Recommendations for Broad Scale
Monitoring to Evaluate the Effects of
Hatchery Supplementation on the Fitness of
Natural Salmon and Steelhead Populations

Final Draft Report of the
Ad Hoc Supplementation Monitoring and Evaluation
Workgroup*

Peter F. Galbreath', Chris A. Beasley?,
Barry A. Berejikian3, Richard W. Carmichael*,
David E. Fast’, Michael J. Ford®, Jay A. Hesse®,
Lyman L. McDonald’, Andrew R. Murdoch®,
Charles M. Peven®, David A. Venditti'°

! Fish Science Department, Columbia River Inter-Tribal Fish Commission
? Quantitative Consultants, Inc.
* Northwest Fisheries Science Center, NOAA-Fisheries
* Oregon Department of Fish and Wildlife
> Yakima Klickitat Fisheries Project, Yakama Nation
® Department of Fisheries, Nez Perce Tribe
" Western EcoSystems Technology, Inc.
® Washington Department of Fish and Wildlife
® Fisheries Program, Chelan Public Utility District
19 1daho Depart of Fish and Game

April 4, 2008

* Workgroup members participated as individuals, not as agency representatives. The
report’s content, conclusions and recommendations are solely those of the workgroup.

1



Introduction and Background

Hatchery supplementation (e.g., Cuenco et al. 1993) is a management strategy which

has been widely adopted as a means to help conserve and rebuild depressed salmon

populations within the Columbia basin. The Regional Assessment of Supplementation
Project report (RASP 1992) provides a useful working definition for supplementation:

Supplementation is the use of artificial propagation in an attempt to maintain or
increase natural production, while maintaining the long-term fitness of the target
population and keeping the ecological and genetic impacts on non-target
populations within specified biological limits.

The objectives and management protocols of a supplementation hatchery contrast with
those of a traditional hatchery program whose objective is solely to provide additional
fish for harvest in commercial, sport and/or tribal fisheries. Reflecting their contrasting
objectives, the two types of program typically differ significantly in their protocols for
broodstock management and juvenile rearing. The fish stock in a harvest augmentation
programs is typically kept separate from the natural population - only adults which return
to the hatchery, which are predominantly of hatchery origin, are collected for spawning
(segregated broodstock management). In contrast, in a supplementation program,
broodstock (typically of both natural and hatchery origin) is collected from among adults
returning for natural spawning (integrated broodstock management). Progeny of the
hatchery-spawned fish in both types of program are reared to a juvenile life-stage,
typically the (pre-)smolt stage. Juveniles in harvest augmentation programs are then
released back, in many cases directly from the hatchery, into the river whose fishery is
to be augmented. The fish are expected to continue their life cycle in parallel with the
natural population — migrating to the marine environment where they rear, and return as
mature adults. In contrast, juveniles from a supplementation hatchery are, ideally,
transferred to an acclimation facility within the spawning area of their river of origin. The
fish are retained in the acclimation facility for a certain period prior to (volitional) release,
to reinforce the imprinting process and increase the rate of return as mature adults to
the spawning area. Because of the high rate of spawning success and egg-to-juvenile
survival in a hatchery setting relative to the natural environment, the number of juveniles
produced per artificially spawned fish will exceed that of a fish spawning naturally. If
survival of the hatchery origin fish during the juvenile to adult life stages is sufficiently
similar to that of natural origin fish, a hatchery program can result in a large increase in
the total number of adults produced from a given number of spawners. In a harvest
augmentation program, an increased number of adults will therefore be available for the
fishery; there is no intention that the fish escape to join the natural spawning population,
although some straying can be expected to occur. In a supplementation program, the
primary goal is to increase total adult abundance in the river of release, to support
natural production, and secondarily, in some cases, to support harvest (Cuenco et al.
1993).



Empirical evidence from supplementation programs does generally support the
expectation of an increase in adult escapement while the program is active. For
example, in a review of reports for which sufficient monitoring data were available,
greater adult-to-adult survival for hatchery-spawned versus naturally spawning fish was
commonly found, though there were some exceptions (Waples et al. 2007). However,
even when an anticipated abundance boost is achieved from the infusion of
supplementation hatchery fish, it remains uncertain that the action will yield a sustained
increase in natural population abundance over subsequent generations. Indeed,
despite the expectation of short-term demographic benefits, considerable controversy
exists regarding possible negative effects that hatchery supplementation may have on
long-term fitness and viability of natural populations (ISAB 2002, Myers et al. 2004,
Brannon et al. 2004).

It is evident from empirical data that harvest augmentation hatchery programs can have
deleterious effects on natural populations — studies have shown that the number of
salmon smolts released from these programs has been negatively correlated with the
productivity or abundance of associated natural populations (e.g., Levin et al. 2001,
Nickelson 2003, Chilcote 2003, Hoekstra et al. 2007). In addition, reviews of published
studies and reports which compared natural reproductive success of hatchery origin
versus natural origin adults, indicated that hatchery origin fish generally produced fewer
offspring (Berejikian and Ford 2004, Waples et al. 2007, Araki et al. 2008). However,
the majority of hatchery programs reviewed in these studies were harvest augmentation
programs, which used out-of-basin and/or segregated broodstock management,
creating a hatchery stock which might reasonably be expected to be less fit. There are
currently few cases of consistently managed supplementation programs, and
associated unsupplemented reference populations, for which reliable data sets for
abundance and productivity are available and have been analyzed to make a robust
assessment of the long-term effects of supplementation (see Appendix B).

Additionally, the most direct test of supplementation on a population would involve an
analysis of abundance and productivity trends in both treatment and reference
populations for some period following cessation of supplementation. However, until
recently supplementation has been continuous in essentially all programs, and such
comparisons with a post-supplementation period are not yet possible. Exceptionally,
the study plan for the Idaho Supplementation Study (ISS) project called for cessation of
supplementation in treatment streams, which was indeed enacted in 2007. Monitoring
to measure production and productivity is scheduled to continue in these streams for an
additional 5 years (Bowles and Leitzinger 1991, Lutch et al. 2005), presenting the
opportunity to perform such Before-During-After assessments as data accumulates.
Also, Before-After comparisons are occurring as part of on-going long-term studies of
supplementation of Hood Canal summer chum (Thom Johnson, WDFW, personal
communication) and Hood Canal steelhead (Barry Berejikian, NWFSC, NOAA-
Fisheries, personal communication).

