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This report covers one of many topics under the Yakima/Klickitat Fisheries Project’s
Monitoring and Evaluation Program (YKFPME). The YKFPME is funded under two
BPA contracts, one for the Yakama Nation and the other for the Washington Department
of Fish and Wildlife (contract number 00034450, Project Number 1995-063-25). A
comprehensive summary report for all of the monitoring and evaluation topics will be
submitted after all of the topical reports are completed. This approach to reporting
enhances the ability of people to get the information they want, enhances timely reporting
of results, and provides a condensed synthesis of the whole YKFPME. The current report
was completed by the Washington Department of Fish and Wildlife.



Executive Summary

Chapter 1: The Yakima spring Chinook supplementation program began in 1997 but an
intensive monitoring effort in natural production, genetics, and ecological interactions
was begun even before the hatchery operations started, and has continued. ISRP Review
coincident with the first return of adult (4-year old) fish in 2001 raised concerns that the
project was not sufficiently aggressive and rigorous in evaluating domestication. The
result was an expanded natural production domestication monitoring plan that began in
the fall of 2002. The expanded domestication monitoring plan was first described in
Busack et al.(2002), revised in 2003 (Busack et al. 2003) and in 2004 (Busack et al.
2004b). The current document is a May 1, 2008 revision. The document contains not
only a description of the current effort, but also a history of modifications to the plan.

The basic design of the domestication monitoring effort is to the best of our knowledge
unmatched anywhere. The performance of the supplemented Upper Yakima spring
Chinook population, an integrated population with 100% natural-origin broodstock, is
compared to the performance of an Upper Yakima control line maintained under a regime
of continuous hatchery culture, and to an unsupplemented wild control line in the
neighboring Naches River. Performance is measured at 14 adult and 15 juvenile traits that
encompass virtually the entire range of natural production domestication impacts noted in
the literature. Details on the traits are presented in the Trait, Protocol and Analysis
Overview section below. The only major monitoring area of the project that is not
included in this document is the ecological monitoring effort.

The 2008 modifications are some refinement of design of reproductive success studies,
but are primarily the inclusion of detailed results on almost all traits. Results of
investigations on many traits have by now appeared in the primary literature. Asin
previous years, the entire plan is included, so the chapter can be excerpted as a stand-
alone document.

Chapter 2: Samples of unknown gender Chinook collected at Roza Dam in 2007 were
analyzed to determine the sex of each fish. Analysis of 140 samples of unknown gender
in 2007 resulted in assignments for 137 individuals. Complete consensus agreement was
determined for all individuals that were assigned. The comparison of gender
identifications based on morphology and genetics resulted in 37 of 137 (27.0%)
individuals in both collections that had different gender determinations. Our
investigations using these two different DNA markers for gender identification in
Chinook suggested high, but not 100% accuracy.

Chapter 3: We used a maximum likelihood parentage assignment procedure to estimate
the reproductive output of Chinook salmon spawners from the hatchery-control line (two
generations of hatchery influence) and the supplementation hatchery line (SH — one
generation of hatchery influence) in the Cle Elum experimental spawning channel for the
2007 brood year. The assignments were based on offspring genotypes at 12
microsatellite loci. The probabilities of exclusion (inferring non-parentage by randomly
picked adults) assuming neither parent was known were estimated to be 0.999992. Two
thousand seven hundred and ninety-one of 2,850 fry from the 2007 brood that were
genotyped at seven or more loci were assigned to a parental pair with 95% confidence.



We found no compelling evidence to suggest that un-genotyped parents spawned
successfully in this year. The number of progeny attributed to individual potential
parents was quite variable, ranging from 0 to 453 for all males and from 0 to 225 for
females. The sum of progeny attributed to the hatchery-control line males and females
was 1,463, while the sum of progeny attributed to supplementation hatchery line males
and females was 1,328.

Chapter 4: A population-of-origin assignment procedure was used to estimate the
percentages of unknown-origin smolts from each of five stock groups outmigrating past
Chandler Trap (Yakima River) from January — July 2007. The trap was under
construction from the end of January through the third week of March, therefore the
January and March strata only represent a few sampling days and reduced number of
outmigrating smolts. Mixture analysis was conducted on a proportional subsample of
1,500 smolts collected during the outmigration at Chandler Trap. Assignment to a
population-of-origin was determined if the posterior probability of the assignment was
greater than 90.0%. The largest percentage of outmigrating smolts in the first four time
strata was from the upper Yakima River stock while the June — July time stratum was
dominated by the lower Yakima River fall stock with 87.9% of the total assignments.
Comparison of morphological assessment and genetic assignment as a spring or fall
Chinook smolt conducted for all time strata indicated agreement for 1,466/1,482 (98.9%)
of the smolts. In addition to conducting stock-of-origin assignments for the outmigrating
smolts, a collection of the Marion Drain fall stock from 2007 was assessed for genetic
similarity to previous Marion Drain collections and lower Yakima River fall collections.
The ability of the baseline to accurately assign individuals to each of the five stocks (3
spring and 2 fall) was also assessed using known-origin samples from the Naches River
and upper Yakima River.

Chapter 5: This study investigated the distribution of genetic diversity within
Oncorhynchus mykiss collections from tributaries of the upper Yakima River. Previous
genetic studies in the Yakima Basin have documented genetic differences among the
anadromous (i.e., steelhead) O. mykiss populations; however, limited information is
available regarding the genetic affinities between anadromous and resident forms of O.
mykiss in the Yakima River. The present study analyzed known adult steelhead
spawners, juvenile migrants, and resident O. mykiss from tributaries to the upper Yakima
River. We compared the genetic similarities among collections of the same life history
type. Genetic data from four collections of adult steelhead (2002, 2003, 2005, and 2006)
and one collection of juvenile migrants (2006) were consistent with all collections
representing a single population sample. Residents collected from Manastash Creek,
Taneum Creek, and Teanaway River were distinct from each other. Insufficient
sampling, cutthroat trout admixture, and kinship limited conclusions regarding the
relationship among resident collections. We also compared the genetic similarities
between collections differing in life history type. Anadromous O. mykiss collections
were genetically differentiated from resident collections, and the degree of genetic
differentiation appeared consistent with geographic distances, with the Teanaway
steelhead being most genetically similar to the Teanaway resident collection, followed by
residents from Taneum Creek then Manastash Creek.



