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!ōǎǘǊŀŎǘ 
The Kelt Reconditioning and Reproductive Success Evaluation Project is a research, monitoring, 
and evaluation (RM&E) uncertainties category project funded through the Columbia Basin Fish 
Accords.  The objectives are to evaluate methodologies to produce viable artificially 
reconditioned repeat steelhead spawners and to determine the productivity of repeat 
spawners.  Work occurs in the Yakima and Snake river basins.  We focused on collecting 
steelhead kelts at juvenile bypass facilities in Prosser and Lower Granite dams, and additionally 
some fish were collected at Dworshak National Fish Hatchery, and the Fish Creek weir.  These 
kelts were reconditioned (given prophylactic treatments and fed a specially formulated diet) at 
Prosser and Dworshak National fish hatcheries.  Survival to fall of long-term reconditioned 
steelhead was 61% at Prosser and 30% at Dworskak hatcheries in 2014.  Using estradiol assays, 
we have established that steelhead rematuration rates vary annually and spatially and range 
from 10.4% to 80.0%. We have also determined from our study streams kelts can remature as 
consecutive or skip spawners, typically returning to spawn in 5 or 6 months after kelting or 17 
to 18 months later.  We characterized the outmigrating Snake River kelt run as primarily 
composed of Salmon, Grand Ronde, and the Imnaha populations based on GSI analysis at Lower 
Granite Dam.  A total of 34 reconditioned B-run steelhead were released below Bonneville Dam 
in 2014 to address Reasonable and Prudent Alternative 33 of the FCRSP Biological Opinion.  We 
air-spawned a group of maiden Dworshak Hatchery steelhead in 2013.  These fish were then 
reconditioned and rematuring fish were air-spawned as repeat spawners in 2014 to compare 
performance between maiden and repeat spawnings.  Comparisons of fecundity, fertilization 
rate, and egg size variables revealed that repeat spawners had larger eggs and a greater 
abundance of eggs and no differences in fertilization rates were detected.  Reproductive 
success of reconditioned steelhead was confirmed in the Yakima River with assignments of 23 
juvenile fish to 11 unique parents. A work plan was developed and approved to use the Cle 
Elum Hatchery spawning channel to improve reproductive success estimates for reconditioned 
kelt steelhead.  Fish will be stocked in the channel in 2015.  We used radio telemetry in 2014 to 
track 19 reconditioned kelts to spawning streams to refine our estimates of production in the 
Yakima River and its tributaries. We developed a model to examine population recovery from 
the perspective of a kelt reconditioning program.  The model mimics iteroparity in ways explicit 
to body condition, reconditioning, and release method. We have shown that repeat spawners 
could contribute up to 10% of spawning if sufficient kelts are captured and reconditioned, 
consistent with existing data on survival and maturation rates and estimates of repeat spawner 
fecundity.  This modeling tool provides the means to examine several questions regarding 
potential avenues for recovery, and management options for doing so.  Our team published 5 
manuscripts and gave 14 professional presentations in 2014. 
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LƴǘǊƻŘǳŎǘƛƻƴ 
The Kelt Steelhead Reconditioning and Reproductive Success Evaluation Project is a research, 
monitoring, and evaluation (RM&E) category project funded through the Columbia Basin Fish 
Accords. The project studies and evaluates two broad topics with respect to post-spawn 
steelhead, first it assesses reconditioning processes and strategies, and second, it measures 
reproductive success of artificially reconditioned kelt steelhead. The specific Reasonable and 
Prudent Alternative (RPA) which this research is identified are RPAs 33 and 42 (NMFS 2008, 
2010, and 2014).  The RPA 33 requires the Action Agencies to develop, in cooperation with 
regional salmon managers, and implement a Snake River steelhead kelt management plan 
designed to provide at least a 6% improvement in B-run population productivity.  Toward that 
goal, a variety of approaches are being tested and implemented including passage 
improvements and reconditioning kelt steelhead.  The RPA 42 focuses on the reconditioning 
component and seeks to preserve and rebuild the genetic resources through safety-net (kelt 
reconditioning) and mitigation actions to reduce short-term extinction risk and promote 
recovery. Reconditioning these kelts may counter the negative selective forces against 
iteroparity associated with the hydrosystem (Evans et al. 2008), thereby helping to preserve the 
evolutionary legacy of the species. Additional information on kelt reconditioning can be found 
in (Hatch et al. 2013b) which provides additional support of the benefits of kelt reconditioning 
to address population demographic and genetic issues in steelhead recovery.  
 

<A>Background 
All populations of anadromous Onchorynchus mykiss in the Columbia River Basin are listed as 
either threatened or endangered under the Endangered Species Act (ESA). Populations of wild 
steelhead have declined dramatically from historical levels in the Columbia and Snake rivers 
(Nehlsen et al. 1991; NRC 1996; US v. Oregon 1997; ISRP 1999).  In 1997, steelhead from the 
upper Columbia River were listed as endangered and those in the Snake River as threatened 
under the Endangered Species Act (ESA) (NMFS 1997).  Stocks originating in the mid-Columbia 
were listed as threatened in 1999 (NMFS 1999).  The causes of the species decline are 
numerous and well known. The two biggest impacts are hydropower operations and habitat 
loss (TRP 1995; NPPC 1986; NRC 1996; ISRP 1999; Keefer et al. 2008).Steelhead populations 
that existed pre-dam building era in the Columbia River were characterized by unimpeded 
migration with the exception of commercial and subsistence fisheries.  The dam construction 
and post-dam construction era for most of the 20th century had prioritized water retention for 
the production of electricity, providing irrigation, navigation, and recreational opportunities. 
This severly impacted or even extirpated anadromous steelhead runs.     
 
Oncorhynchus mykiss are considered to have one of the most diverse life histories in 
Salmonidae (Behnke 1992) with variants that include resident, estuarine, and anadromous 
ecotypes, widely ranging ages of maturity, timing of juvenile and adult migrations, and various 
reproductive strategies including precocity, semelparity, and iteroparity. This complex array of 
life history variation is possibly a compensating or bet hedging device for life in stochastic 
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environments (Taborsky 2001). Overlapping generations provide resources, especially for small 
populations, in the event of failure of any brood year due to brief catastrophic events (Seamons 
and Quinn 2010). While fluctuating populations and overlapping generations may reduce the 
effective population size Ne (Waples 2002); retention of genetic diversity and persistence of the 
species may be favored due to these compensating life histories (Narum et al. 2008; Seamons 
and Quinn 2010).  Lifetime reproductive success of steelhead spawning multiple times may 
average twice the reproductive success of steelhead spawning a single time (Seamons and 
Quinn 2010). 
 
Iteroparity is the ability to repeat spawn and is a natural life history strategy expressed by 0. 
mykiss.  Steelhead kelts are defined as anadromous post spawn O. mykiss that have the 
potential to spawn more than once. Naturally, steelhead kelts would migrate to the ocean and 
spawn again the next spawning migration (sequential spawner) or a subsequent year (skip 
spawner).  Rates of iteroparity are estimated to be as high as 79% for populations in the 
Utkholok River of Kamchatka, Russia (Savvaitova et al. 1996), and as high as 31% for British 
Columbia winter-run populations (Withler 1966).  Historical iteroparity rates for the interior 
Columbia River are not well documented but kelts detected emigrating were 58% of the total 
upstream runs in the Clackamas River from 1956 to 1964 (Gunsolus and Eicher 1970), 45% of 
the Snake River upstream run (Jay Hesse personal communication), and 70% of the Yakima 
River upstream run (Chris Fredrickson personal communication) in recent years.  
 
Current iteroparity rates for interior Columbia River Basin steelhead are considerably less than 
lower-Columbia River populations, due largely to high mortality of downstream migrating kelts 
(post-spawn steelhead) at hydropower dams (Evans and Beaty 2001), and potentially inherent 
differences in iteroparity rate based on latitudinal and inland distance effects (Withler 1966; 
Bell 1980; Fleming 1998). The highest recent estimates of repeat spawners from the Columbia 
River Basin were in the Kalama River (tributary of the unimpounded lower Columbia River), 
which exceeded 17% (NMFS 1996).  A total of 8.3% of the adult steelhead from Snow Creek, 
WA were identified as repeat spawners based on scale samples (Seamons and Quinn 2010).  In 
Hood River, repeat spawning summer run steelhead comprise on average 5.7% of the run based 
on scale pattern analysis (Olsen 2008).  Iteroparity rates for Klickitat River steelhead were 
reported at 3.3% from 1979 to 1981 (Howell et al. 1985).  Summer steelhead in the South Fork 
Walla Walla River expressed 2% to 9% iteroparity rates (J. Gourmand, ODFW, pers. comm.). 
Hockersmith et al. (1995) reported that repeat spawners composed 4.0% of the Yakima River 
wild run and recent tagging data shows average return rates to Bonneville Dam of 3.1%.  
 
With the passage of the ESA ǘƘŜ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ bŀǘƛƻƴŀƭ 
aŀǊƛƴŜ CƛǎƘŜǊƛŜǎ {ŜǊǾƛŎŜ όbh!!Ωǎ baC{ύ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ Řevelop a biological opinion of the 
management of the Federal Columbia River Power System (FCRPS) to institute Reasonable and 
Prudent Alternatives (RPA) to standard operational practices to reduce adverse conditions due 
to management and operations of the FCRPS. In order to mitigate for steelhead losses from 
operation of the FCRPS two approaches have been investigated that would use steelhead kelts.  
Investigations began in late 1999 to take advantage of this history strategy to reduce or stop 
population declines in anadromous steelhead by improving fish passage, culturing techniques, 
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or a combination of the two.  Regional conservation plans recognize the need to protect and 
enhance weak upriver steelhead populations while maintaining the genetic integrity of those 
stocks (NPPC 1995).   
 
One conservation approach has been to improve downstream migration passage at the 
mainstem hydroelectric dams for downstream migration of steelhead kelts to thŜ ƻŎŜŀƴ όwt!Ωǎ 
52, and 54) (NMFS 2008, 2010, and 2014).  Several studies have looked at the effectiveness of 
transportation of kelts to bypass the dams, the usage of corner collectors, and kelt survival 
through the hydrostyem (Hatch et al. 2003a; Hatch et al 2003b; Hatch et al. 2004; Wertheimer 
and Evans 2005; Wertheimer 2007; Evans et al. 2008; Weiland et al. 2009; Branstetter et al. 
2010; Kahn et al. 2010; Branstetter et al. 2011; Kahn and Royer 2012; Rayamajhi et al. 2013; 
Colotelo et al. 2014; Harnish et al. 2014) The survival of kelts in this approach is dependent on 
good migration conditions in the river (both exiting and returning), surviving predation (human 
and non-human), and conducive ocean conditions.  
 
The other simultaneous approach that is being investigated, by the CRITFC and its partners, 
involves capturing steelhead kelts and rehabilitating them with prophylactic treatments and 
providing highly nutritive food. Reducing chances for mortality in the hydrosystem and ocean 
will provide another opportunity for fish to reproduce in the wild. This approach is titled the 
Kelt Steelhead Reconditioning and Reproductive Success Evaluation Project which is a research, 
monitoring, and evaluation (RM&E) category project funded through the Columbia Basin Fish 
Accords. Techniques used in kelt reconditioning were initially developed for Atlantic salmon 
Salmo salar and Brown or Sea-trout S. trutta, and a review of these studies and others 
applicable to steelhead kelts are summarized in Evans et al. (2001).  ¢ƘŜ /wL¢C/Ωǎ Ǝƻŀƭǎ ŀǊŜ ǘƻ 
thoroughly assess reconditioning processes and strategies, measure reproductive success of 
artificially reconditioned kelt steelhead, and collaborating with the Nez Perce Tribe on the 
development of a kelt management plan for the Snake River.  
 

<A>Current Research Direction 
 
In a recent positive ǊŜǾƛŜǿ ƻŦ ƻǳǊ ǎƛǎǘŜǊ ǇǊƻƧŜŎǘ ǘƘŜ ¸ŀƪŀƳŀ bŀǘƛƻƴΩǎ ¦ǇǇŜǊ /ƻƭǳƳōƛŀ YŜƭǘ 
Reconditioning Program (BPA Project #2008-458-00) by the Independent Science Review Panel 
(ISRP) (ISRP 2014), they recommended that the kelt project focus on addressing the following 
uncertainties: 
 

1. The prior recommendation, by the ISRP, to establish methods to assess how kelt 
reconditioning may benefit population growth, abundance, spatial structure, and 
diversity still needs to be addressed. 

2. Some modeling and a power analysis need to be conducted to clarify how many juvenile 
and F1 adults should be sampled to detect meaningful differences in the breeding and 
reproductive success of HOR, NOR, and reconditioned NOR females. 

3. Methods to assess the fat levels, maturation timing, fecundity, egg size, and gamete 
Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜŎƻƴŘƛǘƛƻƴŜŘ ƪŜƭǘǎ ƴŜŜŘ ǘƻ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘΦ 
The fate of non-maturing or skip-repeat reconditioned fish also should be disclosed. 
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4. Viable plans are needed to monitor the homing and straying rates of reconditioned kelts 
released by the project. 

5. Experiments are needed to discover the best geographic locations and times of year for 
ǊŜƭŜŀǎŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜŎƻƴŘƛǘƛƻƴŜŘ ŦƛǎƘΦ 

 

In 2014 the CRITFC worked to answer these critical uncertainties which we ŀŘŘǊŜǎǎ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ 
annual report.  In 2013 we began developing the population growth, abundance, spatial 
structure, and diversity models that we initially ǇǳōƭƛǎƘŜŘ ƛƴ ƭŀǎǘ ȅŜŀǊΩs report under Hatch et al. 
2014.  This year we refined and inputted data to these models and ran the simulations.  The 
results of these models are published under the kelt population model section.  In 2014, we 
assessed maturation status in blood samples from kelts taken in 2013 and 2014 (Reproductive 
development in kelt steelhead section ). These samples will allow a direct comparison of the 
reproductive and energetic status of reconditioned kelts with maiden spawners. We completed 
a study employing a proteomics approach to search for an indicator of rematuration in plasma 
samples taken at intake (Proteomic Analysis of Female Steelhead Plasma section). Additionally, 
the other metrics of fish maturation identified in question #3 primarily fat levels, are collected 
at Bonneville Dam, Prosser Dam and Hatchery, Lower Granite Dam and Dworshak National Fish 
Hatchery by the CRITFC.  Following the principal of adaptive management we are currently 
retaining non-mature fish at both Prosser and Dworshak to hold over for rematuration to see if 
this is a viable option at boosting repeat spawning in those basins. All captured kelts are PIT-
tagged and monitored by in-stream PIT-tag arrays.  Also, in the Snake Basin, we investigated 
collection of kelts at Lower Granite Dam and Fish Creek a tributary of the Lochsa River.  We may 
plan on collecting kelts at Little Goose Dam and collect South Fork Clearwater fish again as was 
done in 2013 (Hatch et al. 2014). The kelt diet continues to be fine tuned to increase survival 
and maturation.  We are collaborating with a fish nutritionist at the U.S. Department of 
Agriculture to optimize a diet that incorporates the Cyclopeeze top coating into the pellet 
(Hatch et al 2014) and increases lipid levels which are important for egg development and 
production. 
 
The Relative Reproductive Success portion of the project is to focus on measuring reproductive 
capabilities of artificially reconditioned kelts.  We conducted a study using hatchery origin kelts 
at Dworshak National fish hatchery to assess the effect of reconditioning on egg quality and 
other aspects of reproductive performance. This experiment replicates a similar experiment 
that we conducted at Parkdale Hatchery (Hatch et al 2013a) providing us with important 
geographical replication component to this work. We continued to try and quantify kelt 
contribution to steelhead populations in the wild by collecting juvenile genetic samples and 
matching them to repeat spawner parents in the Yakima River and its tributaries. We also radio 
tagged 70 of the reconditioned kelts (termed repeat spawners) that were released in the fall of 
2013 and tracked migrants to areas where they likely spawned for later juvenile DNA 
collections.  Genetic analysis is currently being conducted on these fish and will be presented in 
the 2015 annual report. We have made progress towards utilizing the spawning channel at Cle 
Elum hatchery to monitor kelt reproductive capabilities and are intending to complete a 
feasibility study beginning in 2015. The kelt master plan for the Snake River is currently in draft 
form for internal review and will be available in 2015 for action agency reviews.  We have 
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produced 5 publications and provided 14 presentations to increase exposure of the program to 
a wider audience and to inform management decions in the Columbia River Basin. 
 

<A>Reconditioning Processes Strategies 
 

Kelt steelhead reconditioning process evaluations involve fish culturing practices, studying 
alternative management strategies, and implementing research scale reconditioning programs. 
The evaluation of kelt steelhead restoration strategies is based on two fundamental hypotheses 
aimed at comparing the relative survival and rematuration rates of program fish. 
 
Ho: Kelt steelhead reconditioning rates are similar spatially and temporally; 
 
and, 
 
Ho: Kelt steelhead rematuration rates are similar spatially and temporally. 
 

The goal of this group of studies is to develop and evaluate potential strategies to increase 
steelhead productivity by maintaining or restoring iteroparity.  Providing assistance to kelts in 
the form of transportation, feed, captivity, and prophylactic measures (anti-fungal, antibiotics, 
and anti-parasitic) will increase the probability that individual steelhead repeat spawn and 
contribute to population growth.  The group of studies includes in-river release and long term 
reconditioning.  These studies attempt to include measures that span from low to high intensity 
ŀƴŘ ƭƻǿ ǘƻ ƘƛƎƘ ŀǎǎƻŎƛŀǘŜŘ ŎƻǎǘǎΦ  ¦ǎƛƴƎ Řŀǘŀ ŦǊƻƳ ŀƭƭ ǘƘŜǎŜ ǎǘǳŘƛŜǎ ǿŜΩǾŜ ŘŜǾŜƭƻǇŜŘ ŀ 
Management Scenario Evaluation to assist in kelt steelhead management decisions.  The two 
listed scenarios were pursued in 2013, in previous years we have also explored other methods 
for improving kelt survival but have focused on the low cost and high cost scenarios. Kelt 
steelhead reconditioning process evaluations involve fish culturing practices, studying 
alternative management strategies, and implementing research scale reconditioning programs.   
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<B>Kelt Collection 
Steelhead kelts are collected from 3 main areas throughout the Columbia River Basin, Prosser, 
WA, Lower Granite, WA, and Fish Creek, ID.  This section details the capture locations, capture 
methods, and biological information collected from the specimens.  
 

Fish Creek Weir 
We added an additional stream location to collect more B-run steelhead kelts at a weir on the 
Fish Creek a tributary of the Lochsa River in eastern Idaho.  In early 2014, a considerable 
amount of time was spent developing the study design, determining logistical issues and 
obtaining Idaho Department of Fish and Game cooperation.  We conducted initial capture and 
transport of kelts to Dworshak National Fish Hatchery from this location in 2014.   
 

