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ExecutiveSummary

In response to a request fromthe IBAJS Y RSy i { OA Sy ( A T AKImihiskdikeda 2 NB
Oversight Panelpril 2017 memoranduiythe ISAB reviewed habitat assessment, research

and monitoring, and prioritizabn and coordination of recovery actions for spring Chinook

salmon in the Wenatchee, Entiat, and Methow basins of the Upper Columbia River. The review
was requested becauspring Chinook populations in the Upper Columbia River remain at high
risk of extintion despitea decade of habitat restoration actions guided by #t#®7 Upper

Columbia Spring Chink&almon and Steelhead Recovery Plan

The Upper Columbia Salmon Recovery Board, tribes, state and federal mapadgécsutility
districts PUD$, and local groups assisted the ISAB in its review. Leaders in these groups
presented valuable informatioto aid our review, including a field review of the Wenatchee
and Entiat subbasins and more than 25 presentations. The recovery program in the Upper
Columbia Basin is one of the better examples of an explicit strategy to guide local recovery
actions, monibring, and adaptive management.

The ISAB developed the following key findings and recommendations to address the Oversight
tyStQa F2dz2NJ YI 22N ljdzSadAz2ya 6aSS aSOiAzy mowm

1. Is the identification of limiting factordor Upper Columbia River spring Chinook based on
sound scientific principles and methods?

The Upper Columbia Salmon Recovery Board (UCSRB) has refined its analysis of limiting factors
substantially since the first assessments in the late 1990s. The &ci@ninciples for

identifying factors limiting the recovery of Upper Columbia spring Chinook salmon are generally
sound. Limiting factors are defined in tB807 Upper ColumbiRecovery Plan as

environmental conditions that negatively affect the abundangeductivity, spatial structure,

and diversity of salmon populations. Analysis of limiting factors based on current habitat
conditions is useful for prioritizing restoration actions. The UCSRB recently refined their
traditional habitatbased approachesybweighting limiting factors based on anticipated survival
benefits and geographic extent. Assessments of limiting factors are used to prioritize recovery
actions, and the recent history of restoration is relatively consistent with the rankings of

limiting factors.

Limiting factors analyses of the headwater basins do not incorporate the full life history of the
fish and their geographic range from egg to adult spawner. Limiting factors for spring Chinook
salmon in the Upper Columbia have been assessed ¢ironaditional freshwater habitat
assessments, analysis of density dependence, and life cycle models. Each have important
applications in management of the four Hs, but to date there has been no integration of all
three approaches.


https://nwcouncil.box.com/s/eugl6xjrao3sb1qijf7y2mz8lxpys9rm
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/interior_columbia/upper_columbia/uc_plan.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/interior_columbia/upper_columbia/uc_plan.pdf

Empirical density depemhce data and lifeycle modeling conducted by regional scientists in
the Upper Columbia provide more holistic analyses of limiting factors over the full life cycle of
spring Chinook salmon than traditional assessments of hatelated limiting factorsn
freshwater. These traditional habitdtased approaches can be used in planning and prioritizing
restoration actions, but more explicit integration of these approaches would strengthen future
efforts.

The goal of the UCSRB program is to identify limfaetprs within four categories of human
impacts (threats), including habitat, harvest, hydrosystem, and hatcheries (four Hs), both within
and outside the Upper Columbia watershed. While the Recovery Plan recognizes the influence
of all Hs, analysis of litmg factors has not integrated the four Hs to determine which have the
greatest influence on spring Chinook populations.-tifele models for these subbasins are
beginning to provide evidence that addresses all Hs, but they are in early stages of
development. Limiting factors are considered to be working hypotheses that can be tested, and
monitoring and adaptive management are critical for understanding and addressing them. Key
uncertainties such as ocean productivity and global climate change are iddntif

RecommendationThe ISAB recommends integrating the results of the different
approaches limiting factors analysis, density dependence analysis¢liée modeling for
identifying limiting factors to guide future revision of the Biological Stratedggeof / { w.
Regional Technical Teaand the Recovery Plan for spring Chinook salmon. This integrati
will require a collaborative process that includes significant participation by experts,
practitioners, and management teams from all Hs.

la.Are Snak River spring Chinook doing better than Upper Columbia spring Chinook, in
terms of abundance, diversity, spatial structure, and productivity?

Differences in geography and biology result in differences in the spatial structure and diversity
of the two evdutionarily significant units (ESUs). Nonetheless, most measures of population
level abundance and productivity for spring Chinook and assessments of habitat are similar in
the two ESUs. tnver survival of spring Chinook smolts migrating in the Uppeur@loia as
compared to Snake River spring/summer Chinook snadoksnot appear to differ Snolt-to-

adult survival (SAR) of wild Upper Columbia and Snalee Rhinook alsdoesnot appear to

differ.

Because the Snake River ESU has many more populatiotergedabsolute abundance than

the Upper Columbia ESU, the consequences of the differences in relative proportions may be
worse for Upper Columbia spring Chinook than for Snake River spring/summer Chincok. If in
river survivals are equal for the two EShidyerse events create greater risks for the Upper



Columbia populations because they are less buffered by adjacent populations. For example, if
the proportion of losses to pinniped predation continues to increase but are the same for the

two ESUs, the redition of Upper Columbia spring Chinook spawners, which have smaller
numbers, might reduce their ability to find mates on the spawning grounds. Thus, the ISAB
believes that the Upper Columbia spring Chinook ESU may be exposed to greater risks than the
SnakeRiver spring/summer Chinook ESU. The same concern was exphg9S€AA Fisheries

when the Upper Columbia ESU was originally listed as endangered and the Snake River ESU as
threatened, listings that were not changed in the most recent reviews.

Recommendabn: The ISAB recommends continued comparison of Chinook recovery in
ESUs to determine which restoration actions are most effective. Rigorous RME progran
essential to understand the trends and factors that influence them in these two basins.

1b. Differences between summer Chinook and spring Chinook in the Upper Columbia

Differences between spring and summer Chinook in the Upper Columbia could identify limiting
factors for spring ChinooSummer Chinook have greater juvenile life history diwgtkian

spring Chinook and therefore may have greater intrinsic resilience to limiting factors than
spring Chinook. Summer Chinook enter the estuary as subyearlings and yearlings over a much
longer period than spring Chinook. Later @migration timing olsummer Chinook subyearlings
coincides with the increased spill regime that was established to reduce dam related
mortalities. Their outmigration timing is also better synchronized with increased flows and
higher turbidity due to spring ruoff. Smaller siz at emigration may reduce vulnerability of
summer Chinook to avian predators that prefer larger prey (e.g., Caspian terns). Summer
Chinook typically rear for shorter periods in tributaries than spring Chinook and are less likely to
experience capacity litations or survival bottlenecks in subbasins. Contrary to previous
understanding, some Upper Columbia spring Chinook juveniles rear in mainstem reservoirs for
prolonged periods. The lower 235 river kilometers between Bonneville Dam and the ocean was
identified as a feeding area for juvenile salmonids where competition for resources with other
species and age classes may occur.

RecommendationThe ISAB recommends continued investigations of the effects of sumi
Chinook on spring Chinook in Upper ColumhieiRsubbasins, including effects of hatchery
practices, redd superimposition, competition, outmigration behavior, relative rates of
survival and behavior in the mainstem Columbia, and the relative effects of pinnipeds ai
harvest in the lower river and &sary. Management actions should be developed to lesser
constraints on spring Chinook abundance as information becomes available



Analysis of demographic trends in the Upper Columbia may reveal relationships betwee
summer and spring Chinook more effectiwé adult returns are grouped by broodyear.
Juveniles are counted by cohort or year class, and adults should be counted on a simile

1c. Are pinnipeds potentially a significant source of mortality fafpper Columbia spring
Chinook?Can the effetof pinniped predation of Upper Columbia spring Chinook be
guantified?

Pinnipeds are potentially a significant source of mortality for Upper Columbia spring Chinook
adults. However, populatiospecific estimates of predation impacts on Upper Columbiangpri
Chinook were not available the ISAB at the time of this review. The estimated consumption

of all Chinook salmon populations combined by pinnipeds in the Columbia River increased
sharply over the past decade, likely exceeding mortality by fishersgental impacts varied by
pinniped species, salmon life stage, and run timing. In 20&E7reduced salmonid runs and
persistently high numbers of pinnipeds later in the migration period suggested the total impact
08 LIAYYALISRa 2y OnfajbBelaSl NRa alf Y2YAR Nizy

Efforts to quantify the effects of pinniped predation on Upper Columbia spring Chinook
continue to make progress. However, additional data and evaluation of uncertainties in the
estimates and model structure are needed to improve estimafgsrmiped predation on

Upper Columbia spring Chinook salmanriver mortality of upriver spring/summer Chinook
salmon adults peaked in 2014 and 2015 (~100,000 fish) and decreased in 2016 and 2017 to
levels (~22,000 fish) similar to those in 2@ 3 (31,000 fish). Estimates of adult Chinook
mortality are highest in the estuary and Bonneville tailrace. A recent modeling study reported
that additional sea lion predation on Columbia River Chinook salmon in the ocean (ocehn age
salmon) may be similar to-river consumption rates of adult Chinook.

RecommendationThe ISAB reiterates its recommendations from past reviews (see 3.4..
and recommends proceeding with the pinniped recommendations list&OAA Fisheries
2016 FiveYear Upper Columbia Statusgeet: 1) expand pinniped monitoring efforts to
assess interactions between pinnipeds and listed species, (2) maintain predatory pinnip
management actions at Bonneville Dam to reduce the loss of upriver listed salmon and
steelhead stocks, (3) completéelcycle/extinction risk modeling to quantify predation rate:
by predatory pinnipeds on listed salmon and steelhead stocks in the Columbia River an
Willamette River, and (4) expand research efforts in the Columbia River estuary on sun
and run timingfor adult salmonids migrating through the lower Columbia River to Bonne»
Damé The second recommendatiasa necessary precautionary measure while better da
are collected.

In addition, he ISAB recommends identifying and investigating other pa#ntsignificant
sources of mortality of Upper Columbia spring Chinook smolts and adults in the Columk



River plume/ocean shelf habitats, estuary, and lower mainstem and tributaries. New
AYTF2NXIEGA2Y FNRY bh!! Q& G 33 AtgnAdata gaps, Y2 F
including lack of populatiospecific survival estimates for Upper Columbia spring Chinoo

The ISAB recommends use of a variety of approaches to quantify pinniped predation irr
such as the ongoing tagging studies and cedde bioerergetics/lifecycle modeling.
Comparison of multiple models could reduce structural uncertainty (e.g., comparing a
bioenergetics approach to individubased models or time series models).

2a.Are habitat recovery actions being priorited and sequencedtrategically?How should
habitat projects be prioritized?

¢KS L{!. F2dzyR GKS !/ {w.Qa aeadasSy F2N) a2t A0Ai
scientifically sound with regard to habitat conditions and potential effects of hatcheries and the
hydrosystemCurrent methods of prioritization (e.g., Ecosystem Diagnosis and Treatment (EDT)
a2RSt I oAGlIG {daAaGloAftAGE LYRSE o1 {LUOUZ YR w
are useful for planning and prioritizing ecological concerns and relateddtabgtoration

actions.

The UCSRB focuses most attention on determining which kinds of actions will be biologically
beneficial toward recovery of Upper Columbia spring Chinook and assesses fish abundance,
productivity, and risk of extinction. The proceddoe characterizing cost effectiveness is not
guantitative and does not provide a rigorous basis for prioritizing actions. If funds are unlimited,
there would be no need to prioritize actions, but that clearly is not the case. The criteria used
by the Regional Technical Teaand the Citizens Advisory Committee are vagual the results

are weighted so they have little influence on project priorities. Cost effectiveness is considered
by the UCSRB and the Salmon Recovery Board, but there is no explicisaaadythe

evaluations are not documented.

The existing prioritization process could be strengthened by incorporating explicit analysis of
performance, time, and cost in a cesffectiveness assessment. Studies have shown that doing
so can improve outcongeby an order of magnitude. However, this will require empirical or

other ways of estimating biological benefits as well as estimating project costs. Effectiveness in
terms of smolts per adult (i.e., freshwater productivity) is difficult to estimate, aster effects

over time, but developing a clear method would better highlight knowledge gaps. In the
interim, eliciting estimates from a set of experts could provide an objective starting point for
assessing relative cost effectiveness of projects. Wemeoend developing a standard

estimation of costeffectiveness ratios for evaluating each proposed project and describe a
simplified approach as a starting point (section 4.1.2).



RecommendationThe ISAB recommends applying a transparent-etisttiveness maalysis
of eachproposed projectperhaps by using the approach in the simple example we desci
Ay GKA&a wSLRNIQa .2E noém +a& | adGlkNIAy3
its minor influence on prioritization of restoration acti®for all Hs limit the USCRB and
participants in their recovery efforts. This is a common deficiency throughout the Colum
Basin, but such analyses would allow the program to use its limited resources more
effectively.

2b.Isthere evidence that past pjects have improved habitat for this ESU? What types of
habitat projects should be prioritized in the future

There is evidence that some types of projects have improved habitat more than ofiners.

ISAB found that there is sufficient evidence that paitng habitat, removing barriers to restore
connectivity, and reconnecting side channels and floodplains have positive effects on
anadromous salmonids, including spring Chinook salmon. Projects at different scales within the
Upper Columbia provide stroreyidence that structures that increase pools and habitat
complexity can increase fish production, survival, and abundance. Effects of log and boulder
structures should be measured to understand effects of specific types of structures in particular
watershedls.

Empirical data and modeling from the Upper Columbia and other locations within and beyond
the Columiia River Basin support rankihgbitat protection as a high priority, followed by
removing barriers, and reconnecting floodplains and side channetgdsiog habitat

complexity using log and boulder structures is a useful stesrh approach, but a longerm

strategy is needed to restore processes that maintain channel complexity and supply and retain
large wood in rivers. Less information was availavigrojectsthat increase instream flows or
address water quality, although these can also be effective.

RecommendationProjects that restore and sustain key fluvial and ecological processes
should beconsideredhigh priority, given predictions for futarclimate and building on the
successes of the projects completed so far. A key goal will be to provide habitats that ai
resilient to changing conditions and extreme events, and ones that provide connected
habitats needed to sustain the full range of lifistory diversity among spring Chinook in th
Upper Columbia.

The ISAB recommends designing rigorous experiments and continued careful monitorir
measure the effectiveness of habitat restoration practices in the ugp@umbia subbasins
across a hierahy of biological responses, including use of habitats by fish, and their



abundance, growth, survival, and productivityable Salmonid Population (VSP)
measurements should be compared against model predictions to verify and improve
modeling approaches.

2c.l 25 Sttt INB [OGA2ya Ay 20KSNJ YIFyl3SySyi
hatcheries, and harvest) aligned with recovery efforts?

The UCSRB has developed a useful process for prioritizing restoration projects and coordinating
recovew actions. The regional recovery plan, limiting factors assessmentytife models, and
monitoring provide critical information for recovery actions. However, a continued challenge is
coordinating groups in the three subbasins responsible for the feuMbre than 16

independent coordinating committees and several other major working groups make critical
decisions on recovery actions. Currently, there is no process for integrating their separate
efforts into a coordinated action plan across the threglsasins.

Coordination of habitat actions and harvest management and hatchery operations also could
be improved. Continued management to reduce effects of hatcheries on fitness of spring
Chinook in the three subbasins need to be coordinated with priargiznd implementing

habitat restoration projects to improve recovery efforts. Collaborative discussions of the UCSRB
and harvest cananagers about influences of adult return rates on spring Chinook recovery and
potential harvest recommendations would strgthen recovery efforts of the UCSRB.

RecommendationThe ISAB encourages the UCSRB and its participants to develop a
systematic, collective process for coordination of the actions, monitoring efforts, and
decisions across the numerous working groups aratdioating committees in the three
subbasins.

If return of adult spawners or recruitment substantially limit recovery in the upper Colum
then discussions of the effects of harvest on escapement betweenartagers and
participants in the UCSRB couldonove recovery efforts. More dialogue between the
Regional Technical Teaamd harvest cananagers under U.S. v. Oregon could align habite
restoration actions with returns of adult spawners needed for recovery.

Hatchery supplementation has not increasedisg Chinook abundance or productivity and
genetic diversity has decreased compared to historical diversity. Coordination between
habitat restoration actions and hatchery operations and studies of the effects of hatcher
supplementation should remain ce&l components of spring Chinook salmon recovery in
Upper Columbia.
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3. Is aresearch, monitoring, and evaluation (RME) framework in place that can adequately
address the questions in #2 above? Can this RME framework provide suitable data to test
and \alidate hypotheses, inform management decisions, and confirm that limiting factors
were correctly identified and are being addressed effectively?

The RME program is funded largely through the responsibilities of the PUDs under licensing
agreements. As a sallt, it is largely focused on assessing hatchery practices and the effects of
hatcheries on spring Chinook salmon populations. While this is a critical aspect of recovery in
the upper Columbia, it does not address all actions of the recovery progranentlysithere is

no RME Plan that encompasses all Hs and their related working groups, and there is no process
to coordinate monitoring efforts across the subbasins and address information needs related to
all Hs.

Approaches and methods of theeglonal Techical TeamPUDs, and regional fisheries agencies
are generally appropriate and can be used to answer questions about effects of hatcheries and
the hydrosystem, but analyses could be improved. Upper Columbia RME planning efforts
among the PUDs, WDFW, UC&BIted in a thoughtful proceds identify reference

populations that could besedto help assess how hatchery supplementation efforts were
influencing total spawner abundance, natural origin spawner abundance, and productivity
(recruits per spawnerhisupplemented streams.

In many instances in the Upper Columbia, the RME program compares a supplemented
population to three or more reference populations, but the results of the individual
assessments are not aggregated. A more sophisticated analypigedach that simultaneously
examines data from the supplemented population and all reference populations would improve
the precision of the estimates and increase the power to detect effects.

The RME efforts track temporal changes in abundance, prodygtspgatial structure, and

genetic diversity (VSP parameters) relative to control or reference populations. However, many
factors (e.g., environmental conditions experienced under artificial culture, genetic changes due
to domestication, environmental contitins experienced by adults and their offspring in natural
streams) can also alter VSP parameters. Influences of these factors on VSP parameters must be
disentangled before lonterm effects of hatchery practices on fitness can be estimated- Life

cycle moels are a promising way to evaluate the relative effects of ecological concerns and
human actions to better design and prioritize information needs and potential effectiveness of
restoration actions.

Assessing potential impacts of early fish cultural pcast is problematic because they rely on
historical accounts and speculations about possible consequences. Recent genetic studies of
Columbia River Chinook indicate hatchery practices and effects of mainstem and tributary dams
have reduced genetic divergibf Upper Columbia spring Chinook populations. Genetic analyses



offer increasing potential to quantify the influences of past practices on the fitness of
anadromous salmon and steelhead populations.

RecommendationThe ISAB recommends developing an indégp RME Plan that
encompasses all Hs and their related working groups to coordinate monitoring efforts re
to all Hs across the three subbasins.

The ISAB recommends that (a) biological criteria should be given more weight when se
reference poplations in comparing supplementation streams with reference streams, an
(b) the treatment population should be compared to all of its reference populations
simultaneously rather than onat-a-time. These will lead to reduced uncertainty about the
effectsof supplementation and increase the power to detect effects.

Consideration should also be given to using Bayesian Analysis which allows for incorpo
of prior beliefs m the value of supplementation andtegration of multiple performance
measures, an@ayesian Analysan more easily address different sources of variability.

3a.To what extent has the fitness of the Upper Columbia spring Chinook ESU been negatively
or positively affected by historical and current hatchery programs in this ESU?

Conemporary populations of Upper Columbia River Chinook sakexbibit significantly

lowered genetic diversity compared with historical stocks (i.e., before European colonization)
which included fish from areas above Chief Joseph.asses of genetic di\gty occur when
population size diminishes and geographic range contracts over time. Snake River Chinook
salmon populations do not appear to have experienced the same degree of loss of genetic
diversity over time because comparative changes in abundangelistribution are not as
pronounced as those in the Upper Columbia River (Johnson et al. 2018).

Genetic monitoring indicates that past hatchery programs have contributed to further erosion
of genetic diversity in Upper Columbia River salmon through feuetfects, reduced fitness of
hatcheryorigin fish, and high variance in family size of brood stock. Some practices in Upper
Columbia hatcheries have increased straying rates, which have caused genetic differences
among spring Chinook populations returgito the same subbasins to decrease.

Lowered genetic diversity in Upper Columbia populations means fewer populations with local
adaptations and less ability of existing populations to adapt to changes in climate and other
factors. Preservation of existirggnetic diversity in Upper Columbia populations should thus
remain a key goal and guiding principle for hatchery operations, stocking and supplementation,
resident fish mitigation, and other management activities. A recently updated and
comprehensive mondtring and evaluation plan is in place to provide guidance on best practices



for hatchery operations. Baside genetic monitoring of naturadnd hatcheryorigin fish is
also essential to inform adaptive management aimed at preserving the remaining genetic
diversity in Upper Columbia Basin Chinook salmon.

The extensive history of past transplant failures casts doubt on whether the Grand Coulee Fish
Maintenance Project (GCFMP) successfully preserved the genetic heritage of the salmonid
stocks located abover@d Coulee Dam. Small extant populations of salmonids existed in
Upper Columbia prior to the GCFMP. It is possible that these fish had fully seeded the poor
juvenile habitat then available. Additionally, spring and summer Chinook captured at Rock
Island 2xm and used as hatchery broodstock or natural spawners, originated from multiple
upstream spawning areas, which may perform poorly relative to those originating from
populations closer to their transplant locations. Evidence indicates some hatchery pmgram
have altered genetic diversity and fithess of Columbia River Chinook salmon.

Recommendationin view of the lack of response to supplementation programs in the Uy
Columbia, the ISAB recommends continued improvement of their hatchery practices an
RMEprogram and additional studies to determine why spring Chinook have not respond
supplementation. Additionahvestigationsof genetic diversity and comparison of historical
samples with contemporary samples of spring Chinook from the Upper Colunebédsar
needed to better understand the extent of loss of genetic diversity and likely causes

Further investigations that explore the factors responsible for early maturation in male s
Chinook salmon are also encouraged. Conservation benefits asdagskciated with
releasing precocious parr are affected by the factors that drive early maturation in hatch
stocks. Consequently, a thorough understanding of what enhances precocious maturati
hatchery stocks would help determine if anything shdogddone to control the release of
early maturing male parr.

3b.To what extent have contemporary supplementation programs provided a demographic
benefit to the natural populations?

Current hatchery operations have not increased overall abundance atthedance of
naturalorigin spring Chinook. Studies of supplemented and-sigpplemented reaches
reported no differences in either total or natural origin returns. Recent trends in recovery of
spring Chinook in the Wenatchee (supplemented population) ariiHnon-supplemented
populations) do not differ. Productivity of these populations appears to be stable.

In the Methow subbasin, three supplemented spring Chinook populations on the Twisp,
Chewuch, and Methow rivers did not have increased overall abcelar productivity relative
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to reference populations. Naturarigin abundance did not change in the Chewuch and
Methow and decreased in the Twisp. In the Wenatchee subbasin, spring Chinook hatchery
programs include two supplementation programs (ChiwawaiRand Nason Creek) and a
segregated harvest augmentation (Leavenworth Hatchery). The supplementation program in
the Chiwawa did not change overall abundance, natarain abundance, or productivity.

Straying rates in some hatchery programs are ghitgh (e.g.>3 5% for the Tveip and

Chewuch programs in thidethow and Chiwawa hatchery in the Wenatchee), with most fish
moving to other locations within the same watershed and some fish straying into other Upper
Columbia River subbasirGenetic diversit of the Chewuch population is decreasing and
becoming similar to the Methow, which could be caused by straying. Some degree of straying
can expand the spatial diversity of a population, but high straying rates can erode stock specific
adaptations and loweproductivity.

RecommendationContinued development and validation of the lifgcle model being
developed for Wenatchee River spring Chinook is encouraged. The model is designed 1
evaluate the effects of hatchery domestication, climate change, pinngoedation, ocean
conditions, and freshwater habitat on the population dynamics of Wenatchee spring Chi
G LINBaSyidz Ylrye 2F GKS Y2RSfQa LJ NI YS
by an ad hoc calibration method. Given its many assuongtand fixed parameters, its
current outputs can only be used qualitatively (ISAB 2Dl Mhe model, however, appears
have the flexibility to incorporate new data and efforts to refine it are underway. When
completed, it has the potential to be a valble tool for management.

Understanding the genetic legacy from Chinook stocks of the Columbia River above the
Grand Coulee Dam and effects of past management is critical for managing spring Chir
the Upper Columbia. Historical samples (e.g., musspetimens, scale samples from the
early collections and hatchery operations) should be compared with contemporary sprin
Chinook to measure changes in genetic diversity. It is also important to caftyinefine
RME activities that are focused on trendscontemporary genetic diversity of Upper
Columbia River Chinook salmon. To be maximally effective, RME activities should be d
and coordinated for the entire Upper Columbia watershed.

4. Are the life-cycle and habitat models in development for ghUpper Columbia ESU useful
for informing the identification, prioritization, and evaluation of restoration actions?

In general, the lifecycle models being developed will be useful to investigate the relative
impacts of restoration actions. The ISAB rdgtereviewed lifecycle models, including those of
the Wenatchee, Entiat, and Methow rivers (ISAB 201 Although these models are still
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relatively early in their development, they have analyzed potential limiting factors for spring
Chinook salmon in gnWenatchee and Entiat basins and provided a food web model for the
Methow River floodplain.

Empirical studies of the benefits of management actions (e.g-jrisimd fishout studies of
habitat improvements) are limited to short time and small spatialas. They are difficult to
scale up and evaluate at larger system levels-dyitde models can be used to scale up
management actions to larger spatial (e.g., entire Columbia River, estuary and ocean) and
temporal scales (e.g., entire life cycles), wagpropriate attention to model limitations.

Current models rarely model ndmearities and feedback mechanisms (e.g., density
dependence, interactions within and among species) in more than oneyldie stage. At this
point, the models are useful faanking the relative benefit of management actions at the
population level but may not perform well when predicting the exact numerical responses in
salmon populations. These models are also useful for identifying whietytife stages are

most sensitiveand examining potential scenarios for improvements. They can also be used to
generate hypotheses for experiments and management actionscydie models strengthen
limiting factors analysis, prioritization, and RME programs by identifying data thatiasing

and needed. The next steps in modelling are to better calibrate the models to acteajdie
data both at fine and large temporal and spatial scales and to include more complex
relationships in lifecycle stages where the models are most sensiti

RecommendationThe ISAB recommends continued development of theci@de models,
incorporation of more recent information on fish habitat relationships, and development
scenarios that more completely represent the restoration actions and fathatsare likely
to influence recovery. The Ifeycle models should be continually refined and improved. V
recommend using the lifeycle models to rank proposed restoration actions and incorpor
their results in analysis of cost effectiveness.

Some ratoration actions are river specific, but other actions are common across the mo
It would be helpful to develop a set of scenarios for these actions (e.g., incorporate rece
restoration project types, use Comparative Survival Study predicted résultsriver

survival from changes in spill/flow to evaluate overall impacts of changes in river survive

Sensitivity analyses should be performed on all models to identify which limiting factors
most important. These sensitivity analyses shouldaistandardized set of options. The

models should be calibrated to earlier hégcle stages. For example, the food web models
should be calibrated to actual data on smolts produced rather than trying to calibrate for
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entire life-cycle. This will impnee confidence in the direct benefits of some restoration
actions.

We recommend leveraging the experience gained in applying the EDT models in the
Okanogan and Methow subbasins if EDT models are developed for the other subbasins
species habitat rulesiithe EDT model should be evaluated closely if the model is used.

Where possible, multiple models can be compared to better understand and quantify
uncertainties and relationships between limiting factors and responses in the basin.
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1. Introduction

1.1. Review Charge

In anApril 2017 memorandurrthe Independent Scientific Advisory Board (ISAB) Administrative
Oversight Panéhsked the ISAB to conduct a review to inform Uppeuf@bla River spring

Chinook recovery and research efforts. The Upper Columbia River spring Chinook evolutionary
significant unit (ESU) was listed as endangered in 1999 and includes three extant populations

for the Wenatchee, Entiat, and Methow subbasinsvedl as one extinct population for the
hily23ly &ddzool aAy® ¢KS h@SNBAIKG tFyStQa NBOJDA
habitat restoration actions guided by the 200pper Columbia Spring Chinook Salmon and

Steelhead Recovery Plddpper Columbia River spring Chinook populations remain at high risk

of extinction NOAA 2015¢ KS h @SNRAIKG t I yStlevelavhldond 2 NJ G KS
available information to inform the Council and recovery practitioners about aspects of their
programs, plans, and projects thabwid benefit from further refinement ath consideration of
alternatives.

The Oversight Panel specifically asked:

1. Is the identification of limiting factors for Upper Columbia River spring Chinook based on
sound scientific principles and methods? Are the mgortant survival bottlenecks or
FILOG2NR fAYAGAY3 GKAA 9{! Qa NBO2OSNE ARSYyil
limiting factors occur? Is density dependence considered? Are the necessary data
available to identify the limiting factors? Are assuitons, data gaps, and key
uncertainties identifie@

a) Based on recent status reviews and other relevant assessments, are Snake River
spring Chinook doing better than Upper Columbia spring Chinook, in terms of
abundance, diversityspatialstructure, and poductivity? If so, do we know why?

Do limiting factors and life histories differ between Snake River and Upper
Columbia spring Chinook? For example, are there key limiting factors for Upper
Columbia spring Chinook upstream ofeBtiRapids dam?

b) Pinniped pedation appears to be increasing rapidly in the lower Columbia River.
Are pinnipeds potentially a significant source of mortality for Upper Columbia

1 The ISAB Administrative Oversight Panel consists of the Northwest Power and ConsendsipidGof Qa OK LIl A NE
executive director of the Columbia River InfEtibal Fish Commission, atitk science director of NOAG A 8 K SNA $4 Q
Northwest Fisheries Science Center.
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spring Chinook? Can the effect of this predation on Upper Cokusyring
Chinook be quantified?

2. Are habitd recovery actions being prioritized and sequenced strategically, given existing
knowledge and data gap$® there evidence that past projects have improved habitat
for this ESU? How should habitat projects be prioritized and what types of habitat
projectsshould be prioritized in the future? Why? How well are actions in other
YEYyF3SYSyid aSOG2NB olftf 1 Qasxs AdSods KFEoAdl G
aligned with recovery efforts? Specific input to inform development and refinement of
the Upper Cb dzY 6 A | Q& LINR LJ2 & SR foinJojcdwdukl bedmuéhz2 y  F NI Y
appreciated.

3. Is aresearch, monitoring, and evaluation (RME) framework in place that can adequately
address the questions in #2 above? Can this RME framework provide suitable data to
test and validate hypotheses, inform management decisions, and confirm that limiting
factors were correctly identified and are being addressed effectively? If not, what
changes need to be made to the RME Framework and what critical uncertainties
(ISAB/ISRP 201K draft Research Plarand hypotheses should be investigated to
provide the answers? Do we know how to test these hypsds®

Specific questions associated with uncertainties regarding hatchery fish interactions and
research in the Upper Columbia include:

a) To what extent has the fitness of the Upper Columbia spring Chinook ESU been
negatively or positively affected by histcal and current hatchery programs in
this ESU?

b) To what extent have contemporary supplementation programs provided a
demographic benefit to the natural populations?

c) Is the current methodology in the PUD hatchery monitoring and evaluation
program (see Appatix C) sufficient to answer the questions above (a and b)?

4. Are the lifecycle and habitat models in development for the Upper Columbia ESU useful
for informing the identification, prioritization, and evaluation of restoration actions? At
what resolution sale can this guidance be applied, for example, watershed, population,
or reach scale? Are there other approaches that would be useful?

The Oversight Panel encouraged the ISAB to organize briefings and site visits with researchers
and restoration practitiaers involved with Upper Columbia spring Chinook recovery, many of
whom provided input on the review questioassigned tdhe ISAB These entities include
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NOAA Fisheries; the Upper Columbia Salmon Recovery Board (UCSRB); Washington Department
of Fish andVildlife; the Tribes including the Colville Tribes, the Yakama Nation, and the Upper
Columbia United Tribes; and Grant, Chelan, and Douglas County Public Utility Districts. Finally,

the Oversight Panel recognized that several recent ISRP and ISAB regrewslated to

restoration and monitoring efforts in the Upper Columbia and should be considered in the

L{!. Qad NBOASE>S AyOftdzZRAYy3a G(GKS L{wtQa NBGASg 27
ISRP 2012 YR G KS L{! . Qiecyd@@delJSABBRIA).! Qa

1.2. Introduction to Upper Columbia Spring Chinook Salmon and Their
Recovery

The Upper Columbia River (UCR) suppanfsortant species of fish and wildlifevater

resources, forests, and productive working lands for the Columbia River Basin. The four major
river basins the Wenatchee Entiat, Methow, and Okanogarcomprise4.5% of theColumbia
Basinarea and currently comibute approximately3% of the totalmeanflow of the Columbia

River after domestic and agricultural water withdrawatgyfre 1.1). The Ubper Columbia River
provides critical habitats for spring and summer Chinook salmon, sockeye salmon, coho salmon,
stedhead, and Pacific lamprey. Development of the Columbia River hydrosystem has strongly
impacted anadromous fish populations, and Chief Joseph Dam completely blocks upstream fish
passage on the mainstem Columbia River. Of thevbutionarilysignificantunits (ESU) of

salmon and steelhead in the Columbia Basin, 13 are listed as threatened or endangered under
the Endangered Species Act (ESA).

The questions addressed by the ISAB in this report focus on the ESU for spring Chinook salmon
Oncorhynchus tshawytkain the Upper Columbia River, which includes three populations in

the Wenatchee, Entiat, and Methow subbas(sse distribution maps in Figurés2,1.3,1.4).

We did not includehie Okanogan Rivém this review because sprirghinooksalmon were

extirpated from the basin in the 1930s by hydropower development, overfishing, and habitat
degradation(see Box 1.1 below)
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Figure 11. Map of mainstem Columbia River and location of the Welme¢, Entiat, and Methow basins
(sourcewww.digitalarchives.wa.gov/GovernorLocke/gsro/regions/upper.htBoundary of Columbia
Basin is outlined in white and the three basins in this report are highlighted.
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Assessment Units (EcoA | M.), State Roads (DOT), and Hilishade Relief (DOT).
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Figure 1.2. Map of sjmg Chinook salmon distributions in the Wenatchee River @genatchee
Subbasin Plan 2004)
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Figure 1.3. Map of spring Chinook salmon distributions in the Entiat River(Basiat Subbasin Plan
2004)
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Fifty milesdownstream of Grand Coulee Dam and 12 miles upstream of the Okanogan River
confluence, Chief Joseph Dam construction began in 1949, and it now creates the upstream
limit of anadromous salmon and steelhead in tirainstemColumbiaRiver The Colville Tribe,
Canadian government, aridpper Columbia River communities are exploring options to provide
passage above these dams to historical natal riygges Box 1.1)Though this repd does not
include the Okanogan Basin, weview the Ecosystem Diagnosis and Treatment (EDT) model
used toprioritize habitat projects ihe OkanogarRiver, which also iseing developdin the
Methow Basin

NOAA Fisheries listed thépper Columbia Rivespring Chinook ESU as endangered under the
ESA in 1999. The Upper Columbia Salmon Recovery Board (UCSRB) and National Marine
Fisheries Service (NOAA Fisheries)eloped theUpper Columbia Spring Chinook Salmon and
Steelhead Recovery Pl§2007)to guide management and restoration actions for recovery of
these populations. The overall goal of the recovery plandwdisecure longerm persistence

of viable populations of naturally produced spring Chinook and steelhead distributed across
their native ran& dTke plan included more specific objectives to reclassify (downlist) these
populations from endangered to threatened and then ultimately to delist the populations.
Recovery for naturallproduced UCR spring Chinook populations ultimately will requaielevi
levels ofabundance, lowisk of extinction, spatialistributions throughout previously occupied
areas and natural patterns of genetic and phenotypic diversitige Recovery Plan fire UCR
requires populations of spring Chinook salmon to meet vecy criteriaof less than a 5%
extinction risk over a 16@ear periodin each ofthree basins (Wenatchee, Entiat, and Methow)
(ICTRT 2004, b) The Recovery Plan developed both skherm and longterm actionsto
reduceimpacts ofharvest,hatcheriesthe hydrosystem, and habitat degradation in each of the
three river basinsThe actions were based on analysis of potential limiting factors identified in
previous landscape assessments of the Entiat (Andonaegui 1999), Wenatchee (Andonaegui
2001), and MethowWNPCQ004).

NOAA Fiseries NMFS2016 concludedhat spring Chinook salmon in the UCR have not

recovered substantially andmain at high risk of extinctioafter more than nine years of
management actions and more than 300 habitat projects in the three river béSmsrel.5).

Given the long history of multiple impacts Qi€R spring Chinook, time requiredachieve

restordil A2y 202SO0GABS&sY YR (KS 9-fyeQgmajpliécovary dSt &
in less than 10 yeamsould beunlikely. Nonetheless, the apparestowrate of recovery in UCR

spring Chinook populatiortgas raised questions about the reasonstfue lack of improvement

in their status.
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Box 1.1
Okanogan and Blocked Areas Spring Chinook Reintroduction Programs

The Upper Columbia spring Chinook salmon &8téntly containsthree distinct
populations in the Wenatchee, Entiat, and Methow subbasfasng Chinook

populationsonceexisted in the Okanogan and in multiple areas above the Gr
Coulee Dam. Twintroduction programs are attempting expand the spatial

distribution, genetic diversity, productivity, and abundance of spring Chinook i

the Upper Columbia

The Confederated Tribes of the Colville &eation (CCT) worked with NOAA
Fisheries to establish an experimental ressential population of spring
Chinook in the Okanogan subbasin. In 2007 CTT obtainespring Chinook
parr and eyecggs from MethowChewuchRiver The parr were placed into an
acclimation pond in the Okanogan subbasin and reared for five months befq
being released in mid\pril, 2015. The eyed eggs were incubated at the newly
constructed Chief Joseph Hatchery and weeéd and reared at an acclimation
site in the Okanogan prior to being released. Eggs from MetGbewuch spring

and

Chinook continue to be imported into the Chief Joseph Hatchery and used in the

¢ N 0 S aphaseil reiNtBd@uction program. The first phasarfsattempt to

colonize Omak Creek with spring Chinook; phase two femséocal adaption,
andphase three concentrates on spring Chinook conservationinitie results
are promisingas adults from the first release of fish made in 2015 returned tq
the Okanogan in May 2017.

The second efforted by the Spokane Tribe of Indians and other Upper Colur
Tribal Nations and their partneris designed teeintroduce spring Chinook and
other salmonid species into areas blocked by the Grand Coulee Beaming
efforts include multiple tributary and mainstem habitat assessments, estimate
of the rearing capacity of Lake Roosevelt, life cycle modeling, an evaluation
risks associated with reintroduction, appraisals of possible donor stocks, an(
review offish passage technologies at high head dafwsurereintroductions
depend on results aheseassessmentfReestablishingpring Chinook in
currently blocked areas would not only be of tremendous cultural value but i

would also expand existing VSP paetens for Upper Columbia spring Chinook.
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Figurel.5. Abundance of natural origin spring Chinook salrmotine Upper Columbia Rivéom 1960
2016 (ToddPearsons, presentation to ISAB)

TheUpper Columbia Rivéristorically supported major runs salman and steelheadbut
overfishing, mining, logging, grazing, agriculture, water withdrawal, and growth of towns along
the river caused major declines in their abundancéhe early 20 century(Fish and Haavan

1948; Mullan et al. 1992Even before constiction of major dams on the Columbia River,
salmon and steelhead populations in the UCR dheclined greatly

G¢CKSANI NHzyas K26SOSNJI KIR 0SSy @GANIidzrtte& RS
years largely through the construction of impassable mill aomigyr dams and
08 yYydzYSNRdzaz dzy aONBSYSR ANNAIFGA2Y RAODSNHEA 2

Commercial harvest of UCR salmon and steelhead exceeded 85% of returning adults in the
1930s and 1940s (Mullan 198Aarvest remained high (460%) through 19%, decreasig to
5-18% from 19772013(NOAASalmon Population Summary databpdanagers introduced
millions of pring Chinook fry raised in lower Columbia River hatcheries into UCR tributaries
from 18991931, potentialljweakeningocal adaptations to the upper river habitats and
environmental conditionsDevelopment of agriculture anwwnsin thesesulbasins removed
substantial quantities of wateMore than 75% of the surface water of the Wecttae is
allocated for irrigation, the majority of which occurs during the summerflow period
(Washington Department of Ecology 1995)

Development of the Columbia River hydrosystem in the 1930s had major impacts on all
anadromous fistin the Upper Colunbia RiverStaringin 1939, Grand Couleeabhas
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compressed,, 140 miles of riveused foranadromous migratiomo less than 677 mileg-rom

1939 through 1943, fisheries managers intercepted all adult salmon and steelhead at Rock
Island Dantat river mile453)andfish weremixed together and held for redistributiosms part

of the Grand Coulee Fish Maintenance Pro{@&EFMP(Fish and Hanavan 194&uring the

initial period from 1939 to 1943, the GCFMP stocked spring Chinook and summer steelhead in
NasonCreek in the Wenatchee River basin and summer Chinook were released in the mainstem
Wenatchee and Entiatvers(Fish and Hanavan 1948). During this period, construction of the
Leavenworth, Entiat, and Winthrop National Fish Hatcheries was completed afidiad were
first held in the Leavenworth National Fish Hatchery in 194@ver racks blockeddult

salmon released o Nason Creek and the Entiat Riyesm leaving the tributariesFisheries
managers also collectedse brood stock from the lowerdumbia River (Mullan 1987)he
upriverstocks weranixed togetherin the GCFMP hatchery prograand all UCR spring

Chinook stocks have been affected by the oamping ofhatchery fish from a variety of imnd
out-of-basin stocksThe history of humadecimation of salmon populations, mixing of stocks,
and hatchery practices likely weakened or homogentbedorehistoricadaptationsof Chinook
salmonto the local physical, environmental, and biological characteristidche UCR basins.
Recent analysisf prehistoric and contemporary mitochondrial DNA variation in Chinook
salmon found reduced genetic diversity from the ancient to contemporary period and greater
loss of genetic diversity in thdpper Columbia than in the Snake River (Johnson &Cdl3).

The hydrosystem now creates significant migratory barriers with seven major dams between
the mouth of the Columbia River and the mouth of the Wenatchee Rerght before the

Entiat, and nine before the Methow and Okanog@&uairrently there is no anadromus fish
passage above Chief Joseph D&unated on the Columbia RiveR miles upstream of the
OkanogarRiver confluence.

The biology, ecology, and migratory behavior of UCR spring Chinook galesemtchallenges
for their survival, responses to restdi@n actions, and rate of recovefgee detailed discussion
in sectiondll.2 and 11l.3 UCR spring Chinook are stredéype Chinook, spendingne yearin
freshwaterbefore migrating to the ocean. AdUltCR spring Chinoo&turn to their natal
streams tospawn in August and September. This makes them vulnerable to low water, warm
temperatures, and harvesh the mainstem Columbia River and UCR tributartesing fish
emerge from the gravel in spring (AgMlay), and theyeither rear in their natal stream or
migrate to lower reaches or mainstem Columbia RiVaiter withdrawal, mining, logging,
agriculture, road building, and residential and urban developnierihe subbasins has affected
habitat quality Cold temperatures and low food productivity of headeastreams in these
subbasinsfurther limits survival and growthlwenile Chinook in these basins spendithist
summer andvinter in the natal streams or lower river and migrate to the ocean through the
hydrosystenduring their second spring, thougbrme may migrate to the Columbia River as
subyearlings in their firgummer orfall. Yearlingsnigrate rapidly downstream through the
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hydrosystem, lower river and estuary (channel habitats), and northward to summer rearing
habitats (midshelf) in the nortlern Gulf of AlaskaVe know nuch less about subsequent
oceanic distributions and migration patterns. UCR spring Chiandlsimilar fish (e.g., Carson
stock releases from Leavenworth Hatchery) are cod@é tagged and aresuallynot

recovered in ocean $aon fisheriesPrecociouspring Chinook (mostly maleseferred to as
jackg spend only one year in the ocean, returning to spawn at agel@lt salmon spend 2 to 3
years in the ocean and return to the Columbia River in March or, ppriarilyat ages4 and 5
Ocean conditions have been correlated to variation in abundance of returning adult salmon.
Early entry into the Columbia River poteniyahakesspring Chinooknore vulnerable to
pinnipedpredators in the lower river than later arriving stockeeTong migration route from
and returning to the UCR decreases the likelihood of survival for both juvenile and adult spring
Chinook salmon.

1.3. Perspectives of Recovery

TheOversight Panel asked the IStdRxaminethe alignment of managemeraictions inall
aSOG2NR oF ff 1 Qa OUCR &piing CHiliBoR SalthShed S NdFcaver®ll 4 a ¥ 2 NJ
usedfrequentlyto express different and often confusing perspectivesncepts of recovergre
important contexsfor evaluating responses of threatenedemdangered salmon and
steelhead to management and restoration actions (Liss.&046in Return to the River
Lichatowich et al. 20)7Treaty obligations t&J.S. Indian tribesstablishcriteria for providing
access to traditional fishing locations aadequate abundances to meet their traditional uses
(Fryer et al2016).Fisheries managers of the Columbia RBesinalso have legal
responsibilities to implement actions to recover viable salmon populations under the
Endangered Species Amtd are required to mitigat for resource valuetost Upper Columbia
River Umbrella Progran®RP 2012).

ThoughESArelated requirements and Tribal obligations are the most immediate concerns of

recovery other perspective®f recoveryalsoarerelevant in management decisions.

Abundance targets forelistingall salmon and steelhead in ti@lumbia Basiralone(delisting

requires achieving other criteria as wedhount to 234,00@&dult spawners of naturairigin

(compiled fromwww.nwcouncil.org/ext/maps/AFObjProgramsEven if these targets for ESA

listed stocks are achievedpandances of anadromous sabmdsmight stillbe substantially

lessthan historicalnumbersof approximatelys to 9 million fisR (p. 53 inlISAB 2018) and the

Northwest Power and Conservation Cou@g@bal of 5 million fishNPCC 20)4The UCSRB

Recovery Plan (200K & RS&AA3AY SR G2 aAYichoRe®y §oalOdad gpjecBves 2 F Y

2The Fish and Wildlife Program includes an upper bound of 10 to 16 million returning adult salmon and steelhead
for historical abundances (NPCC 1986). Higher estimates are based on sumnuiagktieeyear average annual
catchedfor individual species raer than thepeak fiveyear average annual catchis all species combined.
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while achieving sustainable, harvestable sport, commercial and cultural fislgexigeal
broader than simplylelisting endangered salmon or meetingligations fortribal fisheries.

Different interests andoerspectives crea a complicated and sometimes divisive discussion of
regional management actions for recovery (Williambsl.2006, UCSRB Recovery Plan 2007
NPCC 2014 ackey 201)7Lawsand managemenprogramshave evolved in an imperfect
FGaSYLIWG (2 NBfarén&Odnd \alged budthey Qso refldct the tradeoffs and
conflicts that arise bieveen competing interestdResource managers aresponsible for

making decisions on behalf of sociétyachieve those outcomen evaluatingecovery efforts
and analges forUCR spring Chinook salmon, kgeognize not only théegalrequirements of
delisting mitigation,and tribal obligations, but alsihe broader recovery goals of the partners
working to restore salmon populations in the UCR.
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2. Review Process

2.1.Sources of Information

The methods used by the ISAB to provide the requested independent scientific advice and
recommendationsf 2 f £ 2 ¢ S R foimKl evidw{prloceddgesMaterials reviewed by the

ISAB primarily included published scientific journal articles and unpublished reports (grey
literature) by government agencies and other entities working in the Basin. ISAB members were
familiar with the foundational scientifilterature on spring Chinook salmon in tielumbia

Basin The ISAB also usedmputer search engines to find additional relevant sources of
information from academic journals and the internet.

The Fish and Wildlife Program is based on recommendatioNs fra KS NBX3IA 2y Qa FSRS

fish and wildlife agencies, appropriate Indian tripgsd other interested parties aimed at
protecting, mitigating, and enhancing fish and wildlife species and their habitat that are
affected by the hydrosystenMany UpperColumbia fish and wildlife management and
monitoring projects and analyses are supported through the Fish and Wildlife Pregiém
reviewed by the ISAB and ISRP for their scientific merit. These efffcige the Umbrella
Habitat RestoratiorPrgects, Wildlife Habitat Mitigation Programs, Comparative Survival
Studies (CS8j the Fish Passage Centeife-CycleMonitoring Program (LCR), and regional
habitat restoration effectivenessonitoring programs (CHaMP, ISEMEM. Recent reviews

of programs in the UCR include the Upper Columbia River Umbrella Prd&@am £012),

Upper Columbia Rivawvildlife Habitat Mitigation Prograniife-cyclemodels for the Vénatchee
and Entiat Riverd$AB 20171),and/ 2 Y LI N} G A @S { dzNIA @I t I9AB dzR& Q&
2017-2). In addition, severalecent science reviews examined major issues related to salmon
and steelhead management in the UCR, inclu@hgate Change$AB 200-2), Human
Population Impacts2007-3), Food WebsIEAB 20111), Review of the 2009 FWESAB 2013),
Density DependenceédAB 2018), Critical Uncertaintied$AB/ISRP 2011, and Predation
(ISAB 20161). This reviewdrawson these findings in assessing the effectiveness of
management actions to restore spring Chinook populations in the UCR.

2.2.Field Tours and Presentations at ISAB Meetings

The ISAB was briefed on the current status of UZiRg Chinook salmon populations, recent
findings from research, monitoring, and evaluation (RME), and management actions in the
three subbasinsThelSAB conducted a field tour tfe Wenatcheeand Entiat iver basinsled

by local biologists and prograteaders on July®21. The ISAB followed the field review with a
series of three day meetings in Portland, Oregon September 15, October 27, and
December 8, 201¢see Appendix A for a list of meetings and links to presentatidigy
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NEB LJ2 NI Q adgnilertis|sgtion itlebtifies the many individuals and organizations who
providedmaterials briefings, and site tours to inform this review.
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3. Assessment of Upper Columbia Riv&pring Chinook

Questions submitted to ISAB:

Is the identification of limiting factors for Upper Columbia River spring
Chinook based on soundientific principles and methods? Are the mog
AYLRNIFY(G adzNBAGIE o0200Gf SySO| a
identified? Where and when do the most important limiting factors
occur? Is density dependence considered? Are the necessary data
availableto identify the limiting factors? Are assumptions, data gaps, 4
key uncertainties identified

a. Based on recent status reviews and other relevant assessmer]
are Snake River spring Chinook doing better than Upper Coluf
spring Chinook, in terms of abdance, diversity, spatial
structure, and productivity? If so, do we know why? Do limiting
factors and life histories differ between Snake River and Uppe
Columbia spring Chinook? For example, are there key limiting
factors for Upper Columbia spring Chikagpstream of Priest
Rapids dam?

b. Pinniped predation appears to be increasing rapidly in the low
Columbia River. Are pinnipeds potentially a significant source
mortality for Upper Columbia spring Chinook? Can the effect g
this predation on Upper Colubma spring Chinook be quantified?

3.1. Identification of Limiting Factors

One of the first steps in development of a recovery plan for a population is identification of
potential factors that limit the populatiofBooth et al2016) The ISAB considélimiting

factorsto be environmental characteristics, ecological processes, or anthropogenic structures
oractionsi KI & O2y a i NI diyérsity, pradactividyfahdabur@iah€aimiting factors

can be assessed for specific life stadmg from arecoveryperspective]imiting factors are

those that influence the fulife cycleandnumberof reproductive adultsRecent authors and
assessments also have distinguished ecological concerns from limiting factors (Hamm 2012)
Ecological concerns include abiotic featureg.(gemperature, oxygen, physidabitat) or

biotic interactions (e.g., competition, predation, disease, prey availability). Ecological concerns
may affect productivity and capacity, but they do not necessarily limit abundance. The
distinction is valid bublurred in practice because many factors listed in limiting factors
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analyses are ecological concerns but they are called limiting fadtost.limiting factors
analy®sidentify importanthabitat characteristics (Reevesal. 1989 Mobrand Biometrics
1997) and attempt to determinéhow much positive change possiblen habitat factors (or
characteristig) that arelimiting. Traditionalidentificationof limiting factorsintegrates a diverse
array ofhabitat data,information on fish populations and haht relationships, and
professional opinionMore recent habitat assessments have focused at larger scale processes
that shape local habitat conditionB¢echie et al. 201@ooth et al. 2016) or weight the limiting
factors by their geographic extent amtfluence on fish survival (UCSRB 201Bdjlence

related to adult returns and population dynamiafen is scarce, and the analysis of habitat is
restricted to the freshwater portion of their range, often only their natal stream basesent
studies ofdensity dependence anlife-cyclemodeling provide more robust methodsr
guantitatively and rigorouslgefining limiting factors

3.1.1.Potential Limiting Factors and Threats UCRTributary Basins

Subbasin Plans

Early analysesf limiting factorsprimarily identifiedenvironmental or lealhabiat conditions

that potentially influence fish abundand®y juvenile and adult fisim the freshwater

environment The Washington State Conservation Commission conducted analyses of habitat
limiting factorsfor UCR spring Chinoak the Entiat (Andonaegui 1999) and Wenatchee basins
(Andonaegui 2001 providing the basis fohte Subbasin Plarder the Entiat and Wenatchee
basins. Théethow Subbasin Plaf2004) relied on an unpublished report of a habitat limiting
factors analysis by Williams (2008]I of these assessments identified six major categories of
limiting factors:

Access to spawning and rearing habitat
Riparian Condition

Channel Conditions/Dynamics

Habitat Elements

Water Quality

Water Quantity

o gk wnNE

Sixteenadditionalattributes of habitat were assessed within these broader elstaristics of
limiting factors, including factors such agarianand streambaniconditiors, 1oodplain
connectivity channel morphology and substrates, large woodtex temperature fine
sediments, andtangesin flow regimes. Habitat attributes were assessed for smaller
watersheds within the three subbasins, and the major potential limiting factors considered to
be dNot Properly Functioniridiffered by watershedThe major limitirg factors identified in

the Subbasin Plans were:
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Elevated Temperature

Sediment

Riparian/Floodplain Function

Habitat Diversity

Obstructionsand Barriers

Channel Stability

Flow

Competition (hatchery fish and nemative fish)

= =4 4 4 4 A4 -5 -9

Basin planners identifiedbpjedives and management actions for each subbasid developed
methods for monitoring and evaluaty theprogram. However, the actions to address limiting
factorsin the Subbasin Plangere largely limited to isbasin habitat and id not prioritize the
actions. In the limiting factors analysis for the Wenatchee River, the Technical Advisory Group
for the Wenatchee Subbasin Pleanked their recommendatiagifor habitat actions:

Maintain highly functional habitat in Wenatchee subbasin watersheds.
Maintain and estore habitat on the mainstem Wenatchee River

Restore ecosystem functions and connectiwithin the Wenatchee subbasin
Evaluate the relationship between stream flewnd water use in the subbasin
Increase instream lolows negatively impacted by humattivities

a M wbdE

Weighted Analysis of Limiting Factors

After development of the UCR subbasin plaesesal efforts attempted to improve the use of
habitat information and assessments of limiting factbysweighting factors based on survival
benefits for Chinok salmonand steelheadnd geographic exterdf the habitat condition

Action Agencies (AAs)J.S. Army Corps of Engineers, Bonneville Power Administration, and
Bureau of Reclamatianof the Federal Columbia River Power System (FCRPS) formed regional
expertpanels afterthe courtordered remand of the 2008 BiQp estimate changes in habitat
guality improvements (HQI$) address limitindactorsfor salmon and steelhead.he panels
examinal pasthabitat improvemens (look back analysis) and anticipated fetimprovements
(look forwad analysis).

