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Proposal #14:  Proposal to Evaluate Reproductive Success of Natural-Origin, Hatchery-
Origin, and Kelt Steelhead in the Columbia River Basin 
 
Sponsor: CRITFC 
 
Co-Principal Investigators:  Dr. André Talbot and Douglas Hatch 
 

We thank the ISRP and the Hatchery/Harvest RME Subgroup for their helpful 
comments on our proposal.  We appreciate the chance to address the comments which we 
believe has clarified and significantly strengthened our proposed study.  For example, the 
experimental design now includes a pretreatment / control and two temporal replicates at 
each stream.  Overall project costs were reduced by focusing on three cohorts at each 
study stream instead of genotyping all samples collected.  
 
Question from the ISRP:  There are three aspects of kelt reconditioning that merit study: 

1. The physiological reconditioning of the fish and the quality of the gametes 
produced (egg number, size, quality) and the timing of maturity (is it coincident 
with the wild?) …i.e., the phenotypic expression of maturity 

 
CRITFC Response:  Experiments to evaluate the effects of long-term kelt 
reconditioning and captive spawning on gametes and progeny viability and enhancement 
of iteroparity is the subject of Objective 4 in our proposal submitted in the Mainstem / 
Systemwide Province located at: 
http://www.cbfwa.org/files/province/systemwide/projects/200001700.htm 
Long-term reconditioning and subsequent captive spawning will provide valuable new 
quantitative and temporal data on endocrine function and gonadal processes of steelhead 
rematuration.  Thus, data resulting from this research will greatly contribute to the 
evaluation of reconditioning.  Objective 4 involves a replicated, controlled experimental 
design to assess and compare egg and progeny viability of reconditioned vs. virgin (non-
reconditioned) spawners.  Ideally this objective will be conducted with wild summer 
steelhead collected from appropriate sites (e.g., Minthorn Hatchery on the Umatilla 
River).  However, if ESA-permitting or low run sizes during given years limit the use of 
wild fish for this research, hatchery fish may be used as surrogates.   
  Assuming that the mainstem/systemwide proposal is funded, the research will be 
performed as part of an MS degree research program under the supervision of salmon 
reproductive biologist Dr. Joseph Cloud at the University of Idaho.  This beneficial 
arrangement provides highly qualified professional and academic oversight, educational 
benefits to researchers, and internal peer review of experimental methods and 
interpretation of results in a highly cost-effective manner. 
 

Question from the ISRP 2.) Whether there are genotype x environment interactions 
in the reconditioning of kelts that may lead to a non-random contribution of genetic 
material in the next generation? … this may occur also in Nature (are certain 
genotypes more likely to be repeat spawners) or may reflect the “domestication” 
concerns resulting from reconditioning in an artificial environment. 

 
CRITFC Response: Two scenarios are possible: 1) that the “environment” the spawners 
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are responding to is the natural spawning environment, and that the variance in 
reproductive success is correlated for spawners in the successive spawning events. Under 
this scenario, certain genotypes will produce more offspring as first time spawners and 
again as repeat spawners. In this scenario, the recovery pond is neutral (the recovery pond 
environment affects all genotypes equally). 2) That the “environment” is the natural 
stream for first time spawners and the recovery ponds plus the natural stream for multiple 
spawners. Under this scenario, the reproductive success of certain genotypes is 
unpredictable, depending on the strength of the environmental effects, and the correlation 
in reproductive success for first and repeat spawners is unknown. In an effort to address 
this question, we have proposed to measure spawning success during first and repeat 
spawning episodes. Our design integrates genotyping all spawners initially, 
reconditioning kelts and spawning the same individuals as repeat spawners. Thus, we will 
have reproductive success for each individual as first spawners and as reconditioned 
kelts.   

Phenotypic effects are potentially important determinants of reproductive success. 
For example, variation in fecundity and size will affect egg deposition independently of 
genetic scope for local adaptation (fitness). We also expect that repeat spawners will be 
larger and more fecund, and therefore deposit more eggs, perhaps in deeper redds. They 
may also be better competitors for the better spawning sites. Finally, egg size is related to 
female size and condition in many species, and an initial egg size advantage strictly 
related to age, size or reconditioning might result in higher juvenile recruitment. Simple 
regression analyses (plotting estimated smolt production vs. size, age, weight and other 
traits) will help in determining the importance of phenotypic effects.  If we have an 
excess of spawners, we propose to hand spawn 1st time spawners artificially, recondition 
those fish and then measure fecundity again at the second spawning. This would give us 
precise repeat measures of fecundity from known individuals for estimation of the 
variance component of fecundity in relation to age, size and reconditioning. 