<B>Genetic stock identification (GSI) to assign individual stock-of-origin and estimate stock 
proportions in a mixed sample of kelt steelhead sampled at Lower Granite Dam  
Kelt is the term used to describe steelhead trout (Oncorhynchus mykiss) that survive after 
spawning. This ability represents the defining stage of an iteroparous life history and is unique 
to O. mykiss among all Pacific salmon. The demographic benefit of an iteroparous life history is 
realized when kelts migrate to the ocean and successfully complete one or more subsequent 
spawning migrations. Kelts are found throughout the Snake River Basin, but their spatial 
distribution or occurrence among watersheds is highly variable. Rates of iteroparity or repeat 
spawning in the Snake River are highest among populations characterized by smaller, 1-ocean 
age individuals (A-run). Conversely, repeat spawning is less frequent among B-run populations 
typically comprised of larger, 2-ocean age individuals (Narum et al. 2008). We used multilocus 
genotype data at single nucleotide polymorphism (SNP) loci to conduct an analysis of genetic 
stock composition among kelt steelhead sampled at Lower Granite Dam (LGD) between 2009 
and 2013. The objective of this study was primarily to estimate stock proportions in a mixed 
stock sample, providing a better understanding of the origins of post-spawn steelhead among 
the major subbasins (e.g., Clearwater River, Salmon River, Grande Ronde) and major population 
ƎǊƻǳǇǎ όatDΩǎύ ǿƛǘƘƛƴ ǘƘŜ {ƴŀƪŜ wƛǾŜǊ .ŀǎƛƴΦ wŜǎǳƭǘǎ ǿƛƭƭ ǇǊƻǾƛŘŜ ƳŀƴŀƎŜǊǎ ǿƛǘƘ ǾŀƭǳŀōƭŜ 
information about the relative behaviors and population demographics exhibited by genetically 
assigned kelt stocks. The 2014 composition will be provided in the 2015 annual report. 
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<B>In-River Release (Yakima and Snake rivers) 
A systematically selected portion of the kelts that would have been suitable for reconditioning 
were PIT-tagged and released immediately back to the Yakima (Prosser Hatchery) and Snake 
rivers (Lower Granite Dam) to act as a control group and determine the baseline steelhead kelt 
iteroparity rate under current hydrosystem management. These PIT-tagged kelts provide 
baseline survival data and an opportunity to compare current repeat spawner rates to other 
contemporary and historical estimates elsewhere in the Columbia River basin. Leaving 
steelhead kelts in the river also represents the lowest cost option, which is currently the status 
quo for the majority of the Columbia River Basin. 
 

<B>Long-term Reconditioning Treatment 
We define long-term reconditioning as holding and feeding post-spawn steelhead in a captive 
environment to increase kelt survival and additional spawning opportunities. The long-term 
steelhead reconditioning diet and care treatments were established from the studies 
conducted in 2001 and 2002 (Hatch et al. 2002a and Hatch et al. 2003b) and continue at 
reconditioning facilities located in Prosser Hatchery, WA, and Dworshak National Fish Hatchery, 
ID.  These fish are typically released in the fall to over-winter and return to the spawning sites 
volitionally. This treatment represents the highest cost alternative.  
 

Prosser Fish Hatchery 
Prosser is where the reconditioning of steelhead kelts originated with this research endeavor 
(Hatch et al. 2013b). Steelhead kelts are collected at the Chandler Juvenile Monitoring FŀŎƛƭƛǘȅΩǎ 
(CJMF) bypass separator that is just downstream of Prosser Dam.  These fish are either PIT-
tagged and released back to the Yakima River or retained and held for long-term 
reconditioning.  Steelhead kelts are reconditioned and then utilized to further our 
understanding of kelt maturation and enhance survival for research, conservation, and 
mitigation purposes.  Kelts that survived the artificial reconditioning were released or retained 
for further additional reconditioning research (maturation assesement, gondal somatic index 
assesment, management strategy approaches, and innovative feeding/treatment approaches). 
This portion of the project addresses the RPA number 42 ǘƻ άImplement Conservation Programs 
ǘƻ .ǳƛƭŘ DŜƴŜǘƛŎ wŜǎƻǳǊŎŜǎ ϧ !ǎǎƛǎǘ ƛƴ tǊƻƳƻǘƛƴƎ wŜŎƻǾŜǊȅέ (NMFS 2008). 
 

Dworshak National Fish Hatchery 
Specific to Snake River B-run steelhead, our project collection locations include kelts at the 
Lower Granite Dam juvenile bypass separator, kelts collected from the Fish Creek weir (see Fish 
Creek below) and air spawned Dworshak National Fish Hatchery returns.  Fish collected from 
Lower Granite Dam and Fish Creek were either transported to Dworshak Hatchery for 
reconditioning, or PIT tagged and released back into the Snake River as a representative control 
group.  Dworshak Hatchery and Fish Creek fish were retained for experiments to further 
understand repeat spawner rematuration.  The fish that survived reconditioning were released 
downstream of Lower Granite Dam in December 2014.  The successful reconditioning and 
subsequent release of wild B-run steelhead back into the Snake River system addresses the RPA 
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number 33 to Develop and Implement a Kelt Management Plan to improve the productivity of 
interior basin B-run steelhead populations (NMFS 2008, 2010, and 2014).     
 

 

Diet Enhancement 
Based on results of our feeding trials in 2012 and 2013 it was decided that we needed to 
increase the efficiency in the delivery of lipids in the kelt diet. Currently we are collaborating 
with Dr. Rick Barrows from the U.S. Department of Agriculture (USDA) to formulate a diet that 
should boost lipid intake and in turn increase survival and rematuration in reconditioned kelts.  
Initial results from this experiment should be available in the 2015 annual report. 

<B>Kelt Reconditioning Physiology Studies 
In this objective we will study the physiology and endocrinology of steelhead kelts with a goal 
of evaluating the feasibility and success of several strategies for rehabilitating and handling of 
steelhead captured at Lower Granite Dam or at other sites during their downstream migration 
in the Snake River system. Our research will focus on the physiology, health and condition of 
both B and A stocks of steelhead trout. Through this research we will pose, develop, and test 
protocols that can be used to collect and transport spent spawners, rehabilitate them for the 
most effective period of time to maximize their ability and contribution to the next spawning 
generation. Our focus is to develop the background science needed for evaluating different 
production plans for rehabilitation of kelts. This portion of the work is a collaboration between 
the CRITFC, Nez Perce Tribe, and University of Idaho. 
 
Reproductive Development in Kelt Steelhead  
An understanding of the reproductive status of female kelt steelhead during reconditioning and 
at release is required to maximize the success of Columbia River Basin kelt reconditioning 
projects.  Natural steelhead production is limited by the number of female spawners.  In order 
to contribute to ESA-listed steelhead populations, female kelts must not only survive 
reconditioning but also remature and produce viable eggs.  Questions regarding reproductive 
performance of reconditioned fish underlie issues raised regarding kelt reconditioning projects 
during ISRP review (ISRP 2011).  We believe these issues can be best addressed by research 
aimed at an improved understanding of post-reproductive life history and physiology in 
steelhead. 
 
Iteroparous female salmonids have two major post-reproductive life history trajectories 
(Chaput and Jones 2006; Keefer, et al. 2008; Rideout, et al. 2005; Rideout and Tomkiewicz 
2011).  After a spawning event, some fish are able to restore energy lost during migration and 
spawning, redevelop a mature ovary, and spawn the next year.  These fish are termed 
consecutive spawners.  Other fish do not initiate redevelopment of the ovary for the next 
spawning season, but instead skip a year.  These fish are termed skip spawners.  We 
hypothesize that these life history trajectories are the result of the effect of energy balance on 
maturation decisions made during seasonally defined critical periods.  The influential critical 
period model of the first reproductive maturation (puberty) in salmonids posits that maturation 
is initiated during a decision window approximately one year prior to spawning (Campbell, et al. 
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2006b; Satterthwaite, et al. 2009; Shearer and Swanson 2000; Thorpe 2007).  This decision is 
made based on energy reserves.  If maturation is initiated during this critical period, it may be 
arrested at a second critical period before the onset of exogenous vitellogenesis, if energy 
reserves are not sufficient (Yamamoto, et al. 2011).  We hypothesize that a similar decision 
mechanism regulates rematuration in post-spawning steelhead.  Consistent with this idea, we 
found that energy restriction affected reproductive development within 10 weeks after 
spawning in female rainbow trout (Caldwell, et al. 2013; Caldwell, et al. 2014).  In post-
spawning fish, energy driven decisions take place in the context of the extreme energy deficit 
incurred by migration and spawning.  Threshold energy levels for maturation or rematuration 
are determined by the genetic makeup of the fish and subject to selection (Carlson and 
Seamons 2008; Hutchings 2011). 
 

Studies conducted in 2009-2011 established that blood levels of estradiol and vitellogenin 
diverge between rematuring and non-rematuring fish during reconditioning.  Estradiol is the 
principal female gonadal steroid in fishes, which regulates many aspects of reproductive 
development, and vitellogenin is a phospholipoprotein produced by the liver under regulation 
by estradiol which provides most of the material for ovarian development.  Estradiol indicates 
maturation earlier than vitellogenin, and the cost of the estradiol assay is about 1/4th of the 
cost of the vitellogenin assay.   
 
During 2014, we measured estradiol level in a large number of blood samples, mostly from the 
2013 and 2014 seasons.  We collected blood from fish in the reconditioning programs at 
Prosser, Dworshak, and Winthrop.  We provided maturation status for Prosser fish to project 
managers prior to release.  Laboratory assays and data analysis are ongoing.  Preliminary results 
are presented here, with the caveat that they may change as more assays and analysis are 
completed. 
 
Proteomic Analysis of Female Steelhead Plasma 
Female steelhead kelts have the capability to be iteroparous. Presently, there is no means 
available to know whether post-spawned steelhead kelt will immediately enter another 
reproductive cycle. A biomarker that indicates this physiological capability (intent) would be a 
valuable tool for managing captive fish for re-conditioning programs. Our premise is that there 
may be a plasma protein(s) that could fill the role as a biomarker. This might be a protein that is 
present at higher levels (metabolic indicator) in kelts that will enter a consecutive reproductive 
cycle, as opposed to fish with much lower or negligible levels of this protein. To identify 
potential biomarkers of reproductive status in steelhead kelts at intake into reconditioning, a 
plasma proteome approach was employed.  Plasma proteomic patterns were compared 
between kelts that went on to consecutively reproduce similar and fish that did not.  
 

<B>Population model 
In 2013, we constructed a prototype steelhead model to examine the management implications 
of kelt reconditioning. The model was designed to address the factors influencing kelt condition 
at capture, the effect of the capture rate of kelts on the overall recovery rate, the effects of the 
in-river release, transport unfed, transport fed, and long term reconditioning survival on 
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recovery, and the proportion of kelts reconditioned, transported or released. The model was 
intended to be used to assess the effectiveness of alternate reconditioning strategies, and 
limitations of the reconditioning program.  This was done by comparing the rate of achievable 
population increase when captured kelts are reconditioned under assumed potential capture 
rates and assumed survival rates. The model was intended to be a very general 
implementation, capable of reproducing multiple age classes of adult returns, and tracking all 
components of the kelt program. The model explicitly tracked groups of kelts of different 
conditions (fair, good, and poor) and of different release groups (in-river, fed-transported, and 
unfed-transported). 
 
 

<A>Reproductive Success of Artificially Reconditioned Kelt Steelhead 
This evaluation program is designed to investigate the reproductive success of artificially 
reconditioned kelt steelhead.  Since direct examination of reproductive success in the field is 
very difficult, we are also measuring physiological and endocrinological parameters as an index 
to rematuration and reproductive success and at a variety of scales. These variety of scales are 
at the individual fish level (egg quality) and natural stream level (Yakima River Basin and Fish 
Creek (in-development)).  We will add another dimension with the development of a controlled 
environment (Cle Elum spawning channel) study.  This will provide direct measures of kelt 
reproductive capability in a semi-natural setting that can control some of the natural 
environmental variables (predation, conspecific competition, and high/low flow events). This 
project is a collaborative effort amongst two of our member tribes (Nez Perce Tribe and 
Yakama Nation), the University of Idaho, and the Columbia River Inter-Tribal Fish Commission.   
 
Ho: Measures of gamete and progeny viability and quality are similar between first spawning 
and second spawning following artificial reconditioning. 
 

<B>Egg quality and reproductive parameters in hatchery origin maiden female steelhead and 
reconditioned kelts at Dworshak National Fish Hatchery  
In their recent review of the Upper Columbia Kelt Reconditioning Program, ISRP recommended 
ǘƘŀǘΥ άaŜǘƘƻŘǎ ǘƻ ŀǎǎŜǎǎ ǘƘŜ Ŧŀǘ ƭŜǾŜƭǎΣ ƳŀǘǳǊŀǘƛƻƴ ǘƛƳƛƴƎΣ ŦŜŎǳƴŘƛǘȅΣ ŜƎƎ ǎƛȊŜΣ ŀnd gamete 
Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜŎƻƴŘƛǘƛƻƴŜŘ ƪŜƭǘǎ ƴŜŜŘ ǘƻ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘΧέ όL{wt 
2014, Qualification 3).  To address ISRPs recommendation, we are conducting an experiment to 
assess reproductive performance in hatchery origin kelts at DNFH. 

It is difficult or impossible to directly to assess egg quality and fecundity in wild fish, because 
wild fish spawn naturally before collection, and reconditioned wild fish are released to spawn 
naturally.  The DNFH hatchery origin kelt model provides a unique opportunity to directly assess 
egg quality and fecundity in a large number of maiden spawners.  If these fish can be 
successfully reconditioned, egg quality and fecundity in the first spawning can be directly 
compared to the second spawning.  Production of high quality eggs is necessary for 
reconditioned kelts to contribute to listed Snake River steelhead populations.  If issues with egg 
quality are identified, they will need to be addressed in order for the project to succeed.  On 
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the other hand, fecundity increases with body size in salmonids (Quinn 2005), suggesting that 
reconditioned kelts should have higher fecundity than maiden fish.  The production of eggs that 
can be fertilized and develop successfully is a necessary but not sufficient condition for 
reproductive success of reconditioned kelts in the wild.  However, if egg quality and spawning 
success are equal, then the relative fecundity of reconditioned kelts can provide an estimate of 
the productivity of reconditioned kelts versus maiden steelhead.  Thus, assessment of egg 
quality and fecundity in reconditioned kelts is a step toward our goal of measuring the relative 
reproductive success of reconditioned kelts. 

After reconditioning in the ocean, repeat spawning steelhead may spawn either in the same 
year, known as consecutive spawning, or in the following year, known as alternate- or skip-
spawning.  Consecutive repeat spawning and alternate (skip) repeat spawning are diverse life 
histories found within populations of successfully repeat spawning (iteroparous) post-spawn 
fish (kelts), which have been detected in the wild in Alaska (Nielsen, et al. 2011), and on the 
Snake River (Keefer et al. 2008), and in the captive kelt reconditioning project on the Yakima 
River (Branstetter et al. 2011; Hatch et al. 2013a; Hatch et al. 2012), and Upper Columbia 
(Abrahamse and Murdoch 2013). The causes and consequences of alternate reproductive 
behavior in post-spawning in steelhead have been little studied, although relevant information 
is available in Atlantic salmon.  Atlantic salmon repeat spawning kelts add life history variation 
to populations and function as population stabilizers (Halttunen 2011). In naturally repeat 
spawning Atlantic salmon, egg size was decreased in consecutive spawning kelts versus skip 
spawning kelts, possibly due to reduced energetic reserves for ovarian development (Reid and 
Chaput 2012).  The availability of prey in the estuary was associated with differing migration 
patterns and return proportions of consecutive and skip spawners (Chaput and Benoit 2012), 
suggesting that post-spawning life history is plastic and depends on feeding conditions in the 
ocean.  This is supported by studies on steelhead showing that maturation is associated with 
growth in the marine environment (Quinn, et al. 2011). 

In this experiment, we aim to compare the reproductive performance of DNFH hatchery-origin 
female steelhead at their maiden spawning with that of kelts which survive and remature at 
their second spawning.  Since we anticipate that repeat spawners may follow either a 
consecutive or skip spawning trajectory, we will compare reproductive parameters in these two 
types versus maiden spawners.  This experiment is ongoing, and results may change as more 
data is collected and additional analysis is completed. 

 

<B>Kelt Reproduction in a Natural Setting 
 

Yakima Parentage Analysis 
The reproductive success of long-term reconditioned kelts needs to be explored to assess the 
net benefit of the kelt reconditioning program. Specific questions regarding the success of 
artificially reconditioning kelt steelhead include: 1) Do reconditioned kelts produce viable 
offspring that contribute to recruitment, 2) How does artificially reconditioned kelt 
reproductive success compare with natural repeat spawner success, and 3) How does artificially 
reconditioned kelt reproductive success compare with first time spawner success? In this study 
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we utilize DNA markers and pedigree analysis to address these questions for kelt steelhead in 
tributaries of the Yakima River Basin.  

 

Repeat Spawner Post Release Tracking 
We radio tagged 70 long term reconditioned kelts in October of 2013, with the goal of tracking 

individual fish to their prospective redds to increase the odds of sampling progeny from the 

reconditioned kelts. The radio tagged artificially reconditioned kelts were assumed to be 
rematuring based on elevated levels of estradiol that was collected in August of 2013.  The 
radio tracking was conducted with assistance from the Yakima River Steelhead VSP  
(Frederiksen et al., 2014).  In the fall of 2014, we electroshocked specific areas that radio 
tagged fish likely spawned in. We collected genetic samples from age-0 steelhead fry in an 
attempt at assigning parentage back to artificially reconditioned kelt repeat spawners. In 
addition, 21 of these radio tagged fish have ǇǊŜǎǳƳŜŘ άƳŀƛŘŜƴέ ǎǇŀǿƴƛƴƎ detection histories 
from the previous year (2012/13) which we can also use to rate the fidelity of repeat versus 
maiden spawnings.  We also continue to randomly sample in the basin to find kelt parentage 
from non-radio tagged individuals. Even with this combined expansive and targeted sampling, 
finding evidence of natural spawning (observed spawning or genetic evidence of spawning) is 
still difficult.   
 

<B>Cle Elum Spawning Channel 
The difficulty of finding spawning in the wild results in low sample sizes that limits statistical 
power when analyzing effects of artificially reconditioned repeat spawners on the total 
population.  To address this problem, we have initiated a study using the Cle Elum Spawning 
Channel which had previously been used for spring Chinook. That prior experiment was used to 
successfully observe spring chinook natural spawning capabilities and behavior (Schroder et al. 
2008; Schroder et al., 2010).  We will utilize the spawning channel to conduct a similar 
experiment to observe and determine artificially reconditioned kelt reproductive capabilities in 
the channel. This will help to reduce some of the variables that occur in nature, namely 
predation, navigation of degraded habitat, and fluctuating natural conditions (flood events and 
low water years),and speficic to our study, the low percentage of spawning adults genotyped..  
Most of 2014 was spent on creating the study design and obtaining support and permission 
from the YKFP Policy Group (Yakama Nation and Washington Department of Fish and Wildlife) 
through the YKFP technical review process.  Collaborators include: U.S. Fish and Wildlife 
Service, BPA, and NOAA through the Cle Elum technical team approval process. Please see 
Appendix 1.e. for further details on plan. 
 

<A>Kelt Master Plan Development 
The Nez Perce Tribe are currently evaluating the Kelt Master Plan document through the Nez 
tŜǊŎŜ ¢ǊƛōŜΩǎ governmental review process. We anticipate that the Steelhead Kelt Master Plan 
will move through the review process and be approved in mid-2015.  Afterwards it should be 
ready for basinwide review and approval by the action agencies sometime in mid-to-late 2015. 
 