Table of Contents

Natural Production and Domestication Monitoring of the Yakima Spring Chinook
SupplemMENtation Program..........oevie i s et e et e e e e eae e e e 1

DNA-Based Gender Determination of Hatchery Or|g|n spring Chinook Salmon
Passing Roza Dam (‘Yakima River) in 2007 .. P A

. DNA-Based Parentage Assignments of Chinook Salmon from the Cle Elum
Spawning Channel in 2007..........couiiie i e e ene a2 DT

DNA-Based Population-of-Origin Assignments of Chinook Salmon Smolts
Outmigrating Past Chandler Trap at Prosser Dam (Yakima River) in 2007....... 72

. Comparison of Adult Steelhead and Resident Trout Collected at Roza Dam in
2007 to Available DNA-based Microsatellite Genetic Data......................... 90



Chapter 1

Natural Production and Domestication Monitoring of the Yakima
Spring Chinook Supplementation Program

Craig Busack®
Curt Knudsen?
Steve Schroder®
Todd Pearsons'
Anthony Fritts'
David Fast®
William Bosch®
Mark Johnston®
David Lind3

'Washington Department of Fish and Wildlife
600 Capitol Way N
Olympia, WA 98501-1091

Oncorh Consulting
2623 Galloway St. SE
Olympia, WA 98501

3Yakama Nation Fisheries
P.O. Box 151
Toppenish, WA 98948



Abstract

The Yakima spring Chinook supplementation program began in 1997 but an intensive
monitoring effort in natural production, genetics, and ecological interactions was begun even
before the hatchery operations started, and has continued. ISRP Review coincident with the first
return of adult (4-year old) fish in 2001 raised concerns that the project was not sufficiently
aggressive and rigorous in evaluating domestication. The result was an expanded natural
production domestication monitoring plan that began in the fall of 2002. The expanded
domestication monitoring plan was first described in Busack et al.(2002), revised in 2003
(Busack et al. 2003) and in 2004 (Busack et al. 2004b). The current document is a May 1, 2008
revision. The document contains not only a description of the current effort, but also a history of
modifications to the plan.

The basic design of the domestication monitoring effort is to the best of our knowledge
unmatched anywhere. The performance of the supplemented Upper Yakima spring Chinook
population, an integrated population with 100% natural-origin broodstock, is compared to the
performance of an Upper Yakima control line maintained under a regime of continuous hatchery
culture, and to an unsupplemented wild control line in the neighboring Naches River.
Performance is measured at 14 adult and 15 juvenile traits that encompass virtually the entire
range of natural production domestication impacts noted in the literature. Details on the traits are
presented in the Trait, Protocol and Analysis Overview section below. The only major
monitoring area of the project that is not included in this document is the ecological monitoring
effort.

The 2008 modifications are some refinement of design of reproductive success studies, but are
primarily the inclusion of detailed results on almost all traits. Results of investigations on many
traits have by now appeared in the primary literature.



Natural Production and Domestication Monitoring
of the Yakima Spring Chinook Supplementation
Program

Yakima/Klickitat Fisheries Project Monitoring Implementation Planning Team
Revised May 1, 2008
Introduction

The Yakima spring Chinook supplementation program began in 1997 with broodstock collection
at Roza Dam and spawning, incubation, and rearing at the Cle Elum Supplementation and
Research Facility (CESRF). An intensive monitoring effort in natural production, genetics, and
ecological interactions (Busack et al. 1997) was begun even before the hatchery operations
started, and has continued. ISRP Review coincident with the first return of adult (4-year old)
fish in 2001 raised concerns that the project was not sufficiently aggressive and rigorous in
evaluating domestication. The result was an expanded domestication monitoring plan that began
in the fall of 2002. The expanded domestication monitoring plan was first described in Busack
et al.(2002), and revised in 2003 (Busack et al. 2003) and in 2004 (Busack et al. 2004).

The basic design of the domestication monitoring effort is to the best of our knowledge
unmatched anywhere. The performance of the supplemented Upper Yakima spring Chinook
population, an integrated population sensu Hatchery Scientific Review Group (HSRG) (2004)
with 100% natural-origin broodstock, is compared to the performance of an Upper Yakima
control line maintained under a regime of continuous hatchery culture, and to an unsupplemented
wild control line in the neighboring Naches River. Performance is measured at 14 adult and 15
juvenile traits that encompass virtually the entire range of domestication impacts noted in the
literature. Details on the traits are presented in the Trait, Protocol and Analysis Overview
section below.

The domestication monitoring plan last modified in 2004 was far reaching, actually covering
many aspects of supplementation performance beyond domestication, but in this document we
revise it even further in the direction of supplementation evaluation in response to a recent issue
paper on supplementation monitoring by the ISRP/ISAB (2005) and a comprehensive overview
of supplementation by Goodman (2004). This document stressed the need for supplementation
projects to be evaluated in three areas: demographic benefits, long-term fitness, and ecological
interactions. Ecological interaction monitoring is described elsewhere in this proposal, but two
new major efforts are proposed for natural production and fitness monitoring, as recommended
in the ISRP/ISAB report. The first is a pedigree study called Target Population Natural
Replacement Rate (trait A2, below), in which the reproductive success in the wild of natural-



origin and hatchery-origin fish can be compared. Additionally, by continuing this program over
multiple generations, the possibility exists for detection of a clear signal for a genetic trend in
reproductive success. The second critical change is an expansion of trait A1, now called
Productivity: Female Recruits Produced per Naturally Spawning Female. The new revised
program we propose here then consists of 14 adult and 15 juvenile traits.

Experimental Lines and General Hypotheses

A. Supplementation line (S): the Upper Yakima spring Chinook population, supplemented
annually by production from 16 raceways at CESRF and associated acclimation sites at Jack
Creek, Easton, and Clark Flat. Broodstock collection is at the Roza Adult Monitoring Facility
(RAMF) at Roza Dam. In contrast to most hatchery programs, broodstock are collected
randomly throughout run, and consist of 100% natural origin fish. Other aspects of the program
are as already described in numerous project documents.

B. Wild control line (WC): Naches River spring Chinook. The Naches River spring Chinook
occur in the Naches arm of the Yakima basin. Because they will not be supplemented during the
study, they are available as a wild control line. We have determined that Naches fish can be used
for 7 of 14 adult traits and 6 of 15 juvenile traits in our design, provided we can adequately
sample fish on the spawning grounds, and collect gametes from a minimum of 10 pairs per year
for research. These gametes are used for production of juveniles for research and for evaluation
of some adult traits. Spawning ground surveys are already routinely done. To minimize impacts
to the control population, collection of gametes from the Naches population is minimal, semen
and partial egg lots from 10-30 pairs per year, depending on run size. We anticipate that in the
future we may also be able to sample and collect fish at a trap at the Cowiche Dam on the lower
Naches River. This trap is designed to collect coho salmon, so some modifications to the trap or
the dam itself may have to be made to facilitate the efficient capture of Chinook.

