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On 14 March 2003, BPA solicited proposals to address knowledge gaps identified by the 
Hatchery/Harvest Research, Monitoring, and Evaluation Subgroup regarding “relative 
reproductive success of hatchery-origin and natural origin anadromous salmonids in the 
Columbia River Basin (RFP Action 182).”  We submitted a proposal in response to this 
solicitation (“Evaluation of the reproductive success of wild and hatchery steelhead in 
natural and hatchery environments”), which was designated Proposal 2 in the review 
process.  ISRP rated this project as “fundable, a high quality proposal”.  The reviewers 
described the proposal as “a fascinating study, with considerable overarching policy 
implications from the results.”  They concluded that the proposal met all the RFS 
questions (based on a “yes” assessment or other positive comment) but one, and we will 
discuss this issue first, then discuss the comments directed to the proposals at large by the 
ISRP, and conclude with a general statement on the relevance of the proposal to the 
pressing issues that motivated the solicitation. 
 
Question: 
What is the likely effect of any difference, in terms of population growth, population 
recovery, and genetic diversity/fitness in subsequent generations according to the Viable 
Salmonid Population (VSP) criteria? 
 
Concern: 
It is not clear how the results will assist in parameterizing the extinction risk models used 
in recovery planning because the hatchery origin fish in this study are not native, have 
inherently maladaptive life history traits in the receiving environment, and have been 
subject to artificial culture and selection. 
 
Response: 

This concern, that the hatchery population is too different from the wild one in 
fitness, shares some elements with the reviewers’ more muted concern that the study 
system is not among the listed ESUs in the basin.  Essentially, both of these concerns are 
grounded in the question of how applicable the results of this study will be to ESA listed 
ESUs and to the development of the VSP models.  We were encouraged to submit this 
proposal because the solicitation indicated that “studies not occurring in those ESUs, but 
with clear applicability to those ESUs will also be considered” and it indicated the need 
for proposals to “… provide information more broadly applicable to multiple 
species/ESUs”.   



Far from being a drawback, we see the difference in fitness between the wild and 
hatchery fish as a great strength.  The solicitation for proposals indicated that studies 
should be able to detect “statistically significant differences in reproductive success 
between natural-origin and hatchery-origin fish when measured at the second generation 
(F2)” and also distinguish the fitness of hybrid (W x H) fish from pure wild and hatchery 
fish.  Unless these differences can be detected with conventional levels of statistical 
confidence, the results cannot help develop models of recovery because they are simply 
not reliable.   

In this case, the problem is type-2 error – the failure to demonstrate a difference 
where one actually exists.  Many studies will experience this failure, and it will stem in 
large part from the high variability in reproductive success among individual fish and the 
slight difference in fitness between wild and hatchery fish.  Research by several of my 
present and former students (Bobette Dickerson working on pink salmon, and Todd 
Seamons and Jennifer McLean working on steelhead) shows a great deal of natural 
variation in reproductive success among wild salmonids.  Even such an obvious factor as 
female length (clearly correlated with fecundity) shows no significant correlation to the 
number of adult progeny.  In general, the modal number of adult offspring per parent is 
zero, and the distribution is highly skewed, with a few individuals producing many 
offspring.  Power analysis would show that only a very large sample (generally 
impractical, especially in highly depleted populations) or a marked underlying difference 
in fitness between forms will lead to a significant result in a comparison between two 
such variable forms.   

Does this mean that the entire endeavor is doomed from the start?  We do not 
think so.  Our study system has already generated data from two brood years of adult – 
adult fitness of wild and hatchery fish.  The two forms (wild and hatchery) were 
sufficiently different that we will be able to see if the F2 hatchery-origin fish show 
improved fitness over the F1 generation, and if the fitness of (H x W) hybrids was 
intermediate between the parental forms.  The very fact that the magnitude of the 
difference between W and H fish may be greater than elsewhere provides our study 
system with a more powerful approach than usually possible. Specifically, the data will 
allow us to estimate the rate at which hatchery fish compromise the wild fish, and the rate 
of recovery once hatchery production is ceased.    