<A>Publications 
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To better understand and share knowledge with the science and conservation communities on 
the physiological processes that influence post-spawn steelhead recovery the CRITFC and its 
partners published five papers to the published literature in 2014 ((Buelow and Moffitt 2014; 
Caldwell et al. 2014; Penney and Moffitt 2014 a.; Penney and Moffitt 2014 b.; Hernandez et al. 
2014).  Our team gave 14 project presentations on our research in 2014 at the basin, regional, 
national, and international levels. See Appendix A.2 for specifics.   
 

Pacific Coast Steelhead Management Meeting-1 
Yakima Basin Science and Management Conference, Ellensburg, WA -3 
National American Fisheries Society, Quebec City, QC, CA-5 
1st Annual CRB Trainee Symposium-1 
Fish Culture Conference, Mission, OR-3 
Department of Biological Sciences University of Idaho-1 
 

aŜǘƘƻŘǎ  
A list of methods is provided in the Appendix A.3.  This list provides direct hyperlinks to 

detailed project methods that are hosted on the Monitoring Methods website. 

 

<A>Study Area 
 

<B>Prosser, WA: Yakima River Basin  
The Yakima River is approximately 344 km in length and enters the Columbia River at RK 539.  
The basin is 15,928 km² and average discharge is 99 m3/s.  Summer steelhead populations 
primarily spawn upstream from Prosser Dam in Satus Creek, Toppenish Creek, Naches River, 
and other tributaries of the Yakima River (TRP 1995) (Figure 1). The Prosser Dam in Prosser, WA 
is a diversion dam, which collects water for irrigation in the Yakima River valley.   

https://www.monitoringmethods.org/Home/Index
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Figure 1: Map of the Yakima River Subbasin.  Some of the steelhead natal spawning creeks are listed.  Both the 
Cle Elum and Prosser hatcheries are included. 
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<B>Prosser Hatchery  
Prosser Hatchery is located on the Yakima River just downstream of Prosser Dam (RK 75.6) 
(Figure 2). This facility is part of the The Yakima/Klickitat Fisheries Project,  a supplementation 
project designated by the NPPC as the principle means of protecting, mitigating, and enhancing 
the anadromous fish populations in the Yakima and Klickitat Subbasins.  Prosser Hatchery was 
constructed in 1994 with the primary function of rearing, acclimating, and releasing fall chinook 
salmon (O. tshawytscha). It is also used for rearing coho salmon (O. kisutch) prior to acclimation 
and release in the upper Yakima River Basin (Figure 9) as well as experimental rearing of white 
sturgeon (Acipenser transmontanus) and Pacific lamprey (Entosphenus tridentate). 

 

Figure 2: Map showing the location of Prosser Dam and the kelt reconditioning facility at Prosser, WA. 

<B>Lower Granite, WA: Snake River Basin 
The Snake River watershed is the tenth largest among North American rivers, and covers 
almost 280,000 km2 in portions of six U.S. states: Wyoming, Idaho, Nevada, Utah, Oregon, 
and Washington, with the largest portion in Idaho. Most of the Snake River watershed lies 
between the Rocky Mountains on the east and the Columbia Plateau on the northwest. The 
largest tributary of the Columbia River, the Snake River watershed makes up about 41% of 
the entire Columbia River Basin. The Snake River enters the Columbia at RK 523.  Its average 
discharge at the mouth constitutes 31% of the Columbia's flow at that point.  The Snake 
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River's average flow is 1,553 m3/s.  At Anatone, Washington, downstream of the 
confluences with the Salmon and Grand Ronde, but upstream of the Clearwater, the mean 
discharge is 979 m3/s (Figure 3).  The third dam on the Snake River Lower Granite Lock and 
Dam is a concrete gravity run-of-the-river dam on the Snake River, in the U.S. state of 
Washington.  The dam is located 22 miles (35 km) south of the town of Colfax, and 35 miles 
(56 km) north of Pomeroy. Steelhead spawn naturally throughout the lower portion of the 
ōŀǎƛƴ ǿƛǘƘ ǘƘŜ Ǿŀǎǘ ŀƳƻǳƴǘ ƻŦ ά.-Ǌǳƴέ ǎǘŜŜƭƘŜŀŘ ǇǊƻŘǳŎŜŘ ŀǘ ǘƘŜ 5ǿƻǊǎƘŀƪ bŀǘƛƻƴŀƭ CƛǎƘ 
Hatchery found on the Clearwater River.  
 

<B>Fish Creek, ID: Lochsa River Subbasin 
 

Fish Creek is a tributary of the Lochsa River which is part of the greater Clearwater subbasin 
that feeds into the Snake River basin. This stream system is primarily dominated by O. mykiss 
(Copeland et al. 2013).   
 

 

Figure 3: Map of the Snake River Basin. 

<B>Dworshak National Fish Hatchery 

Kelt reconditioning facilities are located at Dworshak National Fish Hatchery (DNFH) in Ahsahka, 
Idaho (Figure 4).  DNFH is located at the confluence of the North Fork of the Clearwater River 
(RK 65).  Dworshak National Fish Hatchery is a "mitigation" hatchery constructed in 1969 by the 
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Army Corps of Engineers, and is presently co-managed by the U.S. Fish and Wildlife Service and 
the Nez Perce Tribe. Steelhead, Chinook, and Coho salmon are spawned and reared at the 
ŦŀŎƛƭƛǘȅΦ  ¢ƘŜ ǇǊƛƳŀǊȅ Ǝƻŀƭ ƻŦ ǘƘŜ ǎǘŜŜƭƘŜŀŘ ǇǊƻƎǊŀƳ ŀǘ 5bCI ƛǎ ǘƻ ά/ƻƴǎŜǊǾŜ ŀƴŘ ǇŜǊǇŜǘǳŀǘŜ ǘƘŜ 
ǳƴƛǉǳŜ bƻǊǘƘ CƻǊƪ /ƭŜŀǊǿŀǘŜǊ wƛǾŜǊ Ψ.-ǊǳƴΩ ǎǳƳƳŜǊ ǎǘŜŜƭƘŜŀŘ ǇƻǇǳƭŀǘƛƻƴΦέ  5bCI ǇǊƻŘǳŎǘƛƻƴ 
goal is to release 2.11 ς 2.21 million B-run steelhead smolts per year (USFWS 2009). 

 

Figure 4: Map showing the location of experimental kelt reconditioning tanks at Dworshak National Fish 
Hatchery.  Figure modified from USFWS 2009. 

<B>Cle Elum Research Facility 
The Cle Elum Supplementation and Research Facility (CESRF) was built in 1997 to research the 
effects of supplementation programs on the Upper Yakima near the town of Cle Elum, WA 
(figure 5).  In 2000, an artificial stream 127m x 7.9 m wide was built at the CESRF. The wetted 
width of the stream ranges between 4.3 and 5.5m.  The artificial stream has the ability to be 
subdivided into 7 sections (figure 6) (Schroder et al. 2008). For the purposes of our experiment 
we will likely only split into 3 sections. 
 

Kelt Tanks
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Figure 5: Cle Elum Spawning Channel overhead photo. 
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Figure 6: Cle Elum spawning channel setup. Figure used with permission from North American Journal of 
Fisheries Management. 

 

<A>Reconditioning Processes Strategies 
 

<B>Kelt Collection 
Chandler Juvenile Monitoring Facility (Yakima River) 
Post spawn steelhead migrating downriver are inadvertently collected by way of the Chandler 
Juvenile Monitoring Facility (CJMF a.k.a Chandler Juvenile Evaluation Facility CJEF)) which 
diverts migratory fishes away from the irrigation canal  Once diverted into the CJMF, emigrating 
kelts are manually collected from a fish separation device (a device that allows smaller juvenile 
ǎŀƭƳƻƴƛŘǎ ǘƻ άŦŀƭƭ ǘƘǊƻǳƎƘέ ŦƻǊ ǇǊƻŎŜǎǎƛƴƎ ƛƴ ǘƘŜ ƧǳǾŜƴƛƭŜ ŦŀŎƛƭƛǘȅ ǿƘƛƭŜ ƭŀǊƎŜǊ ŦƛǎƘ Ŏŀƴ ōŜ 
dipnetted for processing (Figure 7).  Yakama Nation staff monitored the Chandler bypass 
separator during the kelt migration.   
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Figure 7: Inside view of the Chandler Juvenile Monitoring Facility showing the separator rack where kelt 
steelhead are collected. 

 
All adult steelhead are placed into a water-lubricated PVC pipe slide that diverts fish to a 
temporary holding tank 6.1 m (l) x 1.8 m (w) x 1.2 m (h) containing oxygenated well water at 
13.80C (Figure 8). All specimens were then transferred to a 190-L sampling tank containing fresh 
river water, and anesthetized in a buffered solution of tricaine methanesulfonate (MS-222) at 
60 ppm.  All prespawn individuals were immediately released to the Yakima River. All kelt 
steelhead were processed for the control and long-term reconditioning.    
 
Following kelt identification, fish were sexed, weighed (collected in pounds but converted to kg 
for this report), measured fork and mid-eye to hypural length (cm), assigned condition rating 
(good- lack of any wounds or descaling, fair- lack of any major wounds and/or descaling, poor- 
major wounds and/or descaling), coloration rating (bright, medium, dark), and presence or 
absence of physical afflictions (e.g., head burn, eye damage). Passive Integrated Transponder 
(PIT) tags, if nƻǘ ŀƭǊŜŀŘȅ ǇǊŜǎŜƴǘΣ ǿŜǊŜ ƛƳǇƭŀƴǘŜŘ ƛƴ ŜǾŜǊȅ ŦƛǎƘΩǎ ǇŜƭǾƛŎ ƎƛǊŘƭŜ ŦƻǊ ƭŀǘŜǊ 
identification. 
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Figure 8: Chandler Juvenile Monitoring Facility PVC slide and holding tanks. 

 
The Lower Granite Juvenile Fish Facility (Snake River) 
Steelhead kelts migrating from tributaries of the Snake River above Lower Granite Dam that do 
not emigrate via the Removable Spillway Weir (RSW) are directed by a large bypass system to 
the Juvenile Fish Facility (JFF) at Lower Granite Dam (LGR) (RK 173) where they are collected by 
Army Corps of Engineer (COE) staff. Kelts are netted off the adult fish separator bars and moved 
to a fish hopper that led into the kelt receiving tank (Figure 9).  Both B-run (> 70 cm) and A-run 
(<70 cm) steelhead are selected.  Our determination differs from the TAC cutoff at 78cm (Busby 
et. al., 1996) based on evidence that this size distinction does not seem to fit the size 
distribution of the population. This determination is reinforced, based on our own analyasis of 
the kelt run length data that has found that there appeared to be a bimodal size distribution in 
kelts at 63cm (Graham et al, 2014 poster presentation (Appendix 2).  In 2014, the separator was 
manned 24 hours throughout the season.  Staff from the Nez Perce Tribe (NPT), University of 
Idaho (UI), and CRITFC processed fish diverted into the receiving tank by the COE.  
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Figure 9: Lower Granite Dam Juvenile Fish Facility separator bar screen (A), kelt hopper (B), kelt delivery pipe (C), 
and kelt receiving tank (D).    

 

A

C
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The kelt receiving tanks are 1.8m wide by 7.6m long and 1.8m deep.  The tanks have built in 
crowders, which move along a guided track chain.  Each crowder has a lower gate panel, which 
can be raised mechanically.  Both tanks have a release chamber with a lifting floor and an exit 
gate.  The exit gates are connected to pipes leading directly to the river.  The receiving tank 
(tank #1) is nearest to the river and has an additional crowder to allow separation of treatment 
groups.  The holding tank (tank #2) has an additional exit gate, which can be connected to a 
large diameter hose for alternative release locations (Figure 10). 
  

 

Figure 10: Tanks designed by the University of Idaho for holding and sorting kelts at Lower Granite Dam. 

Every day, staff from the NPT, UI or CRITFC processed fish.  Fish were anesthetized in tricaine 
methanesulfonate (MS-222) or Aqui-S® (clove oil) buffered with standard stock solution of 
sodium bicarbonate to decrease stress and mortality (McCann et al. 1994).  Fish were 
measured, weighed and graded by condition.  In assessing the condition, several factors were 
ŎƻƴǎƛŘŜǊŜŘΦ  ¢ƘŜ ŎƻƴŘƛǘƛƻƴ ǊŀǘƛƴƎ ǿŜ ǳǎŜŘ ǊŜŦŜǊǊŜŘ ǘƻ ǘƘŜ ŦƛǎƘΩǎ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ǊŜŎƻƴŘƛǘƛƻƴƛƴƎΦ  
This rating was based on physical appearance, texture and firmness.  This rating used three 
criteria: color, fungus, and injury.  Fish also had blood and tissue samples collected for 
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physiological measures and genetic profiling.  All fish that were not moribund received a PIT-tag 
before being assigned to a treatment or released back to the river. 
 
Transport to Dworshak from Lower Granite Dam 

Fish destined for DNFH were dipped netted from the adult holding tank at Lower Granite Dam 
and placed in a transport truck.  Nets were large enough to handle active adult steelhead and 
consisted of a soft cotton or natural fiber mesh.  The transport truck had a 1.5-kiloliter tank 
fitted with supplemental regulated, compressed oxygen that was fed via air stones; also a 12-
volt powered tank aeration pump was used to circulate oxygenated water.  Stress Coat® or 
PolyAqua® was used to replace the natural protective slime coating that may have been 
compromised by handling.  In addition, salt was added to reduce osmoregulatory stress.  
Temperature and dissolved oxygen levels were monitored during transport.  Loading densities 
were kept to a minimum; no more than 20 kelts were transported at one time.  
 

Fish Creek Weir 
The resistance board weir is used to interrogate upstream and downstream migrants (Figure 
11).  The trap was operated by IDFG.  The weir trap box was examined several times daily for 
fish and kelts were kept in the trap box until processing. The Nez Perce Tribe/CRITFC processed 
captured female kelts then graded by condition, measures of length, weight at collection, 
genetic samples taken, and then retained for shipment to Dworshak National Fish Hatchery for 
long-term reconditioning or released downstream of the trap.  The same methods used at 
Lower Granite Dam to transport to Dworshak were utilized at this location. 
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Figure 11: Fish Creek Weir.  Picket weir from which kelts are collected and then transported to Dworshak 
National Fish Hatchery for reconditioning. 

Dworshak National Fish Hatchery 
Collection 

Fish volitionally entered the adult ladder at DNFH. They are then crowded mechanically into 
collection baskets and anesthetized in tricaine methanesulfonate (MS-222) or Aqui-S® (clove 
oil).  However, several of the air-spawned fish had been anesthetized with carbon dioxide 
during the previous weeks for ladder counting and fish sorting.  Carbon dioxide presents sub-
lethal stresses that are likely to be adverse to survival of the kelts.  Sorted steelhead were 
emptied on to a large stainless steel table and assessed by observing several physical factors 
prior to being selected for air spawning and reconditioning.  Fish health was evaluated by: 1) 
maturation level - only very ripe females and 2) morphological fitness ς no physical injuries on 
the body surface, no obvious fungus present, no fin rot, or head burn.  Fish not selected for 
reconditioning were air-spawned, PIT tagged and released into the mainstem Clearwater River 
after a three day recovery period. 
  
Brood Air Spawning 

Similar to 2010-13, steelhead were air-spawned at DNFH to augment the number of fish for 
reconditioning experiments.  Selected fish were transferred to an area set aside for the air-
spawning procedure (Lietritz and Lewis 1976).  Low-pressure compressed air was injected into 
the fish using a 20-gauge needle. Eggs were allowed to flow freely with some gentle massage to 
obtain the remainder (Figure 12ύΦ  9ŀŎƘ ŦŜƳŀƭŜΩǎ ŜƎƎǎ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ƛƴ ŀ ōǳŎƪŜǘ ǿƛǘƘ ŀ ŘƛǎǘƛƴŎǘ 
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identification tag.  Standard fish health sampling occurred on these fish to meet the DNFH 
spawning criteria routinely employed at the hatchery, this included ovarian fluid and genetic 
sampling.  A majority of the eggs were fertilized and incorporated into DNFH production.  Eggs 
not used by DNFH were treated with iodine, rinsed and frozen.  These eggs were used to 
supplement feed for reconditioning kelts.   
 

 

Figure 12: Air-spawning steelhead at Dworshak National Fish Hatchery.  

 

While sedated, fish were sampled for blood, body lipid levels, PIT tagged and photographed.  
Blood (1.5 ς 2 ml) was drawn from the caudal vessels using sterile 18 gauge, 38mm needles 
fitted to heparinized syringes.  Body lipid levels were measured by applying a Distell Fish 
Fatmeter to the outside of the fish.  Tagging needles were factory-loaded with PIT tags.  A 
12mm PIT tag was inserted with a sterile PIT tag implant gun midway between the pelvic fins.  
Length and weight were recorded.  Fish received an injection of oxy-tetracycline.  After 
sampling, each fish was placed in a recovery tank for observation prior to transfer to the kelt 
reconditioning tanks.  
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<B>Genetic stock identification (GSI) to assign individual stock-of-origin and estimate stock 
proportions in a mixed sample of kelt steelhead sampled at Lower Granite Dam  
 

Sampling and genotyping 
All kelt steelhead captured in juvenile bypass at Lower Granite Dam during downstream 
migrations between 2009 and 2013 were sampled for genetic analysis. Biologists from the Nez 
Perce Tribe and University of Idaho provided field data that was recorded at the time of 
sampling. Field data included PIT-tag information, sample date, fork length, gender, disposition 
and overall condition (Appendix 1.a)Φ  !ƴ ƻǾŜǊŀƭƭ ŎƻƴŘƛǘƛƻƴ ǊŀǘƛƴƎ ƻŦ άǇƻƻǊέΣ άŦŀƛǊέ ƻǊ άƎƻƻŘέ ǿŀǎ 
based largely on physical appearance, fungal load, and presence of injuries (e.g., head wounds; 
pers. comm. Scott Everett, Nez Perce Tribe). The field identifications of all natural-origin kelts 
sampled between 2010 and 2013 were verified using parentage based tagging (PBT) data in a 
baseline that was initiated in BY2008 (Steele et al. 2012). Those natural origin kelts that were 
subsequently assigned as progeny of PBT broodstock adults were re-classified as hatchery-
origin and excluded from GSI analysis of natural-origin kelts. Since PBT is capable of identifying 
the true (specific) hatchery-of-origin for each hatchery kelt individual, the assignment 
concordance between PBT and GSI methods was used to evaluate the accuracy of GSI 
assignments for  all hatchery kelts sampled in 2010, 2012, and 2013 (2011 was excluded due to 
missing genotypes for the PBT panel of SNPs). In addition, PIT-tag detections at LGD and 
associated interrogation data obtained from the PTAGIS database (Pacific States Marine 
Fisheries Commission 2009) was used to evaluate concordance between detection sites (i.e. 
known mark or release sites) and corresponding GSI assigned RGs of kelts. A total of 192 unique 
SNP loci (Hess et al. 2012) were pared to 188 loci following exclusion of a sex determining 
marker, and three O. clarkii hybrid determining markers, to be used for genetic stock 
identification (GSI) analysis specific to the Snake River Basin. A description of SNP marker 
panels, laboratory and genotyping methodologies, and descriptive statistics used to evaluate 
assignment power and to conduct GSI analyses are described in detail in Hess et al. (2012) and 
Ackerman et al. (2012).  
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GSI procedures 
Typically GSI is a regional application drawing on the scope of demographic influences (e.g., 
migration) and evolutionary factors (e.g. local adaptation) to delineate groups of genetically 
similar populations. When evaluating a mixed stock sample using GSI, assigning individuals to a 
particular population of origin has proven to be routinely less accurate than assignment to a 
reporting group (RG) representing a larger, genetically similar aggregate (Hess et al. 2012). For 
these analyses, reporting groups were assembled from a Snake River reference baseline 
compiled by CRITFC and Idaho Department of Fish and Game (IDFG; Hess et al. 2012, Ackerman 
et al. 2012). The reference baseline was comprised of 73 discrete collections, representing all 
major subbasins in the Snake River Basin, and included multiple collections (watersheds) per 
subbasin in an attempt to account for all contributing stocks or discrete populations (Appendix 
2). Genetic similarity among the 73 reference baseline populations was gauged on the basis of 
observed allele frequency variation, but ultimately the reporting groups were defined on the 
basis of the following prioritized sources of information: 1) the genetic similarity of populations 
ōŀǎŜŘ ƻƴ ǎǘǊǳŎǘǳǊŜ ŀƴŀƭȅǎŜǎΣ нύ ƳŀƧƻǊ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǳǇǎ όatDΩǎύ ŘŜǘŜǊƳƛƴŜŘ ōȅ ƳŀƴŀƎŜǊǎΣ оύ 
geographic structure (i.e. adjacency of watersheds in the Snake River), and 4) formation of RGs 
using iterative combinations of populations based on the prior three criteria.  
 
