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I. Definitions
Thank you for the opportunity to explain more clearly what we are doing and why it is important.  In order to be consistent with language, I will begin by defining how we are using certain terms:

“Wild” = “Natural origin” born in the wild, regardless of the source of their parents.  

“Hatchery” born in hatchery and then released as juveniles, regardless of source of parents.

“Fitness”= “Reproductive success” means adult to adult production of offspring.  We count the number of returning adults produced by each adult in the previous generation.  
“Relative reproductive success” means the per capita fitness of fish from one group (e.g. hatchery fish) relative to that of fish from another group (e.g. wild fish).

“Htrad” means hatchery-born fish whose parents were traditional, out-of-basin, multi-generation hatchery stock.  In the Hood River these Htrad stocks were the Skamania stock summer run and the Big Creek stock winter run.

“Hnew” first-generation supplementation hatchery fish (originally parents were both born in the wild (i.e. a W x W cross)).  In the early 1990’s all Hnew fish were created from W x W crosses. In the mid-1990’s the Hood River program changed their spawning protocols and started incorporating first-generation, returning Hnew adults into their broodstock.  We are studying the effects of that change in hatchery practice (see further discussion below).
“F1, F2, F3, etc…”, terminology: 
Different authors appear to use the terms F1, F2, and so on, differently.  In order to be consistent, I will use the terms as follows (illustrated in Figure 1).  
*Broodstock used to begin each new cohort of Hnew supplementation fish are P1’s.
* Hnew offspring of those P1’s are F1’s.  
*When F1’s spawn in the wild, their wild-born offspring that return 4-6 years later are F2’s.  We assessed the fitness of the F1’s by matching them with their returning, adult F2 offspring.  
*When the F2’s return to breed in the wild, their offspring could be called F3’s, and so on.  Using that terminology, we are actually now sampling F4’s.  However, this terminology is confusing in a project like ours because new P1’s and F1’s are created each year and because there are overlapping generations.  What is interesting is that we have a multigeneration pedigree that will extend from the early 1990’s to the end of this decade.  We can now analyze the reproductive success of individuals as a function of varying amounts of hatchery influence in their genetic backgrounds.
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II. Responses to the three specific questions:
(1) Kostow’s (2004) results versus ours:
Kostow (2004) studied the phenotypes and ocean survival of Hnew and Htrad F1 juveniles that were released into the wild.  She showed that Hnew juveniles are phenotypically more similar to Htrad juveniles than to wild-born juveniles for a number of traits, including survival.  However, Kostow’s data did not address the question of what happens when the surviving Hnew fish return as adults to breed in the wild.  That is the big question on which our study is focused (i.e. what is the relative reproductive success (fitness) of those returning F1 Hnew fish? Fig. 2).  
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(2) Power analysis of genetic work

We chose that particular set of 8 loci because they are highly polymorphic and give us very high power for parentage exclusion in our populations (heterozygosities between 0.88 and 0.96 per locus, and total exclusionary powers >0.9996 and >0.999991 for first and second parents, respectively).  We have now typed over 15,000 fish using these loci, and they have proven to be more than adequate for our purposes.  Please also see our 2005 Molecular Ecology paper (attached) for an in-depth discussion of error rates in parentage analysis in the context of studies like ours, and of how to estimate and correct for any biases such errors can cause. 