The U.S. Bureau of Reclamation attempted to assess the relative contribution of limiting factors
across the Wenatchee, Entiat, and Methow basipsccounting fothe geographic exterand

spring Chinook populatioria thethree basinsbasedlargely on professional judgmenthe

Remand Habitat Workgroup developed a method for estimating habitat quality antbegg

smolt survival benefits based on professional judgment of local biolqgesés
www.usbr.gov/pn/fcrps/habitat/panels/reference/1HEAAppPC.pdfor a description of the

methods and analyses)Vithin each subbasingegional experts identified limiting factors for
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assessment uts, which were weighted for their proportional contribution to tlservivalof
spring ChinookFigure 3.1.3

Major factors related to habitat impairment in all three basins included riparian vegetation,
wetlands, floodplains, and instream structural cdesty, which have been major limiting

factors in previous analyses. Sediment quantity was a substantial factor in the Methow and
Entiat basins, and decreased water quantity was a factor in the Methow. Such approaches to
integrating assessments of potentizabitat limiting factors may be useful for future planning in
the UCR, but the analysis may be biased by the reference contexts (e.g., current landscapes,
past landscapes, plausible future landscapes) and reliance on collective professional judgment
rather than empirical analysis. In spite of these limitations, the assessment of the relative
importance of habitat conditions by theeRiand Habitat Workgroupras consistent with

previous assessments of limiting factors in these basins.

3 Habitat quality was calculated by summing the limiting factor scores multiplied by the respective limiting factor
weights. Habitat quality at the population level was estimassdhe sum of the scores for the assessment unit
multiplied by the weighting factor for the assessment unit. Habitat impairment was estimated as one minus the
habitat quality score for the limiting factor. The sum of the fractional habitat impairmerdalfdimiting factors in

all three basins adds up to a value of one.
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Figure 3L. Estimate®f relative contribution to habitat impairment as a limiting factor for the Upper

Columbia River spring Chinook salnfonS. Bureau of Reclamatidlfystrated in
www.onefishivofish.net/viz/HabitatLimitingFactorsld.htinlellow represents the estimated

improvements of restoration actions from 20@®816, geen represents anticipated improvement
through2018 and ed represents remaining impairmeakpected after 2018\ ote tha the categories
for floodplains and side chanrssind wetlands can be combined to represent overall floodplain
features.
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The UCSR&eated a working group of the members of the 2012 FREPS8rt Paneio refine
the habitat analyses of limiting factors ftire Upper ColumbigUCSRB 2014b). The working
group ranked the ecological concerns (limiting factors weightedssgssment unit and
expected survival benejifor each basin in the fiper ColumbigTable3.1).Instream structural
complexity, riparian contdon, bed and channel form, and increased sedim&ate ranked
highest for the four basins (including the Okanogan basin). These rankinggevenally
consistent with the original limiting factors identified in the subbasin plansthmiapproach to
weight limiting factors for their perceived survival benefit and assessment unit geographic
extent provided a more informative basis for designing recovery actions.

Interestingly, floodplain condition was ranked as a low ecological concern in contrasteio ot
assessment and recent restoration priorities in the UCR. This discrepancy may reflect the
evolution of geomorphic perspectivesmd habitat focus of regional scientists and practitioners.
In thelate 1990s, attention was focused on instream habitat steuwe, with little emphasis on
the processes that shape instream habitat and the importance of floodplains as both
determinants of geomorphic structure and critical habitat and sources of food resodrces.
recent assessments by the Expert Panels incleedbgical concernategories for floodplain

as well aside channels andietlands, but the combination of these features more completely
represents floodplains in the landscageK S | { / w. Q demphaskd flobdBl&rs ¥si
areas of higher ecologitaoncern reflects the gradlieecognition of the role of floodplains for
aguatic ecosystems over the last 30 years

Table 3.1. Rankings of ecological concerns across the four basindiggbe Columbidiver Average
numerical scores of the panel memisevere categorized asghA, moderatél, low" , and minimai
(UCSRB 2014b)

Ecological Concern Total Wenatchee | Entiat Methow Okanogan

Instream Structural Complexity
Riparian Condition

Bed and Channel Form
Increased Sediment Quantity
Anthropogenic Barriers
Decreased Water Quantity
Temperature

Side Channel and Wetland
Food-Competition

Altered Primary Productivity
Mechanical Injury

Predation

Floodplain Condition
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Rankings oécological concernsave compared to habitat improvement actions from 1996 to
2012 for thefour UCR basins to evaluate the programmatic alignment between recovery
actions and assessment of major ecological concerns (UCSRB 2014b). Iis$tuetume and
floodplain restoratioraccounted for the greatest number of projects and is consistent with the
ranking of ecological concerns (Fi@)3 Riparian conditions were ranked one of the highest
ecologicakoncerns but were less numerous than several other ecological conddras.

attempt of the UCSRB to align their recovery actions with their analysis of limiting factors is
useful,but it can be misleading because the ditfat units of measure for different actions

(e.g., miles, acres, number of structures added or removed) make comparison d{figuite

3.3).
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Figure 3. Cumulative number of habitat projects implemented in the Upper Columbia region between
19962012 ly project type(UCSRB 2014b)
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Figure3.3. Assessment of the quantity (miles, acres, numbers) of recovery actions in tHeetig&Ren
19962012by year (red) and cumulatively (blug)JCSRB014b)
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ProcesshasedAnalysis

Limiting factors analyses most eft identify local habitat conditions and rank their potential
relative influence on fish populations, based primarily on professional judgment. The narrow
focus on local irthannelcharacteristics overlooks fundamental landscape processes that shape
freshwater habitats (SAB 201H). A recent alternative approach focuses on landscape
characteristics at larger scales that are responsible to local habitat conditions (Beechie et al.
2010, Booth et al2016, Roni et al. 201 ne advantage of procesmsed approaches is that
they identify causal factors that create habitat features rather than the outcomes of habitat
change. As a result, they potentially inform the design and prioritization of halesédration
action more effectively than assessmenftdocal habitat conditions. Aecond advantage is

they rely on larger scale information and can use remotely sensed informatibar than
detailed field measurements, making them more cost effecfilee procesdased approach

has been initiated in a small section of the Methow Bdsir the assessment is not completed
(Tim Beechie, personal communication).

Integration with Limiting Factors Analysis for Other Fish Species

One of the challenges of syresizing past reports on limiting factors is the diverse and-non
standardized names and groupings of limiting factors used by different agencies and
assessment groups. The Subbasins/Species Dashboard of the NPCC organized the diverse
limiting factors assesments from the subbasin plans into 22 impairment categories that are
further condensed intd major categories of limiting factors. This approach is similar to NOAA's
34 impairment categories grouped into 10 major categories of ecological concerns. The
Dashboard graphically illustrates the top six major limiting factors for the three basins:

i Entiat
T Methow
1 Wenatchee

Assessments of habitat in the three UCR subbasin plans have identified relatively similar
limiting factors. Limiting factors related to instantaneous mortality (e.g., migration
impediments, hatchery edfcts, harvest, predation, nenative species) were frequently

identified in all three basins (Figuredg. Habitat quantity and quality were the most numerous
type of limiting factor in the Wenatchee and Entiat basins, but this limiting factor was réyative
minor in the Methow basin. Sediment conditiowere a greater concern in the Methow basin
than in the other two basins. While aggregation of different types of limiting factors makes the
subbasin assessments consistent with NOAA limiting factors amitlesoa simpler basis for
comparing basins, it has the disadvantage of obscuring details of limiting féatonslividual
species and types of ecological concerns
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Figure 34. Number of limiting factors identified for all fish species of concern inle@atchee, Entiat,
and Methow Subbasin Plafsww.nwcouncil.org/ext/dashboard
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3.1.2.Consideration oDensity Dependence Analysis of Limiting Factors

The ISAB recently reviewed evidence for slgndependence in salmon and steelhead
populations in theGolumbia Basir{iISAB 2018). Density dependencs related to the

influence of limiting factors because it represents the dynamiesmdpulation in which
changesn fish densityaffect vital rates €.g.,birth rate, death rate, immigration, or emigratipn
and result in changes in the growth rate of a populatibensity dependence alsman alterthe
behavior, growth, body size and agematuration, survival, or fecundityf individual fish If
density dependences occurring in a population, physical, environmental, or ecological factors
may limit population abundandey reducing the produdve capacity of the habitat

Analysis of desity dependence ispring Chinook salmon populatioreveakd differing
degrees oflensity dependencen the Wenatchee, Entiat, and Methow Basins (Zabel and
Cooney 2013Murdoch et al. 2011, Hillman et al. 2Q1Praductivity (adult returns per
spawner)for Chinook salmon in the three rivensas lowerat moderate spawning abundances
(Figure3.5). The relationship between spawners and adult returns was notfsignt for the
Wenatcheg(p=0.18). Analysis of productivity for the Chiwawa River of the Wenatshesed
density dependence for spring Chinook (presentation to ISAB by Pearsons and Graf). Though
the relationship wastatisticallysignificant for the Methow, the relationship is strongly
influenced by a single observation at very high numbers of adtutms. Evidence for density
dependence in the Methow is less compelling without this single observaiibthe three
major basinsonlythe Entiatexhibited strong and unambiguous density dependendéthin
these basins, Chinook populations in smalletesgheds, such as the Chiwawa and Twisp,
exhibited density dependence.

Recent analysis of the relationship between outmigrating smolts and adult returns in the
Methow subbasin revealed significant density dependence in spring Chinook in the Twisp River
but not in the Methow subbasin as a whdle.S. Bureau of Reclamation Unpublished Data).
This analysis of smolts per spawner suggests that freshwater productivity for spring Chinook
may be limited byearing habitat or foodn some tributaries but not in thethow subbasin
overall This analysis of smolts per spawner focuses on the productivity of the juvenile portion
of their life cycle in their natal streams. In contrast, tealyss by Zabel and Cooney (2013)
wasbased on adult returnper spawner, refleting the full life cycle anéhfluence offactors

within and beyondhe Methow subbasinln combination, botranalysesncrease our
understanding of theelative influences of the freshwater conditions within the subbasin and
possible limitations in the mastem Columbia, estuary, and ocean.

Further analysis of limiting factors is warranted for UCR spring Chinook salmon, but simply
listing potential limiting factors and eliciting professional opinions will not proaitaccurate
or even relative basi®r designingand rankingestoration actions in a recovery plan.
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Moreover, a limiting factor at one life stage may not limit the abundance of the population at a
subsequent lifestage.Analysis must include the full life cycle of the population and assess the
effects of physical, environmental, ecologicahdanthropogenic factason adult spawners

across multiple generations. This highlights the importance of develdyatigr life-cycle

models to assess limiting factors and guidsearch, monitoring, andvaluation RMBE,
management decisions, and policy development.

UC-Wenatchee UC-Methow UC-Entiat
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Figure3.5. Evidence for density dependence in Upper Columbia River spring and summer Chinook
populations, brood years 1980 to ~20(FEom Zabel and Cooney 2013 elationshipsdsed on the

linearized form of the Ricker model. Recruitment includes ocean andanharvests. Dashed lines
represent 95% prediction intervals for a specified number of spawners when regression was statistically
significant (P < 0.05). Values less tl@gjR/S] < 0 indicate recruits are not replacing spawners.

3.1.3. Use of LifeCycle Models to Identify Limiting Factors

Several lifecycle models have been developed for salmon aerdleead in the Columbia River
Basin.These models provide an approaftn assessing limiting factors for the complete life
cycle ofsalmon and steelhead based on empirical data from research and monitoring,
published literature, and best available scienégure 36 illustrates anexample of the overall
structure of thelife-cyclemodels.ThelSAB recently reviewed ldgycle models, including those
of the Wenatchee, Entiat, and Methorivers(ISAB 201-1). Though these models are still
relatively early in their deslopment, they demonstrate several critical outcomes that
rigorously identify limiting factors for UCR spring Chinook saliniéscycle models also

provide the ability to examine the sensitivity of the model outputs to specific relationships or
parameterswithin the modelsin particular, thdife-cyclemodels for the Wenatchee and Entiat
river basins provide analyses of potential limiting factors for spring Chinook salmon and the
potential responses to restoration actions.
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Figure3.6. Diagram of thdife-cycle model for spring Chinook salmon in Wenatcheesubbasin. Life
cycle models for spring Chinook in the Upper Columbia River Basin are structured similarly to represent
the different lifecycle stages and freshwater, estuary, and ocean hal(datgensen etl. 2017

Wenatchee

NOAA Fisheridsas developed a full lifeycle model for the Wenatchee population of spring
Chinook(Jorgensen et aR017). The model evaluatérelative effects of hatchery operations,
hydrosystem operations, harvedteshwater rearing habitatpinniped predation, ocean
conditions, anctlimate changeScenarios were examined fourrent conditions for these
major factors andompared with scenarios feamproved habitat, reduced harvest, reduced
hatchery effects, increased #ign the hydrosystem, lower pinniped predation, and bad ocean
conditions. In general, hatchery practices, pinniped predation, and ocean conditiorieénad
greatestinfluences on quaséxtinction probabilities FFigure 37). In the Wenatchee Life Cycle
Model, outputs were most sensitiie ocean survival after the first year, pao-smolt survival,
and adultupstream survival through the hydrosysteifhese analyseallow fisheries managers
to identify critical life history stages and functional relatiopshior future RME and model
refinement.
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Scenario combination: pr(QET) =

1. Reduced hatchery }-D ----- { - 076

2. + Reduced harvest fl:l ----- { - 0.67
3. + Improved habitat }--D----{ - 0.69

-1 ~ 070

4. + Increased spill — }

5. + Reduced pinnipeds — } 77777777777777 { ~ 0.39

6. + Current hatchery f S l. -------- 1 — 0.23
7. + Bad ocean I f j ----- 1 — 0.36

Natural origin spawners

Figure3.7. Population responses to cumulative effects of scenarios of managesmmgomns, measured
by median spawner abundance and by estimates of extinctior{Jmensen et ak017). QET
represens Quasikextinction Thresholgan operational definition of abundandtleat represents
extinction

A fulllife-cyclemodel also has been used to examine the potential influences of habitat limiting
factorsin the Wenatchee Basirelated to the 2007 UCR Recovery Pldar(ea et al. 2009). The
model indicated that restoration actior(3able3.2) potentially would increase numbers of
spawnersbut the increases would be relatilyesmall compared to numbers of spawners
projected for the scenario of historical conditionsy(ife 3.8). Abundance of spawners
decreased without restoration actions, bsppawner numbers decreased far more with
accelerated habitat degradation relative to current conditiohke modehlso provided
estimates of the sensitivity of the model outputsddferent habitat componentsNumbers of
smolts and spawners were most sensitive to fine sediments in the gravel and temperature
during incubation (Tabl8.2). The model outputs were less sensitive to fry and adult capacity,
water temperature during othelife stages, and coarse sediments. These findimgjsatethat
restorationactionsrepresented in the scenarimay have relatively small influences
populationsof UCRspringChinook However, the scenario in the model did not include the full
range ofhabitat restoration actions being implemented in the Wenatchee Basin.
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Figure3.8. Percent change in annual spawners relative to current conditions for scenarios of historical
conditions, restoration actions, no restoration, and increased habitat degicade the Wenatchee
Basin(Honea et al. 2009)

Table3.2. Change in the number of smolts and spawners relative to current scenario from improvement
and degradation of individual habitat variables with other variables held at estimateentwalues
(Honea et al. 2009)

Improved (%) Degraded (%)
Habitat variable Smolts Spawners Smolts Spawners
Fine sediment 161* 75% —29* -12%
Incubation water 1 0 =17 =10%
temperature
Spawner capacity 2 5% -1 -1
Fry capacity 3 1 0 -1
Spawner water 0 0 -2 -3
temperature
Fry water 0 -1 -1 -1
temperature
Cobble and 0 0 -1 -1

boulder in pools

*Significantly different from result of current scenario with
t-tests, « = 0.05 and Bonferroni adjustment for multiple
comparisons.
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Thelife-cyclemodel for the Wenatchee also was used to explore the influence of climate

change on spring Chinook salmon and their responses to habitat variables (Honea at al. 2016).
The model estimated that spawner abundances wouldrease by 4 to 7% in response to

regional warmingestimated by global climate modelBrojected spawner almgances were

most sensitive to tempextures during spawninfAugust and September). Increased streambed
scour related to increaseinflooding also hd a significant negative effect on spawner
abundances. The modeldicatedthat fine sediments had the greatest influence on spring
Chinook populations, but potential regional warming and changes in stream discharge may also
influence their recovery.

Entiat

NOAA Fisheries developedifa-cyclemodel for the Entiat River basin as well (Saunders et al.
2017). The modelwas used teexamine scenarios of turrentconditions, 2) current and
proposed habitat improvement actior{side.channel habitatreation ard addition oflarge

wood and boulders)and 3)habitat improvement an@% increase ijuvenileChinook salmon
survival(based on influence of habitat structures on overwinter suryividie model projected
that habitat improvementwould only modestlyncrease spawner abundance compared to
current conditions, averaging only 7% greater numbeétabitat improvementplus additional
survival related to ovewintering habitat increased spawner abundances slightly more, but
none of the scenarios met recovery go&br spawners over a 18@arperiod and alscenarios
predicted a high risk of extinctidior UCR spring Chinook salmon.

The lifecycle models provide powerful tools for evaluating the potential success of the Upper
Columbia River Recovery Plan and tbgtoration actions designed to recover spring Chinook
salmon. All models for UCR spring Chinook projected only small increases in spawner
abundances in response to management actjadhsugh the full range of habitatelated

recovery actions has not beémcluded in the modelsThese projections are consistent with the
lack of change in the risk of extinction over the last 10 y@dk4FS 2016 Habitat degradation
hatchery influences, hydrosystemodifications, and harvest in the lower Columbia Rihave
affected these populationfor more than 150 yeard he slighimprovements in adult spawner
populationsprojectedby the lifecycle modelsare consistentvith the lack of recoverpf UCR
spring Chinook salmawmbservedsince the Recovery Plan was develdpe 2007.

3.1.4. Influence ofactors Other Than UCR Habitat

TheUpper Columbia Spring Chinook Salmon and Steelhead Recove(200@hdeveloped by

the Upper Columbia Salmon Recovery Board (UCSRB) and National Marine Fisheries Service
(NOAA Fisheriegxpanded the scope of potential limiting factors and prioritized potential
restoration actions. Rather than focusing primarily omiuwer habitat, identification of limiting
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factors in the Recovery Plan was based on factors related to criteria for \@alend

Populations (McElhaney et al. 2000), including harvest, hydrosystem effects, hatchery effects,
and habitat degradatioriWhile the Plan recognizes the influence of all Hs, analysis of limiting
factors has not integrated the four Hs to determineiethhave the greatest influence on spring
Chinook populations in thepper ColumbiaLifecycle model$or these subbasins are

beginning to provide evidence that addresses all Hs, but they are in early stages of
development.

Hatchery practices have had majnfluences on UCR spring Chinook salmon (see Chapter

5.4.2.2). Though hatchery management practices have improved greatly and the Entiat and

[ SI Sy 62N K blraAaAz2ylFf CAakK | I i§OKSN& /ducingdB 2 LIS N.
spring Chinook thadre not part of the ESU), owff-basin strays have introgressed with local

populations and may have replaced some locally derived spring Chinook salmon populations
(McElhaney et al. 2000)\fter 2008, theEntiat Hatchery no longer produdepring Chinooland

now produces summer Chinook as part of a segregated harvest augmentation pro¢@sA

Fisheries concluded thatate hatchery operatioamay not be fully coordinated and pose risks

to natural origin fish.

3.1.4.1. Influence of the Hydrosystem on UQBtiag Chinook Salmon

Hydrosystem development has had major impacts on the abundance, distribution, productivity,
and diversity of UCR spring Chinook salmon populations, affecting both juvenile and adult life
stages. The threats appear to be greatest onjtheenile and smolt life stages and are related

to damrelated mortality and predation influenced by the reservoir environment.

The three populations of spring Chinook (Wenatchee, Entiat, Methow) migrate out and return
via the mainstem Columbia River. TWenatchee stock must pass through seven dams; the
Entiat stock must pass eight dams; and the Methow stock must pass nine dams {Figure
Generally, the spring Chinook stocks return as spawners between May and August with a peak
in May and June at PrieRapids Dam. Adults hold in tributaries before spawning in
August/September.

Fry emerge in early spring and the majority of juveniles spend a full year in tributargsing,
they emigrate as yearlings to the Columbia River and out to sea. Somdgsvarend an
additional year in freshwater before emigration (NMFS 2@&u6ymary taken from UCSRB
integrated recovery repojt Receninformation presentedo the ISABy Desgroseillier
indicatedthat a substantial proportion (about 50%) of Entiat sprifgnGok juveniles emigrate

as subyearlings and overwinter in the mainste@olumbia RivelNevertheless, modtpper
Columbiaspring Chinook are primarily exposed to the hydrosystem as yearlings emigrating to
sea and as adults returning to spawn.
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The Compaative Survival Study report (CSS 2017) presents a comprehensive analysis of the
experience of many stocks as they migrate through the hydrosystem. About 30,000 juvenile
fish/year (mixture of steelhead/Chinook and wild and hatchery) are tagged in the Entiat
Methow, Chiwawa, and Wenatchee tributaries. An additional 4000 spring Chinook juveniles are
captured, PlHtagged, and released at Rock Island Dam as part of the Smolt Monitoring
Program but the origins of these Chinook are not known

The CSS (2017) exaad travel times ofJpper Columbigearling Chinook (all stocks

combined) as they traveled downstream from Rock Island Dam (RIS) to McNary Dam (MCN) and
then to Bonneville Dam (BON). A regries model for fish travel tim@=TTwas constructed

using seveal environmental covariates (see Fig@®). Yearling spring Chinook took about 15

days to migrate from RIS to MCN and then another 15 days to migrate from MCN to BON. Julian
day, water transittime (WTT)and temperature are important predictors &ghtravel timefor

the RISMCN leg, but spill percentages and number of dams with spillway weirs wa&lhot

these variables were important as predictarfsfish travel timefor the MCNBON leg.

Similarly, models were developed for instantaneous mortgfigure3.10) and survival (Figure
3.11 and 3.2). The survival probability from RMCN is about 0.60 and from MEBON is
about 0.70 for an overall inver survival of about 0.40 (REDN)However, the models fdish
travel time survival, and instanteeous mortality for yearling hatchery/wild Chinook for the
RISMCN segmentFigure3.15) had the worst fit compared to the fit of the regression models
for a) the Snake River Lower Granite Dam to MCN-GR) for wild spring/summer Chinook,
b) LGRMCN forhatchery Chinook, or ¢c) MGBION for hatchery/wild groups. This indicates
considerable variation for the RMCN segment has not been explained by the variables
considered in their modelling exercises. More modelling werleeded to identify explanatory
variables for this segment that can improve predictiogssthey have similar predictive ability
compared to other release groups and river segments.

Estimates of SARs for UCR stocks ldkelpverstated because dams upstream of MCN in the
Upper Columbiao not have full detection capabilities for REAgged juveniles, so mortality of
UCR Chinook smolts that occurs upstream of MCN is not accounted for. CSS (2017) reported
SARs both with and without jacksgalt male Chinook), and estimated SARs for jugsni

detected at MCN that return as adults to Bonneville (MBRIN) for wild spring Chinook from

the Entiat/Methow River (200€2014) and the Wenatchee River (2@@014).Estimated SARs
(MCNBON including jacks) ftipper Columbiavild spring Chinook rangedaim 0.54% to

3.26% in 2002014. However, estimated SARs based on estimated smdRecky Reach Dam
(RREwere only about 58% of the SAR values estimated for 88ON, indicating substantial
mortality between RRE and MCN.
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The CSS (2017palused smolts H-tagged at RIS by the Smolt Monitoring Program (SMP) to
estimate SARs farther upriver. The SMP estimated survival from RIS to MCN for smolts

captured, PlHtagged and released at RIS. Survivat@stimated in 2week periods across

several migration yearand consistently indicated that a large mortality occurs from RIS to

MCN (geometric mean survival is about 0.60). Estimated SARs from RIS to BON (including jacks)
were consequently reduced by a similar factor as shown in FRjaBBoth analyses above

indicate that a substantial portion of mortality occurs in the mainstem above MGNhere is

limited analysis in CSS (2017) to investigate.why

The CSS (2017) has not computed estimates for first year estuary survival (S.oa) or first year
adult survivalS.ol) foldpper Columbiapring Chinook populations (p. 128 of CSS 20RAEn
completed, such analysesould be useful taletermineif there are differential survival rates in
the ocean for these stockend better inform the lifecycle modelsThere als appears to be
high-interregional correlation of SARs among wild/hatchery and spring/summer Chinook
populations indicating common environmental factors are influencing survival rates from
outmigration to the estuary and ocean environments.

TheCSS (201 8yarted a new analysis on returning adult success rates, but no analysis has been
donefor Upper Columbiatocks. Consequently, it is difficult to understand where the major
sources of mortality for adults occuknalyses of survival for the first yeartire estuary, first

year adult survival, and survival of adult spawners fromuipper Columbiatocks should be
completed as soon as possible.
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Figure3.9. Actual (open circles) and predicted (filled circles) mean Fish Travel Time (FTT, days) for
yealing Chinook between RIS MCN and MCMN- BON (pper graphxand relative variable importance

for predictive model of FTT from six covariatesver gragh). Taken from Figure 3.2 and 3.5 of CSS 2017.
Error bars are +1 SModel covariates included: Jutiaay of cohort release (Day), the quadratic effect

of Julian day of cohort release (Day”2), water transit time (WTT), average spill proportion (Spill), the
number of dams with spillway weirs (Weir), and water temperature (Temp).
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Figure3.10. Actual(open circles) and predicted (filled circles) for Instantaneous Mortality for yearling
Chinook between RS MCN and MCMN>- BON (fpper graph of pajrand variable importancdower

graph of paiy. Taken from Figures 3.3 and 3.6 of CSS 2017. Error barslaSBEModel variables

included: Julian day of cohort release (Day), water transit time (WTT), average spill proportion (Spill), the

number of dams with spillway weirs (Weir), and water temperature (Temp).
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Figure3.11. Actual (open circles) and mtieted (filled circles) of iniver survival for yearling Chinook
between RIS> MCN and MCN- BON Take from Figure 3.4 of CSS 2017. Error bars are +1 SE. Variable
importance plots not given in CSS 2017iver survival was estimated by developing retdfor travel

time (FTT) and for instantaneous mortality (Z) and then combining the estimates using SZ*&xpT).

Consequently, variable importance plots are not applicable.
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Figure3.13. Spring outY A 3 NI griing €@ring Ghinook juvenile survival from RIS to Mt@Ngraph).
These are 2veek CormackollySeber estimates for smolts captured, fdfged, and released at RIS as
part of the SMP projedtPC 2015 annual report). The confidence interval plog&$%. The geometric
means (through 2014) noted by the horizontal dashed line are 0.61 and 0.59 for Chinook. Taken from
Figure 4.17 of CSS 201 ower graplis overall SARs (including jack,-BC8) Taken from Figure 4.18 of
CSS 2017.

3.1.4.2. Influence 6Harvest on pper Columbia River@ing Chinook Salmon

Commercial harvest ofgper ColumbiaRiversalmon and steelhead exceeded 85% of returning
adults in the 1930s and 1940s (Mullan 1987). UCR spring Chinook are still harvested both in the
ocean and loweriver fisheries (NMFS 2016), thoulgarvest ofUCR spring Chinook in ocean
fisheriesappears to be low based on coded wire tag recovArgonselectivetribal fisheries
andselectivesport harvest for spring Chinook occur in the lower Columbia RivesnA
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selective sport fishery for Chinook was opened above Priest Rapids Dam in 2002 but was
modified to a selective fishery in 2014 to limit harvest of spring ChinakUnited States v.
Oregon Management Agreementanages and coordinat@xean and irriver harvest in the
Columbia RiveBasin under the jurisdiction of the federal couRegional cananagers set
annual harvest levels based on abundance of returning adult Chinook salmon (Rble 3.

Table 33. Harvest rates for Chinook salmon in the Colunftiiger during the spring harvest season
(presented to ISAB hleromy Jording, NOAA Fisheries).

Total Upriver

Springand  Snake River  Treaty Non-Treaty
Snake River Natural Zone6 Non-Treaty  Total Natural
Summer  Spring/Summer  Total Natural ~ Natural  Limited
Chinook Run Chinook Run  Harvest  Harvest  Harvest  Harvest
Size® size' Rate *° Rate * Rate’ Rate*
<27.000 =2.700 5.0% =0.5% <5.5% 0.5%
27,000 2700 5.0% 0.5% 5.5% 0.5%
33,000 3,300 5.0% 1.0% 6.0% 0.5%
44 000 4,400 6.0% 1.0% T7.0% 0.5%
55,000 5,500 T7.0% 1.5% 8.5% 1.0%
82,000 8,200 T.4% 1.6% 9.0% 1.5%
109,000 10,900 8.3% 1.7% 10.0%
141,000 14,100 9.1% 1.9% 11.0%
217,000 21,700 10.0% 2.0% 12.0%
271,000 27100 10.8% 2.2% 13.0%
326,000 32,600 11.7% 2.3% 14.0%
380,000 38,000 12.5% 2.5% 15.0%
434 000 43,400 13.4% 2.6% 16.0%
488,000 48,500 14.3% 2. 7% 17.0%

There have been no integrated assessments of limiting factors, including harvest, across the full
range of the life history of spring Chinook salmon.-tifée models recently provided initial
analyses of the relativeffect of harvest on returning adult spring Chinook salmon. The life

cycle model for the Wenatchee basin evaluated a scenanedfced harvesand found that

harvest effects were less than th@sfestuarine adult survivandhatchery operations

(Jorgensen et a017) Recent modeling analysis afrapeting tradeoffs between marine

mammal predation and fisheries harvegtChinook salmofound that predators in the lower

river and ocean affected survival more than fisheries harvebagceet al.2017).

3.1.5. Limiting FactorsConclusions

The Upper Columbia Salmon Recovery Bo&at@$Rphasrefined its analysis of limitg factors
substantially since the first assessments in the late 19808 scientific principles for
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identifying factors limiting the recoveyf Upper Columbiapring Chinook salmon are generally
sound. Limiting factors are defined in the Recovery Bfghe Upper Columbia Salmon
Recovery Board JCSRBas environmental conditions that negatively affect the abundance,
productivity, spatial structure, and diversity of salmon populatighsalysis ofiiniting factors
based on current habitat conditionsuseful for prioritizing restoration actionhe UCSRB
recently refined their taditional habitatbased approaches by weighting limiting factors based
on anticipated survival benefits and geographic exté&gsessments of limiting factors are used
to prioritize recovery actions, and the recent history of restoration is relatively consistent with
the rankings of limiting factors.

Analysis of potential limiting factors based on current habitat conditions in the basins that
contain natal streams is a usefulrtext for planning and prioritizing restoration actions, but it
does not incorporate:

population dynamics of the fish and assessment of risk of extinction

the full life history of the fish and their geographic range from egg to adult spawner
temporal varation and climate change

hatchery effects

hydrosystem effects

in-river and ocean harvest

predation

out-of-basin management actions

= =4 =4 48 -8 -8 -5 19

Limiting factors analysis based on current habitat conditions is useful for prioritizing restoration
actions. e UCSRB reatly refined their taditional habitatbased approaches by weighting
limiting factors based on anticipated survival benefits and geographic exterdate, analysis

has focused on limiting factors related to habitat conditions. The limitations of foonkdgring
Chinook populations are considered in isolatiomiting factors analyses of the headwater
basinsdo notincorporate the full life history of the fish and their geographic range from egg to
adult spawner. Limiting factors for spring Chinook sairm the Upper Columbia have been
assessed through traditional freshwater habitat assessments, analysis of density dependence,
and life cycle modeld hese methods are complementary rather than mutually exclugiaeh

have important applications in manament of the four Hs, but to date there has been no
integration of all three approaches.

Empirical density dependence data and-tfecle modeling conducted by regional scientists in
the Upper Columbigrovide more holistic analyses of limiting factors otree full life cycle of
spring Chinook salmon than traditional assessments of halefated limiting factors in
freshwater. These traditional habitdtased approaches can be used in planning and prioritizing
restoration actions, but more explicit integion of these approaches would strengthen future
efforts. As an example, monitoring data in the Okanogan basin is incorporated into an EDT
model, which includes a |feycle model.
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The} / { w. LINE isNaideérdifi lim#iy lfattors within four categies of human

impacts (threats), including habitat, harvest, hyslystem and hatcheries (four Hs), both within
and outside the Upper Columbia watersh&thile the Recovery Plan recognizes the influence
of all Hs, analysis of limiting factors has not greged the four Hs to determine which have the
greatest influence on spring Chinook populations.-tifele models for these subbasins are
beginning to provide evidence that addresses all Hs, but they are in early stages of
development.Limiting factors a& considered to be working hypotheses that can be testettl
monitoring and adaptive managemeate critical for understanding and addressing théfay
uncertainties such as ocean productivity and global climate change are identified.

3.2. Comparison of pper ColumbiaRiverSpring Chinook Recovery
with Snake River Spring Chinook Recovery

The Oversight Panelskedthe ISAB to compare the recovery of Upper Columbia River Spring
Chinook (UCRSC) to that of Snake River Spring Chinook (SMRESZB believethat despite

geographic and biological differences in the two systems and the fact that only 10 years have
passed since completion of the UCRSC recovery plan (Upper Columbia Salmon Recovery Board

2007), this comparison may provide insights into recovety ®R spring Chinook. Here we
describe the geographic and biological differences and similarities in the t\Weda8 offer a
comparison of the recovery of spring Chinook in the two systems.

3.2.2. Geography

3.2.1.1. Spatial Structure

Population spatial sticture describes how populations are arranged geographically based on
dispersal factors and quality of habitats (McElhany et al. 2000). There are three subbasins
containing extant populations in thdpper Columbi&SU amounting to about 0400 hectares
(2.3 million acres), while the 26 subbasins in the Snake River ESUWtd&verillionhectares

(28.3 million acreg(estimates include both current distribution aridnctionally extirpated

area) The ICTRT (2007) separated the populations into subbasioategories and within
population complexity based on:

0A set of four population size categories (Basic, Intermediate, Large and Very

[ FNBSO F2NJLYGSNRA2NI olaAy &aGNBlLY GeLS
grouped into the Basic size category. Popates assigned to the Basic size
categories tended to be simple in complexity, often with a relatively linear
arrangement of spawning/rearing reaches. Median population size roughly
doubled between size categories. Populations with significantly higheuatso

of potential spawning habitat usually exhibited a higher degree of spatial

diversityt e.g., multiple tributary branches. Contemporary redd survey results
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indicated that the distribution of spawners across sareas within a population

was likely to begatchy. Relatively high spawning concentrations in particular

sub-areas could be achieved in the larger, more complex population at lower

2OSNItf aLl gyAy3ad RSyarildrasSax 2S dzaSR (g2 Y
within-population complexity of tributar spawning habitats assigning each

L2 Lddzf F GA2Yy G2 2yS 2F F2dzNJ ISy SNI £ a i NHzOG dzN.
estimating the number of relatively large, contiguous production areas within

each population..We defined a branch as a river reach containingiceffit

habitat to support 50 spawners. Major spawning areas (MaSAs) were defined as

a system of one or more branches that contain sufficient habitat to support 500

spawners... We defined contiguous production areas capable of supporting

between 50 and 508pawnersd YA Y 2NJ AL gy Ay 3 200Ela oai{! a
pages 1516).

Two of the three subbasins (66%) in the UCR (Tab)ere very large compared to just two

very large subbasins of 26 (8%) in the SNR (BaBleThe remaining SNR subbasins range in
size from basic to large. By virtue of the larger number of subbasins, the SNR has a broader
range of stream complexities (e.g., linear vs dendritic) than does the UCR; however, the UCR
tends to have more major (MaSA) and minor (MiSA) spawning areas gessatthan does the
SNR (Tables4and3.5).
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Table3.4. Intrinsic size and complexity ratings for historical populations within the Upper Columbia River
Spring Chinook ESOrganized by Major Population Groupings. Complexity categoriebnéar; B=

dendritic; C= trellis pattern; D= core drainage plus adjacensdpérate small tributarie¢from ICTRT

2007a, page 20)

Major Weighted Complexity
Population Population Area # MaSA
Group Category ~ Category (# MiSA)
Wenatchee Very Large B 5(4)
Methow Very Large B 4 (1)
Eastern Entiat Basic A 1 (0)
Cascades , _
Okanogan River (ext)  Intermediate D 1 (3)

(US portion only) '

" Spring Chinook historically occupied tributary habitat in both the U.S. and Canada. Current ICTRT analyses are
focused on the US portion, although additional MSAs or populations may exist in the Canadian portion.

Table3.5. Intrinsic size and complexity ratings for extant Snake River Spring Chinook ESU populations
organized by Major Populain GroupingsComplexity categories: A = linear; B=dendritic; C= trellis
pattern; D= core drainage plus adjacent but separate small tributaries. Underlined entries represent a
change from the previous designation. Size categories in parentheses repcesefitibutary

production areagpage 17, ICTRT, 2007a)

Major Population , Weighted Area Complexity
Group RO Category Category A
(#MiSA)
Tucannon R Intermediate A 1 (0)
Lower Snake Asotin R. (ext) Basic A 0 (1)
Lostine/Wallowa R. Large B 3 (1)
Upper Grande Ronde R. Large B 3 (2
Catherine Creek Large B 2 (2)
Imnaha R. Mainstem Intermediate A 1(1)
Grande MinamR. Intermediate A 2 (0)
Ronde/Imnaha R Wenaha R. Intermediate A 1(0)
Big Sheep Cr. (ext) Basic A 0 (1)
Lookingglass Cr. (ext) Basic A 0@
South Fk Mainstem Large C 2 (2)
Secesh R. Intermediate A 1(1)
South Fork Salmon  East Fk/Johnson Cr. Large B 2 (0)
Little Salmon R. Inter. (Basic) D 0 (3)
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Big Creek Large B 3 (0)
Bear Valley Intermediate C 3 (0)
Upper Mainstem MF Intermediate C 1(2)
Chamberlain Cr. Inter. (Basic) D 13
Camas Creek Basic B 1)
Middle Fork Salmon | oon Creek Basic C 1 (0)
Marsh Creek Basic C 1 (0)
Lower Mainstem MF Basic A 0 (1)
Sulphur Creek Basic A 1 (0)
Lemhi Very Large B 3 (2
Lower Mainstem Very Large C 3 (5)
Pahsimeroi Large B 5 (0)
Upper Salmon East Fk Large C 1 (0)
Upper Salmon Mainstem Large C 3 (0)
Upper Salmon Valley Cr. Basic A 1 (0)
Yankee Fork Basic C 1 (0)
North Fork Salmon R. Basic D 1 (0)
Panther Cr. (ext) Intermediate C 1(2

The more restricted geographic area of the UCR results in very homogeneous spawning
elevationg ranging from about 1600 to 300@dtt as opposed to the SNR where spawning
areasare availablaip to 7000 éet (Figure 314). The UCR subbasins are lechon the eastern
slopes of the Cascade Mountains and receive between 25 to 55 inches of precipitation annually
(Figure 315). The SNR is in the more arid eastern portion of the Columbia,BasirsNR

subbasins tend to receive less precipitation than #gasthe UCR (Figurel®). Hydrologic

regimes in subbasins bbth ESUs are a mix of rain, transitiand snow (Figure 36). The

CHaMP assessment of the geomorphic coadits similar for the subbasinsowever, UCR
subbasins may contain a larger pemtef intact and good areas than the ShiibbasingFigure

3.17).
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Figure 314. Mean
spawning elevation
available to spring Chinook
salmon in theJpper
ColumbiaRiver and
spring/summer Chinook in
the Snake Rivgfrom M.
Ford 2017, NOARisheries)
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Figure 315. Mean annual
precipitation in theUpper
Columbiaand Snake river
spring Chinook ESU
subbasingfrom M. Ford
2017, NOAAisheries)
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Figure 316. Hydrologic
regime ofUpper
Columbiaspring Chinook
and Snake River
spring/summer Chinook
ESUg¢from M. Ford 2017,
NOAAFisheries)

Figure 317. Geomorphic
condition based on CHaMP
analyses of subbasins of
ESUs in th&pper
ColumbiaRiver (three on
the right) and
representative subbasins
in the Snake River (three
on the left) Figue
provided by M. Ford 2017,
NOAAFisheries with data
from C. Jordan.



3.2.1 Comparison of Population Diversity

3.2.2.1 Life History and Genetic Diversity

Population diversitgonsists othe underlying genetic and life history characteristitat

provide for population resilience and persistence across space and(tiic&lhany et al. 2000).
Differences in the two ESUs may result in less population diversity in the UCR than the SNR.
There are only three extant populations of spring Chinook inipger Cédumbiacompared to

26 populations in th&nake RiverFurthermore, the SNR ESU includes summer Chinook while
summer Chinook in the UCR are not listed under the Endangered Species Act (ESA). Waples et
al. (2004) reported that interior Columbia Basin Chinsaknon were closely related based on

a yearling (streantype) emigration life history. Additionallyearling streamtype) spring and
summer Chinook have an ocean migration that differs from subyearling (g¢gpahemigrants

that are readily harvestediithe ocean (Myers et al. 1998). Genetic differences among Chinook
populations are more strongly correlated to yearling-tiigstory strategy and marine

distribution than to spawningun timing (Waples et al. 2004). Thus, the UCR summer Chinook
are genetially more similar to UCR fall Chinook than UCR spring Chinook, while SNR summers
are more genetically similar to springs than Amted fall or summer Chinook in the mid and
Upper Columbidiver (Narum et al. 2010, Waples et al. 200MFS2015). At the ime of ESA

listing, the UCR spring Chinook were listed as endangered syrileg Chinookn the SNR were
listed as threatened (Ford et al. 2015). This suggests that the UCR spring Chinook populations
were at a higher risk of extinction at the time of iligg than were the SNR populations. These

ESA designations continue today.

Genetic research published recently (Johnson et al. 2018) concludes that contemporary
populations of Chinook salmdrave less genetic diversity compared to ancient Chinook present
in the Columbia Basin 300 to 7600 years,aguch included fish from areas above Chief Joseph
Dam Losses of genetic diversity occur when population size diminishes and geographic range
size contracts over time. Snake River Chinook salmon populationst éppear to have
experienced the same degree of loss of genetic diversity over time because comparative
changes in abundance and distribution are not as pronounced as those in the UCR (Johnson et
al. 2018). Based on genetic differences, the groups algerekf demographically with the UCR
Chinook having experienced a reduction in effective population size, while the SNR Chinook
have not. The study included falspring and summe+run fish and the authors suggest that

their findings could be the resulf differing genetic contributions of the runs and the

cumulative effects of exploitation byative and nomnative fishers both preand postEuropean
immigration to North America (Johnson et al. 2018).
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3.2.2.2. Abundance and Productivity

Abundance is theumber of adult spawners measured over time based on life history, and

LINE RdzOGAGAGE o0LIR2LIz I GA2Yy ANRSGK NIFIGSO A& | YS
time (e.g., recruits per spawngMcElhany et al. 2000T.0 determine the abundance dn

productivity of salmon populationshe Interior Columbia Technical Recovery Team (ICTRT)
considered the mean natural spawning abundance forya&r period (2012014) as

compared to the previous-gear period. All of the UCR spring Chinook populatiats

increased numbers of natural spawners (74% average increase), as didzdifline 26

populations in the SNR (154% average incrgldd&~S2015). Despite the increases in natural
spawners, the proportion of hatchery origin spawners (pHOS) also senlea populations that
received hatchery supplementation. In the UCR, pHOS in the Wenatchee and Methow rivers in
2015 was 65 to 75% compared to about 15% for all UCR populations in the early 1990s. During
this time, the Entiat population, which is not a@ntly supplementedincreased to about 25%
pHOSINn the SNR, 15 nesupplemented populations (out of 26) had pHOS of 7% or less (13 had
0% pHOS). The remaining populations experienced from 82 to 11% pHOS (mean =43%), but the
mean pHOS for all 26 SNR p@tigns was 19%. (All data were summarized from NMFS 2015).

The ICTRifentified recovery gaps, whigathe minimum survival change neededitereasea
population from its current status tits target viability (ICTRT 2007b). Gaps are quantifiable
measures of difference in current status and the viability criteria for the abundance and
productivity of a population. All of the UCR spring Chinook populations have high gaps (i.e.,
large differences between current status and viability criteria) while the giRg/summer

Chinook populations vary from low to very high, with most populations in the high gap category
similar to UCR spring Chinook (Figure3B.1
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Figure 3.8. Abundance and productivity gaps for Snake River Spring/Summer Chinook ESU populations
(map also includes Upper Columbia Spring Chinook ESU populations for com)pRogaitations with
insufficient data to generate gaps shaded in gray. Gaps are defined as relative improvement in
productivity or limiting capacity required for a populatiaméxceed its corresponding 5% risk viability

curve (ICTRT 2007b). Figurérasn NMFS2015)

It appears that changes in abundance and productivity of the two ESUs are similar and the
number of natural spawners have increased in both systems. Howevevevage the

increase in SNR populations in 2e@14 was twice that of UCR populations. The proportion of
hatchery origin spawners has also increased in hatchery supplemented populations in both
systems, but since the SNR has a number of populations that@ supplemented, the

average pHOS for all 26 SNR populatistess than half that of the average of the three UCR

populations.
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3.2.2.3. Smolt Migrationand Survivalthrough the Hydrosystem

Freshwater spawning and rearing habitats of SNR spring/sur@himook populations are

located upstream of Lower Granite Dam (LGR), and smolts must emigrate through four Snake
River hydropower dams before reaching the mainstem Columbia River upstream of McNary
Dam (MCN). The UCR spring Chinook populations emigtatthe Columbia mainstem and

pass three, four, or five dams before reaching the fileeving Hanford Reach and subsequently
McNary Dam

The Comparative Survival Study (CSS) tracks smolt migration and survival from Rock Island Dam
(RIS) in the UCR and frar@R in the SNR to MCN, and from MCN to Bonneville Dam (BON).
There are significant differences in the Chinook populations. The number of emigrants in the
UCR is significantly less than in the SNR. To have adequate sample sizes and thus adequate
statisticd power, the CSS creates smolt cohorts of all fish passing a dam during a specific time
period. In the UCRhe cohorts are composed of all wild and hatchery spring Chinook detected

at RIS during a twaveek period. In the SNRild and hatchery fish are separate cohorts that

pass LGR during a omeek period. With these caveats in mind, the probability of UCR spring
Chinook smolts surviving (RIS to MCN) is about 60%, while SNR smolt probability of survival
(LGR to MCN) is about 75 to 80% (Figur8)3Klis important to note that the CS8ported that
awithin-year estimates of (survival) varied by up to 39 percentage points for both wild yearling
Chinook and steelhead, and by up to 32 percentage point&fori OKSN® &SI NI Ay 3 [/ K
2017 Draft). As result, they were not able to model the role of environmental factors on

survival. Faulkner et al. (2017) calculated the probability of survival for smolts emigrating from
hatcheries in the UCR and SNR to dams in the ColumbialRyiening in the 19908 able

3.6). This study included mortalities from hatcheries in the tributaries to the dams. The results

are very similato those reported by CSS (20bit also suggest the possibility that UCR smolts

had better survival than the SNR smolts when théduligration from hatchery to BON is
consideredFaulkner et al. 2017)
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Table 36. Probability of smolt survival when migrating from hatcheries inUpeer Columbidiver

(UCR) or the Snake River (StdRither Lower Granite Dam (LGR) or McNary Dam (MCN) and from MCN
to Bonneville Dam (BONJalues are the means (SE) for the migration years lifath are from

Faulkner et al(2017). The ISAB derivedalues for HatchemBON by multiplying the mean lugs for the
reaches.

Smolt Survival
ESU Reach Years Probability (SE) Haé%‘ﬁry
UCR HatcheryMCN 19992016 0.555 (0.012)
MCNBON 0.809 (0.034) 0.449
SNR HatcheryLGR 19932016 0.629 (0.012)
LGRMCN 0.736 (0.013)
MCNBON 0.703 (0.Q1) 0.325

It is possible that avian and fish predation may be the cause of significant UCR Chinook
mortality (McMichael et al. 2017). However, comparing data from different years (i.e., 2012 and
2014) it appears that that yearling Chinook migrating frétts through the Hanford Reach did

not experience any more avian predation, as a part of total mortality, than did yearling Chinook
migrating in the lower Snake River (Tablé Evans et al. 2015, 201@ased on existing data, it

is not possible to detadlifferences in smolt survival during their emigration from the UCR to
BON versus SNR to BON.

Table 37. Reachkspecific bird predation rates (percentage of tagged fish consumed, as means with SE)
and total mortality of tagged yearling Chinook salmeleased into the midlUpper Columbidiverat

river kilometer 729 in 2014 (bottom) or into the lower Snake River at river kilometer 562 in 2012 (top).
Fiveweekly releases started on 30 April 2012 and 24 April 2D4ta from Evans et gR015.

UCR (Rkm 729-545) SNR (Rkm 562-525)
Bird Predation Total Mortality Bird Predation Total Mortality % Total
2012 NA 3.7% (1.7-7.2) 8.9% (8.7-8.9) 42.70%
201412.8% (1.0- 5.9) 12.2% (11.3-12.6) NA 29.50%

3.2.2.4. Snolt-to-Adult Returns

NMFS2015) considered smetb-adult returns (SARs) from several HiS#d salmonids in the
Columbia River Basin including UCR natural origin spring Chinook and SNR spring/summer
Chinook These data were rescaled to thrgear movimg averages to reduce the impact of
shortterm climate variability and relied on a long data series of smolt and adult natuigih
spring Chinook in the Chiwawa River (Figug®)3 All of the populations have similar patterns,
with low SARs in 1990s apdaks in the early 200@BIMFS2015).

64



The CSS calculates SARs for UCR spring Chinook smolts passing Rocky Reach Dam (RRE) to their
detection as adults at Bonneville Dam adult collection facilityN) Snake River

spring/summer Chinook SARs are cakaddrom LGR to BN-A. The CSS calculates SARs for
individual hatcheries in both systems and also for the natural origin UCR spring Chinook (from
the Entiat and Methow rivers) and SNR natural origin spring/summer Chinook. SARs for these
groups of fish alog with natural origin Wenatchee River spring Chinook are also calculated for
smolts passing McNary Dam (MCN) and returning@y-8. Comparing the natural origin

Chinook groups is more appropriate than comparing the SARsItWdER hatcheries with 10

SNR htcheries Furthermore, complete SNR data are from 2000 through 2014, as compared to
UCR data from 2008 through 2014. Here we considered this overlapgiearperiod and

found SARs for natural origin UCR spring Chinook did not differ from those oftthralraigin

SNR spring/summer Chinook (Tablg) 3Thus, since the UCR recovery plan has been in place
(UCSRB 2007), there has been no difference in SARs of natural origin UCR spring Chinook
compared to that ohatural originSNR spring/summer Chinook.
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Figure 0. Snake River spring/summer Chinook salmon aggregate smolt to adult returr(saliels

blue), Upper Columbia spring Chinook (blue dashed.liBach SAR series is rescaled by dividing annual
values by the corresponding series mean to facilitetative comparison. (Figure and captiderived

from NMFS2015)

66



Table 38. Smoltto-adult return rate forUpper Columbidiver (UCR) natural origin spring Chinook
salmon (Sp Chin) and Snake River (SNR) natural origin spring/summer Chinook (Sp/Bat @asgad
Lower Granite Dam (LGR), Rocky Reach Dam (RRE) or McNary Dam (MCN) and were subsequently
detected at Bonneville DaifBOA)as returning adultgjacks included)The UCR fish come from the

Entiat (Ent), Methow (Met) or Wenatchee (Wen) riiewvalue is based on atest with unequal

variances; data fothe Wenatcheewere not included in statistical analysis. Data are summarized from
CS{2017 draft, Appendix)B

Smoltto-Adult Returns

LGRBOA RREBOA MCN- BOA
Brood Year SNR . gpc):lzhin (Ent + SNR . gpc):?:hin (Ent + gpc):lzhin

Sp/Su Chin Met) Sp/Su Chin Met) (Wen)
2008 4.13 1.72 4.07 3.26 2.89
2009 2.09 1.20 2.00 2.40 2.07
2010 1.16 1.21 1.28 1.97 1.70
2011 0.45 0.44 0.46 0.62 1.02
2012 1.84 1.03 2.32 1.77 1.14
2013 1.71 1.66 1.69 2.80 1.93
2014 0.68 1.07 0.43 1.87 1.11
Mean 1.72 1.19 1.75 2.10 1.69
SD 1.22 0.43 1.25 0.85 0.67
SE 0.17 0.06 0.18 0.12 0.10
P(ttest) 0.16 0.28

3.2.2.5. Adult Mortalities in the Columbia River

3.2.2.5.1. Harvest

Exploittion rates (total harvest) for UCR spring Chinook are the same as those for the SNR
spring/summer Chinook and have been averaging about 10% since NPBR015).
However, the rate for both ESUs appears have been increasing since 2000 3Rdure
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FHgure 3.21. Exploitation rate (total harvest) fadpper Columbidiver spring Chinook salmofs
reported iNNMFS2015, the exploitation rates for Snake River spring/summer Chinook were identical.
Data are from Columbia River Technical Advisory CommEigare is frorNMFS2015).

3.2.2.5.2. Pinniped Predation

Researchers from NOAAsheries have been investigating adult salmon migration timing and
pinniped predation in the lower Columbia River. Sorel et al. (2017) cites Rub et al. (in
preparation) as &ying that survival of adult salmon migrating from Astoria to BON decreased
between 2010 and 2015 and that survival is lowest in the fish migrating earliest in the season.
These measures of survival coincide with increases in pinnipeds in the loweSver et al.