Although we cannot determine if domestication is occurring as a result of 
reconditioning, we could determine if selection gradients exist in reconditioning by 
correlating phenotypic measurement of a set of traits to survival in captivity and eventual 
reproductive success in the wild.  These results would give a general indication of the 
direction of selection. For example, we believe that the candidates for successful 
reconditioning tend to be those that have higher body fat levels post-spawning. There are 
several environmental factors that determine body fat content in fish, and high body fat 
content may not be an indicator of high reproductive success in the wild (for example, 
females with high fat content may have relatively low fecundities). Since our designs will 
incorporate such trait measurements, we will be able to make interpretations and 
suggestions for further study. 
 

Question from the ISRP 3.) What are the longer term genetic effects of re-
introducing repeat spawning into depressed populations … is the demographic boost 
balanced by changes in the genetically effective population size? 

 
CRITFC Response: Pedigree analysis and fingerprinting methods used in this study will 
give us direct measurements of Ne and Nb to N ratio. Using estimates of smolt production 
and adult returns, we will be able to estimate these parameters for the studied populations 
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at different levels of reconditioning effort and natural repeat spawning rates. However, 
the species has evolved in the context of repeat spawning, and genetic adaptations to this 
life history strategy, such as high heritability of phenotypic plasticity, must be in place. A 
control stream or initial spawning of fist-time spawners only in our treatment streams will 
provide useful comparative data for quantitative determination of the impact of 
reconditioning on population genetic parameters.  
 
Question from the ISRP:  With respect to assessing fitness effects, there are three points 
to consider further: 

1. Measuring immediate spawning success is not a sufficient assessment of 
reproductive fitness of kelts. 

 
CRITFC Response:  If the study is funded as proposed, we will measure reproductive 
success by following individually pedigreed fish through the F2 generation (See 
Generalized Sampling Scheme Section near the bottom of this response).  Our design 
allows for determining the pedigree of individuals back to the parental generation. 
However, many factors will come into play.  These results depends on actual 
experimental ability to recapture and pedigree all spawners. For example, our ability to 
track genotypes over generations is dependent on the relative genetic contribution of 
resident fish.  A recent study of the level of gene flow between resident anadromous 
forms of O. mykiss in the Walla Walla system (with a very healthy resident fish 
population) reveals moderate gene flow (Narum et al. 2003). Our stream selection criteria 
included low numbers of resident fish, but there will be enough variation in resident fish 
densities among our study streams to make some assessment of levels of introgression. 

 
2. Assessing reproductive fitness and genetic effects of this life history trait is 

inherently long term and will not be answered in the next 3-5 years. It will require 
much longer commitments and funding to answer this question. 

 
CRITFC Response:  We agree that this project will require a long-term scope.  Below in 
the Generalized Sampling Scheme section we provide a detailed sampling program that 
would provide a pretreatment / control and 2 temporal replicates per site and require only 
10 years of study.  In addition we included a budget that details annual costs for the 
duration of the project. 
 

3. At present, we may not have adequate genetic tools to study the genetic basis of 
this trait.   

 
CRITFC Response:  Repeat spawning is a species-level life history strategy that may 
not have genetic variance, meaning that heritability may be 1.  For example, one may not 
be able to make a race of semelparous O. mykiss from iteroparous stock.  If large 
numbers of pedigreed spawners of known parental origin were available, one could 
potentially estimate variance in post-spawning survival among families, and hypothesize 
on the need for further study.  However, we feel that this work is beyond the scope of this 
RFS at present.  Another approach to address this question is to identify the gene(s) 
responsible for iteroparity in Oncorhynchus spp. Using Quantitative Trait Loci (QTLs).  
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Again, we feel that this is an area of high scientific interest, but beyond the scope of the 
present RFS.  

 
Question from the ISRP:  An assessment of the genetic risk associated with kelt 
reconditioning could generated by monitoring the pedigree of steelhead that become 
successfully reconditioned spawners, and whether they represent a subset of the lineages 
in a population or are a random sample of the population (a test of point 2). But other 
than a genetic basis for differential success of certain kelts, what other genetic concerns 
would there be? Remember that a kelt has already been successful to the extent that it 
survived to maturity and spawned, most are female so that successful mating is very 
likely (assuming that the timing is correct and eggs are viable), and spawning likely 
occurs after 1 to 2 years of conditioning and should avoid mating with immediate siblings 
etc. 
 
CRITFC Response:  Genetic risk concerns would be inbreeding and domestication. 
Inbreeding as a result of iteroparity would occur if a repeat spawner would spawn with 
one of its descendents.  The probability of a parent/sib mating in nature, especially in 
size-assortative mating typical of the species, is small but not impossible. Given the 
estimates of first-time and repeat spawners in experimental streams, this study will allow 
us to calculate the potential for parent/sib matings assuming random and size-assortative 
assumptions.  

Higher reproductive success as a result of iteroparity can lead to greater 
probability of mating of related progeny in small populations. Direct measures of 
genotypic diversity from pedigree analysis will help us determine population genetic 
parameters related to inbreeding probabilities in treatment and control streams. 