The resolving power (i.e. power to differentiate between stocks) of the steelhead reference 
baseline was evaluated to provide an expectation of assignment accuracy in GSI analyses. The 
analysis program GENECLASS2 (Piry et al. 2004) was used to estimate rate of self-assignment 
within each RG using ŀ ƧŀŎƪƪƴƛŦŜΣ ƻǊ ΨƭŜŀǾŜ-one-ƻǳǘΩ ό[hhύ ǇǊƻŎŜŘǳǊŜΣ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ 
Bayesian method of Rannala and Mountain (1997). Baseline resolving power was determined 
by rate of self-assignment for each reference population. Self-assignment was defined as the 
proportion of individuals that assigned to their respective, pre-determined RG-of-origin (not 
necessarily population of origin) with highest probability. The top five population assignment 
probability scores were ranked for each individual (rank 1 = highest probability, rank 2 = next 
highest probability, etc.), and an overall RG assignment probability was calculated by summing 
successively ranked probability scores when the corresponded populations were from the same 
predetermined RG. Individual kelt assignment probabilities were estimated in a process similar 
to the baseline power analysis. The most likely population-of-origin for each individual kelt was 
determined on the basis of highest observed assignment probability, corresponding to one of 
73 reference populations. Similarly, the overall RG assignment probability of each kelt was 
calculated as the sum of successively ranked population probability scores corresponding to the 
same RG. 
 

<B>In-River Release 
Yakima River 
A systematic sample (every 10th kelt) of kelts suitable for reconditioning, were PIT-tagged and 
immediately released back into the Yakima River (Prosser, WA RK 75.6) to monitor the rate of 
natural iteroparity.  This data will be compared to iteroparity rates from other treatments and 
inferred from scale pattern analysis in the Yakima River (Hockersmith et al. 1995).   
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Snake River 
Steelhead kelts collected at Lower Granite Dam that were not moribund and not selected for 
reconditioning were PIT-tagged and directly released to the Snake River (RKM 173) during the 
duration of the steelhead kelt seaward migration.  This will provide an annual baseline for 
iteroparity under operation of the current hydrosystem.  Results can also be compared against 
Yakima River rates. 
 

<B>Long-term Reconditioning 
Prosser Hatchery Reconditioning Facility 
Kelts were captured at the CJEF and then placed in a holding tank.  The steelhead kelts deemed 
ǘƻ ōŜ ƛƴ άƎƻƻŘέ ǘƻ άŦŀƛǊέ ŎƻƴŘƛǘƛƻƴ ǿŜǊŜ ǊŜǘŀƛƴŜŘ ŦƻǊ ǊŜŎƻƴŘƛǘƛƻƴƛƴƎ ǿƘƛƭŜ ǎǘŜŜƭƘŜŀŘ ƪŜƭǘǎ ŦƻǳƴŘ 
ǘƻ ōŜ ƛƴ άǇƻƻǊέ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ŘŀǊƪ ƛƴ ŎƻƭƻǊ ǿŜǊŜ ǊŜƭŜŀǎŜŘ ōŀŎƪ ǘƻ ǘƘŜ ǊƛǾŜǊΦ Kelts in the holding 
tank are dip netted and placed into a trailer-mounted tote and moved by a Kawasaki mule with 
a small aerated holding tote to the hatchery (Figure 13). Steelhead kelts retained for the long-
term reconditioning treatments were held in one of four 6.1 m (d) x 1.2 m (h) circular tanks 
(Figure 5).  Loading densities were approximately 2/3rd of the 300 fish carrying capacities of 
these tanks.  Tanks were fed oxygenated 13.80C well water at 757 liters/minute (l/m).   
 

 

Figure 13: Steelhead kelt reconditioning tanks at Prosser Hatchery, Prosser, WA. 

 

All kelts held for an extended period of time in reconditioning tanks are susceptible to severe 
infestations of parasitic copepods, which can be lethal to cultured fishes in confined 
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environments.  The parasitic copepod Salmincola is a genus of parasitic copepod that can 
inhibit oxygen uptake and gas exchange at the gill lamellae/water surface interface by 
attachment to the lamellae. For parasite control fish received a treatment of emamectin 
benzoate (200 µg kg-1).  The drug was administered via injection to the peritoneal cavity for the 
treatment of copepods (Glover et al 2010). All fish held for long-term reconditioning received 
an intraperitoneal injection, based on weight, of the antibiotic oxytetracycline. 
 
Another health concern for fish that may have dermal abrasions, lesions, or lacerations is the 
increased chance for fungal infections.  Untreated, fungal infections can be lethal to kelts that 
have weakened immune systems that normally would be able to fight off such infections. The 
drug Formalin (formaldehyde 37%) is administered approximately five times a week (depending 
on fungal growth) at 1:6,000 for 1 hour in all reconditioning tanks to treat and prevent fungal 
outbreaks in cultured kelts. 
 

Dworshak National Fish Hatchery 
<C>Transport to Dworshak from Lower Granite Dam 

Fish destined for DNFH were dipped netted from the adult holding tank at Lower Granite Dam 
and placed in a transport truck.  Nets were large enough to handle active adult steelhead and 
consisted of a soft cotton or natural fiber mesh.  The transport truck had a 1.5-kiloliter tank 
fitted with supplemental regulated, compressed oxygen that was fed via air stones; also a 12-
volt powered tank aeration pump was used to circulate oxygenated water.  Stress Coat® or 
PolyAqua® was used to replace the natural protective slime coating that may have been 
compromised by handling.  In addition, salt was added to reduce osmoregulatory stress.  
Temperature and dissolved oxygen levels were monitored during transport.  Loading densities 
were kept to a minimum; no more than 20 kelts were transported at one time.  
 
<C>Dworshak Reconditioning Facility and Treatment 

Four 4.5m diameter tanks are located at DNFH (Figure 14).  Tanks have anti-jump curtains and 
shade covers.  River water is provided from a fire maintenance supply line at a flow rate of 3.78 
ƭκƳ ǇŜǊ ǘŀƴƪΦ  ¢ŀƴƪ ƻǳǘŦƭƻǿǎ ŀǊŜ ǇƭǳƳōŜŘ ǘƻ ōƻǘƘ ǘƘŜ 5bCI ǎŜǘǘƭƛƴƎ ǇƻƴŘ ŀƴŘ 5bCIΩǎ {ȅǎǘŜƳ-
III digester.  Tanks are outfitted with both an internal standpipe and an external vented vertical 
loop to control water level.  A four-bucket Koch ring packed column-degassing assembly 
supported by external posts is installed on the inflow to each kelt tank.  Each tank has four 
diffusers connected to a continually operating aeration pump.  Flow, temperature, and 
dissolved gas levels are constantly monitored and logged using a data logger.  An emergency 
monitoring system is installed on each tank.  Dissolved oxygen probes and flow meters are 
connected to an alarm system and data logger.  This system allows real time access to flow and 
dissolved oxygen data via a remote internet connection.  In the event of an emergency water 
loss, oxygen and two back-up water sources are available.   
 
As a prophylactic treatment, oxytetracycline, is administered to all kelts when transferred to 
the tanks.  A programmable peristalsis pump and drip system was installed in 2013 to deliver 
formalin for fungus control.  Feeding begins after initial sampling.  Fish are first presented with 
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krill or eggs until the feeding response is well established.  Then fish are given a higher lipid 
content kelt/broodstock feed. 

 

Figure 14: Experimental kelt reconditioning tanks at DNFH with anti-jump containment curtains and four bucket 
Koch ring packed columns. 
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<B>Kelt Reconditioning Physiology Studies 
 

Reproductive development in kelt steelhead 
 
<C> Blood Sampling 

Fish were blood sampled at the indicated dates in 2013 and 2014 (Table 1).  Steelhead kelts 

were collected and either released or retained for reconditioning at Prosser Hatchery, 

Washington, Dworshak National Fish Hatchery, Idaho, and Winthrop National Fish Hatchery, 

Washington as described elsewhere (Kelt Collection)  (Abrahamse and Murdoch 2013, 2014). 

During blood sampling, blood (2 mL) was drawn from the caudal vein using heparinized syringes 

(ammonium heparin, 10 mg/ml) and centrifuged (5 min, 1000 g). Plasma was collected and 

frozen on dry ice in the field prior to storage at -80°C.  In addition to blood sampling, the length, 

weight and sex of fish was recorded, and a reading of muscle lipid levels was taken with a 

Distell Fish Fatmeter (Distell Inc., West Lothian, Scotland), using the rainbow trout muscle lipid 

setting (Trout-1) at the two most anterior measurement sites recommended by the 

manufacturer (Colt and Shearer 2001; Crossin and Hinch 2005).  The maturity status of fish 

sampled on 9/10/14 at Prosser was assessed by experienced fish culture staff.  Female kelts 

with spawning color, a rounded belly, and a protruding vent were classified as rematuring, 

whereas fish without these characteristics were classified as non-rematuring.  Necropsies were 

conducted on mortalities that occurred at Prosser after the 9/10/14 sampling.  The weight of 

the ovary was recorded and gonadosomatic index (GSI) was calculated as 100 * ovary 

weight/body weight. 

Table 1:  Steelhead sampled in 2013 and 2014.  DNFH: Dworshak National Fish Hatchery, WNFH: Winthrop 
National Fish Hatchery, Prosser: Prosser Hatchery, Prosser Denil: Denil trap for upriver fish at Prosser dam.  LGR: 
Lower Granite Dam adult ladder. 

Location Sample date Fish type # Fish Blood samples Notes 

Prosser Denil Spring 2013 maidens 46 46 
 

Prosser Denil Fall 2013 maidens 61 61 
 

DNFH 2/26/2013 spawners 69 0 Fish not blood sampled 

DNFH 3/5/2013 spawners 77 0 includes South Fork fish 

DNFH 3/12/2013 spawners 37 0 incudes South Fork fish 

DNFH 4/4/2013 kelts 170 0 strip residual eggs and emamectin inj 

DNFH 8/9/2013 kelts 144 144 hatchery and wild 

DNFH 9/30/13, 10/3/13 kelts 133 133 hatchery and wild 

Prosser 8/14/2013 kelts 408 408 all fish 

WNFH 9/26/2013 kelts 6 6 all fish 

Prosser 10/22/2013 kelts 98 98 radio tagged kelts 
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2013 total 
  

1249 896 
 

      

DNFH 2/3/2014 kelts 46 46 2013 spawn year kelts 

DNFH 3/4/14, 3/6/14 spawners 82 82 air spawned hatchery, some released 

DNFH 4/1/2014 spawners 92 92 air spawned hatchery, some released 

DNFH 5/7/14, 5/8/14 kelts 122 122 hatchery kelts 

DNFH 6/25/2014 kelts 70 70 hatchery kelts 

DNFH 8/28/2014 kelts 105 105 all fish 

DNFH 11/6/2014 kelts 79 79 all fish 

LGR Sept-Oct 2014 maidens 360 360 200 hatchery + 160 wild 

Prosser 9/10/2014 kelts 382 382 all fish 

WNFH 10/1/2014 kelts 58 58 all fish 

2014 total 
  

1396 1396 
 

 

<C>Estradiol Assay 

Fish plasma level of estradiol-мтʲ ό9нύ ƛǎ ŀƴ indicator of reproductive development. Fish plasma 

samples must be solvent extracted prior to E2 assay to remove interfering substances.  Plasma 

ǎŀƳǇƭŜǎ όнрл ˃[ύ ǿŜǊŜ ŜȄǘǊŀŎǘŜŘ ǘǿƛŎŜ ŎƻƴǎŜŎǳǘƛǾŜƭȅ ƛƴ мл Ƴ[ Ǝƭŀǎs tubes with anhydrous 

diethyl ether (JT Baker, Avantor Performance Materials, Inc.; Center Valley, PA, USA). 2.0 mL 

diethyl ether was added to each tube and samples were vortexed for 1 m, and then frozen on 

dry ice. After 6-8 m, the aqueous phase was inspected to ensure that it was frozen solid, and 

the solvent fraction was then poured off into a 5 mL glass tube. Diethyl ether extracts were 

then placed in a 49ºC water bath (OA-{¸{ϰIŜŀǘƛƴƎ {ȅǎǘŜƳΤ hǊƎŀƴƻƳŀǘƛƻƴ !ǎǎƻŎƛŀǘŜǎΣ LƴŎΤ 

Berlin, MA) and dried down under a gentle stream of N2 directed via a nitrogen evaporator 

manifold (N-9±!tϰ ммнΤ hǊƎŀƴƻƳŀǘƛƻƴ !ǎǎƻŎƛŀǘŜǎΣ LƴŎΤ .ŜǊƭƛƴΣ a!ύΦ  ! ǎŜŎƻƴŘ ŜȄǘǊŀŎǘƛƻƴ ƻŦ ǘƘŜ 

remaining aqueous fraction from each plasma sample was then performed, again using 2.0 mL 

diethyl ether, as described above; this second extract was pooled with the first extract. Dried 

ŜȄǘǊŀŎǘǎ ƻŦ ŦƛǎƘ ǇƭŀǎƳŀ ǿŜǊŜ ǊŜǎǳǎǇŜƴŘŜŘ ƛƴ нрл ˃[ ŀǎǎŀȅ ōǳŦŦŜǊ ŦǊƻƳ ǘƘŜ ŜǎǘǊŀŘƛƻƭ ŀǎǎŀȅ ƪƛǘΦ 

Plasma E2 concentrations were assayed by an enzyme immunoassay using an 

acetylcholinesterase linked estradiol tracer (Cayman Chemical, Ann Arbor, MI).  Extracted 

plasma samples were appropriately diluted and duplicate technical replicates assayed in the EIA 

ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴ Ƴŀƴǳŀƭ ǇǊƻǾƛŘŜŘ ǿƛǘƘ ǘƘŜ ƪƛǘΦ 
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Proteomic Analysis of Female Steelhead Plasma 
Eight plasma samples were selected from fish collected at the Prosser site in April 2009 (intake 
collection). These samples consisted of four fish that had high levels of estradiol/vitellogenin at 
release in the fall (maturing; indicative of reproductive resumption) and four that had very low 
levels (non-maturing).  
 
To prepare the plasma samples for mass spectrometry they were affinity purified by passing 
them over GlycoLink Immobilization columns that had a rainbow trout vitellogenin antibody 
coupled to the column. This was done to reduce the amount of vitellogenin in the samples, a 
high molecular weight protein present in large quantities in the samples and potentially 
problematic for subsequent analysis. At this point samples were frozen and shipped to the 
Proteomics Centre, University of Victoria, BC, Canada, for mass spectrometry analysis.   
Protein concentrations were determined using a bicinchonic acid protein assay (Sigma). 

Samples (100 µg of each) were precipitated overnight in acetone at 4̄C followed by 
resolubilization in 0.5M TEAB, 0.2% SDS. Proteins were reduced with TCEP and alkylated with 
MMTS. Proteins were then in solution digested with trypsin (Promega) and labeled with the 
appropriate iTRAQ label. iTRAQ labeled peptides were then combined and separated by high pH 
reverse phase HPLC. HPLC fractions containing peptides were then reduced in volume by speed-
vac and analyzed by LC-MS/MS. The length of the reverse gradient used was 2 hours per HPLC 
fraction. Samples were analyzed by reversed phase nanoflow (300 nL/min) HPLC with nano-
electrospray ionization using a LTQ-Orbitrap mass spectrometer (LTQ-Orbitrap Velos, Thermo-
Fisher) operated in positive ion mode. 
 
All data was analyzed using Proteome Discoverer 1.3 (Thermo-Fisher) and MASCOT v2.3 (Matrix 
Science) software. Raw data files were searched against the Uniprot-SwissProt database with 
allspecies filter.  
 

<B>Population Model 
 

Model Description 
The model assumes that iteroparity rates do not differ among years, but that the iteroparity 
rate for virgin spawners ὶ differs from that of repeat spawners ὶ. The number of virgin 
spawners Nt in run year t is the sum of all spawners of age a coming from run year t-a. The 
following equations describe the life history model. All symbols are indexed by run year, so the 
smolts (St) from run year t are in fact observed in year t+3, the ocean adults Oa,t are in fact 
observed in year t+a+1, and the returns Na,t are also in year t+a+1.  
The model begins by summing all virgin returning adults ὔȟ  and repeat spawners Ὅȟ  . 

 ὔ ὔȟ  

Ὅ Ὅȟ  
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Virgin and repeat spawners are subject to a prespawn mortality rate ms and added to get the 
total number of spawners in run year t after pre spawn mortality. 
 
Ὓ ρ ά ὔ Ὅ 
 
Kelts are then calculated by a virgin and repeat kelt rate (rN and rI respectively).  
 
ὑ ρ ά ὶὔ ὶὍ 

 
Smolts Mt are calculated using a Ricker function with productivity at and capacity bt. 
 

ὓ ὛὩ  
 

A condition function is calculated where the condition Ct is predicted using a logistic function 
with a base rate h and scaled to the normalized flow, temperature and spawner density using 
rates ̡ , ɹ Σ ŀƴŘ ʵ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
 

ὅ ρ ρ Ὡϳ  
 

Depending on condition, kelts fall into the category of good (Gt), fair (Ft), poor (Pt), with the 
proportion of good ή, fair ή, and poor ή depending on condition Ct. 
 

Ὃ  ήὑ 

 

Ὂ  ήὑ 

 

ὖ  ήὑ 

 

The number of in-river releases depends both on the capture rate  ̄of good and fair kelts and 
the proportion of captures released — . 
 

Ὑ “— Ὃ Ὂ ρ “ Ὃ Ὂ  
 

All poor condition kelts are released in-river. 
 

Ὑὖ ὖ 
 

The number of transported un-fed kelts depends both on the capture rate  ̄of good and fair 
kelts and the proportion of captures transported and not fed — . 
 

Ὗ “— Ὃ Ὂ  
 

The number of transported fed kelts depends both on the capture rate  ̄of good and fair kelts 
and the proportion of captures transported and fed — . 
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Ὂ “— Ὃ Ὂ  

 

The number of long-term reconditioned kelts depends both on the capture rate  ̄of good and 
fair kelts and the proportion of captures reconditioned fed — . 
 