With continued and improved monitoring over the coming years, population trend
analyses in supplemented and reference populations to discern long-term effects on



natural population fitness will become increasing reliable. In the meantime, however,
fisheries managers remain in need of relevant information on which to base decisions
regarding use of supplementation as a mitigation and/or conservation action. Itis
therefore useful to engage in monitoring and evaluation studies which provide shorter-
term, complementary information on productivity differences which could be attributable
to hatchery versus natural rearing. One such approach is to use genetic parentage
analysis to evaluate within generations, the relative reproductive success (RRS) of
hatchery and natural origin fish in supplemented populations. Recent developments in
molecular genetics techniques provide a means to accomplish these analyses. An RRS
study requires the trapping of (nearly) all in-migrating adults destined for the spawning
grounds within a stream/river, collection of tissue samples, identification of each adult
as being of hatchery versus natural origin (based on a tag, mark, or scale analysis), and
similar trapping and sampling of the progeny (recruits) of these adults either at the
juvenile stage or as returning adults. DNA analysis is performed on the tissue samples
for a series of molecular markers. The resultant genotyping permits identification of the
progeny produced by each individual broodfish. Data from these parentage analyses
are then used to calculate number (and variance) of recruits per natural spawner (R/S)
of hatchery origin versus wild origin. The ratio of these R/S values then provides a
measure of relative reproductive success (RRS):

RRS = %(hatchery)
R/Swild)

RRS values which are consistently close to 1.0 in studies conducted over multiple
broodyears and/or across multiple populations would infer that natural reproductive
success of the supplementation fish was similar to that of natural origin fish within
broodyears tested. On the other hand, RRS values which are consistently and
appreciably below 1.0 would indicate that hatchery rearing was associated with a loss of
productivity for supplementation fish spawning under natural conditions. The latter
result carries with it the implication that successive generations of supplementation,
while they may provide a temporary boost to population abundance, might progressively
depress population fitness, with the possibility that the loss in fithess could place the
population at a greater risk of extinction than it faced prior to initiation of the hatchery
program.

Berejikian and Ford (2004) and Araki et al. (2008) reviewed the limited number of
available reports on RRS studies of hatchery-reared salmonids. Results indicated that
hatchery stocks of non-local origin consistently demonstrated low productivity relative to
wild fish (RRS<<1). Local hatchery stocks performed substantially better than non-local
stocks, but nonetheless, generally demonstrated lower productivity than wild fish. A
general conclusion as to the effects of supplementation, however, could not be made as
the number of studies using local stocks was limited, and the analyses were subject to
confounding effects of environmental and genetic factors. Exceptionally, Araki et al.
(2007), were able to design their comparison to test only genetic effects, and observed
a significant loss in productivity associated with hatchery rearing.



In light of the widespread use of supplementation across the Columbia basin and of the
controversy related to the potential for deleterious long-term effects, the Northwest
Power Planning and Conservation Council (NPCC) requested that the Independent
Science Advisory Board (ISAB) review the benefits and risks of supplementation. In
particular, the NPCC asked the ISAB to investigate the validity of the assumption that a
supplementation hatchery program can be used effectively as a short-term means to
rebuild abundance without having a persistent negative effect on natural population
fitness and viability. The ISAB concluded that the assumption remains incompletely
tested and requires an experimental design that directly compares supplemented and
reference populations — populations which have had little or no hatchery influence (ISAB
2003). The ISRP/ISAB: “Monitoring and Evaluation of Supplementation Projects” Report
2005-15 re-affirmed the importance of this approach, and proposed that an inter-agency
group be called together to establish the basic design for a basin level evaluation.

In response to the recommendation in the ISRP/ISAB report (2005-15), the Ad Hoc
Supplementation Work Group (AHSWG) convened in two successive workshop: 1) to
identify opportunities for coordination among supplementation monitoring programs
(Galbreath et al. 2006), and 2) to discuss the goals, technical requirements and
challenges of performing a large-scale hatchery experiment (Galbreath et al. 2007).
Discussion continued within a smaller working group, with the objective to elaborate the
present report. In this report, the AHSWG provides 1) a review the ISAB/RP 2005-15
recommendations, 2) a summary of the outcomes of the two supplementation
monitoring workshops, 3) a description of how a basin-wide hatchery evaluation fits
within the monitoring and evaluation (M&E) framework recently proposed by the
Collaborative Systemwide Monitoring and Evaluation Project (CSMEP), and 4) the
AHSWG’s recommendations for a coordinated Columbia basin-wide plan for evaluating
the effects of hatcheries on natural salmon populations.

. Monitoring and Evaluation of Supplementation Projects -
ISAB/ISRP 2005-15

In the Monitoring and Evaluation of Supplementation Projects report (2005-15), the
ISRP and ISAB review the nature of the demographic, genetic and ecological risks that
could be associated with supplementation. In view of these risks, they re-emphasize
the need that the suitability and efficacy of all hatchery programs be assessed relative
to the two standards for use of supplementation identified in the RASP report (1992): 1)
“intervention should be required to conserve a population”, and 2) “supplementation
should not reduce the long-term fitness of the target population and should keep the
ecological and genetic impacts on non-target populations within specified limits”.

The report follows with a general description of the challenges to collecting the kind and
amount of monitoring data that would be needed to quantify effects of supplementation
on population abundance and productivity within individual programs and across
multiple programs. The report provides ideas and recommendations for development of
a coordinated basin-wide evaluation of supplementation, including:
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“The number of locations that need to be monitored needs to be determined as
an overall Columbia River basin experiment”
“there are several possible designs for a large scale, basin-wide experiment:
treatment-control; before-after treatment control, or within system detailed life-
stage monitoring and genetic sampling”
The chosen design(s) should:

o “Determine which projects to include in a basin-wide evaluation”

o “Establish defined protocols for selected projects”

o “Establish more reference locations”
they suggest that a workshop “to execute a cooperative management
experiment”, ... “towards selection of designs within the Columbia Basin that
utilize data on population demographics and recruitment to assess the
effectiveness and impact of supplementation”.