Reconditioning kelts in artificial conditions could promote artificial selection of 
certain genotypes.  Domestication resulting from such activity is therefore theoretically 
possible.  As stated previously, although we cannot determine if domestication is 
occurring as a result of reconditioning, we could determine if selection gradients exist in 
reconditioning by correlating phenotypic measurement of a set of traits to survival in 
captivity and eventual reproductive success in the wild.  These results would give a 
general indication of the direction of selection.  For example, we believe that the 
candidates for successful reconditioning may be those that have higher body fat levels 
post-spawning.  There are several environmental factors that determine body fat content 
in fish, and high body fat content may not be an indicator of high reproductive success in 
the wild (for example, females with high fat content post-spawning may have relatively 
low fecundities).  Since our designs will incorporate such trait measurements, we will be 
able to make interpretations and suggestions for further study. 
 
Question from the ISRP:  They propose to apply kelt reconditioning methods developed 
by project 2000-017 with geographic replication for evaluation of fitness of various 
crosses across all ESUs of interest in the Request for Studies.  Replication over space is 
highly desirable, however it is unclear if they are replicating each stream in time.  They 
mention following the 2004 spawning for reproductive success, but what about 2005 and 
beyond.     
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CRITFC Response: See the Generalized Sampling Scheme located near the end of the 
document.  Temporal replication is achieved as well as a pretreatment / control. 
 
Question from the ISRP:  The theoretical risk associated with the kelt reconditioning 
projects is of increasing inbreeding by using the reconditioned kelts in a small 
population.  The implicit argument is a demographic boost is needed to a greater extent 
than the potential risk of inbreeding depression.  The CRITFC kelt proposals seem be 
overly optimistic about the potential benefits of kelt reconditioning.  The streams chosen 
are primarily upstream of many dams and will likely need to be continually propped up 
as the kelts will likely not naturally be successful given the migratory conditions.  This 
proposal would start a fairly aggressive program before the benefits and risks are 
determined.  The proposal seems to place little emphasis on examining possible risks of 
kelt reconditioning.  Consequently, we recommend that the number of streams need to be 
scaled-back to less than five to reflect the fact that this a research project.  This seems to 
be an effort to drastically expand the implementation of kelt reconditioning, without first 
evaluating the possible undesirable consequences, as called for in the RFP. 
 
CRITFC Response: We have scaled back the proposed effort. 
 
Question from the ISRP:  Following fitness of the various crosses to F2 and F3 is not 
mentioned.  Are control streams needed to follow fitness over time without hatchery and 
reconditioned steelhead? 
 
CRITFC Response:  Please see the Generalized Sampling Scheme located near the 
bottom of the proposal.  Two temporal replicates and a pretreatment / control per study 
stream. 
 
Question from the ISRP:  The study should pay more attention to gamete quality. 
 
CRITFC Response: Included in our Kelt Reconditioning Proposal that is in the 
Mainstem / Systemwide Province Review Process we have an objective to evaluate 
gamete quality.  More detail regarding that objective is given in our response to general 
ISRP comments above.  
 
Question from the ISRP:  Where are the controls in the study? 
 
CRITFC Response: We have modified our experimental design to follow three cohorts 
through their life span.  The first cohort will be broodyear 2004 whose parents will be 
sampled at each weir prior to spawning in 2004.  Since no reconditioned kelt steelhead 
will be available for release above the weirs in 2004, this first cohort will be used as a 
control to evaluate against.  Please see the Generalized Sampling Scheme section below 
for greater detail.  An additional control will be the use of a tributary in the Yakima River 
where no hatchery steelhead are present.  This measure of reproductive success of two 
variants, natural-origin and reconditioned kelt steelhead will be compared against study 
streams with all three variants. 
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Question from the ISRP:  Will the study determine the relative reproductive success of 
reconditioned steelhead kelts spawning in the wild compared to natural-origin adults, 
hatchery-origin adults, and cross matings of these three variants, in one or more 
populations? 
Yes, with replications.  Cross matings are not mentioned, but we assume they would be 
studied. 
CRITFC Response: All potential combinations of cross matings will be calculated from 
the pedigree results.  This analysis will include the three variants of wild, hatchery, and 
kelt, as well as resident crosses. 
 
Question from the ISRP:  Does the study include analysis of the potential genetic 
consequences of repeat-spawning steelhead on small populations? 
How increasing iteroparity might increase inbreeding in the target population, 
particularly if it is small? 
How reconditioning kelts might increase domestication selection in the target 
population?  
 