ὒ “—Ὃ Ὂ  
 

The number of repeat spawners in year a years after the first spawning migration year is the 
sum of the products of survival rates and kelt classifications for each of Rt RPt, Ut, Ft, and Lt, with 
respective survival rates ίȟίȟίȟίȟί where the superscript a denotes the number of years 
between successive spawnings. 
 

Ὅȟ Ὑί Ὑὖί Ὗί Ὂί ὒί 

 

The number of ocean adults ὕȟ pre spawning migration after one year in the ocean (i.e.: 3 
years after spawning and four years after spawning migration) is given by at Beverton-Holt 
survival function with productivity p and capacity k. Note that both parameters can vary in time 
as a function of environmental conditions, and so may not be constant. Note also that capacity 
can be set to near infinity to eliminate density dependence. 
 

ὕȟ ὴȟὓ
ὴȟὓ

ρ
ὴȟ
Ὧȟ
ὓ

 

 

The number of adults returning to spawn after one year ὔȟ is the ocean adults multiplied by 

the maturation rate •  after one year in the ocean. 
 

ὔȟ •ὕȟ 
 

The ocean adults surviving a second year in the ocean is the ὕȟ that do not migrate times a 
Beverton-Holt survival function for survival a second ocean year. 
 

ὕȟ ρ • ὴȟὕȟ
ρ • ὴȟὕȟ

ρ
ὴȟ
Ὧȟ

ρ • ὕȟ
 

 

The number of adults returning to spawn after one year ὔȟ is the ocean adults multiplied by 
the maturation rate •  after a second year in the ocean. 
 

ὔȟ •ὕȟ 
 

The ocean adults surviving a third year in the ocean is the ὕȟ that do not migrate times a 
Beverton-Holt survival function for survival a third ocean year. 
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ὕȟ ρ • ὴȟὕȟ
ρ • ὴȟὕȟ

ρ
ὴȟ
Ὧȟ

ρ • ὕȟ
 

 

The number of adults returning to spawn after one year ὔȟ is the ocean adults multiplied by 
the maturation rate •  after a third year in the ocean. 
 

ὔȟ •ὕȟ 
 

After a fourth year in the ocean, all adults return to spawn, so the fraction of ὕȟthat did not 
spawn after the third year in the ocean are predicted to survive a fourth year and return to 
spawn. 
 

ὔȟ ρ • ὴȟὕȟ
ρ • ὴȟὕȟ

ρ
ὴȟ
Ὧȟ

ρ • ὴȟὕȟ
 

The model will be used to examine various metrics of recovery success under assumed survival 
rates and capture rates. The key variables that will be assumed or estimated will be relative 
survival rates of the four recondition groups (ίȟίȟίȟίȟί), the productivities and capacities 
in fresh and ocean stages, the kelt rates rN and rI,,. The capture rate ̄ Σ ŀƴŘ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴǎ  
—ȟ—ȟ—ȟ— are the quantities of interest that govern the potential recovery rate improvement 

that can be achieved with the kelt program. We will examine a range of possible population 
trajectories by setting rates for productivities and capacities, and maturation rates and 
calculated the relative recovery rates by changing rate ˉΣ Σ—ȟ—ȟ—ȟ—. 

 

Data and model implementation 
In 2014 we began formal parameterization of the model using known steelhead spawning 
abundances, smolt migration abundances, survival rates of kelt release groups, portions of 
captured kelts going into each release group, and the kelt capture rate itself. 
We obtained spawning abundance data from upstream-migrating (prespawn) steelhead at 
Prosser Dam. Smolt abundances were taken from Frederiksen et al. (2014). Kelt success rates of 
each release group were obtained from summaries of tagged captures and returns. Estimates 
of survivals were 39.75%, 3.6%, 15%, and 2.6% respectively for long-term reconditioned fish, in-
river releases, fed transported fish, and unfed transported fish. Success rates were calculated as 
the average success rate over all years that a cohort of kelts was available for each category. 
We parameterized the model such that the predicted success rate of each kelt category was the 
same each year. We used the average of the proportions of kelts falling into each category as 
evaluated from the total collections and returns.  
 

Initializing the model requires initial spawning abundances, which were available from 1985-
2013. Smolt abundance data were also available for the same period. For the model to be able 
to predict future generations of fish, it must be able to predict smolts from spawners, adults in 
the ocean from smolts, and returning spawners from ocean adults. We obtained estimates of 
the Ricker smolt production parameters by fitting the smolt abundances predicted by the Ricker 
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function to the observed smolt abundances. A Ricker function was fit to the model using a 
process error model with a log-normal negative log-likelihood minimization. We used migration 
year total smolts two years after the spawning year as the estimated smolts from a spawning 
group. Since the majority of outmigrating juveniles are two years old, this value would be most 
robust to temporal variation. The model fit estimates a Ricker productivity parameter of 3.94, 
and a capacity parameter of 11,278 (using the Ricker formula in the model description). Figure 
15 shows the fit of the model to the data, and the predicted smolts per spawner using the 
parameterized model. We see that smolts per spawner have been approximately 15-20 smolts 
per spawner on average, requiring approximately 5-7% SAR for population stability. 
 

 

Figure 15:  Ricker stock recruitment model fit of smolts to spawners. 

Because we did not have age structure data of returning adults, we assumed that all returning 
adults spent two years in the ocean. We fixed the maturation rate of first year ocean fish to 
zero so that all fish would remain an additional year in the ocean, and we fixed the second year 
maturation rate to 1.0 so that all fish would return after the second year in the ocean. The 
model thus predicted only four year old returns. Additional assumptions in the life cycle 
parameterization included: 1. Ocean capacity terms of 1.e12 (effectively eliminating density 
dependence), 2. Kelt capture rates of 40%, repeat kelt rate of 25%, 6% in-river release portion 
of kelts, 5% transport unfed portion of captured kelts, 15% transport fed portion of kelts, and 
73% long term recondition portion of kelts. Additionally, we used the Ricker productivity and 
capacity parameters estimated from fitting the Ricker smolt production function. 
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<A>Reproductive Success of Artificially Reconditioned Kelt Steelhead 
 

<B>Egg quality and reproductive parameters in hatchery origin maiden female steelhead and 
reconditioned kelts at Dworshak National Fish Hatchery  
In 2013 and 2014, hatchery origin maiden female steelhead were air spawned at DNFH (Table 
2).  Air spawning was conducted as previously described (Hatch, et al. 2014).  In both years, 
after air spawning, lengths and weights of fish were recorded, and a non-lethal measure of 
muscle lipid content was taken using a Fish Fatmeter (Distell Inc., Midlothian, UK). In 2014, the 
total weight of eggs collected from each female was recorded, and a subsample of 
approximately 100 eggs from each female was taken for transport to the Nagler lab at the 
University of Idaho.  The total weight of eggs was used as ovary weight for calculation of 
gonadosomatic index.  Milt from several males remaining from DNFH production spawning was 
also collected and transported to the University of Idaho.  Milt samples were not pooled.  At 
the University of Idaho, the motility of milt from each male was assessed, and a male was 
selected with confirmed motility and sufficient volume to fertilize all of the eggs collected.  The 
weight of a random subsample of 25 eggs from each female was recorded for calculation of egg 
weight.  Eggs were fertilized and incubated for 12 h.  After 12 h, approximately 25 eggs from 
ŜŀŎƘ ŦŜƳŀƭŜ ǿŜǊŜ ŦƛȄŜŘ ƛƴ {ǘƻŎƪŀǊŘΩǎ ǎƻƭǳǘƛƻƴ ŀƴŘ ǎǘƻǊŜŘ (Stoddard, et al. 2005).  The 
percentage of eggs successfully fertilized was measured as the percentage of fixed eggs 
showing cleavage (cell division) in the embryo by examination under a dissecting microscope.  
This method is less variable than assessments of egg quality further along in development, and 
eggs lots with reduced viability are clearly evident at the 12 hour time point (Stoddard et al. 
2005). 
 

Table 2:  Hatchery origin female steelhead artificially spawned and reconditioned at Dworshak National Fish 
Hatchery in 2013 and 2014. 

Spawn 
Year 

Fish Air 
Spawned 

8/9/2013 8/28/2014 

Alive  
(%) 

Rematuring 
(%) 

Alive  
(%) 

Rematuring 
(%) 

2013 163 
74  

(45.4) 
16  

(21.6) 
29  

(50) 
27  

(93.1) 

2014 149  -  - 
32  

(21.5) 
2  

(6.3) 

 
 
Fish were reconditioned as described (Hatch et al. 2014)(Long-term Reconditioning). The 2013 
spawn year hatchery origin kelts were sampled on 8/9/13, 10/3/13, and 2/3/14.  After the 
2/3/14 sampling, kelts were checked weekly and ripe fish were air spawned.  Eggs quality and 
fecundity were assessed as described above.  Remaining non-rematured 2013 hatchery origin 
kelts and 2014 spawn year hatchery origin kelts were sampled on 5/7/14-5/8/14, 6/25/14, 
8/28/14, and 11/6/14.  During sampling, length, weight, and muscle lipid levels were measured 
and blood was drawn for hormone assays.  Laboratory analysis of these samples is ongoing.  
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Results are reported for assays that have been completed.  Plasma estradiol was assayed as 
described (Methods:Estradiol Assay)(Hatch et al. 2014). 
 

<B>Kelt Reproduction in a Natural Setting 
 

Yakama Parentage Analysis 
<C>Sample Collection 

Anadromous adult steelheads were collected as upstream migrants at Prosser Dam or 
downstream migrants at the Chandler Juvenile Monitoring Facility. Samples collected as 
upstream migrants at Prosser Dam were treated as maidens and referred to as pre-spawn 
maiden collections. Post-spawn adults collected at The CJMF that survived reconditioning to 
release in the fall were referred to as kelts for the spawning event following their release. For 
the spawning event prior to their capture, they are treated as maidens and referred to as post-
spawn maidens.  
 
Age-0 juveniles (juveniles collected in the same calendar year as the spawning event) were 
primarily targeted using electrofishing techniques (NMFS 2000 Electrofishing Guidelines) during 
the fall in natal tributaries. Fork length was recorded collected. Sampling was targeted near 
areas where steelhead spawning was observed or a spawning redd was detected. Technicians in 
the field were directed to target only age-0 juveniles. A 100mm general minimum length was 
used in addition to the best judgment of those collecting the samples. An additional 50 samples 
were collected at a rotary screw trap in Toppenish Creek.   
 
<C>Genetic Analysis 

Fin tissue samples were collected and stored dry on whatman paper, or paper slips in coin 
envelopes for preservation of DNA. Genetic analysis was conducted at the Hagerman Fish 
Culture Experiment Station in Hagerman, ID. DNA was extracted from tissue samples using 

ǎǘŀƴŘŀǊŘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǇǊƻǘƻŎƻƭǎ ŦǊƻƳ vƛŀƎŜƴÑ DNeasyÓ extraction kit. Current genotyping 
efforts utilize the 192 Single Nucleotide Polymorphism (SNP) markers and methods described in 
Hess et al. (2012). Statistical analysis used 172 of the 192 markers. Of those not used, three are 
diagnostic for cutthroat, one (OmyY1_2SEX) is a sex-determining marker and one (Omy_mapK3-
103) was known to have significant linkage disequilibrium issues with another locus (Hess et al. 
2012). An additional 15 loci with minor allele frequency less than 0.05% were also dropped 
from analysis (Omy_cd28-130, Omy_pad-196, Omy_UT16_2-173, Omy_97077-73, Omy_inos-
97, Omy_carban1-264, OMS00095, Omy_b9-164, Omy_mcsf-268, Omy_97865-196, Omy_sSOD-
1, Omy_gadd45-332, Omy_LDHB-2_i6, OMS00169, Omy_nips-299). 
 
Prior to statistical analysis, confirmed duplicate samples, samples with incomplete genotypes, 
and non-target species samples were omitted and are not included in the results. In order to 
evaluate genetic diversity, expected and observed heterozygosity were calculated using Excel 
Microsatellite Toolkit (Park 2001). Deviation from Hardy-Weinberg equilibrium was evaluated 
using exact tests (Haldane 1954, Weir 1990, Guo and Thompson 1992) implemented in 
GENEPOP v3.4 (Raymond and Rousset 1995). Corrections to the significant value were made 
using the Bonferroni method (Rice, 1989). Linkage disequilibrium was tested using exact tests 
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(Haldane 1954, Weir 1990, Guo and Thompson 1992) implemented in GENEPOP v3.4 (Raymond 
and Rousset 1995). 
 
Parentage analysis was performed using CERVUS v 3.0 (Marshall et al. 1998, Kalinowski et al. 
2007). Information on fish gender was not included in the analysis. To minimize incorrect 
assignments, simulations were performed to determine a 99.0% confidence LOD value. 
Individual parentage assignments were included if they had a minimum of 164 Loci 
comparisons and met the critical LOD value of 3. For loci with a single locus mismatch, a more 
stringent LOD value of 15 was used. This accounts for the presence of minor genotyping errors, 
while still incorporating additional samples. 
 
Parentage data was stratified by reporting reproductive success of three primary classes: 1) 
Maidens collected as pre-spawners, 2) Maidens collected as post-spawners, and 3) 
Reconditioned kelts. To account for differences in collection times, and potential post collection 
mortality, parentage results were correlated to: 1) All fish, 2) All females, and 3) All females 
detected at or expected to have been upstream of Prosser Dam. 
 

Repeat Spawner Post Release Tracking 
Reconditioned kelts selected for the radio tag portion of this experiment received the same 
treatments as kelts in the long term artificial reconditioning program. Candidates were selected 
from a pool of fish deemed to be maturing based on estradiol assays (see Estradiol Assay). Also, 
candidates had additional selection criteria applied, based on visual condition (good color, good 
condition, and weight gain) and the discretion of the hatchery manager based on belly 
firmness, presence of developing eggs.  Candidates that had previous detection histories as 
maiden fish were also prioritized. 
 
All radio tagged reconditioned kelts were anesthetized with AQUI-S and had condition factors 
recorded (condition, color, length, and weight) just prior to release. All fish were scanned for 
PIT-tags and those that expelled their tags during the reconditioning process, had new tags 
inserted into the pelvic girdle.  A genetic sample was collected from every fish at intake. Lotek 
model MCFT2-3A transmitter, with dimensions 16 mm in diameter x 46 mm in length, with a 
water weight of 6.7g, burst interval of 4 seconds, and tag life of 1112 days (estimated) were 
utilized. The tags are outfitted with motion sensors capable of emitting both active and inactive 
codes. A radio tag implanted in a live swimming fish will continually transmit an active code. In 
the event the tag has been regurgitated or the fish has been depredated, the tag will emit an 
inactive code after laying motionless for a 24 hour delay period. The motion sensor feature will 
greatly assist in determining tag regurgitation rates and depredation events of individual fish.  
The tags were coated with glycerin and had a surgical rubber band attached (aid in tag 
retention) and then inserted with a specially crafted PVC rod that inserted the tag into the 
stomach (Mellas and Haynes 1985).  Chris Fredericksen tagged all of the candidate fish, as he 
has numerous years of experience radio tagging steelhead in the Yakima River Basin. 
 
The radio tags were on Lotek's 2000 code set, and were on one narrowband radio frequency of 
149.380, Channel 55.  Tracking was done primarily using a Lotek SRX 600 receiver connected to 
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multi directional yagi antennas mounted to the hitch of a pickup truck.  These antennas were 
positioned at 45 degree angles to the left and right of the truck so that they were forward 
facing to maximize their detection efficiency.  Tracking was mainly conducted along roadways 
adjacent to the Yakima River and its tributaries.  Some areas had no road access so tracking was 
also done on foot and occasionally by helicopter or fixed wing aircraft (assisted by the Yakama 
Nation VSP project).  Mobile tracking was conducted every other week during late fall/early 
winter, with frequency of sampling increasing to two to three times a week as water 
temperatures increased in late winter/early spring 
 
PIT-tag antenna arrays at Prosser and Roza Dam, and Satus, Toppenish, Ahtanum and Cowiche 
creeks were used to confirm radio tag detection histories and infer likely spawning status. 
Naches River was the only main tributary without and array system. 
 
 

 

Figure 16: Location of PIT tag arrays and radio tag arrays for detections in the Yakima River Basin.  

 
Juvenile collection 

Juvenile collection was done utilizing an electroshocking backpack unit from Smith-Root (NMFS 
2000) starting downsteam of suspected redds moving upstream to suspected redd location. 
Collection timing was determined by using tempŜǊŀǘǳǊŜ ǳƴƛǘǎ ό¢¦Ωǎύ ƛƴ ǘƘŜ ǎǇŀǿƴƛƴƎ ŀǊŜŀǎ 
subsequent to last Radio or PIT-tag detection dates for the tracked individual (Embody 1934). 
Effort was focused on collecting age-0 fish so that we would not get parentage from the 
ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǎǇŀǿƴƛƴƎΦ  WǳǾŜƴƛƭŜǎ ǿŜǊŜ ŀƴesthetized using MS-222, a non-lethal genetic 
sample was obtained by taking a small fin clip from the caudal fin.  Fish were recovered in a 
bucket of fresh river water and then released in an area which was similar to the habitat from 
which they were collected and away from the thalweg. 
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wŜǎǳƭǘǎ 

<A>Reconditioning Processes Strategies 
 

<B>Kelt Collection 
 

Yakima River 
A total of 580 live kelts were captured between March 21 and June 30, 2014 at the CJMF. 
There were 22 steelhead discovered dead upon arrival in the bypass, 20 kelts in poor 
condition, and 11 prespawn (maiden) steelhead that were released immediately back to the 
Yakima River on site.  A total of 46 good/fair condition kelts were diverted back to the 
Yakima River for the control.  Collection was mostly continuous throughout the migration, 
with peak collection occurring on May 5, 2014 (Figure 17).  The total number of kelts 
captured represented 13.7% (569 of 4,141) of the Yakima River spawning migration based 
on fish ladder counts obtained from Prosser Dam for the period June 31, 2013 through June 
30, 2014.  This collection only represents the portion of the population that volunteer into 
the Chandler bypass while others migrate over Prosser Dam (Frederiksen et al. 2014). 
  

 

Figure 17: Yakima River kelt steelhead collection at CJMF Prosser, WA in 2014. 

Based on visual observations, 469 of 573 (82%) of the kelts were female and 104 (18%) 
were male.  This is a higher number of males than in past years (typically under 10%) (Hatch 
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et al. 2012). There were 7 fish which had no sex assignment. Most kelts were classified as 
good condition (n=360, 62%) followed by fair (n=181, 31%) condition and finally as poor 
condition (n=39, 7%). Coloration was predominately intermediate (n=298, 51%) or bright 
(n=248, 43%) with a small percentage that were dark (n=34, 6%).  
 

Snake River 
 

<C>Lower Granite Dam 
A total of 2,695 kelts were intercepted by the LGR JFF between March 26 and June 26, 2014.  
Collection was mostly continuous throughout the season.  The separator was shutdown on a 
few days for only a few hours to clear debris.  The peak collection (459 fish) occurred the week 
of May 26, 2014 (Figure 18).   
 