(3) Planning for post-Powerdale

Our current project design will necessarily change when the dam comes out.  Note, however, that at that time we will have more than four complete generations of fish in our dataset, and we will have obtained estimates of the relative fitnesses of Htrad, pure Hnew and mixed-background Hnew stocks vs. wild fish, for multiple run years in both the summer and winter runs.  After dam removal the plan is to use weirs to continue sampling and controlling fish passage in each of the three main forks of the river (R. French, ODFW, pers. comm.).  Therefore, we plan to continue following the reproductive success of pedigreed individuals that are passed into each of the monitored forks.  Of course, we will no longer be sure of catching 100% of the anadromous fish, but this situation is typical of other current studies that rely on weirs.  On the other hand, working in smaller sub-basins will allow us to pursue an intensive study of the genetic interactions between resident trout, anadromous steelhead, and precocious hatchery juveniles.  This will involve sampling of juveniles to assess reproductive success, and intensive sampling of resident adults and precocious pre-smolts (in addition to anadromous adults) for parentage analysis. 
III. Other concerns raised by the ISRP:
Long term vs. short-term success of supplementation programs:
We discuss this issue of long-term vs. short-term success on pages 14 and 15 of our Conservation Biology manuscript (attached).  We also now have new, unpublished results that are relevant to the issue of long-term success, and to issues of hatchery practice.  In 1995 the Hood River program changed their spawning protocols and started incorporating first-generation, returning Hnew adults into their broodstock.  They used a returning first-generation Hnew fish as one parent and a wild fish as the second parent (H x W) in about 2/3 of the crosses each year.  The other 1/3 of crosses were W x W as before.  Thus, they created two types of Hnew fish.  I will refer to these two different types of Hnew fish as Hnew-HxW and Hnew-WxW.  This mixing of Hnew and wild fish in the broodstock of the supplementation program was done five years in a row (1995-1999).  We have now analyzed the fitness of the F1’s created in 1995 (see Fig. 3 below).  These initial results suggest that the Hnew-HxW F1’s are substantially less fit than the Hnew-WxW.F1’s.  Because both types of fish experienced identical environments, the difference between them must be genetically based.  This result suggests that the decline in fitness that results from recycling “hatchery genes” back through the hatchery can occur very quickly.  Next year we will be able to do the same analysis for the 1996 F1’s, and so on each year through the 1999 cohort.  
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Even if one only uses unmarked, wild-born fish as broodstock each year, the problem with supplementation programs that extend beyond one generation is that one normally cannot know the pedigree of those unmarked fish.  Thus, one inevitably starts cycling “hatchery genes” back through the hatchery.  Whether the single full life cycle spent in the wild by those unmarked fish entails enough natural selection to ameliorate the effects of hatchery selection on previous generations, remains an empirical question.  Here we can address the question as follows.  Beginning in 1999 appreciable numbers of wild-born (unmarked) fish that had Hsupp parents began returning as adults (see Fig. 1).  Because they were unmarked, some of these fish were taken into the hatchery and used as broodstock.  We will test whether Hsupp F1 fish that had hatchery grandparents, are less fit than Hsupp F1 fish that had wild grandparents (see fig. 4).  This will be a direct test of the predicted long-term, cumulative fitness effects of supplementation beyond a single generation.
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Publications:
Four manuscripts have so far resulted from our work: one published, one in press, one in review, and one in preparation.  The first two are attached for your examination, and we are happy to provide the third on request.
(1) Araki, H. and M.S. Blouin. 2005. Unbiased estimation of relative reproductive success of different groups: evaluation and correction of bias caused by parentage assignment errors. Molecular Ecology, 13:4907-4110.


We showed how uncertainties in parentage assignment can strongly bias estimates of the relative fitness of two groups (e.g. hatchery vs. wild).  We showed how the bias can be particularly strong if there are unsampled parents or offspring (e.g. if weirs cannot catch 100% of anadromous fish or if resident fish obtain matings).  Note that all the reproductive success studies on steelhead suffer from this bias.  For example, in Forks Creek only approximately 35-55% of offspring can be matched to both parents (L. Hauser, pers. comm.) and in Sheep Creek only 25-33% (Paul Moran, pers. comm.). Our contribution was to develop statistical methods to correct for these biases.  These methods are now available to all the researchers currently doing parentage analysis on salmonid populations.  

(2)  Araki, H., W.R. Ardren, E. Olsen, B. Cooper and M.S. Blouin. 2006. Reproductive success of captive-bred steelhead trout in the wild: evaluation of three hatchery programs in the Hood River. Conservation Biology, in press.
This manuscript presents our main results to date.  It compares the fitness of old and new hatchery stocks vs. wild in each of six run years (three years of Htrad vs. wild, and three years of Hnew vs. wild).  The most important result is that the Hood River supplementation fish had fitness similar to that of wild fish.  We also showed that the supplementation program should indeed achieve the desired short-term demographic boost, but include some cautionary data on the long-term fitness effects of continued supplementation.
(3) Araki, H., R. Waples, W.R. Ardren, B. Cooper and M.S. Blouin. Effective population size of steelhead trout: influence of variance in reproductive success, hatchery programs, and genetic compensation between life-history forms. Molecular Ecology, in review.
Here we used our long-term pedigree to conduct an extensive analysis of the effective number of breeders per year (Nb), and the effective sizes per generation (Ne), of summer and winter steelhead in the Hood River (for one entire generation in summers, and for two entire generations in winters).  Key results include: (1) old hatchery stocks appeared to negatively influence the Ne and Nb of wild populations, but new hatchery stocks did not (in fact, the Ne/N ratio actually increased during the period of supplementation). (2) We observed stable Nb over years, and relatively high Ne /N per generation, even though run sizes fluctuated widely during those years.  Also, there is a negative correlation between the anadromous run size and the fraction of missing parents.  These data suggest that a constant-sized pool of resident trout interbreeding with the anadromous fish dampens fluctuations in yearly Nb, and thus enhances long-term Ne.  
(4) Araki, H., R. Waples, B. Cooper and M.S. Blouin. Performance of the temporal versus linkage disequilibrium methods for estimating effective size in a pedigreed population of steelhead trout.  In prep.

