989

		Imnaha River		100		1988		1989

		McCall Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1988		1989

		Rapid River Hatchery		100		1988		1989

		Imnaha Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1989		1990

		Valley Creek		99		1989		1990

		Lostine River		99		1989		1990

		Imnaha Wild		80		1989		1990

		Catherine Creek		100		1989		1990

		Minam River		100		1989		1990

		Lookingglass Hatchery		100		1989		1990

		Imnaha Hatchery		100		1989		1990

		McCall Hatchery		100		1989		1990

		Johnson Creek		80		1989		1990

		Secesh River		80		1989		1990

		Marsh Creek		80		1989		1990

		Johnson Creek		91		1990		1991

		Johnson Creek		60		1993		1994

		Upper Johnson Creek		59		1993		1994

		Secesh River		80		1990		1991

		McCall Hatchery		100		1990		1991

		McCall Hatchery		80		1991		1992

		McCall Hatchery		60		1993		1994

		Stolle Meadows		59		1991		1992

		Stolle Meadows		58		1992		1993

		Stolle Meadows		60		1993		1994

		Poverty Flat		27		1991		1992

		Poverty Flat		60		1992		1993

		Poverty Flat		60		1993		1994

		South Fork Trap		60		1991		1992





Hatchery Releases

		

		McCall Hatchery Brood Year		Release Date		Number Released		Size at Release

		1984		February 8, 1985		50,000		Fry

		1985		September 5, 1986		177,606		Fry

		1986		May 5, 1987		91,000		Fry

		1986		December 6, 1987		28,400		Fry

		1987		September 5, 1988		194,600		Fry

		1987		May 31, 88		259,200		Fry

		1988		August 5, 1989		200,500		Fry

		1988		August 8-10, 1989		290,000		Fingerling

		Total				1,290,306





Redd Counts JC and SFSR

		Year		Johnson Creek Redds		Estimated Adult Return		South Fork Salmon Redds		Estimated Adult Return		Total Redds		Five Year Average

		1957		319		798		2,732		6,830		3,051

		1958		82		205		1,206		3,015		1,288

		1959		278		695		1,305		3,263		1,583

		1960		486		1,215		2,290		5,725		2,776

		1961		201		503		1,058		2,645		1,259		1,991

		1962		295		738		1,589		3,973		1,884

		1963		266		665		1,057		2,643		1,323

		1964		310		775		1,124		2,810		1,434

		1965		116		290		656		1,640		772

		1966		110		275		980		2,450		1,090		1,301

		1967		286		715		902		2,255		1,188

		1968		127		318		515		1,288		642

		1969		273		683		636		1,590		909

		1970		130		325		527		1,318		657

		1971		183		458		421		1,053		604		800

		1972		220		550		567		1,418		787

		1973		271		678		586		1,465		857

		1974		107		268		218		545		325

		1975		69		173		238		595		307

		1976		68		170		241		603		309		517

		1977		81		203		226		565		307

		1978		113		283		251		628		364

		1979		36		90		115		288		151

		1980		24		60		116		290		140

		1981		45		113		126		315		171		227

		1982		37		93		111		278		148

		1983		63		158		185		463		248

		1984		17		43		165		413		182

		1985		75		188		323		808		398

		1986		53		133		289		723		342		264

		1987		72		180		752		1,880		824

		1988		137		343		718		1,795		855

		1989		42		105		217		543		259

		1990		56		140		386		965		442

		1991		64		160		393		983		457		567

		1992		76		190		685		1,713		761

		1993		142		355		939		2,348		1,081

		1994		20		50		239		598		259

		1995		9		23		97		243		106

		1996		23		58		159		398		182		478

		1997		94		235		544		1,360		638



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1980 are confounded by hatchery operations (Elms-Cockrum 1998).



Age Composition JC

		Year		Sample Size		Age 3		Age 4		Age 5

		1987		32		0		23		9

		1988		112		4		12		96

		1989		27		0		10		17

		1990		36		0		28		8

		1991		49		6		10		33

		1992		79		4		69		6

		1993		149		0		30		119

		1994		6		0		2		4

		1995		2		0		1		1

		Total		492		14		185		293

						2.8%		37.6%		59.6%



Age composition based on length/age relationship for carcass surveys in Johnson Creek (NPT unpublished data).  All age 3 individuals were jack males.