(2017) documented the passage times of UCR and SNR adults at BON from 1998 through 2015
(Figure3.22). There is significant overlap in the UCR and SNR springhinook passage.

However, summeirun fisht which are part of the SNR ESIUt notthe UCR ESUarrive later

and potentially wouldnot be preyed upon to the extent of the sprimgn Chinook.
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Figure3.22. Average mean passage date (points) at Bonneville Dam for wild spring and summer Chinook
salmon populations in 1992015 Thebottom three points are fromJpper Columbidiver populations

and all others are from the Snake River populations. The lines represent the ranges of date# ithevhic
authors predicted that 7% of each population would pass Bonneville Dam in this hypothetieghge

year. There was considerable variation across populations, and eaitieating populations had lower
survival than lateimigrating populations (from Sorel et al. 201Fdr comparisonJpper Columbia

summer Chinook arrive at BON in July and Audugst later than the arrivalatesshown in this figure.

The survival rates of the UCR and SNR adults in the lower river coincide with the increased
number of pinnipeds and reflect the added jeopardy for early arriving fish.

G ¢ KS Sarridg af $héspringrun populations examined Lemhi River,

Marsh Creek, Upper Grande Ronde, Catherine Creek, Tucannon River, and
Methow River had somewhat lower survival rates than other populations in
201(;2012, when annual medians ranged from 69% to 81%, and mudr low
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survival rates in 202014, which had a 5J0% range in annual median

survivals. Populations with intermediate run timing such as the Upper Salmon

River, Big Creek, Minam River, Entiat River, and Wenatchee River had

experienced survival that was someatiower in 20182015, with annual

medians of 6285%, than 201€H n MH Q& T diz G 2arriwiggs NJF y3ISd [ (S
populationg Pahsimeroi River, Upper South Fork Salmon River, East Fork South

Fork Salmon River, Secesh River, Imnaha River, and Lostire iRostrof whch

are considered summeun, had the highest survival rates with the least
AYOGSNIyydzZ € GFENARIFOATAGERE O0{2NBf Sl Iftd Hnwm

Sorel et al. (2018) recently indicated that averagevival in thdower Columbia River (i.e.,

below BON) in 20:32015 was 3% lower than in 2002012 for the Methow River population.

The Entiat River population experienced an 8% decline in survival between these periods, and
survival of the Wenatchee River population was 4% lower (Sorel et al.. Z0E8gxtent of this
decrea®d survival correlates with the timing of arrival of these populations at BON (see Figure
3.11 in sectiorB.3.). The question of pinniped predation is also addressed in Se8ttbn

Pinniped Predation (below).

3.2.2.5.3. Prespawning Mortality (PSM)

Over the past 16 years, an average of 46% of the UCR spring Chinook females died prior to
spawning as compared to 15% of the UCR summer Chinook (Murdoch, RQ&rjety of

sources suggest that annual pspawning mortality of spring/summer Chinook in the S8R i

more like the UCR summer Chinook than the UCR spfheary et al. (2014) reported PSM
averaged 16% for natural origin Chinook spawners in the Lostine River betwee2@0®)2

Crump et al. (2017) reported the same 16#6-spawning mortalityfor Chinookin the

Lookingglass Creek from 202816. The variance of the report@ie-spawning mortalityn

both SNR subbasins is high with the Lostine varying from 5% to 32% and Lookingglass ranging
from O to 54%.

3.2.2.6. Ocean and Estuary

The ISAB reviewed relant scientific information on smotb-adult estuary and ocean life
history traits and population statuadicators see AppendiB), andconcluded that UCR spring
Chinook and SNR spring/summer Chinook ESUs exhibit similar esteary life histories and
thus are likely to experience similar limiting factors in these habits. However, the ISAB found
large gaps in scientific knowledge and understanding of estoeegn life histories and
associated limiting factors for both ESUs. For example, there is by meanplete absence of
data on seasonal and spatial distribution, abundance, and survival both during and after the
first winter at sea. Most of the available populatispecific data for both ESUs are for
hatcheryorigin fish, which do not always exhilife history traits and population dynamics of
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naturatorigin conspecificsOur review found that hatchergrigin fish differed between the two
ESUs in key traits that could influence marine ecological interactoogsgredation,
competition)and oceargrowth and survivalg.g., smolt abundance and size at release, and
ocean distance traveled before offshore dispeysak we discussad section3.1, analysis of
potential limiting factors based on current freshwater habitat conditions in natal basas is

useful context for planning and prioritizing habitat restoration actions in the UCR but does not
account for the potential effects of highly variable eaftbasin factorssuch as ocean

conditions on abundance, survival, diversity, and extinction aEkJCR spring Chinook salmon.
The ISAB suggests that a practical approach to addressing and identifying -@steny

information gaps and limiting factors for UCR spring Chinook would be to coordinate and
O2tftF062NFXGS Ay (KAAa eamdioRdddlScignteiFrasséndng sothelzy OA f Q&
form of that valuable forum continues to meethdinternational treaty programs aimed at
addressing these issuesich as the Pacific Salmon Commission, North Pacific Anadromous Fish
Commission, North Pacific Fistes Commission, and North Pacific Marine Sciences
Organization (PICES).

¢KS L{!. 02y dMotuf foktheDEeSn Bnvirdnient @AA 201)to be a highly
relevant document for the current review. The NOAA Ocean Moduledeasloped to support
integrated recovery plans for four SNR ESUs including the spring/summer Chinodk&SU.
documentsummarizea recent (through 2014) scientific information on estuapean life

history and ecology of SNR spring/summer Chinook and anthropogenic risks to this ESU during
the estuaryocean life stagedn the context of recovery planning and implementation, NOAA
(2014) provides compelling reasons for addressing potential limiting factors during estuary and
ocean life stages. For example, the tidal freshwater/estuary/plume/ocean survival of yearling
hatcheryorigin SNRspring Chinook is highly correlated with the calésmot-to-adult survival

ratio (SARput not with inrriver survival during the outmigration year (26R2009). Thus, for
example, the negative effects of poor estuaryean conditions on SARs might mask any

positive effects of freshwater habitat restorah in the basinThe document also addresses key
information needs, recovery strategies, adaptive recovery actions based on ocean conditions,
and monitoring and research needs from the perspective of recovery plagRiDgA 2011

The ISAB recommends development and implementation of a similar ocean module for the UCR
spring Chinook ESU.

3.2.2.7. Limiting Factors and Ecological Concerns

Comparing factors limiting the abundance of two listed but widely separated runs of salmon
with similar life histories can provide insights for managers (Se8tibd) However,

comparisons between UCR spring Chinook EfLEAIR spring/summer Chinook ESU should be
regarded with a degree of skepticism because of physical, chemihbiological differences

71


http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/interior_columbia/snake/ocean_module.pdf
http://www.westcoast.fisheries.noaa.gov/publications/recovery_planning/salmon_steelhead/domains/interior_columbia/snake/ocean_module.pdf

between the watersheds, differences among tributaries within watersheds, and differences in
the evolutbnary history dthe two runs.

Toisolate the effects of limiting factors, we assume that limiting factors outside the two regions
act in a similar fashion on both runs: both presumably experience similar ocean conditions,
similar predation issues in the estuary, and isamproblems passing big dams and reservoirs in
the lower river, including predation by nemative fishes. EmigratindCRspring Chinooknust

pass three to five dams ar8NRspring Chinoolass four before reaching McNary Dam, so

dams are roughly equivai as sources of mortalityA complicating factor not adequately
considered in this comparison is the potentially complex role of hatchery fish as a limiting
factor. Hatcheries produce fish that can potentially compete for resources in both rediahs

their relative impacts are not discussed hevéeassumethat hatcheryimpactsin the two

basinare roughly equivalentan assumption we acknowledge may be incorrect

In the upstream areas in the two ESUs, most spawning and rearing takes place in tritvetary
systems, so the limiting factors discussed here are mainly habitat factors in the tribufidrees
analysis of limiting factors in tributaries by the U.S. Bureau of Reclamation Remand Habitat
Workgroup 2015 is the basis for this comparison

The analysis examined 21 factors related to habitat and gave them weighted importance ratings
for major tributaries/assessment units in each regido provide a quick insight intansilarities

and differences in limiting factors in the two regions, we compared the number of tributary unit
occurrences of significant ratings of impairment in habitat from the 21 factors in 2015 (n =30
tributary units for UCRpring Chinooland n=59 folSNRSC, Table9R. Factors important for

both regions were (a) water quantity, (b) sedimentation, (c) amount of instream habitat
complexity, (d) condition of riparian vegetation, and (e) effects of anthropogenic barriers
Factors important to UCRSC but t@SNRSC included (a) altered primary production, (b)
condition of side channels and wetlands, (c) condition of floodplains, and (d) bed and channel
form. Factors important mainly to SNRSC were water temperature and recruitment of large
wood. The remainig 10 factors were not considered to be limiting for spring Chinook in most
areas of either regiorWhat this analysis does not reflect is the variation among tributary units
in each region; each stream or site within a stream has its own particular chefid¢ar spring

run Chinook. Overall, this analysis should be regarded mainly as an indicator of the relative
importance of each factor for the purposes of comparison, with the numbers having little
meaning on their own.

The difficulty of rating limiting fztors on a local scale is indicated by this statement by NMFS
(2016, page 47) that reflects the largeale problems the SNRSC face:
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in the mainstem Snake River above Lowmarde Dam. Twelve dams have

blocked and inundated habitat, impaired fish passage, altered flow and thermal

regimes, and disrupted geomorphological processes in the mainstem Snake

River These impacts have affected juvenile and adult salmon and steelhead

through loss of historical habitat, altered migration timing, elevated dissolved

gas levels, juvenile fish stranding and entrapment, and increased susceptibility to

predation. In addition, land use activities, including agriculture, grazing, resource

extradion, and development have adversely affected water quality and

RAYAYAEGKSR KFEOoAGFG ljdzr f AGe GKNRdzZAK2dzi (KA A

Table 3. Comparison of limiting factors for Upper Columbia River spring Chinook salmon (UCRSC) with
those for Snake River spring/summer@ak salmon (SNRSG®umbers of tributary units in which the

factor is limiting (percent in parentheses) are based on ratings by experts for each factor, provided in
www.onefishtwofish.net/viz/HabitatLimitingFactors1A4ll of ratings in the top three (dive) categories

were included in the totalFor UCRSC, 30 tributary or management units were evaluated, while for
SNRSC 59 tributary/management units were evaluated.

Factor UCRSC SNRSC
# (%) # (%)

Anthropogenic barriers 19 (63) 38 (64)
Habitat competiton 0(0) 5(8)
Predation 0(0) 0(0)
Mechanical injury 0(0) 9 (15)
Altered primary production 14(47) 1(2)
Food, competition 0(0) 0(0)
Altered prey composition 0(0) 0(0)
Riparian vegetation 29(97) 40(68)
Large wood recruitment 0(0) 22(37)
Side channelvetland conditions 16(53) 15(25)
Floodplain condition 21(70) 13(22)
Bed, channel form 28(93) 20(34)
Instream structural complexity 25(83) 37(63)
Decreased sediment quality 0(0) 1(2)
Increased sedimentation 17(57) 51(86)
Temperature 8 (27) 36(61)
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Dissolved oxygen 0(0) 13(22)

Turbidity 0(0) 2(3)
Contaminants 0(0) 2(3)
Increased water quantity 0(0) 1(2)
Decreased water quantity 19 (63) 37 (63)

NMFS (2014) identified four major interrelated factors that limited viability of SNR
spring/summer Chindosalmon in the tributary systems: excess fine sediment, poor water
quality (primarily warm temperatures), low water quantity (primarily low summer flows), and
limited habitat quantity/diversity (primarily lack of deep pools and large wodbgse factors
also become apparent in the analysis in TablaBd are similar in both ESI8ediment, for
example, is a problem because runoff from surrounding lands is often laden with large
guantitiesof fine sedimenthat buries or cements the coarser sediment (ggh cobbles)
needed for spawning by salmon. Excess sediment can also fill in pools and otherwise decrease
habitat diversity needed at all life stagé¥hen water is diverted from the rivers, especially in
summer, capacity to flush or move sediment is regld Low flows also increase temperatures
in many stream reaches, further reducing their capacity to support salmdivatse life history
stages.

In their fiveyear summary of spring Chinook status in the upper ColumES (2016) stated

G 5 S & LIficadt effoitsdo improve habitat conditions, much of the habitat in
the range of UCR sprinrgn Chinook salmon...remains degraded. Restoring
habitat to historic conditions may not be needed to attain viability, but
considerable improvement is needed itestore habitat to levels that will

support viable populations ofspringrun Chinook salmon. In particular, the poor
status of the habitat is a major obstacle to achieving UCR sprm@hinook
artyzy 9{! NBO2JISNE &

Barnas et al. (2015) compared ecot@adiconcerns in ESUs throughout the Columbia River Basin
using the data dictionary developed by Hamm (20B2ynas et al. (201%uantified ecological
concerns whichare about the same in the two ESUs in that SNR has some spring/summer
Chinook populatioa with fewer and some with more concerns than does UCR spring Chinook
populations (Figure 23).
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Figure 3.3. Number of ecological concerns (please see text for definition) for the thpper Columbia
spring Chinook populations (yellow bars) and SnakerRpring/summer Chinook populations (all other
bars) Longer bars indicate more ecological concerns. Figure is from M. Ford 201 7-AisDares with
data from Barnas et a(2015).

3.2.3. Conclusiorfior Snake River and Upper Columbia Chinook Compariso

Differences in geography and biology result in differences in the satiedture and diversity
of the two evolutionarily significant units (ESUdpnetheless, most measures of population
level abundance and productivity for spring Chinook and assassnof habitat are similar in
the two ESUdn-river survival of spring Chinook smolts migrating in the Upper Columbia as
compared to Snake River spring/summer Chinook sneid smoltto-adult survival (SAR) of
wild Upper Columbia and Snake River Chikndo not appear to differ.

Because the Snake River ESU has many more populations and larger absolute abundance than
the Upper Columbia ESthe consequences of the differencesrelative proportionsmay be
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worsefor Upper Columbia spring Chinook thimm Snake River spring/summer Chinook. if in

river survivals are equal for the two ESUs, adverse eweatte greater riskfor the Upper

Columbia populations because they are less buffered by adjacent populations. For example, if
the proportion of lossesa pinniped predation continues to increase but are the same for the

two ESUs, the reduction of Upper Columbia spring Chinook spaywaeich have smaller
numbers,might reduce their ability to find mates on the spawning grounds. Thus, the ISAB
believes thathe Upper Columbia spring Chinook ESU may be exposed to greater risks than the
Snake River spring/summer Chinook ESU. The same concern was expressed when the Upper
Columbia ESU was originally liseetendangered and the Snake River ESU as threatened,
listings that were not changed in the most recent reviéN8MFS2016a; 2016h)

3.3. Comparing the Abundance, Migration Timing, and Life History
Strategies of Upper Columbia River Summer and Spring Chinook

During our site visitJpper Columbia researchensdicatedthat the number of natural origin
summer Chinook returning topper Columbigubbasins was consistently greater than that
observed for spring Chinook. The question of why this might be the case was faisdish

are racial variants of the sampecies thereforethey are expected tde biologicaly similar.

Studies othe alternative lifehistory strategie®f each race may provide important insights on
why Upper Columbia River summer Chinook are relatively successful while spring Chinook are
less so. Such differences couttentify limiting factorsfor spring Chinook in thelCRsubbasins
andmanagement actions couloe developed tdessen their constraints on spring Chinook
abundance.

Andrew Murdoch (Washington Department of Fish and Wildlye}tsesized available data on
summer and spring Chinook returning to tbpper Columbiand presented this information to
the ISARMurdoch 2017). Much of this material was produced by ti@nitoring and

evaluation program funded by local PUDs (Chelan, sugnd Grant Counties). PUD scientists
alsocontributed tothe presentation. Due to the availability of data, the comparisons made
were restricted to summer and spring Chinook returning to the Wenatchee, Methow, and
Okanogan subbasins. Fortuitously, UriSh and Wildlife Service (USFWS) researchers have
been examining interactions between summer and spring Chinook in the Entiaf WRhzen

also were presented to the ISAB Tom Desgrosdier (Desgrosdlier 2017)

The Murdoch presentation contrastetie two races of Chinook at distinct liégcle stages
based ordifferences observetbr juvenilesin freshwater smolts before they enter the ocean,
and aduls after theyenter the Columbia River estuaifhe USFWStudyused genetic tools to
examinegjuvenile life history strategiesf summer and spring Chinook salmivam the Entiat
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Life historiesof UCR fiskvere compared to those observed in several other populations of
Upper Columbig&hinook salmon. Additionally, superimposition by summer Chinoolpongs
Chinook redds and the possibility of hybridization between the two races in the Entiat subbasin
were evaluated.

3.3.1. Comparisonbetween Adult Summer and Spring Chinook Salmon

3.3.1.1. General Abundance Information

From 1989 to 2016an average 01,241 natural origin (NOR) spring Chinook have collectively
returned to the Wenatchee, Entiat, and Methow subbasins. During this time period no
temporal trend in spring Chinook abundance was detectéd (.002; p=0.83). During those
same return yearsan average of 12,572 NOR summer Chinook returned to the Wenatchee,
Methow, and Okanogan subbasins. Even though summer Chinook exhibited a slight overall
increase in abundance?(* 0.142; p=0.048), numbers varied greatly (Figurd)3&dditionally,

no temporal trend appears to exist in the percentage of spring Chinook returning to upper
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Figure 3.2. The abundance of natural origin adult summer (black circles) and spring Chinook (open
circles) returning taJpper Columbi&iver subbasin®verall trendsn abundance from 19882016 are
shown for summer (solid line) and spring (dashed line) Chinook. From Murdoch (2017).

Columbia tributariesThis percentage hasveraged 8.6% bus quite variable, ranging from a
low of 0.93% in 1995 when just 79 springr©ok were counted to a high of 17.8% in 1993
when 2,179 returned.

Adultreturns shown in Figure 342do not include numbers of fish harvested in the Columbia
River or in ocean fisherieA. port fisheryand non-selectivetribal fisheries for spring Chinook
occur in the lower riverin 2002, anon-selective sport fisherppeganfor Chinook above Priest
Rapids Danirhis upriver fisheryas changed ta selective fishery in 2014 to lintfie harvest
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of spring Chinook (Murdoch 201Addition of harvest numberto the return values would
disproportionately increase abundance of summer Chinomkkingthe disparity in the current
abundance of naturally produced fish from these two races indpper Columbi@ven more
evident

Summer Chinook have not always beka predominate race of Chinook returning to the

Upper Columbia. Counts of Upper River Columbia spring and summer Chinook began in 1933

after the Rock Island Dam was completed and have continued to the present day. The data we

were able to find did not segrate hatchery from natural origin fish as was done in FiGu2é.
Nevertheless, they show that the relative abundance of spring and summer Chinook in the

Upper Columbia has varied over time (FigBr2s A&B). In some years spring Chinook were

more abundat than summer Chinook. Perhaps the biggest change in relative abundance
0SGsSSYy GUKS (g2 [/ KAYy221 NI OSa 200dzZNNBR Ay GKS

The patterns of yearly abundance of NOR spring and summer Chinook in Figure 3.25 led to

three speculationskirst the substantial increase in NOR summer Chinook abundance in the

f1r40S mMmppnQa YR SENI&@ wnnnQa gl a tAYy1SR G2 (K
the 1995 BiOp. Second, the selective fishery started in 2014 has increased the abundance of

NOR spring Chinook. And finally, the abundance of both summer and spring Chinook NORs are
likely affected by some common factors. A weak but positive relationship@r20; p=0.017)

between the annual abundance levels of NOR spring and summer Chinealeteated when

return values were correlated with one another.
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Figure 3.8 A&B. Counts of hatchery and natural origin adult summer (black circles) and spring Chinook
(open circles) at Rock Island Dam from 1933 through 1968 (part A) and from 18dgHht2010 (part B)
Jacks (3/r-old males) are included in the counts made from 1933 to 1950. (Data are from Chelan PUD
www.chelanpud.org/departments/yourPUD /RIAnnualCount.pdf
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Return numbers can provide a general demographic overview of how population abundance
varies overtimebut grouping returns byrood yearprovides a number of important

advantages. Foremost among those is the development of recruitment stinat can

determine intrinsic productivity and the population carrying capacity in existing halfiafy
20151). Additionally, smoHo-recruit (SARS) estimates for each brood year can be n&4R.
values could be used to directly test the effects of the summer spill program on survival and
also allow a more refined assessment of how summer and spring Chinook abundance may be
related. The advantages of using brood year returns as opposed t@abreturns have led us

to make several suggestions the researchers may wish to undertake if they are not already
underway*

1 Add harvest values (by age) to the return numbers for years & 2806
1 Evaluate trends of abundance byood yearrather than by réurn year.

o Anadromous spring Chinook reach maturation at ages 3, 4, and 5. Summer
Chinook also mature at these ages and a few may return at age 6. If age data are
available it will be possible to examine the abundance of fish returning from the
1986brood yearup to the 2010 broogear. This would create a dataset with 25
brood years as opposed to the existing one with 28 return years.

1 Use return data to populatbrood yeareturns by subbasin rather than aggregating
them into a single number for eachaa of Chinook salmon. Summer and spring Chinook
returning to the Wenatchee River pass over two fewer dams than those returning to the
Methow and Okanogan River and therefore may be affected by different stressors.

3.3.1.2. Adult Entrance Timing, MainsteMigration Speed and I+River Survival

Populations ofJpper Columbi&iver spring Chinook enter the Columbia estuary and pass over
Bonneville Dam at consistently earlier dates than summer Chinook (Murdoch 2017, Sorel et al.
2017). A comparison of the cumtilee passage of dates tfpper Columbigpring and summer
Chinook over Bonneville Dam, for instance indicates that this difference is greater than 40 days
and often exceeds 50 days throughout the migration period (Table 3.10).8@e{2017)

found tha survival of adult Chinook moving upstream from Astoria to Bonneville (rkm 44 to

rkm 233) was low and decreased substantially from 2010 to 2015. Stressors and threats in the

4Qur request to compare the survival and life history strategies of spring and summer Chinook returning to upper
Columbia subbasins occurred after our site visit to the upper Columbiappeciate the efforts undertaken to

carry out this unexpected and new assignment. The scientists performing this work indicated that additional
comparisons will be made in the future. It is likely that yearly return data will be deconstructed and asdéntdl

brood year survival and abundance data. The suggestions for future analyses were made to affirm the importance
of producing and analyzing brood year information.
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estuary and lower river had a substantial impact on adult survival and theré wag 3 NI} RA Sy G 3
isk¢ {0201a OGKIG KIFEIR SIENIe& FNNAGEIE |yR GNIyaaAd
exhibited later migration timing patterns.

Table 3.10. Percentage Opper Columbidiver spring and summer Chinook passing over Bonneville
Dam bydate. Data provided by Andrew Murdoch (pers. comm.)

Cumulative Percentage and Arrival Dates of Upper Columbia Sprini
Summer Chinook Passing Bonneville Dam

Race of Chinook 5% 25% 50% 75% 90%
Spring April 20 May 1 May 13 June 4 June 25
Summer June 13 June 24 July 4 July 21 Aug 5
Difference (days 54 54 52 47 41

Migration timing varied slightly from one year to the ngxtit the order in which populations
entered the Columbia was conssit (Sorel et al. 2017). Additionally,glamount of time

needed to travel from the estuary to Bonneville decreased fromeitger and early spring to
mid-June. Fish entering the river in late March took an average of 30 to 40 days to pass through
the Lower Rivewhile those making this passagn midJune needed only 5 to 10 days to

transit this same portion of the river (Sorel et al. 2017). Thus, it is likely that ddpkr
ColumbiaRiver spring Chinook may spend over a month in this part of the river compared to a
week or less for summerh@iook.

Timing of river entry and residency in the lower river stigragfect populationspecific survival

rates (Table 3.11). Lower survival may be related to increases in pinniped abundance in the

estuary and lower river. Surveys conducted by WDFWGDBW indicated that up to 2,000 to

3,000 California sea lions and 1,000 Stellar sea lions were in the lower Columbia River near

' AG2NAT RdAdzZNAY3I GKS ALINAY3I AYy Hampd {AyOS GKS
increasing numbers farther and taer up the Columbia Riverfirst to the Astoria area then to

GKS /26t A01T YR 2y G2 . 2YyySOAwidwasov¥iegp mnp YA
/questions/261/Are+seatlionsative+b+the+ColumbiaRiver%3)- The continuing temporal

increase in pinniped numbers may be an important factor limithpger Columbiapring

Chinook abundance.
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Table 311.Return year and arrival timinglationships tahe survival of adult Chinook salmon in the
lower Columbia Rivetdpper Columbia River spring Chinook stocks are shown in bold. Data are from
Sorel et al. 2017. Upper Columbia River populations arelahfoat.

Lower River Survival Rates Lower River Survival Rate

Chinook Salmon Population 2010- 2012 2013- 2015

Early Arriving Populations
Lemhi River
Marsh Creek
Upper Grande Ronde River
Catherine Creek
Tucannon
Methow

69%- 81% 50%- 70%

Intermediate Arriving
Populations
Upper Salmon River
Big Creek
Minam River 79%- 88% 67%- 85%
Entiat River
Wenatchee River

Late Arriving Populations
Pahsimeroi River
Upper South Fork Salmon Rive
East Fork South Fork Salmon
River 84%- 92% 83%- 92%
Secesh River
Imnaha River
Lostine River

3.3.1.3. PreSpawning Mortality and Hatchery Wild Composition on Spawning Grounds

[This section was updated April 10, 2018; spdatestatementanditalicized text Table 3.12
was remove.]

Survival and migration speed of adult spring and summer Chinook in the mainstem of the

Columbia River were compared from McNary Dam to Rocky Reach Dam. Survival rates for adult
Chinook passing through different reaches of the mainstem were estimgtesiry
GO2YyBSNBAZ2Y NI G0Sa¢s 20 0ARK weSREOF Chhook aligingting 2 f dzY 6 A
above Rocky Reach Dam, these rates were calculated by dividing the numbetagiyedr

adults detected passing Rocky Reach Dam by the number detected passing McNary Dam, a
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distance of 292 rkm. Conversion rates were 0.94 for spring Chinook and 0.88 for summer
Chinook, a difference that was not statistically significant (t = 2.365,.p59)

The conversion rates for spring and summer Chinook were not corrected for harvest between
McNary and Rocky Reach dams. Sport harvest in the Upper Columbia River primarily focuses on
summer Chinook and largely does not occur when spring Chinookigraging. From 2010

2016, an average of 8 spring Chinook were harvested annually from McNary Dam to Rocky
Reach Dam, in contrast to an average of 1,600 summer Chinook harvested and retained
annually (data from Paul Hoffarth and Travis Maitland, WDFW)rt$@ovest amounts to 3.3%

of the adults that potentially would have passed through Rocky Reach Dam during@@0a.0

(annual adult passage plus sport harvest). If conversion rates for summer Chinook were
increased by 3.3% to account for the effect of harvie conversion rates for spring and

summer Chinook during this period would be similar (0.94 and 0.91, respectively).

CRITFC reports migration rates for spring and summer Chinook in the Upper Columbia River to
BPA(Fryer et al. 2011, 2012, 2013a, 2013b15a, 2015b, 2017). Based on their estimates,
meantravel time was 9.53 days for spring Chinook from 2096 and 8.87 days for summer
Chinook. Statistically, these travel times do not differ significantly (t = 1.349, p = 0.226). We
expected travel tiras of spring Chinook to be longer than travel times for summer Chinook
because river flows in the Columbia are typically higher and water temperatures lower during
the upstream migration period for spring Chinook, but the observed migration rates do not
support this conclusion.

Upper Columbia River spring Chinook also enter spawning tributaries earlier than summer
Chinook and hold in different areas prior to spawning. Approximately 50% of the spring Chinook
entering the Methow and Entiat rivers arrive byetfirst week in May. Spring Chinook returning

to the Wenatchee arrive slightly later, usually in the last two weeks of May. On average, 50% of
the summer Chinook arrive during the first week in July, approximately 40+ days later. Spring
Chinook typically mve into the upper reaches of streams and hold in areas with deep cover

that are adjacent to their eventual spawning locations. In contrast, summer Chinook hold in
mainstem pools (Murdoch 2017).

Presspawning mortality ofJpper Columbi&iver spring and somer Chinook females has been
estimated for the past 16 years. These estimates were calculated by dividing redd numbers by
the number of females entering a subbasin. The assumption was made that each surviving
female would construct a single redd. The aleaverage ratio of redds per female for summer
Chinook was 0.85 (95% C.I. = @;T695) indicating that prespawning mortality for summer
Chinook inUpper Columbiagubbasins is around 15%. Spring Chinook females were observed to
have substantially lowepre-spawning survival rates. The ratio of redds per female for this race
was 0.54 (95% C.I. = 046.62) which implied that on average close to half (46%) of the spring
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Chinook females perished prior to spawning. Additionally, there is some evidedeasify
dependent mortality in spring Chinook as there was a positive relationship between pre
spawning mortality and female abundance. Density dependent mortality was not observed in
summer Chinook females (Murdoch 2017).

UCR scientists plao determinewhat habitat attributes are needed by spring Chinook while
they hold and mature prior to spawning (Murdoch 201F9r exampledo cold waterrefuges
baseflows, and water temperatures limit survival is survival dependent upon complex in
river cover, @nse riparian vegetation and cut banks, or a combination of all of these or other
factors?Such informatiorcould guide future habitat restoration actiom&dimprovepre-
spawning survival rates.

Hatchery programs for both summer and spring Chinook oicctire Upper Columbido
supplement natural populations or produce fish exclusively for harvest. In supplementation
programs, hatchery adults are allowed to escape into natural spawning areas. Hatchery fish
produced for harvest may also arrive on spawrgngunds. Proportions of hatchery origin
spring and summer Chinook adults spawrimgature(pHOS) and proportions of natural origin
adults used as hatchery broodstock (pNOB) in the Wenatchee, MetmmvOkanogan have
been estimated annually from 1989 &916.

These two statistics, pHOS and pNOB, are commonly used to calculate a ratio referred to as the
Proportionate Natural Influence or PNPNI values approximate the degree to which a

population of salmon consisting of both hatchery and natural oggiawners maintains the
2NRAIAYEFE yIFGdzNI £ LIR2LIzE FGA2y Qa 3ISYSiGAO LINE LIS NI
genetic affinity to the natural population. The Hatchery Scientific Review Group, which co

developed this concept, recommends that PNI vainestegrated hatchery programs should

be greater than0.67. PNI values for spring and summer Chinook were estimated from mean

values provided by Andrew Murdog¢hable 3.13). The advent of selective sport fisheries above

Priest Rapids Dam since 2014 hawkssantially reduced pHOS values (Murdoch 2017) so

current PNI values are likely greater than those shown in Tak2 Nonetheless, past PNI

5 The general formula for PNt NOB/(pNOB + pHOS). Recently the pHOS term hasified in recognition

that hatchery fish may not produce as many adult offspring as natural origin adults. This new term is referred to as
pHOS%# which equals RRS * pHéxauis RRS is an estimate of the relative reproductive success of hatchery adults
when compared to natural origin counterparts. Suppose that RRS is estimated to be 0.8, in this instance a census
pHOS of 50% would be reduced down to 40% resulting in a higher PNI than if the originahqak¥@8e had been

used. For aetailed explandbn of the PNI concept s¢¢SRG (Hatchery Scientific Review Group). 2014. On the
Science of Hatcheries: An updated perspectinghe role of hatcheries in salmon and steelhead management in

the Pacific Northwest. A. Applebiy,L. Blankenship, D. Campth,Currens, T. Evelyn, D. Fast, T. Flagg, J. Gislason,
P. Kline, C. Mahnken, B.Missildine, L. Mobrand, G. Nandor, P. Paquet, S. Patterson, L. Seeb, S. Smith, and K.
Warheit. June 2014.

Available onlinehatcheryreform.us
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values suggest thatipper Columbidiver spring Chinook populations in the Wenatchee and
Methow were likely expasd to higher levels of potential domestication selection than summer
Chinook.

Table 3.8. Estimated pNOB, pHOS, and PNI valueSger Columbi&iver Chinook salmon
populations mean pNOB and pHOS values (192916) were obtained from Andrew Murdocpe(s.
comm.).

Race of % Hatchery

Upper Columbia  Chinook % Natural Origin Origin Spawners Proportionate
River Subbasin Salmon Broodstock (pPHOS) Natural
(PNOB) Influence

Wenatchee Summer 92.4 13.8 0.869
River

Spring 54.6 45.0 0.548
Methow Summer 74.3 33.1 0.691

Spring 37.0 57.4 0.391
Okanogan Summer 74.3 40.7 0.646

3.3.1.4. Hybridization and Redd Superimposition

In 2006, the USFW begarRdEstudy tomeasureredd superimposition and hybridization rates
between summer and springhdook salmon in the Entiat subbasin. Adult summer and spring
Chinook were found contemporaneously in portions of the Entiat River. Stream surveys were
conducted from August 9 through November, 46d an average of 441 spring and summer
Chinook redds wereountedduring 20062014 Generally0or more were built when both

races were in the river togethgsuggesting hybridizatiowas possibl®n ~14% of the Chinook
redds. Male summer Chinook could have been present at 9% (17/197) of the spring Chinook
redds, while spring Chinook malegere potentially present at 18% (45/244) of the summer
Chinook redds (Figure &2Desgroseillier et al. 2017). Hybridization was assessed on
approximately 1,000 Chinook juveniles leaving the Entiat River in 2011 and 3.6/&(82)

found to be hybrids. Additional hybrids were discovered rearing in the Entiat during the winter.
To date it has not been possible to determine whether hybrids have returned as adults or
contributed to the recruitment of juveniles. However, an exantiom of the effects of
hybridization betweerall-run Chinook salmortile and upriver bright Chinookin the

Columbia Bsin (Smith and Engle 2011) concluded tindirid juveniles were not viable and

thus likely reduce overall population productivity (Qesseillier et al. 2017). Whether the same
is true for spring x summer hybrids is not known
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Figure 3.8. The spatial distribution of spring and summer Chinook salmon redds in the Entiat subbasin.
Overlap of redds occurred in Valley Segments (M&SYPange oval indicates area where temporal and
spatial overlap occurred. (Image taken directly from Desgroseillier ptedentation(2017)).

Redd superimposition or the multiple use of a spawning site within a spawning season was also
examined in the Eimat River. Because of differences in maturation timing, summer Chinook
females may excavate nest pockets in locations that were recently used by spring Chinook.
Murdoch (2017) reported that USFW researchers had observed superimposition on ~19% of the
spring Chinook redds they surveyed in the Entiat. The impact that superimposition may have on
eggto-fry survival can be variable and depends upon a number of factors. For instance,
Chinook eggs are fairly immune to mechanical shock if embryos have accrutshii@ature
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units @ prior to dislodgement or movement (Jensen 2003). Additionally, nest depth is related
to female length and larger females are expected to create deeper nests (Steen and Quinn
1999). Because spring Chinook are generally smaller than su@mnooktheir deposited

eggs may be particularly vulnerable to dislodgement due to the digging activities of larger
summer Chinook. Finally, the majority of eggs deposited by a female are often placed into her
first two nests (de Gaudemar et al. 2000hese will be located at the tail end of a redd and are
often covered by a substantial layer of gravel placed there by the final digging actions of a
female. Typically, newly arriving females are attracted to the anterior portions eéxyisting
redds. KA&d Aa 6KSNB (GKS LINSGA2dza 200dzLJ yi KIF & ONBFB
stream flows and accentuates water interchange into the substrate. Knowing when and which
portions of a redd were disturbed would help clarify the potential damage ahbgamultiple

usage of the same spawning area.

Temporal and spatial overlap information on adult spring and summer Chinook is likely

available for the Wenatchee and Methow subbasins. This information should be used to
determine the degree of overlap thaiists between these two races in the above subbasins.
Since spawner density is known to affect distribution patterns (Murdoch 20@djiple year
assessments should take place. Additionally, analyses on hybridization rates and the occurrence
of redd supeimposition similar to those performed in the Entiat are encouragethe

Wenatchee and Methow subbasirSuch analysesould increase our understanding tie

relative importance of these factors on spring Chinook productivity réde superimposition

or hybridizationmajor factors constraining spring Chinook abundancdatheyoccur rarely

and are of little demographic importance?

3.3.2. Comparisonbetween Juvenile Summer and Spring Chinook Salmon

Juvenile trapping operations occur throughout tieper ColumbiaBasin and are implemented

to keep track of the abundance and timing of juvenile salmonid migrations. Such data are not
only useful for forecasting future adult abundances but also allow managers and researchers to
potentially detect changes ifneshwater productivity, survival, growth, and alterations in

juvenile life histories. Recently, genetic methods have been used to identify the racial origin of
out-migrating juvenile Chinook salmofese studies revealed that both juvenile spring and
summer Chinook had more diverse emtigration patterns than previously thought.

3.3.2.1. Juvenile Life Histories

In Upper Columbid&iver subbasins that support both summer and spring Chinook juveniles,
fisheries managers have assumed that subyearling emigtaaving in the early summer (e.g.,
June and Julyare summer Chinook while those emigrating as yearlings in late fall through the
early spring are spring Chinook. Similarly, 0+ spring Chinook smolts were believed to leave
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beginning in August, peakirag new yearlings in mido late October and finishing as 1+

migrants in late December (Desgroseillier et al. 2017). Recent genetic analyses of tissue samples
from juvenile migrants revealed a much more complicated suite of emigration patterns than
expectal (Desgroseillier et al. 2017).

Samples collected from mileptember through November revealed the expected upsurge in
spring Chinook juveniles. However, a surprisingly high percentage (~57%) of the subyearlings
leaving the Entiat in July were spring G@luk. This meant that thousands of juveniles that
previously had been assumed to be summer Chinook were actually spring Chinook. Samples
obtained from juveniles rearing in the Entiat during the summer and winter of 2012, 2013, and
2014 indicated that the peentage of each race rearing in different valley segments of the
Entiat remained relatively constant from one year to the next. During the summer sampling
period, a positive correlation between rkm and the proportion of spring Chinook juveniles
rearing inthe subbasin was found. This tendency was not seen during the winter sampling
period suggesting that spring Chinook juveniles were moving downstneast likely seeking
overwintering rearing areasurprisinglya relatively high percentage (~12%) of suer

Chinook overwintezd in the Entiat subbasin (Desgroseillier et al. 2017).

The results of the genetic analyses on sampled Chinook juveniles have a number of
management implications that were emphasizgdDesgroseillier et al. (2017). First,
undervaluirg the number of spring Chinook juveniles produced from the Entiat has inflated SAR
values and simultaneously underestimated égefry survival and emigrant per redd values.
Incorrect values in these metrics may disguise density dependence, obscurergdatibe life

cycle where bottlenecks are occurring, and possibly lead to incorrect productivity or
recruit/spawner ratios and erroneous conclusions about the capacity of the environment to
produce juvenile spring and summer Chinook.

Second, the distribiion patterns shown in Table 341ed Desgroseillier et al. (2017) to make
two general recommendations about where habitat restoration for Chinook juveniles ought to
be focused. If the goal is to enhance spring Chinook capacity during their first spding an
summer in freshwaterthen upper portions of the Entiat should be targeted for restoration
wherespring Chinoolare concentrated. Conversely, restoration actions designed to provide
overwintering habitat for juvenile Chinook should be distributed thromgfithe subbasin. This
strategy would also benefit overwintering summer Chinook.
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Table 3.4. Dstribution patterns of summer and spring Chinook salmon juveniles rearing in the Entiat
subbasin during the summer (August) and winter (Maeshjevealed byanetic analyses of 542
samples (405 from the summer period and 137 from the winter period). See FigérmBl@cations of
valley segments. Percentage data are from Tom Desgroseillier (pers. comm.)

Summer Sampling Period Winter Sampling Period
(August) (March)

(Valley (River
Segment)  Kilometer)
VS1 4.2 47 53 0 100
VS1 7.4 52 48 0 100
VS1 10.3 52 48 0 100
VSl 23.4 8 92 43 57
VS2 28.1 52 48 29 71
VS2 31.6 24 76 20 80
VS3 36.7 12 88 6 94
VS3 40.2 13 87 8 92
VS3 42.7 5 95 0 100
VS3 44.6 5 95 8 92

The abundance of yearling summer Chinook in the Entiat appears to be greater than
abundancesn otherUpper Columbigubbasins. Genetic assignmenfsyearling Chinook
rearing in the Wenatchee River over six sampling years (@047 and 2012) indicated a
lower level of yearling summer Chinook (mean of 3.2%, range -0/%®%b0). Similarly, a single
year of genetic analysed overwintering Chinook ithe Methow also showed just 1.7% of the
yearlings were summer Chinook (Murdoch 2017). The Entiat is a smaller and less complex
subbasin than the Wenatchee and Methow subbasiviich may explain why a substantial
percentage of spring Chinook emigrate abyearlingdrom the Entiat However the higher
relative incidence of yearling summer Chinook in the Eméiatains to be explainedt appears
that the upper portions of valley segment 1 (¥Sand valley segment 2 (A2 are favored by
this race as ovavintering locations (Table 34). A careful inventory of habitat attributes in this
portion of the Entiaimight provideinformation aboutoverwintering habitatand discern ithe
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high percentage of summer Chinook in this portion of the river singmlyeto a paucity of
juvenile spring Chinook at these locations

Rotary screw trap (RST) data from the Upper Columbia subbasins indicated that a substantial
portion of Chinook juveniles exit their natal streams as subyearlings in late June and July. This
exodusof subyearling Chinook prompted Desgroseillier et al. (2017) to investigate where both
spring and summer subyearlings went after they left the Entiat subbasin. PIT tag detections at
tributary arrays and at mainstem dams on the Columbia were used to legiplter the

migratory and rearing strategies used by parr from the two races of Chinook. Additionally, the
residency and migratory patterns leibited by Entiat spring chinook parr were compared to
those eibited by spring Chinook parr originating from tRdiwawa (Wenatchee subbasin),
Chewuch, and Twisp rivers (both in the Methow subbasin). This evaluation was conducted to
see if subbasin origin affected parr migratory behavior. The migratory patterns of yearling
smolts produced by both races were alsockad and compared.

Juvenile trapping data showed that large numbers of subyearling Chinoekigtdte as fry (<

50 mm FL) for weeks to months from the Entiat and the Wenatchee subbasins (Murdoch 2017;
Desgroseillier et al. 2017). No assessments have beale on the percentage of the fry that

are of summer or spring origin. Additionally, little is known about fry behavior and survival once
they enter mainstem reservoirs. More is known about parr (> 50 mm) who continuously out
migrate throughout summer anfill months. Desgroseillier et al. (2017) found that spring
Chinook subyearlings from the Entiat migrated downstream and overwintered in mainstem
reservoirs. None were observed directly migrating to the estuary as subyearlings. Conversely
subyearling summeChirook parr that emigrated in miduly through early September often
migrated directly dowstream to the estuary. Summehi@ook that emigrated from the Entiat

later in the fall also migrated downstream but often overwintered in mainstem reservoirs prio
to entering the estuary during the following spring.

The generalendencyof Entiat subyearling spring Chinook to enter the estuary as yearlings was
similar to the life history patternef spring Chinook in th&wisp, Chiwawa, and Chewuch
subbasinsPITtag detections on these fish showed that a large portion moved downstream
<150 rkm before overwintering. Unlike the Entiat fish, however, almost none of the Methow or
Wenatchee subyearlings left their natal streaprgor to overwinteringin downstream reahes

in the subbasingDesgroseillier et al. 2017)

Fish that stayed in their natal subbasins and emigrated as yearlings entered the mainstem from
early February through the end of May. Spill to facilitate juvenile emigration in the mainstem
begins in midApril and by that time almost 60% of the yearling Chinook smolts (largely spring
Chinook smolts) have already entered the mainstem. Conversely, less than 10% of summer
Chinook subyearlings have entered the mainstem before the onset of spill. Thus, the late
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migration timing of summer subyearlings matches well with the increased spill regime
(Murdoch 2017) and they are expected to have lower mortality rates due to dam passage.

The life history patterngevealedby RST trapping and PIT Tag detections shahagdhe life

history patterns of both summer and spring Chinook juveniles in the Upper Columbia are more
complex than originally thought. Assumed and observed life history patterns of Entiat spring
and summer Chinook are comparedTiable 315. This tableand data from the Murdoch (2017)
and Desgroseillier et al. (2017) indicate that:

1 Summer Chinook have greater juvenile life history diversity than spring Chinook and
therefore may have greater intrinsic resilience than spring Chinook

1 Summer Chinook entehe estuary as subyearlings and yearlings over a much broader
span of time than spring Chinook

1 Later outmigration timing of summe€hinook subyearlings coincides with the
increased spill regime that was established to reduce dam related mortalities. Their
outmigration timing is also better synchronized with increased flows and higher
turbidity due to the spring rusoff.

1 Smaller size at emigration may make summer Chinook less vulnerable to bird predation
if birds prefer larger prey (e.g., Caspian Terns)

1 Summer Chinook typically rear for shorter periods in tributaries than spring Chinook and
are less likely to experience capacity limitations or survival bottlenecks in subbasins

9 Contrary to previous thought, some Upper Columbia spring Chinook juvenilesirear i
mainstem reservoirs for prolonged periods

1 The lower 235 rkm between Bonneville Dam and the ocean was identified as a feeding
area for juvenile salmonids where competition for resources with other species and age
classes may occur
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Table3.15. Comparisos between assumed and observed life history patteridpper Columbidriver
summer and spring Chinook juveniléewly acquired data indicate unexpected mainstem use by spring
Chinook and tributary rearing and overwintering by summer Chinook. Tabldietbfiom Desgroseillier

et al. (2017).

CLASSIC LIFE HISTORY (ASSUMED) OF ENTIAT CHINOOK
Season
RACE LOCATION | FALY WIN| SPR SUM| FALL WIN| SPR
Gravel X X
Emergence X
summer Tributary X X X
Columbia R. X X
Estuary X X
Ocean X X
Gravel O O
Emergence O
. Tributary O O O O O
Spring .
Columbia R. 0]
Estuary @)
Ocean O
OBSERVED LIFE HISTORY OF ENTNOOK SALMON
Season
RACE LOCATION | FALY WIN| SPR SUM| FALL WIN | SPR
Gravel X X
Emergence X
Summer Tributary X X X X X
Columbia R. X X X X X
Estuary X X X X
Ocean X X X X
Gravel O O
Emergence @)
. Tributary O O O O O
Spring :
Columbia R. O O @] (@) @]
Estuary O
Ocean O

Studiesdemonstratethat mainstemreservoirs and the lower reach of the Columpravide
important rearing and overwintering arsdor Upper Columbia Riv@hinook(e.g.,
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Desgroselillier et al. 20} @ndillustratethe need foradditionalmainstem research. Some

studies havassessethe effects of channel catfish, smallmouth bass, and walleye predation on
juvenile salmoniddut holistic, regional multspecies studies are needed to understand
cumulative effects (Sanderson et al. 2009). Additionally, possible effects of competition
between juvenile salmonids and American Shad for planktonic food in the lower river and
estuary is yeto be determined.

3.3.2.2. Juvenile Life History Strategies and the Production of Adults

Both Murdoch (2017) and Desgroseillier et al. (2017) examined the juvenile life history
strategies employed by adult salmon returning to Columbia River subbasirgroBedlier et al.
(2017) compared adult return rates (SARs) among three types of juveniles returning to the
Entiat; (1) yearlings(2) subyearlings that emigrated from the Entiat in Jun®eptember, and

(3) subyearlings that left dring the OctobeiNovenber outmigration period. They also

compiled data on Entiat adults that were grouped by rearing afBgjearlings that stayed in

the Entiat,(2) reservoir yearlings, an(8) subyearlings that immigrated directly to the ocean.

Out of the two yearling stitegies employed, those that resided in mainstem reservoirs had
higher SAR values than yearlings that had remained in the Entiat prior 4miguation
Additionally, juveniles that emigrated from the Entiat and entered the estuary as subyearlings
(summer @inook) also had higher SAR values than yearling fish staying in the Entiat. Juveniles
that reared in reservoirs and oumigrated as yearlings had the highest SAR values (Talfle 3.1
At present the factors responsible for these patterns in SAR valuemaentirely understood.

Table 3.86. Smoltto-adult return rates (SARs) in Chinook salmon returning to the Entiat that adopted
different life histories (yearling and subyearling) and juvenile rearing areas (natal stream, reservoir, and
ocean) by broogear. Data from Tom Desgroseillier (pers. comm.)

SARs in Yearling and Subyearling Rearing Area Effects on SARs
Sub Sub Natal
Yearling Yearling Stream Reservoir Ocean Type

Brood Year Yearling (Jung Sep) (OctcNov) Yearling Yearling Subyearling

2006 0.80% 0.12% 0.56% 0.80% 2.99% N/A
2007 1.34% N/A 0.17% 1.34% 3.64% N/A
2008 0.90% N/A 0.20% 0.90% N/A N/A
2009 0.28% 0.11% 0.20% 0.28% 0.75% 0.51%
2010 0.82% 0.17% 0.26% 0.82% 2.81% 1.18%
2011 1.08% 0.36% 0.39% 1.08% 1.20% 2.25%

Murdoch(2017) examined the effect of juvenile life history on adult productath a different
approach He documented the percentage of adults that had utilized a yearling, reservoir
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yearling, and subyearling juvenile strategy on a return year basis. Thiestiasted foradult
Chinook returning to the Wenatchee, Methow, and Okanogan Rivers for return yearg 1993
2015. Percentage values from Andrew Murddphrs. comm.yveredza SR Ay YSYRI f f Qa
correlations to see if the proportion of adults using the subliag, reservoir, and yearling
strategies were similar in each subbasin for each return year. The proportion of adults using
each strategy in each return year was remarkably similar among the three subbasins (Table
3.17). Additionally, a substantial increa in the subyearling strategy was observed along with a
corresponding decrease in the yearling and reservoir yearling strategieslinGidnook from

the early 1998 to the presentRepresentative scatter plot#lustrate these trendsn Figure

3.27.

Tale 3.17.Results of Kend&ldau correlations conducted on the percentages of adults possessing
different juvenile life histories that returned in the same year but to different Upper Columbia subbasins

(performed to see if adults returning in the sanmeay but to different subbasins used similar juvenile
life histories). Percentage data obtained frdviurdoch presentation(2017).

Juvenile Life History Type

Reservoir
Subyearling Rearing Yearling
Subbasins Correlation p p p

Tau Value Tau Vaue Tau Value
% of adults in the Wenatchee vs. % o

wenatchee s in the Methow with the same  0.836  <.01  0.737 <.01 0.605 <.01
& Methow . - .
juvenile life history
Wenatchee % of adults in the Wenatchee vs. % o
& Okanogan adults in the Okanogan with treame  0.787 <01 0649 <01 0512 <01

juvenile life history
Methow & % of adults in the Methow vs. % of
adults in the Okanogan with the same (0.810 <01 0.735 <01 0.728 <.01
Okanogan . A
juvenile life history
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Figure 3.Z. Percentage of natural origin adslreturning in the same year to the Wenatchee and
Methow subbasins that utilized the juvenile subyearling (A) and reservoir (B) strategigercentage
of Wenatchee (black circles) and Methow (red circles) of naturally produced adults that used the
subyearling (C) and yearling (D) life histories by return yBata from Murdoch (2017).

The marked increase in the subyearling strategy and corresponding decrease of the yearling
strategy in all three subbasins might be due to conditions in the subbasgmditions they
encountered in the mainstem after leaving their natal subbasins. Exploring how environmental
and biological variable®.g.,flow, water temperature, water travel time, predat abundance,
habitat attributes)influence the survival of fishsing these different life history strategies may
help identify population bottlenecks and guide future restoration actions.

3.4. Pinniped Predation

3.4.1.Background Information

TheUpper Columbia Salmon Recovery Board (UCSRB) Recovery Planrl&2@0D) identifies
pinnipeds including harbor seal$’foca vituling California sea liongélophus californianys

and Stellar sea lion&(metopia jubatus as the primary marine mammals preying on Chinook

and steelhead originating from thdpper Columidi . F 8Ay ® ' & LI NI 2F GKS
UCSRB supports immediate adoption of more effective predator control programs, including
lethal removal when necessary, of the marine and avian predators that have the most

significant negative impacts on returog Upper Columbia Basin Efigted salmonid fish

stocksb €
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The 2016 fiveyear Upper Columbia status report provides an updated review of information on
pinniped predation and predatory pinniped management (through 2015), including the
following conclusios and recommendations:

GThe effect of marine mammal predation on the productivity and abundance of
Columbia River basin salmon and steelhead stocks has not been quantitatively
assessed at this time. The absolute number of animals preying upon salmon and
steelhead throughout the lower Columbia River and Willamette River is not
known. The information available since the last status review clearly indicates
that predation by pinnipeds on listed stocks of Columbia River basin salmon
[including Upper Columbia spg Chinook] and steelhead, as well as eulachon,
has increased at an unprecedented rate. So while there are management efforts
to reduce pinniped predation in the vicinity of Bonneville Dam, this management
effort is insufficient to reduce the severity tife threat, especially pinniped
predation in the Columbia River estuary (river miles 1 to 145), and at Willamette
Falls. Recommendations: (1) expand pinniped monitoring efforts to assess
predator-prey interactions between pinnipeds and listed speciesi@ntain
predatory pinniped management actions at Bonneville Dam to reduce the loss of
up- river listed salmon and steelhead stocks, (3) completeclide/extinction

risk modeling to quantify predation rates by predatory pinnipeds on listed
salmon and ®elhead stocks in the Columbia River and Willamette River, and (4)
expand research efforts in the Columbia River estuary on survival and run timing
for adult salmonids migrating through the lower Columbia River to Bonneville
DamA

342.L{! . Q& ng$, BdancluSidny, Bl Recommendations

Most of the theoretical and existing evidence availablén®ISAB to answer pinniped

predation questions in the current review has been thoroughly reviewed in past ISAB reports on

food webs [SAB 20111), density dependence3AB 2018), critical uncertaintiesISAB/ISRP

20161), predaton metrics (ISAB 201D, and hterior Columbia Basilife-cyclemodels (SAB

20135, ISAB 201-1). Therefore, we briefly summarize ISR& NBt SOy i LI ad FAYI
conclusions, and recommendations.

¢CKS L{!. Qa C22mR2021%idGcludedd davisdiof information through 2010 on

the increasing abundance of pinniped predet@nd predation by sea lions at Bonneville Dam.