Il. Supplementation Monitoring and Evaluation Workshops

Acting on the recommendation of the ISAB and ISRP, CRITFC and NOAA-Fisheries
(Northwest Fisheries Science Center) took the initiative to contact representatives from
fisheries organizations working in the Columbia basin (tribal, state, federal agencies,
power companies, universities and private consultants), and organized two Ad Hoc
Supplementation Monitoring and Evaluation Workshops. The first was held on April 6-7
2006 (Galbreath et al. 2006), and the second on February 14-15, 2007 (Galbreath et al.
2007). The key observations and recommendations from these workshops are:

A Columbia basinwide evaluation of hatchery effects should combine two
approaches:

o basic monitoring of annual population abundance and productivity in
essentially all salmon/steelhead populations, supplemented and non-
supplemented streams, across the Columbia basin, and

o intensive monitoring to estimate RRS of hatchery-origin and natural-origin
salmon/steelhead in a subset of supplemented streams.

Assessment of long-term effects of hatchery programs is best achieved through
comparisons of trends in population abundance and productivity in supplemented
versus non-supplemented (‘reference’) populations. However, because of the
multitude of natural factors which vary within and between populations and years,
these assessments require relatively long data sets from multiple populations.
While such long-term data sets do exist for some hatchery influenced
populations, the data were not necessarily acquired using similar techniques,
such that lack of standardization in data between populations introduces
additional error to the analyses. Additionally, monitoring of non-supplemented
streams is currently not widespread, and where it does occur is often performed
at a lower intensity than in supplemented streams. As noted by the ISRP and
ISAB (2005), increased and more rigorous monitoring of reference populations is
needed. Currently, inferences can be made as to possible effects of



supplementation. However, more definitive answers backed with statistical rigor
will require additional time for data to accumulate.

In the meantime, to provide managers complementary information on hatchery
effects, RRS studies should be enacted within different supplemented
populations, to estimate recruits-per-spawner data for hatchery origin versus
natural origin adults. It is understood that RRS studies only test for effects which
are observable within a single generation or two, and that these studies cannot
provide information on effects which are more subtle, but which may accumulate
over time. Nonetheless, RRS studies can be more effectively controlled than
population trend analyses, they can provide information in a much shorter time
frame, and they can quickly present “red flags” in cases where effects are
relatively large. The pedigree analyses performed in these RRS studies can also
provide information important for estimating:

o effective population size

o individual variance for measures of reproductive success

o correlation between these two productivity measures

o correlation between these productivity measures and other phenotypic
traits.

o insight on possible causes behind any observed reductions in productivity
of hatchery reared fish and their natural progeny when combined with
detailed behavioral and ecological monitoring

Greater coordination among entities currently monitoring supplemented and non-
supplemented streams is needed. For an effective assessment, monitoring
protocols must be standardized within and between supplemented and reference
populations.

Results from multiple RRS studies should be analyzed together using a covariate
such as proportionate natural influence (PNI), to account for the relative intensity
of hatchery influence among mixed hatchery-natural populations. PNI is
calculated as:

PNI = pNOB
pNOB + pHOS

where, pNOB is the proportion of broodstock composed of natural origin adults,
and pHOS is the proportion of hatchery origin adults among the natural spawning
population each year (Busack et al. 2006).

Several different supplementation projects which include intensive hatchery and
population monitoring are underway within the Columbia basin, e.g., the Idaho
Supplementation Study (ISS), the Yakima-Klickitat Fisheries Project (YKFP), the
Grande Ronde Chinook and Steelhead Life History Project, the current
monitoring on the Wenatchee River supplementation project, and the M&E
framework being implemented in the Mid-Upper PUD hatchery programs.
Results from these projects should generally be adequate for answering the finer
scale effects they were designed to test. The Workshop participants strongly
support maintenance of these efforts.



A small working group of 11 persons, the Ad Hoc Supplementation Work Group
(AHSWG — see Galbreath et al. 2007), was identified from amongst the workshop
participants. The AHSWG was given the task to elaborate a framework for a basinwide
analytical design to assess effects of supplementation on natural abundance and
productivity. Notably, this group included several persons active within the Hatchery
Subgroup of the Collaborative Systemwide Monitoring and Evaluation Project (CSMEP),
a group working on similar issues related to M&E of hatchery programs.

1l Consistency with the Collaborative Systemwide Monitoring and
Evaluation Project (CSMEP)

Created in 2003, CSMEP is a multi-agency effort designed to develop a coordinated
regional monitoring and evaluation program for fish populations in the Columbia basin.
In light of the broad focus and complexity of the task, project participants were
subdivided among several work groups, including: Status and Trends, Harvest,
Hydrosystem, Habitat, Hatcheries, and Integration. As a test case to refine design
methods and analytical tools, CSMEP initially focused their plans on M&E of
spring/summer (stream-type) Chinook salmon populations in the Snake River Basin
Evolutionary Significant Unit (ESU), which were summarized in the Snake River Basin
Pilot Report (Marmorek et al. 2007a and b). The Status and Trends plan in this report
describes a coordinated system of standardized monitoring actions to be conducted on
each stream/river, involving counting and sampling of adults at in-river weirs and/or
during spawning surveys. The objective of the monitoring is to gather basic population
measures with which to estimate the four Viable Salmonid Population (VSP)
parameters: abundance, productivity, spatial structure, and diversity (McElhaney et al.
2000), for each population with known levels accuracy and precision. The M&E plan
presented in the Hatcheries section of the report describes the monitoring needed to
determine the distribution and RRS of hatchery origin adults in target and non-target
spring Chinook populations. Because these questions are not necessarily site-specific,
but of general relevance to use of hatcheries as a class of management actions, the
subgroup expanded their plan to encompass stream-type Chinook salmon across the
Columbia River Basin above Bonneville Dam. The hatchery section specifically
recommended: 1) incorporation into the basic plan recommended by the Status and
Trends group, of monitoring to quantify rates of straying of hatchery (harvest
augmentation and supplementation) origin fish to non-target streams, primarily through
systematic screening of carcasses for coded wire tags, and 2) initiation of six similarly
designed RRS studies to provide measures of relative productivity of hatchery and
natural origin adults within supplemented streams — the streams to be systematically
selected from across a range of supplementation intensities (PNI values). These
designs proposed by CSMEP have in large part been incorporated into the
recommendations of the AHSWG described below.



IV AHSWG Review and Recommendations

As proposed in the Monitoring and Evaluation of Supplementation Projects memo (ISRP
and ISAB 2005-15), the AHSWG has focused its efforts on designing recommendations
for monitoring which will help predict the magnitude of change to abundance and
productivity in supplemented natural populations that can be attributable to hatchery
influence. Building off the previous Supplementation M&E Workshops and the work of
CSMEP, the AHSWG provides the following comments and recommendations for M&E
of supplementation programs, which will enable a regional assessment of
supplementation effects on natural salmon/steelhead populations:

1. Standardize protocols for M&E of salmon/steelhead populations in the basin, and
organize these actions within a regional, multi-tiered Framework (Appendix A).

