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The Kelt Reconditioning and Reproductive Success Evallratgectis a research, monitoring,

and evaluation (RM&Rincertaintiescategory 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 sfilgdormulated diet) at
Prosser and Dworshak National fish hatcheries. Survival to fall efdomgreconditioned

steelhead was 61% at Prosser and 30% at Dworskak hatcheries in 2014. Using estradiol assays,
we have established that steelheagimaturation rates vary annually and spatially and range

from 10.4% to 80.0%. We have also determifredn our study streamgelts carremature as
consecutive or skip spawnetgpicallyreturning to spawnn 5 or 6 months after kéihg or 17

to 18 months later.We characterized the outmigrating Snake River kelt run as primarily
composed ofSalmon, Grand Ronde, and the Imnaha populations based on GSI analysis at Lower
Granite Dam.A total of 34 reconditioned Hun 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 &apawned as repeat spawners in 20bdcompare
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 weteatled. 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 reprodugecguccess 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 tribaries. We developed a model to examine population recovery from

the perspective of a kelt reconditioning prograrihe model mimics iteroparity in ways explicit

to body condition, reconditioning, and releasethod. We have shown that repeat spawners
could contribute up to 10% of spawning if sufficient kelts are captured and reconditioned
consistent with existing data asurvivaland maturationratesand estimates of repeat spawner
fecundity. This modeling tool provides the means to examine severaltgqresregarding

potential avenues for recovery, and management options for doing®e.team published 5
manuscripts and gave 14 professional presentations in 2014.
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TheKelt Steelhead Reconditioning and Reproductive Success Evaluation Project is a research,
monitoring, andevaluation (RM&E) category project funded througle Columbia Basin Fish
AccordsThe project studies anevaluates two broad topics with respect post-spavn

steelhead, first it assessesconditioning processes argfrategies, and second, it measures
reproductive success of artifadly reconditioned kelt steelheadlhespecificReasonable and
Prudent Alternative (RPAyvhich this research is idified are RPAs 33 and 42 (NMIEB8,

2010, and 2014)TheRPA 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% improvemanB-run population productivity. Toward that
goal, a variety of approaches are being tested and implemented including passage
improvemerts and reconditioning keliteelhead. TheRPA 42 focuses on the reconditioning
component and seeks to preserve anduéd the genetic resources through safeigt (kelt
reconditioning) and mitigation actions to reduce shtatm extinction risk and promote

recovery. Reconditioning these kelts may counter the negative selective forces against
iteroparity associated witthe 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. 2018 which provides additional support of the benefits of kelt recondiithg

to address population demographic and genetic issues in steelhead recovery.

<A>Background

All populations of anadromoudnchorynchus mykigs the Columbia River Basin are listed as
either threatened or endangered under the Endangered Species Act Efl)ations of wild
steelhead have declined dramatically from historical levels in the Columbia and Snake rivers
(Nehlsen et al. 1991; NRC9B® 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 iRGbimbda
were listal 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 ate2b@@)d populations

that existed predam building era in the Columbia River were characterized by unimpeded
migration with the exception of commercial and subsistence fisheries. The dam construction
and postdam construction era for most of the 2@entury hadprioritized wate retention for

the production of electricity, providing irrigation, navigation, and recreational opportunities.
This severly impacted or even extirpated anadromous steelhead runs

Oncorhynchus mykisse considered to have one of the most diverse fifstories in
Salmonida€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, semelpaiiyd 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 resqespecially for small
populations in the event @ failure of any brood year due to brief catastrophic events (Seamons
and Quinn 2010). While fluctuating populations and overlapping generations may reduce the
effective popuation size N (Waples 2002)etention of genetic diversity and persistence oéth
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 singl¢Smamons and

Quinn 2010).

Iteroparity is the ability to repeat spawn and is a natural life history strategy expressgd by
mykiss Steelhead kelts are defined as anadromous post spawn O. mykidsavathe

potential to spawn more than once. Naturglisteelhead kelts would migrate to the ocean and
spawn agairthe next spawning migrain (sequential spawner) or a subsequgetar (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 wintesrun populations (Withler 1966). Historical iteroparity rates fog thterior
Columbia River are not well documented Ilixafts detected emigrating werg8% 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 communicatonj0% 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 higbrtality of downstream migrating kelts
(postspawn 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). Thigghest 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 199A)total of 8.3% of the adult steelhead from Snow Creek,

WA were identiled as repeat spawners based on scale samples (Seamons and Quinni2010).
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 stealbead

reported at 3.3% fromi979 to 1981 (Howell et al. 1985Summer steelhead in th@®h Fork

Walla Walla Rivegxpressed 2% to 9% iteroparity rates (J. Gourmand, ODFW, pers. comm.).
Hockersmith et al. (1995) reported that repeat spawners composed df@Pe Yakima River

wild run and recent tagging data shows average return rates to Bonneville Dam of 3.1%.

With the passage of the E®AK S bl GA 2yl f hOSIYAO FyR ! GY24LKSI
al NAYS CAaKSNRSa { SNIA O&eldpla bidlogickopiioa @ fhed A & NI |j
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 th€RPS3n 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 detines in anadromous steelhead bgproving 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 integtitpsé
stocks (NPPC 1995).

Oneconservatiomapproach has been to improve downstream migration passage at the

mainstem hydroelectric dams for downstream migration of steelhead kelts3o tt2 OS | y 6 wt ! ¢
52, and 54) (NMF&008, 2010, and 2014 5everal sidies have looked at the effectiveness of
transportation of keltsto bypass the dams, the usage of corner collectors, and kelt survival

through the hydrostyemHatch et al. 2003a; Hatch et al 2008tatch et al. 2004Nertheimer

and Evans 200%Vertheimer 2007; Evans et al. 2008; Weiland et al. 2808nstetter et al.

2010;Kahn et al. 201Branstetter et al. 2011Kahn and Royer 201Rayamajhi et al. 2013;

Colotelo et al. 2014; Harnish et al. 20T4e survival of kelts in this approach epedndent on

good migration conditions in the rivelb@th exiting and returning), surviving predation (human

and northuman), and conducive ocean conditions.

The othersimultaneousapproach that is being investigatelythe CRITFC and its partners

involves capturing steelhead kelts and rehabilitating them with prophylactic treatments and
providing highly nutritive foodReducingchances for mortality in the hydrosystem and ocean

will provide another opportunityor fishto reproduce in the wildThis appoach 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
AccordsTechniques used in kelt reconditioning wenéially developed for Atlantic salmon

Salmo salaand Brown or $atrout S. trutta and a review of these studies and others

applicable to steelhead kelts are summarized in Evans etal. (2000)S / wL ¢ C/ Qa 32| f &
thoroughly assess reconditionipgocesses 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>CurrentResearch Direction

In arecentpositveNBE @A Sg 2F 2dzNJ aA&a0SNJ LIN2P2SO0G GKS | I}
Reconditioning PrografBPA Project #200858-00) by the Independent Science Review Pane

(ISRP) (ISRP 2014), they recommended that the kelt project focus on addtieedwitpwing

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 analysi®deo 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, fetity) egg size, and gamete
GAFOATAGE 2F GKS LINRP2SO0Qa NBO2YyRAGAZ2YSR |
The fate of noAmaturing or skigrepeat reconditioned fish also should be disclosed.
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4. Viable plans are needed to monitor the homing and strayatgs of reconditioned kelts
released by the project.

5. Experiments are needed to discover the best geographic locations and times of year for
NBfSIFaS 2F GKS LINRP2SOGQa NBO2YRAUAZ2YSR FTAa

In 2014 the CRITR@rkedto answer these criticalncertaintiesvhichwel RRNB &aa Ay (KA 3
annual report In 2013 we begadeveloping the population growtrabundance, spatial

structure, and diversitynodeksthat weinitially LJdzo £ A & K S R's r&pgrt uhderBldich & 8. NI
2014 This yeawe refinedandinputted data to these models and ran the simulations. The
results of these models are publesthunderthe kelt population modekection In 2014, we
assessed maturation status in blood samplesfikelts taken in @13 and 2014KReproductive
development in kelt steelhead sectiQnThese samples will allow a direct comparison of the
reproductive and energetic status of reconditioned kelts with maiden spawkiéescompleéed

a study employing a proteomics approach to search for an indicator of rematuration in plasma
samples taken at intakd’(oteomic Analysis of Female Steelhead Plasma sécfidditionally,

the other metrics offish maturationidentified in question #®rimarily fat levelsare collected

at Bonneville Dam, Prosser Dam and Hatchery, Lower Granite Dam and Dworshak National Fish
Hatchery by the CRITFEollowing the principal of adaptive managemerd are currently
retainingnon-mature fish at both Prosser and Dworshak to hold over for rematurdticsee if

this is a viable option at boosting repeat spawning in those baslhsapturedkeltsare PIF

tagged and monitored by istream Plitag arrays.Also, in theSnake Basin, we investigated
collection of kelts at Lower Granite Dam argh Creel tributary of the Lochsa River. We may
plan on collecting kelts at Little Goose Damd collect South Fork Clearwater fish agesrnwas

done in 2013 (Hatch et al. 2014)he kelt diet continues to be fine tuned to increase survival

and maturation. We are collaborating with a fish nutritionist at the U.Sabeyent of

Agriculture to optimizea diet that incorporates the Cyclopeeze top cagtinto the pellet

(Hatch et al 201andincreass lipid levels which are important for egg development and
production.