SAR

		Parameter		Hatchery		Wild

		Smolts/Female		3,290                                   1990-1995 Brood Year Average		199                                  1990-1995 Brood Year Average

		Smolt to Adult Return		0.157%                                   1983-1992 Brood Year Average		0.269%                               1988-1994 Brood Year Average

		Adults/Female		5.15		0.535

		Average Fecundity		4,741		N/A

		Green Egg to Smolt		82.7%		N/A





% SFSR Returns to JC

		

		Year		Johnson Creek Redds		Estimated Adult Return		Secesh Redds		Estimated Adult Return		Mainstem Redds		Estimated Adult Return

		1957		319		798		328		820		2,732		6,830

		1958		82		205		355		888		1,206		3,015

		1959		278		695		240		600		1,305		3,263

		1960		486		1,215		510		1,275		2,290		5,725

		1961		201		503		191		478		1,058		2,645

		1962		295		738		281		703		1,589		3,973

		1963		266		665		163		408		1,057		2,643

		1964		310		775		181		453		1,124		2,810

		1965		116		290		134		335		656		1,640

		1966		110		275		140		350		980		2,450

		1967		286		715		140		350		902		2,255

		1968		127		318		58		145		515		1,288

		1969		273		683		104		260		636		1,590

		1970		130		325		63		158		527		1,318

		1971		183		458		80		200		421		1,053

		1972		220		550		87		218		567		1,418

		1973		271		678		62		155		586		1,465

		1974		107		268		21		53		218		545

		1975		69		173		10		25		238		595

		1976		68		170		17		43		241		603

		1977		81		203		27		68		226		565

		1978		113		283		91		228		251		628

		1979		36		90		20		50		115		288

		1980		24		60		20		50		116		290

		1981		45		113		53		133		126		315

		1982		37		93		65		163		111		278

		1983		63		158		98		245		185		463

		1984		17		43		N/A		N/A		165		413

		1985		75		188		105		263		323		808

		1986		53		133		115		288		289		723

		1987		72		180		121		303		752		1880

		1988		137		343		155		388		718		1795

		1989		42		105		48		120		217		543

		1990		56		140		55		138		386		965

		1991		64		160		112		280		393		983

		1992		76		190		125		313		685		1713

		1993		142		355		130		325		939		2348

		1994		20		50		38		95		239		598

		1995		9		23		28		70		97		243

		1996		23		58		67		168		159		398

		1997		94		235		131		328		544		1360

		Mean		134		334		119		298		631		1,578



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1967 may be confounded by hatchery operations (Matthews and Waples 1991).  Estimated % adult returns are calculated through 1980, the first year of returns to the McCall Hatchery Elms-Cockrum 1998).  These calculations are applicable only if the distribution of current adult returns are similar to historical distributions.



% ReddsAdults in SFSR

		Year		Loon Cr.		Lower Salmon R.		Lower Valley Cr.		Lower East Fork		Secesh/Lake Cr.		Johnson Cr.		South Fork (Mainstem)		Salmon Total		SFSR Total		% Total in Secesh		% Total in SFSR		% Total in JC

		1957		425		2,533		331		656		328		319		2,732		7,324		3,379		4%		46%		4%

		1958		193		460		47		345		355		82		1,206		2,688		1,643		13%		61%		3%

		1959		123		352		70		240		240		278		1,305		2,608		1,823		9%		70%		11%

		1960		334		811		137		403		510		486		2,290		4,971		3,286		10%		66%		10%

		1961		131		356		158		559		191		201		1,058		2,654		1,450		7%		55%		8%

		1962		157		467		115		195		281		295		1,589		3,099		2,165		9%		70%		10%

		1963		261		195		50		265		163		266		1,057		2,257		1,486		7%		66%		12%

		1964		361		415		71		306		181		310		1,124		2,768		1,615		7%		58%		11%

		1965		166		201		57		131		134		116		656		1,461		906		9%		62%		8%

		1966		49		390		184		216		140		110		980		2,069		1,230		7%		59%		5%

		1967		164		365		79		234		140		286		902		2,170		1,328		6%		61%		13%

		Average		215		595		118		323		242		250		1,354		3,097		1,846		8%		61%		9%



Years 1957-1967 used to avoid confounding hatchery returns (Matthews and Waples 1991).



summer returns 1990-1997

		Year		Designation		Columbia Mouth		Lower Granite Dam		Expected Return to SFSR		Expected Return to Secesh		Expected Return to JC