The ISAB concluded that an important knowledge gap is the lack of data on rates of predation

08 | LISE LINBRIG2NBR O00ANRAS FTAAKI YIENARYS YIYYLIf
lamprey, sturgeon, eulacm, etc.) resources. These data are needed to better understand food

web dynamics and total ecosystem productivity in the Columbia River Basin. The ISAB
recommended: (1) using models to estimate systsrale consequences of increases or

decreases in predain rates, (2) quantifying predator abundance in space and time and using
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bioenergetic and community process models to estimate sysieate consequences, and (3)
determining the effects of predation on salmonids by piscivorous fish, seabmdsnammals
and whether these effects are additive or compensatory; doing this by comparing predation
rates as a percent of the juveniles passing Bonneville Dam or PIT tag detectors in the lower
estuary with appropriate smolto-adult survival estimates (SARs) fofehiént ESUs and run
timings.

¢KS L{!. Q& 5SyaA B 30859)rewere yvitiSncernBprddaldn effécts on
density dependence of salmon populations in the Upper Columbia and $makéasins, and
identified the lack of information about predation on adult salmon by pinnipeds (seals and sea
lions) as a primary data gap. The ISAB considered predation on adult salmon during upstream
migration to be of particular concern because itynmaduce the potential spawning population
more than an equivalent rate of predation at earlier life stages. By the time adult salmon enter
the Columbia River estuary, they have already survived numerous threats in both freshwater
and marine environmentsgnd all are potentially valuable for harvest or spawning. Evidence
reviewed bythe ISAB showed that the escapement goal for spring Chinook counted at
Bonneville Dam (115,000 fish) had been met or exceeded since 2008 despite evidence that
predation of salma by pinnipeds is increasing. Moreover, there is evidence for density
dependence over the entire life cycle for most interior populations of spring and summer
Chinook salmon (24 out of 26 populatiomsnained strongly compensatorgabel and Cooney
2013),even though depensatory mortalftyikely occurs at some life stages. However, among
Upper ColumbiapringChinook populations evaluated (Entiat, Methow, and Wenatchaa)y,

the Wenatchee population did not exhibit a significant densiépendent relatioship (Zabel

and Cooney 2013).

Surprising new evidence indicated a steady decline in estuarine survival of the combined runs
of adult middle andJpper Columbid&iver spring Chinook and Snake River spring/summer
Chinook (from 90% in 2010 to 69% in 2013) y¥eRub et al. 2014). Survival was consistently
higher for Chinook arriving late in the run compared to those returning early or at the peak,
when predation by pinnipeds would have been more intense (Wargo Rub et al. 2014). The
declining survival rates a<oincided with the growing presence of sea lions and seals in the
estuary. The number of sea lions identified at haul out sites near Astoria in 2013 was five times
that observed during each of the previous three years, and a still larger number was@tser

in 2014 (Wargo Rub et al. 2014). The ISAB concluded that there were no reliable estimates of
total pinniped abundances in the Columbia River estuary, integrated over all seasons, and the
impacts of pinniped predation on salmonids in the Columbia Reee still unknown or largely
speculative. For example, in thegswen if pinniped predation on interior populations of

6 Mortality caused by individualrpdators is typically depensatqgrwhich means thathe impact on asalmonprey
population from individuapinnipedpredators is highst when fewer prey are preseanddecreases when more
salmonprey are available because predators become satiated andoetheir feeding rateThistypicalfunctional
response can be offset by an increase in the number of predators due to aggregation in the short term or
increased predator reproduction and abundance in the long term.
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spring/summer Chinook was reduced, salmon productivity (recruits per spawner) would not
increase because escapement goals (at Bonegwiére met and most populations exhibited
density dependence. Because depensatory mortality may pose a threat tbsEA

populations, the ISAB recommended further quantification of mortality and evaluatiofeof
cyclerecruitment in salmon populatiantargeted by pinnipeds. Further studies were needed to
track pinniped abundance in the estuary, and to confirm that salmon mortality attributed to
pinnipeds is depensatory, as expected, and as suggested by studies to date.

¢tKS L{!. Qa |/ mReporOGAB/ISRR/ 20 MENtifikdypiedation as a new critical

dzy OSNIiF Ayideée F2NJ GKS [/ 2dzyOAf Qa CAaK |yR 2AfRfA
uncertainty: (1) To what extens the viability or abundance of native fish and wildlife

populations in the Columbia RivBasin jeopardized by predatioand (2) How effectively can
undesirable impacts of predation be ameliorated by management actions including

hydrosystem operationg)abitat modificationsand predator population control? These critical

j dzZSaiGA2ya 6SNB Ayl @&s&Rhayi GKS / 2dzy OAf Q&

¢KS L{!. Qa t NBRNIAR 2¥) ravwedRnO &ecomrBenidibtendial
alternative metrics for evaluating and comparing the effects of predation at different stages in
the life cycle of anadromous salmon and steelhead in the ColumbiaBagér. The ISAB
considered compensatory mortality to be the most important uncertainty to address when
developing a predation metric. The ISAB reviewed evidence for mechanisms of compensation,
including (1) density dependent survival due to factors othan predation, (2) selective

predation based on fish size and condition, and (3) switching behavior of predators, which may
be caused by a change in abundances of alternative prey species or when secondary predators
increase predation on salmon followikegntrol of the primary predator. Considerable
compensation in predatiomelated mortality may occur between juvenile and adult life stages,
but additional compensation may also occur during the subsequent spateranolt stage,
indicating the need to comder predation within the context of the entire life cycle.

A review and comparison of three alternative metrics using a standard set of evaluation criteria
revealed that a single metric would not be adequate for evaluating all goals. The ISAB

recommended (1) using and further refining two types of metrics currently in use in the Basin,

that is, Equivalencdactor metrics(for example, adult equivalents), which can be used to

compare the effects of predation on salmon and steelhead at different poiriteein life cycle,

and apopulation growth rate metri¢also calledleltalambdan <0 > g KA OK Oly 065 dz
compare how different predation scenarios affect rates of population recovery or decline; (2)

adjusting theequivalencefactor metricsand thepopulation growth rate metrio p <0 G2 | 002 d
for assumed or estimated compensationnmortality, and (3) placing predation mortality in the

context of a lifecycle model that can be used to evaluate multiple factors affecting salmon

survival and interactions among those factors in modeled scenarios and verified with data. This
approach coud help guide research, monitoring, and evaluation of predation throughout the
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salmonid life cycle, both to provide the data necessary to parameterize and verify models, and
to refine metrics.

¢CKS L{!.Qa [ATS ISkBC0IE0 aRRBX 3 § IR WISHLIHINBEOOH N M T
Columbia Basin Life Cycle Modeliagdbuilds on a previous ISAB review in 2078 2013).

In Chapter 6.a of the NOAA repd@Ropulationspecific pinniped predation; Sorel et al. 2017
modelers used tagecapture data to estimate populatiespecific survivals of adult spring
summer Chinook salmon migrating from thuth of the Columbia River to Bonneville Dam.
The modeling results indicated a decline in Chinook salmon survival as pinniped density
increased. Earlynigrating spring Chinook salmon populations that entered the lower river in
late winter or early sprinpad a higher risk of mortality from pinniped predation than later
migrating populations. Compared to a baseline period (12982), apparent survival of adult
Upper Columbia spring Chinook in 2e€A@G15 decreased substantially, i.e., average survival was
22% lower than survival during the baseline period for the earbesting population

(Methow) and 11% lower for intermediat@riving populations (Entiat and Wenatchee).
Investigators speculated that a 22% decrease in survival would significantly@dfedation

viability if sustained.

¢CKS L{!.Qa NBOASy 02y Of dZRSR (KIG GNBIGYSyl
uncertainties in the analysis were not fully addressed by the authors. For example, salmon
mortality due to handling and tagging is presuntede equal in all years, without discussion of
how variable mortality might affect estimates. Small sample sizes necessitated simplifying
assumptions like constant year effects across populations and constant variances within
populations across years, bdiscussion was limited on robustness to violation of these
assumptions. Uncertainty remains as to whether other ehfectors or estimation errar for
exampledisease, permanent straying below Bonneville of upriver fish, underestimation of
harvest, artiact of learned behavior by predate (WargeRub et al. 2014) may be involved in

the apparent decline in survival of adult Upper Columbia spring Chinook from the river mouth

NJ

oy

to Bonneville DamTheL { ! . Q4 NBO2YYSYRI A2y & TFasbdrchandS & LIS

implementation of results in lifeycle models included: (1) apply the results of Sorel et al.
(2017) to existing lifeycle models, as recommended $yrel et al(2017)and ISAB 2016
(Predation Metrics Report) and evaluate the risk of eotion caused by pinniped predation

and tradeoffs between fishing mortality and this predation mortality and the risk of extinction;
(2) extend the model to include parameters for marine mammal predation on adult salmon in
the Columbia River Plume. Expl@atial variation in predation pressure in the plume and
lower river. (3) investigate relationships of fishing and marine mammal predation on adult
salmon; (4) investigate relationships of forage fish density and marine mammal predation on
adult salmon surival; and (5) develop methods to investigate marine mammal predation on
the juvenile freshwater/estuary/early ocean life stages.

Apreliminary lifecycle model for Upper Columbia spring Chinoothe Wenatchee subbasin
reviewed by ISAB in 2013BAB 2013), was updatedJorgensen et al.(7). Two pinniped
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predation scenarios of adult salmon survival were modeled, and results indicated the biggest
increase in spawner abundance occurred whemasghe adult survival increased to historical

levels, as might result from reduced pinniped predation, and when the hatchery programs
NBadzYSR 2LISNI dA2ya (2 OdaNBIBE¥ijcordcBdeSt ad® ¢ KS L {!

0Given the many assumptions and fixed parameter values, the [model] outputs
should be used in qualitative fashion only, e.g., to rank actions in terms of
effectiveness. It would be difficult to assigmaantitative gainto any of the
A0SYIFNA2a GKFG 6SNB LISNF2NXYSR®DE
oSimilarly, it will be difficult to use the model in its current stage of development
for adaptive management, because it will be unknown whether a failure to see a
predicted response to a management action in the real wizrldue to stochastic
variability or to inadequacy of the lifeycle modek

3.4.3.Conclusionsbout Pinniped Predation
Are pinnipeds potentially a significant source of mortality for Upper Columbia spring Chinook?

The best available scientific evidenes,reviewed by ISAB in past reports (see abbve ! . Qa

Past Findings, Conclusions, and Recommendatemms in new (2017) reports and publications,
indicates that pinnipeds arngotentiallya significant source of mortality for Upper Columbia

spring Chinok adults. However, populatiespecific esthates of predation impacts on Upper
Columbiaspring Chinook were not availablettte ISAB at the time of this review. The

estimated consumption of combined populations of Chinook salmon by pinnipeds in the
Colunbia River increased sharply over the past decade, likely exceeding removals by fisheries
(Chasco et al. 2017) (kg 3.28). Potential impacts varied by pinniped species and salmon life
stage. For example, in 2015 estimated biomass (metringsnt) and mmbers of Chinook

salmon consumed in the Columbia River estuary varied among harbor seals (14 t, including
1000 adults and 312,000 smolts), California sea lions (219 t, including 46,000 adults), and Steller
sea lions (227 t, including 47,000 adults) (Cbhagal. 2017). In 201The reduced salmonid

runs and persistently high numbers of pinnipeds in the latter part of the season suggests that

the total impact by pinnipedson&® S NQa al f Y2y AR Ndzy Yl & 06S I N
(Figure 3.29).
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Figure 3.28. Estimates of consumption of Chinook salmon by pinniped predators in the Columbia River,
with uncertainty, in terms of the biomass (primary axis) and number (secondary axis) of Chinook salmon
consumed, 1972015 Source: Figure 7, Chasco et(a017).
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Figure 3.29. Preliminary estimated pinniped predation at Bonneville Dam in 2017, compared to the 10
average(Tidwell et al. 201) Between 13 May and 2 June 2017 an estimated 1837 sadG
salmonids were consumed@yr average estimate of 49adult salmonids for the same time period).
From 1 January to 2 June 2017, an estimated, but not adjusted, 4993 + 234 adult salmonids (82% spring
Chinook) were consumed by pinnipeds. The combined runs were delayed relative to previous years and
smaller than the longterm average. As such, the duration of pinniped presence and levels of fish
predation were protracted relative to the ¥gear average. The reduced salmonid runs and persistently
high numbers of pinnipeds in the latter part of the season suggstt the total impact by pinnipeds on
H N msahanid run may be large.

The Chasco et al. (2017) estimates efiver consumption of adult (ocean age two and greater)
Chinook salmon by sea lions in the Columbia River from January to August in 20,008s 6
(49,00@81,000), were lower than the most recent direct, taggbaged estimate of 95,000
(61,00@127,000) spring/summer Chinook (MicleeRub, pers.amm., August 7, 2017, as cited
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by Chasco et al. 2017). However, the Chasco et al. model estinteteddditional sea lion
predation on Columbia River Chinook salmon in the ocean may be larger than previously
documented (e.g., approximately 70,000 ocean-agealmon) during the same period in 2015.

Updated taggingbased estimates of iiver (estuary ad lower river below Bonneville)

mortality of upriver spring/summer Chinook salmon adults peaked in 204285 (~100,000
fish)and decreased in 2016 and 2017 to relatively low lefz22,000 fishsimilar to those in

the base period, 20:2013(~31,000ish) (Figure 3.30) (Wargo Rub et al. presentation to ISAB,
December 8, 2017, Northwest Power and Conservation Council, Portland, OR). Radio telemetry
tracking results indicate the highest mortality occurs in and near the estuary and in the
Bonneville tdrace. The mortalities are thought to be due to pinniped predation, but additional
covariates potentially influencing salmon survival include spill, abundance of smelt, and fin clip
status.
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Figure 3.30. The estimated number of upriver spring/summer Qlik mortalities (95% confidence
interval) in the Columbia River loev Bonneville Dam

Can the effect of pinniped predation of Upper Columlsipring Chinook be quantified?

Efforts to quantify the effects of pinniped predation on Upper Columbia spring Chareok
ongoing and continue to make progress (e.g., Sorel et al. 2017). However, additional data and
evaluation of uncertainties in the estimates and model structure are needed to further improve
estimates of pinniped predation ongper Columbia RivespringChinook salmon. Chasco et al.
(2017) developed a bioenergetics/htgcle modeling approach to quantify trends (192TL5)

in predation of Chinook salmon by three species of pinnipeds (harbor seals, California sea lions,
and Steller sea lions) and killwhales Qrcinus orcain eight regions of the Northeastern

Pacific, including the Columbia River. Chastcal. (2017) addressed uncertainty in key

parameters of the model related to predator abundance, diets, and bioenergetics. For example,
the many assumtions about the fraction of energy in pinniped diets derived from Chinook
salmon resulted in large coefficients of variation in sensitivity analyses (Chasco et al. 2017, see
Supplementary Information). The structural uncertainty in the model formulatias mot

addressed. Chasco et al. (2017) suggested using amadiel approach to address structural
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uncertainty, e.g., by comparing their bioenergetics approach to other methods such as
individuatbased models or time series modeling.

3.5. Recommendations

Identifying limiting factors

The ISAB recommends integrating the results of the different approaclh®eging factors

analysis, density dependence analysis, andcljfele modeling for identifying limiting factors

to guide future revision of the Biologicatrategy of the RTT and the Recovery Plan for spring
Chinook salmon. This integration will require a collaborative prottegsncludes significant
participation by experts, practitioners, and management teams from all biglate, analysis

has focused o limiting factors related to habitat conditions. The limitations of four Hs on spring
Chinook populations are considered in isolation.

We recommend the UCSRB, RTT, anchanagers to consider an effort to synthesize the

results of the different approactssfor identifying limiting factors to guide future revision of the
Biological Strategy of the RTT and the coordination of actions for spring Chinook salmon by the
UCSRB

If return of adult spawners or recruitment substantially limit recovery in tippét Wlumbia,
then discussions of the effects of harvest on escapement betweenaragers and
participants in thdUCSRB could strengthen future approaches to improve recovery efforts.

Integration of Biophysical and Economic Evaluation of Recovery Actions

Biophysical limitations on spring Chinook are considerelihiting factorsanalysisdensity
dependenceanalysisand lifecyde modeling. Economic analysiselaxing which constraint can
most costeffectively improve abundance in the shortest period of timigas rarely has been
used to measure the operational importance of different limiting factéve. recommend the
development ofmtegrated analyse#n whichbiophysical analyes of limiting factors and
economic analysis dfe costs associated witthifferent managementctionsto better inform
recovery actions for UCR spring Chinook salrBoich analyses would provide quantitative
estimates of the relative costffectiveness of alternative recovery actions

Snake River and fiper Columbia Rivespring Chinook danon

The ISAB recommends continued comparison of Chinook recovery in both ESUs to determine
which restoration actions are most effective. Rigorous RME programs are essential to
understand the trends and factors that influence them in these two baSmslower number

of populations andotal abundancs of the Upper Columbia Rivespring Chinook ESU

potentially expose them to greater threats than thea&e Rivespring/summer Chinook ESU.
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Spring and summer Chinook in thepper Columbia River

The ISAB recomemds continued investigations of the effects of summer Chinook on spring
Chinook inJpper Columbia River subbasins, including effects of hatchery practices, redd
superimposition, competition, outmigration behavior, relative rates of survival and behavior i
the mainstem Columbiand therelative effects of pinnipeds and harvest in the lower rigad
estuary Summer Chinook may affectehlrecovery of spring Chinook tiugh competition, redd
superimposition, and introgression. In addition, differencesfenHistories, habitat

relationships, survival, population demographics, and responses to potential limiting factors by
summer Chinook may reveal critical factors for the recovery of spring Chinook salmon in the
Upper Columbia River

Analysis ohatural onigin return numbersfor spring and summer Chinogkovide a general
demographic overview of how population abundance varies tiveg. However,grouping

returns bybrood yeamrovides a number of important advantagdsiveniles are counted by

cohort or yea class, and adults should be counted on a similar basis in demographic analyses
Foremost among those is the development of recruitment curves that can determine intrinsic
productivity and the population carrying capacity in existing hablaf&B 2018). Additionally
smoltto-recruit (SARs) estimates for each brood year can be made. SAR values could be used to
directly test the effects of the summer spill program on survival and also allowa refined
assessment of how summer and spring Chinook abundance may be rdldtethtages of

using brood year returns as opposed to annual returns have led us to make several suggestions
the researchers may wish to undertake if they are not already undgr

1 Add harvest values (by age) to the return numbers for years & 2806
1 Evaluate trends of abundance byood yearrather than by return year.

o Anadromous spring Chinook reach maturation at ages 3, 4, and 5. Summer
Chinook also mature at these ageslaa few may return at age 6. If age data are
available it will be possible to examine the abundance of fish returning from the
1986brood yearup to the 2010 broogear. This would create a dataset with 25
brood years as opposed to the existing one v@greturn years.

7 Our request to compare the survivatdlife history strategies of spring and summer Chinook returning to upper
Columbia subbasins occurred after our site visit to the upper Columbia. We appreciate the effort undertaken to
carry out this unexpected and new assignment. The scientists perfgrthia work indicated that additional
comparisons will be made in the future. It is likely that yearly return data will be deconstructed and assembled into
brood year survival and abundance data. The suggestions for future analyses were made to afiinmotti@nce

of producing and analyzing brood year information.
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1 Use return data to populatbrood yearmeturns by subbasin rather than aggregating
them into a single number for each race of Chinook salmon. Summer and spring Chinook
returning to the Wenatchee River pass over two fewer dams than thetsemning to the
Methow and Okanogan River and therefore may be affected by different stressors.

1 Temporal and spatial overlap information on adult spring and summer Chinook is likely
available for the Wenatchee and Methow subbasins. This information sieulged to
determine the degree of overlap that exists between these two races in the above
subbasins. Since spawner density is known to affect distribution patterns (Murdoch
2017) multiple year assessments should take placklitionally, analyses on
hybridization rates and the occurrenad redd superimposition similar to those
performed in the Entiat are encouraged. They would help determine the relative
importance of these factors on spring Chinook productiviine they major factors
constraining sprig Chinook abundance or occur rarely and are of little demographic
importance?

Pinniped predation

The ISAB reiterates its recommendatidresm past reviews (se8.4.2) andrecommends
proceeding with pinniped recommendations in the 2016 fpear Upper Coimbia status
report:

A&(1) expand pinniped monitoring efforts to assess predgtay interactions
between pinnipeds and listed species, (2) maintain predatory pinniped
management actions at Bonneville Dam to reduce the loss ofivgr listed

salmon andsteelhead stocks, (3) complete hégcle/extinction risk modeling to
guantify predation rates by predatory pinnipeds on listed salmon and steelhead
stocks in the Columbia River and Willamette River, and (4) expand research
efforts in the Columbia River &sry on survival and run timing for adult
salmonids migrating through the lower Columbia River to Bonneville ©am.

The ISAB considers the second recommendation a necessary precautionary measure while
better data are collected

The ISAB recommends idegtifgand investigatig other potentially significant sources of
mortality of Upper Columbia spring Chinook smolts and adults in the Columbia River
plume/ocean shelf habitats, estuary, and lower mainstem and tributaries. New information
FTNRY bh! | @ddmoddlirg 8fforis Bevealed important data gaps, including lack of
populationspecific survival estimates for Upper Columbia spring Chinook

The ISAB recommends use of a variety of approaches to qupmifiped predation impacts,
such as the ongoing ¢@ing studies and coastide bioenergetics/lifecycle modelingNew
AYF2NXYIEGAZ2Y FNRBY bh! ! Qa GF33AYy3 YR Y2RStAy3
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including the lack of populatieapecific estimates for UCR spring Chinook salmon. To evaluate
assunptions and reduce uncertainties in estimates, modeling efforts would benefit from better
information on the abundance and spatt@imporal distribution of pinnipeds, particularly in the
lower river and estuary, pinniped body mass and digestion efficienaresthe fraction of
Chinook salmon prey in pinniped diets, as well as better estimates of natugah smolt
production, smolt and adult spatial distribution and residence time -atzsge and growth, and
energy density of UC spritithinook Comparisa of multiple models could reduce structural
uncertainty (e.g., comparing a bioenergetics approach to individaaéd models or time series
models).
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4. Prioritization andE&fectiveness ofHabitat Restoration
and Enhancement

Questions submitted to ISAB:

Are habitat recovery actions being prioritized and sequenced
strategically, given existing knowledge and data gaps?

Is there evidence thatgst projects have improved habitat for this ESU

How should habitat projects be prioritized and what types of habitat
projects should be prioritized in the future? Why?

126 ¢Sttt INB OlA2ya Ay 20KSNI Y
and hydrosystm, hatcheries, and harvest) aligned with recovery
efforts? Specific input to inform development and refinement of the

P LILISNI / 2Ff dzYo Al Q& LINRLI2ZASR LINA 2N
be much appreciated.

Many habitat protection, retoration, and enhancement projects have bgalanned and

completed in the Pper Columbia River region since spring Chinook salmon were listed as an
endangered species in 1998 large part, this is because restoration of tributary habitat is
considered &ey requirement fo recovery of this salmon stoend one of the most feasible
actions possible to mitigate for degradation of the hydrosystem by dams, native and nonnative
predators, and poor and changing ocean conditions, among other stre3smwsard hat end, a

total of $74 million dollarérom all funding sourcewas been spenbetween 1996 to 2018

plan and carry out these habitat projects (UCSRB 2014Db).

The effects of habitat restoration interact with those of actions to address the other three Hs
Hatchery, Hydropower, and Harvesinaking it difficult to separate their effects and determine
which actions provide optimum benefitds a result, biologists and managers have focused on
smolts produced from UCR subbasins as one measure of the effeds/ehbabitat projects,
because it is relatively free from influence by other mitigation actions, except for introduction
of hatchery fish (UCSRB 200X key measure of smolt productivity is smolts per redd,
determined by dividing smolt output measureding screw traps by redd abundance measured
using field surveys or estimated from counts of adudsother measure is patto-smolt

survival, measured byetectionsof PIFtagged fish at PHag antennas in lower river locations
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or at the first downstreandam, althougtthe accuracy ofhis measure can be affected by
conditions in the mainstem Columbia River for outmigrants.

Habitat restoration consists @ wide range oéctions, many of which require decades or
longer to see their full effect§ herefore detecting and summarizing the effects of these efforts
is expected to be difficult. In this section, we discuss how habitat restoration projects can be
prioritized, the evidence that the most commonlged types produce better physical habitat
and more fif, three primary methods used to set priorities for habitat projects, and how
habitat restoration is aligned with other Hs to achieve recovery

4.1. AreRecoveryActions Being Prioritized and Sequenced
Srategically?

The Upper Columbia Salmon RecoveryrBddCSRBSs the primary entity that prioritizes

habitat restoration actions for spring Chinook in the Upper Columbia River. Formed in 1999, the
UCSRB is a partnership of counties, tribes, state and federal agearadscal conservation

groups. They have established several key organizational components and processes:

rigorous structure for governance

regional technical team

explicit recovery plan and biological strategy
economic analysis of regional cost/benefinsierations
staff for implementation

staff forfiduciarymanagement

a framework foradaptive management

regular schedule of meetings

outreach and education

= =4 4 8 4 8 5 -5 -9

The UCSRB is one of eight regional salmon recovery organizations as part of the State of
Washingty Q& D2 SNy 2NRa {FfyY2y wSO20SNE hFFAOSO®
County Commissioner from each of Chelan, Douglas, and Okanogan counties and one
representative from each of the Colville Confederated Tribes and the Yakama Nation. The
UCSRB hasstaff that includes an executive director, science program manager, natural
resource program manager, fiscal manager, and natural resources program coordinator.

The UCSRB established the Regional Technical Team (RTT) to recommend regional strategies,
evaluate monitoring data, review salmon recovery projects, and guide monitoring plans. The
RTT developed thepper Columbia Biological Strategy a framework for identifying,

designing, and implementinggabitat projects to recover native salmonid stocks (RTT 2014). The
UCSRB also works with local partners to share new syntheses of Upper Columbia science and
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assist the community in linking healthy communities with restoration of the aesthetic,
economic anctultural values in the Upper Columbia. Each county either individually or
collectively holds public meetings, open houses, workshops, and informational se&sitins
general and technical informaticare provided inbrochures, websites, and published
doauments.

{AYyOS HwnmnI GKS L{wt KF& LINIAOALIGSR Ay &AE
Programmatic Habitat Project (BPA project #2000-00). Most recently, in 2017, the ISRP

reviewed the project as part of the Northwest Power and Conséngaty’ / 2 dzy OAf Qa wS @]
Umbrella Habitat Restoration ProjectSRP 2012; also sedSRP 20140, ISRP 2015 [covers

review history] ISRP 20131, ISRP 20128, andISRP 201020 @ ¢ KS L{ wt Qa NB DA S
F20dzaSR 2y (KS |/ { w. (BiolodidhBteatdgnionitariSgasdO i A 2y LINB O
evaluation approach, and results. In theucse of those reviews, the ISRP and UCSRB have

discussed and addressed project prioritization issues such as conflicts of interest concerns with

RTT members; mulliear funding and the ability to pursue large, complex projects; and other

steps to improveadministrative efficiency.

In the 2017 Umbrella Project Review, the ISRiRedd G KS | / { w. Erogen®8 @St 2 LIS
transparentsystem for solicitation, review, and project design that serves as a useful model for

other Umbrella Projects. The formal coamation among the Executive Teams, Project Teams,
5SaA3dy ¢SlIyYa YR wS3IAaAz2ylf ¢SOKyAOrt ¢SFY o!/w
noted some opportunities to improve the UCSRB project selection process including the need

for 1) a description of how mjects will be prioritized and sequenced, given limited funding, to

maximize the effectiveness of the programy R H O | QLI Iy F2NJ 0KS ae&gad
NEBf SOFyld (2 tAYAGAYI FFOU2NA | YR LINPXHBG RSaA
not intended to duplicate or rehash those ISRP reviews, but the ISAB offers some additional
recommendations for improving the project prioritization procgsatticularly to maximize the

impact of available funds over short and long time frames

4.1.1. Components for Effective Prioritization of Recovery Actions

If financial resources and time are unlimited, prioritization is unnecesBaigyritization is only

necessary when there are constraints. Since financial resources and time are those ctastrain

the focus of prioritization should be to achieve the greatest restoration benefit per dollar and

per year.Prioritization and sequencing of recovery and research efforts should reflect both the
intended objectives (the recovery goals) and the realitieexisting resource constraints. The

UCSRB Recovery Plan must assess how well these projects and other actions are achieving the
desired changes in fish abundance, productivity, and risk of extindmject success can be

FNFY YSR GAYy GSRNBYRTI dzh Yy 5 & & O BESWNIBYMreg kg 6 &4 O2 LIS
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criteria that have been used effectively to measure success of project management for more
than 60 years (Figu1).

Cost

Quality Time
Figure4.1. Framework for assessing projectmagement sucess(from Atkinson 1999).

One succinct version of thiswidadgd SR aSd 2F ONARGSNALI &aSS1a (2 a
2y GAYS YR (2 GKS &LISOATASR Ozadsx ljdzatAade |y
recognizes that additical criteria will be important at the local level, such as benefits or costs

for specific stakeholder groups, sources of funding restricted to particular uses, and individual
landowner considerations.

(1) The cost constraint recognizes thrasources ardimited so choosing actions that
contribute most per unit of available resources will galiest toward achieving overall
success. Tradeoffs are inherent in project selection. Choosing to start or expand one project
generally will result in fewer resources fother projects. Resources for habitat restoration
are limited as are resources for research, monitoring, and evaluation. One critical decision
involves the allocation of scarce resources directly for restoration versus data collection and
research that mg improve later decisions. Does one decide to act, or does one decide to
gather more information/data so that better-informeddecision can be made in the future
(seeISAB/ISRP 201K Appendx A In some caseghe contribution of a given action
toward ultimate success willepend on complementary actiomms on actions taken
elsewhere that are outside the control of the project managers (e.g., harvest, hydrosystem,
hatcheries).

(2) The time costraint recognizes that the timeliness of a given action or its contribution to
NEO2@SNE 3J2+fa OFy 6S Fa AYLRNIIYG a O02ado
Ad NBO2OSNER RSYASR®E ¢KS @l fdzS 2F UERKRB LINR2SC
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within 5-15 years (as of 2007) and that recovery of Upper Columbia spring Chinook could

occur within 1630 years. These timelines come with major caveats reggrdutof-ESU

conditions, but nevertheless convey the sense of urgesiayilar tothe NPCC Fish and

Wildlife Program goal & millionsalmon and steelhead per year by 2025.

The time dimension also recognizes that sustained increases in abundancéwi@nniore
toward goals than temporary increases. More immediate improvements in abundance also
should carry more weight in decision making than improvements that are delayed or have
slow responses to project actions (Arrow 1965; Farrow Zerbe 2013; Arre et al. 2013.

(3) The most uncertain and complex criterion for project success is the quality/performance
dimension. Given the state of empirical research in the region, there is great uncertainty
about likely success in terms of increased abundance fada mnge of restoration actions
due to other limiting factors, density dependence, @ftESU conditions, and other factors.

In addition, the quality, scale, and siting of actions can have a major effect on success. Life
cycle models have the potential tocorporate information at all life stages and estimate

the impact of actions that affect specific life stages on aggregate abundance through time,
while accounting for limiting factors at other life stages. Though currently in their early
developmental &ages,life-cyclemodels eventually may be one of the most comprehensive
ways to evaluatehe benefits from specificestorationactions.

While most attention is focused on determining which kinds of actions will be biologically
beneficial toward recoverof Upper Columbia spring Chinook, it would be inaccurate to
conclude that this quality/performance element outweighs the elements of cost and time. A
project of type A that is estimated to improve abundance by 10% will be twice as valuable
as a project btype B that improves abundance by 5%. But if project B costdlorteas

much as project A, greater progress toward increased fish abundance will be achieved by
doing three projects of type B rather than one project of type A, with the same total
resources. Similarly, a project type Z that improves abundanceOBfy ut only after a 20

year lagshould have a lower priority than a similar project Q that for the same cost is
expected to achieve the same outcome in 10 years. The real world contains more
comgicated alternatives where the impact, timing, and costs do not lend themselves to
simple ranking. Instead, they require quantitative comparisons in terms of their estimated
benefits, costs, and timeliness, especially when uncertainty is high.

There are tw general points here. First,ipritizing actions require judgents about their likely
biological performance, but equal or greater overall success may be achieved if the other two
elements (i.e., cost and time) are given appropriate wei§atond, the tadeoffs between
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guality/performance versus cost versus timeliness should be explicitly evaluated at all stages of
planning and decision making. Evaluating these tradeoffs correctly involves weighting all three
factors in a manner thatonsiders multiplicéve interactions and time discounting. Indeed,

more detailed optimization models such as goal programming can be applied @taathiz

1998. Frameworks for dealing with projects involving uncertainty about methods and goals
have also been developed (Temand Cochrane 1993).

The focusof our recommendationsere is ost-effectiveness analysisther thand 6 S yc8st A (i
analysis whichis not being proposed. Benefibst analysissa method in which both benefits

and costs are estimated in comparable metary units whichNE ¥ SO0 a2 Gk Si e Qa
Go At f Ay 3 yoBaigiveniadionlad welEas for the costs of that action. This would allow a
project to beevaluatedin terms of its present value of net benefits in dolldtiswever,

estimating themonetaryvalue ofmany environmental resources difficult and likely to be
controversial. The kinds of values at issue would include cultural and aesthetic values, indirect
use valueandnon-use values such as existence value (see NRC 2005).

To the exent that the decision to undertake restoration activities has been m@adg.,ESA
listingsand recovery planswe can avoid the step of monetizing the benefits of alternative
actions and instead ask: which restoration activities would be most effegévelollar of
funding?Thisprioritizationis the focus of cosgffectiveness analysis, where CE, the €ost
effectiveness ratio, is the ratio of estimated benefits (in units of adult fish, smolts, redds, or
other appropriate biological changes) to estimatawject costsln this report, we focusn

how to implement coseffectiveness analysis frioritize alternative actionsand maximize the
effectiveness of program resources.

4.1.2. CosteffectivenessEstimates thatAccount for Time

Two challenges ariseh&n attempting to prioritize projects based on costs and benefits that
change through timeFirst, benefits of different actions are difficult to estimate, such as the
expected increased numbers of smolts across different time periods. Second, manyualdivid

may not be familiar with time discounting used in both benrebst analysis and cost

effectiveness analysis. However, there are simple methods to address these challenges that are
transparent, consistent with standard practices, and can be unifoampfied to all projects.

The first challenge, the difficulty in quantifying the expected improvements in smolt numbers
or other VSRparameters is a genuine problem for judging the likely merits of different projects.
Rather than using a somewhat arbityacost index (see sectigh3.3 on RTT Strategy below),
there are advantages to simply estimating the expected benefits, even if this is simply asking
experts each to independently identify the highest and lowest realistic estimate, and then
calculating tle midpoint (Conroy and Peterson 20183vantages of this approach are thaj:
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the estimated benefits are all in the same units (e.g., expected increase in smoytsgrgand
2) the estimates produced form a basis for discussion about whether theyareigh or too

low.

The second challenge, prioritizing projects because time and resources are scarce, involves
application of discountinfuture costs oibenefit in some form. Given the high degree of
uncertainty in benefits and their timing, a comprelsgve project cost analysis model does not
seem appropriate. Nevertheless, a simplified framework that upholds standard practices for
project evaluation is possiblas illustrated irBox 4.1:

Box 4.1
Example of a Simplified Framework
For Evaluating Costffectiveness of Projects

Step 1: Estimate the effect that the project is expected to produce during ea
four different time periods. For example, estimate the average annual increa
in number of smolts during years1D, 1125, 2650, and 51100.

Sep 2: Estimate the initial cost of the project in dollars. For cases where the
will be ongoing costs such as maintenance costs in future periods, convert t
FdzidzNBE R2f € F N Ayid2 GKSANI aLINBaSyl
appropriate discountate such as 3% (Moore et al. 2004; EPA 2010).

Step 3: Sum the average values in Step 1 across all time periods, and divide
total by the cost estimate from Step 2. The result is a measure of cost
effectiveness, where nedgerm abundance benefits hauseen given somewhat
more weight than migderm or longterm abundance benefits. This
differentiation in weightings a result of thedifferent lengths of thdour time
periods, which effectively discounts future benefits at approximately a 2.5%
social disount rate. Other groupings of time periods are possible, but the
number of years in each grouping should increiasthe future The resulting
ratio can be interpreted as a measure of the biological benefits per dollar of
and these can be ranked fromghest to lowest across projects.

Step 4:1fithe above analysis was done for, say, adge estimates of the
abundance benefits in Step 1, one could repeat the analysis for low and higt
estimates, and perhaps for an alternative discount rate. Comgfaeanking of
projects with these different assumptions to assess the sensitivity of the ratig
the assumptions. More effort could then be placed on gaining information ak
assumptions that affect the outcome more. If these ceBectiveness ratioare
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very similar, then other criteria for ranking projects may be judged to be mor
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important. But if there are large differences between the highest and lowest
costeffectiveness ratios, choosing the most cefective options will be
important.

Byqugy UAFe@AY3d 06SYySTAlA Iy R-effodivénshsmrhis @ay, iojeck LINE 2 S (
selection can be done to achieve the greatest benefit for limited resources and time. Indeed,

having these explicit metrics to guide decisions can also help guard tg@bkems with

AYyO2YLIl GAOES AyOSyiA@Sa GKIFIG €tSFR G2 ¢l adS¥dz
tinker,and hopgg 2 NJ IAGAY I AY 0ddeveiNBvEEngzeS graugan & LINSF R T
frequently lead to inefficient use of public resourc&®r example, decisions based on political
acceptance or jurisdictional equity can lead to the lowest possible benefits for society (Wu et al.
2003). Habitat investments with cumulative effects need to be carefully targeted to achieve the
maximum benefit§Wu et al. 2000). These issues have been important for a range of

conservation programs including riparian restoration (Watanabe et al. 2005).

Choosing projects based only on their relative biological benefits, while ignoring the differences
in cost, carlead to large losses in effectiveness. For example, a retrospective analysis of
conservation in California found thatcounting foland costs in prioritimg conservation

actions would have quadrupled the number of distinct species and tripled the nuaibe
threatened and endangered specipsotectedunder the plan (Underwood et al, 2009). Similar
results have been found for vertebrate conservation, marine reserves, and salmon conservation
(Boyd et al. 2015).

4.2. Evidence ofhysical andBiological Responses toPast Habitat
Restoration Projects

4.2.1. Approaches foiMeasuringHfects of Habitat Restoration

Measuring the effects of habitat restoration for fish and other aquatic and riparian biota is one
of the great challenges of river and stre@mwnsenation. Largescale experiments have inherent
constraints that make the basic requirements of control, replication, and randomization at best
difficult and at worst impossible to medtikewise, in the best casesearchers can measure

true survival of sahonids (as a key measure of fithegsyesponse to habitat actions (see

Bouwes et al2016for an examplejsing aBeforeAfter-ControlHimpact (BACI) design (Manly
2001), but in many cases this is impossilbleerefore, researchers may instead consider
measuring other correlates of fitness in the hierarchy of possible responses byliebte range
from shortterm measures over relatively small spatial scales like habitat use or growth, to
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longerterm measures like smolt production for fish that traversgiee subbasins during their
juvenile life history

This hierarchy can be framed as a series of questions

1. Do fish use the area treated or the habitat created?

2. Is fish abundance increased by the treatment, while not drawing fish away from
adjacent untreag¢d areas?

3. Has the treatment increased fish growth or physiological condition?

Has the treatment increased survival of fish through one or more life stages?

5. Has a set of treatments increased smolt production for an entire population?

»

Welldesigned and exerted studies of any of these responses are difficult and take years to
complete, analyze, and publish, so researchers have been able to complete relatively few for
spring Chinook in the fyber ColumbiaLacking this direct evidence, two other sources of
information may be availablé-irst, evidence may be available from research in other
watersheds and in some cases for other salmonid races or species to assess which habitat
restoration actions are likely to be most effective.

However, a difficult problem ihat many habitat actions have complex effects on salmon life
cycles that play out over large scales of space and time, and are confounded by many other
effects within subbasins and across the entire range of habitats that salmon odthgrgfore,
when drect evidence is unavailable, a second approach is to assess whether improvements to
habitat are likely to have positive effects on key life stages based on research at smaller spatial
scales and shorter time scales, and to use inductive reasoning te &mgpositive benefits that
cannot be measured directly owing to other confounding factésan example, fine sediment

is a known mortality factor for salmonid eggs and embryos (e.g., Reiser and White 1988)
Therefore, habitat restoration that reducemé sediment should increase survival of eggs and
embryos, even if other mortality factors later in the life cycle mask the effects of the reduced
sediment (Hillman et al. 2016).

4.2.1.1. A hierarchy of approaches for testing the effects of habitat restiioa

The challenge of field experiments

A key problenfor field experiments otabitat restorationis how to rigorously measure
responses, especially those by fish, when replicated experiments are difficult or impossible.
Experiments are the goldatdardof the scientific methodind require the hallmarks of

control, replication, and randomization. However, true controls are often difficult or impossible
because physical effects of treatments may flow into downstream reaches, so controls must
often be upsteam where physical conditions like temperature are different at the outset.
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fish and violate the assumption that reaches are independent.

Likewise, replication isffiicult or impossible, because reaches are often inherently different

from the start (e.g., differences among side channels chosen as replicates). In addition, reaches
of sufficient length to encompass all relevant fish population processes are usugllgridn

very difficult to sample, so at best only a few replicates can be measured.

Finally, radomization is often overlookeand is also difficult to achieve. In theory, the entire
population of sampling units (e.g., disconnected side channels in the)basiid be defined
beforehand, and a random subset then chosen for treatment (e.g., reconnection) and
compared to another random subset chosen as unmanipulated controls. It is rare that such
randomization is done in large field experiments on habitat negtton. At best, replicate
reaches are chosen haphazardly from among those available, with no intended bias, or
replicates include all suitable study reaches or units in the subbasin.

What is possible?

Given these inherent challenges for measuring thea@ff@f habitat restoration on fish and fish
populations, what are the optior*sish respond to their environment through a hierarchy of
responses, from behavior (including movement) to physiology, growth, abundance, and
reproduction. Each is a measure héss, ranging from those operating at short time scales
and small spatial scales to the entire lifetime fitness of fish carried out over the entire
hydrosystem and ocean ecosystem. Thus, what is possible is to work from first principles and
measure comppoents of this hierarchy of responses, framed as a series of quegtieasable

4.1).

1. Do fish use the area treated or the habitat createdq™ fish do not occupy the area treated

by the habitat project or the habitat created, then they cannot reap potential benefits to
fitness, so this is a basic measure of project success. An ideal design is to estimate true
abundance of fish in randomly chosen sites that are treated by habitat restoration projects
versus another randomly chosen subset not treafedntrols). This treatmentontrol

comparison could be strengthened by also measuring fish density before treatments to confirm
that fish abundance is similar among sites before any treatment (i.e., in a B&ftaeControt
Impact [BACI] design; StewaDaten et al. 1986; Manly 2001). In many cases, investigators
estimate relative abundance by methods such as snorkeling supplemented with netting, but
these are underestimates with unknown accuracy. Methods that include estimating capture
probability are sperior because they allow also estimating true abundance (White 2005). The
most precise estimates of true abundance are achieved when the sites are enclosed to allow
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closedpopulation estimators to be used, such as megkapture and removal estimates (Vi
2008).

As an example of this design, Desgroseillier and Albrecht (2016) estimated density of juvenile
Chinook salmon in five connected side channels of the Entiat River by electrofishing and seining
during three seasons (spring, summer, fall) over thyears and compared them tbe density

in adjacent mainstem habitats. Most of the side channels had been enhanced by reconnecting
them or adding wood to increase their complexity. Density was about five times higher in off
channel than mainstem habitataidng summer, although true abundance was not estimated

and methods for estimating density in mainstem habitats were not reported.

2. Is fish abundance increased by habitat treatments, without affecting abundance in
adjacent habitats; One concern oftenaised by biologists and managers is that fish may
Y2@0S (2 dzaS GNBFGSR I NBFa 2N KFoAGEG &b NHzOG dzN.
abundance from adjacent untreated reaches. This issue is difficult to address becausafish
move from many diffeznt distances, including long distances from treatments (Gowan and
Fausch 1996), so measuring any effects of depletion in adjacent habitats is challenging.
However, one argument countering this concern is based on the first principles of density
dependentpopulation regulation in salmonids (e.g., Elliott 1994), which supports the
contention that habitat left vacant by fish that move will be filled by subordinate fish that
would have died had they not found suitable habitat. For example, if this mechanisnodi
operate then no angler would be allowed to go fishing, for fear that habitat left vacant by fish
caught would never be filled

Nevertheless, new technology and redoubled efforts allow addressing this question, ideally

using a Beforéifter-Controtimpact (BACI) design based on estimates of true abundance and

density. For example, Polivka et al. (2015) measured density of juvenile Chinook and steelhead

AY GQOUNBFGYSyle Lk2ta ONBFGSR o0& 23 2NJ NRO|l K
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other similar segments with no habitat treatments (N=41). Estimates of relative abundance

based on snorkeling and netting over several seasons of the five years aftenérgathowed,

for example, that density of juvenile Chinook was higher in treatment pools associated with

habitat structures than adjacent control pools or natural pools in early andsomamer.

Moreover, densities were similar in control versus naturallppmdicating no detectable

depletion of fish from control pools by moving to treatment pools. However, outmigration of

summer Chinook juveniles eliminated these differences by late summer. This emphasizes the
complexity of detecting responses for fiskelisalmon with complex life cycles that include use

of many different habitats dispersed across watersheds and oceans. Here again, estimates of

true abundance, if they are possible, would improve the strength of these inferences.
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Table4.1. A hierarchy capproaches for measuring effects of habitat enhancement on salmonids in streams andea@tsapproach addresses
a key question about how fish respond, and at what spatial scale the response is measured. Abbreviations: CH=Chinoakn&RT €fd. =
control; IMW=intensively monitored watershed; BDA=beaver dam analogs

Approach

1. Do fish use the area
treated or the habitat
created?

2. Is fish abundance
increased by the
treatment, while not
affecting controls?

3. Has the treatment
increased fish growth or
physiological condition
(as a measure of fitness)’

Theoretical design

Replicated BACI design,
based on sampling of
enclosed areas to
estimate true fish density

Replcated BACI design,
based on sampling of
enclosed areas to
estimate true fish density

Comparison of growth
rate of individuals known
to have used restored
KFoAdlFd gao
that used unreated areas

Actual design

Replicated TRTTL
comparison, N=5
GNBLX AOF (S¢
not chosen randomly,
spring, summer, fall 2015
(methods for estimating
density in mainstem not
reported)

TRTCTL comparisons 5
yrs postTRT (N=10 TRT
pools, N=11 CTL, N=41
natural pools), based on
relative abundance from
snorkeling and seining

TRTCTL comparisons for
5 yr postTRT, N=238 TR
fish, N>3000 CTL fish
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Outcome

Density of juvenile CH
higher in enhanced off
channel habitats tha
mainstem habitats inthe
Entiat R.(Desgroseillier
andAlbrecht 2016)

Density of juvenile CH
higher intreatment pools
associated with habitat
structuresin early and
mid-summer, and similar
in adjacent untreated
control pools compared tc
natural pools in untreated
reaches (Polivka et al.
2015)

Juvenile CH recaptured ir
restored pools grew
faster than those not
recaptured or that used
untreated pools although
total annual growth was
apparently similar

Constraints

Use of habitats by fish
varies seasonally.
Unknown whether use of
habitat causes increased
fitness

True controls difficult
because of fish movemer
(experimentalunits are
open), and effects may
vary seasonally

Methods fa analysis are
still being developed and
tested



4. Has the treatment

Barker captureecapture

increased survival of fish  model to analyze a

through one or more life
stages?

replicated BACI design

5. Has a set of treatments Estimates of smolt

increased smolt
production for an entire
population?

production (smolts/redd)
for many years prevs.
posttreatment

Replicated TRT sites usin Juvenile CH survival in

Barker model; N=8

side channels was higher

G NB LIt Mdédhainr&ks, during summer than
not randomly selected, nc winter, and higher in

controls, 3 yrs posTRT
sampling

No example found
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upstream than
downstream segments of
the Entiat River
(Desgroseillieand
Albrecht 2016; Gre and
Desgroseillier 2016)

Precise estimates of true
survival require sufficient
recaptures of permanent
emigrants (e.g., smolts;
Conner et al. 2015)

High sampling and
process variance on smol
production estimates
limits power to detect all
but large differences pre
Vs. posttreatment. Effects
of habitat restoration are
confounded with those of
hatchery releases.



3. Has the treatment increasephysiological condition ogrowth? ¢ Physiological condition or
growth are more integrative measures of the importance of fish habitat than is abundance at a
point in time. Growth 6juvenile salmon, for example, is known to confer advantages for
subsequent survival during smolting and ocean rearing. Therefore, a useful measure is to
compare whether the growth rate of individuals that were marked and recaptured during a

ASIHaz2@aiaRrRWBRNBE LI122f a4 o00K2aS ONBIFGSR o0& KFoAdl G

boulders) is greater than those that were marked in restored or unrestored pools and never
seen again (i.e., had no site fidelity near habitat structures).

Polivka and Mihadjvic (unpublished manuscript) reported that juvenile Chinook salmon in the
lower Entiat River that showed fidelity to restored pools-@bd between recaptures) reached
a larger size earlier in the season than those never recaptured, based on datavieom fi
separate years during 206816. Nevertheless, by the end of the growing season individuals
did not differ in length, regardless of habitat selection behavior. One explanation for this last
result might be that smaller fish that used unrestored habitatl higher mortality, although

this was not addressed by the authors.

4. Has the treatment increased survival of fish through one or more life stagea&till more
integrative measure of fitness, and a key component for any population model, is survival.
Those fish that gain benefits from habitat restoration are expected to survive better during
periods when they are using treated areas as well as perhaps after they leave the area and use
other habitats. However, survival is estimated from marking andptaing fish, so how can it

be measured for marked fish that leave, or for those that immigrate but are not markiee

lack of information on these two groups could introduce unknown bias into estimates of
survival.

Recent advances in modeling data froapturerecapture sampling allow better estimation of
survival based not only on marking and recapturing animals in defined reaches, but also
detections beyond those reaches using fixed@frantennas, mobile PX&g detectors, or

other sources of recaptes. The Barker model (Barker 1997; Barker and White 1999; Conner et
al. 2015) has been successfully used to incorporate diverse sources of recaptures that occur
continuously in time (instead of only during discrete sampling occasions) to estimate true
suvival that is not confounded with emigration, rather than only apparent survival where the
two are confounded, as estimated using Cormacky-Seber (CJS) models. As for all models,

the precision of these estimates imases when more fish are markadd more effort is

expended to detect both fish within reaches and those that emigrate permanently (e.g., smolts
that emigrate from the system; Conner et al. 2015).
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Desgroseillier and Albrecht (2016) and Grote and Desgroseillier (2016) marked juvenile Chinook
salmon with PIT tags in six side channels along the Entiat River over 3 years, and detected them
in subsequent sampling as well as retrieving the detections at downstream dams during smolt
outmigration. Analysis revealed that their survival was highemdusummer than winter, and

higher in sidechannels farther upstream in the basin than those downstream. This method

holds promise to greatly improve the understanding of juvenile salmonvalrthrough smolt
outmigrationand has been successfully useaiher IntensivelyMonitored Watersheds for

juvenile steelhead (Bouwes et al. 2016). It is especially useful for steelhead, because they use
tributaries longer than juvenile Chinook and so are more frequently detected, and are more
likely to be detected athey emigrate permanently by smolting downstream (C. Saunders, Utah
State University, personal communication).

5. Have the entire set of habitat restoration treatments increased smolt production for a
salmon population?;, The ultimate goal of habitat regtation is to increase the smolgger
redd, or smolt production, for the popuian of salmon in an entire sdiasin, such as the
Wenatchee, Entiat, or Methow rivers. Thigjteéres measuring two quantitiethe number of
redds produced each year ftarat population in the subbasiand the smolts that outmigrate
from the juveniles that emerge from those redds.

While conceptually simple, measuring these quiediis technically challengirasnd must be
conducted for long periods to have hope of detecting ral@vwchanges owing to habitat
restoration (see below). Although estimating total number of redds is relatively
straightforward, based on stratified random sampling or complete census, it requires
substantial field effort. In contrast, measuring smolt outmitione using floating screw traps,
which sample only a small volume of the outmigrant smolts, or with fixedagl@ntennas
located near the downstream ends of subbasins. As a result, the measurement variance on
estimates of smolts tends to be largede.Grote and Desgroseillier 2017), and when added to
the process variance (e.g., natural fluctuations in smolt output year to year), results in large
total variances. The upshot is that many years of sampling before and after habitat treatments
are neededo detect even large changes in smolt production, based on power analyses (see
below).

At present monitoring is underway in thepper Columbiaubbasins to generate these data,

but they have not been analyzed to address whether there is evidence forntavpasffect of

habitat restoration. Analysis in the Methow River subbasin showed thateggigrant

survival increased in the Twisp River over time, a tributary in which among the highest
proportion of habitat available and treatable had received haliéstoration (U.S. Bureau of
Reclamation Unpublished Data). However, there was also evidence for ddapegyndent

survival of spring Chinook emigrants and smolts in this tributary, suggesting that rearing habitat
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or food may still be limiting. Overalhe& problems describedlsewherewith lack of suitable

control reaches, movement of fish among treatment and control reaches, the large extent of
treatments required to detect a response, and lag times for responses to occur remain difficult
challenges fodetectingeffects of habitat restoration.

The influences of densitdependence and hatchery fish

Each of these measures of the success of habitat restoration may also be complicated by
density-dependent processes. For example, lower smolt output couldlré&sum too few

adults, or, alternatively, too many adults. In the former case, if segments or whole subbasins

I NB &simdedSineh the carrying capacity will not be achieved (see Bellmore et al. 2013

for an example in the Methow River, based on estiesaof food production in floodplain

habitats), and the predicted responses to habitat restoration may not occur. In the second case,
high densities of adultsanproduce too many juveniles for the available carrying capacity,

which then survive poorly angduce smolt output, owing to food, space, disease, or other
limitations at high densities, again confounding responses to habitat restoration.

Hatcheryreared juvenile salmon also increase density and place demands on food and space,
thereby contributingto densitydependent processes. A worsase scenario is where these
hatchery juveniles usurp resources that woblel used by wild juvenile salm@mnd yet have

lower fitness and die at greater rates at some life stage, thereby wasting resources that could
have supported wild salmon. Here again, this may eliminate some or all of the expected
response to habitat restoration.