The Relative Reproductive Succpegion of the projectis tofocus on measuringeproductive
capabilitiesof artificiallyreconditioned kelts.We conducted a study using hatchery origin kelts
at Dworshak National fish hatchery to assess the effect of reconditionimgomualityand

other aspectof reproductiveperformance.This experiment replicates a similar experiment
that we conducted at Parkdaldatchery(Hach et al 2013aproviding us with important
geographical replication component to this wokke continued to try and quantifyelt
contributionto steelhead populations in the wild by collecting juvenile genetic samples and
matching them to repeat spawner pareritsthe Yakima River and its tributarié¥e alsoradio
tagged70 of the reconditioned kelts (termedepeat spawnerkthat were released in the fall of
2013 and trackednigrants toareas where they likely spawnéalr later juvenile DNA

collections Genetic analysis is currently being conducted on these fish and will be presented in
the 2015 annual reportWe have made progress towards utilizing the spawning chanr@leat
Elum hatcheryto monitor kelt reprodutive capabilities and are intending to complete a
feasibility study beginning iB015.Thekelt master plarfor the Snake River is currently in draft
form for internal review and will be available in 2015 for actionrayereviews.We have
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produced5 publications and provided4 presentationgo increase exposure of the program to
a wideraudience and to inform management decions in the Columbia River.Basin

<A>Reconditioning Processé&strategies

Kelt steelhead reconditioning process evaluations involve fish culturing practices, studying
alternative management strategies, and implementing research scale reconditioning programs.
Theevaluation of kelt steelhead restoration strategie®@sed 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 spdly and temporally.

The goal of this group of studies is to develop and evaluate potential strategies to increase
steelhead productivity by maintaiimg or restoring iteroparity Providing assistance to kelts in

the form of transportation, feed, capiity, and prophylactic measures (aifitingal, antibiotics,

and anttparasitic) will increase the probability that individual steelhead repeat spawn and
contribute to population growth. The grougd studies includes Hniver release andongterm
reconditioning. These studies attempt to include measures that span from low to high intensity
FYR t2¢ (G2 KA3IK aa20AFGSR O2aidao PAAY 3 REGE
Management Scenario Evaluation to assist in kelt steelhead management decidiernsvoT

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 scernéeios.

steelhead reconditioning process evaluations involve fish caljupractices, studying

alternative management strategies, and implementing research scale reconditioning programs.
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<BXelt Collection

Stedhead kelts are collected fromrBain areas throughout the Columbia River Basin, Prosser,
WA, Lower GraniteNVA andFish Creek, IDThis section details the capture locations, capture
methods, and biological information collected frahe specimens.

Fish CreekVeir

We added an additional strealocation to collect mor&-run steelhead kelts a weir on the
Hsh Creek a tributary of the Lochsa River in eastéaho. In early2014, a considerable
amount of timewas spent developing the study design, determining logistical issues and
obtaining Idaho Department of Fish and Game cooperation. We conducted aajpure and
transportof keltsto DworshakNational Fish Hatcherfyom this location in 2014.

<B>Genetic stock identification (GSI) to assign individual staxfkorigin and estimate stock
proportions in a mixed sample of kelt steelhead sampledlaiwer Granite Dam

Kelt is the term used to describe steelhead trodncorhynchus mykisthat survive after
spawning. This ability represents the defining stage of an iteroparous life history and is unique
to O. mykisamong all Pacific salmon. The demegghic 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 occurrencemong watersheds is highly variable. Rates of iteroparity or repeat
spawning in the Snake River are highest among populations characterized by sradieanl

age individuals (Aun). Conversely, repeat spawning is less frequent amenmBopulations
typically comprised of larger-@cean 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 DaD) eBveen 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-ppatvn steelhead among

the major subbasins (e.g., Clearwater River, Salmar ,Rdrande Ronde) and major population
ANRdzLJA 6at DQAV GAGKAY (GKS {yl 1S WAGSNI .l aAyo®
information about the relative behaviors and population demographics exhibited by genetically
assigned kelt stock3he 2014 composition will be provided in the 2015 annual report.
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<B3n-River ReleaséYakima and Snake rivers)

A systematically selected portion of the kelts that would have been suitable for reconditioning
were PlTftagged and released immediately back to the Yak(fProsser Hatchery) and Snake
rivers (Lower Granite Dam) to act as a control grang determine the baseline steelhead kelt
iteroparity rate under current hydrosystem managemehhese PFagged kelts provide

baseline survival data and an opportunitydompare current repeat spawner rates to other
contemporary and historical estimates elsewhere in the Columbia River hasining

steelhead kelts in the river also represents the lowest cost option, which is currently the status
guo for the majority of he Columbia River Basin.

<B>.ongterm Reconditioning Treatment

We define longerm reconditioning as holding and feeding pagtawn steelhead in a captive
environment to increase kelt survival and additional spawning opportunities. Thedomy

steelhead reconditioning diet and care treatments were established flogrstudies

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 ewanter and return to the spawning sites
volitionally. This treatment represents the highest cost alternative.

Prosser Fisklatchery

Prosser is where the reconditioning of steelhdadts originated with this research endeavor

(Hatch et al. 2013bSteelheadkelts are collected ahe Chandler Juvenile Monitoring FOA £ A (i @ Q&
(CIMFbpypass separatahat is just downstream of Prosser Darfihese fish are either RIT

tagged and releagkback to the Yakima River or retained and held for tmrgn

reconditioning. Steelhead ke# are reconditioned and then utilized to further our

understanding okelt maturationand enhance survival feesearch conservation, and
mitigationpurposes Kelts that surviwéthe artificial reconditioning wereeleasedor retained

for further additional reconditioning researc¢maturation assesement, gondal somatic index
assesment, management strategy approaches, and innovative feeding/treatment appraaches)
Thisportion of the project addressebie RPA number 48 2impfement Conservation Programs

02 .dzZAf R DSYSGAO wSaz2dzNOSNMF82008a aAald Ay t NRY2I

Dworshak National Fiskatchery

Specifido Snake River-Bin steelhead our project collection locations includeelts at the

Lower Granite Dam juvenileypass separator, kelts collected from the Fish Creek (se& Fish

Creek belowand air spawned Dworshak National Fish Hatchery returns. Fish collected from
Lower Granite Damand Fish Creekere either transported to Dworshak Hatchery for
reconditionirg, 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 rematuratiohefish that survival reconditioning wereeleased
downstream of Lower Granite Dam@recember 2014 The successful reconditioning and
subsequent release ofild Brun steelhead back intthe Snake River system addrestesRPA
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number33to Develop and Implement a Kelt Management Rtaimprove the productivity of
interior basin Brun 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 lipidghe 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 resultsfrom this experiment should be available in the 2015 annual report.

<B>elt 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 sitegndutheir 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 colleahd 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 keltsThisportion of thework is a collaboration between
the CRITFC, Nez Perce Tribe, and University of Idaho.

ReproductiveDevelopmentin Kelt Seelhead

An understanding of the reproductive status of female kelt steelheachdueconditioning 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 ESAisted steelhead populatias) 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 revie(lSRP 2001 We believe these issues can be best addressed by research
aimed at an improved understanding of pasproductive life history ad physiology in

steelhead.

Iteroparous female salmonids have two major posproductive life history trajectories

(Chaput and Jwes 2006Keefer, et al. 200&Rideout, et al. 200FRideout 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 &t 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 ding 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 spawi@ampbell, et al.
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20060k Satterthwaite, et al. 200Ehearer and Swanson 2Q0horpe 200). This decision is
made based on energy reserves. If maturation is initiated during this cpecald, it may be
arrested at a second critical period before the onset of exogenous vitellogenesis, if energy
reserves are not sufficierfY amamoto, et al. 2091 We hypothesize that a similar decision
mechanism regulates rematuration in pespawning steelhead. Consistent with this idea, we
found that energy restriction affected reproductive development within 10 weeks after
spawning in female rainbow tro§Caldwell, et al. 201 aldwell, et al. 2004 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 geatic makeup of the fish and subject to selecti@arlson and

Seamons 20Q&Hutchings 2011

Studies conducted in 2062011 established that blood levels of estradiol and vitellogenin
diverge between rematuring and nemematuring fish during reconditioning. Estradiol is the
principal female gonadal steroid in fishes, whichulates 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 vitellognin, and the cost of the estradiol assay is about"d#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 thentBtoning programs at

Prosser, Dworshak, and WinthropVe 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 thateyr may change as more assays and analysis are
completed.

Proteomic Analysis of FemalgteelheadPlasma

Female steelhead kelts have the capability to be iteroparous. Presently, there is no means
available to know whether postpawned steelhead kelt will immediately enter another
reproductive cycle. A biomarker that indicates this physiological capabilign{)jnvould be a
valuable tool for managing captive fish forgenditioning 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 indioa} 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 prot®@me approach was employed. Plasma proteomic patterns were compared
between kelts thatvent on to consecutively reproduce similar and fisht did not.

<B>Population model

In 2013 we constructed a prototype steelhead model to examine the managemenidatpns

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 fednd 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 reconditiaing program This was donby comparing the rate faachievable
population increasevhen captured kelts are reconditioned under assumed potential capture
rates and assumed survival rates. The model was intended to be a very general
implementation, capablef 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 pogrand of different release groups fiiver, fedtransported,and
unfedtransported).

<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, weare alsomeasuring physiological and endocrinological parameters as an index
to rematuration and reproductive success aatch variety of scaleg hese variety of scales are
at the individualffish level(egg quality) andhatural stream level (Yakima River Basid &ish
Creek (irdevelopment)). We will add another dimension with the developmera obntrolled
environment(Cle Elum spawning channel) study. This will provide direct measures of kelt
reproductive capability in a semiatural setting that can contralome of the natural
environmental variables (predation, conspecific competition, and high/low flow everig
project is acollaborative effort amongst two of our membgibes (Nez Perce Tribe and
Yakama Natiop) the University of Idaho, and the Colbra River InteiTribal 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 origimisen female steelhead and
reconditioned kelts at Dworshak National Fish Hatchery

In their recent review of the Upper Columbia Kelt Reconditioning Program, ISRP recommended
OKFGY GaSGiK2Ra G2 lFaasSaa GKS Tl G nidadedef a3 Y ( dz
GALFLOAfAGE 2F GKS LINRP2SOGQa NBOBWRIYISRYSRX Y Sd lii{
2014 Qualification 3). To address ISRPs recommendation, we are conducting an experiment to
assess reproductive performance in hatchery origin keltsNEB.