CRITFC Response:  We have partially answered this question in the general section 
above.  Our study will yield direct measures of Ne, total number of families contributing 
to recruitment, and loss of matrilines.  The later is particularly important in the context of 
declining populations at risk of extinction (such as listed species).  We will be able to 
determine if reconditioning kelts reduces the risk of loosing family lines, and therefore 
maintains high genetic diversity as well as providing increased recruitment. 
 Although the study is not designed to estimate genetic parameters related to 
selection and domestication, our working null hypothesis is that reconditioning is a 
purely stochastic effect.  In order to answer this question, we propose to calculate 
selection intensities and the potential for responses (assuming heritabilities from the 
literature) for specific traits and relate the observed traits to estimates of reproductive 
success.  Examples of traits that we could examine include the relationship between 
condition factor prior to spawning and the survival of reconditioning kelts.  Another 
example is the phenotypic status of animals post-reconditioning, such as in vivo egg 
development stage.  The practice of successful reconditioning will influence the ability of 
reconditioned spawners once released, and is subject to technological constraints. 
Reproductive success, and therefore the rate of introgression of quantitative traits under 
potential artificial selection will depend on the condition of animals post-release. 

While inbreeding depression is a concern (Crnokrak and Roff 1999), our proposed 
study includes a limited number of kelt steelhead that would be reintroduced to each 
study site.  At the scale proposed, the proportion of kelts included in the study would not 
exceed those that might have been naturally found in the system prior to dam 
construction.  Repeat spawners have been documented returning to their natal streams in 
the Snake River basin for decades (Long and Griffin 1937, Whitt 1954).  Scale analysis 
of Clearwater River steelhead indicated a repeat spawning rate of approximately 2% in 
1952 (Whitt 1954), when only two dams impeded their migration.  Rates averaging 1.6% 
have been documented for wild summer steelhead populations in both the Yakima River 
subbasin (above 4 mainstem dams; Hockersmith et al. 1995) and in the mid/upper 
Columbia (above 7-9 dams; L. Brown, WDFW, Wenatchee, pers. comm.). At the 
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maximum, rates ranging annually from 2% to 9% have been estimated for the South Fork 
Walla Walla River (above 4 dams; J. Germond, ODFW, Pendleton, pers. comm.) and 
estimates of repeat spawners in tributaries of the lower Columbia River have exceeded 
17%, with some fish returning to spawn four consecutive times (Leider et al. 1986). 

Natural iteroparity appears to have been a common occurrence in historical 
Columbia River basin steelhead populations.  Further, iteroparity is a life history trait that 
would be more effective at dispersing genetic material throughout multiple generations 
rather than increasing inbreeding depression.  In small populations, there is a greater 
chance of repeat spawners mating with closely related individuals in multiple 
generations, but this might act to increase genetic variability.   

A further concern of kelt reconditioning is domestication selection since only one 
third of all individuals subjected to reconditioning survive.  This has the potential to 
inadvertently select individuals with unknown traits that are tolerable of the process.  
However, survival of reconditioning could be a stochastic process without selection.   

The risks of inbreeding depression and domestication selection appear to be small 
for a study of this scale, but monitoring cohort genetic composition through the duration 
of the study should allow us to detect any homogenizing events.  Reduction in genetic 
variability is a major concern when managing populations, and we have designed this 
study to avoid this.  Further, continual genetic monitoring of the populations will allow 
any necessary adaptations to management/study design. 
 

• Question from the ISRP:  How the reconditioning program might alter age 
structure and life history structure in the target population. 

 
CRITFC Response:  It will skew age structure toward older fish and reintroduce a lost 
life history strategy.  This study will report changes in age structure of the spawning 
population under different levels of iteroparity.  A mechanism for change in the genetic 
basis for maturation would need to show that surviving kelts are a non-random subset of 
the age composition of the anadromous run, and that the reproductive success of multiple 
spawners exerts an indirect selection intensity on age at maturation (through increased 
survival rates).  Since the species is inherently iteroparous but functionally single-
spawning in the Columbia Basin, any changes in the age composition resulting from 
reestablishment of iteroparity could be considered beneficial.  The risk and benefits of 
changes in age composition can be estimated demographically using a cohort-based life 
cycle model, but genetic impacts are unknown. 
 

• Question from the ISRP:  Cost-effectiveness (e.g., the ability to take advantage of 
existing fish production, research, monitoring or evaluation activities) will be an 
important consideration in the proposal selection process. 

 
CRITFC Response:  We are reducing our proposal from 5 study sites to 3 study sites as 
suggested by the ISRP.  Three sites provide replication (both spatial and temporal as 
sampling will occur at each location each year) and provide representation from ESUs of 
interest as presented in the RFS. 
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Question from the H/H Subgroup:  Respond to the ISRP’s concerns and unaddressed 
RFS questions.  This proposal definitely needs to be scaled back to bring it in line with 
the desired “level-of-effort” cost range in the RFS.  We suggest reducing the number of 
sites (a through, detailed description of study site(s) should be included in the response), 
reducing equipment costs, and possibly personnel costs.  Would it be more cost-effective 
to lease rather than buy a gene sequencer or send the tissue samples to another laboratory 
(that already has the necessary equipment) for analysis? 