4.2.2. Evidence ofish Responses tdHabitat Restoration of Key Limiting Factors

Key limiting factors for juvenile spring Chinook sainand steelhead production have been
addressed by using seven main types of restoration actions grouped under the umbrella of
habitat: 1) removing barriers to connectivity, 2) increasing streamflow, 3) reconnecting
floodplains, side channels, and -affianrel habitats, 4) restoring habitat complexity using log or
boulder structures, 5) managing fine sediment, 6) restoring nutrients, and 7) controlling
nonnative species

Here we focus on evidence for fish responses to three types of projects that congtieute
majority of habitat restoration actions: restoring connectivity (13% of all projects; UCSRB
2014a), reconnecting floodplains and-ofiannel habitats (15%), and adding habitat structures
(21%) We address only briefly several other types of restoraponjects (which tgether make
up 17% of projectsand do not discuss projects that address assessment and design (17%).

Habitat protection projects (the remaining 17%) are an additional category considered to be of
overwhelming importance and value by thECSRB (2014b) and the Regional Technical Team in
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their Biological Strategy (RTT 20I®)e objective of these projects is to protect existing areas
with high ecological integrity where natural processes still ocgarof 2012, 46 projects were
completedthat protected 3,379 acres (2,728 floodplain acres) and 47 miles of stream (UCSRB
2014b) It is clear that preventing degradation of habitat that is already functioning is among
the highest priorities, although it must be pursued judiciously, and not ¢oetkclusion of

restoring other key habitats (RTT 2014).

4.2.2.1. Restoring connectivity

The UCSRB set a high priority on restoring connectivity by removing barriers to upstream
movement, or modifying them to become passible by fish, owing to the potewotllow

access to large amounts of habitat quicldyrecent report indicates that by 2012, 93 barriers

had been removed, opening 282 miles of previously blocked habitat (UCSRB 2014b). To date,
this one type of restoration restored far more length of itabthan all other types summed
together.

Success of projects that restore connectivity depends on the presence of suitable habitat
upstream, a downstream source population, and the distance upstream available for
colonization (Hillman et al. 20168tudes withinand outside the Columbia Rivea$3n indicate

that colonization of upstream halaits opened to fish can be rapidnd that abundance is

similar above and below barriers after connectivity is established, indicating that fish have
recolonized theopened habitath Qb S € S |t ® o6Hnmc0O NBLRZ2NISR
rivers from across a wide range of river types in Washington and Oregon produced significant
increases in densities of juvenile coho salmon and all salmonids combined, mased o
comparisons for 1 year preeeatment versus 1, 2, and 5 years posgatment, as well as
increasing postreatment trends for these groups through time (P < 0.10 for eddbjvever,

no such differences were detected for juvenile Chinook salrftas undear at how many

locations Chinook salmon were present, which may have reduced the sample size for this
species and the power to detect the differences.

A good example of restored connectivity in thpdér Columbias the modification of water
diversions o allow fish passage on Beaver Creek, a tributary of the lower Methow River,
although this project affected steelhead more than Chinook salriibe diversions were

modified by creating rockortex weirs that impounded enough water to allow diversions for
irrigation, while simultaneously allowing fish to pass upstreltany juvenile steelhead and

some juvenile Chinook salmon ascended the newly opened stream segment oveydhe 4
monitoring period (Martens and Connolly 201During the final years of thevaluation adult
steelhead returned which had emigrated from the segment as parr, thereby confirming that an
anadromous population of this species had beesestablished (Weigel et al. 2013jJo

information was available on adult Chinook salmon returns.
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Owerall, studies from both within the fpper Columbia Riveegion (UCSRB 2014b), and other
locations withinand outside the Columbia Rivea$in (reviewed in Roni et al. 2008, 2014;
Hillman et al. 2016), have reported that colonization of newly opened hialjt@nadromous
salmonids like spmg Chinook salmon can be ra@dd that densities can reach equilibrium

within a few yearsAlthough few detailed studies of colonization were found for spring Chinook
in the UCR, this habitat restoration action remainsoag the highest priority and the most
certain to have positive biological benefits.

4.2.2.2. Reconnecting floodplains and eshannel habitats

Chinook salmon typically inhabit larger rivers with floodplains, and habitats in thesbarfhel
areas provieé important rearing areas for many salmonids (Hillman et al. 2(R&gtoration
projects may include reconnecting sidbannels and of€thannel ponds and wetlands,

removing or moving levees to allow channels to meander and connect with the floodplain, or
constructing offchannel habitats and restoring meandeBy 2012, more than 2700 acres of
off-channel habitat had been protected, 117 more acres reconnected, and 11 miles of off
channel streams restored, representing the second largest number of restonatmects
(UCSRB 2014b)

In general, studies of the effects of these projects across the Pacific Northwest show rapid
recolonization of the newly accessible habitat by various salmonids (Roni et al. 2008; Hillman et
al. 2016) Chinook salmon are reported use side channels fed by surface water more than
ponds or wetlands with little flow, at least in some regions (Pess et al. 2008).

Several studies in thegger Columbigrovide direct data on the biological benefits of-off
channel habitats for Chinooklsaon and other salmonid®esgroseillier and Albrecht (2016)

and Grote and Degroseillier (2015) reported higher densities of juvenile Chinook salmon in six
off-channel habitats of the Entiat River (most were created or enhanced based on natural
floodplainfeatures) compared to main channel habitats, indicating that fish colonized and used
the newly accessible habitatSurvival of juvenile spring Chinook salmon in thecbfinnel

habitats was similar during winter compared to summer (20% vs. 24%, reghgktoespite

the harsher winter conditionsvloreover, survival in two of€hannel habitats nearer the
headwaters was Q5 percentage points higher during summer and winter than three of these
habitats near the river mouth, though the authors did not diss reasons for the difference.

Upwelling groundwater sources common in floodplain habitats also enhance the food web that
supports Chinook salmongrowta SA 21 S Ff ® 6nwnmp0O NBLIZ2NISR
in the Methow River were warmer and hadbre nitrogen, periphyton, and benthic
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growth rate of hatchery juvenile Chinook salmon in enclosures during a field experiment, as
well as faster growth by freeanging wild Chinook in gaining versus losing reaches.

Floodplains also store organic matter and nutrients deposited during floods, and so are rich
sources of production of invertebrates that feed fi&ellmore et al. (2013) measured the
trophic basis oproduction for juvenile Chinook salmon, steelhead, and other fishes in five
floodplain channels of different types (e.g., aeschannel connected downstreaamd a
disconnected channel not scoured by floods during the stugig3ed on extensive samplingdan
analysis of fish (consumers) and their invertebrate prey, they found that in the main channel of
the Methow River about half to twahirds of the production of invertebrate foods available to
support anadromous Chinook and steelhead was consumed by oéteee fish, including
mountain whitefish Prosopium williamsohiand several sculpin speci€3ottusspp.)

Moreover, thesenon-target fishes consumed 95% of the total prey consumed by fish in this
habitat. In addition, production available to the anadnous salmonids in the side channels on
the floodplain was more than 2.5 times that in the main channel, even though much of it was
not used, apparently because of low densities of these anadromous salmonids (i.e.,
underseeding)This indicates that floodpln reconnection potentially provides additional food
resources to spring Chinook juveniles.

Following on this work, Bellmore et al. (2017) developed a model of the Methow River
ecosystem, the Aquatic Trophic Productivity Model, and used it to evaluate tistoration
scenarios: restoring riparian vegetation, nutrient augmentation by adding salmon carcasses,
and reconnecting side channekheir results showed that reconnecting side channels had
much larger potential effects on native fish biomass (amestied 31% increase) than carcass
addition (18%), and that riparian revegetation would have little effect (Bf@vever, this result
was altered in model runs that included, in addition, invasions by nonnative New Zealand
mudsnails Potamopyrgus antipodarua) or potential nonnative fish predators such as
smallmouth bas¢Micropterus dolomieu Responses in fish biomass were still greatest for
reconnecting side channels, except in the warase scenario where both snails and fish
invaded, which reduced precied fish biomass below that predicted for carcass additions
under this same invasion scenario.

Overall, restoring and reconnecting floodplains progidevide range of benefits, especially for
rearing juvenile Chinook salmon, aisdh high priority for haitat restoration The models of
Bellmore et al. (2013, 2017) will prove useful to help managers think broadly about which
restoration actions are most likely to benefit target speciks {Chinook salmoand also to
compare their relative costffectiveness.
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4.2.2.3. Adding habitat complexity using structures

Adding instream structures such as boulders and engineered logigdhesmost common type

of habitat restoration project, making up more than a fifth of all projects including those for
habitat protection and for assessment and desigy 2012, these projects added 518

structures, created 180 pools, and enhanced 22 miles of stream in the UCR (UCSRB 2014b)
Despite this activity, adding habitat structures to rivers and streams has also received the
greatest scrutiny from restoration scientists, who often question whether they actually increase
fish numbers or biomass (e.g., Stewart et al. 2009; Whiteway et al. 2010; Roni et al. T2@15)
general hypothesis is that adding structural complexity tarstels will increase survival during
summer and overwinter by providing refuges from flow, visual isolation from conspecifics and
aquatic predators, and overhead cover from terrestrial predators (Fausch.1993)

Although some analyses have reported equivedtdcts (Stewart et al. 2009; but see

comments on flaws in this study by Whiteway et al. 2010), most report poséstdtsoverall
(Whiteway et al. 2010; Roni et al. 201Bpr example, Hillman et al. (2016) reported that about
90% of the 83 studies tlyereviewed showed positive effects of placing habitat structures made
of large wood on physical habitat, and about3@% reported positive effects on juvenile or

adult salmonids (N=67 and 33 studies, respectively4Eg, with less than 3% of studies

showing negative effects in any of these cases (the rest were equivieai) with an unknown
publication bias against negative results (i.e., investigators finding no effect or a negative effect
are unlikely to attempt publication or successfully publisbulty, these results are biologically
significant

Likewise, it is unrealistic to expect that instream structures will improve physical habitat and

increase fish numbers or biomass equally in streams of all types across all biomes, just as we

would notexpect all cancer drugs tested to be equally effective for all cancers orsaaltos

patient groups (Mukherje@010)C2 NJ SEI YLX ST hQbSIf Si FLtd ounm
adding structures on three characteristics of physical habitat (pool ams,depth, volume of

wood), but no effects for juveniles of four salmonid species (Chinook, steelhead, coho, bull

trout), perhaps because the 12 projects they analyzed were scattered across various ecoregions

in Washington and OregoiNone were in the Pper Columbia River
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Figure4.2. Proportion of published studies of placing structures made of large wood that reported
positive effects, negative effects, or no change (equivocal) in physical habitat, fish (juvenile and adult
salmonids, or notsalmonids)pr macroinvertebrate density or diversifinverty. Number of studies (n)
was 83, 67, 33, 17, and 21 for each case, from left to.r§rne studies reported responses for several
categories (from Hillman et al. 2016, after Roni et al. 2015).

Several sidies provide direct data on the effectiveness of instream structures in the UCR
Polivka et al. (2015) reported that pools associated with instream structures made of boulders
or logs had higher abundance of juvenile Chinook salmon during early arsLmider,

compared to adjacent natural pools without structures, or natural pools in other nearby
segments with similar habitaHowever, many of these juveniles were apparently summer
Chinook, which outmigrate by late summer, resulting in no detectable difife¥s just

afterwards Nevertheless, this work serves to address the concern that structures mayfishaw
away from adjacent areaand argues for the view that the structures increase carrying capacity
rather than simply redistributing fish already presen

Roni et al. (2008, 2014, 2015) and Hillman et al. (2016) reviewed the large number of studies on
instream structures in other parts of theoldombia River Basiand beyondThe best example to

date of a comprehensive design and analysis for detectingtieets of instream habitat

structures on anadromous salmonids in thel@nbia River Basiis the research conducted

under the CHaMP/ISEMP program in the Bridge Creek IMW in the John Day River basin of
central OregonBeavers create important habitat ihis highdesert basin, and beav&tam

analogs (BDA) have been used there to mimic the effects of beaver dams as well as to
encourage beavers to build their own dams (Pollock et al. 2014).
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A Tyear field experiment based on a BACI design, including folicaggs of treatment

reaches with BDA and three reference reaches in a similar watershed nearby (which, therefore,
were fully independent) was used to measure the density, growth, survival, and production
(g/m/day) of juvenile steelhead in response to theaver dam analog®8ouwes et al. 2016)

Fish vere PItagged in study reachdsut also detected with fixed and mobile RAQ antennas

in other reaches and downstream locations, allowing use of the Barker model (a modification to
the CormacklollySeber nodel for open populations) to estimate true survival ratdsalyses
detected much greater density of juvenile steelhead (an increase of 81 fish/100 m), lower
growth (owing to densitdependence, given the higher density), a 52% increase in survival, and
al1l75% increase in juvenile steelhead production in the treatment reaches compared to those
in reference stream reacheb addition, the structures moderated diel temperatures because

of increased water storage and interaction with groundwater, éfding salmonids by buffering
temperature extremes and providing thermal refuges (Weber et al. 2017). This example from
the CHaMP/ISEMP program is one of the most comprehensive and successful evaluations of
instream structures completed fomeanadromousalmonidpopulation to date, anywhere in

the world.

4.2.3. Application ofLife-Cycle Models tolntegrate Habitat Restoration with
Other Efects

An important goal of the UCSRB is to use Life Cycle Models (LCM) to analyze the effects of
habitat restoration that is @incident with other effects likely to be caused by hatcheries,
hydropower, harvest, and variable ocean conditi¢sse Roni et al. in press for review of
methods for assessing habitat restoratiompward this end, the CHaMP/ISEMP graup
developinga L®/ for the Entiat River, which is also an Intensively Monitored Watershed (IMW).

The Entiat River IMW was established in 2011, and habitat projects were conducted in 2012
and 2014 Saunders et al. (2017) reported on development of a LCM and its useaétiraipary
analysis, which is similar to the LCM developed for the John Day RiveimiMywused this

model to analyze the effects of a subset of the habitat projects conducted in 2012 in the Entiat
River The analysis showed that this subset of projectseased rearing capacity for juvenile
Chinook (spring and summer runs combined) an average of 7% across the sites treated,
amounting to a <1% increase in carrying capacity for the whole BA%ian combined with an
assumed 2% increase in overwinter surl/exgpected owing to the restoration, the predicted
abundance of spawners increasablout 25%from about 230 to 290, but not enough to reach
the goal of 500 spawners set in the Recovery Plan.

Despite these model assumptions and predictions, the analygmpirical data to date
detected no change in juvenile Chinook salmon survival, and also had low statistical power to
detect changes in abundance (S. Walker, TerrAqua, personal communicAtpegthoc
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analysis of statistical power indicated that, givee variability measured to date, only very

large yeatover-year changes in Chinook abundance (6Q%) owing to restoration could be
detected with statistical confidencé\ further analysis using the LCM to estimate the increases

in current habitat cpacity and survival needed to reach the recovery goal of 500 spawners
indicated that a 10% increase in each was predicted to meet the goal, and that a 5% increase in
each might achieve the goal.

Firmer conclusions from this work must await further analgéithe habitat actions completed

to date. However, the preliminary results from the IMW in both the John Day and Entiat rivers
(Saunders et al. 2017) indicate that the habitat restoration scenarios evaluated to date,
especially those using log and bouldguctures, are unlikely to have sufficiently large effects
alone to increase either habitat capacity or survival enough to reach recovery glladsigh
adding habitat complexity using these structures is an important objective as part of a
comprehensie habitat restoration strategy, the relatively larger biological effectesforing

fish passagby removing barrierand restoring and reconnecting floodplains are likely to be
more important goals in the near term. Likewise, managing riparian zonesgandds to

deliver large wood, and managing channel geomorphology to allow storing it in floodplains and
channels, are important longerm goals.

4.2.4. Samplédesigns andsample SzesNeeded toDetect Biologically Sgnificant
Hfects

Data on fish abundare, growth, survival, and smolt production are inherently variable, owing
to both sampling error (variability owing to the sampling process) and process error (e.g.,
annual variability due to years with different temperature or flow regimesdcess errois

often much greater than sampling error, so many years of data are needed to detect effects
with acceptable statistical power and confidence, even in a simple design comparing effects
before vs. after habitat restoration.

If a BACI design can be usedthmaps by employing an adjacent control basin like the Chiwawa
River basin used for the Entiat River IMW (S. Walker, personal communication), the analysis is
more complexIn summary, however, with as much as 5 years of data for the periods before
and afte the treatment, and typical levels of sampling and process error, it is likely that only a
doubling or halving of abundance could be detected with acceptable statistical power and
confidence(see Appendix E for discussion of BACI designs)

In a similar aalysis, Paulsen and Fisher (2005) reported that given five control sites and three
treatment sites at which 10 years of data were collected before habitat manipulations-@nd 7
years of data collection occurred afterwards, an investigator can detect argféase in parr
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to-smolt survival (based on tagging juveniles and detecting them at a downstream dam) at
acceptable levels of statistical power (80%) and significance (alpha=0.05).

This example shows that a key requirement is a long run ofrpegment data, which is

counterintuitive to most practitioners and unlikely to be available or planfddt is, when

funds are available for habitat restoration, most practitioners want to complete projects, rather
than wait to measure préreatment data and riskosing fundsl 2 6 S@SNE h Qb Sl S
showed that for analyses of habitat restoration, adding 1 year oftpgatment measurements
increased the power to detect differences more than including up to 100 years of post

treatment data Increasing preareatment data from even 1 year to 2 years improved power by

about 30%, and 5 years of data before ana&afteatments appeared optimal.

4.3. Approaches foiPrioritizing Habitat Projects

4.3.1. Ecosystem Diagnosis and Treatment (Eldddel

The Ecosystem &gynosis and Treatment (EDT) model is achfele habitat model that can
characterize salmonid ecosystems temporally and spatially (ICF InternationalR@di%t al. in
pres9. The model is built to assess salmon performance in terms of capacity @@muom
population size), productivity (i.e., survival at low density), and diversity (i.e., life history
trajectories linked to coordinates of time and space; Mobrand et al. 1997). EDT uses a multiple
stage BevertorHolt production model with species arifetstage specific performance
benchmarks for optimal environmental conditions (Blair et al. 2009). The environmental
conditions considered include physical habitat and water quality conditions as well as food
availability.

To characterize the environmeriife stage survival factors are derived from environmental
attributes based on raw data that comes from field data (preferred), information derived from
other attributes, expert opinion, or hypotheses (Blair et al. 2009). Environmental attributes
includehydrologic characteristics (e.g., flow, hydrologic regime), stream habitat structure (e.g.,
channel morphometry, habitat type, obstructions, sediment), water quality (e.g., chemistry,
temperature), and biological community effects (e.g., biotic interactiafith competitors,
predators, parasites and pathogens, and macroinvertebrates). The model also considers the
percent of key habitat (i.e., primary habitat types such as pools, glides, riffles) for different life
stages within each geographic unit, andad factor that incorporates alkalinity, benthic
community richness, riparian function, and salmon carcasses. The life stage survival, key
habitat, and food factors are used to adjust the performance benchmarks to evaluate current
or potential habitat scearios (Blair et al. 2009). The results can be related to the Viable
Salmonid Population (VSP) criteria of McElhany et al. (2000; see Arterburn 2017; ICF
International 2017).
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Methow and Okanogarwatershedgqsee plans for each basin in
www.nwcouncil.org/fw/subbasinplannin More recently in the Upper Columbia Basin, the
Okanogan Basin Monitoring and Evaluation Program (OBMEP) hastegrated with EDT to
track trends in data quality and data collection needs, identify priority areas for habitat
protection and restoration, provide a method for evaluating biological effectiveness of
restoration actions, and to evaluate strategies femtroducing extirpated species (Colville
Confederated Tribes 2013). In collaboration with the Colville Confederated Tribes, ICF
International has developed Salmonid Population Report Cards for populations and reaches to
visually summarize OBMEP data &fdT output (Colville Federated Tribes 2013; Arterburn and
Klett 2015; Arterburn 2017; Eric Doyle, ICF International, personal communication).

EDT modules can be downloaded without charge. However, the development of an EDT
application for a particular bas requires an initial investment with ICF International who
currently maintains the software. For example, an EDT application for the Methow River basin
was started in 2016, with the initial release expected in early 2D&8eloping the Methow

EDT modehvolved upgrading the EDT model for the Methow Subbasin Plan to the latest
version of EDT, reconfiguring the reaches based on lessons learned from the Okanogan EDT
model, and incorporating new habitat data collected since 200w approximate cost for
developing the Methow EDT model is $250,000. Once the application has been built,
maintenance costs of $100,000 per monitoring cycle are likely (Eric Doyle, ICF International,
personal communication), although the costs decline over time as model use daed&aed in

a basin (e.g., monitoring cycle costs in the Okanogan are estimated at <$60,000; J. Arterburn,
Colville Tribes, personal communication).

4.3.1.1. Applicability of EDT for ranking of habitat projects

The EDT approach seemsll suitedto ranking and evaluating the effectiveness of habitat

projects. It has the advantage of incorporating food availability, and the authors suggest that it
can be linked to other models of land use that predict input variables to EDT like sediment,
thereby addressinfactors advocated by ISAB as important for assessing salmon recovery (ISAB
2011-1; ISAB 20214; Naiman et al. 2012). The approach incorporates-balsed relationships
between species survival and environmental characteristics that are based on prevailing
scientific knowledge (ICF International 2017¥)s able to evaluate the habitat needs for

discrete life stages and has been designed to provide data that relate to VSP criteria. The model
can be used to indicate reaches and actions that could improfecvitria, thus providing a

means to prioritize actions.

ICF International (2017) is clear that the model is not a predictive model (i.e., it does not
forecast future conditions), and it is difficult to validate the model against measured data (Steel
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et d. 2009).A review of subbasins plans by ISAB and ISRP conthatdeDT results can be
considered hypotheses that should be tes{€8AB/ISRP 206KB). Thus, it seems plausible tha
if longterm monitoring of fish responses and environmental conditions is done after projects
are implemented, then empirical estimates of the VSP parameters could eventually be
compared against predictions from the model to validate them, and indicateéainparameters
that require refinement. ICF International (2017) describes this type of validation exercise
conducted for five steelhead and four salmon populations (Rawding 2P¥el estimates of
productivity (alpha) and capacity (beta) for the BewertHolt curve were within the 95%
confidence limitdor the nine populations

In the Okanogan Basin, removal of culvert barriers and an irrigation knife gate on Loup Loup
Creek enabled fish passage in 2014. The EDT model had estimated that the add:miadl h
should support an adult abundance of 27 summer steelhead, and in 2014, exactly 27 wild
summer steelhead returned to the assessment unit. Over time, the EDT model predicted a 5
fold increase in juvenile abundance with the restoration actions on Laowugp Creek, but

OBMEP has found an increase closer to 10 times the abundance prior to restoration (J.
Arterburn presentation to ISAB, July 20, 2017). Although in this case the EDT predictions of
adult abundance happened to be the same number of steelhead 2014, EDT estimates
should be considered as relative, rather than absolute estimates (ISRP/ISAB 2004).

Sensitivity analyses were performed on EDT byul#®Bureau of Reclamation (Reclamation),
Washington Department of Fish and Wildlife (WDFW), d@dA Fisheries (Steel et al. 2009;
McElhany et al. 2010). Steel et al. (2009) reported that Reclamation found that EDT was
relatively insensitive to flow attributes in the Yakima basin, which were important to their
decisionmaking, so they developed adidinal models to predict values for several habitat and
temperature attributes incorporated in EDT that are most influenced by changes in stream
flow. A sophisticated sensitivity analyses conducted by NOAA Fisheries indicated that prediction
intervals forestimates of abundance, productivity and capacity had large ranges, leading
McElhany et al. (2010) to caution against using EDT for management decisions that require a
high degree of confidence in these outputs, such as setting harvest limits or endarspecds
goals. However, the model was fairly robust in ranking the higphestity reaches for
preservation or restoration (Steel et al. 2009; McElhany et al. 2010), so it is likely to be useful
for this goal in the Pper ColumbiaMcElhany et al. (201@)so reported that the model

required a large amount of time to calculate outputs for the sensitiartglysis, whicleould be

a constraint for model users.

One concern reported by McElhany et al. (2010) was the limited ability for model users to
adjust ®me input parameters. ICF International has revised the model since the assessments
by McElhany et al. (2010) and Steel et al. (2009) to create a more modular structure to the
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model that allows the rule structure of the model to be modified (Eric Doyke)ri@rnational,
personal communication). The presentation by Arterburn (2017) to the ISAB indicated that the
Okanogan River application of EDT has incorporated adjustments to input parameters.
Additionally, because OBMEP raw data are integrated with B®Thodel can be part of an
adaptive management strategy to refine and update the relationships between environmental
attributes and survival factors. EDT includes a rating for the quality of Level 1 data (i.e., raw
data and observations), noting that emigal field data are the most desirable (Blair et al. 2009;
Colville Federate Tribes 2013). The OBMEP report cards provide an overview of data quality so
that progress can be tracked on obtaining data for the models. The report cards also show
progress tovards goals as well as priorities of projects both spatially and by project types.

Another concern reported by ISRP/ISAB (2004) was the limited application of EDT for hatchery
interactions. EDT does include hatchery releases in its accounting for derséyddace and
competition. For more detailed assessment of hatcherlg interactions and impacts to
populations, the Colville Tribes uses the productivity and capacity values from EDT with the All
H Analyzer (AHA) spreadsheet model (J. Arterburn, Cdlviles, personal communication).

The AHA model is available from Lars Mobrasegé (Appendix G of ICF Jones & Stokes 2010 for

a description).

Should EDT continue to be developed and applied in the Upper Columbia Basin and the rest of
the @lumbia River Basj a scientific evaluation of the species habitat rules might be prudent.

At the time that EDT was developed in the 1990s, much less data were available to establish the
rules. Satellite imagery, monitoring data, and data from experimental studies coulddfel

for revising or updating EDT rules.

4.3.2. Habitat Suitability Indices (HSI)

Habitat suitability index (HSI) approaches were initially developed in the 1980s (Roloff and
Kernohan 1999). For aquatic species, HSIs typically represent prefereneeh cpecies for
instream variables (e.g., velocity, depth, substrate, and cover) at different life stages (Ahmadi
Nedushan et al. 2006). Indices generally range from O (no preference) to 1 (maximum
preference) fora particular habitat conditiomnd can beombined to develop a composite
suitability index. For example, depth, velocity and cover HSIs might be combined by multiplying
the individual indices, which would result in zero suitability if any of the variables were
considered unsuitable (Ahmadlieduslan et al. 2006). Such composite indices assume that all
variables are equally important and that all environmental variables are independent with no
interactions. To address the first assumption, weights can be used to incorporate relative
importance of vaables. However, interactions among variables cannot be addressed with HSI
(see AhmadNedushan et al. 2006 for an analysis of several alternative approaches to HSI to
address interactions).
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There have been criticisms BSImodels used for evaluating haat and population responses

to habitat quality (Roloff and Kernohan 1999; Ahmiléidushan et al. 2006). Although the
models do quantify habitat suitability, this metric may or may not be directly correlated to fish
abundance and biomass (Rose et al. 9ddécause other factors like food may have overriding
effects As Booth et al. (2016) point out, more habitat does not guarantee desired biological
gains, especially if a clear understanding of the relationship between habitat and the life history
of the target species is lackinBoloff and Kernohan (1999) assessed 58 HSI model validation
studies and found that the applications failed to account for variability in input data, which in
turn affects HSI output interpretation. Other shortcomings noted werelet@pplications at
inappropriate spatial scales, inability to account for dendigpendent effects, and lack of
sufficient duration of observations to test model performance (Roloff and Kernohan 1999).

In the midColumbia River Basin, McHugh et al. (20dpplied a spawning HSI to estimate
spawner capacity in egg equivalents for steelhead in the Middle Fork John Day Basin. This HSI
model was used with inputs of flow depth and velocity from a hydraulic model (Delft3D) to
assess the quality of spawning h@biacross space within reaches. The spawning capacity was
then upscaled from reaches to the entire basin using statistical modeling based on bankfull
width. The demographic parameters predicted from these analyses were used as input to the
life-cyclemodd (LCM) for the basin. The combined models were used to assess riparian
restoration scenarios that considered 1) baseline (or status quo) conditions, 2gdmest

riparian revegetation, channel adjustment, and instream flow acquisition, 3) complete
maturation of current (i.e., 2008) vegetation, and 4) targeted placement of instream wood
structures. This modeling effort also included use of a net rate of energy intake (NREI) drift
foraging model of juvenile steelhead habitat capacity (McHugh et al. 2B8Emhilar approach

has been used by Saunders et al. (2017) in the Entiat River basin for spring Qliseokan

HSI model for spawner capacity may be among the best applications of this method, because
fish are selecting habitat for a defined period baseda few key variables that can be

measured and modeled (i.e., depth, velocity, substrate, and cover).

In the Upper Columbia BasiASI models have only been applied at the spatial scale of

individual projectsWelch (2017) described the use of HSI moudeds hydraulic models for

project selection and design, indicating that Bonneville Power Administration (BPA) would be
requesting this type of analysis as part of statements of work. They noted that HSI models were
useful for bridging the gap between baglists who could identify habitat suitability criteria and
engineers who needed to design projects.

Busch et al. (2013) developed an intrinsic potential (IP) model for spawning fall Chinook salmon
in the Lower Columbia River evolutionarily significant (l8B8U) that is a variation of habitat
suitability modelqsee Roni et al. in press for descriptions of these model tyJémir IP model
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described potential habitat by using 10 digital elevation models to rate habitat

characteristics of channel confinemt, channel width, and channel gradient. Busch et al.

(2013) performed a sensitivity analysis of the shapes of suitability curves and found that results
for some watersheds were very sensitive to curve shapes. Correlations between model results
and availdle fish abundance data at the population level ward significant, and they were

unable to examine the ability of the model to predict fish data spatially due to lack of data.
Nevertheless, output from the IP model was significantly correlated witresponding EDT

output at the reach and population level.

4.3.2.1. Applicability of HSI for ranking of habitat projects

The HSLCM applications in the Middle Fork John Day Basin were designed to assess what type
of restoration project (e.g., riparian resttion, addition of wood) was better suited to improve
population abundance of steelhead, but the applications did not appear to be used to prioritize
placement of such projects (McHugh et al. 2017). Welch (2017) indicated that HSI models
coupled with hydaulic models would be required for project selection andigesn the Upper
Columbia Basibut did not describe how these approaches would be used to prioritize habitat
projects (e.g., what criteria would be used, how projects would be evaluaRei etal. (in

press) provide a comprehensive review comparing methods used to prioritize habitat
restoration.

4.3.3. Regional Technical Team (RTT) Biological Strategy

The Upper Columbia Regional Technical Team (RTT) started abi@n gdup of scientists

who wanted to coordinate and prioritize restoration actions (Kahler 2017). Representatives of
GKS [ 3SyOASa Ay@2f @SR KI @S F3INBSR (2 aOKSO|
Biological Strategy involves using what they term planning science, regience, and

adaptive management in salmon recovery. Planning science involves using tools like ecological
models (e.g., EDT, Shiraz, Physical Habitat Simulation [PHABSIMg-eyemodels), reach
assessments, published literature, and local reseantd expertise to identify limiting factors,
improve the biological strategy, inform recovery plans and habitat actions, and develop the RTT
priorities spreadsheet. Reviewing science involves RTT evaluation of projects once they have
been proposed. As paof adaptive management, the RTT synthesizes monitoring and makes
recommendations to the UCSRB, regionafr@magers, and the Upper Columbia River

Umbrella Project (Kahler 2017).

CKS weeQa . A2ft23A0FE {GNIF G§S38& pmwedingbiobgicald ad |
productivity is to sustain natural getuvial processes, such as unrestricted channel migration,
floodplain function, and adequate stream flows, especially when these processes are already
functioning at a high level. In contragie highest priority foincreasingbiological productivity
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is to restore stream channel complexity and floodplain function. The RTT recognizes that there
must be a pragmatic balance between protection and restoration actions, with recovery as the
goal.

The Biological Strategy includes a description of how projects are prioritized and rated. The
major subbasinsn the UCR (Wenatchee, Entiat, Methow, Okanogan) are divided into
assessment units, each of which is a portion of the subwatershed (e.g., lowattler River)
or a tributary (Nason Creek)ssessment units are assigned one of four priorities, with the top
priority assigned to areas with high quality functioning habitat. Within these units, protection
and restoration actions are defined in two tiemsith the top tier designating the highest

priority actions that could be accomplished under ideal conditions, such as when most land
ownership is publidcor example, Tier 1 protection actions protect haghality geofluvial
processes, and Tier 1 res&tion actions restore fluvial geomorphic processes. The report has
tables that indicate the priorities for addressing ecological concerns (i.e., limiting factors) for
each assessment unit, although coordination of the priorities with the Viable Salmonid
Population (VSP) criteria was not clear.

4.3.3.1. Assessment of RTT Biological Strategy for prioritization of habitat projects

The BAB raises two major concerns about the ranking criteria used to prioritize projects.
Analysis of cosgffectiveness is notupntitative and is given a low weighting in the final

rankings. Potential projects are ranked sequentially by two groups within the UCSRB. First, cost
effectiveness is considered, but only after tieehnicalcriteria have been scoredhe RTT

developed tvo scoring rubrics to assess priorities for protection projects and restoration

projects. For protection projects, seven criteria are scored and weighted, with the highest
weights given to criteria protecting habitat locations important to fisland protecting

habitats that would result in the greatest loss of freshwater habitat capacity or fish survival if
they were lost. For restoration projects, 10 criteria are scored and weighted, with most weight
on criteria considering how well projects address tlwelegical concerns (i.e., limiting factors),
whether they are appropriately located and scaled, and the expected benefits to habitat
capacity and fish survival. Several criteria also address the lag time before benefits of
restoration projects are expectegind the duration they will persist. However, for each rubric,

cost effectiveness is consideradimprecise termsbut not explicitly calculated, and makes up
2yte pr 2F GKS G2GFrt a02NB® ¢KS LINRP2SOG NI¥y{lA
Advisory Committee, which considers benefits to fish (the RTT ranking; 40%), project longevity
(20%), project scope (10%), community support (17%), and economics (13%). As with the RTT,
the cost effectiveness analysis is not quantitative and is given avght. Final funding

decisions are made by the UCSRB and the Salmon Recovery Board of the state of Washington.
Reportedly, cost effectiveness is considered by these regional entities, but there is no explicit
analysis and the evaluations are not docunehtindependent estimates of cestfectiveness
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metrics, like those described in section 4.1, are not calculated in either local or regional
rankings and decisions.

The secondnajorconcern is the lack of a formal approach for weighting both cost and time
elements of projectsAs discusseth Sectiord.1, projects that produce benefits sooner rather
than later, over a much longer period, or at a fraction of the cost of other projects, need to be
weighted proportionally to allow maximizing objectives witbomstraints of limited time and
resources. Cost differences between projects are as important as benefit differences for
achieving program objectives. Catectiveness should be determined using the ratio of
biologicalbenefits(in ecological unitsjo costs(in monetary units)instead of implicitly
addressing them in other scoring componer@oviding resources equally among geographic
unitsinstead ofaccountng for the relative costeffectiveness of different actiscan lead to the
lowest possibléenefits to society (Wu et al. 2003).

Coordination of the priorities with the Viable Salmonid Population (VSP) criteria also was not
clear. Despite the understandable hesitation to estimate the numbers of additional fish that a
project will produce in year1-10, 1125, and 2650, those estimates are needed to be able to
give more weight to benefits that come sooner rather than later, by discounting future benefits
(see Sectiod.1.2). These timaveighted estimated benefits are then divided by project cdsts
produce a timeweighted measure of benefits per dollar of cost. This metric allows prioritizing
projects to achieve the greatest overall benefit for the lowest cost in the shortest time period.
Similar methods are required for projects in most fedenadl state agencies (EPA 2010).

4.4. Coordination andnteractions with Cther Hs

The Upper Columbia Salmon Recovery Board (US@RE) with partners to facilitateecovery
actions in the Wenatchee, Entiat, and Methow basins, including creating an aweeaditional
structure, developing explicit strategies, and coordinating actions.U®@R Recovery Pl&or
spring Chinook salmais designed tancrease the capacity of the habitat to produce
outmigrants (smolts/redd), resulting in greater numbers of reing adults (UCSRB 2014b).
However, other limiting factors such as mortality during downstream migration, poor ocean
conditions, or predation may reduce these benefti®nce, habitat actions must be
coordinated to complement actions in other sectors amidiieess the most important limiting
factorsandinteractions among factors.

The UCSRB has developed one of the better exampkesvefikdocumentedprocess for
prioritizing restoration projects and coordinating recovery actiaifin groups responsible fo
habitat, hydrosystem, hatcheries, and harvest. Tégional recovery plan, improved limiting
factor assessment, lifeycle modelsand monitoring provide critical information for recovery
actions for spring Chinook salmddne of the greatest challengés the UCSRB is coordination
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of the different groups in the three basins that are responsible for the different Hs. Currently
there is no process for regularly discussing the findings and actions of the different groups and
integrating the separate effés into a coordinatedhctionplan.

4.4.1. Operational Structure

As described for the prioritization of recovery actions, the UCSRB has the responsibility to
develop the Recovery Plan for the UCR and coordinate habitat actions with hatchery
operations, havest and hydropower\(ww.ucsrb.org). The RTT developed théoper

Columbia Biological Strate@g a regional framework for developing actions to recover native
salmonids stocks (RTT 2014). The RTT provides the technical basis for the regional strategy and
reviews habitatprojectsat several stages of development and implementation.

Coordination by the UCSRB also considers all watershed plans in the Upper Colugiiadre
address habitat objectives of the recovery plan
(www.digitalarchives.wa.gov/GovernorLocke/gsro/regions/upper.htithe UCSRB submits

project lists to the SalmoRecovery Funding Board of the state of Washington. In addition, the
Board receives funding for habitat actions through the Umbrella Projects of the NPCC. Counties
and comanagers lead the implementation of the subbasin plaite UCSRB attempts to align

local watershed plans andefregional subasin plans into the regional salmon recovery plan

4.4.2. Strategies

Creating the Recovery Plan relies on integrgéictions across all sectors affecting salmon and
steelhead (harvest, hatehmies, hydropower, anfiabitat) as well as integratig actions beyond

the boundaries of the Upper Columbia region (e.g., lower Columbia, estuary, and ocean). While
the Recovery Plan includes specific actions for hahitatknowledges that actions in

freshwater tributary habut are not likely to achieve recovery on their own and should not be

the sole focus of recovery effortdchievingviable salmonid populations requires recovery

actions across all-sectors.

Management of salmon and steelhead requires coordinated decisiaking to achieve

recovery while honoring treaty and reserved rights and meeting legal and regulatory
requirements. The UCSRB developed an Integrated Recovery Program to align management
and restoration actions across all entities involved in UCR salntovegy The Integrated
Recovery Program tracks and reports information about actions implemented for recovery of
salmon and steelhead across management and geographic boundaries. Habitat Reports
document projectresults3 OSy (i 2 dzii O2 Y S-& &allaboratioizlahdgrogiess a | f €
toward integrated recovery.
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The UCSRB established the Upper Columbia Programmatic Habitat Project (UCPHP) to
implement reackhbased habitat restoration projects in higguiority areas in the Upper

Columbia Region (Umbrella Prajed’he UCPHP coordinates regional actions to meet

mitigation obligations under the 2008 FCRPS Biological Opinion (BiOp) with recovery needs and
priorities identified in theUpper Columbia Spring Chinook Salmon and Steelhead Recovery Plan
(Recovery Plan;C5RB 200,/and theBiological Strategy (UCRTT 2013)

The Recovery Plan of the UCSRB includes a general analysis of the benefits of salmon recovery
and the economic costs of recovery actions to other sectors in the region (Chapter 6
Social/Economic Congidhtions, p 250). The economic benefits of recovery of salmon and
steelhead were quantified based on economic information and analyses fronolbenGia

River Basinincluding the Snake River basin. Economic costs were quantified for the agricultural
secta of the three basinsAlthough the RTT review process provides relatively limited

information on cost effectiveness of specific projects, the UCSRB as a whole includes some
consideration of the economic factors associated with salmon recovery.

4.4.3. Coodinating Actions

The UCSRiBes to be informed about the individual strategies related to habitgtirosystem,
hatchery, and harvest working groups, but coordination of the different groups that have been
working for more tharR0 years is complex. The R@cludes a substantial number of separate
coordinating committees that are independent and report to different entitieach of the
Habitat Conservation PlarislCPsjor Chelan and Douglas Pblitas aCoordinating Gmmittee,
Hatchery Committee, and Tritary Committee Grant County has the Priest Rapids
Coordinating Committeea HatcheryfCommittee and a Habitat Committeerhe RT@lso
coordinates habitat assessments and actions in the UTHere is no coordinating committee
for harvest actions in the UCRach PUD also has a separate committee to address issues
related to nonnative invasive specie¥/hile membershipverlapson the coordinating
committees and some of the committees have joint meetjnlge ISAB understands that
decisionmaking processeare separate and reporting and coordination between the
committees is not systematic

The UCSRB meets regularly and includes participants from the habitat, hatchery, hydrosystem,
and harvest sectors who review future projects and coordinate actions. TheaRo meets
regularly to review information and coordinate activities. Reviews by the RTT pravice
communicatiorbetween habitat and hatcheries, and to some degree harvast there is no
systematic coordination of the actions between the RTT aed?tDsThePUDs provide

important funds for hatchery antabitat becauseof funding obligations of the PUDs based on
responsibilities for impacts related to the reservoirs, dams, and tailrddes PUD operations

are assumed to lower survival of salmordasieelhead passing through the hydrosystems of
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the upper Columbia River lmp to 9% 7% for juvenile mortalityand 2% for adult mortality
Licensing agreements require the PUDs to mitigate for 7% of thée@%ase in survival and 2%
is mitigated by habtat restorationactions(FERC 200ZyhePUD providefundsfor the

hatcheries and monitohatchery releases to document the hatchery mitigatidhe 7%
mitigation obligation can be reduced by improving survik@n upstream rearing areas
through the damswhich is monitored annuallgnd adjusted based onyr averagesTheyalso
provide funds for habitat restoration projects in the basin, but the outcomes arasstssed
andmonitoring for habitat conditions and fishabitat relationshipss not specifially funded.

Hatchery managers and g¢nanagers are involved in coordination with hydrosystem operations
and are fundedn large partoy hydrosystem obligations. Though managers of the hydrosystem
and hatcheries actively participate in the RTT, hatcheryatmmns potentially influence the
effectiveness of habitat restoration actions. Studies in the UCR have found that hatchery
releases potentially reduce fitness of juvenile spring Chinook@éegters), which would

reduce the effectiveness of habitat resation. Continued management refinements to reduce
effects of hatcheries on fitness of spring Chinook in the three basins must be coordinated with
habitat restoration projects to improve recovery efforts.

The Recovery Plan is designedtomrdinake habitat restorationactions with harvest. Both

ocean and irriver harvest in the Columbia River basin are coordinated and managed through
the United States v. Oregon Management Agreement under the jurisdiction of the federal
court. Harvest intercepted 5 to 18% i@turning spring Chinook salmaluring1977to 2013
(NOAA Salmon Population Summary datahadéashington Department of Fish and Wildlife
(WDFW) recommends harvest levels for UCR staathin this Management Agreement.
WDFW reports their harvest management plans to the RTT and UCSRB, but there is no major or
regular process for feedback from the RTT and UCSRB to harvest management decisions.
Though the Management Agreement ultimatelgtdrmines the degree to which harvest
influences numbers of returning adults, collaborative discussions of the influence of adult
return rates on spring Chinook recovery in the UCR and potential hanssgigement options
would strengthen recovery effortsf the UCSRB.

4.5. Recommendations

Here we address the questions posed by the Council, after rearranging them to group several
similar ones together:

1 Are habitat recovery actions being prioritized and sequenced strategically, given
existing knowledge and ata gaps? How should habitat projects be prioritized?

¢KS L{!. F2dzy R UKS irg/reiiewinganddésiyring @forafiopmdjects 2 f A OA (
to be scientifically sound with regard to habitat conditions and effects of hatcheries and the
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hydrosystemAssessments of limiting factors are used to prioritize recovery actions, and the
recent history of restoration is relatively consistent with the rankings of limiting facGusent
methods of prioritization (e.g., EDT, HSI, RTT Biological Strategypefné

The lifecycle models that have been developed for the three UCR basins show great potential

for integrating multiple factors that determine the abundance of spring Chinook throughout

their life histories and across their full geographic range fEtent ISAB review of the lfiycle

models (ISAB 201T) commended the recent progress of the {dgcle modeling effort and

expansion to new areas in response to previous ISAB recommendations. The ISAB review noted
that models are always a tradeoff e¢en realism and simplicity and do not include all sources

2T OFENAIFGA2Yy P ¢KSe@ O2y Of dZRSR &daiKS Y2RSta Oy
NBadzZ Ga Yre y2Gd 0SS I OOdzNY 6Sdé ¢KS OF LI OAde G2
across tke full life history of spring Chinook strengtrsghe prioritization of projects and

coordination of actions across participants in the UCSRB Recovery Strategy.

The UCSRB focuses most attention on determining which kinds of actions will be biologically
beneficial toward recovery of Upper Columbia spring Chinook and assesses fish abundance,
productivity, and risk of extinction. The procedure for characterizing cost effectiveness is not
guantitativeanddoes not provide a rigorous basis for prioritizing agsidf funds are unlimited,
there would be no need to prioritize actions, but that clearly is not the c8lse.criteriaused
bythe RTT and the Citizens Advisory Committee are vague and the results are wesghted
they havelittle influence on project gorities. Cost effectiveness is considered by the UCSRB
and the Salmon Recovery Board, but there is no explicit analysis aegdhetions are not
documented.

The ISAB recommends applying a transparent-etfsttiveness analysis of each project

proposed perhaps by using the approach in the simple example we described (see section
4.1.2) as a starting pointhe lack of rigorous cost effectiveness analysisigswhinor influence

on prioritization of restoration actions for all Hs limit the USCRB artitjpents in their

recovery efforts. This is a common deficiency throughout the Columbia Basin, but such analyses
would allow the program to use its limited resources more effectively. A transparent method

for estimating the biological effectiveness of pats and their costs, including a discounting for
time should be included in the Recovery Program to improve the way priorities are set.

The existing prioritization process could be strengthened by incorporating explicit analysis of
performance, time, ad cost in a coseffectiveness assessment. Studies have shown that doing
SO can improve outcomes by an order of magnitude. However, this will require empirical or
other ways of estimating biological benefits as well as estimating project costs. EffesBviane
terms of smolts per adult (i.e., freshwater productivity) is difficult to estimate, as are the effects
over time, but developing a clear method would better highlight knowledge gaps. In the
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interim, eliciting estimates from a set of experts could\pde an objective starting point for
assessing relative cost effectiveness of projects.

1 Is there evidence that past projects have improved habitat for this ESU?

The ISAB found that there is sufficient evidence that protecting habitat, removing barriers to
restore connectivity, and reconnecting side channels and floodplains have positive effects on
anadromous salmonids, including spring Chinook salrRajects at different scales within the
Upper Columbigrovide strong evidence that structures that incsegpools and habitat

complexity can increadfish production, survival, and abundance. Effects of log and boulder
structures should be measured to understand effects of specific types of structures in particular
watersheds.

The ISAB recommends designiiggprous experiments and continued careful monitoring to
measure the effectiveness of habitestoration practices in the fiper Columbia subbasins
across a hierarchy of biological responses, including use of habitats by fish, and their
abundance, growth,svival, and productivitt SP measurements should be compared against
model predictions to verify and improve modeling approaches.

1 What types of habitat projects should be prioritized in the future? Why?

Projects that restore and sustain key fluvial awblogical processes should be prioritized,

given predictions for future climate and building on the success of the projects completed so
far. A key goal will be to provide habitats that are resilient to changing conditions and extreme
events, and ones thgrovide connected habitats sufficient to support the full range of life
history diversity among spring Chinook in tpper Columbia

Empirical data and modeling from the Upper Columbia and other locations within and beyond
the Columiia River Basin suppiorankinghabitat protection as a high priority, followed by
removing barriers, and reconnecting floodplains and side channels. Increasing habitat
complexity using log and boulder structures is a useful stesrh approach, but a lonterm
strategy is neded to restore processes that maintain channel complexity and supjplyetain
large wood in riverd_ess information was available on projettiat increase instream flows or
address water quality, although these can also be effective.

f Howwellareactgya Ay 20KSNJ YIylI3ISYSyid aSO02NE ol ff
hydrosystem, hatcheries, and harvest) aligned with recovery efforts? Specific input to
AYF2NY RSGOSt2LIYSYyld YR NBFAYSYSydG 2F (GKS !
framework for projects wouldbe much appreciated.

The ISAB encouragthe UCSRB and iarticipants to develom systematic, collective process
for coordination of the actions, monitoring efforts, and decisions across the numerous working

groups and coordinating committees in thadle subbasins. THECSRB has developadiseful
process for prioritizing restoration projects and coordinating recovery actioms regional
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recovery plan, limiting facterassessment, lifeycle models, and monitoring provide critical
information for reovery actionsHowever, a continuedhallenge is coordinatg groups in the
three sulbasins responsible for thieur Hs More than 16 independent coordinating
committees and several other major working groups make critical decisions on recovery
actions. @rrently, there is noformal process for integrating thieseparate efforts into a
coordinatedactionplanacross the three subbasins

Hatchery supplementation has not increased spring Chinook abundance or produyetivity
genetic diversity has decreasednspared to historical diversity. Coordination between habitat
restoration actions and emerging information about the effects of hatchery supplementation
shouldremain a critical component of spring Chinook salmon recovery in the Upper Columbia

If return o adult spawners or recruitment substantially limit recovery in Upper Columbia

then discussions of the effects of harvest on escapement betweanaragers and

participants in thdUCSRB could improve recovery efforts. More dialogue between the RTT and
harvest cemanagers under U.S. v. Oregon could align habitat restoration actions with returns
of adult spawners needed for recovery.
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5. Research, Monitoring, Evaluation, and Validation

Questions submitted to ISAB:

Is an RME framewvk in place that can adequately address the questio
about prioritization and coordination?

Can this RME framework provide suitable data to test and validate
hypotheses, inform management decisions, and confirm that limiting
factors were correctly ideified and are being addressed effectively? I
not, what changes need to be made to the RME Framework?

To what extent has the fitness of the Upper Columbia spring ChinookK
ESU been negatively or positively affected by historical and current
hatchery progrars in this ESU?

To what extent have contemporary supplementation programs
provided a demographic benefit to the natural populations?

Is the current methodology in the PUD hatchery monitoring an
evaluation program sufficient to answer the questions above?

5.1. ResearchMonitoring, andEvaluation (RMEPrograms

TheUppea Columbia River Recovery Plan is designed to aafidds, and partners collectively
contribute information based on a variety of research and monitoring progr@usently,

there is no RMElpn that encompasses all Hs and their related working groapd there is no
process to coordinate monitoring efforts across the subbasins and address information needs.
Much of the RMBprogram is funded through the responsibilities of the PUDs under licensing
agreements. As a result, it is largely focused on assgpsmtchery practices and the effects of
hatcheries on spring Chinook populations. While this is &altiaspect of recovery in the UCR

it does not address all actions of the recovery programthis chapter, we review the RME
program associated withatcheries in thdJCR but we note the need for integration and
coordination of RME efforts and development of future studies that address all Hs.

5.1.1.RME for Hatchery Programs in theper Columbia River

In the Upper Columbia, integrated and safeigt hatchery programs are being used to
supplement indigenous populations in an effort to increase natural origin recruit (NOR)
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abundance, preserve distribution patterns, and maintain genetic differences among the
NEIA2yQa [/ KAy 221 Lladghdms| NOR adyilts dre dnnylally igtrodbic@dNihtal S R
hatchery broodstocks and in some instances the percentage of hatchery fish (pHOS) allowed to
spawn in nature is also controlled. Similarly, NORs are used to start-safepyograms.

However, once a safetyet program has become established NORs are not typically
incorporated into their broodstock. Instead, F1 adults produced from supplementation
hatcheries are used (Mai@017). Safetynet fish act as a genetic and demographic reserve for
their correspondiig integrated hatchery program. Thus, when returns of adults originating from
integrated programs are lovfish from a safetynet hatcheryare used to safeguard and

continue supplementation. Conversely, in years of high abundance, sagéfyrograms can

function like segregated hatcheries with surplus fish available for harvest.

Segregated Chinook hatchery programs specifically designed to augment harvest are also being
implemented in the Upper Columbia. Unlike the conservation and saetyorograms thately

on native broodstock, both within and owff-subbasin fish are used in harvest augmentation
hatcheries (Hillmamt al.2017) Hatchery programs are also being used to reintroduce
extirpated salmonids into Upper Columbia subbasins.-@wiumbia Rivecoho, for example,

are being reintroduced to the Wenatchee and Methow subbasind efforts to establish

spring Chinook and sockeye salmon in the Okanogan subbasin are also occurring. As of 2015,
there were 24 active hatchery programs in the Upper ColamBeven are conservation

programs, two for spring Chinook, one for summer/fall Chinook, and four for steelhead with a
total annual production goal of ~2.1 million fish. Four safety efforts accompany the
conservation programs, two each for spring Clokand steelhead. In combination, the safety

net programs release approximately 900 thousand smolts per year. The three reintroduction
programs have a combined release goal of 6.7 million smolts; 5 million of those are sockeye
that are being reestablisheidto portions of the Okanogan subbasin. Smolts produced for the
harvest augmentation programs in the Upper Basin account for over half (>60%) of the ~25
million hatchery fish released each year. A little less than 2 million of these fish are spring
Chinook and the remaining 14 million are summer/fall Chinook (T &kil¢.

The use of hatcheries for conservation purposes is not without controversy. For example, a
guestion that has received considerable scrutiny is whether the influx of hatchery fish on
naturd spawning grounds alters the intrinsic productivity of a natural population. Previous
studies have shown that artificial culture can alter the behavior (Fleming and Gross 1992; Lura
et al. 1993; Fleming et al. 2000), morphology (Petersson et al. 199¢IBetal. 2007) and
physiology (Fleming and Petersson 2001; Knudsen et al. 2006) of hatchery salmonids. These
changes have been linked to reduced fithess when the fish spawn in nature (Christie et al.
2014). Additionally, in some instances, significamedie changes, due to small founder sizes

and variation in family size, have reduced genetic diversity in hatchery fish (Naish et al. 2008;
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Christie et al. 2012). Genetic changes can be passed onto future generations and thus decreases
in fitness of naturlpopulations can occur. The magnitude and predicted impacts of genetic
alterations as well as possible epigenetic effects due to hatchery conditions are important
guestions that warrant further investigation.