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 provalasique 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. Buation of high quality eggs is necessary for

reconditioned kelts to contribute to listed Snake River steelhead populations. If issues with egg
guality are identified, they will need to be addressed in order for the project to succeed. On
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the other handfecundity increases with body size in salmor(i@sinn 2009, suggesting that
reconditioned keltshould 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 anthisiga
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
guality and fecundity in reconditioned kelts is a step towaund 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 asonsecutive spawningr in the following year, known adternate- or skip-
spawning Consecutive repeat spawning and alternate (skip) repeat spawning are diverse life
histories found within populations of successfully repeat spawning (iteroparousspasin

fish (kelts), which have been detected in the wild in Algdkalsen, et al. 20))1and on the

Snake RiveKeefer et al. 2008 and in the captive kelt reconditioning project on the Yakima
River(Branstetter et al. 201;]Hatch et al. 2013dHatch et al. 201 and Upper Columbia
(Abrahamse and Murdoch 201L3The causes and consequences of alternate reproductive
behavior in postspawning 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 stabilizékalttunen 201). 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 devatbo(fReid and
Chaput 2012 The availaltly of prey in the estuary was associated with differing migration
patterns and return proportions of consecutive and skip spawf@raput and Benoit 20)2
suggesting that posspawning lifehistory is plastic and depends on feeding conditions in the
ocean. This is supported by studies steelhead showing that maturation is associated with
growth in the marine environmen(Quinn, et al. 2011

In this experiment, we aim to compare the reproductive pemfiance of DNFH hatchenyrigin
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 walilnpare 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.

<BXelt Reproduction in a Btural Setting

YakimaParentageAnalysis

The reproductive success of loteym 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) Doaeditioned kelts produce viable
offspring that contribute to recruitment2) How doesrtificially reconditionedckelt

reproductive success compare witlatural repeat spawnesuccessand 3) How does artificially
reconditioned kelt reproductive success cpane with first time spawner succesk®this study
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we utilize DNA markers and pedigree analysis to address these questidwedt feieelhead in
tributaries of the Yakima River Basin

Repeat SpawneiPostReleaselracking

We radio tagged 70 long tenmmaconditionedkelts in October of 2013, with the goal of tracking
individualfish to their prospective reddo increase the odds of sampling progeny from the
reconditioned keltsThe radio tagged artificially reconditioned kelisre assumed to be
rematuringbased on elevated levels of estradilbat was collected in August of 2013 he

radio tracking was conducted with assistance from Ylakima River Steelhead VSP
(Frederiksen et al., 2014)n the fall of 2014, welectroshocked specific areas that radio

tagged fish likely spawned in. Wellected genetic sampldsom ageO steelhead fryn an

attempt atassiging parentageéack to artificially reconditionellelt repeat spawnersin

addition, 21 of tlese radio tagge fish haveLING & dzY SR & Y | Adetéctioé hisliotidls ¢ y A Y 3
from the previous year (2012/13yhich we can also use to ratke fidelity of repeatversus
maiden spawning We also continue to randomly sample in the basin to find kelt parentage
from nonradio tagged individuals. Even with this combined expansive and targeted sampling,
finding evidencef natural spawningobserved spawning ayenetic evidence of spawningg)

still difficult.

<B>Cle Elum Spawning Channel

Thedifficulty offinding spawning in the wildesults in low sample sizes thahits statistical
powerwhen analyzing effects of artificially reconditioned repeat spawoerthe total
population. To address this problem, we have initiated a study using the Cle ElunmiBga
Channelvhich had previously been used for spring Chinddiat prior experiment was used to
successfully observe spring chinook natural spawning capabilities and bel&chooderet al.
2008 Schroder et al., 2030 We will utilize the spawninghannelto conduct a similar
experiment to observe and determine artificially reconditioned kelt reproductive capabiliti
the channel. Tis will help to reduce some of the variables that occur in nature, namely
predation, navigation of degraded habitatnd fluctuating natural conditions (flood events and
low water yearsjnd 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 Pigly Group(Yakama Nation and/ashingtorDepartment of Fish and Wildlife)
through the YKFP technical review process. Collaborators indlugeFish and Wildlife
Service, BPA, and NOAA through the Cle Elum technical team approval phteass.see
Appendix 1.efor further details on plan.

<A>Xelt Master Plan Development

The Nez Perce Tribe are currerglyaluatingthe Kelt Master Plan docuent through the Nez

t SNOS goveithniedtadr@view process. We anticipatathhe Steelhead Kelt Master Plan
will movethrough the reviewprocessand be approvedih mid-2015. Afterwards it shoulde
ready for basinwide review and approval by the action agencies sometimalito-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 psgawn steelhead recovery the CRI'ER@ its
partners published fivpapers to the published literature in 2014 ((Bueland Moffitt 2014;
Caldwell et al. 2014; Penney and Moffitt 2014 a.; Penney and Moffitt 2Q Helonandez et al.
2014). Our team gavé4 project presentation®n our researchn 2014 athe basin, regional,
national, and international levelSeeAppendixA.2for specifics.

Pacific Coast Steelhead Management Meetihg

Yakima Basin Science and Management Conference, Ellensburg:3WA
National AnericanHsheriesSociety, QuebecCity, QC, CA

15t Annual CRB Trainee Sympositim

Fish Culture Conferencéission, OR3

Department of Biological Sciences University of Idaho

aSiK2Ra
A list of methods is provided in thppendix A.3. This list provides direct hyperks to
detailed project methods that are hosted orMabeitoring Methods website.

<A>Study Area

<B>Prosser, WA: Yakima River Basin

The Yakima River is approximately 344 km in length and etfiterSolumbia River at RK 539.
The basin is 15,928 km2 and average discharge is’@9 rBummer steelhead populations
primarily spawn upstream from Prosser Dam in Satus Creek, Toppenish Kaebkks River,

and other tributaries of the &ima River (TRP 1995) (FiguyeThe Prosser Dam in Prosser, WA
is a diversion dam, which collects water for irrigation in the Yakima River valley.
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Figurel: Map of the Yakima River Subbasiizome of thesteelhead natal spawning creeks are listeBoth 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)
(Figure2). This facility is part of th€heYakima/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 SubbaRinsser Hatchery was

constructedin 1994 with the primary function of rearing, acclimating, and releasing fall chinook

salmon Q. tshawytscha)lt is also used for rearing coho salm@n kisutchprior to acclimation
and release in the upper Yakima River Basin (Figure 9) as well agrexpal rearing of white
sturgeon(Acipenser transmontanuand Pacific lampreyefitosphenus tridentaje
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Figure2: Map showing the location of Prosser Dam and the kelt reconditioning facility at Prosser, WA.

<B>ower Granite, WA: Snake River Basin

The $ake River watershed is the tenth largest among North American rivers, and covers
almost 280,000 krhin portions of six U.S. states: Wyoming, IdakeyadaUtah, Oregon,
andWashington, with the largest portion in Idaho. Most of the Snake River watetssed
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 Columbi&28.RKs average
discharge at the mouth constitutes 31% of the Columbia’s flow at that pdime. Snake



River's average flow is 1,56%/s. At Anatone Washington, downstream of the

confluences with the Salmon and Grand Ronde, but upstream of the Glainthe mean

discharge is 973%s (Figure 3. The third dam on the Snake Ritzewer Granite Lock and

Damis a concrete gravity runf-the-river dam on the Snake River, in the U.S. state of
Washington.The dam is located 22 miles (B&) south of thetown of Colfax, and 35 miles

(56 km) north of PomeroySteelhead spawn naturally throughout tkawer portion of the

0l &Ay GAOK (KSNBAfé G4 G Sr26degySik R FLINR RdzOSR G4 G KS
Hatchery found on the Clearwater River.

<B>Fish Ceek, ID: Lochsa River Subbasin

Fish Creek is a tributaryf the Lochsa River whiak part of the geater Clearwater subbasin
that feeds into the Snake River basin. This stream system is primarily dominat@drbykiss
(Copeland et al. 2033

Figure3: Map of the Snake River Basin.
<B>Dworshak National Fish Hatchery

Kelt reconditioning facilities are located at Dworshak National Fish HatcheRH)DN Ahsahka,
Idaho (Figure ¥ DNFH is located at the confluence of the North Fork of the Cleari®ater
(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 presentynamaged by the U.S. Fish and Wildlife Service and

the Nez Perce Tribe. Steelhead, Chinook, and Coho salra@pawned and reared at the
TrOAfAGE® ¢KS LINAYEFNE 3F321t 2F GKS adSStKSKR
dzy Alj dzS b2 NI K C2NJdzy @ S& dd¥ ¥ & MINA w3 BISMS WR  LI2 LIdzE | G
goal is to release 2.1d2.21 million Brun steelhead smolts per year (USFWS 2009).
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Figure4: 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 Supplementatiand Researckacility(CESRMas built in 1997 to research the
effects of supplementation progranm the Upper Yakima near the town of Cle Elum, WA
(figureb). In 2000 an artificial stream 127m x 7.9 m wide was built at the CESRRRaetted
width of the stream rangebetween 4.3 and.5m. The artificial stream has the ability to be
subdivided into7 sections (figur®) (Schroder et al. 2008for the purposes of our experiment
we will likely only split into 3 sections.
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Figure5: Cle Elum Spawning Channel overhead photo.
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Figure6: Cle Elum spawning channel setugigure used with permission from North American Journal of
Fisheries Management.