 
CRITFC Response: See Detailed Site Descriptions section.  We are now planning to 
lease a DNA sequencer, see attached budget.  We are reducing our proposal from 5 study 
sites to 3 study sites suggested by the ISRP.  Three sites provide replication (both spatial 
and temporal as sampling will occur at each location each year) and provide 
representation from ESUs of interest as presented in the RFS.  One of the sites, in the 
Yakima River Basin, can be treated as a control because it lacks the hatchery-origin 
variant.   
 Our original approach was to identify site selection criteria in the proposal and the 
first task of the project would be to specify the study sites.  We had chosen that method 
because of the short response time to the RFS, the difficulty in finding sites that meet the 
stringed requirements of a study such as this, and because of the long-term nature of this 
type of study optimal site selection is critical.  In addition, with contracting for this 
project potentially occurring in mid-summer ample time would be available for site 
determinations prior to the 2004 steelhead run. 
 However, the H/H Subgroup requested the detailed study site descriptions be 
prepared for the fix-it loop response.  Therefore we are providing detailed study site 
descriptions for two locations Omak and Shitike creeks and a general location for an 
additional site in the Yakima River Basin.  We are also still pursuing a site in the Snake 
River ESU, but have not included that site in the budget.  Detailed site descriptions are 
available for the first two creeks because we will take advantage of existing weirs and 
rotary screw traps that are in place.  In the Yakima River, we have several potential sites 
identified that meet the selection criteria, but we need to identify new weir and trapping 
locations so some testing will have to be done prior to choosing the best site.    
 
Detailed Site Description 
 Omak Creek 
 This study will utilize the existing weir and rotary screw trap on Omak Creek for 
fish collection and tissue sampling.  All three steelhead variants are available in the creek 
and the stream is in the Upper Columbia ESU.  Kelt steelhead that are collected at the 
weir will be transported the Colville Tribe’s trout hatchery located near the base of Chief 
Joseph Dam where reconditioning will take place.  This stream meets the criteria for site 
selection listed in our proposal.  

Omak Creek, a tributary to the Okanogan River, is located in Okanogan County, 
Washington, and is wholly contained within the reservation of the Colville Confederated 
Tribes.  The Omak Creek watershed has cultural significance to the twelve Colville 
Confederated Tribal Bands.  Omak Creek is a common cultural-use area for activities 
such as resource gathering, berry picking, ceremonial sweating, education, picnicking and 
fishing.  Fishing was important in Omak Creek since evidence of fish drying racks and 
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nets were apparent in early photographs.  Due to barriers, mid-stream reaches have been 
inaccessible by anadromous fish and land management practices within the watershed 
have reduced the quality of fish spawning habitat.  Therefore, anadromous stocks have 
virtually been non-existent in Omak Creek since the early 1900’s.  Due to diligent 
restoration activities within the last decade, limiting factors such as fish passage barriers, 
high water temperature, and excessive amounts of fine sediment have either been 
removed or continue to be reduced.  Included in habitat rehabilitation efforts, is an effort 
to develop a locally adapted steelhead broodstock for Omak Creek (see attached HGMP).   
 Locally-adapted steelhead broodstock collection was initiated in March 2003.  A 
picket-weir trap was installed at approximately RM 0.1.  On April 11th, three female 
steelhead were spawned with one wild male.  The eggs from one female were not viable.  
The remaining eggs began hatching on May 2, 2003, and fry were moved from Heath 
trays to troughs on May 9, 2003.  These juvenile steelhead will be tagged according to the 
origin of their parents (W x W, H x W) during late summer.  These fish are expected to 
be released into Omak Creek during May 2004.  Adult returns will be monitored to 
determine success of each group.   
 Currently, no specific effort has been directed towards evaluating smolt 
production in Omak Creek.  However, redd counts (estimate adult returns) and snorkel 
surveys (estimate of fry production) have been conducted within reference reaches to 
provide an index of abundance.  Habitat parameters, such as water temperature, canopy 
closure have been evaluated annually, and less frequently substrate analysis (V star).  
These measurements have been used to evaluate the effectiveness of habitat restoration 
efforts such as range management infrastructure (exclusionary fences, hardened rock 
crossing, spring developments, etc.), road decommissioning, barrier removal, bank 
stability improvements (instream-structures, riparian vegetation planting).   
 
 Shitike Creek 

Shitike Creek is a tributary to the Deschutes River and is within the Mid-
Columbia ESU.  A picket weir and a rotary screw are located near the confluence in the 
town of Warm Springs.  These facilities are operated by the Confederated Tribes of the 
Warm Springs Reservation (CTWSR).  Shitike Creek meets the criteria for site selection 
detailed in our proposal with exception of the ideal requirement of a small resident O. 
mykiss population.  We plan to sample the adult resident O. mykiss population three times 
over the course of the study in an attempt to minimize the impact to the study that these 
resident population may have.  Currently, the CTWSR and the U.S. Fish and Wildlife 
Service are conducting a spring chinook salmon reproductive success study on Shitike 
Creek.  Therefore the field staff is aware of the concept of our proposed study.   