		1990		Hatchery		25,029		1,715		1046

		1990		Wild		5,630		3,378		2061		270		304

		1991		Hatchery		18,926		995		607

		1991		Wild		4,703		2,814		1717		225		253

		1992		Hatchery		15,141		1,866		1138

		1992		Wild		3,993		1,148		700		92		103

		1993		Hatchery		22,218		3,930		2397

		1993		Wild		7,214		3,959		2415		317		356

		1994		Hatchery		17,695		490		299

		1994		Wild		958		305		186		24		27

		1995		Hatchery		15,044		323		197

		1995		Wild		865		371		226		30		33

		1996		Hatchery		16,107		479		292

		1996		Wild		3,277		2,129		1299		170		192

		1997		Hatchery		N/A		9,086		5542

		1997		Wild		N/A		2,714		1656		217		244

		Average				11,200		2,231		1,361		168		189

								Total		21778

								% Hatchery		53%





Broodstock Priority

		

		Priority		Parent Type		Broodstock Source

		1		Unmarked Adult Return		Johnson Creek

		2		Hatchery Adult Return		Johnson Creek

		3		Unmarked Adult Return		SFSR

		4		Hatchery Adult Return		SFSR

		5		Captive Broodstock		Johnson Creek

		6		Unmarked Adult Return		Snake Basin

		7		Hatchery Adult Return		Snake Basin

		8		Captive Broodstock		Snake Basin

		9		Unmarked Adult Return		Columbia Basin

		10		Hatchery Adult Return		Columbia Basin

		11		Captive Broodstock		Columbia Basin
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Escapement

		Hatchery Component

		Capture Efficiency		Prespawn Mortality		Sex Ratio		Fecundity		Egg:Smolt		SAR		Adult Return		Nb/N		Goal

		1		0.15		0.5		4767		0.816		0.0021		232		0.25		Nb=50

		Natural Spawning		Broodstock

		0		232

		Effective Broodstock		Smolt Production		Projected Adult Return from Smolt Production

		50		383541

						805

		Naturally-Spawning Component

		Adult:Adult Return		Goal		Nb/N		Natural Escapement

		0.64		Nb=50		0.1		785

		Adult Return from Natural Production				Nb of Return

		502				50



Assumptions:
1.  Capture Efficiency:  guess based on the fact that the JC weir cannot be installed early enough to intercept the entire adult run.
2.  Prespawn mortality:  McCall Hatchery 1988-97 average
3.  Sex Ratio: assumed 50/50
3.  Fecundity:  McCall Hatchery 1988-97 average
4.  Egg:Smolt Survival:  McCall Hatchery 1983-95 average
5.  SAR:  McCall Hatchery lowest recorede SAR (1990)
6.  Adult Return: Flexible Input Parameter
7.  Nb/N: effective population size from 1989-90 (41; Waples et al. 1993), divided by geometric mean adult return in 1989-90 (161; Waples et al. 1993).
8.  Goal of Nb=50, maintains a 95% probability of rare allele (p=0.01) for 3 generations (Kincaid 1997).

Assumptions
1.  Adult:Adult Return:  Mundy (1999) calculated the geometric mean adult:adult return for Johnson Creek to be 0.64 from 1985-1990.
2.  Goal Nb=50 (see above).
3.  Nb/N:  Foose et al. (????).
4.  Natural Escapement: Flexible Input Parameter.



RS

		Year		Recruit/Spawner		Year		Recruit/Spawner

		1957		0.485		1975		0.131

		1958		2.687		1976		0.721

		1959		0.973		1977		0.551

		1960		0.565		1978		0.615

		1961		0.576		1979		0.431

		1962		0.857		1980		2.253

		1963		0.652		1981		1.396

		1964		0.542		1982		1.458

		1965		2.124		1983		2.472

		1966		1.375		1984		2.647

		1967		0.786		1985		0.497

		1968		2.472		1986		4.56

		1969		0.474		1987		0.586

		1970		0.944		1988		1.285

		1971		0.36		1989		0.854

		1972		0.134		1990		0.119

		1973		0.638		1991		0.055

		1974		0.296		1992		0.013





Sheet3

		






_991913308.xls
Sheet1

		