<A>Reconditioning Processes Strategies

<BXelt Collection

Chandler Juvenile Monitong Facility (Yakima River)

Post spawn steelhead migrating downriver are inadvertently collected by wine éthandler

Juvenile Monitorind-acility (CIJMF a.k.a Chandler Juvenile Evaluation Facility CJEF)) which

diverts migratory fishes away from the gation canal Once diverted into the CIMF, emigrating

kelts are manually collected from a fish separation device (a device that allows smaller juvenile
alfY2yARa G2 GaFFff GKNRdzZAKE F2NJ LINPOS&aaAy3d Ay
dipnetted for processing (Figuré). Yakam#&ation 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.

Alladult steelhead are placed into a watketbricated PVC pipe slide that diverts fish to a
temporary holding tank 6.1 m (I) x 1.8 m (w) x 1.2 m (h) containing oxygenated well water at
13.8°C (Figure). All specimensvere then transferred to a 190 samplindank containing fresh
river water, and anesthetized in a buffered solution of tricaine methanesulfonate222% at

60 ppm. All prespawn individualgere immediately released to the Yakima Rivdr kelt
steelhead were processed for the control and ldéegm reconditioning

Following kelt identificationfish were sexed, weighed (collected in pounds but converted to kg

for this report), measured fork and mlye to hypural length (cm), assigned condition rating

(good lack of any wounds or descalirfgir- 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, ifdd £ NBFR& LINBaSyiads>s gSNB AYLI FYyGSR Ay S¢
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) (RKet@é3hey are collected by
Army Corps of Engineer (COE) stafiits are nettedff the adult fish separator bars and moved

to a fish hopper that led into the kelt receiving tank (Fig@yeBoth Brun (>70 cm) and Aun

(<70 cm) steelhead are selecte@ur determination differs from the TAC cutoff at 78@usby

et. al., 1996pased on evidence that this size distinction does not seem tbdisize

distribution of the population. This determination is reinfor¢éésed on our own analyasis of

the kelt runlength datathat has found that there appeared to be a bimodal size distribution in
kelts at 63cm (Graham et al, 2014 poster presentafidppendix 2. In 2014, the separator was
manned 24 hours throughout theeason. Staff from the Nez Perce Tribe (NPT), University of
Idaho (Ul), 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), keltrgedipe (C),
and kelt receiving tank (D).
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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 parel, whic
can be raised mechanicgllBoth 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 separatioeatirtent
groups. The holding tank (tank #2) has an additional exit gate, which can be connected to a
large diameter hose for alternative release locatioRig(rel0).

Iiécgivfng Tank (-nk #1) _

e =

”

IO\

nk #2) :

Figurel0: Tanks designed by the University of Idaho for holding and sorting kaitsower Granite Dam.

Every day, staff from the NPT, Ul or CRITFC processed fistuefasnesthetized in tricaine
methanesulfonate (M222) or AQUS® (clove oil) buffered with standard stock solution of

sodium bicarbonate to decrease stress and matgMcCann et al. 1994). Fish were

measured, weighed and graded by condition. In assessing the condition, several factors were
O2YyaARSNBRO® tKS O2yRAGAZ2Y NIYGAYy3I 6S dzaSR NBT
This rating was based on phyai 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 receivedagPIT
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 thaika 1.5kiloliter 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
PolyAgua® was used to replace the natural protecslime 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 2@lts were transported at one time.

Fish CreekVeir

The resistance board weirused to interrogate upstream and dowmsam migrantgFigure

11). The trap wasperated byIDFG The weir trap box was examined several times daily for
fish and lelts were kept in the trap box until processifidne Nez Perce Tribe/CRITFC processed
capturedfemale kelts thergradedby conditionmeasures of length, weiglat collection

genetic samples takemandthen retained for shipment to Dworshak National Fisatcheryfor
longterm reconditioningor released downstream of the traplhe same methods used at

Lower Granite Dam to transport to Dworshak were utilized at this location.
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Figurell: Fish Creek WeirPicketweir from which kelts are collected anthen 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 methanesulfonateZ®23 orAquiS® (clove

oil). However, several of the aspawned fish had been anesthetizediwtarbon 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 andessed 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 fithess physical injuries on

the body surface, @ obvious fungus present, no fin ratr head burn. Fish not selected for
reconditioning were aispawned, PIT tagged and released into the mainstem Clearwater River
after a three day recovery period.

Brood Air Spawning

Similar to 201613, steelhead wee airspawned at DNFH to augment the number of fish for
reconditioning experiments. Selected fish were transferred to an area set aside forthe air
spawning proceduréLietritz and Lewis 1976 Lowpressure compressed air was injected into

the fish usinga 20gauge needle. Eggs were allowed to flow freely with some gentle massage to

obtain theremainder (Figure 12 ® 91 OK FSYIfSQa S33a 6SNB O2f f
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identification tag. Standard fish health sampling occurred on these fish ¢é@tthe DNFH

spawning criteria routinely employed at the hatchery, this includeariaw 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 &mden. 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 2 ml) was drawn from the caudal vessels using sterile 18 gauge, 38mm needles
fitted to heparinized syringes. Body lipid levelseveneasured by applying a DistEish

Fatmeter to the outside of the fish. Tagging needles were fadtmgled with PIT tgs. 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 efatsgcycline. After

sampling, each fish was placed in a recovery tank for observationto transfer to the kelt
reconditioning tanks.
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<B>Genetic stock identification (GSI) to assign individual staxflorigin and estimate stock
proportions in a mixed sample of kelt steelhead sampled at Lower Granite Dam

Sampling and genotyping

Allkelt 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 aintleeot

sampling. Field data included R&Q information, sample date, fork length, gender, disposition
and overall condition (Appendix1@) 'y 2@SNI ff O2yRAGAZ2Y NI GAyY3
based largely on physical appearance, fungal load,mmasence of injuries (e.g., head wounds;
pers. comm. Scott Everett, Nez Perce Tribe). The field identifications of all rarigialkelts
sampled between 2010 and 2013 were verified using parentage based tagging (PBT) data in a
baseline that was initigad in BY2008 (Steele et al. 2012). Those natural origin kelts that were
subsequently assigned as progeny of PBT broodstock adults welassified as hatchery

origin and excluded from GSI analysis of natorajin kelts. Since PBT is capable of idgimtif

the true (specific) hatchergf-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 Wwakexdue to
missing genotypes for the PBT panel of SNPs). In additietadPtiEtections at LGD and
associated interrogation data obtained fraime PTAGI8atabase (Pacific States Marine

Fisheries Commission 2009) was used to evaluate concordance bedetmtion 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. clarkiihybrid determinng 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 conduGSI analyses are described in detail in Hess et al. (2012) and
Ackerman et al. (2012).

32



GSI procedures

Typically GSl is a regional application drawing on the scope of demographic influences (e.g.,
migration) and evolutionary factors (e.g. local adsin) to delineate groups of genetically

similar populations. When evaluating a mixed stock sample using GSlI, assigning individuals to a
particular population of origin has proven to be routinely less accurate than assignment to a
reporting group (RG) repsenting 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 digcpepulations (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 sourcesinformation: 1) the genetic similarity of populations
0FlaSR 2y &GNHzZOGdzNBE FylFfeasSas HO YIF 22N L2 Lz |
geographic structure (i.e. adjacency of watersheds in the Snake River), and 4) formation of RGs
using iteratie 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 aialyses.
analysis program GENECLASS2 (Piry et al. 2@34)sed to estimate rate of sedsignment

within each RG using 2 01 | Yy AoRe23dzi2ONJ WY thHhFo@ S INR OSRdzNBE > | Yy R
Bayesian method of Rannala and Mountain (1997). Basadsmving power wadetermined

by rate of seHassignment for each reference population. Segignment was defined as the
proportion of individuals that assigned to their respective,-gdegermined R&f-origin (not
necessarily population of origin) with highest probabilifpe 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 probahylscores 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 populatiborigin for each individual kelt was
determined on the basis of highest observed assignment probability, corresponding td one

73 reference populations. Similarly, the overall RG assignment probability of each kelt was
calculated as the sum of successively ranked population probabilitgscorresponding to the
same RG.

<B3n-River Release

Yakima River

A systematic sample (every"1@elt) of kelts suitable for reconditioning, were R&fged and
immediately released back into the Yakima R{®®osser, WA RK 7516)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 Lowera@ite Dam that were not moribund and not selected for
reconditioning were PHagged 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 underoperation of the current hydrosystem. Results can also be compared against
Yakima River rates.

<B>tongterm Reconditioning

Prosser Hatchery Reconditioning Facility

Kelts were captured at the CJEF and thengaan a holding tankThe steelhead kelts deemed

G2 0SS Ay da322R¢ G2 GFIFANE O2yRAGA2Y GSNB NBGF
G2 0SS AY dLR22NE O2yRAGAZ2Y | YR Rdeltd)ntha holdidy2 t 2 NJ &
tank are dip netted and placed it trailermounted tote and moved by a Kawasaki mule with

a small aerated holding tot® the hatchery (Figur&3). Steelhead kelts retained for the long

term reconditioning treatmerg were held in one of four 6.1 m (d) x 2(h) circular tanks

(Figure 5). Loading densities were approximately®2f3the 300 fish carrying capacities of

these tanks.Tanks were fed oxygenated 13@well water at 757 liters/minute (I/m).

Figure 13 Steelhead kelt reconditioning tankstdrosser 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 copep8dmincolais 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 ug kg). The dng was administered via injection to the peritoneal cavity for the
treatment of mpepods (Glover et al 201AlI fish held for longerm reconditioning received
anintraperitonealinjection, 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 bt 6§ such infections. The

drug Formalin(formaldehyde 37%} 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

<CXransport 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-&itbler 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 oxygenate@mwabtress Coat® or
PolyAgqua® 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 durargsport. Loading densities
were kept to a minimum; no more than 20 kelts were transported at one time.