C. Hatchery control line (HC): a subline of the Upper Yakima population founded from
returning hatchery fish collected from throughout the 2002 adult run at the RAMF. Two of the
18 CESRF raceways (randomly chosen each year) will be dedicated to rearing of this line. These
fish will be the offspring of a minimum of 36 pairs of fish, which should provide the HC line an
effective size of at least 100 per generation. A larger line of HC fish was deemed to be
politically untenable because of the large number of fish that would potentially have to be
removed at Roza Dam. Larger effective size would be preferable, but this is far larger than the
minimum of 50 for quantitative genetic studies deemed to be adequate by Roff (1997). Because
the number of fish used to found the HC line is relatively small, the decision was made to have a
single line to avoid the possibility of smaller replicate lines going extinct. HC fish will be reared
and released exactly as will their supplementation line (S) counterparts. No HC fish will be
allowed to spawn in the wild; any returnees in excess of broodstock needs will be removed at the
Roza adult monitoring facility (RAMF).

By comparing the supplemented line to both controls, we will address two key questions: 1) how
much domestication is incurred by a population undergoing YKFP-style supplementation?; 2)



how much less domestication is incurred under YKFP-style supplementation than would be
incurred under continuous hatchery culture?. As already mentioned, because the wild control
line is not an internal control we know at the outset that there will be differences in mean
performance at several traits. As supplementation proceeds, if there is no discernible effect of
domestication, the differences in mean trait values between the two lines should not change
except for random fluctuations. If domestication does occur, however, the S line means will
change and should continue to change over generations as domestication changes proceed
directionally. The net effect will be a trend of increasing or decreasing differences between the
supplemented and wild control line over generations. Comparisons between the hatchery control
and supplemented lines will be somewhat different. Performance in the two lines should be
equivalent initially because the hatchery control is an internal control. If domestication does not
occur, performance of the two lines should remain the same except for random fluctuations and a
small amount of drift due to the relatively low effective size of the hatchery control line. If
domestication does occur, both lines will be affected, and the hatchery control line should be
more affected. Thus performance at any trait should change in the same direction in both lines,
but change should be greater in the hatchery control line. The rate at which the two lines diverge
will be a reflection of the extent to which domestication can be retarded by the regular cycling of
hatchery fish into the wild environment facilitated by the exclusive use of natural-origin
broodstock. Details on expectations for individual traits are found below.

We also have cryopreserved the sperm of approximately 200 presupplementation Upper Yakima
males and stored these gametes at the large cryopreservation facility at Washington State
University. This will give us the potential to evaluate divergence of the supplementation line
from its presupplementation state. This design concept has a number of issues associated with it,
but it may be desirable to do this type of work at some level at some time in the future.

Experimental Power Concerns
Hatchery Ancestry and Power

The fact that the Yakima spring Chinook program has complete control over broodstock
composition and has a policy of 100% natural-origin broodstock makes this a well controlled,
low variability system for monitoring cumulative effects of hatchery operations. We will deal
first with the issue of control of hatchery effects. Simple modeling based on Ford (2002) and
Lynch and O’Hely (2001) shows that the genetic dynamics of an integrated hatchery program is
controlled by two gene flow rates: the proportion of natural-origin fish in the hatchery
broodstock (pNOB), and the proportion of natural spawners comprised by hatchery-origin fish
(pHOS). The proportion of time the population spends in the hatchery, called proportionate
pHOS

(pHOS + pNOB)

systems show that after the initial generation or two, the rate of increase of hatchery ancestry
(generations of exposure to the hatchery environment) in the natural-origin fish in the population
is equivalent to the program’s PHI. For a program like the Yakima spring Chinook program, in

hatchery influence (PHI) is given by PHI =

Simulations of integrated



which all broodstock are natural-origin fish (p)NOB=1.00) and the proportion of hatchery-origin
fish on the spawning grounds is approximately 50% (pHOS=0.5), PHI=.33. ISRP/ISAB stress
the need for control of the proportion of hatchery fish on the spawning grounds, something that
is typically unacceptable to project managers. It is important to point out in this regard that
although the Yakima spring Chinook has no control of hatchery fish on the spawning grounds
except for a small selective sport fishery, because of the natural-origin only broodstock rule, the
PHI of the population is likely to fluctuate only between 0.33 (pHOS=0.5), and 0.44
(pHOS=0.8). Any other program having a fixed pNOB will have a similarly limited PHI range,
but fixed-PHI programs are rare. Thus even without explicit controls on pHOS, the Yakima
spring Chinook program is fairly well “controlled”.

Now we will consider the issue of variability of response. Our simulations of the buildup of
hatchery ancestry in integrated programs have highlighted one other issue related to experimental
power: variation in hatchery ancestry within a generation. Assuming the performance of fish in
trials of domestication is related to the amount of hatchery ancestry, the variance in response of
fish to experimental situations will depend on the variance of hatchery ancestry. Interestingly,
our simulations show that in an integrated program the variance builds rapidly and then reaches a
constant value that does not decline. There is no obvious pattern at this point, but different
pNOB-pHOS combinations result in different characteristic variances. Important for this study
is the fact that programs with 100% natural-origin broodstock will have considerably smaller
variances than those with less than 100%. For example, a pHOS range of 0.5 to 0.8 will result in
an ancestry variance range of 0.058-0.087 for a program with pNOB=1.0; for a program with
pNOB=0.5, the range will be 0.16-0.25. For almost all types of monitoring, the project’s low
variance in ancestry is an asset, but for multiple-generation pedigree analysis (see trait A2),
where contemporaneous comparison of the reproductive success with a wide variety of hatchery
ancestries is desired, the low variability may be problematic. We have yet to evaluate the
potential impact on power in this case.

Precocious Males

One issue regarding this design that has been the subject of considerable discussion is “leakage”
from the H line into the S line through precocious males from the H line spawning in the wild
with S-line females. If this occurs at an appreciable rate, it will bias the H-S and S-W
comparisons, making the supplementation treatment appear more domesticating than it is, and
also, the S line will undergo more domestication than it should for the lifespan of the H line, a
conservation concern. Power analysis (Busack et al. 2004) indicates that under current levels of
precocity, the bias should be negligible, but work is currently underway to evaluate this risk from
a variety of angles, including measures for reducing production of precocious fish (Larsen et al.
2004). The precocious males will be a source of ungenotyped fish in the pedigree study (trait
A2), which can bias comparisons of relative reproductive success (Araki and Blouin 2005).