Similar arguments apply to the estimation of parameters needed for extinction risk 
models, such as mortality, reproductive success and population size.  Because our study 
quantifies the reproductive success of each individual adult in the population, such 
parameters can theoretically be quantified without error, as opposed to a parameter 
estimate based on a limited sample of the population.  However, to have the predictive 
value desired by extinction risk models, interannual variation needs to be considered, and 
the annual parameter becomes an estimator of the population parameter in the longer 
term.  Once again, the considerable difference between reproductive success of wild and 
hatchery fish in our study system provides a high signal to noise ratio.  Our study thus 
permits the investigation of interannual differences in wild and hatchery fish 
performance, an assessment of the phenotypic traits most related to fitness (e.g., size and 
spawning date of adults, and size and migration date of smolts), and a clear estimation of 
annual trends in fitness of hatchery derived fish once supplementation ceases.  Although 
the performance of hatchery fish used in our system may be lower than that of some other 



hatchery populations, the large difference between hatchery and wild fish will allow 
important conclusions on temporal trends in fitness parameters of hatchery and wild fish.  
 McElhany et al. (2000) clearly stated that the productivity of populations, in terms 
of returning adults per spawner, is a key component of viability analysis, and productivity 
is central to the debate over wild and hatchery populations.  Our study was explicitly 
designed from the very start to determine the productivity of hatchery fish spawned in the 
hatchery, hatchery fish of the same cohort spawning naturally, and wild fish of the same 
brood year spawning naturally.  We are poised to estimate the increase in productivity 
resulting from the “naturalization” of hatchery fish after a generation or more in the river, 
and the decrease in productivity resulting from hybridization between forms.  

At the outset of this study, we are able to determine the underlying genetic 
diversity (the heritability) of a range of traits using the kinship approaches developed by 
Mosseau et al. (1997) and Ritland (2000), based on data collected on hatchery and wild 
populations to date.  Genetic diversity is a key parameter in the viability analyses 
(McElhany et al. 2000), together with the population-related parameters derived in this 
study.  Thus our results will provide quantitative fitness estimates directly applicable to 
the VSP models.   

We would also like to emphasize that in modeling, we learn most from a broad 
array of conditions.  In the first instance, most is learned from the extremities of a 
continuum of conditions.  It can be claimed that activities associated with hatchery 
programs can be described as a continuum – from production based systems dependant 
on non-native broodstock, to conservation systems based on hatchery broodstock that are 
fully integrated with wild populations.  We argue that our system provides a simple 
model with few complicating features; the hatchery broodstock are not indigenous, the 
wild population had no hatchery influence prior to the initiation of the hatchery program, 
and hatchery fish were allowed to reproduce in the wild only once.  The inclusion of such 
model systems is crucial for the development of predictive mechanistic models, which 
require an understanding of the processes rather than a description of specific systems.   
 
General Concerns: 
One of the general concerns raised by the ISRP was “whether the ‘natural’ fish 
inhabiting an assessment stream are representative of ‘wild’ fish.”  To the extent that 
they are not, or that their ancestry is in doubt, the results will be harder to interpret and to 
generalize to other systems. 
 
Response: 
This criticism does not apply to our study, and in fact it highlights one of the strengths of 
the Forks Creek system.  Forks Creek had a hatchery since 1895 but it only produced 
salmon because it was operated by the Washington Department of Fisheries.  Not until 
WDF merged with the Washington Department of Wildlife did they begin producing 
steelhead, and we were on hand to sample wild steelhead before hatchery fish spawned in 
the river.  We cannot state, of course, that there had never been any stray hatchery fish in 
Forks Creek.  However, their numbers would be as close to background as might be 
expected anywhere in the region, so we may conclude that the wild fish were wild when 
the study began.  Since then, all hatchery-produced steelhead have been marked by 



removal of the adipose fin, and the naturally spawned fish of hatchery origin are 
determined by DNA microsatellite analysis. 
 
A second general concern was that “the proposals do not do a good job of assessing the 
potential effects of resident rainbow trout on the results of the steelhead studies.”   
 
Response: 
This is a valid concern, which we address in two ways.  First, these resident trout seem to 
be scarce in Forks Creek.  From 1996 to 2000 we sampled juvenile steelhead in the late 
fall by electrofishing, and among the over 1900 we collected we did not find any that 
were larger than the modal size of smolts.  We found only the two size classes expected 
of steelhead in this region, corresponding to young-of-the-year and yearlings.  Needless 
to say, our sampling was not exhaustive in spatial extent and there is also possible size-
bias in electrofishing.  Perhaps snorkeling would have revealed some resident trout.  Still, 
they do not seem to be numerous.   