From May 2 to 21, 2014, Blue Leaf Environmental (BLE) floy tagged a subsample of 92 fish to 
study prototype passage structures.  These fish were monitored by BLE in a 300 gallon tank on 
ǎƛǘŜ ŀƴŘ ǊŜƭŜŀǎŜŘ ǿƛǘƘƛƴ с ƘƻǳǊǎ όhΩ/ƻƴƴŜǊ Ŝǘ ŀƭΦ нлмпύΦ  Table 3 summarizes the final 
disposition of kelts collected by the LGR JFF.  There were 13 collection/handling mortalities.   
 

 

Figure 18: Weekly steelhead kelt interceptions at LGR JFF in 2014. 

 
 
 

Table 3: Summary of final disposition of fish collected at LGR JFF in 2014. 
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Final Disposition A-run B-run Total 
Returned to River 2317 162 2479 

Flogged tagged and released (BLE) 85 7 92 
Transported to DNFH for reconditioning 0 111 111 

Mortality 11 2 13 
Total 2413 282 2695 

 

The majority of the fish collected from the Snake River at LGR JFF in 2014 were A-run females in 
good condition.  Most fish were without any major wounds (scraps, cuts, fungal infections) with 
the majority of them collected in the month of May (Table 4).  Females >70 cm comprised 8.4% 
of the kelts intercepted at the LGR JFF in 2014 (Table 5).  Of these, the proportion rated as 
being in good condition was 49.1% (Figure 19).   
 

Table 4: Condition of Snake River Kelts collected at the LGR JFF in 2014. 

 March April May June Total 

Good 60 294 815 152 1321 

Fair 58 195 405 94 752 

Poor 50 156 356 60 622 
 

Table 5:  Condition of steelhead kelts by sex and size at the LGR JFF in 2014. 

Female Good (49.0%) Fair (27.9%) Poor (23.1%) % of collection 
< 70 cm 844 435 304 58.7 
> 70cm 111 63 52 8.4 

 Total 67.1 
Male  

< 70 cm 361 247 258 32.1 
> 70cm 4 7 9 0.8 

 Total 32.9 
   

Total 1320 752 623 2695 
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Figure 19: Percent comparison of female kelt steelhead > 70 cm at LGR JFF by condition and collection year.  
 

<C>Dworshak National Fish Hatchery 
A total of 147 steelhead was air-spawned and retained for reconditioning.  Air-spawning 
occurred on four separate days (Table 6). From the 2014 air-spawning, a total of 13 DNFH 
ladder fish remain on-station.  In addition, there are 21 surviving 2013 air-spawned females.  
These fish will continue to be monitored for ripeness. Surviving mature fish will be air spawned 
during the spring of 2015. 
 
Table 6:  Snake River steelhead air-spawned and kept for reconditioning in 2014. 

Spawn Date Total Air-Spawned 

Feb 25, 2014 20 

March 4, 2014 32 

March 6, 2014 20 

April 1, 2014 75 

Total 147 
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Fish Creek Weir 
There were 91 (38 females/ 52 male) fish that were interrogated migrating upstream in 2014. 
Out of the 24 females that were collected as kelts we transferred 12 of them for long-term 
reconditioning.  Fish were transfered from June 4 to July 3, 2014 (Table 7). The weir was out of 
operation few days due to high water.  There was one male that was originally misidentified. 
 

Table 7: Summary of kelts collected at Fish Creek weir in 2014.  

Steelhead Kelts Collected* Transferred to DNFH 

Females 24 11 

Males 48 1 

Total 72 12 

*draft data provided by IDFG 

 

 

<B>Genetic stock identification (GSI) to assign individual stock-of-origin and estimate stock 
proportions in a mixed sample of kelt steelhead sampled at Lower Granite Dam  
 

Ultimately, a total of 4,171 natural-origin kelts and 2,288 hatchery-origin kelts were successfully 
genotyped and evaluated using GSI to estimate stock proportions (Table 8a and 8b). 
  



53 

 

 

Table 8a. Estimated stock proportions for natural-origin (NOR) kelts sampled at LGD during outmigration years 
2009 through 2013. Results are given in reference to all kelt assignments (all), and only the assignments that 
exceeded an 80% probability threshold (p>80). Assignments are the total number observed (n) and 
corresponding stock proportion (%) for each year as defined by reporting group. 

 
  assigned reporting group                 

 
  

L
S

N
A

K
E 

L
O

C
L

W
R 

S
F

C
L

W
R 

U
P

C
L

W
R 
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R

R
O

N
D 
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N

A
H

A 

L
O

S
A

L
M 

S
F

S
A

L
M 

M
F

S
A

L
M 

U
P

S
A

L
M 

to
ta

l 

             all (n) 
 

          
 2009 

 
18 18 5 9 46 24 23 11 49 62 265 

2010 
 

90 81 24 35 192 151 54 38 121 438 1224 
2011 

 
89 87 31 52 255 140 54 43 128 234 1113 

2012 
 

121 119 37 43 286 114 59 28 104 217 1128 
2013 

 
39 39 8 17 108 51 27 10 37 105 441 

overall 
 

357 344 105 156 887 480 217 130 439 1056 4171 

             all (%) 
 

          
 2009 

 
0.07 0.07 0.02 0.03 0.17 0.09 0.09 0.04 0.18 0.23 --- 

2010 
 

0.07 0.07 0.02 0.03 0.16 0.12 0.04 0.03 0.10 0.36 --- 
2011 

 
0.08 0.08 0.03 0.05 0.23 0.13 0.05 0.04 0.12 0.21 --- 

2012 
 

0.11 0.11 0.03 0.04 0.25 0.10 0.05 0.02 0.09 0.19 --- 
2013 

 
0.09 0.09 0.02 0.04 0.24 0.12 0.06 0.02 0.08 0.24 --- 

overall 
 

0.09 0.08 0.03 0.04 0.21 0.12 0.05 0.03 0.11 0.25 --- 

             p>80 (n) 
           2009 

 
0 2 4 7 12 15 6 5 35 31 117 

2010 
 

12 12 19 25 55 73 12 27 96 251 582 
2011 

 
4 21 24 37 85 66 11 29 96 96 469 

2012 
 

19 32 28 24 79 48 13 15 67 79 404 
2013 

 
4 11 6 13 33 18 4 7 22 48 166 

overall 
 

39 78 81 106 264 220 46 83 316 505 1738 

             p>80 (%) 
           2009 

 
0.00 0.02 0.03 0.06 0.10 0.13 0.05 0.04 0.30 0.26 --- 

2010 
 

0.02 0.02 0.03 0.04 0.09 0.13 0.02 0.05 0.16 0.43 --- 
2011 

 
0.01 0.04 0.05 0.08 0.18 0.14 0.02 0.06 0.20 0.20 --- 

2012 
 

0.05 0.08 0.07 0.06 0.20 0.12 0.03 0.04 0.17 0.20 --- 
2013 

 
0.02 0.07 0.04 0.08 0.20 0.11 0.02 0.04 0.13 0.29 --- 

overall 
 

0.02 0.04 0.05 0.06 0.15 0.13 0.03 0.05 0.18 0.29 --- 
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Table 8b. Estimated stock proportions for hatchery-origin (HAT) kelts sampled at LGD during outmigration years 
2009 through 2013. Results are given in reference to all kelt assignments (all), and only the assignments that 
exceeded an 80% probability threshold (p>80). Assignments are the total number observed (n) and 
corresponding stock proportion (%) for each year as defined by reporting group. 

 
   assigned reporting group                 

   

L
S

N
A
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E 
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S
F

C
L

W
R 

U
P

C
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S
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S
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to
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 all (n) 

            2009 
 

2 2 9 0 4 2 1 0 1 20 41 
2010 

 
11 12 5 8 31 22 16 5 15 68 193 

2011 
 

42 54 45 22 64 52 30 0 21 268 598 
2012 

 
66 32 88 19 134 61 26 3 16 571 1016 

2013 
 

25 23 38 6 35 32 18 1 3 259 440 
overall 

 
146 123 185 55 268 169 91 9 56 1186 2288 

             all (%) 
            2009 
 

0.05 0.05 0.22 0.00 0.10 0.05 0.02 0.00 0.02 0.49 --- 
2010 

 
0.06 0.06 0.03 0.04 0.16 0.11 0.08 0.03 0.08 0.35 --- 

2011 
 

0.07 0.09 0.08 0.04 0.11 0.09 0.05 0.00 0.04 0.45 --- 
2012 

 
0.06 0.03 0.09 0.02 0.13 0.06 0.03 0.00 0.02 0.56 --- 

2013 
 

0.06 0.05 0.09 0.01 0.08 0.07 0.04 0.00 0.01 0.59 --- 
overall 

 
0.06 0.05 0.08 0.02 0.12 0.07 0.04 0.00 0.02 0.52 --- 

             p>80 (n) 
           2009 

 
0 0 9 0 1 2 0 0 1 13 26 

2010 
 

0 2 2 7 10 11 6 4 13 35 90 
2011 

 
2 1 25 2 6 5 1 0 2 107 151 

2012 
 

4 6 72 6 26 34 1 2 4 332 487 
2013 

 
2 2 28 2 7 14 1 0 0 147 203 

overall 
 

8 11 136 17 50 66 9 6 20 634 957 

  
                      

p>80 (%) 
           2009 

 
0.00 0.00 0.35 0.00 0.04 0.08 0.00 0.00 0.04 0.50 --- 

2010 
 

0.00 0.02 0.02 0.08 0.11 0.12 0.07 0.04 0.14 0.39 --- 
2011 

 
0.01 0.01 0.17 0.01 0.04 0.03 0.01 0.00 0.01 0.71 --- 

2012 
 

0.01 0.01 0.15 0.01 0.05 0.07 0.00 0.00 0.01 0.68 --- 
2013 

 
0.01 0.01 0.14 0.01 0.03 0.07 0.00 0.00 0.00 0.72 --- 

overall 
 

0.01 0.01 0.14 0.02 0.05 0.07 0.01 0.01 0.02 0.66 --- 

 
 

 

Baseline Power Analysis 
Based on previously described criteria, the baseline populations were partitioned into 10 
reporting groups (RG) for analysis (Figure 20; Appendix 1.a.). Reporting groups are consistently 
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color coded in Figures throughout this document.  The highest self-assignment rates and largest 
mean probabilities were observed in the middle and south forks of both the Clearwater River 
and Salmon River. Among mis-assignments for populations in these same four reporting groups, 
the next most likely assignments of RG-of-origin (most frequently observed) were from the 
same region (e.g., SFCLWR assigning to UPCLWR; Figure 21). The rates of correct self- 
assignment in IMNAHA and UPSALM we intermediate at 0.71 each, with average self-
assignment probabilities of 83% and 80% respectively. The lowest observed assignment 
accuracies occurred in three lower river reporting groups (LOSALM, LOCLWR, LSNAKE). 
 
 

        

 

Figure 20. Map of GSI region and reporting groups established on the basis of 73 baseline O. mykiss populations 
(see Appendix 1.a). Lower Snake River (LSNAKE); Grande Ronde River (GRROND); Imnaha River (IMNAHA); 
Lower Clearwater River (LOCLWR); South Fork Clearwater River (SFCLWR); Middle Fork Clearwater River 
(UPCLWR); Lower Salmon River (LOSALM); Middle Fork Salmon River (MFSALM); South Fork Salmon River 
(SFSALM); Upper Salmon River (UPSALM).    

  

Lower Granite Dam

.
0 120 240 360 48060

Kilometers

kilometers
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Figure 21. Baseline leave-one-out (LOO) assignment proportions by designated reporting group. 

 

GSI assignments (kelt stock proportions) 
Kelt stock-of-origin was evaluated using two approaches: 1) Identifying stock proportions from 
all sampled kelts, based on highest probability assignment regardless of magnitude, 2) 
Identifying stock proportions based on an 80% assignment probability threshold (i.e. excluding 
assignments below the threshold). In each sample year between 2009 and 2013 the largest 
assigned stock proportions were allocated to the UPSALM reporting group for both natural-
origin kelts (n=1,056; 25% overall) and hatchery origin kelts (n=1,186; 52% overall). For NOR 
kelts the lowest assigned stock proportion (3%) was observed in both the SFCLWR and SFSALM 
reporting groups (Table 8a and Figure 22), while the corresponding assignment probabilities for 
those same two RGs were among the highest observed (88% and 81% respectively; Table 9). For 
HAT kelts the lowest assigned stock proportion (0%) was observed in the SFSALM reporting 
group (Table 8b). Only 42% of the total kelt sample (1,738 NOR and 957 HAT) was retained 
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when a probability threshold of p>0.80 was applied fƻǊ άŎƻǊǊŜŎǘέ ŀǎǎƛƎƴƳŜƴǘ ό¢ŀōƭŜ уa & b). 
However, the observed stock proportion estimates based on the 80% threshold criteria differed 
very little from assignment proportions based on highest probability assignments. For natural-
origin kelts the mean change in assignment proportions ranged from 1.7% in SFSALM to 7.7% in 
MFSALM (average 3.7% across RGs). For hatchery-origin kelts the results were similar (average 
4.2% across RGs) except for UPSALM, which increased by 14.4% when the p>0.80 threshold was 
applied (Table 8b and Figure 23). Note that in the 2013 annual report it was shown that LGD 
kelt stock proportions and LGD steelhead escapement proportions was significantly different. 
For example the UPCLWR and SFCLWR estimated stock proportions for total escapement were 
substantially larger than the estimated kelt stock proportions for those same areas. Similar 
escapement data to accompany 2013-2014 kelt data is forthcoming, but was unavailable for 
comparison in the current report. 
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Figure 22. Overall estimated stock proportions based on GSI assignment of kelt steelhead. Results for HAT stock 
proportions are for all kelts based on GSI, and for all HAT kelts after correction for mis-assignments based on 
PBT results (see Table 3). Results using an 80% assignment threshold are also provided. 
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Table 9. Summary of mean assignment probability (p) to reporting group (RG) for natural-origin kelts The 
baseline mean self-assignment probabilities (p) and self-assignment rates (%) are shown for comparison.  

                  baseline LOO   All kelts (p)     Kelts p<0.8 

RG 
 

(p)  (%) 
 

2009 2010 2011 2012 2013 mean 
 

(n) (%total) 

              LSNAKE 
 

0.57 0.38 
 

0.37 0.52 0.48 0.54 0.48 0.50 
 

39 0.11 
LOCLWR 

 
0.84 0.68 

 
0.55 0.55 0.58 0.61 0.62 0.59 

 
78 0.23 

SFCLWR 
 

0.92 0.87 
 

0.89 0.90 0.87 0.88 0.86 0.88 
 

81 0.77 
UPCLWR 

 
0.95 0.95 

 
0.85 0.84 0.84 0.79 0.85 0.83 

 
106 0.68 

GRROND 
 

0.73 0.64 
 

0.62 0.62 0.63 0.62 0.65 0.63 
 

264 0.30 
IMNAHA 

 
0.83 0.71 

 
0.76 0.73 0.70 0.67 0.65 0.70 

 
220 0.46 

LOSALM 
 

0.80 0.56 
 

0.59 0.60 0.56 0.52 0.55 0.56 
 

46 0.21 
SFSALM 

 
0.95 0.93 

 
0.78 0.82 0.82 0.80 0.87 0.81 

 
83 0.64 

MFSALM 
 

0.95 0.91 
 

0.82 0.86 0.84 0.80 0.77 0.83 
 

316 0.72 
UPSALM 

 
0.80 0.71 

 
0.73 0.77 0.68 0.66 0.69 0.72 

 
505 0.48 

mean 
 

0.83 0.73 
 

0.70 0.72 0.70 0.69 0.70 0.71 
 

--- 0.46 
                            

 
 

 

 
 

Figure 23. Overall estimated stock proportions based on GSI assignment of kelt steelhead. Results for HAT stock 
proportions are for all kelts based on GSI, and for all HAT kelts after correction for mis-assignments based on 
PBT results. Results using an 80% assignment threshold are also provided. 

 

Demographic Correlations with assigned NOR kelt stocks 
The evaluation of differences in life history attributes among assigned kelt stocks was based on 
all NOR kelt data (i.e. highest assignment probability with no threshold). There was no 
difference in average assignment probability between male and female kelts (Figure 24), and 
ǎŜȄ Ǌŀǘƛƻǎ ǿŜǊŜ ƭŀǊƎŜƭȅ ŎƻƴǎƛǎǘŜƴǘ ŀŎǊƻǎǎ wDΩǎΣ ǿƛǘƘ ŀǾŜǊŀƎŜǎ ǊŀƴƎƛƴƎ ŦǊƻƳ тн҈-85% female 
(overall 76%; Appendix 1.a.). The sample date at Lower Granite Dam served as a proxy for 
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estimating mean kelt outmigration time for each assigned stock-of-origin; date was 
enumerated as ordinal day (January 1st = day 1). Results for male kelts excluded 2009 samples 
due to insufficient sample size. The downstream migration of female kelts generally occurred 
earlier (mean day 134.2) than male kelts (mean day 138.7), and the trend was consistent across 
ȅŜŀǊǎ ŀƴŘ wDΩǎΦ IƻǿŜǾŜǊΣ ǎƳŀƭƭŜǊ ǎŀƳǇƭŜ ǎƛȊŜǎ ŦƻǊ ƳŀƭŜǎ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ƎǊŜŀǘŜǊ ǾŀǊƛŀǘƛƻƴ 
among yearly estimates (Figure 25). Kelts that were assigned to the SFSALM and MFSALM 
stocks were consistently the latest to outmigrate, while kelts assigned to the SFCLWR reporting 
group were among the earliest outmigrants. Female kelts assigned to each RG were 
consistently larger than their male counterparts (an average of 55.9mm larger). Kelts that were 
assigned to the SFCLWR, UPCLWR, SFSALM reporting groups were larger in fork length (average 
97.1mm for females and 64.6mm for males) than kelts assigned to each of the remaining seven 
wDΩǎ όCƛƎǳǊŜ нс; Appendix 1.a).  
 

 

 

Figure 24. Average GSI assignment probability comparison between NOR male and NOR female kelts. 
Calculations are based on highest probability assignment for all sampled kelts. 
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Figure 25. Average outmigration day for NOR kelt grouped by assigned RG-of-origin. The overall average (2009-
2013) appears above the RG name.  

 

Note that SFCLWR, UPCLWR, SFSALM are generally considered to support predominantly B-run 
steelhead populations. These results are in agreement with previously published studies that 
describe kelt distribution and characterization based on GSI (Narum et al. 2008). The condition 
rating of female kelts was generally better overall than for male kelts, and there were no 
observed differences between reporting groups. Among RGs there was also no significant 
ǊŜƭŀǘƛƻƴǎƘƛǇ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ƪŜƭǘ ǎƛȊŜ όŦƻǊƪ ƭŜƴƎǘƘύ ŀƴŘ ŎƻƴŘƛǘƛƻƴ ǊŀǘƛƴƎ ό҈ άƎƻƻŘέύΣ ƻǊ 
outmigration timing and condition rating (Figure 27).  
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Figure 26. Average fork length for NOR kelt grouped by assigned RG-of-origin. The overall average (2009-2013) 
appears above the RG name.  