In this study we compared our direct, pedigree-based estimates of Nb per year with estimates from two indirect genetic methods, the temporal method and the linkage disequilibrium method.  We found that the linkage disequilibrium method gave estimates that closely match the pedigree-based estimates, while the temporal method showed a strong and consistent downward bias.  This result led us to identify a previously-unappreciated problem with the temporal method that can occur when using it to estimate Nb or Ne in salmon populations that have a mix of hatchery and wild spawners.  

Future publications

Analyses we are currently working on, and plan to publish on in the future, include:


(a.) Over the last 15 years we have followed the success of a large number of repeat spawners.  We will analyze fitness tradeoffs between early and late reproduction in repeat spawners.  These data will be of basic interest to the study of life-history evolution, and will also have conservation applications because they will address whether one should use repeat spawners as broodstock.   


(b). Long-term fitness consequences of continuing supplementation beyond one generation:  As described above, we now have data showing that running first-generation hatchery fish back through the hatchery a second time has major fitness effects.  We have four more run years to analyze.
(c) Development of new statistical tools for studies on reproductive success. 

An important component of our work is developing statistical methods for analyzing data of the sort generated by the various salmon pedigree projects going on in the Northwest.  Our first contribution in this area is described above (Araki and Blouin, 2005).  A second area in which we are working is on ways to increase statistical power to detect fitness differences between groups.  This actually turns out to be a non-trivial problem because the power of the test depends on the number of returning offspring and the number of potential parents – two variables that are largely out of the researcher’s control.  Our initial results suggest that the power to detect a significant difference between groups in any one year is actually going to be very low for most studies of the size currently being conducted in the Pacific Northwest unless the effect sizes are extremely large.  
(d) We are studying the resident trout component of the population using several methods.  These include: (1) estimating the number of missing breeders using family reconstruction methods (Blouin, 2003) on the offspring that have missing parents, and (2) estimating the contribution of any unmarked strays to the observed pattern via assignment tests on genetic samples from potential source rivers.
(e) Selection gradients analysis:  We will be using our pedigree to look at selection on phenotypic traits, including run time and body size.  Interestingly, our first analyses confirm other studies’ results that there is weak fecundity selection on body size (i.e. little correlation between body size of returning adults and number of offspring they produce).  
Residualized hatchery fish vs. resident, wild trout
Steelhead and trout in the Hood River appear to be alternate life history forms in a single interbreeding population.  Whether sexually mature hatchery pre-smolts also contribute substantially to reproduction in the Hood River remains an open question.  Despite years of stocking of Skamania hatchery stock into the Hood River, the wild summer run is still genetically differentiated from the Skamania stock (Fst approx. 0.02).   The genotypes of offspring whose parents are missing are like those of wild summer fish, rather than those of Skamania stock.  This result suggests that the missing parents are mostly resident trout, rather than precocious hatchery fish.  Regardless, the identity of the missing parents does not affect our conclusions about the relative fitness of anadromous hatchery and wild adults.  Our focus is on the relative fitness of different types of anadromous breeders.  We assess the fitness of each type of anadromous fish (hatchery vs. wild) by their production of anadromous adult offspring.  Thus, unless one type of fish produces a higher percentage of resident offspring, our estimates of the relative reproductive success of each type of fish should be unbiased.