Second, the dual approach that we take to sample analysis minimizes the effects 
that non-anadromous trout would have on our conclusions.  Our initial approach was to 
develop a maximum likelihood model to classify all fish as wild or hatchery on the basis 
of “known-origin” samples.  We do so because it is possible that some adults bypass the 
hatchery’s weir at high water flows, and we want to be able to track the proportion of 
wild and hatchery fish among all the smolts and adults.  However, offspring with one or 
more resident parents might be misclassified in this analysis.  Our second approach, 
though, identifies the parents of each fish based on exclusion.  This is a very stringent 
process, and it is exceedingly unlikely (<0.001%) that a fish would be misclassified.  
That is, if we sampled two adults and knew that one was from the hatchery and one from 
the river, it is almost impossible that we would falsely assign them to a member of the 
next generation that had actually been produced by another parent (e.g., a trout).  Our 
exclusion analysis results in some progeny with only one (or no) known parents but 
where both parents could be identified, resident fish would not affect the analyses.   
 
 
A third general concern was that “there are significant data management issued involved 
in genetic testing, in the sampling protocols, and in the sheer magnitude of data to keep 
track of in these proposals.”   
 
Response: 

We commend the ISRP for raising the issue of data management, and we frankly 
share their concern.  Most large projects do not devote enough resources to data 
management, and we have already experienced the growing pains associated with the 
multi-year project at Forks Creek.  My work with the Fisheries Research Institute on 
Bristol Bay sockeye salmon and my experimental program on chinook salmon in New 
Zealand has further emphasized the critical need for well-managed data.  With respect to 
our project, we have organized our data into excel files with phenotypic traits (e.g., 
sampling date, length, sex, etc.) and code numbers that correspond to the DNA samples.  
This way, using simple pivot tables and filters we can work with the data.  The DNA 
genotype data are also stored in Excel spreadsheets, which allows efficient conversion to 



standard analysis programs (GENEPOP, FSTAT, Arlequin), easy manipulation of large 
data sets, and secure transfer of information between project participants. In addition to 
these user-friendly Excel spreadsheets, we will create a relational database in Microsoft 
Access, which will allow the easy integration of phenotypic, environmental and genetic 
data on an per-individual basis, and which will therefore allow easy access of the 
complex data sets we have and will collect. We are therefore confident that we are able to 
handle, and more importantly interrelate, the extensive information from our project.  
 More broadly, however, is the issue of coordination among projects.  BPA is 
making a tremendous commitment towards this line of research, and has the opportunity 
to make a commensurate contribution of the state of knowledge on this subject.  To fully 
realize this potential, the whole must be more (or at least not less) than the sum of the 
parts.  That is, the knowledge gained at each site must be transferable; otherwise we are 
doomed to conduct detailed studies at each hatchery.  All of us who have worked at 
hatcheries know that there are many site-specific features that will affect interpretation of 
the data, as well as differences related to the species and ecoregion where the hatchery is 
situated.  It is therefore essential that there be good lines of communication among the 
researchers conducting these studies.  I think it would be very desirable for the 
investigators who will be supported in this endeavor to meet annually, including a 
meeting in the early fall 2003 to gain insights from each other, and to discuss ideas 
related to management of data and the need to draw general conclusions from a series of 
specific studies.  Towards this end, I urge BPA to set aside separate funds to support such 
workshops.  BPA might also consider supporting some individual, perhaps someone not 
managing one of the funded projects, to provide a measure of leadership and oversight, 
and to be responsible for drawing the whole program together, including perhaps 
managing a centralized database if the investigators agreed.  This person would 
participate in the workshops and be responsible for coordinating not only database 
management issues but communicating the overall findings to BPA and the various 
entities that will require scientific advice.   
 
 
A fourth general concern was that “most do not include “control” streams or reaches 
were only W x W crosses are allowed.”  The rationale behind this concern was the need to 
unequivocally determine “any difference in reproductive success of hatchery and wild 
fish”.   
 