2. Adopt a two-pronged approach to Effectiveness Monitoring of salmon/steelhead
populations, for measuring change in long-term population fithess associated
with supplementation.

A. Continue and expand ongoing monitoring of basic VSP parameters in
supplemented and non-supplemented (reference) streams, and coordinate
analysis of population trends. In addition, cease supplementation in
several long-term projects to permit measurement of population effects
post-supplementation.

B. Continue and expand Relative Reproductive Success (RRS) studies.

3. Maintain the momentum from current CSMEP and AHSWG efforts, through
formation and funding of an interagency technical working group to provide
continued basinwide assessment.

Recommendation 1. Standardize protocols for M&E of salmon/steelhead populations
in the basin, and organize these actions within a regional, multi-tiered Framework
(Appendix A).

Monitoring and Evaluation of hatchery programs is generally conducted on a project-by-
project basis across the Columbia River basin. However, there can be wide variation
between projects in the choice of metrics, methodologies and protocols for monitoring
activities, providing data on population parameters of varying nature and reliability. This
lack of coordination and standardization confounds analyses which would utilize
information from across projects, and complicates our ability to make a reliable regional
assessment of the efficacy and effects of the hatchery programs. The AHSWG
proposes adoption of standardized methodologies for M&E of salmon and steelhead
populations, as described by CSMEP in Marmorek (2007a and b). The AHSWG also
proposes reorganization of current and proposed hatchery M&E efforts into a
coordinated multi-tiered framework. This framework categorizes activities into three
levels of increasing intensity: Compliance and Implementation Monitoring, Hatchery
Effectiveness Monitoring, and Uncertainties Research. Compliance and Implementation
Monitoring involves annual monitoring of hatchery production measures and basic VSP
information on affected populations. As the data obtained from these monitoring
activities are used to regulate hatchery operations, Compliance and Implementation



Monitoring should be viewed as integral to basic hatchery operation and maintenance.
Hatchery Effectiveness Monitoring involves an increased level of monitoring which
provides data to break down the basic VSP measures into their component parts. At
the program-specific scale, the increased detail permits improved evaluation of whether
a program is complying with its defined management guidelines and goals, and at a
regional scale will permit collective analysis of trends across populations. For both
Compliance and Implementation Monitoring and Hatchery Effectiveness Monitoring, it is
critical that monitoring protocols be standardized across programs, to reduce error in
analyses for effects on VSP parameters performed with data collected from multiple
programs. Uncertainties Research involves relatively complex designs to test
hypotheses about effects of particular hatchery operations. Because of the need for
controlled conditions and intensive data collection, this sort of M&E is typically
conducted at a small project-specific scale. An expanded description of this Framework
for Regional M&E is provided in Appendix A.

Of note, organization of monitoring efforts is becoming less agency specific. Design of
current M&E efforts increasingly requires coordination amongst fisheries management
agencies, as well as local salmon recovery boards, subbasin planning groups, etc.

Recommendation 2. Adopt a two-pronged approach to monitoring the effects of
supplementation on the VSP parameters of abundance, productivity, spatial structure
and diversity, for measuring changes in long-term population fitness.

A) First priority for this approach is to continue, to standardize, and to expand as
needed the current monitoring of basic VSP parameters in supplemented and
non-supplemented (reference) streams, and to coordinate analyses of population
trends. In addition, supplementation in several long-term projects should be
ceased, so as to permit measurement of effects during a post-supplementation
period.

Methodologies to acquire the data needed to answer questions surrounding long-term
effects of hatchery programs on natural population fithess generally fall into the
Effectiveness Monitoring tier within the monitoring framework (Appendix A). While
designs to collectively analyze these data into a comprehensive regional assessment of
the effects of hatcheries are not difficult to conceive, there exist numerous logistical
challenges to enacting a design with sufficient statistical validity within the complex and
often conflictual realities of Columbia River fisheries management.

Designs to assess hatchery effects primarily involve analysis of trends in population
parameters of abundance and productivity across time. Population abundance is
estimated through direct and/or indirect measures of adult escapement, redd counts,
and juvenile abundance. Productivity can be measured through recruits per spawner
estimates (for both juvenile and/or adult recruits) and redd number and density.
Logistical constraints to obtaining reliable data for estimating these parameters,
however, can be considerable, and use of monitoring methodologies of decreased
consistency, introduces an increased amount of error into the trend analyses. Even
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without measurement error, the trend analyses are complicated by confounding effects
of variation related to natural environmental fluctuation in stream characteristics
(temperature, flow, etc.), as well as that related to human activities — activities which
affect decreases in stream productivity, as well as restoration activities which improve
productivity. This variation occurs both within and between populations, and within and
between years. Similarly, changes in hatchery management over the time period
monitored can compromise the legitimacy of assignment the population to one particular
hatchery program category or another within an analysis. To factor out the effect
introduced by these multiple sources of variation and error, analytical designs to discern
differences in trends in hatchery influenced populations will require judicious selection of
a subset of populations for which the data are sufficiently reliable and can be
standardized among populations. Additionally, these data sets will necessarily have to
cover many years (multiple generations).

Analyses may take any of several approaches to determine population trends and relate
differences in trend to effects of hatchery intervention. These approaches include
comparisons within populations of data Before, During and/or After a period of hatchery
influence (intentional supplementation or unintentional straying), paired Treatment-
Reference comparisons, or analyses for correlations in data from several affected
populations across a gradient of treatment intensity (e.g., PNI). A regional assessment
of the effects of hatcheries will involve comparison of results from multiple analyses
using a variety of these analytical approaches, each design being chosen according to
how it best fits a subset of the available data sets. Characteristics of these various
design options are described in greater detail in Appendix B.

Included with Appendix B is a preliminary assessment of abundance and productivity
trends for ESA-listed spring Chinook populations in the Columbia basin. Beyond
illustrating the type of comparisons that can be performed with time series data for
abundance and productivity, the assessment illustrates how variation in data reliability,
and variation in environmental and hatchery management influences increase the
difficulty of interpreting analytical results.