Selective Fishery Impacts

Hatchery-selective fisheries in the lower Columbia River are a relatively recent phenomenon and



have the potential to bias a number of trait comparisons. This would occur when a fishery
selectively removes hatchery fish (identified by their clipped adipose fin) possessing a particular
phenotypic or life-history trait(s) (i.e. size-selective removal of larger fish would result in smaller
size at age for those fish escaping the fishery, as well as, lower mean age at return). The
magnitude of the bias is a function of both the fishery’s exploitation rate (greater rate, greater
effect) and selection differential (larger selection differential, larger effect). We will use data
from CWT tag recoveries of CESRF fish in the selective fisheries, e.g. lengths, ages and sex, and
compare them to the SH and HC recoveries at RAMF to determine if selection is occurring and
adjust our RAMF recovery data accordingly.

The impacted traits are only those involving comparisons between tagged SH or HC fish and
untagged SN or WC fish. This includes size-at-age, age-at-return, sex ratio, and juvenile-to-
adult survival or productivity rates. The comparisons of SH and HC fish are not affected since
both groups are equally impacted by the fishery.

Trait, Protocol, and Analysis Overview

The following pages provide details in a standard format, one trait at a time, on the 14 adult and
15 juvenile traits we intend to evaluate with this design. Most traits will be evaluated annually in
order to maximize power, but some may be done less frequently due to logistical limitations.
Protocols may vary from year to year to allow collection of key baseline information some years,
and experimental data in others. For many traits it is important to distinguish between S line fish
of hatchery-origin and those of natural origin: we call these two “sublines” SH and SN in the
write-ups. This distinction is made to allow a cleaner measure of genetic differences. Consider
nearly any comparison of HC and S fish. Part of the difference in performance between SN and
HC fish will be genetic, but part may also be phenotypic, due to the effect of being reared in a
hatchery. If HC fish are compared to SH fish, because they share the phenotypic effect of
hatchery rearing, the performance difference will be exclusively genetic. It is important to keep
in mind when reading the write-ups, however, that although we call SN and SH lines in
describing experimental designs, they differ only in their rearing history. Any given pair of SN
and SH fish can have the same grandparents.

Although we will make most comparisons annually, annual comparisons within a
supplementation generation (slightly more than 4 years) are merely replicates. Although
significant domestication effects may be detected in a single generation, we expect the big results
to be trends in performance over generations, so the write-ups stress the importance of trends.
Our analyses are focused on measures of central tendency (means and medians). We have not
focused on variability, primarily because we have virtually no expectations based on the
literature on how variability should change under domestication at individual traits. We do have
a working hypothesis that variability should decline during domestication because the
considerably more homogeneous environment allows directional selection to be more effective.
On the other hand, relaxation of selection caused by the hatchery environment could cause an
increase in phenotypic variability. Variability at traits is therefore of interest to us. We doubt we
will have enough power at any trait to detect a change in variability statistically, but we may see
qualitative changes that will inspire further research.



The number of traits to be evaluated can be misleading. Many of the traits are measured on the
same fish with no difference in protocol except for the measurement. Thus, the “effective”
number of traits in terms of logistics and cost is considerably lower. The best example of this is
the set of traits A7-A9, which are all measurements of reproductive traits on the same specimens.
We list the measurements as separate traits because we consider them all important, and because
we want to insure they are all done. Some traits require considerable effort and cost, whereas
others will be measured in the course of ordinary fish culture operations. Our guiding
philosophy was to take advantage of the opportunities offered by the CESRF and other facilities
in the basin to measure as many traits relevant to domestication as feasible while minimizing
impacts to the supplementation effort and the wild control population.

Nomenclature for Experimental Groups

The key to making sense of the write-ups is understanding which groups of fish are being
compared. In previous versions of the domestication monitoring plan the nomenclature system
for the fish to be used in the various comparisons has caused considerable confusion. Here the
system of codes is defined:

SN - naturally produced fish from the supplemented line. This designation is used
for both juveniles and adults. Any natural-origin fish in the Upper Yakima qualifies as an
SN fish.

SH - hatchery-origin fish from the supplemented line. This designation is used for
both juveniles and adults produced by the CESRF as part of its normal supplementation
effort (i.e., not part of HC or any experimental production group).

SHp - hatchery-origin progeny of SH adults. This designation is used only for
juveniles. With the exception of the spawnings needed to start the HC line, no SH adults
are ordinarily spawned at the CESRF. For some comparisons, however, it will be
necessary to spawn small numbers of SH adults at CESRF. The juveniles produced from
these spawnings will not be reared past early stages and will not be released.

HC- fish from the hatchery control line. This designation is used for both juveniles
and adults. All HC fish are of hatchery origin. The hatchery control line was founded
from first-generation hatchery returnees, so in that generation there is no distinction
between SH adults and HC adults, but thereafter the distinction is clear.

WC-natural-origin fish from the wild control line. This designation is used for both
juveniles and adults. Any natural-origin fish in the Naches qualifies as a WC fish.



WCp - hatchery-origin progeny of WC adults. This designation is used for juvenile
fish. Small numbers of WC adults will be captured and spawned. Some of the resulting
hatchery-origin progeny will be used in comparisons.

Table A.5. Tasks required for use in the adult and juvenile domestication traits.

Trait Tasks required Trait Tasks required
Al 1c, 1h, 1i, 1j, 2b J1 1c, i
A2 1c, i J2 1c, i
A3 1c, 1i, 1j, 1m, 2a, 2b J3 1c, i
A4 1c, 1i, 1j, 1m, 2a, 2b J4 1c, i
A5 1c, 1i, 1j, 1m, 2a, 2b J5 1c, i
A6 1c, i J6 1c, i
A7 1c, 1i, 1j J7 1c, 1d, 1e, 1i
A8 1c, i J8 1c, 1e, 1i
A9 1c, 1i, 1j J9 1c, 1i, Im
Al10 1c, li J10 1c, 1d, 1e, 1i
All 1c, li J11 1c, i
Al2 1c, 1i, 1j J12 1c, i
Al3 1c, li J13 1c, i
Al4 1c, li J14 1c, i

J15 1c, i

Start dates for the adult and juvenile traits are as follows:

2001 - A10, A11, J3, J4.

2002 - A1, A3-A9, J5, J6, J9, J11, J12.

2003 - A12, J13 (HC, SH), J14 (HC, SH).

2004 - J1, J2.

2005 - J13 (HC, SH, WC), J14 (HC, SH, WC).
2006 — A2 (proposed), A13, A14, J7, J8, J10, J15.