<CbworshakReconditioning Facility and Treatment

Four 4.5m diameter tarkkare located at DNFH (Figurg.1Z&anks have anjump curtains and

shack covers. River water is provided from a fire maintenance supply line at a flow rate of 3.78
f kY LISNI GFyl o ¢yl 2dziFt26a I NB LI dZYoSR (2 0
[l digester. Tanks are outfitted with both an internal standpipe améxernal vented vertical

loop to control water level. A fodsucket Koch ring packed colurtiegassing assembly

supported by external posts is installed on the inflow to each kelt tank. Each tank has four
diffusers connected to a continually operatingration 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 ddbgger. 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 baalp water sources are available.

As a prophylactic treatment, oxytetracycline 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 egg until the feeding response is well established. Then fish are given a higher lipid
content kelt/broodstock feed.

Figurel4: Experimental kelt reconditioning tanks at DNFH with auimp containment curtains and four bucket
Koch ring packed columns.
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<BXelt Reconditioning Physiology Studies

Reproductive development in kelt steelhead

<C>Blood Sampling
Fish were blood sampled at the indicatedein 2013 and 2014 (Tablg 1Steelhead 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 elsewhdkelt Collectioh (Abrahamse and Mrdoch 20132014).

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-80°C. In addition tblood sampling, the length,
weight and sex of fish was recorded, and a reading of muscle lipid levels was taken with
Distell Fish Fatmeter (Distell Inc., West Lothian, Scotland), using the rainbow trout muscle lipid
setting (Troutl) at the two most angérior measurement sites recommended by the
manufacturer(Coltand Shearer 20QLrossin and Hinch 20p5The 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 bellsgnd a protruding vent were classified as rematuring,
whereas fish without these characteristics were classified asrapraturing. Necropsies were
conducted on mortalities that occurred at Prosser after the 9/10/14 sampling. The weight of
the ovary wasecorded 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 @il trap for upriver fish at Prosser dam. LGR:
Lower Granite Dam adult ladder.

Location Sample date | Fish type| # Fish| Blood sampleg 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
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 hatchergome releaseg
DNFH 4/1/2014 spawners 92 92 air spawned hatchergome releaseg
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 SeptOct 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 @stradiolm T | 0 9indicatok @ reproductive developmenEish plasma

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

& YLX S& o6upn >[0 6SNB SEG NI Suib8sRvithiaghydiSs 02 y & S O dz
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 88 m, the aqueous phase was iesped 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 49°C water bath (@A, { 1 S GAy3 {2aGSYT hNABFYy2YlF (A
Berlin, MA) and dried down umed a gentle stream of Nlirectedviaa nitrogen evaporator
manifold (N9 + ! t ®* MMHT hNBIY2Yl A2y ! 4a20AF3Sasz LyOT
remaining aqueous fraction from each plasma sample was then performed, again using 2.0 mL
diethyl ethe, as described above; this second extract was pooled with the first extract. Dried
SEGNI OiGa 2F FA&K LXLFaYlFl 6SNB NB&adaALISYRSR AYy H

Plasma E2 concentrations were assayed by an enzyme immunoassay using an

acetytcholinesterase linked estradiol tracer (CaymChemical, Ann Arbor, MlExtracted

plasma samples were appropriately diluted and duplicate technical replicates assayed in the EIA
FOO2NRAY3 G2 GKS YIydzZF OGdzZNENRA AyadNHzOGA2Y Y
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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 he fall (maturing; indicative of reproductive resumption) and four that had very low
levels (noAmaturing).

To prepare the plasma samples for mass spectrometry they were affinity purified by passing
them over GlycoLink Immobilization columns that hadialvow trou vitellogenin antibody
coupledto 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.tAts 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 pg of each) wemecipitated overnight in acetone at @ 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 lah. 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 IMLS/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 L-Pbitrap mass spectrometer (LIQrbitrap Velos, Thermo
Fisher) operated in positive ion mode.

All data was analyzed using Proteome Discoverer 1.3 (ThErsh@r) and MASCOT v2.3 (Matrix
Science) software. Raw data files were searched against the Ut8prissProt database with
allspecies filter.

<B>Population Model

Model Description

The model asumes that iteroparity rates do not differ among years, but that the iteroparity

rate for virgin spawners differs from that of repeat spawneis. The number of virgin

spawners Nn run year t is the sum of all spawners of age a coming from rantyee The

following equations describe the life history model. All symbols are indexed by run year, so the
smolts (§ from run year t are in fact observed in year t+3, the ocean aduftai@ in fact

observed in year t+a+1, and the returngilre also in year t+a+1.

The model begins by summing all virgin returning adiuligs and repeat spawner$;
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Virgin and repeat spawners are subject to a prespawn mortality rat@nch added to get the
total number of spawners in run year t after pre spawn mortality.

Y p & 0O O

Kelts are then calculated by a virgin and repeat kelt rataridr, respectively).

0 p a 10 10

SmoltsM; are calculated using a Ricker function with productigitgnd capacityp:.

0 YQ

A condition function is calculated where the condition Ct is predicted using a logistic function
with a base raté anvd scaled toAthe noArmVaI[zed ]‘Iqw, temperature and spawner density using
ratesi,» ¥ FyR 1+ NBAaLISOUAYSteod

6 pp Q

Depending on condition, kelts fall into the category of goog, (@ir (k), poor (F), with the
proportion of goodr , fairfy , and poom depending on conditiof.

0 1o
o o
0 RO

The number of irriver releases depends both on the capture ratef good and fair kelts and
the proportion of captures released-.

Y “—"0 O p “ O O
All poor condition kelts are releasedHiiver.
Yo O

The number of transported ufed kelts depends both on the capture rateof good and fair
kelts and the proportion of captures transported and not fed

~

Y Y "0 O

The number of transported fed kelts depends both on the capture ratégood and fair kelts
and the proportion of captures transported and fed.
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0 “—"0 O

The number of longerm reconditioned kelts depends both on the capture ratef good and
fair kelts and the proportion of captures reconditioned fed

0 “—'0 O

The number of repeat spawners in year a yesdtsr the first spawning migration year is the
sum of the products of survival rates and kelt classifications for eaBR#®, U, k, andL:, with
respective survival ratds i i A A where the superscripa denotes the number of years
between successive spawnings.

O Vi Y O Yi "Ol O i

The number of ocean adults ;; pre spawning migration after one year in the ocean (i.e.: 3
years after spawning and four yeafier spawning migration) is given by at Beverdalt

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 seto near infinity to eliminate density dependence.

The number of adults returning to spawn after one yBag is the ocean adults multiplied by
the maturation rates after one year in the ocean.

Op * 0

The ocean adults surviving a second year in the ocean i$ thithat do not migrate times a
BevertonHolt survival function for survival a second ocean year.

. L P * N0 R
O0r p = NrdF— -
P o P * Up

The number of adults returning to spawn after one y8ay is the ocean adults multiplied by
the maturation rates after a second year in the ocean.

Op  0f

The ocean adults surviving a third year in the ocean i$ithehat do not migate times a
BevertonHolt survival function for survival a third ocean year.
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Or P * Nirbp - .
p DQ—Ep - U5

The number of adults returning to spawn after one y8ag is the ocean adults multiplied by
the maturation rates after a third year in the ocean.

After a fourth year in the ocean, all adults return to spawn, so the fractian gthat did not
spawn after the third year in the ocean are predicted to survive a fourth year andhréegur
spawn.

. o P = Nrl0p
UVh P * NiVi—3

p fors P * NRrU AR
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 arasti will be relative
survival rates of the four recondition grougs i fi Fi H ), the productivities and capacities
in fresh and ocean stages, the kelt ratggndr, The captureraté = | YR G KS LINE LJ2 NIi
—h—h—h—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 maturaates and
calculated the relative recovery rates by changing fatB—h-=h—h—

Data and model implementation

In 2014 we began formal parameterization of the model using known steelhead spawning
abundances, smolt migration abundances, stakrates of kelt release groups, portions of
captured kelts going into each release group, and the kelt capture rate itself.

We obtained spawning abundance data fropstreammigrating (prespawn) steelhead at
Prosser Dam. Smolt abundances were taken fraaderikseret 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 feeelomgeconditioned fish, in
river releases, fedrainsported 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 kelboategs the
same each year. We used the average of the proportions of kelts falling into each category as
evaluated from the total collections andturns.

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. Waredd 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 lagormal negative lodikelihood 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 variatin. 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 approximat& &solts

per spawner on average, requiring approximately% SAR for population stability.
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Figurel5: 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 ocaad,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 capatéyms of 1.e12 (effectively eliminating density
dependence), 2. Kelt capture rates of 40%, repeat kelt rate of 25%,-6%ermelease portion

of kelts, 5% transport unfed portion of captured kelts, 15% transport fed portion of kelts, and
73% long termecondition portion of kelts. Additionally, we us#te 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 remductive parameters in hatchery origin maiden female steelhead and

reconditioned kelts at Dworshak National Fish Hatchery

In 2013 and 2014, hatchery origin maiden female steelhead aergpawned at DNFH (Table

2). Air spawning was conducted as preiyudescribeqHatch, etal. 2014. In both years,

after air spawning, lengths and weights of fish were recorded, and detbal measure of

muscle lipid content was taken using a Fish Fatmeter (Distell Inc., Midlothian, UK). In 2014, the
total weight of eggs collected froeach 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 fromeveral 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 withconfirmed 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, appréedyri2b eggs from

6 SNB FTAESR XSfoddard, 2t@l] 2008 @ &
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 assments of egg quality further along in development, and
eggs lots with reduced viability are clearly evident at the 12 hour time g8Stoddard et al.