As the first step to developing appropriate designs for trend analyses in Columbia River
salmon/steelhead populations, we established a definitive list of these populations
within the basin (Table 1 and Figures 1-3). The populations are organized by
stock/species and information for each was added relative to the category of hatchery
influence, and the type and history of monitoring data available. The table is an
expansion of the list populations indentified by the Interior Columbia River Basin
Technical Recovery Team (ICRBTRT) for ESUs listed under the Endangered Species
Act, and includes populations in unlisted ESUs. Within the table each population is
identified as being one which is, or is not, recommended by the AHSWG for inclusion in
trend analyses. The choice for the recommendation is based on the following criteria:
e A relatively continuous time series of abundance data already exists for the
population, preferably including data for several years prior to hatchery stocking
for those populations in which a supplementation program was initiated.
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e The data also include estimates of the proportions of hatchery origin and natural
origin fish, both on the spawning grounds and within the hatchery broodstock for
supplemented populations.
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Table 1. Salmon and steelhead populations within the Columbia basin upstream of Bonnevillle Dam, and downstream from Chief Joseph and
Hell's Canyon Dams. Note: blank cells within the table represent instances where data is unavailable, or occasionally where data exists but was
not collected in time for the current draft of the report.

10-year Average

Natural Populations
Type of Years of abundance  Minimum recommended
Stream/Population ICTRT hatchery abundance / proportion  Proportion for trend
ESU MPG Name label Run influence data R(adults)/S wild wild PNI analyses
SPRING (stream-type) CHINOOK
Central Columbia Spring Chinook
Wind River HA no
L|_ttle White Salmon HA no
River
(Blg) White Salmon HA no
River
. Supp )
Hood River (reintroduced) 1992-2007 _ /0.25 0 0.29 0 no
Klickitat River Supp
Deschutes River reference 1975- 0.9 >90% n/a YES
(Warm Springs R.) present
De;chutes River HA no
mainstem
John Day River
John Day mainstem spring Reference 1959-2007 0.98 0.99 n/a YES
D{';’)','dd'e Fork - John spring Reference  1959-2007 0.98 099  nla YES
D;\‘y"“h Fork - John spring Reference  1959-2007 0.98 099  nla YES
Granite Creek spring Reference 1959-2007 0.98 0.99 n/a YES
Umatilla River spring (reinﬁggﬁce g 19892007 0 0.04 no
Walla Walla
River/Touchet River
Snake River Spring-Summer Chinook ESU (SRSS ESU)
Lower Snake
Tucannon River SNTUC Supp 1979-2006 0.01 0.49 0.6 YES
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Asotin Creek
Grande Ronde River
Wenaha River
Lostine River
Minam River
Catherine Creek
Grande Ronde River
upper mainstem
Lookinglass Creek
Imnaha River
Imnaha River
mainstem
Big Sheep Creek
Dry Clearwater (lower)
Lapwai/Big Canyon
Creeks
Potlatch River
Lawyer Creek
Upper S. Fork
Clearwater
Wet Clearwater (upper)

Lower N. Fork
Clearwater

Upper N. Fork
Clearwater

Lolo Creek
Middle Fork Clearwater

Lochsa R

Selway - Meadow
Creek

Selway - Moose Creek

Upper Selway River

South Fork Clearwater

SNASO

GRWEN
GRLOS
GRMIN
GRCAT

GRUMA
GRLOO

IRMAI
IRBSH

CRLAP

CRPOT
SCLAW

SCUMA

NCLMA

NCUMA

CRLOL

CRLOC

SEMEA

SEMOO

SEUMA

Spring
Spring
Spring
Spring

Spring
Spring

Spring/Summer

Spring

extirpated

Ref

HA and Supp
Ref

HA and Supp

HA and Supp
Supp

Supp
Supp

(reintroduced)

(reintroduced)
(reintroduced)

(reintroduced)

HA
(reintroduced)

(reintroduced)

Supp
(reintroduced)

SUPP
(reintroduced)

Supp
(reintroduced)
(reintroduced)
(reintroduced)

(reintroduced)

Supp
(reintroduced)

14

1964-2007
1959-2007
1954-2007
1955-2007

1955-2007

1949-2007
1964-2007

376/0.74
276/0.78
337/1.02
107/0.89

38/0.42

380/0.79
4/0.29

0.85
0.28
0.87
0.34

0.04

0.2

0.95
0.68
0.96
0.71

0.77

0.35
0.62

n/a
0.8
n/a
0.8

0.8

0.4

YES
YES
YES
YES

YES

YES
YES

YES
YES

no

no
no

no

no

no

no

no

no

no

no

no

no



Supp

South Fork Clearwater (reintroduced) no
South Fork Clearwater HA no
(reintroduced)
S Fk (and lower) Salmon River
Slate Creek Reference no
Little Salmon River SRLSR HA n/a no
gf’”‘h Fork Salmon SFMA HA and Supp ~ 1958-2003 0.36 061 02 YES
iver mainstem
Secesh River SFSEC Reference 1957-2005 0.91 0.96 n/a YES
East Fork South Fork
Salmon River (Johnson SFEFS HA and Supp 1957-2003 0.62 0.9 0.8 YES
Creek)
Middle Fk Salmon River
Middle Fork Salmon
River below Indian MFLMA Reference n/a
Creek
Big Creek MFBIG Reference 1957-2004 1 1 n/a YES
Camas Creek MFCAM Reference 1963-2003 1 1 n/a YES
Loon Creek MFLOO Reference 1957-2004 1 1 n/a YES
Middle Fork Salmon
River above Indian MFUMA Reference n/a YES
Creek
Sulphur Creek MFSUL Reference 1957-2003 1 1 n/a YES
Bear Valley Creek MFBEA Reference 1960-2003 1 1 n/a YES
Marsh Creek MFMAR Reference 1957-2003 0.99 1 n/a YES
Upper Salmon River
anthksmmon SRNFS Reference
River
Lemhi River SRLEM Reference 1957-2003 1 1 n/a YES
Salmon River lower
mainstem below SRLMA HA 1957-2005 1 1 n/a YES
Redfish Lake
Salmon River upper
mainstem above SRUMA HA and Supp  1962-2005 0.5 0.75 0.4 YES
Redfish Lake
Pahsimeroi River SRPAH Supp 1986-2005 0 0.58 0.2 YES
East Fork Salmon SREFS Reference  1960-2005 0.45 0.92 n/a YES

River
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Yankee Fork SRYFS HA 1961-2003 1 1 n/a YES