Table5.1. The hatchery programs in the Upggolumbia River as of 20{fsom Maier2017; and Hillman
et al. 2017)

Program

Species Program Subbasin Goals Production Goal  operator®
Components
Wenatchee Spring Chinook |Wenatchee Na;on, Wh|t8, Conservation 269,026 WDFW
Chiwawa
Wenatchee Spring Chinook |Wenatchee Nason Safety-Net 98,670 WDFW
. : Methow, Twisp, .
) ) Methow Spring Chinook Methow P Conservation 223,765 DPUD
Spring Chinook Chewuch

Winthrop Spring Chinook  |Methow Safety-Net 400,000 FWS
Leavenworth Spring Chinook Wenatchee Harvest 1,200,000 FWS
Chief Joseph Spring ChinookOkanogan Harvest 700,000 CCT
Chief Joseph Spring Chinoo*Okanogan Reintroduction 200,000 CCT
Wenatchee Steelhead Wenatchee Conservation 123,650 WDFW
Wenatchee Steelhead Wenatchee Safety-Net 123,650 WDFW
Wells Steelhead Methow, Methow, Wells Safety-Net 260,000 DPUD

Steelhead Columbia
Twisp Steelhead Methow Twisp Conservation 48,000 DPUD
Winthrop Steelhead Methow Conservation 200,000 FWS
Okanogan Steelhead Okanogan Conservation 100,000 WDFW

Coho Mid-Columbia Coho \,\’,,v:&it\f,hee' Wenatchee, Methow |Reintroduction 1,500,000 YN
Priest Rapids Fall Chinook Columbia Harvest 7,300,000 WDFW
Ringold Springs Fall Chinook |Columbia Harvest 3,500,000 WDFW
Chelan Falls Summer Chinook | Columbia Harvest 576,000 WDFW
Wells Summer Chinook Columbia Harvest 804,000 WDFW
Summer/Fall |Wenatchee Summer Chinook |Wenatchee Harvest 500,000 WDFW

Chinook Entiat Summer Chinook Entiat Harvest 400,000 FWS
Methow Summer Chinook Methow Harvest 200,000 WDFW
Chief Joseph Summer/Fall | ) 1 bia Harvest 900,000 ccT
Chinook
Ch!Ef Joseph Summer/Fall Okanogan Conservation/Harvest 1,200,000 CCT
Chinook

Sockeye Okanogan Sockeye Okanogan Reintroduction/Harvest 5,000,000 ONA

80Operators: CCT = Confederated Tribes of the Colville Reservation; DPUD = Douglas County Public Utility District; FWS = U.S.

Fish and Wildlife Service; ONA = Okanogan Nation Alligvib&W = Washington Department of Fish and Wildlife; YN = Yakama
Nation

b | ast release of juveniles from a White River captine®d program occurred in 2015

Alternatively, results from thédaho Salmon Supplementation Study (ISRP 2)%6owed that
the ability of spring Chinook supplementation programs to increase NOR abundaruteidy
influenced by adult traits and stock origins but it is also linked to incubaties aitd where
juvenile fish reaand grow When the Idaho study first began over g&ars ago, it was believed
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that the Salmon and Clearwater River subbasins would be capable of producing greater
numbers of spring Chinook if more adult spawners were added. However, it soon became
apparent that salmonid populations in these subbasins vadready at or near capacity
becauseadensity dependent effects were observed (Walters et al. 2013; Venditti et al. 2015).
Thus, when rearing environments are fully occupied or possess deleterious environmental
conditions no increase in abundance throughpglementation should be expected.
Consequently, assessments of hatchery supplementation need to include provisions that will
allow researchers to: (a) examine and characterize the habitats supplemented fish are
occupying, (b) determine if density dependeattects are occurring, and (c) appraise the traits
and performance of hatchery origin adults and their subsequent offspring

These concerns and the desire to determine the efficacy of the supplementation efforts taking
place in the Upper Columbia, led fesies managers, PUD scientists, tribal, state, federal and
private researchers to develop a comprehensive monitoring and evaluation plan. When the
plan was initially introducedt possessed eight major objectiv@durdoch et al. 2011)Each
objective coveed an uncertainty associated with supplementation and raised one or more
management questions. Answers to those questions could be used to evaluate the effects of
ongoing supplementation efforts (Tal®?). The data or metrics needed to resolve each
management question were generally described along with proposed analytical methods. These
general descriptions were buttressed by appendices that provided detailed information on the
metrics and analytical approaches being used to answer the questions shdvale5.1.

5.2. Collecting Suitable Data, Testing and Validating Hypotheses

The Monitoring and Evaluation Plan developed by Murdoch et al. (2011) emphasized that the
most important goals of the Upper Columbia hatchery supplementation program were to
increase total spawning abundance and NOR recruitment in supplemented populations.
Appendicesvere attached to the M&Planand were used talelineate how NOR abundance
and recruitment rates will be assessed (Murdoch et al. 2009.of the appendices descréul

the methods used to estimate abundanard recruitment rates of spring Chinook NORs in the
Chiwawa and summer Chinook in the Wenatchee, Methow, and Okanogan subbasins.
Numerous factors unrelated to supplementation (e.g., ocean environment, droufibasls,

and conditions in juvenile rearing areas and the freshwater migration cormdos can

influence NOR abundance and recruitment ratdse of reference populations can account for
these factorsHowever, referenc@opulations must not be undergoirsgipplementationand
both the supplemented and reference populations need to be experiencing similar
environmental conditions. The proponents recognized these requirement®aeadaf the
appendices (theiAppendix Cexplairsand provideresults of the aalytical and graphical
methodsusedto choose appropriate reference populations.
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Power analyses, for example, were conducted to help ascertain which reference populations
should be selected for specific supplementation efforts. In these analyses staimstigar {.e.,
probability of rejecting a false null hypothesis was set at 0.80),-Iygreor probability i e., risk

of rejecting a true null hypothesis of no difference was fixed at 0.05), and the number of years
to include in the power analyses werdhar 5, 10, 15, 20, or 5@ modified BeforeAfter-

Control design that included replication before and after supplementation in reference and
treated populations was used. Differences between reference and supplemented (treatment)
populations were quantiéid by using ratio scores, which were calculated by dividing treatment
values by reference population values.

Table5.2. The objectives and management questions that were presented in the monitoring and
evaluation program of Murdoch et.g2011)

Supplementation

Objective Uncertainties Management Questions
1. Has supplementation increased the total number of spawners within the
Abundance, supplemented population?
1 Recruitment, and 2. Has supplementation increased NORs within the supplemegdgdlation?
Productivity 3. Has the program increased adult productivity of NORs in the supplemen
population?

1. Is the migration timing of NOR and hatchery origin recruits (HOR) fish
Migration and Spawning similar?
Characteristics 2. Is the spawn timing of NGRd HOR females similar?
3. Is the distribution of redds similar for NORs and HORs?
1. Are allele frequencies of HOR fish similar to those of NORs?
2. Do genetic distances among subpopulations within a supplemented
population remain the samever time?
3. Does the ratio of effective population size)k population size (N) remain
constant over time?
4. |s ageat-maturity of HORs and NORs similar within each sex?
5. Is lengtkat-age of HORs and NORs similar witkanh sef
1. Does the hatchery recruitment rate (HRR) exceed the recruitment rate (I
achieved by NORs?
2. Does the HRR exceed target values?
1. Is the stray rate of HORs less than 5% for the botadd year return?
2. Is the stray rate of HORs less than 5% of the spawning escapement witt
5 Stray Rates other independent populations?
3. Is the stray rate of hatchery fish less than 10% of the spawning aggrega
within nontarget spawning areas within the target populatid

Genetic and Phenotypic
Characteristics

Adult Recruits/Spawner
(R/S)

Characteristics of . )
1. Are the fork lengths and weights of released fish equal to program?yoals

6 Released Hatchery 2. Is the number of fish released equal to the project goal
Juveniles
... 1. Does the number of juveniles procitper redd decrease as the proportiot
7 Freshwater Productivity of hatchery spawners (pHOS) increases?
1. Is the harvest on hatchery fish produced from the Wells summer Chinoo
program great enough to manage natural spawning of hatchery fish but lov
i ?
8 Harvest enough to sustain ta hatchery program?

2. Is the escapement of hatchery fish from supplementation programs
(conservation and safetget) in excess of broodstock needs to provide
opportunities for terminal harvest?

148



AspinWelch ttests or randomization tests were used to &yate the null hypothesis that the
mean ratio score before supplementation did not differ from the mean ratio score observed
during supplementation. Results from these tests were employed to determine the minimal
change in mean ratio scores that indicai@al effect. These minimal detectable differesce

MDD scores were used to identify and rank possible reference streams. Preference was given to
reference streams possessing low MDD scores. This same approach was used to find
appropriate reference populatns that could be used to examine the effects of varying pHOS
levels on freshwater productivity (question under Objectivelhe use of power analyses to
indicate theamountof difference in mean productivity that would need to occur before the
effects ofsupplementation can be detected is a laudable approach. As expected, MDD values
decreased as more years were added to the comparisons. This result supports the value of
long-term monitoring and evaluation programs.

We found that the methods and approach(i K S w a g ppendixO/nara well

described and generally appropriate. A detailed appraisal containing questions and suggestions
for improving the methods and approaches foundhis appendix alongvith similar reviews of

some of the otheappendtesin the RM&E Planan be found in ouAppendice<C to HWe

commend the authors for describing the statistical procedures that are being proposed for each
question under all eightofthBa g 9 LJ | y Qa4 202SO0GA JS & thowevér, g1 & &2
that ANOVA or KruskaVallis tests were being considered when examining possible differences
in NOR and HOR migration timing, spawn timing, and redd distributions (Objective 2). Plainly,
these tests could be used to compare mean values in these traits. Hovk&larpgorov

Smirnov (KStest) two sample tests could be used to examine the agreement between two
cumulative distributionsfor examplethe redd distributions across the length of a stream
migrationor spawn timing over Julian dates by HOR and NORSisth tests would provide

more information to the researchers than comparisons of means. Similarly, we had a few
concerns about how CWT recoveries and PIT tag detections were bethgousstimate

straying rates @e our AppendixCfor further detailg. The use of allele frequencies and

subsequent Erand factorial correspondence tests to examine genetic diversity, population
structure and changes in effective population size (Ne) relative to census size (N) seem rigorous
and well founded. Details of theethods used to track possible genetic changes due to
supplementation were presented in Appendix Ehia RM&E planMlurdoch et al. 2011).

Two additional regional objectives (9 and 10) were added to the 2011 Monitoring and
Evaluation plan (Murdoch et al021) and were more fully explained in Hillman et al. (2017).
Objective 9 is designed to examine the possible transfer of pathogens from hatchery programs
to natural fish. Three possible pathways for disease transmission were identified: (a) horizontal
transmission from hatchery effluent, (b) vertical transmission on spawning grounds from
hatchery females to their offspring, and (c) horizontal transmission from hatchery fish to wild
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counterparts in the migration corridor. The pathogen of foremost conceBadgerial Kidney
Disease or BKIRénibacterium salmoninarumA series of tasks, including assembling fish

health data on hatchery broodstock and examining possible relationships between hatchery
conditions and disease profiles are being proposed to addit@s objectiveAs of yet,

hypotheses, metrics, and methods that address the possible risk that hatchery fish may pose as
disease vectors are still under development.

Objective 10 was instituted to examine possible effects of ecological interactioneéefost
release hatchery fish and valuablative fish taxa (referred to as ndarget taxa of concern or
NTTOCthat are not part of a hatchery progratilam and Pearsons 200Ejrst, native fish taxa
that may be impacted by hatchery fish need to be itlegd. Second, containment objectives

or levels of acceptable impact for each NTTOC need to be established. Third, data on
abundance, biomass (kg/km), fish weight, length, and condition by age, etc. are needed from
reference and treated areas to dete@rporal changes in NTTOC populations. Typically, such
information is gathered as part of a monitoring and evaluation program dedicated toward
assessing hatchery impacts. If containment objectives have been excedftiets are made to
determine the causabn and if necessary adaptive management is used to alter hatchery
practices to reduce impacts.

{dzOK I LINRPINIY KlFa 6SSy Ay LXIFOS Ay GKS | IF1AY
used to ascertain whether hatchery spring Chinook salmon kéfeeted rainbow trout,

mountain whitefish, mountain suckers, and other resident fish species in the Yakima River and

its tributaries (Pearsons and Temple 20I0yo independent procedures, an expert panel or

Delphi approaclandthe Predation CompetitioDiseaseRisk 1 (PCD Ritk computer model

were proposedor examiringimpacts on NTTOC by hatchery fish in the Wenatchee, Methow,

and Okanogan subbasins (Pearsons et al. 2012)

The hatchery programs identified in TalBlé are expected to release 20 ol or more

salmon and steelhead annuallyive NTTOC species that are located in 25 geographically
distinct regions were identified in the Upper Columbia. Containment objectives were
established for each species that varied from <5% for spring Chineaihsad trout, and

Pacific lamprey, <10% for summer Chinook and sockeye salmon, and <41% for cutthroat trout
(Pearsons et al. 2012). An interagency group consisting of PUD, state, federal, and tribal
scientists populated the databases on hatchery progra#isf OC populations, and

environmental attributes that were needed to run the PCD Riskodel (Mackey et al. 2014).

Out of a potential 526 interactions between hatchery and NTTOC fish, 202 were successfully
completed. Interactions between Pacific lampgayd cutthroat trout with hatchery salmonids
were not performed due to a lack of abundance information on these two NTTOC species.
Additionally, interactions between hatchery fish from the Chief Joseph Hatchery and NTTOCs

150



were not assessed (Mackey et al12). Programing language interactions with a Windows
Environment ostensibly prevented an additional 134 assessments from being comflbted.
PDC Risk_1 model has since had its computer language updated and is now being used by
NOAAFisheries tasseshatchery risk in its Biological Opinions.

None of the NTTORatchery program interactions exceedpreviously established

containment objectivegMackey et al. 2014). Estimated impacts to NTTOC rarely exceeded 1%
(Mackey et al. 2014). This finding, alonghngsues associated with who should be on the

expert panel terminated the planned Delphi assessment. It is important to recognize that the
outputs from the PCD Rigkmodel are estimates or hypotheses of expected outcomes. It is our
understanding that exts1g data could be used to validate some of the outcomes produced by
the model. We recommend that this work be undertaken and would think results produced
from such an effdrwould be of interest to NOARisheries and others who are concerned

about possil@ hatcheryNTTOC interactions. Ideally, field sampling similar to that being
conducted in the Yakima subbasin should also be occurring in selected Upper Columbia River
locations. Data from such efforts would help to further test the accuracy of the iRG& Risk

1 modelling outputs.

5.3. Changesithe RME Process

Hatchery programs in the Upper Columbia have three general goals to: (a) increase the
abundance of ESksted NORs (e.g., spring Chinook and steelhead) while simultaneously
maintaining or incrasing the spatial distribution, adult productivity, and genetic properties of
those sto&s; (b) enhance the number of ndisted NOR salmonids.g.,summer Chinook) in
the Upper Columbia without compromising their spatial distribution, adult productanty
genetic integrity; and (c) increase opportunities for harvest through segregated hatchery
programs, and when abundance allows, via surplus adults produced from-safigpyograms.
Harvest augmentation programs are expected to include actions thaseglegate hatchery
fish destined for harvest from natural spawning populations.

The RM&E plan developed by Murdoch et al. (2011) was desigrasteamineif these
management goals were being accomplishite planwas modifiedas new information,
approaches, and tools became available. A requiremgasbuilt into the RM&E plan to

develop and combine these changes once every five years to refine the original monitoring and
evaluation planThe latest fiveyear update of the plan was released in NovemimgHillman et

al. (2017) The objectives of the revised plan are the same as those presented by Murdoch et al.
(2011). However, the original objectives have beewnmdered and are now placed into three
categoriesRisk, IAHatchery, and Nature indicates. RiskAssessment indicators are being

used to determine if hatchery operations pose risks to natural populatioAdatchery
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indicators establish whether artificial production goals are being accomplisimedpn-Nature
indicators evaluate hatchery figoerformance after releas@aier 2017)

What is monitored and evaluated has also been tailored to the type of hatchery program being
assessed. Evaluations made on conservation efforts are centered on how a program influences
NOR abundance and productwiSafetynet programs are appraised by examining the long

term fitness of supplemented populations while harvest augmentation is reviewed by
determining whether the program has provided harvest opportunities. Specific metrics are
associated with each tgpof M&E. For conservation and safetgt programs, NOR recruitment
rates, abundance, and the production of juveniles per redd are the primary metrics being used.
These metrics are referred to as productivity indicatordHdiman et al. (201 Avho

acknowedgethat they canbe difficult to measure and typically vary in space and time.

When productivity indicators are not available, stray rates, HOR recruitment (R/S3i-sige

data, run timing, spatial distribution patterns and smolt size are used {o éluate

conservation and safetyet programs (Hillman et al. (2017Mhese metrics are referred to as

monitoring indicators. They are not consideredraportant as productivity indicators but
provideadditionalinsights into program performance. Objeas 1 and 7 of the 2011 plan

LINE A RSR (KS AYLISi(Gdza FT2NJ O2ff SOGAy3a GKS NBJAaA
2NAIAYLFE 202SOGAGSa aALMINNBR (KS O2ft SOGA2Yy 27
monitoring indicators (TablB.3).
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Table5.3. Productivity and monitoring indicators along with objectives, and targets for Upper Columbia River hatchery p(gramigdiman
et al. (2013) and Maier (201)7)

Program Goda

Rebuild  Maintain
Type of Hatchery Natural Genetic  Opportunity
Program Objective Indicator Target Populations Diversity  For Harvest
. Determine if the program has Abundance of naturabrigin
. |
Conservation & increased the number of naturally spawners nerease n a
Safetynet spawning adults Adult productivity (NRR) No decrease n
Productivity Determine if the proportion of Residuals vpHOS No relationship n
; hatch igin fish aff fresh
Indicators p?c:((;ui;i}:/g;gm L Juveniles per redd vs. pH®S | No relationship n
Migration timing No difference n n
Determine if run timing and Spawn timin No difference
distribution meets objectives P 9 n 0
Redd distribution No difference n n
VAvlillzl)e frequency (hatchery vs. No difference n
. Determine if program has affected Genetic distance between .
Conservation & genetic dversity and population populations No difference n
SafetyNet structure Effective population size Increase n
Pro_g ram Age and size at maturity No difference n
Momtonng Determine if hathery survival meets | HRR HRR > NRR n
Indicators expectations HRR (22 3 n
Determine if stray rate of hatchery Out of basin I Ym n n
origin fish is acceptable Within basin I Xom n n
Determine if hatcheryorigin fish were Size and number = Target n
released at programargets -
Provide harvest opportunities when Escapement
. Harvest n
appropriate goals
Determine if hatchery survival meets | HRR HRR > NRR n
expectations HRR (22 3 n
Harvest Programn Determine if stray rate of hatchery | Out of basin I Y n
Monitoring origin fish is acceptable Within basin I Xom n
. Determine if hatcheryorigin fish were | _. _
Indicators released at program targets STl = Target .
Provide harvest opportunities when Harvest Escapement
appropriate goals n

aWe recommend that these two indicators be changed to juveniles per redd. See our Appendix C for further details
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Metrics or indicators (see Tabie3) used to evaluate harvest augmentation efforts differ from
those usel to appraise conservation programs. The central goals of harvest programs are to
bolster fishing opportunities and segregate hatchery adults from natural spawning populations.
Consequently, performance indicators related to this type of program are digation of

harvest opportunities, HOR recruitment rates, and stray raRegardless of whether a

hatchery program is based on conservation or harvest objectives both productivity and
monitoring indicators will be used for evaluation purposes (Hillmaal.2017). Moreover, the
current plan is structured to allow direct assessments of management actions on monitoring
and productivity indicators. For instance, management decisions about the brood sources used
in hatcheries will influence monitoring indi@as such as stray rates, run timing, and the

genetic properties of the supplemented populations. These in turn may affect, recruitment
rates of NORs, NOR abundance, and juveniles per redd whiclomrs&eredoroductivity

measures.

The overarching goal tiie hatcheryrelated M&E program is to identify empirical associations
between management decisions such as brood stock sources with productivity indicators like

bhw NBONHA GYSYyld FYyR FodzyRFyOSe® ¢KS LI Iy NBTSN.

These connections between management actions and fish performance are used in the

LINEIANF YQ& F2NXIEf |RIFILWAGS YIyF3aSYSyd LINROSaaod

ineffective or are preventing the program from achieving one or more of its primary gogls,
rebuilding natural populations, maintaining genetic diversity, or providing for harvest
opportunities, altenative actions are propose@nplemented and subsequently evaluated

A number of management strategies and M&E approaches have ensurethéhetfects of the
hatchery programs in the Upper Columbia are carefully appraised and adjusted when needed.
One notable management strategy was to create two committees (HCP Hatchery Committee
and Priest Rapids Coordinating Committee Hatchery Subcommttigerovide oversight of
hatchery operations and production goals. Annual reporting of M&E results, establishment of a
five-year review process for the M&E program, the capacity to refine M&E methods in a
collaborative and transparent fashion, and the guation of a well thought out adaptive
management process are other key management componéwditionally, the M&E program

is well crafted It incorporates reference or control populations, predetermined statistical
analyses, along with an active and guative research program. In combination, these

elements permiteffectivechanges to the M&E program as well as objective assessments of the
numerous Upper Columbia River hatchery programs.
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5.4. UncertaintiesAssociated withHatcheryFsh Interactions in he
Upper Columbia

5.4.1 Sufficiency of theQurrent M&E Program

Theapproaches and methods described in Murdoch et al. (2011) and Hillman et al (2017) are
generally appropriatéo detect changes in fitness and abundance in the spring Chinook
populations undergoing supplementation. pbn review we found areas where the methods
currently being used could bmproved. These suggestions are provided inAppendices C to

E. In section 8.3 below,several of these suggestioase briefly described.

5.4.2. Efect of Historical andQurrent Hatchery Programs onHtness of the
Upper Columbiaoring Chinook ESU

This question has three parts. First, what is meant by fithness? Second what factors could be
used to determine whether fitness has been negatively or paditiaffected by historical or
current hatchery programs? Finally, what do the data and analysehiiced bythe RM&E
program and ancillary research ltels about how previous, and going hatchery programs,

have influenced the fitness of individuals iretthree extant spring Chinook populations in the
ESU? In a formal genetic sense, fitness measures the capacity of an individual to pass its genes
through time. It is typically measured by the number of adult offspring an individual genotype
produces relatre to the contributions of other genotypes; the more offspring the greater an
AYRAGARdzZI f Q& T Ih the/adbavéiquastion, & Brahger defuitiop af fitness is
implied. One based on the overall capacity of fish spawning in the same populatensel
sustaining and thus capable of perpetuating their genes through time.

The M&E plan tracks temporal changes in abundance, productivity, spatial structure, and
genetic diversity (VSP parameters) relative to control or reference populatiasniration of
trends in these parameters is one way to ascertain if increases or decreases in fitness can be
associated with past and existing hatchery operations. A suite of factors, however, influences
VSP parameters. Environmental conditions experienced uadiicial culture and genetic
changes due to domestication can affect agematuration, sex ratios, size at maturity, choice

of spawning location, genetic diversity, and other traits. At the same time, environmental
conditions experienced by HOR andRl@dults and their offspring living in nature can also alter
VSP parameters. Disentangling the influences of these factors on VSP parameters has to occur
before longterm effects on fithess due to exposure to hatchery conditions can be estimated.
Life Cy@ Models appear to be a promising way to tease out the effects caused by
contemporary hatchery programs. Estimates of the potential impacts ofeeéigh cultural
practices are more problematic since they rely on historical accounts and speculatiorts abou
possible consequences.
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5.4.2.1. Possible effects of historical fish culture activities on the fithess of Upper Columbia
River spring Chinook

Formerly robust populations of anadromous salmonids in the Upper Columbia had declined
substantially by the lat@9th Century. Deteriorating conditions caused by agricultural practices,
mining, logging, the construction of impassable dams, unscreened irrigation diversions, and
overharvest prompted the Washington Department of Fish and Game to construct two
hatcheries one in the Wenatchee subbasin and another in the Methow. Both were in operation
by 1899. The Wenatchee hatchery was located on Chiwaukum Creek about 40 miles upstream
from the Columbia River. This facility was closed in 1904 due to extreme weathericosait

the site and difficulty in obtaining spring Chinook broodstock (Wahle and Pearson 1984). To
circumvent these difficulties a new hatchery was built near the town of Leavenworth,
approximately 25 miles upstream from the Columbidegan operationn 1913 and was
abandoned in 19310ollecting broodstockvas difficultat this site and was probably one of the
reasons the hatchery was closed (Wahle and Pearson 1984).

The first Methow hatchery was located at the mouth of the Twisp R&@nho were an

important species cultured at the hatchery as approximately 12 million coho eggs were taken
from 1904-1914. In 1915, an impassible dam was constructed near the mouth of the Methow
River. The hatchery was subsequently moved downstream from the loiainthe who run was
strongly impacted. §g takes from this species declineahd no coho eggs were obtained after
1920. The hatchery continued to operate until 1931, incubating eggs and releasing steelhead,
Chinook, and chum salmon fry obtained from other riverrses (WahleandPearson 1984).

Survival rates of fish produced from these early hatcheries undoubteeilg low. Hatchery fish
were typically released as fry, eggs from outside stocks were commonly imported which further
reduced potential survival, andtle research on improving salmon culture methoslas
performedduring the early 20thentury. Consequenthfew (if any) hatchery origin adults were
presumably produced and available to interbreed with NORs. However, acquisition of native
broodstock to spport these programs could have reduced spatial structure, genetic diversity,
and overall abundance of anadromous fishes returning to the Wenatchee and Methow
subbasinsinformation on when and where broodstock were collected, proportion of the
populationthat was removed, and actual number taken are needed to evaluate the full impact
of broodstock miningBlankenship et al. (2007) report that the Leavenworth state hatchery
used eggs from nenative stocks (Willamette River spring Chinook and lower ColuRibex
hatchery fall Chinook), suggesting thabplems with obtaining adequate numbers of

broodstock wergorevalent Perhaps the physical challengesy(,freshets, weir maintenance,

etc.) faced by early fish culturists reduced the number of adults toeyd obtain. Thisand

their reliance on oubf-basin stocksywould have limited the impacts of their collection efforts

on native salmonids. Alternatively, local abundances could have been so low it made obtaining
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broodstock difficult. In the latter sitation, removal of NORs could substantially alter VSP
parameters.

In 1939, Grand Coulee Dam blocked anadromous fish from using ancestral spawning and
rearing areas in more than 1,000 linear river miles (Fish and Hanavan 1948). To mitigate for this
loss, a scond phase of hatchery construction and use began under the Grand Coulee Fish
Maintenance Project (GCFMR)detailed account of the accomplishments and setbacks of the
first nine years of the GCFMP can be found in Fish and Hanavan (1948). They repatuitza
salmon runs in the Wenatchee, Entiat, Methow, and Okanogan subbasins had been
GRSOAYIFGSRE 2 @SN (K SforisiINGedihd2rdzy in the 1980® remove o8 S| NA ©
place fishways on impassable dams and to install screening on majotiamigéches. Because

of these improvements and scarcity of natural figlwas determined that Upper Columbia
subbasins would be appropriate locations for translocating adult salmonids destined for natal
areas upstream of the Grand Coulee Dam.

Adult salnon were captured at Rock Island Dam from 1§3®43. Originally, these fish were
supposed to be transported to holding areas in Icicle Creek and used for broodstock at a central
hatchery located at Leavenworth. Neither the Leavenworth hatchery nor aity pfoposed
sub-hatcheries intended for the Entiat, Methgwnd Okanogan were completed in time to
receive fish in 193%Adult salmon were instead hauled and released into enclosed areas in the
Wenatchee, Entiat, and Okanogan Rivéw examplein the Wenatchee River, spring Chinook
and steelhead were placed into the lower 16 miles of Nason Cpalktionally, summer

Chinook were placed into an 48ile portion of the river located below Lake Wenatchaed
sockeye were also introduced into Lake Wenatehgummer Chinook and steelhead were
placed into a 15nile stretch of the Entiat Riveand additional sockeye were transported to

Lake Osoyoos in the Okanogan subbasin. Approximately 100 linear miles of stream were
impounded and used for natural productioRoutine inspections of these areas showed that
fish were successfully spawning. This led the GCFMP to continue to release adults into these
locations until 1944 when adults were no longer intercepted at Rock Island Dam bl4ble
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Table5.4. The numler and spawning success of spring and summer Chinook transplanted into the
Wenatchee River from 1938943 Data from Fish and Hanavan (1948).

Race of Number Number of

Year Chinook Location Released Carcasses % Spawnec
Sampled

1939 3,957 423 77
1940 3,165 574 67
1941 Spring Nason Creek 1,251 417 37
1942 1,014 255 51
1943 1,191 243 86
1939 3,498 1,052 83
1940 752 169 93
1941 Summer  Upper Wenatchee 446 94 60
1942 3,050 776 39
1943 386 No Dat& No Dat&

4 flooding destroyedhe rack in the upper Wenatchee in 1943, no sampling occurred

By 1940, the Leavenworth Hatchery and its satellite hatcheries in the Entiat and Methow were
ready to receive fisiFrom 1940; 1943 adult spring and summer Chinook collected at Rock
IslandDam were used as broodstock at the Leavenworth Hatch&dglitionally, from 194@

1947 eyed Chinook salmon eggs from the McKenzie River, Big White Salmon River, Spring
Creek, and from the Wind River (Carson Hatchery) were imported into the hatchery (&ish an
Hanavan 1948). Initially Chinook eggs from these various sources were also shipped from the
Leavenworth Hatchery into the Entiat and Methow hatcheries for further incubation, rearing
and release. That practice stopped once the vatiesing locally adated fish for broodstock

was recognizedSporadic importation of Chinook eggs from Lower River Chinook populations,
however, continued at Leavenworth until 1985 (Potter 2016). Although spring Chinook have
been produced at Leavenworth since 1940, sockeye e main species raised at the

hatchery By the early 1978the sockeye program was terminated due to disease concerns
(Potter 2016). From this point on, Chinook became the principal species cultured at
Leavenworth Currently, they are being used in @ggegated harvest augmentation program.

The overall effect of the Grand Coulee Fish Maintenance Project on the fithess of Upper
Columbia River Chinook populations carhlgpothesizedf the project is regarded as a large
salmonid transplant effort. The ralis of past attempts to transplant salmonids were
summarized by Withler (1982) who observed,

NIYaLX I yia gA0GKAY GKS tIFOAFTAO alfyz2yaqQ y?2
unsuccessful in producing new anadromous stocks, except where natural
colonization haveen prevented by an obvious physical barrier. In only one of
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many transplants into watersheds where there was no physical obstruction to
upstream migration has a new run developed: sockeye fry and fingerlings of
Skagit River origin planted in 1937 in tpsah Creek (Lake Sammamish) and
Cedar River (Lake Washington) developed intemipetuating rung €

Quinn (2005) offers a possible explanation for why such actions persistently end in failure by
hypothesizing that accessible habitat in the areas beirignized are already fully occupied

The source of the fish being transplanted is also critical. Return rates of adult coho from 13
paired releases of local and ndwcal hatchery fish showed that there was an exponential

decline in recovery rates with trafer distance. The farther away a ntotal stock was from its

natal location the poorer its recovery ratevas(Reisenbichler 1988; Quinn 2005). Mismatches
with other factors associated with local adaptatifeg.,resistance to parasites and diseases,
migration and reproductive timing, energy reserves at the adult stage, egg size, size and age at
maturity, adult morplology, seawater entry date, etar)ay have contributed teransplant

failures.

The extensive history of past transplant failures cast deohtwhether the GCFMP successfully
preserved any of the genetic heritage of the salmonid stocks located above Grand Coulee Dam.
Small extant populations of salmonids existed in Upper Columbia prior to the GCFMP (Fish and
Hanavan 1948). It is possible thhese fish had fully seeded the poor juvenile habitat then
available. Additionally, the spring and summer Chinook captured at Rock Island Dam and used
as hatchery broodstock or natural spawners, originated from multiple upstream spawning

areas Hsh obtaired from distant upstream populations would probably faverse thanthose
originating from populations closer to their transplant locati¢Reisenbichlet 988)

potentially reducingyenetic diversitysubstantially

On the other hand, under some circumstas, transplants of Chinook salmon within their

native range have created safistaining populations. In their review of previous transplant
attempts, Fedorenko and Shepherd (1986) identified a number of factors that led to successful
transplants. The m&t importantfactorswere close ties to a hatchery program that provided
annualreleasesf one million or more juveniles, program persistence of a decade or more, use
of three or more donor populations and hybrids among the donor stocks, extensive pivenil
rearing and acclimation at release locations, and the production of relatively large and healthy
juveniles Overall the GCFMP program and its subsequent hatchery program met these
requirements But otherrequirementsidentified by Fedorenko and Shepherdhy not have

been met(i.e.,use of geographically close donor stocks (<100 km) with similar freshwater
migratory routes, presence of suitable spawning and rearing areas, adequate forage base
Currently, it is unknown if any of the genetic legacy corgdim the salmonid populations

native to areas above Grand Coulee Dam was retaifleid question could be resolved if scale
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sampledrom adults used as broodstock at Leavenworth and its satellite hatcheries during
19401943were taken andhre still availdle. Procedures now make it possible to extract DNA
from scalesand genetic signatures from these historic samples could be compared to those
obtained from contemporary spring and summer Chinook salmdhe Upper Columbia.

Beginning in the 1960 additonal efforts were initiated to mitigate for habitat losses due to the
construction and operation of the five midolumbia River PUD dani$ree hatcheriesvere
established Chelan, Columbia Basin, and WdHsssible effects of the Columbia Basin and
Cheé&n hatcheries are not considered here since Chinook are not cultured at either of these
facilities Along with hatchery construction, spawning channels for summer/fall Chinook were
also built in the vicinity of Priest Rapids (1963), Rocky Reach (196 W) elisd1967) dams. The
channels were operated for just a few years before it was decided that they were not
functioning as designed. A hatchery facility was subsequently built at Priest Rapids and portions
of its spawning channel are now being used fein fiearing purposes. Similarly, the Turtle Rock
spawning channel (Rocky Reach) was converted into a rearing facility for juvenile salmonids.
The Wells spawning channel was removed during a recent renovation of the Wells Halichery
the late 1988 ard early 199G, the Eastbank Hatchery with five satellite facilities and the
Methow Hatchery with two satellite ponds were construct&R(11998-33). Potentiakffectsof
these newer hatcheries on the fithess of NOR spring Chinook in the Upper Columbia are
discused below.

5.4.2.2. Possible effects of current fish culture activities on VSP parameters (fithess) of Upper
Columbia River spring Chinook

Ongoing Monitoring and Evaluation in the Upper Columbia is designed to assess how hatchery
operations may affect V3sarameters Murdoch et al. (2011) and Hillman et al. (2017)
presented esults onresponses o¥/SP parameters to supplementation for Methow and
Wenatchee spring Chinook populations, respectively. Besides these assessments, liesearch
the UCR includeda)the validity of using redd counts and carcass data to estimate population
abundancgMurdoch et al. 201Q)(b) the relative reproductive success of HOR and NORs
spawning in naturéWilliamson et al. 2010)c) factors responsible for differences in
reproductive succes@Hughes and Murdoch 201,4H) the reproductive success of hatchery
origin precocious parffFord et al. 2015)and (e) stray rates of HOR and NOR adEtlisd et al.
2015).These studies provided additional insights into how supplementatiagy be affecting

VSP parameters in Upper Columbia spring Chinook.

The M&E plan (see Tal#e8) prioritizes two VSP parameters, abundance (NOR and total) and
productivity. These parameters are evaluated in supplemented populations by comparing them
to values and trends in reference populations. Hillman et al. (2017) emphasized that abundance
and productivity are rarely measured in the field. Instead, other indicdrs,redd counts,
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fish counts at weirs, scales, tags, gtre used to estimate thenThose estimates often rely on
assumptionge.g., fish/redd, prespawning loss, marking rates, gtavhich increases their
variability (Hillman et al. 2017). Consequently, if disparities are detected, they likely are
substantial because the elevated variatim the parameters being compared reduces the
power to detect differencesAlso, as described above4.2.1) spring Chinook populations in

the Upper Columbia have been exposed to a long history of hatchery transplants and
supplementation. Potentially, amy NORs and HORs could share the same hatchery angestors
potentially narrowinggenetic differences between them. It also enhances the possibility that
the origin of observed divergencesdue to environmental differences between hatchery and
natural enwwvonments rather than by genetic changes.

In the Methow, three spring Chinook supplementation efforts located on the Twisp, Chewuch,
and Methow Rivers were evaluated by Murdoch et al. (20%Upplementatiorbegan in 1992

and hasbeen modifiedsince itsmception In its current configuration, a composite broodstock

of Chewuch and Methow adults used for the Methow and Chewuch programs. Broodstock
for the Twisp program is obtained from the Twisp River. All the eggs for these programs are
incubated at tle Methow Hatchery. Methow juveniles are released into the Methow River
while those designated for the Chewuch and Twisp are transported to their rivers for final
acclimation and rearing. In the early years (199999) of the Methow supplementation

projed,0 KS bl A2yt CAaK | FGOKSNE |G 2AYGKNRLI NBI
Chinook as part of a segregated harvest augmentation program. In 2000, the Winthrop
Hatchery switched to using local broodstock. At present, spring Chinook adults (Figgxiod

by the Methow supplementation program are used as broodstock at the Winthrop Hatchery as
part of a safety net program.

Results of some of the comparisons performed by Murdoch et al. (2011) are summarized in
Table5.5. They show that the overall abuadce of spring Chinook in the three populations did
not increase relative to reference populations. At the same time, supplementation did not
affect productivity. Additionally, NOR abundance in the Chewuch and Methow did not change
although it decreased ithe Twisp. These results differ somewhat from those obtained from an
evaluation of a spring Chinook supplementation program in the Imnaha River. Like the Methow
programs, NORs in the Imnaha did not increase due to supplementation. But the overall
abundane of spring Chinook in the Imnaha did increase and productivity decreRsstliced
productivity in the Imnaha was linked to differences in spawning locations, spawn timing, and
decreases in agand sizeat-maturation in hatchery fishofafs.org/wp

content/uploads/2015/03/ Sessiaeg-5-Hoffnagle.pdy. In contrast NORs and HORs spaarat
similar times and places the Methow. Additionally, no differences in size weetatted when

age and sex were held constant. These similarities were likely responsible for the maintenance
of productivity in thesupplementedviethow populations.
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In the Wenatchee subbasithere arethree spring Chinook hatchery programs. Two of these

are conservation effortdocated at the Chiwawa River and neadiyNason CreekA

segregated harvest augmentation endeavor located at the Leavenworth Hatchery is the third
hatchery program. T@M&E plan (Murdoch et al. 2018jliman et al. 2017) contains a
comprehensive account of the analytical steps and procedures being used to evaluate the
ecological and genetic effects of the conservation programs on NOR spring Chinook in the
Wenatchee RiverAn evaluation of the Chiwawa supplementation program is ohedlin the

M&E plan to illustrate how the proposed analytical methods should be applied
Qupplementation influence onoverall adult abundance (NORs + HORs), NOR abundance, and
productivity in the Chiwawavere investigated. Multiple steps were taken to eet appropriate
reference populations that could act as controls in the analyses. After the reference
populations were selected, analyses using trends, mean differences, ratios, rates, and spawner
recruit models were used in the evaluation process. Addéisteps were also undertaken to
account for possible densiyependent and carrying capacity effe¢tdiliman et al. 2017)lhis
approach meant that multiple independent analyses were used to examine the same effects of
the Chiwawa project.

The principaresults of these different analyses were quite similar. There was no evidence that
the supplementation program in the Chiwawa increased overall abundance or the abundance
of NORs.
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Table5.5. Summary of some of the assessments made on NOR and HORC$pniogk originating from

the Methow, Chewuch, and Twisp supplementation prograftsundance and productivity assessments
are made relative to what occurred in reference streams. Other comparisons are based on observations
made on fish returning to the Meow. Data from Murdoch et al. (2011)

Supplementation

Program Parameter Finding
Twisp Overall Abundance Declined relative to reference populations
Chewuch Overall Abundance No evidence of an increase
Methow Overall Abundance No evidence of an inease
Twisp NOR Abundance No evidence of a change
Chewuch NOR Abundance Declined relative to reference populations
Methow NOR Abundance No evidence of a change
Twisp Productivity No evidence of a change
Chewuch Productivity No evidence of a chmye
Methow Productivity No evidence of change
Twisp Redd Distribution NORs & HORs have similar distributions
Chewuch Redd Distribution NORs & HORs have similar distributions
Methow Redd Distribution Lower downstream sites by HORs in some yrs.
Twisp MeanBrood yeatStray  36%-mainly within the Methow subbasin
Rate
Chewuch MeanBrood yearStray  39%-mainly within the Methow subbasin
Rate
Methow MeanBrood yearStray 3%
Rate
Twisp Age At Maturity No differences found
Chewuch Age At Maurity NCOR & HOR females no differen¢¢QR males
younger
Methow Age At Maturity NCOR & HOR females no differen¢¢QR males
younger
Twisp Size At Maturity Within a sex: 4r-old HORs & NORs were simila
in size
Chewuch Size At Maturity Within a sex4-yr-old HORs & NORs were simila
in size
Methow Size At Maturity Within a sex: 4r-old HORs & NORs were simila

in size
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Twisp Genetic Diversity Remain distinct from other spring Chinook in

Methow
Chewuch Genetic Diversity Decreasing over time,adely related to Methow
stock
Methow Genetic Diversity Closely related to Winthrop and Chewuch stock
Twisp Effective Population Size Ratio of N/N remains constant as expected
Chewuch Effective Population Size Ratio of N/N remains constant as exptd
Methow Effective Population Size Ratio of N/N declined and is not related to
abundance

As in the Methow, there was no evidence that productivity was affected by supplementation. A
non-significant negative trend was found between increasing lesefiHOS and productivity;

suggesting that HORs may not be as productive as NORs. After carrying out their exhaustive
evaluations, however, the authors stateo A SR 2y GKS&aS lFylfeéeasSasx (KS
that the supplementation program has signdntly benefited or harmed the natural spring

Chinook populatioa(Hillman et al. 2017).

Before concluding that the current supplementation efforts are not appreciably influencing VSP
parameters in NOR populatiotisree other issues need tbe briefly diseissed First, straying

rates in some hatchery programs are quite high. For example, HORs produced by the Chewuch
and Twisp projects were found to have stray rates greater than 35% (3.&blét was noted,

that many of these fish were recovered at the Met Hatchery, the location where they were
incubated and reared for a period of time. Few strayed into other Upper Columbia River
subbasins (Murdoch et al. 2011). Nevertheless, concerns were raised about how straying and
hatchery operations may be reduciggnetic diversity among Methow subbasin spring Chinook
stocks. For instance, the genetic diversity of the Chewuch population is decreasing and
becoming similar to the Methowlhis may be due to strayingignificant straying (37%) has

also been observediHORs produced likie Chiwawa programClearly, some degree of

straying is beneficial as it may expand the spatial diversity of a population. Excessive straying
however, has the potential to erode stock specific adaptations and lead to lower productivity
(Ford et al. 2015).
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Table5.6 Average stray rates by brood year in spring Chinook salmon produced by Upper Columbia
River hatchery program®ercentage values equal the proportion of the fish that were not detected in
target watersheds. Hbasin and oubf-basin straying is included in the percentage value. Data are from

the Upper Columbia Salmon Recovery Board; Hillman et al. 2016; Snow et al. 2016; Humling et al. 2016;
and Cooper et al. 2017.

Spring Chinook Brood Years Evaluated AverageBrood Year
Hatchery Program Stray Rate
Chiwawa Brood Years 2002009 37%
Methow Brood Years 2002009 3%
Twisp Brood Years 2002009 36%
Chewuch Brood Years 2002009 39%
Winthrop Brood Years 2002009 36.5%
Leavenworth Brood Years 2002009 4%

Research catucted on the Wenatchee River using parentage analysis compared straying
tendencies in NORs and HORs (Ford et al. 2015). Results produced by this study raised a
number of important questions about the roles of habitat quality, parental origins in naturally
spawning fish, and possible genetic changes caused by hatchery conditions on the proclivity to
stray. More of this work should be performed to provide additional insights into the factors that
induce straying and on how it may be reduced. Dittman e2&I1%) recount that laboratory

and field studies indicate that embryonic imprinting on natal waters occurs in salmonids from
hatching to emergence. They hypothesihat straying could be reduceat that HORs codlbe
directed to spawning sitelsy exposingalmonid alevins to artificial odors or to watdrem

desired spawning locationghile the fish are incubating in a hatchery environment. This idea
capitalizes on the fact that adult salmon sequentially follow a set of stream odors to natal
spawring areasmoving upstream until they reach sites with odors that were imprinted upon at
the embryonic stage. In theorfHORSs returning to a centralized incubation hatchery (e.g.,
Methow) could be guided to targeted spawning areas by using additional upstreartoojfac
cues. We hope that a pilot study examining this possibility can be undertaken in the future,
perhaps in one of the Upper Columbia spring Chinook hatchery programs.

Second, théendency for hatchery conditions to induce precocious maturation in spring
Chinookalsomay affect VSP parameters in supplemented populations. In some circumstances,
precocious maturation rates of hatchery males can be greater than 90% (Shearer et al. 2006;
Larsen et al. 2004, 2013; Harstad et28l14 DonLarserpers. comm.)an order of magnitude
greater thansuch ratesn nature (Larsen et al. 2013). Consequently, large numbers of
precocious males can be released from hatchery programs. Not much is known about their
capacity to reproduce in nature. Recently, Ford et al. (2@k®8d parentage analysis to evaluate
the breeding success of hatchery origin precocious parr in the White Riv&tdromous males
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produced about five times as many offspring per spawner as precocious parr. Nevertheless,
approximately33% of the progeny pduced were apparently fathered by precocious males
because of the large number of precocious males in the spawning population (Ford et al. 2015).

Possible causesg.g.,genetic, epigenetic, environmentand genetic x environmental
interactions) of eagt maturation in hatchery fish are not completely known (Ford et al. 2015).
Ford et al. (2015) discussed some possible repercussions of early maturation. If early
maturation has a genetic origin, successful reproduction could be of concern because the
genotypes present in precocious parr may not be representative of those that would have
existed if the fish had experienced a typical anadromous life cycle. If on the other hand,
maturity is largely a response to rearing conditions, early maturing males wkelg hot
contribute deleterious genetic changes to supplemented populations. Additionally, Ford et al.
(2015) suggest

aflearly maturity is the result of genotype x environmental interactions such that
some genotypes that would not have matured earlyha wild do mature early

when reared in the hatchery, then successful reproduction by early maturing fish
may infact even be necessary to avoid genetic changes due to hatchery réaring.

Studies to evaluate the factors responsible for early maturity tchery fish are needed before
the conservation implications of this phenomenon can be fully understood.

Third, three assessments were performed that examined possible genetic changes caused by
the supplementation programthat started in the early 199 Twoof those efforts were

focused on spring Chinook. One compared genetic samples obtained from Methow spring
Chinook prior to supplementation (1993) to those obtained up to 2006 (Small et al. 2007).
Samples came from the Winthrop National Fish Hatclf@éfFH) and from natural and

hatchery fish collected in the Methow, Twisp, and Chewuch Rivers. Spring Chinook from the
Twisp Hatchery and Twisp River were genetically differentiated from the Metlogwuch

group. The Methow population was closely relatedtie Carson stockhe out-of-basin stock

that was used at the WNFH until 2001. Additionally, the Methow and Chewuch populations
became more similar over time because of a change in how broodstock was acquired for those
programs. Beginning in 2001, adubtstained from the Methow and Chewuch River were
aggregated to form a single broodstock. Other than this change, no significant differences
between pre and postsupplementation periods were found. Genetic diversity measures
(heterozygosity and allelic hoess) were unchanged and the Twisp population still remained
differentiated from the MethowChewuch group. Temporal changes in effective population size
(Ne) were not detected and appear to be stable in the Methow and Chewuch populations.
However, Nis declining in the Twisp population and is precipitously low. This decline has been
slowed somewhat by supplementation. Also, Small e28107) note that strays from the

166



Methow-Chewuch population are entering the Twisp and are likely reducing differemtiatio
among the three populations.

A similar evaluation was undertaken on spring Chinook returning to the Chiwawa River
(Blankenship et al. 2007). As with the Small et al. (2007) study, genetic samples obtained pre
and postsupplementation were analyzed amdmpared. Possupplementation census size

was similar to what it had been prior to supplementation. Additionally, the genetic diversity of
NORs appeared to be unaffected by supplementation, hetrozygosities are high, and
contemporary Nis similar or perhps slightly higher than it was before supplementation
(Blankenship et al. 2007). There was slight but statistically significant differentiation among
spring Chinook in the Chiwawa River, White River, and Nason Creek. Yet, 99.3% of the genetic
variation obgrved was within sampleand very little could be linked to population differences
(Blankenship et al. 2007). This was probably caused by large amounts of gene flow among these
populations or by very recent divergence (Blankenship et al. 2007).

A final genetic assessment examined the population structure of Upper Columbia summer
Chinook from the Wenatchee, Methgwnd Okanogan Rivers (Kassler et al. 2011) to determine
if supplementation had impacted the genetic structure of these populations. Population
differentiation among these populations was not observed in any of the@rpost
supplementation samples. This suggests that genetic homogenization or extensive gene flow
among these populations occurred prior to contemporary supplementation. Paingtise F
comparisons between the summer Chinook populations and eight fall Chinook and two summer
Chinook populations (Entiat and Chelan River) were also perfornsedhlies were less than

0.01 for summers vs. falls from Hanford Reach, Lower Yakima, Pried$ RadiUmatilla.

These low &rvalues probaly occurred because in the 1970s and 88ll Chinook were

commonly spawned with Upper River summer Chinook. This created a single homogenized
summer/fall population. There was also very little evidence of diffiéiation between the

Chelan River and Entiat populations and summer Chinook returning to the Wenatchee,
Methow, and Okanogan. No change igftiom the 1993 to 2008 was found. Kassler et al.

(2011) conclude their assessment by stating that the genetersity of summer Chinook in the
Upper Columbia has not been altered by the ongoing supplementation program.

In summary, the spring Chinook supplementatogram that began in the 1980n the

Methow has decreased genetic differentiation among the Meth@kewuchand Twisp
populations. On the other hand, genetic diversity and effective population sizes have been
largely maintained in these populations. Similarly, genetic diversity avdlNes have not been
affected by supplementation in the Chiwawa &iWnlike the Methow, however, the spring
Chinook populations in the Wetahee (Chiwawa and White Riveasd Nason Creek) appear to
have been homogenized prior to the current supplementation effort. Genetic analyses of Upper
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River summer Chinook also indte that summer Chinook passing over Rock Island Dam
originatefrom one homogenized populatiogreated by the artificial mixing of endemic

summer and fall run fish. As with the other two genetic assessments, contemporary
supplementation has maintainedefdnd genetic diversity in Upper Columbia summer Chinook.
Consequently, it appears that historical events prior to the current supplementation efforts
were largely responsible for decreasing genetic diversity and homogenizing Upper Columbia
spring, summer ad fall Chinook.

The supposition that Upper Columbia spring Chinook have lost a substantial amount of their
past genetic diversity was recently supported by genetic analyses (Johnson et al. 2018). They
compared mitochondrial DNA (mtDNA) haplotype richnaaplotype and nucleotide diversity,

and population differentiation among ancient Upper Columbia and Snake River Chinook to
contemporary Chinook populations in the Upper Columbia and Snake subbasins. Compared to
their ancestral predecessors, Chinook intbtite Upper Columbia and Snake subbasins have

lost genetic diversity. Chinook from the Upper Columbia experienced greater genetic losses
than those returning to the Snake subbasin. Haplotype and nucleotide diversity in
contemporary Upper Columbia Chinookene about 1/39 of their ancestral values.

Alternatively, present day Chinook from the Snake subbasin retained abdtt @ &eir

ancestral haplotype and nucleotide diversity. Haplotype richness (presence and proportion of
haplotypes) in the Upper Collrta subbasin has also decreased. Loss of genetic diversity
experienced by Upper Columbia Chinook theoretically reduces their capacity to respond to new
selection pressures; e.g., to climate change and its associated effects on water temperatures,
flow regimes, and dynamic weather events.

The results obtained by Johnson et al. (2018) came from a relatively small collection of ancient
samples. They nevertheless suggest that a substantial amount of genetic diversity has been lost.
Some still remains thoughivé matriarchal haplotype lineages still exist in Upper Columbia
Chinook salmoyand managers are aware of the benefits of using local stocks in conservation,
safety-net, and harvest augmentation programs. Sq tarrrent hatchery operations have not
increased overall abundance or the abundance of NORs. At the same time, productivity of these
populations appears to be stable. The current M&E plan provides information for researchers
and managers to use in an adaptive management program. It is hoped thaingng

management practices will maintain current levels of genetic diversity and that natural

selection will be allowed to once again act as a creative agent, yielding additional genetic
differentiation and population structure in Upper Columbia Chinook.

5.4.3. Recommendations

The ISAB recommentizat the UCSRB consider the design of their overall RME program for all
Hs in their future effortéo developa systematic, collective process for coordination of the
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actions, monitoring efforts, and decisions agdke numerous working groups and

coordinating committees in the three subbasins (see Recommendations in Chaptee/ME
program is funded largely through the responsibilities of the PUDs under licensing agreements.
As a result, it is largely focused assessing hatchery practices and the effects of hatcheries on
spring Chinook salmon populations. While this is acaliaspect of recovery in thepder

Columbia, it does not address all actions of the recovery program. Currently, there is no RME
Plan hat encompasses all Hs and their related working groapd there is no process to
coordinate monitoring efforts across the subbasins and address information needs related to all
Hs.

Approaches and methods of the RTT, PUDs, and regional fisheries ageaaeserally

appropriate and can be used to answer questions about effects of hatcheries and the
hydrosystem but analyses could be improvedpper Columbia RME planning efforts among

the PUDs, WDFW, UCSRB resulted in a thoughtful pracekentify reference populations that
could be utilized to help assess how hatchery supplementation efforts were influencing total
spawner abundance, natural origin spawner abundance, and productivity (recruits per spawner)
in supplemented streams.

In many instances ithe Upper Columbia, the RME program compares a supplemented
population to three or more reference populations, but the results of the individual

assessments are not aggregated. A more sophisticated analytical approach that simultaneously
examines data fnm the supplemented population and all reference populations would improve
the precision of the estimates and increase the power to detect effects.

The RME efforts track temporal changes in abundance, productivity, spatial structure, and
genetic diversity\{SP parameters) relative to control or reference populations. However, many
factors (e.g., environmental conditions experienced under artificial culture, genetic changes due
to domestication, environmental conditions experienced by adults and their offgpni natural
streams) can also alter VSP parameters. Influences of these factors on VSP parameters must be
disentangled before lonterm effects of hatchery practices on fitness can be estimated- Life
cyclemodelsare a promising way to evaluate the reba¢ effects of ecological concerns and

human actions to better design and prioritize information needs and potential effectiveness of
restoration actions.