Frequency of data collection for all traits are on an annual basis with the following exceptions:

A2 — Data collection over two or more generations with the possibility of some flexibility as to how many years
within a generation need to be sampled. Analysis can occur later as funds become available.

A13 — Annually for four years.
Al14 — Annually for four years.



Al. Productivity: Female recruits produced per naturally
spawning female (revised 12/21/05)

Background and Justification

The success of any supplementation effort should be based on tracking population productivity
through time. One of the best measures of population-wide productivity is the number of female
offspring produced per female spawner. If supplementation is succeeding, this metric will either
increase or remain stable until density factors on the spawning grounds or rearing areas impose
biological limits on the population. On the other hand, if the ability of hatchery-origin females to
produce offspring under natural conditions has been reduced because of inadvertent
domestication, then the overall productivity of a population will decrease even when density-
limiting factors are not in action. To obtain estimates of productivity for Yakima River spring
Chinook the number of female offspring produced from females spawning naturally in the river
will be determined on a brood year basis. Productivity can vary from one brood year to the next
because of environmental differences. That is why we will also track the productivity of spring
Chinook females spawning in the Naches. None of these fish will have experienced any hatchery
exposure and they will be spawning and rearing in areas similar to those experienced by the
upper Yakima population. Thus shifts in their brood year productivity values will be a good
representation of how various environmental effects influenced overall productivity.

Location RAMF, Prosser Dam, Upper Yakima, Naches, American spawning ground

Groups Compared WC, SN, and SH

Protocol

At Prosser adults from all populations in the basin are counted and classified as hatchery or
natural, resulting in counts for hatchery origin (HC+SH) and natural origin (SN + American +
Naches (WC)) fish. At RAMF, SH, SN, and HC fish are counted, sampled for sex, age and POH
length. Sex data for the HC and SN groups will come from fish captured and taken to CESRF for
brood stock. Sex determinations for the SH group will be obtained from DNA samples collected at
RAMF. DNA sexing is necessary because error rates of approximately 30% in males and 10% in
females occur at RAMF each year based on morphological sexing of live fish (Knudsen et al.
2002, 2003). An estimate of the abundance of spring Chinook returning to the Naches and
American rivers will be made by comparing Prosser and Roza counts after adjustment for harvest
and incidental in-river mortality. Redd counts will be obtained from spawning ground surveys on
the Naches and the American rivers. Final Naches adult counts will be calculated as the product
of the Naches and American escapement and the Naches proportion of the Naches and
American redd counts. Additional adjustments may be made to correct for sex ratio bias on the
spawning grounds. Adult females produced per adult female spawner by brood year can be
estimated for WC, HC, SH, and S natural spawners (mix of SN and SH spawning in wild). It will
also be necessary to include in the analysis at least two additional factors: female spawner
density and the proportion of hatchery fish spawning each year. Spawner density adjustments
will require calculating a density-dependent function for each population. The proportion of
hatchery fish naturally spawning each year may have a significant impact on natural productivity
and should be included in the analyses.

In addition to the general productivity measures described above, critically important insights into
the relative productivity of hatchery- and natural-origin females could be gained if microsatellite
DNA samples were collected on each adult processed through RAMF. In this case, each female
returning to spawn could be classified as coming from an SHxSH, SNxSH, SHxSN, or SNxSN
mating. The proportions of the females originating from these matings could be compared with
the proportions expected to return based on the number of SH and SN adults present on the
spawning grounds during their brood year.

Expectations/Hypotheses




If domestication does not occur, differences in productivity of naturally spawning females among
groups will remain constant over time after adjusting for inter-annual density effects. Conversely,
if domestication does occur we would expect the productivity of SH females naturally spawning to
decrease over time reducing the productivity of the aggregate mixture of naturally spawning
females. The reduction will be a function of the effects of domestication and the proportion of SH
females on the spawning grounds. Thus, the proportion of females of SH origin naturally
spawning each year must be estimated. HC fish will be intercepted at RAMF and not allowed to
naturally spawn.

Analytical/Statistical Methods and Issues

Within brood years no statistical analysis will be done. However, over brood years, analysis of
covariance will be used to evaluate differences in trends. Trend analysis will take into account
year-to-year spawner density effects and the proportion of SH females on the spawning grounds.

Findings To Date

No analyses have been completed to date.

A2. Target Population Natural Spawning Replacement Rate
(revised 12/21/05)

Background and Justification

Part A. Relative Reproductive Success of Hatchery-origin and Natural-origin fish. According to
the ISRP and ISAB (2005), to determine whether natural production lost due to removing
spawners for hatchery production is replaced by naturally reproducing hatchery-origin fish
requires evaluation of target population natural replacement rate. They further state that to do
this the progeny of four types of matings on the spawning grounds must be enumerated: HxH,
NxN, NxH, HxN. In addition to explicitly providing this information, this effort will also provide
information that can be used in reducing bias in trait A1 (see trait A1 write-up).

Part B. Genetic Decline in Fitness

If carried out for multiple generations, because of differing levels of hatchery ancestry, genetic
impact of domestication on reproductive success can be measured by comparing the relative
reproductive success of fish with differing levels of hatchery ancestry.

Location(s) RAMF

Groups Compared SN fish from HxH, NxH, HxN, and NxN matings

Protocol

The basic idea is to sample all returning S fish (both SH and SN) at RAMF for DNA, then sample
all their progeny at RAMF a generation later. Progeny will be then be assigned to parents by
CEVUS (Marshall et al. 1998) or a similar program. For a year of parents sampled, progeny will
have to be sampled over multiple years to get complete returns (fish return at 3,4, and 5 years of
age). All fish will be aged to assign to correct brood year. Sampling will continue through
multiple generations for Part B.

Expectations/Hypotheses

Based on a recent study of reproductive success of a recently created native steelhead stock in
the Hood River, OR (Blouin 2003), we expect the relative reproductive success of hatchery-origin
fish to be perhaps 15% lower than that of natural-origin fish. How much of this will be due to
genetic causes is unclear. If this is only phenotypic, we would expect this fitness difference
between natural-origin and hatchery-origin fish to remain over multiple generations. Over time we
would expect the base fitness level in the population to decrease as hatchery ancestry increases,
but at what rate it unclear. Several cases have been noted of long-established hatchery stocks
having much lower fitness in the wild than natural-origin fish (Chilcote et al. 1986; Blouin 2003),
but these were with long established nonnative stocks, and they were steelhead, not Chinook.