 
 

 

 

 

Figure 27. Correlation between condition rating and a) mean ordinal day, b) mean fork length (cm). 
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Concordance results: PIT-tag and PBT 
For all hatchery kelts sampled between 2010 and 2013 the Snake River PBT baseline was used 
to screen for hatchery origins. PBT origins were identified for 1,685 of 2,288 (74%) sampled 
hatchery kelts.  Concordance results indicated a high rate of GSI assignment error based on PBT 
comparisons. Most commonly, kelts identified as broodstock progeny from hatcheries in the 
UPSALM reporting group mis-assigned to other RGs based on GSI analysis (rows in Table 10). 
For example, 78% of kelts that GSI assigned to LSNAKE were reared in hatcheries in the UPSALM 
reporting group according to PBT results. Misallocations of hatchery-origin kelts originating 
from the UPSALM reporting group ranged from 4.8% in SFCLWR to 96.7% in LOSALM. The 
overall rate of misallocation was 30% (n=398). Conversely, 955 of 974 kelts that GSI assigned to 
UPSALM (98%) had concordant PBT assignments. 
 

Table 10. Concordance summary between GSI and PBT assignment methods for hatchery-origin kelts. Some GSI 
reporting groups do not have hatchery programs in operation (*); therefore, all corresponding PBT assignments 
indicate GSI mis-assignment. Both the SFCLWR and UPCLWR reporting groups are represented by the Dworshak-
NFH in the Clearwater River subbasin. A total of 1,685 PBT and GSI assignment comparisons are allocated by GSI 
ǊŜǇƻǊǘƛƴƎ ƎǊƻǳǇ όάǘƻǘŀƭέύΦ Discordant results between GSI and PBT indicate an incorrect assignment based on 
GSI; the greatest misallocation to reporting group is shaded. 

                          PBT assignment                    

 
 

  
LSNAKE 

 

DWOR 

 

GRRONDE 

 

IMNAHA 

 

UPSALM 

GSI assigned 

 

total   (n) % 

 

(n) % 

 

(n) % 

 

(n) % 

 

(n) % 

 
    

              

LSNAKE 

 

109 
 

4 3.7 

 

1 0.9 

 

16 14.7 

 

3 2.8 

 

85 78.0 

LOCLWR 

 

72 
 

2 2.8 

 

5 6.9 

 

11 15.3 

 

4 5.6 

 

50 69.4 

SFCLWR 

 

126 
 

0 0.0 

 

120 95.2 

 

0 0.0 

 

0 0.0 

 

6 4.8 

UPCLWR 

 

24 
 

0 0.0 

 

15 62.5 

 

2 8.3 

 

0 0.0 

 

7 29.2 

GRRONDE 168 
 

4 2.4 

 

1 0.6 

 

58 34.5 

 

8 4.8 

 

97 57.7 

IMNAHA 

 

116 
 

0 0.0 

 

0 0.0 

 

4 3.4 

 

50 43.1 

 

62 53.4 

LOSALM 

 

60 
 

1 1.7 

 

0 0.0 

 

1 1.7 

 

0 0.0 

 

58 96.7 

SFSALM 

 

2 
 

0 0.0 

 

0 0.0 

 

0 0.0 

 

1 50.0 

 

1 50.0 

MFSALM 

 

34 
 

1 2.9 

 

0 0.0 

 

0 0.0 

 

1 2.9 

 

32 94.1 

UPSALM 

 

974 
 

2 0.2 

 

0 0.0 

 

16 1.6 

 

1 0.1 

 

955 98.0 

misallocation 

 
  

10 
 

 

7 
 

 

50 
 

 

18 
 

 
398 

 
 

 
    

 
  

 
  

 
  

 
 

  

overall 

 

1685 
 

14 0.8 

 

142 8.4 

 

108 6.4 

 

68 4.0 

 

1353 --- 

                                    

                  Pit-tag and tag detection data among NOR kelts indicated variable levels of concordance among 
reporting groups. Detection data for mark and release locations were generally more 
concordant with GSI assignments than were tag detections corresponding to adult steelhead 
observed at tributary arrays (Figure 28; Appendix 1.c.). For example, all kelts with known 
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mark/release locations in the UPSALM (n=10) were also GSI assigned to that reporting group. 
Most tag detections came from Grande Ronde River releases, for which 11 of 24 failed to assign 
to the GRRONDE reporting group in GSI analyses. Tag detection data indicating observation and 
release sites for hatchery-origin kelts (Appendix 1.d.; Figure 29) were concordant with PBT 
assignments in 25 of 28 (90%) observations. By comparison, the rate of concordance between 
tag detection site and GSI assigned reporting group was 59% (26 of 44). Kelt PIT-tag detection 
sites were concordant with both GSI and PBT assignments in 46% (20 of 44) of the observations. 
Most discrepancies between GSI assignments and PIT-tag detection sites occurred for kelts that 
were PBT assigned to the UPSALM reporting group (Appendix 1.d.).  

 
Sites are: 1.) ACB  -  Asotin Cr. Cloverland Brdg.; 2.) ACM  -  Asotin Cr. mouth; 3.) AFC  -  No./So. Fk 
Asotin Cr.; 4.) ASOTIC  - Asotin Cr. Clarkston, WA; 5.) GEORGC  -  George Cr.; 6.) LTR  -  Lower 
Tucannon R.; 7.) UTR  -  Upper Tucannon R.; 8.) CLWTRP  - Clearwater Trap; 9.) JUL  -  Potlatch R. 
Juliaetta; 10.) LAP  -  Lapwai Cr.; 11.) LBEARC  - Little Bear Cr.; 12.) MIS  -  Mission Cr.; 13.) SNKTRP  
- Snake Trap; 14.) SWT  -  Sweetwater Cr.; 15.) LC2  -  Upper Lolo Cr. (rkm 25); 16.) SC1  -  Lower SF 
Clearwater R. (rkm 1); 17.) SC2  -  Lower SF Clearwater R. (rkm 2); 18.) FISTRP  - Fish Cr. Trap; 19.) 
BCANF  -  Big Canyon Facility; 20.) CATHEW  -  Catherine Cr. Weir; 21.) COTP  - Cottonwood 
Acclimation Pond; 22.) JOC  -  Joseph Cr. (km 3); 23.) JOSEPC  - Joseph Cr.; 24.) LOOKGC  -  
Lookingglass Cr.; 25.) LOSTIW  -  Lostine R. Weir; 26.) UGR  -  Upper Grande Ronde (rkm 155); 27.) 
BSC  -  Big Sheep Cr. (km 6); 28.) BSHEEC  - Big Sheep Cr.; 29.) COC  -  Cow Cr.; 30.) HORS3C  - 
Horse Cr.; 31.) IMNTRP  - Imnaha Trap; 32.) IR1  -  Lower Imnaha R. (km 7); 33.) IR2  -  Lower Imnaha 
R. (km 10); 34.) IR3  -  Upper Imnaha R. (km 41); 35.) LSHEEF  -  Little Sheep Facility; 36.) KRS  -  SF 
Salmon R. Krassel Cr.; 37.) SFG  -  SF Salmon Guard Station Br.; 38.) ZEN  -  Secesh R. Zena Cr. 
Ranch; 39.) TAY  -  Big Cr. Taylor Ranch; 40.) ESS  -  EFSF Salmon R. Parks Cr.; 41.) KENYC  - Kenney 
Cr.; 42.) LLR  -  Lower Lemhi R.; 43.) LSALR  - Little Salmon R.; 44.) SALEFT  - East Fork Salmon R. 
Trap; 45.) STL  -  Sawtooth Hat. Adult Trap; 46.) USE  -  Upper Salmon R. (rkm 437); 47.) WIMPYC  - 
Wimpey Cr.; 48.) YANKFK  - Yankee Fork Salmon R.; 49.) YFK  -  Yankee Fork Salmon R. 

Figure 28. PIT-tag detection site for natural-origin kelts. Numbers correspond with map ID in Appendices 1.c. and 
1.d.  
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<B>In-River Release and Return Detection Results 
 

Yakima River 
<C>2014 In River Control 
A total of 45 kelts were released as in-river control fish in the Yakima River in 2014 with 2 
sequential spawners detected to date. So far, 2 of these fish have made it past Prosser Dam.  
Skip spawning results will be reported in 2015. 
 
<C>2013 In-River Control  

None of the 52 in-river treatment fish released in the Yakima River in 2013 were detected 
moving upstream at Bonneville Dam in late 2014 that exhibited a skip spawner life history.  
There were no sequential returns that were detected in late 2013/early 2014 (Hatch et al 
2014).   
 

     Snake River 
 

2013 In-river Control Detections 
There were 2 of the 825, 2013 in-river release kelts which returned to Bonneville Dam as 
skip spawners in 2014 (Hatch et al. 2014). There were no sequential spawners from this 
group in 2013. 
 

2014 In-river Control Detections 
There were 9 kelts from the 2,687 kelts released in 2014 in-river release which returned to 
Bonneville Dam as sequential spawners towards the end of 2014. 
 

 

<B>Long-Term Reconditioning and Survival to Release or Spawning 
 

Yakima River 
A total of 481 kelt steelhead were collected and retained for long-term reconditioning. 
There were an additional 43 skip spawning kelts which were retained from 2013 that were 
held in tank S5. Survival to release/retentions on November 6, 2014 was 295 (61%) (Table 
11, Figure 29).  A total of 198 long-term reconditioned fish were available for release to the 
Yakima River.  We retained 46 of these fish for use at the Cle Elum spawning channel. An 
additional 126 kelts with low estradiol levels (immature) were retained and those surviving 
will be released in the fall of 2015. Steelhead kelts which were released, were done so 
approximately two weeks later than was done in the past to avoid a WDFW sport fishery 
near the release site.  Most migratory movements are expected to occur in November of 
2014 but there is typically a small number of kelts that will migrate in February/March of 
2015.  These fish will be reported in the 2015 annual report.  As of early December of 2014, 
112 (74%) fish from the long-term release were detected by PIT tag presence migrating past 
Prosser Dam. 



66 

 

  



67 

 

Table 11: Long-term reconditioning survival by tank 2014 at Prosser Hatchery. 

Long-term Reconditioning 
  

Tank Long-term 

 
 C1 C2 C3 C4 S1 S2 S4 S5* S6 Total 

                
 

    
Held for 

Reconditioning 100 98 96 98 25 24 14 43 26 481 

Surviving fish on 
11/4/2014 52 65 70 54 13 18 3 3 17 292 

Survival Rate 52% 66% 73% 55% 52% 75% 21% 7% 65% 61% 

*Retained from 2013 long-term reconditioningΦ bƻǘ ŎƻƳǇǳǘŜŘ ǘƻǿŀǊŘǎ ǘƘƛǎ ȅŜŀǊΩǎ ǘƻǘŀƭ. 

 

Figure 29: Long term artificially reconditioned female kelt steelhead from the Yakima River just prior to work up 
in October of 2014 (Joe Blodgett pictured). 

 

<C>2013 Skip Spawning Long-Term Reconditioned Kelts through 2014 
There were a total of 43 non maturing kelts from the 2013 long-term reconditioning 
program that were retained to determine how well they would recondition through 2014. 
Of these retained group, 3 fish survived to release in the fall of 2014.  As of December 2014, 
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2 of these fish were detected migrating upriver over the Prosser Dam which we infer as 
successful skip spawner reconditioning.    
 

<C>2013 Long-term Reconditioned kelt PIT-tag 2014 return detections in the Columbia River 
There were no 2013 kelts which were detected trying to return from the ocean in 2014 moving 
through the mainstem.  One long-term kelt was reinterred in spring of 2014 (assumed to have 
spawned in the Yakima River) to the long-term reconditioning and was released in late fall of 
2014 and was detected moving upriver past Prosser Dam in November of 2014. 

 

Snake River 
 

<C>Lower Granite Dam 
A total of 111 fish were transferred from the LGR JFF to DNFH for reconditioning (Table 12).  
Fish survival averaged 79 days after transfer to the reconditioning tanks (Figure 30).  Fish 
survived an average 19 fewer days than the fish transferred in 2013.  We experienced high 
mortalities for approximately one month from early May to early June (Figure 31).   
 

 

Table 12:  Snake River steelhead kelts collected at LGR JFF and transferred to DNFH for reconditioning in 2014. 

 A-run B-run Total 
Adipose Clipped 0 0 0 
Un-Clipped 0 111 111 
Total 0 111 111 
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Figure 30:  Mean weekly survival (days) of steelhead kelts transferred from LGR JFF to DNFH for reconditioning 
in 2012-14.   
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Figure 31:  Cumulative on-station holding and daily mortality of steelhead kelts transferred from LGR JFF to 
DNFH for reconditioning in 2014.   

 

There was a total of 34 (unclipped) fish released to the Columbia River below Bonneville on 
December 20, 2014 (Figure 32).  
 

<C>Fish Creek Weir 
Out of the 12 retained kelts, 1 survived the reconditioning process.  This kelt will be retained 
due to lack of detectable maturation.  She will be held and released in the late fall/winter of 
2015. 
 

<C>Dworshak National Fish Hatchery 
As of December 31, 2014, fish from the DNFH ladder survived an average 110 days after 
transfer to the reconditioning (Figure 32 and 33).   
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Figure 32:  Cumulative on-station holding and daily mortality of steelhead kelts air-spawned at DNFH for 
reconditioning in 2014.   
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Figure 33: Successfully reconditioned Snake River steelhead 2014. 

 

<B>Kelt Reconditioning Physiology Studies 
 

Reproductive development in kelt steelhead 
tƭŀǎƳŀ ŜǎǘǊŀŘƛƻƭ ƭŜǾŜƭǎ ǿŜǊŜ ōƛƳƻŘŀƭƭȅ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ōƭƻƻŘ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ŦǊƻƳ ŦŜƳŀƭŜ ƪŜƭǘǎ ƛƴ 
ŀƭƭ ǇǊƻƧŜŎǘǎ ŦǊƻƳ !ǳƎǳǎǘ ƻƴǿŀǊŘ όCƛƎǎ оп-осύΦ  !ǎ ǇǊŜǾƛƻǳǎƭȅ ƻōǎŜǊǾŜŘΣ ǘƘŜ ƳŀǘǳǊŀǘƛƻƴ 
ǇŜǊŎŜƴǘŀƎŜ ƻŦ ƪŜƭǘǎ ŀǎ ŎƻƴǎŜŎǳǘƛǾŜ ǎǇŀǿƴŜǊǎ ǾŀǊƛŜŘ ŎƻƴǎƛŘŜǊŀōƭȅ ōŜǘǿŜŜƴ ȅŜŀǊǎ ŀƴŘ ǇǊƻƧŜŎǘǎΦ  
¢ƘŜ ƳŀǘǳǊŀǘƛƻƴ ǇŜǊŎŜƴǘŀƎŜ ŀǘ tǊƻǎǎŜǊ ŀƴŘ ²ƛƴǘƘǊƻǇ ǿŀǎ ŎƻƳǇŀǊŀōƭŜ όнлмо снΦу҈ ŀƴŘ ссΦс҈Σ 
ǊŜǎǇŜŎǘƛǾŜƭȅΤ нлмп псΦл҈ ŀƴŘ роΦп҈Σ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ  aŀǘǳǊŀǘƛƻƴ ǊŀǘŜǎ ŀǎ ŎƻƴǎŜŎǳǘƛǾŜ ǎǇŀǿƴŜǊǎ 
ǿŜǊŜ ŎƻƴǎƛŘŜǊŀōƭȅ ƭƻǿŜǊ ŀǘ 5ǿƻǊǎƘŀƪΣ ŀƴŘ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ ȅŜŀǊǎ ŀƴŘ ǿƛǘƘ ŦƛǎƘ ǎƻǳǊŎŜΦ  ¢ƘŜ 
ƘƛƎƘŜǎǘ ƳŀǘǳǊŀǘƛƻƴ ǇŜǊŎŜƴǘŀƎŜ ŀǎ ŎƻƴǎŜŎǳǘƛǾŜ ǎǇŀǿƴŜǊǎ ǿŀǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ ŀƛǊ ǎǇŀǿƴŜŘ ƪŜƭǘǎ 
ŦǊƻƳ ǘƘŜ {ƻǳǘƘ CƻǊƪ ƻŦ ǘƘŜ /ƭŜŀǊǿŀǘŜǊ wƛǾŜǊ όооΦо҈ύΦ  ¢ƘŜǎŜ ŀǊŜ ǿƛƭŘ ƻǊƛƎƛƴ ƪŜƭǘǎ ǳǎŜŘ ƛƴ ŀ 
ƭƻŎŀƭƛȊŜŘ ōǊƻƻŘǎǘƻŎƪ ŘŜǾŜƭƻǇƳŜƴǘ ǇǊƻƎǊŀƳΦ  YŜƭǘǎ ŎƻƭƭŜŎǘŜŘ ŀǘ [ƻǿŜǊ DǊŀƴƛǘŜ ŘŀƳ ǊŜƳŀǘǳǊŜŘ ŀǘ 
ǾŜǊȅ ƭƻǿ ǊŀǘŜǎ ƛƴ ōƻǘƘ ȅŜŀǊǎ όнлмоΥ рΦр҈Σ нлмпΥ л҈ύΦ  IŀǘŎƘŜǊȅ ƻǊƛƎƛƴ ƪŜƭǘǎ ǊŜƳŀǘǳǊŜŘ ŀǎ 
ŎƻƴǎŜŎǳǘƛǾŜ ǎǇŀǿƴŜǊǎ ŀǘ ŀ ннΦф҈ ǊŀǘŜ ƛƴ нлмо ŀƴŘ ŀǘ сΦо҈ ƛƴ нлмоΦ  IƻǿŜǾŜǊΣ ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ 
нлмо ǎǇŀǿƴ ȅŜŀǊ ƘŀǘŎƘŜǊȅ ƻǊƛƎƛƴ ƪŜƭǘǎ ƘŜƭŘ ŦƻǊ ŀƴ ŀŘŘƛǘƛƻƴŀƭ ȅŜŀǊ ǊŜƳŀǘǳǊŜŘ ŀǎ ǎƪƛǇ ǎǇŀǿƴŜǊǎ ŀǘ 
ŀ ǾŜǊȅ ƘƛƎƘ ǊŀǘŜ ƛƴ нлмп όфоΦм҈ύΦ 
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Figure 34:  Plasma estradiol levels in female kelts in the reconditioning program at Prosser, Washington in 2013 
and 2014. 
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Figure 35:  Plasma estradiol levels in female kelts in the reconditioning program at Winthrop, Washington in 
2013 and 2014. 