In 2002, 64 steelhead redds were counted in Shitike Creek.  The rotary screw trap 
was operated from March 18 through August 29 and from October 15 through December 
20 in 2002.  During the spring 3,112 O. mykiss were captured and an additional 244 were 
captured during the fall effort. 

 
Yakima River Basin 

 Locating a specific site in the Yakima River Basin has been difficult primarily 
because field staff is not available for discussions and the quick turn around time required 
for this response.  We located several potential study sites in the lower Yakima Basin 
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including: Satus, Toppenish, and Simcoe creeks.  These sites seem to meet the criteria for 
site selection but no weirs are presently in place in any of the streams.  The Yakama 
Nation in Satus and Toppenish creeks operates rotary screw traps.  Testing this summer 
and further discuss with field staff will allow us to select the best specific site.   
 One site selection criterion that is not meet in the Yakima system is the presence 
of hatchery-origin steelhead.  Because of this we would treat the Yakima Basin site as a 
control to compare against other treatment sites. 

Study site selection involves a compromise between naturalness, with risk of 
failure due to environmental factors, and controllability, with risk of misleading results.  
The ideal study site would attract both natural and reconditioned spawners, all of which 
could be captured before or after spawning for tissue samples, and would also be 
amenable to trapping representative samples of emergent fry and outmigrating parr and 
smolts.  However, upstream migration of spawners, fallback of kelts and downstream 
migration of smolts could all occur simultaneously.  A site most likely to attract adults 
would also be subject to wide fluctuation in flow during the adult and juvenile migration 
period, complicating trapping efforts.  On the other hand, a site with controlled flow 
would probably require stocking of adults, and may lack attributes important to 
evaluating spawning success.  Streams and waterways on the Yakama Reservation offer a 
range of conditions along this continuum. 

Satus Creek drains a fairly large watershed attracting hundreds of spawners in a 
normal year.  A diversion dam near the mouth has proven stable during floods and could 
be modified for adult capture under normal flow conditions. 

Mule-Dry Creek is a significant tributary of Satus Creek that attracts a significant 
number of spawners during normal water years.  Lower reaches of the creek normally go 
dry by late spring, and may never water up in the driest water years.  This phenomenon 
could facilitate collection while interfering with migration. 

Willy Dick Creek, Wahtum Creek and Shinando Creek are smaller tributaries of 
Satus and Toppenish creeks with perennial sections and the possibility of natural 
steelhead spawning each year.  All of these creeks can dry up near the mouth during 
summer, and none has structures that could be modified for trapping adults or juveniles. 

Harrah Drain attracted nearly 100 spawners in 2002.  This waterway is not subject 
to flood flows, but flows are affected by irrigation operations and field runoff can affect 
water quality in the drain. 

Wanity Slough functions both as an irrigation canal and drain.  The upper portion 
has a headgate allowing controlled diversion of Yakima River flow into Wanity Slough.  
The diversion is unscreened and is normally closed during the juvenile salmonid 
migration period.  The temperature of this water supply could reach stress-producing 
levels in late summer. 

North or South Fork Simcoe Creek have reliable summer flow but tend to attract 
few spawners, probably due in part to downstream passage conditions.  The worst of 
these passage problems was remedied in early 2003.  These two streams are the least 
flood-prone, considering their watershed area, of all the tributaries to Toppenish or Satus 
creeks. 
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 Little Sheep Creek 
 An additional site that is not presently represented in the budget is Little Sheep 
Creek, a tributary to the Imnaha River located in the Snake River ESU.  Dr. Paul Moran, 
NOAA Fisheries, presently is conducting a steelhead reproductive success study using 
pedigree analysis on Little Sheep Creek.  We have discussed the concept of adding a kelt 
steelhead component to Dr. Moran’s present study and he is in favor of the collaboration.  
Additional discussion must take place with the Oregon Department of Fish and Wildlife 
prior to implementation but it seems likely that this could be an excellent study site.  This 
site could be added with a very low associated cost.  Additional costs that this project 
would have include labor for collecting kelt steelhead at the weir and the husbandry costs 
associated with reconditioning.     
  
Generalized Sampling Scheme 

The sampling scheme that we outline below includes one pretreatment / control 
and 2 temporal replicates per site and thus requires a 10-year study period.  This clarifies 
a concern from the ISRP regarding temporal and spatial replication in our study and also 
illustrates a general concern expressed by the ISRP that studies designed to address the 
RFS require a long-term commitment.  We have estimated the number of samples that 
would be genotyped to follow three year-classes (1 pretreatment and 2 treatment) through 
their life span.  Using age structure data we have allocated samples across collection 
years to minimize cost and still maintain temporal replication.  This exercise results in 
significant savings in the genetics laboratory portion of the study and adds a requirement 
to analyze scales for age determination.  The field collection portion of the study remains 
unchanged, thus we will potentially collect a great deal more tissue samples in the field 
than we will genotype in the laboratory. 