						Sample Name		Sample Size		Brood Year		Collection Year

						Johnson Creek		97		1988		1989

						Johnson Creek		80		1989		1990

						Secesh River		92		1988		1989

						Secesh River		80		1989		1990

						McCall Hatchery		100		1988		1989

						McCall Hatchery		100		1989		1990

						Imnaha Natural		100		1988		1989

						Imnaha Natural		80		1989		1990

						Imnaha Hatchery		100		1988		1989

						Imnaha Hatchery		100		1989		1990

						Valley Creek		99		1988		1989

						Valley Creek		99		1989		1990

						Sawtooth Hatchery		100		1988		1989

						Sawtooth Hatchery		100		1989		1990





Sampling Units

		

		Snake River Spring/Summer Chinook Sampling Units

		Sample Name		Sample Size		Brood Year		Collection Year

		Marsh Creek		100		1988		1989

		Johnson Creek		97		1988		1989

		Upper Salmon River		99		1988		1989

		Valley Creek		99		1988		1989

		Secesh River		92		1988		1989

		Lostine River		100		1988		1989

		Imnaha River		100		1988		1989

		McCall Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1988		1989

		Rapid River Hatchery		100		1988		1989

		Imnaha Hatchery		100		1988		1989

		Sawtooth Hatchery		100		1989		1990

		Valley Creek		99		1989		1990

		Lostine River		99		1989		1990

		Imnaha Wild		80		1989		1990

		Catherine Creek		100		1989		1990

		Minam River		100		1989		1990

		Lookingglass Hatchery		100		1989		1990

		Imnaha Hatchery		100		1989		1990

		McCall Hatchery		100		1989		1990

		Johnson Creek		80		1989		1990

		Secesh River		80		1989		1990

		Marsh Creek		80		1989		1990

		Johnson Creek		91		1990		1991

		Johnson Creek		60		1993		1994

		Upper Johnson Creek		59		1993		1994

		Secesh River		80		1990		1991

		McCall Hatchery		100		1990		1991

		McCall Hatchery		80		1991		1992

		McCall Hatchery		60		1993		1994

		Stolle Meadows		59		1991		1992

		Stolle Meadows		58		1992		1993

		Stolle Meadows		60		1993		1994

		Poverty Flat		27		1991		1992

		Poverty Flat		60		1992		1993

		Poverty Flat		60		1993		1994

		South Fork Trap		60		1991		1992





Hatchery Releases

		

		McCall Hatchery Brood Year		Release Date		Number Released		Size at Release

		1984		February 8, 1985		50,000		Fry

		1985		September 5, 1986		177,606		Fry

		1986		May 5, 1987		91,000		Fry

		1986		December 6, 1987		28,400		Fry

		1987		September 5, 1988		194,600		Fry

		1987		May 31, 88		259,200		Fry

		1988		August 5, 1989		200,500		Fry

		1988		August 8-10, 1989		290,000		Fingerling

		Total				1,290,306





Redd Counts JC and SFSR

		Year		Johnson Creek Redds		Estimated Adult Return		South Fork Salmon Redds		Estimated Adult Return		Total Redds		Five Year Average

		1957		319		798		2,732		6,830		3,051

		1958		82		205		1,206		3,015		1,288

		1959		278		695		1,305		3,263		1,583

		1960		486		1,215		2,290		5,725		2,776

		1961		201		503		1,058		2,645		1,259		1,991

		1962		295		738		1,589		3,973		1,884

		1963		266		665		1,057		2,643		1,323

		1964		310		775		1,124		2,810		1,434

		1965		116		290		656		1,640		772

		1966		110		275		980		2,450		1,090		1,301

		1967		286		715		902		2,255		1,188

		1968		127		318		515		1,288		642

		1969		273		683		636		1,590		909

		1970		130		325		527		1,318		657

		1971		183		458		421		1,053		604		800

		1972		220		550		567		1,418		787

		1973		271		678		586		1,465		857

		1974		107		268		218		545		325

		1975		69		173		238		595		307

		1976		68		170		241		603		309		517

		1977		81		203		226		565		307

		1978		113		283		251		628		364

		1979		36		90		115		288		151

		1980		24		60		116		290		140

		1981		45		113		126		315		171		227

		1982		37		93		111		278		148

		1983		63		158		185		463		248

		1984		17		43		165		413		182

		1985		75		188		323		808		398

		1986		53		133		289		723		342		264

		1987		72		180		752		1,880		824

		1988		137		343		718		1,795		855

		1989		42		105		217		543		259

		1990		56		140		386		965		442

		1991		64		160		393		983		457		567

		1992		76		190		685		1,713		761

		1993		142		355		939		2,348		1,081

		1994		20		50		239		598		259

		1995		9		23		97		243		106

		1996		23		58		159		398		182		478

		1997		94		235		544		1,360		638



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1980 are confounded by hatchery operations (Elms-Cockrum 1998).