Assessing potential impacts of early fish cultural practices is problematic because they rely on
historical accounts and speculations about possible consequences. Recent genetic studies of
Columbia River Chinook indicate hatchery practicesedfetts of mainstem and tributary dams
have reduced genetic diversity of Upper Columbia spring Chinook popda@Enetic analyses
offer increasing potential to quantify the influences of past practices on the fitness of
anadromous salmon and steelhead populations.
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Throughout this chapter welentified analytical methodthat Upper Columbia managers and
researchergnay wish to consider. Greater detail and more comprehensive discussions on
recommended statistical approaes can be found in our Appendic€so E

Statistical and Analytical Suggestions

1. When comparing the migration timing, spawn timing, and redd distrims of NOR and
HORs spawning in natynee recommend the use of Kolrgorov-Smirnov TweSample
Tests (KS test). kS tests are used to compare two frequency distributions, e.g., the
distribution of NOR and HOR redds throughout a stream basin, orgidfierences by
Julian dates in migration and spawnifignese tests are sensitive to a variety of
differences that may exist in the two distributions being compared, not just central
location (means) but also to skewness, dispersion, etc. (Siegel 1956).

2. Meaares of uncertainty (e.g., standard errors) need to be calculated for stray rates. The
methodology for estimating stray rates for Chinook based on CWT expansions for
tagging proportions and catch searched is appropriit, $andard errors are needed
to help put calculated rates into perspective. Currenitlys unclear if a 17% stray rate
has an uncertainty af 1% or+ 15%.

3. The process used to select reference populations employed both statistical (e.g.,
presence of a longjme series in abundance amaoductivity estimates, harvest
estimates, etc.) and biological (similar life history traits, few or no hatchery fish, similar
trends in freshwater habitat, etc.) criteria. Statistical criteria have little bearing on the
suitability of a reference streamll else being equal, biological criteria should be given
more weight when selecting reference populations.

4. At present, separate analyses are being used to compare treated (supplemented)
populations with a single reference population. Often, treated papiahs are
compared to three or more suitable reference populatiohbe results of these
comparisons, however, are never aggregatdt recommend that data from a
treatment population and all of its reference populations be compared simultaneously.
This wil lead to improved precision and also increase the power to detect differences
Such models can be fit using standard software (e.gH®yever, we recommend that
a Bayesian Analysis be used. It will allow the incorporation of prior beliefs on the valu
of supplementation, integration of multiple performance measures, and can more easily
deal with unequal variances in the different populations.

5. Differences between treatment and reference populations are quantified by using ratio
scores. These were calated by dividing values from the treatment population by
those from a reference population. The authors recommend that these ratios be
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analyzed using original values. However, many biological effects are multiplicative
rather than additive. To account fonultiplicative effects the log(T/R) should be used
rather than arithmetic values.

6. The M&E Plan makes extensive use of null hypothesis statistical testing to evaluate the
impact of hatchery supplementation efforts in the Upper Columbia. These tests are
being used to detect both positive and adverse effects. Null hypothesis testing is not

NBFffte RSaAdIySR (2 | aGvenadargéendughisafiple €ra,dtis K & LJ2

almost certain that that some effect will be detected, but it may not be biokdtyic
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Hypothesis Statistical Test framework may be useful, naiglyvalencelesting Refer
to (en.wikipedia.orgwiki/Equivalence tegtand our AppendiCfor further details.

7. The greatest disadvantage of the Null Hypothesis approach is that it does not provide a
direct answer to the question how certain is it that supplementation has an effect or
not had an effectThe pvalue does not serve this purpose. Theglue measures the
consistency of the data with no effect, which can be easily misinterpreted. We think a
Bayesian approach may be more useful. The posterior belief about a parameter provides
a direct interpetation on the question of interest. For example, consider again the
productivity indicatoiof abundance of natural spawners (firstv of Table 1 in Hillman
et al.2017). Under the NHST framework,-&gdue of 0.02 indicates that the observed
data is notconsistent with no effeat hardly an interpretation that can be interpreted
with ease. Under a Bayesian framework, a posterior belief of 0.98 that the mean
abundance has increased under supplementation is easily interpreted. For most of the
analyses proposein the M&E plan a Bayesian analysis is easily implemented.

Suggestions for Additional Research

1. Outputs from the PCIRisk 1 Model that was used to evaluate potential interactions
between hatchery fish and netarget-taxa of concern (NTTOC) in the Uppelu@bia
are hypotheses or expected outcomes. We recommend that existing data be used to
validate some of the outcomes produced by the moéResults from such analyses
would beof real interest to NOAA-isheries and others that are using the model to
examne possible hatchery fish x NTTOC interactions in the Basin. Ideally, field sampling
similar to that occurring in the Upper Yakima River could also be started in selected
areas in the Upper Columbia. Data from such efforts could be used to further test the
accuracy of the initial PCRisk_1 Model outputs.

2. Continued development and validation of the lifgcle model being developed for
Wenatchee River spring Chinook is encouradée model is designed to evaluate the
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effects of hatchery domestication, clate change, pinniped predation, ocean

conditions, and freshwater habitat on the population dynamics of Wenatchee spring

| KAy221® ' G LINBaSyas Ylye 2F GKS Y2RSft Qa
being estimated by an ad hoc calibration method.e@iits many assumptions and fixed
parameters its current outputs can only be used qualitd{i¢(SAB 201-1). The model,
however, appears to have the flexibility to incorporate new datad efforts to refine it

are underway. When completed has the pdential to be a valuable tool for

management.

. Itis unknown if any of the genetic legacy from Chinook stocks native to areas of the
Columbia River above the Grand Coulee Dam were retained by the Grand Coulee Fish
Maintenance Project. There may be one pbksway to resolve this question. If scales
were collected on the spring Chinook spawned at Leavenworth from 499@3, and if

they are still available, it should be possible to extract DNA from these samples. Results
from these analyses could be compdrto the genetic profiles that exist on spring

Chinook currently in the Upper Basin.

. Dittman et al. (2015) have proposed that hatchery fish can be directed to targeted
spawning locations if they are exposed to artificial odors or to waters from desired
spawning locations from hatching to yolk absorption. We encourage Upper Columbia
researchers to continue working with Dittman and colleagues and implement a pilot
project to test the feasibility of this approach. It has the potential to greatly reduce
straying and possibly eliminate the need for expensive acclimation sites.

. Further Investigations that explore the factors responsible for early maturation in male
spring Chinook salmon are also encouraged. Ford et al. (2015) indicates that the
conservation beafits and risks associated with releasing precocious parr are affected by
the factors that drive early maturation in hatchery stocks. Consequently, a thorough
understanding of what enhances precocious maturation in hatchery stocks would help
determine if anything should be done to control the release of early maturing male parr.
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6. Modeling

Questions submitted to ISAB:

Are the lifecycle and habitat models in development for the Upper
Columbia ESU useful for informing the identification, prioritization, an
evaluation of restoration actions? At what resolution scale can this
guidance be appd, for example, watershed, population, or reach scaj
Are there other approaches that would be useful?

6.1. SpecifiCmments aboutLife-Cycle Models

There ardour life-cyclemodelsdevelopedfor the Upper Columbia ESU (Tablg). All of these
life-cyclemodels are bsed on a standard lifeycle formulation with different emphases at
different life stages. For example, the Methow River model uses a food web at the juvenile
stage; the Wenatchee model simulates each population and hataleégsesandthe ISEMP
modelsl7 streamreachesn the Entiatwhere habitat capacity in juvenile rearing habitat is
modeled using NREI and spawning capacity modeled using HSI.

The resolution of the lifeycle models varies spatially and temporally (T#&i¢. The Methow
Riverlife-cyclemodelestimates changesn growth of the juvenile fish at a daily level, but the
models for the Wenatchee and Entiat River use monthly time steps. Consequently, the impacts
of very short intervention (e.gadding nutrients at specific points in theogvth of juveniles)

can be assessed for the Methow River, but not the other systems. Similarly, the spatia scale
1-km reaches for the Methow Rivand so restoration actions at this fine scale can be
modeled;but only hatchery operations at the indikial stream or modification to the physical
attributes at the site level are modelled for the Wenatchee and Entiat Rikespectively.

All life-cycle model parameters are typically specified by the user based on actual data collected

for a particular fie stagefrom the system being modelear collected from other systems. None

of thelife-cycleY 2 RSt & | NS &G FAG¢ doBeinlhg SSSngde(EishBPassagel | & S i
Center, 2017)) antuning or calibration is needeid match the model output tdypical data

seen over multiple years. Because none of thdsecyclemodek are fit to actual data from

these systems, the results in baseline runs may match the pattern of changes over time, but

suffered from noticeable biasi.,they typically undeipredicted abundance).
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Table 6.1Summary of features of the Ifeycle models developed for the Upper Columbibl ES

Feature

Chapter in life
cycle review

Species

Life cycle
stages
considered

Geographic
locations
Type of model

Spatial and
temporal
resolution

Inputs to the
model

State variables

Limiting factors
that can be
modified in the
model.

Food web model

Chapter 6¢
Benjaminet al.
(2017)

Spring Chinook

Eggs, Juvenile (food
web), smolts, adults

Methow River
Deterministic

1 km reach.
Daily time steps.

Physical and
hydraulic conditions
of the stream.
Structure and
composition of
riparian zone.
Marine nutrients
from adult salmon.
Spawners, eggs,
biomass of
periphyton, organic
matter, aquatic
invertebrates,
juvenile spring
Chinoc, juvenile
steelhead, and other
fish; number of
smolts produced,;
number of adults in
the ocean

Food availability for
juveniles from food
web model.

Space for juveniles.

Wenatchee
model
Chapter 9b

Spring Chinook

Parrs, smolts,
adults x major
fish production
area and 2
hatchery
programs
Wenatchee
River
Deterministic

Stream.

Monthly at early
stages; Yearly a
adult stages
Hatchery
Operations
Spawners in
each production
area.

Spawners, eggs
parr, smolts,
adults (3 ocean
ages) by
production area
and hatchery
program

Hatchery
operations.
Parr capacity.
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ISEMP model

Chapterod

Entiat spring
Chinook

Eggs, fry, parr,
smolts (multiple
ages), adults

Entiat River
Deterministic

Site.

Monthly at earlier
stages. Yearly at
adults stages.

All parameters are
input to the model
as givervalues.

Spawners, eggs,
parr, smolts,
adults (3 oceans
ages)

None directly, but
all indirectly by
modifying
parameter values.

EDT

N/A

Okanogan summer
steelhead and summe
and fallrun Chinook
Eggs, fry, parr, smolts
(multiple ages),
spawners, adults
(several year classes)

Okanogan River

Analytical rulebased
model

Reach and watershed
Monthly

Environmental
attributes (e.g., flow,
stream corridor
structure, water
quality, biological
community), rules for
survival factors

Spawners, eggpalr,
smolts, adults (up to 6
ocean ages)

Environmental
variables (see inputs
above)



Feature Food web model Wenatchee ISEMP model EDT

model

Restoration Addition of nutrients Hatchery Increased habitat = Addition of nutrients
actions that via salmon operations. cgpacity and via salmon carcasses;
can be analogues. Any lifecycle increased juvenile alteration of water
modeled Addition/Removal of parameter can  survival (no quality; habitat
(examples) predators and/or be changed specific actions restoration;

non-native species. = based on other alterations of flow

Habitat restoration = models that link

actions to modify restoration or

physichdaspects of  hydrosystem
the stream and/or operations to
riparian conditions = parameters of
such as a side this model.
channel.

There are many reasons why model output may match the pattérobserved chages over

time but still have noticeable biaglthough the models are useful for ranking scenarios, they
should not be used to predict abundanc&€sr example, density dependence in a ldifer stage
may not have been modelleavhich would limiincreaseghrough the actual life cycle.

Increases in ductivity in earlier life stage®(g.,from habitat improvementspotentially

would be less than projected because of limitations outside the natal hafitathe extent that
downstream effects operate appxrimately equally on fish affected by upstream changes, the
life-cyclemodels may be useful only to rank restoration actions in terms of their relative effect
on fish abundance. The assumption of approximately proportional effects would be tenable if
upstream actions result in incremental changes to productjvigher than dramatic changes

so that density dependence (and other effects) have approximately proportional impacts on
improved productivity. As théfe-cyclemodelsimprove with better calibrabn and inclusion of
other feedbacks and nonlinearities, these relative rankings could change. A sensitivity analysis
(not done for all models) could identify which restoration action has the potentially largest
impact on the response variable (e.g., SARduit abundance).

Similarly, the models may be useful to rank the relative impact of different actions on (a limited
set of) different life stages that are close together in the life cycle because different limiting
factors are assumed. This can be damévo ways.

First, some limiting factors are part of each model. For exanagtegd web modeis linked

with the life-cycle modefor the Methow Riveto investigate the impact of changes in nutrients
(such as by adding salmon analogues), improvingiagpaonditions, or adding side channel
habitat. The model predicted that adding nutrients resulted in substantial impacts and adding
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side channel habitat results in the most improvement in mean abundance. The Wenatchee
model predicted that continued hatehny operations had the largest impact.

Second, for all models, the values of parameters that describe transitions amosigdjés,

which are based on published valuean be modified. For example, COMPASS could be used to
predict impacts of changes irytirosystem operations on4inver survival and this revised value

can then be fed into the life cycle models. This was the approach used in the Wenatchee model
where changes in estuary survival or juvenile survival are made. The Wenatchee model
predicted hat increasing estuarine survival lead to large improvements. Improvements in these
models over time will require calibration/validation against time series data

However, comparing the benefits of increase estuary survival to benefit to improvement in
habitat restoration actions on the spawning grounds may be less useful because of the many
intermediate stages betweetine spawning grounds and estuary.

The modeled number of fish alive at the various stages inifiseyclemodels may tend to
overstate thebenefits of actions because compensatory effects (both within a population due
to density dependence and across populations sharing the samealtadie rarely modeled

past the smolt stage. Consequently, limiting conditions downstream may reduce thal actu
benefit from restoration actions.

In general, judging the validity and accuracy of a life cycle model by comparing its prediction
with observed outcomes from actual management actions is always challenging. For example,
the model may predict that a magament action should result in a 20% increase in the number
of spawners, but only 10% increase was seen. Did this discrepancy occur because the model is
inadequate (e.g., model is too simple, key limiting factors were not included, interactions with
other species were not modeled, etc.) or because of natural variation itifdheycleof the fish
(e.g.,marine survival was lower than predicted) even if the model is basically a reasonable
representation Evaluation of theactualbenefit of actual restoratin actions using té life-cycle
models against observed outcomes will be difficult because not all sources of variation are
accounted for (indeed, most of the models are deterministic).

The lifecycle models will be in a continual state of refinement angrowement. Focused
studies é.g.,fish-in and fishout studies on habitat improvements) provide information on the
benefits of management actions over shame and small spatial scalésit cannot be readily
scaled upwith incorporation into a model thatepresents larger scalemitiallife-cyclemodels
can be used to scale up management actions to larger spat@léntire river) and temporal
scales¢€.g.,entire life cycles) but rarely model ndimearities and feedback mechanismd.,
density dep@dence) in more than one stage. At this point, the madeé useful for ranking
the relative benefit of management actions at the populatienel butmay not perform well
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when predicting exact benefits. This is the current state ofdyfele models inite Upper
Columbia. Thesmodelsare also useful to identify the stages on which life cycleis most
sensitive and identify potential scenarios for improvements. A-beleefit of developing a life
cycle model also lies in determining which data missng about the population of interest
and need to be collected. The next steps in modelling are to better calibrate the model to
actual lifecycle data both at fine and large temporal and spatial scales and to include more
complex relationships in those gfas where the model is most sensitive.

6.1.1. FoodWeb Model for the Methow River

A foodweb model was integrated witlife-cyclemodel for the Methow River to study the
impact of physical and hydraulic conditions of the steams, the structure and congpositthe
riparian zone, and marine nutrient subsides from returning adult salmon on spring Chinook
(Benjamin et al. 2017)his model has two linked submodels. Toed webmodel is a mass
balance model that operates on a theoreticakrh reach of the Mdiow River. The output from
the food web model (biomass of juvenile Chinook proelt) is linked to a simple lHgycle

model that incorporates eggs, juvenile, smolts, and adult fish. Both submodels are
deterministic.

Theparameters that drive the lifeyclemodel are determined from many studies (Sksble 2

of Bellmore et al. (2017)), but were not determined by fitting empirical data to the model. The
current model simulated 9 adults returning and spawning inkanlreach and resulted in 794
smolts migratig. The spawners/km input to the model is less than ¥ that observed in the
Methow River (23 spawners/km). The modeled number of smolts produced/adults (88
smolts/adult) is only about 1/10 of the empirical estimates of 900 smolts/adult. Modelled mean
weightof smolts is 9.8, whichis comparable to empirical values. The model suggested
multiple time periods when Chinook salmon would migrate downstream includingmrid],
mid-summer, and winter when growth of juvenile fish is stalled or negative.

There arewo key limiting factors that are directly modeled and of interest for restoration
activities. First is the food availability predicted by the food web model. This depends on inputs
of adult spawners (marine nutrients), and conditions of the stream. Allaxfe could be

affected by habitat restoration actions plus experimental actiang.(nutrient additions via
salmoncarcassnalogues or improving riparian conditions, predator remogtd,). The second
limiting factor is space available fuvenileswhichis determined by available wetted area of

the reach divided by average lenglased territory size. Restoration actions could increase the
available wetted areas by direct modifications of the stream.

Bellmore et al. (2017) evaluated several scevmrimproving riparian conditions contributed
little to improvements in production; adding nutrients results in substantial (18%)
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improvement;andadditional side channel habitat had the biggest impact (31%) improvement.
The latter results were highly depdent on the presence/absence of nonnative snails and fish.

6.1.2. Wenatchee Model

This Wenatchee River |Hgycle model is a standard Leshmtrix type model that simulates the
movement of fish among five life stages (parr, smolt, and years in the obeaarg extended to
include three fish production areas (Chiwawa River, Nason Creek, and White River) and two
hatchery operations (Chiwawa River and Nason Cr@ekyensen et al. (2017)pnce smolts

are produced by hatchery programs or in each of thie fisoduction areasthey share common
hydrosystem, estuary, ocean survival, harvest, and maturation schedules (Figulergensen

et al. (2017).

The parameters of the model are mostly determined from other studies (Table 5 of Jorgensen
et al. (2017)).The authors attempted to calibrate their model by allowing four parameters
(parr-smolt survival, survival on first year oftento ocean, up river survivaand prespawn
survival) to vary (Table 2 of Jorgens#ral.(2017)) but as noted in the ISABview of thelife-
cyclemodels (SAB 2011) the proposed calibration procedure may not result in optimal
choices.

Thelife-cyclemodel is conceptually detailed enough to investigate the consequences of habitat
improvements by simply changing relevant paedars of the model (starting on their page 27).
For example,

 increasing capacity in habitats (in Table 5, the Bevertcht G al ¢ LI NI YSGSND
1 improvements in par> smolt survival through the hydrosystem (multiple parameters)
1 pre-spawning mortality

However these restoration actions never appear directly in the model and the estimated
impacts of these above actions must be provided, typically, as the result of other models. For
example, the link from habitat restoration to parr capacity is from Bond and Nodin

(unpublished report, NWFSC); improvements toiwer survival from changes to hydrosystem
operations are modeled via the COMPASS models, etc. The only actions directly modeled here
are hatchery operations.

Resolution is at the stream level, i.e.,ea¢hlpldzf I G A2y KFa I aSLI N}FGS ao
can be aggregated up to the watershed level to investigate the aggregate effect. It is not
LR2aarotsS G2 Y2RSEt AYLI OGa G GKS aNBI OKé f S@S

Seven different scenarios were modeled: reduced hatchery producterluced harvest;
habitat improvements that increased juvenile survival; increased spill in the hydrosystem;
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reductions in pinniped predation; or changes in ocean survival. The largest improvements in
abundance occurred when estuarine adult survival imaseased to historical levels (e.g.,
simulating conditions from reduced pinniped predation) and when hatchery operations
continued operations at historical levels. AppendigfAorgenseret al.(2017)describesvork

in progress that may relate spawningcsess, egtp-fry survival, and life history proportions as
functions of habitat and weather covariates measured in the three stream goeashis has

not yet been implemented.

The biggest problem with the current model is the unorthodox fitting proceda non

standard calibration procedure that does NOT work as advertised) and relying on fixed
parameter values (Table 5). No information is presented regarding whether the results from the
LCM actually fit any available data.

Sensitivity analysis of thmodel may be difficult to interpret because the authors divided by the
SE of beta rather than the SD of the X values and then they do a further standardization. The
authors used sensitivity analysis to identify which parts of life cycle are most seesithe
sensitivity analysis could also identify the impact of changes in parameters as part of
restoration actions, but the authors did not pursue this.

6.1.3. ISEMPodel for the Entiat River

The ISEMP model consists of a generakljide model with spafic implementations for the

Entiat spring ChinoofSaunders et al. 20L7)wo other populations were also modeled (the

middle fork of the John Day river and Lemhi spring Chijjdmk these populations are not part

of the Upper Columbia basinBhegendr f Y2 RSt A& Tt SEA0fS s8y2dzaAK
GAGKAY | a0NBI YI ¢ KSNDartlof astieam). Ear exandple,dbé ®ddeI RS T A Y
F2N) OKS 9y iAl G wA O SHe dmdd R a standand Beage K@gedfic leslie ¢ a A G S
type matrix model with a Bevertoilolt spawner recruit relationship.

The input parameters are specified to the modeb(, Table 4of Saunders et al. (201)7)and

there is no model fitting to actual data using the life cycle model. For exampleginsurwal

as a function of spill/flow would be obtained from the COMPASS or CSS models and then used
as is. The model has the ability to allow for some stochasticity in the various parameter values,
but again, these are provided as inpatg.,the standard erro from a model fitting exercise

done elsewhere.

ThelifecycleY 2 RSt Ol'y 06S Gt Ay1SRé¢ (2 20KSNJ Y2RSfaod C
Fork John Day steelhead and Entiat spring Chinook links habitat capacity to changes in habitat

using hydraulic anddbitat models (Netate of energy intake (NREI) and habitat suitability

indices (HSI); page 24 of Saundsral.(2017)). The NREI model is used for estimating juvenile

rearing habitatand the HSI model is used to estimate spawning capacity for individaehes
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after restoration actions are performed. These modeled results then are extrapolated to the
watershed level using GRTS weights (page 24 of Sauetdalt$2017)) and relationships to
covariates such as temperature, aquatic gross primary prooiichank full width, etc.

The base model for the Entiat Chinook also tended to underestimate abundance (model values
around 200 vs actual values near 300; Figures 10 and Sawfdert al.(2017). Results can
be used to rank scenarios but not predatisolute numbers of fish.

Three differem scenarios were investigated using the Entiat Chinook model broadly classified as
improvements in habitat complexity (large woody debris) and improvements in juvenile

survival. The NREI model was again used to naitsiges in capacity to habitat changes. A
hypothesized Zercentagepoint increase in juvenile survival was used given that there is no
model that links juvenile survival to habitat changes. The model predicted virtually no change
due to habitat improvemats; the model predicted a modest improvement when juvenile

survival increased. Under no scenario did abundance meet the recovery objgSauasders et

al. 2017)

Seebitbucket.org/mtnahorniak/champsempglife-cyclemodel/wiki/Homefor more info onthe
actual model.

6.1.4. Ecosystem Diagnosis and Treatment (ER®yel

See Sectiod.3.1 for a description of the EDT model. It is being used in the Okanogan River
basin b prioritize restoration projects for summer Steelhead and summer andualChinook
(Colville Federated Tribes 2013; Arterburn and Klett 2015; Arterburn 2017). In the Okanogan
basin, the model is being applied to look at reach and waterseeel actiors. EDT is also being
used to develop a life cycle model for the Methow ba¥ifth EDT, rules are applied to relate
environmental variables (i.e., flow, stream corridor structure, water quality, and biological
community) to survival factors for differerifd stagesThus, unlike other life cycle models that
use statistical assessments to reduce the number of environmental variables in the models, EDT
includes all that have available input data. The environmental variables for EDT are also more
comprehensie than with other lifecycle models by including physical and ecological variables
as well as considering how relationships may vary for different life stages.

6.1.5. Recommendations

The ISAB recommends continued development of theclyide models, incgoration of more
recent information on fish habitat relationships, and development of scenarios that more
completely represent the restoration actions and factors that are likely to influence recovery.
The lifecycle models should be continually refineddamproved. We recommend using the
life-cycle models to rank proposed restoration actions and incorporate their results in analysis
of cost effectiveness.
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https://bitbucket.org/mtnahorniak/champ-isemp-life-cycle-model/wiki/Home

Some restoration actions are river specific, but other actions are common across the models. It
would be helpful to develop a set of scenarios for these actions (e.g., incorporate recent
restoration project types, use Comparative Survival Study predicted resultstioemsurvival

from changes in spill/flow to evaluate overall impacts of changewvar survival).

Sensitivity analyses should be performed on all models to identify which limiting factors are

most important. These sensitivity analyses should use a standardized set of options. The models
should be calibrated to earlier lfeycle staged-or example, the food web models should be
calibrated to actual data on smolts produced rather than trying to calibrate for the entire life
cycle. This will improve confidence in the direct benefits of some restoration actions.

The next steps in modelliraye to better calibrate the modsto actual lifecycle data both at
fine and large temporal and spatial scales and to include more complex relationships in life
cycle stages where the modeire most sensitivéd=or example, the NREI models should be
calbrated to actual data on smolts produced rather than trying to calibrate it using summary
measures such as spawners produced. This will improve confidétioe direct benefits of
some restoration actions (e.g., changes in physical habitat does leadasunable increases in
productivity) whicharefed into the larger lifecycle model. The Lemhi model is such an
example of a calibration at a finer resolution.

We recommend leveraging the experience gained in applying the EDT models in the Okanogan
and Methow subbasins if the EDT models are developed for the other subbasins. The species
habitat rules in the EDT model should be evaluated closely if the model is used.

Where possible, multiple models can be compared to better understand and quantify
uncertainies and relationships between limiting factors and responses in the basin.
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7. Appendices
Appendix A. List of Presentations to ISAB

ISAB July 20, 2017 Meeting, Wenatchee, Washingtpeadg
BACKGROUND

M Overview: The 10 Essential Understandings about Upper Columbia River Spring Chinook
Salmon Todd Pearsons and Peter Graf (Grant County PUD)

1 Status and Life History of Upper Columbia River Spring Chi#oadeew Murdoch (WDFW)
and Tom Desgroseillier (USFWS)

QUESTION 1: IDENTIFICATION OF LIMITING FACTORS

1 The Role of Science in Salmon Recov&om Kahler (Regional Technical Team [Bid]
Douglas County PUD)

QUESTION 3: RESEARCH, MONITORING AND EVALUATION (RM&E)

9 Tributary Habitat RM&E: Upper Columbia spring Chinook Saideremy Cram (RTT)

T /| KSflys 52dz3fla | YR DNI Vi /yMdnitdridg, Bvadaatiborh O ! 0 A ¢
and Research Program€atherine Willard (Chelan PUD), Tom Kahler (Douglas PUD), and
Peter Graf (Grant PUD)

1 Wenatchee Spring Chinook Relative Reprodecluccess Studyndrew Murdoch
(WDFW)

QUESTION 4: MODEL DEVELOPMENT
1 Methow Basin Spring Chinook Matrix Mod@reg MackeyDouglas PUD)

I Ecosystem Diagnosis and Treatment: Okanogan and Methow habitat status and-trends
John Arterburn(Confederated Tribes of the Colville Reservation)

QUESTION 2: HABITAT RECOVERY ACTION PRIORITIZATION, EFFEC BVENBSSNAND
2L¢l helow 1 Q{ 61 .5whs 11 ¢/19wLO9{3 ! b5 1! wzto{

i Habitat Restoration and Protection in the Upper Columbia: overview of processes, partners,
and results Greer Maie(UCSRB)

1 SARs and Juvenile Metrics of Upper Columbia Stocks from the Comparative Survival Study
(CSS)Dan Rawding (WDFW)

1 Mid-Columbia Hydroelectric Projects
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https://nwcouncil.box.com/s/e35x5uth2c66kqf40f66bsq78l3yezyg
https://nwcouncil.box.com/s/rxivj4m4fefo3pvnfp2o7u8suc8zdlw5
https://nwcouncil.box.com/s/rxivj4m4fefo3pvnfp2o7u8suc8zdlw5
https://nwcouncil.box.com/s/l1u3k06ghfadp0o2h6dpbxup9tdsmttc
https://nwcouncil.box.com/s/x3bie34zwwccjne130bmqf30kzwl6i5d
https://nwcouncil.box.com/s/sebq9aat26rnrnjqyoxtxi62dopoyqf8
https://nwcouncil.box.com/s/mnvgicxl6o96t65wzi21spev0qkeu9oi
https://nwcouncil.box.com/s/mnvgicxl6o96t65wzi21spev0qkeu9oi
https://nwcouncil.box.com/s/6p31s6g70194a2uyrwikt5s03d3lj8ml
https://nwcouncil.box.com/s/bsm7v4fxzsmsm4fmsjctrueryktptb4b
https://nwcouncil.box.com/s/uhj51ynn7nt4zitp2mhbpl95z87iwsii
https://nwcouncil.box.com/s/lgl890sihrlf47y052h5e9u8jqrjc3w4
https://nwcouncil.box.com/s/lgl890sihrlf47y052h5e9u8jqrjc3w4
https://nwcouncil.box.com/s/jfxfqa3ydilh8zfev4gkaj20hq1fi498
https://nwcouncil.box.com/s/jfxfqa3ydilh8zfev4gkaj20hq1fi498

T

o0 2Sftfa 5IYY 52dAfl & t t&mianteicd SWONESY i | YR
Impact (NNI) for the Wells Hydroelectric Project Via the Wells Habitat Conservation
Plan (HCR)Tom Kahler (Douglas County PUD)

0 Rocky Reach and Rock Island Dams Survival Study Reamnice Keller (Chelan
County PUD)

o Wanapum and Rest Rapids DamsCurt Dotson (Grant County PUD)

Leavenworth Complex Hatchery Prograviill Gale (USFWS)

ISAB September 15, 2017 Meeting, Portland, Oregagefdg

l

Comparison of Upper Columbia and Snake River spring Chinook-dtikesFord, NOAA
Fisheries, ISAB Ex Officio

Comparison of Upper Columbia spring and summer Chinook life histories and management
- Andrew Murdoch, WDFW

Use of Habitat Suitability Indices for project selection and design in the Upper Colkumbia
Sean Welch, BPA

ISAB October 27, 2017 Meeting, Portland, Oregaggndg

il
il

Life History Diversity of Upper Columbia Spring Chirdain Desgroseillier (USFWS)

Methow River Subbasin Overview

0 Habitat limiting factors and restoratiotMethow watershed ramblings John
Crandall (Methow Salmon Recovery Foundation)

0 Hatchery and wild fish numbers and analyg&harlie Snow (WDFW)

Losses of Methoverigin spring Chinook in Zone 6 by brood year, origin, and oceaq age
Tom Kahler (Douglas County PUD)

ISAB December 8, 2017 Meeting, Portlai@regon égendg

l

Juvenile Spring Chinook and Operations of Rocky Reach and Rock Islanpl Baogs
Keller, Chelan County PUD

Competing tradeoffs between increasing marine mammal predation and fisheries harvest of
Chinook salmoig Brandon Chasco, OS&lt(cle)
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https://nwcouncil.box.com/s/432eyn51dupp2fi4ui2asvse1lfp1gvu
https://nwcouncil.box.com/s/432eyn51dupp2fi4ui2asvse1lfp1gvu
https://nwcouncil.box.com/s/432eyn51dupp2fi4ui2asvse1lfp1gvu
https://nwcouncil.box.com/s/59xt54xotopf2kq6k0bhq7jmlnnt8df3
https://nwcouncil.box.com/s/cz0bephr9uun6kjldsz3vk1d4jpsewi7
https://nwcouncil.box.com/s/jcxjyn96he9ybajadikxu5e5u5jvjzc1
https://nwcouncil.box.com/s/4xhziyp48wmg7iv9i1yvxo8rajme2iqz
https://nwcouncil.box.com/s/eo63ffcozz64uovjis1r3xa7bxbvxpmd
https://nwcouncil.box.com/s/8v4hmugnqpe9vv23a7n8p2y965m0or4v
https://nwcouncil.box.com/s/vhgv70kghi1fyy9vwywt6c8nahxkpdh5
https://nwcouncil.box.com/s/0j8jhkrnftvvcghyeowsy0lm7dl1vfhl
https://nwcouncil.box.com/s/nwfb5gzzpm2vhz1mb70m7jn70w8t02k0
https://nwcouncil.box.com/s/14rib0bn5trxbtub39uomi2k1g0fk9zc
https://nwcouncil.box.com/s/kcvoargqwdybf0wa5amq5cw0oyvgcxbs
https://nwcouncil.box.com/s/ot43owfcoykjy8p55womivikiijyx1o0
https://nwcouncil.box.com/s/jpv5dv6j4bcv1ip7h0ejlc9hdtn0xj6e
https://nwcouncil.box.com/s/sret9fmc565kl4rhjqrvaybylt1xcvhe
https://nwcouncil.box.com/s/1tjdc4xg6y4xrmtw63dkvyrei1bnf6cj
https://nwcouncil.box.com/s/1tjdc4xg6y4xrmtw63dkvyrei1bnf6cj
https://nwcouncil.box.com/s/kai8x0p63ro18387elkvo8uiq12qqam9

Survival of adult spring/summer Chinook salni@mcorhynchus tshawytschtjrough the
estuary and lower Columbia River @ha rapidly changing predator populatigriMichelle

Wargo Rub, NOAA Fisheries
Spring Periodd.S. v Orego@hinook managemerg Jeromy Jording, NOAA Fisheries
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https://nwcouncil.box.com/s/eet8aa32wub72vx7aoo3k9iau3ieadep
https://nwcouncil.box.com/s/eet8aa32wub72vx7aoo3k9iau3ieadep
https://nwcouncil.box.com/s/vmamac27fh0dh1o8ugfehw0rm6c1tb4g

AppendixB. Comprison ofOcean andestuary Life Histories

Table B.1. Comparison of smtbdtadult (ocean and estuary) life history traits and status of Upper
Columbia (UC) spring Chinook and Snake River spring/summer Chinook

Life history
trait/status

Smolt
freshwater age

Hatchery smolt
releases

Smolt
Downstream
migration rate

Smolt
downstream
migraton rate
to lower
estuary/mouth

Description

Smolt age (years) basec
on CWT and PIT data
collected from smolts in
the lower estuary, river
mouth, and ocean off
OR and WA, 2062015

Mean number (millions
of fish), % adipose fin
clipped, release date,
release weight (g), base
on coded wire tag
recovery data, 2007
2011

km/day, based on 2006
2011 recoveries of CWT
fish in the estuary (75th
percentile of rate)

Based on CWT data
(n=65 Upper Columbia f
spring, n = 58 Snake R
spring, 20062011

UC sprimgy
Chinook

Yearling (age 1)
migrants;
identical to
Snake
spring/summer

3.1 million,
67.6% clipped,
April 24, 28.7 g;
different than
Snake spring

24.6 km/day;
similar to Snake
spring/summer

42.1 days, 830
km, 21.6

km/day; similar
to Snake spring
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Snake R
spring/summer
Chinook

Yearling (age 1)
migrants;
identical to UC

spring

Spring/summer:
9.8/2.3 million,
92.3/93.9%
clipped, April
20/April 9,

62.79/23.0 g; SN
different than UC

spring

25.4 km/day;
similar to UC

spring

51.1/63.3 days,
853/1100 km,
18.1/19.0
km/day; Snake
spring similar to
UC spring

Source

Weitkamp et al.
2015 and many
others

Weitkamp et al.
2015; Regional
Mark
Information
System (RMIS;
www.rmpc.org/

)

Fisher et al.
2014

Weitkamp et al.
2015 (see also
Fisher et al.
2014)



Life history
trait/status

Smolt use of
shallow tidal
freshwater &
estuary habitat

Smolt use of
deep water
(channel)
estuary habitat

Smolt size and
timing in
estuary

Smolt survival in
estuary

Description

GSI (microsatellite DNA
of juvenile Chinook in
shallow water tidal
lower Columbia River
and estuary, January
2002-September 2007

Based on genetic stock
id (microsatellite DNA
(>0.8 probability of
correct Gol asginment),
Teel et al. 201pand
CWT

Mean size and date at
capture inlower estuary,
UCR timing data include
both Mid and Upper
Columbia stocks, 2006
2011

Estuary survival (S.oa);
see additional discussio
in3.1.4

UC sprimgy
Chinook

Not detected
(Roegner eal.
2014); Not
included in
Roegner et al.
(2012) analysis
because of low
(<0.9%)
probability of
correct GSI
assignment;
similar to Snake
spring/summer

Present in deep
water (channel)
habitat; similar
to Snake
spring/summer

Smaller and
earlier than
Snhake R, but
high within
stock variation

not estimated
by CSS
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Snake R
spring/summer
Chinook Source

<1% of yearling Roegner et al.

sample (n=36), 2012, Roegner
total sample and Teel 2014
n=2,174 yearling,

fry, fingerling;

Roegner et al.

2012) inshallow

water habitats in

tidal lower river

and estuary;

similar to UC

spring

Present in deep Weitkamp et al.
water (channel) 2015

habitat; similar

to UC spring

Larger and later Weitkamp et al.
than UC spring, 2015

but high within

stock variation

Estimated by CS¢ CSS 2017



Snake R

Life history UC sprimgy spring/summer

trait/status Description Chinook Chinook Source

Ocean dispersal Based on codewire tag Rapid Rapid northward Fisher et al.
pattern of recovery data, 1995 northward migration during 2014;

juveniles during 2006 migration during 1st 4 mos, by late Weitkamp et al.
March-Nov 1st4 mos, by summer not 2015

late summer not found south of
found south of  Vancouver I.,

Vancouver |., B.C., rarely

B.C., rarely caugh on

caught on continental shelf

continental in fall; assumed

shelf in fall; to be identical to

assumed to be UC spring

identical to

Snake/summer
Mean ocean Mean km, based on 201.9 km; less 395.2 km; more Fisher et al.
distance codedwire tag recovery than Snake than UC spring 2014
traveled by data for juveniles in spring/summer

juveniles (km) their 1st oceangring-
during March fall, 20062011
Nov

Catch of sub Numbers of fish based Raresuggesting Rare, suggesting Weitkamp et al.

adults and on coastal recoveries of a mainly a mainly offshore 2010; Sharma
adults in coastal coded wire tagged fish, offshore ocean ocean existence; and Quinn
ocean fisheries 19792004 existence; identical to 2012; Fisher et
identical to assumption for  al. 2014; Pacific
assumption for  UC spring States Marine
Snake after the first few Fisheries
spring/summer months atsea  Commission,
after the first Regional Mark
few months at Information
sea System (RMIS;
WWW.rmpc.org)
CTC 2017
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Life history
trait/status

Ocean survival

Adult run timing

Age at return

Description

1st ocean year (S.01); a
constant survival rate fo
subadults in subsgient
ocean years is assumec
estimated smoklto-adult
(SAR) available for both
ESUs, 2008014; , see
additional discussion in

3.1.4 and3.2.1.4.

Arrival at Bonneville
Dam (average median
ordinal day) based on

genetic stock

identification (GSI) and

PIT tag data

Chinook that passed

Bonneville Dam

UC sprimgy
Chinook

(S.01) not
calculated;
estimated SARs
of both ESUs
similar, 2008
2014

GSI =May 7; PI
= April 22May
6, categorized
as early run
timing along
with two Snake
River spring
Chinook groups:
Rapid R.
Clearwater R.
and Lower
Snake

3,4,and 5yr
olds (4 yr olds
are dominant
age group);
similar to Snake
spring/summer
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Snake R
spring/summer
Chinook

Estimated SARs
of both ESUs
similar,2008
2014

Rapid R.
Clearwater R.
(GSI: May 7, PIT:
April 2230);
Lower Snake
(GSI: May 10;
PIT: April 23); MF
Salmon (GSI: Ma
30; PIT: May 3),
SF Salmon (GSl:
June 3, PIT: May
28), Upper
Salmon (GSI:
June 3; PtTMay
22)

3, 4, amd 5 yr olds
(4 yr olds are
dominant age
group); similar to
UC spring

Source

CSS 2017

Hess et al. 2014
(GSl based on
20042007

data; PIT based
on 19962001
data from
Keefer et al.
(2004)

Hess et al. 2014
(GSl based on
20042007

data; PIT based
on 19962001
data from
Keefer et al.
(2004)



Life history

trait/status Description

Adult size at Average fork length (cm
return at Bonneville Dam

Adult returns (% Average number
wild returns) returning to Columbia
River mouth

% of aggregate
adult upriver
spring Chinook
run

UC sprimgy
Chinook

73.2 cm; similar
to Shake spring
Chinook

1980s20,343
adults (38%
wild); 1990s
9,501 (20%
wild), 2000s
21,712 (10%
wild);
decreasing
trend similar to
Snake
spring/summer

15% since 1980,
11% of recent
10-yr avg;
decreasing
percentage
different than
Snake
spring/summer
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Snake R
spring/summer
Chinook

Rapid R
Clearwater R
(71.3 cm); MF
Salmon (74.2
cm), SF Salmon
(74.1 cm), Upper
Salmon (75.7
cm); Similar to
UC spring
Chinook

1980s39,849
(48% wild),
1990s29,904
(38% wild),
2000s110,827
(27% wild),
decreasing trend
similar to UC
spring Chinook

48% since 1980;
53% reent 10yr
average;
increasing
percentage
different the UC

spring

Source

Hess et al. 2014
(GSI based on
20042007

data; PIT based
on 19962001
data from
Keefer et al.
(2004)

ODFW/WDFW
2017

ODFW/WDFW
2017



Appendix CReview of Appendix C iMurdoch et al. (2011)

Appendix C oMurdoch et al.(2011) presents methods for comparing abundance and

productivity (the performane measure) between reference and supplemental populatfons

There are many potential reference populations and there is concern that the set of potential
NEFSNBYOS L}RLJz I §A2yad RAFTFSNIAY UGKSANI a0t 2aSy
performance neasure during the period before supplementation is started.

A measure of the effect of supplementation is computed for each pair of reference vs.
supplemented stream. Individual estimates of effect size are obtained for each pair of
supplemental vs. referece stream.

This review examirseach section in the Appendix CMtirdoch et al. (2011and makea some
recommendations to improve the document.

C1. SelectingReferencePopulations

The authors are commended in their careful search for reference streamng a number of

criteria listed on page 199 of Appendix Qvafrdoch et al. (2011)Some of the criteria are
biologically based(g.,similar life history) while other criteria are statisticald.,accurate
abundance estimates or a long time serie$)e $tatistical criteria have little bearing on the
suitability of a reference stream; the impacts of these criteria are on the precision of the
estimates. For example, if there is substantial measurement error in estimates of abundance or
if the time serie is short, estimates of the supplementation effect are still unbiased, but the
standard error of the supplementation effect may be so large that effects of supplementation
have low power to be detecteddfer to AppendixE). With suitable methodology, the is some
benefit to including reference streams in the analysis that have substantial measurement error
or short time series. All else being equal, the biological criteria should be given more weight in
selecting the reference streams than the statisticateria.

¢KS LIWSYRAE dzaSa aSOSNIf YSIadaNBa 2F aOf2aS8y

1. Correlation in performance measure.§.,abundance) during the period before
supplementation occurs

2. Graphical comparison of trends over time

Comparing the slopes of any trends over time

4. Compamg the minimal detectable difference

w

8 The material in Appendix C of Murdoch et al. (2011) was essentially duplicated in Appendix 6 of Hillman et al.
(2017).
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The graphical methods compare population (potential reference vs. supplementation stream)

on three measures (abundance, natural origin recruits, and adult productivity). The comparison

was done on both the actual seahnd natural logarithm scale. A priori, a logarithmic scale

would be preferred. Abundance values vary from yayear based on yeaspecific effects

(see Appendi¥). In many biological systems, these effects are multiplicatiegjn a good

year thenumber of spawners may increase from 100 to 150 in one stream and from 50 to 75 in
another stream. While the arithmetic difference is not equal (differences of 50 vs. 25), both

streams experiece a 50% increase in abundarmwea change of log(1.5)=0.4 time logarithmic

a0FtS NBadzZ GAy3a Ay Y2NB aLI NI tftStAavYeé Ay (GKSA
page 202f Murdoch et al. (2011)

Next, a correlational analysis was used to evaluate reference streams vs. the supplementation
stream The authes are too pessimistic about the need for a high correlation between the
performance measure in reference and supplemental streams prior to the period of
supplementationIn the case of BACI designs, the purpose of the reference stream is to simply
show the change in the mean response over time between the before and after periods. This
difference is compared to the change in the MEAN response in the supplemental stream
between the before and after periods (see Apper8ixIf this differential change in @ MEAN

(the BACI effect) is not zero, then there is evidence that supplementation has an effect.

Consequently, the correlation in actual responses between the two streams could be zero and a
valid estimate of the BACI effect can still be obtained. Treemn®istatistical reason why a

correlation of at least 0.6 is needed (page 20Murdoch et al. 2011 However, the PRECISION
(the standard error) of the BACI estimate is affected by the correlation in responses between
the streams during the before peripahich is largely driven by any yespecific effects that

are common to both populations.

Consequently, it is NOT necessary to select reference populations that have a high correlation
with supplemental streams as long as the MEAN performance measestgrigated well in
both periods (before vs. after).

The standard BACI design assumes that the performance measure is in steady state prior to and
after the supplementation starts (see Appenéx The authors (page 2@3 Murdoch et al.

2011 computed therend in all streams and examined if the trend could be distinguidtead

the trend observed in the supplementation stream. The standard statistical technique to do this
is Analysis of Covariance (ANCOVA)jthstunclear from the text if the authors @m@lly did

this. The authors did a trend analysis on both the original and logarithmic scale. Agaiar;,

the logarithmic scale should be the preferred sc#léurns out that a BACI analysis is still valid

in the presence of parallel trends if thé&fect of supplementation is a shift in the intercepts

without any changes in the slopes. If the effect of supplementation is a change in the slopes,
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then a BACI analysis (or the equivalent paired difference approach used by the authors) will
need to be modied.

Too often studies are conducted without a proper investigation of the power of a particular
design. The power analysis conducted by the authors (pagef2¥2irdoch et al. 201)lis
appropriate based on the empirical estimates of variation compiggairing of the
supplemental stream with each of the reference streaifise power analysis of the ratio would
be more appropriate when computed on the log(scaie), log(T/R) as this then corresponds to
the paireddifference approach on the log(perfmance measures). The resulting minimal
detectable difference can be f&xpressed on the original scale by taking the-fogarithms

which would be more easily understood. For example, if the minimal detectable difference of
log(T/R) is 0.60, this impli¢isat a multiplicative change of exp(0.60)=1.8x can be detected.

CAylLftftes GKS | dzZiK2NAR RS@St2L)J I LINROSRdAzZNB G2 a
criteria (top of page 2206f Murdoch et al. 2011 The criteria can again be divided into

biologial ciiteria (pre pNOS and post pNGfd statistical criteria (correlation, relative

difference in slopes, and a coefficient of variation). Each criterion is considered to be

independent in developing a metric (TabledfIMurdoch et al. 2011 Unfortunatdy, the three

statistical criteria are all highly correlated and some double counting is taking place. For

example, if the response measure is highly correlated between the two streams, then the

trends will be similar and the CV value also higher. Thésstatl criteria also influence the

precision of the BACI estimate and have no impact on the bias of the BACI estimate. The

statistical criteria should be given little weight in deciding on an appropriate reference stream.

C2. AnalysisMethods

C2.1. Anaysis ofTrends

The authors compared the slopes within each supplemergfrence pair for each period
(before and after) using what appears to be Analysis of Covariance (ANCOVA), but this
technique was never explicitly mentiongdnfortunately, the analyis did not directly examine
if supplementation had a positive effectrather the authors hoped that a parallel trend in the
before period would be replaced by a nparallel trend in the after supplementation period.

A direct examination of the relevahtypothesis is possible using a variant of ANCOVA
combining data from both periods and both streams using a similar approach as a BACI analysis.
A model of the form:

® YQd QI Q@B TYQOIXQT Qe Q
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could be fit. Here the term Sitegilod corresponds to the 4 intercepts for the 4 different trends
(2 sites x 2 periods) and the term Year*Site*Period would directly test (and estimate) if the
CHANGE in slope for the supplemental stream between the before and after periods is the
same aslie CHANGE in slope for the reference stream between the before and after periods.

¢CKS FdziK2NR& yR GUKS |02@0S lylrfeara Fff26SR
periods leading to disconnected lines see in Figure 8 (and othésirdoch etal. 2013 when
supplementation starts. It is also possible to modify the above analysis to allow for a broken
stick trend line where the trend lines for a site in the before and after periods must join at the
start of supplementation. This model shouldalse explored.

All of the analyses can be done on the original scale or the logarithmic scale, but as noted
earlier, the logarithmic scale is preferred.

C2.2. Analysis of BAMata

The authors used a pairatifference approach where the difference, ratar difference annual
change was computed for each year, followed bytest of the difference/ratio comparing the
mean difference/ratio/change before and after supplementation started. This is equivalent to a
BACI analysis using a mixed linear mosied AppendixE1).

It is not necessary to test if variances are equal (see p2&Murdoch et al. 201)lin the before

vs. after periods as the Aspilvelch version of the-test performs well even if variances are
unequal. The tests for normality may alsodqgerfluous because the sample size is reasonable
in both periodsso the central limit theorem implies that the results are robust to fion
normality.

It is puzzling that the authors were unable to perform a-@mded randomization test, as
randomization ésts, per se, are not restricted to oisgded hypotheses?

We agree with the authors (p. 232 Murdoch et al. 201)lthat no adjustment is needed for
autocorrelation because of the small number of years measured.

Separate analyses were done on the threefpenance measures on both the original and-log
transformed values using differences/ ratios/ changes. As noted earlier, the analyses on-the log
scale will be preferred. Results from such analyses,Table 1%f Murdoch et al. 2011

should be convertetb the multiplicative changee(g.,an effect size of .701 on the leagale
corresponds to an exp(.701)=2x change on the original scale.

C2.3. Corrections for Density Dependence

Two different corrections for density dependence were employed.
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In the firstmethod, the recruits/spawner were adjusted by the carrying capacity. This method
will only have an impact when the number of spawners exceeds capacity.

In the second method, a fraction of carrying capacity was computed. Because all values of NOR
for a stream are divided by the same constant, the results from this analysis will be identical
when a logtransform is used to the analysis of log(NOR) seen earlier because
log(NOR/K)=log(NORJ)og(K) and log(K) is constant for all years. This was noted by theraut

in a footnote on page 25pf Murdochet al.(2011) Analyses using this correction therefore

provide no new information.

Both of these methods require an estimate of capacity. This was estimated using a Ricker,
BevertonHolt, and a hockegtick model.The authors use a neliimear regression method to fit
these models and compare models using information theoretic methods (AICc). All models had
virtually the same AICc values indicating that there was little to distinguish among them, but
the authors deimed to use only the results from the hockstick model. A more natural

approach would be to use model averaging to average the estimated capacity from all three
models.

The analysis of the correctddr-density dependence measures uses the same methayois
other measures and similar comments apply.

C2.4. Comparing Stock Recruitment Curves

The authors used a randomization approach to examine if there was evidence that the stock
recruitment curves differed between supplemented and reference streams wheh pair of
streams was examined.

The authors tested two hypothesedirst that the model parameters are indistinguishable
between streams and second that the fitted curve differed somewhere along the curve. The
randomization procedure used an ad hosaepancy measure.

It is no more difficult to actually fit models with both parameters in common, only one
parameter in common, or no parameters in command use AlCc to rank these models to
determine the degree of support for a common steekruitment arve. This approach would
be preferred to that taken by the authors.

The second hypothesis is redundait the underlying parameters cannot be distinguished
between the two populations, then the results curves cannot be distinguished. The second
hypothess can be dropped.
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C2.5 Analysewithout ReferencePopulations

The authors discuss several approaches to look at changes between the before and after period
without a reference stream.

First, a before vs. after comparison of the slopes in each period asitest. This is a variant of
ANCOVA (despite this method not being mentioned by the authors). As well, models where the
trend lines match at the start of supplementation should also be considered.

Second is a before vs. after comparison of the meangus twosample ttest. This is
standard.

Third is a comparison of stock&cruitment curves. The authors used an ad hoc randomization
approach rather than an AlCc directed approach as noted earlier.

Fourth is a correlational approach looking at the relaghip between pHOS and productivity
using a standard correlational analysis. This is standard but likely has low power to detect
effects.

Lastly is a comparison to standards. No analysis is presented for this approach.

The key problem with before vs. aftstudies is the effects of periods are completely
confounded with temporal changes in any other variables between the two periods.
Consequently, these methods should seldom be used.

C2.6. Review ofConclusions in Appendix C

The authors did painstakingonk to identify appropriate reference streams based on biological
and statistical criteria. More weight should be given to the biological criteria and less to the
statistical criteria. The statistical criteria affect the precision of the estimates, butedbias

of the estimate of the BACI effect.

The authors recommended analyses based on paired differences on the original sRaler (T
ratios (T/R)We disagree with the last recommendation. Many effects in biological populations
are multiplicative ratler than additive, and log(T/R) or log{®y(R) would be more appropriate,
i.e.,analyze the log(response measure).

The first corrections for density dependence seem sensible, but the second has no impact if the
analysis is done on the logarithmic scaledase the new response measure is a simple scaling

2F GKS 2NRAIAYIE RIEOGF® ¢KS aSO2yRffihSsiazR Aa |
analysis using the actual number of fish. Both methods rely on estimates of carrying capacity.

The AICc criteon indicated that several models seem to fit the data equally wedkther than

selecting the carrying capacity from a single model, a madetaged values should be used.
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The comparison of stoelecruitment curves among pairs of populations was perfadmsing a
randomization test using an dtbc measure of discrepancy. AICc methods should be used to fit
and rank 4 models that differ in the number of common parameters between the two stocks.

C3. Summary and Recommendations

For the most part, the analyseaare suitable and the conclusions drawn appropriatewever,
the report can be improved in the following ways:

1.

Give more weight to biological criteria and less weight to statistical criteria to selecting
reference streams. Reference streams are stilhable if they match on the biological
criteria but not the statistical criteria.

Many biological systems have effects that operate multiplicatively. Consequently,
analysis of the log(performance) measure are often most suitable. In the paired
difference amlysis, this is equivalent to an analysis on the log(T/R).

Some of the statistical methods used to estimate carrying capacity and compare stock
recruitment curves need revision

Some of the statistical methods to compare trend lines between before and after
periods need revision.