SFOK FSYItS

2005

a2t dzirzy

Table 2 Hatchery origin female steelhead artificially spawned and reconditioned at Dworshak National Fish

Hatchery in 2013 and 2014.

o 8/9/2013 8/28/2014
Spwn Fish Air . : : .
Year | Spawned Alive Rematuring Alive Rematuring
(%0) (%) (%) (%)
74 16 29 27
= - (45.4) (21.6) (50) (93.1)
32 2
2014 149 - - (215) (6.3

Fish were reconditioned as describ@tatch et al. 2014Longterm Reconditioniny) The2013
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 asse®d as described above. Remaining-nematured 2013 hatchery origin

kelts and 2014 spawn year hatchery origin kelts were sampled on 54578/44, 6/25/14,

8/28/14, and 11/6/14. During sampling, length, weight, and muscle lipid levels were measured
andblood 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 estradedsaged as
described fethods:Estradiol AssgHatch et al. 2014

<B>elt Reproduction in a Natural Setting

Yakama Parentage Analysis

<C=sample Collection

Anadromous adult steelheads were collected asttgam migrants at Prosser Daon

downstream migrants at the Chandler Juvenile Monitoffiagility.Samples collected as

upstream migrants at Prosser Dam were treated as maidens and referred to @panen

maiden collections. Postpawn adults citected at The CIJMHRat survived reconditioning to
release in the fall were referred to as kelts for the spawning event followinig tekease. For

the spawning event prior to their capture, they are treated as maidens and referred to as post
spawn maidens.

AgeO juveniles (juveniles collected in the same calendar year as the spawning event) were
primarily targeted using electrofighg 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 agé 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.

<Cx%enetic 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 tissuéesarsing

aGF yRIENR Y| ydzf I Ol dzNBNN&asP axtadtien®ig Cudrenfigbld@typing A | 3 Sy
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, ne (OmyY1 2SEX) is a-dexermining marker and onéOmy_mapKs3

103) was known to havagnificant linkage disequilibrium issues with another lo¢iessé et al.

2012). An additional 15 loci with minor allele frequency less than 0.05% were also dropped

from analysis (Omy_cd2830, Omy_pad 96, Omy _UT16 -273, Omy_970773, Omy_inos

97, Omy_carban264, OMS00095, Omy_H%4, Omy_mcs268, Omy_ 9786896, Omy_sSGD

1, Omy_gadd4332, Omy_LDHB i6, OMS00169, Omy_ni299).

Prior to statistical analysis, confirmeluplicate samples, samples with incomplete genotypes,
and nontarget 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
MicrosatelliteToolkit (Park 2001). Deviation from Hasd§einberg 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 tre 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 (Marghallo&X8, 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 thagl 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 saples.

Parentage data was stratified by reporting reproductive success of three primary classes: 1)
Maidens collected as prepawners, 2) Maidens collected as pspawners, and 3)
Reconditioned kelts. To account for differences in collection times, atehpal 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 Releasadking

Reconditioned keltselected forthe radio tag portion of thiexperiment received the same
treatmentsas keltan the long term artificial reconditioning program. Candidates were selected
from a pool of fish deemed to bmaturingbased on estradiol assagseeEstradiol AssgyAlso,
candidates had additional selection criteria applied, based on visual condjma ¢olor,good
condition, and weighgain) and the discretion of the hatchery manadexsed on belly

firmness, presence of developing eggzandidates that had previous detection histories as
maiden fish were also prioritized.

Allradio tagged reconditioned kelts weemesthetized with AQUS$ and had condition factors
recorded (condition, color, length, and weight) justgerio release. Allish were scanned for
PIFtagsand 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 intakéek
modelMCFTZ3Atransmitter, with dimensionsl6 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 tagriplanted 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 sieasore will
greatly assist in determining tag regurgitation rates and depredation events of individual fish.
The tagsvere coated with glycerin and had a surgical rubber band attached (aid in tag
retention) and then inserted with a specially crafteddGod that insertedthe tag into the
stomach Mellas and Haynes 1985). Chris Fredericksen tagged all of the candidaas figh
hasnumerous years of experience radio tagging steelhead in the Yakima River Basin.

The radio tags were obotek's 2000 code set, and were on ar@rowband radio frequencgf
149.380, Cahnnel55. Tracking was done primarily mgia Lotek SRX 600 receiver connected to
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multi directional yagi antenremounted to the hitch of a pickup trucklhese antennas were
positionedat 45 degree angles to the left and right of the truck so that they vieneard
facingto maximize their detection efficiencyTracking was mainly conducted along roadways
adjacent to the Yakima River and its tributari@&me areas had noad access sadcking was
also done on foot and occasionally by helicopiefixed wing aircraffassisted by the Yakama
Nation VSP project)Mobile tracking was @nducted every other weetturing late fall/early
winter, with frequency of sampling incremg to two to three times a weeks water
temperatures increased in late winter/early spring

PIFtag antenna arrays at Prosser and Roza Dam, and Satus, Toppenish, Ahtanum and Cowiche
creeks were used to confirm radio tag detection histories and infelylikpawning status.
Naches River was the only main tributary without and array system.

2 Fixed Site Locations
. PIT and Radio Array location

Radio Tag Array Only
. PIT Antenna Only

ke
]

Labtude 46,719384 Longitde 121952181

Figurel6: Location of PIT tag arrays and radio tag arrays for detections in the Yakiver Basin.

Juvenile collection

Juvenile collection was done utilizing @lectroshocking backpack unit from Smiwot (NMFS
2000)startingdownsteam of suspected reddsoving upstream to suspected redd location

Collection timing was determined by usitgmpS NI G dzNB dzy A& o0¢! Qav Ay {fFf
subsequent to last Radia ®1Ftag detection datedor the tracked individual (Embody 1934)

Effort was focusedn collecting ag® fish so that we would not get parentage from the

LINSOA2dza &SI NDa& & Llesthytiked dsihg M3Rajzdnethdl geretics SNE | y
sample wa®btained 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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<A>Reconditionng Processes Strategies

<B>XKelt Collection

Yakima River

A total of 580ive kets were captured between March Zihd June30, 2014at the CIMF.
There were22 steelhead discovered dead upon arrival in the bypaéelts in poor
condition,and 11prespawn (maiden) steelhead that were released immediately back to the
Yakma River on site. A total of 4®od/fair condition kelts were diverted back to the
Yakima River for the control. Collection was mostly continuous throughout the migration,
with peak collection oaarring on May 5, 2014 (Figure )1 7The total number of kelts

captured represented 3.7% (56®f 4,141) of the Yakima River spawning migration based
on fish ladder counts obtained from Prosser Dam for the penme 31, 2013through Jue

30, 2014 This collection only represents the portion of the population that volunteter i

the Chandler bypasshile others migrate over Prosser DdRrederiksen et al. 20)4

Steelhead Kelt Collection
70
60
50

40
Number

of Kelts Captured
30

20

1

o

; | |‘ ‘|||H|||I‘|I

3/1/2014 4/1/2014 5/1/2014 6/1/2014 7/1/2014
Date of Capture

Figurel7: Yakima River kelt steelhead collection at CJMF Prosser, V\2A14.

Based on isual observations, 469 of 573 @Jof the kelts were female and 1048%)
were male This is &igher number of males than in past yedgpically under 10%{Hatch
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et al. 2012) There were 7 fish which had no sex assignmkftust kelts wereclassified as
good condition (n=360, 62%) followég fair (=181, 31%) conditicendfinally as poor
condition (n=39 7%). Coloration wag@dominately intermediate (n=28 51%) or bright
(n=248, 4%06) with a smalbercentage that were darfh=34, 8%).

Snake River

<Cx*ower 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 fewours to clear debris. The peak collectidbq fish) occurred the week

of May 26, 2014(Figure 18)

From May 2 to 21, 20148lue Leaf Environmental (BLE) floy tagged a subsample of 92 fish to

study prototype passage structures. These fish were mogaktdy BLE in a 300 gallon tank on

AAGS YR NBfSIFASR ¢A (KA Vablesuknthatidehthedinal / 2 Yy SNJ S i
disposition of keltgollected by the LGR JFF. There were 13 collection/handling mortalities.

. Weekly Intercepts of Kelt Steelhead
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Figure 18 Weekly steelhead keltriterceptions 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
Returned to Rivel
Flogged tagged and released (Bl
Transported to DNFH foeconditioning
Mortality
Total

A-run
2317
85
0
11
2413

B-run
162
7
111
2
282

Total
2479
92
111
13
2695

The majority of the fish collected from the Snake River at LGR JFF in 2014nerieiales in
good condition. Most fish were without any major wounds (scraps, cuts, fungal infectidhs)
the majority of them collei@d in the month oMay (Table ¥ Females70 cm comprised 8.4%
of the kelts interceptedt the LGRIFF in 2014 (Tablg.50f these, the proportion rated as

being in god 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

Female Good (49.0%)
<70 cm 844
>70cm 111

Male
<70cm 361
>70cm 4

Total 1320

435

63

247

752

50

Table 5 Condition of steelhead kelts by sex and size at the LGR JFF in 2014.
Fair (27.9%)

Poor (23.1%)

304
52
Total

258
9
Total

623

% of collection
58.7
8.4
67.1

32.1
0.8
32.9

2695



Condition of female kelts> 70 cm
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Figure 19 Percent comparison of female kelt steelhead 70 cm at LGR JFF by condition and collection year.

<C:Bworshak National Fish Hatchery

A total of 147 steelhead was eépawned and retained for reconditioning. Ajpawning

occurred on four separate dayg @ble §. From the 2014 aispawning, dotal of 13 DNFH

ladder fish remain osstation. In addition, there are 21 surviving 2013sgpawned 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 Rier steelhead airspawned and kept for reconditioning in 2014.