Steelhead in the Columbia River Basin exhibit a variety of life-history strategies 
that leads to challenges in sampling them.  Age structure of natural-origin steelhead in the 
Umatilla River between 1994 and 2001 included age 2, 3, 4, and 5 year-old fish.  Within 
these ages, the length of time spent in freshwater and saltwater varied.  The length of 
freshwater residency ranged from 1 to 4 years (although very few are 1.x) and saltwater 
residency ranged from 1 to 3 years.  All combinations included 1.1; 1.2; 2.1; 2.2; 2.3; 3.1; 
3.2; 4.1 (personal communication Craig Contor) with the majority of the fish being Age 3 
(52%) and Age 4 (43%).  Age 5 fish made up nearly 5% of run while Age 2 fish 
composed less than 1% of the sample.  The majority of the fish spent 2 years (89%) in 
freshwater, approximately 8.8% spent 3 years, and the remaining 2.2% either spent 1 or 4 
years in freshwater.   
 
Age structure of natural-origin steelhead in the Umatilla River between 1994 and 2001 
(personal communication Craig Contor). 

Age (FW.SW) 
1.1 1.2 2.1 2.2 2.3 3.1 3.2 4.1 
3 1 205 148 4 22 13 2 

 
We used these data from the Umatilla River as a guide to developing our 

generalized sampling scheme for all of the study streams.  Prior to implementation we 
will use stream specific estimates, if available, and adjust accordingly.  Based on these 
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data we will concentrate our sampling effort on collecting 3, 4, and 5 year-old fish with 2 
to 4 year freshwater residency.  We have ignored Age 1.x fish in this example because 
they made up a very small fraction of the run.  Age 4.x fish also made up a small fraction 
of the run, but we anticipate that this age may comprise a larger component in our study 
streams.  Additionally, allocating samples to the Age 4.x component does not have much 
effect on the total.     

Below is a table that indicates which samples collected at weirs and rotary screw 
traps will be genotyped.  This scheme provides for 2 temporal replicates and a 
pretreatment / control at each study stream yet minimizes the number of samples that 
must be genotyped.  Please note that the weirs will be operated during each of the 10 
years of the study and tissue samples will be collected and archived from all fish that 
pass.  The rotary screw traps will be operated annually from 2005 through 2012 and 
tissue samples will be collected in a manner to represent the run.  In the table below we 
also include estimated sample sizes by collection year and life stage per sample stream.   
 
Samples that will be genotyped for pedigree analysis.  Age determinations will be made 
prior to sequencing using scale pattern analysis and/or length frequency.  This scheme 
will be followed at each study stream, except in the Yakima River Basin where just the 
BY04 and BY08 yearclasses will be followed.  BY=broodyear and the subscripted 
numerals indicate freshwater age and saltwater age separated by a period.  Sample size 
allocations were calculated based on age structure data from the Umatilla River.  The 
pretreatment / control yearclass (BY04) is identified by italics. 
Year Sample Adults Sample 

Juveniles 
Sample 
Residents 

 # of Adults 
genotyped 

# of  
juveniles 
genotyped 

Estimated 
# to 
genotype 
per study 
stream 

2004 All Adults  XX  300  300 
2005 All Adults  XX  300  300 
2006  BY042.    336 336 
2007 BY041.2&2.1 BY043. 

BY052. 
XX  104 372 476 

2008 All Adults BY044. 
BY053. 

  300 64 364 

2009 BY042.3&3.2&4.1 

BY052.2&3.1 
BY054.   96 28 124 

2010 BY052.3&3.2&4.1 BY082.   10 336 346 
2011 BY081.2&2.1 BY083.   104 36 140 
2012 BY082.2&3.1 BY084.   86 28 114 
2013 BY082.3&3.2&4.1    10  10 
Total     1,310 1,200 2,510 
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BPA Projects Previously Managed by the P.I.s 
 
Title: The Feasibility of Documenting and Estimating Adult Fish Passage at Large 

Hydroelectric Facilities in the Snake River Using Video Technology 
Project #:  92-055 
COTR: Debbie Docherty 
 
Title: Kelt Reconditioning Research in the Columbia River Basin 
Project #:  2000-017 
COTR: Roy Beaty 
 
Title: Collaborative Center for Applied Fish Science 
Project #:  2001-046 
COTR: Greg Baesler 
 
Title: Safety-Net Artificial Propagation Program 
Project #:  2002-004 
COTR: Jeff Gislason 
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Budget 
CRITFC  BPA  2003 6/3/2003

Project

Qnty Unit 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

A. PERSONNEL $79,101 $79,101 $83,056 $87,209 $91,570 $96,148 $100,955 $106,003 $111,303 $116,868 $122,712 $1,074,028 
Regular Staff:

Fishery Scientist 9.0 mo. @ $4,804 /mo. $43,236 $43,236 $45,398 $47,668 $50,051 $52,554 $55,181 $57,940 $60,837 $63,879 $67,073 $587,054 
Senior Scientist 3.0 mo. @ $5,639 /mo. $16,917 $16,917 $17,763 $18,651 $19,584 $20,563 $21,591 $22,670 $23,804 $24,994 $26,244 $229,697 

Subtotal Regular $60,153 $60,153 $63,161 $66,319 $69,635 $73,116 $76,772 $80,611 $84,641 $88,873 $93,317 $816,751 

Benefits @ 31.5% regular $18,948 $18,948 $19,896 $20,890 $21,935 $23,032 $24,183 $25,392 $26,662 $27,995 $29,395 $257,277 

B. TRAVEL $7,908 $7,997 $8,127 $8,260 $8,395 $8,533 $8,673 $8,817 $8,963 $9,112 $94,049 

Per diem 26 day @ $30 /day $780 $780 $780 $780 $780 $780 $780 $780 $780 $780 $780 $8,580 

Lodging 12 nite @ $60 /nite $720 $720 $720 $720 $720 $720 $720 $720 $720 $720 $720 $7,920 

Vehicles

GSA lease 12 mo @ $333 /mo $3,996 $4,076 $4,157 $4,241 $4,325 $4,412 $4,500 $4,590 $4,682 $4,776 $4,871 $48,626 

GSA mileage 3000 mi. @ $0.16 /mi $480 $485 $494 $504 $514 $525 $535 $546 $557 $568 $579 $5,788 

POV Mileage 1200 mi. @ $0.360 /mi $432 $436 $445 $454 $463 $472 $482 $491 $501 $511 $521 $5,210 

Airfare 6 fights @ $250.000 /ea $1,500 $1,500 $1,530 $1,561 $1,592 $1,624 $1,656 $1,689 $1,723 $1,757 $1,793 $17,925 

C. SERVICES AND SUPPLIES $2,810 $109,060 $109,060 $114,244 $139,404 $120,276 $25,716 $67,684 $28,020 $23,776 $741,990 

Supplies:
Genotyping samples includes consumables and personnel $48 /ea $0 $43,200 $43,200 $48,384 $68,544 $52,416 $17,856 $49,824 $20,160 $16,416 $1,440 $361,440 

Pipettes / misc supplies 1 ea  @ $15,000 /ea 0 $10,000 10000 $10,000 $15,000 $12,000 $2,000 $12,000 $2,000 $1,500 $500 $75,000 

PITT tags 2,000 ea  @ $2.25 /ea $2,250.00 $4,500 $4,500 $4,500 $4,500 $4,500 $4,500 $4,500 $4,500 $4,500 $42,750 

       Subtotal Supplies $2,250 $57,700 $57,700 $62,884 $88,044 $68,916 $24,356 $66,324 $26,660 $22,416 $1,940 $479,190 

Services (O&M):

Copying, photo services 12 mo. @ $30 /mo. $360 $360 $360 $360 $360 $360 $360 $360 $360 $360 $3,600 

lease ABI 3730 DNA sequencer 5 yr @ $50,000 /yr $50,000 $50,000 $50,000 $50,000 $50,000 $250,000 
Shipping of samples $200 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $1,000 $9,200 

Subtotal Services $560 $51,360 $51,360 $51,360 $51,360 $51,360 $1,360 $1,360 $1,360 $1,360 $262,800 

D. DIRECT COST (Sum of Items A-C) $89,819 $196,158 $200,243 $209,713 $239,368 $224,957 $135,345 $182,504 $148,286 $149,757 $122,712 $1,910,066 

E. NON-EXPENDABLE EQUIPMENT $0 $14,000 $0 $0 $14,000 $0 $0 $14,000 $0 $0 $0 $42,000 
2 each $7,000 /ea $14,000 $14,000 $14,000 $42,000 

F. INDIRECT COST 35.9% of D $32,245 $70,421 $71,887 $75,287 $85,933 $80,759 $48,589 $65,519 $53,235 $53,763 $44,054 $637,638 

G. SUBCONTRACTS $215,860 $287,762 $302,150 $317,258 $333,120 $349,776 $367,265 $385,629 $404,910 $425,155 $300,000 $3,688,886 

$60,000 $95,921 $100,717 $105,753 $111,040 $116,592 $122,422 $128,543 $134,970 $141,718 $100,000 $1,217,675 
$60,000 $95,921 $100,717 $105,753 $111,040 $116,592 $122,422 $128,543 $134,970 $141,718 $100,000 $1,217,675 

Yakama Nation $95,860 $95,921 $100,717 $105,753 $111,040 $116,592 $122,422 $128,543 $134,970 $141,718 $100,000 $1,253,535 

H. TOTAL PROJECT COST $337,924 $568,341 $574,281 $602,257 $672,422 $655,492 $551,199 $647,651 $606,431 $628,675 $466,765 $6,278,590 

Costs

Unit Cost

CTCIR
CTWSR

Thermocylers