Partnerships and collaboration with other projects

Collaboration with other projects in the basin:

Our work is only possible given the operation of the Oak Springs and Parkdale hatcheries (used for spawning, rearing and acclimation), and the operation and maintenance of the fish collection and handling facility at the Powerdale dam.  We also rely on the life history and demographic data collected on steelhead in the basin by the ODFW and the tribes.  Thus we have direct collaboration with the following projects:

198805307 Hood River Production O&M – Warm Springs/ODFW
198805308 Hood River Powerdale Dam Fish Trap/Oak Springs/Pelton Ladder – Operation and Maintenance.

198805304 Hood River Production Program – ODFW M&E

198805303 Hood River Production M & E – Warm Springs

Relationships with other pedigree and/or reproductive success studies

The various reproductive success projects going on in the Northwest are conducted independently of each other.  However, the PI’s of the various projects have been getting together to compare notes periodically over the last three years, and we continue to stay in touch with each other and to share information.  For example, several of us met last month (June 2006) at the Coastwide Salmonid Genetics meetings.  Each of the reproductive success studies has their own unique experimental designs and features, and thus they are complimentary.  It is only after results are compared from multiple projects that any consensus will form on the effects of hatchery supplementation.  
Some of the unique features of the Hood River project include:

(1) This is the only study to evaluate the reproductive success of F1 supplementation stock (Hnew) vs. wild (as opposed to studying the fitness of traditional, multi-generation hatchery stocks (Htrad), which we and several other projects are also doing).  The other projects designed to evaluate the fitness of Hnew stocks were started only recently.  
(2) We are estimating the relative fitness of first-generation supplementation fish and traditional hatchery stock fish in two independent populations, the summer run and winter run. By the end of this decade, we will have compared the fitness of Htrad F1’s vs. wild, and Hnew F1’s vs. wild, in both runs.  Thus, we will provide two independent tests of the same hypotheses.  Furthermore, we are able to ask the question in multiple run years in each population.  No other project has this type of replication.
(3) The sizes of the two populations (summer run and winter run) are large enough to provide decent statistical power for tests, but small enough that genotyping both entire runs every year is manageable.  

(4) The Hood River is a complete basin draining into the Columbia River.  Thus we are studying entire, discrete, populations of fish. 
(5) We have an impassable dam that is located below all suitable spawning habitat.  Thus, we sample 100% of the anadromous potential spawners each year.  For example, studies that use Weirs that fail during high water cannot be sure what fraction of their missing parents come from resident fish vs. anadromous fish that they failed to sample.
(6) Our pedigree starts in 1991, and currently includes over 15,000 individuals.

(7) This is the only project that is evaluating the effects of running first-generation supplementation fish back through the hatchery.  These data will be important because they inform us about the potential long-term fitness effects of supplementation. 
(8) That we are now studying the third and fourth generations allows us to evaluate the effect of using, as broodstock, wild-born fish that had different types of parents (hatchery or wild).  Analysis of such grandparental effects is only possible because we have the long-term pedigree.  Again, this type of data will inform us about the potential long-term effects of supplementation.
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Fig. 1  Example: design to estimate relative reproductive success of Hnew vs. wild fish in winter run, 1995-96 run year
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Two types of Hnew F1 hatchery fish (HnewHxW and HnewWxW) created in 1995.  Same pattern repeated through 1999, so we can test the hypothesis 5 years in a row.   








Fig. 3: Study of effects of incorporating Hnew into the winter run supplementation broodstock 
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Hnew F1 fish released in 92.  Returned to spawn in the wild mostly in 95 and 96.  The offspring of the F1’s that spawned in 1995 are illustrated as an example (% = fraction of that cohort that returned in each subsequent year).  From their F2 offspring we estimated the fitness of each type of fish (Hnew F1’s vs. wild) that spawned in 1995.  Same pattern is repeated in each year subsequent year.
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F1 offspring return to spawn as adults in the Hood River
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Beginning in 1999, unmarked fish used as P1 broodstock included fish of mixed ancestry (Hnew vs. wild parents).  F1’s began returning to spawn in 02-03.  We will assess the fitness of those F1’s via their F2’s that return through 08-09.  We can do this analysis for three years in a row before the dam comes out.
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Data: reproductive success of F1’s vs. wild fish  (Araki  et al. In press)
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Fig. 4: Studying the fitness effects of supplementation beyond a single generation
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Data: survival of hatchery F1 fish (Kostow 2004)
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Fig. 2  Kostow (2004) vs. our project.
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