Analytical/Statistical Methods and Issues




At least ten loci, the same loci used in the spawning channel pedigree study (Kassler 2005), will
be used, but potentially more will be needed because of the complexity involved in creating a
pedigree for such a large population. Ungenotyped fish is a twofold issue. There will be
ungenotyped parents because we will not be able to sample precocious males, but we will also
want to limit genotyping of returning adult fish as a means of reducing cost (there may be as
many as 10,000 returnees in some years). At this point it appears that power analysis will be

done by using CERVUS (Marshall et al. 1998), but other available programs may be used as well.

Assessment of bias (Araki and Blouin 2005) will be a key part of the power analysis. Power
analysis of part B will be multiple stage, as fish will essentially need to be assigned to
grandparents. For analysis of part A, simple assignment by CERVUS with bias adjustment will
yield per fish estimates of relative reproductive success, which will be then be grouped in results
by mating type. For analysis of part B, estimates of relative reproductive success will be
regressed on hatchery ancestry inferred from the pedigree to yield estimates of genetic fitness
loss per generation.

Findings to Date

None specifically on this trait, however we have been doing pedigree analysis on fish in the
spawning channel for three years (Kassler 2005), so procedures are well established except for
above-noted power concerns.

A3. Age composition by sex (revised 12/21/05)

Background and Justification

Age composition or age at maturity is a trait related to fithess. For example, older females
generally have higher fecundities, larger eggs and larger body sizes all of which may affect their
overall fitness. Older males are also generally larger than younger ones and size in males may
play a significant role in the ability of fish to successfully court and spawn with females. Age
determinations are also required in order to reconstruct demographics based on brood years.
While significant differences exist between natural populations of spring Chinook in the Yakima
River (Knudsen et al. 2006), within-population age composition is relatively stable. However, in
some hatchery populations, fish may mature at younger ages, perhaps reflecting the impact of
more rapid growth or a genetic change (Gallinat et al. 2001). Hence, the age of maturity of
hatchery- and natural-origin fish will be tracked to see if sex-specific changes in maturity occur
because of exposure to hatchery conditions.

Location RAMF, CESRF, Naches spawning grounds

Groups Compared WC, HC, SN, and SH

Protocol

Requires sex and age determination of adequate samples of fish. For all fish used in the
hatchery (SN and HC for production, few SH for research) and for those sampled on the
spawning grounds as carcasses (WC), sex can be determined visually. Sex determination based
on visual inspection of green fish is not reliable, e.g. 30% of the fish classified at Roza as males
are females (Knudsen et al. 2003). SH fish are sampled in low numbers as carcasses, so sex
determination for SH fish will be based on DNA analysis. Age will be determined on all fish by
scale analysis or tags. Minimum target sample size is 140 for WC and 200 for SH (carcasses +
DNA samples). This will provide estimates of age composition with multinomial confidence
intervals of +10% or less at a=0.05 (Thompson 1987). Hatchery-selective fisheries in the lower
Columbia River have the potential to bias our results by selectively removing hatchery fish with a
particular phenotypic trait (i.e. size-selective removal would result in reduced age at maturity for
those fish escaping the fishery). The magnitude of the bias is a function of the fisheries
exploitation rate and selection differential. We will adjust our RAMF data using the method
described in the selective fishery impacts section above.

Expectations/Hypotheses

Hatchery fish tend to return at younger ages than naturally produced fish (Gallinat et al. 2001), so
younger age structures would be expected for HC and SH relative to naturally produced fish, and
these differences may be only phenotypic. If domestication does not occur, differences in age
structure among all four groups will remain constant over time. If domestication does occur we
would expect age structure to decrease (Reisenbichler and Rubin 1999). Because HC should be
most domesticated, its age structure should decrease more, but age structure of SH should
decrease as well.




Analytical/Statistical Methods and Issues

Within years multinomial contingency tests will be used to compare age structures. Comparison
of HC and SH will be especially informative for determining genetic effects. Over years analysis
of covariance will be used to evaluate differences in trends. Analysis will be complicated by the
fact that age structure is in part a reflection of the genetic composition of the population, but can
be strongly influenced by environmental fluctuations in brood-year survival and by hatchery
selective fisheries.

Findings To Date

F1: Most SH and SN fish of both sexes reached maturity at age 4 (>76%), followed in magnitude
by ages 3 and 5. However, SH mean age at maturation declined significantly due primarily to an
increase in age 3 males over time, while SN mean age at maturation demonstrated no significant
trend over time (Knudsen et al. 2006).

F2: These general trends have continued into the second generation (return year 2005) and are
likely in 2006, although those data have not been analyzed on a brood year basis, yet. Analyses
of 2005 and 2006 will be integrated with 2007 and 2008 to assess the impacts in F2 (Knudsen et
al. 2007).

A4. Size-at-age by seX (revised 12/21/05)

Background and Justification

Gallinat et al. (2001)observed that hatchery-origin adults were significantly smaller than wild
cohorts that matured at the same age. How universal this phenomenon may be is unknown, but
similar reductions in size have been observed in other salmon populations including those
produced from the CESRF. Size at maturity is plainly influenced by environmental as well as
genetic factors. Currently, the relative importance of these factors on size at maturation is
unknown. The HC and SH lines at the CESRF provide a unique opportunity to evaluate how
additional generational exposure to a hatchery environment may affect body size. These
comparisons will put into context by also evaluating trends in body size of adults returning to the
Naches spawning grounds.

Location RAMF, CESRF, and Naches spawning grounds

Groups Compared WC, HC, SN, and SH

Protocol

Protocol same as for trait A3 (same fish) but with post-orbital hypural (POH) lengths measured

Expectations/Hypotheses

For unknown reasons, hatchery fish have been observed on several occasions to be smaller than
naturally produced fish of the same age; e.g.,2001 returnees to Cle Elum were ~2 cm shorter
than naturally produced fish (Knudsen et al. 2003 and 2004; also see (Gallinat et al. 2001); Fresh
et al. 2003), so smaller sizes would not be surprising in HC and SH relative to naturally produced
fish, but these differences may be only phenotypic. If a reduction in size at age is primarily driven
by some aspect of the hatchery environment, then we would expect an initial reduction in size of
SH fish in the first generation followed by a constant difference in size between SN and SH
returns over subsequent generations. In addition, there would be no difference in size between
SH and HC fish over generations because they experience similar rearing environments.
Assuming the smaller size observed in hatchery fish is in part a result of domestication (genetic),
size can be expected to decline as domestication proceeds. Thus the size of the WC fish should
remain constant, and the size of SH and HC should decline, with HC fish declining most.
Hatchery-selective fisheries in the lower Columbia River have the potential to bias our results by
selectively removing hatchery fish with particular phenotypic traits (i.e. size-selective removal
would result in smaller size at age for those fish escaping the fishery). The magnitude of the bias
is a function of the fisheries exploitation rate and selection differential. We will adjust our RAMF
data using the method described in the selective fishery impacts section above.