Response: 

We are not convinced that this is essential or even especially desirable as a study 
element.  The fisheries-forestry literature is rich with commentaries on the relative merits 
of studies based on comparisons between paired streams, upstream vs. downstream 
reaches, before vs. after designs, and so forth, and it is not clear that the paired approach 
is best.  Streams and rivers large enough to support hatcheries seldom come in matched 
pairs, and differences not related to the hatchery could seriously confound the study.   

In the case of the Forks Creek project, the management of the system by WDFW 
afforded us a remarkable opportunity.  Large numbers of "surplus" hatchery steelhead 
were permitted to spawn in the river in the first two years of the hatchery's operation, and 
they outnumbered wild fish by a wide margin in both years.  However, thereafter the 



agency decided not to allow hatchery fish onto the spawning grounds, and they are 
trapped at the hatchery.  Therefore, the wild population was exposed to a strong, discrete 
"pulse" of hatchery influence, followed by a "recovery" period that continues.  This gives 
us a very rare (perhaps unique) opportunity to examine the resilience of the wild 
population to hatchery influence, and allows us to plot the course of return to the pre-
contact genotype.  This kind of information is needed to model the recovery of a 
hatchery-wild complex after closure of a hatchery or other termination of contact.  This 
temporal structure to the project, of course, is complicated by interannual variation in 
riverine and oceanic conditions.  However, our study design includes wild fish spawning 
naturally, hatchery fish spawning naturally, and hatchery fish (of the same cohort) 
spawned in the hatchery.  These three distinct groups were noted by the ISRP as a very 
important asset of the study, as they allow us to separate genetic and environmental 
factors, and determine the extent to which all groups are affected in common by extrinsic 
(e.g., marine) forces. 
 At the heart of the ISRP’s comment, though, was the realization that “means of 
assessing effects of out of basin factors on population growth rate and other 
demographic parameters would be crucial in determining the robustness of inferences 
about population-level impacts.”  We agree with this concern.  I am in the final stages of 
writing a book on the behavior and ecology of Pacific salmon and trout, and as part of 
that effort have compiled data from over 200 studies on stage-specific survival rates of 
wild salmon.  Data are very limited on certain life history stages and species, and 
especially egg-fry and fry-smolt estimates on the stream-rearing species.  Thus the life 
history stages most likely to be affected by hatchery – wild differences are some of the 
least well known, and particularly so for chinook, coho, steelhead and cutthroat.  
However, any study on a single hatchery system can only alleviate this problem to a 
small extent, and perhaps BPA should investigate some separate way to bring together 
the information needed to generalize the patterns of survival and population productivity 
among species and regions.   
 
 
Conclusions: 
 We believe that all studies have strength and weakness, and it is wise of BPA to 
recognize the need for a suite of studies to address the pressing questions related to wild 
and hatchery salmonids.  We believe that the Forks Creek project can make a very 
valuable contribution to this effort for five reasons.  First, the study includes comparisons 
among wild fish spawning naturally, hatchery fish spawning naturally, and hatchery fish 
spawned in the hatchery under the normal protocols of the WDFW staff.  Second, our 
sampling began before there was an opportunity for introgression between wild and 
hatchery fish, so we have an appropriate basis for comparisons.  Third, the study began 
several generations ago, in the winter of 1995-1996.  Thus we already have in our 
possession samples and data from not only the children but also the grandchildren of the 
first hatchery adults spawned in the hatchery.  This spring we are sampling smolts that 
are two generations removed from the first fish we sampled, as were the smolts last year.  
This enables us to estimate annual variation in survival, which can be considerable.  It 
also allows us to examine the hybrids between naturally spawning wild and hatchery 
origin fish, and the reproductive success of second-generation hatchery fish spawning in 



the river.  These results will be critical to models of the long-term viability of mixed 
hatchery-wild population complexes.  Fourth, the management of the system by WDFW 
(i.e., cessation of hatchery adult releases above the hatchery after the first two years) 
gives us a rare opportunity to study the speed and extent of the recovery process after 
hatchery influence.  Continued hatchery releases would deny that opportunity.  Finally, 
our ability to statistically demonstrate the recovery rate of the population as a whole, and 
compare productivity of hybrids, F2 and F1 hatchery fish, and wild fish is made possible 
by the fact that we have already shown significant differences between wild and hatchery 
fish.  Far from being a drawback, the difference in productivity of the wild and hatchery 
fish is an asset, as it gives us a better chance to estimate these essential parameters of 
productivity.  
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