Valley Creek SRVAL Reference 1957-2003 1 1 n/a YES
Panther Creek SRPAN Reference n/a
Chamberlain Creek SRCHA Reference 1985-2003 1 1 n/a YES

Mid-Columbia Spring Chinook ESU
(Yakima)
Upper Yakima

River/Cle Elum River Supp
Naches Reference n/a
River/American River

Upper-Columbia Spring Chinook ESU

Wenatchee-Methow

Wenatchee River UCWEN HA 1960-2007  2/0.05 0 0.02 0 no
(Icicle River)
Wenatchee River UCWEN Supp 1960-2007 456/ 1.58 0.18 0.48 0.4 YES
(Chiwawa River)
Entiat River UCENT Supp 1960-2007 142/1.59 0.37 0.69 0 YES
Methow River UCMET HA and Supp 1960-2007 419/2.28 0.08 0.52 0.2 YES
Okanogan
River/Similkameen UCOKA extinct
River

FALL (ocean-type) CHINOOK

Deschutes River Summer/Fall
Deschutes River

Central Columbia Fall Chinook
Umatilla River Supp
Yakima River Supp

Mid-Columbia Summer/Fall Chinook
Columbia River

Wells Program HA n/a n/a n/a n/a n/a no
Turtle Rock HA n/a n/a n/a n/a n/a no

Program
Wenatchee River Supp 1960-2007 7,968 / 0.51 0.83 0.8 YES
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1.79

Methow River Supp 1960-2007 1'25?(2” 0.25 071 07 YES
Okanogan 1924/
River/Similkameen Supp 1960-2007 2 08 0.3 0.45 0.5 YES
River '

Snake River Fall Chinook ESU

Snake River Fall Chinook ESU

Lower Mainstem
(Extant) HA n/a
Lower Mainstem
(Extant) HA n/a
Lower Mainstem
(Extant) HA n/a
Lower Mainstem Su
(Extant) PP
Marsing Reach
Salmon Falls

STEELHEAD

Central Columbia
Wind River
Little White Salmon
White Salmon River MCWSA-s winter HA n/a
Hood River summer Supp
Hood River winter Supp
Fifteenmile Cr MCFIF-s winter Reference 1985-2007 703/1.82 1 1 YES
Klickitat River MCKLI-s summer HA n/a
Klickitat River MCKLI winter Reference
Deschutes - Westside DRWST-s summer Reference 1980-2007 456/1.05 0.57 0.74 YES
Deschutes - Eastside DREST-s summer reference 1990-2007 1599/1.89 0.43 0.62 n/a YES
Crooked River DRCRO-s Extinct
Rock Creek MCROC-s
John Day - Lower JDLMT-s Reference  1965-2007 1800/2.99  0.82 0.9 nla YES
Mainstem
John Day - Upper JDUMA-s Reference  1965-2007 524 /2.14 0.87 0.92 nia YES

Mainstem
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John Day - North Fork JDNFJ-s Reference 1965-2007 1740/2.41 0.87 0.92 n/a YES

John Day - Middle Fork ~ JDMFJ-s Reference 1965-2007 756 /2.45 0.87 0.92 n/a YES
John Day - South Fork JDSFJ-s Reference 1965-2007 259/ 2.06 0.87 0.92 n/a YES
Willow Creek MCWIL-s
Umatilla River MCUMA-s summer Supp 1967-2007 1472 /1.50 0.41 0.64
Touchet River WWTOU-s summer HA n/a
Walla Walla River WWMAI-s summer HA 1993-2005 650/1.34 0.95 0.98 n/a
Satus Creek YRSAT-s 1985-2004 0.87 0.94
Toppenish Creek YRTOP-s 1985-2004 0.87 0.94
Naches River YRNAC-s 1985-2004 0.87 0.94
Upper Yakima YRUMA-s 1985-2004 0.87 0.94
Snake River

Lower Snake
Tucannon River SNTUC-s summer Supp
Asotin Creek SNASO-s summer Reference

Clearwater
Lower Clearwater CRLMA-s summer HA n/a
South Fork CRSFC-s summer HA and Supp
Lolo Creek CRLOL-s summer Supp
Lochsa River CRLOC-s summer
Selway River CRSEL-s summer

Salmon River
Little Salmon SRLSR-s summer HA n/a
South Fork SFMAI-s summer Reference n/a
Secesh River SFSEC-s summer Reference n/a
Chamberlain Creek SRCHA-s summer Reference n/a
Big, Camas, and Loon MFBIG-s summer Reference n/a
Upper Middle Fork MFUMA-s summer Reference n/a
North Fork SRNFS-s summer Reference n/a
Lemhi River SRLEM-s summer HA n/a
Pahsimeroi River SRPAH-s summer HA n/a
East Fork SREFS-s summer HA and Supp
Upper Mainstem SRUMA-s summer HA n/a

Hell's Canyon
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Hell's Canyon
Grande Ronde

Lower Grande Ronde

Joseph Creek
Wallowa River

Upper Grande Ronde
Imnaha River

Upper Columbia
Wenatchee
Entiat
Methow
Okanogan

SNHCT-s

GRLMT-s

GRJOS-s
GRWAL-s
GRUMA-s
IRMMT-s

UCWEN-s
UCENT-s
UCMET-s
UCOKA-s

summer

summer

summer
summer
summer
summer

HA

Reference
and HA
Reference
HA
Reference

Supp

supp

supp/ref
supp
supp

1970-2007

1967-2007
1982-2007

1986-2006
1986-2006
1986-2006
1986-2006

2132 /2.62

1226 /2.29
/151

77410.97
108/0.52
394/0.33
116/0.17

0.54

0.11
0.09
0.02
0.01

0.84

0.39
0.21
0.12
0.07

n/a

n/a

n/a

0.4
n/a
0.1
0.1

YES

YES
YES

YES
YES
YES
YES
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The AHSWG concurs with recommendations of CSMEP that informed fisheries
management in the region requires monitoring following standardized protocols, to
obtain estimates of basic VSP parameters:

Abundance —absolute counts of total adult escapement at in-river weirs/traps,
with at least one weir per Major Population Group (MPG); and where no weirs
exist, estimates based on expansion of annual redd counts — multiple (3x)
surveys surveys (aerial or walking), at least one of which should cover the entire
spawning area

Productivity - sampling of adults at weirs or as carcasses during multiple (3x)
spawning ground surveys, at least one of which should cover the entire spawning
area, to obtain information on hatchery of origin, sex ratio, and age structure —
which is used in combination with abundance information to estimate
productivity; adults should be identified to sex, and sampled for marks and tags,
for scales (or, dorsal fin ray or some other structure to obtain age information),
and for tissue when DNA analyses are envisioned

Spatial structure — use of spawning ground survey data from multiple (3x)
spawning ground surveys, at least one of which should cover the entire spawning
area, to estimate redd number and redd density per geographic area within the
subbasin

Diversity — estimation of adult characteristics, e.g., run-timing, spawn-timing,
size, sex-ratio, age structure, and morphometric measures

The AHSWG also recommends that supplementation programs be experimentally
ceased in multiple populations. As discussed in the Introduction, the most direct test of
the long-term effects of supplementation will involve analyses of population time series
which include data during post-supplementation periods, preferably extending over at
least 12 years (three generations).