Analytical/Statistical Methods and Issues




Within years, analysis of variance will be used to compare mean POH lengths. Comparison of
HC and SH will be especially informative for determining genetic effects. Over years analysis of
covariance will be used to evaluate differences in trends. If a reduction in size at age is primarily
environmentally driven by some aspect of the hatchery, then we would expect an initial reduction
in size of SH fish in the first generation followed by a constant difference in size between SN and
SH returns over subsequent generations. In addition, there would be no difference between SH
and HC fish over generations.

Findings To Date

F1: For broodyears 1997 to 2000 mean lengths of 3—5-year-old SH fish were shorter than those
of SN fish of the same age (differences of 2.7 cm for age 3, 1.7 cm for age 4, and 1.9 cm for age
5). Likewise, body weights of SH fish were lower than those of SN fish (differences of 0.3 kg for
age 3, 0.3 kg for age 4, and 0.6 kg for age 5), representing a change in body size of between 0.5
and 1.0 standard deviation (SD) (Knudsen et al. 2006).

F2: These general trends have continued into return years 2005 and 2006, although the data
have not been analyzed on a brood year basis, yet. Age 4 mean SH and HC body length and
weight distributions at RAMF were significantly smaller than SN adults by 1.0 to 1.3 cm and 0.2 to
0.3 kg, but did not differ significantly between each other. In contrast, HC, SH, and SN age 3’s
were not significantly different and HC adults were largest (Knudsen et al. 2007a).

For the first time in 9 years we observed sexual dimorphism in body size of age 4 upper Yakima
2006 returns. Mean female POHP lengths were significantly greater than males (SN (male =
58.0, female = 59.6), HC (male = 56.8; female = 57.9), SH (male = 56.9; female = 58.0)). Body
weight dimorphism followed the same general trend, but was not statistically significant between
the sexes (SN (male = 3.6; female = 3.7), HC (male = 3.4; female = 3.4), SH (male = 3.4; female
= 3.5)).

Ab5. Sex ratio at age (revised 12/21/05)

Background and Justification

Larsen et al. (2004) observed an increase in the rate of precocious development in males at the
CESRF. Early maturation in males may have been caused by rapid growth interacting with a
genetic proclivity to mature early. This should mean fewer males in the hatchery population will
mature at later ages causing a shift in the sex ratio of SH and HC fish. How exposure to hatchery
conditions may affect age of maturation in females is unknown. If there is a tendency for
hatchery-origin females to mature at early ages then the value of these fish in supplementation
efforts will be reduced because of their lower fecundities and decreased ability to provide
protected incubation environments (van den Berghe and Gross 1984). The incorporation of a
hatchery control line once again provides us with an opportunity to evaluate how multiple
generational exposure to a hatchery environment may affect another adult trait that is linked to
fitness.

Location RAMF, CESRF, and Naches spawning grounds

Groups Compared WC, HC, SN, and SH

Protocol

Protocol same as for trait A3 (same fish)

Expectations/Hypotheses

If domestication does not occur we would expect to see no changes in the sex ratios of fish
maturing at different ages. If domestication does occur we anticipate that the HC line will produce
fewer precocious males. Consequently, greater proportions of males will mature in older age
classes (e.g. 3-, 4- and 5-yr olds) in the HC line. This hypothesis is based on the fact that
precocious males are not used as brood stock. Hatchery-selective fisheries in the lower
Columbia River have the potential to bias our results by selectively removing hatchery fish with
particular phenotypic traits (i.e. higher catch limits for age-3 jacks would result in skewed sex
ratios for those SH and HC fish escaping the fishery). The magnitude of the bias is a function of
the fisheries exploitation rate and selection differential. We will use sex data from CWT tag
recoveries of CESREF fish in the selective fisheries and compare them to the sex ratios of
recoveries at RAMF to determine if sex-selection is occurring and adjust our RAMF SH and HC
recovery data accordingly.

Analytical/Statistical Methods and Issues
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Within years, binomial test of proportions will be used. Over years analysis of covariance will be
used to evaluate differences in trends.

Findings To Date

F1: The proportion of SH males, primarily age 3, significantly increased from 38% to 49% over
time for BY 1997-2000. Conversely, the sex composition of wild fish did not exhibit a similar
increasing trend. The sex composition in BY1997-2000 SN and SH fish differed in three of four
brood years. Although SH males began low relative to SN fish, but ended highest (Knudsen et al.
2006).

F2: These general trends have continued into return years 2005 and 2006, although the data
have not yet been analyzed on a brood year basis. Analyses of 2005 and 2006 will be integrated
with 2007 and 2008 to assess the impacts in F2 (Knudsen et al. 2007a).

A6. Migration timing to trap (evised 12/21/05)

Background and Justification

Time of spawning in Chinook salmon is a fitness related trait that is significantly influenced by
water temperatures during the spawning and egg incubation periods (Brannon et al. 2004). Every
spring Chinook that spawns in the Upper Yakima has to first pass through the RAMF and
because those fish are inspected it is possible to document when HC, SH, and SN fish have
migrated to Roza. We have found that passage date at the RAMF is either uncorrelated with
spawn timing or explains no more than 4% of the variation in spawn timing (Knudsen et al. 2006).
However, a population that passes RAMF later, assuming all populations spawn during the same
temporal window, has fewer days on the spawning grounds to find and compete for mates and
construct redds possibly having some negative fithess consequence. Therefore we plan to
examine the effects of treatment origin (i.e. SH, SN, and HC) on when fish migrate to the RAMF.

Location RAMF

Groups Compared HC, SN, and SH

Protocol

Fish moving through the Roza Adult Monitoring Facility (RAMF) will be inspected for tags and
marks making it possible to record the origin and date of passage of each fish.

Expectations/Hypotheses

No expectations on how this trait will change, but data will already be available to see if continued
exposure to hatchery conditions (HC) causes a noticeable difference in when fish arrive at Roza
and their ultimate spawning destination.

Analytical/Statistical Methods and Issues

Within years, a non-parametric test, either a Kolmogorov-Smirnov or Kruskal-Wallis ANOVA will
be used on cumulative passage distributions. Over years, analysis of covariance will be used to
compare trends in median arrival date. Run timing at RAMF is related to age, with older fish
passing earlier (Knudsen et al. 2004). Therefore, if hatchery selective fisheries remove larger,
older individuals that would have passed RAMF earlier, then migration timing could be biased to a
later date. Again, comparison of size/age of CWT’ed fish recovered in the fishery and to those
passing RAMF will help us understand if this is occurring.