Age Composition JC

		Year		Sample Size		Age 3		Age 4		Age 5

		1987		32		0		23		9

		1988		112		4		12		96

		1989		27		0		10		17

		1990		36		0		28		8

		1991		49		6		10		33

		1992		79		4		69		6

		1993		149		0		30		119

		1994		6		0		2		4

		1995		2		0		1		1

		Total		492		14		185		293

						2.8%		37.6%		59.6%



Age composition based on length/age relationship for carcass surveys in Johnson Creek (NPT unpublished data).  All age 3 individuals were jack males.



SAR

		Parameter		Hatchery		Wild

		Smolts/Female		3,290                                   1990-1995 Brood Year Average		199                                  1990-1995 Brood Year Average

		Smolt to Adult Return		0.157%                                   1983-1992 Brood Year Average		0.269%                               1988-1994 Brood Year Average

		Adults/Female		5.15		0.535

		Average Fecundity		4,741		N/A

		Green Egg to Smolt		82.7%		N/A





% SFSR Returns to JC

		

		Year		Johnson Creek Redds		Estimated Adult Return		Secesh Redds		Estimated Adult Return		Mainstem Redds		Estimated Adult Return

		1957		319		798		328		820		2,732		6,830

		1958		82		205		355		888		1,206		3,015

		1959		278		695		240		600		1,305		3,263

		1960		486		1,215		510		1,275		2,290		5,725

		1961		201		503		191		478		1,058		2,645

		1962		295		738		281		703		1,589		3,973

		1963		266		665		163		408		1,057		2,643

		1964		310		775		181		453		1,124		2,810

		1965		116		290		134		335		656		1,640

		1966		110		275		140		350		980		2,450

		1967		286		715		140		350		902		2,255

		1968		127		318		58		145		515		1,288

		1969		273		683		104		260		636		1,590

		1970		130		325		63		158		527		1,318

		1971		183		458		80		200		421		1,053

		1972		220		550		87		218		567		1,418

		1973		271		678		62		155		586		1,465

		1974		107		268		21		53		218		545

		1975		69		173		10		25		238		595

		1976		68		170		17		43		241		603

		1977		81		203		27		68		226		565

		1978		113		283		91		228		251		628

		1979		36		90		20		50		115		288

		1980		24		60		20		50		116		290

		1981		45		113		53		133		126		315

		1982		37		93		65		163		111		278

		1983		63		158		98		245		185		463

		1984		17		43		N/A		N/A		165		413

		1985		75		188		105		263		323		808

		1986		53		133		115		288		289		723

		1987		72		180		121		303		752		1880

		1988		137		343		155		388		718		1795

		1989		42		105		48		120		217		543

		1990		56		140		55		138		386		965

		1991		64		160		112		280		393		983

		1992		76		190		125		313		685		1713

		1993		142		355		130		325		939		2348

		1994		20		50		38		95		239		598

		1995		9		23		28		70		97		243

		1996		23		58		67		168		159		398

		1997		94		235		131		328		544		1360

		Mean		134		334		119		298		631		1,578



Table Derived from Elms-Cockrum (1998)  IDFG Spawning ground survey.  Returns after 1967 may be confounded by hatchery operations (Matthews and Waples 1991).  Estimated % adult returns are calculated through 1980, the first year of returns to the McCall Hatchery Elms-Cockrum 1998).  These calculations are applicable only if the distribution of current adult returns are similar to historical distributions.