Criteria which would make a supplemented population an attractive choice for
cessation, and subsequent inclusion in a Before-After type of analysis include:

Supplementation has been implemented over several generations already.
Monitoring has been performed relatively consistently over the period of
supplementation, providing a reliable data set against which post-
supplementation information may be compared.

Freshwater spawning and rearing habitat is adequate to support a natural
population, and measures of natural productivity are relatively high, such that it is
reasonable to believe the non-supplemented natural population could be self-
sustainable.

From among the supplemented populations listed in Tablel, a subset meeting the
above criteria are identified in Table 2 as potential candidates for having their
supplementation programs discontinued (at least temporarily).
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Table 2. Candidate salmon/steelhead populations for cessation of supplementation.

10-year
Average
Years of Average
Species/ Population or abundance Generations Average population Natural
Stock  subpopulation data of supp. PNI size R (aduits)/S Rationale
SPRING (stream-type) CHINOOK
Imnaha River Long-term supplementation program with good
mainstem 1949-2007 5 0.35 380 0.79 time series so possible to monitor effects; also a
(IRMAI) good candidate for a viable natural population.
South Fork Supplementation ceased in 2007. Long-term
Sal_mon River 1992-2007 o4 supplementatlon program wnh good time series
mainstem so possible to monitor effects; also a good
(SEMAI) candidate for a viable natural population.
Salmon River
upper ) Supplementation ceased in 2007. As above.
mainstem 1989-2007 2 043 PNI value for section above Sawtooth weir only.
(SRUMA)
Pahsimeroi . .
wer U amszor 2+ ow
(SRPAH) 9¢ pop
Supplementation ceased in 2007. Long-term
Crooked supplementation program with good time series
River 1989-2007 2+ so possible to monitor effects. BUT, a
(CRSFC) questionable candidate for a viable natural
population; supplementation ceased in 2007.
Wenatchee
River above Lo . . .
Tumwater 1960-2007 4+ 0.38 1337 158 P_opulatlon is \{vell monitored; good candidate for
D viable population.
am
(UCWEN)
Entiat River As above, but involves a harvest augmentation
(UCENT) 1960-2007 4+ 0 226 1.59 hatchery program that has already been
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Methow River
(UCMET)

1960-2007

FALL (ocean-type) CHINOOK

STEELHEAD

Wenatchee
River
(UCWEN-s)

Wenatchee
River above
Tumwater
Dam
(UCWENS-s)

Entiat River
(UCENT-s)

Methow River
(UCMET-s)

1978-2007

1998-2007

1978-2007

1977-2007

3+ 0.21
10+ 0.43
10+ 0.43

8 n/a
10+ 0.14

2030

2274

1511

559

4045

2.28

0.97

0.97

0.52

0.33

As above, although previous harvest
augmentation hatchery program terminated,
while supplementation continues

Snake River fall Chinook generally meets
criteria, BUT this population has been
recommended for continuation of RRS study.

Steelhead RRS studies are consistent in finding
low RRS; likely explanation for low productivity
of natural UC steelhead is past hatchery
impacts

As above, but maintain production for some
harvest and exclude all hatchery fish above
Tumwater as experiment. Would require
population monitoring above and below
Tumwater.

In theory, this is already being done in the
Entiat, but stray rates from other areas and
difficult in monitoring are making this an
ineffective experiment. Planned hatchery
improvements should result in reduced straying
and improve population monitoring.

Would be a very dramatic experiment since
population is currently >90% hatchery fish.
Population is almost certainly highly impacted
by past hatchery practices. Easily monitored.
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While supplementation was recently halted in the four ISS spring/summer (stream-type)
Chinook populations in Table 2, we recommend cessation of supplementation in an
additional one or two stream-type Chinook populations in different parts of the basin, in
several steelhead populations, and in at least one ocean-type Chinook population.
Identification from among the candidates, which specific programs would be
recommended for termination, however, is a management/policy decision which will
require consideration of numerous factors, and concurrence from multiple concerned
management agencies.

While Implementation and Compliance Monitoring, and Effectiveness Monitoring (at the
regional scale) will permit enacting the recommended analyses in relative population
abundance and productivity, it will not permit elucidation of mechanisms behind
observed differences. To do so, more intensive and finer scaled population and habitat
monitoring will be required for a subset of populations.

Scientifically sound and robust Effectiveness Monitoring (at the project scale) via
intensively monitored programs are already ongoing or proposed in the basin, including:
the ISS, YKFP, Northeast Oregon Hatchery, Johnson Creek, Wenatchee River
supplementation project, and Mid-Upper Columbia hatchery programs. Some of
research questions these studies are addressing include:
¢ Are there impacts of the hatchery program on non-target taxa of concern
(NTTOC) - in-terms of abundance and productivity of the non-target
population(s), competition for food and habitat resources, etc.
¢ Does hatchery rearing affect changes in behavioral and physical characteristics
of the natural population — e.g., juvenile characteristics: growth rate, age and size
at smoltification; adult characteristics: age, size and morphometrics at time of
return, run-timing, spawn timing, jack rate, fecundity, sex-ratio, etc.

The AHSWG strongly recommends continued support for these ongoing programs.
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Spring Chinook Population
:| harvest augmentation
77| supplemented

|§] reference

candidate to cease
supplementation

LKoommi R

100

L JIMiles

N Fk Clearwater R
patowse R Lower Mainstem A

Figure 1. Potential supplemented and reference Spring Chinook salmon populations for long-term
monitoring. Candidates for experimental cessation of supplementation are also illustrated.
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Steelhead Population
[:| harvest augmentation

##7# | supplemented
(W] reference

candidate to cease
supplementation

A8

100

Figure 2. Potential supplemented and reference steelhead populations for long-term monitoring.
Candidates for experimental cessation of supplementation are also illustrated.
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Fall / Summer
Chinook Population

C| harvest augmentation
; supplemented

E] reference

~

Figure 3. Potential supplemented and reference fall/'summer Chinook salmon populations for long-term
monitoring. Note the lack of many existing reference populations.