 

 



75 

 

P l a s m a  E 2  ( l o g  p g / m l )

N
u

m
b

e
r

 o
f
 F

e
m

a
le

s

0 . 5 0 . 7 0 . 9 1 . 1 1 . 3 1 . 5 1 . 7 1 . 9 2 . 1 2 . 3 2 . 5 2 . 7 2 . 9 3 . 1 3 . 3 3 . 5 3 . 7 3 . 9 4 . 1 4 . 3 4 . 5 4 . 7 4 . 9

0

5

1 0

1 5

2 0

2 5

D N F H  9 / 3 0 - 1 0 / 4 / 1 3

B lu e :  N o n - R e m a t u r in g ;  R e d :  R e m a t u r in g

D N F H  2 0 1 3  2 2 . 9 %

S o u t h  F o r k  C W  3 3 . 3 %

L o w e r   G r a n i t e  5 . 5 %

P l a s m a  E 2  ( l o g  p g / m l )

N
u

m
b

e
r

 o
f
 F

e
m

a
le

s

0 . 5 0 . 7 0 . 9 1 . 1 1 . 3 1 . 5 1 . 7 1 . 9 2 . 1 2 . 3 2 . 5 2 . 7 2 . 9 3 . 1 3 . 3 3 . 5 3 . 7 3 . 9 4 . 1 4 . 3 4 . 5 4 . 7 4 . 9

0

5

1 0

1 5

D N F H  8 / 2 8 / 1 4

B lu e :  N o n - R e m a t u r in g ;  R e d :  R e m a t u r in g

L o w e r  G r a n i t e  2 0 1 4  0 %

D N F H  2 0 1 3  9 3 . 1 %

D N F H  2 0 1 4  6 . 3 %

F i s h  C r  2 0 1 4  0 %

 

Figure 36:  Plasma estradiol levels in female kelts in the reconditioning program at Dworshak National Fish 
Hatchery, Idaho in 2013 and 2014. 
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aǳǎŎƭŜ ƭƛǇƛŘ ƭŜǾŜƭǎ ŀƴŘ ŎƻƴŘƛǘƛƻƴ ŦŀŎǘƻǊ ǿŜǊŜ ŎƻƴǎƛǎǘŜƴǘƭȅ ƎǊŜŀǘŜǊ ƛƴ ǊŜƳŀǘǳǊƛƴƎ ƪŜƭǘǎ ǘƘŀƴ ƛƴ 
ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ƪŜƭǘǎ ƛƴ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ƴŜŀǊ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǊŜŎƻƴŘƛǘƛƻƴƛƴƎ ǇŜǊƛƻŘ όCƛƎǎ отΣ оуύΦ  
aǳǎŎƭŜ ƭƛǇƛŘ ƭŜǾŜƭǎ ƛƴ ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘ ǿŜǊŜ ƎŜƴŜǊŀƭƭȅ ƎǊŜŀǘŜǊ ǘƘŀƴ н҈Φ 
DƻƴŀŘƻǎƻƳŀǘƛŎ ƛƴŘŜȄ όD{Lύ ǿŀǎ ŀǎǎŜǎǎŜŘ ƛƴ ƳƻǊǘŀƭƛǘƛŜǎ ǘƘŀǘ ƻŎŎǳǊǊŜŘ ŀŦǘŜǊ ǘƘŜ фκмлκмп 
ǎŀƳǇƭƛƴƎ ŀǘ tǊƻǎǎŜǊ όCƛƎΦ офύΦ CƛǎƘ ǿƛǘƘ ǊŜƳŀǘǳǊƛƴƎ ŜǎǘǊŀŘƛƻƭ ƭŜǾŜƭǎ όҔ мллл ǇƎκƳƭύ ŀƭƳƻǎǘ ŀƭƭ ƘŀŘ 
ŀ D{L ƻǾŜǊ м҈Σ ǿƘŜǊŜŀǎ ŦƛǎƘ ǿƛǘƘ ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ŜǎǘǊŀŘƛƻƭ ƭŜǾŜƭǎ Ƙŀǎ ŀ D{L ōŜƭƻǿ м҈Φ  
{ƛƎƴƛŦƛŎŀƴǘ ǇƻǎƛǘƛǾŜ ŀƴŘ ƴŜƎŀǘƛǾŜ ŎƻǊǊŜƭŀǘƛƻƴǎ ǿŜǊŜ ƻōǎŜǊǾŜŘ ōŜǘǿŜŜƴ ǇƭŀǎƳŀ ŜǎǘǊŀŘƛƻƭ ƭŜǾŜƭǎ 
ŀƴŘ D{L ƛƴ ǊŜƳŀǘǳǊƛƴƎ ŀƴŘ ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ƪŜƭǘǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
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Figure 37:  Muscle lipid levels in release samples from kelts in 2013 and 2014.  See Figures 1-3 for sampling 
dates.  Rematuring fish are in red and non-rematuring fish are in blue.  All differences were significant in t-tests 
except Winthrop 2013 (p=0.0773) and Winthrop 2014 (p=0.1266).  Rematuring and non-rematuring fish at 
Dworshak were pooled prior to t-tests.  Dworshak legends DNFH: air spawned Dworshak hatchery origin fish; 
SFCW: air spawned South Fork of the Clearwater River fish; LGR: kelts collected at Lower Granite Dam; Fish Cr: 
kelts collected at the Fish Creek weir (Lochsa River). 
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CƛƎǳǊŜ оуΥ  CǳƭǘƻƴΩǎ ŎƻƴŘƛǘƛƻƴ ŦŀŎǘƻǊ ŀǘ ǘƘŜ ǊŜƭŜŀǎŜ ǎŀmpling for kelts in 2013 and 2014.  See Figures 1-3 for 
sampling dates.  Rematuring fish are in red and non-rematuring fish are in blue.  All differences were significant 
in t-tests.  Rematuring and non-rematuring fish at Dworshak were pooled prior to t-tests.  See the previous 
figure legend for fish categories at Dworshak. 
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Figure 39: Estradiol levels and gonadosomatic Index (GSI) in mortalities after the 9/10/14 sampling at Prosser, 
Washington. 

 
¢ƘŜ ƳŀǘǳǊƛǘȅ ǎǘŀǘǳǎ ƻŦ ŦŜƳŀƭŜ ƪŜƭǘǎ ǿŀǎ ŀǎǎŜǎǎŜŘ ōȅ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ǘƘŜ ŦƛǎƘ ŀǘ ǘƘŜ фκмлκмп 
ǎŀƳǇƭƛƴƎ ŀǘ tǊƻǎǎŜǊ όCƛƎΦ плύΦ aŀǘǳǊƛǘȅ ŀǎǎŜǎǎƳŜƴǘ Ŏŀƭƭǎ ǿŜǊŜ ǎǳōǎǘŀƴǘƛŀƭƭȅ ōŜǘǘŜǊ ǘƘŀƴ ǊŀƴŘƻƳ 
ό/Ƙƛ-{ǉǳŀǊŜŘ ǘŜǎǘΣ Ǉ ғ лΦлллмύΦ  IƻǿŜǾŜǊΣ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ол҈ ƻŦ ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘ ǿŜǊŜ ŎŀƭƭŜŘ ŀǎ 
ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ōȅ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜΣ ŀƴŘ ǎƛƳƛƭŀǊƭȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ол҈ ƻŦ ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘ 
ǿŜǊŜ ŎŀƭƭŜŘ ŀǎ ǊŜƳŀǘǳǊƛƴƎ ōȅ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜΦ 
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Figure 40: Assessment of maturation status by visual appearance in female kelts determined to be rematuring or 
non-rematuring based on plasma estradiol level at the 9/10/14 sampling at Prosser, Washington.  There was a 
ǎƛƎƴƛŦƛŎŀƴǘ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ƳŀǘǳǊƛǘȅ ōȅ 9н ƭŜǾŜƭ ŀƴŘ ƳŀǘǳǊƛǘȅ ōȅ Ǿƛǎǳŀƭ ŀǇǇŜŀǊŀƴŎŜ όCƛǎƘŜǊΩǎ ŜȄŀŎǘ ǘŜǎǘΣ Ǉ ғ 
0.0001). 
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¢ƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ƛƴǘŀƪŜ ŘŀǘŜ ŀƴŘ ƳŀǘǳǊŀǘƛƻƴ ǎǘŀǘǳǎ ŀǘ ǊŜƭŜŀǎŜ ǿŀǎ ŀǎǎŜǎǎŜŘ ƛƴ ǎŀƳǇƭŜǎ 
ŦǊƻƳ tǊƻǎǎŜǊ ŦǊƻƳ нллф ǘƻ нлмпΦ  5ǳǊƛƴƎ нллф ǘƻ нлмоΣ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ƛƴǘŀƪŜ ŘŀǘŜ 
ǿŀǎ ŦƻǳƴŘ ŦƻǊ о ƻǳǘ ƻŦ р ȅŜŀǊǎΣ ǿƛǘƘ ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘ ŀǊǊƛǾƛƴƎ ŀǘ tǊƻǎǎŜǊ ŜŀǊƭƛŜǊ ǘƘŀƴ ƴƻƴ-
ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘ όCƛƎΦ пмύΦ Lƴ нлмпΣ ǘƘŜ ŀǊǊƛǾŀƭ ŘŀǘŜ ƻŦ ŦƛǎƘ ǿŀǎ ŜȄŀƳƛƴŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ±{t 
ǇƻǇǳƭŀǘƛƻƴ ǎŜƎƳŜƴǘ ŦƻǊ ŦƛǎƘ ŀǎǎƛƎƴŜŘ ǘƻ ŀ ±{t ǎŜƎƳŜƴǘ ōȅ ŘŜǘŜŎǘƛƻƴ ŀǘ ŀ tL¢ ǘŀƎ ŀǊǊŀȅ όCƛƎΦ пнύΦ 
¢ƘŜ ŀǊǊƛǾŀƭ ǘƛƳŜ ƻŦ ŦƛǎƘ ǾŀǊƛŜŘ ǿƛŘŜƭȅ ŦƻǊ ǘƘŜ ±{t ǎŜƎƳŜƴǘǎΦ  ²ƛǘƘ ±{t ǎŜƎƳŜƴǘǎΣ ǘƘŜǊŜ ǿŀǎ ŀ 
ǘǊŜƴŘ ǘƻǿŀǊŘ ŜŀǊƭƛŜǊ ŀǊǊƛǾŀƭ ŦƻǊ ǘƘŜ bŀŎƘŜǎ ŀƴŘ ¦ǇǇŜǊ ¸ŀƪƛƳŀ ±{t ǎŜƎƳŜƴǘǎΦ  Lƴ ŦƛǎƘ ǘƘŀǘ ŎƻǳƭŘ 
ƴƻǘ ōŜ ŀǎǎƛƎƴŜŘ ǘƻ ŀ ±{t ǎŜƎƳŜƴǘ όǘƘŜ ƳŀƧƻǊƛǘȅύΣ ǊŜƳŀǘǳǊƛƴƎ ƪŜƭǘǎ ŀƎŀƛƴ ŀǊǊƛǾŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
ŜŀǊƭƛŜǊ ǘƘŀƴ ƴƻƴ-ǊŜƳŀǘǳǊƛƴƎ ŦƛǎƘΦ 
  



81 

 

 

I n t a k e  D a t e

4 / 1 5 / 1 6 / 1

2 0 0 9

2 0 1 0

2 0 1 1

2 0 1 2

2 0 1 3

p  =  0 . 0 0 1 1

p  =  0 . 0 3 9 8

p  =  0 . 2 2 8 4

p  =  0 . 7 7 7 6

p  <  0 . 0 0 0 1

 

Figure 41: Intake date and maturation status at release in female kelts at Prosser 2009-2013.  Rematuring fish 
are red, and non-rematuring fish are blue.  Whiskers indicate 10-90 percentile.  Differences were tested by t-
tests. 
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Figure 42: Intake date and maturation status at release in female kelts at Prosser 2014.  Rematuring fish are red, 
and non-rematuring fish are blue.  Whiskers indicate 10-90 percentile.  Fish with pre-existing PIT tags were 
assigned to a VSP segment based on detections at PIT tag arrays.  Fish detected at Prosser dam that were not 
detected at the Satus or Toppenish arrays or processed at Roza were assumed to belong to the Naches VSP 
segment.  The difference between Unknown origin rematuring and non-rematuring fish was significant (t-test, p 
= 0.0093). 

 

Proteomic Analysis of Female Steelhead Plasma 
LC-MS/MS generated 113622 spectra, of which 10881 matched peptide spectra in the search 
database.  Matched peptide spectra resolved into 1450 individual peptides, which assembled 
into 185 proteins (Appendix 1.f.).  Of these, no proteins were identified as significantly different 
in abundance between kelts that subsequently rematured versus those that did not.  
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<B>Population Model 
The parameterization above produced a prediction of future spawning abundances, smolt 
abundances, and adult returns based on the parameters derived from acoustic tagged kelt 
capture and release analysis, the rates of tagging and release groups, and the Ricker stock 
recruitment analysis. We further refined the model by fitting the predicted spawners to the 
observed spawners. We fit the model with a log-normal likelihood function, where the 
predicted spawners were compared to the estimated spawners. We minimized the negative log 
likelihood by searching for the values of first and second year ocean survival that minimized the 
likelihood. Since the kelt capture rates, the portions in release and recondition groups, and the 
survivals of those groups were all fixed to the values described, the only remaining parameters 
to estimated were ocean survivals, which were estimated to be 10% survival in the first year, 
and 49% survival in the second year in the ocean. Note that since all fish returned as two-salt 
fish, only the product of the two is relevant, which is about 5%. Recalling that 5% is 
approximately the SAR required for the population to be stable at about 20 smolts per spawner 
production levels, the estimate seems correct. The observed and predicted spawners from the 
fitti ng process are shown in Figure 43.  
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Figure 43: Observed and predicted spawners from model fit. 

We can see in Figure 43 ǘƘŀǘ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ǎǇŀǿƴŜǊǎ ƻǾŜǊŜǎǘƛƳŀǘŜ ǎǇŀǿƴƛƴƎ ƛƴ ǘƘŜ мффлΩǎΣ ǘƘŜƴ 
ǳƴŘŜǊŜǎǘƛƳŀǘŜ ǎǇŀǿƴƛƴƎ ƛƴ ǘƘŜ нлллΩǎΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ wƛŎƪŜǊ ǇǊƻŘǳŎǘƛǾƛǘƛŜǎ ŀƴŘ ŎŀǇŀŎƛǘƛŜǎ 
are constant across years as estimated in the fit of predicted to observed smolts. Those 
parameters were used to generate predicted smolts in this model, but in this fitting procedure, 
those predicted smolts were based on the predicted returning spawners from previous smolts. 
Thus the model fitting in the population model was dependent on previous years. This had the 
effect of propagating predictions into future predictions. As a result, the model was unable to 
fit every data point, and appears to underestimate recent spawning. Figure 43 also shows the 
empirical pattern in smolts per spawner, with effective productivity declining in recent years.  
 
We further validated the Ricker production parameter estimates by mapping out the likelihood 
that the parameter values could be responsible for seeing the spawning abundances empirically 
observed. Figure 44 shows the negative log likelihood of the predicted versus observed 
spawners in relation to the value of the Ricker b parameter. We see that the population model 
suggests that the capacity is probably higher than the Ricker function predicted from the 
predicted-to-observed smolt abundance fit. It appears that to explain the pattern in spawning 
abundance, capacity needs to be about 14,000 vs 11,278 in the smolt fit.  
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Figure 44: Likelihood profile of Ricker b parameter from spawning abundance likelihood. 

 

We repeated this same analysis with the Ricker a productivity parameter. The likelihood profile 
of the Ricker a parameter from the spawning abundance likelihood is shown in Figure 45. The 
Ricker a productivity parameter does not appear to be higher as result of fitting to spawning 
abundances. 

 

Figure 45 Likelihood profile of Ricker a parameter from spawning abundance likelihood. 

 

The population model was forced to balance several factors: predicting spawners from ocean 
returns, predicting smolts from predicted spawners, and using those predictions to propagate 
the population forward. If you consider that the smolts being used to carry the population 
ŦƻǊǿŀǊŘ ŎƻƳŜ ƴƻǘ ŦǊƻƳ ŘŀǘŀΣ ōǳǘ ƛƴǎǘŜŀŘ ŦǊƻƳ ŀ ǇǊŜŘƛŎǘƛƻƴ ōŀǎŜŘ ƻƴ ǇǊŜǾƛƻǳǎ ǇǊŜŘƛŎǘƛƻƴǎΣ ƛǘΩǎ 
not surprising that the population prediction find place somewhere in the middle of the data. It 
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is worth noting that the population model predictions of smolts do not differ from empirical 
values with any noticeable bias. Figure 46 shows the time series plot of observed and predicted 
smolts in the population model. 
 

 

Figure 16: Observed smolts and smolts predicted from the population model. 

 

Having been statistically fit to empirical data, the model can be used as a population prediction 
tool. By predicting population trends with initial spawning abundances and known parameters 
(fixed and estimated), we can postulated the relative effect of altering a parameter of interest. 
An example of this is the kelt capture rate. The assumption in the model as parameterized, was 
that 40% of kelt were captured, and the uncapture kelts survived as in-river fish of good, fair 
and poor conditions. It the assumption is that capturing more kelts would result in more 
ultimate spawners, and if that would lead to an increase in the overall population size, then the 
ƻōǾƛƻǳǎ ǉǳŜǎǘƛƻƴ ƛǎ άIƻǿ ƳǳŎƘ ǿƛƭƭ ǘƘŜ ŀŘŘƛǘƛƻƴŀƭ ŎƻƭƭŜŎǘƛƻƴ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǎǇŀǿƴƛƴƎΚέΦ ¢ƻ 
answer this question, we used the predicted returning kelts and returning spawners over a 
fiteen year period, and calculated the average portion of spawners that were returning kelts. 
Figure 47 shows the relative change in the portion of kelts at different collection rates.  
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Figure 47 Relative contribution of kelts to spawning abundance. 

 

We also wanted to look at the possible impact of kelt collection on the overall returning 
abundance of spawners. Figure 48 shows the returning spawning abundance in 2020 predicted 
by a given kelt capture rate. We see that an increase in the kelt capture rate from 40% 
(assumed to be current capture rate) to 80% would yield a predicted 120 more spawners. While 
this may not seem like much, two things must be noted: 1. The population fit to empirical 
trends appears to underestimate recent production, so it would be reasonable to assume the 
number could be higher than 120, and most importantly 2. There is no decline in the rate of 
production from increasing kelt capture rates, i.e., there is no apparent diminishing returns in 
doing so.   
 

 

Figure 48: Predicted increase in spawning population with increase in kelt capture rate. 
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<A>Reproductive Success of Artificially Reconditioned Kelt Steelhead 
 

<B>Egg quality and reproductive parameters in hatchery origin maiden female steelhead and 
reconditioned kelts at Dworshak National Fish Hatchery 
During the summer of 2013, 21.6% of surviving kelts were identified as rematuring based on 
plasma estradiol level (Fig. 49). Rematuring fish had E2 levels over 1000 pg/ml by August 8th, 
whereas non-rematuring fish were below this level.  Plasma estradiol levels increased 
significantly in both rematuring and non-rematuring fish from August 8 to October 3rd.  
Complete separation in plasma estradiol levels was maintained.  Rematuring kelts had 
significantly higher muscle lipid levels than non-rematuring fish on 10/3/13 (Fig. 50).  Muscle 
lipid levels decreased significantly in rematuring fish and increased significantly in non-
rematuring fish from 10/3/13 to 2/3/14, resulting in significantly higher levels in non-
rematuring fish on 2/3/14. 
 

  

 

Figure 49:  Plasma estradiol levels in rematuring and non-rematuring 2013 spawn year kelts during summer and 
fall 2013.  Bars not sharing a letter are significantly different. 
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Figure 50:  Muscle lipid levels in rematuring and non-rematuring 2013 spawn year kelts during summer and fall 
2013.  Bars not sharing a letter are significantly different. 

 
Consecutive spawning 2013 spawn year steelhead were spawned median 1.5 weeks earlier 
than the date of their maiden spawning (Fig. 51). Spawn week did not differ significantly versus 
maiden spawning week. Fecundity increased with length in both maiden and consecutive 
repeat spawning steelhead (Fig. 52). The length-fecundity relationship did not differ 
significantly between groups.  Fecundity and egg size were significantly higher in reconditioned 
consecutive spawning 2013 kelts than in 2014 maiden spawners (Figs. 53, 54; fecundity 1.23 
fold maiden fecundity, egg size 1.19 fold maiden egg size). Fertilization success was not 
significantly different between maiden spawning steelhead and consecutive spawning 
reconditioned steelhead (Fig. 55; maiden average 92%, kelt 96%, p=0.7434). 
 
 

 




















































































































