Rather than presenting estimates of the supplementation effects in tables, a graphical
presentation should be created showing the estimate and measure of precision to make
the results more readable.

There are separate analyzes instipaper for each pair of supplemented stream and
reference stream, but the results are never aggregated together. A more sophisticated
analysighat used the combined set ofthe supplemental stream and all reference
streams, would lead to eshates with mproved precisiormand have increased power to
detect effects (see Appendix E). In most cases, these models can be fit using standard
software (e.g., R), but there are some advantages to using Bayesian methods. For
example, a Bayesian analysis could incoap®prior belief on the benefit of
supplementation; integrate several performance measures; and more easily deal with
unequal variances over time in the different streams. Furthermore, the output from a
Bayesian analysis would provide a degree of bedigtfar than a simple yes/no from
standard hypothesis testing.
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Appendix D Additional Editorial Comments on Murdochet al. (2011)

These additional comments do not relate directly to the charge to the ISAB in SEqfrRIVIE)
but are provided for completerss.

D.1. Editorial Comments on Appendix@ Murdochet al. (2011)

The authors first develop a method to estimate the number of NOR in a multistep process.

(1) Total number of spawners returning is estimated in a multistep process from redd counts.
Redd caonts from a single sample are adjusted to account for detection efficiency from a single
sample Each redd accounts for a single female. An expansion factor is used to adjust for the
male:female adults ratio and then for the jacks:total population ratee(somment below on

page 166).

(2) The total escapement is then multiplied by the sex ratio seen in broodstock and carcass
surveys to estimate the number of wild fish. Here some problems could occur because the total
escapement includes jacks, but becajmeks are smaller, they may be underrepresented in
carcass or excluded in broodstock surveys. The first problem is noted on the bottom of page
169. There are also some editorial problems as noted below where the numbers in the text for
SEI YL S$& Reyallés. YI (0K

(3) The estimated wild fish from (2) are then multiplied by the age distribution to get the
number of wild fish by brood year x age. See comments below on pfld8rdoch et al
(2011)

(4) The brood year x age values are summed over allfagbsood year to get the number of
wild fish returning for a particular brood year.

(5) The values in (4) are adjusted for harvest using either a hatchery indicator stock or a harvest
report from the Joint Staff reports. It is also adjusted for handfirggtality (recreational,
commercial, or nn-selective harvests) as well.

The NRR is computed by natural returns for a brood year / total escapement that produced
these returns.

The methods used seem reasonable. The key problems are making sure thatidins va

expansion factors are sensible and correct as used. There are many places where biases can be
introduced such as nerandom sampling (harvest, carcass searches). There is no easy way to
estimate the potential size of biases that may occur, but thay tme moot given the extreme

drop in the stocks seen in Figure 1 of Appendof Murdoch et al (2011)
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the tables as shown below so some editorial changes areeted
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wherep is the proportion of jacks. For example, if jacks are 50% of the run, then the number of
adults must be doubled to account for jacks + adultgdks are 14% of the run, then correct

expansion factor is 1/€114)=1.16 not 1.14.

p.166. It is not necessary to make the assumption that male mate with only one female.

LIbmMcT® {2YSGHKAY A R :2targpartion of Rild fistasBp24,tydaBlé 20f0f | A Y
Appendix A of Murdockt al.(2011)has a value d®.21 They also claim a wild return of 589,
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Appendix A of Murdockt al. (2011)has this as 13 fish.
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(2011) For example the text has a proportion of 0.020 for-&desh in 2004, but Table®
Appendix A of Murdockt al.(2011)has 0.060.

D.2. Editorid Comments on AppendixB of Murdochet al. (2011)

Stray rates for steelhead and sockeyre based on location of last detection of fihat have
PIFGOF3a® LG ¢l ayQd Of SI NJ A-fhag drrdy$ to detediiBlifyiét, Ay (KS
then stray rates may be underestimated. For example, if 10% of fish go to a stream without a

PIFtag array, then these fisireG A Yy @A aA 0f S¢ | yR |. 868 fonegaimpled 2 dzy G SR
p.1870of Murdochet al.(2011)where the authors comment on new Pi#dg arraysites being

established over time. The methodology seems ok.

Stray rates for Chinook are based on CWT expansions for tagging proportions and catch
searched. Methodology seems OK.

However, statements such as found on page I&2Murdochet al. (2011)that the stray rate
is more than 5% based on these raw estimates are unfounded because no measures of
uncertainty were presented. For example, there is no standard error presented for any
estimate of stray rates so it is unclear if the 17% stray rate estimaaes lan uncertainty of £1
percentage point or £15 percentage points.

The authosthen looked at what fraction of given escapement are strays. This was not done for
PIFtagged studies as the fraction tagged is unknown. This was done using CWT for Chinook
Again, no estimates of uncertainty are produced so it is difficult to evaluate if the average
proportion of strays meets targeted values.
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There is a comment on the bottom of page &Murdochet al.(2011)about changes in
survey effort being confoundedith estimates of stray rates. The Tables would be
strengthened if some estimates of survey effort were added to see when the survey effort
expanded dramatically.

D.3. EditorialComments on Appendix ©f Murdochet al. (2011)

p.3. As notedin the review ofAppendix @f Murdochet al.(2011) it is not necessary that
NEFSNBYOS &aiNBFYa GdNIY O1lé &adzldLd SYSydalrf adNBIFY
reference streams should be based more on biological criteria than statistical criteria.

p.3. As noted irthe review of Appendix Gf Murdochet al. (2011) we suggest they use the
log(T/R) rather than just T/R'here are two reasons. First, many effects operate

multiplicatively and so analyses on the log() scale are preferred. Secondly, the analysis of T/R
could give quite different results than the analysis of RG(2/1 is quite different than 1/2
relative to no effect of a ratio of 1). However log(2zg(1/2) so the analysis of log(T/R) and
log(R/T) is symmetric and only the sign changes.

So all of tle hypotheses listed on page®BAppendix C of Murdocét al.(2011)onwards
about mean ratio scores would be better done using mean log(ratio) scores etc.

p.4. Assumption of normality is not important given the relatively large number of years of data
available

p. 5. It is not clear how theptend to compare the distribution of redd locations. If they want

to measure the mean river location that is not really a test of distribution of the redd locations.
It is not clear here what statistical method vk used for hypothesis 2.3. Figuref7/Appendix

C of Murdoctet al.(2011)indicates that a simple test of the MEAN river location will be used
so the hypothesis needs to be rewritten in terms of the mean river mile of redds.

p.6.Hypothesis 3.2 appeats bea way to test for no trend. Similarly, Hypothesis 3.3 is a way
to state no trend.

p.6. Hypothesis 3.4 should ligdest if the MEAN ageof maturity are equallLooking ahead at

page 28, this is what is donieg., testing if the mean age changethere is no reason why a
KruskaHWallis test (see page 28) needs to be used for this comparison as a reguaatwo
ANOVA as used for mean Julian date of return or spawning or redd locations will work just fine.

p.10. A hypothes-testing framework seeran odd way taletermine ifmanagement goals are
being met. Is the management goal stated in terms of {@rgn averages or is there a specific
target that must be me2 It seems tausthat this is a yes/no answer without the need for a
formal hypothesis tsting framework.
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p.19. All four reference streams should be used together in a single analysis as outlm&d in
review of Appendix C rather than this ad hoc weighting scheme. This would give an overall
value for Table 6 rather than each individual suppdmtation vs individual reference stream
result. You also have improved power to detect effectsr example, none of the individual
comparisons for productivity showed evidence of an effect, but a combined analysis may show
evidence of an effect.

p.28. N reason why a KruskalVallis test should be used. Use a tway ANOVA in a similar
fashionto test if the mean Julian datey mean redd location differed between groups.

LIPH p® DNIJ LIKE& | NB { epSlt StRe | &K DdtSRAyD Si 2381dzE G | @SS |y

p.31. See earlier comments about comparing management objectives through hypothesis
testing. The proportion of time management objectives are not met is important. Each of the
values in Table 8 (the HRR and NRR) needs a measure of uncertainty to compeste agai
management objectives of 4.

Similar comments as above about other population analyses. Some specific comments are:
p. 52 Figure 27. What happened to the redd distribution in 20107
p. 57 Figure 33. Need SE on the bars.

p. 58. The authors concludedata small sample sizar @use an effect to be detected. This is
unlikely to be true.
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AppendixE Review of BACI Analysis

This appendix reviews the details of a BACI analysis to understand what assumptions are being
made and the impact of violations tifese assumptions.

E1. OneSupplemented andOne ReferenceSream

Consider first a BACI design with one stream receiving supplementation and the other stream
serving as reference with both streams measured for 10 years before and 10 years after
supplemenation is started (in year 11). For simplicity, assume that the mean number of
spawners on the spawning grounds does not change between the before and after periods for
the control stream, but increases for the supplemental stréahil analysis takes placa the
logarithmic scale so that the effect of augmentation is a multiplicative effect rather than an
additive effect.

Suppose that the TRUE mean log(humber of spawners) in both streams in both periods (before
vs. after) is shown in Table E.1.

Table E.1Mean abundance in two streams, before and after supplementation is started

Stream Mean during BEFORE Mean during AFTER perioc
period Log(mean) log(mean)

Reference 200 200
5.30 5.30

Supplemented 300 400
5.70 5.99

The BACI analysis looks for a differahthangej.e., the difference in change in the log(mean)
for the reference stream between the before and after periods vs. the change in the log(mean)
for the supplemented stream, i.e.

1 TECQOQME | I TECQOQOE | 1 TECQOOE § 1 TECOOE §
or in this case
VBOW L TT VB T LB TT TR Y

9 The analysis and conclusions are identical if the control stream blaareye in the mean between the before and
after periods.
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representing an exp(0.28) = 1.33x times larger (multiplicatih@pge in the mean abundance
in the supplemented stream (a 1.33x increase) compared to the reference stream (a 1.0x
increase). This is known as the BACI effect.

Actual data will not fall exactly on the means and there are several sources of variatime (Fig
E1).

1 yearspecific effectsd.g.,weather) which affects returns to both streams equally. In the
simple BACI experiment, these effects have a variange of which affects streams
simultaneously. For example, if ocean conditions are such that abundances in a year
increase, the same increase should be seen in all streams.

1 yearsite interaction effects that represent the negarallelism of responsketween the
supplemented and reference sites with a variance, of which is assumed the
same for all years and all sites.

1 measurement error where the actual abundance is measured with error. This is
completely confounded withtheye-da A 0 S AY G SN} OGA2y STEFSOGaA |y

FigureE2 presents three scenarios of simulated data where the ypacific variance is the
same in all scenaripbut the yearsite interaction variance differs. The figure also presents the
correlaion between the measurements along with estimates of the BACI effect (see below)
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Conceptual sources of variation in BACI designs
Before After

8-
@ Year-to-Year variation

Site-Year interaction varigtion

7- + Measurement

+ . Error +

1
[

> 6- A + ' +
Site + \ + Site+Supl
Effeg, + ffect
5-
Site
- R
4- -5
1 2 3 4 5 6 7 8 9 10
Year

FigureE 1. Conceptual sources of variation in a BACI experiment with 1 supplemental stream (S) and one
reference stream (R)Y earto-year variation represestyearspecifc effects that are equal in both

streams. Sitg/ear interaction represents neparallelism in the response over time. This is confounded

with measurement error and cannot be separated. The difference in the means during the before period
is due to intringc siteto-site differences. The difference in the means during the after periods is due to

the intrinsic site differences plus the effect of supplementation.
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Simulated BACI data with equal year variance in Ref and Sup sites

sigma.site.year: 0.1
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FigureE2. Simulated results under three scenarilsall scenarios, the variance of thearspecific
effect is held fixed,( P) while the yearsite interaction effects vary as shown on the plot. The

study was conducted using the means shown in TBAlevith measurements taken 10 years before the
supplementation program begaand 10 years after the supplementation started.
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There are two equivalent ways to estimate the BACI effect. First (as was done in Appehdix C
Murdoch et al. 201}, the yearly values for the reference and supplemented streams are paired

and the differene between the two €.g.,supplemented; reference measurement) is taken.

¢KA&d NBRdzOSa GKS REFGIF G2 | a-gaynpdibst thaRieT T SNBE Y OS
mean difference is the same in the before vs. the after period can be computed.

Second, d&rmal BACI model can be file (refer to Section 12.9 in

people.stat.sfu.ca/~cschwarz/St&60/Notes/PDFbigbooR/Rpart013.pdf). The model is
(using a standard modelling syntax)

® Y'QO QI QEYIH @i QED Y
where Siterefers to the site effects (reference vs. contrégriodrefers to the effects of before
vs. after periods, an&ite:Periodepresents the sitgeriod interaction where the change
between the before and after period is the differemfor the reference and supplemental
streams and represents the BACI efféGtar(Ryepresents the random yeaspecific effects
which are assumed to affect both sites equally. This model is a Mixed Lirnekei Bhd can be

fit using standard softwaree(g.,Imer()in R). A contrast of theSite:Perioderms yields the BACI
effect.

The estimated BACI effects are shown in bottom right of Fig2eThe true value of the BACI
effect (see above) is 0.28. In sdienarios, the estimated BACI effects are unbiased estimates of
the true BACI effect (0.28), but the standard error of #stimates varies considerably.

In addition, the (theoretical) correlation between the readings in the two streams during the
before period is shown in the upper right part of each plot for each scenario. It can be shown

that the correlation is found a=——————. Intuitively, the BACI effect is more precise when

the correlation is larger. However, the degree of correlation has NO IMPACT on the bias of the
estimates. Indeed, a valid BACI estimate can gtifoind even if the correlation between the
readings in the two streams is Dhe correlation between the readings in the two streams

during the before period will affect the precision of the estimates, but the BACI estimates are

still unbiased. Secondlyj KS LINBOA&aA2y 2F GKS .! /L SadAylraSa
between the measurements in the two streams prior to supplementation. The standard error
LINE OARSA  ylFddz2NIf YR RSTSyairotS gle (2 GaNIy

E2. OneSupplemented andMultiple ReferenceSreams

The design can be extended by including several reference streams and simulated data in the
case with 1 supplemental stream and 3 reference streams is shown in E8uiéne BACI
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effect represents the differential change betwethre mean for the supplemental site vs. the
differential change in the mean over ALL reference sites.

This BACI estimate can again be formed in two (equivalent) ways. First, three separate paired
analyses can be done as before using the supplemented stvsasach of the reference

streams. This gives three estimates of the BACI eféect they must now be combined.

Because we are assuming that the yspecific effect and yeasite interaction effect variances

are the same for all stream, the overall B&@éct is found as a simple average of the three
individual BACI estimatebd.,a weighted average with equal weights). However, the estimates
are NOT independent (the same supplemental steam is used in all three pairs) so the standard
error of this wegihted average is not easily fouttl.

Secondly, a more complex mixédear model can be fit:

O 6aQIdQl NHDA @ DI QEYDMHNQ ®QGY
where Site(RYefers to the random site effects (the single supplemental streamthad
reference streams)Clasgefers to the two classifications of the sites (supplemental vs.
reference);Periodrefers to the effects of before vs. after periods, dbldss:Periocepresents
the classperiod interaction where the change between the bed and after period is the
different for the reference and supplemental streams categories and represents the BACI
effect; Year(Rjepresents the random effect of year. As before this model can be fit using

standard softwared.g.,Imer()in R)and the BAI estimates found directly without having to
average the estimates from the three pairs.

Referring to Figur&3, we once again can show that all estimates are unbiased; the precision of

the BACI estimates is improved relative to Figa&(more than 1e&ference stream

incorporated); the standard errors of the overall BACI estimate is found automatically without

having to average the results from the paired analysis. Once ggaigorrelation between the

readings among the streams during the before padiwill affect the precision of the

estimates, but the BACI estimates are still unbiased. Secondly, the precision of the BACI
SaldAYlFriSa GAYO2NLIR2NI 1Sa¢ GKS O2NNBt Il A2y o6Sig
prior to supplementation. This more complex 0SSt gAft € Fdzi2Yl GAOlFf & al
individual supplementation estimates from several reference streams.

0 The theoretical covariance between the three estimates depends only on thespeaific effects variance. In
theory, this covariance could be used to find the standard error of the weighted g&era
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Simulated BACI data with multiple reference sites

sigma.site.year: 0.1

10.0 - Corr=0.99

sigma.site.year: 1
10.0-
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» Est=-0,12 (SE 0.93)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Year

FigureE3. Simulated results under three scenarios with 1 supplemented stream and 3 reference
streams In all scenarios, the variance of the yegecific effect is held fixeq ( p) while the year

site interaction effects vary as shown on the plot. The study was conducted using the means shown in
Table E.1 with measurements taken 10 years before the supplementation program bega®, yeatd

after the supplementation started.
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Both of the above analyses assumed that the ygaecific effects had the same variance for all
streams, so that if the yeaspecific effect caused an increase in the log(abundance) in one
stream, it would causthe same increase in log(abundance) in the other streams. For example,

if the yearspecific effect caused a doubling of abundance, then the increase in log(abundance)
would be log(2)=0.70 in both streams. A consequence of this assumption is that tHaligria
across time in all streams is equal. This assumption may be violated where the variability in one
stream is much larger/small than the variability in another stream. For examplespeaific

effect could result in an increase/decrease in log(akamak) in one stream by a factor of 0.7
(doubling or halving), but in the same year, could cause change in log(abundance) by a factor of
0.35 (1.4x change). There would still be a high correlation on the year specific effects.

FigureE4 shows simulated datillustrating these ideas. In these scenarios, the reference

stream has a smaller variation over time than the supplemental stream. The year effects

between the two streams are correlated as shown on the plot. For example, in the lower panel,

there is a ligh correspondence in the two streams so that when the abundance in one stream
increases, the abundance in the other stream also increases, but not by the same quantity.
{AYAf NI &>x RSONBlFIraSa Ay FodzyRFEyOS | N&r YI G§OKSR
effect to be equal and so any nguarallelism seen here is assumed to be-giar variation and

42 UKS GSYLIANROFE¢ O2NNBtFGA2Yy avYlrffSN dKIFy @
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Simulated BACI data with unequal variance in Sup and Ref sites

sigma.year.corr: 0.1

sigma.year.corr: 0.5

sigma.year.corr: 1

Year
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FigureE4. Simulated results under three scenarios with 1 supplemented stream eefdrénce
stream The variability in the two streams differs ( j
correlations between the year specific effects. The study was conducted using the means shown in Table
E.1 with measurements taken 10 years before the supplementation program began, gadrGfter

the supplementation started. The panel label shows the correlation when the data was generated; the

(o1 M

& Y with different

upper right value shows the correlation when the variability is divided into a common year effect and

site-year interactions.

There are agaitwo equivalent ways to analyze this data. In the paired analysis, the effect of

G§KS dzy Sl dzt ¢
c” ”

” h ” h

I NJ\l'YOSé
Fh o» n YR

A a
az

0 SOl dza

R 2 S Aigh€ed areveluall

GKARRSY ¢
Al

or different¢ the difference automatically has the appropriate variance.
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If a BACI model is fit, the ngraralkelism is assumed to be the effect of a common yefiect

and a siteyear interactionWK At S GKS . !/ L Fylfteara aF280Sa¢ |
- a&3ME STFSOG U pardllelsd 2ntrgdiagain 2hdldindl feSiltsard yentical

to the paired analysis. This ngarallelism is again represented by the correlation in the
log(abundance) during the before peridéven with unequal variances, it can be shown that

the BACI estimates are unbiased and that the standard error of the esteratrelated to the

correlation of the log(abundance). Once again, the standard error of the estimate is the best
measure for weighting the results from several reference streams because it incorporates alll
sources of uncertainty.
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AppendixF. Review of Himan et al. 2017

F.1. Introduction

Hillman et al. (2017) present a fiyear update to the Monitoring and Evaluation Plan being
used to evaluate the PUD hatchery programs in the Upper Columbia. Many of the methods in
their revised M&E Plan are similarttiose presented in Murdoch et al. (2011). Here we
concentrate on issues that were not raised in our review of Appendix C that was part of
Murdoch et al. (2011). This review provides general comments about the Hillman et al.
document, followed by a chaptdsy-chapter detailed review.

F.1.1. General Comment about Null Hypothesis Significance Testing

Hillmanet al.(2017) make extensive use of null hypothesis statistical test (NHST, Apfpnalix
evaluate the impact of the supplementation program in the Uppetumbia. This is used in two
ways.

Firstis assessing if the impact of supplementation results in a change to a parameter that
measures the population. For example, consider the productivity indicator of abundance of
natural spawners (first row of Tablein Hillman et al. 2017). The supplementation program
should result in an increase in the mean number of natural spawners (the target change). The
null hypothesis is no change in the mean number of spawners frort@post

supplementation. The test dtigtic is related to the observed difference in the sample mean
number spawners from the preand postsupplementation program. A large observed
difference (postpre), accompanied by a smatvplue, is evidence that the mean number of
spawners has incread with supplementation. A power analysis is used to ensure that enough
data (e.g., years of data prand postsupplementation) are collected to detect a certain
desirable change (e.g., an increase by at least 100 spawners).

Second, the program may wish detect an adverse consequence from supplementation. For
example, consider the monitoring indicator of run timing (third row of Table 1 in Hillman et al.
2017). The supplementation program should result in no difference in migration timing

between hatchey and natural fish. The null hypothesis is again no difference in some

attribution of run timing (such as the mean arrival at the spawning grounds) between hatchery
and natural fish. The test statistic is related to the observed difference in the meamring.

A large difference in the mean run timing, accompanied by a smally®, is evidence of an

adverse consequence of the supplementation program. Now a power analysis is used to ensure
that enough data are collected to detect an undesirable chaegg, a change in run timing by

10 days).
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dichotomy, it is also useful to present estimates of the effect size along with measures of
uncertainty (e.g., standard sars or confidence intervals). When an effect is detected, the

estimated effect size will indicate if this is a largeslogically important effecbr a small

(biologically norimportant) effect that just happened to be detected because of a large sample
size. The actual-palue is NOT informative, i.e., thevplue could be 0.01 in both cases.

Similarly, if an effect is not detected, the estimated effect size will indicate if this is because it is

a small effect (with small uncertainty) or a potentialgareffect but with such a large

uncertainty, it was not detected. Again, the actualgdue is not informative, i.e., the-yalue

could be 0.80 in both cases.

Consequently, when reporting the results from hypothesis testing, both talpe and
estimatesof effect size and measures of uncertainty must be reported. This last point needs to
be emphasized more in Hillman et al. (2017).

bdzf f KeLRGKS&aAa GSadAy3a Aa y20 NBFrfte RSaadays
enough sample size, it is alstacertain that some effect will be detected, but it may not be
oA2f23aA0Fffe NBfESOIyilid ¢2 RANBOGEeE FaasSaa | a
framework may be useful, namedyguivalence testing Thenull hypothesiss defined as an

effect large enough to be deemed interesting, specified by an equivalence bound. The

alternative hypothesis is anyfett that is less extreme than said equivalence bound. The

observed data is statistically compared against the equivalence bounds. In the twsidmukt

tests (TOST) approach, two esigled tests are performed with the null hypothesis being that

the effed size is less than/greater than the lower/upper bounds respectively. If both tests are

U A -4

Equivalence testing reduces the misinterpretation efglues largethan the alpha level as
support for the absence of a true effect. Furthermore, equivalence tests can identify effects
that are statistically significant but biologically unimportant. This method should be considered
as an alternative to regular NHST whée target direction in an indicator is no change.

The greatest disadvantage of the NHST framework is that it does NOT provide a direct answer

to the actual questiorg how certain is it that supplementatioR A R 2 NJ Rah étfgc2 TheK | @S
p-value does ND serve this purposethe p-value measures the consistency of the data with

no effect, which is easily misinterpreted. Here a Bayesian approach may be useful. The

posterior belief about the parameter provides a direct interpretation of the question of

interest. For example, consider again the productivity indicator of abundance of natural

spawners (first row of Table 1 in Hillman et al., 2017). Under the NHST framewevk)| e of

0.02 indicates that the observed data is not consistent with no effézrdly an interpretation

that can be understood with ease. Under a Bayesian framework, a posterior belief of 0.98 that
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the mean abundance has increased under supplementation is easily interpreted. For most of
the analyses used in this document, a Bayesraalyais is easily implemented.

F.2. Review of Section 1 of Hillmaat al. (2017)

Section 1 of Hillman et al. (2017) presents an overview of the monitoring and evaluation plan.
As noted by the authors, any management action needs to be evaluated fofeitsieéness

and a suite of outcomes from management is presented in their Figure 1 and their Table 1
(called indicators in their document). These outcome variables have been divided into two
classeg; monitoring indicators and productivity indicators (ugitheir terminology) with the

main distinction being that productivity indicators are the primary metrics to assess if
conservation and safetgyet goals have been met, with the monitoring indicators being used if
the productivity indicators are not availbbor results are equivocal.

Their Table 1 presents a summary of the direction in which each of the monitoring and
productivity indicators should be moving if the management actions are successful. These
directions drive the statistical hypotheses createcevaluate the program. For example, the

target direction for the abundance of natural spawners is an increase. The statistical hypothesis
associated with this indicator will have a null hypothesis of NO change and an alternate
hypothesis of anincreade ¥ & SNJ A dzLJLJ SYSYy Gl GA2y ® ¢ Kdza G KS & NE
provide evidence of a program success. On the other hand, the target direction for adult
productivity (NRR) is no decrease. The statistical hypothesis associated with this indicator will
have a null hypothesis of no changed an alternate hypothesis of a decrease in NRR after
supplementation. Now failure to reject the hypothesis will be an indication of program success!
As noted previously, the null hypothesis significance testing frameisdéss useful when
monitoring for no change.

All indicator variables should relate directly to the populations such as abundance, juveniles per
redd, pHOS etc. which are easy to interpret. But, their Table 1 also includes some indicators
that cannot be d@ectly measured in the populations such as Residuals vs. pHOS or Effective
population size or Genetic Distance, which are statistical measurements and are much harder
to interpret. Presumably, the latter should be given less weight when evaluating maeagem
actions, but this is never indicated in the document. These indicators need to be replaced by
parameters that are directly measurable (see later sections below).

Their Table 1 also includes some indicators for whitdnot obvious what is being coraped.

For example, indicators such as migration timing could be compared in terms of the entire
distribution, of the mean arrival time, or of selected percentiles. These are explained in more
detail later in the document, but their Table 1 could be updateth footnotes to indicate

upon which dimension these indicators will be compared.
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There is no guidance provided in Section 1 on how to weight the monitoring indicators

LY GKS S@Syid GKIFG GKS adrdAradaol gisll2gSNI 2
insufficient to inform sound management decisions, some of the monitoring indicators
YI® 0SS dzaSR (2 3dzZARS YIylI3SYSyilos¢

Are changes in migration timing and distribution, for instance, more important than changes in
redd distribution? This section coute improved by ranking the indicator variables in terms of
importance to assessing the program.

To evaluate the impact of management actions, there is a need to account for temporal change
to separate out the effect of management actions and temporahges that would have

occurred in the absence of management actions. The key design for such comparison is a
BeforegAfter-ImpactControl (BACI) design (and variants). A reference population is required
that does not undergo management actions in order toasigre temporal effect. There is a

brief discussion in their Section 1 on how to assess impact in the absence of suitable reference
populations. The authors should review Wiens and Parker (1995) for advice on dealing with
such situations and update this $en of the document.

F.3. Review of Section 2 (Adult Productivity) of Hillmanhal. (2017)

This section provides a detailed protocol on how to assess the Adult Productivity indicators. For
each indicator, a detailed monitoring question is provided alanty formal statistical

hypotheses to be examined from the monitoring study. For each indicator, what variables are
measured or derived is given along with the frequency with which the indicator is measured.

F3.1. Review of Section 2.1 (Natural Replacentdtate (NRR))
The NRR is defined as

NRR= Natural Origin Returns

- Natural+Hatchery Spawners

The number of natural origin recruits (NOR) is computed on a brood year basis. From their
Table 1, the NRR should not decrease if management actions are successful.

A set of six statistical hypotheses are presentede authors indicate that the choice among
the hypotheses will depend on the quality and quantity of the data available.

Because the target direction for this indicator is no increase, the statistical null hypothesis of no
change was translatedtoan&ll@d LI2  KSaAa 2F LINRPINFIY adz00Saasz I
hypothesis would provide evidence of a program failure.
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Presumably, the intent is actually the reverse, i.e., until evidence provides elsewise, the status
guo is that supplementation has no impa#ll! of the hypotheses should then be reversed in

this section. If the intent is actually to assume equivalency until proven otherwise, then
equivalence testing should be used.

This reversal of the null hypothesis implies that standard power computatiesar
informative because they provide information on the ability to detect failure and not success.

Asnoted in the previous review of Appendix C, hypotheses about the ratio of the NRR between
supplemented and reference streams should be expressed instefrthe log(ratio).

(Hypotheses 4 and 5) and difference in the slopes of NRR should be analyzed on the log() or
logit() scale for the same reason (Hypothesis 2).

Hypothesis 6 is not a proper statistical hypothesis because it depends on data (the residual
from a fit) and not the underlying population metrics (the mean NRR or slope of the NRR line).
This needs to be recast by hypothesizing that the addition of pHOS has no impact on the stock
recruitment curve, i.e., similar to a multiple regression hypotbdisat a certain variable has no
marginal impact on the fit. A correlation analysis is not appropriate here.

The list of possible statistical methods should include a BACI analysis and a {estetiéthod

when a reference stream is available (see camipn review of Appendix C). Both methods are
equivalent when there is a single reference stream, but a BACI analysis can be extended when
there are multiple reference streams.

The authors suggest that

G/ 2NNBf A2y |ylLfeaia emhaftcheryﬁtﬁjlt cempysionladdd 2 OA |
bwwa od¢

There does not appear to be a definition of hatchery adult composition in this document. Does
this mean pNOB (the proportion of the broodstock consisting of NORible hatchery adult
composition is a proportionfaome sort, then ordinary regression analysis should be used
rather than correlational analysis as it will be more informative.

The suggestion that productivity should be correlated with other factors such as ocean
productivity in a particular fivgrear period will have essentially no power to detect effects
because of the very small sample size (5 years).

F.3.2 Review of Section 2.2 (Natural Origin Recruits (NOR))

The NOR is defined as number of natural origin returns (NOR) computed on a brood year basis
From their Table 1, the NOR should increase if management actions are successful.
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A set of six statistical hypotheses are presenteélde authors indicate that the choice among
the hypotheses will depend on the quality and quantity of the data available.

Because the target direction for this indicator is an increase, the statistical null hypothesis of no

OKIFy3aS AYLX ASa | ydzZf KeLRIKSaAa 2F LINPAINIY ¥

provide evidence of a program success. This is a situati@re the null hypothesis significance
testing framework is most often used. The resultinggtue does not have an easy
interpretation, and a Bayesian approach may be more useful.

As noted in the companion review of Appendix C, hypotheses about tleeaftine NOR

between supplemented and reference streams should be expressed in terms of the log(ratio).
(Hypotheses 4 and 5) and difference in the slopes of NRR should be analyzed on the log()scale
for the same reason (Hypothesis 2).

Hypothesis 6 again ffers from the problem that the status quo is that supplementation is
G2NJAy3 YR I aNBa2SOlAz2ye 2F (GKS KelLRIKSaAa
this is the intent, then equivalence testing is preferred over a simple hypothesis test.

The list of possible statistical methods should include a BACI analysis and a {estetiéthod
as noted previously

Hatchery adult composition is not defined and a regression analysis may be more informative
(see previous comments).

The suggestion #it productivity should be correlated with other factors such as ocean
productivity in a particular fivgrear period will have essentially no power to detect effects
because of the very small sample size (5 years).

F4. Review of Section 3 (Juvenile Prodwdly) of Hillmanet al. (2017)

This section is structured similarly to Section 2 of Hilletaal. (2017) (reviewed earlier).

The key productivity indicator is the number of juveniles/redd. There are two monitoring
guestions. First, is there a general olge in juveniles/redd between the years with and without
supplementation. Second is there a specific relationship between juveniles/redd and the
proportion of hatchery spawners (pHOS).

Their Table 1 is not consistent with this section. The first prodticiivilicator for juvenile
productivity in Table 1 is Residuals vs. pHOS; the second indicator is juveniles per redd vs.
pHOS. Neither of these are indicators, but rather statistical festd both should be replaced
simply by juveniles/redd.
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A set of sistatistical hypotheses are presented for the general change and two for the specific
relationshipg the authors indicate that the choice among the hypotheses in each group will
depend on the quality and quantity of the data available.

F5.1. General Invesgation of Impact of Supplementation on Juvenile Productivity

All of the hypotheses are framed in terms of detecting negative effects of supplementation.
Equivalence testing may be a more suitable methodology rather than standard null hypothesis
testing. The hypotheses in this section need to be updated in conjunction with changes to their
Table 1.

As noted in the companion review of Appendix C, hypotheses about the ratio of the
juveniles/redd between supplemented and reference streams should be expresseins of

the log(ratio). (Hypotheses 4 and 5) and the difference in the slopes of juveniles/redd should be
analyzed on the log()scale for the same reason (Hypothesis 2).

Hypothesis 6 is not a proper statistical hypothesis because it depends on datesgidual

from a fit) and not the underlying population metrics (the mean juveniles/redd or slope of the
juveniles/redd line). This needs to be recast by hypothesizing that the addition of pHOS has no
impact on the stock recruitment curve, i.e., similara multiple regression hypothesis that a
certain variable has no marginal impact on the fit. A correlation analysis is not appropriate here.

Hypothesis 6 also suffers from the problem that the status quo is that supplementation is
G2NlAYy3 I WR I2FaNBKSS KieAL22  KSaAa Aa y AYRAOFG2N
this is the intent, then equivalence testing is preferred over a simple hypothesis test.

F5.2. Specific Investigation of the Relationship between pHOS and Juvenile Productivity

The target direction for this indictor is no relationship. As noted earlier, equivalence testing
may be a more suitable framework.

There are two hypotheses presented. The first hypothesis in this section is identical to
Hypothesis 6 of the previous sectioncasuffers from the same deficiencies.

The list of possible statistical methods should include a BACI analysis and a {estetiéthod
(both equivalent when there is a single reference stream) when a reference stream is available
(see companion reviewf Appendix C).

Hatchery adult composition is not defined in this documemd a regression analysis will be
more informative (see previous sections).
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F6. Review of Section 4 (Natural environment monitoring indicators) of Hillman
et al. (2017)

This sedbn is structured similarly to their Section 2 (reviewed earlier) and covers indicator
variables that the authors state are to be used if the productivity indicators are equivocal

F6.1 Review of Section 4.1 (Hatchery Replacement Rates (HRR)

The key vadbles to measure are the Hatchery Replacement Rates (HRR) and the Natural
Replacement Rates where both are computed on a brood year basis.

A set of two hypotheses are created comparing the HRR to NRR and to a target value

The notation used for the hypo#sis test make it unclear exactly what is being done. For
example, the two hypotheses are stated as:

G{aOGFrGAAGAOIE 1 8LRIKSaAaA& o0DPHDPMY

Ho03.2.1.1: HRR Year x > NRR Year x

Statistical Hypothesis 3.2.2:

| 20 PHPHDOMY | ww x ¢FNBSGO +ItdzS ARSYGATASR A

2Kl G R2S& a, SFNIE¢E NBFSNI G2K LF¥ GKS AyiaSyd Aa
EACH brood year, then this is NOT a statistical hypothesis testing problem. Assuming that error

in courting returns from brood years is negligible, the HRR in year x either is or is not greater

than the NRR in year x and either does or does not exceed the target vale for year x. There is no
uncertainty in this comparison.

It is even more confusing when tiseggested statistical methods are considered:

1 fAFor Q3.2.1 use graphic analysis and pasachple quantile tests to compare HRR to
NRR

1 For Q3.2.2 use graphic analysis and-eample quantile tests to compare HRR to the
GFrNBSG Ot dzSo¢

Now it appears that aegies of yearly data are being compared using pairing by brood years?

Assuming that a mukyear comparison is being done, then what quantiles will be compared?
For example, suppose we wish to compare the 90th percentile of the HRR to the target and we
find that there is no evidence that the 90th percentile exceeds the target values. It is unclear
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how useful this will be for management purposes. About the only quantile that would seem to
be useful would be the .50 quantile (or the median).

As in previousections, an analysis on the log() scale would be preferred.

Presumably the time series consists of years with and without supplementation taking place.
Are the comparisons restricted to the years with supplementation only?

The proposed correlational anyaiis of HRR with extraneous factors will not be useful.

F6.2. Review of Section 4.2 (Proportion of Hatchery OrigipHOS)

The key variable to measure is the proportion of Hatchery Origin Spawners (pHOS) and the
hypotheses compares pHOS to a target value

No statistical methods are proposed. This type of comparison is very similar to the comparison
of HRR to standards and similar methods can be used.

This indicator variable does not appear in their Table 1 and needs to be added.

F6.3. Review of Section 8 (Run Timing, Spawn Timing, and Spawning Distribution)

These three performance indicators have similar hypotheses and will be analyzed in similar
ways. Detailed comments on the analysis of run timing are provided, and similar comments will
apply to the aalysis of spawn timing or spawning distribution.

Unlike the previous sections where one value was obtained per year, the data for these metrics
consists of a set of values for every year of the study. For example, the analysis of run timing
would use a diaset consisting of the arrival time of every fish at the measuring location for
every year.

hyS &aAYLXS gLe (G2 F+ylLtelsS (KAa RIGEFE A& (G2 NBR
times of individual fish) to a single number (such as the meaujaneor percentiles). Then the

usual paired test, BACI analysis, or regression analyses can be used to examine if the mean of

the yearly means, median, or percentiles are equal between the hatchery and naturally

produced population. These types of comisans were conducted with the indicator variables

of earlier sections.

Another approach would be to use twgample Kolmogoro®mirnov tests to annually examine
differences in cumulative distributions. TheSKkest is sensitive to any type of differenndghe
distributions from which the samples are draw®.g. location (central tendency) in dispersion,
skewness and so forth-&tests would allow differences in a single year to be detected. It
becomes more complicated when multiple years are involveasGltation with a statistician is
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advised to determine how best to detect persistent differences across multiple years.
Consequently, Hypotheses 1 and 2 of this section are difficult to assess with simple statistical
methodsc it will be likely that somesort of randomization procedure (e.g., bootstrapping) will

be needed. These randomization methods will have to done very carefully, as there are several
levels in the analysis that need to be accountedcfarithin year variation and across year
variationwhile keeping the paired nature of the data present.

F6.3.1. Specific Comments about Comparing Run Timing

There are three hypotheses listed for this monitoring indicator. Hypothesis 3 uses summary
adFrdAraidAaoa F2N S OK & S ls.\HppdtheRes faniNRAaedmival® tie Ay (K
same hypothesig equality of the migration timing is identical to equality of the cumulative

distribution.

F6.3.2 Specific Comments about Comparing Spawn Timing

The first two hypotheses are similar to the compagabypotheses for the run timing indicator.
The third hypothesis needs further refinement as it is not clear what is being examined. It
appears that this will be a type of ANCOVA where a regression line between spawn time and
elevation is compared betweeralchery and natural fish. However, how are multiple years of
data included in this comparison? As in comparing multiple years of distributions, there are no
simple statistical methods and the ones proposed in this document are inappropriate.

F6.3.3 Speciic Comments about CompargnSpatial Distribution of Redds

Similar methods could be used for comparing spatial distribution of redds in a single stream. In
river systems that possess multiple tributaries distribution patterns become more difficult to
assea ® | 25SOSNE 6S R2y Qi 0Sf ASOSSdiefigedntded |y Aya
Wenatchee for example, there are two spring Chinook supplementation projects of interest,
the Chiwawa and Nason Creek. Theseutabies could be segmented into equatsd sections

and redds counts of HORs and NORs falling into each stream segment could be made in each
tributary and used to create cumulative frequency distributions. Similarly, in the Methow,
distributions of hatchery and natural fish in the Twisp, Chdwand portions of the Methow

are of interest. The 4§ tests would be done separately for each tributary or main river. It would
also be possible to compare distributions for multiple segments, but this will not be
straightforward. In this case, bootstrajpyy appears to be a useful option.

This portion of the document indicates that a percent overlap in distribution will be used
without any details on how this will be computed. The document then indicates thatgtlare
test will be performed. This may Iseitable for a single year of data, but there is no simple way
to include multiple years of data into the analyd¥ore details are needed here.
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F6.4. Review of Section 4.4 (Stray rates)

Some care is needed about the definition of stray rates. SectioiGlossary) defines stray rate
as:

G¢KS NIXdGS Fd gKAOK FTAAK aLl gy 2dziaARS 2F y
NEf SIFaSRo¢

By this definition, the numerator is the number of fish that spawned in a natal stream and the
denominator is the numberfdish from that natal area that spawned elsewhere than the natal
stream. In order to measure the stray rate, the origin of spawners at ALL possible spawning
sites for that natal spawner set must be measured.

| 26 SHSNE Ay G(GKAA&A aZO0iMm2 iz SRK §F 2INS NDK Sa ALINRILEZ NNiTA 2
stream that came from other natal streams, i.e., the same denominator is used but now the
numerator is the number of fish from other natal streams spawning here. For example:

oX rtchery strays from othgpopulations cannot make up more than 5% of the
spawning escapement withinananl NBES G NBOALIASY G L2 LJzt I GA 2y

This is quite different from the definition in the glossary; determination of the natal origin of all
fish in a single spawning aggregate is maeded.

F6.4.1 Specific Comments abowrood YealStray Rates

It is not clear from the document which definition of stray rate is being used. For example, the
first monitoring question is:

Av c DvhdtvsYhebrooek SI NJ aiG Nl & NI GS 2F KI GOKSNER FAa

This appears to be based on the first definition of stray rate. Consequently, much more
justification is needed that all possible spawning areas have been searched to find strays from a
natal brood. The specific hypothesis is also problematic:

Gl 2c dmaBddDMIYY b2y

This implies that a single stray fish from a hatchery brood would be enough to indicate that the
hatchery program has failethdeed, in the list of potential analyses no actual statistical
methods are listed.

F6.4.2 Specific Comments about Amorgppulation Returnyear Stray Rates

Now the second definition of a stragte is being used, i.e., what fraction of a spawning
aggregate is composed of fish from other natal areas.
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Their Table 1 indicates that that target for the indicator is that < 5% tmisiutof-basin.
However, the hypothesis listed in this section has a null hypothesis where more than 5% of
spawning aggregate is made up of strays (which is again backwards).

The suggested analyses arsdmple quantile tests based on the yearly propams which is
appropriate, but such tests do not test the null hypothesis as noted above.

F6.4.3 Specific Comments about Withipopulation Returnyear Stray Rates

The same comments apply as in the previous section.

F6.5. Review of Section 4.5 (Populatid@enetics)

The preamble to this section indicates:

GX Aidiimportant to monitor the genetic status of the natural populations to determine
if there are signs of changes in genetic distance among populations, changes in allele
frequencies, and to estimatefeF SOG A @S LR LJdzf  GA2y aAl Soé

Hence monitoring takes place of the natural population only and the genetic composition of
hatchery fish is not relevant.

F6.5.1 Specific Comments about Allele Frequency

Despite the emphasis on genetic changes in the naturplfations, the hypotheses in this
section compare the allele frequency of natural, hatchery, and broodstock fish. It is not clear
how such a comparison helps in assessing the effects of the supplementation program.

This section appears to list three altate hypotheses in an attempt to list the alternatives if

the null hypothesis is not tenable. There are actually 4 alternate hypotheses, but it is not
necessary to list the individual comparisons because the tests for the null hypothesis are non
specific.

These comparisons appear to be done only for a specific year and will not use the entire time
series. The list of possible statistical analyses cannot deal with multiple years of data.

F6.5.2 Specific Comments about Genetic Distance between Populations

This now compares the genetic distances at two time pqintg the proposed analyses does
not support an analysis of more than two years of data

F6.5.3 Specific Comments about Effective Spawning Populations

The specific monitoring question is:
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Q7.3.1ds the ratio of effective population size (Ne) to spawning population size (N)
O2yadlyd 20SN) GAYSKE

This differs from the target listed in Table 1 where an increasing ratio is of interest.

However, the specific statistical hypothesis being investigatetlish more specific indicating
that each ratio of effective population size to spawning population size must be equal over
GAYS® ¢KAA aSldz f A isgedfic éfect an thiszafio ahd id irdgprogigteNd & S I N.

This hypothesis can be simply intigated using a regression analysis on the observed values.

F6.6. Review of Section 4.6 (Phenotypic traits)

This section assesses the potential effects of domestication by examining size at maturity, age
at maturity, sex ratio, and fecundity (among othariables).

F6.6.1. Specific Comments about Age at Maturity

Assuming that fish are collected at random from the spawners so that the sample is
representative of the entire population, this dataset again is two dimensional with multiple fish
collected on naltiple years.

As with the monitoring indicator for run timing, the analysis of such data is complicated, but

this section ignores these complications. The simplest approach would be to compute the mean
age of maturity, or the proportion of fish at age@ hatural and hatchery populatns for each

year, and then usa paired ttest to compare these summary measures over time. However,

this section is silent, again, on how to deal withqaed post supplementation data.

The document appears to suggesatisome sort of chsquare test will be used to compare the
frequency distribution (e.g., proportion of 3, 4, 5 years fish) without having to compute a mean,
but chisquare tests are not appropriate for multiple years of data.

F6.6.2 Specific Comments aut Size at Maturity

Again, a key assumption is that fish are collected at random from the spawning grounds. These
data are multidimensionak; multiple years of data; each year of data has data from two
genders, multiple ages, and hatchery vs. naturalyations; multiple fish collected in each
combination of year, gender, age, origin.

The statistical hypotheses need to be restated in terms of the mean size or mean length at
maturity rather than simply in terms of size or length.

The proposed analysis 1tiod using a dactor ANOVA is not appropriate because of the
multiple years of data and complex nesting and pairing occurring. For example, year specific
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effects do not operate on individual fish, but rather on groups of fish and individual fish are
pseud-replicates. The authors need to consult with a statistician on the proper analysis of this
data.

F6.6.3 Specific Comments about Fecundity at Size

The monitoring question in this section looks at the relationship between fecundity or gonadal
mass and ge of the fish and compares if these are the same for hatchery and natural fish.

Again, the data is multidimensional with fish collected over multiple years and multiple fish
collected in each year. A type of regression analysis will be needed, but yrdiN&COVA is not
appropriate because of the multiple years of data collected. A random effect ANCOVA will be
needed with year random effects on both the intercept and slope for the hatchery and natural
populations, but a correlation will need to be assunsdong the random effects for the two
populations in a single year. The authors need to consult with a statistician on the proper
analysis of this data.

F6.6.4. Specific Comments about Sex Ratio

The monitoring question compares the sex ratio for hatchaargt natural populations. The main
concern is again how to incorporate multiple years of data into the anajyhis proposed use
of a simple chsquare test is not appropriate.

F.7. Review of Section 5 (Hatchery environment monitoring indicators) of
Hillmanet al. (2017)

This section is structured similarly to their Section 2 (reviewed earlier) and covers indicator
variables for hatchery operations such as size and number of fish.

F.7.1. Specific comments on Size at Release of Hatchery Fish

This section gpears to be comparison of the number of fish released and mean size of fish
released to target values for each year. Random samples of fish collected at release are used.

The analysis appears to be a simptedt comparing the mean weight /size of fishhatchery

targets for each year. However, the analysis is not appropriate because fish are not individually
randomly selected; rather groups of fish are selected and this grouping has not been accounted
for in the proposed analyses. A random effect,-sampling ttest will be required to assess

these hypotheses.

How will multiple years of data be analyzed to see if the hatchery program is meeting its goals?
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F.7.2. Specific Comments on Coefficient of Variation (CV) of Hatchery Fish Released

This section isimilar to the previous except now the CV of weight or size is the response
variable. Similar comments apply.

F.7.3. Specific Comments about Condition Factor (K) of Hatchery Fish Released

This section is similar to the previous except now condition fasttire response variable. A
regression analysis will be needed to estimate K, and then ssamgple ttest will be used to
compare to the hatchery targeSimilar comments as in the previous section also apply here.

F8. Review of Section 6 (Harvest monitog indicators) of Hillmaret al. (2017)

This section (very) briefly discusses monitoring of harvest and how it will be compared to
targets to meet program goals.

¢CKSNBE IINB g2 tS@oSfta 2F aaSaaySyido CANRG SIO
to program targets. No statistical tests are needed as the harvest/escapement either does or
does not meet program targets.

A much more interesting question is how to use multiple years of data. Here it is not clear at all
how to combine multiple years afata into a sensible monitoring indicator. Is the proportion of
time program targets are met useful? Is the mean overage or underage compared to program
targets useful?

This section appears to be interested in comparing overage/underage to specifiglgsiant
(which ones- only the median seems useful) using-adimple quantile test).

F9. Review of Section 7 (Regional Objectives) of Hillneial. (2017)
In this section, the incidence of disease and ‘tanget taxa are of concern.

This section on thencidence of disease is still under development without any hypotheses
because there is currently no disease management plan.

This section simply points to another report on risk assessment of the impact of hatchery
programs on nottarget taxa. This secon@port was not reviewed.

F10. Review of Section 8 (Adaptive management) of Hillnedral. (2017)

No comments.
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F11. Review of Appendix 1 (Estimation of carrying capacity)

Refer to the companion document evaluating Appendix C of the UCR for commentsngn fit
the stockrecruitment curves to estimate population capacity.

The authors then distinguish between population capacity and habitat capacity. In particular,
the authors note:
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capacity indicates that habitat capacity must be greater than the population capacity, or
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Another explanation is that capacity is not a fixed ceiling value eactbhyednat yearspecific

effects (random noise in the stock recruitment models) can temporarily raise or lower capacity

in a particular year. For example, in a very dry year, the capacity of a stream to support smolt
production may be lowered compared tovary wet year. So, isunclear, why the authors are
worried about the observed fluctuations about the median stock recruitment cigle the

guantile regression method may identify the theoretical maximum capacity under ideal year
specific effects, ha is this useful in deciding if management actions are useful because it is not
possible to modify the yeaspecific randoneffects?On the contrary, the lower 10% quantile

g2dZ R 0S 2F Y2NB AyiGSNBad o0SOFdzaS GK® GYAYAYdz
random year effects and so represents the werase scenario.

The authors used regression methods to estimate the 90th percentile based on least squares
but indicated they were unable to estimate the reference intervals (prediction intervals) for the
hockeystock model because the hockéy A O1 Y 2 R S tEhis & acfullii incarfedt y S I NJ
the hockey stock model is linear (in the mathematical sense) even though the actual curve is

not a straight line. Consequently, standard methods for findingresfce intervals should also
work for this model.

In the recommendation section, the authors state:

G2KSyYy 1L/ O @FftdzSa INBE y20 | LIINBOAlIofe&e RATT
useful (e.g., Ricker and smooth hockey stick models are easier tomtbrthan the
Bevertonl 2f G Y2 RSf 0 ®¢

A better approach would be to use model averaging. All three models have the same ease of
use if maximum likelihood methods are used rather than-tinear least squares for model
fitting.

G¢KS LISNOSY (I ca BterzafFshoiil& i seliSimig3HeBrior in the estimation
of the recruits and the level of desire to exclude anomalous data. For example, if the
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95% confidence interval is approximately 10% of the recruitment estimate, then the
reference interval shoulte set at 90% (e.g., Rl = 100@al.%).

The authors are confusing confidence intervals (uncertainty in estimates of population
parameters) and prediction (reference) intervals (range of future values). This statement is not
correct.

F12. Review of Appedix 12 to 15

No comments.

F13. Review of Appendix 6 (Identifying and analyzing reference populations)

Refer to the companion document on evaluating Appendix C of the UCRR.

F14. Editorial Comments

Tables1 and 2 The bottom left cell under Objectives didf & & & & GH iIbIN@BatINRA | G S
what this means.
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AppendixG. Null Hypothesis Significance Testing (NHST)

This document makes extensive use of null hypothesis statistical test (NHST) to evaluate the
impact of the supplementation program in the UppColumbia. The general paradigm starts
with a variable (anonitoringor productivity indicatoiin this document) that is related to an
underlying parameter of the model. A null hypothesis posits no change in the underlying
parameter attributable to the gpplementation program. Thimdicatoris measured and the
observed value of thendicatoris compared to the sampling distribution of tiveicator

assuming no impact of the supplementation program. If the observed value afidietoris
unusual compare to the sampling distribution under no effect (e.g., a smathfue), then this

is taken as evidence for an effect of the supplementation program.

This process works reasonably well when the effect of supplementation indeed leads to a
change in the unddying parameter. For example, consider ghrductivity indicatoiof
abundance of natural spawners (first row of Table 1 in Hillman et al, 2017). The
supplementation program should result in step change in the mean number of natural
spawners (the targetlange is amncrease first row of table 1 in Hillman et al, 2017). The null
hypothesis is no change in the MEAN number of spawners frortg@post supplementation
(ignoring for now problems of temporal change) as indicated by>h¢(page 11 in Hinan et
al.2017). The test statistic is related to the observed difference in the sample mean number
spawners from the preand postsupplementation program. A large observed difference (post
pre), accompanied by a smalvplue, is evidence that the meamumber of spawners has
increased with supplementation.

There are two possible errors that could be made. First is a false positive, i.e., you incorrectly
conclude that there is evidence of an effect when in reality there is none. The false positive rate
is controlled by the alpha level (typically set to 0.05) and is independent of sample size. Second
is a false negative where an actual effect exists, but it was not detected. This is controlled by
the sample size (humber of years measured before and aftpplementation was

implemented), with a larger sample size having a reduced false negative probability.

Failure to detect an effect (i.e., a largevalue) could be the result of neexistent effect of
supplementation or a small effect of supplementatitbyat was masked by variability in the
data). A power analysis would consider what size of effect is important to detect with a high
probability (e.g., what sample size is needed to ensure that an increase in the mean by 100
spawners is detected with highrobability).

- -
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estimates of the effect size along with measures of uncertainty (e.g., standard errors or
confidence intervals)This is important in both caseWhen an effect is detected, the estimated
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effect size will indicate if this is a large, biologically important effect, or a small (biologically
norn-important) effect that just happened to be detected because of a large sample size. The
actual pvalue isNOT informative, i.e., the-palue could be .01 in both cases. So any hypothesis
testing results must provide both theymlue and estimates of effect size.

This framework performs less well when the supposed effect of supplementationis non
existent (e.g target impacts oho differencan Table 1 of Hillmaat al.2017). Now the

hypothesis testing framework is set up to detect deleterious effects of supplementation. A
small pvalue indicates evidence of deleterious effect and a largalpe indicates @ evidence

of deleterious effectA power analysis indicates the sample size necessary to detect a certain
deleterious effect. Again, effect size estimates are important to distinguish between detecting a
large negative effect with a small sample size small (biologically unimportant) effect with a
large sample size.
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