B) Continue and expand Relative Reproductive Success (RRS) studies.

To complement monitoring of population abundance and productivity for long-term trend
analyses, we recommend continued support of current RRS studies of supplemented
populations. Beyond the RRS projects which are currently ongoing in the basin,
CSMEP recommended that the number of spring Chinook RRS studies be expanded to
at least six (Marmorek et al. 2007a and b). We concur, and recommend further
expansion to include, a) a total of at least six RRS studies of steelhead populations, b)
three RRS studies of reintroduced anadromous salmonid populations, and c) support for
the RRS study recently initiated on Snake River fall Chinook, and addition of a study on
another ocean-type population, e.g. Wenatchee River summer Chinook. As
recommended by CSMEP (Marmorek et al. 2007a and b), the spring Chinook and
steelhead populations the choice of the populations within species for RRS study should
include ones from across the basin, and across the range (low to high) of PNI values.
As described above, using PNI as a covariate in an analysis will permit determination
whether differences in productivity are apparent only beyond a certain intensity of
supplementation.
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In addition to providing species-specific information, RRS studies of steelhead will be
particularly informative to fisheries managers in light of the logistical difficulties inherent
in obtaining reliable population abundance and productivity information on steelhead
populations and the resultant lack of reliability of trend analyses for this species - high
winter-spring flows make efforts to keep in-stream wires/traps operational, to count
redds, and to survey carcasses very difficult, if not impossible.

Our recommendations also include study of three previously extirpated populations —
populations which were subsequently reintroduced through hatchery stocking.
Reintroduced populations in the Columbia basin include all coho populations upstream
of Bonneville Dam, and several different spring Chinook populations, e.g., hood River,
Umatilla River, those in the Clearwater River system, etc. (Phillips et al. 2000, Everett et
al. 2006, Bosch et al. 2007, ISRP 2007, Narum et al. 2007). The reintroductions were
initiated by successive years of acclimation and release of smolts derived from out-of-
basin hatchery stocks. As adults returned from these initial stockings, a portion were
used as hatchery broodstock to produce smolts, with which the stream was
supplemented in addition to the out-of-basin smolts. The remaining portion of returning
adults were allowed to escape upstream for natural spawning. In one or two of these
projects, stocking of out-of-basin smolts has already been phased out, and
supplementation of the new natural populations continues using only local broodstock.
RRS studies of these populations will provide quantified measures of productivity during
this period of renaturalization, which could be analyzed for an increasing trend, and
compared to levels observed in natural reference populations.

Sampling and analysis in each of the recommended RRS projects described above
should be conducted annually for up to 12 years. This will permit accumulation of adult
return data for successive broodyears. Additionally, we recommend the studies be
designed so that it is possible to determine if any fitness differences between wild and
hatchery origin fish are due to genetic versus environmental causes. For example, this
could be accomplished by comparisons of RRS of hatchery-spawned fish with hatchery-
origin versus natural-origin parents, as described by Araki et al. (2007b) in their study of
Hood River steelhead. Similarly, estimation of RRS of naturally spawning fish with
natural-origin parents, but with grandparents of different origin would permit attribution
of any differences to genetic effects, though this will require collection of adult data for
at least two full generations.

In designing RRS studies, we believe the following factors should be considered:

e Relative fitness should be measured at the population or large spawning
aggregate scale if possible, in order to be confident that the results are applicable
at the population scale. If such studies are logistically not possible, smaller
scales studies should be considered.

e Factors to be considered in evaluating study designs should include:

o Ability to sample the large majority of the potential spawning population
o Ability to collect covariate data on potential parents
o Ability to collect adequate samples of juvenile and adult progeny
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o Size of the potential spawning population — must be large enough for
adequate statistical power but small enough to be logistically feasible for
parentage analysis (spawning population sizes between 200 and 2000 are
ideal; analysis of larger populations will become easier as technology
improves)

o In order to maximize power to estimate relative fitness, the ratio of
hatchery to wild fish in the spawning population should not be too extreme
(roughly 50:50 is ideal).

Trade-offs between studies of large, populations that do not control for all
potentially confounding effects versus studies of smaller populations which can
be better controlled but might be less representative, studies should be carefully
considered.

Relative fitness should be based on productivity assessments of progeny at
juvenile and adult life stages, in order to better assess where differences in
fithess are occurring (e.g., fry, smolt, and adult stages)

Relative fitness studies should be designed such that inferences about genetic
versus environmental effects of fithess differences can be made.

In order to determine potential causes if fitness differences are observed, data on
characteristics of the spawning populations under study should be collected,
including (where it is logistically feasible):

o Number of spawning adults

Number of juveniles produced

Individual run and spawn timing

Sex

Morphology (length, weight, possibly a photograph)

Freshwater and saltwater age

Hatchery versus wild origin (and if possible specific hatchery origin)
Redd characteristics

= Morphology

= Depth

= Water velocity

= Water temperature

o Egg voidance
o Spawning behavior
o Spawning location

0 O O O O O O

Table 3 (and illustrated in Figures 4 and 5) provides a list of supplemented populations
(grouped by species/stock) with ongoing RRS studies, and other populations which we
propose as candidates for study. The criteria which make RRS studies of these
populations useful include:

The populations are supplemented by ‘modern’ programs that generally follow
currently accepted best practices for supplementation (e.g., use of local
broodstock, incorporation of natural origin adults in the broodstock, release of
juveniles within natural spawning areas following a period of local acclimation,
etc.)
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An adult trap which can capture (near) 100% of the in-migrating adults already
exists, or one could be cost-effectively installed and operated

Trapping of juveniles already occurs, or could be feasibly implemented

These populations have at least reasonably good time series of data for
abundance and productivity, and their history of supplementation is well
documented and understood.
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Table 3. Supplemented populations with an ongoing relative reproductive success (RRS) study, or is a
candidate for an RRS study. (MPG and ESU designations as defined by the ICRBTRT; HA = harvest
augmentation; Supp = supplementation; n/a = not applicable; blank cells indicates that