Findings To Date

F1: Median arrival timing of adult (>age 4) SH and SN fish at RAMF showed no consistent
difference between RY 2001 and 2004 (Knudsen et al. 2006).

F2: Adult SH and SN median passage date at RAMF differed significantly (SN earlier) by 7 and 6
days for RY 2005 and 2006, respectively. SH jack median passage was 2 and 12 days later than
SN jacks in RY 2005 and 2006, respectively. These were all significantly later each year in
Kruskal-Wallis tests (Knudsen et al 2007a).

A7. Spawning timing (revised 12/21/05)

Background and Justification




When spring Chinook reach maturation and spawn is strongly affected by the water temperatures
they encounter and the water temperatures their offspring are likely to experience (Brannon et al.
2004). Clearly, time of spawning is a fitness related trait as the offspring of fish that spawn too
early or late can suffer significant incubation and post-emergence mortality (Brannon 1987;
Hendry et al. 1998; Smoker et al. 1998; Einum and Fleming 2000). We have found that natural
spring Chinook populations in the Yakima River Basin exhibit differences in spawn timing that
have evolved to maximize fitness (Knudsen et al. in prep.). Given this situation, an obvious
question to ask is whether exposure to hatchery conditions will alter traditional maturation timing
in Yakima spring Chinook. As in many of the other adult traits examined, the presence of HC,
SH, SN fish as well as natural controls, will allow this question to be addressed.

Location CESRF, Upper Yakima and Naches spawning grounds

Groups Compared WC, HC, SN, and SH

Protocol

Monitoring this trait has two components: 1) comparing S -and WC temporal trends in redd count
and carcass recovery distributions from weekly spawning ground surveys; and 2) comparing SH
with HC spawn timing distributions in the hatchery.

Expectations/Hypotheses

Our expectation is that time of maturation will not change. Changes in spawn timing have been
commonplace in hatchery operations, but this is likely tightly linked to taking eggs from the first
part of the run. In this project we have made a concerted effort to take eggs in a representative
fashion throughout the spawning season. Thus we do not expect to see a change in the time of
spawning.

Analytical/Statistical Methods and Issues

Within years we will compare the temporal distributions of HC with SH spawners by using either
the non-parametric Kolmogorov-Smirnov test or Kruskal-Wallis ANOVA. We will investigate
whether the sexes differ significantly and require separate analyses. Within-year analyses of WC
and SN fish will not be done, but median spawning/recovery dates for each of these groups will
be calculated. Over years, analyses of covariance will be used on median spawning dates. One
analysis will examine temporal changes in the HC and SH fish while another analysis will
examine similar trends in WC, SN and SH fish. Naches information will likely not be very precise.

Findings To Date

F1: Maturation timing of SH fish averaged 5.2 days earlier than SN fish at CESRF (RY2001-2004)
(Knudsen et al. 2006).

F2: This trend has continued into return years 2005 and 2006 (Knudsen et al. 2007a).

F1: Initiation of in-river female spawning activity did not differ between SH and SN fish (RY2002-2005)
(Knudsen et al. 2005a)

A8. Fecundity (revised 12/21/05)

Background and Justification

Significant changes in locally adapted traits due to hatchery influences, whether of genetic or
environmental origin, will likely be maladaptive, resulting in reduced population productivity and
fitness (Taylor 1991; Hard 1995). Fecundity or the total number of eggs produced by a female,
significantly affects maternal reproductive success and fithess in salmonids (Healey and Heard
1984; Fleming and Gross 1990; Beacham and Murray 1993). Fecundity, egg mass and egg size
also reflect local adaptations to the conditions present on spawning grounds (Taylor 1991;
Hendry et al. 1998; Quinn et al. 2001). Investigations that have examined how domestication
may influence fecundity in hatchery populations have shown that egg number can be reduced
(Fleming and Gross 1992; Petersson et al. 1996). Whether environmental or genetic effects
cause such reductions is not currently known. Comparing the fecundities of HC, SH, and SN
females, however, will provide information about the existence of genetic change due to repeated
exposure to hatchery conditions.

Location CESRF

Groups Compared HC, SN, and SH

Protocol




Enumerate eggs from at least 30 females of each type (i.e SH, HC, and SN). This means that
some SH origin females (a minimum of 30) will have to be held to maturity at CESRF.
Conversely, fecundity samples from SN and HC females will be taken from fish being held for
broodstock in the two lines. WC fish are not included because we intend to collect only partially
spawned females and thus will not be able to get total egg counts. Fecundity will be estimated
using a gravimetric methodology and corrected for bias based on a correction factor derived from
a comparison of estimated fecundity (gravimetric) to known fecundity (hand counts) for a sample
of females. Each year, corrected fecundity estimates of 10 females will be compared to their
hand counts to determine whether our gravimetric estimation methodology is changing over time.

Expectations/Hypotheses

If domestication does not occur, fecundity will remain constant. However, Fleming and Gross
(1989; 1992) predicted that under hatchery culture fecundity will decrease, at least for coho
salmon. Thus, we would expect fecundity to decrease in the SH and HC lines, and the decrease
should be greater in HC.

Analytical/Statistical Methods and Issues

Within years, analysis of covariance will be used to compare body traits vs. fecundity within age
classes. Analysis of variance will be used within years to compare absolute fecundities within
age classes. Over years analysis of covariance will be used on mean fecundity by age to detect
trend differences among groups.

Findings To Date

F1: After adjusting for broodyear and length differences, SN females averaged 234 more eggs
than SH females for broodyears 1997 through 2001 (Knudsen et al. submitted).

F2: After adjusting for POHP, mean fecundity of HC (3,319.7 eggs; n=38) and SN (3,328.8 eggs;
n=208) origin age 4 females were not significantly different (p=0.923). Mean fecundity in BY2002
was the lowest we have observed, reflecting the fact that age 4 body size was also the smallest
recorded since beginning the collection of fecundity data (Knudsen et al. 2007b).

A9. Egg weight (revised 12/21/05)

Background and Justification

Heath et al. (2003) concluded that egg weight in Chinook salmon decreased by 27% after five
generations of captive rearing. Furthermore, Heath et al (2003) speculate that exposure to
hatchery conditions will decrease egg size in hatchery-origin females (see also Fleming et al.
2000). Alternatively, Fleming and Gross (1989; 1992) and Petersson et al. (1996)reported that
egg size in hatchery salmonids increased. Egg weight is a very important biological trait