% ReddsAdults in SFSR

		Year		Loon Cr.		Lower Salmon R.		Lower Valley Cr.		Lower East Fork		Secesh/Lake Cr.		Johnson Cr.		South Fork (Mainstem)		Salmon Total		SFSR Total		% Total in Secesh		% Total in SFSR		% Total in JC

		1957		425		2,533		331		656		328		319		2,732		7,324		3,379		4%		46%		4%

		1958		193		460		47		345		355		82		1,206		2,688		1,643		13%		61%		3%

		1959		123		352		70		240		240		278		1,305		2,608		1,823		9%		70%		11%

		1960		334		811		137		403		510		486		2,290		4,971		3,286		10%		66%		10%

		1961		131		356		158		559		191		201		1,058		2,654		1,450		7%		55%		8%

		1962		157		467		115		195		281		295		1,589		3,099		2,165		9%		70%		10%

		1963		261		195		50		265		163		266		1,057		2,257		1,486		7%		66%		12%

		1964		361		415		71		306		181		310		1,124		2,768		1,615		7%		58%		11%

		1965		166		201		57		131		134		116		656		1,461		906		9%		62%		8%

		1966		49		390		184		216		140		110		980		2,069		1,230		7%		59%		5%

		1967		164		365		79		234		140		286		902		2,170		1,328		6%		61%		13%

		Average		215		595		118		323		242		250		1,354		3,097		1,846		8%		61%		9%



Years 1957-1967 used to avoid confounding hatchery returns (Matthews and Waples 1991).



summer returns 1990-1997

		Year		Designation		Columbia Mouth		Lower Granite Dam		Expected Return to SFSR		Expected Return to Secesh		Expected Return to JC

		1990		Hatchery		25,029		1,715		1046

		1990		Wild		5,630		3,378		2061		270		304

		1991		Hatchery		18,926		995		607

		1991		Wild		4,703		2,814		1717		225		253

		1992		Hatchery		15,141		1,866		1138

		1992		Wild		3,993		1,148		700		92		103

		1993		Hatchery		22,218		3,930		2397

		1993		Wild		7,214		3,959		2415		317		356

		1994		Hatchery		17,695		490		299

		1994		Wild		958		305		186		24		27

		1995		Hatchery		15,044		323		197

		1995		Wild		865		371		226		30		33

		1996		Hatchery		16,107		479		292

		1996		Wild		3,277		2,129		1299		170		192

		1997		Hatchery		N/A		9,086		5542

		1997		Wild		N/A		2,714		1656		217		244

		Average				11,200		2,231		1,361		168		189

								Total		21778

								% Hatchery		53%





Broodstock Priority

		

		Priority		Parent Type		Broodstock Source

		1		Natural Adult Return		Johnson Creek

		2		Hatchery Adult Return		Johnson Creek

		3		Natural Adult Return		SFSR

		4		Hatchery Adult Return		SFSR

		5		Captive Broodstock		Johnson Creek

		6		Natural Adult Return		Snake Basin

		7		Hatchery Adult Return		Snake Basin

		8		Captive Broodstock		Snake Basin

		9		Natural Adult Return		Columbia Basin

		10		Hatchery Adult Return		Columbia Basin

		11		Captive Broodstock		Columbia Basin
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Age

		Johnson Creek Summer Chinook

		Year		Age 3		Age 4		Age 5		Total

		1987		0		23		9		32

		1988		4		12		96		112

		1989		0		10		17		27

		1990		0		28		8		36

		1991		6		10		33		49

		1992		4		69		6		79

		1993		0		30		119		149

		1994		0		2		4		6

		1995		0		1		1		2

		Total		14		185		293		492

		Proportion		0.0284552846		0.3760162602		0.5955284553



Ages estimated by carcass lengths in Johnson Creek.  All age 3 individuals were jacks.



Hatchery-Releases

		SFSR Summer Chinnok Releases in Johnson Creek

		Brood Year		Release Year		Release Number		Life Stage		After Fry-Smolt M		Expected Adult Return

		1984		1985		50,000		Fry

		1985		1986		177,606		Fry

		1986		1987		90,000		Fry

		1986		1987		28,400		Fry

		1987		1988		194,600		Fry

		1987		1988		259,200		Fry

		1988		1989		200,500		Fry

		1988		1989		290,000		Fingerling

		Total				1,290,306





SAR's

		Parameter (Survival)		Wild		Hatchery		Source

		Pre-Spawning Mortality				0.85		FishPro 1999

		Green egg-fry				0.8		FishPro 1999

		Fry-Parr		.