Spawn Date Total AirSpawned
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 9138 females/ 52 mald)sh that wereinterrogated migrating upstream in 2014.
Out of the 24 females that were collected as keltstransferred 12 of thenfor longterm
reconditioning Fish were transfed from June 4 to July 3, 2014 (TableThe weir was out of
operationfew days due to fgh 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 staxkorigin and estimate stock
proportions in a mixed sample of kelt steelhead sampled at Lower Granite Dam

Ultimately, a total of 4,171 naturadrigin kelts and 2,288 hatchenrigin kelts weresuccessfully
genotyped and evaluated using GSI taraeste stock proportions (Table 8a and)8
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Table &. Estimated stock proportions for naturarigin (NOR) kelts sampled at LGD during outmigration years
2009 through 2013. Results are givenraference 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.

assigred reporting group

x e o o

Y = £ 3z z £ 3 3 3 3

< - a — < < < < <

5 8 2 & ¥ 2z & ¢ &£ 2 %

q S 7 5 0o = 9 o S 5 ¢
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 &. Estimated stock proportions for hatchergrigin (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%robability threshold (p>80). Assignments are the total number observed (n) and
corresponding stock proportion (%) for each year as defined by reporting group.

assigned reporting grouj

Yy £ £ £ 8 < 3 3 3 3

< e o | o P < < < < ®

Z @] O O nd = 0 n n (7] IS

9 o (L/L) a 04 s O % L o 2

| - o = | S D

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 0.5 ---
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) fanalysigFigure 20; Appendix 1)aReporting groups are consistently
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color coded in Figures throughout this document. The highesassifjnment rates and largest
mean probabilities were observed in the middle and south forks of both the Clearwater River
and Sémon River. Among migssignments for populations in these same four reporting groups,
the next most likely assignments of R€origin (most frequently observed) were from the

same region (e.g., SFCLWR assigning to UPCLWR; E)glitee2ates of correcelt

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).

[ ] LSNAKE Lower Granite Dam
I GRROND
I IMNAHA

| | LOCLWR
[ | SFCLWR
" N UPCLWR
[ | LOSALM

[ MFSALM

B SFSALM 2D ﬁi«M

""""

[ | UPSALM

60 120 240 360 480
[ mm  mm ——

kilometers

Figure 20 Map of GSI region and reporting groups established on the basis of 73 baseline O. mykiss populations
(see Appendix B). Lower Snake River (LSNAKE); Grande Ronde River (GRROND); Imnaha River (IMNAHA);
Lower Clearwater River (LOCLWByuth 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).
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LSNAKE
384
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MFSALM

Figure 2. Baseline leavene-out (LOO) asignment proportions by designated reporting group.

GSI assignments (kelt stock proportions)

Kelt stockof-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 probabilityithleégi.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 ratural
origin kelts (n=1,056; 25% overall) and hatchery origlts Ka=1,186; 52% overall). For NOR
kelts the lowest assigned stock proportion (3%) was observed in both the SFCLBRSAM
reporting groups (TableaBand Figure 22 while the corresponding assignmeprbbabilities for
those same twdRGs were among thaghest observed @%o and 81% respectively; Tab)e Bor
HAT kelts the lowest assigned stock proportion (0%) was observed 8F®A&LM reporting
group (Table B). Only 42% of the total kelt sample (1,738 NOR and 957 HAT) was retained
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when a probabilitithreshold ofp>0.80 was applied NJ ¢ O2 NNBE Ol ¢ la&BAIYyYSy
However, the observed stock proportion estimates based on the 80% threshold criteria differed
very little from assignment proportions based on highest probability assignments. roahat

origin kelts the mean change in assignment proportions ranged from 1.7% in SFSALM to 7.7% in
MFSALM (average 3.7% across RGSs). For hatohgiy kelts the results were similar (average

4.2% across RGs) except for UPSALM, which increased by 14.A%heybreD.80 threshold vas

applied (Table Band Figure 2B 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 estistatddproportions for total escapement were
substantially larger than the estimated kelt stock proportions for those same areas. Similar
escapement data to accompany 202814 kelt data is forthcoming, but was unavailable for
comparison in the current rept
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all NOR (2009-2013) NOR>80% (2009-2013)
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== L SNAKE
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all HAT (2009-2013) all HAT (PBT adjusted) HAT>80% (2009-2013)

0.01 0.01

Figure22. 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 forassggnments based on
PBT results (see Tab®). 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 natarain kelts The
baselinemean selfassignment probabiliies (p) and seassignment rates (%)are shown for comparison.

baseline LOC All kelts p) Keltsp<0.8
RG (p) (%) 2009 2010 2011 2012 2013 mean (n) (%total)
LSNAKE 0.57 0.38 0.37 052 048 054 0.48 0.50 39 0.11
LOCLWR 0.84 0.68 055 055 058 061 0.62 0.59 78 0.23
SFCLWR 0.92 0.87 0.89 090 0.87 088 0.86 0.88 81 0.77
UPCLWR 0.95 0.95 0.85 0.84 084 079 0.85 0.83 106 0.68
GRRONLC 0.73 0.64 0.62 062 063 062 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 0.56 059 060 056 052 055 0.56 46 0.21
SFSALM 0.95 0.93 0.78 0.82 0.82 0.80 0.87 0.1 83 0.64
MFSALM 0.95 0.91 0.82 086 0.84 080 0.77 0.83 316 0.72
UPSALM 0.80 0.71 0.73 0.77 068 066 0.69 0.72 505 0.48
mean 0.83 0.73 0.70 0.72 070 069 0.70 0.71 0.46
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Figure23. Overall estimated stock proportions based dBSI assignment of kelt steelhead. Results for HAT stock
proportions are for all kelts based on GSlI, and for all HAT kelts after correction forassggnments based on

PBT results. Results using an 80% assignment threshold are also provided.

DemographicCorrelations 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 assigrent probability betweemmale and female kelts (Figure)24nd
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estimating mean kelt outmigration time for each assigned staflorigin; date was

enumerated as ordinal day (Januaf/-iday 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
@8SINAR YR wDQad |1 26SOSNE avYlftSNI alFlvYLXS aal Sa
among yearly estimates (Figure)2Kelts that were assigned to the 3ES 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 averaggso®dmm 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 eack cériaining seven

wDQa 6 CApeddi). H c
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3
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2 60.0 -
C
GE-’ 50.0 - —e— female
5 40.0 - ---e--- male
@ 300 -
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>
© 0.0

GRROND
IMNAHA
LOCLWR
LOSALM
LSNAKE
MFSALM
SFCLWR
SFSALM
UPCLWR
UPSALM
Grand Total

GSI reporting group

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 assigneddR@rigin. The overall average (2009
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2013) appears above the RG name.
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139.2
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LSNAKE | 132.0
CLWR | 1334
GRROND | 136.9
IMNAHA | 141.1
LOSALM |

LO

reporting group

UPSALM | 138.7

overall

Note that SFCLWR, UPCLWR, SFSALM are generally considered to support predornimantly B
steelhead populations. These results are in agreement with previously published studies that
descrbe 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 assgnifacant
NBflFGA2YyaKALI 20aSNBSR
outmigration timirg and condition rating (Figure 27
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Figure 26 Average fork length for NOR kelt grouped by assignedd?@rigin. The overall average (2068013)
appears above the RG name.
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Concordanceesults PITtag 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 higdh @8 GSI assignment error based on PBT
comparisons. Most commonly, kelts identified as broodstock progeny from hatcheries in the
UPSALM reporting group rassigned to other RGs basaxd GSI analysis (rows in Tablg.10

For example, 78% of kelts that GSsigned to LSNAKE were reared in hatcheries in the UPSALM
reporting group according to PBT results. Misallocations of hatetwegyn kelts originating

from the UPSALM reporting group ranged from 4.8% in SFCLWR to 96.7% in LOSALM. The
overall rate of misbocation 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 hatohgiy kelts.Some GSI
reporting groups do not havéatchery programsn operation (*); therefore, all corresponding PBT assignments
indicate GSI mimssignment Both the SFCLWR and UPCLWR reporting grarpsepresented by thédworshak
NFH in the Clearwater River subbasktotal of 1,685 PBT and GSkamment comparisons are allocated by GSI
NB LJ2 NI A y 3 3JIDNaidaht results Belwledn 81 @nd PBT indicate an incorrect assignment based on
GSiI; the greatest misallocation to reporting group is shaded.

PBT assignment

LSNAKE DWOR GRRONDE  IMNAHA UPSALM
GSIl assigned total (n) % (n) % (n) % (n) % (n) %
LSNAKE 109 4 1 09 16 147 3 28 85 780
LOCLWR 72 2 28 5 6.9 11 15.3 4 56 50 69.4
SFCLWR 126 0 00 120]952 0 00 0 00 6 48
UPCLWR 24 0 00 15 | 625 2 83 0 00 7 292
GRRONDE 168 4 24 1 06 58 8 48 97 577
IMNAHA 116 0 00 0 00 4 34 50 62 53.4
LOSALM 60 117 0 00 117 0 00 58 96.7
SFSALM 2 0 00 0 00 0 00 1 500 1 500
MFSALM 34 1 29 0 00 0 00 1 29 32 941
UPSALM 974 2 02 0 00 16 1.6 1 01 955
misallocation 10 7 50 18 398
overall 1685 14 0.8 142 8.4 108 6.4 68 4.0 1353 -

Pittag 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 weredatections corresponding to adult steelhead
observed at tribuary arrays (lgure 28 Appendix 1.¢. For example, all kelts with known

63



mark/release locations in the UPSALM (n=10) were also GSI assigned to that reporting group.
Most tag detections came froi@rande 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 &tcheryorigin kelts (Appendix 1.d.; Figure)28ere concordant with PBT
assgnments 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). Kagj &¢Tection

sites were concordant with both GSI and PBT assignments in 46% (2@bthelpbservations.