		fry-smolt				0.87		FishPro 1999

		Parr-Smolt		0.26				Kiefer and Forster 1990

		Smolt to Adult				0.0086		FishPro 1999





McCall Return Age

		Brood Year		Release Year		Number Released		Age at Return

								Age 3		Age 4		Age 5		Total

		1978		1980		124,800		124		462		161		747

		1979		1981		248,926		48		272		221		541

		1980		1982		122,247		504		713		151		1,368

		1981		1983		183,896		595		1,295		203		2,093

		1982		1984		269,880		828		1,265		202		2,295

		1983		1985		564,405		1,222		2,117		893		4,232

		1984		1986		970,348		386		1,392		191		1,969

		1985		1987		958,300		50		252		30		332

		1986		1988		1,060,400		495		911		154		1,560

		1987		1989		975,000		28		237		25		290

		1988		1990		1,032,500		821		2,617		1,311		4,749

		1989		1991		708,600		206		1,364		299		1,869

		1990		1992		901,500		28		158		5		191

		1991		1993		607,298		70		201		37		308

		1992		1994		1,060,163		101		424		166		691

		1993		1995		1,074,598		738		3,448				23,235

		1994		1996		585,654		45

		1995		1997		238,367

		1996		1998		393,872

		Proportion						0.2369700882		0.5887669464		0.1742629654



McPherson, D.E., S. Kammeyer, J. Patterson, and D. Munson.  1998.  McCall Fish Hatchery 1996 Summer chinook salmon brood year report.  IDFG 98-37.



Snake Hatcheries

		

		Hatchery		Agency		Year Opened		Sub-basin		Hydropower Project		Dam Construction

		Rapid River		IDFG		1964		Salmon		Hells Canyon		1958-1967

		Pashimeroi		IDFG		1969		Salmon		Hells Canyon		1958-1967

		Kooskia		USFWS		1969		Clearwater		Dworshak		1970

		McCall		IDFG		1979		Salmon		LSRCP		1961-1975

		Dworshak		USFWS		1982		Clearwater		LSRCP		1961-1975

		Lokingglass		ODFW		1982		Grande Ronde		LSRCP		1961-1975

		Lyons Ferry		WDF		1984		Lower Snake		LSRCP		1961-1975

		Sawtooth		IDFG		1985		Salmon		LSRCP		1961-1975

		Clearwater		IDFG		1991		Salmon		LSRCP		1961-1975

		Data from NMFS (1991)





Redds in Johnson Creek

		Year		Johnson Creek Redds

		1957		319

		1958		82

		1959		278

		1960		486

		1961		201

		1962		295

		1963		266

		1964		310

		1965		116

		1966		110

		1967		186

		1968		127

		1969		273

		1970		130

		1971		183

		1972		220

		1973		271

		1974		107

		1975		69

		1976		68

		1977		81

		1978		113

		1979		36

		1980		24

		1981		45

		1982		37

		1983		63

		1984		17

		1985		75

		1986		53

		1987		72

		1988		137

		1989		42

		1990		56

		1991		64

		1992		76

		1993		142

		1994		20

		1995		9

		1996		23

		1997		94

		1998		69

				43

				107.5





Redds in Johnson Creek
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NMFS Samples

		