Most discrepancies between GSI assignments andagld@etection sites occurred for kelts that

were PBT assigned to the UPSALM reporting group (#jppé.d).

Lower Granite Dam

Snake River

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. PHag detection site for naturalorigin kelts. Numbers correspond with map ID in Appendices 1.c. and
1.d.
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<B>n-River Release and Return Detamti Results

Yakima River

<C2014In River Control

A total of 45kelts were released as-niver controlfish in the Yakima River in 200th 2
sequential spawners detected to datgo far, 2 of these fish have made it past Prosser Dam.
Skip spawningesults will be reported in 2015

<C>2013 In-River Control

Noneof the 52in-river treatment fish released irhe Yakima River in 201&re detected
moving upstream at Bonneville Damlate 2014that exhibited a skip spawner life history
There were nsequential returns that were detected late 2013early 2014 (Hatch et al
2014)

Snake River

2013 Inriver Control Detections

There were 2 of th&25,2013 inriver release kelts which returned to Bonneville Dam as
skip spawners in 201@dHatch et al. 2014)There were no sequential spawners from this
group in 2013.

2014 Inriver Control Detections
There were %elts from the2,687kelts released in 2014 4nver release which returned to
Bonneville Dam as sequential spawners towardsethé of 2014.

<B>LongTerm Reconditioningaind Survival to Release or Spawning

Yakima River

A total of 481kelt steellread were collected and retained for lotgrm reconditioning

There were an additional 43 skip spawning kelts which were retained 218 that were
held in tank S5Survival to release/retentionsn November 6, 201das 295 (6%) (Table
11, Figure 2% A total of 198ongterm reconditioned fish weravailable for releaseo the
Yakima River. We retained 46 of these fish for useeQle Elum spawning channel. An
additional 126kelts with low estradiol level8mmature) were retained and those surviving
will be released in the fall of 2015teelhead keltavhichwere releasedwere done so
approximately two weeks latehan was donen the pastto avoid a WDFW sport fishery
near the release site. Most migratory movements are expected to océdowember of
2014but there is typically a small number of kelts that will migrate in February/March of
2015. Theseish will be reported inhe 2015annual report. As of early December2ifl4
112(74%) fish from the longerm release were detected by PIT tag presence migrating past
Prosser Dam.
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Tablell: Longterm reconditioningsurvival by tank 2014t 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 longerm reconditioningb b 24 O2 YLJzi SR (G246 NRa GKAa

Figure29: Long termartificially reconditionedfemale kelt steelhead from the Yakima Rév just prior to work up
in October of 2014Joe Blodgett pictured).

<C=22013 Skip Spawning Loilgrm Reconditioned Kelts through 2014

There were a total 043 non maturing kelts from the 2013 lortgrm reconditioning

program that were retained to determine how well they would recondition through 2014.

Of theseretained group3 fish survive 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 varoh we infer as
successful skip spawner reconditioning.

<C=2013Longterm Reconditioned kelt Pifhg 2014 returndetectionsin the Columbia River

There were no 2013 kelts which were detected trying to return from the ocean in 2014 moving
through the mainstem. One lorigrm kelt was reinterredn spring of 2014 (assumed to have
spawned in the Yakima Riy¢o the longterm reconditioning and was releasedlate fall of

2014 and was detected moving upriver past Prosser Dam in November of 2014.

Snake River

<Cx>ower Granite Dam

A total of 111 fish were transferred from the LGR JHABNIBH for reconditiomg (Table 1P

Fish survival averaged 79 days after transfer tordeonditioning tanks (Figure 30Fish
survived an average 19 fewer days than the fish transferred in 2013. We experienced high
mortalities for approximately one month from early Mayeaarly JungFigure 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 201214.
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Figure 31 Cumulative orstation holding and daily mortality of steelhead kelts transferred from LGR JFF to
DNFH for reconditioningni 2014.

There was a total of 3dnclipped) fish released to the Columbia River below Bonneville on
December 20, 201&igure 32)

<C¥ish CreekVeir

Out of the 12 retained kelts, 1 survived the reconditioning process. This kelt will be retained
dueto lack of detectable maturation. She will be held and released in the late fall/winter of
2015.

<C:Bworshak National Fish Hatchery
As of December 31, 2014sli from the DNFH ladder survived an average 110 days after
transferto the reconditioningFigue 32 and 3R
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Figure32: Cumulative orstation holding and daily mortality of steelhead kelts agpawned at DNFH for

reconditioning in 2014.
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Figure33: Successfully reconditioned Snake River steelhead 2014.

<BxXelt Reconditioning Physiologgtudies

Reproductivedevelopmentin kelt steelhead
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Figure 3: Plasma estradiol levels in female kelts in the reconaliting program at Prosser, Washington in 2013
and 2014.
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Figue 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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Figure 37: Muscle lipid levels in release samples from kelts in 2013 and 2014. See Fi@uf@msshmpling

dates. Rematuring fish are in red and n@amaturing fish arein blue. All differences were significant intésts

except Winthrop 2013 (p=0.0773) and Winthrop 2014 (p=0.1266). Rematuring and@wmaturing fish at

Dworshak were pooled prior to-tests. Dworshak legends DNFH: air spawned Dworshak hatchery oiigin f

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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Prosser 2014 Post 9/10 sampling morts
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Figure 39: Estradiol levels and gonadosomatic Index (GSI) in mortalities after the 9/10/14 sampling at Prosser,
Washington.
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Figure 41: Intake date and maturation status at release in female kelts at Prosser-2003. Rematuring fish
are red, and norrematuring fish are blue. Whiskers indicate ‘8D percentile. Differencewere 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 nonrematuring fish are blue. Whiskers indicate 8D percentile. Fish with prexisting 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 diffeence between Unknown origin rematuring and neematuring fish was significant {test, p
=0.0093).

Proteomic Analysis of Female Steelhead Plasma

LCGMS/MS generated 113622 spectra, of which 10881 matched peptide spectra in the search
database. Matchegeptide spectra resolved into 1450 individual peptides,cibassembled

into 185 proteins Appendix 1.1. Of these, no proteins were identified as significantly different
in abundance between kelts that subsesily rematured versus those that did not.
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<B>PopulationModel

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 andrelease 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 a4egrmal likelihood function, where th

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 relemse 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 y@athe ocean. Note that since all fish returned as tsait

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
fitting process are shown in Figure 43
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Figure43: Observed and predicted spawners from model fit.

We canseein Figure 48K I & G KS LINBRAOGSR &aLJ 6ySNBR 20SNB
dzy RSNBAGAYFGS ALI gyAy3d AY (GKS HAnnQad ¢KAA
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 meviyears. 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 undeti@sate recent spawning. Figure 4Bso shows the
empirical pattern in smolts per spawner,tiwieffective productivity declining in recent years.

aid.
A a

We further validated the Ricker production parameter estimates by mapping out the likelihood
that the parameter values could be responsible for seeing the spawning aburslangarically
observed. Figie 44shows 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 imptiedicted from the
predictedto-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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Figure44: Likelihood profile of Ricker b parameter from spawning abundance likebdo

We repeated this same analysis with the Ricker a productivity parameter. The likelihood profile
of the Ricker a parameter from the spawning abundaliadihood is shown in Figure 45he
Ricker a productivity parameter does not appear to be higheesslt of fitting to spawning

abundances.
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Figure45 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 fromredicted spawners, and using those predictions to propagate
the population forward. If you consider that the smolts being used to carry the population
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TNRY RIGFZ

o dzii
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not surpreing 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 wih any noticeable bias. Figure 46ows the time series plot of obs/ed and predicted
smolts in the population model.
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Figurel6: 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 theéenas parameterized, was
that 40% of kelt were captured, and the uncapture kelts survived-asen 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 &m increase in the overall population size, then the
200A2dza ljdzSadAz2y Aa al 2g YdzOK gAff GKS FRRAUGA
answer this question, we used the predicted returning kelts and returning spawners over a
fiteen year period, ad calculated the average portion of spawnerstthwere returning kelts.

Figure 4%&hows the relative change in the portion of kelts at different collection rates.
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Figure47 Relative contribution of kelts to spawning abundance.

We also wanted to look d@he possible impact of kelt collection on the overall returning
abundance of spawners. Figure gl8ows 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 b 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 asbeme
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.
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Figure48: Predicted increase in spawning poatlon 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 Hatclger

During the summer of 2013, 21.6% of surviving kelts were identified as rematuring based on
plasma estradiol level (Fig. #®Rematurindish had E2 levels over 1000 pg/ml by Auguist 8
whereas norrematuring fish were below this level. Plasma estralgioéls increased
significantly in both rematuring and nerematuring fish from August 8 to Octobef.3

Complete separation in plasma estradiol levels was maintained. Rematuring kelts had
significantly higher muscle lipid levels than r@maturing fishon 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.
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Figure 49 Plasma estradiol levels in rematuring and neeamaturing 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 roematuring 2013 spawn year kelts ding 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 otheir maiden spawning (Fig. bISpawnweek did not differ significaht versus
maiden spawning week. Fecundity increased with length in both maiden and consecutive
repeat spawning steelhead (Fig. )62 helength-fecundity relationship did not differ

significantly between groups. Fecundity and egg size were significagtilgrhin reconditioned
consecutive spawning 2013 kelts than in 20taiden spawners (Figs. 53, Sdcundity 1.23

fold maiden fecundity, egg size 1.19 fold maiden egg dtssdilization successas not
significantly different between maiden spawning stesd and consecutive spawning
reconditioned steelhead (Fig. 5Baiden average 92%, kelt 96%, p=0.7434).
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