		Sample Site		Year		n		Sub-Basin

		Marsh Creek		1989		100		Middle Fork

		Johnson Creek		1989		97		South Fork Salmon River

		Upper Salmon River		1989		99		Upper Salmon River

		Valley Creek		1989		99		Upper Salmon River

		Secesh River		1989		92		South Fork Salmon River

		Lostine River		1989		100		Grande Ronde

		Imnaha River		1989		100		Imnaha

		McCall Hatchery		1989		100		South Fork Salmon River

		Sawtooth Hatchery		1989		100		Upper Salmon River

		Imnaha Hatchery		1989		100		Imnaha

		Rapid River Hatchery		1989		100		Grande Ronde

		McCall Hatchery		1990		100		South Fork Salmon River

		Johnson Creek		1990		80		South Fork Salmon River

		Secesh River		1990		80		South Fork Salmon River

		Sawtooth Hatchery		1990		100		Upper Salmon River

		Valley Creek		1990		99		Upper Salmon River

		Lostine River		1990		99		Grande Ronde

		Imnaha River		1990		80		Imnaha

		Catherine Creek		1990		100		Grande Ronde

		Minam River		1990		100		Grande Ronde

		Lokingglass Hatchery		1990		100		Grande Ronde

		Imnaha Hatchery		1990		100		Imnaha

		McCall Hatchery		1991		100		South Fork Salmon River

		Johnson Creek		1991		80		South Fork Salmon River

		Secesh River		1991		80		South Fork Salmon River

		McCall Hatchery		1992		80		South Fork Salmon River

		Stolle Meadows		1992		59		South Fork Salmon River

		Poverty Flat		1992		27		South Fork Salmon River

		South Fork Trap		1992		60		South Fork Salmon River

		Stolle Meadows		1993		58		South Fork Salmon River

		Poverty Flat		1993		60		South Fork Salmon River

		Poverty Flat		1994		60		South Fork Salmon River

		Stolle Meadows		1994		60		South Fork Salmon River

		Johnson Creek		1994		60		South Fork Salmon River

		Upper Johnson Creek		1994		59		South Fork Salmon River

		McCall Hatchery		1994		60		South Fork Salmon River





NeM

				1989												redds								N

		Location		Nb		M		N		m		Nbm				1988		1989						1989		1990

		McCall Hatchery		5089		248		825		0.3006060606		1530		McCall Hatchery		N/A		N/A				McCall Hatchery		825		217

		Secesh River		101		194		310		0.6258064516		63		Secesh River		155		78				Secesh River		310		156

		Johnson Creek		41		118		274		0.4306569343		18		Johnson Creek		137		42				Johnson Creek		274		84

				1990

		Location		Nb		M		N		m		Nbm

		McCall Hatchery		5089		140		217		0.6451612903		3283

		Secesh River		101		66		156		0.4230769231		43

		Johnson Creek		41		82		84		0.9761904762		40

				1989

		Location		Nb		M		N		m		Nbm

		McCall Hatchery		5089		128		825		0.1551515152		790

		Secesh River		101		118		310		0.3806451613		38

		Johnson Creek		41		42		274		0.1532846715		6

				1990

		Location		Nb		M		N		m		Nbm

		McCall Hatchery		5089		40		217		0.1843317972		938

		Secesh River		101		30		156		0.1923076923		19

		Johnson Creek		41		38		84		0.4523809524		19



Matthews and Waples (1991)-2.5 spawners per redd
N of McCall Hatchery derived from 1988 and 1989 broodstock reports (McPherson 1992).



Isolation
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Nm Arlequin

								1989

				Johnson Creek		Valley Creek		Secesh River		Imnaha River		McCall Hatchery		Sawtooth Hatchery

		Valley Creek		9

		Secesh River		8		11

		Imnaha River		11		15		10

		McCall Hatchery		13		10		51		25

		Sawtooth Hatchery		11		399		9		14		10

		Imnaha Hatchery		7		11		8		56		15		9

								1990

				Johnson Creek		Valley Creek		Secesh River		Imnaha River		McCall Hatchery		Sawtooth Hatchery

		Valley Creek		6

		Secesh River		7		5

		Imnaha River		4		9		5

		McCall Hatchery		12		9		8		11

		Sawtooth Hatchery		7		59		4		13		19

		Imnaha Hatchery		5		6		4		10		11		10

								1989

				Johnson Creek		Valley Creek		Secesh River		Imnaha River		McCall Hatchery		Sawtooth Hatchery

		Valley Creek		18

		Secesh River		16		22

		Imnaha River		22		30		20

		McCall Hatchery		26		20		102		50

		Sawtooth Hatchery		22		798		18		28		20

		Imnaha Hatchery		14		22		16		112		30		18

								1990

				Johnson Creek		Valley Creek		Secesh River		Imnaha River		McCall Hatchery		Sawtooth Hatchery

		Valley Creek		12

		Secesh River		14		10

		Imnaha River		8		18		10

		McCall Hatchery		24		18		16		22

		Sawtooth Hatchery		14		118		8		26		38

		Imnaha Hatchery		10		12		8		20		22		20





Nm Estimates

		

		Population (Sample Year)		Johnson Creek		McCall Hatchery

		Johnson Creek (1989)		x		6

		Johnson Creek (1990)		x		4

		Johnson Creek (1991)		x		8

		Johnson Creek (1994)		x		18

		Secesh River (1989)		7		9

		Secesh River (1990)		6		6

		Secesh River (1991)		3		1



Note:  94 Upper Johnson Cr. vs McCall =Nm of 8
              94 Lower Johnson Cr. vs. McCall=Nm of 12
This suggests that McCall outplants did not home at a higher rate to areas upstream of typical JC spawning grounds.  The value listed in the table above is for the combined 1994 Johnson Creek sample.




